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Based on the panel data of 30 provinces (except Tibet) from 2011 to 2020, the 
article examines the impact of digital financial inclusion on the resilience of the 
agricultural industry chain as well as the mechanism of its action. The results show 
that: (1) Digital inclusive finance promotes the enhancement of the resilience of 
the agricultural industry chain, in which the degree of influence on “marketing 
resilience” and “distribution resilience” is much larger than that on “production 
resilience,” “processing resilience,” and “product resilience.” The degree of impact on 
“marketing resilience” and “distribution resilience” is much larger than “production 
resilience,” “processing resilience,” and “product resilience.” (2) Digital inclusive 
finance can promote the resilience of the agricultural industry chain through 
the promotion of agricultural technology innovation and the development of 
new agricultural business entities. (3) The enhancement of the resilience of the 
agricultural industry chain is more significant in the eastern region, where the level 
of digital inclusive finance is high. Based on the results of the study, the article puts 
forward relevant suggestions in terms of promoting the in-depth integration of 
digital inclusive finance and the agricultural industry chain, increasing the support 
for new agricultural business subjects, and strengthening agricultural technological 
innovation to promote sustainable development of the agricultural industry chain.
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1 Introduction

As a foundational industry, agriculture ensures the primary condition for all production 
through the guarantee of agricultural supply. The stable and sustainable development of 
agriculture plays a crucial role in promoting the sustainable growth of the national economy 
and maintaining social stability. Given the inherent vulnerabilities in agriculture, modernizing 
this sector requires a certain degree of development stability. Improving the ability of 
agricultural industry to withstand natural disasters, emergencies, and other risks, ensuring 
basic food security, and enhancing the resilience of the agricultural industry chain have 
become important topics for the long-term development of agriculture (He and Yang, 2021). 
Strengthening the resilience of the industrial chain is a policy necessity, a requirement for 
building a robust agricultural nation, a pragmatic choice for China to handle complex domestic 
and international situations, and a significant initiative for achieving agricultural modernization.

Financial support is indispensable for promoting agricultural development (Zhao and 
Zhang, 2023). However, financial exclusion persists in China’s rural areas due to factors such 
as geographical remoteness, the unique nature of agricultural activities, and farmers’ 
financial literacy levels. Currently, the mismatch between financial services for the 
agricultural industry and actual demand is becoming increasingly pronounced. First, small- 
and medium-sized agricultural enterprises and farmers face significant financing difficulties. 
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The agricultural industry itself is characterized by low returns, long 
investment recovery cycles, high-risk uncertainties, and dispersed 
funding needs among farmers. Traditional financial service systems 
make it challenging for small- and medium-sized agricultural 
enterprises to secure funds due to their limited risk resilience and 
outdated lending awareness (Zhu and Zheng, 2023; Zhou and Li, 
2023; Dai et al., 2023).

Second, the lack of financial innovation in the rural financial 
market, coupled with the relative scarcity of diverse and innovative 
financial products and services, limits the development of the 
rural financial market and exacerbates financing constraints for 
rural economic development (Li, 2015; Zhang and He, 2023). 
Although the state has introduced various credit support policies, 
the decentralized nature of credit investments prevents the 
formation of a cohesive strategy. As a result, significant funding 
gaps remain for rural infrastructure projects and rural industrial 
integration development projects that require substantial financial 
support. The lack of capital investment limits the long-term 
development capacity of rural industries, thereby restricting the 
enhancement and development of the resilience of the rural 
industrial chain.

Digital inclusive finance, which integrates finance and technology, 
is more capable of supporting the development of inclusive finance 
compared to traditional finance. It provides financial services through 
online platforms, mobile applications, and other digital channels, 
transforming the way traditional financial institutions offer services 
to low-income populations and rural areas. This improves both the 
efficiency and coverage of financial services (Guo et al., 2020; Liu and 
Liu, 2020). By leveraging a new financial model based on the Internet, 
digital inclusive finance can deeply mine and analyze the soft 
information behind farmers’ online behaviors, thereby reducing 
information asymmetry between borrowers and lenders. Additionally, 
online transaction services lower the operating costs of financial 
institutions, expand their reach and service scope, and better meet the 
needs of financially underserved populations, thereby alleviating the 
financial constraints faced by farmers.

Given the insufficiency of traditional financial support for 
agricultural and rural development, the rise of digital inclusive finance 
presents new opportunities for enhancing the resilience of the 
agricultural industry chain. This raises important questions: How does 
digital inclusive finance impact the resilience of the agricultural 
industry chain? Through which channels does this impact occur? 
Does the impact vary across regions and according to the level of 
digital inclusive finance development? Addressing these questions can 
not only clarify the role of digital inclusive finance in enhancing the 
resilience of the agricultural industry chain but also provide a 
theoretical foundation for leveraging digital inclusive finance to better 
serve the agricultural sector.

The existing literature on digital financial inclusion primarily 
focuses on two aspects. The first aspect involves the measurement of 
digital financial inclusion, usually based on indices such as the Peking 
University Digital Financial Inclusion Index (Guo et al., 2020). The 
second aspect focuses on the applications of digital inclusive finance. 
Scholars have examined its effects on urban–rural disparities, 
enterprise innovation, and poverty reduction (Liu and Liu, 2020; Xie 
et al., 2018; Wan et al., 2020). However, the specific impact of digital 
inclusive finance on the resilience of the agricultural industry chain 
has not yet received widespread attention.

