Agricultural Economics — Czech, 71, 2025 (9): 485-501 Original Paper

https://doi.org/10.17221/412/2024-AGRICECON

Can agricultural subsidy reform promote reduction
of fertiliser nonpoint source pollution?
Evidence from China

FUusHENG LIANG!, GuaNGsI L1*3* Wo-LIN ZHENG®, FANGYUAN SuN’, QIAN YANG!

!Institute of Food and Strategic Reserves, Nanjing University of Finance & Economics, Nanjing,
PR. China
2Institute of Food and Strategic Reserves, Nanjing University of Finance & Economics, Nanjing, PR. China
3Modern Grain Circulation and Security of Collaborative Innovation Center, Nanjing University
of Finance & Economics, Nanjing, PR. China
*School of Credit Management, Guangdong University of Finance, Guangzhou, PR. China

*Corresponding author: guangsili@163.com

Citation: Liang F,, Li G., Zheng W.L., Sun F, Yang Q. (2025): Can agricultural subsidy reform promote reduction of fertiliser

nonpoint source pollution? Evidence from China. Agric. Econ. — Czech, 71: 485-501.

Abstract: The substantial increase in grain production stimulated by traditional agricultural direct subsidies
has been accompanied by a concomitant decrease in ecological quality, precipitated by excessive application
of chemical fertilisers, which has generated countervailing effects that fundamentally undermine the positive
effect of subsidy policies on agricultural output. Consequently, the mitigation of agricultural pollution and the
elevation of ecological quality have emerged as pivotal directions for the reform of agricultural subsidies. Using
both time-varying difference-in-differences (DID) models and spatial DID models in this study, we examined the
effect of agricultural 'three subsidies' reform on agricultural fertiliser nonpoint source pollution (AFNSP), drawing
on China's province-sector panel data from 2008 to 2022. The empirical evidence yields several salient findings.
First, the three subsidies reform can significantly reduce AFNSP and improve ecological quality. Second, the large-
scale operation of agricultural households and the enhancement of agricultural production efficiency serve as ef-
fective pathways for the three subsidies reform to reduce AFNSP. Third, the implementation of the three subsidies
reform engenders significant spatial spillover effects, which play a crucial role in reducing overall regional AFNSP.
Fourth, the efficacy of the three subsidies reform exhibits heterogeneity across diverse agroecological contexts and
farming cultures. Last, the reform has resulted in notable improvements in agricultural ecological quality, thereby
reinforcing food security capabilities. These findings not only offer valuable reference for refining agricultural sub-
sidy reform but also contribute to the development of a comprehensive framework that simultaneously safeguards
agroecological security and food security.
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In developing and transition economies, reducing
agricultural pollution and ensuring agroecological se-
curity are vital for food production, productivity and
national food security (Fan et al. 2023a). Agricultural
nonpoint source pollution (ANSP) constitutes the pri-
mary component of agricultural pollution, with exces-
sive fertiliser application and low utilisation efficiency
identified as key contributors to nonpoint source pol-
lution (Xue et al. 2020). Although chemical fertilis-
ers have played a pivotal role in boosting crop yields
since their introduction, their indiscriminate use has
engendered significant ecological challenges, particu-
larly in China with its substantial population and vast
geographical area (Tang et al. 2016, Tang et al. 2019).
The excessive application of chemical fertilisers has ex-
acerbated soil and water quality degradation, leading
to a critical decrease in farmland health (Hu and Liu
2024). Consequently, China has become the world's
leading emitter of greenhouse gases in agriculture,
and ANSP continues to worsen and stands as the pre-
dominant source of nonpoint source pollution (Chen
et al. 2017). This intensification of agricultural envi-
ronmental pollution adversely affects grain production
and poses a significant threat to long-term food secu-
rity (Yang et al. 2022).

It is imperative to promote the reduction of agri-
cultural fertiliser overuse for agroecological security,
sustainable food production and food security (Duan
et al. 2021). Investigators in previous studies have
demonstrated that agricultural subsidies are crucial
policy instruments to support agricultural develop-
ment and ensure food security (Hennessy 1998; Sun
and Nie 2015; Nie et al. 2016; Chen et al. 2017; Lee
et al. 2024). However, the orientation of agricultural
subsidies has significantly shaped their implementa-
tion outcomes. The introduction of three direct ag-
ricultural subsidy policies in China — specifically the
seed subsidy, the direct subsidy for grain farmers and
the comprehensive agricultural subsidy — operating
under the supply-preserving and yield-orientated
paradigms, had inadvertently neglected ecological
carrying capacity considerations and thereby exac-
erbated environmental pollution in agricultural pro-
duction. Consequently, China initiated agricultural
subsidy reform in 2015, commonly referred to as the
'three subsidies' reform.

The policy is orientated toward green ecology and
has evolved into a de facto green agricultural subsidy.
The three subsidies reform, in theory, could guide
farmers to reduce the use of chemical fertilisers and
enhance soil quality by precisely allocating subsidy
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funds. In 2015, China's consumption of chemical
fertilisers stood at 60.22 million tonnes; this amount
had been reduced to 50.2 million tonnes by 2023.
However, the path dependence of subsidy fund distri-
bution, the rising costs of new subsidy methods and
the discrepancies in agricultural production targets
between central and local governments cast doubt
on the actual effectiveness of the three subsidies re-
form in improving agricultural environmental qual-
ity. Whether the three subsidies reform can reverse
the negative environmental externalities of agricul-
tural production, promote the reduction of agricul-
tural fertiliser nonpoint source pollution (AFNSP)
and achieve the green development of agriculture
still needs further analysis.

