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Introduction: Pesticides are widely and excessively used in the world.
Reducing pesticide overuse is an important measure to protect the
environment and human health.

Methods: Based on the survey data of 518 farmers in Shandong Province,
China, using the Logit model to empirically test the effect of risk cognition on
farmers’ pesticide overuse behavior and the moderating effect of cooperatives
training on the effect of risk cognition on farmers’ pesticide overuse behavior.

Results and discussion: We found that 21.24% of farmers overused pesticides.
The three dimensions of risk cognition have significant negative effects on
farmers’ behavior of excessive pesticide use, among which the human health
risk cognition has the largest impact (0.74), followed by food safety risk
cognition (0.68) and ecological environment risk cognition (0.63). Cooperatives
training has a positive moderating effect on the relationship between risk
cognition and pesticide overuse behavior, that is, when risk cognition matches
farmers participating in cooperatives training, the effect on reducing pesticide
overuse is more significant. Years of education, planting scale and detection
frequency of pesticide residues have significant effects on farmers’ pesticide
overuse.

Conclusions: The government should help farmers reduce pesticide
overuse by improving risk cognition, developing agricultural cooperatives and
perfecting guarantee conditions.

risk cognition, pesticide overuse, agricultural cooperatives, training, moderating
effect

Introduction

The use of pesticides has always been one of the important means to improve land
productivity and recover yield loss in agricultural production system (1, 2). However,
excessive and inefficient use of pesticides also brings many risks. For example: extensive
use of pesticides will directly lead to pesticide residues, and the residual pesticides
will accumulate in crops or edible agricultural products, which will bring potential
food safety risk (3, 4). Extensive use of pesticides not only causes serious pollution to
water, air and soil, but also kills many natural enemies of pests by mistake, destroying
the ecological balance of nature (5, 6), resulting in ecological environmental risk. In
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addition, all pesticides are harmful to human health, and
the possible adverse health consequences include dermatitis,
neuropsychiatric disorders, cancer, and reproductive function
damage (7, 8). In previous surveys in China, Bangladesh,
Austria, and other countries and regions, it was found that
a certain percentage of farmers had symptoms of discomfort
after using pesticides (9-11). Therefore, how to reduce the
use of pesticides to reduce the risk of pesticides is a major
practical problem to be solved in the sustainable development
of agriculture.

Farmers are not only the main body of agricultural
production, but also the decision makers of pesticide use. Their
pesticide use behavior is the key to reduce the irrational use
of pesticides from the source. In order to solve the problem
of farmers excessive use of pesticides, the academia have
carried out rich research. Existing studies generally believe
that: personal endowments (experience, education level) (12,
13), family endowments (family income, production scale)
(14, 15), socio-economic factors (government regulation, social
capital, agricultural insurance) (16-18), technical environment
(equipment conditions, weather conditions) (19, 20) and
others have an important impact on farmers excessive use
of pesticides. It is worth noting that in recent years, some
studies have found that farmers’ lack of cognitive ability
and psychological cognitive level is an important factor
for their excessive use of pesticides (21-23). The theory
of planned behavior shows that the individual’s behavior
is the result of deliberate planning, and the individual’s
cognitive level is the antecedent factor of behavior, which
plays an important role in the individual’s behavior choice
(24). Affected by food safety risk, ecological environment
risk and human health risk caused by excessive use of
pesticides, farmers’ subjective judgment on the above risk
uncertainty constitutes their risk cognition (25). Farmers are
both the risk cognition subject and the decision-making subject
of pesticide use behavior, which conforms to the relevant
laws of cognitive behavior theory. Farmers cognition of the
risk of excessive use of pesticides dominates their pesticide
use behavior.

However, if farmers can realize the risks of food safety,
ecological environment, and human health caused by excessive
use of pesticides, will they make necessary behavioral
adjustments in the process of using pesticides to reduce
the possible risks? Through the investigation of vegetable
growers in Iran, Bagheri et al. (26) found that higher cognition
of health risk and health costs can help farmers minimize the
use of pesticides. A survey by Pan et al. (27) in seven major
rice-producing provinces in China found that when farmers
have a deep risk cognition, it is easier to reduce pesticide
expenditures to reduce possible health risk. However, a survey
of farmers in northern Iran by Sharifzadeh et al. (28) found that
while farmers’ risk cognition is necessary, it is not sufficient to
motivate farmers to reduce pesticide use. Jin et al. (17) surveyed
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in Weifang City, China, and found that almost all farmers
can recognize that pesticide overuse may bring risks, but still
overuse, frequent and abuse pesticides. It can be seen that the
existing literature has not reached a unified conclusion on the
relationship between risk cognition and pesticide overuse. The
reason may be that the situational factors of different studies are
different, that is, there are some external variables that play a
moderating role in the relationship between risk cognition and
pesticide overuse.

