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Abstract: As pesticide abuse becomes increasingly serious worldwide, it is necessary to pay attention
to the biopesticide adoption behavior of agricultural producers. It is worth verifying whether
agricultural cooperatives, as training organizations sharing the same social network with farmers,
can promote the adoption of biopesticides through their technology diffusion function. Therefore,
based on survey data of 837 citrus producers in Sichuan Province, China, the IV-probit regression
model and a mediation effects model were used to empirically test the impact of technical training on
farmers’ adoption of biopesticides in addition to its mechanism, considering the farmers’ perception
of technology as the mediation variable. The results show that (a) participation in technical training
can significantly enhance the probability of the adoption of biopesticides; (b) farmers’ perceptions of
biopesticides’ economic and health benefits play a partial mediating role in the relationship; and (c)
technical training has more significant effects on biopesticides adoption behavior for a household with
higher-educated household heads, lower household total income, and smaller household size, relative
to their counterparts. This study provides evidence for establishing relevant policy to encourage the
full adoption of the technical training function of agricultural cooperatives and popularize the use of
biopesticides.

Keywords: agricultural cooperatives; technology training; biopesticide adoption; technology percep-
tion

1. Introduction

In China, 7% of the world’s arable land is used to feed 22% of the world’s population,
due to the usage of pesticides [1]. However, along with the chronic overuse of pesticides,
serious agricultural diffuse pollution is developing, which could not only damage the
ecological environment but also threaten food safety [1]. More seriously, it is reported
that pesticide usage by Chinese farmers reached three times the global average [2]. To
effectively alleviate the harm caused by the use of traditional pesticides, the Chinese
Ministry of Agriculture has introduced a series of measures, such as the “Action to Achieve
Zero Growth of Pesticide Use by 2020” [3]. Biopesticides are considered to be safe for
humans and the environment, as well as a sustainable alternative to conventional pesticides
due to their lower toxicity than conventional pesticides [4–6]. Nevertheless, the use of
biopesticides remains low in developing countries [7].

A lack of knowledge about the use of biopesticides is considered to be the main reason
why smallholder farmers are less likely to use biopesticides [8]. Thus, increasing farmers’
comprehensive understanding of biopesticides should be a valuable measure with which
to facilitate the broader use of biopesticides. For adults, training is an effective way to
increase the cognition of new concepts [9]. More specifically, the technical perception
of smallholder farmers could be enhanced via training on the economic, scientific, legal,

Agriculture 2022, 12, 316. https://doi.org/10.3390/agriculture12030316 https://www.mdpi.com/journal/agriculture

https://doi.org/10.3390/agriculture12030316
https://doi.org/10.3390/agriculture12030316
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0002-0322-9017
https://doi.org/10.3390/agriculture12030316
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture12030316?type=check_update&version=1


Agriculture 2022, 12, 316 2 of 17

and technical aspects of pesticides [10,11]. For example, Yu et al. found that technical
training is the most effective way to help farmers adopt new technologies after comparing
measurements of the acquisition of new technology by farmers [12]. Mannan et al. argued
that the involvement of farmer in-field training could significantly improve their technical
understanding and practical abilities, thereby promoting their adoption of green fertilizer
technology [13]. Furthermore, among the organizations that provide training to farmers,
agricultural cooperatives embedded in the rural social network can offer specific advan-
tages in training farmers and promoting agricultural technology by providing face-to-face,
repeated, and in-field training. Thus, agricultural cooperatives, as a training organization,
are well-developed in developing countries [14–17].

Research exploring the role of agricultural cooperatives in the technological diffusion
of agricultural production has confirmed that membership of agricultural cooperatives
promotes green control technologies, safe production behavior, and environmental pro-
duction practices among farmers [14,16–18]. For example, Ma and Abdulai adopted the
endogenous transformation model and used the variable of membership in cooperatives as
the key explanatory variable, indicating that agricultural cooperatives could become an ef-
fective way to spread integrated pest management (IPM) technology [14]. However, not all
farmers who join cooperatives will automatically benefit from cooperatives. In other words,
only those who receive the training services of agricultural cooperatives can be affected by
the training function of agricultural cooperatives [19]. To our knowledge, no research has
either given an answer as to whether the training provided by agricultural cooperatives
can drive the adoption of biopesticides by farmers or explained the mechanism by which
the training provided by agricultural cooperatives affects the adoption of biopesticides by
farmers.

Therefore, the primary objective of this study was to provide a more rigorous as-
sessment of the impact of the technical training provided by agricultural cooperatives
on farmers’ adoption of biopesticides, encouraging the full adoption of the function of
agricultural cooperatives in technology diffusion. This study contributes to the research on
technical training, agricultural cooperative service function, and agricultural technology
diffusion in three ways. First, we empirically analyzed the effects of the technical training
provided by agricultural cooperatives on farmers’ adoption of biopesticides in the context
of severe environmental pollution. Previous studies have identified the impact of technical
training on farmers’ adoption of agricultural technologies [20–22]; however, they have
not focused on the effects of training subjects’ differences in farming technology adoption.
Furthermore, we focused on the training function of agricultural cooperatives. Although
agricultural cooperatives may play a much more significant role in training farmers, rele-
vant studies are absent from the body of research. Second, we analyzed the mediation effect
of farmers’ perceptions of technology (i.e., biopesticides) on the relationship between the
technical training provided by agricultural cooperatives and farmers’ adoption of biopes-
ticides. Some studies have shown that improving farmers’ perceptions of the long-term
consequences of pesticide use could enhance their likelihood of practicing pesticide safety
behavior and indicated that education and training could improve farmers’ levels of un-
derstanding [23]. However, the other studies also found that farmers’ awareness of safety
production was necessary but not sufficient to inspire farmers to use safety measures [24].
Since previous studies have emphasized the role of cognition in technology adoption but
failed to obtain a unified opinion, this study further discusses the influence of the technical
training provided by agricultural cooperatives on farmers’ technology adoption from the
perspective of farmers’ understanding of technology. Third, we used the IV-probit model
to control the endogeneity caused by the bidirectional causality between technical training
participation behavior and biopesticide adoption behavior.

