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This study evaluates the impact of contract farming on bean production, farm
income, and output prices in Bangladesh. Using primary data collected from 300
bean growers in Narsingdi district, the study employs Propensity Score
Matching (PSM) to compute the average treatment effect on the treated (ATT),
supplemented with Inverse Probability Weighting (IPW) and Inverse Probability
Weighted Regression Adjustment (IPWRA) to ensure robustness. The
determinants of farmers' participation in contract farming are first identified
using a probit model. The results indicate that number of trainings, bean
cultivation area, access to off farm income significantly increase the likelihood
of participation, whereas bicycle ownership, organizational membership reduce
participation probability. Impact estimates consistently show that contract
farming significantly improves farm performance. Contract farmers achieve 3.4
- 5.2% higher bean vyields, 33.2 - 36.1% higher gross margins, 47.4 - 49.4%
higher net revenues, and receive 26.6 - 27.4% higher output prices than
comparable non-contract farmers. Robustness checks using IPW and IPWRA
confirm these findings. The results suggest that contract farming can enhance
smallholder market integration and income in Bangladesh, although supportive
institutional mechanisms and farmer awareness remain critical for sustained
benefits.

@ @ © 2026 The Authors. Published by Society of Agriculture, Food and Environment (SAFE). This is an Open Access article distributed under the terms
= of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0)

INTRODUCTION

The rapid expansion of supermarkets across developing
economies has further accelerated the adoption of contract

Contract farming has become a key institutional mechanism
connecting smallholder farmers to modern agribusinesses
and retail supply chains. Under contractual agreements,
farmers typically receive a predetermined price for their
produce-often higher than prevailing rural market prices-and
are assured that the contracting firm will purchase their
harvest. Such arrangements reduce market uncertainty and
mitigate price volatility, which are particularly acute
challenges for smallholder vegetable producers in developing
countries.

farming. Supermarkets increasingly integrate rural farmers
into structured value chains, supplying improved seeds,
fertilizers, technical support, and modern production
technologies (lkeda and Natawidjaja, 2022). These vertical
coordination mechanisms enhance farmers’ competitiveness
and often enable them to secure higher and more stable
prices (Hoang, 2021). In contexts characterized by imperfect
markets, weak infrastructure, and limited institutional
support, contract farming can serve as a mechanism to
overcome market failures and transaction costs (Barrett et
al., 2012).
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A substantial body of empirical literature documents the
income-enhancing effects of contract farming across diverse
countries. Saigenji and Zeller (2009) reported that
Vietnamese tea growers engaged in contract farming
exhibited significantly greater technical efficiency compared
to their non-contract-farming counterparts. Miyata et al.
(2009) found that contract farming led to higher incomes for
apple and green onion farmers in China relative to non-
contract growers. Sokchea and Culas (2015) observed that
organic rice farmers in Cambodia who participated in
contract farming with farmer organizations earned
significantly higher incomes than those who did not.
Wainaina et al. (2014) showed that contracted poultry
farmers in Kenya achieved higher net income per bird
compared to non-contracted farmers. Beyond income and
efficiency gains, contract farming has been associated with
broader  socioeconomic  benefits, including  youth
development (Ntabakirabose et al., 2021), increased social
trust, and the adoption of environmentally friendly
production practices (Mao et al., 2021).

Cahyadi and Waibel (2015) discovered that contract
participation significantly reduces the likelihood of price
shocks for oil palm smallholders in Indonesia, as existing
contract schemes provide effective price
protection. According to Swain and Teufel (2025), contract
farming in India positively influenced farm productivity,
farmers' income, and market access, while negatively
impacting soil health and water use.

Abdulai et al. (2024) reported that the factors positively
associated with soybean farmers' participation in contract
farming in Ghana include gender, education, off-farm
business, FBO membership, farm size, access to extension
services, and distance to market centres. Azumah et al.
(2016) found that participation in contract farming in Ghana
was positively affected by access to extension services and
credit, but negatively affected by farm size and off-farm
income. In the Nigerian context, Adah et al. (2024) identified
the key factors influencing cassava farmers' participation in
contract farming as education, sex, access to extension
services, awareness of contract farming, and farming
experience.

Nevertheless, the impacts of contract farming remain
contested. Critics argue that contracts may shift production
and market risks onto farmers and reinforce power
imbalances between smallholders and large agribusiness
firms (Hoang, 2021). Moreover, participation is not
universally accessible; various institutional, socioeconomic,
and geographic factors shape farmers' choices to participate
in contract farming. For example, age and distance to
markets negatively affected participation among export-
oriented organic rice farmers in Pakistan (Mazhar et al.
2022), while access to extension services, credit, and social
networks significantly increased the likelihood of
participation in Bangladesh (Islam et al., 2019). These
heterogeneous findings underscore the need for commodity-
and location-specific analyses.