Asacommon and effective policy instrument in ag-
ricultural production, researchers have conducted
extensive analyses on the efficacy of agricultural
subsidies. First, agricultural output growth remains
the primary objective of agricultural subsidies. The
grain sown area has experienced significant expan-
sion driven by subsidy incentives (Yi et al. 2015; Fan
et al. 2023b), whilst simultaneously promoting grain
output growth and ensuring national food security
(Walls et al. 2018). Second, the effect on farmers'
income constitutes another crucial policy goal. Ag-
ricultural subsidies can enhance farmers' enthusi-
asm for grain cultivation and directly drive income
growth (Bai et al. 2022; Sha et al. 2024). However,
differential effects exist between input subsidies
and output subsidies, leading to inconsistent ef-
fects on rural income disparities (Tang et al. 2024).
Zhang's (2024) research further demonstrates that
agricultural subsidies exert more pronounced ef-
fects on low-income groups. In addition, recent
years have witnessed growing attention to the en-
vironmental effects of agricultural subsidies, with
progressively deeper analyses of their effects on ag-
ricultural carbon emissions, green agricultural pro-
duction and fertiliser usage (Zhang et al. 2025; Guo
et al. 2021; Ke and Huang 2024). Achieving sustain-
able agricultural development necessitates substan-
tive adjustments and systematic reforms in subsidy
mechanisms (Laborde et al. 2021). Furthermore, is-
sues such as farmland rental rates and land transfer
have gained increasing attention in China and other
developing countries experiencing gradual mar-
ketisation of land markets. The actual beneficiaries
of farmland rental income significantly influence
policy implementation effectiveness (Kirwan and
Roberts 2016; Ciaian et al. 2021).
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Researchers have predominantly focussed on the
three subsidies policy reform, examining its cost-
effectiveness evaluation, economic outcomes and
technological effects. For instance, the cost of agri-
cultural subsidies is a critical factor that constrains
the implementation and has been one of the driving
forces behind the three subsidies reform. Some re-
searchers have analysed the significance of reducing
subsidy costs and implementing precision subsidies
from historical or game theory perspectives (Zhang
et al. 2021). Land circulation and grain production
are key economic concerns relating to agricultural
subsidisation. Researchers have posited that the
three subsidies reform, by altering the subsidy para-
digm, has contributed to an escalation in land rental
rates and the capitalisation of land (Liang et al. 2018;
Zhang et al. 2020). However, the three subsidies re-
form can also promote the scale of land circulation
(Yang et al. 2022), optimising the potential of agricul-
tural cultivation patterns, thereby achieving a boost
in grain production (Walls et al. 2018). Agricultural
green technology progress has also garnered signifi-
cant research attention. Empirical evidence indicates
that both the total factor productivity growth rate and
the pure technical efficiency of grain production have
increased after the policy's implementation, suggest-
ing that agricultural technological progress extends
beyond the mere scaling of agricultural techniques
(Zheng et al. 2023).

The 'green orientation' of the three subsidies reform
makes its environmental effect impossible to ignore.
Elucidating the environmental effect of agricultural
three subsidies reform on AFNSP can facilitate the
transference of the experience of agricultural subsidy
reform to other developing countries. Hence, we use
data from 30 Chinese provinces from 2008 to 2022
to analyse empirically the mechanisms by which the
three subsidies reform influences AFNSP. Further-
more, we explore the moderating effect of rural labour
mobility driven by nonagricultural opportunities and
investigate the subsidy mechanisms that ensure agro-
ecological safety and enhance the capacity for grain
production.

The contributions of this research are as follows.
First, the existing literature provides a relatively
comprehensive analysis of the environmental effects
of traditional agricultural subsidy policies, but studies
on the environmental effects of targeted agricultural
subsidy policies remain limited. Research on China's
explicitly environmentally orientated three subsidies
reform has been relatively scarce, particularly in rela-

tion to environmental pollution issues, with specific
emphasis on nonpoint source pollution. This research
fills the gap in the development of environmental ag-
ricultural subsidies by exploring the efficacy and path-
ways of the three subsidies reform on AFNSP. Second,
we expand the scope of policy research by integrating
the effects of the minimum wage standard's opportu-
nity cost on rural labour migration into our analytical
framework, which offers innovative perspectives for
future endeavours focussed on reducing agricultural
pollution and bolstering the ecological security with-
in the agricultural sector. Third, this research incor-
porates the theory of spatial spillover effects, taking
into account regional and agricultural cultural diver-
sity, to deepen the understanding of the environmen-
tal effect of the three subsidies reform. This method
provides a new reference for contextualised and syn-
ergistic regional development of agriculture and of-
fers valuable insights for agricultural subsidy reform
in developing countries. Fourth, we forge a robust
connection between food security and agroecological
security, delving into the enduring environmental im-
plications of the three subsidies reform.

Theoretical analysis

Three subsidies reform and AFNSP. Farmers ad-
here to the utility maximisation principle in factor
allocation during agricultural production decision-
making. The three agricultural subsidies imple-
mented since 2003 — the crop variety improvement
subsidy, direct grain planting subsidy and compre-
hensive agricultural inputs subsidy — exerted incen-
tive effects on farmers' grain production decisions.
Farmers adopted a resource allocation pattern pri-
oritising increased chemical inputs to achieve rapid
growth in grain yields. However, issues such as di-
minishing marginal utility of inputs and deteriora-
tion in cultivated land quality caused by excessive
fertiliser use undermined the sustained effectiveness
of subsidy policies and agricultural sustainability.
To advance grain yield growth and sustainable ag-
ricultural development simultaneously, China initi-
ated agricultural subsidy reforms by consolidating
the three subsidies into the agricultural support and
protection subsidy policy.

The three subsidies reform in China is orientated
toward green development, aiming to achieve sus-
tainable agricultural development by enhancing soil
fertility conservation and promoting moderate-scale
farming to boost grain production. This green-orien-
tated approach in agricultural subsidy reform aligns
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with trends observed in the European Union (EU)
and U.S. agricultural subsidy systems. The EU's Com-
mon Agricultural Policy (CAP) reform has shifted
from production subsidies to green payments, driv-
ing reductions in pollution per unit of agricultural
production (Gocht et al. 2017; Coderoni and Esposti
2018), whereas the United States has increased sup-
port for agri-environmental subsidies — particularly
through the Environmental Quality Incentives Pro-
gram (EQIP) — which has significantly improved local
water quality (Liu et al. 2023). China's three subsidies
reform now imposes requirements on cultivated land
fertility and soil quality, explicitly stating that 'subsi-
dies will no longer be granted to land failing to meet
cultivation quality standards' (Zhu et al. 2024), there-
by emphasising the conservation of agroecological
systems. Under the dual incentives of securing sub-
sidies and improving farmland quality, which directly
affects grain vyields, the reform stimulates farmers'
enthusiasm for adopting practices such as fallowing,
straw return to fields, deep loosening and land prepa-
ration, by reducing chemical fertiliser and pesticide
use, fostering a balanced approach to land use and
conservation (Repetto 1987).

In the specific distribution process of agricultural
subsidy funds, the three subsidies reform uses tar-
geted subsidies and enhanced oversight of fund flows
to regulate and guide farmers' resource allocation be-
haviour in agricultural production. This process drives
farmers to increase the proportion of organic fertiliser
purchases and reduce chemical fertiliser use, there-
by preserving soil fertility and boosting grain yields.
Concurrently, support for moderate-scale farming
operations accelerates agricultural production mecha-
nisation, promotes large-scale technological adoption,
expands agricultural social services and enhances the
efficient use of agricultural resources, thereby mitigat-
ing nonpoint source pollution from chemical fertilisers
(Kansanga et al. 2019; Guo et al. 2021).

