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Abstract: Investigated in this work is the impact of contract farming participation on smallholder
farmers’ income and food security in rice crop production in Northern Benin using 400 randomly
selected rice farmer households. Unlike previous studies, we corrected for both observed and
unobserved biases by combining propensity score matching (PSM) and the local average treatment
effect parameter (LATE). The results showed significant negative consequences of partaking in rice
contract farming. We found evidence of significant negative effects on rice production income at a 1%
level. The more the rice farmers join in contract farming, the lower the farm income became. Decreased
food consumption was also a result of contract farming participation for potential participants by a
score of 60.64, placing their households at the food security status level of poor food consumption
because the quantity and nutritional quality of the food consumed were inadequate. Contract farming
is, therefore, not a reasonable policy instrument that can help farmers increase their income and
improve their food security level in the Alibori Department, Benin if farmers do not diversify their
crops. The necessary resources and economic environment are not yet in place to allow contract
farming to take full advantage of its potential benefits. To prevent the wasting of scarce public
resources, expanding contract farming would not be appropriate in marginal areas with markets
and other infrastructure. Additional measures are needed for contract farming to be profitable for
contracting actors and to ensure sustainability and the large-scale participation of farmers.

Keywords: contract farming; impact; income; food security; rice; Benin

1. Introduction

Despite the benefits of economic specialization being comprehended quite ever since The Wealth of
Nations [1] was published by Adam Smith, when noting advance, some chronic loss of specialized
work can be among the causes of underdeveloped economic potential in the poorest nations of the
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globe. Such as those nations, the economies of which continue to be mainly agrarian, the structural
transformation migrating to agriculture based on commerce from agriculture for subsistence has been
difficult. Most smallholder farmers value self-sufficiency in production. In other words, these farmers
grow for their own consumption purpose due to production restrictions [2].

Among African nations, mainly in Benin, the agricultural zone is characterized by many
smallholder farmers who face considerable market constraints, including negative marketplace
records, constrained access to credit, cutting-edge inputs, and high transaction expenses due to weak
market integration [3]. Even though demand for staple foods is high, farmers are still afraid to commit
to unproductive production. This has been observed in rice production, as this agricultural product is
daily consumed in both urban and rural areas [4], resulting in high demand. Approximately 47% of
this need is satisfied by domestic farming production; the balance is imported. [5] Contract farming
(CF) is viewed by smallholder rice farmers as a possible answer to overcome these restrictions for
farmers with poor resources. With contract farming, farm production is sold in advance with the
aid of a company in trade for certain offerings, including prefinancing of inputs. Despite CF being
basically a commercial initiative, settlement farming can be considered a means of improvement to
assist smallholder farmers in overcoming the demanding situations they face while trying to gain
entry to larger remunerative markets. CF enables farmers to connect to output markets and often
provides inputs, credit scores, or agricultural extensions. With contract farming, farm production is
sold in advance with the aid of a company in trade for certain offerings, including prefinancing of
inputs. Despite CF being basically a commercial initiative, settlement farming can be considered a
means of improvement to assist smallholder farmers in overcoming the demanding situations they
face while trying to gain entry to larger remunerative markets. CF enables farmers to connect to output
markets and often provides inputs, credit scores, or agricultural extensions [6–8]. Contract farming
has been claimed to positively impact local economies by improving the welfare of rural households.
Several authors have found that farmers’ incomes are increased by participation in contract farming [3].
Nevertheless, efforts to improve the effect of contract farming on farmers’ agricultural earnings and
food security need understanding and recognition of the constraints and opportunities of farmers’
involvement in contract farming.

Empirical evidence is limited on the impact of agricultural systems such as contract farming in
Africa. Several studies on such impacts [9–13] have shown that the characteristics of contracting and
noncontracting farmers have similar effects on outcome variables. Every one of these investigations
have focused on crops, for example, rice, cotton, maize, poultry, and vegetables [14–17].

Most studies [11,18–21] used a single econometric model to determine the result of the participation
in contract farming, the hardiness of their efforts and that the farmers using contracts do not represent
a cross-section of the people, and that differences within the population can have a negative or positive
impact on farmers profits. For example, there may be a variance in observable traits, including such
valuable skills as intellect and productivity, the size of the farm, and the education of the farmer.
Regardless, the differences in profits between the contract and noncontract farmers is a reflection of
both the different traits and the participation in contracts [22].

The attempt in this study is to speak to this evidence gap using a micro viewpoint on partaking in
contract farming and its effects on the agricultural income and food security farmers. The methods of
the propensity score matching (PSM) and the local average treatment effect (LATE) were combined.
The significance for income and food security small rice farmers in Alibori Department, particularly in
the Malanville, Banikoara, Kandi, and Karimama municipalities in Benin of participating in contract
farming was assessed. The issue is appropriate for consideration of food strategy choices in that if
contract farming has a beneficial impact on the small rice farmers, then programs and agendas backing
contract farming can be deemed necessary on the basis of equality. If the impact is negative, then those
charged with creating policies should decide that different agricultural improvement strategies should
be supported. The significance of this research is in the implications for discussing whether small
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farmers are able to adjust to globalization, which will accelerate the need for innumerable vertical
economic activities, including contract farming.