Studies on contract farming in Bangladesh have examined a
range of crops and revealed diverse dimensions of the
practice across different agricultural contexts. Early research
by Sarkar and Rashid (2011) found that contract growers of
brinjal (eggplant) seeds achieved slightly higher benefit-cost
ratios compared to non-contract growers, suggesting initial
economic benefits. Expanding on this, Adnan et al. (2018)
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identified a correlation between contract farming
participation and farmers’ reliance on precautionary savings
as a risk mitigation strategy. Taslim et al. (2021) further
highlighted several key factors influencing farmers’
participation, including education level, spouse’s occupation,
family size, labor and fertilizer usage, access to training,
savings, and overall income. Complementing these findings,
Islam et al. (2019) reported that contract farmers in
Bangladesh are more likely to benefit from improved access
to agricultural extension services, attend more community
meetings, have household members involved in various
organizations, and enjoy greater access to credit. In the
vegetable sector, Azad (2021) found that contract farming
enables small-scale farmers to produce high-quality
vegetables and recommended establishing a regulatory
authority to ensure contract clarity and proper
implementation. Finally, Hag et al. (2021) examined poultry
contract farming and found that it plays a crucial and widely
adopted role in the country’s poultry industry, demonstrating
the model’s relevance beyond crop production.

Vegetable cultivation serves a crucial function in raising
farm income, reducing poverty, and improving nutritional
security in developing countries (Shrestha et al., 2022). With
over 50.0% of global fresh vegetable production, China is
the leading producer (FAO, 2016). Asia accounts for the
largest share of global vegetable production (FAO, 2016),
with South Asia being a major contributor. India ranks as the
second-largest agricultural landholder globally and accounts
for 13.0% of the world's vegetable production (NHB, 2018).
Bangladesh is the world's third-largest producer of
vegetables (FAO, 2017). Vegetables offer higher returns per
hectare compared to many staple crops, shorter production
cycles, and greater market value (Kundu and Mandal, 2020;
Nayak et al., 2020). Additionally, vegetables are rich sources
of vitamins, minerals, and dietary fiber, contributing
significantly to food and nutritional security (Ramya and
Priya, 2019; Kuntariningsih, 2018).

In Bangladesh, beans constitute an important winter
vegetable crop widely cultivated by smallholder farmers.
Existing studies have primarily focused on production
economics, indicating that bean cultivation is profitable
(Taslim et al., 2021; Hasan et al., 2014), while also
identifying constraints such as pests, diseases, soil fertility
management, and inadequate crop management practices
(Khan et al.,, 2020). Study has also underscored the
advantages of integrated pest management (IPM) in lowering
pesticide application and production expenses (Rahman et
al., 2018). However, prior studies have largely overlooked
marketing challenges and institutional arrangements that
could enhance farmers’ post-harvest outcomes.

A major constraint faced by Bangladeshi vegetable farmers
is price instability and the inability to secure remunerative
prices during peak harvest periods. Although contract
farming is gradually expanding in Bangladesh, empirical
evidence on its effectiveness in addressing marketing
inefficiencies in the bean sector remains scarce. To date, no
research has systematically investigated how contract
farming affects bean farmers' production performance and
market outcomes.

This study contributes to filling this gap by assessing the
effects of contract farming on bean production and marketing
in Narsingdi district, Bangladesh. Specifically, the study (i)
compares the socioeconomic characteristics of contract and
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non-contract bean growers, (ii) identifies the determinants
influencing farmers' engagement with contract farming, and
(iii) evaluates the impact of contract farming on bean output,
output price, and farm income. By providing commodity-
specific and context-driven evidence, this research
contributes to the growing literature on contract farming and
offers policy insights for strengthening inclusive agricultural
value chains in Bangladesh.

METHODOLOGY
Study areas and data sources

The present study was conducted in Shibpur and Belabo
upazilas of Narsingdi district, Bangladesh. Narsingdi is
recognized as one of the country's key vegetable-producing
district, with an established network of contract-based
country bean growers.

A multi-stage sampling method was used. First, two upazilas
Shibpur and Belabo were purposively selected from
Narsingdi district due to the prevalence of contract bean
farming in these areas. Subsequently, six villages from each
upazila (twelve villages in total) were selected for data
collection.

A comprehensive list of farmers residing in the selected
villages was obtained from the respective Upazila
Agriculture Offices. Based on this information, a sampling
frame comprising 1,200 bean growers was constructed,
including 400 contract farmers and 800 non-contract farmers.
The required sample size was calculated using the standard
formula for sample size determination, following Kanyenji et
al. (2020) and Rahman et al. (2021).

S. = z%pq - (1.96)%x0.5%0.5
ST ez (0.06)2

=267 =300

In the sample size determination formula, S, represents the
required sample size while z2 is the critical value at the 95%
confidence level, p represents the estimated proportion of the
attribute of interest in the population; g =1—p; and e
indicates the acceptable margin of error.

Based on the sampling frame, twenty-five farmers choose
from each village, comprising 10 contract farmers and 15
non-contract farmers. Using simple random sampling, a total
of 120 contract farmers and 180 non-contract farmers were
selected from the farmer lists. Consequently, 300 country
bean producers were selected and interviewed through face-
to-face interviews to fulfill the study objectives.

In Narsingdi district, farmers operate solely under verbal
contracts, which lack formal provisions for inputs or credit.
Under these agreements, only a future price for their beans is
set at the outset, and this price remains unchanged regardless
of the final selling price of the output. Furthermore, farmers
are required to sell their entire harvest to the contracting
company. The contracting company assists farmers with
postharvest handling and packaging.

Data collection

Primary data were collected from the selected bean growers
using two separate pre-tested structured interview schedules-
one designed for contract farmers and the other for non-
contract farmers. The survey instruments were pre-tested
with 16 bean growers from Shibpur and Belabo upazilas of
Narsingdi district to assess clarity, relevance, and logical
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consistency. The responses obtained during the pre-test were
excluded from the final analysis. Following feedback and
observations from the pilot survey, the questionnaires were
revised and finalized.