The rest of the study is structured as follows. In Section 2, we present the theoretical
framework and hypotheses. Section 3 presents the data, model, and variable selection,
while Section 4 presents the empirical results. Section 5 describes the heterogeneous impacts.
Section 6 presents the conclusions and discusses the policy implications of this study.
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2. Theoretical Framework and Hypotheses

The primary objective of this study is to provide a more rigorous assessment of
the impact of technical training on farmers’ adoption of biopesticides, in addition to
its mechanism. The theoretical analysis and empirical estimation of the direct effects
(reflected in hypothesis 1 (H1).) can prove whether the technical training provided by
agricultural cooperatives can promote the adoption of biopesticides by farmers. The
theoretical analysis and empirical estimation of mediating effects (reflected in hypothesis
2a (H2a)., hypothesis 2b (H2b)., and hypothesis 2c (H2c).) can provide more detailed
information for policymakers and training providers with which to make correct decisions
to popularize the use of biopesticides.

2.1. The Effect of the Biopesticide Technical Training Provided by Agricultural Cooperatives on
Farmers’ Adoption Behavior

Following Schultz in Transforming Traditional Agriculture [25], human capital in-
vestment is crucial in transforming conventional agriculture. By accumulating human
capital, farmers can understand the benefits of advanced technology, master the use of
advanced technology, and then promote the popularization of such technology among
farmers. Additionally, human capital is mainly acquired through three methods: school-
based education, learning by doing, and training [9]. For farmers, technical training is one
of the manifestations of human capital investment and the main channel of human capital
accumulation [22,26]. Thus, technical training is a means that should not be ignored in
popularizing biopesticides [1]. Additionally, studies have found that technical training
introduces advanced production techniques to farmers and teaches farmers how to use tech-
nologies, which could change farmers’ awareness of green control technologies and cause
them to switch from traditional production behavior to green production behavior [27].
Therefore, we believe that technical training can be used to learn about biopesticides, in-
crease knowledge of safe pesticide application, and promote the use of biopesticides by
farmers.

Previous studies have confirmed that on-site, face-to-face training with practical
demonstrations contributes to the adoption of new technologies [28,29]. For example,
Nakano et al. indicated that farmer-to-farmer training could encourage farmers to adopt
new technology [28]. Pan et al. found that hands-on and in-field training formats appeared
to be more effective than one-time, lecture-based training [29]. Additionally, some studies
pointed out that informal social networks could help disseminate agricultural knowledge
and the adoption of agricultural techniques [30,31]. Therefore, this study believes that
agricultural cooperatives embedded in the rural social network can have specific advan-
tages in training farmers and promoting agricultural technology by providing face-to-face,
repeated, and in-field training.

These advantages are reflected in the following aspects. First of all, as cooperative
economic organizations voluntarily established by farmers’ households, agricultural coop-
eratives and farmers’ households are in similar ecological environments. On the one hand,
agricultural cooperatives can accurately determine which types of biopesticides are suitable
for the production needs of local farmers to provide them with more accurate biopesticides.
On the other hand, the language used in training by agricultural cooperatives may be more
in line with the cognitive dimensions of local farmers. Thus, agricultural cooperatives usu-
ally provide farmers with pre-production, in-production, and post-production services [32],
which help farmers adopt relevant production technologies after training. Specifically,
first, as a marketing channel, agricultural cooperatives can, to some extent, alleviate the
concern of farmers that the high quality of agricultural products cannot receive a favorable
price after the adoption of green production technology. Previous studies have indicated
that agricultural cooperatives could provide farmers with safer and better markets as well
as help them enter the security market with strict requirements [33]. These cooperatives
can improve farmers’ selling prices to a certain extent [18,22,33]. Second, following the
collective action theory, agricultural cooperatives can achieve the unified procurement of
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production materials [34]. By providing usable biopesticides, agricultural cooperatives can
overcome the central contradiction that farmers face in adopting biopesticides, i.e., they do
not know where to purchase biopesticides [8,35].

Furthermore, based on the above daily services, farmers have a firm trust in agri-
cultural cooperatives [18] and are more likely to adopt biopesticides after being trained
by them. Additionally, according to the peer effect, the training provided by agricultural
cooperatives contains theoretical explanation and practical operation. After being trained
by agricultural cooperatives, farmers could consult neighbors who have participated in the
training simultaneously or directly ask the trainers of agricultural cooperatives for help
in practice to deepen their mastery of technology. Last, but not least, as the International
Cooperative Alliance (ICA) has mentioned that the community is a cooperative princi-
ple [36]. In addition to improving farmers’ ability to participate in the market, agricultural
cooperatives also guide farmers to pay attention to health and protect the environment
from non-institutional aspects, such as social networks and social reputation [11].

Above all, this study considers that the training in the use of biopesticide technology
provided by agricultural cooperatives can promote the adoption of biopesticides. Addition-
ally, the more cooperative training times, the more pronounced the training effect. As a
result, farmers have greater enthusiasm for adopting biological pesticides, since coopera-
tive agricultural training improves farmers’ perceptions of biological pesticides and helps
farmers to solve problems in adopting biopesticides. Accordingly, the following hypothesis
is proposed in this study.

Hypothesis 1 (H1): Technical training provided by agricultural cooperatives has a statistically
significant positive effect on the adoption of biopesticides by farmers.

2.2. The Mediation Effect of Farmers’ Technology Perception between Biopesticide Technical
Training Provided by Agricultural Cooperatives and Farmers’ Adoption Behavior

Training is an effective means to enhance farmers’ awareness of new technologies [26],
and the understanding of new technology can influence its adoption by farmers [1,22].
According to the analysis in 2.1, agricultural cooperatives can provide farmers with face-to-
face, repeated, and in-field training. This kind of training can influence farmers’ adoption
behavior by influencing their understanding of the long-term economic, health, and ecolog-
ical benefits brought by biopesticides.