Relevant research shows that there are significant differences
between farmers cognitive level and production behavior
in different organizational forms (29). In recent years, in
order to realize the organic connection between farmers and
modern agricultural development, agricultural cooperatives,
and other new agricultural business entities have developed
rapidly. Agricultural cooperatives are mutual aid economic
organizations that are based on rural household contract
management and that are voluntarily united and democratically
managed by farmers who produce similar agricultural products
(30). Cooperatives can rely on industry, talents, economy,
resources and other multiple advantages to carry out training
guidance, information exchange and other services (31,
32). Farmers risk cognition is formed by their continuous
acquisition and accumulation of risk information (33), and
training is an important channel for them to obtain information
(34). Previous studies have confirmed that government training
has an important influence on farmers factor input and
technology choice behavior (35, 36), but there are few
empirical studies on the relationship between cooperatives
training and farmers’ pesticide use, the effect of risk cognition
on pesticide overuse may also differ among farmers who
participate in cooperatives training. Therefore, exploring the
relationship between risk cognition and pesticide overuse
behavior also needs to focus on the important situational factor
of cooperatives training.

As the largest pesticide consumer in the world, China’s
pesticide consumption far exceeds the economic optimal
consumption (37). According to statistics, in 2020, the amount
of pesticides used in China was 248,200 tons, the amount
of pesticides used per unit area was 3.9 times of the world
average, and the utilization rate of pesticides was 40.6%, which
was 10-20% points lower than that of developed countries. In
order to regulate farmers’ pesticide use behavior, the Chinese
government has adopted a series of governance measures. In
2015, the Ministry of Agriculture issued the “Implementation
Opinions on Fighting the Battle of Agricultural Non-point
Source Pollution.” In 2019 and 2020, the “No.1 Document” of
the central government put forward the “Action to Promote
Pesticide Reduction” for 2 consecutive years. Although the
intensity of pesticide use in China has declined at present, China
is still the largest pesticide user in the world, and the negative
effects caused by farmers’ excessive use of pesticides still occur
from time to time (38, 39).
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In this study, we use the survey data of farmers in Shandong
Province, China, focusing on the relationship between risk
cognition, cooperatives training and farmers’ pesticide overuse
behavior, aiming at solving the following two questions: (1)
What is the impact of risk cognition and cooperatives training
on farmers’ pesticide overuse behavior? (2) Can cooperatives
training moderate the relationship between risk cognition
and pesticide overuse behavior? These findings will help the
government to better understand farmers’ pesticide overuse
behavior, and provide beneficial enlightenment for formulating
pesticide reduction policies. Based on these reasons, this study
puts forward the following assumptions (Figure 1):

H;j: Risk cognition has a significant impact on farmers’
pesticide overuse behavior;

Hj,: Food safety risk cognition has a significant impact on
farmers’ pesticide overuse behavior;

Hip: Ecological environment risk cognition has a
significant impact on farmers’ pesticide overuse behavior;
Hjc: Human health risk cognition has a significant impact
on farmers’ pesticide overuse behavior.

Hj: Whether farmers participated in cooperatives training
moderated the relationship between risk cognition and
pesticide overuse behavior;

Hja: Whether farmers participated in cooperatives training
moderated the relationship between food safety risk
cognition and pesticide overuse behavior;

Hyp:
training moderated the relationship between ecological

Whether farmers participated in cooperatives

environment risk cognition and pesticide overuse behavior;
Hjc: Whether farmers participated in cooperatives training
moderated the relationship between human health risk
cognition and pesticide overuse behavior.

The structure of this paper is as follows: Section 1 discusses
the relationship between risk cognition, cooperatives training
and farmers pesticide overuse behavior from a theoretical
level, and proposes research hypotheses. Section 2 provides an
overview of data sources and models. Section 3 presents the
findings and discusses. Section 4 summarizes the conclusions
and makes policy recommendations.

Materials and methods

Data sources

The empirical data comes from our field survey of vegetable
growers in Shandong Province, China from September to
November, 2021. Shandong Province was chosen because: firstly,
Shandong Province is the largest vegetable production and
export province in China. Secondly, the situation of pest control
in Shandong Province is severe, and the amount of pesticides
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used ranks first in China. Thirdly, the cooperatives in Shandong
Province were the earliest and the largest in China, and the level
of development is relatively good.