Data collection was carried out between February and April
2022. The final questionnaire consisted of two major
sections. The first section captured socio-demographic and
institutional characteristics of the respondents, including age,
family size, educational attainment, farming experience,
extension contact, access to market information, and credit
availability. The second section collected detailed
information on bean production costs, output levels, and
output prices.

After data collection, the responses were meticulously
checked, coded, and entered into Microsoft Excel to reduce
entry errors. The cleaned dataset was subsequently analyzed
using STATA version 15. Both descriptive statistics and
econometric modeling techniques were employed to achieve
the study objectives.

Diagnostic Tests and Model Specifications

Prior to model estimation, diagnostic tests were conducted to
assess potential  violations of classical regression
assumptions, particularly multicollinearity and
heteroscedasticity.

Multicollinearity among the explanatory variables can lead
to unstable coefficient estimates and inflated standard errors,
thereby compromising statistical inference (Gujarati, 2003).
To evaluate the presence of multicollinearity, the Variance
Inflation Factor (VIF) was computed for each explanatory
variable. The VIF values computed ranged from 1.05 to 2.66,
which is far below the usual threshold of 10 (Maddala
1983). These results indicate that multicollinearity problem
is not a serious concern in the estimated model.

The Breusch—Pagan (BP) test was employed to check for
heteroscedasticity. The null hypothesis of homoscedasticity
was rejected (3 = 10.18; p = 0.0014), indicating the presence
of heteroscedasticity in the error terms. To address this issue
and obtain consistent statistical inference, bootstrapped
robust standard errors were employed in the final estimation.

Analytical technique for assessing farm level impact of
contract farming

A random utility model was employed to model the choice of
adopting a new approach (Becerril and Abdulai, 2010; Crost
et al., 2007). Let C" denoted the distinction between the
benefit received under a contract (Uia) and the utility not
derived from a contract (Uin), such that farmer was chosen
the contract if P* = Uia — Uiy > 0. In the latent variable
model, the two unobservable utilities can be expressed as
functions of observable components, as described below:

1if ;>0
0 Otherwise
Here, C is a binary dummy variable (1 or 0) indicating the
use of contract farming; C = 1 if the farmers was in a
contract and C =0 if the farmers was not in a contract. o
represents an estimated parameter vector, Z was a vector that
represented attributes at household and farm levels, and the
random error term was €.

Ci" = Zio. + & with Cij= {

Contract farming has the potential to boost bean production,
income, and market prices. The following equations are
derived by assuming that bean production, gross revenue, net
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revenue, and market price are linear functions of a contract
farming dummy variable and a vector of other explanatory
variables (X):

Yi=9yXe+0Ct+ [ e, 3)

Where, Y represented the outcome variables, Cr used as an
indicator variable for the previously described contract
farming, the vectors of parameters to be calculated were y
and 3, and p was an error term. The effect of contract
farming on the outcome variable was evaluated by estimating
the parameter 8. Nevertheless, for & to yield an unbiased
estimate of contract farming's effect on the outcome variable,
farmers must be randomly allocated to either the contract or
non-contract group (Rosenbaum and Rubin, 1983).

The study examined the average treatment effect on the
treated (ATT), defined as follows:

ATT=E(Yi(1)= Yi) Di=1, Xi) cooveovoeereen. (@)

Here, Di is a dummy variable indicating whether farmer i
was under contract, Y; was the outcome variable of the
farmer i, or the bean production, gross revenue, net revenue,
market price, as a function of D; and X; denoted farmers
characteristics. ATT was the average difference between the
contract farmer’s production and revenue and their
counterfactual production and revenue if they had not in a
contract.

Strong ignorability, such as unconfoundedness and overlap,
was required in order to determine the ATT:

Y (1), Y (O) LIDX, eveeveereenenne. )
and 0 <Pr (D=1[X)=C (X) <1 eorreoeeereereeinn, (©6)

Equation (4) formalizes the unconfoundedness assumption,
under which potential outcomes are independent of treatment
assignment once observable characteristics X are controlled
for. The overlap assumption, specified in Equation (5),
guarantees a positive likelihood of being classified as either a
contract or non-contract farmer.

This study utilized the Propensity Score Matching (PSM)
technique to estimate the ATT. Under the assumption of
strong ignorability, potential outcomes are independent of
treatment assignment once conditioned on the propensity
score C(X)—that is, the probability that a farmer participates
in contract farming. Then the ATT in equation (3) is then
expressed as:

ATT =E (Yi (1) | Di=1, C(Xi)) — E (Yi(0) |IDi =1, C(Xy)) .(7)

The average of the observed outcomes for contract farmers
can be used to estimate the first term on the right-hand side
of equation (6). The second term provides an estimate of the
outcome that contract farmers would have experienced in the
absence of treatment, was the typical result of non-contract
parties that were paired with contracts based on propensity
scores.

