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a b s t r a c t

We investigated if eco-friendly nets (EFNs) are a viable and acceptable alternative to extremely high
levels of insecticide use in vegetable production. Using a choice experiment, we found that vegetable
producing farmers in Benin preferred all of the characteristics of EFNs except the higher labor re-
quirements. The nets had been distributed in a trial phase for free but in the long run farmers would
need to purchase the EFNs. The break-even point for investing in nets was found to vary with the lifespan
of EFNs, their purchase price and potential health benefits from avoiding large quantities of insecticides.
To break even the nets need to be used for at least two production cycles. To overcome risk-averse
farmer's reluctance to adopt EFNs we propose a credit and warranty scheme along with the purchase
of the nets. The study's findings can guide the implementation of EFNs in other African countries as part
of integrated pest management with global benefits for the environment and human health.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Continuing growth in human population and consumption
means that the global demand for food will increase for at least
another 40 years (Godfray et al., 2010) and that the world need
70e100% more food by 2050 (World Bank, 2008). More than one in
seven people today still do not have access to sufficient protein and
energy from their diet, and even more suffer from some form of
micronutrient malnourishment (Barrett, 2010). Increasing urbani-
zation and climate change aggregates food insecurity. The urban
population expansion is more pronounced in developing countries
Charles Darwin University,
6 7368.
ander).
as a result of rural-to-urban migration and natural population
growth (FAO, 2007). By 2030, over half of Africa's population will
reside in urban areas, augmenting the ‘invisible crisis’ of urban food
security (Crush and Frayne, 2010).

Smallholder farmers can play an important role in supplying
urban markets and meeting the food demand of growing urban
centers (FAO, 2007, 2012). In Sub-Saharan Africa (SSA) vegetables
have been growing in importance both as food for city dwellers and
for generating and diversifying income for smallholder farmers
(Weinberger and Lumpkin, 2007; World Bank, 2008). In urban
areas farmers use public open spaces (e.g. along roads, power lines,
drains and streams) to cultivate vegetables commercially for the
local market (Drechsel and Dongus, 2010; Crush et al., 2011; Dossa
et al., 2011; FAO, 2012; Probst et al., 2012a), often in groups, though
not necessarily working together (Jacobi et al., 2000). However,
fruit and vegetable consumption in SSA remains low and currently
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1 Association des Personnes R�enovatrices des Technologies Traditionnelles (As-
sociation for the renewing of traditional technologies).
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contributes at most 82%, and sometimes as low as 22%, of the daily
intake recommended by the World Health Organization and Food
and Agricultural Organization (Nair and Ngouajio, 2010).

One impediment to boosting vegetable production in SSA is,
besides the competition for fertile land, water and energy, high
exposure to pests and diseases (MEA, 2005; Waterfield and
Zilberman, 2012). Globally, food estimated to feed an additional
one billion people is lost to pests (Birch et al., 2011). In Benin, for
instance, insects cause an average yield loss of 30e40% (Matthews,
2008).

To counter pests, farmers in Benin rely heavily on synthetic
pesticides to reduce the risk of harvest and income loss, particularly
to protect exotic crops like cabbage and lettuce (Williamson et al.,
2008; Lund et al., 2010; Ahouangninou et al., 2012, 2013). Such
heavy pesticide use not only results in high levels of human
exposure and poisoning (Williamson, 2005; Ntow et al., 2006) but
also reduces the quality of aquatic and terrestrial ecosystems,
contaminating drinking water and food crops (Pimentel et al., 1992;
van der Werf, 1996). Smallholder farmers often use pesticides with
little understanding of their impact on human health and the
environment (Matthews, 2008) and inappropriate knowledge on
safe handling, storing and applying pesticides (Williamson, 2005;
Ngowi et al., 2007; Ahouangninou et al., 2012; Amoabeng et al.,
2014; de Bon et al., 2014). Farmers also often ignore, or are un-
aware of, regulations issued by the Benin government for the dis-
tribution and use of pesticides (Pr�esidence de la R�epublique du
Benin, 1991) and assume that the only solution to pest control is
to increase dose and spray frequency (Martin et al., 2006). Such
overuse of hazardous pesticides both increases resistance of pests
and destroys beneficial predators (Clarke, 1997; Wilson and Tisdell,
2001; Ntow et al., 2006; Lund et al., 2010; Probst et al., 2012b).

According to Probst et al. (2012a), without changing pest control
strategies and efficient governmental control mechanisms, urban
vegetable production in the cities will remain in a state of “systemic
rigidity”. A potential means to break the reliance on pesticides is a
form of sustainable and integrated pest management (IPM) that is
affordable and accessible to all farmers (Tokannou and Quenum,
2007; Houngu�e and Kindomihou, 2009) combined with practices
that intensify production through carefully managed inputs of
fertilizer and water (Herrero et al., 2010).

One approach to IPM can be physical exclusion of pests using
eco-friendly nets (EFNs). EFNs were introduced to farmers in Benin
in 2010 with the aim of reducing the use of pesticides, mainly in-
secticides, while increasing both yield and quality. Initially the EFNs
were trialed on cabbage production first in Benin (Martin et al.,
2006; Licciardi et al., 2008) then in Kenya as part of an IPM proj-
ect funded through USAID and Cirad (www.bionetagro.com). In
Benin the EFNs were allocated to participating farmers at no cost
through a non-governmental organization (NGO). However, the
free allocation of EFNs cannot be sustained after the trial phase so it
is important to understand the characteristics of the nets farmers
prefer, and the yield to cost ratio compared to pesticides.

The objectives of our study are (1) to assess smallholder farmers'
preferences for characteristics of different pest control strategies,
(2) to test if there is preference variation across farmers, and, if so,
(3) to reveal the factors determining this variation, and (4) to
compare the benefits and costs of EFNs with those associated with
pesticides.

We do this by applying a choice experiment (CE), a multi-
attribute non-market valuation technique. Because the EFNs are
not yet on the market, the value of the nets cannot be observed
from market transactions. However, non-market valuation tech-
niques make it possible to predict farmers' preferences and values
for the characteristics of EFNs and hence for the benefit of using
EFNs as substitutes for insecticides. These benefits are measured
through farmers' changes in welfare that come with the change
from their current farming practice to the use of EFNs and are
expressed as their willingness-to-pay (WTP). Thewelfare estimates
can be used in a benefit-cost analysis and, by aggregating farmer's
welfare estimates for each of the characteristics of the EFNs, we can
make recommendations about the future price of the nets as well as
the yield that needs to be achieved to make the EFNs economically
viable. A few CEs have investigated preferences related to pesticide
use by farmers (e.g. Christensen et al., 2011; Richardson et al., 2013)
but only a few studies in SSA have looked at the socio-economic
implications of decreasing pesticide use, and then mostly at the
effects of pesticides on health (e.g. Ngowi et al., 2007; Williamson,
2005; Garming and Waibel, 2009; Atreya et al., 2013).

2. Materials and methods

2.1. Study area

The studywas carried out in two geographical zones, differing in
soil type, fertility and land use systems. The first zone spreads along
the Benin offshore sand bar and comprised five districts: Cotonou,
Abomey-Calavi, Ouidah, Com�e and Grand-Popo (Fig. 1). In this zone
trials of EFN use have been implemented by the National Agricul-
tural Research Institute of Benin (INRAB) through the NGO
APRETECTRA.1 The second zone does not border the sea and com-
prises nine districts: Bopa, Hou�eyogb�e, Lokossa, Athi�em�e, Dogbo,
Aplahou�e, Toviklin, Klou�ekanm�e, Lalo. In this zone EFN trials were
diffused by the Regional Council of Market Gardeners (CRM-MC:
Conseil R�egional des Maraîchers du Mono-Couffo). The fourteen
districts are spread across four departments: Littoral (Cotonou),
Atlantique (Abomey-Calavi and Ouidah de Com�e), Mono (Com�e,
Grand-Popo, Bopa, Hou�eyogb�e, Lokossa and Athi�em�e) and Couffo
(Dogbo, Aplahou�e, Toviklin, Klou�ekanm�e, Lalo) (Fig. 1).

All respondents practice urban farming. Soils are poor and
infertile in both zones. In the first zone the lack of suitable land for
agriculture and the relatively high population density limits the
land size for farmers to practice an intensive production system,
which is suitable for exotic vegetables production (cabbage,
eggplant, lettuce, watermelon, cucumber). Farmers in the second
zone have more space and have low-input production systems.
They also produce a range of exotic vegetables as well as local ones
such as African eggplant ‘gboma’, pepper, amaranth and local
spinach.

In the two research zones, as in the rest of Benin, the use of
insecticides spray is almost ubiquitous and increasing because of
growing insecticide resistance (Martin et al., 2005). Access to pes-
ticides in the research area is further facilitated by government
subsidies to purchase these products to boost production.

