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This study explores the impact of off-farm employment on the adoption of 
Integrated Pest Management (IPM) technology among farmers in rural China, 
with a focus on sustainable farm development. Utilizing micro-survey data and 
applying an endogenous switching Probit model within a counterfactual analysis 
framework, the research examines how off-farm employment influences the 
likelihood of adopting IPM technology. The findings reveal that 67.84% of farmers 
have adopted IPM technology, while 32.16% have not. The counterfactual analysis 
indicates that if farmers with off-farm employment did not engage in off-farm 
activities, their probability of adopting IPM technology would decrease by 71.57%. 
Conversely, if farmers without off-farm employment were to engage in off-farm 
activities, their probability of adopting IPM technology would increase by 76.95%. 
Key factors influencing off-farm employment include age, education level, number 
of elderly in the household, membership in a cooperative, number of land plots, 
village topography, and the number of family members and relatives working in 
government or public institutions. In addition, age, personal health status, number 
of household laborers, membership in a cooperative, number of land plots, village 
topography, and ecological cognition significantly affect the adoption of IPM 
technology. The study suggests that optimizing industrial structure, improving the 
rural employment market, enhancing the role of farmers’ professional cooperatives, 
strengthening education and training efforts, and increasing publicity efforts can 
collectively improve the adoption of IPM technology. These strategies contribute 
to sustainable farm development and better environmental outcomes.
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1 Introduction

Food security is a critical issue for governments and agricultural sectors worldwide. 
According to data from the Food and Agriculture Organization (FAO, 2020), approximately 
820 million people globally face the challenge of undernutrition. Therefore, ensuring the 
stability and quality of food supply is essential for maintaining social stability and promoting 
the well-being of people. However, recurring pests and diseases have led to continuous crop 
yield reductions, posing a severe threat to food security (Savary et al., 2019). Each year, up to 
40% of global crop yields are lost due to pest damage, amounting to losses exceeding 
$220 billion (Singh et  al., 2023). In China, the area affected by pests is estimated to 
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be 315 million acres, a 24% increase compared to the previous year, 
with an anticipated yield loss risk exceeding 36 billion pounds.

Chemical pesticides can effectively control the number of 
pests, pathogens, and weeds, reducing crop losses caused by pests 
and diseases and increasing crop yields (Hao and Zheng, 2017; 
Wang et al., 2015; Zhang et al., 2015a). Due to their convenience, 
specific efficacy, and economic benefits, chemical pesticides have 
become the primary method for controlling pests in agricultural 
production (Schreinemachers and Tipraqsa, 2012; Zhang 
et al., 2020).

To protect crops from pests and increase food production, a large 
amount of chemical pesticides has been used. According to FAO 
(2020) data, the global pesticide usage in 2020 was 2.66 million tons, 
with China’s agricultural pesticide usage at 258,000 tons, accounting 
for about 8% of global usage. However, long-term excessive use of 
chemical pesticides has led to environmental pollution, ecosystem 
degradation, and biodiversity loss (Zhang et al., 2015b; Nie et al., 2016; 
Rodrigues et  al., 2018; Liu et  al., 2018). Residues from chemical 
pesticides can enter soil, water bodies, and air, posing potential threats 
to ecosystems and possibly having adverse effects on human health 
(Mostafalou and Abdollahi, 2017; Zhang et al., 2018; Varjani et al., 
2019; Wang et al., 2022). The long-term excessive use of the same type 
of chemical pesticides can lead to the development of resistance in 
pests or pathogens, causing them to rapidly reproduce in the 
environment and exacerbating pest problems (Bass and Jones, 2018). 
This not only increases the economic burden on farmers but also 
threatens food security. Hence, reducing the over-reliance on chemical 
pesticides and implementing sustainable agricultural development 
strategies has become a consensus among countries.

To reduce the adverse effects of chemical pesticides, many 
countries have adopted more sustainable and environmentally friendly 
innovative pest management technologies. Among these, Integrated 
Pest Management (IPM) technology has been widely utilized as an 
environmentally sustainable and socio-economically viable approach 
to address pests, diseases, and weeds (Sadique et  al., 2018). IPM 
employs biological and physical methods for pest control, including 
strategies like biological pest control, ecological control, and the use 
of traps such as pheromone traps, yellow sticky traps, and infected site 
removal. It also includes the application of soil conditioners, pest-
resistant crop varieties, biopesticides, and beneficial insects (Mian 
et al., 2016).

From an environmental perspective, IPM can protect soil and 
water resources, safeguard wildlife, enhance crop resilience, and 
promote ecosystem health (Fernandez-Cornejo, 1998; Pretty and 
Bharucha, 2015; Fahad et al., 2018). Economically, IPM is regarded as 
a cost-effective pest management strategy (Grasswitz, 2019), as it 
reduces pesticide application costs and improves the quality and 
marketability of agricultural products, enabling higher prices and 
monetary returns. It thus offers multiple advantages such as being 
environmentally friendly and economically beneficial (Yaguana et al., 
2016; Gautam et al., 2017).

Consequently, IPM technology not only maintains stable crop 
yields while significantly reducing chemical pesticide usage but also 
minimizes implementation costs, reducing farmers’ agricultural 
production expenditures. Ultimately, it delivers substantial economic, 
social, and environmental benefits to farmers and provides a crucial 
material and technical foundation for sustainable agricultural 
development, environmental protection, and food safety.