Propensity-score Matching Procedures

The Propensity Score Matching (PSM) approach was
employed to estimate the impact of contract farming on bean
production, gross revenue, net revenue, and output price. The
estimation of propensity scores relied on a Probit model, in
which the treatment variable was defined as involvement in
contract farming.
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Matching was implemented under the Conditional
Independence Assumption (CIA), which requires that,
conditional on observable covariates X, treatment
assignment is independent of potential outcomes. To ensure
the validity of this assumption, covariate balance between
contract and non-contract farmers was assessed after
matching. Balance diagnostics included tests of mean
differences and changes in the pseudo-R?. A reduction in
pseudo-R? and statistically insignificant differences in
covariates after matching indicate that the balancing property
is satisfied.

The common support condition was imposed to ensure
comparability between treatment and control groups. This
was examined by comparing the minimum and maximum
propensity scores across groups. Observations with
propensity scores lying outside the overlapping region were
excluded from the analysis, following the approach of Smith
and Todd (2005). However, limited overlap in propensity
score distributions may result in the loss of observations.
Therefore, trimming was applied to define the region of
common support where the propensity score exhibits positive
density for both treated (T=1) and control (T=0) groups
(Imbens, 2004).

Although Abadie and Imbens (2006) highlight certain
limitations of bootstrapping in matching estimators,
bootstrapped standard errors remain widely applied in
empirical practice. In particular, combining bootstrapping
with kernel-based matching has been shown to produce
reliable inference (Robalino and Pfaff, 2013; Wooldridge,
2007). Therefore, this study used bootstrapped standard
errors to compute the average treatment effect on the treated
(ATT).

To evaluate the robustness of the PSM estimates, two
additional estimators, Inverse Probability Weighting (IPW)
and Inverse Probability Weighted Regression Adjustment
(IPWRA), were applied.

The IPW estimator assigns weights based on the inverse of
the estimated propensity scores to construct a weighted
sample in which treatment assignment is independent of
observed covariates (Abadie and Imbens, 2006; Robalino
and Pfaff, 2013). In this framework, individuals with a lower
predicted probability of treatment receive larger weights,
thereby improving comparability across groups.

The IPWRA estimator integrates inverse probability
weighting with regression adjustment and is considered
“doubly robust,” as it yields consistent estimates if the
estimator remains valid if either the treatment model or the
outcome model is correctly specified (Wooldridge, 2010). A
two-stage procedure was used to estimate the ATT under
IPWRA (Imbens and Wooldridge, 2009). In the first stage, a
Probit model was employed to calculate the propensity
scores. In the second stage, a linear outcome model was
estimated using the inverse probability weights generated in
the first stage.

Outcome variables

The following outcome indicators were used to assess the
farm-level effects of contract farming:

Production (kg/ha): Total quantity of country bean produced
per hectare during the production season.
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Gross margin (Tk): Total revenue (Tk) earned from the sale
of country bean minus the total variable cost (Tk) incurred in
production.

Net revenue (Tk): Total revenue (Tk) from bean sales minus
total production costs, including both total variable costs
(Tk) and total fixed costs (Tk).

Market price (Tk/kg): The prevailing market price per
kilogram of country bean in a specific market at a given
point in time.

The factors influencing participation in contract farming
were estimated using a probit model. The dependent
variable, adoption of contract farming, was defined as a
binary indicator, equal to 1 if the farmer participated in
contract farming and 0 otherwise.

Table 1: Overview of the variables included in the model

Variable Notation Description

Farmer’s farming X1 Vegetable cultivation

experience experience of the respondent
farmer in year.

Number of X2 Total number of trainings of

trainings the respondent farmers

Number of active X3 Total numbers of active

family member family members in the
family

Time required to Xa Minutes needed to travel to

go to pesticide the pesticide store from

shop farmers house

Number of Xs Total number of contact of

extensions contact farmers with the extension
worker in a year

Market X One if the farmer answering

information got market information from

(yes/no) different source; if not, zero

Bicycle (yes/no) X7 If the farmer answering had a
bicycle, then 1; if not, 0.

Membership of Xs If the responding farmer

any organization belongs to any organization,

(yes/no) give them 1; if not, 0.

Access to modern Xg If respondent farmer has

seed (yes/no) access to modern seed =1, 0
for otherwise.

Credit source Xio 1 if the responding farmer

bank (yes/no) received credit from any
bank, 0 for otherwise.

Credit source Xu 1 if the responding farmer

company (yes/no) received credit from any
contracting company, 0 for
otherwise.

Rented in land X2 The responding farmer's
entire land rental, expressed
in decimals.

Own land Xis The respondent farmers own
land expressed in decimals.

Bean cultivation X The respondent farmers bean

area cultivation area expressed in
decimals.

Distance to Xis Distance to travel to the

nearest market nearest market from farmers
house, expressed in km

Access to off farm Xi6 1 if responding farmers had

income access to off farm income, 0
for otherwise

Number of Xz Total numbers of cyclone

cyclone shock shocks last year.

Number of Xis Total numbers of unusual of

unusual rain rain shock last year.

shock
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RESULTS

Descriptive statistic between contract and non-contract
farmers

Table 2 compare the socioeconomic, institutional, and
production characteristics between contract and non-contract
farmers. The comparative analysis reveals that contract and
non-contract farmers were largely homogeneous across most
demographic and asset-related indicators, yet exhibit
statistically significant divergences in several institutional
and production-specific variables. Regarding human capital
and physical assets, the two groups did not differ
significantly in farming experience, number of active family
members, or land ownership (both owned and rented-in),
suggesting that contract participation is not systematically
biased by household demographic structure or farm size.
Similarly, infrastructural access, proxied by time to pesticide
shops and distance to the nearest market, and exposure to
climate shocks (cyclone and unusual rain events) were not
differ across groups, indicating that geographic location and
risk exposure were not primary determinants of contract
enrollment. Notably, while access to market information, off-
farm income, and organizational membership were nearly
equivalent, bicycle ownership was significantly lower among
contract farmers (mean difference = -2.92, p < 0.01).

