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Can participation in cooperatives
promote the adoption of green
production techniques by
Chinese apple growers:
Counterfactual estimation based
on propensity score matching

Dongjian Li, Hongmin Dang and Jin Yu*

School of Economics and Management, Northwest A&F University, Xianyang, China

As one of the key links of agricultural green sustainable development, it is an
effective path to popularize green production technology and promote farmers’
adoption of green production technology by using cooperatives as an
organizational vehicle. Based on the survey of 314 apple farmers in Shaanxi
and Gansu provinces, the degree of adoption of green production technology
was measured by the coefficient of variation method. At the same time, in view
of the selection bias of farmers’ participation in cooperatives, the propensity
score matching method was used to evaluate the influence of farmers’
participation in cooperatives on the adoption of green production
techniques. The results showed that participation in cooperatives increases
the probability of farmers adopting green production techniques from 25.29%
to 30.29%, indicating that cooperatives increase the degree to which farmers
adopt green production techniques. In addition, increased cognition of green
production, which increases the price and net profit of products sold and
reduces expectations of green production risks, is the primary channel through
which cooperatives lead farmers to adopt green production technologies.
Participation in cooperatives, though, increased input costs for apple
production. In order to strengthen the active role of cooperatives in the
popularization of green production technologies, more support should be
given to cooperatives, and emphasis should be placed on strengthening
their institutional development so that they can be standardized and
developed at a high quality.
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1 Introduction

Agricultural practices are one of the most significant
contributors to global greenhouse gases and are the second
largest carbon source after electricity and heat production
(Solomon et al.,, 2007; Haller, 2022). Overuse of fertilizers and
pesticides, as well as inefficient field crop management, has
already resulted in a slew of environmental pollution issues,
slab
acidification, and soil erosion, all of which pose a significant

including surface and groundwater pollution, soil
threat to sustainable agricultural development (Zhang et al,
2017; Tang and Zhou, 2018). Without harmonious ecological
and economic development, economic growth will not be
sustainable and may even lead to the decline of ecosystems
(Zhang et al., 2022).

The adoption and extent of green production technologies
by smallholder farmers, who are the core participants in the
agricultural production chain, will be one of the key factors
affecting the sustainable development of agriculture (Liu et al.,
2020). In this regard, the Chinese government has set subsidies
and penalties to expand the adoption of green production
technologies, for example, encouraging soil testing and
fertilizer application or replacing chemical fertilizers with
organic fertilizers (Zhang et al, 2016; Cui et al, 2018).
However, practice shows that green and high-quality
agricultural development has long faced difficulties in the
widespread adoption of green production technologies
among smallholder farmers (Chu et al., 2012; Luo et al,
2013; Geng et al.). There are three main reasons for this
first, the
technologies at the grassroots level in China is not yet

situation: mechanism for promoting new

sound, and publicity is insufficient (Mao et al, 2021);
of
conservation is still weak, and they have not yet shaken off

Second, Chinese farmers’ awareness ecological
their reliance on traditional production methods (Huang et al.,
2018; Cheze et al., 2020); Third, due to their high technological
content, green production technologies are also relatively
difficult to learn and use, and their input costs are relatively
high, ultimately leading to high transaction costs and business
risks for farmers to adopt green production technologies (Zhao
and Cai, 2012; Luo et al., 2013). Therefore, exploring the drivers
of green production technology adoption among farmers has
become a popular topic in the academic community. However,
in exploring the drivers of the adoption of green production
technologies by farmers, scholars have mainly focused on
government environmental regulations and financial
subsidies (Gao, 2013; Chatzimichael et al., 2014); household
resource endowments such as household capital, labor, land,
social networks and information networks (Zhang et al., 2013;
Geng et al., 2017); market demand, market price, and market
risk (Guo et al.,, 2007; Geng et al., 2017; Wang et al., 2018);
farmers’ perceptions of ecological environment and green
production (Guo and Zhao, 2017; Tong and Liu, 2017; Liu
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and Zhou, 2018); and farmers’ information access status (Carter
etal., 2014; Genius et al., 2014; Zhang et al., 2019), among other
areas.

Cooperatives offer new solutions for the development of
green agriculture by promoting green production technologies
and regulating green production and product supply. Although
some scholars have demonstrated through experience the
positive contribution of membership in cooperatives to the
promotion of green production technologies such as organic
fertilizer application, soil test formulation fertilization, and
integrated pest management (Abebaw and Haile, 2013; Wu
et al., 2016; Wossen et al., 2017; Zhang and Liu, 2020; Wan
and Cai, 2021). However, mechanisms for cooperatives to
promote the adoption of green production technologies by
farmers have not been adequately discussed in academia.
Most of the explanations given by some scholars are that
when farmers join cooperatives, they have more effective
access to information about new technologies, which improves
their cognitive abilities and thus effectively promotes the
adoption of green production technologies (Odoemenem and
Obinne, 2010; Feng and Huo, 2016). It has also been argued that
the channels through which cooperatives channel farmers’
passive application of soil-measuring fertilizer application
technology through standardized production systems are more
important than the channels through which information is
transmitted through technical training (Wan and Cai, 2021).

In summary, when analyzing the mechanism, most studies
focus on risk, information, and other factors perspectives,
that the
cooperatives can enhance farmers’ perceptions and thus lead

arguing technical information provided by
to their adoption of green production technologies. However,
previous literature has overlooked an important issue: farmers’
adoption of green production technologies is based on their
factor endowments, a combination of expected production
benefits and risks. We argue that the key for cooperatives to
guide farmers to adopt green production technologies is to
achieve a Pareto improvement in the adoption costs and
benefits. Otherwise, even if farmers have a high level of
the

probability of farmers adopting new technologies will not

cognitive and no barriers to information access,
significantly increase. Therefore, based on household surveys
of 314 apple farmers in Baishui County, Shaanxi Province, and
Qingcheng County, Gansu Province, we use the PSM to assess
apple farmers’ participation in cooperatives and their adoption
effects of green production technologies. The contributions and
innovations of this paper are: First, it expands the mechanism of
cooperatives to promote farmers” adoption of green production
technologies. We focus on cooperatives through information
transmission channels and innovatively add a “cost-benefit”
perspective. We consider how cooperatives can induce farmers
to adopt green production technologies through the cognitive
level, risk expectations, product premium, input cost, and net

income. Second, considering the selection bias, this study uses the
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Obtain quality certification and improve product prices

f production

Alleviate information constraints and raise cognitive of green

Participation in cooperatives

Green production technology

H Reduce input costs and increase overall revenue

Reduce risk expectations and increase confidence in adoption

FIGURE 1

Mechanisms for participating cooperatives to influence the adoption of green production technologies by farmers.

