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Abstract: The overuse of pesticides has led to serious ecological and environmental degradation,
largely due to the lack of effectiveness of agricultural-extension services. In recent years, an increasing
number of farmers have tended to acquire technical information from the Internet. In this context,
the present study analyzes the impact of Internet-based information acquisition on pesticide use and
the mediating role of farmers’ technical knowledge. For this purpose, the treatment-effects model
and survey data covering 1113 rice farmers in Guizhou, Hubei, Jiangsu, and Zhejiang provinces in
China were utilized. The results indicate that Internet-based information acquisition could signifi-
cantly reduce the intensity of pesticide use by 2.036 kg/ha, accounting for the self-selection issue.
Further analysis illustrates that farmers’ technical knowledge plays a significant mediating role in
the negative impact of Internet-based information acquisition on pesticide-use intensity. In addition,
the impacts of Internet-based information acquisition on pesticide-use intensity are heterogeneous
across different education levels or rice-sown areas. Thus, the present study suggests that efforts
should be made to accelerate the construction of rural information infrastructure networks to broaden
smallholder farmers’ access to technical information from the Internet platforms, promote “Internet
plus” agricultural-extension services, and improve farmers’ skills in using the Internet.

Keywords: Internet; information acquisition; technical knowledge; pesticide use

1. Introduction

Chinese agricultural production has long relied on chemical inputs such as pes-
ticides. Pesticides have played an important role in reducing food production losses
caused by pest outbreaks and have contributed to the increase in agricultural produc-
tivity. However, the overuse of pesticides has resulted in serious environmental issues,
including agricultural non-point-source pollution, and concerns about the quality and
safety of agricultural products, which have attracted widespread attention from con-
sumers, governments, and related sectors [1]. In recent years, society has attached more
attention to the green development of agriculture. Meanwhile, the contradiction between
pesticide use and the green development of agriculture has become prominent [2]. To ad-
dress the problem of pesticide overuse, the Chinese government has taken multifaceted
actions to reduce pesticide use. Specifically, more efforts have been made to provide
farmers with agricultural-extension services. However, existing studies indicate that
the intensity of pesticide use has failed to decline in spite of reinforced government
supervision and technology extension [3]. In order to accelerate the green development
of agriculture, it is crucial to gain a deeper understanding of the current situation of
pesticide use by farmers and its underlying factors.

Previous studies have thoroughly discussed the determinants of pesticide use by
farmers. While most previous studies focus on individual and household characteristics,
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farmers’ lack of technical knowledge contributes largely to the overuse of pesticides in
China [4]. Several studies also point out that farmers’ decisions regarding pesticide use
frequently rely on their subjective estimates of pesticide marginal productivity, and their
estimates of losses caused by pest infestation are often considerably larger than the actual
levels [5]. Under the circumstance of having rich technical knowledge, if farmers have
more accurate estimates of pest outbreaks, this will reduce their pesticide use [6,7]. We
note that the quality of information acquisition might be a decisive factor in farmers’ level
of technical knowledge [1]. It has been found that government agricultural-extension
agents and pesticide retailers might be the main sources of technical information for
farmers. However, due to the asymmetry and uncertainty of information, previous studies
regarding the impact of multi-source information acquisition on farmers’ pesticide use has
not reached a consistent conclusion [8,9].

Given the new round of the technological revolution, Internet-based information
services have gradually become farmers’ source of information acquisition regarding agri-
cultural production [10]. In recent years, the Chinese government has made huge efforts
to improve the Internet infrastructure in rural areas, with the rural Internet penetration
rate rising from 38.4% in 2018 to 66.5% in 2023, and the number of rural Internet users
exceeds 326 million. In this context, a growing number of Chinese farmers use smartphones
and computers to surf the Internet for fun or to acquire technical information regarding
agricultural production. For example, they can obtain technical knowledge information
using WeChat, Tencent QQ, and other applications (Apps). In fact, the Internet is an effec-
tive tool for sharing knowledge and information across spatial and temporal boundaries,
reducing the information asymmetry between information providers and farmers [11]. It is
clear from several studies that the use of smartphones and computers has a significantly
positive impact on farmers’ entrepreneurship, income, and consumption [12–14]. It can
also help farmers to achieve precise production, purchasing, and marketing outcomes, thus
improving agricultural productivity [15–17].

Although previous studies have discussed the importance of Internet use and its
impact on agricultural production, whether and how Internet-based information acquisition
affects pesticide use by farmers deserves further research. The Internet can make it easier
for farmers to access timely, effective, and region-specific technical information using
smartphones and computers, avoiding the problems concerning information asymmetry
and the poor timeliness of governmental agricultural-extension services and pesticide-
retailer information provision [10,13]. In the context of weakening of the role of the
grassroots governmental agricultural-extension service system in China [8], exploring the
impact of the Internet-based acquisition of technical information on pesticide use and its
impact mechanism may have theoretical and policy implications for the innovation of
agricultural-extension models and the promotion of pesticide reduction.