Conversely, the most pronounced and statistically
meaningful differences emerged in domains directly linked
to institutional support and production intensity. Contract
farmers reported substantially more training opportunities
(mean = 3.28 vs. 1.69, p < 0.001) and significantly greater
access to modern seed varieties (mean difference = 2.17, p <
0.05), underscoring the role of contracting firms in delivering
technical assistance and improved inputs to their affiliated
growers.  Furthermore, contract farmers allocated
significantly larger areas to bean cultivation (40.15 vs. 27.94,
p < 0.001), reflecting a strategic commitment to the
contracted crop, likely driven by guaranteed market access
and price stability. In contrast, no significant differences
were observed in extension contact frequency or credit
access from banks or companies, suggesting that while
contract farming facilitates certain forms of capital and
knowledge transfer, it does not necessarily improve formal
financial inclusion. Overall, the findings indicate that
contract farming primarily enhances access to agronomic
resources and training, rather than altering the fundamental
socioeconomic or risk profile of participating households.

Table 2: Descriptive statistic of contract and non-contract
farmers

Items Contract Non-contract Mean
farmer farmer difference
Mean S.D. Mean S.D.

Farmer’s 2047 1171 2173 1242 -0.88"™

farming

experience

Number of 3.28 3.93 1.69 1.88 4.67***

trainings

Number of 3.70 144 3.72 1.42 -0.08"

active family

member

Time required 1221  6.78 1258 552 -0.51"

togoto

pesticide shop

Number of 4,95 3.27 4.6 3.20 0.94"

extensions

contact
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Market 0.97 0.15 0.97 0.14 -0.16™
information

(yes/no)

Bicycle 0.44 0.49 0.61 0.48
(yes/no)

Membership 0.30 0.46 0.38 0.48
of any

organization

(yes/no)

Access to 0.716 045 0594 0.49
modern seed

(yes/no)

Credit source 0.13 034 011 031 0.58"
bank (yes/no)

Creditsource  0.016  0.12 - - 0.95™
company

(yes/no)

Rentedinland  3.08 15.16 2.79 12.76 0.18™
Own land 102.23 71.84 93.87 78.54 0.93m™
Bean 40.15 3457 2794 1513 4.18***
cultivation

area

Distance to 1.58 0.71 158 0.75
nearest

market

Access to off 0.88 0.32 0.83 0.37 1.20m
farm income

Number of 1.02 095 084 092 1.64m
cyclone shock

Number of 2.84 131 2.73 1.15 0.75™
unusual rain

shock

Source: Farmer’s household survey, 2022

Notes: The symbols *, **, and *** indicate significance at the 10%,
5%, and 1% levels, respectively. NS means not significant.

-2.92%**

-1.48™

2.17*%*

-0.03"™

Determinants of adoption of contract farming

The Probit model was employed to estimate the likelihood of
farmers participating in contract farming in the study areas
(Table 3). The econometric analysis identifies a distinct set
of determinants that significantly influence a farmer's
decision to participate in contract farming, while also
revealing that many traditional socioeconomic characteristics
were poor predictors of adoption. Among the statistically
significant predictors, the number of trainings received
emerges as the strongest institutional driver (dy/dx = 0.036, p
< 0.001), indicating that each additional training session
increases the probability of contract farming adoption by
approximately 3.6 percentage points. Similarly, bean
cultivation area exhibits a positive and highly significant
marginal effect (dy/dx = 0.004, p < 0.001), suggesting that
farmers with larger allocations to the bean cultivation were
more inclined to formalize production through contracts, a
finding consistent with economies of scale in marketing and
quality control. Most notably, access to off-farm income
exerts the largest marginal impact (dy/dx = 0.278, p < 0.001),
implying that farmers with supplementary income sources
were nearly 28 percentage points more likely to adopt
contract farming.

Conversely, several variables exert significant negative
effects on contract adoption, revealing barriers or
disincentives to participation. Ownership of a bicycle (dy/dx
= -0.149, p < 0.01) and membership in any organization
(dy/dx = -0.172, p < 0.01) were both negatively associated
with contract farming adoption. The existing mobility
options may have less need for the market linkages that
contract farming provides or that such assets enable them to
pursue alternative, more flexible marketing channels.
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Organizational membership shows a significant negative
effect on contract farming adoption because farmers likely
prioritize different organization over individual commercial
contracts. While both contract companies and external
organizations offer similar services (such as input access and
credit). As a result, farmers who are actively engaged with
multiple organizations tend to avoid the additional
constraints of contract farming. Consequently, organizational
membership significantly reduces the likelihood of contract
farming participation.

Variables conventionally expected to drive adoption, such as
farming experience, access to modern seeds, credit sources,
land ownership, and exposure to climate shocks, all yield
statistically insignificant coefficients, indicating that contract
farming participation in this context was shaped more by
institutional engagement (training), production scale, and
income diversification than by demographic profiles or
resource endowments. The model demonstrates acceptable
overall fit (Pseudo R? = 0.15, Wald y? = 54.82, p < 0.001),
confirming that while the explanatory variables collectively
hold predictive power, substantial unobserved heterogeneity
remains in farmers' adoption decisions.