Thus, with the consolidation of the three subsidies
into the Agricultural Support and Protection Subsidy
Policy, farmers in agricultural production will reduce
their reliance on chemical fertilisers and optimise chem-
ical inputs, leading to a gradual decrease in fertiliser
use. The three subsidies reform contributes to reducing
nonpoint source pollution from fertilisers, ameliorating
the negative environmental externalities of agricultural
production and enhancing agricultural ecological qual-
ity. On the basis of this analysis, we propose H,.

H;: The agricultural three subsidies reform can reduce
AFNSP and thereby improve agroecological quality.
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Three subsidies reform, large-scale operations
and AFNSP. As an important dimension of the envi-
ronmental effect on economic growth (Selinger 1993),
scale effects have also been highlighted in agricul-
tural subsidy reform. Subsidies for moderate-scale
food operations based on land management rights
have accelerated land transfers, particularly the influx
of large-scale farmers (Yang et al. 2022), and shifts
in agricultural production patterns and production
scales have also helped to reduce reliance on chemical
fertilisers (Fan et al. 2023a).

Large-scale farming operations, including those
of the family farm and large grain farming varieties,
as well as other new agricultural operating enti-
ties, have emerged as a viable avenue for reforming
the three subsidies policy to reduce AFNSP (Duan
et al. 2021). On the one hand, the three subsidies
reform has had the effect of strengthening the sup-
port for actual grain farmers as the mainstay. The
higher the scale of operation, the higher the stand-
ard of cash subsidies (Ren et al. 2019), and the pro-
portion of large-scale farmers continues to grow.
Compared with smallholders, who are more likely
to use more polluting fertilisers and pesticides be-
cause of financial constraints, large-scale farmers
demonstrate a more optimal factor allocation pat-
tern, which enables the specialisation of agricultural
production and economies of scale, as well as a more
efficient specialisation of fertiliser use and fertiliser
category selection (Zhan and Hu 2017). Concurrent-
ly, the increasing scale improves precision fertilisa-
tion capability and reduces fertiliser demand (Guo
et al. 2022). On the other hand, the three subsidies
reform has accelerated the transformation of agri-
cultural production methods of large-scale farming
operations and the improvement of agricultural pro-
duction efficiency. The increase in production ef-
ficiency at scale has concomitantly reduced the use
of chemical fertiliser.

Consequently, new agricultural operating entities
demonstrate a reduced reliance on traditional ferti-
lisers and exhibit a higher utilisation rate. The three
subsidies reform will facilitate the growth of the scale
and proportion of new agricultural operating entities,
which will effectively promote a reduction in the ap-
plication of chemical fertilisers and facilitate the reduc-
tion of agricultural chemical fertiliser surface sources.
In this study, we put forth a second hypothesis.

H,: The three subsidies reform reduces AFNSP by pro-
moting an increase in the proportion of large-scale
operations.
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Three subsidies reform, agricultural production ef-
ficiency and AFNSP. Production efficiency holds sig-
nificant importance in the agricultural sector (Adom
and Adams 2020) and plays a pivotal role in advancing
sustainable agricultural development (Pourzand and
Bakhshoodeh 2014). Enhancing agricultural produc-
tion efficiency serves as a critical strategy for reducing
nonpoint source pollution caused by fertiliser use. The
three subsidies reform, by promoting shifts in produc-
tion models and influencing the adoption of agricultural
technologies, drives changes in agricultural production
efficiency (Liu et al. 2019b), thereby further exerting ef-
fects on fertiliser-induced nonpoint source pollution.

Firstly, the three subsidies reform promotes the adop-
tion of agricultural machinery and innovative technolo-
gies. Agricultural machinery has a higher efficiency and
lower loss in fertiliser application than does manual
labour (Duan et al. 2021), enabling precision fertilisa-
tion and reducing fertiliser use. Innovations in deep till-
age and sub-surface fertilisation machinery contribute
to improved soil fertility, enhanced nutrient utilisation
efficiency and increased agricultural production effi-
ciency, ultimately reducing fertiliser demand (Baum-
hardt et al. 2008). Secondly, the agricultural sector
exhibits a growing trend toward specialised and indus-
trialised services (Cao et al. 2024), which further elevates
production efficiency. During the smallholder-dominat-
ed era, agricultural subsidies struggled to facilitate the
penetration of agricultural technical services into rural
areas. However, green ecology-orientated subsidies not
only stimulate the growth of new agricultural entities but
also alleviate farmers' financing constraints and encour-
age the adoption of technical services (Li et al. 2023; Xu
et al. 2024). As large-scale farmers adopt these services,
economies of scale lower the cost of technical services,
fostering technology spillover and signalling effects that
drive technology adoption among neighbouring small-
holders (Meng et al. 2024). This process has enhanced
agricultural production efficiency and improved ferti-
liser input efficiency.

Overall, the three subsidies reform promotes the ap-
plication of new technological innovations in agricul-
tural production and improves production patterns,
thereby enhancing agricultural production efficiency,
which in turn increases fertiliser resource use and re-
duces nonpoint source fertiliser pollution. On the basis
of this analysis, we propose hypothesis 3.

H,: The three subsidies reform reduces AFNSP by pro-
moting agricultural production efficiency.

Three subsidies reform, minimum wage standard
and AFNSP. The rapid development of the agricultur-