Before the formal survey, a small-scale preliminary survey
was conducted in Jiyang county and Laiwu county of Jinan
city. Ten vegetable growers were randomly selected from
each county to conduct questionnaire interviews, and the
questionnaires were revised and improved. Then, combined
with the designation of key vegetable production counties in
Shandong Province, the main producing counties were selected
by stratified investigation method, and then sample towns were
selected from sample counties. Finally, the farmers in villages
under the jurisdiction of selected towns were investigated.
The survey site includes 40 towns and 120 villages in eight
counties of Shouguang, Qingzhou, Shenxian, Laixi, Jiyang,
Feixian, Yinan, and Laiwu. According to the suggestion of
Krejcie and Morgan (40) on the standard of sample size,
we decided to adopt the method of random sampling and
distributed 550 questionnaires. Finally, 550 questionnaires were
collected, with a recovery rate of 100%, of which 518 were
valid questionnaires, with an effective rate of 94.18%. The
vegetable varieties in this survey are mainly cabbage, lettuce,
and tomato.

The survey mainly uses face-to-face questionnaires to
collect data. Interviews were conducted during farmers’ leisure
time, at home or in other places in the village. Before the
interview, we emphasized that participating in this research was
optional for farmers, the interview was completely anonymous,
and their privacy was well protected. At the same time, we
trained eight researchers who participated in the investigation.
The questionnaire is in the form of tables and multiple-
choice questions, including the basic information of farmers’
families, risk cognition, cooperatives training participation and
pesticide use behavior. For the respondents who answered
seriously and had no contradictory words, the respondents
themselves filled out the questionnaire. For those who can’t read,
researchers will ask questions in the questionnaire to help fill
them out. The response time of each questionnaire is about
15 min.

Among the sample farmers, the proportion of males is
high, accounting for 87.63% of the total sample. Most of the
respondents are between 40 and 60 years old, and rarely receive
high school or higher education. Their life experiences are
similar. They started farming at about 20 years old, so their
farming time is concentrated in 20-40 years, and most of them
are in good health. In the family characteristics, the family labor
force is mostly 2-3 people, the average planting area is 11.27 mu,
the annual household income is generally below 30,000 yuan,
and the agricultural income accounts for 78.61% of the total
income on average. Generally speaking, the sample distribution
is relatively balanced, and it is consistent with the general
characteristics of farmers at this stage, which is representative
to some extent.
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FIGURE 1
Theoretical analysis framework.

2.32% 5.59%
- 0

= Equal to standard
= More than standard
= Less than standard
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FIGURE 2
Selection of pesticide use by farmers.

Variable definition

(1) Dependent variable. The indicators of farmers’ excessive
use of pesticides can be measured from the expenditure of
pesticides, the amount of pesticides used and the number of
times of pesticides used (9, 27, 41). In view of the differences
in the pesticides used by different vegetable varieties, this
paper uses whether the farmers’ single application exceeds the
standard dosage of the pesticide instructions as the criterion
for excessive use of pesticides, which is divided into four cases:
equal to standard, less than standard, more than standard, and
random. The survey results show that 367 households are equal
to the standard, accounting for 70.85%; Twelve households
are less than the standard, accounting for 2.32%; Twenty-
nine households are randomly used, accounting for 5.59%;
One hundred and ten households are more than the standard,
accounting for 21.24%. It shows that nearly 1/5 farmers in the
sample have overused pesticides (Figure 2).

(2) Key variable. The key variable of this paper is
risk cognition. According to the general model of cognitive
processing, the types of external information that individuals
acquire are different, and the risk cognition formed by
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individuals are also different (42). As mentioned above, risk
cognition is further subdivided into food safety risk cognition,
ecological environment risk cognition, and human health risk
cognition. All items are measured using the Likert 5-level scale.

(3) Moderating variable. The moderating variable in this
paper is cooperatives training. Referring to previous studies
(43, 44), dummy variables were used to represent whether
individuals participated in training to determine training
participation behavior. If farmers participate, the value is 1; if
farmers do not participate, the value is 0.

(4) Control variables. Existing studies have carried out many
explorations on the influencing factors of farmers’ excessive use
of pesticides, and have roughly formed a common paradigm
for analyzing farmers’ pesticide use behavior with individual
characteristics, management characteristics and external
characteristics as logical clues (19, 45, 46). Drawing on the above
research results, this paper introduces control variables from
the following three aspects: firstly, individual characteristics,
including age, years of education, farming experience, and
health status. Secondly, management characteristics, including
labor endowment, agricultural income proportion, and planting
scale. Thirdly, external characteristics, including pesticide
residue detection frequency and communication frequency
with neighbors.

