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ABSTRACT
The inappropriate and excessive use of pesticides poses a major threat to human and ecosystem health in the agri‐food sector. 
While existing studies have examined the potential of contract farming to address this issue, most have focused on large‐scale 
farms and relied on small or transactional datasets, often leaving the role of crop‐specific characteristics underexplored. 
Consequently, the generalizability and policy applicability of these findings remain limited in the context of diverse, 
smallholder‐dominated agricultural systems. To address this knowledge gap, the current study uses panel data collected at fixed 
rural observation points across 31 provincial regions in China between 2009 and 2017 (N = 158,850) to examine the impact of 
contract farming on pesticide use among smallholder farmers, both overall and by crop type. The results show that farmers who 
are engaged in commodity contracts for agricultural product sales use significantly less pesticide than those who are not, 
suggesting a net positive effect of contract farming on pesticide reduction. Further analysis reveals heterogeneous impacts 
across crop types: participation in contract farming is consistently associated with reduced pesticide use for rice, wheat, and 
corn, but not for fruits and vegetables. We discuss possible reasons for the crop‐specific variations in the effects of commodity 
contracts on pesticide reduction and provide policy implications for optimizing the use of such contracts as part of a national 
pesticide reduction strategy.
JEL Classification: Q12, Q18, Q56

1 | Introduction 

Inappropriate and excessive use of pesticides is a substantial 
problem which can have serious, negative effects on human and 
ecosystem health (European Environment Agency 2023). In 
particular, overuse kills soil microbes, reducing soil health, and 
harms beneficial insects, like bees and butterflies, disrupting 
pollination, as well as non‐target species such as birds and fish, 
distorting complete food chains (UNEP 2022). Runoff from 
overuse can contaminate rivers and groundwater, negatively 

affecting aquatic life and drinking water supplies (European 
Environment Agency 2024). Furthermore, overuse leads to pests 
developing resistance, potentially locking farmers into a pesticide 
treadmill whereby they need to use ever increasing applications 
(Brown 2018). Inappropriate use is also a threat to human health, 
especially for those applying the chemicals, but also for food 
consumers (European Environment Agency 2023). Conse
quently, reducing inappropriate and overuse of pesticides is an 
important policy objective (Food and Agriculture Organization of 
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the United Nations, and World Health Organization. 2021b; 
United Nations Environment Programme 2022).

A large body of literature explores farmers' pesticide use and 
pesticide reduction behaviors. This identifies individual char
acteristics that affect farmers' pesticide use, sometimes termed 
“internal factors,” including socio‐demographic status, psycho
logical traits (e.g., risk attitudes, institutional trust, and pro‐ 
environmental attitudes), and capabilities, knowledge and per
ceptions related to pesticides and their alternatives (Gesesew 
et al. 2016; Li et al. 2023; Pan et al. 2021; Tan et al. 2022). For 
example, limited action capacity and cognitive ability, as well as 
the perceived risk of reducing pesticide use, act as barriers to 
farmers' adherence to standardized pesticide application 
practices (Bakker et al. 2021; Bjørnåvold et al. 2022; Chèze 
et al. 2020). Research has also examined how contextual factors, 
such as farm and agronomic conditions, and the social, market, 
and policy environment, influence farmers' pesticide use, often 
in connection with their individual characteristics (Jallow 
et al. 2017; Kaiser et al. 2024; Li et al. 2023; Pan et al. 2021). For 
instance, farmers operating on a smaller scale tend to be more 
risk‐averse, leading to increased pesticide use (Gong et al. 2016).

In addressing the problem of inappropriate and overuse of 
pesticides, one potential solution is stricter government regu
lation and penalties for non‐compliance (Food and Agriculture 
Organization of the United Nations, and World Health 
Organization 2021a). However, this depends on effective en
forcement and monitoring procedures, which may be lacking in 
some countries (Benaboud et al. 2021; Islam et al. 2017; Straw 
et al. 2023; Yan et al. 2016). Better education and training can 
contribute to reducing the problem, but effectiveness depends 
on suitable extension staff and facilities, which again may be 
lacking in some countries and can be expensive to provide 
(Goeb and Lupi 2021; Grimbuhler and Viel 2025; Sharifzadeh 
and Abdollahzadeh 2021). While government regulations and 
agricultural extension services are necessary for reducing 
inappropriate and overuse of pesticides, their efficacy can be 
hindered by high monitoring costs and fiscal constraints, par
ticularly in fragmented smallholder economies (Antwi‐Agyei 
and Stringer 2021; Sun et al. 2025; Xia et al. 2024). Conse
quently, contract farming emerges as a market‐led alternative 
by internalizing these supervision costs through a multi‐ 
dimensional incentive structure (Weituschat et al. 2023). If 
contracts stipulate appropriate integrated pest management 
practices, with incentives for farmers to adhere to the terms 
stipulated and penalties if they do not, private vertical coordi
nation systems may contribute positively to addressing 
inappropriate and overuse of pesticides (Rehber 2018).

Despite the documented potential of contract farming, the lit
erature remains inconclusive, with inconsistent and sometimes 
contradictory findings regarding its impact on the adoption of 
sustainable practices (e.g., see Dubbert et al. 2023; 
Goodhue 2011; Goodhue and Simon 2016; Mishra et al. 2018). 
Because existing studies are often conducted across disparate 
national contexts, they present a significant identification 
challenge: it becomes nearly impossible to disentangle whether 
divergent results stem from unique institutional environments 
or from crop‐specific heterogeneity. This lack of comparative 
clarity risks the formulation of “one‐size‐fits‐all” policies that 

fail to account for the varying technical requirements of 
different crop systems. Furthermore, current research either 
focuses on large‐scale operations, which are generally less 
risk‐averse, or relies on small‐sample, regionally specific 
transactional data when investigating smallholders (Dubbert 
et al. 2023; Goodhue and Simon 2016; Mishra et al. 2018). This 
reliance on localized data limits the generalizability of findings 
where smallholder farming is the predominant agricultural 
model.

Therefore, the present study is intended to evaluate how 
farmers' participation in contract farming affects their pesticide 
use in China, where smallholder farms make up over 98% of all 
agricultural operations. China, as the world's largest user of 
pesticides, has an urgent need to reduce pesticide use in its 
agricultural production (Cai et al. 2021). Although pesticides 
contributed substantially to China's growth in agricultural 
output in recent decades (Gao et al. 2021), pesticide use often 
exceeds the maximum allowable level for optimal environ
mental security and economic efficiency (Cai et al. 2021). 
Consumer concerns regarding pesticide use and residues on 
food are growing. In response, the Chinese government un
veiled its National Plan for Agricultural Green Development in 
the 14th 5‐year Period in 2021, including the goal of improving 
pesticide utilization efficiency (The National Development 
and Reform Commission 2021). In 2022, the Ministry of 
Agriculture and Rural Affairs launched an Action Program for 
Chemical Pesticide Reduction, aiming to further promote pesti
cide reduction and improve utilization efficiency, thereby 
advancing green agricultural development (MARA 2022). These 
government‐led initiatives have contributed to an overall 
decline in pesticide use within agricultural production in 
recent years. However, the pace of pesticide reduction remains 
relatively slow. In certain sectors—such as fruit and vegetable 
production—inappropriate and overuse of pesticides remains 
persistent (Shao et al. 2024). Government efforts to reduce 
pesticide overuse are hampered by the fragmented nature of 
production in China, driven by the predominance of small
holder farms, which contributes to higher levels of risk aversion 
among Chinese farmers compared to countries with a greater 
proportion of large‐scale farms (Gong et al. 2016).

Our study makes three main contributions to the existing lit
erature and policymaking. First, we provide a large‐scale em
pirical test of whether formal contracts can serve as a scalable 
mechanism for promoting sustainable agricultural practices. 
Moving beyond localized case studies, we employ national‐level 
panel data covering 31 provinces (2009–2017). The use of a two‐ 
way fixed effects model and an instrumental variable strategy 
allows us to address endogeneity concerns, offering more robust 
results on the impact of contract participation. Second, we ex
tend the current understanding of vertical coordination by 
reconciling the inconsistent effects of contract participation on 
pesticide use within a unified institutional context. This allows 
us to further explore behavioral drivers that were previously 
confounded by disparate national settings. Third, our findings 
challenge the one‐size‐fits‐all chemical reduction targets of 
current frameworks—such as the National Plan for Agricultural 
Green Development (NDRC 2021)—by demonstrating that 
intervention strategies must be tailored by crop type. Specifi
cally, contract farming should be broadly promoted and 
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strengthened to reduce pesticide use in staple crops, while 
policy support for cash crops must pivot toward public‐private 
synergies that enforce strict traceability and residue monitoring. 
Strategically decoupling these interventions can avoid mis
allocating resources and ultimately enhance the environmental 
sustainability of smallholder agri‐food supply chains.

The next section outlines the conceptual framework and eco
nomic model employed in this study, and the third section the 
data and the variables included in the analysis. The fourth 
section presents the empirical results, and the final section 
provides the conclusions and policy implications.

2 | Conceptual Framework and Econometric 
Model 

2.1 | Conceptual Framework 

Agricultural products are classified as credence goods because 
some of their critical quality attributes, such as safety, quality, 
and production methods (e.g., pesticide use or organic prac
tices) cannot easily be verified by consumers through sight, 
smell, or taste, even after the products have been consumed 
(Schrobback et al. 2023; Sheldon 2017). This creates a “market 
for lemons” (Akerlof 1970), where high‐quality, low‐pesticide 
products cannot be easily distinguished from lower‐quality al
ternatives. Consequently, high‐quality products may fail to 
command a price premium, disincentivizing chemical reduc
tion (Hong et al. 2023).

