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Farmers’ cooperatives are pivotal in modernizing Chinese agriculture. Departing
from the conventional focus on technology adoption among individual farmers,
this study shifts the lens to a burgeoning agricultural entity in China: farmers’
cooperatives, and their green technology adoption behaviors. Utilizing survey
data from 535 planting cooperatives in Henan and Shaanxi provinces, we identify
credit constraints and empirically assess their impact on the adoption of green
pest control technology (GPCT). Heckman selection model estimates indicate
that credit constraints significantly bolster the cooperatives’ willingness to adopt
GPCT, yet concurrently suppress the extent of adoption. Mechanism analysis
reveals that social networks, particularly external ones, significantly mitigate
this suppressive effect. Heterogeneity analysis further highlights that informal
credit constraints, cooperative product green certification, and asset scales of
cooperatives exert diverse effect on GPCT adoption. These findings highlight the
critical need to address credit constraints for farmers’ cooperatives. We therefore
recommend that governments strengthen institutional support and inclusive
finance strategies, positioning cooperatives as central agents in promoting green
technology adoption for sustainable agricultural transformation.

KEYWORDS

credit constraints, green technology, social networks, Chinese farmers’ cooperatives,
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1 Introduction

As the global population grows, agriculture faces immense pressure, and ensuring food
security has become a critical global issue. Pesticides, while indispensable for safeguarding
crop yields, pose significant threats to ecological sustainability and human health when
used unscientifically (Lee and Kim, 2025; Zhou et al., 2025). According to FAOSTAT data,
global pesticide consumption increased by 69.7% between 2000 and 2022, reaching 3.69
million tons in 2022 (FAOSTAT, 2024). Recognizing this challenge, China has implemented
ambitious policies, such as the “Zero Growth in Pesticide Use by 2020” and “Chemical
Pesticide Reduction by 2025” initiatives. These efforts have proved effective, with national
pesticide usage declining for 8 consecutive years since 2015, averaging 1.26 million tons
annually from 2016 to 2022, a 30% reduction compared to 2011–2015 (National Bureau of
Statistics of China, 2016–2023). Nevertheless, significant room for improvement remains
compared to developed nations in terms of pesticide use efficiency and the overall greening
of agriculture (Cheng Z. Q. et al., 2025).
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Green pest control technology (GPCT), also known as
Integrated Pest Management (IPM), represents a resource-efficient
and environmentally friendly approach to pest management.
Unlike traditional methods that rely solely on chemical pesticides,
GPCT combines various techniques including biological control,
physical control, agricultural practices, and judicious pesticide use
to manage crop pests and diseases. This integrated approach aims to
increase crop yields while minimizing the use of chemical pesticides
by farmers, thereby reducing their dependency on such chemicals
as much as possible (Timprasert et al., 2014; Xu et al., 2021; Rossi
et al., 2023). For instance, Ma et al. (2023) conducted field trials
demonstrating that cooperative members employing physical pest
control practices achieved higher rice yields.

However, the complexity of implementing GPCT poses a
particular challenge for small-scale farming households in China—
the dominant force in agricultural production and management.
Defined by the World Bank (2008) as farmers cultivating less
than 2 hectares (5 acres) of land, smallholders constitute 95.83%
of Chinese farmers as of 2022 (Chen X. Y. et al., 2022). These
smallholders frequently face resource constraints such as capital,
land, labor, and knowledge, which hampers their ability to
effectively adopt new technologies and result in low agricultural
productivity (Zenbaba et al., 2024). The uncertain economic and
social outcomes of GPCT further contribute to the reluctance
of smallholder farmers to adopt these practices, leading many
to continue relying primarily on chemical pesticides for pest
and disease control (Liang et al., 2023). To bridge this gap, it
is essential to facilitate the organic integration of smallholder
farmers with modern agricultural development through farmers’
cooperatives, which can provide access to modern agricultural
services (Jardine et al., 2014). This approach has been recognized
and promoted by the Chinese government as a viable solution to
address this dilemma.

Farmers’ cooperatives as a common feature in global
agricultural production, play a significant role in agriculture, and
China is no exception. Serving as a bridge between farmers and
the market, these cooperatives not only possess technological
advantages in sustainable agriculture but also secure price
premiums for products derived from sustainable practices (Li
et al., 2022; Zhong et al., 2022; Dong et al., 2023). As emerging
agricultural business entities, farmers’ cooperatives play a pivotal
role in promoting green agricultural technologies and enhancing
economies of scale and production intensity (Wang and Qiu, 2024;
Duan and Luo, 2024). By pooling resources and collective action,
cooperatives can overcome the limitations faced by individual
smallholders and formal extension services, facilitating the
dissemination and adoption of new technologies like GPCT (Liang
et al., 2023; Cao et al., 2025).

Abbreviations: GPCT, Green pest control technology; IPM, Integrated

pest management; CSR, Corporate social responsibility; SMEs, Small and

medium-sized enterprises; EPR, Efficient plant protection; BP, Biological

pesticides; PPC, Physical pest control technology; BPC, Biological pest

control technolog; CCs, Credit constraints; FCCs, Formal credit constraints;

IFCCs, Informal credit constraints; Govpro, GPCT propaganda; Govsup,

GPCT propaganda support; IMR, Inverse Mills ratio; VIF, Variance Inflation

Factor; CGFDC, China Green Food Development Center.

Despite their potential, a critical barrier hinders cooperatives in
promoting and applying GPCT: credit constraints. Technological
adoption requires not only significant financial investment but also
a substantial time lag before economic returns are realized. Reuben
et al. (2012) and Cheng L. J. et al. (2025) found that the credit needs
of new types of agricultural business entities in most developing
countries are not fully met, leading to low agricultural production
efficiency. As farmers’ cooperatives grow, the procurement of new
equipment, the introduction of technology and talent, and brand
building all require substantial financial input. However, the reality
is that farmers’ cooperatives in China often face severe credit
constraints (Jiang et al., 2024).

Social networks are posited as a potential mechanism
to alleviate credit constraints. Human economic behavior
is embedded in social networks (Granovetter, 1973), where
members of the network effectively reduce information asymmetry
through the sharing and dissemination of information (Karlan,
2007). In agricultural contexts, strong social ties might help
cooperatives signal creditworthiness and access vital financial
resources (Chakravarty and Scott, 1998). Networks are also
instrumental in information dissemination and learning within
cooperatives (Genius et al., 2014). This, in turn, increases
the willingness of smallholder farmers to participate in
cooperatives and propels the development of farmers’ cooperatives
(Yu and Nilsson, 2017).