The variables and statistical characteristics required for
empirical analysis in this paper are shown in Table 1.

Model construction

(1) Benchmark regression model. The explained variable in
this paper is whether farmers have excessive use of pesticides,
which is a typical 0-1 variable. Therefore, a binary Logit model
is selected for empirical analysis. The specific model settings are
as follows:

L =Byt BIX+PaZ+e (1)

In =
1-P;
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TABLE 1 Variables and their statistical descriptions.

10.3389/fpubh.2022.1032862

Variable Variable meaning and assignment Mean Standard deviation
Pesticide overuse Whether it exceeds the standard dosage of pesticide instructions: yes = 0.21 0.41

1,n0=0.
Risk cognition Pesticide overuse will endanger food safety: Strongly disagree = 1, 2.84 0.76

disagree = 2, generally = 3, agree = 4, strongly agree =5

Pesticide overuse will destroy the ecological environment: Strongly 2.78 0.82

disagree = 1, disagree = 2, generally = 3, agree = 4, strongly agree =5

Pesticide overuse will damage to human health: Strongly disagree = 1, 3.06 0.77

disagree = 2, generally = 3, agree = 4, strongly agree =5

Cooperatives training Whether participated in cooperatives training: yes = 1, no = 0 0.63 0.85
Age Actual age of respondents/years 48.36 10.12
Years of education Years of education of respondents/years 8.14 3.08
Farming experience Years of farming experience of respondents/years 27.92 8.44
Health status Very poor = 1, poor = 2, fair = 3, good = 4, very good = 5 3.11 0.79
Labor endowment Number of Household Owned Labor Force in 2021/person 2.48 0.65
Agricultural income proportion Proportion of agricultural income to total income in 2021/% 78.61 28.85

Planting scale Planting area in 2021/mu 11.27 41.42

Pesticide residue detection frequency Local government pesticide residue detection frequency: never = 1, 2.25 0.63
occasionally = 2, often = 3

Communication frequency with neighbors Communication frequency with neighbors: never = 1, occasionally = 2.48 0.37

2, often =3

In the formula, By is the model intercept; X is risk cognition,
including food safety risk cognition, ecological environment risk
cognition and human health risk cognition; Z is the control
variables; ¢ is a random disturbance term; B; and B, are
regression coefficients.

(2) Grouping regression. If the influence of the independent
variable X on the dependent variable Y changes with the change
of the M variable, then the variable M is said to play a moderating
role in the relationship between X and Y (47, 48). When X is
a continuous variable and M is a categorical variable, grouping
regression analysis can be used to test the moderating effect of
variable M on the relationship between X and Y. If the difference
of the variable X coefficient in the regression results of different
groups is significant, it indicates that the variable M has played a
significant moderating role in the relationship between X and Y.
Since the key independent variable risk cognition in this paper is
a continuous variable, and the moderating variable cooperatives
training is a categorical variable, a grouping regression model is
used to test the moderating effect of cooperatives training in the
effect of risk cognition on farmers’ excessive use of pesticides.

Results and discussion

Multicollinearity test

In order to ensure the validity of the regression results, the
multicollinearity among the independent variables was tested
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first. In this paper, the variance inflation factor (VIF) is used as
the indicator of multicollinearity test. Generally, when VIF > 3,
it can be considered that there is a certain degree of collinearity
among the explanatory variables; when VIF > 10, it can be
considered that there is a high degree of collinearity between the
explanatory variables. Combining all the test results, the degree
of collinearity between the explanatory variables is 1.07-2.83,
which are all within a reasonable range, satisfying the principle
of independence, and there is no significant collinearity.

Reliability and validity test

In order to ensure the rationality and validity of the study,
this study uses statal6.0 software to analyze and test the
reliability and validity of the scale. It can be seen from Table 2
that the Cronbach’s o value and CR value of risk cognition,
cooperatives training, and excessive pesticide use behavior are all
greater than the ideal value of 0.7, which meets the test standard,
indicating that the scale has good internal consistency and high
reliability. The KMO value of each variable is greater than the
ideal value of 0.6, the significant P-value of Bartlett’s sphericity
test is 0.000<0.05, and the KMO value of the overall scale is
0.782, indicating that the scale has good validity. The AVE values
of all variables were greater than the ideal value of 0.7, indicating
that the scale of this study has good convergent validity. The
AVE square root of each variable (Table 3) is larger than the
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TABLE 2 Reliability and validity test results.

