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Introduction: The problem of agricultural non-point source pollution in China
seriously affects the sustainability of grain production and poses a great threat
to food security. The key to solving the problem of agricultural non-point
source pollution is to change farmers’ past agricultural production methods at
the source of production and make them adopt pro-environmental agricultural
production behaviors. Policy-based agricultural insurance can incentivize
farmers’ willingness to adopt pro-environmental production behaviors by
reducing their production risks and protecting their agricultural income.

Methods: Based on the theory of farmers’ behavior and the theory of planned
behavior, this paper empirically analyzes the influence mechanism of policy-
based agricultural insurance on farmers’ willingness to adopt pro-environmental
production behaviors in Jiangxi Province, China, through the establishment
of the OLS model and the Ordered-Logit model. In addition, this paper also
explores the mediating roles of planting scale, planting structure and risk attitude
through the mediating effect model and Bootstrap method.

Results: The main findings of this paper are as follows: (1) Policy-based agricultural
insurance can effectively enhance farmers’ adoption willingness to adopt pro-
environmental production willingness. (2) Policy-based agricultural insurance
can enhance farmers’' pro-environmental production willingness by incentivizing
them to expand the scale of planting. (3) Policy-based agricultural insurance can
increase farmers' pro-environmental production willingness by changing their
risk attitudes and increasing their risk preferences.

Discussion: Based on the results of the study, this paper suggests that the
government should continue to optimize the policy-based agricultural
insurance products, expand the coverage, improve the payout process, increase
the payout capacity, and enhance its stimulating effect on farmers’ willingness
to adopt pro-environmental production behaviors.
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agricultural non-point source pollution, policy-based agricultural insurance,
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production
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1 Introduction

Food security is an important foundation for national security
and a major strategic issue of global significance that has a bearing
on the country’s livelihood, social stability and national self-reliance
(Ding et al., 2011). Food security is usually measured by such
indicators as food production, per capita food possession, and the
area sown with food. These indicators, in turn, usually affect the
national standard of living, determine the degree of acceptance of
the government’s level of governance, and have a very important
impact on national security (Gao et al., 2012). Chinese agriculture
has made great progress and development over the past four decades,
and one of its most important achievements is that we have achieved
basic self-sufficiency in food (Niu et al., 2022). However, along with
the continuous population growth, rapid economic development,
and the
industrialization, the factor constraints on food production are

continuous advancement of urbanization and
tightening, and soil and water pollution are intensifying, and other
problems are becoming more and more prominent (Gao et al., 2012).
With 7% of the world’s land, China produces 20% of the world’s
food, and uses 35% of the chemical fertilizers and nearly 50% of the
pesticides (Gao et al., 2012). Excessive use of pesticides and chemical
fertilizers, as well as heavy metals and other harmful substances,
spread through field runoff, drainage and underground infiltration,
resulting in increased agricultural surface pollution (Niu et al.,
2022). It is imperative to promote the transformation of the grain
production methods of the farmers.

Jiangxi Province, as one of the main rice-producing areas in
China, with a grain sown area of 3,774,300 hectares and an output of
21,985,000 tons in 2023, is also facing a serious problem of
agricultural nonpoint source pollution. Rice is one of the most
important food crops in China. Some studies have shown that rice
has been one of the more serious crops in China in terms of
indiscriminate use of chemical fertilizers and pesticides (Wei et al.,
2021). At present, the prevention and control of agricultural
non-point source pollution is the key to promote the sustainable
development of grain production in Jiangxi Province (Zhang et al.,
2022). At the same time, agricultural non-point source pollution
formed in the process of grain production cannot be dealt with in a
similar way to the end-of-pipe treatment of industrial pollution, and
it is the fundamental way to deal with agricultural surface source
pollution in grain production to motivate farmers to adopt
pro-environmental production behaviors by grasping from the
source of agricultural production (Mao et al, 2023). Farmers’
pro-environmental behavior refers to the agricultural business model
in which farmers consciously carry out reduction, reuse and low
pollution in the agricultural production process (Salazar and Rand,
2016), which has obvious positive externality characteristics.
However, in recent years, the relatively low returns from grain
production and the frequent occurrence of extreme weather have led
to alow level of willingness of rice farmers to adopt pro-environmental
production behaviors in Jiangxi Province (Jensen, 2002).

Agricultural insurance is an important means of dispersing the
risks of agricultural production and operation, and has become one of
the most effective agricultural risk protection tools for Chinese
agricultural growers. In 2020, China’s agricultural insurance premium
income will be as high as 81.493 billion yuan, which will be the largest
premium income in the world (Guo et al., 2014). According to the
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latest data from Chinas National Ministry of Finance, China’s
agricultural insurance premium income will be about 150 billion yuan
in 2024, making China the world’s largest agricultural insurance
market (Xuguang and Zhihui, 2024). Specifically, in Jiangxi Province,
according to the National Financial Supervisory Authority (NFSA),
the scale of agricultural insurance in Jiangxi Province ranked No. 1 in
the country in 2023, of which the coverage rate of rice insurance
reached 90 per cent, with an area of 313,619,193 hectares insured by
rice insurance, and the scale of premiums reached RMB 2.076 billion.
Agricultural insurance in Jiangxi Province is mostly policy-based
agricultural insurance. Policy-based agricultural insurance is a kind
of direct physical cost insurance provided to crops affected by natural
disasters, and the government will pay 70% of the premium, with rice
being the main insured crop (Ding et al., 2011; Niu et al., 2022; Mao
etal,, 2023). This type of insurance is called policy-based agricultural
insurance because it is established by a partnership between the
government and insurance and the government subsidizes the
premiums. Policy-based agricultural insurance can share farmers’
planting risks, provide farmers with income protection, increase
farmers’ risk preferences, and thus enhance their willingness to adopt
pro-environmental production behaviors (IKollmuss and Agyeman,
2002; Atanu et al., 1994). Agricultural insurance in this paper refers to
policy-based agricultural insurance.

Based on the survey data from the College of Economics and
Management of Jiangxi Agricultural University from June to July
2023 on grain farmers in Jiangxi Province, and with the help of
Statal7 software, this paper empirically analyzes the influence
mechanism of the impact of policy-based agricultural insurance on
the willingness of adoption of pro-environmental production
behaviors of grain farmers in Jiangxi Province. The purpose of this
study is to explore the stimulating effect of policy-based agricultural
insurance on farmers willingness to adopt pro-environmental
production behaviors and its influencing mechanism, so as to put
forward reasonable suggestions for optimizing the policy-based
agricultural insurance, enhancing the farmers’ willingness to adopt
pro-environmental production behaviors, and reducing the
agricultural non-point source pollution in Jiangxi Province. This
study provides theoretical references and reasonable suggestions for
improving policy-based agricultural insurance and enhancing
farmers’ willingness to adopt pro-environmental production
behaviors in Jiangxi Province, and it has positive practical significance
for reducing agricultural non-point source pollution and promoting
the sustainable development of grain production in Jiangxi Province.

The rest of this study is structured as follows: Section 2 is the
literature review, combing the current literature on agricultural
insurance and pro-environmental production behavior. Section 3 is
the theoretical analysis and research hypothesis, which analyzes the
mechanism of the influence of policy-based agricultural insurance on
farmers’ willingness to adopt pro-environmental production behaviors
and puts forward the research hypothesis of this paper. Section 4 is
research methodology and design, which introduces the research
methodology of this paper, the specific empirical research design, and
the preliminary test. Section 5 is the empirical analysis of the impact
of policy-based agricultural insurance on farmers’ pro-environmental
production behavior, including tests of the mediating roles of planting
scale, planting structure, and risk attitudes. Section 6 is the discussion,
including the discussion of the results, innovations and limitations.
Section 7 contains conclusions and implications.
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2 Literature review

At present, there are a large number of studies which focused on
the change of farmers’ production behavior (Butler, 2000). Farmers’
implementation of pro-environmental behaviors in food production,
such as the adoption of environmentally friendly technologies or the
use of environmentally friendly production materials and products,
and the production of environmentally friendly products, have
attracted much attention because they can curb agricultural pollution
at the source and achieve sustainable development (Barham et al.,
2015). Existing studies have found that organizational incentives,
social capital, land size, policy support, and risk preference have a
certain effect on farmers’ pro-environmental production behavior
(Zheng and Zhao, 2025; Bhuiyan et al., 2022), of which the low
implementation rate of farmers’ pro-environmental production
behavior due to risk is worth focusing on. Risk management can share
farmers’ agricultural risks and protect farmers’ agricultural income,
which is an effective way to improve farmers’ pro-environmental
production behavior (Zheng and Zhao, 2025).

Based on a study of plantation family farms in Shandong Province,
China, some researchers have found that agricultural insurance can
significantly promote the adoption of green agricultural technologies
by family farms by changing income expectations and thus influencing
factor allocation (Zhang et al., 2020). Green production techniques
usually refer to environmentally friendly agricultural production
methods, often including the application of organic fertilizers, reduced
application of chemical fertilizers and pesticides, and the resourceful
reuse of straw, etc., and the production practices that incorporate these
techniques are often referred to as pro-environmental production
practices (Kollmuss and Agyeman, 2002; Atanu et al., 1994). Based on
the above studies, it is clear that the role of agricultural insurance in
promoting the adoption of pro-environmental production behavior
by farmers is a question worth studying.

Current researchers’ studies focus on the direct impact of
agricultural insurance on farmers’ pro-environmental production
behavior or explore the impact of agricultural insurance on farmers’
adoption of specific green production technologies in different
production segments (Zheng and Zhao, 2025; Bhuiyan et al., 2022;
Zhang et al., 2020; Akinrinola and Okunola, 2014). Some researchers
have analyzed the role of agricultural insurance in promoting the
adoption of green and low-carbon technologies, and found that
agricultural insurance promotes the adoption of green technologies
by reducing the risk of technology adoption and changing farmers’
expected income (Zhang et al., 2020). Some researchers have also
argued that crop insurance can spread risks, protect farmers’ income,
and promote the adoption of green technologies in agriculture by
using crop insurance as collateral to obtain production financing and
increase investment in equipment (Ahmed et al., 2022; Hou and
Wang, 2022). Participation in agricultural insurance can increase the
likelihood that agriculture will adopt pro-environmental production
behaviors by ensuring stable incomes and effectively changing
farmers’ attitudes toward risk in unfavorable situations (Li et al.,
2025; Cai et al., 2025; Ejeta and Bai, 2025).

