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Abstract

This article conducts an inclusive assessment of the effect of chemical pesti-
cides adoption on rural household welfare in Cameroon. From a multidimen-
sional perspective within the background of the Sen’s capability approach, the
study uses cross-sectional rural household-level data collected in 2024 from a
randomly selected sample of 920 rural households from 2 of 5 agro-ecological
zones in Cameroon. We estimate the causal impact of chemical pesticide adop-
tion by applying endogenous switching regression and multinomial treatment
effects models to assess results robustness. This helps us estimate the welfare
effect of chemical pesticides adoption by minimizing the bias from the selec-
tion problem on pesticides adoption decisions. The results show that the av-
erage treatment effect on household welfare with and without adopting chem-
ical pesticides is respectively 0.705 and 0.587. Therefore, adopting chemical
pesticides for crop protection helps to improve the welfare level of rural house-
holds despite some effects on human health. Compared with households that
do not adopt pesticides, the welfare level of households adopting a high or low
degree of chemical pesticides increases by 20% and 15%, respectively, and the
welfare level of households given the early or late adoption of pesticides in-
creases by 7.30% and 5.9%, respectively. This confirms that chemical pesti-
cides directly improve rural household welfare by significantly raising agricul-
tural income and reducing monetary poverty and food insecurity, though
these gains necessitate careful consideration of associated health and environ-
mental costs.
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1. Introduction

Over the last decade, agriculture has emerged as a key pillar of structural trans-
formation of economies, offering considerable potential for development in nu-
merous countries in sub-Saharan Africa (SSA), including Cameroon. Several au-
thors in the literature agree that to date, the agriculture sector in SSA still has a
significant impact on economic growth, employment, and food safety! [1]-[3].
However, its impact on reducing poverty in rural areas remains limited, with more
than 60% of the rural population in 17 countries still affected by this scourge [4].
Furthermore, despite significant progress, agricultural productivity in SSA has re-
mained relatively low compared to other regions such as Europe, Asia, or Central
America [5]. In Cameroon particularly, the low productivity and poverty of rural
households have been intensified by the conjunction of some agronomic and so-
cioeconomic constraints, including the effects of climate change, pest invasions,
high post-harvest losses, low income of producers, limited access to agricultural
technologies, and other inputs such as improved seeds, fertilizers, or chemical pes-
ticides. Since the 80s, the objective of increased agricultural productivity in Cam-
eroon by supplying additional inputs like chemical pesticides has then been one
of the orientations of agricultural policy [6] [7]. According to the National Insti-
tute of Statistics [8] and [9], over 70% of Cameroonian small scale farmers use
chemical pesticides for crop protection. Those pesticides are generally sprayed to
treat crops with high economic returns, where production losses can be estimated
at 80% - 100% of harvests [10] [11]. They are also adopted to treat traditional and
cereal crops where the invasion of agricultural pests can affect 90% of production
[12]. These productivity losses seriously impact the agricultural income of small
scale farmers, which generally contributes to their welfare conditions. Several con-
temporary studies such as [13]-[15] establish an empirical relation between chem-
ical pesticides use and the welfare of rural households. They demonstrate that the
adoption of pesticides, in addition to ensuring plant health, increases agricultural
yields and income. In the literature, [16] early formulated a set of assumptions
stating that increased agricultural productivity and income by adopting agricul-
tural inputs such as chemical pesticides leads to better yields, lower food prices,
and improved welfare of rural households. However, increasing pesticides spray-
ing can cause serious negative effects on human health and disproportionately

lead to higher incomes. Indeed, in certain cases, the marginal benefit of pesticides

'"The importance of agriculture is also demonstrated by its contribution to household food security in
urban areas, where many households consume diversified agricultural products for their diet on a daily
basis (Fages & Bricas, 2017).
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use decreases while the costs of production on the farm continue to accumulate,
which in the short term can unbalance the level of household income and there-
fore affect their welfare. In Cameroon, assessment of the impact of chemical pes-
ticides use on household welfare seems very embryonic due to a lack of appropri-
ate data, and most of previous research did not move beyond estimating the eco-
nomic surplus and return on investment of pesticides adoption. In light of these
observations, the main contribution of this article is to improve the literature on
the issue of chemical pesticides use in Cameroon from a rural household welfare
perspective. It allows us to investigate the role that chemical pesticides adoption
can play in improving welfare specifically in rural areas of Cameroon. To better
understand the impact of chemical pesticides on welfare, this study relies on a
theoretical framework and a review of empirical literature to lay its results within

the broader scientific context.