2.2. Sampling

In order to ensure efficient dissemination of knowledge about
EFNs and how to use them, APRETECTRA and CRM-MC have created
farmer networks. Each network consisted of six farmers: one
farmer who actively took part in the EFN trials (from here on
referred to as ‘user’) and five farmers who attended the trials during
one cycle of vegetable production but who did not adopt the EFNs
for their own vegetable production (from here on referred to as
‘observers’). The list of these farmers was provided by APRETECTRA
and CRM-MC, respectively. The reasonwe sampled only from these
farmers is because, in order to adopt a new technology, farmers

http://www.bionetagro.com


Fig. 1. Research area in southern Benin.
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need some knowledge of and exposure to it (e.g. Dimara and Skora,
2003; Saha et al., 1994; Diagne and Demont, 2007; Kabunga et al.,
2012). The sample frame consisted of 90 networks, i.e. in total 540
farmers. Two farmers have abandoned the trials, leaving 538 in the
potential sample frame: 76 in the INRAB/APRETECTRA zone and
462 in the CRM-MC zones (Table 1).

We applied the Moivre-Laplace theorem as suggested by Ad-
vantages surveys (Advantages, 2004) to determine the number of
farmers to be interviewed in each department. For large samples
(n > 30) the Moivre-Laplace theorem suggests the sample size (n) is
obtained by:

n ¼ m2a
Fnð1� FnÞ

d2
(1)

where ma is the ‘p-value’ of the standard normal distribution
(ma ¼ 1.96), Fn is the proportion of vegetable growers who took part
in the demonstration trials. d is the half-amplitude of the confi-
dence interval, equal to 0.05 for the selected confidence level. The
integration of these data in Eq. (1) gives a required sample size of
220 (93 users and 127 observers).
2.3. Data collection and questionnaire

Six local people, all knowledgeable in agronomy, were trained to
collect the data. Thewhole study consisted of a pilot survey and two
phases of the main survey with vegetable producing farmers. In the
pilot survey, which took place over ten days in August 2011, we
used semi-structured interviews and collected information about
choices of crops, yield, types and severity of pests, and pest control
strategies, including costs and quantities. We also asked for per-
ceptions about handling pesticides, their overuse and associated
health risks. This information was used to create attributes and
labels and allowed us to design a first draft of the CE. The first phase
of the main survey with the whole sample (220 farmers) was
conducted between October and November 2011. During this
phase, using structured questionnaires, socio-economic character-
istics of respondents were collected, and the CE was piloted. In-
formation collected included household size and composition, level
of education and training, experience in vegetables cropping, and
relevant information about farmers' vegetable production systems
(yield, variable and fixed costs, revenues, quantity sold at markets,
labor distribution etc.). The data on vegetable productionwere used
to assess the benefits and costs of alternative pest control strate-
gies. The second survey phase, inwhich the CEwas presented to the
220 farmers, was conducted between January and March 2012.

In addition to the interviewswith farmers, we visited two health
care centers in each research zone to obtain information about
Table 1
Distribution of the sample frame, grouped into users and observers, across the two
research zones.

Research
area

Stakeholders implementing trials Users Observers Total
sample
frame

Zone 1 National Agricultural Research
Institute of Benin (INRAB) &
NGO APRETECTRA

16 60 76

Zone 2 Conseil R�egional des Maraîchers
du Mono-Couffo (CRM-MC)

77 385 462

Total 93 445 538

Note: Users were those farmers who participated in the trial phase of the EFNs and
were given some nets to actually use in their own vegetable fields. Observers were
those farmers who participated in the trial phase of the EFNs but who did not use the
nets at home.
APRETECTRA ¼ Association for the renewing of traditional technologies.
health issues that arising fromprevailing high rates of pesticide use.
This was necessary because no official data are yet available from
health care spending in the research area and in Benin in general
(Ahouangninou et al., 2012). In informal interviews with practi-
tioners we asked about the frequencies of health issues that could
be attributed to pesticide overuse (e.g. skin diseases, cardiopul-
monary disorders, digestive, neurological and hematological
symptoms) and the cost of treatment.

2.4. The choice experiment

In a CE, respondents are presented with a hypothetical setting
and asked to choose their preferred option among several options
presented in a series of different choice tasks. These choice tasks,
known as choice sets, contain a finite number of options which
describe the environmental policy outcome in question
(Adamowicz, 2004). The options vary in their level of attributes of
importance and to estimate welfare changes each option is
required to include a cost attribute (Louviere et al., 2000). By
making a choice, respondents trade-off the attributes and the
associated costs that come with the chosen option. The interpre-
tation of the observed choices is based on Lancaster's characteris-
tics theory of value (Lancaster, 1966) which purports the total
value/benefit of a product, such as the EFN, as the sum of the values
of its characteristics. The values are inferred from farmers' WTP
which is derived from the choices farmers make and statistically
analysed using random utility models (see Analysis section).

We used choice sets consisting of three options (see Fig. 2). Each
option showed the same attributes but at different levels. One of
the three options was the same across all choice sets and repre-
sented the status-quo (SQ). The SQ option reflected the current
practice by all farmers in the research area and that was charac-
terized by high levels of expenditure on insecticides, short persis-
tence, low labor requirements and a long time to be effective. The
other two options represented alternative pest control strategies
which showed characteristics of insecticide use and EFN use. We
opted for an unlabeled design because if we had labeled one option
as ‘use of EFN’, farmers might have shown bias. When the choice
sets were presented to respondents, they were asked which one of
the three options they preferred for managing one cycle of cabbage
production in an area of 12 m2. This size corresponded to the plot
size on which the EFNs were trialed and also to the vegetable plot
size that farmers commonly cultivate at home and in public open
spaces.

The attributes used in the choice experimental design were
obtained using the first in-depth study. Farmers highlighted five
attributes as characteristics of pest control strategies that
commonly influence their choices (Table 2). The choice sets were
designed using the software Ngene (Institute of Transport and
Logistics Studies, 2007). Based on the design's statistical effi-
ciency, we chose the design with the smallest D-error. A low D-
error indicates a more efficient design (Scarpa and Rose, 2008).
After the pilot study, a Bayesian updated design was employed
using priors from responses in the pilot study. The final design
yielded 12 choice sets (Fig. 2) which we blocked into two versions
and each respondent was presented with one of the two versions,
i.e. replied to six choice sets each. To overcome the bias that could
arise when respondents always chose the first, left-hand, option in
a choice set, we randomly varied the order of the options in the
choice sets.

2.5. Analysis

The random utility theory (McFadden, 1974) is the econometric
foundation of statistical models of choice. According to the random



Fig. 2. Example of an unlabeled choice set used in the survey (the original sets were in French). It shows three options and the farmers chose their most preferred one. The option
on the right hand was always the same, the status-quo option which shows farmers' current pest control practice, characterized by the use of large quantities of insecticides. The
other two options (A and B) imply alternative pest control strategies, i.e. changes from the current practice.
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utility theory, respondents will choose the alternative that gives
them the highest utility with some level of randomness. It is
assumed that respondents act rationally and try to maximize their
utility and hencewould select the option in a choice set which gives
them the highest utility/benefit.

A growing body of literature exists on improving the models for
analyzing choice data and, while some models seem to be superior,
the evidence is always data specific and it is now common practice
to reveal results from a series of models. We start with the pre-
sentation of results from amixed logit (MXL) model, for many years
the most commonly applied model in choice data analysis. The
advantages of an MXL model over the basic multinomial logit
(MNL) model include relaxation of the assumption about the dis-
tribution of error terms,2 accounting for heterogeneity and a ca-
pacity to make use of panel data (repeated choices from each
respondent). Recently, however, it has been argued that it is unclear
2 This assumption is known as the independence from irrelevant alternatives
(IIA) condition. It means that the probability of a particular alternative in a choice
set being selected is independent of the other alternatives (Hensher et al., 2005).
if the revealed heterogeneity is due to taste or due to the scale (e.g.
Louviere et al., 2002; Louviere and Meyer, 2008). Scale heteroge-
neity can arise as an artifact of the survey because some re-
spondents make more errors than others, for instance, because of
different choice task processing strategies or understanding of the
choice tasks. Separating scale and taste heterogeneity, which are
inseparable in an MXL model, is important to avoid making false
recommendations. Thus, alternative models such as the scaled
multinomial logit (S-MNL) model (Breffle and Morey, 2000), the
generalized multinomial logit model (G-MNL) model (Fiebig et al.,
2010; Greene and Hensher, 2010) and the willingness-to-pay in
space (WTP-S) model (Train andWeeks, 2005) have been proposed.
The S-MNL model only accounts for scale heterogeneity whereas
the latter two models can jointly model heterogeneity due to taste
and due to the scale (Fiebig et al., 2010). Fiebig et al. (2010) found
that models accounting for scale heterogeneity performed better
than MXL models in 10 out of 10 analyzed data sets. The authors
further found that in seven out of the ten analyzed datasets the G-
MNL models fitted the data better while in three datasets the S-
MNL models performed better. Models with utility estimated in
space as opposed to preference space models have increasingly



Table 2
Attributes and levels used in the choice experiment (translated from French).

Attribute Description Levelsa

Labor
requirement

Labor is one of production
inputs for which farmers often
face constraints because of
seasonal fluctuations.
Additionally, high labor
spending for pest control can
reduce agricultural and
livelihood diversification as
well as social responsibilities.
The setting up of the EFNs and
the handling during day time
requires at least two people
while spraying can be done by
one person.

1 person (SQ)
More than 1 person

Persistence
of technology

The longer the duration of a
pest control measure the less
frequent farmers need to apply
it. Referring to farmer's current
practices the levels can be
defined as: 15 days, 1 month
and 2 months.