In terms of the resilience of the agricultural industry chain, 
scholars tend to analyze its development opportunities and existing 
obstacles, while studies directly involving the construction of 
indicators and quantitative measurement are relatively scarce. The 
academic community widely recognizes a four-dimensional 
measurement framework for the level of industry chain resilience, 
which includes the ability of the system to resist shocks, recover from 
shocks, adapt to new environments, and restructure itself for 
adaptation (Maria and Marco, 2022).

Regarding the factors influencing the resilience of the agricultural 
industry chain, extensive studies have been conducted both 
domestically and internationally. Internal factors include the structure 
of agricultural products, the innovation enthusiasm of agricultural 
actors, and the supply of basic factors (Li et al., 2024). External factors 
include the integration of rural industries, the agglomeration of 
productive service industries, green technology innovation, and 
industrial digitalization (Song and Liu, 2023; Hao and Tan, 2023). 
Despite this, there are relatively few studies investigating how digital 
financial inclusion impacts the resilience of the agricultural 
industry chain.

To summarize, while the existing literature provides a useful 
reference for this paper, further investigation is needed. Previous 
studies have predominantly focused on economic resilience in 
different regions, with relatively few examining the resilience of the 
agricultural industry chain, particularly from the perspective of digital 
financial inclusion. This paper aims to fill that gap by exploring the 
mechanisms through which digital financial inclusion affects the 
resilience of the agricultural industry chain.

Additionally, most existing studies on human capital mechanisms 
are centered on the research and development personnel of high-tech 
industries. However, new agricultural management entities, closely 
linked to small farmers, play a crucial role in advancing agricultural 
modernization. Therefore, examining the impact of digital financial 
inclusion on the resilience of the agricultural industry chain from the 
perspective of new agricultural management subjects is 
highly significant.

To this end, this paper builds upon previous research to explore 
the impact and role channels of digital financial inclusion on the 
resilience of the agricultural industry chain. This study holds 
substantial practical significance for the development of the 
agricultural industry, offering new insights for promoting high-quality 
development within China’s agricultural economy.

2 Mechanisms of digital financial 
inclusion on the resilience of the 
agricultural industry chain

Digital inclusive finance, characterized by its low thresholds and 
widespread accessibility, extends financial services to those excluded 
by traditional finance through digital technology and internet 
platforms. This inclusive approach provides low-cost, low-barrier 
financial services, enabling more small farmers to access loans, 
savings, and payment services, thereby narrowing the gap in 
financial service accessibility (Liang and Zhang, 2018; Gong and 
Cheng, 2018; Chen and Yao, 2019). Such financial support is crucial 
for the development of all segments within the agricultural 
industry chain.
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First, from the perspective of the production chain, digital 
financial inclusion serves as an effective risk management tool. 
Through digital technology, farmers can more easily access insurance 
services, including weather insurance and crop insurance, which can 
significantly mitigate losses from unforeseen events and enhance the 
‘resilience of industrial chain to risks (Zhang et al., 2021).

Second, on the sales front, digital inclusive finance promotes 
information transparency. Platforms that integrate market information 
and agricultural production data empower farmers with better 
insights into market dynamics, enabling them to optimize production 
decisions and reduce resource wastage, thus enhancing the flexibility 
and adaptability of the industrial chain (Pang and Wu, 2023). Unlike 
traditional finance, digital inclusive finance leverages digital 
technology to accelerate the execution speed and process of financial 
services. This automation and online operation significantly improve 
the efficiency and convenience of financial services, providing small 
farmers with network technology and credit support. The adoption of 
new settlement and payment services considerably reduces the costs 
associated with matching, purchasing, supplying, and marketing 
agricultural production factors, lowers intermediate consumption, 
and supports low-cost, deep processing, thereby increasing the value-
added agricultural products (Liu et al., 2021).

Moreover, digital inclusive finance is highly innovative. In recent 
years, it has continually introduced new financial products and 
services tailored to specific needs or scenarios, promoting the 
adoption of advanced technological elements and accelerating the 
penetration of agricultural technology. This, in turn, helps improve the 
resilience of the agricultural industry chain (Li and Dai, 2024). Based 
on the above analysis, this paper proposes Hypothesis 1.

H1: Digital financial inclusion can enhance the resilience of the 
agricultural chain.

Digital inclusive finance facilitates the development of new 
agricultural management entities (Lin and Fa, 2015; Zhang and Wen, 
2021). These new entities are crucial for promoting appropriately scaled 
agricultural operations, which are essential for the transformation and 
upgrading of traditional agriculture to modern agriculture. In 
traditional agricultural business models, operations are largely family-
based, characterized by limited production scales and high costs. In 
contrast, new agricultural management entities—such as cooperatives, 
enterprises, and family farms—can achieve large-scale production 
through structured, intensive management (Cao and Yuan, 2024).

However, new agricultural entrepreneurs often operate on a large 
scale and require significant initial capital investments to prepay land 
rents, purchase agricultural materials, and adopt new technologies. 
The long return cycles and inherent high risks in agriculture create 
substantial financing constraints. Digital inclusive finance, with its 
widespread accessibility and low entry barriers, can expand the 
financing options available to these new agricultural entrepreneurs, 
thereby meeting their financing needs and ensuring the sustainable 
development of their production and operations (Li et al., 2024).

These new agricultural management entities typically possess a 
high level of knowledge and technological innovation capabilities, 
along with relatively strong financial resources. They can enhance 
agricultural production efficiency through large-scale operations and 
establish their own product brands, leveraging the brand effect to their 
advantage. Additionally, new agricultural management entities usually 

have well-established supply chain management systems, enabling 
comprehensive management of agricultural products from production 
to sales, which, in turn, enhances the resilience of the agricultural 
industry chain (Zhao and Xu, 2024). Based on the above analysis, this 
paper proposes Hypothesis 2.