To fill this research gap, this study analyzes the impact and mechanism of Internet-
based information acquisition on pesticide use, using survey data covering 1113 rice farmers
in Guizhou, Hubei, Jiangsu, and Zhejiang provinces in the Yangtze River Basin in China.
Overall, the novelty and marginal contribution of this study to the existing literature is
twofold. First, while the relationship between Internet use and pesticide use has been
previously analyzed, there lacks an empirical analysis of the impact mechanism [18,19].
This study uses farmers’ level of technical knowledge as a mediating variable and examines
if Internet-based information acquisition affects farmers’ pesticide use by influencing
their technical knowledge. Second, Internet use has often been defined as farmers using
smartphones and computers to surf the Internet [20–23]. This is not a desirable variable
to describe farmers’ Internet-based information acquisition, because farmers would surf
the Internet just for fun rather than obtaining technical information regarding agricultural
production. In comparison, this study provides a precise definition of Internet-based
information acquisition: a farmer acquiring technical information regarding agricultural
production through Internet platforms (e.g., WeChat or Apps).
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The remainder of this study proceed as follows: Section 2 provides a theoretical
analysis of how Internet-based information acquisition affects farmers’ pesticide use, as
well as the hypotheses to be examined. Section 3 introduces the study area, data collection,
variable definitions, and the econometric model. In Section 4, the results of the empirical
analysis are presented with the discussion. The final section concludes the study with
policy implications.

2. Theoretical Analysis and Hypothesis

Theoretically, the lack of technical information for farmers increases their perceived
uncertainty, which leads to a high dependence on pesticide use [1]. From the perspective
of technical information provision, the main sources of technical information on pesticide
use available to farmers include government agricultural-extension agents and pesticide
retailers. China has the largest government agricultural-extension system in the world, but
its commercialization reform in the late 1980s, which allowed agricultural-extension agents
to sell pesticides, has been considered to increase pesticide use by farmers [24]. While
government agricultural-extension agents have been prohibited from selling pesticides
since 2006, the problem of pesticide overuse that emerged in the late 1990s has not fun-
damentally changed [25]. Moreover, pesticide retailers have also become an important
source of technical information for farmers. However, they have been found to recommend
excessive pesticide use to farmers due to their pursuit of business profits [1]. In particular,
they have also been found to recommend incorrect pesticides to farmers in the context of
limited expertise and lack of supervision [26].

In addition to examining the influence of technical information on pesticide use
from the supply side, it is also important to identify the underlying causes of pesticide
overuse from the demand side of technical information. On the one hand, a survey
among 330 farmers revealed that nearly 80% of farmers had demand for technical in-
formation related to pesticide use [27]. However, the highly bureaucratic governmental
agricultural-extension system is unable to respond promptly to farmers’ demand for tech-
nical information related to agricultural production [28]. Moreover, its one-size-fits-all
technology extension project and model do not match the characteristics of farmers’ pro-
duction and pest management [19]. In the absence of fully meeting diverse technical
demands, farmers’ dependence on pesticide use has become larger [1]. On the other hand,
the agricultural-extension services provided by the socialized service departments are
mainly based on the demonstration-driven model. However, the demonstration farm
households need to acquire additional social and financial resources. Thus, this improves
access to agricultural-extension services for new agricultural business entities and makes it
difficult for smallholder farmers to access good-quality agricultural-extension services [29].
We note that rural China is dominated by smallholder farmers facing high costs related to
information acquisition and searches [30]. A survey of 2293 farmers found that over 80% of
farmers make decisions on pesticide use mainly based on their individual experience due
to their low levels of education and limited pesticide knowledge [28], which in turn results
in higher levels of pesticide use [1].

It should be noted that as information technology develops rapidly, Internet-plus
agricultural-extension services provide farmers with relatively accurate technical infor-
mation on pesticide use [11]. We note that the impact of digitalized agricultural technical
information on pesticide use is roughly equal to, or even better than, that of government
agricultural-extension services [16,19]. On the one hand, the Internet-based acquisition of
agricultural technical information improves the accessibility of information. Internet-based
agricultural technical information is characterized by rapid dissemination, storage, and
replication. It can solve the problem of information asymmetry between the supply and
demand sides of agricultural-extension services and facilitate farmers’ search for technical
information related to pest control and pesticide use [19]. On the other hand, the Internet-
based acquisition of agricultural technical information improves the timeliness of pest
prediction and forecasting. Due to the time-sensitive nature of pest control, farmers may
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not take optimal control measures if they do not receive timely pest-forecasting information.
This can result in the overuse of pesticides in attempts to reduce the loss of yields caused
by pest outbreaks [6]. The timeliness of Internet-based agricultural technical information
enables farmers to receive timely and accurate information on the timing of pest control
prior to pest outbreaks. This reduces the probability of pesticide overuse in the later stages
of pest control. In this context, the first hypothesis is proposed as follows:

Hypothesis 1. Internet-based information acquisition would exert a negative impact on pesticide-
use intensity among farmers.

