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The digital economy is an important driving force for developing agricultural new
quality productive forces. This academic is based on panel data from 31 provinces in
China from 2012 to 2021. It uses econometric methods such as the two-way fixed
effect model, the mediating effect model, the panel threshold model, and the spatial
autoregression (SAR) model to empirically study the impact effect and mechanism
of action of the digital economy on agricultural new quality productive forces.
Research shows that (1) The digital economy significantly promotes agricultural
new quality productive forces, and this conclusion is still valid after considering
a series of endogenous tests. (2) The digital economy has obvious geographical
differences in its effect on generating agricultural new quality productive forces. (3)
Agricultural technological progress is an important mechanism through which the
digital economy affects the promotion of agricultural new quality productive forces.
(4) Further research has found that the digital economy has a ‘promoting-inhibiting-
promoting’ nonlinear threshold effect on agricultural new quality productive forces.
(5) The digital economy exerts considerable regional spillover effects on agricultural
new quality productive forces. This study proposes four recommendations based
on the current conclusions. (1) The government should enhance and endorse
the advancement of the digital economy while mitigating regional disparities in
its development. (2) The local government should expedite the development
of digital infrastructure to facilitate the transition from traditional agricultural to
digital agriculture. (3) Local governments should contribute to the progression
of agricultural technologies. (4) local governments should leverage the spatial
spillover effect of the digital economy to facilitate coordinated regional growth.
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1 Introduction and review of literature

Amidst the digital revolution of the global economy and the
accelerated modernisation of agriculture, China’s agricultural sector
is at a pivotal point where ‘quantitative change’ will lead to ‘qualitative
change’ Although China feeds 20% of the world’s population with only
7% of the world’s arable land (Smil, 1995), the sustainable development
of modern agriculture in China is still subject to multiple constraints:
prominent rigid conflicts over resources (Chen et al., 2019), rising
production costs (Zhang, 2021), profound technology disconnection
(Hu et al., 2024), and insufficient resilience of the industrial chain (Vin
etal., 2021). These issues jeopardise national food security and hinder
the attainment of rural revitalisation and high-quality agricultural
development objectives. In this context, the Chinese Government has
introduced the strategic concept of ‘Agricultural New Quality
Productive Forces!

Agricultural new quality productive forces represent a
contemporary idea emerging from the modernisation of agriculture,
in contrast to conventional productive forces. The essence of new
quality productive forces in agriculture is to significantly increase total
factor productivity through technical innovation and resource
reorganisation. Crucial and disruptive technical advancements will
precipitate an innovative revolution inside the industrial chain,
resulting in a transformative shift in agricultural productivity (Zhou
and Xu, 2023). Meanwhile, the digital economy has emerged as a key
factor in transforming the economic structure and enhancing national
competitiveness within the context of the technological revolution and
industrial upgrading. The evolution of the digital economy has
increasingly emerged as a crucial facilitator for the enhancement of
agricultural new quality productive forces and has also served as a
novel engine for the modernisation of agriculture and the
reinforcement of national food security. Examining the influence and
mechanisms of the digital economy and new quality productive forces
in agriculture is crucial for realising rural revitalisation objectives,
fostering high-quality agricultural development, improving
agricultural production efficiency, upgrading industrial structures,
and optimising resource allocation. Furthermore, it significantly
affects the establishment of an agricultural powerhouse and the
progression towards socialism with Chinese characteristics.

Current research on agricultural new productivity mainly focuses
on the following two aspects. First, cultivating the agricultural new
quality productive forces. The advancement of digital technology and
the enhancement of the digital economy are crucial avenues for
fostering new quality productive forces in agriculture (Wang and
Yang, 2023; Luo and Geng, 2024). The digital economy, focused on the
Internet and big data technologies, possesses significant innovative
vigour and growth potential, serving as a crucial driving force for
China’s high-quality economic development (He et al., 2022). The
digital economy serves as the primary catalyst of the fourth industrial
revolution, reshaping industrial factors through the development of
digital infrastructure, upgrading industrial processes, and advancing
digital industrialisation (Tan et al., 2024), thereby enhancing the
quality of agricultural productive forces. The China Digital Economy
Development Research Report (2024) from the China Academy of
Information and Communications Technology indicates that China’s
digital economy will reach 53.9 trillion yuan in 2023, or 42.8 per cent
of GDP, an increase of 1.3 per cent from 2022. In light of the
burgeoning digital economy, China has underscored the necessity to
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enhance the development of new quality productive forces tailored to
local conditions and to refine the system that fosters the profound
integration of the real economy with the digital economy, thereby
indicating a pathway for the advancement of the digital economy to
bolster agricultural new quality productive forces. Second, the
measurement of agricultural new quality productive forces. Current
research predominantly examines the three dimensions of labour:
workers, labour objects, and labour resources. Regarding worker
quality, Scholars have not only made innovative use of indicators such
as the share of agricultural science and technology employees and
farmers’ innovation potential to quantify the human capital leap in
agriculture (Zhu and Ye, 2024). Additionally, they have introduced the
Digital Inclusive Finance Index to elucidate the transformative impact
of technological diffusion on worker skills (Wang and Yang, 2023). In
the realm of labour object innovation, researchers assessed the
technological evolution of production objects through the penetration
rate of bio-breeding technology and the coverage rate of green
prevention and control technology (Liu, 2023), and they employed the
total factor productivity model to validate the impact of resource-
intensive utilisation on enhancing the quality of labour objects
(Zhong, 2023); from the standpoint of labour means enhancement,
the coverage rate of digital infrastructure and the penetration rate of
intelligent agricultural machinery illustrated the intelligent
transformation of labour means.

