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Environmental regulations and internal perception are crucial in standardizing farmers’ production
behaviors, promoting green agricultural practices, and alleviating rural resource and environmental
constraints. This paper examines the effects of environmental regulations and internal perception on
farmers’ behaviors regarding the recycling of waste agricultural films, employing Probit models based
on survey data from 697 households in Xinjiang. The results show: (1) Constraint regulation has
a significant positive effect on farmers’ waste mulch recycling behavior, while guiding regulation
and incentive regulation are not found to promote. (2) Value orientation and transfer internalization
have a mediating role between environmental regulation and farmers’ waste mulch recycling behavior,
and both can positively enhance the positive effect of environmental regulation on farmers’ waste
mulch recycling behavior, which is conducive to the promotion of green agricultural development.
(3) From the perspective of heterogeneity, the positive effect of environmental regulations on the
recycling of used mulch by farmers is more significant in the senior group, the low-education group,
and the large-scale grower group. Based on these findings, the study suggests that while environmental
regulation policies should continue to motivate, constrain, and guide farmers, the positive role of internal
perception in promoting recycling behaviors should also be emphasized. In implementing recycling
policies, a combination of top-down environmental regulations and inside-out internal perception is
necessary.

Keywords: farmers, agricultural film recycling, informal institutions, environmental regulations, Xinjiang

Introduction

Agricultural plastic mulch is an indispensable
and important material in agricultural production.
Agricultural mulch film has obvious drought
prevention, temperature increase, moisture retention,
and salt control effects [1] and plays a significant role in
improving the yield and quality of agricultural products,
ensuring food security, as well as increasing farmers’
income. Over time, China’s agricultural dependence
on plastic films has increased significantly. The use of
film in Xinjiang showed a trend of increasing first and
then decreasing, from 51,500 tonnes in 1995, covering
a land area of 805.9 thousand hectares, to 269,800 tonnes
in 2018, covering an area of 3,511.94 thousand hectares.
The use of film after 2018 all showed a downward trend,
decreasing to 2,615 tonnes in 2021, but the area of film
coverage still showed a growth trend, Xinjiang has
become the province with the largest amount of ground
film use and the most serious residual film pollution in
China (specific data are shown in Fig. 1). Agricultural
film is the main source of residual film pollution. The
film will be broken in the late maturity of the crop and
remain in the arable land. Due to its own difficulty to
degrade, residual film in the soil after a long period of
time accumulation causes damage to the soil structure,
reduced soil fertility, and damage to the growth and
development of the crop, resulting in a reduction in crop
yields and lower quality [2]. According to estimates, the
average annual new 18 kg of residual film per hectare
of farmland in Xinjiang, more than 80% of farmland
film residue is higher than 225 kg/hm?, the average
residue is as high as 255 kg/hm?, which is 5 times of the
national average level. The problem of “white pollution”
has become a major hazard to the local ecological
environment, posing a non-negligible threat to the

sustainable development of agriculture, and has received
great attention from all sectors of society.

In recent years, the transformation of China’s
agricultural green production has reached a critical
moment. The Ministry of Agriculture and Rural
Development in 2015 put forward the “one control,
two reductions and three basic” goal, issued in 2017 on
“the innovation of institutional mechanisms to promote
the green development of agriculture,” put forward
by 2020 to achieve the recovery rate of agricultural
film to reach 80%. The “Soil Pollution Prevention and
Control Law” adopted in 2018, will strengthen the
control of agricultural film use as one of the important
means of soil pollution prevention and control.
The Soil Pollution Prevention and Control Law, adopted
in 2018, emphasizes strengthening the management of
agricultural film usage as a key measure to prevent and
control soil pollution. In 2021, the “14" Five-Year Plan”
for National Green Development in Agriculture was
introduced, setting a target for the recycling rate of used
agricultural films to reach 85% by 2025.

Building on this, in 2022, the Ministry of Agriculture
and Rural Affairs, together with the Ministry of Finance,
issued the Notice on the Pilot Program for the Scientific
Use and Recycling of Ground Film. This initiative
promotes the adoption of thickened, high-strength ground
films and fully biodegradable ground films as alternatives
to traditional films, aiming to reduce their use at the
source. The program seeks to systematically address the
challenges associated with ground film recycling.

Pilot work on film recycling in the Xinjiang region
began in 2014, and a comprehensive management target
system and evaluation mechanism for film pollution, led
by the autonomous region, prefectures, and counties,
have been preliminarily explored and established.
However, due to factors such as wind and sun exposure,
agricultural films are prone to breakage, and during field
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Fig. 1. Use of agricultural land film in Xinjiang, 1990-2021.

plowing, they are turned into the 0-30 cm plowing layer
in fragmented form, making film recycling challenging
and costly, and farmers lack the motivation to recycle
waste films. As micro-agents of agricultural production
and operation, farmers are the producers of film
pollution, direct participants in its management, and
beneficiaries. Enhancing farmers’ participation in waste
film recycling is of great significance in winning the
battle against “film pollution.”

New Institutional Theory posits that the institutional
environment is a prerequisite for the survival of
organizations and individuals, necessitating broad
social acceptance. This suggests that individual
behaviors and practices are inevitably constrained by
societal legitimacy and follow certain logical patterns,
namely, legitimacy mechanisms [3]. According to new
institutional economics, institutions include both formal
and informal aspects, and informal institutions go hand
in hand with formal institutions; formal constraints
only work if they are socially accepted, i.c., compatible
with informal constraints, thus dividing institutions
into formal (formal constraints) and informal (informal
constraints). In the field of agriculture, the shaping of
farmers’ behavior by formal (environmental regulation)
and informal institutions is particularly significant. From
the point of view of formal institutions, environmental
regulation, as an important means for our government
to supervise and incentivize the development of green
production in the countryside, gives more intervention
and control over farmers’ production behavior, especially
in the case of the typical externality of agricultural
surface pollution, which can be effectively internalized
through the policies and regulations of environmental
regulation to solve the problem. As for the informal
system, it is the root of the formal system, deeply
rooted in the daily life of farmers’ communication and
production process, silently shaping their production
mode. Under the soft constraints of the informal system,
farmers will adjust the willingness of agricultural green
production and decision-making and revise the expected
benefits and expected output.