10.3389/fpubh.2022.1032862

Variable Cronbach’s o CR KMO Bartlett AVE
Risk cognition 0.879 0.905 0.853 0.000 0.822
Cooperatives training 0.868 0.924 0.841 0.000 0.792
Excessive use of pesticides 0.914 0.928 0.907 0.000 0.746
TABLE 3 Correlation coefficient matrix.
1 2 3 4 5 6 7 8 9 10 11 12
1 -
2 —0.213 -
3 0.661** —0.075 -
4 —0.416* —0.079 —0.021 -
5 0.108 0.052 0.009 0.010 -
6 —0.249 0.311 0.117 0.108 0.082 -
7 —0.140 0.209 0.101 0.230 0.265* 0.377* -
8 0.021 0.016 0.005 0.005 0.010 0.012 0.243 -
9 0.114 0.081 0.069 0.188 0.104 0.088 0.020 0.041 -
10 —0.498 0.438* 0.236* 0.271 0.353* 0.156 0.359** 0.331** 0.385** (0.907)
11 0.392 0.307** 0.121 0.192 0.289 0.142 0.199 0.077 0.271* 0.506*** (0.890)
12 0.265 —0.274* —0.193* 0.227 —0.171* 0.087* —0.426** —0.419** —0.211** —0.488*** —0.396*** (0.864)

% 4% and ¥, respectively, represent significant correlation at the level of 1, 5, and 10%. The value in brackets is the square root of AVE. 1 Age; 2 Years of education; 3 Farming experience;
4 Health status; 5 Labor endowment; 6 Proportion of agricultural income; 7 Planting scale; 8 Pesticide residue detection frequency; 9 Frequency of communication with neighbors; 10 Risk

cognition; 11 Cooperatives training; 12 Excessive use behavior.

TABLE 4 The impact of risk cognition on farmers’ excessive use of pesticides.

Variable name Model 1

Model 2

Model 3

Marginal effect (Based
on Model 3)

Coefficient Standard Coefficient Standard

Coefficient Standard Coeflicient Standard

error error error error

Food safety risk cognition - - —0.305%* 0.144 —0.320%* 0.153 —0.068** 0.019
Ecological environment risk cognition - - —0.288** 0.121 —0.296* 0.127 —0.063* 0.016
Human health risk cognition - - —0.319%** 0.158 —0.345%** 0.166 —0.074*** 0.024
Age 0.005 0.006 - - 0.005 0.006 - -
Years of education —0.023** 0.033 - - —0.026** 0.037 —0.006** 0.002
Farming experience 0.002 0.012 - - 0.002 0.013 - -
Health status 0.009 0.046 - - 0.011 0.047 - -
Labor endowment —0.077 0.093 - - —0.084 0.095 - -
Agricultural income proportion 0.025 0.017 - - 0.031 0.022 - -
Planting scale —0.098* 0.063 - - —0.101* 0.067 —0.022* 0.007
Pesticide residue detection frequency —0.122%* 0.066 - - —0.134** 0.070 —0.029** 0.012
Communication frequency with neighbors 0.041 0.058 - - 0.052 0.061 - -
Prob>chi? 0.000 0.000 0.000 -

Pseudo R* 0.146 0.235 0.311 -

Marginal effect analysis only shows significant results; *, **, ***, respectively indicate that the significance level of 10, 5, and 1% was passed.
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correlation coefficient, which indicates that the research scale
has good discrimination validity.

Discussion of benchmark regression
results

Using statal6.0 software to carry out binary Logit regression
analysis on farmers’ data. Firstly, the control variables were
included in the model to obtain model 1; then the risk cognition
variables were included into the model to obtain model 2; finally,
both risk cognition and control variables were included in the
model to obtain model 3 (Table 4). From the regression results,
the Pseudo R? of Model 3 increased to 0.311, which has stronger
explanatory power. Because the sign of regression coefficient can
only reflect the influence direction of each variable on farmers’
excessive use of pesticides, in order to analyze the influence
degree of each variable on farmers’ excessive use of pesticides,
the marginal effect of each variable is calculated based on the
data of Model 3.