Research on the digital economy is more prolific. The digital
economy is an economic activity fuelled by digital technological
innovation, uses the Internet platform as the primary information
carrier, and employs a variety of new business models and forms of
expression. Its primary resource is digital information, which includes
data elements (Chen et al., 2022). The digital economy evolves via
digital technology, transcending geographical and territorial
constraints (Ma and Zhu, 2022), and facilitates the transformation and
upgrading of old industrial forms by empowering data elements. The
expansion of the digital economy into agriculture significantly
contributes to empowering rural revitalisation (Zhang and Luan,
2022), fostering the integrated development of rural industries (Chen,
2021), reconfiguring the allocation of rural resources (Huang et al,
2022), and enhancing the resilience of the agricultural economy (Zhao
and Xu, 2023). The subsequent introduction of the new quality
productive concept has further prompted scholars to consider
cultivating agricultural new quality productive forces in the farming
industry in the digital economy. Overall, studies are abundant on the
digital economy within the agricultural sector, and there is a scarcity
of papers focussing on empirical investigations examining the
inherent relationship between the digital economy and the new quality
productive forces in agriculture.

A study of the current literature indicates a substantial body of
research on the digital economy and innovative agricultural
productive forces. Several scholars have undertaken empirical
investigations to assess the developmental status of innovative
agricultural productive forces (Yang and Wang, 2025) and the
impact of digital inclusive financing on these agricultural productive
forces (Kang and Qirui, 2024). Simultaneously, the evolution of
digital technology impacting the agricultural new quality productive
forces has garnered the attention of researchers (Zhou, 2024; Wang
and Li, 2024). However, there is a dearth of scholarly research on
how the digital economy affects agricultural new quality productive
forces, which has yet to be explored systematically and in-depth.
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From a theoretical perspective, the frameworks regarding the
influence pathways of the digital economy and the new quality
productive forces in agriculture remain inadequately developed,
and the current study is disjointed. From an empirical study
standpoint, the existing methodology is singular, rendering it
challenging to capture the distinctions and intricate relationships
between the two variables. From the point of view of research
objects, insufficient attention has been paid to the intersection of
the digital economy and agricultural new quality productive forces,
and the construction of the indicator system lacks uniform
standards, which cannot fully reflect the connotation of agricultural
new quality productive forces.

Therefore, the marginal contribution of this paper focuses on four
main areas: Firstly, this study employs the entropy value approach to
assess the development level of agricultural new quality productive
forces, utilising the existing indicator system in conjunction with the
current agricultural status. Secondly, this paper examines the influence
of the digital economy on the new quality productive forces in
agriculture using a two-way fixed effects model. Additionally, it posits
that technological advancements in agriculture serve a mechanistic
function in mediating the digital economy’s impact on agricultural
new quality productive forces. Thirdly, this research examines the
non-linear impacts of digital economic development and analyses the
threshold effect. Fourthly, the research examines the potential spatial
spillover effects of digital economy development and evaluates its
impact on agricultural new quality productive forces.

2 Theoretical analysis and research
hypotheses

2.1 The direct influence of the digital
economy on agricultural new qualitative
productive forces

The core of agricultural new quality productive forces lies in the
efficient reconfiguration of production factors alongside technological
innovation, particularly evident in agriculture through the
enhancement of production efficiency of capital, labour, and other
production elements (Ma and Yang, 2024). The digital economy,
characterised by digitalisation and informatisation as production
factors, can transcend spatial and geographical constraints in
development (Gao and Lyu, 2023), thereby optimising production
efficiency and integrating production factors through advancements
such as digital industrialisation and industrial digitalisation (Ge and
Xun, 2022). In general, the advancement of the digital economy will
enhance digital production and intelligence in agriculture, facilitating
the innovative emergence of disruptive technologies in this sector and
promoting new quality productive forces in agriculture. From the
perspective of the specific impact of the digital economy on
agricultural new quality productive forces, Marx’s discussion of the
labourer, the means of production and the object of production, and
the Chinese government’s elaboration that agricultural new quality
productive forces are green productivity forces, have laid the basic
direction for the development of agricultural new quality productive
forces. Therefore, this article will further discuss the four aspects of
the digital economy empowering new types of workers, new means of
production, new objects of labour, and green agricultural production.
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2.1.1 Digital economy cultivates new types of
labourers

Individuals are the most dynamic and inventive elements within
productive forces, while novel categories of labour objects serve as a
crucial foundation for advancing high-quality agricultural productive
forces (You and Tian, 2024). Firstly, the digital economy has enhanced
individuals’ labour quality (Liu and Wang, 2025). The advancement of
the digital economy facilitates effective, rapid, and accessible
information technology training, enabling agricultural workers to
access skills training, expand their knowledge, and enhance their
attributes. Secondly, the digital economy enhances labour efficiency
(International Labour Organization, 2021). Intelligent software and
technological advancements within the digital economy have
markedly enhanced worker efficiency, exemplified by the development
of big data platforms and the creation of information-driven smart
farms, emancipating workers from monotonous and repetitive tasks.
Consequently, employees have increased time to utilise digital
platforms to enhance their quality. Ultimately, the digital economy has
created new professional opportunities in agriculture (Yang et al.,
2024). The extensive utilisation of the Internet, big data, artificial
intelligence, and other technology has created numerous new
occupations, including data analysts, rural e-commerce operators, and
unmanned farm managers. These new professions have not only
enhanced the employment options for workers but also offered them
career trajectories with more developmental potential.

