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Science and Technology Normal University, Nanchang, China

Introduction: How e-commerce businesses improve farmers' fertilizer
application (FFA) and reduced fertilizer application is of great
practical significance.

Methods: Using the data from the China Rural Revitalization Survey (CRRS)
in 2020, the OLS and mediating effect models were exploited to explore the
impact and mechanism of e-commerce operation (EO) on FFA by examining this
heterogeneous effect. We further explored the differences in fertilizer reduction
effects of different EO’s scales and modes.

Results and discussion: The results show that e-commerce operation
significantly negatively impacts farmers ' chemical fertilizer (CF), reducing
CF's amount. The results of the mediating effect test show that agricultural
machinery service plays an intermediary role in the influence of EO on
FFA. The heterogeneity analysis shows that e-commerce operation has a
heterogeneous impact on FFA regarding gender, agricultural functional zoning,
and regional distribution. E-commerce operations can encourage women,
major grain-producing areas, and farmers in the central and western regions
to reduce fertilizer. Further discussion indicates that scale e-commerce and
social e-commerce also perform the fertilizer reduction effect. Therefore, policy
makers are suggested to encourage the transformation of rural industries
into e-commerce to stimulate the production sector to reduce fertilizer use.
These measures help developing countries balance economic growth and
environmental protection, and promote sustainable ecological development.

KEYWORDS

e-commerce operation, farmer household, fertilizer application, agricultural machinery
service, sustainable development

Introduction

The realization of green transformation and sustainable development in agriculture
necessitates the optimization of fertilizer usage to enhance agricultural sustainability.
The green transformation of agricultural production refers to the promotion of
environmentally friendly and sustainable practices within the sector. The primary objective
is to minimize reliance on chemical inputs, such as fertilizers and pesticides, while
enhancing ecological resource protection and improving resource utilization efficiency
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through technological innovation. In contrast to traditional
production systems that heavily depend on high levels of
fertilizers and pesticides to maintain output, this approach signifies
a fundamental shift in agricultural production—from a “high
input, high output” model to one that prioritizes environmental
sustainability. On one hand, fertilizers can significantly improve
yield and quality; they are indispensable inputs for agricultural
production and play a crucial role in addressing global food
security challenges. China stands as the world’s largest producer
and consumer of fertilizers (Pourhosseini et al, 2024). On the
other hand, the overuse and improper application of fertilizers have
become increasingly prevalent, leading to adverse consequences
such as resource wastage, environmental contamination, and soil
acidification. This issue is particularly pronounced against the
backdrop of advancements in agricultural technology coupled with
population growth in rural areas (Zhang et al., 2020). Evidence
from the Asian Development Bank indicates that excessive
dependence on chemical fertilizers has been widespread among
many developing countries for an extended period, highlighting the
challenging task ahead in reducing fertilizer usage.

China, one of the most populous countries in the world,
achieved a fertilizer output of 5,446 tons in 2021, positioning itself
among the global leaders in both total fertilizer production and
consumption (Ji et al., 2023). However, China has not effectively
improved the technology in using fertilizers and faced unreasonable
and unscientific aspects in the application (Liu and Diamond, 2005;
Ju et al., 2009; Zhu and Chen, 2002; Cheng et al., 2011). The
agricultural system in China has historically depended on a high-
input production model to ensure high and stable grain yields (Hu
et al., 2019). The excessive application of chemical inputs such as
chemical fertilizers in the process of the agricultural output will
lead to agricultural severe non-point source pollution, resulting
in increased environmental and ecological loads of agricultural
resources (Huang and Rozelle, 1996; Wang et al., 2022), the decline
in the quality of agricultural products and a series of adverse
feedback loop problems (Liu et al., 2015; Zhao et al, 2019). In
2015, the Ministry of Agriculture and Rural Affairs of China
developed the “Zero Growth Action Plan for Fertilizer Use by
2020” and initiated actions aimed at achieving zero growth in
fertilizer usage. By the end of 2020, Chinas chemical fertilizer
reduction and efficiency increase have successfully achieved the
expected goals. However, reducing chemical fertilizer application
in agricultural production is still arduous. As shown in Figure I,
China’s fertilizer application per hectare has long been higher than
the world average, and the level of developed countries and the gap
was on the rise. The total amount of chemical fertilizer application
in China has remained high all year round, far exceeding the level
of developed countries. Consequently, while sustaining economic
growth, addressing how to continuously reduce chemical fertilizer
usage has emerged as a critical concern not only for China but also
for many developing countries worldwide.

In-depth discussions regarding the factors influencing farmers’
fertilizer application (FFA) behavior have been conducted across
three primary aspects. First, the individual endowments of
farmers play a crucial role. As the central agents in chemical
fertilizer reduction, farmers’ willingness to reduce usage and their
potential technical needs hold significant behavioral implications.
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Characteristics such as age, education level, ecological awareness,
and risk attitudes substantially influence the effectiveness of
fertilizer reduction (Zheng et al., 2022; Tian et al., 2022; Ren,
2023). Additionally, factors such as planting willingness and
intergenerational differences notably affect the quantity of chemical
fertilizers applied by farmers in the present period (Zeng et al.,
2019), while farming experience passed down through generations
also impacts their fertilizer application practices. The second aspect
pertains to agricultural business models. Ecological management
approaches exemplified by ’rice-shrimp co-culture’ demonstrate a
significant capacity for reducing fertilizer use and can effectively
lower the amount of chemical fertilizers that farmers apply
(Liu et al., 2022). Agricultural socialized services can effectively
reduce the amount of chemical fertilizer farmers apply (Chen and
Liu, 2023). By facilitating mechanized fertilization alongside the
expansion of farmland management scales and increasing farmers’
incomes, these services promote a reduction in chemical fertilizer
usage and inhibit its intensity through various means (Yang and
Li, 2022; Wu et al,, 2018; Huan et al., 2022). Furthermore, policy
interventions have encouraged farmers to decrease their reliance
on chemical fertilizers.

On the one hand, by giving farmers subsidies, sharing farmers’
fertilization costs, and improving farmers income expectations,
farmers’ willingness to reduce chemical fertilizer can be effectively
enhanced (Guo et al, 2021; Yang et al, 2022). On the other
hand, the fertilizer utilization rate was improved by direct
intervention in farmers ’ fertilizer application behavior (Stuart
et al, 2014; Lv et al., 2023). Regarding agricultural product sales,
the government encourages a transition toward green production
through market mechanisms by increasing consumer subsidies for
green consumption prices (Tian et al., 2022). This approach aims
to motivate farmers to enhance their production methods and
decrease their reliance on chemical fertilizers at the production
level (He et al., 2023).