Despite the acknowledged importance of cooperatives
and the prevalence of credit constraints, significant research
gaps persist. Existing studies on credit constraints and green
technology adoption predominantly focus on individual
farmers, largely overlooking the behaviors of cooperatives as
key organizational entities driving green transformation. This
paper innovatively approaches the issue from an organizational
perspective, focusing on the green production behaviors of Chinese
planting cooperatives, thereby providing new evidence for the
study of new types of agricultural business entities. While credit
constraints are recognized as a barrier, the specific mechanisms
through which they affect cooperative-level GPCT adoption,
particularly the potential mediating role of social networks,
remain underexplored. This study aims to address these gaps.
Departing from the conventional focus on individual farmers, we
shift the lens to farmers’ cooperatives and their GPCT adoption
behaviors. Utilizing survey data from 535 planting cooperatives
in Henan and Shaanxi provinces in 2023, we first characterize
cooperative credit constraints, and then empirically examine the
impact of credit constraints on the adoption behavior of GPCT.
Heckman selection model estimates indicate that credit constraints
significantly bolster the cooperatives’ willingness to adopt GPCT,
yet concurrently suppress the extent of adoption. Mechanism
analysis reveals that social networks, particularly external ones,
significantly mitigate this suppressive effect. Heterogeneity analysis
further highlights that informal credit constraints, cooperative
product green certification, and asset scale of cooperatives exert
diverse effect on GPCT adoption. Therefore, this paper emphasizes
the importance of credit constraints on agricultural cooperatives,
providing theoretical and practical guidance for agricultural
green development.

The contributions of this study are primarily reflected in
the following three aspects: First, by innovatively shifting the
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focus to the organizational level of farmers’ cooperatives, this
study systematically reveals the “double-edged sword” effect of
credit constraints on GPCT adoption: while enhancing adoption
willingness, they simultaneously significantly suppress adoption
intensity. Second, distinguishing from existing literature, we
further introduce social networks as a key mediating mechanism,
empirically demonstrating how they effectively mitigate the
negative impact of credit constraints on adoption intensity. Third,
this research provides novel empirical evidence on the green
production behaviors of new agricultural business entities. It
offers significant policy implications for promoting agricultural
green transformation by optimizing credit support and cultivating
social capital.

The remainder of this paper is structured as follows: Section
2 presents the theoretical mechanisms and hypotheses; Section 3
describes the data and empirical models; Section 4 conducts the
empirical analysis and Section 5 concludes.

2 Literature review and hypotheses

2.1 Credit constraints and green
technology adoption

Credit constraints have emerged as a pivotal factor in corporate
innovation and the adoption of new technologies. A substantial
body of academic research currently focuses on the impact of
credit constraints on corporate innovation and the uptake of new
technologies (Hai et al., 2022). Market imperfections stemming
from information asymmetry can lead to financing constraints
for businesses, especially considering that technological innovation
and adoption are long-term, high-risk investment activities, thus
often severely hindering corporate innovation (Amore et al., 2013;
Hall and Lerner, 2010; Khan et al., 2018). In the face of capital
scarcity, relying solely on internal financing is insufficient to meet
the financial needs for business survival and growth, thus making
external financing a necessity (Wang et al., 2022). Companies
with ample cash flow are more likely to effectively implement
Corporate Social Responsibility (CSR). Notably, Amore and
Bennedsen (2016) demonstrated that businesses heavily dependent
on external financing tend to excel in CSR implementation and
green innovation promotion.

Although farmers’ cooperatives are not traditional enterprises,
they engage in commercial activities similar to those of enterprises,
and thus are similarly affected by credit constraints in their
production and operations. The funding sources for cooperative
development primarily include internal and external financing
(Stiglitz and Weiss, 1981). Internally, cooperatives rely primarily on
share capital and member fundraising for financing. However, most
members of cooperatives are ordinary farmers who lack sufficient
capital accumulation and investment funds, making it difficult for
cooperatives to effectively secure internal financing. Additionally,
farmers often have a short-term focus, prioritizing immediate
gains over the cooperative’s long-term value, which reduces their
motivation to invest (Osborne, 2006). Therefore, relying solely on
equity financing from internal members is insufficient to sustain the
long-term survival and development of cooperatives, necessitating

external financing for support (Baarda, 2007; Zang et al., 2023).
Externally, financial institutions such as banks and private lenders
are the main sources of external financing for cooperatives. The lack
of tangible assets that can be used as collateral is a primary reason
that hinders cooperatives from obtaining secured loans from formal
financial institutions (Stiglitz and Weiss, 1981). Moreover, the
lack of transparency and sharing of financial information, coupled
with non-standardized internal management, leads to significant
information asymmetry and moral hazard for financial institutions
when providing credit to cooperatives (Yu and Nilsson, 2017).
Although government subsidies and policy incentives can provide
direct assistance to cooperative financing, a sustained reduction
in fiscal support from the government can also lead to financing
difficulties for cooperatives (Roxana, 2005).

Credit constraints limit farmers’ access to funds, which in
turn can create barriers to the adoption of green technologies.
A substantial body of research on farmer technology adoption
indicates that credit constraints are a major factor hindering the
adoption of green production technologies by farmers (Jiang et al.,
2024), and improving credit accessibility is considered a crucial
means of enhancing the level of technology adoption among
farmers (Yu et al., 2020). Wolde et al. (2017), in a study of
252 randomly selected households, found that participation in
the credit market positively influences technology adoption, while
credit constraints have a negative impact. The credit constraints
faced by farmers make it difficult for them to achieve optimal
resource allocation, thereby affecting the investment in agricultural
technology (Shiferaw et al., 2015). Shiferaw et al. (2015), using
data from nearly a thousand farmer surveys in Africa, found
that dual credit constraints are the main reason for the low
adoption rate of hybrid peanuts. Credit availability impacts farmers’
capital endowments, influencing their adoption behavior of green
production technologies (Wollni et al., 2010).