Table 3: Estimation of the factors driving contract farming
adoption using a Probit model

Items Coefficients Marginal
effect (dy/dx)
Outcome variable (Adoption of - -
contract farming)
Independent variables
Farmer’s farming experience -0.0103™ -0.003"™
Number of trainings 0.112%** 0.036***
Number of active family 0.037™ 0.0120™
member
Time required to go to pesticide -0.004" -0.0014"s
shop
Number of extensions contact 0.016™ 0.005™
Market information (yes/no) -0.106" -0.034"
Bicycle (yes/no) -0.461** -0.149**
Membership of any organization ~ -0.531** -0.172**
(yes/no)
Access to modern seed (yes/no) 0.224™ 0.072™
Credit source bank (yes/no) -0.156" -0.050"
Credit source company (yes/no) 0.284" 0.092"
Rented in land -0.0009™ -0.0003"
Own land 0.001" 0.0003"
Bean cultivation area 0.012%** 0.004***
Distance to nearest market 0.105™ 0.034"
Access to off farm income 0.859*** 0.278***
Number of cyclone shock 0.137™ 0.044"
Number of unusual rain shock 0.046™ 0.015™
Constant -1.74*%* -
Model summary
Log- pseudolikelihood -171.51
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Wald chi? 54.82
Probability of chi? 0.00
Pseudo R? 0.15
Sample size 300

Source: Farmer’s household survey, 2022
Notes: The symbols *, **, and *** indicate significance at the 10%,
5%, and 1% levels, respectively. NS means not significant

PSM (ATT) results of contract farming in Narsingdi district
of Bangladesh

The study assessed the impact of contract farming on net
revenue, gross margin, market price of beans, and bean
production, with particular emphasis on the direct causal
effects of participation in contract farming. Propensity scores
were estimated using the Probit model, and the Propensity
Score Matching (PSM) approach was applied with multiple
matching techniques (Table 4). An alternative matching
method was also employed to evaluate the consistency and
robustness of the results.

Contract farming was found to have a positive and
statistically significant causal effect on bean production, with
estimates ranging from 0.034 to 0.052. This reflects the
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output difference between matched pairs of contract and non-
contract households. On average, contract farmers produced
34% to 5.2% more beans than their non-contract
counterparts. Similarly, contract farming exhibited a positive
and statistically significant impact on gross margin across
different matching algorithms. Compared with comparable
non-contract farmers, contract farmers achieved gross
margins that were, on average, 33.2% to 36.1% higher.

The results further indicated a positive and significant
influence on net revenue, with estimated impacts ranging
from 0.474 to 0.494. On average, contract farmers earned
47.4% to 49.4% higher net revenue than non-contract
farmers, indicating that contract farming substantially
increased farmers’ income in the study area. Additionally,
the results indicate a positive and statistically significant
impact on bean market prices, with an estimated impact
ranging from 0.266 to 0.274. On average, contract farmers
received bean prices that were 26.6% to 27.4% higher than
those obtained by non-contract farmers, suggesting that
contract farming significantly improves price outcomes for
bean producers.

Table 4: PSM (ATT) results of contract farming in Narsingdi district of Bangladesh

Items Nearest Radius Radius Radius Kernel Kernel Kernel Stratification
Neighbor matching matching matching matching matching matching matching
(withrepl.) (cal.=0.05) (cal.=0.1) (cal.=0.5) (BW=0.03) (BW=0.06) (BW =0.25)
Production 0.052*** 0.039*** 0.038*** 0.034*** 0.049%** 0.047***  0.036*** 0.051***
(0.017) (0.011) (0.010) (0.009) (0.013) (0.012) (0.009) (0.012)
t=3.152 t=3.671 t =3.865 t=3.613 t=3.944 t =4.056 t=4.021 t=4.257
Gross  Margin  0.356*** 0.339*** 0.338*** 0.332*** 0.356*** 0.354*** 0.337*** 0.361***
(Tk.) (0.023) (0.018) (0.017) (0.016) (0.019) (0.018) (0.016) (0.018)
t=15.749 t=18.61 t=19.55 t=20.37 t=18.60 t=19.68 t=20.55 t=20.23
Net revenue (Tk.)  0.477*** 0.483*** 0.479%** 0.474%** 0.483*** 0.482*** 0.474%** 0.494***
(0.035) (0.027) (0.026) (0.024) (0.025) (0.025) (0.023) (0.025)
t=13.67 t=17.86 t=18.34 t=19.48 t=18.93 t=19.12 t=20.47 t=19.44
Market price  0.271*** 0.266*** 0.267*** 0.267*** 0.272%** 0.272%** 0.268*** 0.274***
(Tk.) (0.018) (0.014) (0.013) (0.013) (0.016) (0.015) (0.014) (0.014)
t=14.85 t=18.94 t=19.93 t=19.77 t=16.55 t=1851 t=19.78 t=19.88
Balancing Yes Yes Yes Yes Yes Yes Yes Yes
property satisfied
Common support Yes Yes Yes Yes Yes Yes Yes Yes
imposed
Treated 120 120 120 120 120 120 120 120
Controls 180 180 180 180 180 180 180 180
Sample size (N) 300 300 300 300 300 300 300 300

Source: Farmer’s household survey, 2022
Note: 1. The symbols *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.
1. Parentheses indicate bootstrapping of standard errors with 1000 iterations.