E-commerce has shown a vigorous development trend in rural
areas of China. Data released by the National Bureau of Statistics
of China shows that in 2023, the national online retail sales
reached 2.237 trillion US dollars, up 11.0% from the previous
year. Among them, the online retail sales in rural areas reached
361 billion US dollars, nearly 13 times that of 2014; the online
retail sales of agricultural products across the country reached
85.11 billion US dollars, up 12.5% year-on-year. Developing
countries like Egypt, India, and Vietnam have also announced
rural e-commerce expansion plans (Couture et al., 2021). Rural e-
commerce is increasingly being recognized as a new growth point
for the rural economy in developing nations (Li, 2017; Qiu et al.,
2024). The vigorous development of agricultural e-commerce in
China has had a significant impact on the country’s traditional
agricultural development model that relies excessively on the use
of agricultural fertilizers and pesticides (Lin et al., 2016; Liu et al.,
2021). Here, agricultural e-commerce is defined as a business model
based on the Internet and the Internet of Things for trading
agricultural materials and products, enabling farmers to effectively
break through geographical restrictions and participate in national
and global economic development (Aker and Ksoll, 2016; Liu
et al., 2021). Other studies have shown that the development
of e-commerce has a significant reduction effect on agricultural
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non-point source pollution (Wang et al., 2022), and the use of
the Internet has a significant direct impact on farmers’ reduction
of pesticides (Zhao et al., 2021). Under the context of agricultural
green transformation, the excessive application of fertilizers
has intensified environmental pollution and soil degradation.
However, e-commerce, through technological empowerment—
such as precise agricultural information dissemination and market
connectivity for organic products—has the potential to reshape
farmers’ production decisions and encourage a reduction in
fertilizer usage. Investigating the relationship between these two
factors not only offers a novel approach to addressing the issue of
agricultural non-point source pollution but also provides empirical
evidence for policy design aimed at leveraging the digital economy
to promote sustainable development. This endeavor holds both
ecological significance and practical necessity. Farmers’ fertilizer
reduction behavior is an endogenous response to changes in
key economic variables, which are inevitably influenced by the
development of agricultural e-commerce. Agricultural e-commerce
serves as a powerful mechanism for marketization. While it
impacts farmers sales methods and economic income, it also
has the potential to extend the production chain upward and
transmit effects to the production end, thereby influencing the

Frontiers in Sustainable Food Systems

safety of agricultural product production. To elucidate its effects,
we aim to address the following questions: (1) Can e-commerce
operations incentivize farmers to reduce their fertilizer application?
(2) If so, what is the underlying impact mechanism? (3) Is
there heterogeneity in how e-commerce operations affect farmers’
fertilizer application behaviors?

This paper investigates the impact and mechanisms of e-
commerce operations (EO) on farmers fertilizer application
(FFA), utilizing data from the China Rural Revitalization
Survey conducted in 2020. Additionally, it further analyzes
this heterogeneous impact. The objective of our research is to
provide both theoretical and empirical insights for China and, by
extension, for many developing countries, thereby facilitating the
green transformation of agricultural production (GTAP) methods.
Compared with existing studies, the marginal contribution of
this paper may lie in the following aspects. First, it focuses on
the environmental effects of e-commerce operations, explores
the behavioral logic of farmers reduction in chemical fertilizer
use from the perspective of e-commerce operations, constructs
a theoretical framework of “e-commerce operations—agricultural
machinery services—reduction in chemical fertilizer use”, and uses
national micro-survey data to measure the effect and mechanism of
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e-commerce operations on farmers’ chemical fertilizer application
behavior, thus enriching the relevant research on the influencing
factors of farmers’ chemical fertilizer application behavior. Second,
it considers the differences in farmers’ endowments and regional
endowments, and examines the heterogeneous impact of e-
commerce operations on farmers chemical fertilizer application
behavior. To further verify this analysis, this paper uses the
geographical detector factor to verify the sampled provinces,
ensuring that the treatment effect of e-commerce services does
not have spatial correlation and ensuring the robustness of
the treatment effect. Finally, it further discusses the differences
in the impact of different e-commerce operation scales and
e-commerce operation models on farmers chemical fertilizer
application behavior, providing targeted suggestions for the
green transformation of agriculture and the protection of rural
ecological environment.

The remainder of this article is structured as follows. The
second section presents the theoretical analysis and research
hypotheses. The third section discusses the data sources,
variable selection, and model construction. Following that is an
examination of the empirical results. Finally, the fifth section
concludes with research findings and policy implications.

Theoretical analysis

As a quintessential representative of the digital economy
model, e-commerce has significantly contributed to the green
transformation of agricultural production methods. It not only
enhances market transparency but also reduces transaction costs.
Through information disclosure and feedback mechanisms, e-
commerce encourages farmers to adopt environmentally friendly
production technologies. Furthermore, the implementation of
agricultural machinery services has further improved fertilizer
use efficiency and facilitated a reduction in chemical fertilizers.
However, due to factors such as individual farmer endowments and
regional conditions, the impacts of e-commerce operations may
exhibit heterogeneity.

The impact of e-commerce operation on
farmers ' fertilizer application

The Global Trade in Agricultural Products (GTAP) program
encounters significant challenges due to the absence of both
positive incentive mechanisms and negative punitive measures.
Specifically, agricultural products often lack adequate quality
ratings and green certifications, which hinders their ability to
gain a competitive advantage in the marketplace. Concurrently,
the insufficient implementation of punishment mechanisms for
non-green production practices ultimately diminishes farmers’
motivation to transition toward sustainable production methods
(Herzfeld and Jongeneel, 2012). The shift from traditional
production models to greener alternatives frequently entails
higher production costs; however, the limited premium potential
associated with fragmented green agricultural products makes
it challenging for farmers to realize increased profits. This
situation further reduces the impetus for GTAP engagement (Yin
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et al., 2022). As a novel catalyst for transforming agricultural
development models, e-commerce has played a pivotal role in
significantly reducing chemical fertilizer usage (Li et al., 2021).
It encourages farmers to adopt organic and compound fertilizers
while minimizing reliance on chemical inputs. This shift effectively
mitigates agricultural non-point source pollution and generates
substantial environmental benefits (Zhang et al., 2022; Shen et al.,
2022).