Research on technology adoption within farmers’ cooperatives
is still relatively scarce. Farmers’ cooperatives, which are mutual-
aid economic organizations composed of farmers, can foster
broader participation among members, thereby facilitating the
widespread adoption of new technologies. Such collective action
can enhance resource efficiency and diminish the financial
and operational risks associated with technology adoption for
individual farmers (Odoemenem and Obinne, 2010; Ma et al.,
2023). However, in China, due to systemic, operational, and policy
factors, rural cooperative financial institutions commonly face
issues such as poor asset quality, inadequate risk compensation
capabilities, and incomplete legal governance, which constrain
the development of the rural financial market and its capacity
to serve agriculture, rural areas, and farmers (Chen Z. G.
et al., 2022). Compared with individual farmers adopting green
technologies, farmers’ cooperatives often adopt one or more
comprehensive technological systems that are strategic, innovative,
and economical in nature. Therefore, in the pursuit of green and
low-carbon development, the primary challenge faced by farmers’
cooperatives is credit constraints. Cooperatives’ adoption of green
technologies is characterized by substantial capital requirements,
extended payback periods, sophisticated organizational demands,
and significant economic returns. These factors heighten members’
expectations for improving cooperative performance through
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technology. Simultaneously, they must carefully evaluate the cost-
benefit ratio and shared interests, making decisions democratically
to maximize the technologies’ benefits. However, constraints such
as limited financing, capital shortages, and membership limitations
(Odoemenem and Obinne, 2010), significantly hinder the adoption
of these technologies, affecting the outcomes of technology
implementation. Thus, we propose the following hypothesis:

Hypothesis 1: Credit constraints significantly inhibit the degree of
green technology adoption by farmers’ cooperatives.

2.2 Credit constraints, social networks, and
technology adoption

Social networks, which have expanded from individuals to
encompass businesses and organizations, play a crucial role in
China’s relationship-based society, influencing economic and social
operations (Bian, 1997). They alleviate credit constraints, reduce
information asymmetry in financing for small and medium-sized
enterprises (SMEs), and reduce costs by increasing financing
channels (Cheng et al., 2017; Goss and Roberts, 2011; Luo and
Ying, 2014). Social capital mitigates information scarcity in lending,
transmits signals of borrowers’ repayment ability, and motivates
repayment through trust and social homogeneity (Bhawani, 2015).
Additionally, it also serves as “social collateral,” easing the lack of
physical collateral and enhancing credit accessibility (Madajewicz,
2011).

In modern agricultural production, social networks are equally
important. Social capital can improve farmers’ access to productive
resources beyond economic collateral. Cooperatives can effectively
mitigate credit constraints by strengthening relationships with
other organizations within the industry chain. For instance,
vertically integrated production organizations (agricultural
company—specialized cooperative–farmers’ cooperative) enhance
the operational efficiency and effectiveness of the entire agricultural
industry chain by connecting production, processing, distribution,
and sales processes (Ma and Abdulai, 2016). This shifts the
disadvantaged market position of farmers’ cooperatives. Besides,
social networks can collect and aggregate information from
various entities in the chain, fostering the formation of an internal
information network system within the agricultural industry
chain and achieving a certain degree of information sharing with
external formal financial institutions (Zhou et al., 2019). Moreover,
formal financial institutions can obtain dynamic production
and operational information from farmers’ cooperatives (Pearce,
2003). In cooperatives, increased social capital promotes stable
agricultural development by overcoming market failures, reducing
transaction costs, and alleviating information asymmetry, thus
potentially influencing credit accessibility and the likelihood
of securing loans from financial institutions (Holloway et al.,
2000; Kustepeli et al., 2020). In addition, establishing network
relationships with the government can also substantially enhance
the financing performance of cooperatives, facilitating their access
to bank credit (Yu and Nilsson, 2018).

Social networks are crucial for alleviating credit constraints
and fostering technology adoption and innovation. They benefit
cooperatives by improving productivity and farmers’ incomes, and

are divided into internal and external components (Chesbrough
and Crowther, 2006; Kumar and Igdalsky, 2019; Tian et al., 2023).
External networks, formed with institutions such as governments
and banks, reduce transaction costs and increase access to
credit (Yu and Nilsson, 2018; Qiao et al., 2017; Wang and Lu,
2015). Internal networks enhance team collaboration and resource
efficiency, and trust within these networks alleviates concerns
over technology adoption (Rodrigo et al., 2017). However, the
formalization of internal networks into rules is challenging, which
can hinder collective actions and green production (Cui et al.,
2017). Considering the financial limitations of small farmers in
China (Osborne, 2006), the ability of internal networks to ease
credit constraints on technology adoption may be limited. Thus,
we propose the following hypothesis:

Hypothesis 2: Social networks, especially external ones, play a
significant role in mitigating credit constraints and advancing
cooperative technology.

3 Data and methodology

3.1 Data and variables

The data were collected during a field survey conducted by
our research team in Henan and Shaanxi provinces in 2023.
Henan Province, recognized as a major grain-producing region in
China, has significant advantages in agricultural development and
has a well-established agricultural technology extension system.
Its agricultural development exerts a substantial impact on the
national economy. Shaanxi Province, as a pivotal province in
the development of Western China, is rich in crop varieties and
agricultural resources, and its fruit industry enjoys a prestigious
reputation nationwide. The two provinces respectively represent
China’s “grain security-oriented” and “specialty value-added”
agricultural models, providing a representative sample framework
for investigating green production practices of planting-type farmer
professional cooperatives.

In the sampling design, a hybrid approach integrating
stratified random sampling and multi-stage random sampling was
implemented to mitigate bias. The study population was first
stratified into two distinct provincial layers: Henan Province as
the grain production base stratum and Shaanxi Province as the
specialty agriculture stratum. Subsequently, municipal sampling
frames were established based on regional economic development
gradients and dominant agricultural industries, encompassing
eight cities in Henan (Puyang, Anyang, Xinxiang, Zhengzhou,
Kaifeng, Luohe, Shangqiu, and Zhoukou) and five cities in Shaanxi
(Weinan, Tongchuan, Baoji, Hanzhong, and Xianyang). Details can
be found in Figure 1. The multi-stage procedure then commenced
with systematic sampling of 4–5 agriculturally dominant counties
per city, ranked by agricultural output value. At the final stage,
planting-type production cooperatives actively operating for more
than 2 years were randomly selected from rosters provided
by the County Bureaus of Agriculture and Rural Affairs using
random number tables, with 8–10 cooperatives sampled per
county. A total of 582 organizational questionnaires were collected.
After excluding non-planting, non-production and management
cooperatives, and samples with significant data missing, 535 valid
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FIGURE 1

Map of study area.

questionnaires were obtained, with 360 from Henan Province
and 175 from Shaanxi Province. Questionnaires were distributed
to the chairpersons and managers of the cooperatives, covering
aspects such as the basic situation of the cooperatives, operational
mechanisms, business models, adoption of GPCT, internal control
within the cooperatives, government regulation, and the individual
characteristics and technical cognition of the chairpersons.