Although a large number of studies have focused on the impact of
agricultural insurance on farmers’ pro-environmental production
behavior, fewer studies have delved into the mechanisms of
agricultural insurance’s impact on farmers willingness to adopt
pro-environmental production behavior and the possible mediating
variables. Moreover, agricultural insurance in existing studies usually
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does not focus on a specific type of insurance, but only uses the term
“agricultural insurance” in general, and is unable to explore the impact
of specific agricultural insurance products on farmers’ production
behavior (Chen et al., 2017). In addition, few studies have examined
the effects of agricultural insurance on pro-environmental production
behavior at different stages of production. Therefore, it is of great
practical significance to explore the mechanism of the influence of
policy-based agricultural insurance on the willingness of farmers’
pro-environmental production behaviors in the context of serious
agricultural non-point source pollution.

This study explores the influence mechanism of the impact of
policy-based agricultural insurance on farmers’ willingness to adopt
pro-environmental production behaviors, and comparatively analyzes
the differential impact of policy-based agricultural insurance on
farmers’ willingness to adopt pro-environmental production behaviors
in different production segments. This paper fills the research gap
between agricultural insurance and farmers pro-environmental
production behavior, verifies the incentive role of policy-based
agricultural insurance on farmers willingness to adopt
pro-environmental production behavior and the mediating role of
planting scale and risk attitude, and has certain theoretical significance.

3 Theoretical analysis and research
hypothesis

3.1 Analysis of the impact of agricultural
insurance on farmers’ production behavior

Policy-based agricultural insurance can effectively share farmers’
production risks, improve farmers’ production confidence, motivate
them to optimize factor allocation, change their production behaviors,
enable them to shift from traditional chemical production methods to
green production methods, and promote farmers to implement
pro-environmental production behaviors (Breckner et al., 20165
Zhangetal,, 2023; Jiang et al., 2023). Some researchers have found that
agricultural insurance has a stimulating effect on farmers willingness
to adopt pro-environmental production behaviors through empirical
studies of Chinese farmers (Wei et al., 2021; Hou and Wang, 2022).

In addition, the implementation of the ‘insurance + subsidy’
policy by the government has effectively increased the motivation of
farmers to implement pro-environmental production behavior
(Hungerford and O'Donoghue, 2016). The effect of agricultural
insurance on farmers’ pro-environmental production behaviors is
influenced by government support (Sherrick et al., 2004), so policy-
based agricultural insurance is more likely to motivate farmers to
adopt pro-environmental production behaviors.

Based on the research of the above researchers, this paper
proposes the following hypotheses:

HI: Policy agricultural insurance can stimulate farmers’ adoption
willingness of pro-environmental production behaviors.
3.2 Analysis of the mediating effect of

planting scales

Agricultural insurance will incentivize farmers™ factor inputs,
which in turn will expand their planting scale (Fang et al., 2021); and
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the expansion of planting scale will reduce farmers’ field management
costs, creating economies of scale, and will make it easier for farmers
to make medium- and long-term production plans (Tan et al., 2022).
The implementation of pro-environmental production behaviors can
not only alleviate the pollution of arable land and ensure the
sustainable use of land, but also reduce the production costs of
farmers, as the expected benefits of implementing pro-environmental
production behaviors continue to increase (Goodwin and Rejesus,
2008), the willingness of farmers to implement pro-environmental
production behaviors as ‘rational economic actors’ will also grow,
which will ultimately lead to the implementation of pro-environmental
production behaviors. This will ultimately lead to the implementation
of pro-environmental production behaviors (Babcock and Hennessy,
1996). In other words, there may be a mediating effect of planting
scale in the process of agricultural insurance influencing farmers’
pro-environmental production behavior (Brick and Visser, 2015).

Based on the research of the above researchers, this paper
proposes the following hypothesis:

H2: There is a mediating effect of planting scale in the process
insurance

of policy agricultural influencing  farmers’

pro-environmental production behavior adoption intention.

3.3 Analysis of the mediating effects of
planting structure

Agricultural insurance has an impact on the cropping structure of
farmers (Fahad et al., 2018). On the one hand, since the crop varieties
covered by current policy-based agricultural insurance are mainly
related to food security (Li et al., 2022), the role of agricultural
insurance development in promoting crop structure adjustment is
mainly reflected in incentivizing agricultural operators to plant more
food crops (Goodwin et al., 2004). On the other hand, as diversified
planting increases time cost, management cost and labor cost, while
agricultural insurance can effectively alleviate the Self-Insurance
behavior of farmers’ diversified planting, and significantly enhance the
tendency of farmers to specialize in planting (Dube et al.,, 2016). The
‘grain-tendency’ of farmers’ planting structure will reduce the cost of
implementing pro-environmental production behaviors, increase the
willingness of farmers to implement pro-environmental production
behaviors, and motivate them to implement pro-environmental
production behaviors (Pratiwi and Budiasa, 2022). That is, the planting
structure may play a significant role in the process of agricultural
insurance influencing farmers pro-environmental production
behaviors. Environmental production behavior (Wu et al., 2024).

Based on the research of the above researchers, this paper
proposes the following hypothesis:

H3: There is a mediating effect of planting structure in the process

of policy-based agricultural insurance influencing farmers’
willingness to adopt pro-environmental production behaviors.

3.4 Analysis of the mediating effect of risk
attitude

Agricultural technology inputs are risky and irreversible, and
agriculture itself has the characteristic of ‘living off the land; so the risk
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characteristics of agricultural technology and implementation of new
production behaviors of farmers are more prominent than in other
industries, and therefore risk attitude is one of the most important factors
influencing the production behaviors of farmers (Babcock and Hennessy,
1996). And the individual risk attitude determines the individual risk
decision-making behavior to a certain extent (Gao et al., 2019).

And agricultural insurance affects growers’ risk attitude and then
changes their production behavior (Lu et al., 2024); agricultural
insurance can smooth natural risks, reduce farmers’ risk aversion, and
motivate their pro-environmental production behaviors (Ahsan et al,
1982). Some researchers have proved that agricultural insurance can
change farmers’ pro-environmental production behavior by changing
their risk attitudes and then changing their pro-environmental
production behavior (Yu et al., 2019). That is, in the process of
agricultural insurance affecting farmers’ pro-environmental
production behavior, there may be a mediating effect of risk attitude
(Liu et al., 2023).

Based on the research of the above researchers, this paper
proposes the following hypothesis:

H4: There is a mediating effect of risk attitude in the process of
policy agricultural insurance affecting farmers’ pro-environmental
production behavior adoption intention.

In order to answer the key question of the mechanism of the
influence of policy agricultural insurance on farmers’ willingness to
pro-environmental production behavior, this paper, based on the
relevant studies of existing researchers, combines the theory of farmer
behavior and the theory of planned behavior to explore in depth the
mechanism of the influence of policy agricultural insurance on farmers’
willingness to pro-environmental production behavior by affecting
farmers’ planting scale, planting structure and risk attitude (Grabowski
etal, 2016; Chai and Zhang, 2023), this paper finally constructed the
theoretical framework of ‘policy agricultural insurance - planting scale,
planting structure, risk attitude - pro-environmental production
behavior and willingness, as shown in Figure 1.

4 Materials and methods
4.1 Research methodology

4.1.1 Theoretical analysis method

Based on the 2023 summer ‘Double Hundred and Double
Thousand’ research data from the School of Economics and
Management of Jiangxi Agricultural University, this paper explores the
influence mechanism of policy-based agricultural insurance on the
willingness of pro-environmental production behaviors of farmers
based on the theory of farmers’ behaviors (Zheng and Zhao, 2025), the
theory of planned behaviors (Zhang et al., 2020), and the assumption
of “rational small farmers” (Li et al., 2025). Eventually, this paper
constructs the theoretical framework of ‘agricultural insurance -
individual and production characteristics - pro-environmental
production behavior willingness, which provides a theoretical basis
for the empirical research of this paper.

4.1.2 Literature analysis method
Firstly, this study combed the research history of domestic and
foreign researchers on policy-based agricultural insurance and

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1556958
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Lietal. 10.3389/fsufs.2025.1556958
, —_m—_m—mEmEEmEEmEEmEEmEEmEsm-- ~ N
| Mediating variables
1 1
' » Planting Structure —»
[} 1
[} 1
! Planting Scale >
[} 1
[} K . [}
Risk Attitude ,l >
\\ . o e e e e - 4
, P =~ N
/ Willingness to Adopt Pro-Environmental
! Production Behaviour |
| I
o . . I
: Willingness to Use Organic Fertilisers I
. [ !
Policy-Based I :
Agricultural > Willingness to Reduce Fertiliser Use [
Insurance : :
I
I Willingness to Reduce Pesticide Use :
l :
l\ Willingness to Utilise Straw Resources ,’
\\ //
N - e -
FIGURE 1

Theoretical framework diagram.

farmers’ pro-environmental production behavior, and elaborated the
different insights of researchers on the impact of policy-based
agricultural insurance on farmers’ pro-environmental production
behavior, which provided a rich theoretical foundation for the study
of this paper. Second, this paper points out through the literature
review that fewer current studies have explored the influence
mechanism of policy-based agricultural insurance affecting farmers’
pro-environmental production willingness from a micro perspective,
which affirms the research value and marginal contribution of
this paper.

4.1.3 Questionnaire survey method

The data for the empirical analysis of this study came from the
“Two Hundred and Two Thousand’ rural revitalization research
conducted by the School of Ecological Economics and Management
of Jiangxi Agricultural University in the summer of 2023. The ‘Double
Hundred and Double Thousand’ research adopts a combination of
stratified sampling and random sampling, and a total of 2,160 samples
of farmers covering 216 administrative villages in 24 counties of 11
prefectural-level cities in Jiangxi Province were taken, and 1,440
effective samples of farmers engaging in rice cultivation were retained
as the total samples for this paper, which provide the data basis for the
empirical analysis of this paper. The total sample of this paper provides
a data base for the empirical analysis of this paper to be carried out,
and also provides a realistic basis for this paper to study the current
situation and problems in the implementation of agricultural
insurance and pro-environmental production behaviors of rice
growers in Jiangxi Province.

4.1.4 Empirical analysis method

Based on the existing studies on farmers’ pro-environmental
production behavior, this paper chooses the OLS and the ordered
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logit models, respectively, to explore the impact of policy-based
agricultural insurance on the willingness of pro-environmental
production behaviors of rice farmers in Jiangxi Province (Zhang
etal.,, 2020; Ahmed et al., 2022; Hou and Wang, 2022). OLS model
and ordered logit model can fully reflect the influence coefficient
and significance of independent variables on dependent variables
(Lietal, 2025), so this paper selected them to explore the effect of
policy-based agricultural insurance on the intention of rice farmers
to pro-environment production behavior in Jiangxi Province.
However, these two models have limitations (Cai et al., 2025), both
of them have requirements for the data types of in-dependent
variables, and this point is fully considered in the subsequent
model establishment in this paper. In addition, this paper examines
the mediating effects of planting scale, planting structure, and risk
attitude in the process of policy agricultural insurance influencing
farmers’ willingness to engage in pro-environmental production
behaviors with the help of the mediating effects testing process
provided by Wen ZL (Chen et al., 2017).