2.1.2 Digital economy creates new means of
labour

The advancement of the digital economy generates novel methods
of labour production and further facilitates the emergence of
agricultural new quality productive forces. With the advancement of
digital technology, intelligent agricultural equipment is extensively
utilised. Advanced seeders, harvesters, irrigation systems, and other
machinery to revolutionise conventional agricultural practices,
augment intelligence in farming, and achieve precise, intelligent, and
cost-effective agricultural production. The technological revolution,
driven by big data and IoT technology, has led to the emergence of
digital platforms for agriculture, including agricultural e-commerce
platforms, agricultural product traceability platforms, and agricultural
finance service platforms, among others. Digital platforms and data
information have become essential tools in new jobs within the digital
economy, instigating transformations in labour relations in the digital
age (Qietal, 2021).

2.1.3 Digital economy has created new types of
labour objects

In the era of the digital economy, the boundary between labour
materials and labour objects is becoming increasingly blurred, and the
new factor of production, data, is both labour materials and labour
objects. In the era of digitalisation, networking and intelligence, the
development of new digital production technologies, such as
significant data platform construction and artificial intelligence,
enables massive data and information to be effectively collected,
processed and utilised, thus giving birth to a new type of labour object
(Huang and Sheng, 2024). Specifically, the digital economy has given
new types of labour more development possibilities. For instance, by
utilising novel sales methods like e-commerce platforms and live
streaming for items, individuals can immediately introduce
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high-quality agricultural goods into the market via digital platforms.
It has transformed the conventional multi-tier distribution paradigm
of agricultural products, increasing the pricing of agricultural goods
and farmers’ incomes. At the same time, digital technology can also
promote the integration of agriculture with tourism, culture and other
industries, develop new business forms such as leisure agriculture and
creative agriculture, and expand the versatility of agriculture.

2.1.4 Digital economy to achieve green
agricultural production

The Chinese government has stressed that “green development is
the basis for high-quality development, and new quality productive is
itself green productivity” Cultivating new agricultural quality
productive forces is also a process of productivity development based
on ecology, environmental protection, and greenery. The development
of the digital economy is different from that of other industries in the
past. The digital economy is an industrial form with low energy
consumption and pollution and naturally has the characteristics of
green productivity. Using intelligent technology in agricultural
production can significantly diminish the usage of chemical fertilisers
and pesticides, hence facilitating green agricultural development. In
addition, with the construction of digital infrastructure and the
development of a digital economy running through all aspects of
agriculture, the factor optimisation function of the digital economy
can achieve the reduction of carbon emissions in the agricultural field,
improve the transformation path and transformation efficiency of the
value of forest ecological products, promote the realisation of the value
of ecological products, and achieve the goal of agricultural green
development (Tian et al., 2024; Kong et al., 2023).

Based on the above theories, hypothesis H1 is proposed: The
development of the digital economy is conducive to generating
agricultural new quality productive forces.

2.2 Indirect effect of digital economy
empowerment of agricultural new quality
productive forces

Within the context of productivity theory and technological

innovation diffusion theory, agricultural technological
advancement is a pivotal variable linking the digital economy to
the emergence of new quality productive forces in agriculture, as
evidenced by the dynamic coupling mechanism across three
dimensions. Firstly, the digital economy capitalises on the
embeddedness of data elements to improve the fundamental
conditions for technological innovation. For example, IoT
sensors, remote sensing monitoring, and other big data analysis
tools can collect real-time data on crop growth, assist managers
in developing a precise decision-making framework, and facilitate
the transition from conventional experience-based technology to
contemporary  data-driven technology. Secondly, the
technological penetration effect of the digital economy has
facilitated the reshaping of the agricultural production function’s
growth path. By substituting traditional labour tools with digital
technology carriers, such as intelligent agricultural machinery
and equipment and intelligent pest and disease diagnostic

systems, incremental marginal compensation has been achieved,
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and their technological spillover effects have significantly
increased total factor productivity. Lastly, the digital economy
has logically reinforced the mechanism effect, reconfiguring the
behaviour of technology adopters. New professional farmers,
nurtured by online education platforms and digital skills training
systems, have a significantly stronger capacity for technology
absorption than traditional farmers. Simultaneously, the
agricultural socialisation service platform’s intelligent matching
mechanism has substantially enhanced the adoption rate of
advanced technologies among small and medium-sized
producers. The digital economy is characterised by the synergistic
evolution of human capital and technology capital, which not
only alters the rate of innovation on the supply side of technology
but also establishes a two-way enhancement path through
adaptive learning on the demand side.

Based on the above theoretical analysis, hypothesis H2 is
proposed: Digital economy promotes the generation of agricultural

new quality productive through agricultural technological progress.