3.1.1 GPCT adoption by farmers’ cooperatives
As agriculture seeks to reduce reliance on chemical insecticides

and minimize crop losses due to pests to ensure food security,
GPCT is considered the optimal approach to achieving these
objectives (Rossi et al., 2023). The technology encompasses a
complex array of techniques including agricultural, biological,
physical, and chemical control methods, and it often requires
greater labor input and stringent operational standards (Murray
et al., 2020).

This study draws on the research methodologies of Chen et al.
(2024) to divide the green technology adoption of cooperatives
into two stages. The first stage involves the decision of whether
farmers’ cooperatives adopt GPCT, and the second stage pertains to
the extent of GPCT adoption once the decision to use technology
has been made. An analysis of four different technology adoption
scenarios is presented in Figure 2. The highest adoption rate

among the cooperatives is for efficient plant protection (EPR),
accounting for 55.14%. The adoption rates for biological pesticides
(BP) and physical pest control technologies (PPC) are 51.03% and
45.42%, respectively, while the adoption of biological pest control
technology (BPC) is relatively lower at 35.51%. This indicates that
these GPCTs have been promoted and applied to a certain extent
in the local area. More than half of the farmers’ cooperatives have
adopted BP and EPR technologies.

The technology adoption levels among farmers’ cooperatives,
as depicted in Figure 3, reveal a general trend of engagement with
technological advancements within the cooperatives. Specifically,
the majority of farmers’ cooperatives have implemented at least one
technology, with only 25.61% reporting no technology adoption.
The most common scenario is the adoption of exactly one
technology, which is the case for 23.18% of the cooperatives. At
the other end of the spectrum, the least common is the adoption of
exactly two technologies, affecting only 10.09% of the cooperatives.
Notably, 20.37% of the farmers’ cooperatives have adopted all
four types of GCPTs, demonstrating a significant commitment to
integrating these practices into their operations.

3.1.2 Credit constraints
Based on the survey, it is evident that farmers’ cooperatives

encounter credit constraints in their production and management
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FIGURE 2

The adoption of different GPCTs by farmers’ cooperatives.

FIGURE 3

Number of GPCT types adopted by farmers’ cooperatives.

TABLE 1 The Credit constraints faced by famers’ cooperatives.

Variable type Exist CCs Exist FCCs Exist IFCCs

No. of cooperatives 206 164 86

Proportion % 38.5 30.65 16.07

processes. During the investigation, we inquired about their
financial experiences by asking questions such as “Have you
obtained loans from (non-)formal financial institutions in the
past 3 years?”, “Have you been denied loans from (non-)formal
financial institutions in the past 3 years?”, and “Have you received
loans from (non-)formal financial institutions that were below the
amount applied for in the past 3 years?”. These questions enable
us to compile the credit history of these farmers’ cooperatives.

As detailed in Table 1, 206 of the surveyed cooperatives, which
accounts for 38.5% of the total, reported credit constraints (CCs).
Among these, 164 faced formal credit constraints (FCCs), 86 faced
informal credit constraints (IFCCs), and 44 cooperatives were
subject to both formal and informal credit constraints. When
comparing these credit constraints with the current degree of green
technology adoption among the cooperatives, there is a significant
difference in technology adoption rates. Cooperatives with credit
constraints, especially those with constraints from formal financial
institutions, tend to exhibit lower degrees of technology adoption.

3.1.3 Control variables
Integrating existing research findings with the content of

this study, the following cooperative characteristic variables are
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TABLE 2 Summary statistics.

Variable type Variable Definition N Mean SD Min Max

Dependent
variables

Dtech 1 if adopts GPCT technologies (Yes = 1; otherwise
= 0)

535 0.710 0.454 0 1

Tech Degree of adopting GPCT technologies 535 1.697 1.395 0 4

Independent
variables

CCs 1 if applied for financial institutions loans but were
rejected, otherwise 0

535 0.385 0.487 0 1

FCCs 1 if applied for formal financial institutions loans but
were rejected, otherwise 0

535 0.307 0.461 0 1

IFCCs 1 if borrowed from informal financial institutions but
were rejected, otherwise 0

535 0.161 0.368 0 1

Control variables Age Log of established years 535 1.531 0.495 0 2.197

Members Log of number of cooperative members 535 0.263 1.937 −7.512 6.192

Landinc Log of income per unit area 535 1.823 0.868 0.455 8.022

Share Share of the chairman’s equity (%) 535 0.312 0.242 0 1

Govpro 1 if local government promotes new technology,
otherwise 0.

535 0.520 0.500 0 1

selected for analysis: (1) Cooperative operation duration (Age).
Measured as the natural logarithm of years since establishment,
this variable indicates the operational history of the cooperative;
(2) Cooperative membership (Members), which shows the scale
of the cooperative and is denoted by the logarithmic form of the
number of members; (3) Land income per unit area (Landinc). It
is calculated by dividing the total income of the cooperative by
its total area, and reflects the economic benefits; (4) Chairman’s
equity share (Share). This variable is represented by the proportion
of the cooperative’s total equity held by the chairman, which is
indicative of the cooperative’s governance structure and the level of
democracy within the organization. Furthermore, in the first stage
of the Heckman model, we introduce an exclusivity variable, which
is whether the local government has conducted GPCT propaganda
(Govpro). If the local government has promoted green technologies
(Govpro = 1), then the cooperatives in that area are likely to have
a strong inclination to adopt related technologies. However, the
impact on the degree of technology adoption for each cooperative
treated as exogenous. The definitions and descriptive statistics for
each variable are presented in Table 2.

3.2 Methodology

In the process of technology adoption, farmers’ cooperatives
first decide whether to adopt technology and then determine how
many technologies to adopt. For those cooperatives that have
not adopted any technology, their degree of technology adoption
is unobservable, leading to sample selection bias in the green
technology adoption of farmers’ cooperatives. This bias can be
analyzed using the Heckman sample selection model. To overcome
the issue of sample selection bias, an identifying variable that
satisfies the exclusion restriction is incorporated into the first stage
of the cooperatives’ decision to adopt technology—this variable is
the government’s support and promotion of green technology. This
variable has no direct impact on the degree of technology adoption

in the second stage. The model specification is as follows:

Dtechi = α0Zi + α1CCsi + αkXi + νi (1)

Equation 1 serves as the selection equation. Dtechi represents
whether the i-th cooperative adopts GPCT. The observed adoption
decision is:

Dtechi =
{

1, if Dtechi > 0
0, otherwise

(2)

CCsi is an indicator variable that equals one if the farmers’
cooperative faces credit constraints, and zero otherwise. Zi
is the exclusion restriction variable, in this case, it indicates
whether the local government has provided technical
propaganda support (Govsupi); if the local government has
promoted green technology, it equals one, otherwise zero.
This variable exhibits dual characteristics. First, government
interventions through policy advocacy, technical training,
and other administrative measures substantially enhance
cooperatives’ initial propensity to adopt technologies, as
evidenced by the statistically significant effect of Zi on
Dtechi in the first-stage equation. Second, the government’s
promotion efforts do not directly influence cooperatives’
technology decisions regarding adoption intensity, meaning
this variable remains uncorrelated with the error term εi in
the second-stage.

