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Achieving high-quality agricultural development (HQAD) has become an urgent
and important task for many countries. This paper selects panel data of 30
provinces in China from 2005 to 2019 and uses the mediation model, panel
threshold model and spatial econometric model to explore the impact of rural
finance (RF) on high-quality agricultural development. The study found that: 1) RF
can effectively promote high-quality agricultural development, and the
conclusions still hold after multiple robustness tests; 2) The results of
heterogeneity analysis show that RF has a significant role in promoting high-
quality agricultural development during the period of high economic growth, and
the effect is not obvious during the period of slow economic growth. In addition,
under the conditions of heterogeneity of functional grain production areas and
heterogeneity of financial literacy, RF has a significant positive effect on high-
quality agricultural development, and the intensity of the effect is shown as main
grain production areas > main grain marketing areas > balanced grain production
and marketing areas, and higher financial literacy areas > lower financial literacy
areas; 3) Farmland scale management plays a partially mediating role in the
process of RF influencing high-quality agricultural development, and the share
of the mediating effect in the total effect is 24.64%; 4) There is a single threshold
effect of rural finance efficiency (RFE) and the share of agricultural technicians in
the impact of RF on high-quality agricultural development, and the threshold
values are 0.940 and 0.448, respectively. In the process of crossing the threshold,
the enhancement effect of RF on high-quality agricultural development shows a
marginal incremental feature; 5) There is a significant spatial correlation between
China’s inter-provincial agricultural high-quality development, and RF in the
region can act on the agricultural high-quality development of neighboring
regions through spatial spillover effects. Our study enriches the existing
literature and provides empirical evidence and policy insights on how RF in
China contributes to high-quality agricultural development.
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1 Introduction

Achieving high-quality agricultural development (HQAD) has
become an urgent and important task for many countries. As the
world’s largest and most populous developing country, China has
created a world-renowned miracle by feeding 20% of the world’s
population with 7% of the world’s agricultural land. However, for
quite a long time in the past, the rapid development of traditional
agriculture in China was at the cost of high energy consumption and
high investment (Wu et al., 2020). This mode of agricultural
production is unsustainable and even brings more serious
environmental pollution problems. Therefore, it is necessary to
change development ideas and models, and to accelerate the
transformation of agricultural development from quantitative
expansion to quality improvement. In 2018, China’s former
Ministry of Agriculture clearly put forward that “China’s
agriculture has entered a stage of high-quality development, and
it should realize the transformation of agriculture from total volume
expansion to quality improvement as soon as possible.”
Consolidating the high-quality development of agriculture has
become a necessary path to promote rural revitalization and
accelerate agricultural modernization. In view of this, it is of
great strategic significance to explore the dynamic mechanism
and enhancement system of China’s HQAD and to contribute
Chinese experience and solutions to other countries in the world.

As the core of modern economy, finance is the key driver to
support the development of the “three rural areas”. However, for a
long time China’s rural finance (RF) has been subordinated to the
overall national industrialization strategy led by the Government. A
large amount of rural financial resources have flowed to the cities
and been converted into industrial capital, resulting in an
insufficient scale of capital in rural areas. (Zhang and Wang,
2015). In response, the State has introduced a series of policy
measures to implement rural financial deepening. Specifically,
these include the comprehensive restructuring of rural credit
cooperatives, the vigorous development of new types of rural
financial institutions, and the promotion of reforms in land
management right mortgages. The No.1 document of the Central
Government in 2022 even listed “strengthening financial services for
rural revitalization” as an important element for the first time, which
also highlights the central government’s determination to solve the
shortage of rural financial supply.

The existing literature on HQAD mainly focuses on indicator
measures and impact factors. In terms of indicator measurement,
there are still some disagreements on the evaluation of HQAD. Some
scholars believe that the core of HQAD is to improve agricultural
production efficiency. Based on this, early scholars used total factor
productivity (TFP) to measure agricultural quality (Baráth et al.,
2020; Reza Anik et al., 2020). With the concept of sustainable
development, people began to pay attention to ecological
environment and security issues (Streimikis and Baležentis, 2020;
Xia et al., 2023). More and more scholars incorporated
environmental resource constraints into the traditional TFP
theory. Green total factor productivity (GTFP) became a measure
of agricultural quality development and was widely used (Xu et al.,
2020; Fang et al., 2021; Gao et al., 2022; Li et al., 2023); Another part
of scholars believe that a single productivity indicator cannot
accurately summarize the rich connotation of high-quality

development, so a comprehensive evaluation index system is
constructed to measure HQAD (Du et al., 2020; Baležentis et al.,
2021; Lu et al., 2022). In particular, with the introduction of China’s
new development concept, more scholars tend to construct and
measure the indicators of China’s HQAD in five dimensions:
innovation, coordination, green, openness, and sharing (Liu T.
et al., 2020; Li and Xu, 2020). In terms of influencing factors,
endogenous drivers include industrial structure adjustment (Wu
et al., 2020), factor allocation optimization (Jin et al., 2018), and
effective utilization of agricultural subsidies (Zhang et al., 2020);
Exogenous drivers include foreign direct investment (Wang et al.,
2019), new urbanization development (Liu J. et al., 2020),
government policies (Qin et al., 2022a), and digitization of
agriculture (Tang and Chen, 2022).

At present, there is not much literature on the relationship
between RF and HQAD. The researches with high correlation
mainly focus on the relationship between RF and agricultural
economic growth. There are three main views: The first view is
the “financial promotion theory”. Pagano (1993), based on banking
data from 1961 to 2001 in India, finds that bank involvement in rural
production can increase the income of the rural economy and
alleviate poverty; Zamani and Tayebi (2022) argue that RF can
efficiently allocate resources and promote economic development;
Mei et al. (2022) found that the size and efficiency of rural finance
favors rural economic growth. The second view is the “financial
disincentive theory”, which is based on the theory of agricultural
credit subsidies. In developing countries, government-led RF
restrains the growth of agricultural economy (King and Levine,
1993; Liu et al., 2021). The reasons are as follows: due to the double
influence of credit resource constraint and economic profit drive, a
large number of financial resources transfer from rural to urban,
resulting in the reduction of agriculture-related loans (Huang et al.,
2006). In addition, the poor financial structure and low financial
efficiency in rural areas also weaken the pulling effect of finance on
the economy (Rousseau and Wachtel, 2011). A third view is the
“financial futility theory”, which suggests that the simultaneous
growth (or decline) of both may be a quantitative coincidence
(Levine, 2003; Levine, 2005).

The existing literature has made a large contribution to the
impact level of RF on agricultural economic growth, which has laid
a solid theoretical foundation for the research of this paper.
However, along with the arrival of the era of strengthening
financial services for rural revitalization, there is still much
room for deepening the research on the impact of traditional
RF on HQAD. Compared with previous studies, the marginal
contributions of this paper are mainly reflected in the following
five aspects: First, it enriches the research on the economic effects
of RF. Research on the economic effects of RF by scholars at home
and abroad mostly focuses on rural economic growth. This paper
explores the relationship between RF and HQAD and conducts
quantitative tests; Second, it utilizes econometric models to reveal
that the impact of RF on HQAD is characterized not only by direct
effects and heterogeneity, but also by mediating effects. RF has a
positive impact on HQAD by promoting the expansion of large-
scale operation of agricultural land; Third, the use of the threshold
model reveals that the impact of RF on HQAD is characterized by
the non-linear feature of increasing marginal effect. In regions
where the efficiency of RF and the proportion of agricultural
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scientific and technological personnel cross the threshold, RF has a
greater role in promoting HQAD; Fourth, the use of spatial
econometric models reveals the characteristics of the spatial
spillover effect of RF on HQAD. RF not only has a positive
effect on the high-quality development of agriculture in the
region, but also can have a positive spillover effect on
neighboring regions; Fifth, this study provides empirical
evidence that RF contributes to the development of agriculture
in China, and at the same time provides a reference for other
countries with similar backgrounds.