To promote sustainable agricultural development and the 
adoption of IPM technology, the Chinese government has introduced 
a series of related policies. Government departments have established 
pest warning and control stations to monitor and forecast pest 
outbreaks and have set up demonstration sites for major pest control 
technologies in multiple regions. While the implementation of these 
policies has encouraged farmers to adopt pest control technologies, 
the actual adoption rate of IPM technology among farmers remains 
low (Otieno et al., 2023). In 2021, the coverage rate of green pest 
control for major crops in China was only 46%. Effectively optimizing 
the promotion and application of IPM technology in China is an 
urgent and important issue.

The successful implementation of Integrated Pest Management 
(IPM) technology cannot rely solely on government participation, as 
farmers are the primary decision-makers and implementers of this 
technology (Tian et al., 2022). Existing literature highlights several 
intrinsic factors influencing farmers’ adoption of IPM. From a policy 
perspective, Kaiser et  al. (2010) conducted a case study in the 
grasslands of Brandenburg, Germany, demonstrating that subsidy 
policies can significantly improve farmers’ adoption of IPM practices. 
Similarly, Gautam et  al. (2017) found through propensity score 
matching and inverse probability weighting that trained farmers 
gained better knowledge of pests and pesticides, adopted more IPM 
practices, and reduced the frequency of spraying and mixing different 
pesticides. From an individual characteristic perspective, Korir et al. 
(2015) observed that better-educated family farms tend to be more 
aware of the importance of land tenure security and the potential 
benefits of IPM. Risk-tolerant farmers are more likely to try IPM and 
other sustainable agricultural production technologies (Deguine et al., 
2021). However, women, compared to men, often have less access to 
key resources such as land, cash, and labor, making it more challenging 
for them to adopt IPM (De Groote and Coulibaly, 1998; Shrestha et al., 
2024). Yaguana et al. (2016) noted that many small-scale farmers, due 
to lower education levels, are reluctant to adopt IPM because they 
cannot comprehend the complex interactions between pests and the 
knowledge-intensive nature of IPM. From a household perspective, 
larger farm sizes and greater household sizes are associated with a 
higher likelihood of adopting IPM technology (Ma and Abdulai, 
2018). Additionally, factors such as a lack of ecological literacy 
(Horgan, 2017; Murray et al., 2021), farming habits (Parsa et al., 2014), 
risk aversion (Deguine et  al., 2021), and constraints on access to 
information resources (Yaguana et al., 2016) further influence farmers’ 
adoption decisions regarding IPM technology.

Currently, there is a trend of increasing off-farm employment 
among farmers in agricultural production, with the proportion of full-
time farmers decreasing and the proportion of farmers with off-farm 
employment rising. Off-farm employment has become the main form 
of agricultural operation in China (Zhao, 1999; Chen, 2019; Bai et al., 
2022). In academic circles, the impact of off-farm employment on 
technology adoption is debated: some argue that off-farm employment 
hinders technology adoption because it reduces farmers’ ability to 
adapt to new agricultural technologies (Xin and Anlu, 2017) and 
lowers the quality of agricultural labor input (Yang et al., 2020). This 
leads to farmers avoiding the risks associated with new agricultural 
technologies and preferring short-term investments in increased 
pesticide use (Jieling et al., 2018). On the other hand, some believe 
that off-farm employment promotes technology adoption. The 
primary reason is that risk aversion and agricultural technology 
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investment are significantly negatively correlated (Liu and Huang, 
2013; Rezaei et al., 2019). Off-farm employment can increase 
household income, thereby enhancing their ability to withstand risks 
and promoting the adoption of green production technology.

Therefore, exploring the relationship between farmers’ off-farm 
employment and their adoption of Integrated Pest Management (IPM) 
technology can provide valuable insights for addressing the disconnect 
between the promotion of IPM technology and the low adoption rate 
among farmers, as well as for controlling pollution at its source in 
agricultural production. Distinguishing from previous studies, the 
main contributions of this paper are as follows: Early research on 
reducing chemical pesticide use and promoting IPM primarily 
focused on economic incentives, technological awareness, and farmer 
characteristics (Moss, 2019; Lee et  al., 2019; Lefebvre et  al., 2014; 
Lucchi and Benelli, 2018). However, there is limited empirical research 
on how the growing trend of off-farm employment among farmers 
influences the adoption of IPM technology. The contributions of this 
study are twofold: First, it examines whether off-farm employment 
influences farmers’ adoption of IPM technology. Second, it addresses 
potential systematic biases in existing research methods, which often 
use econometric models like Logit and Probit. These models may fail 
to account for the simultaneous influence of observable variables on 
both off-farm employment and IPM adoption behaviors.