Xi represents a series of control variables that characterize
the cooperatives, such as asset turnover rate, economic
output efficiency, and land area per cooperative member.
vi is the residual term. By using Equation 1, we calculate
the inverse Mills ratio (IMR) to correct for the sample
selection bias by incorporating the conditional expectation of
ui given selection:

IMRi = φ(Ziα)
�(Ziα)

(for Dtechi = 1) (3)
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Where Ziα is the predicted values and φ(·), Φ(·) are the
PDF and CDF of standard normal distribution from Equation 1.
Incorporating IMRi into the second-stage outcome equation:

Techi = β0 + β1CCsi + βkXi + τ IMRi + εi (4)

where the dependent variable represents the degree of adoption
of green pest control technologies. CCsi continues to serve as the
credit constraint variable, and εi is the error term. Other variables
are defined as in the probit Model (1).

The inclusion of the IMR in the Equation 4 provides critical
insights into sample selection bias. The statistical significance
of its coefficient τ directly reflects the presence of unobserved
heterogeneity: a τ value significantly different from zero indicates
systematic interference from latent factors affecting both adoption
decisions and intensity. Notably, the sign of coefficient β1
for the credit constraint variable CCsi in Equation 4 carries
substantial economic implications. A significantly negative β1
suggests that credit constraints suppress adoption intensity by
elevating financing costs and restricting technological investments.
Conversely, a positive β1 may indicate a “constraint-induced
innovation” mechanism, where credit limitations compel
cooperatives to prioritize high-return technologies.

4 Empirical results

4.1 Baseline results

To ensure the validity of the estimation results,
multicollinearity among the explanatory variables was assessed.
The results indicated that the maximum Variance Inflation Factor
(VIF) value was only 2.28, suggesting that multicollinearity among
the explanatory variables is minimal, thus satisfying the criterion
for variable independence. The Heckman sample selection model
was estimated using Stata 17.0 software, and the results are
summarized in Table 3. From the estimation results, the Wald
statistic is significant at the 1% level, and the inverse Mills ratio
(IMR) value is non-zero and significant at the 5% level. This finding
indicates the presence of sample selection bias, confirming that
there is a connection between the two stages of the cooperative’s
technology adoption behavior. The use of the Heckman model is
appropriate for analyzing the data, and the model exhibits a good
overall fit.

The identifying variable, Govpro, is significant at the 1% level
in the selection equation, fulfilling the critical exclusion restriction
requirement. This significance suggests that the government’s
promotion of green technology substantially affects the selection
into the sample of technology adopters, and its influence is not
directly observable in the second stage of technology adoption.
This aligns with the exclusion restriction required for the
Heckman model.

Table 3 presents the regression results for Equations 1, 2.
Columns (1) and (2) present baseline specifications without
control variables, whereas Columns (3) and (4) incorporate
a comprehensive set of control variables. Columns (1) and
(3) correspond to the regression results of the first stage,

TABLE 3 Baseline: Heckman selection model.

Dep. Var. (1) (2) (3) (4)

Dtech Tech Dtech Tech

CCs 0.262∗∗ −0.303∗∗ 0.270∗∗ −0.325∗∗

(0.123) (0.126) (0.125) (0.131)

Age 0.131 0.057

(0.134) (0.148)

Members 0.124∗∗∗ −0.090∗

(0.045) (0.052)

Landinc 0.056∗ 0.001

(0.030) (0.036)

Share 0.246 0.040

(0.253) (0.243)

Govpro 0.670∗∗∗ 0.564∗∗∗

(0.119) (0.125)

IMR −0.906∗∗ −0.940∗∗

(0.359) (0.443)

Constant 0.141 2.925∗∗∗ −0.670∗∗∗ 3.228∗∗∗

(0.090) (0.197) (0.237) (0.536)

N 535 380 535 380

Wald chi2(6) 50.84∗∗∗ 78.84∗∗∗

This table reports regression results for Heckman two-stage selection model where the
dependent variable in the first stage is Dtech, and the dependent variable in the second stage
is Tech. Standard errors are in parentheses. ∗ , ∗∗ , ∗∗∗ denote the significance level of 10%, 5%,
and 1%, respectively.

where credit constraints (CCs) are regressed on willingness to
adopt green pest control technologies (Dtech). The analysis
reveals that credit constraints have a significantly positive
impact on the cooperatives’ intentions to adopt GPCT. When
faced with capital constraints, cooperatives are likely to pursue
efficiency improvements and cost reductions through technological
advancements.

Columns (2) and (4) display the second-stage regression
results, which show that credit constraints inhibit the degree
of technology adoption. This is because, with limited financial
support, cooperatives tend to prioritize technologies that are more
urgently needed and avoid indiscriminate investment in numerous
new technologies. Consequently, Hypothesis 1 is confirmed.

Regarding the other control variables, in the first
stage, the number of cooperative members (Members) and
land area per capita (Landpc) significantly and positively
influence the willingness to adopt GPCT. The exclusive
variable, Govpro, which is the local government’s promotion
and propaganda of technology, significantly increases the
cooperatives’ intention to adopt green technology. In the
second-stage regression, the number of cooperative members
has a significantly negative relationship with the degree of
technology adoption. This suggests that cooperatives with more
abundant labor resources are less likely to adopt high-efficiency
green technologies.
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TABLE 4 Robustness checks: replacing the dependent variable and
regression model.

Dep. Var. SA index Poisson
regression

(1) (2) (3) (4)

Dtech Tech Dtech Tech

CCs 0.270∗∗ −0.149∗∗

(0.125) (0.076)

SA −0.406∗∗ −0.713∗∗∗

(0.187) (0.112)

Age 0.098 0.169 0.131 0.030

(0.137) (0.130) (0.134) (0.087)

Members −0.055 −0.072 0.124∗∗∗ −0.035

(0.052) (0.048) (0.045) (0.030)

Landinc 0.056∗ 0.076∗∗∗ 0.056∗ 0.029

(0.030) (0.029) (0.030) (0.026)

Share 0.217 0.246 −0.007

(0.220) (0.253) (0.141)

Govpro 0.538∗∗∗ 0.564∗∗∗

(0.126) (0.125)

IMR 0.402∗ −1.439∗∗∗

(0.241) (0.259)

N 535 380 535 380

Wald chi2(6) 414.49∗∗∗

/LR chi2 (6) 62.48∗∗∗

This table reports regression results for Heckman two-stage selection model where the
independent variable in Columns (1) and (2) is SA index. Columns (3) and (4) report the
Poisson two-stage regression results. Standard errors are in parentheses. ∗ , ∗∗ , ∗∗∗ denote the
significance level of 10%, 5%, and 1%, respectively.