Commodity contracts can serve as a useful mechanism that 
bridges the information gap by establishing vertical coordina
tion between farmers and downstream buyers, reducing trans
action uncertainty and facilitating the transmission of quality‐ 
related information (Eccles and Williamson 1987). Farmers 
outside of commodity contracts lack access to the institutional 
mechanism that bridges the information gap; even if they were 
to adopt similar production methods, the absence of a credible 
certifier or enforceable quality commitment prevents them from 
reliably signaling low‐pesticide attributes to distant buyers 
(Schrobback et al. 2023). If such an information asymmetry 
does not exist in an agricultural product market, pesticide input 
will not differ significantly between farmers with and without 
commodity contracts. This is because farmers are able to sell 
high‐quality agricultural products at the same premium price 
regardless of contractual arrangements (Rehber 2018). How
ever, in the presence of quality‐related information costs, 
farmers without commodity contracts are decoupled from the 
vertical information channels that link producers to quality‐ 
conscious consumers. Consequently, they are unable to capture 
a premium for high‐quality attributes. Simultaneously, the 
opportunity cost of intensive pesticide use remains low for non‐ 
contracted farmers, as in the absence of appropriate testing, 
they face no market‐based penalties for high residue levels. In 
the absence of a price signal for safety, these farmers are 
incentivized to increase pesticide inputs as a “production 
insurance” to guarantee yield stability (Schrobback et al. 2023).

For farmers participating in contract farming, contracts may 
drive behavioral changes to reduced pesticide use through three 

interlinked mechanisms. First, monitoring and penalties miti
gate information asymmetry; the use of field inspections and 
residue testing creates a credible threat of contract termination, 
thereby raising the “cost of non‐compliance” for the farmer 
(Rehber 2018). Second, technical assistance may lower the 
barrier to sustainable transitions by bundling specialized 
“green” inputs with training in technologies and practices 
(Minot and Sawyer 2016). Finally, the provision of a price 
premium, guaranteed upon successful compliance, transforms 
the unobservable “credence attribute” of low‐pesticide produce 
into a tangible economic reward (Rehber 2018). By aligning the 
farmer's profit motive with obligatory safety standards, this 
vertical coordination system functions as a self‐enforcing 
mechanism in environments where public enforcement and 
extension reach are limited (Minot and Sawyer 2016; 
Rehber 2018; Shrimali 2021).

However, an increase in pesticide use could also emerge among 
farmers who have entered commodity contracts. First, com
modity contracts inherently introduce a principal–agent rela
tionship characterized by conflicting incentives. The principal's 
capacity to detect non‐compliance diminishes when the trans
action costs of oversight, such as laboratory residue testing and 
field inspections, become prohibitively high (Sgroi and 
Sciancalepore 2022; Vishnu and Chengappa 2023). This per
sistent information asymmetry could facilitate opportunistic 
behavior, whereby agents prioritize yield stability via intensified 
pesticide application over the unobservable credence attributes 
stipulated in the contract (Popovic et al. 2012; Steinle et al. 2014; 
Tang et al. 2022). Second, the severity of this principal‐agent 
problem varies by crop type. For perishable, high‐value prod
ucts like fruits and vegetables, the technical difficulty of storage 
and rapid quality verification makes production practices 
harder to observe (He et al. 2018; Peterson et al. 2018). This 
increases the risk of moral hazard, potentially attenuating the 
incentive effect of quality premiums and resulting in higher 
pesticide use. In contrast, staple crops such as wheat and corn 
are more easily standardized and monitored, which reduces 
information asymmetry and constrains opportunism. Therefore, 
an increase in pesticide use is more likely to occur among 
contract farmers cultivating perishable, high‐value crops than 
among those growing staple crops. Third, low trust in agri
business firms coupled with strong peer influence within 
farming communities can drive increases in pesticide use 
(Suwannadi et al. 2026). Smallholder farmers often harbor 
skepticism toward corporate extension advice, viewing rec
ommendations to reduce chemical inputs as a risk‐shifting 
strategy that places the burden of potential crop failure en
tirely on farmers. In the absence of trust, farmers rely heavily 
on localized peer networks. When a farmer observes neigh
bors applying intensive chemical treatments to secure their 
yields, social pressure and the fear of crop failure create a 
powerful imitation effect. This community‐level peer influ
ence can easily override formal training and contract 
requirements, motivating contract farmers to maintain or 
even escalate their pesticide use to match local village norms. 
Consequently, given these countervailing mechanisms oper
ate simultaneously in opposite directions, the net impact of 
contract farming on pesticide use remains theoretically 
ambiguous, rendering it an empirical question that requires 
rigorous quantitative evaluation.
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2.2 | Econometric Model 

2.2.1 | Two‐Way Fixed‐Effect Model 

In this study, the effect of commodity contracts on farmers' 
pesticide use is estimated by using a two‐way fixed‐effect model 
(TWFE). Pooled OLS may produce biased estimates due to time‐ 
invariant unobserved heterogeneity, such as cultural customs, 
risk preferences, or soil texture. The inclusion of house- 
hold fixed effects removes all time‐constant unobserved 
factors. Year fixed effects further control for common 
shocks, including macroeconomic conditions, policy changes, 
and weather fluctuations (de Chaisemartin and D'Haul
tfœuille 2020; Wooldridge 2020). This within‐household iden
tification strategy allows us to isolate the effect of contract 
participation by comparing changes in pesticide use for the 
same household farmer before and after contracting. The em
pirical specification is presented as follows:

X
X X

lnPesticide = + Contract +
+ + + + + ,

i h v t i h v t i

h v h t i h v t

, , , , , ,

, , ,
(1) 

where, lnPesticidei h v t, , , denotes the natural logarithm of pesti
cide use by the farmer i of the household h in the village v in the 
t‐th period; Contracti h v t, , , denotes a commodity contract; h
denotes the household farmer‐fixed effect, controlling for 
unobservable and non‐time‐varying household heterogeneity; 
and t denotes the time‐fixed effect, measuring the common 
shock faced by all farmer households in a given year. is a 
constant term. , , , and are parameters to be estimated; 
specifically, is the core coefficient in this study, measuring the 
percentage change in pesticide use by farmers entering into 
commodity contracts compared with farmers not entering into 
commodity contracts. i h v t, , , is the random error term. Since 
farmers within the same village tend to face similar agroeco
logical conditions, market environments, and social interac
tions, their pesticide application behaviors may exhibit intra‐ 
village correlation. Neglecting this dependence could lead to 
downward‐biased standard errors and over‐rejection of the null 
hypothesis. Therefore, following the standard practice in 
applied econometrics, standard errors are clustered at the vil
lage level to allow for arbitrary correlation within villages (Colin 
Cameron and Miller 2015).

The baseline model also introduces other factors that may affect 
farmers' decisions associated with commodity contracts and 
pesticide use (see Table 1). X i denotes the individual char
acteristics of a household head, including gender, age, quadratic 
term of age, education, agricultural technology training, and 
self‐rated health. These variables serve as proxy variables for 
farmer households' human capital (Burke et al. 2019). To con
trol for the effect of labor endowment, this study introduces the 
variables such as the off‐farm time and off‐farm place of a 
household head (Ma et al. 2018). X h denotes a set of farmer 
household characteristics, including five‐guarantee household, 
farm size, number of plots, land transfer, and source of agri
cultural materials. X v denotes a set of village characteristics, 
including the non‐agricultural employed labor ratio, labor force 
ratio, pesticide price, whether villages are located in suburbs or 
mining areas, and village terrain, providing control for the effect 
of geographic location. While the control variables X i, X h and 

X v may influence contract participation, our baseline specifi
cation does not include interaction terms between the contract 
variable and these controls. This is because the primary objec
tive of this study is to estimate the average (total) effect of 
commodity contracts on pesticide use, rather than to fully 
characterize heterogeneous treatment effects. Introducing 
multiple interaction terms without strong theoretical guidance 
may lead to overfitting and complicate the interpretation of the 
estimated coefficients (Rimpler et al. 2025).

Other variables (e.g., fertilizer and machinery input, and 
household income) are excluded from the model to avoid 
selectivity bias. From an identification perspective, these vari
ables are likely to be endogenous outcomes of commodity 
contracts rather than pre‐determined covariates. Commodity 
contracts typically affect farmers' production decisions by al
tering input provision, technology adoption, and income 
through price guarantees, credit access, and technical assistance 
(Liang and Ma 2025; Ma et al. 2018; Michelson et al. 2023; 
Miyata et al. 2009). Controlling for such post‐treatment vari
ables would block part of the total effect and lead to biased 
estimates of the parameters of interest, a problem commonly 
referred to in the empirical literature as “bad control” or post‐ 
treatment bias (Angrist and Pischke 2009). Hence, excluding 
these variables allows us to capture the total effect of com
modity contracts on pesticide use, rather than a partial effect 
conditional on intermediate outcomes (Cinelli et al. 2024).

2.2.2 | Two‐Stage Least Square Method 

The confounding effect of omitted non‐time‐varying factors can 
be overcome using the aforementioned two‐way fixed‐effect 
model. However, omitted‐variable bias will be caused if the 
omitted unobservable variables vary by time. Moreover, farm
ers' conclusion of commodity contracts is self‐selective (Khonje 
et al. 2018). This means that farmers' decision on whether to sell 
agricultural products through commodity contracts is related to 
observable (e.g., age, gender, and education level) and 
unobservable factors (e.g., risk preference and business capac
ity) (Ma et al. 2018). Furthermore, reverse causality may exist 
between commodity contracts and pesticide use. For example, 
farmers may adjust their pesticide use to win commodity con
tracts. These potential endogeneity problems pose a challenge 
to the credibility of estimation results of the baseline model. 
Therefore, we select an effective instrumental variable for 
commodity contracts, and then adopt the two‐stage least 
squares (TSLS) method to perform parameter estimation.

The selected instrumental variable must be highly related to 
commodity contracts without directly affecting farmers' pesti
cide use behaviors. In this study, the annual number of civil 
disputes in a village is used as an instrumental variable (IV) for 
commodity contracts. Theoretically, the prevalence of civil 
disputes reflects the quality of the local institutional and social 
environment. A higher incidence of disputes is typically asso
ciated with weaker contract enforcement, lower interpersonal 
trust, and higher transaction costs, including bargaining, 
monitoring, and enforcement costs (North 2012). As a result, 
farmers are more likely to engage in non‐market (personified) 
contracts (e.g., verbal agreements) rather than formal contracts. 
These informal arrangements can be sustained through 
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customs and ethical norms embedded in rural social traditions 
(MacLeod 2007). This argument is consistent with transaction cost 
economics, which predicts that weak enforcement environments 
discourage formal contracting and shift economic exchange to
ward informal arrangements (Eccles and Williamson 1987). 
Therefore, the number of civil disputes is expected to be negatively 
associated with the likelihood of participating in commodity 
contracts.