H2: Digital inclusive finance enhances the resilience of the 
agricultural industry chain through new agricultural 
management subjects.

Enhancing the resilience of the agricultural industry necessitates 
the deep processing and technological innovation of the sector, both 
of which cannot occur without financial support. The scarcity of 
financial institutions in rural areas, low credit ratings of farmers, and 
unstable incomes have led to significant financial constraints for rural 
entrepreneurial activities (Wang et al., 2024; Wen and Bi, 2016). Digital 
inclusive finance, with its timeliness and convenience, enables farmers 
to connect with financial institutions more easily and efficiently. This 
quick matching of fund supply and demand improves the efficiency of 
capital allocation and increases the likelihood of obtaining credit 
resources for agricultural technology innovation.

Digital inclusive finance supports innovation financing and offers 
transaction cost empowerment through digital technology for 
agricultural enterprises willing to innovate. This provides potential 
technical support for these enterprises to seek innovative partners and 
expand the breadth and depth of their open innovation (Sun et al., 
2022; Wang and Cao, 2024). Once sufficient financial support is 
secured, new agricultural business entities can reduce their risk 
expectations in agricultural production and increase the application 
of high-quality seeds, advanced machinery, and new agricultural 
technologies, thereby achieving efficient use of agricultural inputs 
(Jiao and Liu, 2022).

Thus, digital inclusive finance can meet the financial needs of the 
agricultural industry, effectively promote agricultural technological 
innovation, and enhance the dissemination of agricultural technology. 
This influx of technological innovation into rural areas can help 
achieve economies of scale in agricultural operations, improve the 
efficiency of agricultural techniques, optimize the agricultural 
industry chain structure, and facilitate the transformation and 
upgrading agriculture. Additionally, it accelerates the spatial flow of 
technological innovation elements, thereby promoting high-level 
agricultural development and enhancing the resilience of the 
agricultural industry chain. Based on the above analysis, this paper 
proposes Hypothesis 3.

H3: Digital inclusive finance enhances the toughness of the 
agricultural industry chain through agricultural 
technological innovation.

3 Research design and data 
description

3.1 Benchmark regression model

First, we analyze the impact of the development status of digital 
inclusive finance on the resilience of the agricultural industry chain. In 
this paper, the level of agricultural industry chain resilience is selected 
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as the explanatory variable, and the regression model is constructed as 
shown in Equation 1 with reference to the method of Li et al. (2024):

 0 1 iControlsit it itY Xβ β α ε= + + ∑ + +  (1)

where itY  is the resilience of the agricultural industry chain of province 
i in period t, itX  is the level of digital financial inclusion development 
of province i in period t, Controls∑  is a series of control variables, iα  
is an individual effect, and itε  is a random disturbance term.

3.2 Mediating effects model

In order to test the specific transmission mechanism of digital 
financial inclusion on the toughness of the agricultural industry chain, 
this paper draws on the method of Jiang (2022) and further constructs the 
mediation effect model to excavate the transmission mechanism of the 
impact of digital financial inclusion on the toughness of the agricultural 
industry chain on the basis of equation 1, and the model is as follows:

 0 11 Controlsit it itM Xβ β ε= + + ∑ +

 0 12 Controlsit it itM Xβ β ε= + + ∑ +

where 1itM  indicates that the mediating variable is the new 
agricultural management main body, 2itM  indicates that the 
mediating variable is agricultural technology innovation, and the 
meanings of the rest of the variables are consistent with equation 1.

3.3 Description of data sources and 
variables

3.3.1 Data sources
The article utilizes panel data from 30 provinces in China (excluding 

Tibet, Hong Kong, Macao, and Taiwan) covering the period from 2011 
to 2020. The data sources for the study include the China Statistical 
Yearbook, the China Regional Statistical Yearbook, the China Rural 
Statistical Yearbook, and the China Agricultural Yearbook, supplemented 
by the China Agricultural and Forestry Database. Any individual 
missing data points were addressed using interpolation methods.

3.3.2 Explained variables
The development of the agricultural supply chain is instrumental 

in driving the steady expansion of the agricultural industry. Enhancing 
the agricultural supply chain is an effective means of improving the 
resilience of the agricultural industry chain. Most of the existing 
literature constructs index systems based on five dimensions: the 
ability of the system to resist shocks, its ability to recover after shocks, 
its ability to adapt to new environments, and its ability to reorganize 
after adaptation (Li and Dai, 2024; Hao and Tan, 2023).

Building on and incorporating these existing findings, this paper 
selects the resilience of the agricultural industry chain as the 
explanatory variable. An index system is constructed using five 
primary dimensions: “processing resilience,” “production resilience,” 

“product resilience,” “marketing resilience,” and “circulation 
resilience.” The measurement indicators from the perspective of 
agricultural industry chain resilience help verify the coherence of 
industrial organization, production processes, and value realization. 
The specific indicator system is detailed in Table 1.

3.3.3 Core explanatory variables
Guo et al. (2020) compiled the Peking University Digital Inclusive 

Finance Index containing 33 specific indicators using Ant Group’s 
digital inclusive finance data, and this digital inclusive finance index 
system has been widely used at this stage. Therefore, the measurement 
results of “Peking University Digital Inclusive Finance Index (2011–
2020)” compiled by the research group of Digital Finance Research 
Center of Peking University were chosen to measure the development 
level of digital inclusive finance, and as the digital inclusive finance 
index is of a different order of magnitude from the explanatory variable 
of the toughness of the agricultural industry chain, it was divided by 
100 as the empirical data (Pang and Wu, 2023; Zhao and Zhang, 2023).