The balance of the study is structured in the following manner: The data collection method applied
in four districts in Northern Benin, as well as the conceptual framework and estimation technique are
introduced in Section 2. Section 3 presents and discusses the empirical results. Section 4 provides the
conclusions and implications of the findings.

2. Materials and Methods

2.1. Study Areas

The study was conducted in the department of Alibori (similar to the states in USA). Alibori has an
area of 2.62 million ha, of which 80% is cultivated. The main criteria for selecting Alibori Department
as the study area were: (1) It is the premier rice-producing region in Benin and where contract farming
is practiced, and (2) it ranks third in the country regarding potential in the lowlands (33,000 ha) after
the Zou-Collines and Atacora-Donga Departments [4].

The year 1999 saw the creation of the Department of Alibori. This administrative division was
formerly a part of the Borgou Department. The capital of the departments has been Kandi, since
2008. There are six subdivisions in the Alibori Department, each is positioned around one of the
principal towns: Banikoara, Malanville, Gougounou, Kandi, Karimama, and Ségbana. We focused
on farmers’ participation in contract farming as a management strategy to manage the challenges
of rice production in four rice-producing districts (Banikoara, Kandi, Karimama and Malanville) in
Alibori. These districts were randomly selected on the basis of their offers in all-out rice production in
the department. The statistical data from these districts on their socioeconomic characteristics and
exposure to different forms of production difficulties despite the existence of contract farming in the
department were also taken into account in the selection. The location of the selected study area is
depicted in Figure 1.
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2.2. Data Collection and Sampling Methods

On the way to achieve the research objective, we used a multistage random selection method to
choose the investigation territory and homestead family units. In the initial phase, Alibori Department
was chosen as the fundamental examination zone dependent on its higher commitment toward all
out agricultural gross domestic products in Benin. In the subsequent advance, we randomly chose
four districts where rice is produced. In the third and fourth steps, from each selected district, two
subdistricts and five villages per subdistrict were chosen using random selection methods. During the
last phase, ranch family units were chosen from every village from the list of farmers provided by the
Territorial Agency for Agricultural Development. Figure 2 outlines the sampling framework.
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Specifically, data collection was automated using a smartphone Android Huawei P9 (Huawei,
Shenzhen, China) with a computer-aided personal interview (CAPI) software, such as Kobocollect
developed by the Harvard Humanitarian Initiative based in Cambridge, MA, USA. Many biases were
avoided by the computer-based data collection instead of paper questionnaires, which in the past often
resulted in bad data including such instances as changes in the values of the variables and incorrect
recording of numerical variables of test answers. One hundred respondents from each district were
selected and interviewed between January 2019 and April 2019. Yamane’s [23] formula was employed
in the selection of the farm household sample for the area studied, i.e.,:

n =
N

1 + Ne2 (1)

where n is the size of the sample for a village, N is the farming household total number in a village,
and e is the precision, which was set at ± 15% (0.15).

The plan of the interview incorporated all the important data concerning contract farming
knowledge and participation, constraints to market participation, socioeconomic profiles, input
markets, access to services and markets for rice and other farm outputs, and indicators to assign a
score to farmers’ food security. Prior to starting the survey, pretesting was carried out to prevent the
loss of any essential information. The distribution of respondents by district is shown in Table 1.
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Table 1. Distribution of respondents by district.

District Contract Noncontract Total

Banikoara 2 98 100
Kandi 32 68 100

Karimama 25 75 100
Malanville 37 63 100

Total 96 304 400

2.3. Conceptual Structure and Methodology for Estimation

2.3.1. Contract Farming Participation and Household Wellbeing

The choice to adopt a new agricultural production system (contract farming) was modeled on a
random utility framework following the works of Becerril et al. [24], Abdulai [25], and Crost et al. [26].
Allow P* to mean the distinction among the usefulness resulting from participating in contract farming
(UiA) and (UiN), represent the utility from contract farming nonparticipation such that each household
will opt to partake in contract farming if P∗ = UiA −UiN > 0. Both utilities are unobservable; each can
be expressed as a function of observed factors in the latent variable model:

P∗i = Ziα+ εi with Pi =

{
1 i f P∗i > 0
0 otherwise

(2)

where P is a binary 0 or 1 false variable for the use of the new know-how (P = 1 if the equipment is
accepted and P = 0 otherwise), α is a trajectory of parameters to be predicted, Z is a vector that stands
for domiciliary and farm-level features, and ε is the random error term.

Participation in contract farming can help increase productivity, farm income, and food security,
thus improving household welfare. Assuming that the variable of interest (crop income and food
security) is a linear function of a dummy variable for participation in contract farming. This leads to
the following equation together with a vector of certain independent variables (X):

Yh = γXh + δPh + µh (3)

where Yh signifies the result variables, γ and δ are parameter paths to be determined, µ is the symbol
for error. The strictures δ are an estimate to evaluate the effect of the involvement in contract farming
on the result variable. Nonetheless, if the effect of the contract farming on result variables is to be
measured accurately by δ, contracting or noncontracting farmer groups should be assigned randomly
to farmers [27].