2 Theoretical analysis and research
hypothesis

2.1 The direct impact of RF on HQAD

The direct impact of RF on HQAD is mainly manifested in
three aspects. First, the scale of credit for the “three rural areas”
has been increased. First of all, it meets the demand of rural
residents for production and operation loans, improves the
income generating capacity of rural residents, enriches the
channels for farmers to increase their income, and stimulates
small farmers to operate on a proper scale and mechanization;
Secondly, it helps the primary processing and deep processing of
agricultural products through credit, supports small farmers to
integrate into the agricultural industry chain, promotes the main
body of the industry chain to stay in the countryside, and allows
farmers to share more industrial value-added income. Second,
innovation in financial products and service methods promotes
HQAD. Finance meets the growing financial needs of agricultural
enterprises by optimizing product types, improving service
methods, increasing service coverage and improving product
quality. In addition, innovative financial systems and products
can help to break the liquidity constraints of farmers in the
process of agricultural production, entrepreneurship and
consumption. Third, the development of agricultural insurance
drives HQAD. First of all, strengthen the publicity of rural
insurance business and deepen farmers’ insurance awareness;
Secondly, innovative agricultural insurance systems. On the
one hand, vigorously promote the development of more
mature types of insurance. On the other hand, new types of
agricultural insurance have been introduced to meet the needs
of agricultural and rural development; Finally, establish and
improve the mechanism of catastrophe risk dispersion,
implement the reserve system, and enhance the risk prevention
and response ability of insurance institutions. Based on this,
theoretical hypothesis one is proposed:

H1: RF has a catalytic role in HQAD.

2.2 Indirect impact of RF on HQAD

Land is an irreplaceable means of production in agricultural
production. In the context of the reform of China’s land system of
“separation of three rights”, farmers’ enthusiasm for land transfer is
increasing. Land transfer helps to scale up agricultural land

operation, which plays an intermediary role in the process of RF
influencing HQAD. Specifically, compared with the traditional
family contracting system, intensive and large-scale production
and operation improves agricultural production efficiency.
However, for most farmers, the shortage of capital elements is an
important factor limiting the large-scale operation of farmland. The
development of RF provides direct financing channels for farmers to
solve the capital shortage and meets the credit demand of farmers to
expand farmland scale operation. In addition, with the deepening of
the reform of China’s rural land system, the introduction of policies
on the transfer of agricultural land has created conditions for the
large-scale transfer of agricultural land. The rapid development of
RF has increased the scale and stability of farmland transfer
transactions and stimulated the maturation of the land transfer
market (Luo et al., 2012). The increasing scale of farmland
operations has contributed to the adoption of modern
agricultural technologies and management methods. Large-scale
operations help optimize the allocation of resources, increase
labour productivity and promote high-quality agricultural
development.

H2: RF can indirectly promote HQAD by facilitating the expansion
of farmland operations on a large scale.

2.3 The threshold effect of the impact of RF
on HQAD

In the 1950s, academics began to pay attention to the role of
financial development in guiding and promoting economic growth.
Rural economic development requires a large amount of capital to
promote. The rural financial system optimizes the allocation of rural
capital through the mobilization of savings, which ultimately leads
to economic growth in agriculture. In a real economy, the rate of
rural economic growth depends on how much social savings flow to
rural enterprises and farmers with high capital needs and high
productivity. Different regions of China have very different levels of
economic development, locational conditions, and policy
orientations. In particular, the significant regional variability in
the efficiency of RF has led to a heterogeneous impact of RF on
HQAD. In general, the higher the level of rural finance efficiency
(RFE), the easier it is for farmers to obtain loans at lower financing
costs. The increase in loans to farmers provides the possibility of
expanding the scale of farmland. Economies of scale raise the level of
high-quality agricultural development; The lower the level of RFE,
the poorer the capacity to absorb savings and lend money to the
rural community. This severely constrains the ability of agricultural
operators to access credit. Based on this, theoretical hypothesis three
is proposed:

H3: There is a threshold effect of RFE in the impact of RF
on HQAD.

Science and technology innovation is the core of HQAD. Among
the many factors affecting agricultural science and technology
innovation, the role of RF is more prominent (Xiao and Xu, 2012).
However, constrained by the long-term lag in the development of RF in
China, rural financial support for agricultural science and technology
innovation is limited. As the level of RF increases, how to rationally and
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effectively utilize the efficiency of limited agricultural innovation funds,
which requires the decisive role of agricultural scientists and
technologists. Talents in agricultural science and technology help
promote the integration of agriculture and science and technology,
and promote the transformation and popularization of agricultural
scientific and technological achievements. Therefore, when there are
more people in agricultural science and technology activities in a region,
the higher the efficiency of agricultural science and technology
innovation invested by RF, and the stronger the positive effect on
HQAD. Based on this, theoretical hypothesis four is proposed:

H4: There is a threshold effect of the share of agricultural scientists
and technicians in the impact of RF on quality agricultural
development.

2.4 Spatial spillover effects of RF on HQAD

Anselin (1988) points out that economic phenomena in reality
are characterized by spatial dependence or spatial autocorrelation.
There is some degree of competition and cooperation in rural
financial activities among regions. With the increasing degree of
spatial correlation of RF, there is bound to be a certain degree of
spillover effect on neighboring regions. On the one hand, HQAD has
significant geographical characteristics. China’s vast territory makes
the distribution of agricultural natural resources complex. Different
agricultural production regions choose different types of crops to
grow. Regional boundaries of production growing areas affect the
geographic radius of HQAD (Norman and Castle, 1967); On the
other hand, the spillover effect of financial literacy has led to an
increasing degree of spatial financial linkages and interactions
between regions. There is a natural advantage of rural financial
spillover between neighboring regions. The central regions with a
high level of RF drive the development of RF in the peripheral
regions by setting up branches and sending technical and
management talents to the peripheral regions. This in turn has a
certain spillover effect on the HQAD of the neighboring regions.
Based on this, theoretical hypothesis five is proposed:

H5: RF can act on the HQAD of neighboring areas through spatial
spillover effects.

3 Model construction, variable
description and data sources headings

3.1 Model construction

3.1.1 Benchmark regression model
In order to analyze the impact of RF on HQAD, the following

benchmark regression model is developed in this paper:

HQADit � α0 + α1RFit + αcXit + μi + δt + εit (1)
In Equation 1, HQADit is the explained variable, which

indicates the level of agricultural quality development in province
i in year t; RFit is the explanatory variable, which indicates the level
of RF;Xit is a set of control variables; μi, δt, and εit indicate province

fixed effects, time fixed effects, and random disturbance terms,
respectively.