Firstly, e-commerce enhances market transparency, raises
the price expectations of green products, and boosts farmers’
willingness to engage in green production, thereby encouraging
them to reduce the use of chemical fertilizers. In traditional
agricultural business models, due to information asymmetry and
an unfair competitive environment, producers are prone to engage
in inferior-quality speculative behavior, and the “price mechanism”
that reflects product quality is at risk of failure (Ji et al., 2023). The
development of e-commerce expands the market scope, intensifies
competition in the agricultural product market, improves the
problem of information asymmetry (Zhang et al, 2022), and
enhances the efficiency of the agricultural product sales market
(Guo et al, 2022; Yang et al, 2024; Yi et al,, 2023), providing
the possibility of “higher price for better quality” for green
agricultural products and ultimately promoting a reduction in
the use of chemical fertilizers (He et al, 2023). Secondly, e-
commerce can expand the sales range, lower transaction costs, and
increase sales revenue, enabling farmers to have more funds for
green production investment and thus reduce the use of chemical
fertilizers. On one hand, the e-commerce business model can
break through geographical limitations, expand the sales range of
agricultural products, and alleviate the problem of no increase in
income despite a bumper harvest caused by product homogeneity
(Leong et al., 2016). On the other hand, the e-commerce business
model enhances farmers’ bargaining power over their products,
reduces intermediate links and dependence on middlemen, lowers
transaction costs in the sales process, increases income, and
strengthens farmers’ willingness to invest in production (Goetzke
et al., 2014). The scale and quality of social networks also affect
the e-commerce sales of agricultural products, and the scale and
quality of social networks are influenced by the “word-of-mouth
effect”. Good product word-of-mouth is the key to the long-term
operation of farmers e-commerce, which makes farmers choose
to adopt green production technologies and reduce the use of
chemical fertilizers in pursuit of positive product evaluations (Lin
and Wang, 2018). At the same time, the information disclosure and
feedback mechanisms embedded in e-commerce platforms enable
consumers to clearly and intuitively obtain relevant information
about product quality and the relationships between producers
and consumers, as well as among consumers (Kolotylo-Kulkarni
et al, 2021). Unobstructed information exchange and two-way
feedback allow consumers to better understand the production
process, thereby forming value recognition and purchase stickiness,
and supervising the quality and safety of agricultural products,
which prompts farmers to pay more attention to green production
and increases their willingness to reduce the use of chemical
fertilizers (Yan and Liu, 2022). Hence, the research hypothesis 1
is proposed.

H1: EO has a significant negative impact on FFA and can reduce
this amount.
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The mechanism of e-commerce operation

Rural e-commerce can break through the limitations of
time and space, reconstruct the cooperation channels between
production and marketing, and generate a cluster effect, enabling
scattered small-scale farmers to engage in industrial cooperation,
expand the scale of land operation, increase the demand for
mechanized production operations, and encourage farmers to
adopt agricultural machinery services. At the same time, the
adoption of e-commerce can increase income, enhance farmers’
investment willingness and capacity, and encourage farmers to
increase agricultural investment in agricultural machinery, organic
fertilizers, etc. (Yan and Liu, 2022). The development of the rural e-
commerce industry further promotes the improvement of regional
infrastructure and the optimal allocation of resource elements,
facilitates the transformation of agricultural production toward the
GTAP model of mechanization and standardization, promotes the
wide application of agricultural machinery services in agricultural
production, and forces local agricultural production to transform
toward intensification, refinement, and intelligence (Lin et al,
2022). Compared with manual fertilization, farmers’ adoption of
agricultural machinery services for fertilization (Wang et al., 2018,
2022) can effectively increase fertilizer utilization rates and reduce
the use of chemical fertilizers. Mechanized fertilization is more
fixed in terms of quantity in both time and space dimensions,
usually showing higher standardization (Ji et al., 2023), which
can prevent over-fertilization. At the same time, the use of
automated, intelligent, and precise agricultural machinery services
for fertilization can effectively improve the traceability of fertilizer
use and enhance the credibility of “green” products, thereby
encouraging farmers to reduce fertilizer input (Yuan et al., 2021).
Additionally, in response to the government’s green production
requirements and under the constraints of reputation capital and
market competition, agricultural machinery service providers tend
to offer higher-quality fertilizers and green agricultural materials
such as organic fertilizers (Li et al., 2014; Fang et al., 2021), thereby
encouraging farmers to increase the use of organic fertilizers and
reduce the application of chemical fertilizers. Hence, the following
hypothesis 2 is proposed.

H2: E-commerce reduces FFA by promoting farmers ’ adoption
of agricultural machinery services.

The heterogeneous impact of e-commerce
operation

Given the differences in individual endowments of farmers
and regional conditions, the impact of e-commerce operations
on family farm agriculture may be heterogeneous. First, due to
the influence of industrialization and urbanization, coupled with
gender imbalance in the labor market, to maximize the total
household income, the phenomenon of family labor, especially
male labor, going out to work has significantly increased. In
contrast, female labor has more options to stay in rural areas
and take on the responsibility of caring for the family and
engaging in agricultural production (Kaspar, 2005; Fang, 2023).
The opportunities for farmers to receive green production training
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have also increased, and they are more inclined to reduce
the use of chemical fertilizers (Yuan et al., 2022). Second, the
impact of e-commerce operations on family farm agriculture
is influenced by agricultural functional zoning. Compared with
non-grain production areas, grain production areas have better
quality of cultivated land and agricultural infrastructure, and
higher requirements for the quality of agricultural products, which
provides a favorable external environment for the reduction of
chemical fertilizers in e-commerce operations. At the same time,
the concentration of contiguous cultivated land resources in
grain production areas is conducive to mechanization and precise
fertilization, improving the efficiency of fertilizer application,
making fertilization more efficient and precise, and thereby
promoting the reduction of chemical fertilizers (Ji et al., 2023).
Finally, the impact of e-commerce operations on the reduction
of chemical fertilizers is influenced by regional distribution.
Central and western provinces are located inland, with agriculture
dominated by crop cultivation, more abundant cultivated land
resources, and more diverse and strict support policies for
cultivated land quality protection. Objectively, this increases the
possibility for farmers to reduce the use of chemical fertilizers. As
the e-commerce market gradually penetrates rural areas, farmers in
central and western regions have a clearer understanding of green
production. They are more inclined to reduce the use of chemical
fertilizers to obtain higher product premiums and expand market
sales. Hence, this paper proposes Hypothesis 3:

H3: The impact of EO on FFA is heterogeneous in gender,
agricultural functional zoning, and regional distribution.

Materials and methods

Data sources

Chinas fertilizer reduction action plan was initiated in 2015
and implemented over a five-year period, concluding in 2020.
Prior to this initiative, Chinese farmers frequently over applied
pesticides and fertilizers on their fields, resulting in significant
soil pollution. A survey conducted by the Chinese Academy
of Agricultural Sciences in 2015 across 20 intensive vegetable-
growing areas in five northern provinces revealed that the average
nitrogen fertilizer application rate exceeded the internationally
recognized upper limit of 225 kilograms per hectare in most
regions of China. At that time, an investigation by the Henan
Provincial Department of Agriculture indicated that only one-
third of more than three million tons of fertilizers were effectively
absorbed by crops. Among over 800 surveyed locations, it was
found that ~50% exhibited groundwater nitrate levels surpassing
acceptable standards due to excessive nitrogen fertilizer usage. In
2015, central and southeastern regions of China (excluding Jiangxi
and Shanxi) emerged as potential high-risk areas for elevated
nitrate concentrations in groundwater attributable to excessive
nitrogen fertilizer application. Consequently, in 2017, the Ministry
of Agriculture and Rural Affairs of China issued an action plan
aimed at substituting chemical fertilizers with organic alternatives
specifically within fruit, vegetable, and tea cultivation sectors.