2.3.2. Impact Assessment of Participation in Contract Farming

The assessment of the effect of participation in contract farming on agricultural income and
food security based on nonexperimental reflections does not represent a challenge. The outcome
variable cannot be observed (agricultural income and food security) for participating farmers in
contract farming, otherwise. That is to say, the outcome variables as if had they not participated
cannot be observed for families that participate in contract farming (vice versa). Randomly assigning
participation in contract farming to treatment and control status, is the way this problem is addressed
in experimental research. This ensures that the outcome variables witnessed without participation
in control households are statistically characteristic of what would have happened if they had not
participated in contract farming. Partaking in contract farming is not a random assignment for the two
households groups (contracting and noncontracting farmers) but only for the family itself that chooses
to participate in contract farming according to the information available. Consequently, there may be a
systematic difference [28] between contracting and noncontracting farmers.
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Most studies [16,28–31] have used a single econometric model, such as correlated random effects
(CRE), Tobit, double hurdle, LATE, and other fixed-effect models. The drawback of using a single
model is that the estimates are not as robust as each model has its own limitations that cannot be
corrected separately. Unlike most studies, our work is unique in that we used the most recent (April
2019) data and two different econometric approaches (LATE and PSM) for impact analysis in Benin.

• The Propensity Score Matching

The PSM technique was used to estimate the causal effects of participation in contract farming. PSM
could reduce the bias when comparing the outcomes of farmers participating in contract farming
and the nonparticipating group with practically identical features. It is the provisional likelihood of
assigning a treatment, given pretreatment specifics [32], designated in this fashion:

P(Xi) = Pr(Li = 1|Xi) = E(Li
∣∣∣Xi) (4)

where L = [0, 1] is the gauge of experience with treatment and X is the trajectory of pretreatment
features. After projecting the propensity scores, the parameter of interest is the average treatment
impact on the treated (ATT), which may be estimated in the following way:

ATT = E
{
E
[
Y1

i −Y0
i

∣∣∣Li = 1, P(Xi)
]}

= E
{
E
[
Y1

i

∣∣∣Li = 1, P(Xi)
]
− E

[
Y0

i

∣∣∣Li = 0, P(Xi)
] ∣∣∣∣∣∣∣∣Li = 1

} (5)

with Y1
i and Y0

i , the potential outcomes (the rice income per hectare and the household Food
Consumption Score) in two situations are counterfactual.

Despite PSM, the attempt at analyzing the gap among result variables between contract and
noncontract farmers have similar characteristics with regard to quantity, the impact of unobservable
biases cannot be accounted for due to the fact that it only corrects measurable variables. The hardiness
of the impact estimation on outcome variables was checked by combing the LATE parameter with PSM.

• Estimation of the LATE Parameter

Assessing the impact consists of estimating the situation of contracting farmers on average if they had
decided to not participate in CF. A given rice farmer i in this study is considered a contract farming
participant if they participate in contract farming for rice production. The results designated for this
research was the rice income per hectare and the household Food Consumption Score.

One fundamental way to evaluate the variation between nonadopters and adopters is to define
the difference for each specific outcome. Concluding that this relationship is caused by the different
methods is problematic. For example, the difficulty was reported by Heckman [33] as owing to the
presence of bias in the selection. Moreover, even if there is a positive difference observed between
the groups, this does not mean that the relationship is causal. It is likely that the differences existed
prior to the adoption decision. To achieve an unbiased result, the two groups must be similar and only
have the difference of contract farming adoption. To remedy the selection criteria issue, and to achieve
unbiased results, Wooldridge [34] developed experimental and nonexperimental approaches.

Assume that the treatment variable is represented by a binary variable Ai indicating the adoption
status, with Ai = 1 for adopters and Ai = 0 otherwise. For any farmer i, the outcome yi is observed.
According to the theory developed by Rubin [35], any farmer i has two potential outcomes, yi1 and yi0,
which represent the outcome when the farmer adopted the contract farming system for rice production
(Ai = 1) or not (Ai = 0), respectively. The equation of the outcome yi can be written as:

yi = Aiy1i + (1−Ai)y0i. (6)

The impact of participation in the contract farming system on a farmer i is the difference between
the outcome with and without the adoption of the contract farming system (αi = y1i − y0i). However,
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it is impossible to observe this difference in individual farmers since they are either adopters or
nonadopters. Therefore, the fundamental problem of impact assessment is that it is impossible to
observe yi1 and yi0 simultaneously for a given farmer i [36]. Since observing yi1 or yi0 is possible, the
problem of a lack of data arises [34]. This missing value is identified as counterfactual [33]. However,
it is possible to measure the effect of treatment for the entire population of rice farmers (E(αi)). This is
the average treatment effect (ATE). Measuring the ATE on the subpopulations of adopters (ATE1) and
nonadopters (ATE0) is also possible [34].