From a mechanism perspective, Internet-based information acquisition can improve
farmers’ knowledge of agrochemical use, thereby reducing the intensity of pesticide use
in agricultural production. Several studies found that it provides an open platform for
farmers to communicate with agronomists or experts, and it breaks down the spatial and
temporal barriers of knowledge and information transfer [16], which enables farmers to
gain knowledge related to agricultural production and technology online, thus continuously
accumulating human capital [29]. In addition, previous studies pointed out that the increase
in farmers’ knowledge level has a significantly negative impact on the intensity of pesticide
use, and for each unit increase in farmers’ knowledge level, their pesticide use would be
reduced by 1.95 kg/ha [30]. From this perspective, Internet-based information acquisition
can contribute to a reduction in pesticide use and the development of green agriculture by
improving farmers’ knowledge level. Thus, the second hypothesis is developed as follows:

Hypothesis 2. Internet-based information acquisition would reduce pesticide-use intensity through
improving farmers’ technical knowledge level.

There may exist heterogeneous impacts of Internet-based information acquisition
on pesticide use across different levels of education or farm sizes. On the one hand,
farmers with lower levels of education face higher technological thresholds in accessing
Internet-based agricultural technical information. Even if they use modern information and
communication tools, they may do so to access other non-agricultural production-related in-
formation, such as entertainment [23,31]. Therefore, Internet-based information acquisition
may have a smaller impact on pesticide use among farmers with lower education levels. In
terms of farm size, on the other hand, the probability of obtaining technical information is
lower for smallholder farmers. When smallholder farmers obtain technical information
from Internet platforms, their technical knowledge can also be significantly improved,
which may lead to a reduction in pesticide use [19]. In comparison, large-scale farmers may
choose to reduce yield losses by increasing pesticide use for risk-aversion reasons [32]. In
particular, there may exist a lack of incentive for large-scale farmers to reduce pesticide use
in the context of information asymmetry in the production and consumption of agricultural
products [33].

Hypothesis 3a. The impact of Internet-based information acquisition on pesticide use by farmers
varies across education levels.

Hypothesis 3b. The impact of Internet-based information acquisition on pesticide use varies across
farm sizes.

3. Methods and Materials
3.1. Study Area and Data Collection

The data used in this study were collected from a survey of 1133 rice farmers in
the Yangtze River Basin in China between October and November in 2016. We note that
rice is the most important food crop in China, and the problem of pesticide overuse in
rice cultivation is severe and repeatedly documented in the literature [34–36]. Hence,
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our analysis with a focus on rice farmers may have important policy implications for
reducing pesticide use in rice production in China. Moreover, the Yangtze River Basin is
the largest rice-producing region in China, producing over 60% of the total rice output in
China [37]. Data were obtained in four provinces in the Yangtze River Basin, including
the Guizhou, Hubei, Jiangsu, and Zhejiang provinces. Guizhou is in the upper reach
of the Yangtze River Basin, Hubei is in the middle reach of the Yangtze River Basin,
and Jiangsu and Zhejiang are in the lower reach of the Yangtze River Basin. All four
provinces are the main rice-producing provinces in the Yangtze River Basin. In this
context, our sample has good representativeness.

The farmer survey was conducted using a random sampling methodology, with
specific sampling steps employed. First, the rice-producing counties (districts and cities)
in each province were divided into high and low groups based on their per capita
income level. Two counties (districts and cities) were randomly selected from each
group. Second, two townships were randomly selected in each county (district and
city) following a similar methodology. Third, two villages were randomly selected in
each township. Fourth, 15–20 rice farmers were randomly selected in each village using
the random sampling method. To ensure the reliability of the survey data, the group
surveyed only the agricultural decision-maker of each farm household. The survey
collected a considerable amount of information, such as the individual and household
characteristics of farmers (e.g., gender, age, education), the situation of Internet-based
information acquisition, and other inputs and outputs in rice production. After excluding
a small number of sampled farmers who could not provide information on pesticide use,
a total of 1113 farmers remained in the sample.

3.2. Variable Definition

(1) Dependent variable. In this study, the intensity of pesticide use is defined as the
dependent variable. It represents the application rate of total pesticides used per unit of
rice-sown area. Pesticides used by farmers include insecticides, fungicides, and herbicides.

(2) Independent variable. A dummy variable describing farmers’ acquisition of
Internet-based information is defined as the core independent variable. In this study,
the dummy variable of Internet-based information acquisition is equal to one when a
farmer obtains technical information from the Internet or shares technical information
through Internet platforms, and it is zero otherwise.

(3) Control variables. This study considers several variables that may also affect the
intensity of pesticide use. The control variables in this study consist of four groups. The
first group included farmers’ individual and household characteristics, such as gender,
age, education, distance from the household to the county, and the number of laborers in
the household. The second group included economic and technical training factors, such
as the price of pesticides and whether the farmer participated in technical training. The
third group contained the characteristics of rice cultivation, including the topography of
the rice cultivation plot, the rice-sown area, the season of rice cultivation, the adoption of
direct seeding, and the adoption of hybrid varieties. The fourth group of control variables
included a provincial dummy variable, which serves to control for the impact of region-
specific unobservable factors (e.g., pesticide policies and weather conditions).