There is a rich body of scholarly work on how
social support, social norms, and social identity —
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elements of informal institutions — alongside formal
environmental regulations, influence farmer behavior.
Formal environmental regulations have been widely
shown to positively influence green behaviors among
farmers [4-6], with varying effects across different types
of regulations [7-9]. Regarding informal institutions,
some scholars consider them an important endogenous
force influencing farmer behavior choices [10].
Regulating and constraining farmers’ behavior through
group-recognized and tacitly accepted norms [11, 12],
while others have empirically explored the impact of
informal institutions on the adoption of green behaviors
by farmers [13-15]. A number of scholars have also
explored the mechanism of informal institutions such
as social trust, social networks and social norms on the
behavior of farmers [16-18].

Despite the wealth of existing research providing
significant insights for this study, there is still room
for in-depth research: much of the literature examines
the impact of informal or formal institutions on
farmer behavior from a singular perspective, rarely
integrating both within the same framework. Rural
areas are rich in informal institutions, while formal
institutions are relatively lacking. Relying solely on
formal institutional analysis of the impact on green
production behaviors without considering the informal
institutional context can lead to certain deficiencies and
shortcomings; formal regulations cannot be effectively
implemented or produce effective outcomes in rural
management without the broad recognition and general
support of internal perception. Conversely, without
formal regulations providing basic guidelines and
requirements, those internal perceptions compatible
with and accepted by formal settings would lose public
support, authority, and justification. Only by finding an
optimal synergy between the two can their regulatory
effects be fully utilized. Farmer waste mulch recycling
behaviors are primarily regulated by both formal
and informal rules, and to achieve ideal management
outcomes, it is essential to fully leverage the synergistic
effects between them. Based on this, the paper uses
survey data from 697 farmers in Xinjiang to construct
a probit model to investigate the influence of informal
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systems and environmental regulations on farmers’
waste film recycling behavior and tries to examine
the multidimensional relationship between informal
systems and environmental regulations in farmers’
waste film recycling behavior from a multidimensional
perspective (informal systems are classified into value
orientation, disciplinary supervision, and transmission
internalization according to the mechanism of their
action, and environmental regulations are classified
into guiding, incentive and constraining regulations
according to the nature of the measures), with a view
to enriching related studies of new institutional
economics and land film pollution prevention. We
attempted to examine the multidimensional interaction
between informal institutions and environmental
regulations in the recycling behavior of farmers from a
multidimensional perspective (informal institutions are
classified into value orientation, disciplinary supervision,
and transmission internalization according to the
mechanism of action, and environmental regulations are
classified into guidance regulation, incentive regulation,
and constraint regulation according to the nature of
measures), with a view to enriching the research on new
institutional economics and the prevention and control
of landfilm pollution, expanding the theoretical content
and empirical evidence of intrinsic patterns between
institutions and farm household behavior, and to provide
policy suggestions to further promote the participation
of farmers in recycling of used and scrap films as well
as to offer useful references to the current policy of
managing the pollution of farmland films.

Materials and Methods

Environmental Regulation and Farmer
Behavior in Agricultural Film Recycling

In exploring solutions to the problem of agro-
environmental pollution, the theory of externalities is
particularly important, as it not only provides a solid
theoretical basis for the design of formal institutions, but
also indicates two main ways of internalization. Because
agricultural residual film pollution is a typical problem
of negative externalities, it can be dealt with through
internalization, the most common of which is government
regulation advocated by Picus and market mechanisms
advocated by Coase. Picou believed that direct regulation
should be carried out by the government, and he
suggested the use of taxes and subsidies to internalize
negative external impacts, which also provided direct
support for a formal system on agri-environmental
pollution management. Environmental regulation refers
to the government’s use of policy tools to adjust farmers’
economic activities, aiming to balance environmental
protection and development [19]. Drawing from existing
literature [20-22], these formal institutions can generally
be categorized into three types: directive regulation,
incentive  regulation, and restrictive regulation.

Environmental regulation balances individual, social,
and ecological interests through publicity and education,
direct benefit compensation and reward, and regulatory
constraints in order to achieve policy objectives.

The impact of policy implementation on farmers’
behavior is abstract and must be revealed through
the specific behavior of farmers, from the basic logic
of environmental regulations affecting the recycling
behavior of farmers’ residual film, under the stimulating
effect of various guiding, incentive, and constraint
policies, the internal recycling willingness of farmers has
been stimulated, which triggered the external recycling
choices of farmers as well as changes in the degree of
recycling, and the process of ultimately realizing the
desired goal is the process of environmental regulations
affecting the recycling behavior of farmers’ used film.
The process of achieving the desired goal is the process
of environmental regulation influencing the recycling
behavior of farmers.

Directive Regulation

Directive Regulation: The government employs
information-led measures such as agricultural film
recycling demonstrations, technological consultancy
services, media, and internet promotions, as well as the
distribution of promotional materials to help farmers
understand the ecological and economic benefits of film
recycling. These efforts strengthen farmers’ awareness
of the hazards associated with film pollution and the
advantages of participating in recycling initiatives,
thereby increasing their likelihood of engaging in such
activities.