To capture the micro-characteristics of family farms in
farmland cultivation, relevant data can be sourced from the
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“China Rural Revitalization Survey,” organized by the Institute
of Rural Development at the Chinese Academy of Social
Sciences. This survey was initiated in August and September
2020 and officially released in October 2022. The rationale for
selecting this survey data lies in its focus on core aspects
of rural development, including rural population dynamics,
labor force participation, industrial structure, and consumption
patterns among rural residents. Furthermore, the research team
conducts follow-up surveys biennially, thereby ensuring high
levels of data accuracy and relevance to this study. During the
sampling process for data collection, 10 sample provinces were
randomly selected from various regions—eastern, central, western,
and northeastern—including Guangdong, Zhejiang, Shandong,
Anhui, Henan, Heilongjiang, Guizhou, Sichuan, Shaanxi, and
Ningxia. This selection considered factors such as economic
development levels, regional locations, and agricultural conditions.
Subsequently, all counties within each province were ranked
according to per capita GDP; fifty sample counties were then
chosen using an equal-interval sampling method while also taking
into account the spatial distribution of these counties. Next, the
towns and villages within the sampled counties were ranked based
on their economic development levels. From this ranking,156
sample towns and 300 sample villages were randomly selected.
Finally,3,833 farmer samples were randomly drawn based on
lists provided by village committees. In accordance with the
requirements of this study, after eliminating missing values and
outliers related to key variables, a total of 2,328 valid samples were
ultimately retained for analysis.

This paper analyzes the situation of Taobao villages and
fertilizer application in the sample provinces, and the results
are shown in Figure 2. Meanwhile, this paper conducts the
identification of geographical detection factors (Cao et al., 2013).
The results indicate that the coefficients for e-commerce operations
and agricultural machinery service adoption are 0.778 and 0.610,
respectively, with both significance levels exceeding 0.1. This
implies that the influence effects of e-commerce operations and

10.3389/fsufs.2025.1557224

agricultural machinery service adoption do not exhibit spatial
correlation. Furthermore, through interaction detection analysis,
the interaction coefficient between e-commerce operations and
agricultural machinery service adoption is 0.853, but its spatial
correlation coefficient is also >0.1, which is not statistically
significant. This demonstrates that the interplay between e-
commerce operations and agricultural machinery service adoption
does not exhibit spatial correlation and is not spatially varied by the
number of Taobao Villages.

Variables

Dependent variables

Following Ji et al. (2023), the dependent variable of this paper
is the behavior of FFA measured by the amount of fertilizer applied
per hectare. To weaken the potential heteroscedasticity problem of
the model, this paper logarithmicizes the amount of fertilizer used
per hectare (Wooldridge, 2015).

Core independent variable

The core independent variable of this paper is e-commerce
operation. With the rapid development of information technology
and the widespread popularity of the Internet in rural areas, rural
e-commerce has received more and more attention. This paper
selects “whether your home is operating and has products through
online transactions” in the farmer’s questionnaire to measure EO
and regards the participation of farmers in online transactions with
a value of 1; otherwise, 0.

Mediating variables

The intermediary variable of this paper is the adoption of
agricultural machinery services. By encouraging farmers to adopt
agricultural machinery services, e-commerce operations improve
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TABLE 1 Variable definition, measurement, and descriptive statistical analysis.

Variable type Variable Minimum Maximum
measures value value
Dependent variable Fertilizer Fertilizer application per 1.983 2.770 0 12.396
application hectare (kg), (logarithm)
behavior of farmers
Independent Farmers’ Whether e-commerce 0.054 0.226 0 1
variable e-commerce operation: Yes = 1; No =
operation 0
Mediating variable Adoption of Proportion of 5.938 23.355 0 100
agricultural agricultural machinery
machinery services services in fertilization
process (%)
Control variable Gender Male = 1, female = 0 0.935 0.245 0 1
Age Year 53.322 10.933 20 87
Marriage status Married = 1, unmarried 0.932 0.251 0 1
=0
Political status Party member = 1, 0.241 0.423 0 1
non-party member = 0
Education Not attending school = 2753 0.842 1 5
1; Primary school = 2;
Junior high = 3; High
school = 4; University
and above =5
Number of Set 4.073 1.557 1 10
household housing
Cooperative Whether family 0.241 0.428 0 1
participation members join the co-op:
Yes=1;No=0
Proportion of Agricultural income as a 19.042 25.648 0.217 99.782
agricultural income percentage of total
income (%)
Village terrain Plain =1; 1.952 0.885 1 3
Hills, mid-levels =2;
Mountain area =3
Village economic Village per capita 1.533 0.879 0.491 4
development level disposable income
(10,000 yuan),
(logarithm)
Distance from the Distance from Village 22.253 16.237 1 85
village to the county | Committee to County
government government (km)

the accuracy and standardization of fertilizer application, thereby
reducing fertilizer application. This paper takes the proportion
of agricultural machinery service in fertilization to measure
agricultural machinery service adoption.

Control variables

Referring to the research of Huang et al. (2015), Wang et al.
(2018) and Wu et al. (2018), this paper selects control variables
from the three dimensions of individual characteristics, family
characteristics, and regional characteristics of farmers. Among
them, individual characteristics include gender, age, marital status,
political outlook, and education level; family characteristics include
family population size, cooperative participation, and proportion
of agricultural income; regional characteristics include village
topography, village economic development level, and the distance
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between the village and the county government. The specific
variable description and descriptive statistical characteristics are
shown in Table 1.

This paper compared the amount of chemical fertilizer
applied by farmers operating e-commerce and those not operating
e-commerce. Figure3 is the density distribution map and
cumulative distribution map of farmers CF amounts. The
“density y” refers to the kernel density plot of the amount
of chemical fertilizer applied by farmers. It can be seen from
the graph that the amount of fertilizer applied by farmers
who operate e-commerce was less than that of farmers who
do not operate e-commerce. It can be preliminary judged
that e-commerce operation plays a vital role in promoting
farmers’  fertilizer reduction. The following empirically
analyzed the impact of e-commerce operations on farmers’

fertilizer applications.
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Model construction

OLS model

Since the dependent variables are continuous variables, the OLS
Model was used to analyze the influence of e-commerce operations
on farmers’ chemical fertilizer application behavior. The specific
model was set as follows:

Ch_Fer = By + B1Ecom + B, X + ¢ (1)

WhereCh_Fer variable,Ecom

represents the core independent variable, Xrepresents the control

represents the dependent

variable, and ¢ is the random disturbance term.