PSM method to explore the quantitative impact of cooperative
membership on farmers’ adoption of green production
technologies and wuses different matching methods and
sensitivity analysis to test the robustness of the PSM estimates.

2 Theoretical analysis and research
hypothesis

From the perspective of a rational economic person, the
ultimate goal of farmers joining cooperatives is to obtain
agricultural social services to improve their livelihoods and
increase their earnings rather than to contribute to
environmental sustainability. Therefore, profit is their primary
motivation for allocating factors of production. The more
economic benefits generated by technology adoption and the
fewer costs they have to pay, the higher the level of adoption of
the technology by farmers (Geng et al., 2017). Based on this logic,
through literature review and theoretical summary, we argue that
cooperatives can increase farmers’ adoption of green production
technologies by influencing their level of cognitive, risk
expectations, product premiums, input costs, and net incomes
(see Figure 1).

Firstly, Participation in cooperatives can help farmers obtain
quality certification and raise market prices. Since entering the
21st century, food safety has become the focus of social concern.
People have higher nutritional, health, and safety requirements
for food and are willing to pay higher prices for green products
(Quan and Zeng, 2014). Excess profits from these market
premiums drive farmers’ adoption of green production
technologies (Li et al., 2021). Cooperatives improve the quality
of green agricultural products by educating farmers on
standardized production, accurate prevention, and control of
agricultural risks (Ma and Huo, 2019). In addition, participation
in cooperatives increases farmers’ acceptance of green
production technologies by helping them to obtain
certification of green product quality, increasing product
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recognition, and increasing the price advantage of green
products produced by small farmers participating in
cooperatives (Chen et al, 2021). On this basis, hypothesis
H1 is proposed.

H1: If farmers participate in cooperatives to increase the market
price of green products by improving product quality and
increasing market recognition of their products, then they
will increase their use of green production techniques.

Secondly, Participation in cooperatives reduces farmers’
information constraints and helps to increase their cognition
of green production techniques. Access to and understanding
green technology information are critical to farmers’ technology
adoption decisions. Lack of cognition leads to the misallocation
of resources and adoption risks, severely constraining farmers’
technology adoption behavior (Huang et al., 2008; Tang and
Zhou, 2018). Information flows can improve farmers’
understanding and mastery of technical information and
facilitate the adoption of new technologies (Huang et al,
2008). Farmers’ ability and level of access to information
directly affect the distribution of resources available to them
and, ultimately, the adoption of green production technologies by
farmers (Tang and Zhou, 2018). Cooperatives provide a wide
range of information sharing, technical training, policy
explanation, and educational and training = services.
Participation in cooperatives can break the traditional
communication patterns of networks of acquaintances, ease
information constraints, improve farmers’ cognitive level and
practice of green production technologies, and promote their
adoption (Zhao and Cai, 2012; Du et al., 2014; Zheng et al., 2018;
Ren and Hussain, 2022). Based on this, this paper proposes

hypothesis H2.
H2: If participation in a cooperative, the technical training, and

education provided by the cooperative can alleviate the
information constraints of apple growers and increase
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their level of cognition of green production techniques, then
the level of adoption of green production techniques by

farmers will increase.

Thirdly, participation in cooperatives can reduce the cost of
raising apples for apple farmers and improve overall profitability.
In particular, the adoption of green production technologies
requires a certain level of funding. However, high costs often
act as a deterrent to farmers with weak resource endowments,
small-scale operations, and fragmentation (Cai J., 2013). By
joining cooperatives, the marginal costs of adopting green
production technologies are greatly reduced. Cooperatives
reduce procurement costs through collective action.
Cooperatives can take advantage of collective procurement to
increase the bargaining power of farmers, enabling them to
purchase or lease needed means of production and technical
equipment at lower prices and avoiding cost overflow from
“seller’s markets” (Liu et al, 2021). Individual farmers are
prone to additional costs due to their limited cognitive
abilities and lack of judgement on the application of green
technologies and the mix of factors of production; however,
through the organization of technical training, cooperatives can
partly compensate for farmers’ deficiency of capacity, help to
improve efficiency in the use of technical equipment, regulate the
use and frequency of pesticides and fertilizers, and avoid waste of
resources and lower yields due to ineffective inputs. It also helps
to regulate the dose and frequency of pesticide and fertilizer
inputs and avoid waste of resources and reduction in yields due to
ineffective inputs (Cai R., 2013; Ma and Abdulai, 2016; Mojo
et al,, 2017; Wan and Cai, 2021). This can effectively reduce the
cost of adopting green production technology and make farmers
gain considerable economic benefits, thus enhancing the
adoption of green production technology by farmers. On this

basis, hypothesis H3 is proposed.

H3: If participation in cooperatives, collective action by
cooperatives, and technical training help to reduce the
input costs of apple farmers and increase overall returns,
then farmers’ adoption of green production technologies

will increase.

Fourthly, participation in cooperatives helps to reduce
farmers’ risk expectations of adopting green production
technologies. Smallholder survival theory suggests that farmers
are often “risk-averse” and that production risks are the most
important factor in their decision to adopt green production
technologies (Wang and Liu, 1996). The social services provided
by cooperatives, such as agricultural supply, technical training
and product marketing, not only reduce adoption costs and
increase returns, but also, and most importantly, help farmers
reduce their risk expectations green production and increase
confidence in the application of new technologies (Cai, 2012). In
addition, depending on the nature of the cooperative, residual
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distributions based on shares and transactions also provide
surplus claims for cooperative members, reducing farmers’
risk expectations for adopting green production technologies.
Thus, farmers’ adoption of green production technology has been
improved. On this basis, hypothesis H4 is proposed.

H4: If participation in cooperatives and the social services
provided help reduce farmers’ risk expectations of green
production, then farmers will adopt green production
technologies.

Based on the above analysis, cooperatives can improve
farmers’ acceptance of green production technologies by
raising product prices, raising cognitive, reducing input costs
to increase net incomes, and reducing expectations of green
production risks. On this basis, hypothesis H5 is presented.

H5: If apple farmers join cooperatives, their adoption of green
production techniques will increase.