(4) Mediating variable. Farmers’ technical knowledge about agrochemical use is
employed as a mediating variable that connects farmers’ Internet-based information ac-
quisition and pesticide-use intensity. Each sampled farmer was asked to participate in a
pesticide-related knowledge test containing ten questions. If a farmer answered a question
correctly, she/he received a point. Thus, the score of farmers’ technical knowledge ranges
from zero to ten.

(5) Instrumental variable. There are two instrumental variables. It should be noted
that constructing instrumental variables based on peer effects is common in the previous
literature, with good results [19,38,39]. First, this study identifies whether there are other
farmers in the same village obtaining technical information from the Internet, and then uses
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this as an instrumental variable for farmers’ Internet-based information acquisition. In the
context, a dummy variable is equal to one if a farmer obtained technical information from
the Internet, and it is zero otherwise. Under the conditions of rural acquaintance society,
the behavior of farmers is significantly influenced by the behavior of other farmers in the
same village [16]. If other farmers in the same village obtained technical information from
the Internet, the farmer was more likely to do so. Thus, this dummy variable theoretically
satisfies the correlation condition for instrumental variables. In addition, the decision of
other farmers in the same village to obtain technical information via the Internet would
not directly influence the intensity of pesticide use by the farmer except through her/his
Internet-based information acquisition. This implies that the dummy variable also theoreti-
cally meets the exclusive constraint for instrumental variables. Second, this study employs
the average score of farmers’ technical knowledge among other farmers in the same village
as an instrumental variable for the technical knowledge of the farmer.

The definitions and descriptive statistics of main variables are presented in Table 1.

Table 1. Definitions and descriptive statistics of main variables.

Variable Definition Mean (SD)

Pesticide use The intensity of pesticide use (kg/ha) 4.53 (7.31)
Internet use One if a farmer obtains technical information from the Internet, zero otherwise 0.14 (0.34)

Male One if a farmer is male, zero otherwise 0.90 (0.29)
Age Age of a farmer (years) 57.06 (9.66)

Education Years of education (years) 6.62 (3.28)
Training One if a farmer participates technical training, zero otherwise 0.24 (0.43)

Pesticide price Price of pesticide (yuan/kg) 134.92 (128.14)
Flat land One if land is flat, zero otherwise 0.69 (0.46)
Distance Distance to the county (km) 20.54 (11.35)

Labor Number of household laborers 3.00 (1.25)
Sown area Total sown area of rice (ha) 1.96 (11.00)

Late-season rice One if a farmer grows late-season rice, zero otherwise 0.48 (0.50)
Direct seeding One if a farmer adopts direct seeding, zero otherwise 0.47 (0.50)

Hybrid varieties One if a farmer adopts hybrid varieties, zero otherwise 0.48 (0.50)
Knowledge Score of a farmer’s technical knowledge 5.24 (1.89)

IV1 One if another farmer in the same village obtains information from the
Internet, zero otherwise 0.81 (0.40)

IV2 The average knowledge score among other farmers in the same village 5.24 (0.02)
Observations 1113

Notes: Data from the authors’ survey. Figures in parentheses are standard deviations.

Table 2 presents the mean differences between the obtainers and non-obtainers of
Internet-based information. It is notable that there are significant differences in most of the
variables between these two groups of rice farmers, which may indicate the presence of
self-selection in rice farmers’ acquisition of Internet-based information.

3.3. Treatment-Effects Model

The present study aims to examine the impact of Internet-based information ac-
quisition on farmers’ pesticide-use intensity. We note that there may be other factors
that would influence the intensity of pesticide use by farmers. Accordingly, this study
employs the treatment-effects model proposed by Maddala to address the self-selection
problem [40], and an equation with pesticide-use intensity as the dependent variable is
developed as follows:

Yi = α + βMi + X’
iγ + ui (1)

where i indicates the i-th farmer; Yi is the intensity of pesticide use by farmers in rice
production; Mi is a dummy variable that is equal to one if a farmer obtains Internet-based
information, and it is zero otherwise; Xi is a set of control variables affecting the intensity
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of pesticide use by farmers; α, β and γ are coefficients to be estimated; and ui indicates the
random error.

Table 2. Mean differences between the Internet users and non-users.