3.3.4 Mediating variables
New agricultural management subjects (M1) and agricultural 

technology innovation (M2) were selected as mediating variables; 
agricultural technology innovation and new agricultural management 
subjects were generally measured by the entropy method; and the 
specific measurements are shown in Table 2.

3.3.5 Control variables
 (1) The degree of regional openness (K1), which is measured by 

choosing the ratio of total imports and exports to GDP for 
each province;

 (2) Rural human capital (K2), choosing as a proxy variable the 
number of years of schooling per rural resident, calculated as 
follows: (no schooling*0 + elementary school*6 + junior high 
school*9 + high school*12 + junior college and above*15)/
(population of 3 years of age and above-number of preschoolers);

 (3) The level of economic development (K3), which is measured 
by selecting the GDP per capita of each province;

 (4) Primary industry share (K4), expressed as the ratio of primary 
industry to total industry revenue;

 (5) Urbanization ratio (K5), expressed as the share of urban 
population in the population of the province (Table 3).

As direct regression equations for non-stationary series may result 
in pseudo-regression, the data are first tested for stationarity to see 
whether the variables are stationary series. In this study, the unit root 
test is done using the ADF test. The results show that the original 
hypothesis of the existence of unit root is rejected. This means that the 
series data are smooth and the results of the test are shown in Table 4.

4 Analysis of empirical results

4.1 The direct impact of digital financial 
inclusion on the resilience of the 
agricultural chain

Table 5 presents the linear estimation results of the impact of 
digital financial inclusion on the resilience of the agricultural industry 
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chain. According to the Hausman test results, the p-value is 0.000, 
which rejects the null hypothesis at the 1% significance level. 
Therefore, the paper employs a two-way fixed-effects model. The test 
results, as shown in Table  5, indicate that an increase in digital 
financial inclusion by one unit enhances the resilience of the 
agricultural industry chain by 0.047 units. This positive correlation is 
significant at the 1% level, suggesting that the development of digital 
financial inclusion effectively promotes the resilience of the 
agricultural industry chain. Consequently, Hypothesis 1 is verified.

4.2 Sub-dimensional regression of 
agricultural chain toughness

The sub-dimensions of the agricultural industry chain resilience—
namely, “production resilience,” “processing resilience,” “product 
resilience,” “marketing resilience,” and “circulation resilience”—are 
regressed against digital financial inclusion to explore the impact of 
digital financial inclusion on these sub-dimension indicators.

As shown by the regression results in Table  6, the impact 
coefficients for “production resilience” and “circulation resilience” are 
slightly lower. The lower impact coefficient for production resilience 
may be  attributed to the seasonality, cyclicality, and uncertainty 

inherent in agricultural production, which makes it challenging for 
digital inclusive financial products and services to meet the specific 
needs of agricultural production. Agricultural production faces risks 
such as weather and market volatility, and digital financial inclusion 
has limited capabilities in managing these risks. Consequently, farmers 
may require additional risk management tools and services to cope 
with production uncertainties, areas where role of digital financial 
inclusion is relatively limited.

For circulation resilience, the insufficiency of coefficient may 
be  due to the logistics of agricultural products relying heavily on 
infrastructure such as transportation, warehousing, and information 
systems. In some areas, underdeveloped infrastructure, inconvenient 
transportation, insufficient storage facilities, and poor information 
flow result in inefficient logistics for agricultural products. 
Additionally, the lack of specialized logistics service providers leads to 
issues such as product loss and quality degradation during 
transportation, which also constrains the rapid development of 
agricultural industry resilience.

Conversely, digital financial inclusion has the most significant 
impact coefficient on “product resilience.” The coefficients for “sales 
resilience” and “processing resilience” are significantly positive at the 
1% level, at 0.013 and 0.029, respectively. This significant positive 
correlation may be due to the rapid development of e-commerce, live 

TABLE 1 Agricultural industry Chain resilience evaluation index system.

Level 1 indicators Level 2 indicators Description of the calculation of the 
indicator

Description of the 
calculation of the indicator

Production toughness 

(Y1)

Percentage of employment in 

agriculture, forestry, and fisheries

Employed in agriculture, forestry, and fisheries/total 

employment in agriculture
+

Agricultural security Agricultural insurance payout rate −

Scale of agriculture Scale area of agricultural land +

Mechanical power per capita
Total power of agricultural machinery/number of 

people employed in primary industry
+

Proportion of agricultural area covered 

by facilities
Facility agriculture area/cultivated land area +

Agricultural disaster prevention rate Disaster-affected area/disaster-affected area −

Processing toughness (Y2)

Main business processing of agricultural 

and sideline products

Processing revenue from agricultural and sideline 

products
+

Food manufacturing processing level of 

earnings

Processing revenue of the food manufacturing 

industry
+

Circulation toughness 

(Y5)

Comprehensive level of agricultural 

products circulation

Value-added agricultural product circulation +

Number of employees in agricultural product 

circulation
+

Capital stock in agricultural product circulation +

Transportation routes Comprehensive length of transportation routes +

Sales toughness (Y4)

Producer Price Index for agricultural 

products
Producer Price Index for agricultural products +

Income from leisure agriculture Leisure agriculture business income +

Income from rural consumer goods Retail sales of rural consumer goods +

Geographical trademarks Number of geographical trademarks +

Proportion of online retail sales Total online retail sales/primary industry output +

Product toughness (Y3)
Fertilizer application intensity Fertilizer application −

Intensity of pesticide use Pesticide use −
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streaming, and other new sales methods facilitated by digital financial 
inclusion, providing more efficient channels and methods for the sale 
of agricultural products. Moreover, the integration of digital finance 
with agricultural processing enhances the supply and added value of 
agricultural products, further strengthening the resilience of the 
agricultural industry chain.