4.2 Model building

4.2.1 OLS model

In this paper, the dependent variable ‘farmers’ willingness to adopt
pro-environmental production behaviors’ is a continuous numerical
variable that is a composite score calculated using the entropy method
on farmers willingness to adopt the four pro-environmental
production behaviors. Therefore, this paper chooses OLS model to
regression analysis of farmers’ willingness to participate in agricultural
insurance and participation decision-making (Babcock and Hennessy,
1996; Goodwin et al, 2004), and the expression of the model is
as follows:

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1556958
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Lietal.

Willing ,, :F(ﬂ0+z:1:1 me+,u) (1-1)

In Equation 1-1, X;, X,...X,, represent the m influencing factors
of farmers pro-environmental production behavior willingness,
which includes core explanatory variables, mediating variables and
control variables. Willing,, represents the explanatory variable (the
mth farmer’s willingness to engage in pro-environmental production
behaviors), F(—) represents the probability density function of the
cumulative normal distribution, B, represents the constant term, X,,
represents the factors influencing the specific growers’ agricultural
insurance participation behaviors, f,, is the estimation parameter, and
u is the random perturbation term.

4.2.2 Ordered-logit model

In this paper, the dependent variable farmers’ willingness to the four
pro-environmental production behaviors’ is an ordered multicategorical
discrete variable with progressive order, taking the value of 1-5.
Therefore, this paper chooses the ordered logit model to investigate the
impact of policy agricultural insurance on farmers’ willingness to the
four pro-environmental production behaviors (Zhang et al., 2023; Fang
etal, 2021), and the expression of the model is as follows:

Y= Bo+ BuX;+0 (2-1)
1(Very unwilling) 7 y,, <¢
2(Unwilling)7 O Y <P

ym=1 3(Normal)”" @, <y, <3 (2-2)

4(Willing)7¢>3 SYm <@y
S(Very willing)T P4 Y <@s

In Equation 2-1, X,* represents all the factors that may have an
impact on farmers’ willingness to adopt pro-environmental production
behaviors, n represents individual farmers, , represents a constant term,
0 represents a random disturbance term obeying a normal distribution,
B, represents the unknown impact coeflicient to be estimated, and y* is
the explanatory variable (willingness to engage in pro-environmental
production behaviors including the willingness to apply organic
fertilizers, the willingness to reduce the use of fertilizers, the willingness
to reduce the use of pesticides, and the willingness to treat straw
resources). As y* is an unobservable latent variable, it is represented by
the observable alternative variable y,,. The Equation (2-2) represents the
relationship between the unobservable latent variable y* and its
alternative variable y,,, where @, ¢,, s, @4, and @s are the positional split
points of the dependent variable, and satisfy ¢, < ¢, < @; < @, < @s.

4.2.3 Mediation effects model

At present, mediation effect analysis has been widely applied in
the research of farmers’ behavior analysis, which is used to explore the
mechanism of the role of some mediating variables between the
independent variables and the dependent variables. Since the
comprehensive willingness of farmers’ pro-environmental production
behavior is a discrete numerical variable, in order to explore the
mediating effect of planting scale, planting structure, and risk attitude
in the process of agricultural insurance influencing farmers’
willingness to pro-environmental production behavior, this paper
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refers to the mediating effect testing process provided by Wen ZL
(Chen et al,, 2017), and establishes the mediating effect model based
on the OLS model as follows:

Willinge =ap+ Xy +pKg +e; (3-1)
Mg:ﬂ0+ﬁlxg+ﬁ2Kg+32 (3-2)
Willinge =yo+1nXg +72M ¢ +73K, +e3 (3-3)

In Equations 3-1-3-3, Willing, denotes the willingness of
pro-environmental production behavior of the sample farmers, where
oy, Po» Yo are constants, X, is the policy agricultural insurance
participation, e;, e,, e; are the residuals of the model regression, M,
denotes the mediator variables, i.e., cultivation scale, cultivation
structure and risk attitude, and K, denotes the control variables. o, p;,
y: are the core explanatory variables, i.e., regression coeflicients of
policy agricultural insurance participation, which denote the overall
effect of policy agricultural insurance participation affecting the
willingness of pro-environmental production behaviors of the gth
farm household, the effect of policy agricultural insurance
participation on the mediator variable of the gth farm household, the
direct effect of the mediator variable on the willingness of
pro-environmental production behaviors of the gth farm household,
respectively, whereas o, B,, and y; are regression coefficients of the
control variables, and y, denotes the regression coefficient of mediator
variable on the willingness of pro-environmental production behaviors
of the gth farmer’s willingness to pro-environmental production
behavior direct effect. Substituting Equation 2-1 into Equation 2-2, the
mediating effect of policy agricultural insurance participation p,y, can
be obtained, i.e., the indirect effect of policy agricultural insurance
participation on the willingness of pro-environmental production
behavior of farmers by influencing their mediating variables (planting
scale, planting structure and risk attitude).

Figure 2 is a schematic diagram of the mediation model of this
study. In Figure 2, X is the policy-based agricultural insurance
participation, M is the mediating variables (planting scale, planting
structure and risk attitude), Y is the willingness to pro-environmental
production behaviors, ¢ is the main effect of the policy agricultural
insurance participation on the willingness to pro-environmental
production behaviors of farmers, including the direct and indirect
effects of the policy agricultural insurance participation on the
willingness to pro-environmental production behaviors of farmers,
where a is the direct effect of the policy agricultural insurance
participation on the mediator variable, b is the direct effect of the
mediator variable on farmers willingness to pro-environmental
production behavior, ¢’ is the direct effect of policy agricultural
insurance participation on farmers’ willingness to pro-environmental
production behavior, and e;, e, and e; are all disturbance terms.

4.3 Variable selection and definition

Dependent variable. Including farmers pro-environmental
production behavior comprehensive adoption willingness and the
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Diagram of mediating effects.

adoption willingness of the four types of pro-environmental
production behavior (Ejeta and Bai, 2025). The pro-environmental
production behaviors of farmers studied in this paper include four
types of organic fertilizer application behaviors, chemical fertilizer
reduction application behaviors, pesticide reduction application
behaviors and straw resource treatment behaviors (Babcock and
Hennessy, 1996). In this paper, the responses of farmers to the question
“Are you willing to implement the four types of pro-environmental
production behaviors?” were taken as their willingness to adopt the
four specific types of pro-environmental production behaviors (Brick
and Visser, 2015), and assigned values using a Likert scale, which
ranges from 1 to 5, with the values from low to high representing “very

»

unwilling,

» <« » <«

relatively unwilling,” “average,” “more willing” and “very
willing”” Finally, this paper uses the entropy method to calculate the
weight and comprehensive score of farmers’ willingness to adopt four
kinds of pro-environment production behaviors, and take the
comprehensive score value as farmers willingness to adopt
pro-environment production behaviors (comprehensive willingness)
(Ajzen and Madden, 1986).

Entropy method is a kind of multi-criteria method which
combines the information value provided by entropy to determine the
weight. The higher the entropy, the more chaotic the data, the less
information it carries, the smaller the utility value, and thus the
smaller the weight (Goodwin et al., 2004). According to the definition
of “farmers’ willingness to adopt pro-environment production
behaviors,” this paper adopts entropy method to standardize the
values of farmers’ willingness to adopt four kinds of environment-
friendly production behaviors and calculate the weights (Liu et al.,
2023). Finally, the comprehensive score is obtained as the value of the
explained variable “farmers’ willingness to adopt environment-
friendly production behaviors” The specific construction method is
as follows (Gao et al,, 2019):

Sij

Zin;sij

Pij = (4-1)

Frontiers in Sustainable Food Systems

1 m
Ej :_(EJZPU' In(pyj),D; =1-E; (4-2)
i=1
D; n
W] ZT,V,‘ = ZW]S,] (4-3)
Z]‘:]Dj Jj=1
Firstly, the base matrix is constructed. Let S =(sy), s; is the

standardized form of the observed value of the jth indicator of the ith
farmer’s willingness to adopt pro-environmental production behaviors.
Secondly, use matrix S to generate a new matrix P = (p;), and the
correspondence between matrix S and P is shown in Equation 4-1. Tt
should be noted here that since the farmers’ willingness to adopt the
four pro-environmental production behaviors are all positive variables
and have the same units, there is no need to quantify the data
(Goodwin et al,, 2004). The entropy E; of the jth indicator is found and
the formula is shown in Equation 4-2. Where the value of n is equal to
the total number of farmers in the sample since the sample data are
cross-sectional. Then, the indicator weights W; and the comprehensive
evaluation value Vi are calculated, and the formula is shown in
Equation 4-3. Finally, according to the indicator weights and
comprehensive scores derived from the entropy value method, the
weights of the farmers’ willingness to adopt the four pro-environmental
production behaviors and the value of the comprehensive willingness
are obtained (Chambers, 1989). The results of the weights of farmers’
willingness to adopt the four pro-environmental production behaviors
calculated by the entropy value method in this paper are in Table 1.
Table 1 shows that the indicator ‘Willingness to Use Organic
Fertilizers’ has the lowest entropy value, the highest utility value and
the highest weight. This paper ranked the farmers’ willingness to
adopt the four pro-environmental production behaviors according to
their weights, and concluded that: Willingness to Use Organic
Fertilizers > Willingness to Reduce Fertilizer Use > Willingness to
Reduce Pesticide Use > Willingness to Utilize Straw Resources.
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TABLE 1 Weighting results of entropy method.

Indicator name

Information entropy

value E

10.3389/fsufs.2025.1556958

Rank of
weights

Information utility
value D

Weighting
coefficient W

Willingness to use organic fertilizers 0.9837 0.0163 41.42% 1
Willingness to reduce fertilizer use 0.9917 0.0083 21.10% 2
Willingness to reduce pesticide use 0.9917 0.0083 21.04% 3

Willingness to utilize straw resources 0.9935 0.0065 16.44% 4

Core independent variable. Referring to related studies (Wang
et al,, 2022), this paper selects farmers’ policy agricultural insurance
participation behavior as the core ex-explanatory variable of this
paper, i.e., ‘Did farmers purchase rice planting insurance in 20227,
taking values of 0 and 1, representing not purchased and purchased,
respectively.

Mediating variables. Referring to the relevant studies, this paper
selected planting scale, planting structure and risk attitude as the
mediating variables of policy agricultural insurance affecting the
process of pro-environmental production behaviors of farmers
(Grabowski et al., 2016; Chai and Zhang, 2023), and tested the
transmission mechanism of the three kinds of mediating effects
respectively, and then compared and analyzed the size of the
mediating effects.