The results of model 3 show that the coeflicients of food
safety risk cognition, ecological environment risk cognition
and human health risk cognition are all significantly negative.
It shows that compared with farmers with low cognition of
food safety risk, ecological environment risk and human health
risk, farmers with high cognition have a lower probability of
excessive pesticide use. That is, risk cognition is an important
factor affecting farmers’ excessive use of pesticides, assuming
Hia, Hyp, and Hjc are verified. This result was supported by
risk aversion theory (49, 50). Farmers, as risk averse people,
always make behavior decisions on the basis of predicting the
consequences of their behavior choices, and make choices to
maximize profits with minimum risks, so as to obtain higher
survival guarantee (51). Mohan (52) investigated tea farmers
in Nepal and found that the more risk averse farmers are, the
more likely they are to obtain agricultural standard certification.
Under the limited rational decision-making mode, the more
comprehensive farmers” cognition of food safety risk, ecological
environment risk, and human health risk caused by excessive
use of pesticides, the more inclined they are to use pesticides
scientifically and reasonably to avoid risks. The existence of
farmers’ risk cognition gap leads to the difference of decision-
making of excessive pesticide use, so improving farmers’ risk
cognition is helpful to reduce the probability of excessive
pesticide use.

In the research model, the influence of different dimensions
of risk cognition on farmers excessive use of pesticides is
asymmetric. The marginal effect results show that the marginal
effects of food safety risk cognition, ecological environment risk
cognition and human health risk cognition are —6.8, —6.3, and
—7.4%, respectively. That is to say, for each unit of increase
in food safety risk cognition, ecological environment risk
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cognition, and human health risk cognition, the probability of
farmers’ excessive use of pesticides will decrease by 6.8, 6.3, and
7.4%, respectively. It shows that compared with food safety risk
and ecological environment risk, farmers are more concerned
about the risk of health. This result is similar to the previous
research results, which emphasized that farmers’ sustainable
practices are mainly affected by the factors of maximizing
benefits (9, 53). The possible explanation is that human health
risk and food safety risk are closer to farmers’ own interests,
and when farmers feel health damage and food pollution, they
are more motivated to reduce the use of pesticides. However,
the ecological environmental risk has the attribute of public
goods, which will not directly affect farmers’ own interests (54).
Therefore, as farmers who pursue the maximization of interests,
they pay less attention to ecological environmental risk in the
decision-making process of pesticide use. However, theoretically
speaking, farmers’ low cognition of ecological environmental
risk may also lead to less impact on excessive pesticide use (27).
In our field survey, 76.9% of the sample farmers think that
excessive use of pesticides will have an impact on the ecological
environment, which is higher than 67.5% of food safety and
74.1% of human health. Even though farmers have the highest
level of cognition of ecological environmental risk, the impact of
ecological environmental risk on excessive pesticide use is still
the smallest. This further proves that the public goods attribute
of the ecological environment leads to the minimum impact on
the excessive use of pesticides.

Among the control variables, the coefficient of years of
education is significantly negative, indicating that farmers with
higher years of education are less likely to overuse pesticides.
Similarly, Cao et al. (55) and Wang et al. (56) found that
farmers with higher education level are more likely to adopt
environmentally friendly agricultural practices. The possible
reason is that education can improve farmers knowledge
of pesticide use and have more advanced concepts, thereby
reducing the possibility of overuse of pesticides. The coefficient
of planting scale is significantly negative, indicating that farmers
with larger planting scales are less likely to overuse pesticides.
This is consistent with the research results of Sharafi et al.
(57), which emphasized that there is a positive relationship
between business scale and safe application of pesticides. The
possible reason is that farmers with larger planting scales have
greater demand for pesticides, but in the context of rising
pesticide prices, large-scale farmers face greater cost pressure,
thereby reducing the possibility of their overuse of pesticides.
At the same time, the larger the planting scale, the more
dependent farmers are on agricultural production, and they
have stronger motivation to take safe production behaviors
(42). The coeflicient of pesticide residue detection frequency is
significantly negative, indicating that farmers are less likely to
overuse pesticides in areas with high pesticide residue detection
frequency. This is consistent with the findings of Zhao et al. (58),
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which emphasized that government regulation has a significant
impact on farmers’ excessive use of pesticides. The possible
reason is that the use of pesticides belongs to the “private
information” of agricultural producers and operators, and
pesticide residue testing can externalize the private information,
thereby supervising farmers’ pesticide use behavior and reducing
the possibility of excessive use of pesticides.

Moderating effect test of cooperatives
training

In order to verify the moderating effect of cooperatives
training on the relationship between risk cognition and excessive
use of pesticides, group regression was performed according to
whether farmers had participated in cooperatives training as the
grouping criterion. The estimated results are shown in Table 5.
It can be seen that among the farmers who participated in the
cooperatives training, the impact of food safety risk cognition,
ecological environment risk cognition, and human health risk
cognition was significant. Among the farmers who did not
participate in the cooperatives training, only the human health
risk cognition was significant at the 10% level, and neither the
food safety risk cognition nor the ecological environment risk
cognition passed the test. This shows that cooperatives training
has a moderating effect on the relationship between farmers’ risk
cognition and excessive pesticide use. This finding is basically
consistent with the conclusion that “different organizational
forms have a moderating effect between farmers” environmental
cognition and environmental behavior” (29). Further research
shows that, the effects of the three risk cognition variables in
the training group were greater than those in the untrained
group. This indicates that when the risk cognition variable is
matched with the cooperatives training, the effect of reducing
farmers’ excessive pesticide use behavior is enhanced, assuming
that Ha,, Hyp,, and Hpc are verify. This was supported by the
research results of Zhu et al. (59), which pointed out that joining
the cooperatives can significantly improve the adoption of green
production technology of food and agriculture, with an increase
of about 27.16%.