2 Theoretical framework and 
hypothesis development

Farmers’ production behavior is rational. To mitigate the 
uncertainty risks in agricultural production and ensure survival, 
farmers choose production methods that align with their resources 
and objectives. The induced innovation theory suggests that resource 
scarcity, which affects the relative prices of factors, induces 
technological change (Hayami and Ruttan, 1985; Yujiro and Hang, 
2004). In a market economy, farmers are influenced by changes in 
factor prices to seek technologies that can substitute increasingly 
scarce production factors and apply techniques that conserve relatively 
scarce resources (Liu and Shumway, 2006). When a particular labor 
endowment becomes scarcer compared to a capital endowment, the 
specific relative prices of these factors guide producers to adopt 
technologies that save labor and increase capital input. Producers, 
aiming for profit maximization, choose such biased technological 
changes to replace scarcer (and more expensive) factors with more 
abundant (and cheaper) ones to lower production costs.

Part-time farmers are defined as households where labor is 
engaged in both agricultural and non-agricultural work (Hao et al., 
2013). As part-time farmers increasingly take up non-agricultural 
work, the allocation of production factors in agricultural production 
undergoes significant changes. On one hand, off-farm employment 
allows farmers to earn wage income. When farmers enter the 
non-agricultural sector, their income rises significantly, with wage 
income surpassing pure agricultural income and becoming the main 
source of income growth. This leads to an increase in the opportunity 
cost of farming and raises the relative price of agricultural labor. On 
the other hand, off-farm employment reduces the amount of 
agricultural labor input in farming households, making labor a scarce 
resource in agricultural production. Rising labor costs, in particular, 
encourage farmers to adopt technologically intensive production 

methods. As a technologically intensive agricultural technique (Kai 
et  al., 2023), IPM technology integrates ecological regulation 
techniques, modern biotechnology, agricultural control, biological 
control, physical and chemical trapping techniques, and rational 
chemical control to build an “economical, simple, and effective” 
ecological engineering technology system. Through targeted 
interventions, the comprehensive control techniques can more 
effectively address specific pest problems, reduce reliance on external 
control measures, decrease indiscriminate pesticide application, and 
lower labor demands. Unlike traditional chemical pesticides, which 
often require frequent, large-scale spraying with little precision, IPM 
methods such as pheromone traps, biological agents, and precise 
spraying techniques minimize labor-intensive tasks associated with 
blanket chemical applications. Although the initial adoption of IPM 
may require higher upfront investment in training and tools, the 
overall costs are reduced through decreased reliance on chemical 
inputs and improved crop resilience.

Paudel et  al. (2020) provided empirical evidence from Nepal, 
where they compared IPM and traditional farming techniques across 
four locations (Lalitpur, Banke, Surkhet, and Dadeldhura). Their study 
demonstrated that in crops such as tomatoes, cucumbers, and bitter 
gourds, adopting IPM technology not only reduced labor input and 
pest infestation but also required fewer pesticide applications, 
highlighting its efficiency in addressing labor and pest management 
challenges. In addition, off-farm employment increases household 
income, alleviating financial constraints in agricultural production 
and enabling the purchase of more agricultural inputs. Therefore, as 
farmers engage in off-farm work, they are inclined to adopt IPM 
technology. Based on the above analysis, the following hypothesis 
is proposed:

H1: Off-farm employment promotes farmers’ adoption of 
Integrated Pest Management technology.

Non-agricultural income increases household income, alleviating 
the financial limitations faced in agricultural production and 
providing funds for productive investment. However, the financial 
investment required for implementing Integrated Pest Management 
(IPM) technology is relatively low compared to the total agricultural 
expenditure. Thus, the effect of increased non-agricultural income is 
influenced by expected returns. Rational behavior theory suggests that 
farmers’ actions are influenced by expected returns, which in turn are 
affected by their cognitive level. Ecological cognition, an important 
part of farmers’ understanding, involves basic awareness of the 
ecological environment, the direct and indirect use values of 
ecosystem services, and understanding and grasping environmental 
protection policies and ecological scientific knowledge. It encompasses 
the perception and understanding of ecological phenomena and the 
quality of the ecological environment (Yuriev et  al., 2020; Ren 
et al., 2022).

Cognitive behavior theory posits that cognition forms the basis of 
behavior, with individual preferences shaped by their understanding, 
ultimately influencing their decision-making (Yazdanpanah et  al., 
2015). The bounded rationality hypothesis in behavioral economics 
suggests that due to limited ecological cognition and incomplete 
information, farmers’ adoption of green production behavior is 
constrained (Li and Jin, 2022). When farmers perceive that the 
benefits of environmental protection outweigh the costs, they are 
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more likely to prefer ecological behaviors. Constantino et al. (2021) 
and Rezaei et al. (2019) assert that there is a positive relationship 
between ecological cognition and behavior, significantly impacting 
decision-makers’ actions. Mouron et al. (2006) found that ecological 
cognition helps farmers choose optimal pest management methods 
and organic farming strategies.

Ecological cognition represents farmers’ subjective understanding 
of agricultural production and the ecological environment, derived 
from their knowledge related to the ecological environment (Zhu and 
Wang, 2019). Off-farm employment can effectively expand farmers’ 
social networks, breaking through traditional networks based on 
kinship and informal rules, enhancing their sources of knowledge 
acquisition and broadening their perspective and ability to acquire 
information. This improves their understanding and application of new 
technology. In addition, increased income from off-farm employment 
leads to greater attention to personal health concerns and a higher 
demand for a good ecological environment, thereby enhancing their 
ecological cognition. This, in turn, promotes the adoption of IPM 
technology. Based on this analysis, the following hypothesis is proposed:

H2: Off-farm employment enhances farmers’ ecological cognition, 
promoting the adoption of Integrated Pest Management  
technology.