Robustness check of the results

To verify the robustness of the findings, inverse probability
weighting (IPW) and inverse probability weighted regression
adjustment (IPWRA) were employed. The results from both

—

methods were highly consistent, indicating that IPW and
IPWRA produced nearly identical estimates (Table 5).

Table 5: Estimated results (ATT) of contract farming in the
study area
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Items Inverse probability  Inverse probability
weight method weight regression
adjustment method
Log of 0.045%** (0.011) 0.0471%** (0.011)
production z=3.89 z=4.28
Log of gross 0.352%** (0.018) 0.349*** (0.017)
margin z=18.77 z=19.70
Log of net 0.475%** (0.024) 0.462*** (0.026)
revenue z=19.13 z=1743
Log of output 0.273*** (0.013) 0.269*** (0.014)
market price z=19.53 z=1841

Source: Farmer’s household survey, 2022

Note: 1. The symbols *, **, and *** indicate significance at
the 10%, 5%, and 1% levels, respectively.

2. Parentheses indicate cluster standard errors.

Quality of Matching
Table 6: Matching quality
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To verify the reliability of the estimated findings and the
effectiveness of the matching procedure, the study conducted
a series of diagnostic checks. The balancing assessment,
performed using the “pstest, both” routine (Leuven and
Sianesi, 2003) alongside the “pscore, detail” command
(Becker and Ichino, 2002), reveals that, following matching,
contract farming participants and non-participants exhibit
statistically comparable characteristics—unlike what is
observed in the unmatched sample. More precisely, the
mean-equality test between the two groups shows no
statistically meaningful difference after matching. These
results confirm that the balancing condition is adequately
met and that common support is upheld in the study’s models
(Table 6). Nonetheless, Figure 1 highlights variations in
matching quality across covariates prior to and following the
matching process.

Balancing
. . Mean Med % % Common support
2 2 > 2 N 3 N
Sample PsR LR chi p>chi Bias Bias B R concern bad pro_pe_rty imposed
satisfied
Unmatched 0.0146 59.01 0.000 15.7 10.8 90.4* 1.62 19 19 - -
Yes [.07651084
* il
Matched 0.0087 03.25 0.580 4.80 3.60 415 0.50 28 0 Yes 99993378]
* if B>25%, R outside [0.5; 2]
Unmatched Matched
< I Training_no
bean_cultivated_area_dec
- access_mod_seed_d
o cyclone_shock_no
access_offfarm_inc_d
ownland
extension_cont_no
; 1 credit_source_company_d
\_shock_no
credit_source_bank_d
7 rentedin
mkt_dist_km
active_member_no
N pesticide_dealer_min
L farm_exp
_d * Unmatched
ol bicycle_d * Matched
[ ntreated [ Treated | 40 20 0 20 40 P
Standardized % bias across covariates
Unmatched Matched
~E T T3 T :
Propensity score
Untreated Treated T
0 2 8 1

Figure 1: Matching quality (treated and untreated)

4 6
Propensity Score

[ Unveated NN Treated |

Note: Treated means the contract growers and untreated means the non-contract growers.

DISCUSSION

This study examines the factors influencing farmers'
participation in contract farming using a probit model, while
employing propensity score matching to assess the causal
effects of contract arrangements on bean production, output
prices, and farm income in Narsingdi district, Bangladesh.
Results reveals that, contract farmers had an average of
20.47 years of farming experience in this study, which is
slightly higher than the 18.93 years reported for contract
farmers in  Vietnam (Hoang, 2021). Socioeconomic
comparisons reveal that contract farming attracts relatively
less experienced farmers, who may view contractual
arrangements as a strategy to transfer production and

A—

marketing risks to contracting firms. In contrast, more
experienced growers, confident in their market knowledge
and production skills, appear to prefer the flexibility of spot
market transactions. Moreover, this study found that contract
farmers received considerably more training than non-
contract farmers, reflecting the technical support provided by
contracting firms. Importantly, this training differential
appears to be a determinant of contract participation, as
farmers with greater exposure to capacity-building programs
were more inclined to join contractual arrangements. The
empirical evidence thus establishes training as both a
correlate and a catalyst of contract farming adoption in the
study area.
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The results also show that contract farmers maintained more
frequent contact with extension workers than non-contract
farmers. In Sri Lanka, about 85.0% of contract farmers
reported satisfaction with the extension services and seed
support provided by contracting companies (Wijesooriya and

Champika, 2015).

The findings of this study provide robust empirical evidence
that contract farming significantly enhances the production
and marketing outcomes of country bean farmers in
Narsingdi district, Bangladesh. The Propensity Score
Matching results demonstrated that contract participation
increases bean production by 3.4% to 5.2%, gross margins
by 33.2% to 36.1%, net revenue by 47.4% to 49.4%, and
market prices by 26.6% to 27.4% compared to non-contract
farmers. These substantial income gains align with previous
research documenting the positive effects of contract farming
on smallholder welfare in diverse contexts, including
Vietnam (Saigenji and Zeller, 2009), China (Miyata et al.,
2009), Cambodia (Sokchea and Culas, 2015), and Kenya
(Wainaina et al., 2014). The consistency of these estimates
across multiple matching algorithms, nearest neighbor,
radius, kernel, and stratification matching, along with
robustness checks using IPW and IPWRA estimators,
strengthens confidence in the causal interpretation of the
results and confirms that the observed advantages were
attributable to contract participation rather than unobserved
heterogeneity.