Incentive Regulation

Incentive Regulation: Recycling agricultural film is
an activity that protects the farm environment. Farmers
who choose to recycle must bear significant costs
associated with recycling machinery, transportation of
residual films, and the time involved. Under incentive-
based environmental regulations, the government
provides financial subsidies to cover some of these
recycling costs, effectively alleviating the economic
burden on farmers and enhancing their willingness to
participate in film recycling.

Restrictive Regulation

Restrictive  Regulation:  Restrictive  regulation
emphasizes the use of penalties to suppress and constrain
individual behaviors that pollute the environment,
thereby serving the purpose of environmental
protection. Farmers’ decision-making behaviors are
often limited by bounded rationality. The government
enforces agricultural activities through regulatory
policies, and if farmers contravene these regulations,
they face legal accountability and penalties. Under
such circumstances, considering the economic costs
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associated with rule violations or potential reputational
damage, farmers, motivated by self-protection, usually
adjust their behavior to comply with regulations and
proactively recycle waste agricultural films [23-25].

In summary, directive, incentive, and restrictive
regulations within environmental regulation significantly
impact farmers’ production behaviors. Based on this, the
study proposes the following research hypotheses:

H1: Environmental regulations can promote farmers’
agricultural film recycling behavior.

Hla: Directive regulation can promote farmers’
agricultural film recycling behavior.

Hlb: Incentive regulation can promote farmers’
agricultural film recycling behavior.

Hlc: Restrictive regulation can promote farmers’
agricultural film recycling behavior.

New institutional economics posits that internal
perception, when functioning, requires supplementation
and coordination from informal institutions [26].
Particularly in the field of agricultural pollution
management, due to imperfect market transactions
and value orientation, the transmission internalization
of internal perception alone is insufficient to eliminate
free-riding behaviors. It is necessary, beyond formal
institutions, to delve into and utilize internal perception
resources, such as social norms, social identity, and
social support [27, 28], to construct a new governance
model that integrates “top-down” and “inside-out”
approaches. Rooted in rural traditional culture and deep
social ties, informal institutions form a unique social
network that not only facilitates the sharing of economic
resources and circulation of production tools [29] but
also plays a crucial role in shaping values, fostering
emotional connections, and affirming social identities
[30, 31]. Social embeddedness theory suggests that any
individual’s economic behavior and decision-making
cannot be separated from the social context in which it
is located and that farmers, as members of rural society,
are deeply embedded in the social structure of their
waste film recycling behavior, which has the attribute
of a “social person”. Under the constraint of limited
rationality, their waste film recycling behavior tends
to “follow” the choice of the majority of the group.
Compared to formal institutions, this informal social
structure plays a more profound and binding role in
farmers’ production and everyday life [32]. It effectively
guides farmers towards engaging in green production
practices through mechanisms such as cultural value
leadership and internalization of education [33]. This
study measures informal institutions in two aspects:
value orientation and transmission internalization.

Value Orientation

Value Orientation: Value orientation leverages the
influence of exemplary figures, such as rural leaders
or model families, to promote the adoption of green
agricultural practices among farmers. First, informal
regulations establish titles like “Green Production

Model Households”, which serve to set clear production
action targets for farmers, thereby exerting a guiding
influence on their behavior. Second, awards such as
“Green Production Model Household” also fulfill
farmers’ desires for recognition and honor, which can
motivate their initiative and enthusiasm in recycling
waste agricultural film.

Punitive Supervision

Transmission Internalization: Transmission
internalization utilizes communication among farmers
to advance the process of voluntarily recycling waste
agricultural film. Social learning theory suggests
that when people are observing the behavior of
others or modeling behavior, it has an impact on their
behavioral decisions. Driven by the psychology of
conformity, farmers’ behaviors are easily influenced
by the assimilation of their peers, leading them to
unconsciously mimic the actions of those around them
[34-36]. This informal mechanism of mutual influence
gradually permeates through daily interactions,
transmitting and reinforcing various values and guiding
farmers to develop norms in their production activities.
Over time, these informal institutions become an
inseparable part of the farmers’ consciousness.

Overall, the elements of informal institutions — value
orientation, punitive supervision, and transmission
internalization —directly impact farmers’ behaviors
concerning the recycling of waste agricultural film.
Based on this understanding, the study proposes the
following hypotheses:

H2: Informal institutions can facilitate farmers’
choices in agricultural film recycling behavior.

H2a: Value orientation can promote farmers’
agricultural film recycling behavior.

H2b: Punitive supervision can promote farmers’
agricultural film recycling behavior.

H2c: Transmission internalization can promote
farmers’ agricultural film recycling behavior.

Based on the relevant theories and literature, the
logical framework of the influence of environmental
regulation and informal systems on the recycling
behavior of farmers’ used mulch is constructed, as
shown in Fig. 2.

Data Source, Variable Selection,
and Model Specification

Data Collection

The microdata used in this study were obtained from
field surveys conducted between June and September
2023. The research focused on the Northern Xinjiang
region, selecting eight counties and cities for the survey,
including Hutubi County and Manas County in Changji
Prefecture, Shawan County in Tacheng Area, Qapqal
Xibe Autonomous County in Ili Kazakh Autonomous
Prefecture, Yiwu County in Hami City, Shanshan
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Fig. 2. Research framework diagram.