3.1.2 Mediating effect model
In order to test the indirect effect of RF on HQAD. Drawing

on the mediation effect test proposed by Kenny (1986). The
high-quality development of agriculture is taken as the
explanatory variable, RF as the core explanatory variable, and
farmland scale operation (FSO) as the mediating variable. The
recursive mediation model is constructed as shown in
equations 2–(4):

HQADit � α0 + α1RFit + αcXit + μi + δt + εit (2)
FSOit � β0 + β1RFit + βcXit + μi + δt + εit (3)

HQADit � φ0 + φ1RFit + φ2FSOit + φcXit + μi + δt + εit (4)

3.1.3 Panel threshold model
Consider that there is a threshold effect of RFE and the share of

agricultural technicians on the impact of RF on HQAD. Further
drawing on Hansen’s (1999) threshold effect test. RFE and the
proportion of agricultural technicians as threshold variables,
respectively. Construct a panel threshold effect model as shown
in Equation 5:

HQADit � λ0 + λ1RFit × I Adjit ≤ θ1( ) + λ2RFit × I θ1 <Adjit ≤ θ2( )
+ ‥ + λnRFit× I θn−1 <Adjit ≤ θn( )
+ λn+1RFit × I Adjit > θn( )+λcXit + εit

(5)
In Equation 5, Adjit is the threshold variable for RFE and the

share of agricultural technicians, respectively. I(·) is the indicative
function of the threshold model, and I is one if the parentheses are
true, and 0 otherwise.

3.1.4 Spatial econometric model
In order to explore the spatial spillover effects, the following

spatial econometric model is constructed in this paper:

HQADit � ψ0 + ρWHQADit + ψ1RFit + ψcXit+η1WRFit + ηcWXit

+ μi + δt + εit ;

εit � σWεit+vit (6)
where ρ and σ are the spatial autoregressive coefficients of the
explanatory variables and error terms, respectively; W is the spatial
weight matrix. This paper sets the adjacency matrix (W1) and the
geographic distance matrix (W2), respectively, where dij denotes the
geographic distance between the capital cities of different provinces
calculated with latitude and longitude. vit is the random disturbance
term. When σ = 0, Equation 6 represents the spatial Durbin model
(SDM); when σ = η1 = ηc = 0, Equation 6 represents the spatial lag
model (SAR); when ρ = η1 = ηc = 0, Equation 6 represents the spatial
error model (SEM).

W1 � 0 i and j Spaces are not adjacent( )
1 i is adjacent to j space( ){ ,W2 � 1/d2 i ≠ j( )

1 i � j( ){
(7)
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3.2 Variable selection

3.2.1 Explanatory variable: high-quality
development of agriculture (HQAD)

According to the concept of high-quality development of
Chinese economy in the new era, combined with existing studies
(Hua et al., 2021; Qin et al., 2022b; Chen and Wang, 2022). This
paper designs a comprehensive evaluation index system for
HQAD in each province from five levels: innovation,
coordination, green, openness and sharing. The specific
indicators are shown in Table 1. On this basis, the entropy
weight method is applied to measure the comprehensive index
of high-quality development of Chinese agriculture, and the
calculation steps are detailed in the Appendix.

3.2.2 Explanatory variables: rural finance (RF)
This paper constructs a RF evaluation index system that

includes rural financial scale, rural financial structure and
RFE. Among them, the scale of RF is measured by the ratio of
rural loans to the total output value of agriculture, forestry,
animal husbandry and fishery; the efficiency of RF is

measured by the ratio of rural loan balance to rural deposit
balance; and the structure of RF is measured by the ratio of rural
enterprise loans to rural loans. Based on the hierarchical analysis
method, the pairwise comparison judgment matrix and the
relative weight vector among the indicators are obtained.
Finally, based on the specific values and weights of the three
indicators, the level of RF in each province was calculated.

3.2.3 Mediating variable: farmland scale
operation (FSO)

The transfer of farmland is considered to be the inevitable
way of agricultural scale management (Brümmer et al., 2006).
Farmland scale management has become an inevitable trend of
agricultural transformation and development. Along with the
promotion of large-scale agricultural land management, the
previous way of agricultural operation has been improved and
the division of labor and cooperation within agriculture has
become more reasonable. To a certain extent, the inefficiency
of smallholder operation has been avoided and the cost of
product production has been reduced (Otsuka et al., 2016),
which is conducive to HQAD. In this paper, the ratio of crop

TABLE 1 Comprehensive evaluation index system for HQAD.

Dimensional layer Element layer Indicator layer Properties

Agricultural Innovation Development Agricultural Innovation Foundation Agricultural R&D expenditure investment/GDP (%) Positive

Agricultural science and technology activity personnel/primary
industry employees (%)

Positive

Efficiency of agricultural innovation Output value of primary industry/employees in primary industry
(million yuan/person)

Positive

Total grain production/sown area (million tons/thousand
hectares)

Positive

Coordinated agricultural development Industry Coordination The proportion of output value of primary industry/the
proportion of employed persons in primary industry (%)

Positive

Urban-rural coordination Per capita disposable income of urban residents/per capita
disposable income of rural residents (%)

Negative

Per capita consumption of urban residents/per capita
consumption of rural residents (%)

Negative

Green Development in Agriculture Agricultural resource consumption Plastic film/seeded area (tons/thousand hectares) Negative

Environmental pollution in agriculture Fertilizer application/total crop sown area (tons/thousand
hectares)

Negative

Pesticide application/seeded area (tons/thousand hectares) Negative

Agricultural Environmental Protection Forest cover (%) Positive

Agricultural Open Development Degree of openness Total import and export of agricultural products/GDP (%) Positive

Agricultural Shared Development Income level Per capita disposable income of rural residents (yuan/person) Positive

Cultural Education Average number of years of education for rural residents (years) Positive

Public Health Average number of rural doctors and health workers per
1,000 agricultural population (persons)

Positive

Infrastructure Effective irrigated area/total crop sown area (%) Positive

Road mileage (km) Positive

Total agricultural machinery power/rural population (million
kilowatts/10,000 people)

Positive
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sown area to agricultural workers in each province and city is
used to measure farmland scale operations.

3.2.4 Threshold variables
Rural financial efficiency (RFE), which depends on the

resource allocation function of the financial system (Ang
et al., 2008), refers to the effectiveness of the conversion of
savings to investment (Robinson, 1974). Rural financial
inefficiency is a major obstacle to the development of China’s
“three rural areas”. Drawing on the indicators commonly used by
scholars, this paper adopts the ratio of rural loan balances to rural
deposit balances; and the ratio of agricultural science and
technology activities (ASTA), which is measured by the ratio
of agricultural science and technology activities to the number of
employees in the primary industry.

3.2.5 Control variables
There are many factors affecting the high-quality

development of agriculture, and the control variables selected
in this paper are mainly: Government intervention (GOV),
measured by the proportion of government fiscal expenditure
to GDP; Urbanization level (UL), measured by the proportion of
urban population to total population in each province; Industrial
structure upgrading (ISU), characterized by the ratio of added
value of tertiary industry to added value of secondary industry;
Infrastructure level (IL), measured by total post and
telecommunications business per capita; Human capital level
(HCL), characterized by the number of students in colleges
and universities per 10,000 people in the region; Energy
consumption (EC), energy consumption is the main source of
carbon emissions in agriculture, which provides power support
for HQAD while also brings a lot of pollution to agricultural
development. This paper chooses per capita energy consumption
as a representative indicator of energy consumption.