2. Theory and Literature Review Underpinning the Study

Although an empirical assessment of the contribution of pesticides use to poverty
reduction in rural areas has not received any particular attention from researchers
in Cameroon, a theoretical framework can be established based on the concept of
household welfare. According to [17] and [18], the notion of welfare refers to the
general theory of economic policy whose foundations were laid in the 20th cen-
tury by [19] [20]. Welfare is part of neoclassical theory that studies the different
states of the economy in terms of satisfaction achieved by individuals [21]. In line
with its development, [22] considers three main phases of its applications. The
first phase is found within the framework of the old economics of welfare, based
on the works of [23]. It distinguishes between general welfare and economic wel-
fare. Economic welfare can be measured by some indicators like income and/or
consumption expenditures per adult equivalent [24]. The second phase is part of
the new welfare economics represented by [25]-[27] and [20]. It is based on the
concept of the Pareto optimum and assumes that some economic fluctuations will
produce winners and losers of social assistance. Therefore, compensating the wel-
fare of the losers produces economic variations that can stimulate growth and im-
prove welfare. The third stage is modern welfare economics, represented by [28].
Sen’s approach is based on the concepts of capabilities and functioning. He con-
siders that gross domestic product per capita (GDP) is very limited as a criterion
for assessing welfare. Indeed, he extends the concept of welfare and considers that
it includes not only economic welfare but also non-economic welfare [23]. From
an empirical point of view, these three stages in the theoretical analysis are related
to three different forms of welfare assessment. Firstly, [6] [29] [30] and [31] meas-
ure the welfare of rural households through the prism of the old paradigm using
economic indicators such as real income and household consumption expendi-
tures. [32] adopt the concept of the new economics of welfare by measuring it
through consumer and producer surpluses. Finally, [33] are founded on [34] the-

ory of the capability approach, to build a system of indicators including the house-

DOI: 10.4236/as.2026.175021

354 Agricultural Sciences


https://doi.org/10.4236/as.2026.175021

K. M. Christian Bernard, D. Emmanuel

hold’s living situation, health, social status, psychological condition, and the house-
hold’s economic condition to measure welfare. Recent developments in the liter-
ature have thus contributed to the evolution of welfare theory towards a multidi-
mensional perspective. However, most of the research focuses on the effects on
economic welfare, particularly on the adoption of agricultural technologies [35].
This research considers Sen’s capability approach as the basic theoretical back-
ground. Taking income level and health status as the main outcome variables, it
builds a rural household welfare index system. On this basis, rural households
welfare level is determined through fuzzy comprehensive assessment technique.
In the literature, there are no existing studies in Cameroon that address the issue
of the effect of pesticides use on rural welfare. Since productivity constraints and
poverty are omnipresent in Cameroonian rural households’ context, a compre-
hensive impact assessment of chemical pesticides use on rural household welfare
will then contribute to the existing literature and provide new perspectives in

terms of research on this issue.

3. Research Methods
3.1. Endogenous Switching Regression Model (ESRM)

The average effect of treatment on the welfare of Cameroonian rural households
that use pesticides (ATT) and the average effect of treatment on the welfare of
rural households that do not use pesticides (ATU) must be estimated in order to
assess the impact of chemical pesticides use on poverty reduction for rural house-
holds. In the current literature on impact analysis, the propensity score matching
(PSM) technique is used in the majority of studies [36] [37]. However, one of the
limitations of the PSM method is that it can only minimize biases linked to ob-
servable characteristics. According to [38], it is possible to only control the differ-
ences in observed variables. However, there may be a bias resulting from unob-
served variables that could affect the results whether or not individuals are treated.
The ESRM is then used as an empirical method to avoid selection bias in our sam-
ple. Technically, two main steps characterize the ESRM. Firstly, we adopt a Probit
model to identify the socioeconomic and agronomic characteristics that influence
Cameroonian farmers to use chemical pesticides. The Probit model is specified as
follows:

1 ifP>0

0 otherwise

P’ =pX,+¢& with f;"z{ (1)
P represent the observed value of chemical pesticides adoption behavior for a
Cameroonian rural household i. P=1 means a rural household adopts chem-
ical pesticides for crop protection, and P =0 means the household does not
adopt pesticides for plant protection and is therefore involved in organic farming.
X, indicates the sociodemographic, economic, and agronomic factors that influ-
ence rural household adoption behavior. /S is the estimated coefficient of X,

and ¢, is a random error term. In the second stage, we build an outcome equa-
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tion to identify the main variables influencing a rural household's welfare level. Its
specific form is as follows:
W,=24X, +¢& if P=0 @)
W, =4X, +¢, if P=1

With W, and W, defined respectively as the welfare levels of rural house-
holds that adopt and that do not adopt chemical pesticides for crop protection.
A, and 4, are regression coefficients, and finally ¢, and ¢, are the random
error terms. The welfare level of Cameroonian rural households i depends on
Equation (1). By performing a simple ordinary least squares estimation on Equa-
tion (2), there is a strong probability that the estimation results will be tainted by
selection bias of the individuals due to the presence of observable and unobserva-
ble characteristics. Thus, this study considers all possible influences on the welfare
of Cameroonian rural households by minimizing the sample selection bias due to
both observable and unobservable characteristics. In addition, by building a co-
variance matrix A of the error terms, this paper addresses the issue of selection

bias caused by unobservable factors, ie.:

0-83 0-53/1

GSZ 0-.92;1 (3)
Gsly
2

Ou

2
o

€l

With o thevariance of the error term, o>, o> ,and o2 the variancesof
" 1 &2 &3

&

the error terms in the welfare functions, &, u

the error terms y,, &, &,, &,. Given the random disturbance term g, of

0,,>and 0, thecovariance of

the decision to adopt or not to adopt chemical pesticides and the random error
terms ¢, and &, of the outcome equation are correlated with each other, the

conditional expectations of &, and ¢, can be written as:

E('gil/le):o_u]Z;(%iﬂﬁ))z 0 (4a)
E(e, /P=0)=-0 GO (4b)

uo 1_CD(Xiﬁ) B
where ¢ and O are, respectively, the standard normal probability density func-

X. X,
tion and the cumulative distribution function, A, = M A = M
Lo(Xx,p) " 1-0(X,4)
refers to Mills” inverse ratios reflecting rural households that have adopted chem-
ical pesticides and those that have not adopted, which can be used to minimize
the selection bias due to unobservable characteristics. In formula 2, we include

error terms &, and &y after we adjust the result equation, we obtain:

W, =4,X, +o, A +e if P=0
i i I Ho Ty iy (5)
W, =X, +o,4 +¢ if P=1

In Equation (5) below, o, 4, and o, 4, are expressed as sample selection
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deviation correction terms. According to [38], the presence of unobservable char-

acteristics contributes to sample selection bias, as shown when the covariance

o o
correlation coefficients p,| —*— | and p,| ——| between the random error
0,0, 0,0

u u
terms in the choice equation and the outcome equation are notably nonzero.
Therefore, under the framework of the endogenous switching regression model,

the rural household’s welfare treatment effect will be specified as:

E(W,/P=1X)=AX, +0,2 (6a)
E(W, |P=0;X)=AX, +0, 4 (6b)
E(W, IP=LX)=4X, +0,4 (6¢)
E(W,/P=0;X)=2X, +0, A (6d)

With (6a) and (6b) corresponding respectively to the welfare treatment effects
of Camerounian rural households that adopted chemical pesticides and those that
did not adopt. The formula (6¢) denotes the supposed welfare treatment effect of
rural households that adopted chemical pesticides if they had not adopted, and
finally, (6d) is the hypothetical welfare treatment effect of rural households that
did not adopt chemical pesticides if they had adopted. Since (6¢) and (6d) are un-
observable and unpredictable in the actual scenario, they are defined as counter-
factuals. Therefore, the welfare average treatment effect of rural households that
adopted chemical pesticides is the difference between (6a) and (6¢), and the wel-
fare average treatment effect of rural households that did not adopt chemical pes-
ticides is the difference between (6d) and (6b).

ATT =(6a)—(6c)

=E(W,/P=1;X)-E(W, /| P=1;X)

=AX, +o, 4 —A4X, +o,4 )
ATU =(6d)—(6b)

=E(W,/P=0;X)-E(W, /P=0;X)

=X, 0,4 —HX, to,4

i i Ho o

3.2. The Multinomial Treatment Effects model (MTEM)

Using the methodological approach of [23], this study categorizes Cameroonian
households into two groups: those adopting chemical pesticides to a high de-
gree and compares them with rural households that did not adopt pesticides,
in order to validate the difference in welfare caused by pesticides adoption. A
high degree of pesticides adoption and non-adoption of pesticides are the two
sets of choice variables, which lead to inherent endogeneity constraints. Thus,
in order to minimize sample selection bias and assess the effect of multivariate
endogenous treatment variables on outcome variables, this paper also empha-

sizes the multinomial treatment effects model used by [39]. In fact, this model
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incorporates both decision and result equations. The first is used to estimate
the probability that a Cameroonian rural household i will select the adoption

level (m ), such as:
exp(Xa +1

): pg/[ im tm) (8)
14) Xla, +1,

k=1

P(P, 1 X,

270

The result equation is used to assess how the different degrees of adoption affect
the welfare of rural households that adopt pesticides in comparison with house-

holds that did not adopt. Specifically, it is given by:

27

E(W, /P, Z:L)= 24X, + famgim + fzmzm )
m=1 m=1

In formula (9), P, denotes the observed value of the adoption degree of

chemical pesticides of rural household /. B, =1 indicates the adoption degree

(high or low), and B, =0 indicates that the rural household did not adopt pes-

ticides. m=0,1,2, indicate non-adoption, a high degree of adoption, and a low

degree of adoption, respectively, X, the vector of characteristics influencing the

i

pesticides adoption behavior of rural household 7. ¢, the regression coefficient

of the welfare effect when rural household i selects m compared to a rural
household that did not adopt pesticides. /.

m

represents unobservable character-
istics that affect both rural household i selecting m and its welfare. 4, the

regression coefficient of [, .

4. Data and Variables Description
4.1. Welfare Level of Rural Households

Between the 1980s and 1990s, A. Sen introduced the theory of capabilities and
proposed a new approach to the concept of welfare. According to Sen, capabilities
are conjunctions of potential functional activities that an individual is expected to
be able to achieve, such as engaging in main productive activities, maintaining a
healthy body, or having sufficient free time to share with family and friends. If an
individual’s welfare is determined by the functional activities he performs through-
out his life, then his abilities represent real opportunities to reap benefits and the
flexibility to choose from a variety of lifestyle options. To assess the benefits of
functional activities, Sen considered six main factors, including living conditions,
income levels, health status, education and knowledge, social situations, and psy-
chological conditions. Based on the orientation given by Sen to the theory of wel-
fare, this article develops a welfare index system for rural Cameroonian house-
holds that takes into account gross farm income and health status, thereby opera-
tionalizing the capability approach in a context where economic productivity and
health are deeply interdependent.