Based on the overall findings, the participation of digital financial 
inclusion significantly enhances key areas of the resilience of 

agricultural industry chain, particularly in product and sales 
processes, thus validating the hypotheses proposed.

4.3 Endogeneity test

Considering the impact of indicator measurement error and 
omitted variables, this paper selects the distance between provinces 
and Hangzhou as an instrumental variable to deal with the 
endogeneity problem (Huang et  al., 2023; Liao et  al., 2020) and 
chooses “the distance between the province where the family is 
located and Hangzhou” as an instrumental variable for the level of 
development of digital inclusive finance. First, because distance 
affects economic activities, the further away from Hangzhou a 
‘province of household is, the lower the level of development of 
digital financial inclusion may be, thus meeting the conditions for 
instrumental variable correlation. Second, the “distance between the 
home province and Hangzhou” does not directly affect the economic 
behavior of individuals and will not change due to the development 
of digital financial inclusion, which is a typical exogenous variable. 
The regression results of the instrumental variables are shown in 
Table  6. From the first stage of the results in column (1), the 
instrumental variables are significantly positively correlated with the 
resilience of the agricultural industry chain, which confirms that the 
instrumental variables satisfy the correlation hypothesis. Column (2) 
shows the second-stage regression results. After the regression using 
instrumental variables, the results are consistent with the benchmark 
regression results above that digital financial inclusion can 
significantly improve the resilience of the agricultural industry chain. 
The Cragg–Donald Wald F-value for the instrumental variables in the 
first stage is 2073.828 and the Kleibergen–Paap rk Wald F-value is 
149.927, both of which are greater than 10, which excludes the 
problem of weak instrumental variables (Table 7).

TABLE 2 Agricultural technology innovation indicator system.

Norm Description of indicators

New agricultural 

management subjects 

(M1)

Number of specialized agricultural production 

cooperatives

Number of family farms

Technological 

innovation in 

agriculture (M2)

Number of employees in R&D of agricultural by-

products processing industry

Number of patent applications in the agricultural and 

sideline product processing industry

Number of enterprises realizing product innovation in 

agriculture

Number of R&D projects in agricultural and sideline 

product processing industry

Number of new product development projects in the 

agricultural and sideline product processing industry

TABLE 3 Results of descriptive statistical analysis of the variables.

Variable Mean Min Max SD

Y 0.273 0.055 0.822 0.246

X 5.219 2.909 6.068 5.412

M1 0.190 0.001 1 0.114

M2 0.287 0.001 0.987 0.233

K1 1.219 0.518 5.297 1.058

K2 0.274 0.008 1.464 0.143

K3 0.250 0.110 0.643 0.226

K4 0.590 0.350 0.896 0.573

K5 0.945 0.089 2.205 0.913

TABLE 4 ADF test.

Difference 
in order

T p Threshold value

1% 5% 10%

K1 −4.448 0 −3.453 −2.872 −2.572

K2 −4.996 0 −3.453 −2.872 −2.572

K3 −4.887 0 −3.452 −2.871 −2.572

K7 −3.142 0.024 −3.452 −2.871 −2.572

K6 −3.785 0.003 −3.4 −2.872 −2.572

Y −3.786 0.003 −3.453 −2.872 −2.572

M2 −5.544 0 −3.452 −2.871 −2.572

X −3.605 0.006 −3.453 −2.872 −2.572

M1 −3.356 0.013 −3.452 −2.871 −2.572

TABLE 5 Benchmark regression model.

Y

X
0.047***

(0.013)

K1
−0.012

(0.014)

K2
−0.006

(0.017)

K3
0.017

(0.049)

K4
−0.915***

(0.096)

K5
−0.631***

(0.109)

Cons
0.673***

(0.063)

R2 0.4762

N 300

t-values are in parentheses, *, **, and *** indicating that the coefficient estimates are 
significantly non-zero at the 10, 5, and 1% levels, respectively.
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4.4 Robustness tests

In order to verify the reliability of the above results, this paper 
adopts three robustness tests: first, excluding municipalities directly 
under the central government. Considering the special status of 
municipalities, the development level of digital inclusive finance and 
resilience of the agricultural industry chain is quite different from that 
of other provinces, so the samples are re-estimated after eliminating 
the four municipalities of Beijing, Shanghai, Tianjin, and Chongqing. 
Second, shrinking tail treatment. In order to avoid the impact of 
extreme values of data on the regression results, the sample values of 
all variables are subjected to the upper and lower 1% shrinking tail 
treatment. Third, lagged variables. Because the impact of digital 
financial inclusion has a time lag, this paper uses the digital financial 
inclusion index with a lag of one period to rerun the regression.

The results are shown in Table 8, and the conclusions of this paper 
still hold after considering possible endogeneity and robustness.

4.5 Sub-dimensional regression

Drawing on the framework of Guo et al. (2020), digital financial 
inclusion can be subdivided into three distinct dimensions: breadth of 
coverage, depth of use, and degree of digitization. This paper further 
analyzes the impact of these three dimensions on the resilience of the 
agricultural industry chain. The results, as shown in Table 8, indicate 
that all three dimensions—breadth of coverage, depth of use, and 
degree of digitization—positively promote the resilience of the 
agricultural industry, with their impact coefficients being significant. 
The significant impact coefficient of the degree of digitization suggests 
that the current development of digital technology for digital financial 
inclusion in China has made substantial progress and that the 

constraints on the development of digital technology have been 
alleviated. The significant influence of the breadth of coverage on the 
resilience of the agricultural industry chain could be attributed to the 

TABLE 6 Sub-dimensional regression of agricultural Chain resilience.