Specifically, the market principle of high quality and competitive prices has become
the driving force for farmers to use biopesticides [37]. In technical training, the economic
benefits of the technology would be explained first. Agricultural cooperatives would
also first explain the economic benefits of biopesticides, especially the long-term financial
benefits, when conducting training. Because agricultural cooperatives have fixed office
places and are closely connected with farmers, farmers trust them. As a result, after
acquiring knowledge from the training provided by agricultural cooperatives, farmers are
more likely to form a correct understanding of the economic benefits of biopesticides. The
technical training of agricultural cooperatives mainly affects farmers’ understanding of the
economic benefits of biopesticides through the following two channels. First, by improving
farmers’ access to green agricultural products, information limitations help farmers form a
perception of the economic benefits of biopesticides. In the context of small farmers and
large markets, farmers usually face the hurdle of incomplete market information. It is
difficult for small-household farmers to grasp market information on green agricultural
products. The technical training provided by agricultural cooperatives can help farmers
obtain a large amount of market information about green agricultural products, through
which the disadvantages of farmers in relation to information acquisition can be alleviated.
Second, given their low level of education, it is difficult for farmers to understand the long-
term economic value of using biopesticides. The technical training provided by agricultural
cooperatives can provide repeated theoretical knowledge to farmers and provide on-the-
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spot guidance and training. This would help them overcome the limitations mentioned
above.

Furthermore, agricultural cooperatives are concerned with farmers’ economic needs
and livelihoods (including the physical and mental health of farmers) [38,39]. Regarding the
health benefits of using biopesticides, agricultural cooperatives would pay more attention
to guiding farmers to focus on their health and inform them as to the health-friendly
characteristics of biopesticides when conducting technical training. After attending the
technical training provided by agricultural cooperatives, farmers’ health utility expectations
regarding the use of biopesticides would be improved, forming farmers’ perceptions of the
health benefits of biopesticides. Furthermore, Schreinemachers et al. mentioned that the
more aware farmers are of pesticides, the more knowledgeable they are about reducing
the health effects of pesticide use [7]. To improve farmers’ expectations of environmental
utility from biopesticides, technical training provided by agricultural cooperatives can help
farmers understand the environmentally friendly characteristics of biopesticides.

More importantly, improving farmers’ awareness would significantly increase their
likelihood of adopting relevant technologies [1,22,29]. Sharifzadeh et al. noticed that
the perception of pesticide hazards improved farmers’ safety production behavior when
using field survey data from rice producers in Iran [24]. Based on rice farmers’ data in
China, Liu et al. indicated that raising awareness of low-carbon technologies could enhance
the likelihood of farmers adopting soil testing and fertilization technologies [22]. Zhang
et al. pointed out that farmers’ concern for the environment and awareness of pesticide
residues can significantly improve their willingness to adopt ecological pesticides [1]. Ali
et al. pointed out that the perceptions of the consequences of production behavior have
a statistically significant effect on farmers’ production behavior [40]. In the context of
this study, it is the effect of the perception of the economic benefits, health benefits, and
environmental impact of the use of biopesticides. Thus, we also speculate that farmers’
perceptions of biopesticides could have significant effects on their adoption of biopesticides.

Above all, the following hypotheses are proposed in this study:

Hypothesis 2a (H2a): Farmers’ economic perceptions mediate the relationship between the biopes-
ticide technical training provided by agricultural cooperatives and biopesticide adoption behavior.

Hypothesis 2b (H2b): Farmers’ health perceptions mediate the relationship between the biopesti-
cide technical training provided by agricultural cooperatives and biopesticide adoption behavior.

Hypothesis 2c (H2c): Farmers’ environmental perceptions mediate the relationship between the
biopesticide technical training provided by agricultural cooperatives and biopesticide adoption
behavior.

Figure 1 shows the theoretical model of this study.
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3. Model, Data, and Variables
3.1. Model Specification
3.1.1. Benchmark Model

Given our interest in examining the impact of the biopesticide technical training
provided by agricultural cooperatives on farmers’ biopesticide adoption behavior, following
Constantine et al. [10], farmers were directly asked whether they had used biopesticides
in the planting process in the past year. We employed a dummy variable to represent a
farmer who adopted biopesticides as our dependent variable. To test hypothesis 1 (H1).,
proposed based on the theory of human capital and collective action theory in Section 2.1,
it was assumed that farmers’ adoption of biopesticides could be expressed as a technical
training function. Since the dependent variable was discrete, both the Probit model and
logit model could be used to estimate Equation (1). The f (X) in Equation (1) is a cumulative
distribution function and was assumed to be normally distributed, which was verified
based on the survey data; thus, we eventually used the Probit model for the estimation.
The equation was as follows:

P(Y = 1|X) = f (α + βX + Wγ) (1)

where Y represents the biopesticide adoption behavior of farmers. In particular, Y takes
the value of one if the farmer adopted biopesticides and zero otherwise. X is an observed
continuous variable, indicating the times that farmers participated in the technical training
provided by agricultural cooperatives on biopesticides. W is a vector of households and
farm-level characteristics (e.g., age, gender, education, household size, household income,
and so on); α is a constant term; and β and γ are parameters to be estimated.

3.1.2. An Instrumental-Variable-Based Probit Model (IV-Probit Model)

The estimated results of the effect of the technical training provided by agricultural
cooperatives on farmers’ biopesticide adoption behavior may be biased due to endogenous
problems. To be specific, there may be a causal relationship between technical training
participation and biopesticide technology adoption. As discussed earlier, technical training
participation behavior may affect biopesticide technology adoption. Meanwhile, farmers’
biopesticide adoption behavior may also affect their decision as to whether to participate
in technical training. Thus, the times of farmers’ participation in the technical training
provided by agricultural cooperatives, the core independent variable, may be endogenous.
When such an endogeneity problem is prevalent, the Probit model will usually produce
inconsistent and biased results. To control such endogeneity problems, following previous
studies [41,42], the IV-Probit model was used for an estimation employing the instrumental
variable method, and the equations were as follows:

X = ∂ + Wµ + τV + ε (2)

Y = α1 + β1X + Wγ1 + λ1 (3)

where, ∂ and α1 are constant terms; µ, τ, β1, and γ1 are parameters to be estimated; and
ε and λ1 are error terms. V is an instrumental variable, which is expected to affect the
decision over whether to participate in the technical training provided by agricultural
cooperatives, but does not affect the adoption of biopesticides. Equation (2) is used to
estimate the factors that affect the times of farmers’ participation in the technical training
provided by agricultural cooperatives. Equation (3) is used to estimate the impact of the
technical training provided by agricultural cooperatives on the adoption of biopesticides.