2.3 The development of the digital
economy has a non-linear threshold effect

The development of the digital economy is geographically diverse
due to the variations in digital infrastructure, financial support,
geographic location, and other factors that influence the development
of the digital economy in each region (Li et al., 2024). Examining the
development process of the digital economy, it is possible that the
digital economy, a novel form of production factor, may have
non-linear effects on promoting agricultural new quality productive
forces. In light of this, this paper delves deeper into the influence of
the digital economy on the agricultural new quality productive forces
from the three phases of its development.

The initial phase of the digital economy. At this stage, the digital
economy and its infrastructure are nascent, with certain cities and
rural areas possessing robust infrastructure designated for pilot
initiatives in digital economy development. Thanks to the pilot of the
digital economy, rural industries have been affected by digitisation and
informatisation, industrial factors have been optimised, transaction
costs have been effectively reduced, and information asymmetry has
been mitigated (Li et al., 2023). The advancement of the digital
economy has facilitated information dissemination in rural areas,
promoting non-farm jobs and enhancing rural industry (Wen and
Chen, 2020). The advancement of the digital economy can enhance
human capital, stimulate the expansion of rural industries, and
facilitate industrial integration in the context of rural industrial
development (Guo and Miao, 2023). At the aggregate rural level, the
advancement of the digital economy mitigates the digital divide,
fosters the profound integration and development of urban and rural
industries, alleviates relative poverty in rural regions, and reduces the
urban-rural disparity (Wu, 2021; He et al., 2020). Therefore, in the
initial stage of the digital economy, the development of the digital
economy can promote the growth of the agricultural economy, and
the marginal effect of the digital economy on the cultivation of
agricultural new quality productive forces is increasing.

The second phase is the expansion stage of the digital economy. As
the digital economy transitions from the pilot phase to comprehensive
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development, it accelerates; however, influenced by factors such as digital
economy infrastructure and urbanisation levels, its progress exhibits
significant geographical disparities, predominantly characterised by
eastern regions leading while central and western areas strive to catch up
(Zhaoan et al,, 2021). Moreover, throughout the expansion phase of the
digital economy, the agricultural sector, according to its inherent
characteristics, possesses a definitive upper limit to its factor
transformation. Concurrently, influenced by the ‘syphon effect’ of the
digital economy, there is a tendency for rural resources to be drawn
towards regions exhibiting robust digital economic growth, thereby
obstructing the emergence of agricultural new quality productive forces
within rural areas (Barata, 2019; Vi et al., 2023).

Finally, the mature stage of digital economy development.
Currently, the advancement of the digital economy in economically
developed regions has reached an advanced stage, with digital
infrastructure primarily established, a foundational pattern of industrial
digitisation and digital industrialisation developed, and the influence
of the ‘digital dividend’ effect of digital economy growth intensified,
thereby facilitating the distribution of digital economy benefits in rural
areas (Zhang et al, 2023). Moreover, in conjunction with the
advancement of China’s digital rural development initiatives and
e-government policy support, efforts are being made to enhance digital
infrastructure in rural regions, digitise the agricultural sector, and
leverage information technology, particularly e-commerce, to augment
farmers’ incomes and transform the agricultural industry chain, thereby
facilitating significant progress and fostering the emergence of
agriculture new quality productive forces (Tao et al., 2022).

Based on the above theoretical analysis, hypothesis H3 is
proposed: The digital economy has a non-linear threshold effect on
agricultural new quality productive forces.

2.4 The digital economy exhibits spatial
spillover effects

The digital economy, characterised by significant permeability,
high innovation, and extensive reach, reduces spatial and temporal
distances while augmenting the breadth and depth of interregional
economic activity connections (Zhao et al., 2020). Scholarly reviews
of studies concerning the spatial impact of the digital economy have
empirically demonstrated a spatial spillover effect of the digital
economy on various dimensions, including its influence on total factor
productivity (Yang and Jiang, 2021), high-quality economic
development in China (Li and Yang, 2021), and agricultural carbon
emissions (Tian et al., 2024). Consequently, the influence of the digital
economy on the emergence of agricultural new quality productive
forces may potentially result in spatial spillover effects.

Based on the above theoretical analysis, hypothesis H4 is
proposed: Digital economy has a spatial spillover effect on generating
agricultural new quality productive forces (Figure 1).

3 Research methodology and
selection of variables

In order to verify the above theoretical hypothesis, this paper
conducts empirical tests based on the panel data of 31 provincial
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levels in China from 2012 to 2021. First, the two-way fixed effect
model was used to examine the impact of the digital economy on
agricultural new quality productive forces. This research employs
a mediated effects model to examine the influence of agricultural
technical advancement inside the digital economy on the
emergence of new quality productive forces in agriculture. This
study also conducts a threshold test to ascertain the non-linear
effects of the digital economy. Finally, the spatial autocorrelation
model (SAR) was used to examine the spatial spillover effect of the
digital economy on generating agricultural new quality
productive forces.