15 days (SQ)
1 month
2 months

Time for
technology
to be effective

Farmers have to act quickly
once damaging insects have
attacked the vegetables. Control
measures that become effective
within a short time from
application can help to
minimize the damage. The
attribute has three levels: 4 h, 5
e12 h and more than 12 h.

Within 4 h
5e12 h
After 12 h (SQ)

Target insects The pilot survey revealed that
respondents distinguished
between two broad types of
insect groups: 1) fully or mostly
harmless insects, and 2)
damaging insects. The levels in
the choice experiments depend
on the types of insect for which
the chosen pest control is
effective.

Few damaging insects
All damaging insects
All insects (damaging
and harmless) (SQ)

Costs of applying
technology
(in FCFA)b

If the nets are to be acquired by
the farmers, a certain starting
capital is needed. Per
production cycle, the costs are
(according to APRETECTRA):
FCFA 1,000, 1600 and 2800
(V1.53, V2.44 and V4.27).
These costs do not take into
account the maintenance costs
of using the nets, and also do
not account for the fact that the
nets have a lifespan of about
four years. The cost attribute of
the SQ option is the highest
costs level (FCFA 2800) as this is
equivalent to the cost of
insecticides required for a
standard plot of vegetables
(12m2).

2800 (SQ)
1600
1000

a SQ indicates the level used for the status-quo option.
b V1 ¼ FCFA 656.
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been applied (e.g. Scarpa et al., 2008; Scarpa and Willis, 2010;
Hensher and Greene, 2011; Hole and Kolstad, 2012; Zander et al.,
2013) as a special case of the G-MNL model (Greene and Hensher,
2010). Because the marginal rates of substitution are estimated
directly and not through simulations, it was found that the WTP-S
model produces more stable welfare (WTP) estimates (e.g.
Balcombe et al., 2009). Where the objectives of the study are to
obtain welfare estimates, as in our study, WTP-S models are more
practical as they offer a more immediate interpretation of the
estimated parameters of the utility function (Scarpa and Willis,
2010). Furthermore, Balcombe et al. (2009) and Hole and Kolstad
(2012), among others, concluded that the WTP-S models fit the
data better than the model in preference space.

Against this background, we estimated three models: MXL, G-
MNL and WTP-S models. For the random parameters we used the
normal distribution for all parameters except the cost attribute.
Following Greene et al. (2006), we applied a constraint triangular
distribution for the random cost parameter in the MXL and G-MNL
models to ensure that the sign of the parameter stayed positive.
Estimates were obtained using 250 Halton draws (Halton, 1970) to
simulate the likelihoods. We further tested for farmers' heteroge-
neous preferences by including interaction effects between the SQ
option and socio-demographic characteristics variables in all three
models. The cost attribute was linear coded while all other vari-
ables were dummy-coded (Louviere et al., 2000). Levels of the SQ
were treated as the base levels (see Table 2).

The utility coefficients from the WTP-S model can immediately
be interpreted as the welfare estimates while those from the MXL
and G-MNL models have to be approximated by simulations
(Hensher et al., 2005). For this, numerous draws were taken from
the distribution of the coefficients and the non-cost and cost at-
tributes, and the ratio of the two was calculated for each draw,
using 10,000 draws. The mean and variance of the draws of the
ratios were used as estimates of the mean and variance of welfare
estimates in the sample. The 95% confidence intervals were ob-
tained using the procedure proposed by Krinsky and Robb (1986),
with 10,000 draws. For the subsequent benefit-cost analysis the
WTP estimates for the relevant attributes were aggregated to
obtain the total benefits of different pest control strategies with the
associated characteristics and under different scenarios.

3. Results

3.1. Respondents' socio-demographic characteristics

Out of the 220 interviews obtained, six could not be used,
leaving data for 214 respondents. Most of the respondents were
male (95%; Table 3) as they were the heads of households. About
half of the respondents weremiddle-aged (40e60 years), andmany
never attended a formal school (38%) or only completed primary
school (21%) while 41% at least completed Year 10.

In Benin, the mean income is CFA 120,500 (V184) per adult
equivalent (INSAE, 2011). Given the average household size of
seven, this is about FCFA 840,000 per household. Almost half of the
respondents (45%) had an annual household income of less than
FCFA 800,000 (~V1200), 40% had an annual income between FCFA
800,000 and 3 million and 15% had an annual income of more than
FCFA 3 million (~V4600). In terms of income diversification, most
farmers pursued only one or two activities, of which vegetable
production was one. Most respondents (64%) had fewer than 10
years of experience in vegetable production.

3.2. Results of the choice experiment

3.2.1. Finding the base models and comparison of model results
Only the attribute ‘effect within 5e12 hours’ was insignificant

and was dropped from the saturated model. This means that
farmers had the same preference for ‘5e12 hours’ as for ‘more than
12 hours’ (the base level of the SQ option) time to be effective. The
models without the variable ‘5e12 hours’ became our core models
(Table 4). The results were very consistent across all three models,
the main difference being that in the WTP-S model, the coefficient
of ‘one month persistence’ became insignificant. The cost coeffi-
cient was, as expected, negative across all models, implying that



Table 3
Respondents' socio-economic and demographic characteristics (N ¼ 214).

Characteristics N Percentage

Gender
Male 204 95
Female 10 5

Age
20e39 (young) 82 38
40e60 (middle-aged) 108 51
>60 (older) 24 11

Education (in number of years in schooling)
No formal schooling 81 38
Finished Primary school (Year 6) 44 21
Finished 4 years of secondary school (Year 10) 37 17
Finished 7 years of secondary school (Year 13) 51 24
Any level of university 1 <1

Total income per year (in FCFAa)
�800,000 97 45
800,001e3,000,000 86 40
>3,000,000 31 15

Number of important activities for cash flow
1 118 55
2 93 44
3 3 1

Experience in vegetable growing (in years)
1e10 138 64
11e30 71 43
>30 5 2

a V1 ¼ FCFA 656.
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farmers, all else being equal, preferred lower costs of pest control
options. Across all models, a low labor requirement was preferred
over high labor requirement, long persistence (two months) over
medium persistence (one month) and short persistence (15 days),
immediate effectiveness of measure (within 4 h) over effect within
5e12 h and effect after 12 h, and targeting all damaging insects was
preferred over targeting only a few damaging insects and over
targeting all insects.

The G-MNL model did not outperform the MXL model (Table 4),
as also found by Fiebig et al. (2010). This means that accounting for
unobserved individual scale heterogeneity in addition to unob-
served individual taste heterogeneity in the preference-space did
not result in a better model fit. TheWTP-S model also did not fit the
data better than the MXL model. The scale parameter (Tau) was not
significant in both the G-MNL and WTP-S model, suggesting that
there is no scale heterogeneity across the sample. Some unobserved
taste heterogeneity did exist, however, as indicated by significant
standard deviations of the random parameters, in particular for the
attributes labor requirement, time to be effective and target insects.
In all three models, the taste preference for attribute persistence
did not vary significantly across the sample.
3 The price of EFNs is very similar to that of mosquito nets sold in Benin but the
mesh and material are different (mosquito nets: mesh size ¼ 1.5 mm,
material ¼ woven polyester; EFNs: mesh size ¼ 0.4 or 0.9 mm; material ¼ knitted
polyethylene).
3.2.2. Factors explaining variations in the likelihood of choosing the
current farmer's practice (the SQ)

Overall, in 59% of the choices, respondents chose the SQ over
one of the other two options that would involve the use of EFNs.
The remaining 41% chose either option A (17%) or option B (24%).
Only 17 respondents (8%) entirely rejected the two alternative
control options A and B and opted for the SQ in all six presented
choice sets.

Many variables, such as gender, age, income, education, and
farm activities had no significant effect on the likelihood of
choosing the SQ option over one of the two other pest control
options. Only two variables had a significant impact: the
geographical area and the fact that farmers were users as compared
to observers in the trial groups (Table 4). The sign of the coefficient
of the interaction ‘User� SQ’was negative and significant, meaning
that being a user as compared to an observer decreased the prob-
ability of choosing the SQ option. The sign of the coefficient of the
interaction ‘Department Atlantique � SQ’ was positive and signif-
icant, implying that respondents from this research area had a
greater probability of choosing the SQ option than respondents
from the other research areas.

3.2.3. Welfare estimates
We did not simulate the welfare estimates from the G-MNL

model because the model results were very similar to those of the
MXL model. The welfare estimates from the MXL and the WTP-S
model did not differ greatly (Table 5). When averaged over both
models, farmers were willing to pay about FCFA 15,000 (V2.30) for
a pest control strategy that requires only one person to implement,
FCFA 2200 (V3.40) for a twomonth persistence of the measure, and
FCFA 2000 (V3.00) for fast effectiveness of the measure. Farmers
would pay the most for the preferred insects that the control
strategy can target. Compared to targeting all insects (damaging
ones and harmless ones) farmers would be willing to pay about
FCFA 2500 (V3.80) to target only a few damaging insects and about
FCFA 3650 (V5.60) to target all damaging insects.