3 Materials and methods

3.1 Empirical approach

3.1.1 Endogenous switching probit model
Since it is impossible to simultaneously observe the adoption 

behavior of a single farmer under both off-farm employment and 
non-off-farm employment conditions, we cannot directly evaluate the 
impact of off-farm employment on the adoption of Integrated Pest 
Management (IPM) technology. Therefore, this study constructs an 
endogenous switching Probit model and uses a counterfactual 
framework based on regression results to estimate the treatment effect 
of off-farm employment on the probability of adopting IPM technology.

First, off-farm employment is considered as the treatment variable 
( iT ). If the farmer is engaged in off-farm employment, 1iT = ; otherwise, 

0iT = . The equation representing whether a farmer is engaged in 
off-farm employment is given in Equation 1:
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Next, we  define the outcome equations for farmers’ adoption 
behavior of IPM technology under different conditions, as shown in 
Equation 2:
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In this equation, the latent variables 1iy∗  and 0iy∗  represent the 
adoption behavior of farmers toward IPM technology under off-farm 
employment and non-off-farm employment conditions, respectively. 
These latent variables determine the observed binary state variables 

1 0 1.i i iy and y X  and iX µ  are other variables affecting the adoption 
behavior of IPM technology, and tβ  and µβ  are the coefficients to 
be estimated.

The probability that a farmer engaged in off-farm employment 
adopts IPM technology, estimated using the normal distribution 
function, is:

 ( )it it1,Xi it t tE Y T x X µβ σ λ′= = = +
 (3)

The probability that a farmer engaged in off-farm employment 
does not adopt IPM technology is:

 ( )iu it1,Xi it u uE Y T x X µβ σ λ′= = = +
 (4)

The probability that a farmer not engaged in off-farm employment 
adopts IPM technology is:

 ( )it iu0,Xi iu u uE Y T x X µβ σ λ′= = = +
 (5)

The probability that a farmer not engaged in off-farm employment 
does not adopt IPM technology is:

 ( )iu iu0,Xi iu t tE Y T x X µβ σ λ′= = = +
 (6)

Thus, the average treatment effect of off-farm employment on the 
adoption of IPM technology ( iATT ) is represented by the difference 
between Equations 3, 4 and is given in Equation 7:

 

( ) ( )
( ) ( )
it iuATT 1,X 1,Xi i i

it t u it t u

E Y T x E Y T x

X µ µβ β λ σ σ′

= = = − = = =

− + −
 (7)

The average treatment effect of non-off-farm employment on the 
adoption of IPM technology (ATU) is represented by the difference 
between Equations 5 and 6, and is given in Equation 8:

 

( ) ( )
( ) ( )
it iuATU 0,X 0,Xi i i

iu t u iu t u

E Y T x E Y T x

X µ µβ β λ σ σ′

= = = − = = =

− + −
 (8)

In summary, this study uses the average values of ATT and ATU 
to examine the average treatment effect of off-farm employment on 
farmers’ adoption behavior of IPM technology.

3.1.2 Mediation effect model
Based on the previous analysis, off-farm employment mainly 

influences farmers’ adoption of IPM technology through their 
ecological cognition. This study draws on Heckman et al.’s (2013) 
approach to quantify the mechanism of influence and validate the 
proposed mechanism. The model is set as follows Equations 9–11:
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 0 1 2 1Y X Zα α α ε= + + +  (9)

 0 1 2 2M X Zβ β β ε= + + +  (10)

 0 1 2 3 3Y X M Z= ϕ + ϕ + ϕ + α + ε  (11)

3.2 Variable definition and description

3.2.1 Dependent variable
Integrated Pest Management (IPM) refers to a crop management 

strategy aimed at preventing economic losses caused by pests, diseases, 
and weeds by using all applicable technical measures or combinations 
thereof in a manner suited to the local ecological environment and 
species dynamics (Zhu, 2015). There are various types of IPM 
technologies. Based on the research of Zhu (2015), this study considers 
any farmer who has adopted any form of IPM technology to have 
adopted IPM. Farmers who have adopted IPM technology are assigned 
a value of 1, while those who have not are assigned a value of 0.

3.2.2 Key independent variable
The key independent variable is whether the farmer has an 

off-farm job. Farmers with off-farm jobs are assigned a value of 1, and 
those without are assigned a value of 0.

From Table  1, it is evident that 25.89% of the farmers have 
off-farm jobs, while 74.11% do not. The proportion of farmers who 
have adopted IPM technology is 54.28%, and those who have not 
adopted it is 45.72%. The survey results indicate that more than half 
of the farmers have adopted IPM technology. Furthermore, the 
adoption rate of IPM technology is higher among farmers with 
off-farm jobs compared to those without. Conversely, the rate of not 
adopting IPM technology is lower among farmers with off-farm jobs 
than those without. This indicates that farmers with off-farm jobs are 
significantly more likely to adopt IPM technology.