4.2 Robustness tests

To verify the robustness of the aforementioned regression
results, this section conducts robustness checks through three
methods: replacing the independent variable, changing the
regression model, excluding special samples, and adding provincial
fixed effect.

Columns (1) and (2) in Table 4 present the two-stage regression
results with the SA index as a proxy for credit constraints. Farmers’
cooperatives are agricultural organizations with characteristics of
enterprises, so when measuring enterprise financing constraints, we
refer to the SA index constructed by Hadlock and Pierce (2010) as a
proxy for enterprise credit constraints. The SA index is constructed
using two variables that do not change much with events and have
strong exogeneity: enterprise size and enterprise age. (The specific
calculation formula is: SA = −0.737 × Size + 0.043 × Size2-0.040
× Age). The more negative the SA index, and the larger its absolute
value, the higher the degree of enterprise financing constraints.

The results in Columns (1) and (2) show that the SA regression
coefficient is significantly negative, suggesting that the higher
the financing constraints, the lower the degree of technology

TABLE 5 Robustness checks: excluding outliers and provincial fixed
effect.

Dep. Var. Excluding
specific samples

Provincial fixed
effect

(1) (2) (3) (4)

Dtech Tech Dtech Tech

CCs 0.244∗ −0.338∗∗ 0.271∗∗ −0.355∗∗∗

(0.127) (0.136) (0.125) (0.133)

Age 0.179 0.059 0.101 0.118

(0.137) (0.160) (0.135) (0.149)

Members 0.164∗∗∗ −0.109∗ 0.1084∗∗ −0.071

(0.049) (0.059) (0.046) (0.052)

Landinc 0.269∗∗ 0.017 0.057∗ −0.005

(0.123) (0.072) (0.030) (0.037)

Share 0.409 −0.073 0.218 0.072

(0.263) (0.261) (0.254) (0.244)

Govpro 0.549∗∗∗ 0.556∗∗∗

(0.128) (0.125)

IMR −1.102∗∗ −0.993∗∗

(0.466) (0.451)

Provincial FE Yes Yes

N 516 364 535 380

Wald chi2(6) 49.54∗∗∗ 72.31∗∗∗

This table reports regression results for Heckman two-stage selection model where the
independent variable in Columns (1) and (2) excluded the samples from provincial capital
cities. Columns (3) and (4) add provincial fixed effects. Standard errors are in parentheses. ∗ ,
∗∗ , ∗∗∗ denote the significance level of 10%, 5%, and 1%, respectively.

adoption in cooperatives. The result is in agreement with Kou et al.
(2025), who use the SA index demonstrate that firms with fewer
financial resources face heightened cost constraints, significantly
inhibiting green innovation. Extensive research has also established
the negative effect of credit constraints on farmers’ technology
adoption (Ojo et al., 2020; Mishra et al., 2023; Wang et al., 2025).
Thereby, the second-stage regression results are consistent with the
baseline results.

Given to the advantages of Poisson two-stage regression model
in handling count data, heteroskedasticity, and zero observations
(Harris et al., 2012), we switch to this model with Pseudo
maximum likelihood estimation for the two-stage regression
analysis. Columns (3) and (4) display the results of using the
Poisson regression model in the second stage. They also reveal a
negative relationship between credit constraints and the degree of
technology adoption.

Columns (1) and (2) in Table 5 present the regression results
after excluding farmers’ cooperatives in the provincial capitals of
Zhengzhou and Xi’an. Provincial capitals typically possess more
financial institutions and richer social resources, and local farmers’
cooperatives have access to more agricultural new technologies,
giving them a clear advantage over other cities. Therefore, we
excluded 19 farmers’ cooperatives in the provincial capitals. The
results continue to demonstrate a significant inhibitory effect

Frontiers in Sustainable Food Systems 09 frontiersin.org

https://doi.org/10.3389/fsufs.2025.1739099
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Zhang et al. 10.3389/fsufs.2025.1739099

of credit constraints on the degree of agricultural technology
adoption. This finding is consistent with the conclusions drawn by
Zhang et al. (2024), who highlight the substantial impact of rural
household credit access on farmers’ production input. This further
validates the robustness of the benchmark results.

Columns (3) and (4) in Table 5 present the regression results
after incorporating provincial fixed effects. In our study, we have
included two major grain-producing provinces in China: Henan
and Shaanxi. Although both provinces are representative in the
development of farmer professional cooperatives, they exhibit
notable differences in culture, policy environment, and economic
structure. Therefore, incorporating province fixed effects to control
for the unique characteristics of each province is crucial for
mitigating omitted variable bias. Columns (3) and (4) present
the two-stage Heckman regression results after controlling for
province fixed effects. The results indicate that the impact of credit
constraints on the willingness to adopt technology and the extent
of technology adoption remains significant, with minimal changes
in the estimated coefficients. This is in line with findings in similar
studies, for example, Aker et al. (2023) who find significant regional
variation in an improved storage technology adoption. Our finding
further confirms the robustness of our baseline results, even after
accounting for unobservable provincial characteristics.

4.3 Mechanism

How do credit constraints influence the degree of green
technology adoption in cooperatives? we analyze the intermediary
mechanisms from the perspective of social networks. Social
networks can be categorized into internal and external social
networks (Chesbrough and Crowther, 2006). Both significantly
affect the cooperatives’ access to financial resources. Therefore,
based on Equations 1, 2, we construct the following mechanism
test models:

Dtechi = α0Zi + α1CCsi + α2CCsi × networki + αkXi

+νi (5)

Techi = β0 + β1CCsi + β2CCsi × networki + β3networki

+βkXi + τ IMRi + εi (6)

where the interaction term CCsi × networki represents the
interaction between credit constraints in cooperatives and the
extent of social networking. In our empirical analysis, we first
utilized a dummy variable (network) to test the mechanism
by which credit constraints affect technology adoption through
social networks. We further distinguish between two types of
social networks—internal (Internet) and external (Externet)—and
use separate dummy variables to examine the impact of credit
constraints on technology adoption through these different types
of networks.