Rosenbaum [37] and Lee [38] reported that the ATE, ATE1, and ATE0 parameters are subject to
two types of bias. The first is related to the difference between the observable characteristics (overt
bias) and the second is related to the difference between the unobservable characteristics (hidden bias),
which affect farmers’ access to information and their decision regarding whether to adopt innovations.

To correct the biases induced by observable and unobservable characteristics, Imbens and
Angrist [39] proposed another estimator called, the local average treatment effect (LATE), which is the
average impact on potential contracting farmers (compliers). To evaluate this estimator, an instrumental
variable approach must be used [40]. This approach assumes the presence of the instrumental variable
z that directly affects the status of the participation in contract farming but implicitly affects the result
variables y1 and y0 until independent variables (x) are regulated.

In this study, the instrumental variable (z) used was the contract farming knowledge. Then, for any
rice farmer who knows the contract farming system, z = 1, and z = 0 otherwise. We chose this variable
because information has an impact on the decision as to whether to participate in contract farming.
Therefore, farmers with knowledge on the contract farming system only are able to participate in
contract farming. Knowledge cannot, however, only directly affect the outcome. Then, rice-producing
is a valid instrument and fulfills Heckman’s [33] interpretation of the instrumental variable.

In this analysis, Abadie’s [40] suggested estimator was used to estimate the LATE parameter..
This estimator is a generalization of the first one proposed by Imbens and Angrist [39], for which the
random nature of the instrument is not required, but the instrument z must be independent of y1 and
y0, conditionally to x. The local average response function (LARF) model is defined as:

E(y
∣∣∣x, A1 = 1) = α0 + α1A + βX + γAX (7)

ˆLATELARF =
1

p(A1 = 1)

n1∑
i=1

k̂i.h
(
yi, xi, θ̂

)
. (8)

• Calculation of Food Consumption Score (FCS)

The examination of food security situation of rice farmers was focused on the FCS, which was
established as a composite indicator by the World Food Program (WFP) [41].

This calculation is generally achieved by including the dietary range of the household, how often,
and the relative nutritional value of that which is eaten in a specific household. There are eight food
groups that are considered in the calculation of the FCS, each with a weighted frequency (cereals and
tubers, pulses, vegetables, fruit, meat and fish, milk, sugar, and oil) through seven days earlier the
investigation (Table 2). The weighted range of the FCS is from 0 to 112. A one-week recall is suggested
to make sure that time coverage is good and that memory is reliable [42]. The following food groups
are the basis of the FCS calculation.

FCS = PCerealXCereal+ PLegumesXLegumes + PVegetablesXVegetables + PFruitsXFruits+

PProteinsXProteins + PMilkXMilk + PSugarXSugar + POilXOil
(9)

where Pi is the weight assigned to a given food group and Xi is the number of days of consumption of
a given food group (≤7 days).
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Table 2. Food groups and weights for the estimation of Food Consumption Score (FCS).

Food Items Food Group Weight

Maize, rice, sorghum, millet, pasta, bread cassava,
potatoes, sweet potatoes, and other cereals and tubers Main staples 2

Beans, peas, groundnuts, and cashew nuts Pulses 3

Vegetables and leaves Vegetables 1

Fruits Fruit 1

Beef, goat, poultry, pork, eggs, and fish Meat and Fish 4

Milk, yogurt, and other diaries Milk 4

Sugar and sugar products Sugar 0.5

Oils, fats, and butter Oil 0.5

Source: World Food Program [41].

The calculated values of FCS for each household range on a scale from 0 to 112. The WFP
distinguishes three groups according to the FCS values (scale from 0 to 112). The first group of
households having an FCS less than 21 qualifies as a household having poor food consumption because
the quantity and nutritional quality of food consumed are inadequate. The second group of households,
where the FCS is between 21.5 and 35, has middle food consumption because they have the required
nutritional food quality, but the quantity is not adequate to feed all members of the household. Finally,
the third group includes households living in food security. All members of these households consume
food within the required quantity and nutritional quality range; their FCS is higher than 35.

The explanation of variables employed in the study are itemized in Table 3.

Table 3. Description of the variables used in the study.

Variable Description Unit of Measure Expected Sign

Dependent Variable

Contract farming participation Participation of respondent in contract farming or
not

Dummy: No = 0 and Yes = 1 +/−

Explanatory variables

Age Age of household head (Years) Years +/−

Family size Number of people in the household Continuous +/−

Gender Sex of household head (Dummy) Dummy: Male = 1 and Female = 0 +/−

Marital status The respondent is married or not Dummy: No = 0 and Yes = 1 +/−

Education The respondent has education or not Dummy: No = 0 and Yes = 1 +/−

Member of farmers group The respondent is member of farmer group or not Dummy: No = 0 and Yes = 1 +

Rice quantity produced Rice quantity produced by the respondent (Kg) Kilograms +

Rice cultivated area Land planted with rice Hectare +/−

Rice sales price Sales price per kilogram of rice produced by the
respondent (XOF)

Continuous +/−

Off-farm income The respondent has off-farm income or not Dummy: No = 0 and Yes = 1 +/−

Land inheritance

Existence of the market in the area Existence of the market in the study area or not Dummy: No = 0 and Yes = 1 +/−

Rice income per ha Income per hectare from respondent rice
production

Continuous +/−

Food Consumption Score (FCS) Food Consumption Score of the respondent
household

Score +/−

Note: “+/− “designates the predictable sign could be either positive or negative.