3.3 Data sources

Considering the availability and continuity of data, this
paper selects panel data of 30 Chinese provinces from
2005 to 2019 (except Tibet, Hong Kong, Macau and Taiwan).
The data come from China Statistical Yearbook, China Rural
Statistical Yearbook, China Agricultural Yearbook, China
Population and Employment Statistical Yearbook, China
Financial Yearbook, EPS database, provincial statistical
yearbooks and statistical bulletins of national economic and
social development. Some missing data in some years were filled
in by interpolation. The results of descriptive statistics of
variables are shown in Table 2.

4 Analysis of results

4.1 Analysis of the measurement results of
HQAD

Between 2005 and 2019, the quality of China’s agricultural
development has generally shown an upward trend (Figure 1),

with the index of HQAD rising from 0.363 in 2005 to 0.426 in
2019. This is closely related to the Chinese government’s efforts
on the “three rural issues”. Since the No.1 Document of the
Central Government returned to the “three rural areas” in 2004,
China has introduced a series of policies to benefit and support
agriculture and these initiatives have largely contributed to the
high-quality development of agriculture. In addition, this paper
adopts the method of systematic clustering (Q-type cluster
analysis) to rank the level of HQAD in each province. The
operation steps are as follows: (1) the comprehensive level of
HQAD in 30 provinces of China from 2005 to 2019 was selected
as the clustering index; (2) the Euclidean distance was used to
measure the distance between the 30 samples; (3) the samples
were categorized, and finally the clustering spectrum map of the
level of HQAD in 30 provinces of China was obtained
(Supplementary Figure S1).

TABLE 2 Results of descriptive statistics of variables.

Variable
types

Variables Obs Mean S.D. Min Max

Explained
variables

HQAD 450 0.376 0.0978 0.175 0.677

Explanatory
variables

RF 450 0.242 0.178 0.0122 0.827

Intermediate
variables

FSO 450 0.624 0.305 0.209 2.618

Threshold
variables

RFE 450 0.670 0.110 0.331 1.137

ASTA 450 0.340 0.210 0.0781 1.048

Control variables GOV 450 0.227 0.100 0.0919 0.706

UL 450 0.541 0.139 0.269 0.942

ISU 450 1.118 0.629 0.527 5.169

IL 450 0.243 0.234 0.0455 1.552

HCL 450 0.179 0.0591 0.0554 0.356

EC 450 0.337 0.167 0.0989 1.067

FIGURE 1
Change trend of China’s HQAD from 2005 to 2019.

Frontiers in Environmental Science frontiersin.org06

Hu et al. 10.3389/fenvs.2023.1217422

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1217422


Based on the results of the cluster analysis of HQAD system
and ranked according to experience1, the 30 provinces were
divided into four categories: agricultural high-quality regions,
agricultural medium-high-quality regions, agricultural medium-
quality regions, and agricultural low-quality regions. The results
are shown in Table 3. It is found that the number of provinces of
the first type and the fourth type is relatively small, with only
Beijing in the former and Guizhou and Gansu in the latter. The
second type of regional agricultural quality development has a
higher overall score and ranking, including 10 provinces in
Tianjin, Hebei, Liaoning, Jilin, Heilongjiang, Shanghai,
Jiangsu, Zhejiang, Fujian and Shandong. This type of regional
agricultural quality development has certain significance. Taking
Shandong Province as an example, the improvement of
Shandong’s agricultural development level mainly stems from
three aspects: firstly, accelerating the construction of standard
farmland and strengthening rural environmental improvement;
secondly, improving the agricultural research system and
enhancing agricultural production technology; thirdly, solidly
promoting rural reform and introducing relevant policies in a
timely manner. The third type of provinces mainly include
13 provinces in Shanxi, Inner Mongolia, Anhui, Jiangxi,
Henan, Hubei, Hunan, Guangdong, Guangxi, Hainan,
Chongqing, Sichuan, Yunnan, Shaanxi, Qinghai, Ningxia, and
Xinjiang. With the advantages of location and policies, these
provinces have been improving the level of HQAD and
continuously narrowing the gap with developed provinces.
However, such areas are generally significantly deficient in
terms of quality control of agricultural products, optimization
of industrial structure and technological innovation, etc.
Therefore, it is necessary to clarify the development
shortcomings and deficiencies, so as to lay the foundation for
achieving further improvement in the level of HQAD.

4.2 Baseline regression results

This paper uses a two-way fixed effects model to estimate the
baseline model. Table 4 reports the estimated results of the impact of
RF on HQAD. Column (1) shows the regression results without

adding control variables. The regression coefficient of RF is positive
and significant at the 1% level. Columns (2) to (7) show the
regression results after adding control variables step by step. The
regression coefficients for RF are always significantly positive at the
1% level, indicating that RF significantly contributes to the
improvement of the level of HQAD. The findings confirm
Hypothesis one of this paper.

This paper uses the results in column (7) for the analysis. The
regression coefficient for RF is 0.170, indicating that a 1% increase in
the level of RF is associated with an average increase of 0.170%units in
the agricultural quality development score. The average value of
0.376 for RF indicates that the scores for HQAD will differ by
0.064% (0.376% × 0.170%). As for the control variables: the
regression coefficient of government intervention is negative, but
not significant. For a long time, China’s agricultural development
has been more concerned with whether there is a good harvest, which
in fact means that it is more concerned with quantitative growth and
neglects the improvement of quality; The increase in the level of
urbanization has a positive impact on the high-quality development of
agriculture. The enhanced urbanization will absorb the rural
population and lay the foundation for agricultural scale operations
(Wang et al., 2021). Meanwhile, the upgrading of residents’
consumption structure during urbanization can broaden the
multifunctional demand for agriculture, which is conducive to
improving the quality and efficiency of agricultural development;
The upgrading of industrial structure significantly promotes the high-
quality development of agriculture. Rationalization and advanced
industrial structure can lead to continuous optimization and
adjustment of the agricultural industry structure, which is
conducive to farmers to obtain more value-added returns from the
industrial; The regression coefficient of infrastructure is significantly
positive. The continuously improving infrastructure level has laid a
solid foundation for contributing to the high-quality development of
agriculture. Promoting the modernization of agriculture and rural
areas with the modernization of infrastructure can effectively
contribute to the improvement of the level of HQAD; Human
capital enhancement can help promote HQAD, and human capital
investment can improve the quality of rural workers. At the same
time, rural human capital, as one of the key factors driving the growth
of TFP in agriculture, is a sure way to address the inefficiency of
agricultural production and weak comprehensive agricultural
production capacity; Per capita energy consumption has a
significant negative impact on HQAD. This is because increased
energy consumption generates large amounts of greenhouse gases
and atmospheric pollutants, which is detrimental to GTFP growth in
agriculture and inhibits high-quality agricultural development.

TABLE 3 Classification of provinces with high quality development level of Chinese agriculture.