The development of a composite index that combines agricultural income and
health status offers a novel framework for assessing welfare in rural economies.

This approach acknowledges that economic prosperity alone cannot fully capture
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well-being, since health critically influences both productivity and the capacity to
benefit from income. Methodologically, the index relies on robust indicators:
gross agricultural revenue for the economic dimension and standardized health
measures such as morbidity rates, life expectancy, or self-reported health status
for the social dimension. These indicators are normalized, weighted according to
theoretical or empirical relevance, and aggregated into a single score. Formally,

the welfare index is expressed as:

Income,,, Health
W =a g +ﬁ ea score (10)
Income,,, Health,

With W, denoting the welfare index, Income

agri

the gross agricultural income,
Health,,,, the composite health score, and Income,, and Health , the re-
spective reference values used for normalization. The coefficients a and g
represent the relative weights assigned to the economic and health dimensions,

reflecting their theoretical importance in welfare assessment.

4.1.1. Gross Farm Income

Gross farm income is the income generated by the production and marketing of
products from the producer’s farm [40] [41]. It represents the difference between
total gross production receipts and actual operating expenses. Expenses here in-
clude variable input costs (seed, fertilizer and pesticides purchase costs, labor
costs, etc.). It differs from disposable income, which takes into account all sources
of income for a farm household, including off-farm income and income from as-
sets. According to [42] [43], it is calculated for a single crop year and generally
starts with the gross product, which is the value of production estimated at the
market price. Intermediate consumption (operating costs) is then subtracted to
obtain the gross margin. Finally, this calculation takes into account the other in-

come linked to the agricultural activity to obtain the gross income.

4.1.2. Health and Leisure Status of the Head of Rural Household

The health status defines the general physical and/or mental condition during a
given period (in this case, the agricultural season) [44]. Participating in leisure
activities helps maintain good health and can potentially improve welfare. In the
literature, health status in particular is measured along different dimensions. In
fact, [44] and [45] identify three main dimensions which make it possible to assess
an individual’s state of health:

- The medical dimension, according to which poor health corresponds to a de-
viation from a medical standard and results in the onset of an illness.

- The functional dimension, in which poor health is explained by limitations in
activity caused by illness;

- The subjective dimension, in which the state of health is apprehended in terms
of the individual’s feelings. On the other hand, according to the medico-economic
approach of cost-utility analysis, health status is measured by indicators such as
the rate of chronic and/or acute respiratory diseases, the rate of skin diseases, and

the rate of infectious diseases. In our study, we determine the health status using

DOI: 10.4236/as.2026.175021

359 Agricultural Sciences


https://doi.org/10.4236/as.2026.175021

K. M. Christian Bernard, D. Emmanuel

the following formula:

sickdays N diseasecount N selfratedhealth

(11)

H ealthscore =7 . 2 5. e 3
sickdays,,, diseasecount selfrated

Health,,,, represent composite health score; is the weighting assigned to the
health indicator 4 Sickdays represent the number of days the producer 7 re-
ports being unable to work due to illness. Diseasecount is the number of spe-
cific symptoms declared by the head of household. selfratedhealth represents
a subjective evaluation of health status by the producer; yi, 35, y5 are weights
assigned to each indicator. By assigning weights to each indicator, this estimate
takes into account the relative importance of each indicator. Secondly, by stand-
ardizing the values of each indicator, we can compare indicators that have dif-
ferent units of measurement. The purpose of this calculation is to provide a
quantitative and global estimate of the health status of individuals in a specific
population, in this case the heads of rural households. According to some refer-
ences in the literature, these two variables are generally used to measure the
welfare of rural households, particularly in studies related to poverty, health,

and rural development [46] [47].

4.1.3. Treatment Variable

In this article, the treatment variables include pesticides adoption behavior and
degree of adoption (Table 1). In terms of adoption, it measures the number of
pesticides sub-products adopted by a rural household. For our study, chemical
pesticides include three sub-product types for weed and pest control, including
insecticides, fungicides, and herbicides. In a multinomial model, early adoption
of pesticides refers to use before most producers, while late adoption occurs
once the practice is widespread. Lower values indicate early adoption and higher
values indicate late adoption. This distinction is measured by comparing indi-
vidual adoption time to collective benchmarks or to the time elapsed since pes-

ticides were introduced in the rural area, and can be formalized with the for-

mula:
L odncer — bnsroduci
__ producer introduction (12)
adoption
tdi/]itsion _ max
where 7, is the time of pesticides adoption by the producer, 7, 4cion 1S

the period of introduction of pesticides in the area, and ¢, represents the

iffusion_max
time when the majority of producers adopted pesticides. For the suitability of our
analysis, when a head of household adopts only one type from among the sub
products listed above, the adoption degree of the household is defined as low;
when the family farm adopts more than two sub products, the adoption degree of

the household is defined as high.

_JLow if N, =1
aortion ) High if N_, >2

sub

(13)
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Table 1. Combination of pesticides adoption choices by the head of rural household.