(1) (2) (3) (4) (5)

Production 
toughness

Fluidity resilience
Processing 
toughness

Sales resilience
Product 

toughness

X
0.008*** 0.005*** 0.029*** 0.013*** 0.043***

(0.001) (0.000) (0.001) (0.001) (0.000)

K1
0.001 −0.000 0.001 0.000 0.000

(0.001) (0.001) (0.002) (0.002) (0.000)

K2
−0.001 0.001 0.000 0.000 0.000

(0.002) (0.001) (0.002) (0.002) (0.000)

K4
0.010 0.002 −0.017 0.004 0.001

(0.009) (0.004) (0.011) (0.011) (0.001)

K3
0.014** 0.008*** 0.001 0.004 0.002***

(0.004) (0.002) (0.005) (0.006) (0.000)

K5
0.029** 0.013** 0.017 0.003 0.002

(0.010) (0.004) (0.012) (0.013) (0.001)

cons
0.335*** 0.130*** 0.299*** 0.220*** 0.016***

(0.006) (0.002) (0.007) (0.007) (0.001)

R2 0.1422 0.5482 0.6853 0.3104 0.7552

N 300 300 300 300 300

t-values are in parentheses; *,**, and *** indicate that the coefficient estimates are significantly non-zero at the 10, 5, and 1% levels, respectively.

TABLE 7 Digital financial inclusion and agricultural chain resilience: 
endogeneity test.

(1) (2)

X Y

IV
0.997***

(0.041)

X
0.101***

(4.34)

K1
0.125** −0.019

(2.41) (−1.26)

K2
−0.113* −0.015

(−1.77) (−0.83)

K3
−0.910*** 0.114*

(−5.16) (1.79)

K4
−1.473*** −0.837***

(−3.49) (−6.92)

K5
2.244*** −0.861***

(5.95) (−6.24)

Cons
3.027*** 0.504***

(14.84) (6.04)

N 280 280

R2 0.648 0.455

t-values are in parentheses; *, **, and *** indicate that the coefficient estimates are 
significantly non-zero at the 10, 5, and 1% levels, respectively.
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TABLE 9 Digital financial inclusion sub-dimension regression.

(1) (2) (3)

Y Y Y

X1U
0.044***

(0.013)

X2C
0.036***

(0.010)

X3D
0.033**

(0.012)

K1
−0.010 −0.011 −0.009

(0.014) (0.014) (0.014)

K2
−0.008 −0.005 −0.006

(0.017) (0.017) (0.017)

K4
−0.895*** −0.917*** −0.947***

(0.098) (0.097) (0.096)

K3
0.001 0.008 0.002

(0.048) (0.048) (0.050)

K5
−0.593*** −0.626*** −0.556***

(0.107) (0.110) (0.105)

cons
0.664*** 0.729*** 0.690***

(0.066) (0.056) (0.065)

R2 0.4729 0.4741 0.4677

N 300 300 300

t-values are in parentheses; *, **, and *** indicate that the coefficient estimates are 
significantly non-zero at the 10, 5, and 1% levels, respectively.

well-developed state of digital finance in China, which minimizes the 
gap between the extent of digital financial inclusion development in 
underdeveloped and developed regions. The significant coefficient for 
the depth of use likely indicates that as digital financial inclusion 
becomes more widespread, farmers are receiving increased financial 
support. The extensive range of financial services currently covered by 
digital technology allows more individuals to invest their money in 
agricultural production and rural development. This, in turn, 
enhances the resilience of the agricultural industry. In summary, the 
analysis indicates that the breadth of coverage, depth of use, and 
degree of digitization of digital financial inclusion all contribute 
positively and significantly to enhancing the resilience of the 
agricultural industry chain. This underscores the importance of 
advancing digital financial inclusion across all its dimensions to foster 
a more resilient agricultural sector (Table 9).

4.6 Analysis of intermediation effects

The Bootstrap method was used to test the mediation effect, 
repeated with 1,000 samples and a 95% confidence interval. The 
results are shown in Table 10. The value of the indirect effect of digital 
financial inclusion on the resilience of the agricultural industry chain 
through new agricultural management entities is 0.1051, with the 95% 
confidence interval not containing 0. Similarly, the value of the 
indirect effect through agricultural technology innovation is 0.0571, 
with the 95% confidence interval also not containing 0.

These results indicate that the characteristics of new agricultural 
management entities—such as scale operation, specialized production, 
and innovation-driven practices—significantly enhance the resilience 
of the agricultural industry. To bolster the resilience of the agricultural 
sector, it is important to leverage the demonstration-driven role of 

these new agricultural entities, improve the brand efficiency and 
pricing capabilities of agricultural products, and elevate the 
marketization level. This approach contributes to the ability of entire 
industrial chain to withstand market risks, thereby confirming 
Hypothesis 2.

Furthermore, digital inclusive finance can provide essential 
financial support for agricultural technological innovation, guiding 
and promoting improvements in agricultural technology levels and 
diffusion. This positively influences the level of agricultural 
technological innovation, thereby confirming Hypothesis 3.