3 Data sources, research methods,
and variable selection

3.1 Data sources

The data in this study are mainly from the apple production
and cultivation study conducted by the research group in Baishui
County, Shaanxi Province, and Qingcheng County, Gansu
Province, from November 2020 to October 2021. Specifically,
in November 2020, the team traveled to Baishui County, Shaanxi
Province, to study annual data for apple growers for 2018 and
2019. The 2019 and 2020 annual data for apple growers apple
surveyed in October 2021 in Qingcheng County, Gansu
Province, using the same questionnaire format as the Baishui
County survey. To ensure consistency and reduce annual
interference with empirical results, we have aggregated
2019 data from both locations. We used 314 cross-sectional
data of apple farmers from the two places in 2019 to
complete the study of this paper. The team chose Shaanxi and
Gansu as the study area because, according to the distribution of
apple cultivation in the country, the dominant area of the Loess
Plateau in Shaanxi and Gansu in 2021 was 1,220,280 ha,
accounting for 58.44% of the country’s apple planting area.
Among them, Shaanxi and Gansu provinces are China’s first
and fifth largest apple growers. The research area of Baishui
county and Qingcheng county in Shaanxi and Gansu province
can objectively and genuinely reflect the production situation of
apple growers in China. The team sampled using a combination
of stratified and random sampling methods and random
sampling. Specifically, there are seven townships in Baishui
County and nine in Qingcheng County, each of which we
numbered and randomly sampled using computers. By

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1026273

Li et al.

10.3389/fenvs.2022.1026273

TABLE 1 Description of the basic statistical characteristics of the sample apple farmers.

Grouping variables Proportion (%)

Annual family income (USD 1000) [0,5) 1417
[5,10) 30.28
10+ 55.55
Existence of village officials in the family YES 11.78
NO 88.22
The number of family laborers 1-2 37.26
3-4 56.05
5+ 6.69
Share of agricultural labor force (%) [0,30) 1.59
[30,60) 36.63
[60,100] 61.78
Planting scale (ha) [0,0.25) 19.45
[0.25,0.75) 57.67
0.75+ 22.88
Average years of education (Years) [0,5) 8.60
(5,10) 70.06
10+ 21.34
The number of relatives and friends 0-10 31.21
11-20 39.17
21+ 29.62
Gift expenditure (USD 1000) [0,0.5) 71.27
[0.5,1.5) 23.40
1.5+ 533

layered random sampling, the team selected three townships in
Qingcheng County, Xuanma, and Yima, and three in Baishui
County, namely, Leiya Shiguan and Yaohe. Villages in each
then
2-3 administrative villages are randomly selected. Whether we

commune  are numbered  uniformly,  and
chose two or three villages depended on how many households
would participate in the second village. If the number was
insufficient, a third village was selected. In the second step, we
compiled a complete list of all the apple growers. Finally,
10-20 apple farmers in each of the villages.

In order to understand the current situation of apple farming
households in the main production area, the research team
designed a targeted questionnaire. The questionnaire consists
mainly of household information (demographic structure, level
of education, age structure, etc.), land production and
management, household income and consumption structure,
household livelihood capital, awareness and application of
low-carbon technologies, participation in cooperatives, efc.
412 questionnaires were sent out in 2020 and 2021. We
screen the questionnaire according to the following four
criteria: 1) elimination of participants in empty-nest
cooperatives and sham cooperatives; 2) elimination of samples
with significant data deficits that did not reach 60% of the

questionnaire questions; 3) elimination of samples with
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Grouping variables Proportion (%)

Apple income proportion [0,30) 20.06
[30,60) 41.72
[60,100] 3822
Participation in cooperatives YES 34.39
NO 65.61
Credit Difficulty 1-2 3248
3 34.71
4-5 32.80
The number of agricultural technical training 0 20.70
1-3 55.10
4+ 24.20
Land fragmentation degree [0,0.25) 4522
[0.25,0.5) 43.63
0.5+ 11.15
Present value of production data (USD 1000) [0,2) 72.26
[2.4) 19.78
4+ 7.96
The number of living materials [0,5) 9.24
[5,10) 75.80
10+ 14.97
Communication expenditure (USD 1000) [0,0.2) 27.65
[0.2,0.3) 46.59
0.3+ 25.76

inconsistent information; and 4) elimination of samples with
zero apple business area. Three hundred fourteen active samples
were eventually obtained with a sample recovery rate of 76.21%.
Based on the collected samples, the household characteristics and
production and planting properties of sample farmers are
described in this paper (Table 1).

As shown in Table 1, 55.55% of apple-growing households in
the sample area had an annual income of less than 10,000 dollars,
and 38.22% of households had apple income accounting for more
than 60% of household income. The number of household
laborers was mainly 3-4, with 61.78% of households having
more than 60% agricultural laborers, indicating that the main
livelihood and income of homes in the sample area came from
apple farming. The degree of land fragmentation is the inverse of
the total household land area ratio to the number of plots. A
higher value means a higher degree of fragmentation, with the
degree of land fragmentation of the sample farmers concentrated
between 0 and 0.5. The present value of household production
materials was generally lower than 2000 dollars. The average
years of education of the sample apple growers were mainly
5-10 years, and 11.78% of the households had village cadres. The
difficulty of bank borrowing refers to the difficulty for families to
obtain bank credit of 7,000 dollars, which we measured on a
Likert scale of 1-5, with higher values representing more
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incredible difficulty. 32.80% of the sample households had
greater difficulty in bank borrowing than 3. The number of
relatives and friends in the sample households mainly ranged
from 10 to 20. The number of household living materials is
mainly concentrated between 5 and 10, household gift expenses
are mainly between 0 and 500 dollars, and communication
expenses are mainly between 200 and 300 dollars. The
proportion of the sample apple farmers who joined farmers’
professional cooperatives was 30.89%, and the proportion of
households who participated in agricultural technology training
1-3 times was 55.10%.

3.2 Research methodology

In reality, however, apple farmers are not randomly assigned
to the cooperative participation group (treatment group) and the
non-cooperative participation group (control group). Still, they
are “self-selected” by several observable factors, such as
household characteristics and livelihood capital. In this case,
failure to deal with the “self-selection” problem will lead to
sample selection bias and, thus, biased parameter estimates.
The propensity score matching (PSM) method is often used
to create a control group of comparable states to address the
sample selection bias caused by observable factors (Ragasa et al.,
2018; Soullier and Moustier, 2018; Li et al., 2020). The specific
steps are as follows:

To assess the impact of participating cooperatives on
adopting green production technologies by apple growers, we
first construct a general model of green production technology
adoption by apple growers.

Yit =a+ 9Ch + BXit + & (1)

In the equation, Yj; is the dependent variable, which
measures the degree of adoption of green production
technology by apple growers, and C; characterizes whether
farmers join cooperatives. C;; takes the value of 0 or 1; i =
0 means farmers do not join cooperatives, and i = 1 means
farmers join cooperatives. Then 6 measures the size of the effect
of farmers’ participation in cooperatives on their degree of
adoption of green production technology; X; is the control
variable and f8 is the coefficient of influence of the control
variable; « is the constant term; ¢&; is the random
interference term.