Variable Internet Users Internet Non-Users Mean Differences

Pesticide use 4.74 (7.74) 3.15 (3.18) 1.59 **
Male 0.91 (0.29) 0.90 (0.30) 0.00
Age 58.22 (9.21) 49.66 (9.23) 8.56 ***

Education 6.24 (3.22) 9.04 (2.63) −2.79 ***
Training 0.19 (0.39) 0.57 (0.50) −0.38 ***

Pesticide price 129.93 (123.51) 166.72 (151.01) −36.79 ***
Flat land 0.67 (0.47) 0.81 (0.39) −0.14 ***
Distance 20.56 (11.53) 20.47 (10.20) 0.08

Labor 3.01 (1.26) 2.91 (1.18) 0.10
Sown area 1.02 (3.81) 7.95 (27.60) −6.93 ***

Late-season rice 0.47 (0.50) 0.51 (0.50) −0.04
Direct seeding 0.48 (0.50) 0.42 (0.49) 0.06

Hybrid varieties 0.49 (0.50) 0.42 (0.50) 0.07
Knowledge 5.07 (1.85) 6.35 (1.79) −1.28 ***

IV1 0.78 (0.41) 0.95 (0.21) −0.17 ***
IV2 5.20 (0.76) 5.55 (0.77) −0.35 ***

Observations 962 151
Notes: Data from the authors’ survey. Figures in parentheses are standard deviations. ***, and ** indicate
significance at the 1%, and 5% level, respectively.

If Mi is exogenous, the ordinary least-squares (OLS) method can be used to estimate
Equation (1) and examine the impact of Internet-based information acquisition on farmers’
pesticide-use intensity. Whether a farmer obtains technical information from the Internet
can be described as a latent variable (Mi

*), which is determined by both observable and
unobservable factors. In this study, the farmer’s Internet-based information acquisition
is not the result of random selection by farmers [13]. Thus, the latent variable can be
expressed as follows:

M∗
i = ϑ + Z’

iδ + vi

Mi =

{
1, M∗

i > 0
0, M∗

i ≤ 0
(2)

where Zi includes the factors influencing farmers’ Internet-based information acquisition,
and there is at least one variable included in Zi but not included in Xi. Obviously, this
variable is the instrumental variable. ϑ andδ are coefficients to be estimated, and vi indicates
the random error.

In addition, the random error terms ui and vi in Equations (1) and (2) should obey a
binary normal distribution with the following covariance matrix:

Cov(ui, vi) =

[
σ2

u ρσu
ρσu 1

]
(3)

where the variance σv
2 of vi is normalized to 1, and ρ is the correlation coefficient between

the random error term ui and vi. It should be noted that a farmer’s Internet-based informa-
tion acquisition is endogenous due to self-selection bias when the correlation coefficient ρ
is not equal to zero, and it is exogenous when ρ is equal to zero.

Given the self-selection issue of Internet-based information acquisition, the conditional
expectations of pesticide-use intensity for obtainers and non-obtainers of Internet-based
information can be expressed as follows:

E(Yi|Mi = 1) = α + β + X’
iγ + E(ui|Mi = 1) (4)

E(Yi|Mi = 0) = α + X’
iγ + E(ui|Mi = 0) (5)
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Combining Equations (4) and (5), the average treatment effect (ATT) of Internet-based
information acquisition on pesticide-use intensity can be obtained as follows:

ATT = E(Yi|Mi = 1)− E(Yi|Mi = 0)
= β + ρσuλ

(
−ϑ − Z’

iδ
)
+ ρσuλ

(
ϑ + Z’

iδ
)

= β + ρσu
[
λ
(
−ϑ − Z’

iδ
)
+ λ

(
ϑ + Z’

iδ
)] (6)

where λ(·) indicates the inverse Mills function. We note that the ATT is calculated after
addressing the self-selection bias caused by observable and unobservable factors [29]. With
the help of the ATT, it is possible to examine the impact of Internet-based information
acquisition on the intensity of pesticide use.

4. Results and Discussion
4.1. Effects of Internet-Based Information Acquisition on Pesticide Use

This study examined the estimated impact of Internet-based information acquisition
and other factors on pesticide-use intensity using the treatment-effects model (Table 3).
The estimation results using both the OLS method and treatment-effects model are
presented for comparison. This study addresses the issue of self-selection and tests
the validity of the instrumental variables. First, the correlation coefficient ρ is positive
and significant at the 5% level, thereby rejecting the null hypothesis that ui and vi are
uncorrelated. This suggests a positive self-selection bias. Moreover, the χ2 statistic
of the independent equation Wald test is significantly equal to 5.780 at the 5% level,
indicating that the treatment and outcome equations are dependent. This further implies
that Internet-based information acquisition is endogenous due to the self-selection
issue. Secondly, this study uses a two-stage least-squares method to test whether the
instrumental variable is weak. The results indicate that the first-stage F-statistic is
significantly equal to 11.46 at the 1% level, which is considerably larger than its critical
value of 10. This demonstrates that the presence of other farmers in the same village who
obtained technical information from the Internet is not a weak instrumental variable. In
addition, this study employs an OLS method. Specifically, the intensity of pesticide use
is regressed on the instrumental variable, Internet-based information acquisition and
other control variables. The estimated coefficient of the instrumental variable was found
to be equal to −1.284 but not statistically significant, indicating that the instrumental
variable satisfies the exclusive constraint. Thus, the utilization of a treatment-effects
model is reasonable, and the instrumental variable is valid.