Identifying a suitable instrument is the primary challenge for IV analysis. Follow-
ing previous studies [43,44] and the theory of peer effects, the selection of instrumental
variables is based on the mean value of the times of participation in the technical train-
ing provided by agricultural cooperatives by other farmers in the same village, except
for those interviewed (from now on referred to as “ratio of training”). Suppose that



Agriculture 2022, 12, 316 7 of 17

Vtraining = (training1 + training2 + . . . + trainingn−1)/(n− 1), where n is the total num-
ber of sample farmers in this study. Specifically, farmers are more likely to participate
in the technical training provided by agricultural cooperatives if their neighbors do so.
Meanwhile, the times other villagers join in the technical training offered by agricultural
cooperatives do not affect farmers’ application of biopesticides. Furthermore, Chi-square
test statistics (Wald χ2) were used to determine whether the core independent variable is
endogenous. According to the test statistics results (p < 0.001), the times of participation in
technical training provided by agricultural cooperatives are endogenous variables.

3.1.3. The Mediation Effect Model

According to the theory analysis in Section 2.2, farmers’ perceptions of technology
may mediate the relationship between the biopesticide technical training provided by
agricultural cooperatives and biopesticide adoption behavior. To test the mediating effect
of farmers’ perception of technology, following the mediation effect model developed by
Baron and Kenny [45], we used the following three models:

Y = α2 + cX + Wµ1 + e1 (4)

M = α3 + aX + Wµ2 + e2 (5)

Y = α4 + c′X + bM + Wµ3 + e3 (6)

where M represents farmers’ perceptions of technology, including economic perceptions,
health perceptions, and environmental perceptions, and Equation (4) examines the link
between biopesticides technical training participation behavior and biopesticide adoption
behavior. Equation (5) investigates the relationship between biopesticide technical training
provided by cooperatives and farmers’ perceptions of technology. The mediation effect
testing procedure is divided into four steps. First, suppose both c and a are significant. In
that case, Equation (6) continues to be estimated to test whether the biopesticides technical
training provided by agricultural cooperatives and farmers’ perceptions of technology are
related to the biopesticide adoption behavior of farmers. Second, suppose a and b are both
significant. In this case, there is a mediating effect of farmers’ perceptions of technology
on the relationship between the biopesticide technical training provided by agricultural
cooperatives and biopesticide adoption behavior. If at least one is not significant, go to step
4 directly. Third, test whether the coefficient c′ is significant. When c′ is significant and c

′
<c,

there is a partial mediating effect. When c′ is not significant, there is a full mediating effect.
Fourth, the Sobel test is conducted according to the results of the second step. If there is a
mediating effect, the value is ab, and the proportion of the mediating effect of X through M
on Y to the total effect of X on Y is ab/c.

3.2. Data

As one of the world’s four most cultivated fruits, citrus has a wide planting area. Its
green production behavior has a broad impact on human health and the environment,
especially in mountainous and hilly regions. According to the National Bureau of Statistics
of China (NBSC), in 2018, China’s citrus planting area reached 2.6 million hectares, and its
output was 41,381,400 tons, ranking first in the world in both aspects [46]. At the same time,
based on the statistical data from NBSC, the total area of citrus in Sichuan, the terrain of
which is mainly mountainous and hilly, located in the upper reaches of the Yangtze River,
was about 2041 hectares, with a production of 4.3298 million tons, ranking fourth in China.
Because of the vast area of citrus cultivation in Sichuan on the upper reaches of the Yangtze
River, the use of biopesticides by citrus growers affects the local environment in addition to
the environment in the middle and lower reaches of the Yangtze River. Thus, this study
selected Sichuan Province as the investigation area.

The data used in this study were derived from a field survey conducted between July
and August 2020 in Sichuan Province, in the south-west of China. A multistage sampling
procedure was employed to select household samples that supported the empirical analysis
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of this study. After the purposive selection of the three major economic zones, nine counties
were deliberately chosen, using a stratified sampling approach based on the distribution
of citrus yield and the total number of agricultural cooperatives specialized in citrus
production and marketing. These included Pujiang, Dongpo, Renshou, Danling, Yanjiang,
and Zanyue in Chengdu Plain Economic Zone, Zizhong, and Jiangan in South Sichuan
Economic Zone, and Nanbu in the Northeast Sichuan Economic Zone. In the following
stage, five-to-eight agricultural cooperatives were randomly selected from each of the nine
counties. Finally, we randomly selected around seven members from each agricultural
cooperative and around four farmers who lived near the agricultural cooperatives were
not members of any agricultural cooperatives, according to the total number of members of
each agricultural cooperative.

The Research Group of Agricultural Cooperatives (RGFC) members, who are experi-
enced survey specialists, conducted the survey in the form of face-to-face interviews. A
structured questionnaire was used for data collection. The questionnaire included house-
hold and farm-level characteristics (e. g., gender, age, education, village cadres, health,
risk attitude, household size, planting year, household income, and agricultural income),
attitudes to biopesticides, times of attending technology training, and other questions. In
total, we interviewed 837 farm households.

3.3. Variable Selection and Descriptive Statistics

Dependent variable. Given our interest in analyzing the effect of the technical training
provided by agricultural cooperatives on farmers’ adoption of biopesticides, it is crucial to
measure farmers’ adoption of biopesticides scientifically. Following previous studies [14,22,28],
our dependent variable was defined as whether or not a farmer formally adopted biopesticides
in citrus planting. The dependent variable was coded as one if a farmer adopted any kind of
biopesticide during the citrus planting in 2019, while zero indicated that a farmer did not adopt
any biopesticides.

Independent variable. Our independent variable was the technical training partic-
ipation behavior. Previous studies usually used a dummy variable for whether or not
individuals participated in training to identify training participation behaviors [9,20,22,29].
However, attending training once and attending training more than once have noticeable
differences on the effect of training [29]. For more details, our dependent variable was
defined as the number of times farmers participated in technical training provided by
agricultural cooperatives before they decided which kind of pesticide to use.