There are several reasons for this: firstly, farmers are
generally less literate and have difficulty understanding the
risks of pesticide overuse. The cooperatives provides face-to-
face, repeated and field technical guidance and training to
members through technical service teams, invited agricultural
experts, and local agricultural extension personnel (60, 61),
enabling farmers to able to fully understand the risk of excessive
use of pesticides, have the ability to foresee and monitor
errors, and ultimately build a correct cognition system through
reflection, evaluation, and error correction, thereby improving
farmers’ risk cognition level and affecting their pesticide use
behavior. Secondly, in the context of small farmers and large
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markets, the cost of obtaining pesticide quality information
is high, and the differentiation of pesticide markets makes
it difficult for farmers to use pesticides correctly through
experience accumulation (13, 62). Cooperatives training can
enrich farmers’ information access channels, obtain a large
amount of information on pesticide use policies and markets
(63), reverse farmers disadvantage in information access,
suppress the incompleteness of information dissemination
among farmers, reduce information asymmetry, and improve
farmers’ risk cognition. In a word, participating in cooperatives
training helps farmers to build a knowledge system of scientific
use of pesticides and overcome information asymmetry to
improve their risk cognition level, and finally promote scientific
and rational use of pesticides.

Mechanism test of the moderating effect
of cooperatives training in risk cognition
affecting overuse of pesticides

The previous empirical results show that there are
differences in the effect of risk cognition on the overuse of
pesticides between farmers who participate in cooperatives
training and farmers who do not participate in cooperatives
training. According to theoretical analysis, the difference in risk
cognition caused by participating in cooperatives training may
be the reason for this result. To verify this logic, this paper
further analyzes the impact of cooperatives training on farmers’
risk cognition (Table 6).

It can be seen that “whether to participate in cooperatives
training” has a significant positive impact on risk cognition.
It shows that compared with farmers who did not participate
in cooperatives training, farmers who participated in
cooperatives training were more likely to have a higher
risk cognition of excessive pesticide use. Therefore, it
can be explained that the effect of risk cognition on
pesticide different

farmers who participate in cooperatives training or not,

reducing  excessive use is among
which is caused by the difference of risk cognition level

between them.

Robustness test

In order to verify the reliability of the above empirical results,
this paper adopts the analytic hierarchy process to test the
moderating effect of cooperatives training on the relationship
between risk cognition and excessive pesticide use. Based on
formula (1), the interaction items “cooperatives training x

» «

food safety risk cognition,” “cooperatives training x ecological
environment risk cognition,” and “cooperatives training x

human health risk cognition” are introduced for regression. It
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TABLE 5 The moderating effect of cooperatives training.

Variable name

Participated in cooperatives training

10.3389/fpubh.2022.1032862

Have not participated in cooperatives training

Coeflicient Standard error Coeflicient Standard error
Food safety risk cognition —0.453%** 0.207 —0.143 0.202
Ecological environment risk cognition —0.427** 0.199 —0.117 0.195
Human health risk cognition —0.692%** 0.241 —0.252* 0.227
Control variables Controlled Controlled
Prob > chi’ 0.000 0.000
Pseudo R? 0.364 0.177

*, 4%, 0% respectively indicate that the significance level of 10, 5, and 1% was passed.

TABLE 6 Analysis of the impact of cooperative training on risk cognition.

Variable name Food safety risk cognition

Ecological environment risk cognition

Human health risk cognition

Coeflicient Standard error Coeflicient Standard error Coeflicient Standard error
Cooperative training 0.366** 0.054 0.501** 0.062 0.437* 0.073
Control variables Controlled Controlled Controlled
Observed value 518 518 518
R? 0.107 0.121 0.116

*, *%, respectively indicate that the significance level of 10, 5% was passed.

TABLE 7 Robustness test results.