In addition to the instrumental variable, the results showed that farmers’ Internet-
based information acquisition is significantly affected by farmers’ age and education, the
rice-sown area, and the adoption of hybrid varieties (Table 3). In this case, the estimated
coefficient of farmer’s age is equal to −0.037, which is statistically significant at the 1%
level. This suggests that as farmers become older, their probability of obtaining technical
information from the Internet decreases. Farmers’ education level is significantly positively
correlated with Internet-based information acquisition. It has been demonstrated that most
farmers that obtain technical information from the Internet are young adults with higher
education. Therefore, it is reasonable that the obtainers of Internet-based information are
typically younger [10,23]. Moreover, an increase in the level of education can significantly
increase the use of the Internet [41]. Furthermore, the probability of Internet-based infor-
mation acquisition is higher for rice farmers with a larger farm size. As previously pointed
out, the farmers with a larger farm size would also have stronger willingness to acquire
new technologies, and thus, they would be more likely to obtain technical information
from the Internet [42]. In addition, farmers’ participation in technical training or adoption
of hybrid varieties also had a significant impact on Internet-based information acquisition,
which is also consistent with the findings of previous studies [43,44].
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Table 3. Impact of the Internet-based information acquisition on pesticide use.

Variable OLS Method
Treatment-Effects Model

Internet Use Pesticide Use

Internet use −0.857 ** (0.358) −2.036 *** (0.690)
Male 0.165 (0.578) −0.195 (0.200) 0.129 (0.571)
Age 0.002 (0.022) −0.037 *** (0.007) −0.006 (0.023)

Education −0.032 (0.073) 0.123 *** (0.022) −0.012 (0.071)
Training −0.860 ** (0.386) 0.690 *** (0.116) −0.671 * (0.388)

Pesticide price −0.012 *** (0.001) 0.001 (0.000) −0.012 *** (0.001)
Flat land −0.334 (0.441) 0.143 (0.178) −0.302 (0.446)
Distance −0.016 (0.013) −0.003 (0.005) −0.017 (0.013)

Labor −0.085 (0.178) 0.027 (0.049) −0.082 (0.177)
Sown area 0.013 ** (0.006) 0.023 *** (0.008) 0.018 ** (0.008)

Late-season rice 0.484 (0.350) 0.122 (0.164) 0.510 (0.347)
Direct seeding −0.134 (0.578) −0.143 (0.139) −0.151 (0.571)

Hybrid varieties 0.628 (0.618) −0.342 ** (0.173) 0.577 (0.602)
IV1 0.671 *** (0.229)

Constant 8.316 *** (1.431) −0.944 * (0.512) 8.769 *** (1.463)
Provincial effects Yes Yes Yes

Correlation coefficient (ρ) 0.100 **
Indep. eqs. (Wald test χ2) 5.780 **

Weak instrument test (F statistic) 11.460 ***
Exogenous test −1.284 (0.798)
Observations 1113

Notes: Figures in parentheses are robust standard errors. ***, **, and * indicate the significance at the 1%, 5%, and
10% level, respectively.

The results of the outcome equation indicate that Internet-based information acqui-
sition led to a significant reduction in pesticide-use intensity in rice production (Table 3).
The estimated coefficient of Internet-based information acquisition is equal to −2.036 and
significant at the 1% level, which means that it contributed to the reduction in pesticide-
use intensity by 2.036 kg/ha, with other factors held constant. This finding is consistent
with previous studies focusing on the impact of smartphone use on agricultural chemical
use [40,42]. It should be noted that the estimation results using the OLS method show
that the estimated coefficient of Internet-based information acquisition is smaller than that
using the treatment-effects model. This suggests that the OLS method may lead to an
underestimation of the impact of Internet-based information acquisition on pesticide use
due to the self-selection issue.

In addition, the price of pesticides, technical training, and the rice-sown area also ex-
hibited a significant impact on pesticide use (Table 3). Specifically, the estimated coefficient
of pesticide prices is equal to −0.012 and significant at the 1% level, indicating that pesticide
use by farmers is economically rational [25]. The estimated coefficient of participation
in technical training is equal to −0.671 and significant at the 10% level, indicating that
technical training can significantly reduce farmers’ pesticide use. Similar findings were
also found in previous studies [45]. The estimated coefficient of the rice-sown area is equal
to 0.018 and significant at the 5% level, consistent with a previous study that revealed
that farmers who engaged in large-scale planting operations were more likely to overuse
pesticides as a means of risk mitigation [46].

4.2. Robustness Checks

To check the robustness of the above findings, this study employs an endogenous
switching regression model for further analysis. This can also be used to correct for the
self-selection bias arising from both observable and unobservable factors. The core idea
of endogenous switching regression modeling is to examine the treatment effect under
counterfactual scenarios [10]. Therefore, we can construct a counterfactual analytical
framework based on the regression results to estimate the treatment effect of Internet-based
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information acquisition on pesticide use by comparing the expected value of pesticide
use between farmers obtaining technical information from the Internet and those not
obtaining technical information from the Internet. In this context, we can obtain the average
treatment effect for the obtainers of Internet-based information (ATT) and non-obtainers of
Internet-based information (ATU). Table 4 reports the estimation results of ATT and ATU.