Mediation variables. To test the mediating effect of farmers’ perceptions of technology
on the relationship between the biopesticide technical training provided by cooperatives
and biopesticide adoption behavior, it was necessary to measure farmers’ basic perceptions
of technology. Based on the previous analyses, and drawing on the approach of Constantine
et al., who analyzed farmers’ understanding of the impact of chemical pesticides on human
health and the environment, this study measured farmers’ technological perceptions by
inviting farmers to fill in a five-level Richter scale questionnaire [47]. This five-level Richter
scale questionnaire, shown in Table 1, included four questions used to measure farmers’
perceptions of economic benefits, one question used to measure farmers’ perceptions of
health impacts, and one question used to measure farmers’ perceptions of ecological bene-
fits. Moreover, we also used the factor analysis method to score the farmers’ perceptions of
economic benefits.

Control variables. Based on previous studies [18,21,22,35], we supposed variables
that may have influenced the farmers’ adoption of biopesticides, including the household
head’s gender, age, years of education, health condition, risk attitude, years of experience
of citrus, and village cadre status, as well as household size, farm size, total household
income, and total agricultural income. Specifically, the variables, including gender, age,
education, health, household size, and so on, represented farmer households’ human
capital, which was expected to influence farmers’ decisions regarding the adoption of
biopesticides. The variables, including village cadre status, farm size, total household
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income, and total agricultural income, represented farmers’ social capital, material capital,
and financial capital. According to the framework of sustainable livelihoods [48], the
social, material, and financial capital of farmers could also influence their adoption of
biopesticides. Additionally, this study added these variables as control variables in the
estimate equation.

Table 1. Definition of variables and descriptive statistics.

Variables Definition Mean (S.D.)

Dependent Variables
Biopesticide adoption 1 if a farmer adopted biopesticides, 0 otherwise 0.178 (0.383)

Independent Variables

Training Number of times of participation in the biopesticide technical
training provided by cooperatives in 2019 1.608 (2.036)

Control Variables
Gender 1 if the household head is male, 0 otherwise 0.676 (0.468)

Age Age of the household head (years) 55.501 (10.278)
Education Formal education of the household head (years) 6.170 (3.641)

Village cadres 1 if the household head is a village cadre, 0 otherwise 0.094 (0.293)

Health Household head is very healthy (1 = strongly disagree; 2 = disagree;
3 = general; 4 = agree; and 5 = strongly agree) 3.890 (0.798)

Risk attitude Household head’s risk attitude (1 = risk appetite; 2 = risk neutral;
and 3 = risk averse) 2.513 (0.610)

Household size Number of people residing in a household 4.192 (1.744)
Farm size Total size of citrus-planting orchards (hectares) 1.380 (4.522)

Planting year Experience in citrus planting, (years) 13.729 (10.693)
Household income Total household income in 2019 (RMB 1000 a) 241.954 (744.642)

Agricultural income Citrus gross revenue in 2019 (RMB 1000) 115.012 (550.683)
Mediation Variables

Economic perception

The continuous use of biopesticides can increase agricultural
production (1 = strongly disagree; 2 = disagree; 3 = general;

4 = agree; and 5 = strongly agree)
3.447 (0.836)

The continuous use of biopesticides can improve the quality of
agricultural products (1 = strongly disagree; 2 = disagree;

3 = general; 4 = agree; and 5 = strongly agree)
4.059 (0.68)

The continuous use of biopesticides can increase the cost of
agricultural production (1 = strongly disagree; 2 = disagree;

3 = general; 4 = agree; and 5 = strongly agree)
3.704 (0.897)

The continuous use of biopesticides can increase the unit price
(1 = strongly disagree; 2 = disagree; 3 = general; 4 = agree; and

5 = strongly agree)
3.784 (0.821)

Health perception
The continuous use of biopesticides is good for human health
(1 = strongly disagree; 2 = disagree; 3 = general; 4 = agree; and

5 = strongly agree)
3.970 (0.617)

Environmental
perception

The continuous use of biopesticides is good for environment
performance (1 = strongly disagree; 2 = disagree; 3 = general;

4 = agree; and 5 = strongly agree)
4.031 (0.691)

Notes: a Yuan is Chinese currency: USD 1 = RMB 6.53 in 2020.

Table 1 presents the definitions of the variables used in this study and their sum-
mary statistics. The average time spent participating in the technology training provided
by agricultural cooperatives was 1.608. Around 17.8% of the sample households used
biopesticides, which indicated that biopesticides were not common in the study area and
that it was necessary to popularize them. Of the respondents, 67.6% of the respondents
were male; the average age of the respondents was 55.50 years, and the average length of
their schooling was 6.17 years. Most farmers were healthy but risk-averse. The average
household size was 4.19 members. Just 9.4% of the respondents were village cadres. Addi-
tionally, the average size of the citrus orchards was 21 mu. The average number of years
of experience of growing citrus was 13.73 years. The average household and agricultural
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incomes were around RMB 241,954 and RMB 115,012, respectively, which meant that the
agricultural income of the sample households accounted for 47.53% of total household
income. Additionally, in our sample, 76.51% of farmers had attended technical training on
the use of biopesticides. This indicates that participation in the technical training provided
by agricultural cooperatives is an important factor influencing whether farmers adopt
biopesticides. However, a more scientific estimation method is needed to estimate the effect
of technical training.