Pesticides and degree of adoption

Adoption status package and Combinaison
Herbicides Insecticides Fongicides degree
Pesti_0 1 Ho Io Fo 0 0 0 /1
2 H.i Io Fo; Hi Io Fo; Ho Io Fu 1 1 1 Low
3 Holi Fu 0 1 1 High
Pesti_1 4 Hi L Fi 1 0 1 High
5 H: I, Fo 1 1 0 High
6 HLF 1 1 1 High

4.1.4. Controlled Variable

Based on the suggestions in the literature, this article distinguishes socio-demo-
graphic variables such as the age (real age in 2024) and gender of the head of the
rural household (1 = male; 0 = female), the level of instruction (actual and number
of years of study), the size of the household (labor force of the household), finan-
cial status, experience (number of years spent in agriculture), and agronomic var-
iables like land area, diversification (number of different crops on the farm), im-
proved seeds, and frequency of pesticides spraying. Also, the paper includes as
control variables the occurrence of communication with neighboring producers,
cooperatives, and agricultural extension services. 7-point Likert? scales are used

to measure those other characteristics.

4.1.5. Identification Variable

At least one control variable in the choice equation should not be included in the
outcome equation in order to guarantee the identifiability of the decision equation
and the outcome equation [48]. The distance (km) between the rural household
and the nearest Agricultural Technology Extension Centre (CVTA) is therefore
chosen as the identification variable in this paper. We analyze its robustness®
based on the research of [49]. According to the indications of [50], the control
variables of the outcome equations and the decision equations are generally iden-
tical except for the identification variable. The theoretical reasoning is that dis-
tance to a CVTA affects adoption decisions by conditioning access to information
and technical support, thereby influencing the likelihood that households adopt
pesticides. However, distance does not directly impact household welfare (in-
come, health); its effect is mediated only through the adoption channel, since im-

provements in productivity and welfare arise from pesticides use rather than geo-

*The 7-point Likert scale is a survey method used to measure opinion or agreement with a statement
on a scale ranging from a negative extreme to a positive extreme, passing through a neutral point.
*The test results illustrate the validity of the identification variable and the importance of rural house-
holds’ understanding of the impacts of pesticides in the decision-making process. However, it is not
significant in the result equation.

2* =171(p =0.000)
F=130(p=0.147)
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graphical proximity itself.

4.2. Data Exploration

4.2.1. Data Resources

As part of our data resources, we focused on the central and western areas, which
together make up 2 of the 5 main agro-ecological regions of Cameroon where
agricultural activities are very significant [51]. Several reasons justify the choice
of these two regions. Firstly, the contribution to the country’s total agricultural
production can reach over 80% for certain crops. Secondly, the number of rural
households in both regions has experienced rapid growth, with the count of reg-
istered family farms now exceeding one million in each area. Thirdly, the inci-
dence of agricultural pests and diseases is high in these two regions, hence the
need for optimum pest and disease management to reduce their impact on pro-
duction. Fourthly, since 2019, although there is no clear statistical data for the
Centre region, the pesticides chemical use coverage rate of major crops has
reached 35.8% [52]. These different arguments justify why these two regions
have been selected for the survey, under the assumption that they will be repre-
sentative.

This study was conducted in two main stages. Firstly, a preliminary research
was piloted during the month of May 2024, where 60 rural households in both
regions were randomly selected for interviews. Based on the initial results of this
stage, some major improvements have been made to the final questionnaire. The
formal survey constituted the second stage of the field study, which took place
from June to August of 2024. For this phase, we adopted a three-stage random
sampling approach. Firstly, we randomly selected two divisions in each region.
Next, we randomly selected four subdivisions in each division. Finally, 50 rural
households were randomly selected in each district of the subdivision to complete
the questionnaire survey. The questionnaires were administered by two trainees
and three postgraduate students, all having received capacity building in field sur-
vey techniques. We surveyed a total of 1100 rural producers. After removing a few
irregularities from the questionnaires, 920 valid survey forms were ultimately re-

tained, giving an effective data rate of 83.60%.

4.2.2. Descriptive Statistics

As illustrated in Table 2 and Table 3, among the 920 rural households, 515 had
adopted pesticides, accounting for 55%; 127 rural households had a low degree
of pesticides adoption, accounting for 13%, and 388 rural households adopted
pesticides to a high degree, accounting for 42%. These statistics on pesticides
adoption among our sample align with the current situation in Cameroon. The
pesticides use penetration rate is relatively high, and most households in the
sample are characterized by a high degree of adoption. Considering the charac-
teristics of rural households, Table 2 reveals in terms of gender, instruction and
age that most of the heads are men, with an average level of education and are

relatively young. On average, rural households cultivate an area of 6 - 7 ha, and
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Table 2. Descriptive statistics.

the household size, which represents the labor force of the household, is about
8 people. The indicators above are consistent with the survey results for family
farms conducted by the Cameroon institution in charge of agriculture and rural
development in 2020, demonstrating that our results are statistically representa-
tive.