3.2.3 Exclusion restriction variable
To apply the endogenous switching model, it is necessary to 

include an exclusion restriction variable, which serves as an 
instrumental variable that affects the selection equation but not the 
outcome equation (Mustafa et al., 2023). In this study, the number of 
family members or relatives working in government or public 
institutions is chosen as the instrumental variable. The primary reason 
for this choice is that farmers engaged in off-farm employment need 
to obtain certain information, and having relatives working in 
government or public institutions can increase their likelihood of 
off-farm employment. However, this variable does not directly 

influence farmers’ adoption of Integrated Pest Management (IPM) 
technology. The adoption of IPM depends on the farmers’ knowledge 
and the potential benefits they can obtain, which are not directly 
enhanced by having relatives working in government institutions.

Theoretically, an effective instrumental variable must satisfy two 
basic requirements: relevance and exogeneity. In this study, the adoption 
of IPM technology is the dependent variable, while off-farm 
employment, the instrumental variable (number of relatives working in 
government or public institutions), and other control variables are the 
independent variables. Using a probit model regression, it was found that 
the coefficient of the instrumental variable (number of relatives working 
in government or public institutions) is −0.018, with a corresponding 
p-value of 0.685. This indicates that the number of relatives working in 
government or public institutions does not directly affect the adoption 
of IPM technology by farmers, thus satisfying the exogeneity requirement.

Additionally, when off-farm employment is the dependent 
variable, with the instrumental variable and other control variables as 
independent variables, the probit model regression shows that the 
coefficient of the instrumental variable is 0.3385, with a corresponding 
p-value of 0.000. This demonstrates that the number of relatives 
working in government or public institutions influences off-farm 
employment, satisfying the relevance requirement.

In summary, based on these empirical tests, there is no evidence 
suggesting that the instrumental variable is inappropriate. Therefore, 
the selected instrumental variable (number of relatives working in 
government or public institutions) is considered effective for this study.

3.2.4 Mediator variable
Ecological cognition refers to farmers’ subjective understanding 

of agricultural production and the ecological environment. Based on 
the realities of agricultural production, this study distinguishes 
ecological cognition into two dimensions: awareness of ecological 
benefits and awareness of economic benefits. Drawing on the research 
methods of Meng and Si (2022) and Duan and Luo (2024), and 
considering the practical context of agricultural production, this study 
measures awareness of ecological benefits using the question: “Do 
you think IPM and other green production technologies are beneficial 
for environmental protection and air pollution prevention?” Responses 
to this question are measured on a 5-point Likert scale: 1 = Strongly 
disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly agree. 
Awareness of economic benefits is measured using the question: “Do 
you think IPM and other green production technologies are beneficial 
for increasing your household’s production and income?” Responses 
to this question are measured on a 5-point scale based on perceived 
financial impact: 1 = Very detrimental, 2 = Somewhat detrimental, 
3 = No impact, 4 = Somewhat beneficial, 5 = Very beneficial. This 
approach provides a more nuanced measurement of ecological 
cognition, tailoring the scales to the specific nature of each dimension. 

TABLE 1 Descriptive statistics of farmers’ adoption of integrated pest management technology.

Off-farm job 
status

Sample size Proportion (%) Adopted IPM 
technology

Not adopted IPM 
technology

Sample size Proportion (%)

Off-farm job 218 25.89 200 91.74

No off-farm Job 624 74.11 257 41.19

Total 842 100 457 54.28
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It aligns with established methodologies in the literature, ensuring 
robustness and comparability with existing studies.

3.2.5 Control variables
Based on the questionnaire data, this study selects the following 

personal characteristics of the sample: gender, age, years of education, 
and health status. It also includes household characteristics such as the 
number of household laborers, annual household income, farming 
area (mu), number of land plots, and membership in a cooperative, as 
control variables (Table 2).

3.3 Data source

The data for this study were obtained from household surveys 
conducted by the research team in August 2020 in selected areas of 
Hubei Province, Guangxi Zhuang Autonomous Region, Guizhou 
Province, Henan Province, and Anhui Province. These five provinces 
were chosen because Henan and Anhui have yields significantly 
higher than the national average, Hubei’s yield is slightly above 
average, and Guangxi and Guizhou have yields far below the national 
average. Hubei, Anhui, and Henan are major production bases for 
grain, cotton, and oil crops in China, with high total agricultural 
output. Guangxi and Guizhou are rich in agricultural resources and 
feature diverse crop varieties. The selected locations encompass plains, 
mountainous regions, and hilly terrains, making the statistical results 
broadly representative and generalizable.

Our survey employed a multi-stage sampling procedure to select 
households. First, socio-demographic data were collected for all 
counties in these provinces. Based on this information, 13 
representative counties were chosen across the five provinces. 
Similarly, 55 villages were selected from these counties. Finally, 
households were randomly chosen from each village.

A standardized questionnaire was used to collect data on 
integrated pest management (IPM) technology, production practices, 
agricultural information sources, land conditions, transportation, and 
socio-demographic characteristics. Two questions were directly 
related to the adoption of IPM technology. Farmers were first asked 
whether they had adopted IPM technology in their agricultural 
production. After excluding farmers with missing values for key 
variables, the dataset comprised 842 farmers. Among these, 385 had 
not adopted IPM technology, while 457 had adopted it. Additionally, 
624 farmers were not engaged in off-farm employment, whereas 218 
had experience with off-farm employment.