Among them, the scale of cultivation refers to the area of land
actually cultivated by farmers, i.e., ‘the area of land actually cultivated
by farmers in 2022’ in hectares (Lu et al., 2024); the planting structure
refers to the proportion of rice among the crops grown by farmers, i.e.,
‘the proportion of rice planted area to the total sown area of crops by
farmers in 2022 in per cent (Li et al., 2022); risk attitude refers to the
degree of risk preference of the farmer and is assigned a value
according to the degree, risk aversion = 1, risk neutrality = 2, and risk
preference =3 (Atanu et al, 1994; Butler, 2000; Babcock and
Hennessy, 1996).

Control variables. The control variables include individual farmer
characteristics, family characteristics, production and operation
characteristics, and village characteristics. Among them, the individual
farm household characteristics variables were selected as age,
education level, whether they were village cadres, and planting
experience (Chambers, 1989); the household characteristics variables
were selected as household labor force, annual household income,
whether the labor force was part-time, and whether they were living
together for three generations (Norton et al., 2014); production and
operation characteristic variables were selected as the degree of fine
fragmentation of arable land, soil fertility of arable land, whether to
use machinery, and whether to join an agricultural co-operative
(Hazell, 1982); and village characteristic variables were selected as the
location of the village, village traffic condition, main topography
of the village, and ecological civilization of the village (Dai and
Cheng, 2022).

In this paper, a table of classification and definition of all variables
was shown in Table 2.

4.4 Data sources

The research data in this paper comes from the “Double Hundred
and Double Thousand” Farmer Questionnaire Survey on Rural
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Revitalization conducted in Jiangxi Province by the School of
Economics and Management of Jiangxi Agricultural University in
June-July 2023. The survey was called the ‘Double Hundred and
Double Thousand’ survey because it covered more than 2,000 farmers
in over 200 villages in Jiangxi Province. The questionnaire survey of
“Double Hundred and Double Thousand” includes the investigation
of farmers individual characteristics, family characteristics,
agricultural production and operation characteristics, and
environmental characteristics. The survey was conducted through
face-to-face interviews, and the data were recorded anonymously,
without involving any farmers’ private information. In addition, the
survey obtained the consent of all the interviewed farmers, and the
farmers were informed that the collected data would only be used for
academic research.

The ‘Double Hundred Double Thousand’ survey used a
combination of stratified and random sampling methods: first, the 100
counties in Jiangxi Province were divided into three levels according
to the level of economic development, rural population and other
indicators, and 8 counties were randomly selected from each level;
then, all the administrative villages in each county were divided into
three levels according to the level of economic development and rural
population and other indicators, and 3 villages were randomly selected
from each level; finally, 10 farmers were randomly selected from each
administrative village. The survey finally included a sample of 2,160
farmers from 216 administrative villages in 24 counties in Jiangxi
Province. Figure 3 shows the coverage area of farmers interviewed in
the “Two Hundred, Two Thousand” survey. The orange areas in
Figure 3 are the counties in Jiangxi Province covered by the survey. As
can be seen from Figure 3, the coverage of the “Two Hundred and Two
Thousand” survey is extensive and relatively evenly distributed, with
no geographic preference for omission.

Finally, this paper handles the survey data according to the
needs of the study as follows: first, data integration, matching and
merging the data of each part according to the corresponding
questionnaire number; second, data screening, eliminating missing
data and contradictory values of important information. In addition,
since the research object of this paper is rice farmers in Jiangxi
Province, this paper screened the samples based on whether the
sample farmers planted rice in 2022 or not. In addition, since the
research object of this paper is rice farmers in Jiangxi Province, this
paper screened the samples based on whether the sample farmers
planted rice in 2022 or not. This paper deleted the sample of farmers
who did not plant rice in 2022, and finally retained 1,440 valid
samples of rice-growing farmers as the total sample of this paper.
This paper will explore the mechanism of policy-based agricultural
insurance on farmers’ pro-environmental production willingness
based on the data of the screened 1,440 samples of rice farmers in
Jiangxi Province.
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TABLE 2 Classification and definition of variables.

Variable type

Dependent variables

Variable name

Willingness to adopt pro-
environmental production

behavior

10.3389/fsufs.2025.1556958

Variable definition and assignment

Farmers’ willingness to adopt pro-environmental production behaviors was calculated from farmers’

willingness to adopt the four pro-environmental production behaviors by the entropy method.

Willingness to use organic

fertilisers

Farmers' willingness to apply organic fertilisers, ranging from 1-5, 1 = very unwilling, 2 = unwilling,

3 =normal, 4= willing, 5 = very willing.

Willingness to reduce fertiliser

use

Farmers' willingness to reduce fertiliser application, with values ranging from 1 to 5, 1 = very unwilling,

2 = unwilling, 3 = normal, 4 = willing, 5 = very willing.

Willingness to reduce pesticide

use

Farmers' willingness to apply pesticides in reduced quantities, with values ranging from 1 to 5, 1 = very

unwilling, 2 = unwilling, 3 = normal, 4 = willing, 5 = very willing.

Willingness to utilise straw

resources

Farmers' willingness to utilise straw resources, with values ranging from 1-5, 1 = very unwilling,

2 = unwilling, 3 = normal, 4 = willing, 5 = very willing.

Core independent variable

Insurance

Did the farmer participate in policy agricultural insurance for rice in 20222 1=Yes; 0=No

Mediating variables Planting scale Actual area of rice cultivated by farmers in 2022, in ha.
Planting structure Ratio of area under rice cultivation to total sown area of crops (%) in 2022 by farm households.
Risk attitude Farmer's risk appetite level, taking values 1-3 depending on the level of preference, 1 = risk-averse,
2 = risk-neutral, 3 = risk-preferring
Control variables Age Age of the rice-growing policy maker, in years.

Educational level

Educational level of the rice-growing policymaker, ranging from 1 to 5, with 1=no schooling, 2=primary

school, 3=junior high school, 4=high school (secondary school), and 5=junior college and above.

Village cadre status

Is the decision maker on rice cultivation a village official? 1=Yes, 0=No

Planting experience

Years of rice cultivation for policymakers, taking values from 1 to 3, 1 = less than 5 years, 2 = 5-10 years,

3 = more than 10 years

Household labour force

Number of persons in the family labour force (16-64 years)

Annual household income

Level of annual household income of farm households in 2022, taking values 1-5, 1 = less than 30,000
yuan; 2 = 30,000-50,000 yuan; 3 = 50,000-80,000 yuan; 4 = 100,000-120,000 yuan; 5 = more than 120,000
yuan, unit, RMB

Labour part-time work

Whether the labour force is engaged in non-farm work, 1 = yes, 0 = no

Generational impact

Whether three generations live together, 1 = yes, 0 = no

Degree of arable land

fragmentation

Number of plots of arable land in farm households, in plots

Cropland soil fertility

Farmers' evaluation of the fertility of their own paddy fields, taking values from 1 to 5, with 1 = very

poor; 2 = relatively poor; 3 = fair; 4 = relatively good; 5 = very good

Use of agricultural machinery

Whether the farmer used machinery in the process of rice production in 2022, 1= yes, 0 = no

Membership in agricultural

cooperatives

Whether labour force is in an agricultural cooperative, 1 = yes, 0 = no

Village location

Distance from the farmer's village to the nearest township, in km

Village traffic Farmers' evaluation of the transport situation in their village, taking values from 1 to 5, 1 = very poor;
2 = rather poor; 3 = fair; 4 = rather good; 5 = very good
Village topography The main topography of the village where the farmer is located, assigned a value based on the flatness of

the terrain, 1=mountainous, 2 = hilly, 3 = plain

Village ecological civilisation

Whether the village has been awarded one or more of the following honours: ® Cultural Village; @ Civilised

Village; ® Model Village for Rural Governance; @ Eco-Village; ® Beautiful Leisure Village, 1 = Yes, 0 = No.

4.5 Descriptive statistics for variables

Descriptive statistics of the sample data can reflect the
characteristics and patterns of the sample, and it is also helpful in
analyzing some status quo problems. Therefore, this paper carried out
descriptive statistics on the samples, resulting in Table 3.

Frontiers in Sustainable Food Systems

As can be seen from Table 3, the total insurance coverage rate of the
sample farmers is 47.2 per cent, which is nearly half. On the one hand,
this is due to the fact that most of the sample farmers have less than 2
hectares of rice cultivation (about 84.65 per cent) and are small-scale
farmers (Chambers, 1989), whose production decisions change
frequently, resulting in a lower percentage of purchasing agricultural
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Sample Regional Map of ‘Double Hundred and Double Thousand' Survey in Jiangxi Province, China, 2023.

insurance; on the other hand, it is because some sample farmers did not
purchase agricultural insurance in 2022 because the frequency of natural
disasters in their localities is low, and they believe that purchasing
agricultural insurance is not necessary and will increase production costs.

From the perspective of farmers willingness to engage in
pro-environmental production behaviors, the mean value of farmers’
willingness to engage in the four pro-environmental production
behaviors is above 3, of which the mean value of the willingness to
reduce the use of chemical fertilizers, the willingness to reduce the
use of pesticides, the willingness to treat straw resources are all above
3.5, and the mean value of the comprehensive willingness is 3.562. It
can be seen that the farmers’ willingness to reduce the use of chemical
fertilizers, reduce the use of pesticides, reduce the use of straw
resource treatment, and their combined willingness to adopt
pro-environmental production behaviors are all inclined to be “more
willing,” while their willingness to apply organic fertilizers is inclined
to be “average” This phenomenon may be explained by the fact that
the application of organic fertilizers increases the cost of cultivation
compared to the other three pro-environmental production practices
(Breckner et al., 2016). For farmers, the benefits of performing this
04), so
the willingness to perform this behavior is slightly lower than the

behavior are characterized by “uncertainty” (Sherrick et al., 20

other three, but the overall level is still higher than the “average” level.
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In order to more visually reflect the intensity of farmers’
willingness to adopt the four pro-environmental production
behaviors and the comprehensive willingness, this paper draws a bar
chart of the mean values of farmers’ willingness, as shown in Figure 4.
In Figure 4, the vertical axis represents the different willingness
variables, and the horizontal axis represents the mean values of these
willingness. It can be seen from Figure 4 that the sample farmers had
the highest willingness to adopt straw resource utilization and the
lowest willingness to adopt organic fertilizer.

4.6 Multicollinearity test

In the empirical analysis of real economic problems, the selected
explanatory variables often have a certain correlation between them,
and because the explanatory variables do not have complete
multicollinearity between them (Niu et al., 2022), this problem is
often also known as the problem of incomplete multicollinearity
between the explanatory variables. If the selected explanatory
variables have multicollinearity among them, it may lead to
inaccurate results of the coefficients estimated by the model and
cannot better explore the individual influencing effects of each

explanatory variable on the explained variables (Butler, 2000).

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1556958
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Lietal.

TABLE 3 Descriptive statistics of variables.