4. Empirical Estimation Results
4.1. Benchmark Model Results (Hypothesis 1 (H1).)

Table 2 reports the base estimate for the factors affecting biopesticide adoption be-
havior, estimated by the Probit model using Equation (1). Because the coefficients of the
explanatory variables are not straightforward to interpret, we calculate and present the
results of the marginal effects estimations in the last column of Table 2. The statistical
acceptance and rejection criteria for the hypotheses in statistics were as follows: a sig-
nificant difference between the coefficient of the explanatory variable and 0 at the level
of 10% and above indicated that the null hypothesis was rejected in a statistical sense
and supported the hypothesis proposed in the paper. Accordingly, the following results
were obtained. The training variable had a positive and significant impact on biopesti-
cide adoption behavior at a 1% level, with a marginal effect of 0.026. The marginal effect
translated into an increase in the farmers’ probability of adopting biopesticides of 2.6%
for each time increase in farmers’ participation in agricultural cooperatives’ training. Our
finding is consistent with the results reported by Wu [49], which show that the training in
biopesticide technology provided by agricultural cooperatives can significantly improve
the tendency of farmers to adopt biopesticides. Additionally, the more training sessions
farmers attend, the more significant their effect. There are several reasons for this. First,
training can increase the human capital of farmers and teach them how to use biopesticides
correctly [1,35]. Second, agricultural cooperatives’ training is not only one-time and theo-
retical training; it is also usually accompanied by the field management guidance services
provided by agricultural cooperatives, which can reduce the production risks for farmers
using biopesticides [21,34,50]. Third, agricultural cooperatives can improve the ability of
farmers to use biopesticides and reduce the market risk of using biopesticides [18,22], which
encourages farmers to adopt biopesticides. Collective actions can produce this function of
agricultural cooperatives. Specifically, agricultural cooperatives can provide farmers with
agricultural materials, such as biopesticides, and work as marketing channels for farmers.
Thus, hypothesis 1 (H1).was confirmed.

Table 2. Estimates of the Probit model.

Variables Probit Model Margins

Training 0.114 *** (0.028) 0.026 *** (0.006)
Gender 0.218 * (0.131) 0.049 * (0.029)

Age 0.001 (0.007) 0.000 (0.001)
Education 0.088 *** (0.020) 0.020 *** (0.004)

Village cadres 0.074 (0.181) 0.017 (0.040)
Health 0.023 (0.078) 0.005 (0.017)

Risk attitude −0.097 (0.091) −0.022 (0.020)
Household size −0.026 (0.033) −0.006 (0.007)

Farm size −0.001 (0.001) 0.000 (0.000)
Planting year −0.007 (0.005) −0.002 (0.001)

Household income 0.001 (0.001) 0.000 (0.000)
Agricultural income 0.008 ** (0.003) 0.002 *** (0.001)

Constant −1.798 *** (−2.99)
Wald 87.77 ***

Observations 837 837
Notes: ***, **, and * represent the statistical significance at 1%, 5%, and 10%, respectively; robust standard errors
are in parentheses.
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4.2. Estimated Results Controlled the Endogeneity Issue

To test the validity and effectiveness of the IV, we conducted two analyses. The first
was the falsification test on the selected instrumental variable [50,51], and the results show
that it is jointly statistically significant in the technical training participation equation
(F-stat = 10.03; p-value = 0.001), but not in the biopesticide adoption equation (F-stat = 4.24;
p-value = 0.235). In the second analysis, we ran the OLS model for the biopesticide technical
training equation and the Probit model for the biopesticide adoption equation with the
inclusion of the IV. The results show that the IV had a positive and significant effect on
the participation of biopesticide technical training provided by agricultural cooperatives.
However, it has no significant impact on farmers’ adoption of biopesticides. The findings
confirm the validity and effectiveness of the IV.

In Table 3, the coefficient of the training variable in the IV-probit model is 0.137,
which is more significant than that estimated by the Probit model. This indicates that the
Probit model underestimated the effects of the biopesticide technical training provided
by agricultural cooperatives. The main reason for this is that the Probit model treated
participation in biopesticide technical training as an exogenous variable in the regression.

Table 3. Estimates of the IV-probit model.

Variables Training Biopesticide
Adoption

Dependent variable Training 0.137 *** (0.048)
IV Ratio of training 3.573 *** (0.171)

Control variables

Gender 0.152 (0.123) 0.219 * (0.127)
Age 0.003 (0.006) 0.001 (0.006)

Education 0.0483 ** (0.019) 0.086 *** (0.020)
Village cadres −0.334 * (0.202) 0.076 (0.177)

Health 0.086 (0.073) 0.019 (0.073)
Risk attitude 0.245 ** (0.098) −0.104 (0.094)

Household size 0.033 (0.032) −0.026 (0.032)
farm size 0.005 *** (0.001) −0.001 (0.001)

Planting year −0.002 (0.005) −0.008 (0.005)
Household income −0.001 (0.001) 0.001 (0.001)

Agricultural income 0.000 (0.002) 0.008 ** (0.003)
Endogenous Wald 80.29 ***

Constant 0.187 (0.775) −0.461 (0.844)

Observations 837 837
Notes: ***, **, and * represent the statistical significance at 1%, 5%, and 10%, respectively; robust standard errors
are in parentheses.

4.3. Mediating Effect of Farmers’ Perceptions of Biopesticide Technology

Table 4 presents the results regarding the mediating effect of farmers’ perceptions
of technology. According to the model specification in Section 2.2, we first tested the
link between the biopesticide technical training provided by agricultural cooperatives
and farmers’ perceptions of technology, including the perceptions of economic benefits,
health benefits, and ecological benefits. Additionally, we then estimated the effects of the
participation in the biopesticide technical training provided by agricultural cooperatives
and farmers’ perceptions of technology on farmers’ adoption of biopesticides. The results
are displayed in Table 4.
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Table 4. The results of the mediating effects of farmers’ technology perceptions.

Variables
Economic
Perception
(Model 1)

Health
Perception
(Model 2)

Environmental
Perception
(Model 3)

Biopesticide
Adoption
(Model 4)

D.V. Training 0.018 * (0.010) 0.022 * (0.011) −0.008 (0.007) 0.109 *** (0.027)

C.V.