Table 3 indicates that the mean values of gross farm income and level of life
quality satisfaction of households that adopt pesticides are greater than those of
rural households that did not adopt pesticides. Yet, in another way, the results for
the mean values of health and leisure status of pesticides adopters are lower than
those of households that did not adopt, revealing the potential negative effect of
those products on health. These differences are significant, indicating that pesti-
cides adoption can significantly affect the welfare of rural households in Came-
roon. Nevertheless, to specify the welfare effect of rural households’ pesticides

adoption behaviors, a robust assessment process is essential.

Group of Variables Definition and Value Criteria Mean Std. Dev.

Treatment variable

Pesticides adoption 1 = adopting; 0 = not adopting 0.55 0.41

High degree 1 = adopting > 2 sub-product types; 0 = otherwise 0.42 0.32

Low degree 1 = adopting only 1 sub-product type; 0 = otherwise 0.13 0.49
Controlled variable

Age Actual age of head of household (2024) 4518  14.55

Gender 1 = Male; 0 = Female 0.89 0.43

Instruction number of years completed in formal education 8.26 6.71

Housesold_Size Actual number of household members 8.37 2.76

1 = scarce; 2 = relatively scarce; 3 = neutral;

Financial_status 3.50 1.55
- 4 = relatively abundant; 6 = abundant
Experience Number of years involved in agriculture 11.80 5.76
Exploited Land Area Exploited land area cultivated in 2024 (ha) 6.50 40.78
Diversification Number of crops on the farm 2.18 1.95
Pesti_frequency Frequency of pesticides spraying 2.12 1.07
1 = the head of the rural household has access
Access_Seeds . . 0.33 0.41
to improved seeds; 0 = otherwise
Risk_ inclination 1 = risk-averse; 2 = neutral; 3 = risk-loving 2.16 1.85
Occurrence of communication 1 = low; 2 = relatively low; 3 = neutral;
. . . . . 3.73 1.66
with neighbours 5 = relatively high; 6 = high
. 1 = the head of the rural household belongs
Cooperatives . . : 1.46 0.88
to an agricultural cooperative; 0 = otherwise
Identification variable
Agricultural Technolo
& &Y distance (km) between a household and the nearest SVTA 4.58 2.17

Extension Service (SVTA)
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Table 3. Statistics of rural households’ welfare indicators.

Variable

Pesti_1 (n =505) Pesti_0 (n=405) Difference
Value Criteria
Mean Std. Dev Mean Std. Dev.

Gross farm income

Health status
Leisure status

Satisfaction with quality of life

Net income from farming per ha
6.55 2.01 4.72 2.48 0.000***

(hundred thousand XAF francs per ha)

1 =bad; 2 = fair; 3 = good 1.02 0.91 2.94 0.80 0.000***
1 = scarce; 2 = neutral; 3 = abundant 1.06 1.21 2.03 1.71 0.098**
1 = dissatisfied; 2 = neutral; 3 = satisfied 2.48 1.32 1.06 1.0 0.000***

Significant at the 1% level ***p < 0.01, at the 5% level **p < 0.05, and at the 10% level *p < 0.1.

5. Results and Discussion
5.1. ESR Model

Based on Table 4, the hypothesis that the decision equation and the outcome
equation are independent is significantly rejected by the Wald »* test. Also,
p, and p, are significantly different from zero at the 5% level, specifying
that the decision to apply pesticides and the welfare conditions of rural house-
holds are both influenced by non-observable characteristics. From the estima-
tion results of the pesticides adoption decision, gender, level of instruction,
household size, financial status, exploited land area, diversification of crops in the
farm, and pesticides frequency significantly influence rural households’ pesticides
adoption behavior. However, head of household age, agricultural experience, ac-
cess to improved seeds, and access to agricultural technology extension services
do not have a significant effect on this decision. This result can be explained by
different reasons. Firstly, most of the heads of rural households in the study area
are relatively young, with an inconsequential variance in age. Also, most produc-
ers are dedicated to adopting chemical pesticides when their exploited land area
and crop diversification exceed a certain stage, denoting that they have reached
the standards for scale recognized by the local administration.

The results from the estimation of the outcome equation show that, based on
the probability for the household to adopt and use chemical pesticides, the level
of instruction of the head of household, the financial status of the household,
and access to agricultural technology extension services have a significant posi-
tive impact on the level of welfare, while household head age, household size
(labor force size), exploited land, pesticides frequency, and risk preference have
a significant negative impact. The reasons are as follows. Firstly, the more a head
of a rural household receives formal instruction, the better his abilities in deci-
sion-making, allocation of resources, and adoption of relevant support policies
will be. As a consequence, household welfare will improve. Also, a household
with good financial status tends to have access to better socioeconomic com-
modities than others, and is expected to be more satisfied with their quality of
life. Moreover, the implications and determination of local agricultural technol-

ogy extension services to assist rural households in managing and gaining access
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to agricultural technologies can undoubtedly improve their socioeconomic sit-
uation. Furthermore, a greater supply of household labor force improves agri-
cultural production and available leisure time while also increasing the continu-
ity of cultivation.

The ageing of a producer’s head of household has a negative impact on their
welfare through two main mechanisms. Advanced age is associated with a grad-
ual decline in learning and cognitive abilities, which reduces their management
skills. This ultimately leads to a decline in the economic performance of their
family farms. Older producers are more prone to health problems. This deteri-
oration in their health directly leads to a decline in their overall satisfaction with
their quality of life. In addition, several other variables, including gender, risk
preference, pesticides spraying frequency, and cultivated land area, have no sig-
nificant impact on the well-being of rural households, regardless of their level

of pesticides use.