al economy has resulted in notable changes within the
factor market, with prices of labour and capital factors
experiencing a gradual convergence with those ob-
served in other industries. The three subsidies reform
has not had a significant effect on improving the price
distortion of the labour force itself, and low returns
associated with traditional agriculture have prompted
the labour force to re-evaluate their employment deci-
sions. As a system for regulating income distribution
in the labour market and labour mobility between
urban and rural areas (Yang and Gunderson 2020),
a higher minimum wage standard has led to an in-
crease in nonagricultural incomes (Liu et al. 2023),
which has accelerated the outflow of rural labour.
Concurrently, the three subsidies reform in agricul-
ture has clarified that the intended beneficiaries of the
subsidies are the actual operators. Consequently, the
shift in the subsidy recipients has redirected the subsidy
funds to land rent (Ren et al. 2019), resulting in an in-
crease in land rents. The theory of opportunity cost
of production suggests that the existing cost-benefit
constraints of lower food prices and higher agricultural
production costs and the opportunity cost constraints
on nonfarm earnings from a higher minimum wage
make the transfer of land management rights more fa-
vourable (Liu et al. 2019a). This process will accelerate
the mobility of agricultural labour, pushing the propor-
tion of large-scale farmers and the proportion of non-
farmers to increase in a clear trend (Bhorat et al. 2014),
and increase the efficiency of fertiliser use. In addition,
the mobility of labour forces the use of technology-in-
tensive factors of production, promoting the progress
of agricultural technology and realising the excessive
growth of agriculture from the 'exploitative’ growth
of labour to the 'technological' growth, thus reducing
the input of factors of production such as fertiliser
(Zhou et al. 2024). The increase in the minimum wage
standard and accelerated labour mobility, coupled with
accelerated farmland transfer under agricultural subsi-
dies, the growth in large-scale farming operations and
advancements in agricultural technology, collectively
contribute to reducing fertiliser use. Thus, we propose
hypothesis 4.
H,: The higher minimum wage standard accelerates la-
bour mobility, which in turn helps to enhance the
effectiveness of the three subsidies reform.

MATERIAL AND METHODS

The three subsidies reform was initially imple-
mented on a pilot basis in 2015 and subsequently
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fully implemented in 2016. Since the implementation
of the three subsidies reform, the quality of agro-
ecology has continued to improve. When the three
subsidies reform was implemented, there were differ-
ences in subsidy standards across regions, especially
in the requirements for farmland protection (Liu and
Xu 2023), which provided conditions for assessing
the effect of policy at the provincial level. Therefore,
we treated the 'three subsidies' reform as a quasi-nat-
ural experiment. In this study, we used a time-varying
difference-in-differences (DID) model to test the ef-
fect of the three subsidies reform on AFNSP. The
baseline model is as follows:

Yy, =B + P Treat; x Post, +B, X, +1; +v, +& (1)

where: Y, — the explanatory variable of this study, which
adopts AFNSP to evaluate the efficacy of policy imple-
mentations on agricultural pollution and agroecological
governance; i and ¢ — province and time, respectively; X
— the control variable in this study; 3,, B,, B; — estimated
coefficients; y, — the province fixed effect; v, — the time-
mixed effect; €, — a random disturbance term.

In this study, we used a two-step approach to test
the mediating effect. Drawing on the study of Chen
et al. (2020), we constructed the following mechanism
model.

M;, =B, +P,Treat; x Post, + B, X,, + 1, +v, +¢; 2)

where: M,, — the mediating variable; Treat; x Post, — the
interaction term between policy dummy variables and
time dummy variables; B; — model coefficient.

If B, is significant, it indicates that there is a mediat-
ing effect.

We also introduced an interaction term to construct
a moderating effect model.

Y, =B, +B,Treat; x Post, +B,Treat; x
x Post, x N, + B3 X, + 1L, + Vv, +¢;

where: N, — the moderating variable.

If the coefficient B, is significant, it indicates that
moderation effects exist.

We defined the variables as follows:

Explained variable. We used AFNSP as an ex-
planatory variable. The nutrient-based agricultural
surface source pollution caused by excessive applica-
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tion of chemical fertilisers is an important indicator
of agroecological quality (You et al. 2024). Using an in-
ventory analysis method, we identified AFNSP as ni-
trogen fertiliser, phosphorus fertiliser and compound
fertiliser (Niu et al. 2022), and the calculation formula
was as follows:

Pollution = ZPEl. Xp; XM; (4)

where: pollution— the total amount of AFNSP; PE, — the
number of pollution statistical indicators of the pollu-
tion unit i; n; — the fertiliser loss rate of the pollution
unit; p, — the pollution production coefficient.

Referring to the study of Hou and Yao (2019), we set
the total nitrogen production coefficients of nitrogen
fertilisers, phosphorus fertilisers and compound ferti-
lisers to be 1, 0 and 0.33, and we set the total phos-
phorus production coefficients to be 0, 0.44 and 0.15,
respectively.

Core explanatory variables. The core explana-
tory variable Treat;, x Post, of this study is the in-
teraction term between policy dummy variables and
time dummy variables — namely, the three subsidies
reform policy. Taking into account the differences
in food production status and subsidy standard re-
quirements of each province, Treat, selects the main
grain-producing provinces as the treatment group
to measure the effect of policy implementation. Post,
represents the policy point in time variable, which
is 1 after the implementation of the policy and 0
before the implementation of the policy. As Henan
province was not included in the pilot provinces
in 2015, but three subsidies reform in Henan had al-
ready started in the province, we calculated the time
of the policy in Henan on the basis of the actual im-
plementation time.

Mechanism analysis variables. On the basis
of previous analyses, we selected the scale of land in-
flow (Scale), agricultural production efficiency (APE)
and minimum wage (Wage) to refer to the mecha-
nism analysis variables. We calculated the land in-
flow scale by using the ratio of the area transferred
into family farms and above-scale subjects to the
area under a family joint contract. We used this ratio
to measure the scale of operations. We used the Su-
per-SBM model to evaluate agricultural production
efficiency, incorporating pollution-related undesir-
able outputs into the analysis. We used the minimum
wage standard to assess rural labour mobility from
the vantage point of opportunity cost, nonfarm in-
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come attractiveness and other pertinent factors. This
minimum wage standard is based on the wage stand-
ards issued by provinces over the past several years,
which set values above the median minimum wage
in the year of policy implementation (2016) as 1 and
otherwise as 0.

Control variables.

i) Urbanisation level (City): the ratio of urban popu-
lation to the yearend resident population of the region.

ii) Road density (Road): the ratio of the length of vil-
lage roads in the administrative district and the admin-
istrative area of the district.

iif) Agricultural industrial structure (Agrind): the
ratio of the sown area of food crops to the sown area
of agricultural crops.

iv) Industrialisation level (Secind): the ratio of value
added of secondary industry and regional GDP.

v) Income gap (Ingap): the ratio of disposable income
of urban residents to that of rural residents.

vi) Agricultural irrigation level (Agrinf): the ratio
of effective irrigated area and sown area of crops.

vii) Disaster-affected area (Harm): the annual area
affected by agricultural natural disasters in each
province.

viii) Rainfall (Rain): average annual rainfall in each
province.

iz) Education level (Edu): the percentage of people
aged 6 years and older who had received college educa-
tion or more.

x) Agricultural mechanisation (Machine): the total
power of agricultural machinery in each province.

xi) Environmental regulation (ER): the proportion
of completed investment in industrial pollution control
in the secondary industry.