Variable name

Pesticide overuse

Coeflicient Standard error

Cooperatives training x food safety risk cognition 0.686*** 0.342
Cooperatives training x ecological environment risk cognition 0.406*** 0.329
Cooperatives training x human health risk cognition 0.837%** 0.402
Food safety risk cognition —0.767*%* 0.240
Ecological environment risk cognition —0.733** 0.243
Human health risk cognition —1.143%* 0.317
Cooperatives training —5.4244* 1.778
Control variables Controlled

Prob > chi? 0.000

Pseudo R? 0.347

**, 0%, respectively indicate that the significance level of 5, and 1% was passed.

is not difficult to find that the interaction items “cooperatives
training x food safety risk cognition,” “cooperatives training
x ecological environment risk cognition,” and “cooperatives
training x human health risk cognition” are all statistically
significant at the 1% level, and the coefficients are positive. It
shows that cooperatives training has a significant moderating
effect on the risk cognition affecting farmers’ excessive use
of pesticides, which is consistent with the above regression
results, indicating that the regression results are reliable
(Table 7).
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Conclusions

Using the survey data of 518 vegetable growers in Shandong
Province, China, this paper empirically tests the effect of
risk cognition on farmers’ pesticide overuse behavior and
the moderating effect of cooperatives training on the effect
of risk cognition on pesticide overuse behavior. The study
found that: (1) risk cognition can significantly reduce the
excessive use of pesticides. Food safety risk cognition, ecological
environment risk cognition and human health risk cognition
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all have significant inhibitory effects on excessive use of
pesticides, but the marginal effects of the three are different.
The marginal effects of the three are in descending order:
human health risk cognition, food safety risk cognition, and
ecological environment risk cognition. (2) Cooperatives training
has a positive moderating effect on the relationship between
risk cognition and excessive use of pesticides, that is, the risk
cognition of farmers participating in cooperatives training has a
stronger inhibitory effect on their excessive use of pesticides than
farmers who did not participate in cooperatives training. (3)
The longer the farmers’ education years, the larger the planting
scale and the higher the detection frequency of government
pesticide residues, the less the possibility of farmers’ excessive
use of pesticides.

According to the above conclusions, the following policy
implications can be obtained: firstly, take risk cognition as an
important policy reference for promoting pesticide reduction
actions, and pay attention to the improvement of farmers
risk cognition level. On the one hand, the government should
make full use of radio, television, newspapers, magazines,
and other media to widely publicize the risks of excessive
use of pesticides. The publicity work should focus on the loss
of human health and food safety caused by excessive use of
pesticides. On the other hand, universities, research institutes,
and green agricultural enterprises are encouraged to enter
villages for professional training and technical guidance, so
as to improve vegetable farmers’ cognitive level of pesticide
application, establish correct pesticide application awareness
and improve pesticide application efficiency. Secondly,
strengthen the cultivation of agricultural cooperatives. Further
publicize the law on agricultural cooperatives, support and
encourage the development and expansion of cooperatives,
and establish and improve the training and education system
for cooperatives. The cooperatives provide information
introduction, policy explanation, use consultation, skills
training, personnel training, and other services for pesticide
use, which can effectively improve farmers’ risk cognition.
On the basis of supporting cooperatives to carry out training
and education, the government should further guide them
to formulate supporting measures, encourage cooperatives to
implement incentive and restraint mechanisms for farmers
safe use of pesticides, moderately manage and regulate farmers’
production situation, and consolidate the training effect
through supporting measures to encourage farmers’ production
practice. Thirdly, vigorously develop rural basic education to
improve farmers’ cultural level, speed up land circulation to
promote land scale management, and strengthen the frequency
and intensity of pesticide residue detection. These guarantee
conditions are also effective points to promote farmers
scientific and rational use of pesticides. The government
can also consider giving priority to those farmers who have
received higher education, more training and larger farms
to carry out pesticide use training, and then promote the
improvement of all farmers’ pesticide use knowledge through
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these farmers’ transmission of pesticide use knowledge to
other farmers.

This study also has some limitations: firstly, the study was
conducted on randomly selected farmers planting vegetables
in Shandong, China. The scale of the study object is relatively
narrow. For other areas and other types of crops in China,
whether the research conclusion can be applied and popularized
needs further verification. In the future, the research area and
crop types can be expanded, so as to obtain the general law
of farmers’ excessive use of pesticides. Secondly, we focus on
discussion the impact of risk cognition and cooperatives training
on farmers’ excessive pesticide use behavior. However, farmers’
production behavior is a complex decision-making problem, and
farmers’ excessive use of pesticides is bound to be affected by
many factors. If more factors such as market and incentives can
be brought into the analysis framework for discussion in the
future, more valuable conclusions may be drawn.
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