County in Turpan City, Hu Yanghe City in the Seventh
Division of Xinjiang Production and Construction
Corps, and Shihezi City in the Eighth Division. These
areas were chosen to carry out a field survey concerning
farmers’ green production behaviors and their perception
of related policies. A total of 730 questionnaires were
distributed in this research, and after eliminating
invalid questionnaires, 697 valid questionnaires were
finally obtained, with an effective rate of 95.48%. The
questionnaires included the basic characteristics of
farmers’ personal, family, and production, the use of
mulch film and the behavior of recycling used mulch
film by farmers, and the situation related to the recycling
system of used mulch film.

Sample Characteristics

Table 1 shows the basic characteristics of the sample
farmers. The sample consists of a slight majority of
Han ethnicity over ethnic minorities, with Han Chinese
representing 53.08% and minorities accounting for
46.92%. Gender distribution among the surveyed
households shows a slight male predominance, with
males making up 55.09% and females 44.91% of the
sample. The majority of the sample households are older,
particularly those between the ages of 41 and 50, who
dominate the sample with 218 households, accounting
for 31.28%. In terms of educational background, the
majority of the sample households are concentrated at
two levels: junior high school and college or higher.
The health status of the sample households is generally
good, with 92.25% of them considering their health
to be average or above. Financially, over one-third of
the families (38.16%) had an annual income ranging
between one to five million yuan in 2022, indicating
significant economic disparities among different
households. Regarding land area, the farming land size
of houscholds is generally small, with most owning
40 acres or less. A substantial majority of the
households (85.37%) have not joined any cooperatives
or leading enterprises. Among the 102 households
that are part of cooperatives or leading enterprises,

78 households (76.47%) reported that their cooperatives
(enterprises, bases) have set requirements for
the recycling of waste agricultural film, of which
75 houscholds (96.15%) strictly adhere to the related
regulations.

Variable Selection

The variables involved in this study are categorized
into four groups:

1. Dependent Variable: The dependent variable
selected is the recycling behavior of agricultural film
among farmers, which is measured by whether the
interviewed farmers choose to engage in recycling
activities. In the questionnaire, a question was asked in
the form of “Do you recycle residual film?” The question
was asked in the form of “Do you recycle residual
film?”, and farmers were assigned a value of 1 and O for
“yes” and “no” responses, respectively.

2. Core Explanatory Variables: This includes
environmental regulations. Drawing on research by
scholars such as Guo [8, 37], environmental regulations
are represented by three indices: incentive regulation,
restrictive regulation, and directive regulation.

3. Intermediary Variable: Drawing on the study
of Hao et al. [21, 33], Internal Perception is measured
through two indices: value orientation and transmission
internalization. Value orientation was measured by
asking farmers how much they agreed with the question
“The village committee will guide you to adopt green
production methods”, and transmission was internalized
by asking farmers how much they agreed with the
question “All farmers around them recycle used mulch”.
Both sets of core variables are measured using a Likert
five-point scale to capture the extent of agreement or
disagreement.

4. Control Variables: To eliminate confounding
influences, following existing research [38-41], variables
such as the individual’s age, educational level, family’s
agricultural income, the scale of land management, and
the availability of technical training related to the use and
recycling of agricultural film are included. These control
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Table 1. Descriptive Statistics of Production and Management Characteristics of Sample Farmers.

Indicator Category Frequency Percentage (%)
Han 370 53.08
Ethnicity
Ethnic minorities 327 46.92
Male 384 55.09
Gender
Female 313 4491
30 And below 147 21.09
31~40 155 22.24
Age 41~50 218 31.28
51~60 121 17.36
61 And above 56 8.03
No formal education 46 6.60
Primary school 125 17.93
Education level Junior high 195 27.98
High school/vocational 141 20.23
College and above 190 27.26
Poor 0 0.00
Fairly poor 54 7.75
Health status Average 90 12.91
Fairly healthy 298 42.75
Healthy 255 36.59
below 10,000(CNY) 63 9.04
10,000-50,000(CNY) 266 38.16
family annual income 50,000-100,000(CNY) 185 26.54
100,000-200,000(CNY) 103 14.78
above 200,000(CNY) 80 11.48
below 40 acres 296 42.47
land area 40-125 acres 277 39.74
above 125 acres 124 17.79
cooperative 76 10.90
social organization leading enterprise 26 3.73
none 595 85.37

variables help to account for additional variability in the
dependent variable that might be influenced by factors
other than the core explanatory variables. The specific
definitions and value assignments of the variables are
shown in Table 2.

Model Specification

Since the dependent variable, whether farmers are
willing to recycle plastic film (y), is a binary categorical
variable, the outcome of plastic film recycling behavior
manifests as either ‘recycle’ or ‘do not recycle’, that is,

a 0-1 variable. Typically, discrete choice models such
as Probit and Logit are chosen to study such problems.
Compared to the Logit model, the Probit model is more
suitable for analyzing micro-level behaviors of subjects
and predicting problems [42, 43]. Therefore, a Probit
model is used for estimation. The basic form of the
model is as follows:

y=p*X+e (1)

In the model, y is a binary outcome vector (0 or 1),
X is the matrix of explanatory variables, f represents the
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Table 2. Variable selection and definitions.