The mediating effect model

Drawing on Baron and Kenny’s (1986) research, this paper used
the stepwise regression method to examine the intermediary role
of agricultural machinery services. The first step was to test the
impact of e-commerce operation on the application behavior of
farmers, and the second step was to test the effect of e-commerce
operation on the adoption of agricultural machinery services. Next,
the impact of e-commerce operation and agricultural machinery
service adoption on the application behavior of farmers was tested.
The mediation effect model was set as follows:

Y; = ap + a1 Ecom; + axX; + &1 (2)
M; = Bo + B1Ecom; + BoXi + &2 (3)
Yi = ¢o + ¢1Ecom; + ¢po2M; + ¢p3X; + &3 (4)

Among them, Y; represents the amount of fertilizer applied
by the I farmer per hectare and takes logarithmic form; Ecom;
represents the i farmer e-commerce operation; M; represents
the intermediary variable, namely the adoption of agricultural
machinery services;X; represents other control variables, including
individual characteristics, family characteristics and regional
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characteristics; o is the total effect of e-commerce operation on
farmers’ fertilizer application behavior, f; is the influence of e-
commerce operation on intermediary variables, ¢is the direct
effect of e-commerce operation on farmers’ fertilizer application
behavior, and ¢, is the direct effect of the intermediary variable
on farmers’ fertilizer application behavior; &; is the random
disturbance term.

Results

Base line regression

The regression results of the influence of e-commerce operation
on the chemical fertilizer application behavior of farmers are
shown in Table 2. Columns (1), (2), and (3), respectively,
show the regression results of individual characteristics, family
characteristics, and regional characteristics. The regression results
show that EO has a significant negative impact on CF. That
is, e-commerce operation significantly reduces the amount of
CF they apply. Hypothesis 1 was verified, confirming the pro-
environmental effect of e-commerce operations.

Among the control variables, age, the proportion of agricultural
income, and the level of village economic development had a
significant adverse effect on the fertilizer application behavior
of farmers, which could reduce the FFA. Gender, marital status,
and village topography significantly positively affected FFA. Under
the influence of urbanization and industrialization, most of
the young labor force goes out to work. It engages in non-
agricultural work, while the rural labor force in agricultural
production is older and more likely to adopt new technologies
to reduce fertilizer. For farmers with a high proportion of
agricultural income, their income sources mainly depend on
agricultural production activities. They pay more attention to
the economic benefits of green production and are more
inclined to reduce fertilizer application. For villages with high
economic development levels, their farmland infrastructure is
more perfect, and farmers are more likely to use machinery in
fertilization, which is conducive to reducing the amount of fertilizer
application. Affected by urbanization and industrialization, male
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TABLE 2 Benchmark regression results of e-commerce operations on
farmers’ fertilizer application behaviors.

10.3389/fsufs.2025.1557224

TABLE 3 The robust regression results of replacement dependent
variables.

Variable name (1) 2 () [l Variable name (1) 2 3 |
Farmers’ e-commerce —1.762*** —1.707*** —1.311%= Farmers’ e-commerce —1.713%* —2.141%** —1.457*
operation operation
(0.250) (0.251) (0.249)
(0.370) (0.360) (0.355)
Gender 0.565* 0.594** 0.406*
Gender 0.957* 0.730™* 0.405
(0.236) (0.236) (0.231)
(0.350) (0.339) (0.330)
Age —0.027** —0.027%* —0.021"*
Age —0.024™* —0.017** —0.011
(0.005) (0.005) (0.005)
(0.008) (0.008) (0.008)
Marriage status 1.308*** 1.222% 1.190%**
Marriage status 1.081%* 1.096*** 0.954**
(0.230) (0.236) (0.232)
(0.341) (0.339) (0.331)
Political status 0.043 0.055 0.144
Political status —0.577"* —0.427"* —0.227
(0.136) (0.136) (0.135)
(0.201) (0.196) (0.192)
Education —0.134* —0.145"* —0.062
Education —0.221** —0.139 0.035
(0.072) (0.071) (0.071)
(0.106) (0.102) (0.101)
Number of household 0.052 0.032
housing Number of household 0.076 0.058
(0.038) (0.037) housing
Cooperative —0214 —0.091 (0.054) (0.053)
participation c . 0.008 0.206
(0.132) (0.130) ooperative - :
participation
Proportion of —0.005** —0.007**
agricultural income (0.190) (0.186)
(0.002) (0.002) Proportion of 0.041%* 0.036"*
Village terrain 0.171%* agricultural income
(0.068) (0.003) (0.003)
Village economic —0.6217 Village terrain —0.095
development level (0.097)
(0.067)
. Village economic —1.107***
Distance from the —0.002
: development level
village to the county
government (0.004) (0.096)
Constant term 2.138™** 2.148™* 2.520%* Distance from the 0.007
village to the county
(0.458) (0.481) (0.534) government
R-squared 0.050 0.054 0.071 (0.005)
N 2,328 2,328 2,328 Constant term 4029 2515+ 4098
, ™, and mc?lcate significance at the 10%, 5%, and 1% statistical levels, respectively, with 0.681) (0.691) (0.761)
standard errors in parentheses, the same as below.
R-squared 0.028 0.094 0.147
N 2,328 2,328 2,328

household heads are more likely to work outside the farm
and are more inclined to increase the amount of fertilizer
application to reduce the time input cost of agricultural production.
Marriage has a restrictive effect on farmers’ production behavior.
Compared with unmarried farmers, married farmers shoulder
more family responsibilities, are more conservative in production
decision-making, and are more inclined to increase agricultural
income by increasing fertilizer application. Compared with
villages in plain areas, those in mountainous regions have a
higher degree of land fragmentation, making it more difficult
to use mechanical operations to reduce the application of
chemical fertilizers.

Frontiers in Sustainable Food Systems

*, 7, and **indicate significance at the 10%, 5%, and 1% statistical levels, respectively, with
standard errors in parentheses.

Robustness test

The replacement of dependent variables

To better investigate the impact of e-commerce operations on
farmers’ fertilizer application behavior, referring to the study of
Chen and Liu (2023), this paper takes the amount of fertilizer
expenditure per hectare (the total amount of fertilizer expenditure
divided by the total sown area of main grain crops) as the
measurement index of the dependent variable. It conducts a
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TABLE 4 The robust regression results of replacement core independent variables.