4.7 Heterogeneity analysis

While focusing on the impact of digital financial inclusion on the 
resilience of the agricultural industry, regional differences and gaps in 
the level of digital financial inclusion may lead to different results. The 
regression results on regional heterogeneity are shown in Table 11. 
Columns (1), (2), and (3) present the empirical regression results for 
the eastern, central, and western regions, respectively. The findings 
indicate that the regression coefficient for digital financial inclusion is 
significantly positive in both the eastern and central regions, but its 
impact coefficient decreases progressively. The significance of digital 
financial inclusion is notably weaker in the Western region. From 
these regression results, it can be inferred that the impact of digital 
financial inclusion on the resilience of the agricultural industry in 

TABLE 8 Robustness test.

Excluding 
municipalities

Have one’s 
tail reduced

Hysteresis

X
0.049** 0.035** 0.046***

(0.015) (0.013) (0.013)

K2
−0.024 −0.006 −0.005

(0.023) (0.017) (0.018)

K3
0.034 0.004 0.017

(0.060) (0.055) (0.049)

K4
−0.806*** −0.921*** −0.920***

(0.115) (0.103) (0.097)

K5
−0.454*** −0.640*** −0.634***

(0.131) (0.118) (0.109)

K6
−0.027 −0.010 −0.013

(0.017) (0.014) (0.014)

Cons
0.598*** 0.749*** 0.677***

(0.071) (0.067) (0.063)

R2 0.4192 0.4793 0.4785

N 260 270 300

t-values are in parentheses; *,**, and *** indicate that the coefficient estimates are 
significantly non-zero at the 10, 5, and 1% levels, respectively.
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China exhibits regional heterogeneity. Specifically, the promotional 
effect of digital financial inclusion on the resilience of the agricultural 
industry chain is strongest in the eastern region, followed by the 
central region, and weakest in the Western region. Several potential 
reasons account for these results. First, the earlier development of 
eastern region of digital financial inclusion and a higher level of 
regional economic development resulted in the most significant role 
of digital financial inclusion in promoting agricultural industry chain 
resilience. Second, the central region enjoys favorable resource factors 
and policy preferences, creating advantageous conditions for regional 
development. The development of digital financial inclusion in this 
area reduces financing costs and thresholds, facilitating the free flow 
of production factors such as labor, capital, and data, thereby 
promoting the resilience of the agricultural industry chain. In contrast, 
the Western region has a comparatively weak foundation for the 
development of digital financial inclusion. Digital industrialization 
and intelligent transformation lag behind, and there are numerous 
disadvantaged groups, such as small and micro-enterprises and 
low-income individuals. The influence of the traditional financial 
foundation and financial literacy in these areas has led to a lower 
application level of digital technology in financial services and 
support. Consequently, the development dividends of digital financial 
inclusion have not been fully realized in the Western region.

Building upon this basis, the paper categorizes the 30 provinces 
into regions with high levels of digital financial inclusion and regions 
with low levels of digital financial inclusion, using the average value of 
digital financial inclusion over the years as the threshold for grouping. 
Regions with an average digital financial inclusion index below the 
threshold are classified as low-level regions, while those with an 
average value above the threshold are classified as high-level regions. 
The regression results for the heterogeneity of digital financial 
inclusion are presented in Table 10. Columns (1) and (2) display the 
empirical regression results for low-level and high-level digital 
financial inclusion regions, respectively. The results indicate that 
regions with high levels of digital financial inclusion exhibit a more 
significant positive impact on the resilience of the agricultural 
industry chain compared to low-level regions. This may be attributed 
to the more advanced agricultural infrastructure and relatively mature 
conditions for agricultural development in regions with high levels of 
digital financial inclusion. Consequently, the ‘effect of digital financial 
inclusion on promoting the resilience of the agricultural industry is 
most pronounced in these high-level regions (Table 12).

5 Conclusion and policy 
recommendations

This paper analyzes the impact of digital inclusive finance on 
the toughness of the agricultural industry chain by constructing 

the agricultural industry chain toughness index system and draws 
the following main conclusions. First, digital inclusive finance has 
an obvious promotion effect on the improvement of the toughness 
of the agricultural industry chain. Second, agricultural 
technological innovation and new agricultural management 
subjects play an intermediary role in the impact of digital financial 
inclusion on the resilience of the agricultural industry chain. Third, 
the impact of digital financial inclusion on the resilience of the 
agricultural industry chain varies in the region as well as in the 
level of digital financial inclusion. The impact of digital financial 
inclusion on the resilience of the agricultural industry chain is 
more significant in the eastern region and regions with high levels 
of digital financial inclusion.

Based on the above findings, the following policy 
recommendations are made:

First, promote the deep integration of digital inclusive finance 
and the agricultural industry chain. There are regional differences 
in digital inclusive finance; backward regions should continue to 
improve infrastructure construction and increase investment in 
the construction of base stations, to create hard conditions for the 
promotion and popularization of digital inclusive finance; regions 
with relatively high levels of development should focus on the 

TABLE 10 Bootstrap analysis of mediation effects tests.

Trails Effect BootSE Bias-corrected 95%CI Efficacy as a 
percentage of

BootLLCI BootULCI

Total indirect effect 0.1621 0.0371 0.0941 0.2379

X → M1 → Y 0.1051 0.0306 0.0483 0.1671 64.84%

X → M2 → Y 0.0571 0.0221 0.0202 0.1069 35.16%

TABLE 11 Regional heterogeneity.