Then, to create such a control group, PSM calculated a
propensity score or probability of apple grower participation
in the cooperative based on each farmer’s pretreatment
covariates and then matched participants with non-
participants based on the predicted propensity score to obtain
treatment and control groups that converged to a comparable
balanced state (Rosenbaum and Rubin, 1983). It can be seen that
the propensity matching score for apple grower participation in

cooperatives is the probability of apple grower participation in
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cooperatives under the given conditions. Propensity matching
scores are usually estimated using Logit or Probit models to
match the treatment and control farmers (Li et al., 2020; Wan
and Cai, 2021). In this paper, a logit model is chosen to estimate
the propensity matching scores of apple growers to participate in
farmers’ cooperatives.

P(Z)="P(Ci =1|Z) = A(Zp) = exp(Z;p)/(1 + exp(Z;B))
©)

In the equation, P(C; = 1|Z;) is the propensity matching
score or probability of apple growers participating in the
cooperative, and Z; is the covariates. For selecting covariates,
the conditional independence assumption (CIA) is the critical
assumption of PSM, which requires that participants’ conditional
expectations under the covariate (Z;) are equal to the
expectations of non-participants. All possible control variables
were considered to ensure that the CIA was not violated,
including characteristics of households and household heads
and other covariates that might affect both cooperative
participation and green technology adoption.

After calculating the propensity matching score, the
appropriate matching method must be selected to match
participants and non-participants. Nearest neighbor matching
(NNM), kernel matching (KM), and radius matching (RM) are
commonly used to assess the impact of program participation
(Ragasa et al, 2018; Soullier and Moustier, 2018). Nearest
neighbor matching matches participants and non-participants
using the closest propensity score. Kernel matching matches
participants and non-participants using a kernel function that
reflects the degree of similarity of the covariates. Radius matching
matches participants only to non-participants whose propensity
scores fall within the participant’s predefined neighborhood
(Becker and Ichino, 2002). To ensure the robustness of the
estimation results, we use all three methods in this paper.

The average treatment effect (ATE) of program participation
when no matching is:

ATE = E(Yy4|C = 1) - E(Yqi|C = 0)
=E(Yul/C=1)-E(Yu/C=1) + E(Yu|C =1) - E(Yy|C = 0)
(3)

Where E(Yy;|C=1)-E(Yy|C =1) is the average treatment
effect (ATT) of green production technology adoption in the
the
cooperatives on green technology adoption by apple growers;
E(Yq|C = 1) — E(Y|C = 0) is the selectivity bias, which implies
E(Y(|C = 1) = E(Y(;|C = 0) when matching is complete. At this
point, ATE = ATT.

treatment group, measures impact of participating

ATT = ATE = E(Y;;|C = 1) - E(Y;/C = 0)

=E(Yu/C=1)-E(Yu/C=1) 4

The key assumption the PSM approach is that participants’
decisions depend only on observable factors. However, there may
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be factors swaying farmer participation that are not observed.
Sensitivity analysis is needed to test the susceptibility of PSM’s
estimated average therapeutic outcome (ATT) to unobserved
factors. Therefore, using existing literature, we used Rosenbaum’s
bounds analysis to test the sensitivity of treatment outcomes to
unobservable objects (Rosenbaum and Rubin, 1983; Li et al,
2020; Ren et al., 2021).

3.3 Variable selection and descriptive
statistics

3.1.1 Outcome variable

Degree to which apple growers adopting green production
technologies, as defined in the “Technical Guidelines to Green
Agricultural Development (2018-2030) issued by the Ministry of
China,” is:

technologies include cropland quality improvement and

Agriculture and Rural Green production
conservation technology, agricultural water-saving and rain-

fed dry-farming technologies, fertilizer and pesticide

application  technologies, agricultural ~waste  recycling
technologies,...and herbivorous green and efficient production
technologies.” According to the characteristics of apple
production, five green production techniques were selected:
organic fertilizer application technology, soil measuring
formula fertilization technology, drip irrigation sprinkler
irrigation technology, pest control technology, water fertilizer
integration technology (Huang et al., 2018; Yang, 2018; Geng
et al,, 2016.). However, due to the limited the applicability of
green production sub-technologies in different regions, estimates
of the same weighting can lead to biased results. Based on the
economic benefits, resource benefits and environmental benefits
of green production technology, the weight coefficients of five
sub-technologies are calculated by using the coefficient of
variation method. We measure the weighted average of these
five technologies to measure the extent to which apple growers
adopted green production techniques (whether or not green
production secondary techniques were used was a binary
variable, using = 1; not = 0).

The coefficient of variation method is an objective weighting
method based on statistical approaches that use the information
in each hand to calculate the degree of variation of each indicator
in the system and then assign weights. Samples with more
significant variation are assigned more important weights;
conversely, smaller weights are assigned (Li et al, 2020).
Statistically, there are also objective assignment methods such
as principal component analysis, factor analysis, and Amal
KantiRary assignment method. We chose the coefficient of
variation method because it is simple to operate and can
effectively distinguish between individual indicators. Secondly,
the amount of variance information of the indicators is measured
by the variance, but due to the influence of the scale and order of

magnitude of each indicator, the variance of each indicator is not
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comparable, and it is more appropriate to choose a comparable
coefficient of variation (Chen, 1995).

Firstly, we measure the mean (U;) and standard deviation
(S;) of each green production sub-technology and economic,
resource, and environmental benefits separately, and then the
coefficient of variation (V;) of each sub-technology in terms of
economic, resource, and environmental benefits was calculated,
and the expressions were:

V;=8;/U; (j=1,...P) (5)

Then, the coefficients of variation of each indicator are
normalized to obtain the secondary indicator weights of each
sub-technology in the three dimensions of economic benefits,
resource benefits, and environmental benefits:

W= Vj/Z::IVj

(6)

Finally, we sum up the corresponding secondary index
weights of economic, resource, and environmental benefits
under each sub-technology to obtain the primary index
weights of the five sub-technologies.

3.1.2 Treatment variable

Participation in cooperatives. According to the definition of
the Law of the People’s Republic on Peasant Professional
Cooperatives, peasant professional farmers’ cooperative
cooperatives are collective economic organizations that are
voluntarily organized and democratically managed by
producers and operators of similar agricultural products or by
providers and users of similar agrarian production and operation
services on the basis of family contracting in rural areas. It also
provides services such as the purchase of agricultural production
materials, the sale, processing, transportation, storage of
agricultural products, and the technology and information
related to agricultural production and operation, up to online
trading with members as the primary service targets. Therefore,
in order to ensure the accuracy of processing variable data,
farmers

who joined empty and fake cooperatives are

considered non-participants; farmers who joined actual
operations but did not benefit from cooperative services such
as production, marketing, and technical training are likewise
considered non-participants. By the above criteria, 108 out of
314 apple farmers sampled in this paper belong to cooperatives or

34.39% of the total sample.