Variable name Network sales

The number of online shop

(2) (1) (2) (3)
Farmers’ e-commerce —0.148* —0.143%* —0.109% —1.109% —1.078** —0.819**
operation
(0.025) (0.025) (0.024) (0.300) (0.299) (0.293)
Gender 0.576™* 0.607** 0.412* 0.558"* 0.595"* 0.395*
(0.236) (0.236) (0.232) (0.238) (0.238) (0.233)
Age —0.026*"* —0.026*"* —0.021"** —0.026™* —0.026*"* —0.021**
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
Marriage status 1.320%* 1.236*** 1.197%* 1.337%%* 1.261%* 1.215%*
(0.231) (0.237) (0.232) (0.232) (0.238) (0.233)
Political status 0.018 0.031 0.129 0.008 0.020 0.124
(0.136) (0.137) (0.135) (0.137) (0.137) (0.135)
Education —0.138* —0.149** —0.065 —0.158** —0.169** —0.076
(0.071) (0.071) (0.071) (0.072) (0.072) (0.071)
Number of household 0.049 0.030 0.042 0.024
housing
(0.038) (0.037) (0.038) (0.037)
Cooperative participation —0.226* —0.096 —0.244* —0.105
(0.132) (0.130) (0.133) (0.131)
Proportion of agricultural —0.006™* —0.008*** —0.006™** —0.008"**
income
(0.002) (0.002) (0.002) (0.002)
Village terrain 0.166™* 0.171**
(0.068) (0.068)
Village economic —0.639"* —0.660""*
development level
(0.067) (0.067)
Distance from the village to —0.002 —0.001
the county government
(0.004) (0.004)
Constant term 2.058*** 2.092%%* 2.521"* 2.067* 2.154%** 2,574
(0.459) (0.483) (0.535) (0.462) (0.485) (0.536)
R-squared 0.044 0.048 0.093 0.035 0.040 0.088
N 2,328 2,328 2,328 2,328 2,328 2,328

5

robustness test, with the results shown in Table 3. The results show
that the regression results after replacing the dependent variables
are consistent with the baseline results. EO has a significant
negative impact on FFA, which can reduce the amount of FFA, as it
is robust with the above estimation.

The replacement of the core independent variable

To replace the dependent variables, this paper further verifies
the robustness of the previous regression results by replacing the
core independent variables. In this paper, online sales and the
number of online stores are taken as the measurement indicators
of e-commerce operation, and regression is conducted again. The
results are shown in Table 4. The results show that EO significantly

Frontiers in Sustainable Food Systems

,**, and **indicate significance at the 10%, 5%, and 1% statistical levels, respectively, with standard errors in parentheses.

negatively impacts the FFA and can reduce the amount of FFA,
indicating that the baseline regression results are robust.

Endogeneity test

Self-selection bias

Farmers EO is a kind of “self-selection” behavior, which
is affected by wvariables such as household owner and family
characteristics rather than random, which may cause the problem
of sample self-selection and the resulting endogenous bias, leading
to the deviation of the estimation results of OLS Model. To solve
the problem of endogeneity caused by self-selection bias, this paper
uses the Propensity Score Matching (PSM) Method to investigate
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TABLE 5 PSM estimation results.

10.3389/fsufs.2025.1557224

Variable Matching method Treated
group

Farmers’ e-commerce Nearest neighbor matching 0.337 1.281 —0.944*** 0.276 —3.430
operation method

Caliper matching method 0.334 2.078 —1.744%* 0.111 —15.750

Kernel matching method 0.334 1.619 —1.285%** 0.133 —9.670

*,**, and ***indicate significance at the 10%, 5%, and 1% statistical levels, respectively, with standard errors in parentheses.
Before Matching After Matching

Kernel density

FIGURE 4
Distribution of propensity scores before and after matching.
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the effects of e-commerce operations on the fertilizer application
behavior of farmers. As shown in Table 5, after considering the
endogenous problem of self-selection bias, EO still significantly
negatively affects FFA, reducing this amount.

The PSM Model specification can satisfy both the overlap
hypothesis and the equilibrium property (Caliendo and Kopeinig,
2008). For the overlap hypothesis, it is necessary to test the common
support domain. Figure 4 shows the distribution of propensity
scores for testing the common support domain. Compared with
before the matching, the matching e-commerce business samples
and non-e-commerce business samples almost overlap in the
propensity score, and there is a large standard support interval,
indicating that the matching effectiveness is supported, PSM
effectively reduces the difference in the distribution of independent
variables between the treatment group and the control group and
eliminates the estimation bias caused by sample self-selection.

To investigate whether the propensity score matching
the
test results are shown in Table 6. The results show that the

estimation results can balance the data well, balance
standardized deviation rate of control variables is reduced
after matching, and the standard deviation rate is <10%. The
T-test results of the control variables do not reject the null
hypothesis that there is no systematic difference between the
experimental group and the control group and effectively
in the

between the experimental group and the control group.

balance the differences distribution of covariables

Therefore, the results of propensity score matching pass the
balance test.
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Reverse causality

Endogenous problems may be caused by mutual causation
between EO and FFA. On the one hand, e-commerce reduces
fertilizer application by encouraging farmers to adopt agricultural
machinery services. On the other hand, after reducing the amount
of fertilizer applied, the quality of agricultural products has
improved, the economic value in the market is higher, and farmers
are more inclined to expand the sales range through the e-
commerce platform. To solve the endogenous problem caused by
mutual causality, this paper draws on the existing research (Zhang
et al,, 2023), takes the average proportion of EO of other farmers
in the village except this farmer as the instrumental variable, and
uses 2SLS (Two Stage Least Square) method to re-estimate. Due
to the “peer effect,” the e-commerce operation of other farmers in
the village will affect the EO but will not directly affect FFA, which
meets the correlation and exogeneity requirements of instrumental
variables and is reasonable.

The endogenous test results of the impact of EO on FFA are
shown in Table 7. Wald test value is statistically significant at a 1%
level, indicating that the null hypothesis of exogenous variables is
rejected. That is, there is an endogeneity problem. The first-stage
regression results show that the EO ratio of other farmers in the
village has a significant positive impact on this farmer, and the F-
value of the joint significance test is >10, indicating no problem
with weak instrumental variables. At the same time, the results of
the second stage regression all show that EO still has a significant
negative impact on FFA after considering the endogeneity problem,
which further verifies the reliability of the research results in this
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TABLE 6 Balance test results of the Kernel matching method.