Gender 0.037 (0.038) 0.041 (0.045) −0.003 (0.035) 0.215 (0.132)
Age −0.004 * (0.002) −0.008 *** (0.002) −0.004 * (0.002) 0.002 (0.007)

Education 0.023 *** (0.006) 0.019 ** (0.007) −0.001 (0.006) 0.081 *** (0.020)
Village cadres 0.036 (0.065) −0.006 (0.070) −0.012 (0.059) 0.061 (0.180)

Health 0.056 ** (0.022) 0.012 (0.036) −0.045 ** (0.021) 0.005 (0.078)
Risk attitude −0.071 ** (0.031) −0.109 *** (0.033) −0.060 ** (0.027) −0.079 (0.093)

Household size 0.001 (0.009) 0.020 * (0.012) −0.013 (0.009) −0.024 (0.033)
farm size −0.000 (0.000) −0.000 (0.000) 0.000 (0.000) −0.001 (0.001)

Planting year 0.005 *** (0.002) 0.008 *** (0.002) 0.003 * (0.002) −0.009 (0.006)
Household income −0.000 (0.000) −0.000 (0.000) −0.001 (0.000) 0.001 (0.001)

Agricultural
income 0.001 (0.000) 0.000 (0.001) 0.000 (0.000) 0.007 ** (0.003)

M.V.

Economic
perception 0.319 *** (0.122)

Health perception 0.326 *** (0.103)
Environmental

perception −0.100 (0.110)

_cons 3.611 *** (0.191) 4.242 *** (0.257) 3.603 *** (18.05) −1.453 ** (0.728)

Notes: D.V. represents the dependent variable. C.V. represents the control variables. M.V. represents the mediation
variables. ***, **, and * represent the statistical significance at 1%, 5%, and 10%, respectively; robust standard
errors are in parentheses.

The coefficients of the biopesticide technical training provided by agricultural co-
operatives in model one and model two were significantly positive. The coefficients of
farmers’ perceptions of technology’s economic and health benefits in model four were also
significant. These indicate that farmers’ perceptions of biopesticides’ economic benefits
and health benefits play partial mediating roles in the relationship between the biopes-
ticide technical training provided by agricultural cooperatives and farmers’ biopesticide
adoption behavior. Further calculations demonstrated that the mediating effect of the
perception of economic benefits was 0.006, accounting for 4.19% of the total effect. That
is, 4.19% of the impacts of the biopesticide technical training provided by agricultural
cooperatives on farmers’ biopesticide adoption behavior was via the farmers’ perception of
biopesticides’ economic benefits. Since citrus is grown mainly for sale, citrus growers pay
close attention to inputs and outputs in the production process. Agricultural cooperatives
usually first explain the economic benefits of using biopesticides to farmers when imple-
menting technical training to improve the likelihood of farmers adopting biopesticides.
Specifically, after being trained, farmers understand that the long-term use of biopesticides
can enhance the quality of agricultural products, which helps them obtain higher sales
revenue. Therefore, agricultural cooperative technical training can guide farmers to use
biopesticides by influencing their perception of the economic benefits of biopesticides. In
addition, we conducted a Sobel test to further examine the significance of the mediating
effect. The results showed that the mediating effect of the perceptions of biopesticides’
economic benefits was statistically significant at the level of 1%, indicating that there was
indeed a mediating effect of these perceptions about biopesticides. Thus, hypothesis 2a
(H2a). was supported.

Following the same calculation method, the mediating effect of farmers’ perception
of health benefits was 0.007, accounting for 5.24% of the total effect. That is, 5.24% of the
impacts of the biopesticide technical training provided by agricultural cooperatives on
farmers’ adoption of biopesticides was via farmers’ perceptions of biopesticides’ health
benefits. The reason for this may be that agricultural cooperatives have the nature of caring
for the community. During training, agricultural cooperatives explain the technology itself
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and guide farmers to pay more attention to their health. This can encourage farmers to
pay attention to the impact of pesticide adoption on their health and to realize that the
application of biopesticides can protect their health, thus promoting the adoption of biopes-
ticides by farmers. Furthermore, the results of the Sobel test showed that the mediating
effect of the perceptions of biopesticides’ health benefits was statistically significant at the
level of 5%, indicating that there was indeed a mediating effect of these perceptions about
biopesticides. Thus, hypothesis 2b (H2b). was verified.

Meanwhile, both the coefficients of biopesticide technical training and farmers’ percep-
tions of environmental benefits were not significant in model three or model four, indicating
no mediating effect of farmers’ perceptions of biopesticides’ environmental benefits. This
finding is consistent with the results of Wang et al. [26]. A possible reason for this estimate
is that, given that their income can just meet the production and living expenses of their
families, farmers are more likely to spend their limited time and money to pursue their
economic interests. Specifically, farmers may pay more attention to the financial income
brought by production behavior and whether it threatens their health rather than consider-
ing the impact of their production behavior on sustainable agricultural development. This
is true even after being trained by agricultural cooperatives. Meanwhile, the results of the
Sobel test showed that the mediating effect of perceptions of biopesticides’ environmental
benefit was not statistically significant. This indicates that there was no mediating effect of
environmental perceptions on biopesticides. Thus, hypothesis 2c (H2c). was not verified.

5. Heterogeneous Impact

According to previous studies [24,27,40,52], human capital, financial capital, and labor
capital are essential factors affecting farmers’ adoption of biopesticides. To gain further
insights into the impact of the technical training provided by agricultural cooperatives
on different groups of farmers, we also examined the impact of the technical training
provided by agricultural cooperatives on farmers’ adoption of biopesticides for different
educational levels, household incomes, and household size categories, respectively. The
results presented in Table 5 generally reveal that even within other groups of farmers, the
technical training provided by agricultural cooperatives tends to positively and significantly
affect farmers’ adoption of biopesticides.

Table 5. Effects disaggregated by groups’ education, household income, and household size.

Variables Education Household Income Household Size

Lower-educated
group

(≤6 years) a

Higher-educated
group (>6 years)

Group with lower
household

income
(≤242 thousands

yuan) b

Group with
higher household

income
(>242 thousands

yuan)

Group with
smaller

household size
(≤4 family
members) c

Group with larger
household size

(>4 family
members)

Training 0.083 (0.055) 0.111 *** (0.034) 0.138 *** (0.041) 0.071 * (0.036) 0.198 *** (0.060) 0.069 ** (0.031)
Control variables Controlled Controlled Controlled Controlled Controlled Controlled

Constant 0.325 (1.086) −0.535 (0.718) −0.726 (0.792) −2.401 ** (1.208) −1.140 (1.022) −1.587 ** (0.776)

Observations 408 429 661 176 322 515

Notes: (a) The average education of the sample household heads is six years;(b) 242,000 yuan is the average
sample household total income; (c) Four is the average number of sample household family members. ***, **, and
* represent the statistical significance at 1%, 5%, and 10%, respectively; robust standard errors are in parentheses.