Regarding the exclusion restriction, there is no clear theoretical 
or empirical basis to expect that the incidence of civil disputes 
directly affects farmers' pesticide use decisions, except through 
its influence on contractual arrangements. Pesticide use is pri
marily determined by production conditions, input access, and 
farming practices, rather than the broader village‐level dispute 
environment. Thus, conditional on observable village char
acteristics, the incidence of civil disputes can reasonably be 
assumed to affect pesticide use only indirectly through contract 
participation. Hence, we examine the relationship between 
commodity contracts and farmers' pesticide use through the 
following TSLS method:

X X XContract = + Disputes + + +

+ + + ,
i h v t v t i h v

h t i h v t

, , , ,

, , ,
(2) 

X X
X

lnPesticide = + Contractˆ + +
+ + + + ,

i h v t i h v t i h

v h t i h v t

, , , , , ,

, , ,
(3) 

where, Disputesv t, denotes the annual number of civil disputes 
in a village, Contractˆ i h v t, , , and is the fitted value of Contracti h v t, , , . 
The meanings and settings of the remaining variables are the 
same as those described in Equation (1).

3 | Data and Descriptive Statistics 

3.1 | Data 

The secondary data herein are sourced from the China‐wide 
rural fixed‐observation‐point survey conducted by the Research 
Center for Rural Economy of the Ministry of Agriculture and 
Rural Affairs of the People's Republic of China. The China‐wide 
rural fixed‐observation‐point survey provides the largest‐scale 
tracking sample panel data of rural China. Given the large 
sample size and high representativeness, it provides strong 
support for examining the effect of commodity contracts on 
farmers' pesticide use. The survey sample comprised approxi
mately 21,000 rural households from 360 administrative villages 
distributed across China's 31 provincial regions. Such a survey 
can help us identify the heterogeneity in the cross‐section. 
Moreover, this survey spans a long period, beginning in 1985. 
Additionally, the survey covers three levels of respondents— 
individuals, households, and villages—which allows us to better 
control for key time‐varying factors and exclude confounding 
variables that may influence both commodity contract partici
pation and pesticide use in the present study.

Although the survey spans a long period, stemming from 1985, 
the analytical sample in this study is restricted to the period 
2009–2017 for three main reasons. First, the measurement and 

statistical definitions of key variables (particularly those related 
to agricultural inputs, contract participation, and pesticide use) 
became more standardized and consistent during this period, 
ensuring comparability across time. Second, China initiated a 
nationwide rural land titling reform after 2009, which signifi
cantly strengthened property rights and reduced tenure 
insecurity. This reform helps mitigate the confounding influ
ence of land tenure arrangements on farmers' input decisions, 
thereby allowing for a cleaner identification of the effect of 
commodity contracts (Xie et al. 2023). Third, and critically from 
an identification perspective, the post‐2009 period corresponds 
to a stage in which agricultural markets and contract arrange
ments in rural China became more institutionalized and 
widespread. Prior to this period, commodity contracts were 
relatively limited in scope and often informal, making their 
measurement less reliable and their economic interpretation 
less clear. After 2009, the increasing formalization of contract 
farming, alongside improvements in market infrastructure and 
enforcement mechanisms, allows for a more meaningful and 
consistent characterization of contract participation. Restricting 
the sample to this period therefore reduces measurement error 
and enhances the internal validity of the empirical analysis.

3.2 | Descriptive Statistics 

Table 1 presents the descriptive statistics of the variables used in 
this study. Nearly half of the farmer households (49.20%) have 
entered into commodity contracts, indicating substantial cross‐ 
sectional variation in contract adoption. Crucially, 36.6% of 
households switch their contract participation status at least 
once between 2009 and 2017, which confirms that there is 
sufficient within‐household variation over time to robustly 
support identification in our household fixed‐effects framework. 
On average, households not engaged in commodity contracts 
apply 6.42 kg/mu more pesticides than those who are, sug
gesting a potential role of commodity contracts in reducing 
pesticide use. However, this preliminary observation, based on a 
t‐test of bivariate correlation, may not be robust due to the 
influence of confounding factors. Therefore, a more rigorous 
empirical analysis is conducted. Significant differences in 
individual, household, and village characteristics between 
contract and non‐contract farmers support the relevance of the 
control variables selected for this study.

4 | Results 

4.1 | Baseline Results: TWFE Estimates 

Table 2 presents the estimation results of the baseline model. 
Column (1) reports the results with household‐fixed and time‐ 
fixed effects. Columns (2) to (4) progressively control for indi
vidual, household, and village characteristics, respectively. 
Across all specifications, the estimated coefficients for com
modity contracts are consistently negative and statistically sig
nificant, indicating a robust association between commodity 
contract participation and reduced pesticide use. Using the es
timation results under the strictest control in Column (4) as the 
baseline, farmers engaged in commodity contracts exhibit a 
significant 40.70% reduction in pesticide use compared to 
non‐contract farmers. This demonstrates that the results are 
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both statistically and economically significant. Evidently, com
modity contracts can significantly reduce pesticide application 
intensity. This finding preliminarily suggests that the net effect 
of commodity contracts on pesticide reduction is positive. Spe
cifically, the incentive effect of quality premiums associated 
with commodity contracts appears to outweigh the inhibitory 
effect of moral hazard stemming from the principal‐agent 
relationship.

4.2 | TSLS Estimates 

Table 3 presents the estimation results using the TSLS method. 
The first‐stage results show that the coefficient of “civil dis
putes” is significantly negative, indicating that a higher annual 
number of civil disputes in a village decreases the likelihood of 
farmers entering into commodity contracts. These findings 
align with our theoretical expectations. Furthermore, the 
F‐statistic from the first‐stage regression substantially exceeds 
the commonly accepted threshold of 10, allowing us to reject 
the null hypothesis of a weak instrumental variable. This sug
gests that the chosen instrument is appropriate and valid. The 
second‐stage results indicate that the variable “commodity 
contract” continues to exert a significant negative influence on 
farmers' pesticide use.

The estimates from the FE and TSLS approaches differ in both 
magnitude and precision. The FE estimate indicates a signifi
cant negative association between commodity contracts and 
pesticide use (− 0.407, s.e. = 0.024), whereas the TSLS estimate 
suggests a stronger negative association (− 0.807, s.e. = 0.446). 
Although household and year fixed effects absorb time‐ 
invariant unobserved household heterogeneity and common 
temporal shocks, they cannot fully eliminate concerns arising 
from time‐varying unobservables or endogenous participation 
decisions. For example, localized pest outbreaks or other time‐ 
varying shocks may increase both farmers' incentives to par
ticipate in commodity contracts and their pesticide use. Such 
mechanisms tend to attenuate the estimated FE coefficient to
ward zero. Consequently, we interpret the FE estimate as a 
precise and conservative benchmark, which is likely to 

represent a lower bound (in absolute magnitude) of the average 
treatment effect for the full sample.

The difference between the FE and TSLS estimates may also 
reflect that the two approaches identify different treatment 
parameters in the presence of heterogeneous treatment effects. 
Specifically, the TSLS estimator identifies a Local Average 
Treatment Effect (LATE) for farmers whose participation 
decisions are affected by the instrumental variable (i.e., com
pliers), rather than the average treatment effect for all farmers 

TABLE 2 | Baseline estimation results.

lnPesticide
Variable (1) (2) (3) (4)

Commodity contract −0.652*** −0.652*** −0.424*** −0.407***
(0.030) (0.030) (0.024) (0.024)

Individual characteristics No Yes Yes Yes
Household characteristics No No Yes Yes
Village characteristics No No No Yes
Household fixed effects Yes Yes Yes Yes
Time fixed effects Yes Yes Yes Yes
Constant 1.411*** 1.085*** 1.884*** 1.772***

(0.024) (0.262) (0.232) (0.217)
Observations 158,850 158,850 158,850 158,850
R‐squared 0.270 0.270 0.440 0.455

Note: ***, ** and * represent significance levels of 1%, 5%, and 10% respectively. Standard errors clustered at the village level are in parentheses.

TABLE 3 | Results of TSLS estimates.

(1) (2) (3)

The first stage: Commodity contract
Civil disputes −0.003*** −0.002*** −0.002***

(0.000) (0.000) (0.000)
F‐value 223.674 248.360 248.560
The second stage lnPesticide
Commodity 
contract

−1.662*** −0.859** −0.807*

(0.368) (0.385) (0.446)
Individual 
characteristics

Yes Yes Yes

Household 
characteristics

No Yes Yes

Village 
characteristics

No No Yes

Household fixed 
effects

Yes Yes Yes

Time fixed effects Yes Yes Yes
Constant 1.974*** 2.149*** 1.997***

(0.445) (0.293) (0.340)
Observations 158,850 158,850 158,850
R‐squared 0.270 0.303 0.324

Note: ***, ** and * represent significance levels of 1%, 5%, and 10% respectively. 
Standard errors clustered at the village level are in parentheses.
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(Imbens and Angrist 1994). If these marginal participants ex
perience larger pesticide‐reduction effects from commodity 
contracts than the average farmer, the TSLS estimate may 
naturally exceed the FE estimate in magnitude. Therefore, the 
discrepancy between the two estimates should not be inter
preted solely as evidence of bias in the FE specification, but may 
also reflect treatment effect heterogeneity across farmers.