3.1.3 Matching variable

Existing research suggests that farmers’ participation and
cooperatives or adoption of new technologies are rooted in the
pursuit of economic gains through improved household
livelihoods. Current research, therefore, shows that farmers’
decisions to participate in cooperatives and adopt new

technologies are based on household livelihood capital

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1026273

Li et al.

TABLE 2 Variable selection and definition.

Variable name

Outcome variable  Green technology adoption degree

Treatment
variable

Participation in cooperatives

Control variable
Natural capital Apple planting scale
Material capital Household Productive Materials
Household living materials

Human capital The number of laborers

10.3389/fenvs.2022.1026273

Variable definition and assignment

Calculated by coefficient of variation, unit: %.

Whether to participate in farmer cooperatives: 1 = yes; 0 = No.

Household apple planting area, unit: ha.
Present value of household productive materials, unit: USD 1000.
The number of household living materials, unit: Pieces.

The number of family laborers.

Proportion of agricultural labor force ~ The proportion of agricultural labor force in the total labor force, unit: %.

Family education level
The number of technical training
Social capital Gift expenditure

Existence of village officials in the

family

The number of relatives and friends
Financial capital Total household income
Apple income proportion

Information Credit difficulty
capital difficult = 5.

Communication expenditure
Sales price

Cognitive level

Average years of education of family population.
Annual agricultural technology training times.
Annual gift expenditure amount, unit:USD 1000.

Whether there are village cadres in the family: yes = 1; no = 0.

The total number of relatives and friends.
Annual total household income, unit: USD 1000.
Apple income accounts for the proportion of household income, unit: %.

The difficulty of borrowing USD 7000 from banks: very easy = 1; easier = 2; general = 3; more difficult = 4; very

Household communication expenditure, unit:USD 100.
Average Apple Sales Price, unit: USD/kg.

Farmers’ cognitive level of apple green production: completely unknown = 1; less knowledge = 2; must know =

3; more understanding = 4; very well known = 5.

Net income
Input Costs

Risk expectations

Apple net income per ha (income per ha - input per ha), unit: USD 1000/ha.
Planting cost per ha, unit: USD 1000/ha.

The decision maker’s anticipation judgment to Apple green production risk:no risk = 1; low risk = 2; moderate

risk = 3; high risk = 4; Maximum risk = 5.

(natural, physical, human, financial, social, and information
capital) (Cai and Han, 2012; Yang, 2018, 2018; Mmbando
et al., 2021; Geng et al.). Therefore, natural, physical, human,
financial, social, and information capital have been selected as
matching variables based on a sustainable livelihood framework
(see Table 2 for more details).

Table 3 describes the essential statistical characteristics of
apple farmers in the sample. Table 3 shows that cooperative
farmers exhibit higher levels of adoption of green technologies,
total household income, labour force, level of family education,
household means of production, and agro-technical training
than non-co-operative farmers.

4 Empirical results and analysis

4.1 Measurement of green production
technology adoption by apple growers

Because of the variability of green production technologies, they
play different roles in the production process. In order to accurately

Frontiers in Environmental Science

describe the attributes of green production technology, this paper
uses a Likert scale to evaluate the three dimensions of economic
benefit, environmental benefit, and environmental benefit of the five
green production sub-technologies. Based on the subjective
evaluation data of apple growers, this paper used the coefficient
of variation method to calculate the weights of each indicator. The
results rank according to the importance of the hands: drip and
sprinkler irrigation technology, soil testing and fertilization
technology, pest control technology, water and fertilizer
integration technology, and organic fertilizer application
technology (see Table 4).

4.2 Impact of cooperative participation on
green production technology adoption by
apple farmers

4.2.1 Estimation of a decision model for apple
grower participation in cooperatives

Based on the Sustainable Livelihoods Framework (SLF), this
paper chose the Logit model to evaluate the propensity matching
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TABLE 3 Description of the basic statistical characteristics of the sample apple farmers.

Variable name

Mean value difference

Mean value of sample household features

Treatment group

Control group

N =108 N = 206
Green technology adoption degree 29.43 (24.31) 21.76 (14.8) —7.76*%¢
Participation in cooperatives 1.00 (0.00) 0.00 (0.00) —
Apple planting scale 0.52 (0.28) 0.49 (0.30) -0.03
Household Productive Materials 1.83 (2.00) 1.15 (1.25) —0.68*%*
Household living materials 7.41 (1.90) 7.17 (2.22) -0.24
The number of laborers 3.31 (1.01) 3.03 (1.21) —0.28*
Proportion of agricultural labor force 0.67 (0.24) 0.77 (0.25) 0.10%**
Family education level 8.64 (2.21) 7.93 (2.50) —0.71**
The number of technical training 3.48 (2.35) 2.21 (2.47) —1.27%%¢
Gift expenditure 0.57 (0.86) 0.53 (0.44) —-0.04
Existence of village officials in the family 0.13 (0.34) 0.11 (0.31) -0.02
The number of relatives and friends 19.10 (27.28) 18.04 (16.78) -1.06
Total household income 17.35 (7.81) 14.37 (9.34) —2.98%%*
Apple income proportion 0.49 (0.25) 0.58 (0.33) 0.09**
Credit difficulty 249 (1.18) 2.97 (1.23) 0.48***
Communication expenditure 2.45 (1.13) 2.31 (1.60) -0.14
Sales price 0.40 (0.45) 0.30 (0.36) —0.10%**
Cognitive level 3.89 (3.76) 2.95 (2.17) —0.94*%¢
Net income 11.07 (11.01) 9.55 (6.96) —1.52%%*
Input Costs 6.28 (2.92) 5.86 (3.27) —0.42*%%
Risk expectations 2.60 (1.14) 3.16 (2.01) 0.56***

Note: @*, **, *** denote differences in means significant at the 10%, 5%, and 1% levels, respectively (t-test); @ numbers in parentheses are standard deviations.

TABLE 4 Description of the basic statistical characteristics of the sample apple farmers.

Target layer

Green technology
adoption degree

First-grade indexes

Soil testing and formula
Fertilization technology

Organic fertilizer application
technology

Water and fertilizer integration
technology

Pest control technology

Drip and sprinkler irrigation
technology

Frontiers in Environmental Science

Second-grade

Coefficient of

Second-grade

First-grade

indexes variation indexes weight indexes
weight

Economic Benefits 0.32 0.07 0.21
Resource Benefits 0.31 0.07

Environmental Benefits ~ 0.30 0.07

Economic Benefits 0.19 0.05 0.15
Resource Benefits 0.23 0.05

Environmental Benefits ~ 0.19 0.05

Economic Benefits 0.23 0.05 0.17
Resource Benefits 0.24 0.06

Environmental Benefits ~ 0.23 0.06

Economic Benefits 0.29 0.07 0.19
Resource Benefits 0.26 0.06

Environmental Benefits ~ 0.26 0.06

Economic Benefits 0.28 0.07 0.28
Resource Benefits 0.63 0.15

Environmental Benefits  0.27 0.06

09
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TABLE 5 Estimation results of a decision model based on logit model for apple growers’ participation in cooperatives.