During the survey, we distributed questionnaires to cooperative
members, asking them to rate the cooperative’s relationships with
government, banks, credit unions, or other financial institutions
on a scale of 0 to 5, with higher scores indicating closer external
social networks. Similarly, internal social networks are assessed
by members rating the frequency of board meetings, general

TABLE 6 Mechanism: social network.

Dep. Var. (1) (2)

Dtech Tech

CCs 0.223 −0.774∗

(0.336) (0.434)

CCs × network 0.544 0.838∗

(0.345) (0.443)

Govpro 0.555∗∗∗

(0.125)

IMR 1.462∗∗∗

(0.236)

Controls Yes Yes

N 535 380

Wald chi2(6) 235.19∗∗∗

This table reports regression results for Heckman two-stage selection model where the
dependent variable in the first stage is Dtech, and the dependent variable in the second stage
is Tech. Standard errors are in parentheses. ∗ , ∗∗ , ∗∗∗ denote the significance level of 10%, 5%,
and 1%, respectively.

membership meetings, and the establishment of strict production,
sales, and technical training management systems within the
cooperative, also on a scale of 0–5. After averaging the members’
scores, we obtained the total social network scores, as well as the
external and internal social network scores for each cooperative.
These scores were then categorized based on the median, resulting
in binary variables for social network (network), as well as external
(Externet) and internal (Internet) social networks, where a value
of 1 indicates a close (external or internal) social network, and
0 otherwise.

Table 6 presents the regression results based on Equations 3,
4. In the first stage of the regression, both credit constraints
(CCs) and the interaction term between credit constraints and
social networks (CCs × network) are positive but not statistically
significant. However, in the second stage, the interaction term,
CCs × network, is positive and significant at the 10% level. This
suggests that while social networks can enhance the willingness of
cooperatives facing credit constraints to adopt new technologies,
their role in mitigating the suppressive effect of credit constraints
on technology adoption is even more pronounced. This finding
highlights the important role of social networks in the context
of technology adoption within cooperatives. Social networks act
as a buffer against the restrictive impact of credit constraints,
thereby facilitating a more substantial uptake of new technologies.
The amplifying effect of social networks on the diffusion of new
technologies aligns with existing literature, which highlights the
importance of social capital in fostering innovation and technology
transfer (Ma and Abdulai, 2016; Zhou et al., 2019).

Furthermore, Table 7 illustrates the impact of different types
of social networks on green technology adoption. The two
interaction terms, CCs × Externet and CCs × Internet represent
the regression results of the interaction between credit constraints
and external social networks, as well as credit constraints and
internal social networks. Upon comparison, it is observed that in
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TABLE 7 Mechanism: internal social network and external social network.

Dep. Var. (1) (2) (3) (4)

Dtech Tech Dtech Tech

CCs 0.172 −0.336∗ 0.524 −0.120

(0.142) (0.184) (0.424) (0.410)

CCs × externet 0.327 0.871∗∗∗

(0.231) (0.260)

CCs × internet −0.271 0.140

(0.430) (0.415)

Govpro 0.515∗∗∗ 0.565∗∗∗

(0.130) (0.125)

IMR 1.640∗∗∗ 1.440∗∗∗

(0.272) (0.235)

Controls Yes Yes Yes Yes

N 535 380 535 380

Wald chi2(6) 194.29∗∗∗ 223.81∗∗∗

This table reports regression results for Heckman two-stage selection model where the
dependent variable in the first stage is Dtech, and the dependent variable in the second stage
is Tech. Standard errors are in parentheses. ∗ , ∗∗ , ∗∗∗ denote the significance level of 10%, 5%,
and 1%, respectively.

the second-stage regression results, the interaction term between
external social networks and credit constraints (CCs × Externet) is
significantly positive, while the interaction term between internal
social networks and credit constraints (CCs × Internet) is positive
but not significant. This suggests that external social networks
can mitigate the suppressive effect of credit constraints on the
adoption of new technologies. This finding is generally consistent
with existing literature, which concludes that cooperatives with
good external financial resources can significantly alleviate their
financing performance, thereby increasing the level of new
technology adoption (Yu and Nilsson, 2018; Zhou et al., 2019). On
the other hand, internal social networks play a more significant role
in the management process of cooperatives, and their impact on
alleviating credit constraints in technology adoption is not apparent
(Cui et al., 2017). Therefore, cooperatives should establish good
external social networks and improve external financing channels
to provide a robust source of funds for improving the agricultural
technology level of cooperatives. Thus, Hypothesis 2 is validated.

4.4 Heterogeneity tests

4.4.1 Formal and informal credit constraints
Considering the significant heterogeneity in the impact of

different types of credit constraints on the degree of green
technology adoption, we categorized credit constraints into formal
and informal ones based on the survey data. The results in
Table 8 indicate that formal credit constraints (FCCs) increase the
cooperatives’ intention to adopt GPCT but reduce the degree of
GPCT adoption, while informal credit constraints (IFCCs) have no
significant effect on GPCT adoption. This aligns with conclusions
from existing literature. Formal credit constraints imply that
cooperatives face stricter conditions and higher transaction costs

TABLE 8 Formal and informal credit constraints.

Dep. Var. (1) (2) (3) (4)

Dtech Tech Dtech Tech

FCCs 0.296∗∗ −0.333∗∗

(0.133) (0.139)

IFCCs 0.122 −0.076

(0.169) (0.163)

Govpro 0.559∗∗∗ 0.566∗∗∗

(0.125) (0.125)

IMR −0.949∗∗ −0.973∗∗

(0.447) (0.445)

Controls Yes Yes Yes Yes

N 535 380 535 380

Wald chi2(8) 47.75∗∗∗ 43.02∗∗∗

This table reports results for heterogeneity tests between formal and informal credit
constraints. Standard errors are in parentheses. ∗ , ∗∗ , ∗∗∗ denote the significance level of 10%,
5%, and 1%, respectively.

when securing loans, which limits their funding sources and
increases the difficulty of acquiring capital, thereby affecting the
extent of technology adoption. However, overall, formal credit has a
positive and significant impact on the adoption of green technology
by cooperatives (Wossen et al., 2017). Informal credit, characterized
by its flexible forms and loose structure, incurs lower transaction
costs. This suggests that informal finance may be more readily
accessible and thus has a relatively minor impact on the technology
adoption behavior of cooperatives.