3. Results and Discussion

3.1. Quality of the Matching Process

Before addressing the causal result of involving farmers in contract farming efforts on their income
and food security, quality assessment resulting from the matching test was first. We estimated the
propensity scores for both types of farms (participating and nonparticipating) and tested the common
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support condition. Table 4 reveals that there was a range of forecast propensity scores for participants
which varied from 0.079 to 0.969; the average was 0.37. The range of forecast propensity scores for
nonparticipants averaged 0.24 and varied from 0.051 to 0.802.

Table 4. Logit estimates of the determinants of contract farming participation in the Alibori Department.

Variable Coefficient z-Value

Age of head of household (Years) −0.014 −0.86
Family size (Continuous) 0.018 0.33

Gender (Dummy) 1.100 1.32
Marital status (Dummy) −0.364 −0.43

Education (Dummy) 0.128 0.36
Member of farmer group (Dummy) 0.880 ** 2.14

Rice quantity produced (Kg) 0.000 0.33
Rice cultivated area (Ha) 0.524 *** 2.83
Rice sales price (FCFA) 0.005 0.93

Off-farm income (Dummy) −0.145 −0.27
Constant −3.479 ** −2.25

Summary statistics
Pseudo R2 0.103
Prob > χ2 0.005 ***

Likelihood-ratio χ2(10) 25.09
Participant correctly predicted 37%

Nonparticipant correctly predicted 24%
Number of observations 208

Note: *** p < 0.01, ** p < 0.05.

Consequently, the minimal and maximal assessment was used to support the accepted value of
0.061−0.970 for the area. Common support for the propensity scores (Figure 3) is also evidenced as
the distribution density of the density distribution of the projected propensity values: The overlap
between the participation’s cores for participants and nonparticipants alike is substantive (Figure 3).Sustainability 2020, 12, x FOR PEER REVIEW 10 of 20 
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Following Bravo-Ureta et al. [42], t-tests were performed before and after matching to assess the
null hypothesis that the means of the observed characteristics of participants and nonparticipants in
contract farming are equal. The results showed that the mean of most of the observed characteristics
was not statistically different, suggesting that the balancing property of the covariates was also satisfied.
Table 5 presents the descriptive statistics for the unmatched (N = 400) and matched (N = 208) samples
and the results of the t-tests.
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Table 5. Descriptive statistics.

Variable
Noncontract (Control) Contract Farmers All Farmers

Test of Means a
Mean SD Mean SD Mean SD

Unmatched sample

Age of head of household (Years) 47.786 12.501 48.125 10.803 47.868 12.104 0.239

Family size (Continuous) 7.727 4.067 7.540 3.860 7.682 4.013 0.394

Gender (Dummy) 0.845 0.362 0.885 0.320 0.855 0.353 0.970

Marital status (Dummy) 1.618 1.791 1.510 1.666 1.593 1.760 0.524

Education (Dummy) 0.507 0.501 0.563 0.499 0.520 0.500 0.955

Member of farmer group (Dummy) 0.615 0.487 0.781 0.416 0.655 0.476 3.011 ***

Rice quantity produced (Kg) 800.284 1012.435 1320.828 1544.353 953.809 1213.9 2.931 ***

Rice cultivated area (ha) 0.813 0.952 1.230 1.288 0.912 1.050 3.216 ***

Rice sales price (FCFA) 200 0.000 208.438 64.356 202.025 31.609 2.292 **

Off-farm income (Dummy) 0.161 0.368 0.114 0.320 0.15 0.358 1.114

Observations (N) 304 96 400

Matched sample

Age of head of household (Years) 46.470 12.567 45.526 10.830 46.212 12.098 0.501

Family size (Continuous) 7.563 3.475 8.018 3.467 7.688 3.470 0.842

Gender (Dummy) 0.854 0.354 0.912 0.285 0.870 0.337 1.108

Marital status (Dummy) 1.510 1.628 1.333 1.354 1.462 1.557 0.729

Education (Dummy) 0.550 0.499 0.632 0.487 0.572 0.496 1.063

Member of farmer group (Dummy) 0.656 0.477 0.825 0.384 0.702 0.459 2.397

Rice quantity produced (Kg) 808.897 1016.208 1225.14 1604.486 922.964 1216.306 2.222

Rice cultivated area (ha) 0.698 0.759 1.338 1.496 0.873 1.051 4.061

Rice sales price (FCFA) 200 0.000 213.597 64.336 203.726 34.010 2.607

Off-farm income (Dummy) 0.139 0.347 0.105 0.310 0.130 0.337 0.645

Observations (N) 151 57 208
a The t-test was used to determine whether the means of sampling are significantly different between contract farmers and noncontract farmers groups; ** p < 0.05, *** p < 0.01.
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Once the matched samples were obtained, we estimated the LATE parameters to reveal the impact
of contract farming on income and food security.