3.1 Model setting

3.1.1 Two-way fixed effects model examining the
impact of the digital economy on the quality of
agricultural productive forces

Two-way fixed effects model of the digital economy’s impact on
the innovative quality of agricultural productive forces. This study
constructed a panel data model, F-test, and Hausman test based on
prior theoretical assumptions. According to the results, the fixed effect
model outperforms the mixed effect model with a random effect
component. The precise model is as follows:

ANQP,t =ap+ alDIG,-t +a2CVS,-t LTyt ER (1)

(1) ANQP; is the dependent variable and represents each
province’s level of agricultural new quality productive forces. DIG; is
the core explanatory variable and stands for the digital economy’s
development level. CVS, is a control variable set that affects
agricultural new quality productive forces. y; stands for the fixed effect
on the area, and y; for the fixed effect on time. ¢, is the random
disturbance term, where i and t represent provinces and years,
respectively. ay, a;, and a, are the constant terms.

3.1.2 Threshold effect model of digital economy
development

This paper uses the threshold effect model proposed by existing
scholars (Hansen, 1999) for reference to build a threshold effect model
with the level of digital economy as the threshold variable. Initially, the
formulation of a single-threshold model is presented in Equation 2:

ANQP; = g+ BoDIGy xI(Qi <q)+ ADIG; xI(Q; > q)
+CVSip + 1 + i + €t (2)

Among them, Q; is the threshold variable, which is also the
core explanatory variable, representing the digital economy; I(-) is
the indicator function; q is the threshold value, and f, and f, are
the coefficients. Other symbols have the same meaning as in (1).
Equation 2 considers the case of a single threshold. If there is a
multiple threshold effect, it can be expanded to a multiple threshold
effect model.
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FIGURE 1

The effect mechanism of the digital economy on agricultural new quality productive forces.

3.1.3 The mediating effect model of the digital
economy, agricultural technological progress
and agricultural new quality productive forces

This paper employs a two-step mediation effect model for testing
(Jiang, 2022). Simultaneously, Sobel Z and Bootstrap sample tests are
incorporated to enhance the reliability of the two-step mediation
effect test results. The specific formulas are as Equations 3 and 4:

ATRit =y + alDIG,-t + aZCVS,-t + ity (3)

ANQP” =Q +0¢1D1Git + azATRit + a3CVS,-t + 4ty +E; (4)

In this context, ATR denotes agricultural technological progress,
while the remaining symbols retain definitions as specified in Equation 1.

3.1.4 Spatial spillover effects of the digital
economy on the agricultural new quality
productive forces

The ongoing advancement of the digital economy produces a
‘digital dividend’ that influences the development of the digital
economy in adjacent regions and stimulates the emergence of
agricultural new quality productive forces, necessitating a
deeper analysis of the spatial impact of the digital economy on
these agricultural forces. The article first quantifies the spatial
autocorrelation between the digital economy and agriculture’s new
quality productive forces utilising the global Moran index.

Frontiers in Sustainable Food Systems

Subsequently, it employs the local autocorrelation index to
illustrate the spatial agglomeration of these elements. The specific
formulas are as follows:

iZ?ﬂWz‘f (X -X)(X;-X)

Global Moran's I = =1 (5)

n
s? ZZ;’:thj
i=1

Local I; =(X"S—;X)ZW,-]- (x;5-X) (6)
j

Among them, Equation 5 is the global spatial autocorrelation
formula, and Equation 6 is the local autocorrelation formula; X
and §° represent the mean and standard deviation of X; X refers to
the unit value of the digital economy and agricultural new quality
productive forces; n is the number of provincial units studied; X;
and X; are the attribute values of spatial units i and j; and W is the
spatial weight matrix (the spatial weight matrix selects the
geographical adjacency matrix and the economic geography nested
matrix). The study employed LM, LR, Wald, and joint significance
tests for model selection, grounded in identifying spatial
autocorrelation. This article ultimately picked the spatial
autocorrelation model (SAR) as the spatial measurement model.
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Finally, the spatial autoregression (SAR) model was selected as the
spatial econometric model. The specific formulas are as Equation 7:

ANQP; =y + ;W x ARNj; + 1 DIGj; + pCVSi + p; + v + €3¢ (7)

Where p, denotes the spatial autoregressive coefficient, W
represents the spatial weight matrix (derived from the geographic
neighbourhood matrix and the economic-geographic nested
matrix), and the other symbols retain their meanings as defined in
Equation 1.

3.2 Variable selection and measurement

3.2.1 Explained variables

The selection of the agricultural new quality productive forces
index refers to the selection of existing research on agricultural new
quality productive forces (Zhu and Ye, 2024; Yang and Wang, 2025; Li
et al.,, 2024). It constructs four first-level indicators: new labourers,
new labour materials, new labour objects and agricultural green
productivity. Specific secondary indicators are selected in Table 1.
Agricultural carbon emissions are calculated according to the studies
of existing scholars (Song et al., 2024; Ding et al., 2022).

3.2.2 Core explanatory variable

The measurement method of the digital economy refers to the
existing literature research (Zhao et al., 2020; Wang et al., 2021). It
constructs three first-level indicators: digital infrastructure, industrial
digitalisation and digital industrialisation. Table 2 displays the
particular selection of secondary indicators.

3.2.3 Mediating variables

The expansion of the digital economy can enhance factor
allocation and combine diverse resources to advance agricultural
technological progress, including the invention of agricultural patents,
thereby fostering agricultural new quality productive forces. Current
methodologies for evaluating technical advancement in agriculture
primarily focus on total factor productivity and the number of
agricultural patents. Considering data availability, this paper
references prior work (Su et al., 2022) and quantifies agricultural
technological progress using the count of patents in three
agricultural areas.