The TSLS results provide additional evidence consistent with a 
negative effect of commodity contracts on pesticide use, but the 
magnitude of this effect should be interpreted with caution. 
Specifically, the 95% confidence interval of the TSLS estimate 
ranges from approximately −1.68 to 0.07, indicating substantial 
uncertainty surrounding the estimated effect size and suggest
ing that the data cannot precisely distinguish between a small 
and a relatively large effect. Moreover, the TSLS coefficient is 
only marginally significant at the 10% level and does not 
achieve conventional statistical significance levels. Therefore, 
the TSLS results should be interpreted as suggestive evidence 
rather than a precise estimate of the magnitude of the effect. 
Nevertheless, the consistency in the direction of the FE and 
TSLS estimates strengthens the conclusion that commodity 
contracts are associated with reduced pesticide use.

To further assess the validity of the instrumental variable, we 
use the zero first‐stage approach as a falsification test (Di Falco 
et al. 2011). If the instrumental variable only affects the 
dependent variable through the explanatory variable (i.e., 
commodity contracts), then it should have no significant effect 
on pesticide use among farmers not engaged in commodity 
contracts. Table 4 presents the results of this test. Specifically, 
while the “civil disputes” significantly affects pesticide use in 
the full sample, it has no significant effect within the subsample 
of non‐contract farmers. This supports the validity of the 
instrumental variable, or at least provides no evidence to reject 
the assumption of its validity.

A potential concern is that the instrument may violate the ex
clusion restriction. In particular, villages with more civil dis
putes may reflect weaker social norms or governance quality, 
which could influence farmers' production behavior, including 

pesticide use. To address this concern, we adopt the plausibly 
exogenous approach proposed by Klein and Vella (2009) and 
van Kippersluis and Rietveld (2018), which relaxes the strict 
exclusion restriction by allowing the instrument to have a 
bounded direct effect on the outcome. Column (3) of Table 4
reports the results. The estimated effects remain negative and 
robust, suggesting that our main findings are not sensitive to 
moderate violations of the exclusion restriction.

4.3 | Robustness Checks 

To test the robustness of the above results, we conduct 
parameter estimation by replacing the core explanatory varia
ble, sample data, and estimation method. First, we use the 
“percentage of sales under commodity contracts” (i.e., the 
proportion of agricultural products sold under commodity 
contracts to total agricultural products) as a substitution vari
able. Compared with the dichotomous variable indicating 
whether farmers enter into commodity contracts, the percent
age of sales under commodity contracts provides greater vari
ability, allowing for a more nuanced understanding. The binary 
variable fails to distinguish between farmers with low versus 
high levels of contract‐based sales, yet this variation may sig
nificantly influence pesticide use. By contrast, using the per
centage of sales under commodity contracts as a substitution 
variable not only captures the presence of contract engagement 
but also reflects the intensity of farmers' participation in such 
arrangements. Table 5 presents the estimation results using this 
substitute core explanatory variable. The estimated coefficient 
for the percentage of sales under commodity contracts is both 
significant and negative, indicating that a higher proportion of 
sales under commodity contracts is associated with lower levels 
of pesticide use.

Second, we re‐estimate the model parameters by converting 
the unbalanced panel data into balanced panel data, which 
serves as a robustness test through subsample selection. 
While extracting a balanced panel from the unbalanced data 
reduces the sample size in the cross‐sectional dimension, it 
enables us to fully leverage the advantages of the two‐way 

TABLE 4 | Validation of the instrumental variable.

lnPesticide
Variable (1) Total sample (2) Non‐adoption sample (3) Plausibly exogenous approach

Civil disputes −0.003*** 0.005 −0.623*
(0.001) (0.007) (0.367)

Individual characteristics Yes Yes Yes
Household characteristics Yes Yes Yes
Village characteristics Yes Yes Yes
Household fixed effects Yes Yes Yes
Time fixed effects Yes Yes Yes
Constant 0.551 1.542*** —

(0.794) (0.271) —
Observations 158,850 80,698 158,850
R‐squared 0.363 0.234 —

Note: ***, ** and * represent significance levels of 1%, 5%, and 10% respectively. Standard errors clustered at the village level are in parentheses.
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fixed effects model and effectively control for unobserved, 
time‐invariant confounding factors. Table 6 presents the 
parameter estimation results of the balanced panel data 
model. Columns (1–3) list the estimation results where 
“commodity contract” is used as an explanatory variable, and 
Column (4) lists the estimation results where “percentage of 
sales under commodity contracts” is used as an explanatory 
variable. Both “commodity contract” and “percentage of sales 
under commodity contracts” have significant negative effects 
on farmers' pesticide use under the balanced panel data 
model.

Table 7 presents the results of the robustness tests for the es
timated relationship by progressively enriching the baseline 
specification. Household, village, and year fixed effects are 
maintained throughout, while additional observable controls 
and province fixed effects are introduced sequentially across 
specifications. Column (1) presents the model controlling for 
household, village, and year fixed effects. The estimated 
coefficient on commodity contracts is negative and statistically 
significant (− 0.792, s.e. = 0.035), indicating that the baseline 
result is robust after accounting for time‐invariant household‐ 
and village‐level heterogeneity as well as common time shocks. 
Adding individual characteristics in Column (2) leaves the 
estimated coefficient virtually unchanged, suggesting that 
observable individual heterogeneity explains little of the base
line relationship. In Column (3), the inclusion of province fixed 
effects together with household characteristics attenuates 
the estimated coefficient from −0.792 to −0.618 (s.e. = 0.032), 
indicating that regional variation across provinces and 
household‐level factors account for a portion of the initial 
estimate. Finally, Column (4) incorporates village‐level 
characteristics, further adjusting the coefficient to −0.579 
(s.e. = 0.033). These findings confirm that the negative associ
ation between commodity contracts and pesticide use remains 
highly robust across progressively richer specifications. Simi
larly, using the proportion of sales under commodity contracts 
as an alternative measure of contract intensity yields a con
sistent negative and statistically significant estimate (− 0.546, 
s.e. = 0.168), reinforcing that greater reliance on commodity 
contracts reduces pesticide use.

4.4 | Heterogeneity Analysis: Crop‐Specific 
Estimation Results 

Table 8 presents the crop‐specific estimation results. This 
approach is econometrically equivalent to estimating a pooled 
model with interaction terms between the treatment variable 
and crop‐group indicators when testing for differential 

TABLE 5 | Robustness checks: Replacement variables.

lnPesticide
Variable (1) (2) (3)

Percentage of sales 
under commodity 
contracts

−0.441** −0.436** −0.482***

(0.205) (0.176) (0.168)
Individual 
characteristics

Yes Yes Yes

Household 
characteristics

No Yes Yes

Village 
characteristics

No No Yes

Household fixed 
effects

Yes Yes Yes

Time fixed effects Yes Yes Yes
Constant 0.510* 1.653*** 1.543***

(0.278) (0.229) (0.216)
Observations 158,850 158,850 158,850
R‐squared 0.186 0.408 0.426

Note: ***, ** and * represent significance levels of 1%, 5%, and 10% respectively. 
Standard errors clustered at the village level are in parentheses.

TABLE 6 | Robustness checks: Replacement of data.

lnPesticide
Variable (1) (2) (3) (4) (5)

Commodity contract −0.614*** −0.614*** −0.391*** −0.373***
(0.034) (0.034) (0.026) (0.028)

Percentage of sales under commodity contracts −0.482***
(0.171)

Individual characteristics Yes Yes Yes Yes Yes
Household characteristics No Yes Yes Yes Yes
Village characteristics No No Yes Yes Yes
Household fixed effects Yes Yes Yes Yes Yes
Time fixed effects Yes Yes Yes Yes Yes
Constant 1.392*** 0.724*** 1.544*** 1.443*** 1.261***

(0.026) (0.274) (0.327) (0.298) (0.293)
Observations 98,919 98,919 98,919 98,919 98,919
R‐squared 0.256 0.256 0.433 0.449 0.424

Note: ***, ** and * represent significance levels of 1%, 5%, and 10% respectively. Standard errors clustered at the village level are in parentheses.
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treatment effects (Angrist and Pischke 2009; Wooldridge 2010), 
while additionally allowing the effects of other covariates to 
differ across groups. The effect of commodity contracts on 
farmers' pesticide use is heterogeneous among different crop 
types. For famers growing staple food crops (wheat, rice, and 
corn), the effect coefficients of commodity contracts determined 
by the OLS and TSLS methods are both negative, and none of 
their confidence intervals contains the zero value. This suggests 
that commodity contracts can significantly reduce pesticide use 
intensity among food crop farmers. For vegetable and fruit 

farmers, the effect coefficients of commodity contracts are 
positive, and both of their confidence intervals contain the zero 
value. This indicates that commodity contracts can positively 
affect the pesticide use of vegetable and fruit farmers, but not 
significantly. This means the pesticide reduction effect of 
commodity contracts does not exist in the subsample of vege
table and fruit farmers, though it does not provide evidence that 
commodity contracts can significantly increase their pesticide 
use. Figure 1 demonstrates the estimation results of the crop‐ 
specific grouped regressions.

TABLE 7 | Robustness checks: Replacement variables, data and estimation method.

lnPesticide
Variable (1) (2) (3) (4) (5)

Commodity contract −0.792*** −0.792*** −0.618*** −0.579***
(0.035) (0.035) (0.032) (0.033)

Proportion of sales under commodity contracts −0.546***
(0.168)

Individual characteristics No Yes Yes Yes Yes
Household characteristics No No Yes Yes Yes
Village characteristics No No No Yes Yes
Province fixed effects No No Yes Yes Yes
Village fixed effects Yes Yes Yes Yes Yes
Household fixed effects Yes Yes Yes Yes Yes
Time fixed effects Yes Yes Yes Yes Yes
Observations 98,919 98,919 98,919 98,919 98,919
R‐squared 0.735 0.735 0.794 0.801 0.768

Note: ***, ** and * represent significance levels of 1%, 5%, and 10% respectively. Standard errors clustered at the village level are in parentheses.

TABLE 8 | Crop‐specific estimation results.