Variable name

Natural capital Apple planting scale

Material capital Household Productive Materials
Household living materials
Human capital Family education level

The number of laborers

Proportion of agricultural labour force
The number of technical training
Social capital Existence of village officials in the family
The number of relatives and friends

Ln (Gift expenditure)

Financial capital Ln (Total household income)
Apple income proportion
Credit difficulty

Information capital
C

LR

Pseudo R2

N

Communication expenditure

Coefficient Standard error Z-statistic
-0.03 0.04 -0.75
0.01* 0.01 2.44
-0.03 0.06 -0.42
0.04 0.06 0.07
-0.10 0.18 -0.53
-0.54 0.80 -0.68
0.13** 0.05 236
0.09 039 022
-0.00 0.01 -0.76
-0.05 0.07 -0.75
021 032 0.65
0.53** 0.62 2.86
-0.29 0.12 -0.33
0.05 0.06 0.06
~2.49 3.96 -0.63
31.30

0.08

314

Note: *, **, *** denote differences in means significant at the 10%, 5%, and 1% levels, respectively (t-test).

scores of apple farmers™ participation in farmers’ cooperatives.
Table 5 shows the results.

4.2.2 Common support domain and balance test

The propensity score of apple growers can be calculated
based on the estimation results of the apple grower participation
in the cooperative model. Still, it should test the quality of the
match before estimating the treatment effects. Based on the
existing literature, this paper chose to assess the matching
quality using the equilibrium degree of the standard support
domain and pretreatment variables (explanatory variables)
(Ragasa et al., 2018). When the common support domain is
too narrow, it will result in samples outside the common support
domain not being matched effectively.

The test results using 1-to-1 nearest neighbor matching
showed (Figure 2A) that the number of samples in the
treatment group outside the common support domain was
two, and the number of samples after matching was 106, with
a loss of 2 observations in the treatment group. As can be seen,
the co-support domain retains a significant number of samples
from the treatment group, and the quality of the match could be
considered good. In order to ensure the robustness of the results
of the common support domain tests, we performed robustness
testing using nearest neighbor matching (1-to-3 match), caliper
matching (0.01), and nuclear matching. The results are shown in
Figures 2B-D. The results of 1-to-3 nearest neighbor matching
and nuclear matching were consistent with 1-to-1 nearest
neighbor matching with loss value of 2. Caliper matching loss
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value (0.01) is 5, which is small, indicating that the match quality
passes the general support domain test.

Table 6 shows the results of balancing tests of explanatory
variables before and after matching. In the case of the 1-to-
1 nearest neighbor match, the Pseudo R* decreased from 0.079 to
0.023, the LR statistic decreased from 31.90 to 6.77, the mean bias
decreased from 19.1 to 7.6, and the median bias decreased from
17.7 to 7.2. The results of the 1-to-3 nearest neighbor matching,
the caliper matching (0.01), and kernel matching were tested for
robustness. The bias of the total sample was significantly reduced
after the propensity score matching, and the treatment group and
control group had similar characteristics, i.e., passed the
equilibrium test.

4.2.3 Analysis of the effect of participation in
cooperatives on the adoption of green
production technologies by apple growers

The estimated results of the effect of participating
cooperatives on adopting green production technologies by
apple growers show in Table 7. Taking the estimation results
of 1-to-1 nearest neighbor matching, the average treatment effect
(ATT) of participation in cooperatives on green production
technology adoption among apple growers was 5% and passed
the test at the 1% significance level. Participation in cooperatives
can significantly contribute to the adoption of green production
technology among apple growers. From the mean, the probability
of adopting green production technology among farmers who
did not participate in cooperatives was 25.29%. The likelihood of

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1026273

Li et al.

10.3389/fenvs.2022.1026273

T T T T

o 4
©

4 .6
1-to-1 nearest neighbor matching

I Control group: Support
I8 Treatment group: Not Supported

Il Control group: Not supported
[ Treatment group: Support

T T T T

o -
[o2)

4 .6
1 to 3 nearest neighbor matching

[l Control group : Support
[ Treatment group:Not Supported

[l Control group : Not Supported
[ Treatment group:Support

D

o
@

4
Caliper matching

[ Control group : Support
] Treatment group:Not Supported

Il Control group : Not Supported
B Treatment group : Support

FIGURE 2

Common support domain test: (A) 1-to-1 nearest neighbor matching; (B) 1-to-3 nearest neighbor matching; (C) caliper matching (0.01); (D)

kernel matching.
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TABLE 6 Results of balance test of explanatory variables before and after matching.

Matching methods Pseudo R2 LR
Before matching 0.079 31.90
1-to-1 Nearest Neighbor Matching 0.023 6.77
1-to-3 nearest neighbor matching 0.011 3.10
Caliper matching (0.01) 0.013 3.81
Kernel matching 0.007 1.91

using green production technology among farmers who
participated in cooperatives raised to 30.29%, which was a 5%
increase. Moreover, the ATT estimates of 1-to-3 nearest neighbor
matching, caliper matching (0.01), and kernel matching were

Frontiers in Environmental Science
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p-value Deviation of Median deviation
mean value (%)
(%)

0.007 19.1 17.7

0.964 7.6 7.2

1.000 3.9 3.8

0.098 53 35

1.000 3.8 34

7.02%, 7.75%, and 7.14%, respectively, and the positive effect of
participation in cooperatives on the adoption of green
production technologies by apple growers can be considered
robust.
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TABLE 7 Estimated results of the overall effect of participation in cooperatives on the adoption of green production technologies by apple growers.