Category Province

Category I: High quality areas for agriculture Beijing

Category II: Agricultural medium-high quality
areas

Tianjin, Hebei, Liaoning, Jilin, Heilongjiang, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong

Category III: Agricultural medium-quality areas Shanxi, Inner Mongolia, Anhui, Jiangxi, Henan, Hubei, Hunan, Guangdong, Guangxi, Hainan, Chongqing, Sichuan,
Yunnan, Shaanxi, Qinghai, Ningxia, Xinjiang

Fourth category: Agricultural low-quality areas Guizhou, Gansu

2 China«sHQAD is in the initial stage of transformation, and the selection of
indicators and system construction are still being explored, but the
classification of grades in various literatures has certain practical
significance.
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4.3 Robustness test and endogeneity
analysis

In order to make the research conclusion reliable, the following
methods are used to conduct robustness tests: First, the tailing process,
with a two-sided 1% tailing process for all variables, was applied and the
re-estimation results are presented in column (1) of Table 5; Second,
municipalities directly under the central government are removed;

Given the unevenness of China’s regional development, the special
status and policy bias of municipalities directly under the central
government may amplify the empowering effect of RF. Therefore,
the sample of four municipalities directly under the central
government, namely Beijing, Shanghai, Tianjin and Chongqing, are
removed from the regression and the results are presented in column
(2) of Table 5; Finally, adjusting the sample time span, in 2006, the
“Agricultural Tax Law of the People’s Republic of China” was officially

TABLE 4 Baseline regression results.

Variable (1) (2) (3) (4) (5) (6) (7)

RF 0.151***(5.88) 0.149***(5.83) 0.168***(6.43) 0.162***(6.18) 0.162***(6.22) 0.171***(6.47) 0.170***(6.54)

GOV -0.066 (-1.36) -0.068 (-1.43) -0.079 (-1.64) -0.075 (-1.57) -0.076 (-1.61) -0.016 (-0.33)

UL 0.181***(2.99) 0.231***(3.51) 0.313***(4.42) 0.269***(3.61) 0.305***(4.13)

ISU 0.015*(1.89) 0.019**(2.41) 0.024***(2.90) 0.017**(2.07)

IL 0.070***(2.97) 0.072***(3.04) 0.081***(3.46)

HCL 0.184*(1.87) 0.178*(1.84)

EC -0.106***(-3.82)

Constant 0.320***(35.72) 0.331***(27.49) 0.242***(7.57) 0.208***(5.69) 0.159***(3.99) 0.148***(3.67) 0.152***(3.86)

Province YES YES YES YES YES YES YES

Year YES YES YES YES YES YES YES

R2 0.594 0.596 0.605 0.609 0.617 0.620 0.634

N 450 450 450 450 450 450 450

Notes: *, **, *** represent significance at 10%, 5% and 1%, respectively; t values in parentheses.

TABLE 5 Results of robustness test and endogeneity analysis.

Variable (1) (2) (3) (4)

L.RF 0.714***(13.43)

RF 0.160*** (6.07) 0.157*** (6.80) 0.150*** (4.69) 0.147** (2.86)

GOV -0.013 (-0.25) 0.010 (0.23) -0.001 (-0.02) -0.087** (-2.04)

UL 0.240** (3.26) 0.326*** (4.89) 0.352*** (4.29) 0.017 (0.23)

ISU 0.018** (2.12) 0.010 (1.39) 0.015 (1.60) -0.005 (-0.96)

IL 0.113*** (4.26) 0.072*** (3.62) 0.083*** (3.48) -0.016 (-1.40)

HCL 0.124 (1.26) 0.197* (1.89) 0.164 (1.42) -0.023 (-0.27)

EC -0.130*** (-4.30) -0.100*** (-4.44) -0.096** (-3.09) -0.029 (-0.87)

Constant 0.193*** (5.02) 0.155*** (4.62) 0.166*** (3.70) 0.105*** (3.47)

Province YES YES YES YES

Year YES YES YES YES

AR (1) 0.000

AR (2) 0.903

Hansen 0.679

R2 0.630 0.766 0.666

N 450 390 390 420

Notes: *, **, *** represent significance at 10%, 5% and 1%, respectively; t values in parentheses.
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abolished, which improved farmers’ motivation to grow food and
helped increase farmers’ income and increase agricultural inputs.
Therefore, this paper selects the samples after 2006 for re-regression,
and the results are shown in column (3) of Table 5.

In order to avoid possible reverse causality between the explanatory
variables and the explained variables, as well as the possibility that the
baseline regression may omit key explanatory variables. Therefore, this
paper introduces lagged terms for the explanatory variables and uses
systematic GMM estimation to overcome the endogeneity problem.
The results are presented in column (4) of Table 5. It was found that the
p-value of the AR (1) test was significant and the p-value of the AR (2)
test was not significant, indicating that the endogeneity problem was

overcome. TheHansen test values also indicated that there was no over-
identification of instrumental variables, suggesting that the instrumental
variables were chosen reasonably. In summary, the estimation results of
multiple robustness tests are generally consistent with the results of the
benchmark regression, indicating that the main findings of this paper
have good robustness.

4.4 Heterogeneity analysis

1) Heterogeneity of economic growth phases: After the reform and
opening up, China’s economy has maintained high growth.

TABLE 6 Results of heterogeneity analysis.

(1) (2) (3) (4) (5) (6) (7)

RF 0.166*** (6.39) 0.103 (1.45) 0.230*** (4.55) 0.200** (2.91) 0.071** (2.37) 0.134*** (4.71) 0.190*** (4.23)

GOV 0.058 (1.20) 0.034 (0.32) 0.131 (1.31) 0.088 (0.34) 0.053 (1.17) -0.009 (-0.21) -0.005 (-0.04)

UL -0.005 (-0.03) 0.174 (1.01) 0.288** (2.12) 0.359 (1.41) 0.145 (0.90) 0.326** (2.87) 0.349** (3.17)

ISU 0.004 (0.25) 0.003 (0.20) 0.034** (2.62) 0.015 (0.61) -0.027** (-3.11) -0.028** (-2.60) 0.034** (2.39)

IL 0.124** (2.26) 0.076** (2.40) 0.061 (1.06) -0.094 (-1.38) 0.134*** (4.26) 0.056** (2.34) 0.084* (1.83)

HCL 0.187 (1.23) 0.097 (0.42) -0.243 (-1.13) 0.210 (0.74) 0.160 (1.25) 0.437*** (3.50) 0.161 (1.05)

EC -0.251*** (-4.10) -0.040 (-0.70) -0.084* (-1.78) -0.143 (-0.52) -0.189*** (-6.08) -0.097*** (-3.92) -0.141** (-2.31)

Constant 0.325*** (4.49) 0.260** (2.58) 0.208** (3.04) 0.088 (0.55) 0.256*** (3.79) 0.161*** (3.37) 0.125* (1.78)

Province YES YES YES YES YES YES YES

Year YES YES YES YES YES YES YES

R2 0.545 0.695 0.761 0.539 0.845 0.776 0.582

N 210 240 195 105 150 225 225

Notes: *, **, *** represent significance at 10%, 5% and 1%, respectively; t values in parentheses.

TABLE 7 Mechanism test.