4 Results and discussion

4.1 Regression results of the impact of 
off-farm employment on farmers’ adoption 
of integrated pest management

This section examines the impact of off-farm employment on 
farmers’ adoption of IPM technology, using off-farm employment as 
the core variable and IPM adoption behavior as the outcome variable. 
Models (1) and (2) are estimated using full information maximum 
likelihood estimation (FIML). The regression results are presented in 
Table 3.

Using off-farm employment as the core variable and IPM adoption 
behavior as the outcome variable, Models (1) and (2) were estimated 
using full information maximum likelihood estimation (FIML). The 
regression results are shown in Table 3.

As indicated in Table 3, the Wald chi-square value is significant at 
the 1% level, indicating that the overall model is highly significant. 
Additionally, the value of rho1 is significant at the 10% statistical level, 
suggesting that there are unobservable factors that simultaneously 
affect whether farmers engage in off-farm employment and whether 
they adopt IPM technology. This implies that the baseline regression 
model may have selection bias (Mustafa et al., 2023; Leng et al., 2024), 
thus validating the use of the endogenous switching model.

4.1.1 Analysis of factors affecting farmers’ 
off-farm employment

The results for control variables, while informative, are not the 
primary focus of this study and are discussed briefly to confirm model 
robustness. Farmers’ off-farm employment decreases with higher 
education levels, which differs from the findings of Lu et al. (2022), 
who suggested that education promotes off-farm activities. One 
explanation could be that better-educated farmers are more likely to 
pursue full-time non-agricultural jobs or operate as new agricultural 
entities, focusing on providing agricultural services rather than 
combining these with off-farm work. Similarly, age negatively impacts 
off-farm employment, consistent with Brosig et al. (2009), indicating 
that younger individuals are more likely to engage in such activities.

Cooperative membership positively influences off-farm 
employment, as cooperatives may reduce farming labor requirements, 
allowing more time for off-farm activities (Brosig et al., 2009). Farm 
size also has a positive impact, likely because larger landholdings 
encourage the use of agricultural machinery, reducing manual labor 
and freeing up time for off-farm employment. In contrast, the number 
of land plots negatively affects off-farm employment, as managing 
multiple plots increases labor demands and reduces time available for 
non-agricultural activities (Weng et al., 2017).

Finally, having relatives employed in government or public 
institutions positively influences off-farm employment, likely due to 
better access to non-agricultural job information and opportunities. 
This finding aligns with the broader understanding of how social 
networks facilitate off-farm employment decisions.

4.1.2 Analysis of factors affecting farmers’ 
proactive adoption of integrated pest 
management

Household income positively influences farmers’ adoption of IPM 
technology, consistent with the findings of Ma and Abdulai (2018). 
Farmers with higher household income are more likely to adopt IPM, 
as greater financial resources make it easier to afford the costs 
associated with implementing advanced pest management strategies. 
This relationship holds true for both off-farm and non-off-farm 
employment groups, highlighting the role of income in enabling 
access to sustainable agricultural practices.

In the non-off-farm employment group, male farmers are more 
inclined to adopt IPM technology than female farmers, likely due to 
differences in access to resources and decision-making authority. 
Additionally, farmers with larger cultivated land areas are more likely 
to adopt IPM practices. Larger-scale operations may have greater 
incentives and capacity to invest in technologies that improve pest 
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management and productivity, aligning with the findings of Creissen 
et al. (2021).

While these variables provide useful context, the primary focus 
remains on how off-farm employment enhances household income, 
which in turn facilitates the adoption of labor-saving and 
environmentally sustainable IPM technology.

4.2 Treatment effect analysis of off-farm 
employment on farmers’ adoption of 
integrated pest management

Using Equations 7, 8, we estimate the treatment effect of off-farm 
employment on farmers’ adoption of IPM technology. The results are 
shown in Table  4. In Table  4, columns (a) and (b) correspond to 
Equations 3, 5, respectively, representing the behavior of off-farm farmers 
who have and have not adopted IPM technology. Columns (c) and (d) 
represent the “counterfactual” results, corresponding to Equations 4, 6.

Overall, off-farm employment has a positive impact on farmers’ 
adoption of IPM technology, significant at the 1% level. The estimated 
results for the Average Treatment Effect on the Treated (ATT) indicate 
that if off-farm farmers were not engaged in off-farm activities, their 
probability of adopting IPM technology would decrease by 18.21%. 
The Average Treatment Effect on the Untreated (ATU) results suggest 

that if non-off-farm farmers were to engage in off-farm activities, their 
probability of adopting IPM technology would increase by 8.56%. This 
further demonstrates that off-farm employment positively influences 
farmers’ adoption of IPM technology.

4.3 Path analysis

The previous study shows that off-farm employment positively 
impacts farmers’ adoption of IPM technology. However, the 
mechanisms through which off-farm employment influences this 
adoption need further investigation. According to the previous 
analysis, off-farm employment enhances farmers’ ecological cognition, 
promoting the adoption of IPM technology. Ecological cognition 
refers to farmers’ subjective understanding of agricultural production 
and the ecological environment, divided into ecological benefit 
perception and economic benefit perception.