We sourced the data from the China Statistical Year-
book 2009-2023, China Rural Statistical Yearbook
2009-2023, China Industrial Statistical Yearbook 2009—
2023, China Rural Economic Management Statistical
Annual Report 2008—2023, National Bureau of Statistics
database and the Economy Prediction System (EPS) da-
tabase. We supplemented some missing values by in-
terpolation and moving average methods. Descriptive
statistics for each variable are presented in Table 1.

RESULTS AND DISCUSSION

Benchmark regression

Table 2 reports the regression results of the baseline
model, which examines the effect of the implementa-
tion of the three subsidies reform on local AFNSP. The
estimation results presented in columns one and two

illustrate the effect of including or excluding control
variables. The coefficients of the core explanatory vari-
ables underwent a notable reduction in absolute value
when control variables were incorporated, suggesting
that the estimation results are more robust when con-
trol variables are taken into account. The coefficients
of the core explanatory variables were negative at the
1% significance level, irrespective of whether controL
variables were included. The implementation of the
three subsidies reform had a significant effect on the
management of AFNSP. Its implementation effectively
reduced fertiliser application and fertiliser pollution
and played a role in ensuring agroecological security
by leveraging the fertiliser reduction effect of the policy
implementation, which helped prove our H,.

Parallel trend tests

Examination of the average treatment effect of the
implementation of the three subsidies reform requires
the model to adhere to the parallel trends assumption
for the control and experimental groups before the
implementation of the policy (Marcus and SantAnna

Table 1. Descriptive statistics

Variables n  Mean SD Min. Median Max.
Pollution 450 16.34 12.12 045 16.71 58.64
Treat x Post 450 021 041 O 0 1
Scale 450 0.15 0.15 O 0.11 1.11
APE 450 1.11 0.15 0.71 1.06 2.21
Wage 450 0.50 050 O 0.5 1
City 450 0.58 0.13 0.29 0.57 0.9
Road 450 044 0.31 0.01 0.4 1.76
Agrind 450 0.66 0.14 0.36 0.67 0.97
Secind 450 0.42 0.08 0.16 042 0.62
Ingap 450 2.62 042 1.83 256 3.95
Agrinf 450 0.44 018 0.17 0.38 1.23
Harm 450 0.17 013 O 0.13 0.7
Rain 450 2.89 146 056 2.6 6.34
Edu 450 0.14 0.08 0.03 0.12 0.5
Machine 450 0.64 0.24 0.24 0.58 1.39
ER 450 8.07 6.08 256 6.11 36.05

Agrind — agricultural industrial structure; Agrinf — agricul-
tural irrigation level; APE — agricultural production effici-
ency; City — urbanisation level; Edu — education level; ER
— environmental regulation; Harm — disaster-affected area;
Ingap — income gap; Machine — agricultural mechanisation;
Rain — rainfall; Road — road density; Scale — scale of land
inflow; Secind — industrialisation level; Wage — minimum wage
Source: Author's compilation
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Table 2. Benchmark regression results

(1) ()

Variables -
Pollution Pollution
—2.217%* —1.492%**
Treat x Post
(0.780) (0.450)
Controls no yes
16.807*** 44.102%**
Cons
(0.160) (8.770)
Province yes yes
Year yes yes
n 450 450
Adj. R? 0.985 0.989

***significance level at 0.01
Source: Author's compilation

2021); therefore, we constructed the following dynamic
analytical equation:

6

Yi=Bo+h ).

k=-3k=#-1

U x Treat; x Post, +B,X;, +1; +v, (5)

We used the actual year of implementation of the
three subsidies reform as the base period. Given the
specificities of policy formulation and implementa-
tion in China, we excluded data from the year before
policy implementation. The results are shown in Fig-
ure 1. Before the implementation of the policy, the
coefficient B, was not significantly negative. After the
implementation of the policy, B; showed a decreas-
ing trend and became significantly negative in the
third year. The results showed that the effect of the
three subsidies reform in reducing agricultural sur-
face pollution had a certain lag. Possible reasons for
the phenomenon may be the seasonality of agricul-
tural production, the lag in publicising rural policies
at the grass-roots level and the time needed for land
restoration.

Robust test

Placebo test. For a better evaluation of the influence
of the three subsidies reform on AFNSP, we adopted
the methodology proposed by Yang et al. (2021) and
used a counterfactual test. In this study, we constructed
the three years before and three years after the imple-
mentation of the three subsidies reform as the coun-
terfactual period, and the results are shown in Table 3.
The regression results showed that none of the dummy
time variables were statistically significantly negative,
and the results were robust.
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Figure 1. Parallel trend test

Source: Author's compilation

Furthermore, we conducted a placebo test by using
a random selection of provinces and 1 000 random
samples. The estimated coefficients of the kernel den-
sity plots and histograms of the randomised sample
results are presented in Figure 2, which depicts the
pertinent results. We presented the distribution of es-
timated coefficients mainly in proximity to the O value,
thus eliminating the interference of other factors, and
the benchmark model results were robust.

Excluding other policy effects. The three subsidies
reform was initially implemented in 2015 and subse-
quently fully operationalised in 2016. Notable policies
in the agricultural sector that had the potential to af-
fect agroecological security included the construction

Table 3. Baseline model placebo test

1) (2)

Variables
Pollution Pollution
-0.292 _
Treat x Preg
(0.250)
- -0.327
Treat x Post,
(0.280)
Controls yes ves
54.801*** 54.635%**
Cons
(5.040) (5.070)
Province yes ves
Year yes ves
n 450 450
Adj. R? 0.989 0.989

#*significance level at 0.01; Treat x Pre,— interaction term
constructed between the policy and the dummy policy time

Source: Author's compilation
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of high-standard farmland ('Farmland’) and the intro-
duction of the new development concept ('Concept’).
To isolate the influence of these policies, we incor-
porated additional policy dummy variables into the
benchmark model. The findings are presented in col-
umns one through four of Table 4. After the introduc-
tion of the policy effects of Farmland and Concept, the
results exhibited a notable negative trend, irrespec-
tive of the inclusion or exclusion of control variables.
The results remained consistent when we considered
other contemporaneous event effects.

Alternative measurements of agricultural pollu-
tion. To explore the effect of the three subsidies re-
form on agroecological security further, we measured

agroecological quality by replacing AFNSP with agri-
cultural carbon emissions to ensure that the conclu-
sions were reliable. The results are shown in column
five of Table 4, and the coefficient of Treat x Post was
negative at the 1% significance level, indicating that
the implementation of the policy could significantly
reduce agricultural carbon emissions and ensure
agroecological security. This finding further corrobo-
rates the conclusion of this study.