3.2.4 Control variable

In order to reduce the bias caused by missing variables and thus
ensure the reliability of the research results, in this paper, concerning
relevant literature (Kang and Qirui, 2024; Huang and Sheng, 2024; Yi
et al., 2023), the level of opening up to the outside world, financial
support, transportation infrastructure, economic development and
urbanisation are selected as control variables.

Openness to the external environment (OPE): defined by the total
volume of imports and exports of products relative to the gross
regional product. A greater degree of openness to the external
environment facilitates the adoption of advanced agricultural
technologies, enhances the efficient distribution of agricultural
resources within the region, and fosters the emergence of agricultural
new quality productive forces.
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TABLE 1 Indicators of agricultural new quality productive forces.

First-level Secondary Unit Direction
indicator indicator
The education level of
Year +
farmers
Agricultural technical
People +
New type of service personnel
worker Agricultural 10 KW/
+
mechanisation rate hectare
Ten thousand
labour efficiency +
yuan/people
Agricultural production
Km/ten
foundation
thousand +
(unit: 1 Km/10,000
people
person)
Level of agricultural Ten thousand
N f +
cwmeans o power supply KW-h/people
labour
One hundred
land productivity thousand +
yuan/hectare
Level of investment in Ten thousand
+
agricultural research yuan
Value added of Ten thousand
+
agricultural services yuan
Number of agricultural
Number +
New type of green cooperatives
labour object Number of green
Number +
agricultural enterprises
Number of seed
Number +
companies
Ten thousand
Fertiliser use -
tons
Pesticide use Tons -
Film use Tons -
Green
Green production results | Kinds +
productivity in
agriculture Forest coverage rate Hectares +
Ecological environment
Hectares +
management
Agricultural carbon
Tons -
emissions

Fiscal support (FS): defined by the ratio of general budget
expenditure to GDP. Regions with substantial financial backing are
comparatively advanced in digital infrastructure development, talent
cultivation, and other social and public service systems, facilitating
digital agricultures advancement and fostering new quality
productive forces.

Movement infrastructure (TIL): the quantity of road miles is
quantified logarithmically, and the aggregate volume of goods
movement is also quantified logarithmically. The construction of
transport infrastructure can enhance agricultural transport
connections, facilitate the movement of agro-industrial resources,
mitigate the misalignment of agricultural inputs, promote agricultural
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TABLE 2 Digital economy indicators.

First-level Direction

indicator

Secondary

indicator

Internet access ports Ten thousand +
Internet broadband Ten thousand
+
access users households
Number of domain
Digital Ten thousand +
names
infrastructure
Mobile base station
One/Km?* +
density
Mobile phone
% +
penetration rate
Software business
revenue as a percentage % +
of GDP
Information technology
service revenue as a % +
percentage of GDP
Digital Number of people
industrialisation employed in the Ten thousand
+
information services people
industry
Enterprise e-commerce
% +
as a percentage of GDP
Number of websites per
number +
100 enterprises
Rural broadband access Ten thousand
+
users households
Agricultural product One hundred
+
e-commerce turnover million yuan
Ten thousand
Industrial Express delivery volume +
pieces
digitisation
Number of patent
Number +
applications authorised
R&D expenditure of
Ten thousand
industrial enterprises +
yuan
above the designated size

technology dissemination, and improve agricultural production
(Ji, 2021).

Economic development level (InGDP): Assessed by logarithmic
GDP per capita. The degree of regional economic development
significantly impacts local agricultural advancement and the
consolidation of production factors. In less developed regions, the
digital economy faces limitations due to inadequate digital
infrastructure and a lower informatisation level in rural industries,
causing the agricultural sector’s digital transformation to lag behind
that of the non-agricultural sector. Consequently, advancements in
regional economic development can significantly enhance the
emergence of agricultural new quality productive forces.

Urbanisation level (URB): quantified by the ratio of urban
population to total population. Generally, regions with increased
urbanisation exhibit a corresponding advancement in digital economic
development. These regions have leveraged the advancement of digital
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technology and the dissemination of technological innovation to steer
the digital transformation of rural industries and foster the emergence
of new quality productive forces in agriculture.

3.2.5 Instrumental variables

In order to mitigate the potential endogeneity issue in this
research, we cite relevant studies (Hua-hua et al., 2018) and identify
the provincial Internet penetration rate as an instrumental variable for
the development of the digital economy. The selection of instrumental
variables must satisfy the criteria of “relevance” and “homogeneity.”
On the one hand, as an important representation of the development
of the digital economy, Internet penetration is closely related to the
digital economy. On the other hand, the Internet penetration rate is
not directly related to the agricultural new quality productive force.
Therefore, as an instrumental variable, Internet penetration satisfies
the conditions of “externality” and “relevance”

3.3 Source of data

This study utilises data from 31 provinces in China, omitting
Hong Kong, Macao, and Taiwan due to its completeness and
availability. Among them, the number of agricultural green
cooperatives, green agricultural enterprises, and seed enterprises were
all from the China Agriculture-related Research Database (CCAD) of
Carter-Enterprise Research Institute of Zhejiang University. The other
data comes from The China Statistical Yearbook, China Rural Statistical
Yearbook, China Population and Employment Statistical Yearbook,
China Information Yearbook, China Information Industry Yearbook,
the official website of the National Bureau of Statistics, relevant data
from the China Academy of Information and Communications
Sciences, and provincial statistical yearbook data. This research
employs the linear interpolation method to maintain data integrity
amidst individual missing values. The study assessed multicollinearity
for each variable, revealing a maximum Variance Inflation Factor
(VIF) of 5.68 and an average VIF of 3.86, suggesting the absence of
significant multicollinearity and confirming that the selected variables
satisfy the fundamental criteria. The descriptive statistics of the main
variables are shown in Table 3.