3.2. Participation in Contract Farming (Adoption)

The overall potential participation rates in contract farming within the subpopulation of those
who know and those who do not know about contract farming are presented in Table 6.

Table 6. Participation rate in contract farming.

Parameters Values Robust
Standard Deviation

Potential participant rate (ATE) 0.532 *** 0.049
Rate of participants within farmers population informed

about the contract farming (ATE1) 0.618 *** 0.039

Rate of participants in farmers population not informed
about the contract farming (ATE0) 0.464 *** 0.068

Actual participation rate in all population (JEA) 0.273 *** 0.017
Rate of participants in all population (Na/N) 0.274 *** 0.031

Rate of farmers who know the contract farming in all
population (Ne/N) 0.442 *** 0.034

Deviation of participation in contract farming (GAP =
Na/N − ATE) −0.259 *** 0.038

Selection bias (PSB = ATE1-ATE) 0.086 *** 0.033

Number of Observation (N) 208
Number of exposed (Ne) 92

Number of participants in the contract (Na) 57

*** p < 0.001.

The potential participation rate within the whole population, estimated by the semi-parametric
method of the respondents, is high (53%), compared to the actual participation rate within the whole
population (join exposure and participation (adoption) rate) which is 27%; there is, therefore, a
participation gap (population participant gap linked to incomplete dissemination) which is −26%.
Additionally, the rate of participants within farmers population informed about contract farming
(ATE1) and the rate of participants in farmers population who are not informed about contract
farming (ATE0) are 62% and 46%, respectively; which would mean that about 46% of uninformed
producers would participate in contract farming if they were informed. In addition, any farmers in
the population can participate in contract farming in the same way as farmers in the subpopulation
were informed about contract farming. Indeed, as shown by Diagne [36] in his study on methods
for estimating the average treatment effect, PSB = ATE1-ATE. Thus, the statistical significance of PSB
implies the acceptance of the hypothesis ATE1-ATE , 0. Efforts, therefore, remain to be made in order
to achieve full dissemination of contract farming and the massive participation of farmers, but while
taking reassurance that the contractual system implemented in the area will positively affect farmers
well-being; otherwise, participation will always remain mixed and the existence of the contract farming
system in the community will remain of little importance for farmers.

3.3. Impact of Contract Farming on Farmer Income per Hectare and Food Security

The LATE was estimated using the instrumental variable approach. The instrument used was the
knowledge of contract farming. Impact estimate results are reported in Table 7. We found evidence of
negative significant effects of contract farming on rice production income at a 1% threshold. These
results showed that the more rice farmers participate in contract farming, the lower the farm income.
This means that the return to crop production in the study area is decreasing; and can be explained
by, the lack of access to good quality seeds and low mastery of the technical routes of production
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and fertilizer application, as well as climatic disturbances. The contracting farmers once contracted
do not normally have the choice to deliver their products to the one with whom the contract was
signed. Therefore, due to climatic disturbances and low yields obtained, even if the selling price on the
market is more profitable for the contracting farmers, he has no choice and he will not be able to benefit
from this price advantage that the market offers him. Contracting farmers are obliged to deliver the
product as agreed according to the terms of the contract to avoid conflict situations because, in the
contract, the purchase price is fixed in advance. On the other hand, noncontracting farmers can benefit
from this time-lapse from this market price advantage and suddenly will be cheaper than contracting
producers. Therefore, even if the contracting farmers make a higher income than the noncontracting
farmers, the difference in income between the two types of farmers would be significant if the price
offered to the contracting farmers could be renegotiated in accordance with the market price while
taking into account, of course, the other benefits they would receive such as the suppression of the
logistic price. This explanation is in line with the results of our studies; on average, the rice income per
hectare of contracting rice farmers (West African CFA franc (XOF) 216,359.30) is higher than those of
noncontracting farmers (XOF 142,398.10), but the difference (XOF 73,961.24) is not significant. We can
deduce that contract farming is not yet a panacea that improves farmers’ income if it is not properly
configured. Therefore, it is difficult to claim that all contract farming increases participants’ income,
as claimed by some studies [13,43–45]. Looking at international studies, up to a point, these results
reflect Glover et al. [46], who reported that contract farmers have lower incomes than noncontracting
farmers, suggesting that farmers could earn more growing other crops for other markets. In the case of
an unsatisfactory yield from the main rice crop, income from other crops could offset the gap.

Table 7. Impact results on rice income and food security.