Table 4. Average treatment effects of the Internet-based information acquisition on pesticide use.

Group Use the Internet Not Use the Internet ATT ATU

Internet users 3.154 (0.139) 5.142 (0.212) −1.988 *** (0.253)
Internet non-users 3.788 (0.051) 4.741 (0.066) −0.953 *** (0.083)

Notes: Figures in parentheses are standard deviations. *** indicates the significance at the 1% level.

Table 4 shows that both the ATT and ATU are significantly negative at the 1% level. In
the context of the counterfactual scenario, the intensity of pesticide use among the obtainers
of Internet-based information would increase by 1.988 kg/ha, which is equal to an increase
of 63.03% when they did not obtain technical information from the Internet. In addition,
the intensity of pesticide use among the non-obtainers of Internet-based information would
decrease by 0.953 kg/ha, which is equal to a reduction of 25.16% when they obtained
technical information from the Internet. These findings reconfirm that Internet-based
information acquisition can significantly reduce the intensity of pesticide use among rice
farmers, which provides evidence for the robustness of the estimation results in Table 3.
In fact, our findings on the negative impact of Internet-based information acquisition on
pesticide use are consistent with another study that illustrates a negative impact of Internet
use on farmers’ use of pesticides [47].

4.3. Mechanism Analysis

Based on the mediation analysis proposed by Baron and Kenny [48], this study further
examines whether Internet-based information acquisition would reduce pesticide use by
improving farmers’ technical knowledge. The mechanism analysis is conducted in three
steps. First, the impact of Internet-based information acquisition and pesticide use is re-
estimated, accounting for other control variables. Second, a model is estimated to examine
the impact of farmers’ Internet-based information acquisition on their technical knowl-
edge. Third, this study estimates the impact of both farmers’ Internet-based information
acquisition and technical knowledge on pesticide use. Given the potential endogeneity
of farmers’ technical knowledge, a two-stage least-squares approach is employed in the
third step. The results of mechanism analysis are presented in Table 5, which indicate that
Internet-based information acquisition would reduce pesticide use by improving farmers’
technical knowledge. We note that the positive contribution of Internet use to the improve-
ment of farmers’ knowledge and human capital accumulation has also been confirmed in
previous studies [49]. However, the estimated coefficient of Internet-based information
acquisition became no longer significant when farmers’ technical knowledge was included
in the model, whereas the estimated coefficient of farmers’ technical knowledge was −1.648
and significant at the 5% level. This strongly suggests that farmers’ technical knowledge
plays a fully mediating role in the relationship between the Internet-based information
acquisition and pesticide use.

4.4. Heterogeneity Analysis

The theoretical analysis of this study suggests that the impact of Internet-based in-
formation acquisition on rice farmers’ pesticide use may be heterogeneous, varying with
farmers’ education level and the rice-sown area. To examine the heterogeneous impacts,
the study re-estimates the treatment-effects models for subgroups by farmers’ education
level and the rice-sown area. First, all the sampled farmers were divided into two groups
based on their education level, with one group of farmers having no more than six years of
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schooling education and the other group of farmers having more than six years of schooling
education. Second, all the farmers were divided into two groups based on their rice-sown
area, with one group of farmers whose rice-sown area was not larger than 0.5 ha and the
other group of farmers whose rice-sown area was larger than 0.5 ha. Table 6 shows the
estimated results of the heterogeneity analysis using the treatment-effects model.

Table 5. Regression results for the mechanism analysis.

Variable OLS (Pesticide Use) OLS (Knowledge) 2SLS (Pesticide Use)

Internet use −0.857 ** (0.358) 0.601 *** (0.161) 0.134 (0.581)
Knowledge −1.648 ** (0.737)

Control variables Yes Yes Yes
Hausman test 3.81 *

F statistic 21.63 ***
Observations 1113

Notes: Figures in parentheses are robust standard errors. ***, **, and * indicate the significance at the 1%, 5%, and
10% level, respectively.

Table 6. Estimation results of heterogeneity analysis using the treatment-effects model.

Variable
Education Level Rice-Sown Area

≤Six Years >Six Years ≤0.5 ha >0.5 ha

Internet use −2.849 ** (1.331) −3.211 *** (0.812) −2.916 *** (0.702) −2.434 (2.084)
Control variables Yes Yes Yes Yes

Correlation coefficient (ρ) 0.162 ** 0.151 *** 0.082 *** 0.272 **
Indep. eqs. (Wald test χ2) 5.670 ** 22.020 *** 8.630 *** 4.500 **

Observations 530 583 801 312

Notes: Figures in parentheses are robust standard errors. ***, and ** indicate the significance at the 1%, and 5%
level, respectively.