3.3. Benefit-cost analysis

We calculated the benefits and costs for the production of
cabbage over four years on a plot of 12 m2 with two production
cycles per year, i.e. eight production cycles in total. We assumed
four scenarios under different pest control strategies. The first
scenario describes farmers' current practice (the SQ in the CE),
using insecticides exclusively, and the other three scenarios
describe the use of EFNs of different qualities (in terms of mesh
size) and lifespan (Table 6).

The cost of scenario 1, the SQ, is solely based on the costs of
applying insecticides (costs of insecticides, depreciation cost of the
sprayer, costs of the battery and water). The costs of applying in-
secticides across 12 m2 are about FCFA 6500 per cycle, i.e. FCFA
52,000 in total.

The costs of using EFNs comprised the purchase price of the nets
and their maintenance costs which included the materials for
holding up the nets (planks and iron arch) and of low doses of
pesticides that are sprayed around the planks and under the nets
against weeds, as the nets only protect against insects. Farmers
quantified the maintenance costs of the EFNs to be FCFA 2050 per
cycle, i.e. FCFA 16,400 over four years (Table 6). The current pur-
chase price of a high quality net (0.4 mm mesh size) is FCFA 9220,
including the shipping costs from Tanzania, where nets are pro-
duced, to Cotonou, custom tax and further transportation costs
from Cotonou to the communities.3 We assumed the costs of pur-
chasing a low quality net (0.9 mm mesh size) at 70% of those of a
high quality net. We further assumed that the low quality net has a
lifespan of only two years. It therefore either has to be replaced
after two years or farmers have to rely on insecticides after the net
has to be removed. Low quality EFNs have to be treated with in-
secticides to protect against all damaging insects (FCFA 800 per
cycle, FCFA 6400 in total).

On the benefit side, we included four elements: yield, potential
health benefits, management benefits and environmental benefits
(Table 6). For the calculations we assumed that using EFNs will lead



Table 4
Choice experiment results from different models: Mixed logit (MXL) model, generalized multinomial logit (G-MNL) model and willingness-to-pay in space (WTP-S) model. All
models were estimated at 1284 observations from 214 respondents. Estimates from the WTP-S model can be directly interpreted as welfare estimates (see Table 5).

MXL G-MNL WTP-S

Estimate SE Estimate SE Estimate SE

Labor requirement: 1 person 0.588*** 0.127 0.586*** 0.142 1454*** 498
Persistence: 2 months 0.879*** 0.165 0.882*** 0.189 2203*** 731
Persistence: 1 month 0.392** 0.179 0.416** 0.198 979 600
Time to be effective: 4 h 0.789*** 0.149 0.794*** 0.167 1970*** 521
Target insects: few damaging 0.976*** 0.180 0.984*** 0.188 2449*** 731
Target insects: all damaging 1.448*** 0.177 1.455*** 0.181 3605*** 979
Costs �0.0004*** 0.0001 �0.0004*** 0.0001
User � SQ �0.303** 0.146 �0.303** 0.150 �0.300** 0.147
Department Atlantique � SQ 3.651*** 0.254 3.666*** 0.254 3.687*** 0.247

Standard deviations of random parameters
Labor requirement: 1 person (n) 0.427** 0.213 0.451** 0.199 1155** 522
Persistence: 2 months (n) 0.104 0.376 0.112 0.883 90 4875
Persistence: 1 month (n) 0.518 0.353 0.550 0.367 1387 979
Time to be effective: 4 h (n) 0.696*** 0.229 0.706** 0.279 1787** 758
Target insects: few damaging (n) 0.743*** 0.177 0.733*** 0.196 1871*** 602
Target insects: all damaging (n) 0.534** 0.267 0.538 0.342 1469* 861
Costs (t) 0.0004*** 0.0001 0.0004*** 0.0001
Scale (Tau) 0.029 0.236 0.031 0.262
McFadden R2 0.21 0.21 0.21
Log likelihood �1113.36 �1113.09 �1112.76
AIC 2256.7 2258.2 2257.5

*** 1% Significance level; ** ¼ 5% Significance level; * ¼ 10% Significance level.
SE ¼ Standard error; SQ ¼ Status-quo option.
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to the same annual yield (field experiments to determine yield are
currently progressing but EFNs have not yet been used over a full
four year period). According to farmers, the annual yield from two
production cycles amounts to FCFA 22,600, i.e. FCFA 90,400 in total,
under the current practice (the SQ).

The health care benefits for the scenarios using EFNs were es-
timates based on the pilot study with farmers and personal com-
munications with health care center practitioners but they
maintain rough estimates. At a minimum farmers would save FCFA
400 per year (purchase of medicines and transport cost to health
care center) during which they used EFNs instead of high doses of
insecticides.

The management and environmental benefits are derived from
aggregating the welfare estimates for relevant characteristics as
derived from the CE results. To be conservative, we took the results
of theWTP-S model as they were slightly lower for all attributes. As
management benefits we defined all advantage of a chosen strategy
that arise from the labor requirement, persistence and the time to
be effective. For the current practice (SQ), the aggregated man-
agement benefits of using a high quality EFN over four years would
only be the lower labor requirement (FCFA 1454 per cycle or FCFA
11,632 over four years. There are no advantages of the SQ over the
alternative scenarios for either persistence or time to be effective.
Table 5
Welfare estimates of characteristics of pest control over one cycle of vegetable
production, derived from two models: mean and 95% confidence interval (CI) (in
FCFA).

Attribute MXL model WTP-S model

Mean 95% CI Mean 95% CI

Labor requirement: 1 person 1513 462e2524 1454 478e2431
Persistence: 2 months 2194 804e3531 2203 770e3635
Persistence: 1 month 1213 492e1906 Not significant
Time to be effective: 4 h 2051 785e3268 1970 949e2992
Target insects: few damaging 2539 423e4574 2449 1016e3882
Target insects: all damaging 3731 1025e6333 3605 1687e5524

Note: V1 ¼ FCFA 656; MXL ¼ Mixed logit; WTP-S ¼ Willingness-to-pay in space.
The management benefits for scenarios 2, 3 and 4 are calculated by
aggregating the WTP values for the preferred control strategy
characteristics (two months persistence and high effectiveness4).

An environmental beneficial pest control strategy is one that
specifically targets only damaging insects (all or a few) and not the
harmless ones. For the high quality EFNs (scenario 2) this would
amount to FCFA 28,840 over four years (FCFA 3605 per production
cycle; Table 5). For scenario 4, the use of low EFNs that targets only
a few damaging insects would have an environmental benefit of
FCFA 2449 per cycle (Table 5), and over four years of FCFA 19,592.
Scenario 3, also using EFNs that target only a few damaging in-
sects, would result in environmental benefits of FCFA 9796 (see
footnote 5).

Applying a high quality EFN for cabbage production on 12 m2

over four years has the highest net benefit (FCFA 128,604; Table 6),
about 2.5 times the net benefit from farmer's current practice (FCFA
50,032 over four years). Replacing a low quality EFN after two years
would result in a 100% higher net benefit and even using a low
quality net for two years then returning to the current practice
afterwards would yield net benefits of FCFA 79,650, about a third
higher than those of the current practice.

3.4. Sensitivity analyses

3.4.1. Lifespan of eco-friendly nets
The lifespan of the EFNs is crucial for a farmer's decision to adopt

netting as a pest control strategy. The relatively high purchase costs
of EFNs can be an impediment for risk-averse farmers if they are
uncertain whether the expectations of a net lifespan of four years
are reliable. Like smallholder farmers in many developing
4 The management benefits over four years for scenarios 2 and 4 were calculated
(from Table 5) as follows: FCFA 2203 � 8 þ FCFA 1970 � 8 ¼ FCFA 33,384. For
scenario 2, the management costs equal half of those of scenario 1 pus half of those
of scenarios 2/4 (FCFA 5816 þ FCFA 16,692 ¼ FCFA 22,508).

5 The environmental benefits over four years (two years use of nets) were
calculated as follows: FCFA 2449 � 4 ¼ FCFA 9796.



Table 6
Benefits and costs of cultivating a cabbage plot (12 m2) over four years with two production cycles per year under different scenarios.

Scenario 1: SQ (exclusive
use of insecticides)

Scenario 2 (high
quality net)

Scenario 3 (low quality
net without renewal)

Scenario 4 (low quality
net renewed after 2 years
of use)

Costs of net purchase 0 9220 6454 12,908
Net maintenance costs 0 16,400 8200 16,400
Costs of pesticide use 52,000 0 29,200 6400
Yield (Income) 90,400 90,400 90,400 90,400
Management benefits 11,632 33,384 22,508 33,384
Environmental benefits 0 28,840 9796 19,592
Health care savings 0 1600 800 1600
Net benefits over 4 years (FCFA) 50,032 (V76) 128,604 (V196) 79,650 (V121) 109,268 (V167)
Net present value over 4 years

discounted at 5%
44,083 113,312 70,179 96,276

Required % change in yield for
same net benefit than SQ

�86.9% �32.8% �65.5%

Fig. 3. Net benefits of using insecticides, a high quality eco-friendly net (EFN) and a
low-quality EFN over 4 years with different EFN purchase prices (as a multiple of the
current price).
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countries, farmers in Benin often invest in low-risk low-return
activities and prefer a reliable yield, even if lower, avoidance of
costs and losses rather than maximized profits (e.g. Rosenzweig
and Binswanger, 1993; Barnett et al., 2008). In order to break
evenwith farmer's current practice, high quality EFNs have to be in
place for about a year, or two production cycles. Indeed, if being
used for two cabbage cycles, the expected net benefits of EFNs will
be already higher (FCFA 25,236 or V38 (high quality EFN) and FCFA
24,909 or V37 (low quality EFN) versus FCFA 12,508 or V19).