Variable HQAD (1) FSO (2) HQAD (3)

RF 0.170***(6.54) 0.272***(3.53) 0.154***(5.92)

FSO 0.058***(3.51)

GOV -0.016 (-0.33) 0.081 (0.55) -0.021 (-0.43)

UL 0.305***(4.13) 0.870***(3.97) 0.254***(3.42)

ISU 0.017**(2.07) -0.020 (-0.82) 0.019**(2.24)

IL 0.081***(3.46) -0.316***(-4.57) 0.099***(4.20)

HCL 0.178*(1.84) 0.174 (0.60) 0.168*(1.75)

EC -0.106***(-3.82) 0.047 (0.58) -0.108***(-3.98)

Constant 0.152***(3.86) 0.069 (0.58) 0.148***(3.81)

Province YES YES YES

Year YES YES YES

R2 0.634 0.383 0.645

N 450 450 450

Notes: *, **, *** represent significance at 10%, 5% and 1%, respectively; t values in parentheses.
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However, since 2012, due to the impact of the “three overlapping
phases” of growth rate shift, structural adjustment pain period
and the digestion period of the previous stimulus policies, the
downward trend of the economy is obvious. Based on this, this
paper divides the sample period into a high growth period
(2005–2011) and a low growth period (2012–2019). The
regression results are shown in columns (1) and (2) of
Table 6. The results found that RF has a significant positive
effect on HQAD in periods of high economic growth, while the
effect of RF on HQAD is not significant in periods of slow
economic growth. The reason: Generally speaking, the savings
rate is proportional to the economic development rate. In
addition, during the period of faster economic growth,
investment in agriculture-related industries is active. The
increase in the level of savings and investment facilitates the
development of RF, which acts on rural areas and agriculture and
promotes HQAD; Deposits taken by rural financial institutions
from the countryside have grown slowly during periods of slower
economic growth. The scale of financing for agricultural
operators has been limited. It is not conducive to the
expansion of the scale of agricultural operations, the
upgrading of the level of agricultural mechanization, and the
increase in agricultural science and technology inputs. As a
result, the effect on the improvement of HQAD is not obvious.

2) Heterogeneity of functional grain production areas: According to the
classification criteria of the National Medium- and Long-term Food
Security Plan (2008–2020)2, China’s functional grain production
areas are divided into main grain producing areas, main grain
marketing areas, and balanced grain production and marketing
areas. The regression results are shown in columns (3) to (5) of
Table 6. The results found that RF is conducive to promotingHQAD
in the main food-producing areas, the main food-selling areas, and
the balanced food-producing and marketing areas. However, the
intensity of the role of RF is shown as main food-producing areas >
main food-selling areas > balanced food-producing and selling areas.
The possible reasons are: in the main grain-producing areas,
agricultural development and food security cannot be achieved
without strong support from financial services. The development2

of RF is conducive to rural land transfer and agricultural technology
progress, which has the greatest marginal effect on the quality and

TABLE 8 Threshold effect test.

Threshold variables Nature of threshold F Statistical values p-Value 10% threshold 5% threshold 1% threshold

RFE Single Threshold 39.75 0.007 21.943 26.215 35.854

Double Threshold 5.46 0.893 27.803 46.594 68.521

ASTA Single Threshold 43.75 0.017 27.803 32.953 46.509

Double Threshold 18.67 0.313 28.556 34.564 49.057

TABLE 9 Threshold regression results.

Variable Threshold variables

RF ASTA

Threshold value 0.940 0.448

RF(Th ≤ q1) 0.049 (1.43) 0.005 (0.14)

RF(Th > q1) 0.225***(5.34) 0.155***(4.27)

GOV 0.134**(2.20) 0.092 (1.51)

UL -0.349***(-4.63) -0.279***(-3.84)

ISU -0.031***(-3.54) -0.039***(-4.40)

IL -0.036***(-3.36) -0.032***(-2.95)

HCL 0.434***(3.41) 0.363***(2.91)

EC -0.058 (-1.57) -0.066*(-1.79)

Constant 0.507***(22.21) 0.501***(22.25)

R2 0.290 0.295

N 450 450

Notes: *, **, *** represent significance at 10%, 5% and 1%, respectively; t values in parentheses.

2 grain production areas including Hebei, InnerMongolia, Heilongjiang, Jilin,
Liaoning, Shandong, Henan, Hubei, Hunan, Jiangsu, Anhui, Jiangxi,
Sichuan; grain production and marketing balance areas including
Shanxi, Guangxi, Chongqing, Guizhou, Yunnan, Shaanxi, Gansu,
Qinghai, Ningxia, Tibet, Xinjiang; grain main sales areas including
Beijing, Tianjin, Shanghai, Zhejiang, Fujian, Guangdong, Hainan.
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efficiency of HQAD; The main grain marketing areas mostly belong
to economically developed areas, with stronger economic and
financial strength. The marginal effect of RF is relatively lower; In
the grain production andmarketing balance areas, the encompassing
provinces aremainly located in the western region. Limited by fragile
ecological environment, backward infrastructure, low production
efficiency, and slow technological progress and diffusion, the
marginal effect of RF on HQAD is relatively weakest.

3) Financial literacy heterogeneity: financial literacy refers to the
ability of individuals to access economic and financial
information and to allocate assets accordingly. Differences in
farmers’ financial literacy in different provinces may affect the
role of RF in HQAD. Drawing on the methodology of Kennickell
et al. (1997), education level is used as a proxy variable. The
average number of years of education of rural residents in each
province during 2005–2019 is taken as the mean value and
ranked and grouped from low to high. The results of the
grouping are shown in Supplementary Table S1. From the
results in columns (6) and (7) of Table 6, it is found that RF
has a significant positive effect on high quality agricultural
development in both the higher and lower financial literacy
groups. However, the intensity of the effect is higher financial
literacy areas > lower financial literacy areas.

4.5 Mechanism test

Based on the above theoretical analysis, in order to test whether
the scale operation of farmland assumes a mediating role in the

process of RF affecting HQAD. The test is carried out according to
the recursive mediation model of Eqs. 2–4. The results are shown in
Table 7. The results found that the impact coefficient of RF in
column (1) is 0.170 and is significant at the 1% level, indicating that
there is a significant positive impact of RF on HQAD; The estimated
results in column (2) found that the impact coefficient of RF on
farmland scale operation is 0.272 and is significant at the 1% level. It
indicates that the higher the level of RF, the more favorable it is to
expand the scale of agricultural land management; Column (3) tests
the intrinsic relationship between RF, farmland scale management
and HQAD. The coefficients of RF and the mediating variable
farmland scale management on HQAD are 0.154 and 0.058,
respectively, both of which pass the 1% significance test. Thus, it
can be seen that farmland scale operation assumes part of the
mediating role in the process of RF influencing HQAD. The
share of the mediating effect of farmland scale operation in the
total effect is 24.64% (0.154 × 0.272/0.170). Therefore, hypothesis
two is verified. In summary, it can be seen that RF provides financial
support for agricultural development, promotes the expansion of
large-scale management of agricultural land, and promotes HQAD.

4.6 Threshold effect analysis

First, the existence of the threshold and the number of
thresholds need to be tested before the threshold regression. This
paper applies Bootstrap sampling method. In the case of 300 times of
sample self-sampling, the situation of using RFE and the share of
agricultural scientific and technological activities personnel as the
threshold variable is tested. The results are shown in Table 8. It was
found that the F-statistics and p-values of the single threshold test
results for RFE and the share of personnel in agricultural scientific
and technological activities passed the significance test, but none of
the double threshold effects were significant. It indicates that there is
a single-threshold effect for both RFE and the share of personnel in
agricultural science and technology activities. The threshold values
for RFE and the proportion of personnel in agricultural science and
technology activities are 0.940 and 0.448, respectively.