Table 5 presents the results of the mediating effect analysis using 
stepwise regression. Regression 1  in Table  5 shows that off-farm 
employment significantly promotes farmers’ adoption of IPM 
technology, further validating the previous analysis. Regression 2 
indicates that off-farm employment significantly increases farmers’ 
expected ecological benefits. Regression 3 shows that an increase in 
expected ecological benefits significantly promotes farmers’ adoption 

TABLE 2 Variable definitions and descriptive statistics.

Variable Meaning Non-off-farm 
employment

Off-farm 
employment

Difference

IPM adoption behavior Have you adopted IPM technology? Yes = 1, No = 0 0.412 0.917 −0.506***

Gender Male = 1, Female = 0 0.753 0.716 0.038

Age Actual age of the respondent (years) 51.205 47.894 3.311***

Years of education Actual years of schooling of the respondent 7.667 7.72 −0.054

Health status Actual health status: Very poor = 1, Poor = 2, Fair = 3, 

Good = 4, Very good = 5

3.348 3.486 −0.138**

Number of household 

laborers

Number of household laborers 2.351 2.514 −0.163*

Annual household income Actual annual household agricultural income (10,000 

yuan)

7.315 8.219 −0.903**

Membership in cooperative Member of a cooperative = 1, Not a member = 0 1.196 1.257 −0.061*

Farming area (Mu) Area of land farmed by each household (mu) 4.778 7.66 −2.882***

Number of land plots Number of land plots farmed by each household 3.914 3.574 0.339*

Number of relatives 

working in government or 

public institutions

Number of family members/relatives working in 

government or public institutions

0.247 0.931 −0.684***

Ecological benefits 

perception

Do you think IPM and other green production 

technologies are beneficial for environmental protection 

and air pollution prevention? Very unfavorable = 1, 

Unfavorable = 2, Neutral = 3, Favorable = 4, Very 

favorable = 5

3.96 4.11 −0.150**

Economic benefits 

perception

Do you think IPM and other green production 

technologies are beneficial for increasing your 

household's yield and income? Very unfavorable = 1, 

Unfavorable = 2, Neutral = 3, Favorable = 4, Very 

favorable = 5

3.691 4.005 −0.314***

*, **, *** represent significance levels of 10, 5, and 1%, respectively.
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behavior, consistent with the previous hypothesis. Comparing the 
results of models (1) and (3), when the mediating variable is included, 
the effect coefficient of off-farm employment on farmers’ adoption of 
IPM technology decreases from 0.518 to 0.431. This indicates that the 
influence of off-farm employment on farmers’ adoption behavior is 
partially mediated by expected ecological benefits, validating the 
proposed mechanism. The proportion of the mediating effect is 
13.88%, indicating that approximately 13.88% of the influence of 

off-farm employment on farmers’ adoption behavior is mediated by 
expected ecological benefits.

Regression 5 indicates that off-farm employment significantly 
increases farmers’ expected economic benefits. Regression 6 shows that 
an increase in expected economic benefits significantly promotes 
farmers’ adoption behavior, consistent with the previous hypothesis. 
Comparing the results of models (4) and (6), when the mediating 
variable is included, the effect coefficient of off-farm employment on 

TABLE 3 Simultaneous estimation results of off-farm employment decision and farmers’ adoption of integrated pest management (IPM) using full 
information maximum likelihood estimation (FIML).

Variable
Off-farm employment 

decision

IPM adoption

Off-farm employment Non-off-farm employment

Number of relatives working in 

government or public institutions

0.339*** – –

(0.053)

Gender 0.053 −0.314 0.265**

(0.116) (0.285) (0.122)

Age −0.021*** −0.005 −0.005

(0.005) (0.016) (0.005)

Years of education −0.073*** 0.025 −0.025

(0.019) (0.044) (0.019)

Health status 0.055 0.018 0.111

(0.068) (0.142) (0.069)

Number of household laborers 0.050 −0.072 0.040

(0.053) (0.134) (0.049)

Annual household income 0.015 0.066* 0.019*

(0.012) (0.038) (0.011)

Membership in cooperative 0.344*** 0.079 −0.155

(0.123) (0.297) (0.155)

Farming area (Mu) 0.012** 0.011 0.013*

(0.006) (0.022) (0.007)

Number of land plots −0.054** 0.010 0.024

(0.022) (0.054) (0.023)

_cons 0.062 1.761* −0.361

(0.411) (0.921) (0.447)

rho1 −0.863 – –

(0.538)

rho0 0.537 – –

(0.282)

Wald chi2(17) 78.44***

LR test of indep. Eqns. 

(rho1 = rho0 = 0): chi2(2)

5.14 Prob > chi2 = 0.0767

*, **, ***Represent significance levels of 10, 5, and 1%, respectively.

TABLE 4 Average effect of off-farm employment on farmers’ adoption behavior.

Farmer category Off-farm farmers Non-off-farm farmers ATT ATU

Off-farm farmers (a) 0.917 (c) 0.750 0.167*** —

Non-off-farm farmers (d) 0.850 (b) 0.783 — 0.067***

**, ***Represent significance levels of 5 and 1%, respectively.
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farmers’ adoption of IPM technology decreases from 0.518 to 0.41. This 
indicates that the influence of off-farm employment on farmers’ 
adoption behavior is partially mediated by expected economic benefits, 
validating the proposed mechanism. The proportion of the mediating 
effect is 15.64%, indicating that approximately 15.64% of the influence 
of off-farm employment on farmers’ adoption behavior is mediated by 
expected economic benefits.