Propensity score matching-DID. To ensure com-
parability of the treatment and control groups,
we used Cassell et al. (2013) method to match the
treatment and control groups for cross-sectional
propensity score matching (PSM). We set the control
variables in the baseline model as covariates and used
the 1:1 nearest neighbour matching approach. The
results are shown in column six of Table 4. After PSM
matching, the coefficient of Treat x Post was signifi-
cantly negative, which is consistent with the baseline
results. This finding further confirms the environ-
mental effect of the three subsidies reform on reduc-
ing AFNSP.

Heterogeneity treatment effect. We considered
that the timing of policy implementation varied
across provinces in the study, and the traditional two-
way fixed effects model may be biased due to hetero-
geneity. Drawing on Karplus and Wu (2023), we used
the Bacon decomposition and the method proposed
by Callaway and Sant'Anna for identifying heteroge-

Table 4. Eliminating policy interference, changing variables, and conducting PSM-DID robustness tests

Variables Farmland Concept Alternative PSM-DID
1) () 3) (4) (5) (6)

Treat  Post ~2.187%** ~1.488%* ~2.193%* ~1.448% ~16.476* ~2.106*
(0.760) (0.440) (0.790) (0.460) (4.810) (0.920)
0.239 0.037

Treat x Post, (0.170) (0.190) - - -

0.504 0.802%

Treat x Posty - - (0.440) (0.410) - -

Controls no yes no yes yes yes

Cons 16.794*** 44.085%*** 16.787*** 44.501%** 603.651*** 21.670
(0.160) (8.760) (0.170) (8.650) (107.940) (23.700)

Province yes yes yes yes yes yes

Year yes yes yes yes yes yes

n 450 450 450 450 450 133

Adj. R? 0.985 0.989 0.985 0.989 0.987 0.988

**and ***significance levels at 0.05 and 0.01, respectively; PSM-DID — propensity score matching difference-in-differences

model
Source: Author's compilation

493



Original Paper

Agricultural Economics — Czech, 71, 2025 (9): 485-501

Table 5. Heterogeneity processing effect

Panel A Robust estimator

(1) )

Bacon decomposition CSDID
Treat x Post —2.217%** —2.361%**
n 450 450
Panel B Weighted DID coefficients for different groups
Group Estimator Weight
Early vs Late —-1.255** 1.957%
Late vs Early 0.649** 1.956%
Never vs Treat -2.295 96.087%

** and ***significance levels at 0.05 and 0.01, respectively;
CSDID - Callaway and Sant’Anna method for difference-
in-diference model; DID — difference-in-differences model
Source: Author's compilation

neous time-varying DID, namely CSDID (Callaway
and SantAnna 2021), for decomposition purpos-
es. The results are shown in Table 5 and Figure 3.
The results of the multitemporal DID and differ-
ent groups' decompositions are reported separately
in Panel A, and these were significantly negative. The
results of the decomposition of different groups are
further reported in Panel B. The proportion of the
effect of the results of the never-treated group and
the treated group was as high as 96.087%, a group
that generally does not exhibit heterogeneity in the
treatment effect. Furthermore, the results in Figure 3
indicated that the results of the interpolation meth-
od were still significant and were generally consist-
ent with the results of the benchmark model in this
study. The results of this study are robust.

Heterogeneity test

Physical geography. China is a vast country with
notable disparities in resource endowments and eco-
nomic development across its diverse regions. These
disparities give rise to notable differences in agricultur-
al cultivation methods, varieties of agricultural prod-
ucts and agricultural technologies across the country,
which has implications for agricultural policy imple-
mentation and environmental quality improvement.
Thus, we have divided China into three distinct re-
gions, delineated by their respective natural conditions
and economic development factors, and the results are
shown in columns one through three of Table 6.

There were significant differences in the effects
of the three subsidies reform in the eastern, central
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and western regions. The three subsidies reform has
been a catalyst for the swifter turnover of land and
the vigilant safeguarding of cultivable land, result-
ing in a more pronounced reduction in pollution.
As a major grain-producing area, the central region
has faced delays in policy implementation and strug-
gled with promoting agricultural technology services,
consequently limiting progress in reducing chemi-
cal fertiliser use and improving agricultural ecol-
ogy. Conversely, the western region, characterised
by a scarcity of traditional farming areas and a lower
reliance on chemical fertilisers owing to the types
of crops cultivated, has reaped the benefits of positive
policy incentives.

Cultivation history and culture. First of all, Chi-
na has a long history of farming, with the two river
basin tributaries of the Yangtze River and the Yellow
River forming the origin of the country's farming cul-
ture and the key agricultural region (Nie et al. 2024).
In this study, we chose the provinces within the Yang-
tze River main stream basin and the Yellow River ba-
sin ('two river basins') as the grouping variables, with
the findings presented in columns four through seven
of Table 6. The two river basins have a long history
of agriculture, superior natural geography, accelerat-
ed land transfer after the implementation of the pol-
icy, faster adoption of new agricultural technologies
such as drones and strong agroecological security.

Second, we considered the policy implementation's
effect under the influence of farming culture, especially
rice culture. The essence of rice culture, as postulated
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Table 6. Geographic and cultural heterogeneity

Two river Non-two  Yangtze Yellow Rice culture Non-rice
East Central West . . . . .o .
Variables basins river basins River basin River basin  zone culture zone
(1) (2) (3 (4) (5) (6) (7) (8) 9)
-1.659*** —-1.258 -2.249** -1.327** -1.561 -0.674 -1.286** -0.951 -1.457**
Treat x Post
(0.400)  (0.890)  (0.860) (0.480)  (0.930) (0.480) (0.400)  (0.660) (0.620)
Controls yes yes yes yes yes yes yes yes yes
C 47.079*** 61.097*** 53.489* 40.446*** 39.296***  41.498***  29.771 49.555%**  49.765***
ons
(11.940) (14.280) (24.240) (12.500)  (10.230)  (11.250)  (25.390)  (15.850) (9.500)
Province yes yes yes yes yes yes yes yes yes
Year yes yes yes yes yes yes yes yes yes
n 165 120 165 255 195 150 135 195 255
Adj. R 0.995 0.992 0.975 0.992 0.979 0.990 0.995 0.992 0.990

** and ***significance levels at 0.05 and 0.01, respectively
Source: Author's compilation

by the rice theory, is the spirit of collectivism that has
developed over a long period of rice cultivation in East
Asia (Talhelm et al. 2014). We drew on Liu and Wang
(2024) to classify rice culture zones and non-rice cul-
ture zones on the basis of China's historical distribu-
tion of farming and the percentage of contemporary
grain sown area devoted to rice. The rice theory sug-
gests that the spirit of collectivism contributes to poli-
cy implementation. However, our study results indicate
that the implementation effects of the rice culture zone
were not satisfactory. The possible reasons for this phe-
nomenon are the continuation of the previous form
of subsidy disbursement in some areas, as well as the
high bargaining price of land lease rights brought
about by local protectionism under the spirit of rural
collectivism in rice crop areas, which is not conducive
to the efficient transfer of agricultural land to large-
scale farmers. This situation ultimately led to the un-
satisfactory implementation of the policy.