Parameter
Local Average Response Function

(LARF-OLS)
Estimates Z

Rice income per ha (XOF)

Local Average Treatment Effect −26,145.72 *** −4.1 × 106

Naïve Method
Difference 73,961.24 1.41

Contract farmers 216,359.30 *** 4.23
Noncontract 142,398.10 *** 12.34

Food Consumption Score (FCS)

Local Average Treatment Effect −60.64 *** −8153.96

Naïve Method
Difference −1.42 −0.25

Contract farmers 49.23 *** 11.16
Noncontract 50.65 *** 14.78

*** p < 0.01.

Douroux [47] reported that farmers do not improve their incomes if they only deliver raw products.
The transformation of the product, much more than production itself, provides its value. However, the
contractual economy risks trapping peasants in their function as farmers, just like a supplier of raw
materials. Douroux’s recommendation seems to be relevant to our findings because many farmers
after contracting are often confronted with conflicts of interest (Table 8) that affect the economy of
their production. The reasons for these conflicts are, among others, nonadherence to the terms of
the contracts and the moral hazard observed by some farmers against the unprofitable selling price.
Other producers almost experience a decline in sales and a deterioration of their products in stock,
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which result in production losses. If farmers had the right tools to directly process their product, farm
incomes would improve.

Table 8. Share of contracting farmers who experienced conflicts in contract implementation.

Contract
Conflict

Total
No Yes

No 151 0 151
Yes 31 26 57

Total 182 26 208

Evidence of the negative effects of contract farming on the FCS was also found (−60.64), which
was significant at the 1% level, which shows that the more rice farmers participate in contract farming,
the lower the FCS. The estimated impact of the FCS was below 21, which qualifies as a household
having poor food consumption because the quantity and nutritional quality of the food consumed are
inadequate. This means that, contrary to existing studies reporting the positive impact of contract
farming on food security, our results show that contract farming decreased participating farmers’
household food and nutrition security. This implies that not only do contracting farmers only devote
their time to production to satisfy the contract market to the point where they no longer produce for
subsistence, but they also produce products that are not part of the eating habits of the region. The
substitution effects due to higher shadow food prices outweigh the revenue effects of crop sales under
contract farming participation. These results are consistent with findings of Proscovia et al. [48] and
Kenneth [49], who investigated the effects of market production on rural household food consumption
in Uganda and the impact of contracted sugarcane farming on household food security in Uriri Division,
Kenya, respectively. They reported the negative impact of contract farming on the household food
security of contracting farmers. A mixed approach combining policies targeted at market products,
as well as production for private consumption and nutrition sensitization could be profitable for
contracting farmers.

3.3.1. Determinant of Rice Farmers’ Income Per Hectare

Among the determinants of producer income presented in Table 9, the negative and insignificant
result of the contract participation variable is not surprising since the impact was negative. Household
size, heritage, rice sales price, existence of the market in the study region, and the age of head of
household are the variables that explain rice production income. The results showed that the age of the
head of household is negatively correlated with rice production income per hectare at a significance
level of 1%. This means that the older the producers, the lower their ability to produce efficiently and
over time. Older producers may not be able to strictly apply production routes, which could influence
the final quality of the obtained rice and result in poor sales and low income.

By classifying the farmers surveyed according to the classification of young and adult populations
of the United Nations [50], we confirmed with Figure 4 our results in Table 9 that age has a negative
influence on agricultural income due to the decline in income observed among respondents aged
50 years and over; the trend is positive until the age of 50 years and that, whether with contracting
farmers than noncontractor. This results is consistent with that of Aminou [41], which finds that
older producers would be more conservative so that they want to continue with their habits, customs
of production.
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Table 9. Local Average Response Function-Ordinary Least Square regression (LARF-OLS) of the
determinant of rice production income per hectare.

Variable Coefficient SD

Contract −26,145.72 47,549.06
Family size 18,357.04 *** 6349.58

Land inheritance 70,645.47 * 35,611.35
Rice sales price 7144.532 *** 2546.025

Existence of the market in the area 363,221.1 *** 114,240.1
Age of head of household −4764.285 *** 1406.375

Constant −1,181,288 ** 519,955.5

F (6,79)
Prob > F

Adj R-squared
Number of observations

3.77
0.0024
0.1700

86

* p < 0.1, ** p < 0.05, *** p < 0.01.
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Figure 4. Repartition of respondents’ income by age group and participation in contract farming.

Agricultural production is not benefitted by an increase in age of the farmers. An increase in age
does not increase agricultural output. The expertise and knowledge of the aged farmer does (Figure 5)
not really balance the negative limitation of their age. Moreover, aged farmer workers do not readily
adapt to the newer technology employed in farming. This result agrees with Guo et al. [51], whose
work similarly analyzed the result of the age of farmers on agriculture.
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Figure 5. Rice cultivation experience of respondents by participation in contract farming.

3.3.2. Determinant of Rice Farmer Household Food Security

All variables included in this model (Table 10) were those explaining the household food security
in the area study. Some positively influenced food security, others did not. The coefficient of the
contract variable was negative and significant at the 1% level. This means that the more farmers
participate in contract farming, the lower their food security level. This can be explained by farmers,
in focusing on production to satisfy only the contract market, do not produce what is necessary for
subsistence to the point where they have a low household FCS. Even if they plan to procure the
necessary food with the income from production, a market failure or high food prices can hinder
farmers from obtaining the necessary food for their households. As the coefficient of the rice sales
price variable was also negative and significant at the 1% level, a weak market exists because the lower
the market price, the lower the income. As a result, their low purchasing power does not allow them
to obtain and store on quality food products to guarantee an acceptable level of food security for their
household. Our result is consistent with those reported by Dzramedo et al. [52]. This suggests that
farmers, to increase their farm income and food security, need support in increasing the levels of farm
inputs, such as land, labor, and fertilizers.