4.4.2 Green food certification
The presence of green certification for a cooperative’s products

significantly impacts the adoption of GPCT. Typically, cooperatives
are required to submit an application to the China Green Food
Development Center (CGFDC) or their respective provincial green
food authorities, adhering to a standardized process for application
and review. Upon successful certification, they are awarded a green
food certification certificate. In our survey, we evaluated each
farmers’ cooperative by checking for the possession of a valid
green food certificate, thereby classifying the cooperatives into
two groups: those with green certification (Green = 1) and those
without (Green = 0). The regression results presented in Table 9
reveal that farmers’ cooperatives without green certification are
significantly more influenced in their adoption of GPCT than those
that possess it. This indicates that cooperatives focusing on green
production are more likely to prioritize the adoption of green
technologies (Asif et al., 2025; Dong et al., 2025), thereby rendering
the effects of credit constraints relatively less pronounced.

4.4.3 Cooperatives’ asset size
The asset size of farmers’ cooperatives also influences their

willingness and extent of adopting green technologies. We
constructed a dummy variable (Size) based on the asset size of the
farmers’ cooperatives: if the cooperative’s asset is distributed at or
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TABLE 9 Green food certification.

Dep. Var. Green = 0 Green = 1

(1) (2) (3) (4)

Dtech Tech Dtech Tech

Credit 0.316∗∗ −0.296∗∗ 0.082 −0.306

(0.137) (0.143) (0.364) (0.224)

Govpro 0.562∗∗∗ −0.178

(0.137) (0.424)

IMR −0.652∗∗∗ 0.173

(0.158) (1.947)

Controls Yes Yes Yes Yes

N 434 292 101 88

Wald chi2(8) 50.98∗∗∗ 20.99

This table reports regression results where cooperatives with green certification (Green = 1)
in Columns (3) and (4) and those without (Green = 0) in (1) and (2). Standard errors are in
parentheses. ∗ , ∗∗ , ∗∗∗ denote the significance level of 10%, 5%, and 1%, respectively.

above the 50th percentile, it equals 1, and 0 otherwise. Subsequently,
we conducted regression analysis by grouping according to the
size of the asset scale. The results presented in Table 10 indicate
that credit constraints have a significant impact on the willingness
of small-scale cooperatives to adopt green technologies, but the
effect on the extent of adoption is not significant. Conversely, credit
constraints do not significantly affect the willingness of large-scale
cooperatives to adopt technology, yet they significantly impede
the extent of technology adoption. This suggests that small-scale
cooperatives, which typically possess ewer capital resources, are
more reliant on external financing, and thus the availability of credit
directly influences their ability to invest in new technologies. On
the other hand, large-scale cooperatives, despite having relatively
more capital, may require larger investments for technology
adoption, and therefore, credit constraints could potentially limit
their further investment and upgrading in technology. This
finding aligns with Yu et al. (2021) who demonstrate that credit
constraints exert a significantly stronger dampening effect on green
innovation among SMEs than among large firms. Moreover, an
extensive body of literature documents that differences in farm size
generate heterogeneous impacts of credit constraints on technology
adoption (Sanka and Makhura, 2025; Ramasamy and Malaiarasan,
2023).

5 Conclusions and policy implication

5.1 Conclusion

In the transition from traditional to modern agriculture,
farmers’ cooperatives frequently encounter financial constraints,
especially when adopting new agricultural technologies, which
are inextricably linked to financial credit activities. This study
utilizes survey data of 535 planting cooperatives in Henan
and Shaanxi provinces, regions representative of China’s grain
production heartland and ecological transition zones. Employing
a two-stage Heckman selection model to correct for potential
selection bias, our methodology precisely delineates the credit

TABLE 10 Farmers’ cooperatives asset size.

Dep. Var. Size = 0 Size = 1

(1) (2) (3) (4)

Dtech Tech Dtech Tech

Credit 0.476∗∗∗ −0.219 0.097 −0.395∗∗

(0.178) (0.258) (0.180) (0.156)

Govpro 0.604∗∗∗ 0.443∗∗

(0.186) (0.175)

IMR −1.376∗∗ −0.752∗∗∗

(0.663) (0.243)

Controls Yes Yes Yes Yes

N 241 148 294 232

Wald chi2(8) 36.80∗∗ 37.84∗∗

This table reports regression results where cooperative’s asset is above the 50th percentile (Size
= 1) in Columns (3) and (4) and otherwise (Size = 0) in (1) and (2). Standard errors are in
parentheses. ∗ , ∗∗ , ∗∗∗ denote the significance level of 10%, 5%, and 1%, respectively.

constraints encountered by these cooperatives and empirically
evaluates their impact on the adoption of GPCT. The empirical
findings reveal that credit constraints operate as a double-edged
sword: while substantially increasing cooperatives’ willingness to
adopt GPCT, they concurrently suppress actual adoption intensity,
revealing previously undocumented behavioral complexity at the
organizational level.

Crucially, our mechanism analysis identifies that the external
social networks emerge as a powerful mediator that significantly
alleviates credit constraints’ detrimental impact on adoption
scale—a mechanism notably absent in internal networks.
Heterogeneity analysis further reveals the disproportionate
inhibiting effect of formal (vs. informal) credit constraints,
the catalytic role of product green certification in facilitating
adoption, and the enhanced capacity of larger-asset cooperatives to
implement GPCT.

This analysis underscores the influence of credit availability on
the ability of farmers’ cooperatives to invest in and adopt green
technologies. The presence of credit constraints, particularly from
formal financial institutions, appears to limit the cooperatives’
capacity to secure the necessary funds for technological upgrades,
which in turn affects their overall operational efficiency and
sustainability. This finding highlights the importance of addressing
credit barriers to enhance the adoption of green technologies in the
agricultural sector, which may ultimately contribute to improved
environmental outcomes and economic sustainability for these
cooperatives. For additional requirements for specific article types
and further information please refer to “Article types” on every
Frontiers journal page.

5.2 Policy implication

To expand social networks, alleviate credit constraints, and
increase the adoption rate of green production technologies
among farmers, several key measures should be considered: First,
governments and financial institutions should increase support for
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credit funds for farmers adopting green technologies, implement
preferential interest rates, improve financial service levels, and
reduce transaction costs in the rural financial market.

Second, rural financial reforms should be implemented by
leveraging the social network characteristics of local farmers, fully
considering the social network resources of farmers, providing
financial support for farmers to adopt new technologies; the
government should also focus on cultivating farmers’ social
networks, encouraging them to enhance communication and trust
through social networks, improving their technical cognition, and
broadening agricultural technology dissemination.

Third, the government should increase financial support
for cooperatives engaged in the production of green products,
support cooperatives in leveraging their resource endowments to
strengthen advantageous and characteristic industries, standardize
the operational and management mechanisms of cooperatives, and
increase farmers’ technology adoption rates.
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