Wheat Rice Corn Vegetables Fruit
Variable (1) OLS (2) TSLS (3) OLS (4) TSLS (5) OLS (6) TSLS (7) OLS (8) TSLS (9) OLS (10) TSLS

Commodity 
contract

−0.512*** −0.545*** −0.432*** −0.565*** −0.445*** −0.495*** 0.018 0.135 0.045 0.105

(0.021) (0.113) (0.035) (0.156) (0.026) (0.086) (0.156) (0.216) (0.117) (0.126)
Individual 
characteristics

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Household 
characteristics

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Village 
characteristics

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Household fixed 
effects

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Time fixed 
effects

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Constant 1.541*** 1.624*** 1.254*** 1.362*** 1.764*** 1.836*** 1.672*** 1.712*** 1.682*** 1.701***
(0.024) (0.035) (0.232) (0.241) (0.282) (0.267) (0.237) (0.223) (0.243) (0.273)

Observations 158,850 158,850 158,850 158,850 158,850 158,850 158,850 158,850 158,850 158,850
R‐squared 0.276 0.281 0.260 0.275 0.340 0.390 0.315 0.285 0.285 0.288

Note: ***, ** and * represent significance levels of 1%, 5%, and 10% respectively. Standard errors clustered at the village level are in parentheses.
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5 | Discussion and Conclusion 

Contract farming has an inherently paradoxical role in pesticide 
use, leading to both increases and reductions in use among 
farmers. The net impact of contract farming depends on the 
relative strength of these opposing forces. Using panel data 
from 2009 to 2017 across 31 provincial regions in China, the 
baseline regression results in our study indicate that farmers 
participating in contract farming used significantly less pesti
cide than those who did not. This aligns with findings from 
prior studies conducted in China (e.g., see Li and Wang 2024; 
Ren et al. 2021). To address potential endogeneity in the base
line model, we employed an instrumental variable approach, 
which confirmed the robustness of the core conclusion. This 
suggests that, even in the context of smallholder farming, the 
positive influence of incentive mechanisms embedded in con
tracts outweighs the negative influence of moral hazard inher
ent in the principal‐agent relationship. Accordingly, as in 
certain developed countries where large‐scale farming is more 
prevalent (Ahearn et al. 2005; Bryan Endres and Endres 2017; 
Burns and MacDonald 2018), contract farming appears to be an 
effective instrument for promoting pesticide reduction in China.

The heterogeneity analysis, accounting for crop type, reveals 
that the positive effect of participation in contract farming on 
pesticide reduction was evident for food crops (wheat, rice, and 
corn), but not for cash crops (vegetables and fruits). This sug
gests that for food crops, the positive influence of the incentive 
mechanisms embedded in commodity contracts outweighs the 
negative influence of moral hazard. In contrast, for cash crops, 
the opposing effects appear to neutralize each other, resulting in 
no significant net impact on pesticide use. The variation by crop 
type may be attributed to the perceived greater risk associated 
with reducing pesticide use in cash crop cultivation, combined 
with the fact that contracts tend to recommend practices and 
specific inputs but lack enforcement mechanisms, and that 
contractors often have limited monitoring capacity. For 
instance, compared to food crops, reducing pesticide use in cash 

crop production may be perceived as riskier due to the 
increased likelihood of crop diseases and pest infections. This is 
because cash crops generally have higher market value and are 
not supported by minimum purchase price policies, unlike 
some staple food crops in China (Hou et al. 2019; Ma and 
Zheng 2022; Ren et al. 2021). At the same time, fresh and 
perishable agricultural products (e.g., vegetables and fruits) are 
not easily storable or divisible for transport, which increases 
quality supervision costs and poses greater challenges for con
tractors in enforcing production standards (He et al. 2018; 
Peterson et al. 2018). As such, moral hazard within the 
principal–agent relationship is more likely to arise among 
farmers cultivating perishable cash crops, thereby offsetting, or 
even outweighing, the influence of incentive mechanisms em
bedded in commodity contracts. For example, contract farming 
tends to result in increased pesticide use among cashew farmers 
in Ghana when sales contracts fail to effectively supervise and 
enforce product quality (Dubbert et al. 2023).

Our results provide important policy implications regarding 
pesticide reduction strategies. Given its robust positive impact 
on pesticide reduction in staple crop production, contract 
farming should be strategically promoted for the cultivation of 
rice, wheat, and corn—which together account for the majority 
of cropland in China—with contracts explicitly incorporating 
strengthened enforcement of recommended practices and input 
protocols. Conversely, because contract farming does not cur
rently reduce pesticide use in cash crop production, policy 
should avoid a blanket expansion of commercial contracting for 
high‐value crops. Instead, policy interventions for cash crops 
should pivot toward establishing robust supply chain trace
ability, stringent residue‐testing systems, and third‐party quality 
assurance mechanisms. Given the high costs of quality super
vision and the greater challenges contractors face in enforcing 
production standards for certain cash crops such as vegetables 
and fruits, targeted policy support is essential. Public agricul
tural extension services could transition into a more collabo
rative role, partnering with lead enterprises to co‐manage 

FIGURE 1 | Heterogeneous effect of commodity contracts on pesticide use. 
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quality supervision (Mishra et al. 2018). Such public‐private 
synergies can alleviate the monitoring burden on individual 
firms, align with consumer safety preferences (Jin et al. 2023), 
and establish the market discipline needed to reduce chemical 
reliance in cash crop sectors where commercial contracts alone 
currently fail.

While our study examined the influence of commodity contracts 
both generally and across different crop types, several limitations 
should be acknowledged. First, the relationship between contract 
participation and pesticide use may involve dynamic adjustments 
over time. However, our baseline specification adopts a static 
fixed‐effects model, which focuses on identifying contempora
neous (short‐run) effects based on within‐farmer variation and 
does not explicitly capture lagged responses. As such, the analysis 
may overlook potential adjustment processes, which should be 
further investigated in future research, for example, using 
dynamic panel models. Second, this study lacks data to explore 
how farmers' use of specific agricultural extension and advisory 
services may interact with contract participation to affect pesti
cide reduction in various cultivation contexts. Future research 
would benefit from collecting detailed data on farmers' access to 
and use of various agricultural services, with the aim of identi
fying service packages that most effectively reinforce the 
pesticide reduction effects of contract farming. Third, we 
acknowledge that China's institutional uniqueness, particularly 
its minimum purchase price policies for staples like wheat and 
rice, creates a subsidized, low‐risk market structure that buffers 
staple farmers from intense commercial pressures. As such, the 
observed pattern regarding the divergent impacts of contracts on 
staple versus cash crops is potentially applicable to developing 
economies characterized by fragmented smallholder agriculture 
and state‐backed price supports for staples alongside deregulated 
cash crop markets (e.g., parts of India or South Asia). However, 
this divergence is unlikely to hold in countries with entirely 
liberalized free markets, robust agri‐environmental subsidies 
(such as those of the European Union), or large‐scale, vertically 
integrated corporate farming structures (such as the United 
States), where greater capital resources, mechanization, and 
direct regulatory compliance reduce reliance on contract inte
grators for input decisions. The divergence may be more salient 
in institutional environments where food safety traceability and 
residue‐testing systems remain patchy, as is often the case in 
developing economies, which causes contract farming structures 
to inadvertently prioritize volume and aesthetic quality over 
chemical reduction. Where rigorous, nationwide traceability 
infrastructure is effectively enforced, such as in Japan, the 
divergence observed in our study would likely diminish or dis
appear. More broadly, our core finding—that contract farming 
reduces overall pesticide use—is likely generalizable to other 
smallholder‐dominated agricultural systems, particularly where 
contracts act as primary channels for technology transfer, strin
gent buyer standards, and professionalized technical guidance. 
Fourth, our analysis focuses on capturing the average treatment 
effect of commodity contracts on pesticide use. While we explore 
crop‐specific variations, the net impact may still vary across other 
fine‐grained farm or farmer characteristics (such as operator age, 
education, or land fragmentation). Exhaustively interacting 
contract participation with all socio‐economic controls within 
our high‐dimensional fixed‐effects framework introduces a 
margin of error regarding model over‐specification and reduced 

statistical power. Consequently, our average estimates should be 
interpreted with the caveat that they may hide differences among 
individual farmers and farms. Unpacking these complex socio‐ 
economic interaction profiles remains a valuable avenue for 
future research.

Author Contributions 

Zhihui Liang: writing – original draft, funding acquisition, visualization, 
formal analysis, conceptualization, methodology. Shan Jin: conceptual
ization, writing – review and editing, writing – original draft. Matthew 
Gorton: writing – review and editing.

Acknowledgments 

This research was supported by the National Natural Science Foundation of 
China (grant numbers: 72403254), China Postdoctoral Science Foundation 
(grant number: GZC20233142) and Postdoctoral Project of Hubei Province 
(grant number: 2024HBBHCXB099). None of the funding bodies were 
involved in the design of the study, data collection, analysis, interpretation, 
or writing of this manuscript. The authors would like to thank Alexander 
Smith for his assistance with proofreading the manuscript.

Ethics Statement 

Ethical review and approval were not required for this study because it 
used secondary, anonymized data supplied by the Research Centre for 
Rural Economy of the Ministry of Agriculture and Rural Affairs of the 
People's Republic of China under a data‐sharing agreement.

Conflicts of Interest 

The authors declare no conflicts of interest.

Data Availability Statement 

The data that support the findings of this study are available from the 
Research Centre for Rural Economy of the Ministry of Agriculture and 
Rural Affairs of the People's Republic of China. Restrictions apply to the 
availability of these data, which were used under license for this study. 
Data are available from the authors with the permission of the Research 
Centre for Rural Economy.

References 

Ahearn, M. C., P. Korb, and D. Banker. 2005. “Industrialization and 
Contracting in U.S. Agriculture.” Journal of Agricultural and Applied 
Economics 37, no. 2: 347–364. https://doi.org/10.1017/S1074070800006830.

Akerlof, G. A. 1970. “The Market for “Lemons”: Quality Uncertainty 
and the Market Mechanism.” Quarterly Journal of Economics 84, no. 3: 
488. https://doi.org/10.2307/1879431.

Angrist, J. D., and J.‐S. Pischke. 2009. Mostly Harmless Econometrics: An 
Empiricist's Companion. Princeton University Press.