Table 10. Local Average Response Function-Ordinary Least Square regression (LARF-OLS) of the
determinant of household food security.

Variable Coefficient SD

Contract (Dummy) −60.636 *** 9.865
Family size (Continuous) 4.682 *** 0.909

Land inheritance (Dummy) 40.133 *** 6.771
Rice sales price (FCFA) −1.239 *** 0.419

Existence of the market in the area (Dummy) 339.491 *** 27.596
Age of head of household (Years) −2.676 *** 0.276

Nonagricultural activities income (Dummy) 231.284 *** 19.025
Constant 333.373 *** 85.004

F (7,66) 24.44
Prob > F 0.0000
Adj R2 0.6934

Observations 74

*** p < 0.01.
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The household size denotes the intensity of rice cultivation in terms of labor. This variable had a
positive influence on the FCS of farmers. The coefficient of farm size (4.682) means that if the household
size increased by one unit, holding all other inputs constant, the food security of farmers would increase
by 4.682 units. The size of a farmer’s household denotes higher investments; thus, farmers attempt to
reduce their risk coverage by participating in contracts in the hope of good economic profitability, as
well as an improvement in their food security from their work efforts.

Similarly, land inheritance positively affects farmers’ food security. The coefficient of this variable
was positive and statistically significant at the 1% level. Thus, the inheritance of land, by offering
farmers a long-term stake in land, reduces the production costs or the capital of the producer so it can
be exploited for other purposes. Land is an important resource base for a farmer in the production
process. The economic and social progress of farmers depends mostly on the size of their cultivated
area. Farmers with more arable land are less likely to be involved in contract farming before achieving
a good level of food security. Our finding is in line with that of Just et al. [53].

The existence of a market in the area remains an opportunity for commercial exchange and
supply of household food products for farmers. At the level of 1% the coefficient of the existence of
market variable was positive and significant. This ensures that the more markets exist, the greater the
availability of consumable food for households in the area; therefore, farmers with the resources to
acquire food will be able to access it without difficulty. These results agree with those of Kousar et
al. [32], who investigated the impacts of fruits on farmers’ work in Pakistan Himalayan Range.

Lastly, the positive coefficient observed for the nonagricultural activities income variable means
that, in general, a farmer who has other sources of income may not want to engage in contract farming
due to its related difficulties, such as contracting companies offering lower rates for farmers’ produce.
However, the results suggest that even though off-farm income provides extra income, its associated
factors may differ in relation to contract farming, and the more that farmers have income from extra
activities, the less the propensity they have to participate in CF. Concerning the sale market constraint,
farmers may consider contract farming if the sale price is suitable. From an off-farm income, farmers
can ensure acceptable food security in their household.

4. Conclusions and Policy Implications

In this study, we analyzed the impact of contract farming on smallholder rice farmers’ income and
food security in Benin (Alibori Department). The results showed significant negative impacts from
participation in contract farming. The more that rice farmers participate in contract farming, the lower
their income and food security level. Contract farming is, therefore, not a reasonable policy instrument
that can help farmers increase their income and improve their food security in the Department of
Alibori. The necessary resources and economic environment are not yet in place to allow farmers to
take full advantage of the potential benefits of contract farming. To avoid the risk of wasting scarce
public resources, contract farming should not be expanded in marginal areas with markets and other
infrastructure. Additional measures are needed for contract farming to be truly profitable for those
involved and to ensure sustainability and the large-scale participation of farmers.

In connection with the main results of this study, the following measures are recommended:

(1) Focus on improving the agricultural productivity of existing land in contract terms due to the
extreme land constraints faced by smallholders and the restricted (Political) scope of agrarian
reform in Benin.

(2) Ensure access to good-quality seeds and secure the production of certified seeds. Several structures
produce and sell seeds, there are even seed producers who supply seed to farmers. However, the
quality of its seeds remains questionable in view of the mixed production yields that we observe.
A seed certification under quality check condition could allow producers to know how to better
choose good seeds.

(3) Provide operational training on the technical routes of production and fertilizer application
techniques in contract terms. The operation training will strengthen the capacities of the producer
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on the production routes and application of fertilizers in order to ultimately achieve a good
production yield.

(4) Improve the yield and drought resistance of rice varieties by investing more in agricultural
research. With the resistant varieties, producers will be able to avoid the smallest losses recorded
in the face of climatic disturbances and achieve production with good yield.

(5) The terms of the contract should include a policy that may enable both contracting parties to
avoid conflicts.

(6) Define for contract farming implementation a policy specific to each region.

To our knowledge, we are the only ones to have combined the PSM and LATE approach for a
socio-economic impact assessment of contract farming. We do not think that our method, robust in any
way it is, will be eternal. There probably exists in the future more robust methods that can provide
other interesting evidence as ours found today. However, future research studies should investigate if
contract farming alleviates poverty and how to help farmers and buyers to realize a win–win contract
farming situation without conflict.
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