10.3389/fsufs.2025.1556958

Variable type Variable name
Willingness to adopt pro-environmental production behavior 1,440 3.562 0.934 1 5
Willingness to use organic fertilizers 1,440 3.427 1.561 1 5
Willingness to reduce fertilizer use 1,440 3.592 1.169 1 5
Dependent variables
Willingness to reduce pesticide use 1,440 3.646 1.185 1 5
Willingness to utilize straw resources 1,440 3.756 1.077 1 5
Core independent variable Insurance 1,440 0.472 0.499 0 1
Planting scale 1,440 2.591 10.046 0.01 80.67
Mediating variables Planting structure 1,440 0.708 0.35 0 1
Risk attitude 1,440 1.495 0.72 1 3
Age 1,440 58.24 10.967 23 87
Educational level 1,440 2.841 0.955 1 5
Village cadre status 1,440 0.265 0.441 0 1
Planting experience 1,440 2.022 0.97 1 3
Household labor force 1,440 3.081 2.705 0 10
Annual household income 1,440 2.476 1.421 1 5
Labor part-time work 1,440 0.709 0.454 0 1
Generational impact 1,440 0.621 0.485 0 1
Control variables
Degree of arable land fragmentation 1,440 5.170 6.211 1 40
Cropland soil fertility 1,440 3.354 0.816 1 5
Use of agricultural machinery 1,440 0.939 0.24 0 1
Membership in agricultural cooperatives 1,440 0.245 0.43 0 1
Village location 1,440 3.935 0.853 0 50
Village traffic 1,440 1.91 1.72 1 5
Village topography 1,440 0.554 0.497 1 3
Village ecological civilization 1,440 3.427 1.561 0 1

In this paper, there are more explanatory variables selected for
model regression, which may have the problem of multicollinearity
among each other, which will affect the accuracy of the model estimation
results. Therefore, in order to ensure the accuracy of the model
estimation results in this paper, the core explanatory variables and
control variables selected in this paper are now tested for multicollinearity
using Statal7 software, and the results are shown in Table 4.

As can be seen from Table 4, the Tolerance values of all the
explanatory variables selected in this paper are between 0.663 and 0.971,
and all of them are greater than 0.1, and the values of VIF (Variance
Inflation Factor) are between 1.03 and 1.51, and all of them are less than
10, therefore, there is no serious problem of multicollinearity between
the explanatory variables selected in this paper (Butler, 2000), and the
regression model constructed in this paper is stable.

5 Results
5.1 Results of the OLS model regression

First, to explore the effect of policy-based agricultural insurance

and control variables on farmers willingness to adopt

Frontiers in Sustainable Food Systems

pro-environmental production behaviors, this paper reports the
results of the OLS model regression, as shown in Table 5.

Model 1 in Table 5 reports the effect of control variables on
farmers’ willingness to adopt pro-environmental production behaviors
without adding the core explanatory variable “policy-based
agricultural insurance,” while Model 2 shows the regression results of
the model with the addition of “policy-based agricultural insurance”

From the regression results of model 2 in Table 5, it can be seen
that policy-based agricultural insurance participation significantly
and positively affects farmers’ willingness to adopt pro-environmental
production behaviors at the 1% confidence level, which also verifies
this paper’s hypothesis H1.

In addition, the educational level, planting experience, membership
in agricultural cooperatives and annual household income positively
and significantly affect farmers’ willingness to engage in
pro-environmental production behaviors at the 1, 1, 5, and 10%
confidence levels, respectively. It should be noted that the topography
of the village significantly and negatively affects farmers’ willingness to
engage in pro-environmental production behavior at the 1% confidence
level. The possible reason is that farmers located in mountainous and
hilly areas pay more attention to the protection of land ecology because
of the smaller area of arable land, while farmers in flat areas may take

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1556958
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Lietal

10.3389/fsufs.2025.1556958

Willingness to Use Organic Fertilisers
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Bar chart of willingness of sample farmers to adopt pro-environmental production behaviors.

Mean value of willingness

TABLE 4 Variable multicollinearity test.

Variable type Variable name VIF 1/VIF
Core independent variable Insurance 1.170 0.852
Mediating variables Planting scale 1.410 0.708
Planting structure 1.060 0.941
Risk attitude 1.100 0.907
Control variables Age 1.430 0.697
Educational level 1.360 0.734
Village cadre status 1.100 0.905
Planting experience 1.180 0.847
Household labor force 1.510 0.663
Annual household income 1.230 0.811
Labor part-time work 1.380 0.724
Generational impact 1.380 0.723
Degree of arable land fragmentation 1.330 0.752
Cropland soil fertility 1.040 0.964
Use of agricultural machinery 1.030 0.971
Membership in agricultural cooperatives 1.100 0.911
Village location 1.090 0.916
Village traffic 1.070 0.937
Village topography 1.050 0.949
Village ecological civilization 1.080 0.925
Mean VIF 1.210

a chance on land pollution, which has a higher possibility of generating
moral hazards, and thus have a lower willingness to engage in
pro-environmental production behaviors.

5.2 Results of the ordered-logit model
regression

The willingness of farmers to adopt pro-environmental production
behaviors in this paper is calculated from the willingness of farmers
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to adopt the four specific pro-environmental production behaviors by
the entropy method. Therefore, to explore the effects of policy-based
agricultural insurance and control variables on farmers’ willingness to
adopt four specific pro-environmental production behaviors in more
detail, this paper reports the Ordered-Logit model regression results,
as shown in Table 6.

From the regression results of model 3 in Table 6, it can be seen that
policy-based agricultural insurance participation significantly and
positively affects farmers” willingness to apply organic fertilizer at the
10% confidence level, which again verifies hypothesis H1. In addition,

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1556958
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Lietal

TABLE 5 Results of the regression of willingness to adopt pro-environmental production behavior.

Variable name

Model 1

Willingness to adopt pro-environmental

10.3389/fsufs.2025.1556958

Model 2

Willingness to adopt pro-environmental

production behavior

production behavior

Insurance 0.0527%*%* (0.014)
Age —0.002 (0.003) —0.003 (0.001)
Educational level 0.124%%% (0.029) 0.034%** (0.015)
Village cadre status —0.03 (0.057) 0.032 (0.03)

Planting experience

0.0987#% (0.027)

0.059%%% (0.014)

Household labor force 0.004 (0.016) 0.004 (0.008)
Annual household income 0.023* (0.018) 0.026* (0.01)
Labor part-time work —0.012 (0.062) —0.009 (0.032)
Generational impact 0.036 (0.058) 0.066 (0.03)
Degree of arable land fragmentation 0.001 (0.004) 0.009 (0.002)
Cropland soil fertility 0.035 (0.03) 0.006 (0.016)

Use of agricultural machinery

0.058 (0.101)

0.115 (0.053)

Membership in agricultural cooperatives

0.137°%% (0.058)

0.079** (0.03)

Village location 0.007 (0.004) 0.008 (0.002)
Village traffic 0.025 (0.029) 0.003 (0.015)
Village topography —0.163*** (0.039) —0.013%*** (0.021)

Village ecological civilization

0.006 (0.05)

0.045 (0.026)

##k %k and * represent that the explanatory variable passes the test of significance at the 1 per cent, 5 per cent and 10 per cent confidence levels, respectively, and the value in parentheses is the
standard error, i.e., the standard error of the estimated coefficient of the model.

TABLE 6 Results of the regression of willingness to adopt four specific pro-environmental production behaviors.

Variable name

Model 3

Willingness to use
organic fertilizers

Model 4

Willingness to reduce
fertilizer use

Model 5

Willingness to reduce
pesticide use

Model 6

Willingness to utilize
straw resources

Insurance

0.102* (0.061)

0.262%** (0.059)

0.267%** (0.06)

0.102%* (0.056)

Age

0.002 (0.003)

—0.003 (0.003)

—0.007** (0.003)

0.003 (0.003)

Educational level

0.08%* (0.035)

0.181%#* (0.035)

0.144%** (0.034)

0.04 (0.034)

Village cadre status

—0.061 (0.069)

—0.001 (0.067)

—0.005 (0.067)

0.035 (0.067)

Planting experience 0.104%%* (0.032) 0.055% (0.031) 0.072%** (0.032) 0.014 (0.032)
Household labor force 0.015 (0.019) 0.005 (0.019) —0.014 (0.018) —0.006 (0.019)
Annual household income 0.042%* (0.023) —0.025 (0.022) 0.016 (0.022) —0.009 (0.022)

Labor part-time work —0.011 (0.075) —0.054 (0.073) —0.08 (0.073) 0.079 (0.073)

Generational impact

~0.011 (0.07)

0.038 (0.068)

0.106 (0.068)

0.035 (0.068)

Degree of arable land

fragmentation

—0.002 (0.005)

—0.003 (0.005)

—0.005 (0.005)

—0.005 (0.005)

Cropland soil fertility

—0.002 (0.036)

0.053 (0.035)

0.008 (0.035)

0.081** (0.035)

Use of agricultural machinery

0.009 (0.122)

0.06 (0.118)

0.021 (0.118)

0.059 (0.118)

Membership in agricultural

. 0.043 (0.07) 0.229%** (0.069) 0.185%** (0.069) 0.053 (0.068)
cooperatives
Village location 0.006 (0.005) 0.001 (0.005) 0.005 (0.005) —0.012** (0.005)
Village traffic 0.017 (0.035) 0.036 (0.034) 0.064* (0.034) —0.017 (0.034)
Village topography —0.149%%%* (0.047) —0.108** (0.046) —0.151%%% (0.046) —0.066 (0.046)

Village ecological civilization

—0.066 (0.061)

0.044 (0.059)

0.047 (0.059)

0.055 (0.059)

##k %k and * represent that the explanatory variable passes the test of significance at the 1 per cent, 5 per cent and 10 per cent confidence levels, respectively, and the value in parentheses is the
standard error, i.e., the standard error of the estimated coefficient of the model.
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TABLE 7 Robustness tests results for the OLS model.