Variable Variable Name Definition Assignment Mean Star}dgrd
Category Deviation
Depe?ndent Old film ref:ychng Whether gld agricultural film yes=1,1m0=0 0.592 0.492
variable behavior is recycled
Guidin How well does the 1 = very weak; 2 = weak;
"8 government publicize the 3 = moderate; 4 = strong; 5 = very 2.83 0.99
regulation .
recycling of waste mulch strong
Core Incentive Dlﬂ.iculty O.f farmers n 1 = very difficult; 2 = difficult;
explanatory reculation accessing subsidies related to 3 = moderate: 4 = easy: 5 = very eas 2.92 1.06
variables gu waste mulch recycling ’ Y> Ty easy
. 1 = very weak; 2 = weak;
Restrictive Government enforcement of B N =
. . 3 = moderate; 4 = strong; 5 = very 3.59 1.35
regulation old film recycling
strong
. . Village committee’s guidance ) )
Intermediary Value orientation on recycling old film 1 = strongly disagree; 2 = disagree; 3.62 0.96
. — - 3 = neutral; 4 = agree; 5 = strongly
variable Transmissive Prevalence of recycling
. o agree 3.77 0.97
internalization among nearby farmers
Age Based on the actual age of the Age in years 41.494 12.435
respondent
1 =no schooling; 2 = elementary;
Educational level Based on years of education 3= ]umor_hlgh; 4 i high school/ 3.5%6 1351
received vocational; 5 = college;
6 = university and above
Health status Health condition of the 1 = excellent; 2 = good; 3 = average; 1713 0.684
Control respondent 4 = poor; 5 = very poor
variables .
Houschold Based on the 2022 farming Income in ten thousand yuan 7.956 30.702
farming income income
Land management | Actual cultlva’lted area of the Acres 34,148 217 548
scale farmer’s family
Training Total number of trainings Number of times 1347 1407
frequency attended
Location Regional dummy variable corps =1, local =0 0416 0.493
coefficients to be estimated, and & represents the random 7 = '30 +B', X + S,Control +r, )

error term. The specific functional form is:

Probit(y, =1/ X,)=o(X,, )+ (B, + BX,

+132X2+"'+ﬂan)

2)

In the formula y is the dependent variable indicating

whether a farmer chooses to recycle agricultural film
(I = yes, 0 = no); represents the standard cumulative
normal distribution function; is a constant; are the
coefficients to be estimated for the explanatory variables.
X refers to the specific explanatory variables.

This paper applies the mediation effect model to
further test the mediation mechanism of intrinsic
cognition in the influence of environmental regulation
on the recycling behavior of farmers’ discarded mulch
film, to verify the correctness of the mediation effect
model’s influence path, and to construct the following
mediation effect model:

Y =p,+B,X+B,Control + 1, 3)

Y=p0,+B", X+ B,Z+B", Control +r, (5)

Where X is environmental regulation, Y is farmers’
discarded film recycling behavior, Z is intrinsic
cognition, Control is a control variable, f, is the total
effect of environmental regulation on farmers’ discarded
film recycling behavior; f°, is the degree of influence
of environmental regulation on the mediating variable;
B, is the direct effect of environmental regulation on
farmers’ discarded film recycling behavior, and the
mediating effect of intrinsic cognition is 8’ 5,.

Robustness Tests

Considering that older individuals may lack the
physical capability to engage in agricultural production
activities, this study excludes samples of individuals
aged 60 and over and re-runs the Probit regression.
The results are presented in Table 3. It is evident that
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Table 3. Robustness Test for Restricted Sample.

Variables Model 1 Model 2 Model 3
0.089 - -
Guiding regulation
(0.516) - -
- 0.106 -
Incentive regulation
- (0.521) -
- - 2.064***
Restrictive regulation
- - (3.845)
Control variables yES YES YES
4.218%** 4.702%** 2.354%%*
_cons
(2.894) (3.121) (2.631)
Prob>chi2 0.000 0.000 0.000
Pseudo R? 0.3273 0.3355 0.3106
Wald chi2 222.235 227.766 218.546

the regression outcomes for the restricted sample are
consistent with those of the full sample, indicating that
the model’s estimated results are robust.

Endogeneity Tests

The binary Probit model described above may
suffer from endogeneity bias due to reverse causation
and omitted variables. On the one hand, there are
many influencing factors affecting the recycling of
waste mulch by farmers, and the problem of omitted
variables arises due to the fact that the sclected data, as
well as the control variables, tend to be limited; on the
other hand, the level of environmental regulation and
informal institutions may be higher among farmers who
are willing to recycle waste mulch, which may lead to
biased estimation results.

The study addresses potential endogeneity issues
due to reverse causality or omitted variables using the
Conditional Mixed Process (CMP) model.

In this paper, we refer to the study of He et al.
[44] and introduce the mean values of environmental
regulation and informal system of other samples living
in the same area except for the farmers themselves as
instrumental variables to deal with the endogeneity of
the model, on the one hand, environmental regulation
and informal system have certain geographical
characteristics, the stronger the social and cultural
atmosphere of the village, the more frequent the
neighbors help each other and the stronger the support
for the policy, the higher the level of environmental
regulation and informal system will be. On the one
hand, environmental regulations and informal systems
have certain geographical characteristics: the stronger
the social and cultural atmosphere of the village, the
more frequent the mutual help of neighbors, and the
stronger the policy support, the higher the level of

environmental regulations and informal systems, so the
level of environmental regulations and informal systems
of other farmers in the same region has a significant
effect on the level of environmental regulations and
informal systems of the focal farmer, which meets the
requirement of relevance. The results, after instrumental
variable tests with p-values less than 0.1, reject the null
hypothesis of exogeneity, confirming the appropriateness
of the instruments. The corrected results still indicate
a positive and robust influence of both environmental
regulations and informal institutions on farmers’
recycling behaviors. Notably, the CMP model suggests
that the influence of environmental regulations might
have been underestimated and the impact of informal
institutions potentially overstated in previous models.
For complete results, see Table 4.

Heterogeneity Analysis

In order to further analyze the impact of
environmental regulations on the waste film recycling
behavior of different types of farmers, this paper
divides farmers into different groups from the three
dimensions of the age of the head of the household,
level of education, and planting size, in order to test the
heterogeneity of the impact of environmental regulations
on the waste film recycling behavior of farmers.