Second, the threshold regression results are analyzed to test
hypothesis three and hypothesis 4. The results are shown in
Table 9. Specifically, (1) The threshold variable is RFE: when
RFE is ≤ 0.940, the regression coefficient of RF is positive but
not significant; when RFE is > 0.940, the role of RF in enhancing
high-quality development in agriculture is further enhanced and is
significant at the 1% level. An increase in the level of RF per unit
increases the agricultural high-quality score by 0.225 on average.
The above results suggest that the enhancing effect of RF on
HQAD has a marginal incremental character as the efficiency of
RF increases. Increased RFE means that rural financial institutions
have a greater capacity to convert deposits into loans. The greater
the likelihood that rural households will have access to, receive and
enjoy financial services. (2) The threshold variable is the share of
agricultural technicians. When the share of agricultural
technicians is ≤ 0.448, the average increase of agricultural
quality development is 0.005 for each unit expansion of the
share of agricultural technicians; When the share of agricultural
technicians is > 0.448, the enhancement of HQAD by RF is
significantly stronger. The coefficient value reaches 0.155 and is

TABLE 10 Moran’s I-value of agricultural quality development index
2005–2019.

Year Adjacency matrix Geographical distance
matrix

Moran’s I Z-value Moran’s I Z-value

2005 0.431*** 3.872 0.486*** 5.162

2006 0.488*** 4.284 0.530*** 5.523

2007 0.476*** 4.160 0.511*** 5.299

2008 0.450*** 4.009 0.444*** 4.713

2009 0.454*** 3.976 0.431*** 4.516

2010 0.440*** 3.855 0.403*** 4.235

2011 0.456*** 3.984 0.405*** 4.252

2012 0.442*** 3.890 0.392*** 4.147

2013 0.452*** 3.945 0.413*** 4.330

2014 0.445*** 3.896 0.415*** 4.356

2015 0.475*** 4.176 0.453*** 4.770

2016 0.497*** 4.361 0.509*** 5.313

2017 0.481*** 4.227 0.495*** 5.176

2018 0.487*** 4.285 0.495*** 5.184

2019 0.457*** 4.103 0.479*** 5.111
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significant at the 1% level. The reason for this: HQAD must be
based on agricultural science and technology innovation. The
development of RF has provided financial support for the
expansion of the scale of agricultural land management and the
increase of agricultural science and technology inputs. Agricultural
science and technology innovation needs to maximize the role of
agricultural science and technology talents. Therefore, the higher
the percentage of personnel in agricultural science and technology
activities, the more favorable it is to improve the level of
agricultural science and technology innovation. This in turn
affects the high-quality development of agriculture. In
summary, Hypothesis three and Hypothesis four are verified.

4.7 Spatial spillover effect analysis

Before parameter estimation of spatial econometric model, it is
first necessary to confirm whether the explanatory variables are
spatially correlated. Based on the adjacency matrix and geographic
distance matrix, this paper adopts the global Moran’I index method
for testing. The results are shown in Table 10. It can be found that
the values of Moran’I index of high-quality development of

agriculture from 2005 to 2019 are positive and all of them are
significant at the 1% level. It indicates that the high-quality
development of agriculture in each region has significant spatial
correlation and obvious spatial agglomeration trend. Second,
following the testing idea of Elhorst (2014), it went through LM
test, Wald and LR test, and Hausman test in turn. The SDM spatio-
temporal double fixed effects model is finally determined. The test
results are detailed in Supplementary Table S2 and Supplementary
Table S3.

To make the regression results robust and reliable, this paper
conducts empirical tests based on the adjacency matrix and the
geographic distance matrix, respectively. The results are shown in
Table 11. The analysis is carried out with the results of geographic
distance matrix estimation. The spatial autoregressive coefficient of
high-quality development in agriculture is 0.198 and significant at
1% level. In addition, the coefficient of the spatial interaction term of
RF (W*RF) is positive. It indicates that the sample provinces have
not only exogenous interaction effects on RF in space, but also
endogenous interaction effects on HQAD.

The value of the regression coefficient of the spatial interaction
term in the spatial Durbin model cannot be directly used to discuss
the marginal impact of RF on HQAD. Therefore, it is necessary to

TABLE 11 Estimation results of SDM spatio-temporal dual fixed effects model.

Variable Adjacency matrix Geographical distance matrix Variable Adjacency matrix Geographical distance matrix

RF 0.138*** (5.23) 0.132*** (5.39) W*RF 0.161*** (3.47) 0.146*** (2.96)

GOV 0.005 (0.11) -0.037 (-0.81) W*GOV -0.162** (-2.00) -0.048 (-0.54)

UL 0.369*** (5.42) 0.375*** (5.78) W*UL -0.100 (-0.89) -0.796*** (-5.71)

ISU 0.018** (2.31) 0.023*** (2.95) W*ISU 0.020 (1.08) 0.014 (0.93)

IL 0.072*** (3.35) 0.073*** (3.52) W*IL 0.115*** (3.16) 0.106*** (4.08)

HCL 0.069 (0.66) 0.018 (0.19) W*HCL 0.525*** (2.56) 1.184*** (6.01)

EC -0.078*** (-2.71) -0.081*** (-3.29) W*EC -0.043 (-0.80) -0.070 (-0.94)

Rho 0.226*** (3.04) 0.198*** (2.71) R2 0.522 0.273

sigma2_e 0.001*** (14.98) 0.001*** (14.96) N 450 450

Province/Year YES YES Log-L 1044.552 1065.572

Notes: *, **, *** represent significance at 10%, 5% and 1%, respectively; t values in parentheses.

TABLE 12 Decomposition of spatial spillover effects.

Variable Adjacency matrix Geographical distance matrix

Direct effect Indirect effects Total effect Direct effect Indirect effects Total effect

RF 0.136***(4.95) 0.135***(3.15) 0.271***(7.24) 0.129***(4.98) 0.099**(2.35) 0.228***(6.37)

GOV 0.007 (0.15) -0.144* (-1.89) -0.137* (-1.92) -0.037 (-0.84) -0.028 (-0.38) -0.066 (-0.93)

UL 0.380***(5.77) -0.129 (-1.25) 0.251**(2.35) 0.412***(6.53) -0.734***(-6.01) -0.322***(-2.71)

ISU 0.018**(2.29) 0.017 (0.98) 0.035*(1.78) 0.023***(2.97) 0.007 (0.58) 0.030**(1.98)

IL 0.070***(3.28) 0.102***(2.82) 0.172***(4.42) 0.071***(3.38) 0.079***(2.95) 0.150***(5.44)

HCL 0.059 (0.58) 0.467**(2.48) 0.526***(3.21) -0.021 (-0.23) 0.982***(5.50) 0.961***(5.66)

EC -0.078***(-2.61) -0.030 (-0.58) -0.108** (-2.39) -0.080***(-3.09) -0.045 (-0.69) -0.124** (-2.08)

Notes: *, **, *** represent significance at 10%, 5% and 1%, respectively; t values in parentheses.
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decompose the spatial spillover effects of RF. The decomposition
results are shown in Table 12. In terms of the direct effect, local RF
has a significant positive effect on local HQAD; In terms of indirect
effects, the development of local RF has a strong spillover effect on
the high-quality development of agriculture in other provinces; In
terms of the total effect, RF significantly contributes to the
improvement of HQAD. The above findings confirm the
hypothesis five of this paper.