At the current purchase price, EFNs have a net benefit over
pesticides within a year (after two production cycles). However,
there is always the risk that EFNs do not last that long. Given that
for farmers with multiple plots of 12 m2, the investment and
financial risk of erecting EFNs is quite high, we propose that nets
carry a one year warranty against structural fault, probably issued
by the distributing NGO.

3.4.2. Purchase price of eco-friendly nets
First estimates showed that the nets will cost about FCFA 9220

per 12 m2 (V14) in the future. This includes the shipping from
Tanzaniawhere the EFNs are produced to Cotonou and further on to
the rural areas. This price may decrease if nets can be produced
locally but, more likely, the higher production and transportation
costs will increase the price. A sensitivity analysis shows that even
if the price of EFNs (high and low quality) increases fivefold, the net
benefits over four years are still higher when switching to EFNs
(Fig. 3). For the high quality EFN, the purchase price could even be
nine-fold and still result in higher net benefit than the current
practice (FCFA 56,444 or V86 versus FCFA 50,032 or V76), when
used over four years. For a purchase of about FCFA 92,000 per 12m2

(V140; ~ten times the current price), the high quality EFN will
become economically unviable when used over four years. Low
quality EFNs lose their economic competiveness at a purchase price
of about six times the current costs (about FCFA 70,000 orV107 per
12 m2).

4. Discussion

4.1. Farmers' attitudes towards eco-friendly nets

Overall, a minority of farmers (8%) would not choose a control
strategy other than the SQ (farmers' actual practices) which is
promising for future acceptance of an alteration to farmers' current
practice. Furthermore, the choices made by farmers as part of the
CE revealed that farmers preferred most of the characteristics of a
pest control strategy using EFNs over those of the SQ. These include
variables that had a direct impact on the productivity of the
vegetable cycles, such as long persistence (duration), short time to
be effective and ‘all damaging insects’ as the targeted insects. On
the other hand, farmers had a higher value from low labor
requirement, an indirect variable of vegetable production, and a
characteristic of using insecticides.

The labor requirement and intensity of a pest control strategy
are very important to smallholder farmers as time can be used for
other income-generating activities. The application of EFNs re-
quires at least two people, the spraying of insecticides only one
person. The number of applications per cycle is about the same for
both practices. The EFN have to be adjusted almost every day and at
least about four times per week. This means 12e16 bouts of labor
per month during a cycle for moving the nets are required, or, since
two people are required, 24e32 person bouts. Farmers sometimes
also need to apply pesticides up to twice a week, depending on the
quality of the net.

Therefore, the number of bouts of labor required for using EFNs
compares to the average of 16 times per month that farmers
currently need to spray insecticides, which is about half the person
hours. One reason for farmer's reluctance to embrace EFNs may
thus be the opportunity costs of this extra labor, i.e. money they can
earn in the time freed up by pesticides. So the additional person
involved in deploying EFNs needs to make as much money as he/
she would from other on-farm or off-farm work. Given the
increased resilience achieved by farmers who diversify income
streams, off-farm employment becomes increasingly important
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(Barnett et al., 2008; Olale and Henson, 2013). Off-farm employ-
ment might also be more available to farmers in urban areas and
urban fringes, such as to the Benin vegetable farmers in our study.
For households without people employed off-farm, the use of EFNs
might be more attractive as the opportunity costs of labor are likely
to be lower.

Unsurprisingly farmers like their pest control to have effect for
as long as possible. The effect of pesticides usually only persists for
two weeks, rarely a month and hardly ever two months, so most
farmers need to spray each plot once a fortnight. By contrast EFNs
exclude insect pests for the whole cycle (three months) before they
are removed, i.e. longer than the highest level of this attribute (two
months persistence). However they are not effective against all
pests and diseases so some spraying continues to be necessary.

Again unsurprisingly, farmers assign a higher value to a pest
control strategy that is effectivewithin four hours than to strategies
that take longer to take effect. Insect control is usually applied only
when farmers notice them attacking the vegetables and so an im-
mediate effect is desired to minimize the damage. Again EFNs,
which can be set up in a few hours, are more effective than in-
secticides which may not take effect until 12 h have passed, by
which time a lot of damage is likely to have occurred.

It is interesting that farmers prefer a pest control strategy that
targets only damaging insects over one that targets both damaging
and harmless insects, which is the effect of spraying insecticides.
This may be a sign that farmers are aware of the negative envi-
ronmental impacts of pest control. Farmers also assign a positive
value to a pest control that targets only a few damaging insects,
although this value is lower than for targeting all damaging insects.
This lower value could be because of farmer's doubt about whether
the few targeted insects are the most damaging ones. Untreated
EFNs can only prevent attacks from a few damaging insects, such as
moths and butterflies (Plutella xylostella and Hellula undalis) but fail
to keep out numerous others like aphids and nematode vectors are
beyond this control. To target these as well, the nets needs to be
treated with deltamethrin. This combination has proved to provide
total protection of young plants against the aphid Lipaphis erysimi
(Kaltenbach), one of the insects farmers were most concerned
about. Although the treatment of nets comes with higher costs for
the pesticides, farmers seem to prefer these high quality nets.

Furthermore, the results of the CE revealed differences in
farmers' preferences for choosing one of the two alternative control
strategies over the current practice (the SQ). While the research
zone had no significant impact, respondents living in ‘Atlantique’
(the department comprising the two districts Abomey-Calavi and
Ouidah Com�e in research zone 1) had a greater probability of
choosing the SQ option than respondents from the other research
areas. The reason could be that farmers in these two districts are
very close to the main markets in Cotonou which are also the
biggest trading centers for pesticides, formally and informally
(pesticides are often used as a payment vehicle). Farmers in these
districts were in close contact with middlemen who sell pesticides
and for whom the promotion of EFNs is against their interests. This
has been found in other African countries, in which farmers have
been ‘locked in’ to the system of pest control technology that
‘‘entrapped’’ them in pesticides (Wilson and Tisdell, 2001). Farmers
whowere already using EFNs on their farm as part of the trial phase
(‘users’) were less likely to choose the SQ (current practice). This is
not surprising, assuming that the involvement of the users in the
trial implies some level of commitment and acceptance of
substituting insecticides for EFNs, and hence lowering the proba-
bility of choosing the SQ. Those users may also have been influ-
enced by their positive experience of the EFNs in the short time the
trials had been running before the CEwas conducted and had better
knowledge of the nets' potential costs and benefits than had those
farmers who only observed the trials without having taken the nets
home to apply.

4.2. Net benefits of different pest control strategies

The sensitivity analyses showed that pest control strategies
around high quality EFNs yield the highest net benefit after four
years (eight production cycles), which is more than double the net
benefit of farmers' current practice (excessive use of pesticides).
However, for undertaking the benefit-cost analysis we had to make
the assumption that using the nets will deliver the same yield as
farmers' current practice, which is unlikely. Intuitively one would
think that farmers' current practice yields the highest possible
outcome as farmers seek profit maximization. For the net benefits
to be the same, yield under the high quality EFN could be 87% lower
than under farmer's current practice. Using a low quality net with
replacement after two years would require the yield to be 66%
lower than farmer's current practice to result in the same net
benefits over four years. A vegetable pest control strategy with a
low quality net without replacement after two years would require
a yield 33% lower than under farmer's current practice. Results for
all three alternative pest control scenarios show clear evidence that
the use of EFNs is economically superior to farmers' current prac-
tice. Producing the same returns in a shorter time can help buffer
farmers against sudden and unforeseen natural hazards such as
storms, droughts, pests and diseases, particularly if the frequency of
these increases under a changing climate.

4.3. Health benefits

The potential health benefits from EFNs are to-date uncertain
because of lack of data (Ahouangninou et al., 2012). Based on
farmers' statements during the survey and information from health
care centers we assumed a very conservative figure for the avoided
health damage and related health care costs (savings of about V0.5
in medical expenses per year). Ngowi et al. (2007) showed that
farmers in Tanzania spend up to V60 (130,200 Tanzanian shillings)
per year on health problems related to pesticides. Williamson
(2005) found that in Benin, 81% of pineapple farmers and 43% of
vegetable farmers interviewed reported that the effect of pesticides
on their health was considerable or noticeable. The author also
reported that some farmers lost between 15 and 20 days off work
per season because of feeling weak after spraying insecticides.
Garming andWaibel (2009) showed that farmers are willing to pay
USD 21 (~V15) (median) for low-toxicity pesticides that avoid
chronic and acute risks which was added 28% to current pesticide
expenditure.

In addition to those directly exposedwhen spraying are children
and women who are not participating in the spraying. In Benin,
children under ten years old made up 20% and 30% of poisoning
cases recorded in 2000 and 2001 (PAN UK, 2003). These people
come into contact with pesticides during weeding, pruning, har-
vesting vegetables (Ngowi et al., 2007). So, the health benefits from
replacing most pesticides by EFNs is likely to result in much higher
health benefits, particularly in the long-term, than we have
assumed here.