Control Mean before matching Mean after matching Bias (%) T-test after matching
variable

Treated Control Treated Control Before After T value P>T

matching  matching

Gender 0.897 0.938 0.897 0.914 —15.100 —6.100 —0.450 0.652
Age 50.563 53.480 50.563 51.543 —26.200 —8.800 —0.700 0.486
Marriage 0.937 0.932 0.937 0.939 1.900 —1.100 —0.090 0.928
status
Political status 0.349 0.235 0.349 0.331 25.300 4.000 0.300 0.765
Education 3.095 2.734 3.095 3.031 42.800 7.600 0.580 0.561
Number of 4437 4.052 4.437 4.355 25.200 5.300 0.430 0.667
household
housing
Cooperative 0.349 0.235 0.349 0.350 25.200 —0.100 —0.010 0.992
participation
Proportion of 27.446 18.561 27.446 24.86 30.700 8.900 0.650 0.518
agricultural
income
Village terrain 1.849 1.958 1.849 1.825 —12.400 2.800 0.220 0.825
Village 21.121 22318 21.121 20.739 63.300 9.400 0.670 0.504
economic
development
level
Distance from 21.121 22318 21.121 20.739 —7.500 2.400 0.200 0.844
the village to
the county
government

TABLE 7 2SLS estimation results of the impact of e-commerce operations
on farmers’ fertilizer application behavior.

Variable name 2SLS

The first stage of the
return

paper and the coefficient is higher than the regression coefficient of
OLS model, which also means that if the endogeneity problem of
reverse causation is not considered, It is possible to underestimate
the positive effect of EO on the reduction of FFA.

The second stage of
the return

E-commerce Chemical fertilizer

Mediation effect analysis

management application behavior
of farmers
The mediation effect method is used to verify the above Farmers e-commerce 4607
mechanism, and the results are shown in Table 8. E-commerce operation
reduces fertilizer application by promoting farmers adoption of (1102)
agricultural machinery services, and hypothesis 2 was verified. The average proportion of | 0.510***
According to the regression results, agricultural machinery services e-commerce operationsof |\

partially mediate the relationship between EO and FFA, and the village

mediating effect accounted for 7.5%.
Control variable Under control Under control
Constant term —0.027 2.354

Heterogeneity test (0.434) (0.555)

. The Wald test values 22.84
Gender heterogeneity
In this paper, the gender of respondents is grouped to explore Fvalues in stage 1 22063
the gender heterogeneity of the impact of EO on FFA. As shown N 2,328 2,328

in Column (1) of Table 9, compared with men, the e-commerce
operation can promote the reduction of fertilizer for female
farmers. Under the background of urbanization and the increase
of non-agricultural employment opportunities, as well as the
influence of gender discrimination in the labor market and the

Frontiers in Sustainable Food Systems

other farmers in the

*, **, and **indicate significance at the 10%, 5%, and 1% statistical levels, respectively, with
standard errors in parentheses.

traditional concept of family division of labor, male farmers mostly
choose to go out for work. In contrast, female farmers decide to
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TABLE 8 Results of the mediation effect tests.

Variable (1) (2) (3)
name
Fertilizer Adoption of Fertilizer
application agricultural application
behavior machinery behavior
of farmers services of farmers
Farmers’ —1.311%* 5.766** —1.215"*
e-commerce
operation (0.249) (2.078) (0.247)
Adoption of —0.017**
agricultural
machinery services (0.002)
Constant term 2.520%* 26.641%* 2.965"*
(0.534) (4.460) (0.533)
Control variable Under control Under control Under control
R-squared 0.096 0.113 0.113
N 2,328 2,328 2,328

*, **, and **indicate significance at the 10%, 5%, and 1% statistical levels, respectively, with

standard errors in parentheses.

stay in the countryside to take care of their families and agricultural
production, which increases the probability of female farmers to
reduce fertilizer.

Agricultural function zoning heterogeneity

Referring to the study of Zhang et al. (2021), this paper
divides the agricultural function of different provinces according
to whether they are major grain-producing areas and explores
the heterogeneity of the impact of EO on FFA in agricultural
function zoning, as shown in Column (2) of Table 9. compared
with non-major grain-producing areas, EO has a more significant
impact on the FFA in major grain-producing regions and had a
more noticeable effect on the fertilizer reduction in major grain-
producing areas.

Regional distribution heterogeneity

Considering the differences in economic development level
and industrial structure in different regions, this paper further
explores the regional heterogeneity of the impact of EO on FFA,
and the results are shown in column (3) of Table 9. The results show
that compared with the eastern region, e-commerce businesses
can encourage farmers in the central and western areas to reduce
fertilizer application, which is attributed to the widespread water
shortage in the Midwest. Excessive water use increases fertilizer
leaching, and reasonable control of fertilizer application can reduce
crop water demand and improve water resource utilization, which
is also necessary for fertilizer reduction in the central and western
regions (Ali and Talukder, 2008). In addition, farmers in the west
and central areas have gradually formed a more economical and
environmentally friendly production concept in the long-term
agricultural production, and the acceptance of fertilizer reduction
is more significant. In conclusion, hypothesis 3 was verified.
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Further discussion

The previous discussion presented the fertilizer reduction effect
of e-commerce business, but the difference in the impact of
different e-commerce business scales and these modes on FFA is
not apparent. To this end, this paper further compares the effect
differences of varying e-commerce business scales and e-commerce
business models, aiming to answer which e-commerce business
scale can better promote the reduction of FFA.

Differences in the fertilizer reduction of different
e-commerce business scales

Taking the mean value of e-commerce sales as the cut-off point,
this paper divides EO into scale e-commerce and non-scale e-
commerce and investigates the influence of different scales of e-
commerce operations on FFA. As shown in Table 10, compared
with non-scale e-commerce, the regression coefficient of scale e-
commerce on FFA is significantly negative at the statistical level
of 1%, indicating that scale e-commerce can effectively encourage
farmers to reduce fertilizer application amount. The potential
reason is that farmers with large-scale operations have more
funds and can choose higher-priced organic fertilizers to replace
fertilizers. In contrast, farmers with large-scale operations pay more
attention to product reputation and are more willing to adopt green
production technology and reduce fertilizer application to obtain
long-term benefits.

Differences in the fertilizer reduction of different
e-commerce business models

Currently, two main sales models for agricultural products exist
in rural areas. First, farmers open online stores to sell agricultural
products on Jingdong, Taobao, Pinduoduo, and other e-commerce
platforms. The second is the social e-commerce model, in which
farmers sell agricultural products through social tools such as
WeChat, Xiaohongshu, and Douyin (Liu et al., 2021). This paper
investigated the effects of different e-commerce business models
and traditional sales models on FFA, and the regression results are
shown in Table 11. The regression coeflicient of the conventional
marketing model on FFA is significantly positive at the statistical
level of 1% on the premise that other conditions remained
unchanged. Due to factors such as concealment, asymmetry, and
unidirectional fluidity of product information, the traditional
marketing model would aggravate the excessive application of
fertilizer. Although the platform e-commerce model has no
significant effect on FFA, from the perspective of coefficient,
farmers are allowed to reduce the amount of fertilizer applied in the
production process. The impact of the social e-commerce model on
FFA is significantly negative at the statistical level of 1%, indicating
that the social e-commerce model can effectively encourage farmers
to reduce fertilizer application.