Treatment
group mean (%)

Matching methods

1-to-1 Nearest Neighbor Matching 30.29
1-to-3 nearest neighbor matching 30.29
Caliper matching (0.01) 30.51
Kernel matching 30.29

TABLE 8 Rosenbaum'’s boundary sensitivity analysis.

y 1-To-1 nearest 1-To-3 nearest

neighbor matching

neighbor matching

Sig+ Sig- Sig+ Sig—
1 0.002 0.023 0.011 0.011
11 0.057 0.008 0.032 0.003
1.2 0.115 0.002 0.071 <0.001
13 0.198 <0.001 0.132 <0.001
1.4 0.299 <0.001 0.213 <0.001
L5 0.410 <0.001 0.310 <0.001
1.6 0.522 <0.001 0414 <0.001
1.7 0.624 <0.001 0.518 <0.001
1.8 0.714 <0.001 0.615 <0.001
1.9 0.789 <0.001 0.700 <0.001
2.0 0.847 <0.001 0.773 <0.001

4.2.4 Sensitivity analysis

The key assumption of the PSM approach is that the decision
of apple farmers to participate in cooperatives depends only on
observable factors. However, a number of some unobserved
factors may affect farmers’ participation in cooperatives.
Sensitivity analysis is therefore needed to test the susceptibility
of PSM’s estimated average therapeutic outcome (ATT) to
unobserved factors. In this study, Rosenbaum’s bounds
analysis was used to detect sensitivity to unobserved factors in
therapeutic efficacy (ATT). Table 8 shows the results of
Rosenbaum’s bounds sensitivity analysis. The parameter y
(>1) is a measure of freedom from hidden bias, and the
baseline scenario is the absence of hidden bias (y = 1)
(Rosenbaum and Rubin, 1983). The higher the value of y, the
higher the incidence of hidden bias (the higher the likelihood of
the presence of unobservables). Based on the literature, conduct a
sensitivity analysis in this paper for y ranging from 1 to 2 (Dillon,
2011). Report the upper and lower significance levels (Sig+ and
Sig—) for each value of y. Suppose an upper (or lower) limit of
significance can observe. In that case, it assumes that the average
treatment effect (ATT) of the PSM estimates remains significant
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ontrol o -value
Control ATT (% t-val
group mean (%)

2529 5.00 1.52
2327 7.02 2.56
22.76 7.75 2.86
23.14 7.14 2.77

Caliper Kernel matching
matching (0.01)

Sig+ Sig- Sig+ Sig—
0.009 0.009 0.019 0.019
0.026 0.003 0.049 0.006
0.059 <0.001 0.101 0.002
0.111 <0.001 0.178 <0.001
0.183 <0.001 0274 <0.001
0271 <0.001 0382 <0.001
0.369 <0.001 0.492 <0.001
0.469 <0.001 0.596 <0.001
0.566 <0.001 0.689 <0.001
0.654 <0.001 0.767 <0.001
0.730 <0.001 0.829 <0.001

even for a given degree of hidden bias. As can be seen from the
results in Table 8 (with I-to-1 nearest neighbor matching),
farmers’ degree of adoption of green production technologies
is insensitive to a given degree of hidden bias. As the hidden bias
is double, Sig— decreases from 0.023 to below 0.001, indicating
that the estimates are primarily robust and significant at the 1%
significance level (from y = 1 to y = 2). The results are more
robust whether using 1-to-3 nearest neighbor matching, caliper
matching (0.01), or kernel matching. In other words, the positive
impact of participating cooperatives on apple growers’ green
production technology adoption behavior is unlikely to change
significantly, even in some unobservable factors.

4.3 Mechanistic analysis of the impact of
participation in cooperatives on the
adoption of green production
technologies by apple growers

These studies show that participation in cooperatives can
significantly promote the adoption of green production
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TABLE 9 Regression results of the mechanism of the effect of participation in cooperatives on the adoption of green production technologies by

apple growers.

Variables ATT

1-To-1 nearest
neighbor matching

0.142*** (0.114)
1.034*** (0.117)
1.178*** (0.083)
1.829%** (0.152)
-0.673*** (0.078)

Sales price

Cognitive level
Input Costs 0.865***
Net income

Risk expectations

Balance test YES YES
Common support domain test YES YES
Treatment group 106 106
Control group 187 194
Total 293 300

1-To-3 nearest
neighbor matching

0.130%** (0.132)
0.967*** (0.132)
0.098)
1.520%%* (0.127)
0.563*** (0.066)

Caliper matching (0.01) Kernel matching

0.132%** (0.097)
0.927*** (0.115)

( 0134 (0.109
(
0.924*** (0.095)
(
(

)

0.988*** (0.120)

1.076*** (0.106)

1.704%* (0.117) )
0.581*** (0.081) )

1.781%** (0.144
0.622*** (0.087

YES YES
YES YES
106 106
185 187
291 293

Note: *, **, *** denote differences in means significant at the 10%, 5%, and 1% levels, respectively (t-test).

technologies by apple growers, so how does the participation of
cooperatives influence apple-growing farmers’ green production
decisions? According to previous theoretical analysis, farmer
participation in cooperatives influences farmers’ green
production behavior through a combination of the selling
price, perception level, input cost, net benefit, and risk
expectation. This section provides an empirical examination of
this influence mechanism; a descriptive statistical analysis of the
variables used is presented in Table 2, and the validation results
are presented in Table 9.

Table

cooperatives on the potential channels through which

9 estimates the impact of participation in
participation in cooperatives can influence apple farmers to
adopt green production technologies. The estimation results
of the four matching methods are the same. Estimates show
that participation in cooperatives can significantly improve
farmers’ economic benefits (sales prices and net income) and
risk

production. Specifically, ATT data showed that farmers

perceptions and reduce expectations for green
participating in cooperatives saw an increase in apple sales,
with net apple earnings of 0.142USD/kg and 1829USD/ha,
respectively. Compared to non-participants, their cognitive of
green production increased by 1.034, followed by a
0.673 reduction in risk expectations for green output.
However, the paper also found that while participation in
cooperatives increased farmers’ economic net income, the
average input cost per ha of apple production increased by
USD 1178. Since farmers often require to standardize their
production after joining cooperatives to meet the quality
requirements of organic and green products, they must
invest more in agricultural facilities and adopt green
production techniques. We conclude that raising cognition,

increasing selling prices and net incomes, and reducing risk
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expectations of green production are potential channels
which
significantly influence the adoption of green production

through participation in  cooperatives can

technologies.

5 Discussion

As business

advantages of intensification, scale, and organization help

new agricultural entities, cooperatives’
reduce the search cost and application risk of green
production technologies for fruit farmers and promote the
diffusion and spread of green production technologies, and
of

agricultural technology diffusion systems such as green

cooperatives are supposed to become key subjects
production technologies (Zhang and Liu, 2020). However, few
studies have revealed the underlying mechanisms by which
cooperatives promote the adoption of green production
techniques by farmers. This study aims to evaluate the
promotion effect of cooperatives on the application of
farmers’ green production technology adoption and to clarify
how cooperatives influence farmers’ green production
technology adoption decisions. We conducted a systematic
review of existing research and quantitative analysis using the
PSM method and a sample of 314 apple farmers in Shaanxi and
Gansu, China.