Mechanism discussion

Large-scale operation. The analysis presented re-
vealed that the reform of the three subsidies policy has
markedly reduced the levels of AFNSP, concurrently
boosting ecological quality. What drove this positive
transformation? Firstly, the primary focus was on the
primary recipients of agricultural subsidies — new ag-
ricultural operating entities. In the context of China's
ongoing agricultural transformation, the traditional
smallholder as a production unit is no longer aligned
with the green, low-carbon and sustainable develop-
ment model of agriculture. Large-scale farming op-

erations have become the focus of policy support for
the transformation.

The three subsidies reform has promoted the cen-
tralised transfer of scattered and abandoned farm-
land to actual farming households. Concurrently,
agricultural subsidies incentivise new management
subjects to scale up agricultural production through
transferring and contracting, accelerating the scale
and specialisation of agricultural production. The
scale of agricultural production firstly reduces the
transaction and learning costs of farmers' production
material purchases, realises the optimal combination
of factor resources and alleviates the factor mismatch
problem in agricultural production. In addition,
large-scale operations facilitate the implementation
of novel knowledge and technology in agricultural
production, facilitate structural adjustments in ag-
ricultural production and enable the optimal use
of fertilisers and other resources, including precision
fertilisation, all of which contributes to the reduction
of AFNSP and the enhancement of agroecological
quality. The coefficient of Treat x Post in column one
of Table 7 was significantly positive, indicating that
the three subsidies reform has significantly driven
the growth of the proportion of large-scale farmers,
which in turn has facilitated a reduction in AFNSP.
These findings helped us prove H,.

Agricultural production efficiency. The enhance-
ment of production efficiency demonstrates sig-
nificant effects on pollution and carbon reduction.
Therefore, we examined the role of agricultural pro-
duction efficiency within the effect of the three sub-
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Table 7. Analysis of impact mechanism

) Scale APE Pollution
Variables
(1) 2) 3)
0.037%** 0.062** —0.952%**
Treat x Post
(0.010) (0.030) (0.310)
Treat x Post B _ -1.215%*
x Wage (0.400)
Controls yes yes yes
-0.220 1.292%** 43.738***
Cons
(0.330) (0.430) (8.480)
Province yes yes yes
Year yes yes yes
n 450 450 450
Adj. R 0.818 0.351 0.990

** and ***significance levels at 0.05 and 0.01, respectively;
APE - agricultural production efficiency
Source: Author's compilation

sidies reform mechanism. The three subsidies reform
emphasises cultivated land fertility protection, advo-
cating practices such as deep tillage and straw return,
which incentivise farmers to prioritise agricultural
machinery and adopt new technologies, thereby
driving the widespread application of mechanisation
in agricultural production. Moreover, the accelerated
promotion of scale operations not only facilitates the
extensive adoption of technical services among large-
scale farmers but also generates green technology
spillover effects benefitting smallholder production.
In addition, the proliferation of agricultural mechani-
sation and modern equipment fosters advancements
in green production technologies, elevating overall
production efficiency. Improved agricultural produc-
tivity efficiency serves as an effective engine for pollu-
tion reduction, enabling pollution control, cultivated
land conservation and the mitigation of nonpoint
source pollution from chemical fertilisers. As shown
in column two of Table 7, the significantly positive co-
efficient of Treat x Post indicates that the three sub-
sidies reform has substantially promoted agricultural
production efficiency and contributed to the reduc-
tion of AFNSP. Our H, was empirically verified here.
Minimum wage. Driven by the opportunity cost
of higher minimum wage standards, agricultural la-
bour mobility, farmland size and agricultural pro-
duction efficiency are affected, and agricultural
production decisions are then changed, which also
affects the implementation of the three subsidies.
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In our study, we introduced the interaction term
Treat x Post x Wage between the minimum wage
standard and the policy effect, and the results are
shown in column three of Table 7. The status quo
of the coefficient of Treat x Post x Wage was negative,
and the coefficient of Treat x Post remained signifi-
cant. This finding suggests that the higher minimum
wage has attracted agricultural operators, accelerated
off-farm employment for smallholders and driven ru-
ral labour outflows. This situation has led to the accel-
eration of large-scale, specialised and technologically
advanced production and the reduction of AFNSP.
Thus, the higher minimum wage standard accelerated
rural labour mobility, which in turn reinforced the
environmental improvement effect of the three sub-
sidies reform in reducing AFNSP. Our results proved
that H, can be significantly held.

Further discussion

Spatial spillover effect of policy. The external-
ity of policy implementation and the spatial spillover
of environmental pollution make the spatial correla-
tions difficult to ignore, and the estimation results of the
traditional ordinary least squares model may be biased.
Therefore, we used a spatial DID model to test the effect
of the three subsidies reform on the overall agroecology
of the region, and we constructed the following model:

Y, = pZVVU, xY, +Bg Z\VU xTreat; x Post, +
j=1 j=1

(6)

+ ByTreat; x Post, +B,X;, + 1, +Vv, +¢€;,
where: W); — the spatial weight matrix.

We used the neighbouring spatial weight matrix
in this study. Considering the errors in the estimated
coefficients, we chose to present the results of the spa-
tial effects decomposition as shown in columns one
through three of Table 8. The three subsidies reform
will not only catalyse a decrease in AFNSP within our
province but also, through a cascade of positive effects
— such as technology diffusion, cross-regional integrat-
ed operations, mobility of agricultural technical ser-
vices and the transmission of soil fertility — will inspire
reduction in AFNSP in neighbouring provinces, all
of which will culminate in a comprehensive enhance-
ment of the regional agricultural ecosystem.