5.2. Average Treatment Effects on Households’ Welfare

Table 5 presents the results related to the average treatment effect of chemical
pesticides adoption on the main indicators of rural household welfare. Based on
these results, the welfare treatment effect for households that adopted chemical
pesticides is 0.705, and the welfare treatment effect value for households that
did not adopt pesticides is 0.630. The counterfactual examination indicates that
if rural households adopting chemical pesticides had not used this technology,
the value of the treatment effect on their welfare would have been 0.587. Con-
versely, the counterfactual estimate suggests that if non-adopting households
had used this technology, the treatment effect on welfare would have been 0.498.
Consequently, the estimated Average Treatment Effect on the Treated (ATT)
for pesticides adopters is 0.092, while the Average Treatment Effect on the Un-
treated (ATU) is 0.073. Furthermore, the analysis reveals that if rural house-
holds currently adopting pesticides were to abandon this production technol-
ogy, it would result in a welfare loss of 32.62%. Conversely, if non-adopting
households were to embrace this agricultural technology, their welfare level is
projected to increase by 21.37%. This finding strongly suggests that the use of
pesticides contributes significantly to improving the welfare of rural house-
holds.

5.3. Multinomial Treatment Effects Model

Table 6 exposes the results of the multinomial treatment effects model estima-
tion*. Compared to households that did not adopt chemical pesticides, the welfare
of households that adopted high-dose and low-dose pesticides increased by 20.72%
and 15.23%, respectively. This highlights an intensity relationship: the degree of pes-
ticides adoption modulates the level of welfare, such that high adoption has a greater

“The estimation outcome for the decision equation within the multinomial treatment effects model is
briefly described due to space limitations.
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effect on welfare than low adoption. Furthermore, compared to rural households
that did not adopt pesticides, those that introduced them early or late saw improve-
ments in their welfare of 5.90% and 7.37%, respectively. These results suggest that
the timing of adoption influences the magnitude of gains, with late adopters likely

benefiting from lessons learned from the initial failures of early adopters.

Table 4. The endogenous switching regression model estimations.

Variables Decision equation Outcome equation
Pesti_1 (n=505) Pesti_0 (n=405)
Age —0.081* (0.10) —0.006** (0.004) —0.014***(0.000)
Gender 0.039* (0.010) 0.037* (0.007) 0.028 (0.135)
Instruction 0.046* (0.020) 0.042* (0.010) 0.022*** (0.000)

Housesold_Size
Financial_status
Experience
Exploited Land Area
Diversification
Pesti_frequency
Access_Seeds
Risk preference
Occurrence of communication with neighbours
Cooperatives
Agricultural Technology Extension Service (SVTA)
Constant
0,3 O,
Pos Py
Wald 4’
Log likelihood
F-statistics

Observations

~0.077** (0.051)
0.066*** (0.000)
0.093 (0.148)
-0.157* (0.101)
0.043* (0.019)
~0.088* (0.049)
0.782 (0.927)
—0.209** (0.091)
0.079 (0.160)
0.673 (0.175)
0.093** (0.049)

—0.419***(0.000)

-568.407

920

0.064** (0.003)
0.051* (0.011)
0.101 (0.194)

0.032** (0.000)
0.086 (0.060)
0.098** (0.000)
0.096 (0.060)
0.082 (0.028)
0.104 (0.182)

0.109*%(0.000)

0.093%* (0.043)

—0.789*** (0.000)

691.425%**

0.092 (0.030)
0.029* (0.012)
0.199 (0.178)
~0.061 (0.049)
0.115 (0.095)
0.034 (0.018)
0.227 (0.095)
0.097***(0.000)
0.158 (0.181)
0.201(0.539)
0.072* (0.018)

—0.355*** (0.000)

—476.449

783.170***

Significant at the 1% level ***p < 0.01, at the 5% level **p < 0.05, and at the 10% level *p < 0.1.

Table 5. Average treatment effects on households’ welfare.

Household categories

Pesticides use decision

Outcome variable ATT/ATU t-statistics ATT/ATU (%)

and treatment effects Pesti_1 (7 =505) Pesti_0 (1= 405)

pesticides adopters (ATT) 0.705 (0.341) 0.587 (0.204)  0.092%**  0.000 32.62

household Welfare

level pesticides non-adopters (ATU)  0.630 (0.154) 0.498 (0.186) 0.073* 0.102 21.37

P-values are in parentheses. indicates 1%, is 5%, and is 10% significance levels, respectively. The standard error values are in brackets.
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Table 6. Estimates of multinomial treatment effects.