Overall, approximately 29.52% of the influence of off-farm 
employment on farmers’ adoption behavior is mediated by expected 
ecological and economic benefits. Specifically, the role of expected 
economic benefits is higher than that of expected ecological benefits, 
indicating that when farmers believe that IPM technology can bring 
economic benefits, their willingness to adopt the technology is stronger.

5 Conclusions, policy 
recommendations, and limitation of 
the research

5.1 Conclusion

Based on micro survey data, this study constructed an endogenous 
switching Probit model and used a counterfactual analysis framework 
to estimate the treatment effect of off-farm employment on farmers’ 
adoption of Integrated Pest Management (IPM) technology. The 
results indicate the following:

 1. If off-farm farmers did not engage in off-farm activities, their 
probability of adopting IPM technology would decrease by 
71.57%. Conversely, if non-off-farm farmers were to engage in 
off-farm activities, their probability of adopting IPM 
technology would increase by 76.95%.

 2. Off-farm employment not only directly impacts farmers’ 
adoption of IPM technology but also indirectly influences 
adoption through the mediating effects of expected ecological 
and economic benefits. Approximately 29.52% of the total 
effect is achieved via these mediating pathways.

 3. Factors such as age, personal health status, number of 
household laborers, membership in a cooperative, number of 
land plots, village topography, and cognition of environmental 
governance significantly affect farmers’ adoption of 
IPM technology.

5.2 Policy recommendations

 1. Optimize industrial structure and improve rural employment 
market to increase farmers’ off-farm employment

The government should reasonably plan the industrial layout in 
rural areas, developing labor-intensive industries to promote off-farm 
employment and attract significant investment. This approach benefits 
households with elderly members by providing opportunities for 
off-farm employment while allowing them to care for their elders and 
contribute to agricultural production. Diversifying income sources 
and increasing household income levels enable farmers to invest in 
green production technologies, including IPM. The focus should 
be  on developing the tertiary industry to create more jobs for 
rural laborers.

 2. Enhance the role of farmers’ professional cooperatives and 
improve agricultural socialized service efficiency

Farmers’ professional cooperatives should collaborate with 
employment units and enterprises to increase job opportunities for 
rural laborers. They can also aggregate labor information and provide 
suitable employment opportunities to farmers. Cooperatives should 
verify job information to protect farmers’ rights and can sign long-
term off-farm employment contracts to help farmers secure 
non-agricultural income.

 3. Strengthen education and training for rural laborers to improve 
non-farm employment skills

The government should promote vocational and technical 
education to help farmers find suitable jobs. Enterprises can offer 
pre-job training based on market needs, determining training content 
and targets accordingly. Tailored educational programs should 
be provided for different types of farmers, ensuring the content is clear 
and practical. This approach will help farmers acquire relevant 
knowledge and skills, making them more adaptable to 
job requirements.

 4. Increase publicity efforts to raise farmers’ cognition levels
The government can utilize local TV stations, radio, short video 

platforms, public accounts, and professional technical personnel to 
promote green production technologies, environmental protection 
policies, and agricultural machinery purchase subsidies. These 
efforts will enhance farmers’ awareness of farmland protection and 
new technologies. Farmers should also keep pace with the 
information age, actively learning about and responding to 
environmental governance policies, mastering green production 

TABLE 5 Path analysis of the impact of off-farm employment on farmers’ adoption of integrated pest management (IPM) technology.

Perceptions of ecological benefits Economic benefits

Adoption 
behavior (1)

Perceptions of 
ecological 
benefits (2)

Adoption 
behavior (3)

Adoption 
behavior (4)

Perceptions of 
economic 
benefits (5)

Adoption 
behavior (6)

Off-farm 

employment

0.518*** 0.580*** 0.431*** 0.518*** 0.609*** 0.416***

(0.033) (0.075) (0.034) (0.033) (0.073) (0.034)

Perceptions of 

ecological benefits

0.124***

(0.011)

Perceptions of 

economic benefits

0.134***

(0.010)

Control variables Included Included Included Included Included Included

*, **, ***Represent significance levels of 10, 5, and 1%, respectively. Numbers in parentheses are standard errors.
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techniques, and increasing their knowledge reserves to improve their 
cognition levels.

By following these recommendations, it is possible to enhance the 
adoption of IPM technology among farmers, contributing to 
sustainable agricultural practices and improved rural livelihoods.

5.3 Limitations of the research

While this study provides valuable insights into the 
relationship between off-farm employment and farmers’ adoption 
of Integrated Pest Management (IPM) technology, it is not without 
limitations. First, the data is cross-sectional, limiting the ability to 
infer causal relationships over time. A longitudinal approach 
would provide a more robust understanding of how these 
dynamics evolve. Second, while the survey covered diverse regions 
in China to ensure representativeness, local cultural and policy 
differences may still affect the generalizability of the findings. 
Finally, the measurement of ecological cognition, though carefully 
designed, relies on self-reported perceptions, which may introduce 
bias or limit the precision of the construct. Future research could 
address these limitations by incorporating panel data, exploring 
region-specific factors, and utilizing objective measures of 
ecological cognition.
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