The analysis of participation determinants reveals that
contract farming adoption was shaped primarily by
institutional engagement and production scale rather than by
traditional socioeconomic characteristics. The strongest
positive predictors, training participation, bean cultivation
area, and off-farm income, highlight the importance of
technical capacity building, economies of scale, and income
diversification in facilitating contract enrolment. Each
additional training session increased the probability of
adoption by 3.6 percentage points, underscoring the critical
role of contracting firms as conduits of agricultural
knowledge and technology transfer in contexts where public
extension services were limited. Notably, the findings
showed that off-farm income exerts the largest marginal
impact (28 percentage points) suggests that diversified
households may be better positioned to manage the risks
associated with contractual arrangements, challenging
assumptions that contract farming primarily benefits full-
time, specialized farmers. Conversely, the negative
associations between bicycle ownership and organizational
membership with contract participation indicate that farmers
with greater mobility or alternative institutional affiliations
may prefer traditional marketing channels.

The policy implications of these findings are particularly
relevant for strengthening inclusive agricultural value chains
in Bangladesh and similar developing country contexts. The
substantial price premiums and income gains observed under
even simple verbal contracts, without formal input or credit
provisions, suggest that guaranteed purchase and price
stability alone can deliver meaningful benefits to smallholder
vegetable farmers facing volatile markets. However, the
significant role of training in facilitating adoption and the
positive correlation between bean cultivation area and
participation raise important considerations regarding equity
and access. Policymakers and development practitioners
should consider mechanisms to enhance smallholder
participation, such as facilitating group contracts, reducing

—
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transaction costs through farmer aggregation, and
strengthening the technical capacity of contracting firms to
provide training and support to smaller-scale producers.
Additionally,  the  negative  relationship  between
organizational membership and contract participation
warrants further investigation to understand how different
institutional arrangements can be better integrated or
coordinated to maximize smallholder benefits. While this
study provides valuable commodity-specific evidence from
Bangladesh's bean sector, future research employing
longitudinal designs and broader geographic coverage would
help assess the long-term sustainability of contract farming
benefits and identify strategies to ensure more inclusive
participation across diverse farming populations.

CONCLUSION AND POLICY IMPLICATIONS

This study evaluated the determinants of smallholder
participation in contract farming and its causal impacts on
country bean production, output market prices, gross
margins, and net revenues in the Narsingdi district of
Bangladesh. By integrating Propensity Score Matching
(PSM) with Inverse Probability Weighting (IPW) and
Inverse Probability Weighted Regression Adjustment
(IPWRA), the empirical framework controlled for observable
selection bias and demonstrated robust treatment effects.

The empirical results show that contract farming is not
driven primarily by traditional demographic endowments or
household assets, but rather by institutional engagement,
specialized scale of production, and income flexibility.
Specifically, technical training, bean cultivation area, and
access to off-farm income significantly increase the
likelihood of contract participation. Conversely, bicycle
ownership and membership in external local organizations
reduce the probability of contract adoption, indicating that
asset-mobile or institutionally committed farmers frequently
prefer spot-market flexibility over contractual ties.

Despite relying solely on informal verbal agreements that
lack formal credit or input provisions, contract farming
delivers substantial socioeconomic benefits to smallholder
vegetable growers. Contract farmers achieve higher yields,
receive higher output prices, and realize greater net revenues
compared to non-contract growers. Guaranteed purchasing
and price stabilization effectively shield smallholders from
seasonal spot-market price collapse during peak harvest
periods.

Based on these findings, the following targeted interventions
are recommended:

1. Institutionalization of Capacity Building: Since
technical training is a major catalyst for contract
adoption, public extension agencies such as the
Department of Agricultural Extension (DAE), in
partnership  with  private agribusinesses, should
formalize training programs focusing on post-harvest
handling, quality standard compliance, and contractual
literacy.

2. Promoting Farmer Aggregation Mechanisms: To
prevent the exclusion of resource-poor, small-scale
producers who lack large bean cultivation areas,
developmental policies should encourage the formation
of Farmer Producer Organizations (FPOs) or block-
farming clusters. Aggregating smallholders reduces
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transaction costs for contracting firms and ensures
equitable access to contract value chains.

3. Establishing Dispute-Resolution Frameworks:
Because verbal contracts are prone to opportunistic side-
selling by farmers during price spikes or contract default
by buyers during gluts, local agricultural offices should
establish basic dispute-monitoring units to improve
enforcement, foster trust, and minimize contract
breaches.

4. Facilitating Credit and Modern Inputs Integration:
Contracting companies and formal financial institutions
should expand current agreements to incorporate
affordable credit and high-quality certified seeds, further
unlocking productivity potential.

This study is limited by its cross-sectional dataset and
regional focus on Narsingdi district. Future research should
employ longitudinal panel data across diverse agro-
ecological zones and multiple high-value vegetable crops to
examine the long-term sustainability, spillover effects, and
dynamic stability of contract arrangements in Bangladesh.
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