Grain production safety. Securing the capability
for food production is the core goal of the three sub-
sidies reform initiative, and the fundamental objective
of mitigating AFNSP and enhancing agroecological
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quality is similarly to ensure food security. Therefore,
we included the quantity of food output as an explana-
tory variable in the analysis. Considering the lagged
effects of reducing fertiliser application and protect-
ing arable land, we also set up the following equation,
drawing on the study of Li and Zhou (2023), to explore
the short-term and long-term effects of the three sub-
sidies to safeguard agroecology and food production:

Y, =B, +B:Treat, x Post’ +BLTreat, x

)

L
x Post, +B, X, +1, +Vv, +¢,

where: 3 and [ié — the short-term and long-term causal
effects of policy implementation, respectively.

Columns four and five of Table 8 present the overall
effects and short- and long-term effects, respectively.
The estimated coefficient of column four is signifi-
cantly positive, indicating that the three subsidies
reform had a beneficial effect on agricultural ecol-
ogy and was able to promote food production growth
effectively. The estimated coefficients of B$ and .
in column five were both significantly positive, with
the value of [Sé being even higher. This finding indi-
cates that improvements in ecological governance
contributed to increased food production. The evi-
dence demonstrates that the reduction of AFNSP and

Table 8. Spatial DID and grain output

the amelioration of ecological conditions within the
agricultural sector, as a result of policy enforcement,
can substantially promote the productivity of grain
crops and ensure the stability of food supplies.

CONCLUSION

In recent years, environmental issues in agriculture
have gradually been a subject of focus, and agricultural
subsidy, which has played an important role in agri-
cultural production, has gradually attracted attention.
However, there have been limited studies on the en-
vironmental effects of China's green-orientated three
subsidies reform. Therefore, in this study, we analysed
the effects of the three subsidies reform from the
perspective of agroecological security. Using a panel
of 30 provinces in China from 2008 to 2022, we consid-
ered the three subsidies reform as a quasi-natural ex-
periment and examined its effects on reducing AFNSP
and improving ecological quality.

With the use of time-varying DID estimation,
we were able to present several useful findings from
this study. First, the implementation of the three sub-
sidies reform has effectively promoted the reduction
of AFNSP, which has contributed to ensuring agro-
ecological security. Second, the three subsidies have
reduced AFNSP by promoting large-scale agricultural
operations and accelerating agricultural production

Direct Indirect Total Gain yield Grain yield
Variables
1) (2) (3) (4) (5)
~1.249** ~1.936%** ~3.190*** 474.533** -
Treat x Post
(0.270) (0.570) (0.600) (104.200)
. - - - - 219.196**
Treat x Post,
(68.870)
L - - - - 365.936%**
Treat x Post,
(87.070)
0.186%** 0.186*** 0.186%** - -
P (0.060) (0.060) (0.060)
) 1.3071%** 1.301 % 1.301%** _ _
c
(0.090) (0.090) (0.090)
Controls yes yes yes yes yes
Province yes yes yes yes yes
Year yes yes yes yes yes
n 450 450 450 450 450

Source: Author's compilation

significance level at 0.01; DID — difference-in-difference
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efficiency. Third, there are spatial spillover effects
of policy implementation, such as knowledge spillo-
ver and technical service spillover, which promoted
the reduction of AFNSP in the region as a whole.
Fourth, the three subsidies reform, aimed at mitigat-
ing the environmental effect of AFNSP, not only safe-
guarded the increase in grain yields but also exhibited
a strengthening influence as time progressed. Fifth,
the influence of the natural environment and farming
culture made the effects of the three subsidies reform
heterogeneous, with differences in implementation
effects across regions.

Understanding the influencing mechanism between
the three subsidies reform and AFNSP offers critical
policy insights and serves as a reference for other na-
tions. Firstly, considering the effect of the three subsi-
dies reform on the AFNSP, the government can further
adjust the reform direction of agricultural subsidies
and the evaluation criteria for implementation, clar-
ify specific guidelines, strengthen the requirements
for land protection at the local government level and
enhance policy and institutional standards. Secondly,
China needs to improve the government subsidy al-
location and regulatory system gradually, achieve pre-
cise subsidies and enhance the effectiveness of policy
implementation. The green orientation of agricul-
tural subsidies requires precise government subsi-
dies to support it, and it is essential to promote the
precise matching of government subsidy funds and
subsidy recipients. In addition, a platform for policy
interaction should be established to promote the co-
ordinated implementation of agricultural policies and
cross-regional collaboration of agricultural resources,
strengthening the overall effectiveness of policy im-
plementation. Finally, China's trends in agricultural
subsidy policy reform align with the emphasis in the
EU and the United States on environmental aspects
of agriculture. The EU's CAP and the U.S. EQIP use
green payment schemes and agri-environmental
subsidies within direct fiscal support frameworks
to enhance producers' environmental stewardship,
incentivising reductions in agricultural pollution and
improvements in ecological quality. China, follow-
ing its strategic emphasis on agricultural ecological
sustainability, has adopted comparable direct subsidy
mechanisms for behavioural incentivisation. Through
restructuring under the three subsidies reform agen-
da, the nation has required reductions in agricultural
production contaminants and strengthening soil fer-
tility conservation in cultivated lands. As a develop-
ing country, China's agricultural subsidy reforms can
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reduce AFNSP and improve agroecological quality,
providing a reference for other developing countries,
particularly those in South Asia and Southeast Asia
that are close to China, in adjusting their agricultural
subsidy policies.

Our study had some limitations, but the results also
point to future research directions. First, in this re-
search, we used AFNSP to analyse the environmen-
tal effect of agricultural subsidy reform — namely,
the three subsidies reform. However, there are still
many meaningful policies, such as China's rural revi-
talisation and guiding social capital investment in ru-
ral areas. The effectiveness of these policies should
be tested in the future. Second, this study is based
on the background of China. On the one hand, there
are differences in rice and wheat cultivation in China,
leading to differences in values, which can be classi-
fied in the future. On the other hand, we do not have
sufficient evidence to suggest that our study can
be generalised worldwide so that we can use data from
other countries for validation in the future. Third, the
data we selected were macro data, which revealed the
effect of the three subsidies reform on agricultural
pollution, but individual characteristics within the
provinces are prone to convergence. In the future,
to explore the effects of the policy, we can use mi-
cro data, such as matching farmers' evaluations and
perceptions of the three subsidies policy with their
behaviour. Finally, there are significant differences
in the level of agricultural development between Chi-
na and Western countries. The proportion of rural
labour force employed in agriculture remains rela-
tively high, and current available data do not show
an inverted U-shaped effect of agricultural subsidy
policies. As China's agriculture continues to devel-
op in the future, it may potentially follow patterns
similar to those observed in developed countries in
Europe and America, and this hypothesis requires
future verification.
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