Antwi‐Agyei, P., and L. C. Stringer. 2021. “Improving the Effectiveness 
of Agricultural Extension Services in Supporting Farmers to Adapt to 
Climate Change: Insights From Northeastern Ghana.” Climate Risk 
Management 32: 100304. https://doi.org/10.1016/j.crm.2021.100304.

Bakker, L., J. Sok, W. van der Werf, and F. J. J. A. Bianchi. 2021. 
“Kicking the Habit: What Makes and Breaks Farmers' Intentions to 
Reduce Pesticide Use?” Ecological Economics 180: 106868. https://doi. 
org/10.1016/j.ecolecon.2020.106868.

Benaboud, J., M. Elachour, J. Oujidi, and A. Chafi. 2021. “Farmer's 
Behaviors Toward Pesticides Use: Insight From a Field Study in Ori
ental Morocco.” Environmental Analysis Health and Toxicology 36, 
no. 1: e2021002. https://doi.org/10.5620/eaht.2021002.

13 Agribusiness, 2026

 15206297, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/agr.70159 by R

oyal A
gricultural U

niversity, W
iley O

nline L
ibrary on [21/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1017/S1074070800006830
https://doi.org/10.2307/1879431
https://doi.org/10.1016/j.crm.2021.100304
https://doi.org/10.1016/j.ecolecon.2020.106868
https://doi.org/10.1016/j.ecolecon.2020.106868
https://doi.org/10.5620/eaht.2021002


Bjørnåvold, A., M. David, D. A. Bohan, C. Gibert, J.‐M. Rousselle, and 
S. Van Passel. 2022. “Why Does France Not Meet Its Pesticide Reduc
tion Targets? Farmers' Socio‐Economic Trade‐Offs When Adopting 
Agro‐Ecological Practices.” Ecological Economics 198: 107440. https:// 
doi.org/10.1016/j.ecolecon.2022.107440.

Brown, Z. S. 2018. “Voluntary Programs To Encourage Refuges for 
Pesticide Resistance Management: Lessons From a Quasi‐Experiment.” 
American Journal of Agricultural Economics 100, no. 3: 844–867. https:// 
doi.org/10.1093/ajae/aay004.

Bryan Endres, A., and R. Endres. 2017. “The European Union, Agri
culture, and the Tropics: Public Financial Incentives to Enhance Food 
Security and Expansion of Production Contracts.” Tropical Conservation 
Science 10. https://doi.org/10.1177/1940082917720663.

Burke, W. J., E. Frossard, S. Kabwe, and T. S. Jayne. 2019. “Under
standing Fertilizer Adoption and Effectiveness on Maize in Zambia.” 
Food Policy 86: 101721. https://doi.org/10.1016/j.foodpol.2019.05.004.

Burns, C., and J. M. MacDonald. 2018. “America's Diverse Family 
Farms 2018 Edition.” Economic Information Bulletin no. 203. U.S. 
Department of Agriculture. https://www.ers.usda.gov/publications/pub- 
details?pubid=90984.

Cai, J., J. Xiong, Y. Hong, and R. Hu. 2021. “Pesticide Overuse in Apple 
Production and Its Socioeconomic Determinants: Evidence From 
Shaanxi and Shandong Provinces, China.” Journal of Cleaner 
Production 315: 128179. https://doi.org/10.1016/j.jclepro.2021.128179.

de Chaisemartin, C., and X. D'Haultfœuille. 2020. “Two‐Way Fixed 
Effects Estimators With Heterogeneous Treatment Effects.” American 
Economic Review 110, no. 9: 2964–2996. https://doi.org/10.1257/aer. 
20181169.

Chèze, B., M. David, and V. Martinet. 2020. “Understanding Farmers' 
Reluctance to Reduce Pesticide Use: A Choice Experiment.” Ecological 
Economics 167: 106349. https://doi.org/10.1016/j.ecolecon.2019.06.004.

Cinelli, C., A. Forney, and J. Pearl. 2024. “A Crash Course in Good and 
Bad Controls.” Sociological Methods & Research 53, no. 3: 1071–1104. 
https://doi.org/10.1177/00491241221099552.

Colin Cameron, A., and D. L. Miller. 2015. “A Practitioner's Guide 
to Cluster‐Robust Inference.” Journal of Human Resources 50, no. 2: 
317–372. https://doi.org/10.3368/jhr.50.2.317.

Dubbert, C., A. Abdulai, and S. Mohammed. 2023. “Contract Farming 
and the Adoption of Sustainable Farm Practices: Empirical Evidence 
From Cashew Farmers in Ghana.” Applied Economic Perspectives and 
Policy 45, no. 1: 487–509. https://doi.org/10.1002/aepp.13212.

Eccles, R. G., and O. E. Williamson. 1987. “The Economic Institutions 
of Capitalism: Firms, Markets, Relational Contracting.” Administrative 
Science Quarterly 32, no. 4: 602. https://doi.org/10.2307/2392889.

European Environment Agency. 2023. How Pesticides Impact Human 
Health and Ecosystems in Europe. Briefing no. 06/2023. https://www. 
eea.europa.eu/publications/how-pesticides-impact-human-health.

European Environment Agency. 2024. Pesticides in Rivers, Lakes and 
Groundwater in Europe. Indicator Assessment WAT 002. https://www. 
eea.europa.eu/en/analysis/indicators/pesticides-in-rivers-lakes-and.

Di Falco, S., M. Veronesi, and M. Yesuf. 2011. “Does Adaptation 
to Climate Change Provide Food Security? A Micro‐Perspective 
From Ethiopia.” American Journal of Agricultural Economics 93, no. 3: 
829–846. https://doi.org/10.1093/ajae/aar006.

Food and Agriculture Organization of the United Nations, and World 
Health Organization. (2021a). International Code of Conduct on Pesti
cide Management—Guidance on Pesticide Licensing Schemes. World 
Health Organization. https://iris.who.int/server/api/core/bitstreams/ 
78bd7a7e-e542-4e64-aa68-c97f33fced83/content.

Food and Agriculture Organization of the United Nations, and World 
Health Organization. 2021b. Managing Pesticides in Agriculture 
and Public Health—A Compendium of FAO and WHO Guidelines and 

Other Resources (2nd ed.). World Health Organization. https://www. 
who.int/publications/i/item/9789240022478.

Gao, J., Q. Gai, B. Liu, and Q. Shi. 2021. “Farm Size and Pesticide Use: 
Evidence From Agricultural Production in China.” China Agricultural 
Economic Review 13, no. 4: 912–929. https://doi.org/10.1108/CAER- 
11-2020-0279.

Gesesew, H. A., K. Woldemichael, D. Massa, and L. Mwanri. 2016. 
“Farmers Knowledge, Attitudes, Practices and Health Problems Asso
ciated With Pesticide Use in Rural Irrigation Villages, Southwest 
Ethiopia.” PLoS One 11, no. 9: e0162527. https://doi.org/10.1371/ 
journal.pone.0162527.

Goeb, J., and F. Lupi. 2021. “Showing Pesticides' True Colors: The Effects 
of a Farmer‐To‐Farmer Training Program on Pesticide Knowledge.” 
Journal of Environmental Management 279: 111821. https://doi.org/10. 
1016/j.jenvman.2020.111821.

Gong, Y., K. Baylis, R. Kozak, and G. Bull. 2016. “Farmers' Risk Pref
erences and Pesticide Use Decisions: Evidence From Field Experiments 
in China.” Agricultural Economics 47, no. 4: 411–421. https://doi.org/10. 
1111/agec.12240.

Goodhue, R., and L. Simon. 2016. “Agricultural Contracts, Adverse 
Selection, and Multiple Inputs.” Agricultural and Food Economics 4, 
no. 1: 19. https://doi.org/10.1186/s40100-016-0063-8.

Goodhue, R. E. 2011. “Food Quality: The Design of Incentive Con
tracts.” Annual Review of Resource Economics 3, no. 1: 119–140. https:// 
doi.org/10.1146/annurev-resource-040709-135037.

Grimbuhler, S., and J.‐F. Viel. 2025. “Pesticide Safety Training to Pro
mote Sustainable Practices Among French Tree Fruit and Fresh Vege
table Farmers: A Pre‐Post Intervention Survey.” PLoS One 20, no. 7: 
e0328161. https://doi.org/10.1371/journal.pone.0328161.

He, Y., H. Huang, D. Li, C. Shi, and S. J. Wu. 2018. “Quality and 
Operations Management in Food Supply Chains: A Literature Review.” 
Journal of Food Quality 2018: 1–14. https://doi.org/10.1155/2018/ 
7279491.

Hong, X., Y. He, P. Zhou, and J. Chen. 2023. “Demand Information 
Sharing in a Contract Farming Supply Chain.” European Journal of 
Operational Research 309, no. 2: 560–577. https://doi.org/10.1016/j.ejor. 
2023.01.058.

Hou, J., R. Ying, and B. Hou. 2019. “Factors Influencing the Stability of 
Contract Farming: An Empirical Study in China.” Agricultural Research 
8, no. 3: 403–410. https://doi.org/10.1007/s40003-018-0377-8.

Imbens, G. W., and J. D. Angrist. 1994. “Identification and Estimation 
of Local Average Treatment Effects.” Econometrica 62, no. 2: 467. 
https://doi.org/10.2307/2951620.

Islam, M. N., S. F. Bint‐E‐Naser, and M. S. Khan. 2017. “Pesticide Food 
Laws and Regulations.” In Pesticide Residue in Foods, edited by M. Khan 
and M. Rahman, 37–51. Springer International Publishing.

Jallow, M. F. A., D. G. Awadh, M. S. Albaho, V. Y. Devi, and 
B. M. Thomas. 2017. “Pesticide Risk Behaviors and Factors Influencing 
Pesticide Use Among Farmers in Kuwait.” Science of the Total 
Environment 574: 490–498. https://doi.org/10.1016/j.scitotenv.2016. 
09.085.

Jin, S., Y. Cao, G. Jones, W. Li, and L. J. Frewer. 2023. “Consumers' 
Purchase Intentions Towards Traced Foods: A Comparative Analysis 
Between the United Kingdom and China.” Food Control 152: 109828. 
https://doi.org/10.1016/j.foodcont.2023.109828.