4 Research results and analysis

4.1 Analysis of the development level of the
digital economy and agricultural new
quality productive forces

The entropy method is employed to determine the development
level of the digital economy and agricultural new quality productive
forces in 31 provinces from 2012 to 2021, following the indicator
system proposed in the previous section. Table 4 presents the
outcomes, displaying just those from 2012, 2017, and 2021 owing to
spatial limitations.

As seen from Table 4, the development level of the digital economy
in Guangdong Province in 2021 ranks first in China, with a value of
0.661. The development level of the digital economy in Beijing,
Jiangsu, Zhejiang, and other places exceeds 0.4, and the gap is small.
Meanwhile, Tibet has the lowest level of development in the digital
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TABLE 3 Descriptive statistics of principal variables.
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Category Variable selection Symbols Mean SD Min Max
Agricultural new quality
Explained variable ANQP 0.215 0.0853 0.063 0.525
productive forces
Core explanatory Level of development of
DIG 0.119 0.015 0.0148 0.661
variable the digital economy
Digital infrastructure level DIL 0.043 0.005 0.005 0.159
Level of digital
Digital economy sub- DI 0.035 0.005 0.005 0.283
industrialisation
dimensions
Level of industrial
IDL 0.042 0.002 0.002 0.381
digitalisation
level of openness to the
OPE 0.260 0.008 0.008 1.354
outside world
Financial support 1N 0.294 0.206 0.105 1.354
Level of transport
Control variable TIL 11.694 0.839 9.437 12.896
infrastructure
Level of economic
In(GDP) 10.860 0.436 9.849 12.142
development
Level of urbanisation URB 0.593 0.128 0.23 0.9
Level of agricultural
Intermediary variable ATR 3032.374 3116.544 11 16651
technology
Provincial internet
Tool variable IN 55.780 13.037 28.5 91.9
penetration rate

economy. From the overall analysis, compared with 2012, except for
Guangxi and Tibet, the digital economy development trend of the
remaining 29 provinces in China in 2021 shows an upward trend.
Among them, Guizhou province has the most significant change in
growth rate, with a change rate of 281.046%, which may be because
Guizhou region has undertaken a large number of data centre
construction in China in recent years, driving the rapid development
of Guizhou’s digital economy. Further analysis of the results of the
geographic division of digital economy development in Figure 2 shows
that the development level of digital economy in the eastern region is
in a leading position compared with the rest of China, showing a
development trend of leading in the eastern region, catching up in the
central region, and lagging in the western and northeast regions. In
general, the geographical differences in the development level of the
digital economy in China are relatively noticeable.

From the analysis of the development level of agricultural new
quality productive forces. In 2021, Shandong Province ranked first in
the nation with a level of agricultural new quality productive forces at
0.525, while Jiangsu, Anhui, and Guangdong exceeded 0.4. In 2021,
Shanghai had the lowest level of agricultural new quality productive
forces, likely attributable to the city’s urban growth focus, wherein
agriculture is not a primary industry; except for Shanghai, the
agricultural new quality productive forces in 30 provinces of China
shown an upward trend compared to 2012. Guizhou Province saw the
most significant growth, with a change rate of 138.239 per cent.
Additional examination of the developmental trajectory of regional
delineation about the agricultural new quality productive forces, as
seen in Figure 3. The geographical disparities in agricultural new
quality productive forces in China are comparatively minor, exhibiting
a developmental pattern from Central to East, West, and North-East.
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China’s policy has historically prioritised the three rural issues,
providing substantial financial and policy support for agricultural
scientific and technological advancement, the training of agricultural
personnel, and the development of leading agricultural enterprises,
thereby establishing a framework for the coordinated development of
agricultural new quality productive forces.

4.2 Baseline regression analysis

Following the prior panel data model selection test procedure, this
study conducted the F-test and Hausman tests, revealing that the fixed
effects model outperforms both the random and mixed effects models.
Furthermore, to enhance the trustworthiness of the regression
findings in this paper, the random effects regression results are
presented in Table 5. Models (1) and (2) present random effects
regression outcomes, while models (3) and (4) exhibit fixed effects
regression findings. Both random effects and fixed effects model
regressions consistently demonstrate that the influence of the digital
economy on the agricultural new quality productive forces is robust.
The regression analysis of the model (4) with fixed effects, including
all control variables, indicates that the level of agricultural new quality
productive forces will increase by 0.267 per cent for every 1 per cent
change in the digital economy.

Moreover, the regression analysis of the model (4) in Table 5
indicates that the control variables—openness to external markets,
financial support, economic development, and urbanisation—passed
the 1% significance test and positively contributed to the agricultural
new quality productive forces. For each 1 per cent variation in
openness to the external environment, financial support, economic
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TABLE 4 Development level of the digital economy and agriculture new quality productive forces in 31 provinces of China.