Age Heterogeneity

In this paper, we first sorted all the sample households
according to the age of the head of household, and
divided them into below-median and above-median
groups according to the median (43 years old), and
then tested the effects of environmental regulations on
the waste film recycling behaviors of the two groups
of farmers, and the results are shown in Table 5.
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Table 4. Instrument variable I'V estimation results.

Variables Coefficient s tanlji(;?(;lsetrror
E?Z;’lzgf::al 3.995%* 2.465
v 0.306%** 1.680
_cons 2.257H%* 2.704
Control variables YES
Prob>chi2 0.000
Wald chi2 164.663

Table 5. Regression results for age heterogeneity.

Variables Above median Below median
Environmental 1.366%* 0417
regulations (2.143) (0.444)
Control variables YES YES
Prob>chi2 0.000 0.000
Wald chi2 114.811 120.468

From the regression results, it can be seen that the
positive influence of environmental regulation on
farmers’ waste mulch recycling is greater in the higher
age group. The possible reasons for this are that older
farmers mainly learn agricultural production technology
through government technology extension and social
networks, and social network relationships are mostly
concentrated within villages, which are more likely to
be influenced by local social norms, and the disposal
methods and perceptions of other farmers around them
on waste mulch are more likely to change the waste mulch
recycling behavior of older farmers. Younger farmers,
on the other hand, have a wider distribution of social
relations, and they can search for diversified information
on agricultural production technologies in a wider range
of areas outside the village and make decisions on waste
film recycling based on comprehensive comparisons and
analyses, so environmental regulations have relatively
little impact on them.

Education Level Heterogeneity

Based on the sample characteristics of education
level, this subsection divides the farmers into two
samples of low education level group (junior high school
level and below) and high education level group (junior
high school level and above), and conducts regressions
separately, and the results are shown in Table 6. As can
be seen in Table 6, the positive impacts of environmental
regulation and informal systems on waste mulch
recycling of farmers are greater in the ground education
level group, and for the farmers in the low education

level group, the greater the strength of environmental
regulation and informal system, the greater the
possibility of recycling of their waste mulch. The greater
the intensity of the institutions, the greater their waste
mulch recycling is likely to be. Possible explanations for
this are that farmers in the low-education group have
fewer non-farm employment opportunities than farmers
in the high-education group, pay more attention to their
farmland, have limited knowledge and awareness of
waste mulch, and have a clear “other-orientation”, so
they are more likely to be affected by environmental
regulations and informal systems.

Land Scale Heterogeneity

In order to analyze the scale heterogeneity of the
impact of environmental regulations on farmers’ waste
mulch recycling behavior, this paper sorts all sample
farmers according to the size of planting scale and
divides them into a below-median group (small-scale)
and above-median group (large-scale) according to the
median (50 acres), and then examines the impact of
environmental regulations on the recycling behavior of
waste mulch for the two groups of farmers respectively.
The results are shown in Table 7. From the regression
results, it can be seen that the positive effect of
environmental regulations on the recycling behavior
of farmers is more significant in large-scale growers,
probably because the cost of recycling used film is
higher, and the capital constraints on large-scale growers
are relatively small. According to the field research, most
of the subsidies for the recycling of used film are based
on the area of cultivation and the amount of recycling,
and the detection of residual film is mostly based on
the area of cultivation. As a result, large-scale growers
are more likely to be incentivized and constrained by
environmental regulations and are more likely to recycle
used film than small-scale farmers.

Further Discussion: Mechanism Testing

Results an as can be seen from Model 1 in Table 8,
the effects of guided regulation on waste film recycling
behavior are all significant, at least at the 10% level.
Hypothesis H2a is verified, and there is also a positive
and significant effect of guided regulation on the value
orientation of farmers, which further indicates that
hypothesis H2 is verified. This suggests that there is
a direct effect of the guiding regulation on farmers’
waste film recycling behavior and an indirect effect on
farmers’ waste film recycling behavior driven by value
orientation, which also verifies the previous conclusion
that the “total effect” of the guiding regulation is
significant.

From Model 1 in Table 8, we can also see that
the effect of incentive regulation on farmers’ waste
film recycling behavior is positive, and the results of
Model 2 show that the effects of incentive regulation
and value orientation on farmers’ waste film recycling
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Table 6. Regression results for education level heterogeneity.

. High level of Low level of
Variables . .
education education

Environmental 0.526 2.054*

regulations (0.580) (1.786)
Control variables YES YES
Prob>chi2 0.000 0.000

Wald chi2 117.313 120.554

Table 7. Regression results for land scale heterogeneity.

behavior are both positive effects. This shows that
incentive regulation not only can directly promote the
waste film recycling behavior of farmers, but also there
exists the influence path of incentive regulation—value
orientation—waste film recycling, and Hypothesis H2a
and Hypothesis H2 are further verified.

Finally, from the results of Model 1 and Model
3 in Table 8, we can also see that the effect of
constraint regulation on value orientation and transfer
internalization is positive, and significant at the 1%
statistical level, and the results of Models 1-4 show that
the effects of constraint regulation, value orientation,
and transfer internalization on the waste film recycling
behaviors of farmers are positive, which indicates that