Kaiser, A., R. Samuel, and P. Burger. 2024. “Toward a Low‐Pesticide 
Agriculture: Bridging Practice Theory and Social‐Psychological Con
cepts to Analyze Farmers' Routines.” Sustainability: Science, Practice 
and Policy 20, no. 1: 2306731. https://doi.org/10.1080/15487733.2024. 
2306731.

Khonje, M. G., J. Manda, P. Mkandawire, A. H. Tufa, and A. D. Alene. 
2018. “Adoption and Welfare Impacts of Multiple Agricultural 

14 Agribusiness, 2026

 15206297, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/agr.70159 by R

oyal A
gricultural U

niversity, W
iley O

nline L
ibrary on [21/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.ecolecon.2022.107440
https://doi.org/10.1016/j.ecolecon.2022.107440
https://doi.org/10.1093/ajae/aay004
https://doi.org/10.1093/ajae/aay004
https://doi.org/10.1177/1940082917720663
https://doi.org/10.1016/j.foodpol.2019.05.004
https://www.ers.usda.gov/publications/pub-details?pubid=90984
https://www.ers.usda.gov/publications/pub-details?pubid=90984
https://doi.org/10.1016/j.jclepro.2021.128179
https://doi.org/10.1257/aer.20181169
https://doi.org/10.1257/aer.20181169
https://doi.org/10.1016/j.ecolecon.2019.06.004
https://doi.org/10.1177/00491241221099552
https://doi.org/10.3368/jhr.50.2.317
https://doi.org/10.1002/aepp.13212
https://doi.org/10.2307/2392889
https://www.eea.europa.eu/publications/how-pesticides-impact-human-health
https://www.eea.europa.eu/publications/how-pesticides-impact-human-health
https://www.eea.europa.eu/en/analysis/indicators/pesticides-in-rivers-lakes-and
https://www.eea.europa.eu/en/analysis/indicators/pesticides-in-rivers-lakes-and
https://doi.org/10.1093/ajae/aar006
https://iris.who.int/server/api/core/bitstreams/78bd7a7e-e542-4e64-aa68-c97f33fced83/content
https://iris.who.int/server/api/core/bitstreams/78bd7a7e-e542-4e64-aa68-c97f33fced83/content
https://www.who.int/publications/i/item/9789240022478
https://www.who.int/publications/i/item/9789240022478
https://doi.org/10.1108/CAER-11-2020-0279
https://doi.org/10.1108/CAER-11-2020-0279
https://doi.org/10.1371/journal.pone.0162527
https://doi.org/10.1371/journal.pone.0162527
https://doi.org/10.1016/j.jenvman.2020.111821
https://doi.org/10.1016/j.jenvman.2020.111821
https://doi.org/10.1111/agec.12240
https://doi.org/10.1111/agec.12240
https://doi.org/10.1186/s40100-016-0063-8
https://doi.org/10.1146/annurev-resource-040709-135037
https://doi.org/10.1146/annurev-resource-040709-135037
https://doi.org/10.1371/journal.pone.0328161
https://doi.org/10.1155/2018/7279491
https://doi.org/10.1155/2018/7279491
https://doi.org/10.1016/j.ejor.2023.01.058
https://doi.org/10.1016/j.ejor.2023.01.058
https://doi.org/10.1007/s40003-018-0377-8
https://doi.org/10.2307/2951620
https://doi.org/10.1016/j.scitotenv.2016.09.085
https://doi.org/10.1016/j.scitotenv.2016.09.085
https://doi.org/10.1016/j.foodcont.2023.109828
https://doi.org/10.1080/15487733.2024.2306731
https://doi.org/10.1080/15487733.2024.2306731


Technologies: Evidence From Eastern Zambia.” Agricultural Economics 
49, no. 5: 599–609. https://doi.org/10.1111/agec.12445.

van Kippersluis, H., and C. A. Rietveld. 2018. “Beyond Plausibly Exo
genous.” Econometrics Journal 21, no. 3: 316–331. https://doi.org/10. 
1111/ectj.12113.

Klein, R., and F. Vella. 2009. “A Semiparametric Model for Binary 
Response and Continuous Outcomes under Index Heteroscedasticity.” 
Journal of Applied Econometrics 24, no. 5: 735–762. https://doi.org/10. 
1002/jae.1064.

Li, H., C. Wang, W.‐Y. Chang, and H. Liu. 2023. “Factors Affecting 
Chinese Farmers' Environment‐Friendly Pesticide Application Behav
ior: A Meta‐Analysis.” Journal of Cleaner Production 409: 137277. 
https://doi.org/10.1016/j.jclepro.2023.137277.

Li, Q., and Z. Wang. 2024. “Impact of Contract Farming on Green 
Technological Efficiency of Farmers: A Comparative Study of Two 
Contract Organizational Models.” Frontiers in Sustainable Food Systems 
8: 1368997. https://doi.org/10.3389/fsufs.2024.1368997.

Liang, Z., and W. Ma. 2025. “Land Consolidation and Interhousehold Land‐ 
Use Conflicts: Insights From China.” European Review of Agricultural 
Economics 52, no. 4: 971–998. https://doi.org/10.1093/erae/jbaf038.

Ma, W., A. Abdulai, and R. Goetz. 2018. “Agricultural Cooperatives and 
Investment in Organic Soil Amendments and Chemical Fertilizer in 
China.” American Journal of Agricultural Economics 100, no. 2: 
502–520. https://doi.org/10.1093/ajae/aax079.

Ma, W., A. Abdulai, and C. Ma. 2018. “The Effects of Off‐Farm Work on 
Fertilizer and Pesticide Expenditures in China.” Review of Development 
Economics 22, no. 2: 573–591. https://doi.org/10.1111/rode.12354.

Ma, W., and H. Zheng. 2022. “Heterogeneous Impacts of Information 
Technology Adoption on Pesticide and Fertiliser Expenditures: 
Evidence From Wheat Farmers in China*.” Australian Journal of 
Agricultural and Resource Economics 66, no. 1: 72–92. https://doi.org/10. 
1111/1467-8489.12446.

MacLeod, W. B. 2007. “Reputations, Relationships, and Contract 
Enforcement.” Journal of Economic Literature 45, no. 3: 595–628. 
https://doi.org/10.1257/jel.45.3.595.

MARA 2022Action Program for Chemical Pesticide Reduction by 2025. 
http://www.moa.gov.cn/govpublic/ZZYGLS/202212/t20221201_ 
6416398.htm.

Michelson, H., S. Gourlay, T. Lybbert, and P. Wollburg. 2023. “Review: 
Purchased Agricultural Input Quality and Small Farms.” Food Policy 
116: 102424. https://doi.org/10.1016/j.foodpol.2023.102424.

Minot, N., and B. Sawyer. 2016. “Contract Farming in Developing Countries: 
Theory, Practice, and Policy Implications.” in, Innovation for inclusive Value‐ 
Chain Development: Successes and Challenges International Food Policy 
Research Institute, edited by A. Devaux, M. Torero, D. Horton, and 
J. Donoven, 127–155. https://doi.org/10.2499/9780896292130_04.

Mishra, A. K., A. Kumar, P. K. Joshi, A. D. ' Souza, and G. Tripathi. 2018 
Contract Farming, Productivity and Fertilizer Usage Empirical 
Evidence from Specialty Crop Production (IFPRI Discussion Paper no. 
01768). International Food Policy Research Institute. https://cgspace. 
cgiar.org/server/api/core/bitstreams/d1f609e8-d3b0-4060-b6a3- 
83151690d87f/content.

Miyata, S., N. Minot, and D. Hu. 2009. “Impact of Contract Farming on 
Income: Linking Small Farmers, Packers, and Supermarkets in China.” 
World Development 37, no. 11: 1781–1790. https://doi.org/10.1016/j. 
worlddev.2008.08.025.

North, D. C. 2012. Institutions, Institutional Change and Economic 
Performance. Cambridge University Press.

Pan, Y., Y. Ren, and P. A. Luning. 2021. “Factors Influencing Chinese 
Farmers' Proper Pesticide Application in Agricultural Products—A 
Review.” Food Control 122: 107788. https://doi.org/10.1016/j.foodcont. 
2020.107788.

Peterson, E. B., J. H. Grant, and J. Rudi‐Polloshka. 2018. “Survival of the 
Fittest: Export Duration and Failure Into United States Fresh Fruit and 
Vegetable Markets.” American Journal of Agricultural Economics 100, 
no. 1: 23–45. https://doi.org/10.1093/ajae/aax043.

Popovic, M., M. Kuzmanovic, and B. Andric Gusavac. 2012. “The Agency 
Dilemma: Information Asymmetry in the “Principal‐ Agent” Problem.” 
Management—Journal for Theory and Practice of Management 17, no. 62: 
13–22. https://doi.org/10.7595/management.fon.2011.0005.

Rehber, E. 2018. “Contract Farming in Practice: An Overview (Zwick 
Centre for Food and Resource Policy Research Report no. 7).” University 
of Connecticut. https://ageconsearch.umn.edu/record/290069/?v=pdf.

Ren, Y., Y. Peng, B. Castro Campos, and H. Li. 2021. “The Effect of 
Contract Farming on the Environmentally Sustainable Production of 
Rice in China.” Sustainable Production and Consumption 28: 1381–1395. 
https://doi.org/10.1016/j.spc.2021.08.011.

Rimpler, A., H. A. L. Kiers, and D. van Ravenzwaaij. 2025. “To Interact 
or Not to Interact: The Pros and Cons of Including Interactions in 
Linear Regression Models.” Behavior Research Methods 57, no. 3: 92. 
https://doi.org/10.3758/s13428-025-02613-6.

Schrobback, P., A. Zhang, B. Loechel, K. Ricketts, and A. Ingham. 2023. 
“Food Credence Attributes: A Conceptual Framework of Supply Chain 
Stakeholders, Their Motives, and Mechanisms to Address Information 
Asymmetry.” Foods 12, no. 3: 538. https://doi.org/10.3390/foods12030538.