4.4. Study limitations

There are two main potential limitations to our study. Firstly,
while we performed sensitivity analyses on the net benefits under
different purchase prices of EFNs, required yield and lifespan, we
did not investigate the consequences of variations in insecticide
prices. We do not know if the price will go further down should
supply increase and access to markets improve or if it will go up
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because of, for instance, higher production costs or supply
shortages.

Secondly, while in the survey only 7% of farmers rejected the
new technology, this might be more in reality. There are strong
incentives among farmers to wait until others have tried the nets. A
farmer can choose what seems to work, with less risk of failure and
therefore lower costs. However, the incentive to adopt a new
technology first is then low, resulting in zero innovation. The un-
derlying problem can be described by the public good dilemma
(Collier and Dercon, 2014). Therefore those who have not person-
ally experienced benefits from EFNs, may reject them because they
are not convinced of their relative advantage (Saha et al., 1994;
Rogers, 2003). To counter this reluctance there may be benefits
from providing discounts for the purchase of EFNs for first time
(additional to the warranty), or to issue credits for those farmers for
whom nets are initially unaffordable.

4.5. Outlook

Vegetables are suitable for urban agriculture. The link between
urban agriculture and food security has been recognized for many
years (Shackleton et al., 2009) and urban agriculture can contribute
significantly in combating urban hunger and malnutrition by
providing increased andmore consistent access to fresh, nutritional
food at lower cost than market purchases (Drechsel and Dongus,
2010; FAO, 2012; Orsini et al., 2013). However, the abuse of pesti-
cides can have worse impacts in cities than rural areas with more
people in direct or indirect contact with potential contamination.
EFNs could be a sustainable solution to boost the production of city
food.

Our results, showing that the net benefits under the EFN strat-
egy exceeds farmers' current practice after only two production
cycles, can be used for future marketing of the nets and imple-
mentation in other countries in which urban agriculture is a com-
mon phenomenon. Once a distributing agency has been established
(ideally offering credits and insurance/warranty with the purchase
of the nets), EFNs could become a pivotal part of IPM across Africa.
Preliminarily assessments of yield using EFNs suggest that yield
over four years (for a plot of 12 m2) might be as high as FCFA
172,800 or V263 (FCFA 21,600 or V33 per cycle), which would be
almost double the yield of farmers' current practices. Further field
experiments are currently being undertaken (see Martin et al.,
2013) but if these preliminary results are verified, this would
mean that farmer's concern about the two-fold labor requirements
for EFNs (two instead of one person) can be allayed by a doubling of
yield depending of the climate conditions (Muleke et al., 2013,
2014). It could also be that the research project itself had an over-
all positive impact of farmer's understanding of vegetable pro-
duction and proper use of pesticides through the participation in
the EFNs on-farm trials. As thismight explain some of the high yield
under EFNs, this might in the future also reflect in higher yields
under exclusive insecticide use.

Together with introducing EFN, farmers' concerns have to be
addressed to ‘release’ them from the pesticide trap (see Wilson and
Tisdell, 2001). Ignoring the real costs of pesticides in formulating
regulations and agricultural policies or programs has been a com-
mon practice, together with minimizing awareness raising and
knowledge transfer to farmers about the negative effects of pesti-
cides (Wilson and Tisdell, 2001). To increase production efficiently
and sustainably, farmers need to understand under what condi-
tions agricultural inputs (seeds, fertilizers and pesticides) can either
complement or contradict biological processes and ecosystem
services that inherently support agriculture (Royal Society, 2009;
Pretty et al., 2011). The identification of factors that can help to
increase the rate of adopting EFNs and improving farmer's
knowledge and capacity (see e.g. van den Berg and Jiggins, 2007) is
inevitable and needs further research if EFNs are to replace in-
secticides in the long-term.
5. Conclusions

Farmers in Benin increasingly provide vegetables to urban
markets to meet the growing food demand of urban centers.
Farmer's current practice to maximize yield is the excessive use of
pesticides, mainly insecticides which has negative effects on peo-
ples' health and the environment. The use of eco-friendly nets for
vegetable production has been trialed with smallholder farmers in
Benin and Kenya and during this trial period the nets were provided
to farmers for free. In the long-term the nets need to be sold to
farmers. This study used a survey-based non-market valuation
technique, a choice experiment, to assess farmers' preferences for
pest control strategies with the aim of predicting the potential
benefits of a wider distribution of eco-friendly nets. We conclude
that eco-friendly nets are an economically viable alternative to
farmer's current practice, the single insecticide spray, with a net
benefit exceeding that of the current practice after only one year
with two production cycles. The lifespan of the eco-friendly nets is
estimated at four years and over this time period the net benefit
would almost triple that of the current practice (V196 versus V76
for 12 m2). Shorter lifespan of the nets will leave farmers worse-off
as the purchase price of the nets is relatively high. An insurance
scheme could address this shortfall and convince risk-averse
farmers to substitute the use of large quantities of insecticides
with eco-friendly nets.
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valles de confiance pour les enquêtes Advantages: Taille des �echantillons et
intervalles de confiance, document interne.

Ahouangninou, C., Martin, T., Edorh, P., Siddick, S., Bio-Bangana, S., Dion, S.,
Samuel, S., St-Laurent, L., Boko, M., Simon, S., Fayomi, B., 2012. Characterization
of health and environmental risks of pesticide use in market-gardening in the
rural city of Tori-Bossito in Benin, West Africa. J. Environ. Prot. 3, 241e248.

Ahouangninou, C., Martin, T., Assogba-Komlan, F., Simon, S., Djogb�enou, L.,
Siddick, I., Pennetier, P., Corbel, V., Fayomi, B., 2013. Using Aedes aegypti larvae
to assess pesticide contamination of soil, groundwater and vegetables. Br.
Biotechnol. J. 3, 143e157.

Amoabeng, W.B., Gurr, G.M., Gitau, K.W., Stevenson, P.C., 2014. Cost-benefit analysis
of botanical insecticide use in cabbage: implications for smallholder farmers in
developing countries. Crop Prot. 57, 71e76.

http://refhub.elsevier.com/S0301-4797(14)00449-6/sref1
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref1
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref1
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref1
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref2
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref2
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref2
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref2
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref2
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref3
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref3
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref3
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref3
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref3
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref3
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref4
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref4
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref4
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref4


F. Vidogb�ena et al. / Journal of Environmental Management 147 (2015) 95e107106
Atreya, K., Johnsen, F.H., Sitaula, B.K., 2013. Health and environmental costs of
pesticide use in vegetable farming in Nepal. Environment. Dev. Sustain. 14,
477e493.

Balcombe, K., Chalak, A., Fraser, I., 2009. Model selection for the mixed logit with
Bayesian estimation. J. Environ. Econ. Manag. 57, 226e237.

Barnett, B.J., Barrett, C.B., Skees, J.R., 2008. Poverty traps and index-based risk
transfer products. World Dev. 36, 1766e1785.

Barrett, C.B., 2010. Measuring food insecurity. Science 327, 825e828.
Birch, A.N.E., Begg, G.G., Squire, G.R., 2011. How agro-ecological research helps to

address food security issues under new IPM and pesticide reduction policies for
global crop production systems. J. Exp. Bot. 62, 3251e3261.

Breffle, W.S., Morey, E.R., 2000. Investigating preference heterogeneity in a repeated
discrete-choice recreation demand model of Atlantic salmon fishing. Mar.
Resour. Econ. 15, 1e20.

Christensen, T., Pedersen, A.B., Nielsen, H.O., Mørkbak, M.R., Hasler, B., Denver, S.,
2011. Determinants of farmers' willingness to participate in subsidy schemes for
pesticide-free buffer zones e a choice experiment study. Ecol. Econ. 70,
1558e1564.

Clarke, E.E.K., 1997. The problems associated with pesticide use by irrigation
workers in Ghana. Occup. Med. 47, 301e308.

Collier, P., Dercon, S., 2014. African agriculture in 50 years: smallholders in a rapidly
changing world? World Dev. 63, 92e101.

Crush, J., Frayne, B., 2010. The Invisible Crisis: Urban Food Security in Southern
Africa. Urban Food Security Series No. 1. Unity Press, Cape Town.

Crush, J., Hovorka, A., Tevera, D., 2011. Food security in Southern African cities: the
place of urban agriculture. Prog. Dev. Stud. 11, 285e305.

de Bon, H., Huat, J., Parrot, L., Sinzogan, A., Martin, T., Mal�ezieux, E., Vayssi�eres, J.F.,
2014. Pesticide risks from fruit and vegetable bio-aggressors management by
small-farmers in sub-Saharan Africa. A review. Agron. Sustain. Dev. http://
dx.doi.org/10.1007/s13593-014-0216-7.

Diagne, A., Demont, M., 2007. Taking a new look at empirical models of adoption:
average treatment effect estimation of adoption rates and their determinants.
Agric. Econ. 37, 201e210.

Dimara, E., Skora, S., 2003. Adoption of agricultural innovations as a two-stage
partial observability process. Agric. Econ. 28, 187e196.