Variable

Model 1
(Pesticides adoption degree)

Variable

Model 2
(Pesticides adoption timing)

High degree of
pesticides adoption

Low degree of
pesticides adoption

Age
Gender
Instruction
Housesold_Size
Financial_status
Experience
Exploited Land Area
Diversification
Pesti_frequency
Access_Seeds
Risk_ inclination

Occurrence of communication
with neighbours

Cooperatives

Agricultural Technology
Extension Service (SVTA)

A (high degree of
pesticides adoption)

A (low degree of
pesticides adoption)

constant

No of obs

0.207*** (0.001)

0.152* (0.109)

~0.005*** (0.002)
0.028 (0.745)
0.063*** (0.005)
0.017 (0.026)
0.046*** (0.001)
~0.046 (0.78)
0.089** (0.021)
0.036* (0.103)
0.061** (0.005)
—0.088 (0.096)
0.017 (0.027)

0.311 (0.218)
0.712* (0.101)

0.045 (0.428)

0.836*** (0.000)

0.787** (0.377)

4.037*** (0.871)
920

Earlier pesticides adoption

Later pesticides adoption

Age
Gender
Instruction
Housesold_Size
Financial_status
Experience
Exploited Land Area
Diversification
Pesti_frequency
Access_Seeds
Risk_ inclination

Occurrence of communication
with neighbours

Cooperatives

Agricultural Technology
Extension Service (SVTA)

A (earlier pesticides adoption)

A (later pesticides adoption)

constant

No of obs

0.073*** (0.001)

0.059** (0.041)

~0.003** (0.033)
0.086* (0.09)
0.041°** (0.000)
0.135 (0.093)
-0.069** (0.050)
0.081 (0.419)
0.018* (0.091)
0.022** (0.0051)
0.041 (0.075)
0.021°** (0.000)
0.159 (0.089)

0.145 (0.073)
—0.007* (0.010)

5.095%* (0.000)

0.683** (0.007)

0.147* (0.010)

5.092** (0.000)
920

Significant at the 1% level ***p < 0.01, at the 5% level **p < 0.05, and at the 10% level *p < 0.1.

6. Conclusion and Agricultural Policy Recommendations

This article applies a dual ESRM and MTEM estimation to assess the welfare
implications of adopting and/or not adopting chemical pesticides among rural
households in Cameroon. It also quantifies the discriminatory effects on welfare
associated with the intensity and frequency of adoption. The ESRM estimation
indicates that pesticides adoption contributes to improving household welfare,
while the MTEM results show that welfare gains depend strongly on both the
intensity and the timing of adoption. Specifically, households that adopt pesti-
cides intensively and those that adopt later in the season achieve the most sig-
nificant welfare improvements. Based on these results, the main findings of this
study provide both a theoretical and empirical basis for supporting agricultural
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policy based on expanding pesticides use in Cameroon. It contributes signifi-
cantly to discussions on modernizing the agricultural sector and improving wel-
fare conditions in rural areas. The study also outlines the implications for agri-
cultural and social policies, according to which the strategy for the dissemina-
tion of chemical pesticides should be expanded and improved to incorporate
environmental and health aspects. These findings have direct policy implica-
tions: interventions should be tailored to encourage higher adoption intensity
and to support late adopters, who appear to benefit most. For example, policies
on access to credit, training, and extension services should prioritize households
adopting later, in order to maximize welfare gains and reduce operational risks.
Furthermore, it would be appropriate to strengthen training for producers by
consolidating efforts to re-educate farm managers, by emphasizing the creation
of local institutions for the dissemination of innovation; this would promote the
development of a robust system for the dissemination of biopesticides. This
would strengthen the internal and external conditions for adoption and the ex-
ternal environment of the household, and reduce barriers to pesticides adoption.
Secondly, rural households should be encouraged to increase their level of bi-
opesticides adoption and provide greater subsidies to producers who use suffi-
cient quantities of biopesticidess compared to those who do not use them. This
would encourage those who do not use them to increase their use. In addition,
full advantage should be taken of local cooperatives to spread the word about
the benefits of judicious pesticides use on the economic welfare of rural house-
holds. Furthermore, policymakers should target their interventions more spe-
cifically at farms that adopted pesticides earlier. Finally, when it comes to devel-
oping policies on access to credit, quality education, and training, priority should
be given to rural households that adopt chemical pesticides later in order to
minimize latent operational risks. Beyond this, several complementary recom-
mendations emerge: Targeted extension programs should differentiate between
early and late adopters, offering specialized training to late adopters to help
them consolidate the welfare gains they achieve. Graduated subsidy schemes
could reward households that increase adoption intensity, ensuring that mini-
mal users are incentivized to scale up their practices. Risk management instru-
ments (such as crop insurance or safety nets) should be designed for early adopters,
who may face higher uncertainty and lower immediate welfare gains compared
to late adopters. Strengthening cooperatives and producer organizations can fa-
cilitate collective learning, allowing late adopters to benefit from peer experi-
ences while encouraging intensive users to share best practices. Environmental
and health safeguards must be integrated into dissemination strategies, ensuring
that the welfare gains from intensive adoption do not come at the expense of
sustainability. Credit and input supply policies should be sequenced to align with
adoption timing, giving late adopters priority access to resources when their welfare
gains are most pronounced. By linking recommendations directly to the study’s
findings on adoption intensity and timing, this analysis provides a stronger em-

pirical foundation for agricultural modernization policies in Cameroon, while
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also highlighting the importance of tailoring interventions to household adop-

tion behavior.
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