(1) (2) (3)

East Middle West

X
0.045** 0.109*** −0.005

(0.017) (0.022) (0.030)

K2
−0.053 −0.030 0.024

(0.039) (0.073) (0.028)

K3
−0.271* 0.445 −0.080

(0.132) (0.387) (0.083)

K4
−0.875*** −3.868*** −2.001***

(0.123) (0.588) (0.270)

K5
−0.542*** −1.636*** −0.703**

(0.121) (0.366) (0.222)

K6
0.037 0.129** 0.001

(0.022) (0.039) (0.023)

Cons
0.542*** 1.110*** 1.170***

(0.075) (0.138) (0.144)

R2 0.4957 0.6708 0.5967

N 110 110 80

t-values are in parentheses; *, **, and *** indicate that the coefficient estimates are 
significantly non-zero at the 10, 5, and 1% levels, respectively.
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development and application of digital equipment and digital 
technology in the process of agricultural production and 
operation, to stimulate digital productivity. At the same time, it is 
necessary to strengthen the training related to the use of digital 
technology for farmers and improve their digital literacy. In 
addition, it is necessary to focus on the collection, organization, 
and release of relevant information and data in the process of 
agricultural production and operation, strengthen the exchange 
of information and collaboration between regions, establish a 
digital sharing platform, continuously improve the role of data in 
the production and operation process, and transform the 
traditional mode of agricultural production and operation and 
improve the toughness of the agricultural industry chain through 
the use of data elements.

Second, support for new agricultural business entities should 
be  increased. Relax the policy constraints on financial system 
innovation in rural areas, guide financial institutions to reasonably 
position themselves in rural areas, promote rural financial supply, 
innovate financial products, and stimulate the effective financial 
demand of new agricultural business mainstays; tailor-made financial 
products can be designed to meet the special needs of new agricultural 
business mainstays, including flexible lending programs, low-interest 
loans, and unsecured loans, in order to satisfy their financing needs; set 
up a perfect credit assessment system, including assessing and 
recording the credit records of new agricultural business entities, which 
will help farmers obtain more financial support and more favorable 
loan terms; provide financial education and training targeted at new 
agricultural business entities to help them improve their financial 
management capabilities and make better use of financial tools for 
business management; it is necessary to give full play to the 
demonstration role of new agricultural management main bodies, 

create the brand benefits of agricultural products and broaden the 
market for agricultural products. In addition, new agricultural 
management main bodies are encouraged to take the initiative to 
absorb small farmers to join them or to help neighboring small 
farmers, to give full play to the economy of scale drive the role of the 
agricultural industry, and to realize the improvement of economic 
efficiency and the resilience of the agricultural industry.

Third, agricultural technological innovation should 
be  strengthened to promote the sustainable development of the 
agricultural industry chain. The government should cultivate farmers’ 
awareness of innovation, improve the concept of innovation, and 
carry out education and training for agricultural technology 
innovators to help them understand financial instruments and 
financial markets, improve their awareness of fund management and 
risk prevention, and better utilize financial resources to support 
technology innovation projects; financial institutions can design loan 
products specifically designed to support agricultural technological 
innovation, including research and development loans and 
technological innovation loans, to help agricultural research 
institutions, farmers’ cooperatives, and agricultural enterprises to 
obtain funds for technological innovation projects, promoting 
financial science and technology innovation to provide more 
convenient and efficient financial services for agricultural technology 
innovation, such as realizing the traceability of agricultural products 
and the transparency of capital flow through blockchain technology, 
and providing precise management of agricultural production 
through big data analysis. Financial institutions can cooperate with 
scientific research institutes and agricultural enterprises to establish 
a technology innovation-sharing platform to provide agricultural 
technology innovators with opportunities for resource sharing, 
technology exchanges, and cooperation, promote the popularization 
and application of technological innovation achievements, smooth 
the chain of transformation of agricultural technological innovation 
achievements, guide healthy competition, and encourage scientific 
research institutes to provide intellectual support to the agricultural 
industry chain. Financial institutions should promote the downward 
sinking of credit to rural areas, increase funding for high-end 
agricultural technologies, and alleviate the financing constraints of 
enterprises in the whole chain of the agricultural industry, to enhance 
the resilience of the agricultural industry chain.

Admittedly, this article has many shortcomings. Based on the 
availability of data, this article chooses to study the impact of 
digital financial inclusion on the toughness of the agricultural 
industry chain from the provincial level, and fails to go deep into 
the prefectural level or even the county level, and looks forward 
to further in-depth research with more complete data in the 
future; at present, a unified indicator construction system has not 
yet been reached regarding the toughness of the agricultural 
industry chain, and this article combines the theory with the 
existing literature and builds the comprehensive evaluation index 
system of the toughness of the agricultural industry chain on the 
basis of theory and its own thinking. Based on the existing 
literature, this paper constructs a comprehensive evaluation 
index system of the toughness of the agricultural industry chain 
by combining theory and our own thinking, and we expect that 
there will be  a more authoritative and unified construction 
method in the future, so as to better carry out the research on the 
toughness of the agricultural industry chain.

TABLE 12 Heterogeneity in the level of development of digital financial 
inclusion.

(1) (2)

Low-level area High-level area

X
0.132 0.086***

(0.098) (0.018)

K1
0.011 0.096***

(0.023) (0.027)

K2
−1.248*** −2.752***

(0.217) (0.248)

K3
−0.036 −0.129*

(0.103) (0.063)

K4
−0.531* −0.457**

(0.264) (0.155)

K5
−0.015 −0.029

(0.021) (0.019)

Cons
1.709** 0.736***

(0.558) (0.099)

R2 0.5183 0.7699

N 91 81

t-values are in parentheses; *, **, and *** indicate that the coefficient estimates are 
significantly non-zero at the 10, 5, and 1% levels, respectively.
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