Variable name Model 7

Removing village-level control

variables

Willingness to adopt pro-environmental
production behavior

10.3389/fsufs.2025.1556958

Model 8

Exclude sample of older farmers
(70 years and above)

Willingness to adopt pro-environmental
production behavior

Insurance 0.203%** (0.05)

0.184**% (0.053)

Age —0.001 (0.003)

—0.001 (0.003)

Educational level 0.115%** (0.029)

0.118%#%* (0.031)

Village cadre status —0.058 (0.057)

—0.01 (0.059)

Planting experience 0.092%** (0.027)

0.073%#% (0.028)

Household labor force 0.001 (0.016)

0.011 (0.018)

Annual household income 0.02 (0.018) 0.013%* (0.019)

Labor part-time work —0.004 (0.062) —0.022 (0.065)
Generational impact 0.046 (0.058) 0.044 (0.06)

Degree of arable land fragmentation —0.004 (0.004) —0.004 (0.004)
Cropland soil fertility 0.032 (0.03) 0.044 (0.032)

Use of agricultural machinery 0.029 (0.101)

0.078 (0.109)

Membership in agricultural cooperatives 0.12%% (0.058)

0.097%%% (0.06)

Village location

0.003 (0.005)

Village traffic

0.022 (0.031)

Village topography

—0.167**% (0.041)

Village ecological civilization

0.014 (0.053)

##k %k and * represent that the explanatory variable passes the test of significance at the 1 per cent, 5 per cent and 10 per cent confidence levels, respectively, and the value in parentheses is the

standard error, i.e., the standard error of the estimated coefficient of the model.

planting experience, educational level, and annual household income
significantly and positively affect farmers” willingness to engage in
pro-environmental production behaviors at the 1, 5, and 10%
confidence levels, respectively, while the main topography of the village
significantly and negatively affects farmers’ willingness to engage in
pro-environmental production behaviors at the 1% confidence level. It
should be noted that the annual household income only has a significant
positive effect on farmers’ willingness to apply organic fertilizer. The
possible reason is that applying organic fertilizer can improve the
quality of the crop although it will increase the cost of production.
Farmers with higher annual household incomes have higher willingness
to use organic fertilizers because they demand higher food quality and
are more receptive to the increased costs of organic fertilizer application.

From the regression results of model 4 in Table 6, it can be seen that
the policy-based agricultural insurance participation significantly and
positively affects the willingness of farmers to reduce the use of fertilizer
at the 1% confidence level, which again verifies hypothesis H1. In
addition, the educational level and whether to join a cooperative
significantly and positively affects the willingness of farmers to
pro-environmental production behaviors at the 1, 1, and 10%
confidence levels, respectively. And the main topography of the village
significantly and negatively influences the willingness to reduce the use
of fertilizer at the 1% confidence level. It should be noted that the
regression coefficient for planting experience is still positive but no
longer significant. This shows that the number of years farmers have
been engaged in agricultural production has no effect on their
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willingness to adopt reduced fertilizer application. The possible reason
for this is due to the fact that most of the sample farmers are professional
farmers who are too deeply influenced by traditional farming practices
and are too dependent on chemical fertilizers. Although they are aware
that adopting pro-environmental production practices can reduce
pollution and promote sustainable use of arable land, they are still
reluctant to reduce fertilizer application in pursuit of high crop yields.
From the regression results of model 5 in Table 6, it can be seen
that policy-based agricultural insurance significantly and positively
affects the willingness of farmers to reduce pesticide application at the
1% confidence level, which verifies the hypothesis H1. The education
level, cultivation experience, intergenerational influences, and whether
to participate in agricultural cooperatives significantly and positively
affect the willingness of farmers to reduce the application of pesticides
at the 1, 5, 10, and 1% confidence levels, respectively. In addition, age
and major topography of the village and age significantly and
negatively influenced farmers’ willingness to reduce pesticide
application at 5 and 1% confidence level, respectively. It is important
to note that intergenerational influence significantly contributes to
farmers’ willingness to reduce pesticide application. The reason may
be that farmers with three generations living together pay more
attention to the greenness and healthiness of the food than the yield.
In order to ensure the dietary safety of the elderly and children, they
are willing to reduce pesticide application to obtain greener and
healthier food. In addition, age has a significant negative effect on
pesticide application reduction. The reason is that older farmers have
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a deeper impression of the impacts of pests and diseases on their grain
in earlier years, so they are less willing to reduce pesticide application.

From the regression results of model 6 in Table 6, it can be seen
that policy-based agricultural insurance participation significantly
and positively affects farmers’ willingness to utilize straw resources at
the 10% confidence level, which again verifies hypothesis H1. The
cropland soil fertility significantly and positively affect farmers’
willingness to utilize straw resources at the 5% confidence level. It
should be pointed out that the distance from the farmer’s village to
the nearest township significantly and negatively affects farmers’
willingness to utilize straw resources. On the one hand, the distance
from villages to towns affects the convenience of farmers in obtaining
social communication, social resources and information, and villages
that are farther away from towns are less likely to obtain information
and incentives for straw resource disposal. On the other hand,
centralized straw resource disposal stations are usually set up closer
to towns, and the further the villages are from towns means that the
cost of transporting straw will be higher.

As can be seen from Table 6, the magnitude and significance of the
impact coefficients of policy-based agricultural insurance on farmers’
four pro-environmental production willingness differ from each other.
Compared with the willingness to apply organic fertilizer and the
willingness to treat straw resources, the coefficients of influence of
policy-based agricultural insurance on farmers’ willingness to reduce
the amount of fertilizer application and the willingness to reduce the
amount of pesticide application is larger and more significant. Among
them, policy-based agricultural insurance has the most significant
effect on farmers’ willingness to reduce pesticide application.

5.3 Robustness tests

Then, this paper employs both replacement models (or changing
the model settings) and excluding some samples (70 years and above)
to conduct sensitivity analyses of the OLS model and Ordered-Logit
model to test the robustness of their regression results (Cai et al., 2025;
Ejeta and Bai, 2025; Chen et al., 2017; Breckner et al., 2016).

5.3.1 Robustness tests for the OLS model

Table 7 reports the results of the robustness tests of the OLS
model. First, the paper tests the sensitivity of the model setting of the
OLS model. In Table 7, Model 7 reports the regression results based
on Model 2 with all village-level control variables removed. Next, the
paper examines the sensitivity of the OLS model to sample size. And
Model 8 reports the OLS regression results based on Model 2 with
some of the older farmers (70 years and above) removed from the
sample. The reason for excluding the older sample farmers is to
reduce the impact of differences in cognitive level and information
acquisition on the regression results due to the large age difference
in the sample. Comparing the regression results in Tables 5, 7, it can
be found that the directions and significance levels of the regression
coeflicients of the core variables are basically the same, proving that
the regression results of the OLS model are robust.

5.3.2 Robustness tests for the ordered-logit
model

Table 8 reports the results of the robustness tests for the ordered
logit model. In Table 8, Models 9-12 report the regression results of
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replacing the ordered logit model with the ordered probit model on
the basis of Models 3-6, respectively. And Models 13-16 report the
ordered logit results of deleting part of the sample of elderly farmers
(over 70 years old) on the basis of Models 3-6. Comparing the
regression results in Tables 6, 8, it can be found that the directions
and significance levels of the regression coeflicients of the core
variables are basically the same, proving that the regression results of
the ordered logit model are robust.

5.4 Post-diagnostic tests

In order to test whether the model design and model selection
are reasonable, this paper conducts post-diagnostic tests on OLS
model and ordered logit model, respectively. The AIC and BIC values
are usually used to compare the goodness-of-fit of the models (Zhang
etal, 2023; Li et al,, 2022). In general, the smaller the AIC and BIC
values are, the better the model’s goodness-of-fit is (Goodwin et al.,
2004; Dube et al., 2016). Therefore, in this paper, the values of AIC
and BIC are used as indicators of the rationality of variable selection
and design.

First, in order to test the rationality of the OLS model design, this
paper conducted post-diagnostic tests for OLS models 1, 2, and 7
with different model settings (different combinations of independent
variables) (Sherrick et al., 2004; Fang et al., 2021). Table 9 lists the
AIC and BIC values for the three models. From Table 9, it can be seen
that the AIC and BIC values of Model 2 are smaller than other
models, indicating that Model 2 has the best fit. Model 2 is the
regression of the dependent variable on the core independent
variables and all control variables. This shows that the OLS model
design in this paper is reasonable.

Second, to test the rationality of the selection of the ordered logit
model to explore the impact of policy-based agricultural insurance on
farmers’ willingness to adopt the four pro-environmental production
behaviors, this paper conducted the post-diagnostic tests on the
ordered logit models (Models 3-6) and the ordered probit models
(Models 9-12). Table 9 has reported the AIC and BIC values of these
models, respectively. From Table 9, it can be seen that in the regression
models of willingness to reduce fertilizer use, willingness to reduce
pesticide use and willingness to utilize straw resources, the AIC and
BIC values of the ordered logit model (Models 4-6) are smaller than
those of the ordered probit model (Models 10-12). Only in the
regression of the willingness to use organic fertilizer, the AIC and BIC
values of the ordered logit model (Model 3) are larger than those of
the ordered probit model (Model 9) and the difference value is less
than 2, which proves that there is no essential difference in the
goodness-of-fit of these two models (Pratiwi and Budiasa, 2022; Wu
et al,, 2024). In summary, the overall goodness-of-fit of the ordered
logit model is greater than that of the ordered probit model. Therefore,
the choice of the logit model ordered in this paper is reasonable.

5.5 Mediating effects tests

Finally, the paper tests the mediating effects of the three mediating
variables. Although the previous paper has analyzed the direct impact
of policy-based agricultural insurance on farmers’ willingness to
engage in pro-environmental production behavior, the specific
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TABLE 8 Robustness tests results for the Ordered-Logit model.