In assessing the impact, the paper finds that joining
cooperatives helped increase farmers’ adoption of green
production techniques, much as many scholars have done
(Cai and Han, 2012; Abebaw and Haile, 2013; Wossen et al.,
2017; Ma and Abdulai, 2019; Wan and Cai, 2021). We found
that participation in cooperatives increased the probability of

apple farmers adopting green production techniques from
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25.29% to 30.29%, verifying that participation in cooperatives
contributed significantly to fruit farmers’ adoption of green
production techniques. It is an important measure to promote
the transformation of agriculture to green production to guide
farmers to join cooperatives and take the road of large-scale
and standardized management.

In a mechanistic analysis, this paper proves that collective
action, such as technical training, standardized production,
and unified marketing, can reduce farmers’ adoption risks.
This group behavior and internal communication mechanisms
among cooperative members enhance farmers’ perceptions of
green production, which is more consistent with existing
research (Odoemenem and Obinne, 2010; Feng and Huo,
2016; Geng et al,, 2017; Wan and Cai, 2021). However, the
marginal contribution of this paper lies in finding and
validating other possible

implementation approaches.

Specifically, we find that even when preferential services
apple
cooperatives, green products still cost 1178 USD/ha more
than the
participants’ product prices and net profits were
0.142USD/kg and 1829USD/ha, respectively, higher than
traditional producers. Therefore, we believe that the key to

were provided to farmers participating in

traditional production methods. However,

incentivizing participants to adopt

technologies may lie in ensuring that the ultimate economic

green production

benefits of farmers’ green production are higher than
traditional agricultural production methods. Cooperatives
should therefore aim to increase the price and net profit of
their products by, for example, broadening distribution
channels through e-commerce sales, and increasing the
market recognition of their products through mechanisms
such as product quality certification, traceability of origin
and product demonstration. At the same time, procurement
costs have been reduced through collective procurement of
production materials and technical equipment, or by actively
applying for additional policy subsidies and incentives.

It is worth noting that this depends to a large extent on the
quality of cooperative development because the laws and
the
development of cooperatives in China are not yet sound,

regulations, and systems governing normative
leading to the emergence of a large number of “fake
cooperatives.” The lack of a properly regulated internal
governance system severely reduces the effectiveness of
cooperative technology promotion, technology
demonstration, and technology radiation (Pu et al., 2014).
Therefore, efforts should be made to establish and improve
cooperative governance mechanisms and service functions,
improve the applicability, convenience, and economy of green
production technologies, and provide organizational support
and product security for the popularization and application of

green production technologies.
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6 Research conclusion

Green production is an important means to solve
environmental problems in agricultural production. In
China, where pesticides and fertilizers are overused, green
production has been paid more and more attention by
academia. Based on a household survey of 314 apple
in Baishui Shaanxi Province, and

growers County,

Qingcheng County Gansu Province, from November
2020 to October 2021, this paper

counterfactual framework using propensity score matching

constructs a

to empirically examine the impact of farmer participation in
cooperatives on green production technology adoption.

We found that participation in cooperatives had a significant
positive impact on farmers’ adoption of green production
technologies. More precisely, if farmers participate in
cooperatives, the probability of adopting green production
technologies increases by 5%. It is worth noting that while
farmers’ participation in cooperatives will lead to more
significant investment, improved product quality will increase
farmers’ economic efficiency in terms of sales prices and net
income. In addition, the social services provided by cooperatives,
such as technical training, agricultural supply, product sales, and
surplus product distribution, can effectively raise farmers’
the

production

cognition of green production and reduce risk

of
technologies. In other words, despite the increase in inputs

expectations farmers adopting green
from farmers, farmers’ participation in cooperatives, higher
product prices, higher levels of cognition, higher net income,
and lower risk expectations all contribute to the choice of green
production technologies.

The study also has two significant limitations. First, we use
data from Shaanxi and Gansu Province, two major apple-
producing regions in China, which may lead to regional
particularities and may not fully reflect the participation of
the China apple farmers’ Cooperative. More detailed survey
data are required to describe China’s situation. Nevertheless,
we believe the outcome will not change, as most apple production
is concentrated in northwestern China and Shandong Province.
This is despite high consumer approval of the quality of apples
grown in Shandong Province.

On the other hand, the structure of agricultural production in
Northwest China is similar. The most representative provinces
are Shaanxi and Gansu, with diverse topography and topography.
Secondly, our estimate of ATT may be underestimated if there
are positive spillover effects from participation. For example,
these non-cooperative farmers can observe and learn from
their
practices to be more environmentally sustainable. In future

Cooperative participants and change production

studies, it may be worth exploring whether apple farmers
participating in cooperatives have spillover effects.
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7 Research implications

In response to the current problem of the limited size of
cooperatives, governments at all levels should strengthen their
support for cooperatives in terms of capital, technology, human
resources and projects, in particular subsidies and preferential
policies for cooperatives to purchase green production
technologies and equipment and provide services. In view of
the current situation of unregulated development within
cooperatives, which is loosely governed and focuses only on
economic benefits, we will speed up the formulation of laws and
regulations to promote the normative and high-quality
development of cooperatives, strengthen the construction of
internal governance systems of cooperatives and strengthen
supervision of their operation. Thirdly, we should integrate the
service functions of various types of cooperatives, focus on
supporting cooperatives with comprehensive production
management and standardized production, and give better
play to the leading role of cooperatives in green production.
In response to the above research findings, this paper puts
forward the following policy revelations: Firstly, it attaches
importance to the critical role of farmers’ professional
the
technology and encourages regions to establish a joint

cooperatives in promotion of green production
agricultural technology promotion service system with
agricultural technology centers (stations and institutes) as
the
agricultural cooperatives as the backbone, and multiple

core, new agricultural business entities such as
entities such as research institutes and leading agricultural
enterprises to participate jointly, and carry out a The system
is based on new agricultural business entities such as
agricultural cooperatives, with the participation of multiple
entities such as research institutes and leading agricultural
enterprises.  Secondly, we will strengthen farmers’
professional cooperatives’ support, guidance, and supervision
and promote their normative development. In response to the
current problem of the limited size of cooperatives,
governments at all levels should strengthen their support for
cooperatives in terms of capital, technology, human resources,
and projects, in particular subsidies and preferential policies for
cooperatives to purchase green production technologies and
equipment and provide services. In view of the current situation
of unregulated development within cooperatives, which is
loosely governed and focuses only on economic benefits, we
will speed up the formulation of laws and regulations to
promote the normative and high-quality development of
the of

cooperatives strengthen

cooperatives, strengthen construction internal

of
supervision of their operation. Thirdly, we should integrate

governance  systems and
the service functions of various cooperatives, focus on
supporting cooperatives with comprehensive production
management and standardized production, and give better

play to the leading role of cooperatives in green production.
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