Dossa, L.H., Buerkert, A., Schlecht, E., 2011. Cross-location analysis of the impact of
household socioeconomic status on participation in urban and peri-urban
agriculture in West Africa. Hum. Ecol. 39, 569e581.

Drechsel, P., Dongus, S., 2010. Dynamics and sustainability of urban agriculture:
examples from sub-Saharan Africa. Sustain. Sci. 5, 69e78.

FAO, 2007. Profitability and Sustainability of Urban and Peri-urban Agriculture.
Agricultural Management, Marketing and Finance Occasional Paper No. 19.
United Nations Food and Agriculture Organization, Rome.

FAO, 2012. Growing Greener Cities in Africa: First Status Report on Urban and Peri-
urban Horticulture in Africa. United Nations Food and Agriculture Organization,
Rome.

Fiebig, D.G., Keane, M.P., Louviere, J., Wasi, N., 2010. The Generalized Multinomial
Logit Model: accounting for scale and coefficient heterogeneity. Market. Sci. 29,
393e421.

Garming, H., Waibel, H., 2009. Pesticides and farmer health in Nicaragua: a
willingness-to-pay approach to evaluation. Eur. J. Health Econ. 10, 125e133.

Godfray, H.C.J., Beddington, J.R., Crute, I.A., Haddad, L., Lawrence, D., Muir, J.F.,
Pretty, J., Robinson, S., Thomas, S.M., Toulmin, C., 2010. Food security: the
challenge of feeding 9 billion people. Science 327, 812e818.

Greene, W.H., Hensher, D.A., 2010. Does scale heterogeneity across individuals
matter? A comparative assessment of logit models. Transportation 37, 413e428.

Greene, W.H., Hensher, D.A., Rose, J., 2006. Accounting for heterogeneity in the
variance of unobserved effects in mixed logit models. Transport. Res. Part B 40,
75e92.

Halton, J.H., 1970. A retrospective and prospective survey of the Monte Carlo
method. SIAM Rev. 12, 1e63.

Hensher, D.A., Greene, W.H., 2011. Valuation of travel time savings in WTP and
preference space in the presence of taste and scale heterogeneity. J. Transp.
Econ. Policy 45, 505e525.

Hensher, D.A., Rose, J.M., Greene, W.H., 2005. Applied Choice Analysis: a Primer.
Cambridge University Press, Cambridge.

Herrero, M., Thornton, P.K., Notenbaert, A.M., Wood, S., Msangi, S., Freeman, H.A.,
Bossio, D., Dixon, J., Peters, M., van de Steeg, J., Lynam, J., Parthasarathy Rao, P.,
Macmillan, S., Gerard, B., McDermott, J., Ser�e, C., Rosegrant, M., 2010. Smart
investments in sustainable food production: revisiting mixed crop-livestock
systems. Science 327, 822e825.

Hole, A.R., Kolstad, J.R., 2012. Mixed logit estimation of willingness to pay distri-
butions: a comparison of models in preference and WTP space using data from
a health-related choice experiment. Empir. Econ. 42, 445e469.

Houngu�e, T., Kindomihou, V., 2009. Evaluation des syst�emes de production
maraîch�ere du Sud-B�enin: Caract�eristiques et typologie op�erationnelle pour
l'am�elioration de l'irrigation sur le p�erim�etre de Hou�eyiho �a Cotonou. Labo-
ratoire d'Ecologie Appliqu�ee, Facult�e des Sciences Agronomiques, Universit�e
d'Abomey Calavi, Cotonou.

INSAE, 2011. Enquête Modulaire Int�egr�ee sur les Conditions de Vie des m�enages
(EMICoV). Enquête de suivi 2010. Principaux indicateurs. Institut National de la
Statistique et de l'Analyse Economique, Cotonou.

Institute of Transport and Logistics Studies, 2007. Ngene e a Software Capability to
Design and Generate Choice Experiments. The University of Sydney, Australia.
Jacobi, P., Amend, J., Kiango, S., 2000. Urban agriculture in Dar es Salaam: providing
an indispensable part of the diet. In: Bakker, N., Dubbeling, M., Gündel, S., Sabel-
Koschella, U., de Zeeuw, H. (Eds.), Growing Cities, Growing Food: Urban Agri-
culture on the Policy Agenda. Deutsche Stiftung für internationale Entwicklung
(DSE), Feldafing, pp. 257e283.

Kabunga, N.S., Dubois, T., Qaim, M., 2012. Heterogeneous information exposure and
technology adoption: the case of tissue culture bananas in Kenya. Agric. Econ.
43, 473e486.

Krinsky, I., Robb, A., 1986. On approximating the statistical properties of elasticities.
Rev. Econ. Stat. 68, 715e719.

Lancaster, K., 1966. A new approach to consumer theory. J. Polit. Econ. 84, 132e157.
Licciardi, S., Assogba-Komlan, Sidick, I., Chandre, F., Hougard, J.M., Martin, T., 2008.

A temporary tunnel screen as an eco-friendly method for small-scale growers to
protect cabbage crop in Benin. Int. J. Trop. Ins. Sci. 27, 152e158.

Louviere, J.J., Meyer, R.J., 2008. Formal choice models of informal choices: what
choice modeling research can (and can't) learn from behavioral theory. Rev.
Market. Res. 4, 3e32.

Louviere, J., Hensher, D.A., Swait, J.D., Adamowicz, W., 2000. Stated Choice Methods:
Analysis and Applications. Cambridge University Press, Cambridge.

Louviere, J., Street, D., Carson, R., Ainslie, A., Deshazo, J.R., Cameron, T., Hensher, D.,
Kohn, R., Marley, T., 2002. Dissecting the random component of utility. Mark.
Lett. 13, 177e193.

Lund, T., Sathre, M.-G., Nyborg, I., Coulibaly, O., Rahman, M.H., 2010. Farmer field
school-IPM impacts on urban and peri-urban vegetable producers in Cotonou,
Benin. Int. J. Trop. Ins. Sci. 30, 19e31.

Martin, T., Ochou, O.G., Djihinto, A., Traore, D., Togola, M., Vassal, J.M., Vaissayre, M.,
Fournier, D., 2005. Controlling an insecticide-resistant bollworm in West Africa.
Agricult. Ecosyst. Environ. 107, 409e411.

Martin, T., Assogba-Komlan, F., Houndete, T., Hougard, J.M., Chandre, F., 2006. Ef-
ficacy of mosquito netting for sustainable small holders' cabbage production in
Africa. J. Econ. Entomol. 99, 450e454.

Martin, T., Palix, R., Kamal, A., Del�etr�e, E., Bonafos, R., Simon, S., Ngouajio, M., 2013.
A repellent net as a new technology to protect cabbage crops. J. Econ. Entomol.
106, 1699e1706.

Matthews, G.A., 2008. Attitudes and behaviours regarding use of crop protection
productsda survey of more than 8500 smallholders in 26 countries. Crop Prot.
27, 834e846.

McFadden, D., 1974. Conditional logit analysis of qualitative choice behaviour. In:
Zarembka, P. (Ed.), Frontiers in Econometrics. Academic Press, New York.

Millenium Ecosystem Assessment (MEA), 2005. Ecosystems and Human Well-be-
ing. World Resources Institute, Washington.

Muleke, E.M., Saidi, M., Itulya, F.M., Martin, T., Ngouajio, M., 2013. The assessment of
the use of eco-friendly nets to ensure sustainable cabbage seedling production
in Africa. Agronomy 3, 1e12.

Muleke, E.M., Saidi, M., Itulya, F.M., Martin, T., Ngouajio, M., 2014. Enhancing cab-
bage (Brassica oleraceae Var capitata) yields and quality through microclimate
modification and physiological improvement using agronet covers. Sustain.
Agric. Res. 3, 24e34.

Nair, A., Ngouajio, M., 2010. Integrating row covers and soil amendments for organic
cucumber production: implications on crop growth, yield, and microclimate.
Hortscience 45, 566e574.

Ngowi, A.V.F., Mbise, T.J., Ijani, A.S.M., London, L., Ajayi, O.C., 2007. Smallholder
vegetable farmers in northern Tanzania: pesticides use practices, perceptions,
cost and health effects. Crop Prot. 26, 1617e1624.

Ntow, W.J., Gijzen, H.J., Kelderman, P., Drechsel, P., 2006. Farmer perceptions and
pesticide use practices in vegetable production in Ghana. Pest Manag. Sci. 62,
356e365.

Olale, E., Henson, S., 2013. The impact of income diversification among fishing
communities in Western Kenya. Food Policy 43, 90e99.

Orsini, F., Kahane, R., Nono-Womdim, R., Gianquinto, G., 2013. Urban agriculture in
the developing world: a review. Agron. Sustain. Dev. 33, 695e720.

PAN UK, 2003. The Dependency Syndrome: Pesticide Use by African Smallholders.
Pesticide Action Network, London.

Pimentel, D., Acquay, H., Biltonen, M., Rice, P., Silve, M., Nelson, J., Lipner, V.,
Giordano, S., Horowitz, A., D'amore, M., 1992. Environmental and human costs
of pesticide use. Bioscience 42, 750e760.