Variable Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16

name . . .
Replacing the ordered logit model with the Exclude sample of older farmers (70 years and
ordered probit model above)
Willing- Willing- Willing- Willing- Willing- Willing- Willing- Willing-
ness to ness to ness to ness to ness to ness to ness to ness to
use reduce reduce utilize use reduce reduce utilize
organic fertilizer pesticide straw organic fertilizer pesticide straw
fertilizers use use resources fertilizers use use resources
0.468%
Insurance 0.102% (0.061) | 0.262%%% (0.059) | 0.267*%* (0.06) = 0.102* (0.056) 0.152% (0.107) | 0.422%%% (0.109) 0109 0.196* (0.108)
—0.007%* —0.015%%
Age 0.002 (0.003) —0.003 (0.003) 0.003 (0.003) 0.004 (0.006) —0.004 (0.006) 0.009 (0.006)
(0.003) (0.006)
Educational 0.144%3% 0.232%#%
0.08%* (0.035) = 0.181%** (0.035) 0.04 (0.034) 0.106% (0.063) | 0.355%%%(0,064) 0.111% (0.063)
level (0.034) (0.063)
Village cadre
—0.061 (0.069) = —0.001 (0.067) = —0.005 (0.067) 0.035 (0.067) —0.041 (0.119) 0.055 (0.121) —0.017 (0.12) 0.013 (0.123)
status
Planting 0.104%%* 0.146%%**
0.055% (0.031) | 0.072%%(0.032) |  0.014(0.032) 0.086 (0.057) 0.107* (0.057) 0.013 (0.057)
experience (0.032) (0.056)
Household
0.015 (0.019) 0.005 (0.019) —0.014 (0.018) ~ —0.006 (0.019) 0.04 (0.036) 0.013 (0.036) —0.01 (0.036) = —0.007 (0.036)
labor force
Annual
household 0.042% (0.023) = —0.025 (0.022) 0.016 (0.022) —0.009 (0.022) 0.062 (0.04) —0.036 (0.039) 0.008 (0.039) —0.024 (0.04)
income
Labor part-
—0.011 (0.075) = —0.054 (0.073) —0.08 (0.073) 0.079 (0.073) —0.037 (0.132) —0.128 (0.133) —0.177(0.132) = 0.117(0.133)
time work
Generational
—0.011 (0.07) 0.038 (0.068) 0.106 (0.068) 0.035 (0.068) 0.001 (0.121) 0.066 (0.122) 0.17 (0.122) 0.091 (0.123)
impact
Degree of
arable land —0.002 (0.005) = —0.003 (0.005) | —0.005(0.005) = —0.005(0.005) | —0.004 (0.008) —0.005 (0.008) —0.008 (0.008) | —0.011 (0.008)
fragmentation
Cropland soil
i —0.002 (0.036) 0.053 (0.035) 0.008 (0.035) | 0.081%% (0.035) = —0.008 (0.065) 0.103 (0.066) 0.03 (0.065) 0.158%* (0.066)
ertility
Use of
agricultural 0.009 (0.122) 0.06 (0.118) 0.021 (0.118) 0.059 (0.118) 0.091 (0.221) 0.205 (0.221) 0.191 (0.226) 0.052 (0.218)
machinery
Membership
0.185% 0.327%5
in agricultural 0.043 (0.07) 0.229%%% (0.069) 0.053 (0.068) 0.001 (0.121) 0.414%%% (0.124) 0.059 (0.123)
) (0.069) (0.123)
cooperatives
Village —-0.012%*
0.006 (0.005) 0.001 (0.005) 0.005 (0.005) 0.005 (0.01) 0.001 (0.01) 0.006 (0.01) 0.016 (0.01)
location (0.005)
Village traffic 0.017 (0.035) 0.036 (0.034) 0.064* (0.034) | —0.017 (0.034) 0.061 (0.063) 0.015 (0.062) 0.072 (0.062) | —0.056 (0.063)
Village —0.149%# —0.108%* —0.151 % —0.266% —0.314%%
—0.066 (0.046) ok —0.163* (0.084)
topography (0.047) (0.046) (0.046) (0.085) (0.085)
Village
ecological —0.066 (0.061) 0.044 (0.059) 0.047 (0.059) 0.055 (0.059) —0.081 (0.108) 0.081 (0.109) 0.143 (0.108) 0.071 (0.109)
civilization

##k ok and * represent that the explanatory variable passes the test of significance at the 1 per cent, 5 per cent and 10 per cent confidence levels, respectively, and the value in parentheses is the
standard error, i.e., the standard error of the estimated coefficient of the model.

transmission mechanism of this impact has not been explored in  pro-environmental production behavior through the mediating effect
depth. Therefore, this paper will test the mediating effect of planting  testing process provided by Wen ZL (Chen et al., 2017).

scale, planting structure, and risk preference in the process of policy It is known from the baseline regression results that policy-based
agricultural insurance influencing farmers’ willingness to  agricultural insurance participation will have a significant promotion
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TABLE 9 Post-diagnostic tests results.

10.3389/fsufs.2025.1556958

Dependent variable Model name and number AIC BIC
Willingness to adopt pro-environmental OLS model 1 3,835.099 3,924.73
production behavior OLS model 2 3,805 3,915.721
OLS model 7 3,834.38 3,908.193
Willingness to use organic fertilizers Ordered logit model 3 4,314.248 4,424.968
Ordered probit model 9 4,312.814 4,423.535
Willingness to reduce fertilizer use Ordered logit model 4 4,090.232 4,200.952
Ordered probit model 10 4,094.016 4,204.737
Willingness to reduce pesticide use Ordered logit model 5 4,135.987 4,246.707
Ordered probit model 11 4,140.033 4,250.754
Willingness to utilize straw resources Ordered logit model 6 4,026.752 4,137.472
Ordered probit model 12 4,030.364 4,141.085

effect on farmers willingness to engage in pro-environmental
production behaviors, i.e., the main effect exists significantly, and step-
by-step regression is carried out next:

Firstly, the three mediating variables (planting scale, planting
structure and risk attitude) are substituted into Equation 3-1 for
regression to obtain the regression results of Models 17-19, i.e., the
regression results of the three mediating variables on the policy
agricultural insurance participation variable.

Secondly, the three mediating variables (planting scale, planting
structure and risk attitude) are substituted into Equation 3-2 for
regression to obtain the regression results of Models 20-22, i.e., the
regression results of pro-environmental production behavioral
willingness on the three mediating variables.

Finally, the three mediating variables (planting scale, planting
structure, and risk attitude) are substituted into Equation 3-3 and
regressed with the core explanatory variables to obtain regression
results of Models 23-25, i.e., the results of the regression of
pro-environmental production behavioral intentions on policy-
based agricultural insurance participation and the three
mediating variables.

Referring to the mediation effect test process provided by Wen
ZL (Chen etal,, 2017), combined with the schematic diagram of the
mediation model in Figure 2 of this paper, this paper tested the
mediation effect of planting scale, planting structure, and risk
attitude respectively, and the results are shown in Models 17-25 in
Table 10. In Table 10, Models 17-19 are regressions of the three
mediating variables on policy agricultural insurance, Models 20-22
are regressions of farmers’ willingness to adopt pro-environmental
production behaviors on the three mediating variables, and Models
23-25 are
pro-environmental production behaviors on policy agricultural

regressions of farmers’ willingness to adopt
insurance and the three mediating variables.

First, planting scale has a mediating role in the process of policy-
based agricultural insurance affecting farmers’ pro-environmental
production willingness to adopt production behaviors, and it is a
partial mediating role, which verifies the hypothesis H2 of this paper.
From this, it can be seen that policy-based agricultural insurance can
enhance farmers’ pro-environmental production willingness by
incentivizing them to expand the scale of planting of rice, and then

enhance their pro-environmental production willingness.

Frontiers in Sustainable Food Systems

17

Second, the mediating role of planting structure in the process of
policy-based agricultural insurance affecting farmers’ pro-environmental
production behavior adoption willingness is not significant, and the
mediating role does not exist, which negates this paper’s hypothesis H3.
Although policy-based agricultural insurance promotes farmers to
streamline the planting structure and expand the proportion of rice in
all crops, the streamlining of planting structure does not further promote
farmers’ pro-environmental production willingness.

Finally, risk attitude has a mediating effect in the process of policy-
based agricultural insurance affecting farmers’ pro-environmental
production willingness, and it is a partial mediating effect, which
verifies the hypothesis H4 of this paper. Policy-based agricultural
insurance can change farmers’ risk attitude, increase their risk appetite,
and then enhance their pro-environmental production willingness.

In order to further test the robustness of the mediation effect, this
paper uses the Bootstrap method to further test the mediation effect
and sets the number of repeated samples to 1,000, and the results are
shown in Table 11. As can be seen from Table 11, the confidence
intervals of the indirect and direct effects of planting size do not
include 0, and their mediating effects are significant, the hypothesis
H2 was tested again; the confidence intervals of the indirect and direct
effects of risk attitude also do not include 0, and their mediating effects
are significant, the hypothesis H4 was tested again; the confidence
intervals of the indirect effect of planting structure include 0, and the
confidence intervals of the direct effect do not include 0, which
indicates that the mediating effect of planting structure is not
significant, the Hypothesis H3 was rejected again. It can be seen that
the Bootstrap method is consistent with the results of the three-step
test and that the mediating effects of planting scale and risk attitude
are robust and both of them are partially mediated.

Based on the above results of the mediation effect test on the three
mediating variables, it can be seen that the mediation effect of planting
structure is not significant. Specifically, while policy-based agricultural
insurance has promoted farmers to streamline their cropping structure
and increase the proportion of rice among all the crops they grow, the
change in cropping structure failed to effectively motivate farmers’
willingness to adopt pro-environmental production behaviors. This
may be due to the fact that a greater proportion of rice cultivation
reduces the time required for agricultural production, allowing
farmers to devote more time to more profitable off-farm work, and

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1556958
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Lietal

TABLE 10 Results of the mediation effects test.
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therefore unwilling to adopt more time-consuming and costly
pro-environmental production behaviors (Chambers, 1989). The
underlying reason for this thought is that farmers do not have a full
understanding of the economic and ecological benefits of
pro-environmental production practices (Hazell, 1982). In the view of
the farmers, the task of agricultural production has become simpler
after a larger proportion of insured rice is grown, and there is no need
to invest more effort in agricultural production (Dai and Cheng,
2022). Moreover, the economic benefits of adopting pro-environmental
production behaviors are uncertain (Fang et al., 2019). Therefore,
farmers’ willingness to adopt is not incentivized. In this regard,
farmers’ governments and insurance institutions should increase their
efforts to publicize the economic and ecological benefits of
pro-environmental production practices. Only if more farmers are
willing to adopt pro-environmental production behaviors, can the
problem of agricultural surface pollution be solved from the root
cause, which is conducive to the sustainable development of the
plantation industry.

6 Discussion
6.1 Research findings and discussion

First of all, policy-based agricultural insurance can effectively
stimulate farmers’ willingness to engage in environmentally friendly
production behavior. This result is consistent with the findings of the
existing literatures (Kollmuss and Agyeman, 2002). Policy-based
agricultural insurance can not only protect farmers’ grain cultivation
income, but also promote their willingness to adopt
pro-environmental production behaviors, which is conducive to the
sustainable development of grain production (Atanu et al., 1994).
Specifically for the pro-environmental production behaviors in
different production segments, policy-based agricultural insurance
has a significant incentive effect on farmers’ willingness to apply
organic fertilizer, reduce the amount of chemical fertilizer application,
reduce the amount of pesticide application, and the adoption of straw
resource utilization (Zheng and Zhao, 2025; Bhuiyan et al., 2022;
Zhang et al., 2020; Akinrinola and Okunola, 2014). In addition,
compared with the willingness to apply organic fertilizer and the
willingness to adopt straw resource treatment, policy-based
agricultural insurance has a greater and more significant role in
promoting farmers” willingness to reduce the amount of pesticide
application and the willingness to reduce the amount of chemical
fertilizer application. Among them, the enhancement effect of policy-
based agricultural insurance on farmers” willingness to reduce the
amount of pesticide application is the most significant. Policy-based
agricultural insurance can promote the green and sustainable
transformation of farmers’ grain production methods, which is
important for reducing agricultural surface pollution and promoting
the sustainable development of the grain industry (Chen et al., 2022;
Yamoabh et al., 2021).