Variables Large-scale Small-scale constraint regulation not only promotes the behaviors
. of farmers on waste film recycling, but also has two
Environmental 1.821 1176 influence paths, hypothesis H2b and H2 are all verified.
regulations (2.007) (1.072) The hypotheses H2b and H2 have been tested, and there
Control variables YES YES are two.lnﬂuence paths of constre}lnt regulatlon—>val}1e
orientation—waste film recycling and constraint
Prob>chi2 0.000 0.000 regulation—transfer internalisation—waste film
Wald chi2 102.900 75.837 recycling.
Table 8. Results of the interaction between environmental regulations and informal institutions.
Model 1 Model 2 Model 3 Model 4
Variable names . . Behaviors of waste Transmissive Behaviors of waste
Value orientation . . . .
agricultural films internalization agricultural films
Guiding 1.426* 0.418%* 0.169% 0.434%
regulation (1.06) (0.71) (0.38) (0.65)
Incentive 3.378% 1.538%*x 1.246% %% 1.284%%%
regulation (3.3) (3.30) (4.38) (2.97)
Restrictive 1.273% 0.936** 0.630* 0.863*
regulation (1.91) (2.02) (1.16) (1.80)
Value — 0.083* - -
orientation _ (1.76) _ _
Transmissive B B B 0.526%*
internalization _ _ _ (2.25)
Controlled vES YES YES YES
variable
0.403 3.108%%* 2.320%* 2.649%*
_cons
(0.09) (2.20) (2.33) (1.74)
4.814%#%* - 1.417%%* -
Sigma
(15.60) - (13.43) -
F 6.38 52.40 11.66 55.05
Prob>F 0.0000 0.0000 0.0000 0.0000
Pseudo R? 0.0465 0.3742 0.1721 0.3967
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Results and Discussion

To ensure the accuracy of the model’s estimation
results, it 1is necessary to diagnose potential
multicollinearity among variables before examining
the impact of each variable on the dependent variable.
Using Stata 16.0 software for analysis, the Variance
Inflation Factor (VIF) for all variables used in the model
was found to be less than 3, indicating that there is no
multicollinearity among the variables. When examining
the impact of informal institutions and environmental
regulations on farmers’ participation in agricultural film
recycling, the study employs three models for analysis.
Firstly, variables representing environmental regulations
and informal institutions are incorporated into Models
1 and 2 based on controlled variables. Subsequently,
all indicator variables are included in Model 3 for
regression estimation. The Probit regression results are
presented in Table 9.

According to Model 1 from Table 9, restrictive
regulations significantly positively affect farmers’
behaviors in recycling waste agricultural film, and this
effect is significant at the 1% confidence level, which
verifies the research hypothesis Hla. The likely reason
is that restrictive regulations primarily involve economic
penalties and educational criticism for environmental
pollution behaviors. Therefore, the greater the intensity
of restrictive regulations, the more likely farmers are
to increase their recycling activities to avoid economic
penalties and criticism.

According to Model 2 from Table 9, directive
regulations did not pass the significance test, and
research hypothesis Hlb was not passed, which may be
due to the current reliance on promotional slogans and
mottos for film recycling awareness, a rather uniform
approach. Additionally, the wvariability of regional
characteristics and the complexity of rural issues can
cause a lag in the implementation of directive policies,

Table 9. Regression results of environmental regulations and informal institutions on farmers’ recycling behavior of waste agricultural

film.
Variables Model 1 Model 2 Model 3 Model 4
0.193 - 0.024
Guiding regulation
(0.545) - (0.105)
- 0.34
Incentive regulation
(0.754) - (0.601)
- 0.776%** 1.055%**
Restrictive regulation
- (2.619) (3.026)
-0.044%**%* -0.042%** -0.046%** -0.049%**
Age
(-2.842) (-2.656) (-3.034) (-2.668)
-0.480%** -0.474%%* -0.484%%* -0.470%**
Educational level
(-3.934) (-3.823) (-4.015) (-3.525)
0.180 0.219 0.159 0.331
Health status
(0.996) (1.212) (0.768) (1.612)
Household farming 0.011 0.010 0.014 0.020
income (0.868) (0.848) (0.871) (1.584)
0.001 0.001* 0.002* 0.000
Land management scale
(1.337) (1.806) (1.134) (0.612)
2.622%%* 2.854%%%* 2.416%** 3.544%**
Region
(6.832) (7.451) (5.461) (7.168)
3.640%* 4.227%** 2.864%** 3.961%*
_cons
(2.487) (2.875) (2.019) (2.448)
Prob>chi2 0.000 0.000 0.000 0.000
Pseudo R? 0.3339 0.3353 0.3326 0.4434
Wald chi2 226.697 227.629 224.569 301.082

Note: *, ** and *** represent significance levels of 10%, 5%, and 1%, respectively.




Impact Mechanism of Environmental Regulations...

7847

diminishing their immediate effectiveness in promoting
recycling behaviors among farmers.

According to Model 3 from Table 9, incentive
regulations also failed to pass the significance test,
and research hypothesis Hlc was not passed. This may
be because the subsidies provided by the government for
recycling waste agricultural film do not compensate for
the costs incurred by farmers in the recycling process.
The subsidies do not increase expected profits or reduce
production costs significantly, hence the limited effect of
incentive regulations on enhancing farmers’ recycling
behaviors.

According to Model 4 from Table 9, age was found
to negatively affect farmers’ recycling behaviors
significantly, likely because younger farmers are more
receptive and better informed about film pollution,
while older farmers may not be as aware of its hazards.
The educational level also negatively impacts recycling
decisions; better-educated farmers may prioritize short-
term financial returns and thus calculate the cost-
benefit ratio of recycling more stringently, reducing
their recycling enthusiasm. Conversely, technical
training significantly encourages recycling, as it
increases farmers’ knowledge about the scientific use
of agricultural film and its recycling importance.
Additionally, geographical differences play a role, with
farmers in the Production and Construction Corps
showing a higher likelihood of recycling than local
farmers, possibly due to regional policies or better
access to recycling facilities. Directive regulations did
not pass the significance test, and research hypothesis
Hl1b was not passed, which may be due to the current
reliance on promotional slogans and mottos for film
recycling awareness, a rather uniform approach.
Additionally, the variability of regional characteristics
and the complexity of rural issues can cause a lag in
the implementation of directive policies, diminishing
their immediate effectiveness in promoting recycling
behaviors among farmers.