Sgroi, F., and V. D. Sciancalepore. 2022. “Dynamics of Structural 
Change in Agriculture, Transaction Cost Theory and Market Efficiency: 
The Case of Cultivation Contracts Between Agricultural Enterprises and 
the Food Industry.” Journal of Agriculture and Food Research 10: 
100396. https://doi.org/10.1016/j.jafr.2022.100396.

Shao, Y., J. Ni, S. Zhou, Y. Wang, and X. Jin. 2024. “Safety Assessment 
of Agricultural Products and the Pesticide Regulation Trend in China.” 
Agricultural and Food Economics 12, no. 1: 29. https://doi.org/10.1186/ 
s40100-024-00322-w.

Sharifzadeh, M. S., and G. Abdollahzadeh. 2021. “The Impact of Different 
Education Strategies on Rice Farmers' Knowledge, Attitude and Practice 
(KAP) about Pesticide Use.” Journal of the Saudi Society of Agricultural 
Sciences 20, no. 5: 312–323. https://doi.org/10.1016/j.jssas.2021.03.003.

Sheldon, I. M. 2017. “Certification Mechanisms for Credence Attributes 
of Foods: Does It Matter Who Provides Diagnosis?” Annual Review of 
Resource Economics 9, no. 1: 33–51. https://doi.org/10.1146/annurev- 
resource-100516-053630.

Shrimali, R. 2021. “Introduction and Rethinking Contract Farming.” In 
Contract Farming, Capital and State, edited by R. Shrimali, 1–24. 
Springer Singapore.

Steinle, C., H. Schiele, and T. Ernst. 2014. “Information Asymmetries as 
Antecedents of Opportunism in Buyer‐Supplier Relationships: Testing 
Principal‐Agent Theory.” Journal of Business‐to‐Business Marketing 21, 
no. 2: 123–140. https://doi.org/10.1080/1051712X.2014.903457.

Straw, E. A., E. Kelly, and D. A. Stanley. 2023. “Self‐Reported Assessment of 
Compliance With Pesticide Rules.” Ecotoxicology and Environmental Safety 
254: 114692. https://doi.org/10.1016/j.ecoenv.2023.114692.

Sun, Y., X. Huang, B. Paerhati, and K. Zhou. 2025. “Collaborative 
Solutions for Agricultural Water Pollution in Smallholder Economies: 
Farmers and Local Governments Unite.” Agricultural Water 
Management 313: 109499. https://doi.org/10.1016/j.agwat.2025.109499.

Suwannadi, T., W. Dechruksa, and C. Panpakdee. 2026. “Quantifying 
the Effects of Pest Pressure and Peer Networks on Pesticide Purchasing 
Decisions Among Thai Farmers.” Sustainable Futures 11: 101731. 
https://doi.org/10.1016/j.sftr.2026.101731.

Tan, S., D. Xie, J. Ni, et al. 2022. “Characteristics and Influencing 
Factors of Chemical Fertilizer and Pesticide Applications by Farmers in 
Hilly and Mountainous Areas of Southwest, China.” Ecological 
Indicators 143: 109346. https://doi.org/10.1016/j.ecolind.2022.109346.

15 Agribusiness, 2026

 15206297, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/agr.70159 by R

oyal A
gricultural U

niversity, W
iley O

nline L
ibrary on [21/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/agec.12445
https://doi.org/10.1111/ectj.12113
https://doi.org/10.1111/ectj.12113
https://doi.org/10.1002/jae.1064
https://doi.org/10.1002/jae.1064
https://doi.org/10.1016/j.jclepro.2023.137277
https://doi.org/10.3389/fsufs.2024.1368997
https://doi.org/10.1093/erae/jbaf038
https://doi.org/10.1093/ajae/aax079
https://doi.org/10.1111/rode.12354
https://doi.org/10.1111/1467-8489.12446
https://doi.org/10.1111/1467-8489.12446
https://doi.org/10.1257/jel.45.3.595
http://www.moa.gov.cn/govpublic/ZZYGLS/202212/t20221201_6416398.htm
http://www.moa.gov.cn/govpublic/ZZYGLS/202212/t20221201_6416398.htm
https://doi.org/10.1016/j.foodpol.2023.102424
https://doi.org/10.2499/9780896292130_04
https://cgspace.cgiar.org/server/api/core/bitstreams/d1f609e8-d3b0-4060-b6a3-83151690d87f/content
https://cgspace.cgiar.org/server/api/core/bitstreams/d1f609e8-d3b0-4060-b6a3-83151690d87f/content
https://cgspace.cgiar.org/server/api/core/bitstreams/d1f609e8-d3b0-4060-b6a3-83151690d87f/content
https://doi.org/10.1016/j.worlddev.2008.08.025
https://doi.org/10.1016/j.worlddev.2008.08.025
https://doi.org/10.1016/j.foodcont.2020.107788
https://doi.org/10.1016/j.foodcont.2020.107788
https://doi.org/10.1093/ajae/aax043
https://doi.org/10.7595/management.fon.2011.0005
https://ageconsearch.umn.edu/record/290069/?v=pdf
https://doi.org/10.1016/j.spc.2021.08.011
https://doi.org/10.3758/s13428-025-02613-6
https://doi.org/10.3390/foods12030538
https://doi.org/10.1016/j.jafr.2022.100396
https://doi.org/10.1186/s40100-024-00322-w
https://doi.org/10.1186/s40100-024-00322-w
https://doi.org/10.1016/j.jssas.2021.03.003
https://doi.org/10.1146/annurev-resource-100516-053630
https://doi.org/10.1146/annurev-resource-100516-053630
https://doi.org/10.1080/1051712X.2014.903457
https://doi.org/10.1016/j.ecoenv.2023.114692
https://doi.org/10.1016/j.agwat.2025.109499
https://doi.org/10.1016/j.sftr.2026.101731
https://doi.org/10.1016/j.ecolind.2022.109346


Tang, C., H. Zhang, and J. Xie. 2022. “Optimal Contract Design in 
Contract Farming under Asymmetric Effort Information.” Sustainability 
14, no. Number 22: 15000. https://doi.org/10.3390/su142215000.

The National Development and Reform Commission. 2021. The 14th 
Five‐Year Plan of the People's Republic of China—Fostering High‐ 
Quality Development. Asian Development Bank. https://doi.org/10. 
22617/BRF210192-2.

United Nations Environment Programme. 2022. Synthesis Report on 
the Environmental and Health Impacts of Pesticides and Fertilizers and 
Ways to Minimize Them. Food and Agriculture Organization of the 
United Nations and World Health Organization. https://wedocs.unep. 
org/xmlui/bitstream/handle/20.500.11822/38409/pesticides.pdf.

Vishnu, K., and P. G. Chengappa. 2023. “Transaction Cost Estimation in 
Vegetable Marketing Involving Modern Food Retail Chains.” In 
Proceedings of the International Symposium Southeast Asia Vegetable 
2021 (SEAVEG 2021), edited by I. Irham, M. Firdaus and S. De Neve, 
495–507. Atlantis Press International BV.

Weituschat, C. S., S. Pascucci, V. C. Materia, and F. Caracciolo. 2023. 
“Can Contract Farming Support Sustainable Intensification in Agri‐ 
Food Value Chains?” Ecological Economics 211: 107876. https://doi.org/ 
10.1016/j.ecolecon.2023.107876.

Wooldridge, J. M. 2010. Econometric Analysis of Cross Section and Panel 
Data. The MIT Press.

Wooldridge, J. M. 2020. Introductory Econometrics: A Modern Approach. 
Cengage Learning India.

Xia, Y., H. Guo, S. Xu, and C. Pan. 2024. “Environmental Regulations 
and Agricultural Carbon Emissions Efficiency: Evidence From Rural 
China.” Heliyon 10, no. 4: e25677. https://doi.org/10.1016/j.heliyon. 
2024.e25677.

Xie, L., J. Zhang, W. Huang, D. Ke, and L. Li. 2023. “Relationship 
Between Rural Land Titling and Land Transfer in China: A Systematic 
Literature Review and Meta‐Analysis.” Frontiers in Sustainable Food 
Systems 7: 1143595. https://doi.org/10.3389/fsufs.2023.1143595.

Yan, H., B. van Rooij, and J. van der Heijden. 2016. “The Enforcement– 
Compliance Paradox: Implementation of Pesticide Regulation in 
China.” China Information 30, no. 2: 209–231. https://doi.org/10.1177/ 
0920203X16636510.

16 Agribusiness, 2026

 15206297, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/agr.70159 by R

oyal A
gricultural U

niversity, W
iley O

nline L
ibrary on [21/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.3390/su142215000
https://doi.org/10.22617/BRF210192-2
https://doi.org/10.22617/BRF210192-2
https://wedocs.unep.org/xmlui/bitstream/handle/20.500.11822/38409/pesticides.pdf
https://wedocs.unep.org/xmlui/bitstream/handle/20.500.11822/38409/pesticides.pdf
https://doi.org/10.1016/j.ecolecon.2023.107876
https://doi.org/10.1016/j.ecolecon.2023.107876
https://doi.org/10.1016/j.heliyon.2024.e25677
https://doi.org/10.1016/j.heliyon.2024.e25677
https://doi.org/10.3389/fsufs.2023.1143595
https://doi.org/10.1177/0920203X16636510
https://doi.org/10.1177/0920203X16636510

	Does Contract Farming Reduce Pesticide Use? Panel Data Evidence From Smallholder Farmers in China
	1 Introduction
	2 Conceptual Framework and Econometric Model
	2.1 Conceptual Framework
	2.2 Econometric Model
	2.2.1 Two-Way Fixed-Effect Model
	2.2.2 Two-Stage Least Square Method


	3 Data and Descriptive Statistics
	3.1 Data
	3.2 Descriptive Statistics

	4 Results
	4.1 Baseline Results: TWFE Estimates
	4.2 TSLS Estimates
	4.3 Robustness Checks
	4.4 Heterogeneity Analysis: Crop-Specific Estimation Results

	5 Discussion and Conclusion
	Author Contributions
	Acknowledgments
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References