Second, planting scale has a mediating role in the process of policy-
based agricultural insurance affecting farmers’ willingness to
pro-environmental production behavior. This result validates the
opinions of the existing literatures (Brick and Visser, 2015). Agricultural
insurance protects farmers’ income (Breckner et al., 2016), enhances
farmers’ confidence in production (Zhang et al., 2023), and incentivizes
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TABLE 11 Bootstrap method test of mediating effect.

10.3389/fsufs.2025.1556958

Dependent Mediating Type of Effect value SE Bootstrap 95% CI
variable variables effect
Willingness to adopt pro- Planting scale Indirect Effect 0.012%* 0.081 0.004 0.027
environmental production Direct Effect 0.201%5 0.049 0.105 0.298
behavior
Planting structure Indirect Effect —0.004 0.007 —0.017 0.010
Direct Effect 0.193%*%* 0.048 0.098 0.288
Risk attitude Indirect Effect 0.033%*%* 0.009 0.015 0.051
Direct Effect 0.156%** 0.052 0.055 0.258

ik k% and * represent that the explanatory variable passes the test of significance at the 1 per cent, 5 per cent and 10 per cent confidence levels, respectively.

farmers’ factor input behavior for grain production (Jiang et al., 2023).
Expanding the scale of cultivation is the most common way for farmers
to increase factor inputs to grain production (Akter et al., 2016; Zhu and
Chen, 2022). Farmers in the policy-based agricultural insurance
incentives, spontaneous expansion of the scale of grain production
thereby generating scale effects, reducing the cost of farmers to take the
pro-environmental production behaviors (Aheibam et al., 2017), and
ultimately enhance the willingness of farmers to adopt the
pro-environmental production behavior.

Third, planting structure policy-based agricultural insurance
does not have a mediating role in the process of influencing the
willingness to adopt pro-environmental production behavior. Policy-
based agricultural insurance has a significant positive effect on
farmers’ planting structure streamlining behavior, which is consistent
with the findings of the current study (Fahad et al., 2018). However,
unlike the findings of the current study (Wu et al., 2024), cropping
structure streamlining did not enhance farmers’ willingness to adopt
pro-environmental production behaviors. This may be due to the fact
that the streamlining of cropping structure has increased the degree
of part-time employment of farmers (Horowitz and Lichtenberg,
1993; Alotaibi et al., 2021). Single and simple crop cultivation allows
farmers to spend more time on non-farm work, and they do not want
to spend too much time and energy on food cultivation and arable
land protection (Sargani et al., 2023). The green technologies and
production knowledge contained in pro-environmental production
behaviors, on the other hand, require farmers to spend a lot of time
to learn and practice (Mao et al., 2022; Zhong et al., 2007). Therefore,
the streamlining of cropping structure did not enhance the
willingness of farmers to adopt pro-environmental production
behaviors in Jiangxi Province.

Finally, risk attitude has a mediating effect in the process of
policy-based agricultural insurance influencing farmers’ willingness
to adopt pro-environmental production behaviors. This finding
reaffirms the conclusions of existing studies (Ahsan et al., 1982; Yu
etal, 2019; Liu et al., 2023). Policy-based agricultural insurance can
change farmers’ risk attitude by protecting their income (Hu and
Allen, 2017). While green production technologies included in
pro-environmental production behaviors contribute to the protection
of the environment and the sustainability of arable land, they increase
the uncertainty of farmers’ expected income (Sun et al., 2024). Policy-
based agricultural insurance can change farmers’ risk attitudes and
increase their risk preferences by sharing their rice cultivation risks
and protecting their expected income (Tang and Luo, 2021). The
increase in the degree of risk preference enhances farmers’ intention
to adopt new technologies and their psychological tolerance for risk,
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which ultimately enhances their pro-environmental production
willingness (Zheng and Zhao, 2025).

6.2 Possible innovations of this study

First of all, this paper starts from the perspective of farmers, and
based on the research results of existing researchers, it takes the theory
of farmers’ behavior and the theory of planned behavior as theoretical
basis, and probes deeply into the mechanism of the influence of policy
agricultural insurance on the willingness of farmers to implement
pro-environmental production behaviors. In addition, this paper also
considers the mediating effects of planting scale, planting structure,
and risk attitude, and constructs the research framework of ‘policy
agricultural insurance - individual and production characteristics -
willingness and implementation of pro-environmental production
behaviors, which is somewhat theoretically innovative. This study
provides some theoretical references for subsequent research on the
factors influencing farmers’ environmentally friendly production
behavior.

Many researchers have studied the influencing factors of
farmers’ willingness to adopt pro-environmental production
behaviors, but there is little literature on the systematic study of the
influencing mechanism of policy-based agricultural insurance
affecting farmers’ pro-environmental production behaviors. Based
on the existing research results of researchers, this paper verifies the
incentive effect of policy-based agricultural insurance on the
adoption willingness and comprehensive willingness of four kinds
of pro-environmental production behaviors of farm households
through the method of empirical research, and at the same time
verifies the mediating effect of planting scale and risk attitude in the
process of this influence. Finally, this study establishes the systematic
mechanism of policy agricultural insurance influencing farmers’
willingness to adopt pro-environmental production behaviors,
which provides a certain practical basis and theoretical foundation
for subsequent studies.

6.3 Research limitations

Although the authors have tried their best to make this study
complete and rigorous, it is inevitable that this study also has some
limitations. First, there are limitations in the regional focus of this
paper. Since the research object of this paper is rice farmers in Jiangxi
Province, it can only reflect the willingness of rice farmers in this
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province to be influenced by policy-based agricultural insurance on
their pro-environmental production behavior. Therefore, the
conclusions and countermeasure suggestions in this paper have limited
relevance to other regions in China. The sampling method for the
sample is relatively robust, but it does not consider the factor of resident
population density in selecting specific counties and villages. Finally,
this paper also has limitations in terms of the content of the study. The
paper only measures farmers’ willingness to adopt pro-environmental
production behaviors, but not whether and to what extent they adopt
them. In addition, the pro-environmental production behaviors
examined in this paper are only the four most common ones, and there
may be many more pro-environmental production behaviors
stimulated by policy-based agricultural insurance.

The authors will endeavor to address the above research
limitations in future studies. The survey team will endeavor to expand
the coverage and sample capacity of the samples, adopt tracking
surveys to obtain data, and increase the breadth and depth of the
study in order to expand the application of the findings. In addition,
the authors will consider introducing new mediating variables such
as political trust and government regulation to enrich the research on
the mechanism of policy-based agricultural insurance’s influence on
farmers’ pro-environmental production behavior. With the support
of more sample data, the authors expect to make more contributions
to the field of research on the mechanism of agricultural insurance
influencing farmers’ behavior.

7 Conclusions and implications
7.1 Conclusion

Based on the field survey data of 1,440 rice farmers in Jiangxi
Province, this paper empirically analyzes the impact of policy-based
agricultural insurance on the willingness of pro-environmental
production behavior of rice farmers in Jiangxi Province with the help
of statal7 software. In addition, this paper also explores the mediating
role of planting scale, planting structure and risk attitude.

Policy-based agricultural insurance can effectively incentivize
farmers’ willingness to adopt pro-environmental production behaviors.
The empirical results of this paper show that policy-based agricultural
insurance has a significant promotion effect on farmers willingness to
apply organic fertilizer, reduce chemical fertilizer application, reduce
pesticide application and straw resource utilization. Compared with the
willingness to apply organic fertilizer and the willingness to resource
straw, policy-based agricultural insurance has a greater and more
significant role in promoting farmers willingness to reduce the amount
of pesticide application and the willingness to reduce the amount of
chemical fertilizer application. Among them, policy-based agricultural
insurance has the most significant effect on farmers willingness to
reduce pesticide application. Therefore, it is necessary to continue to
develop and improve policy-based agricultural insurance in order to
continue to tap its potential in promoting farmers to adopt
environmentally friendly production behaviors, reducing agricultural
surface pollution and ensuring food security.

Policy-based agricultural insurance can motivate farmers to adopt
pro-environmental production behaviors by encouraging them to
expand the scale of cultivation. Policy-based agricultural insurance
can encourage farmers to expand the scale of cultivation by providing
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them with income security. Expanding the scale of planting can
produce a scale effect and reduce the cost of adopting
pro-environmental production behaviors.

Policy-based agricultural insurance can motivate farmers to
adopt pro-environmental production behaviors by changing their
attitudes toward risk. Policy-based agricultural insurance can share
the risk of grain production for farmers, enhance their confidence
in production, and increase their risk appetite. The increase in risk
preference reduces farmers’ concern about expected income and
their
production behaviors.

motivates willingness to adopt pro-environmental

This paper provides a theoretical reference for the field of research
on the mechanism of agricultural insurance affecting farmers’
behavior, and also provides a certain realistic basis for the management
of agricultural surface pollution in Jiangxi Province. Future research
should continue to enrich the measurement method of
pro-environmental production behavior, focusing on whether farmers
adopt pro-environmental behaviors and the consistency between
willingness and behavior. In addition, with the abundance of policy-
based agricultural insurance, different types of insurance may have
different effects on farmers’ willingness to engage in pro-environmental

production behaviors.

7.2 Policy implications

Firstly, optimize insurance products and expand the insurance
group. The government and insurance institutions should continue to
improve policy-based agricultural insurance products, increase the
policy-based agricultural insurance publicity, expand its coverage, so that
more farmers enjoy the policy-based agricultural insurance services.
Besides, the government should provide differentiated insurance options
and support measures for farmers with different land endowments, and
set up incentive mechanisms to motivate farmers in mountainous or hilly
areas to adopt pro-environmental production behavior.

Secondly, improve the payout process and increase the payout
power. Relevant departments and institutions should continue to
improve the policy-based agricultural insurance payout process,
appropriately increase the payout efforts, and do a good job of payout
supervision. Insurance companies should give more policy
concessions to large-scale farmers, provide more comprehensive risk-
sharing services for farmers, so as to stimulate the environmental
protection production behavior of farmers participating in policy-
based agricultural insurance. And the Government should encourage
small-scale farmers to operate cooperatively, consolidate their land
management and form a scale effect to reduce the cost of adopting
pro-environmental production behaviors.

Thirdly, increase the scope of insurance and pay attention to the
supervision of compensation. Insurance institutions should gradually
increase the coverage of policy-based agricultural insurance to cope
with the risks faced by grain under different circumstances. Relevant
government departments should also do a good job of supervising and
maintaining close contact with farmers and insurance institutions to
ensure the timeliness and reasonableness of policy-based agricultural
insurance payouts. In addition, agricultural administrations should
pay attention to the differences in the impact of policy-based
agricultural insurance on farmers’ production willingness in different
pro-environmental situations. Agricultural management departments
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should expand financial support for farmers organic fertilizer
application behavior and straw resource treatment behavior, such as
including the cost of organic fertilizer application in insurance
coverage, establishing an incentive system for farmers’ straw resource
treatment, and providing organic fertilizer subsidies.
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