5 Conclusions and recommendations

5.1 Conclusion

As China’s economy shifts from rapid growth to high-quality
development. Agriculture, as the foundation of the national
economy, has also entered a stage of high-quality development
that has shifted from output efficiency to quality efficiency. In
this context, what is high-quality development of agriculture?
What is the current status of high-quality development of
agriculture in China? How to realize high-quality development of
agriculture? The answers to these questions have important
theoretical value and practical significance. Meanwhile, finance is
the core of modern economy. As an important part of China’s
financial system, RF has become a key driving factor in supporting
the development of “three rural areas”. In this paper, RF and HQAD
are included in the same research framework, and it is demonstrated
that the impact of RF on HQAD has direct effects, heterogeneous
characteristics, intermediary effects, threshold effects and spatial
spillover effects. The main contributions of this paper: first, it
enriches the research on the economic effects of RF. The
research on the economic effects of RF by scholars at home and
abroad mostly focuses on rural economic growth. This paper
explores the relationship between RF and HQAD and conducts
quantitative tests; secondly, the mechanism of the impact of
financial development on rural economic development has been
a hotspot of academic research (Zhao et al., 2014; Zakaria et al.,
2019). This paper broadens the research in this field from the
perspective of large-scale operation of agricultural land; thirdly, it
is difficult to adequately explain the dynamic and non-deterministic
relationship between RF and high-quality agricultural development
in a linear model analysis framework test. Accordingly, this paper
comprehensively examines the non-linear characteristics and spatial
spillover effects of RF affecting agricultural high-quality
development, which makes the research conclusions more
comprehensive and scientific; fourth, this study provides
empirical evidence that RF contributes to agricultural
development in China. It also provides a reference for other
countries with similar backgrounds. The findings of this paper
are summarized below:

First, RF in China has a significant role in promoting HQAD.
The conclusions still hold after various robustness tests; Second,
from the point of view of heterogeneity, in the period of high
economic growth, the role of RF in promoting HQAD is
significant; in the period of slow economic growth, the effect is
not obvious. In addition, the role of RF in promoting HQAD is very
significant under the conditions of heterogeneity of food production
functional areas and heterogeneity of financial literacy. The intensity

of the role is as follows: main food production area > main food
marketing area > balanced food production and marketing area, and
higher financial literacy area > lower financial literacy area; Third,
the scale operation of agricultural land plays a partly intermediary
role in the process of RF positively influencing the high-quality
development of agriculture. The share of the intermediary effect in
the total effect is 24.64%; Fourth, there is a single threshold effect of
RFE and the share of agricultural technicians in the impact of RF on
HQAD. The threshold values are 0.940 and 0.448, respectively. In
the process of crossing the threshold, as the level of RF increases, its
enhancing effect on HQAD shows a marginal incremental
characteristic; Fifth, there is a significant spatial correlation
between interprovincial HQAD in China. RF in the region can
contribute to high-quality agricultural development in neighboring
regions through spatial spillover effects.

5.2 Policy recommendations

Based on the above conclusions, the following recommendations
are made:

1) While speeding up the development of RF, we should focus on
improving the efficiency of RF and cultivating agricultural
science and technology personnel. It is difficult to rely on
farmers’ own funds alone to support HQAD, so it is
necessary to maximize the support of financial resources and
focus rural financial services precisely on the “three rural areas”.
First, by increasing the coverage area of rural financial
institutions, we support and encourage financial institutions
to sink their outlets to towns and villages to solve the
problem of the “last mile” of financial services. In addition,
vigorously develop new rural financial institutions, such as
village banks, mutual fund societies, microfinance companies,
China Postal Savings Bank, etc. Lower the threshold of
agriculture-related loans to meet the loan needs of agricultural
production operators; Second, take policy banks as the main
body, backed by policy agricultural insurance, to build a policy-
based financial support system for agriculture. Promote the
return of rural financial institutions to their roots, and
encourage the allocation of rural financial resources to rural
economic and social development and key areas. At the same
time, strengthen the application of digital technology in the field
of RF. Utilizing digital platforms to form a digital agricultural
finance development model that organically combines online
and offline, easing the information asymmetry between farmers
and rural financial institutions, and promoting the efficiency of
RF. In addition, importance must be attached to the training of
various types of talents in the field of agriculture. By improving
and perfecting the training system for agricultural talents,
implementing the project to improve the quality of grass-
roots agricultural technicians and training high-quality
farmers, we will help the high-quality development of
agriculture.

2) Strengthen rural financial support and promote large-scale
operation of farmland. There is a significant mediating effect
of farmland scale management in the process of RF influencing
HQAD. Therefore, to promote HQAD, it is necessary to promote
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large-scale farmland management. Land transfer is an important
way to promote the large-scale operation of agricultural land, so
it is necessary to improve the institutional mechanism of
agricultural land transfer. First of all, we will innovate the
forms of land transfer and encourage contracted farmers to
transfer contracted land by means of subcontract, lease,
exchange, transfer and investment. Second, to increase the
transfer of agricultural land policy support. Specifically, it
includes: increasing the subsidies for the transfer of
agricultural land, giving subsidized loans or short-term
interest-free borrowing policy support to large transferring
households, and actively exploring the transfer of land
management right mortgages and so on.

3) Adhere to the concept of synergistic development and strengthen
inter-regional cooperation and integration. The research results
show that the Moran index of China’s HQAD was significantly
positive during 2005–2019, indicating that the HQAD of each
province has significant spatial correlation. Therefore, in the
process of formulating agricultural development planning,
provinces should strengthen cooperation and exchange with
neighboring regions in agricultural development. In addition,
RF has significant spatial spillover effects on HQAD; Therefore,
attention should be paid to the coordinated development of RF
between regions. On the one hand, through tax incentives, loan
subsidies and the establishment of agricultural funds, rural
financial institutions such as agricultural credit cooperatives
are guided to increase credit resources and reduce the cost of
loans for farmers; On the other hand, popular education on rural
financial knowledge should be enhanced to improve the financial
literacy of agricultural operators.

5.3 Limitations and future prospects

Due to the limitations of the research conditions, some aspects
of this paper still need to be further improved in future research.
Firstly, the connotation definition of HQAD has not yet formed a
consensus. The construction of its indicator system has distinctive
characteristics of the times. In the future, we need to reconstruct the
comprehensive evaluation index system and measure it in
conjunction with the goal of HQAD in the new era; second, we
are limited by the lack of statistical data, which makes it impossible
for us to analyze the research topic in depth from prefecture-level
cities or smaller spatial units. In future research, in order to make the
conclusions of the study more policy-referenced, the research
sample can be narrowed down to the main provinces of China’s
agricultural cultivation, thus obtaining all kinds of data needed for
the study, so as to more accurately analyze the impact of RF on the
high-quality development of agriculture; thirdly, when examining
the impact of RF on the high-quality development of agriculture, the
mediation path selection is relatively narrow, which may lead to bias
in the analysis of the mechanism and insufficiency. In the future,
more aspects should be considered; fourth, this paper mainly
analyzes empirically from the macro level, and in the future,

quantitative tests can be conducted from the micro level, which
may lead to more exciting research results.
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