Pr�esidence de la R�epublique du Benin, 1991. Loi No. 91-004 Portant R�eglementation
Phytosanitaire en R�epublique du Benin. Cotonou.

Pretty, J., Toulmin, C., Williams, S., 2011. Sustainable intensification in African
agriculture. Int. J. Agric. Sustain. 9, 5e24.

Probst, L., Adoukonou, A., Amankwah, A., Diarra, A., Vogl, C.R., Hauser, M., 2012a.
Understanding change at farm level to facilitate innovation towards sustainable
plant protection: a case study at cabbage production sites in urban West Africa.
Int. J. Agric. Sustain. 10, 40e60.

Probst, L., Houedjofonon, E., Ayerakwa, H.M., Haas, R., 2012b. Will they buy it? the
potential for marketing organic vegetables in the food vending sector to
strengthen vegetable safety: a choice experiment study in three West African
cities. Food Policy 37, 296e308.

Richardson, R.B., Kellon, D., Leon, R.G., Arvai, J., 2013. Using choice experiments to
understand household tradeoffs regarding pineapple production and environ-
mental management in Costa Rica. J. Environ. Manag. 127, 308e316.

Rogers, E.M., 2003. Diffusion of Innovations, fifth ed. Free Press, New York.
Rosenzweig, M., Binswanger, H.P., 1993. Wealth, weather risk and the composition

and profitability of agricultural investments. Econ. J. 103, 56e78.

http://refhub.elsevier.com/S0301-4797(14)00449-6/sref5
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref5
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref5
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref5
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref6
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref6
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref6
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref7
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref7
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref7
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref8
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref8
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref9
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref9
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref9
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref9
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref10
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref10
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref10
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref10
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref11
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref11
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref11
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref11
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref11
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref11
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref11
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref12
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref12
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref12
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref13
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref13
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref13
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref14
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref14
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref15
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref15
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref15
http://dx.doi.org/10.1007/s13593-014-0216-7
http://dx.doi.org/10.1007/s13593-014-0216-7
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref17
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref17
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref17
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref17
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref18
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref18
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref18
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref19
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref19
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref19
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref19
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref20
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref20
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref20
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref21
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref21
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref21
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref22
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref22
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref22
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref23
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref23
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref23
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref23
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref24
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref24
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref24
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref25
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref25
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref25
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref25
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref26
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref26
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref26
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref27
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref27
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref27
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref27
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref28
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref28
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref28
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref29
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref29
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref29
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref29
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref30
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref30
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref31
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref31
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref31
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref31
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref31
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref31
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref31
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref32
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref32
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref32
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref32
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref33
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref34
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref34
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref34
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref34
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref34
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref34
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref34
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref34
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref35
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref35
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref35
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref36
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref36
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref36
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref36
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref36
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref36
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref37
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref37
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref37
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref37
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref38
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref38
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref38
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref39
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref39
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref40
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref40
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref40
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref40
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref41
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref41
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref41
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref41
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref42
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref42
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref43
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref43
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref43
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref43
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref44
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref44
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref44
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref44
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref45
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref45
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref45
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref45
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref46
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref46
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref46
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref46
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref47
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref47
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref47
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref47
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref47
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref47
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref48
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref48
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref48
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref48
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref48
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref49
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref49
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref50
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref50
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref51
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref51
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref51
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref51
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref52
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref52
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref52
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref52
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref52
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref53
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref53
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref53
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref53
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref54
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref54
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref54
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref54
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref55
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref55
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref55
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref55
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref56
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref56
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref56
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref57
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref57
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref57
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref58
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref58
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref59
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref59
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref59
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref59
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref60
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref60
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref60
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref61
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref61
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref61
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref61
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref61
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref62
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref62
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref62
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref62
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref62
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref63
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref63
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref63
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref63
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref64
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref65
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref65
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref65


F. Vidogb�ena et al. / Journal of Environmental Management 147 (2015) 95e107 107
Royal Society of London, 2009. Reaping the Benefits: Science and the Sustainable
Intensification of Global Agriculture. Royal Society, London.

Saha, A., Alan Love, H., Schowart, R., 1994. Adoption of emerging technology under
uncertainty. Am. J. Agric. Econ. 76, 836e846.

Scarpa, R., Rose, J.M., 2008. Design efficiency for non-market valuation with choice
modelling: how to measure it, what to report and why. Aust. J. Agric. Resour.
Econ. 52, 253e282.

Scarpa, R., Willis, K., 2010. Willingness-to-pay for renewable energy: primary and
discretionary choice of British households' for micro-generation technologies.
Energy Econ. 32, 129e136.

Scarpa, R., Thiene, M., Train, K., 2008. Utility in willingness to pay space: a tool to
address confounding random scale effects in destination choice to the Alps. Am.
J. Agric. Econ. 90, 994e1010.

Shackleton, C.M.M., Pasquini, M.W., Drescher, A.W. (Eds.), 2009. African Indigenous
Vegetables in Urban Agriculture. Earthscan, London.

Tokannou, M., Quenum, M.R., 2007. Etude sur le sous-secteur maraîchage au sud-
B�enin. Rapport final AD consult. PAIMAF, Cotonou.

Train, K.E., Weeks, M., 2005. Discrete choice models in preference space and
willing-to-pay space. In: Scarpa, R., Alberini, A. (Eds.), Applications of Simula-
tion Methods in Environmental and Resource Economics. Springer, Dordrecht,
pp. 1e16.
van den Berg, H., Jiggins, J., 2007. Investing in farmersdthe impacts of farmer field
schools in relation to integrated pest management. World Dev. 35, 663e686.

van der Werf, H.M.G., 1996. Assessing the impact of pesticides on the environment.
Agric. Ecosyst. Environ. 60, 81e96.

Waterfield, G., Zilberman, D., 2012. Pest management in food systems: an economic
perspective. Annu. Rev. Environ. Resour. 37, 223e245.

Weinberger, K., Lumpkin, T.A., 2007. Diversification into horticulture and poverty: a
research agenda. World Dev. 35, 1464e1480.

Williamson, S., 2005. Breaking the barriers to IPM in Africa: evidence from Benin,
Ethiopia, Ghana and Senegal. In: Pretty, J. (Ed.), The Pesticide Detox: towards a
More Sustainable Agriculture. Earthscan, London, pp. 165e180.

Williamson, S., Ball, A., Pretty, J., 2008. Trends in pesticide use and drivers for safer
pest management in four African countries. Crop Prot. 27, 1327e1334.

Wilson, C., Tisdell, C., 2001. Why farmers continue to use pesticides despite envi-
ronmental, health and sustainability costs. Ecol. Econ. 39, 449e462.

World Bank, 2008. World Development Report 2008: Agriculture for Development.
The World Bank, Washington.

Zander, K.K., Signorello, G., De Salvo, M., Gandini, G., Drucker, A.G., 2013. Assessing
the total economic value of threatened livestock breeds in Italy. Ecol. Econ. 93,
219e229.

http://refhub.elsevier.com/S0301-4797(14)00449-6/sref66
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref66
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref67
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref67
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref67
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref68
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref68
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref68
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref68
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref69
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref69
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref69
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref69
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref70
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref70
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref70
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref70
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref71
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref71
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref72
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref72
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref72
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref73
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref73
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref73
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref73
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref73
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref74
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref74
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref74
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref74
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref75
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref75
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref75
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref76
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref76
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref76
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref77
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref77
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref77
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref78
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref78
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref78
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref78
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref79
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref79
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref79
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref80
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref80
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref80
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref81
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref81
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref82
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref82
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref82
http://refhub.elsevier.com/S0301-4797(14)00449-6/sref82

	Control of vegetable pests in Benin – Farmers' preferences for eco-friendly nets as an alternative to insecticides
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Sampling
	2.3 Data collection and questionnaire
	2.4 The choice experiment
	2.5 Analysis

	3 Results
	3.1 Respondents' socio-demographic characteristics
	3.2 Results of the choice experiment
	3.2.1 Finding the base models and comparison of model results
	3.2.2 Factors explaining variations in the likelihood of choosing the current farmer's practice (the SQ)
	3.2.3 Welfare estimates

	3.3 Benefit-cost analysis
	3.4 Sensitivity analyses
	3.4.1 Lifespan of eco-friendly nets
	3.4.2 Purchase price of eco-friendly nets


	4 Discussion
	4.1 Farmers' attitudes towards eco-friendly nets
	4.2 Net benefits of different pest control strategies
	4.3 Health benefits
	4.4 Study limitations
	4.5 Outlook

	5 Conclusions
	Acknowledgments
	References