Conclusions

Based on a sample of 697 farmers from the Xinjiang
region and using the Probit model, this study examined
farmers’ agricultural film recycling behavior from the
perspectives of informal institutions and environmental
regulations. The conclusions are as follows: Both
environmental regulation and informal systems have
a facilitating effect on farmers’ film recycling behavior,
and there is a certain degree of complementary
relationship, which requires the two to cooperate and
synergistic governance. Informal systems are stronger
than environmental regulations in promoting farmers’
participation in film recycling. In the current stage of
environmental regulation, the policy effect is weakened,
and the informal system needs to play a role in
farmers’ film recycling behavior to promote the role of
the informal system. The informal system can partially

complement the role of environmental regulation, and
environmental regulation can provide a certain degree of
protection for the informal system, and the two together
promote the participation of farmers in film recycling.

Based on these conclusions, to increase farmers’
participation in film recycling and promote green
agricultural development while alleviating rural
resource and environmental pressures, the following
recommendations are proposed:

The role of environmental regulations in farmers’
mulch recycling should be further strengthened. Increase
diversified publicity on the harms of farmland residual
film pollution and residual film recycling subsidy policy,
through a combination of “onlinet+offline” methods,
such as village loudspeakers, village committees’
publicity windows, mobile publicity trucks, distribution
of film knowledge brochures, centralized technical
training, organization of professional households to give
lectures on their experiences, and technicians’ visits to
households to provide guidance and training. Offline
publicity methods, such as guidance training, combined
with WeChat public number and radio and television
network media publicity methods, widely publicized
the harmfulness of waste film residues and the urgency
of white pollution control on farmland; at the same
time, expand the coverage and strength of subsidy
policy, continue to optimize the residual film recycling
subsidy policy, set up a residual film recycling subsidy
project to attract more enterprises and cooperatives to
join, and improve the support for the existing recycling
outlets of residual film. For recycling outlets that are
not affiliated with residual film processing enterprises,
appropriate financial subsidies will be given to farmers
for the settlement of used residual film sold by them
in accordance with the purchasing price of residual
film from residual film processing enterprises to guide
farmers to participate in film recycling. It has continued
to fulfill the role of binding environmental regulations,
strengthened the main responsibility of county-level
governments, and strictly implemented environmental
regulatory policies.

Utilize Internal Perception: In the current stage
where managing agricultural film pollution is costly
and less effective, maximize the complementary role of
internal perception alongside environmental regulations.
Grassroots governments should actively enhance
the guiding and binding power of village culture to
create an atmosphere of green agricultural production.
Targeted guidance to farmers to establish the values of
green agricultural production, to lead the village farmers
to form the binding supervision of waste film recycling;
focus on the environmentally friendly orientation of
the village rules and regulations, community bulletin
boards, radio, and other carriers to publicize the
importance of recycling residual film.

Make full use of the unique culture and resources
of villages to motivate all sectors of society to
participate in the supervision and guidance of waste
film recycling and reuse so as to build a long-term
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and effective model, so that farmers can learn from each
other and supervise each other, thus motivating them
to take the initiative to use their own power to monitor
other people, and attracting authoritative and respected
village leaders to join in waste film recycling, so that the
combination of the “top-down” and “inside-out” models
of governance will form a pattern in which society as
a whole participates in the management of landfilm
pollution.

This study examines the factors influencing
farmers’ behavior in recycling agricultural film from
the perspectives of environmental regulations and
internal perception. It finds that both have a significant
promotional effect on recycling behaviors and that
they complement each other, which is consistent
with existing research [45, 46]. The study highlights
those analyzing farmers’ behaviors in terms of the
dimensions of environmental regulations and informal
institutions, and examining the interaction between
environmental regulations and informal institutions in
the recycling of used mulch by farmers is relatively rare
in the existing literature. In terms of the study area, the
study was conducted using survey data from Xinjiang,
which has the advantage of regional characteristics and
fieldwork.

However, this study has potential limitations.
First, the long-term nature of the research data could
be improved. The analysis relies on cross-sectional
microdata, while the process of recycling agricultural
film is dynamic and requires continuous investment
and maintenance by farmers. Second, the objectivity
of the research indicators needs enhancement.
Due to the constraints of survey timing and content,
the study constructs key variables for “environmental
regulations” and “internal perception” based on
farmers’ subjective judgments, which may compromise
the objectivity of the findings. Finally, the data for this
study come from a sample survey in the Xinjiang Uygur
Autonomous Region, and the study has some regional
limitations.

Future research should aim to conduct longitudinal
studies on farmers’ recycling behaviors in order to obtain
dynamic panel data to explore the dynamic pattern of
farmers’ participation in waste film recycling and focus
on the design of objective questions in the questionnaire
content, as far as possible from the government or a
third party to obtain external indicators to measure
the environmental regulation, and consider consulting
with experts in the relevant fields to build an objective
indicator system for the effect of recycling of waste
film by farmers, in order to enhance the objectivity
of the content of this study. In future research, it is
also expected that the effectiveness of environmental
regulations and informal institutions in different regions
can be compared to provide more generalized insights.
In conclusion, to effectively manage agricultural
film pollution, it is crucial to continue leveraging the
restraining influence of environmental regulations
on farmer behavior and place greater emphasis on

enhancing the role of internal perception to complement
the limitations of environmental regulations,
thereby reducing the social costs of managing film
pollution.
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