The results in Table 6 show that there are heterogeneous impacts of Internet-based
information acquisition on pesticide use across different levels of farmers’ education and
rice-sown areas. While the coefficients of Internet-based information acquisition are signifi-
cantly negative in the models for farmers with different levels of education, the magnitude
of the coefficients differs across groups. Specifically, the estimated coefficient of Internet-
based information acquisition is equal to −2.849 for farmers with no more than six years
of schooling education, and it is −3.211 for those with more than six years of schooling
education. This means that the pesticide-reduction impact is greater for farmers with higher
levels of education. Meanwhile, the impact of Internet-based information acquisition is also
heterogeneous among groups with different rice-sown areas. Specifically, Internet-based
information acquisition was found to significantly reduce the intensity of pesticide use by
2.916 kg/ha among farmers whose rice-sown area was not larger than 0.5 ha. However, it
did not have a significantly negative impact on pesticide-use intensity for farmers with a
rice-sown area of more than 0.5 ha.

5. Conclusions and Policy Implications

Using survey data from a total sample of 1113 rice farmers in Guizhou, Hubei, Jiangsu,
and Zhejiang provinces in the Yangtze River Basin in China, this study explores the impact
of Internet-based information acquisition on pesticide use in rice production in depth.
The treatment-effects model is employed to address the self-selection issue. The findings
demonstrate that Internet-based information acquisition significantly reduces the intensity
of pesticide use in rice production by 2.036 kg/ha. The robustness checks reveal that
if the obtainers of Internet-based information did not obtain technical information from
the Internet, their pesticide-use intensity would increase by 1.988 kg/ha, and if the non-
obtainers of Internet-based information obtained information from the Internet, their
pesticide-use intensity would decrease by 0.953 kg/ha. Moreover, farmers’ technical
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knowledge plays a crucial mediating role in connecting farmers’ Internet-based information
acquisition and their pesticide use. In addition, the impacts of Internet-based information
acquisition on pesticide-use intensity are heterogeneous in terms of rice farmers’ education
level and their rice-sown area.

The findings of this study have several important policy implications. Firstly, ef-
forts should be made to accelerate the construction of rural information infrastructure
networks and expand the channels through which smallholder farmers can obtain technical
information from Internet platforms. Despite the potential of Internet-based information
acquisition to reduce information asymmetry, less than one-fifth of farmers in China obtain
technical information from the Internet. Therefore, the government should implement
relevant policies and enhance resource support accordingly, and it also needs to improve
the Broadband China Action Plan. It is recommended to promote the construction of
network infrastructure, including 5G, gigabit fiber, and satellite 4G, in eligible rural ar-
eas. To encourage farmers to use the Internet, it is necessary to develop data packages
tailored to their specific characteristics and needs. It is also imperative to accelerate the
dissemination of Internet technologies to farmers, so that a larger proportion of farmers can
benefit from improved services. Secondly, the government should promote the ’Internet
plus‘ agricultural-extension services and standardize Internet-based agricultural technical
information. In the context of the variety of information on the Internet, the government
should support agricultural technical information on the Internet and the development of
agricultural technical information-dissemination platforms, which can be designated as
official and authoritative information sources. Moreover, the government can make efforts
to provide a comprehensive range of agricultural technical resources, including technology
tutorials, case sharing, expert consultation, and other relevant materials, to meet the diverse
needs of farmers. In addition, a regulatory and examination mechanism for agricultural
technical information should also be established to clarify the responsibilities and obliga-
tions of information providers as well as authorize the auditing of key information. In
this context, farmers can receive more accurate agricultural technical information. Thirdly,
it is imperative to improve farmers’ skills in using the Internet, with a special focus on
those with limited education. The content of the training program should be based on a
realistic understanding of agricultural production and be closely related to the actual needs
of farmers. The content on live streaming and inclusive finance would be mainly targeted
at returning migrant workers, new business entities and other types of farmers. Efforts
should be made to provide skill training on smartphone and computer usage for the elderly
population in rural areas, which can facilitate the improvement of participants’ skills in
using the Internet and their ability to identify the quality of information on the Internet.
This approach would help farmers to effectively obtain Internet-based information, thereby
reducing the use of pesticides by farmer.

It should be noted that this study has some limitations, and there is potential for future
research. First, this study provides insights into the impact of Internet-based information
acquisition on pesticide use in rice production, but its impact in the production of other
crops remains unknown. Second, the data were collected in October and November in 2016,
and thus, to some extent, were outdated, but this would not interfere with the discussion
of the impact of Internet-based information acquisition on pesticide use and the mediating
role of farmers’ technical knowledge. Furthermore, we would perform additional surveys
in the future as conditions permit. Third, digital agriculture is increasingly showing its
great potential to contribute to the green transformation of agriculture. In the future,
theoretical and empirical analyses should be conducted on the impacts of the application
of Internet-based digital technologies, such as big data and artificial intelligence, to provide
a scientific basis for accelerating the green transformation of agriculture.
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