This result once again confirms the role of EO in promoting
the reduction of fertilizers in farmers and indicates that the social
e-commerce model has strong social characteristics, low cost, and
light assets. Sellers can interact with consumers through social
media, establish a close relationship, and reduce the transaction
cost of technology adoption. This personalized interactive way
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TABLE 9 Heterogeneity test results of e-commerce operation on farmers’ chemical fertilizer application behavior.

Variable (1) (2) ()
name

Gender

Agricultural function zoning

Regional distribution

Major Midwest

grain-producing

Non-major
grain-producing

Farmers’ —1.343%* —1.574** —1.803"** —0.975"* —1.662"* —0.533
e-commerce
operation
(0.264) (0.690) (0.431) (0.306) (0.339) (0.335)
Control variable Under control Under control Under control Under control Under control Under control
Constant term 2.927*** 2.316 1.555* 3.002*%* 1.946™** 1.164
(0.551) (1.538) (0.810) (0.729) (0.688) (0.843)
Pseudo R? 0.091 0.175 0.055 0.144 0.077 0.096
N 2,179 149 1,096 1,232 1,636 692

*

TABLE 10 Differences in the influence of different e-commerce operation
scales on farmers’ chemical fertilizer application behavior.

, **, and ***indicate significance at the 10%, 5%, and 1% statistical levels, respectively, with standard errors in parentheses.

TABLE 11 Differences in the influence of different e-commerce business
models on farmers’ chemical fertilizer application behavior.

Variable name (1) (2) Variable name (1) (2) (3)
Scale e-commerce —1.370™* Traditional sales model 1.295%*
(0.267) (0.250)
Non-scale e-commerce 1.375%* Platform e-commerce —0.706
model
(0.265) (0.623)
Control variable Under control Under control Social e-commerce _1.358%
. . model
Constant term 2.485 1.112 (0.268)
(0.534) (0.605) Control variable Under control Under control Under control
2
Pseudo R 0-095 0-095 Constant term 1.238** 2617 2,494
N 2,328 2328 (0.595) (0.537) (0.535)
*, **, and **indicate significance at the 10%, 5%, and 1% statistical levels, respectively, with
) Pseudo R? 0.095 0.085 0.095
standard errors in parentheses.
N 2,328 2,328 2,328

can not only better meet the individual needs of consumers and
improve consumer stickiness but also regulate the production
behavior of producers, encourage farmers to green production, and
reduce the amount of fertilizer application.

Conclusions and policy implications

Conclusion

Using the survey data of Chinas Rural Revitalization from
August to September in 2020, the OLS Model, and the mediating
effect model, this paper empirically tested the influence and
mechanism of e-commerce operation on farmers fertilizer
application behavior. On this basis, the heterogeneous impact
of e-commerce operations on farmers fertilizer application
behavior was investigated. Furthermore, the differentiated effects
of different e-commerce operation scales and operation modes on
farmers’ fertilizer application behavior were further discussed. The
conclusions were as follows:
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*,**, and **indicate significance at the 10%, 5%, and 1% statistical levels, respectively, with

standard errors in parentheses.

First, e-commerce can significantly improve the FFA and
reduce the amount of fertilizer applied. EO enhances market
transparency, improves the price expectations of green products,
and increases sales revenue so that farmers have more funds
for green production investment, replace chemical fertilizers
with organic fertilizers and formula fertilizers, and information
disclosure and feedback mechanism of e-commerce will encourage
farmers to pursue positive social evaluation, forcing farmers
to transform into green farmers and reduce the amount of
fertilizer application.

Second, agricultural machinery services positively mediate
the influence of e-commerce operations on farmers fertilizer
application behavior. The development of e-commerce can
optimize local infrastructure, improve local mechanization, and
support the introduction of agricultural machinery services. The
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use of machinery by farmers in the process of fertilization can
effectively improve the efficiency and accuracy of fertilization,
control the amount of fertilizer applied, reduce unnecessary
fertilizer loss and application, and gradually move toward a
virtuous cycle of fertilizer reduction.

Third, the impact of e-commerce on FFA is heterogeneous
in terms of gender, agricultural function zoning, and regional
distribution. Specifically, women, farmers in major grain-
producing regions, and farmers in the Midwest were more likely to
reduce fertilizer use after operating e-commerce, which shows that
the effect of CF reduction in e-commerce operations is affected by
individual and regional endowments, and it is necessary to provide
targeted assistance to agricultural producers and regions.

Fourth, the fertilizer reduction effect of large-scale e-
commerce and social e-commerce is more apparent, indicating
that while encouraging farmers to expand the scale of EO,
we should strengthen support for new e-commerce models,
provide personalized e-commerce services, strengthen the social
connection between farmers and consumers, and exert the
restraint effect of implicit “reputation capital” on fertilizer
application behavior.

Policy implications

This paper draws the following policy implications. Firstly,
The support for rural e-commerce can be made to strengthen
the construction of rural infrastructure such as networks,
transportation, and logistics, optimize the business environment,
and enhance farmers’ awareness of e-commerce participation.

Secondly, the subsidy level for green agricultural machinery
can be increased to encourage more farmers to adopt agricultural
machinery services, continue to promote land transfer and
integration, and guide regional planting to develop toward scale
and specialization, creating conditions for fully realizing the
potential of fertilizer reduction in agricultural mechanization.

Thirdly, the group and regional characteristics of agricultural
production can be considered to increase support for fertilizer
reduction for agricultural production entities and regions, and
promote the green transformation and ecological sustainable
development of agricultural production comprehensively.

Fourthly, the diversified development and scale transformation
of e-commerce are encouraged to strengthen support for new e-
commerce models such as social e-commerce, and enable more
farmers to share the benefits of e-commerce while reducing
fertilizer usage, gradually forming a “point to surface” green
production pattern.

Research limitations

This study is based on the 2020 China Rural Revitalization
Survey data. Although it does not cover the rapid development
of new rural e-commerce business forms in recent years, 2020
was the initial stage when China’s “Digital Village” policy was
fully rolled out and rural e-commerce began to penetrate
agricultural production. The data can effectively capture the
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baseline characteristics of farmers’ behavioral changes and the
early policy effects. At the same time, the core policy goals
of agricultural green transformation and fertilizer reduction
have not fundamentally changed in recent years. The causal
mechanism by which e-commerce influences farmers’ decisions
through information empowerment and market incentives still
has theoretical stability. The research conclusions can provide
references for policy optimization. In the future, we still need
to verify the long-term robustness of the conclusions through
tracking data.
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