5.1. Disaggregated Effect by Educational Level

The results, presented in columns two and three of Table 5, indicate that the coefficients
of the training variable in the lower- and higher-education groups were 0.111 and 0.121,
respectively. However, only the coefficient of the training variable in the higher-education
group was positive and significantly different from zero. These suggest that the statisti-
cally significant and positive effects of the technology training provided by agricultural
cooperatives on farmers’ biopesticides adoption behavior were only felt in the higher-
educational-level group, without being present in the lower educational level group. A
possible reason for this is that education level is an essential indicator of the human capital
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of farmers invested in production. The human capital accumulated through education
can help farmers improve their ability to recognize new concepts, such as when accepting
new knowledge and acquiring information related to new technologies [53]. More highly
educated farmers are more open-minded and rational when analyzing the advantages
of new technologies. As a result, when they attend the technical training provided by
agricultural cooperatives and learn about biopesticides, they are more likely to put it into
this training into practice compared to their lower-educational-level counterparts.

5.2. Disaggregated Effect by Household Incomes

The results, presented in columns four and five of Table 5, indicate that the coeffi-
cients of the training variable in the lower- and higher-household-total-income group were
0.138 and 0.071, respectively. Both of the coefficients in the different education-level groups
were positive and significantly different from zero. The results suggest that higher house-
hold total income attenuates the positive effect of training participation on biopesticide
adoption. A possible reason for this is that, according to the survey data, the adoption of
biopesticides was more common in families with higher total household income. Therefore,
the degree of influence of the technical training provided by agricultural cooperatives on
the adoption of biopesticides in high-income families was not as high as that in low-income
families. This finding is in line with the findings by Khan et al. for Pakistan [35] and Wang
et al. for China [54], which show that the higher the income of farmers, the more familiar
they are with the purchasing behavior and applications of green pesticides.

5.3. Disaggregated Effect by Household Size

The results, presented in columns six and seven of Table 5, indicate that the coefficients
of the training variable in the lower and higher household size group were 0.198 and 0.069,
respectively. Both of the coefficients in the different education-level groups were positive
and significantly different from zero. The results suggest that a larger household size
enhances the positive effect of training participation on biopesticide adoption. A possible
reason for this is that, according to the survey data, families with more than four family
members usually had more underage and elderly family members. Due to their lack of
capacity for labor, the large scale of these two groups increases a family’s financial burden.
Compared with households with four or fewer members, farmer households with larger
household sizes face more significant financial constraints on their purchasing of green
means of production, such as biopesticides. This is in line with the results of Akter et al.
and Hussain et al. [52,55]. As a result, farmers from larger households remain less likely
to put technical training into practice, due to facing more substantial financial constraints,
even after attending the technical training provided by agricultural cooperatives, compared
to their smaller-household counterparts.

6. Conclusions and Implications

Pesticide abuse and environmental pollution are becoming more and more prominent,
especially in developing countries. Biopesticides, as a green control technology with
social, economic, and ecological benefits, are recommended by many sectors of society.
However, they have never gained popularity. Farmers’ failure to adopt new technologies
is primarily due to a lack of knowledge and ability to use new technologies. This study
focuses on analyzing how the training on biopesticide technology provided by cooperatives
affects farmers’ adoption of biopesticides and discusses the influence mechanism from
the perspective of farmers’ technology perceptions. The present study contributes to the
body of research by providing a better understanding of the impact of technical training on
farmers’ adoption of biopesticides in agricultural cooperatives, using a sample of citrus-
producing households in China.
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6.1. Conclusions

Based on a theoretical analysis and empirical estimation, some conclusions were
drawn. First, attending the technical training provided by agricultural cooperatives has
a positive and statistically significant effect on farmers’ adoption of biopesticides, based
on the descriptive statistics and empirical estimation. Second, the technical training pro-
vided by agricultural cooperatives has an impact on farmers’ adoption of biopesticides by
influencing their biopesticide technology perceptions. Specifically, farmers’ perceptions
of biopesticides’ economic benefits (4.19%) and health benefits (5.24%) play partial me-
diating roles in the relationship between the biopesticide technical training provided by
agricultural cooperatives and farmers’ biopesticide adoption behavior. Third, the technical
training provided by agricultural cooperatives has a more significant impact on biopesti-
cide adoption behavior in households with higher-educated household heads, lower total
income, and smaller size relative to their counterparts.

6.2. Theoretical and Practical Implications

Through the above theoretical analysis and empirical estimation, two theoretical
implications and three practical implications were obtained. In terms of the theoretical
implications, first, the conclusion further supports the theory of human capital by pointing
out that technical training can indeed promote farmers’ acceptance of new technologies
by changing their understanding of these technologies. Second, the conclusion further
enriches the cooperative theory by verifying the positive role of agricultural cooperatives in
technology extension. In terms of the practical implications, first, the conclusion provides
empirical evidence for the further popularization of biopesticides, that is, by encouraging
the full adoption of agricultural cooperatives’ technical training function. Second, the
research conclusions point out the direction for further improving the training effect of
agricultural cooperatives. That is, the training objects of agricultural cooperatives should
focus on households with lower total income and of smaller size. Third, the conclusion
of the study provides a new approach to the further exploration of the training effect of
cooperatives, that is, by emphasizing the economic value of new technologies and their
benefits to farmers’ own health during their training in the use of new technology (i.e.,
biopesticides).

6.3. Limitation and Future Research Direction

A limitation of this study is that we only focused on citrus farmers in China, without
considering other cropping activities. Given the increasing significance of technical training
provided by agricultural cooperatives in improving the probability of farmers’ adoption
of biopesticides, further studies incorporating other crops and other regions are necessary
to test the external validity of our findings. Additionally, this may help to improve our
understanding of the effect of technical training on agricultural technology adoption in
a broader context. Additional important questions for future research could include an
investigation of the training effects from different training organizations by adopting
the same training form, in addition to the differences among the same kinds of training
organization by adopting other training forms.
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