Provinces Level of development of the DIG Rate of Level of development of ANQP Rate of
change | change I
2017 2021 (%) 2012 2017 2021 (%)
Beijing 0.176 0311 0.467 165.475 0.129 0.141 0.159 23.773
Tianjin 0.053 0.093 0.133 148.530 0.110 0.113 0.149 35.806
Hebei 0.059 0.128 0.186 216.726 0.214 0.249 0.302 41.132
Shanxi 0.034 0.069 0.072 111.140 0.122 0.154 0.187 53.156
Inner Mongolia 0.031 0.052 0.065 112.684 0.179 0.234 0.251 40.033
Liaoning 0.081 0.096 0.119 47.421 0.187 0.227 0.251 34.136
Jilin 0.053 0.052 0.066 25.608 0.133 0.154 0.173 30.212
Heilongjiang 0.034 0.051 0.063 84.740 0.203 0.266 0.261 28.133
Shanghai 0.098 0.233 0.325 233.005 0.257 0.301 0.115 —55.019
Jiangsu 0.324 0.306 0.452 39.340 0.265 0.338 0.401 51.202
Zhejiang 0.163 0.268 0.433 165.419 0.201 0.243 0.287 42.623
Anhui 0.047 0.109 0.175 275.113 0.182 0.292 0.413 126.971
Fujian 0.086 0.229 0.205 137.094 0.158 0.245 0.333 110.234
Jiangxi 0.036 0.091 0.120 230.700 0.132 0219 0.302 128.285
Shandong 0.125 0.208 0.301 141.134 0311 0.383 0.525 68.926
Henan 0.084 0.126 0210 151.086 0.206 0.281 0.395 91.753
Hubei 0.072 0.099 0.176 143.617 0.186 0.292 0.377 102.507
Hunan 0.065 0.098 0.162 151.211 0.180 0.265 0.384 113.160
Guangdong 0.193 0.371 0.661 241.996 0.230 0.308 0410 78.327
Guangxi 0.127 0.061 0.124 —2.439 0.154 0.237 0.303 96.370
Hainan 0.021 0.047 0.056 166.512 0.077 0.116 0.177 130.175
Chongging 0.048 0.100 0.125 160.573 0.097 0.141 0.207 113.015
Sichuan 0.074 0.168 0217 192.676 0210 0332 0.428 103.597
Guizhou 0.027 0.071 0.105 281.046 0.114 0.225 0.272 138.239
Yunnan 0.031 0.055 0.080 158.781 0.120 0.198 0.272 127.122
Xizang 0.020 0.017 0.020 -0.308 0.104 0.122 0.141 35.534
Shaanxi 0.047 0.085 0.143 201.217 0.156 0.209 0.283 81.791
Gansu 0.033 0.042 0.061 81.321 0.119 0.165 0.221 86.008
Qinghai 0.021 0.018 0.028 32.727 0.063 0.100 0.134 111.163
Ningxia 0.022 0.026 0.035 54.802 0.088 0.090 0.124 40.348
Xinjiang 0.027 0.042 0.063 133.864 0.129 0.183 0.224 73.934

Rate of change I is the increase or decrease of the digital economy development level in 2021 compared with 2012, and rate of change II is the increase or decrease of the agricultural new
quality productive forces level in 2021 compared with 2012.

development, and urbanisation, the Agricultural new quality
productive forces increase by 0.109 per cent, 0.163 per cent, 0.155 per
cent, and 0.523 per cent, respectively. However, the level of
transportation infrastructure has an adverse effect, and every 1%
change in transportation infrastructure level leads to a 0.001 decrease
in agricultural new quality productive forces. The potential cause is
the degree of openness to the external world, which can facilitate the
introduction of foreign advanced agricultural elements and
agricultural science and technology to propel the advancement of
China’s agricultural quality productive forces. Enhanced financial
support can effectively facilitate

agricultural technological

advancement, bolster grassroots agricultural technical services, and
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augment the efficiency of agricultural technology. Increased economic
growth correlates with enhanced financial assistance, improved
agricultural infrastructure, and more sophisticated agricultural
technology services in the agricultural sector, hence fostering the
emergence of agricultural new quality productive forces. The digital
economy and agricultural technology innovation are notably advanced
in regions with elevated urbanisation, potentially resulting in
agricultural new quality productive forces. Two possible reasons why
building transport infrastructure might hurt agricultural new quality
productive forces are: First, there is a delay in the return of the effect
of building transport infrastructure. Second, the threshold effect exists
in the development of transport infrastructure in China; substantial
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FIGURE 3

Development trends in the geographical division of agricultural new quality productive forces.

investment and elevated stock levels may lead to the risk of over-
investment or excessive building. This condition may induce a
‘crowding-out impact’ on other sectors of the national economy (Chen
etal., 2021).

4.3 Robustness test

In order to ensure the reliability of the benchmark regression
results, this paper adopts three methods: digital economy regression
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with a delay of one period, excluding samples of municipalities
directly under the central government, and digital economy fractal
regression test to conduct a robustness test. Table 6 illustrates the
particular outcomes.

Model (5) in Table 6 presents the regression results of the
one-period lagged digital economy on the agriculture new quality
productive forces; model (6) displays the regression results excluding
the four municipalities of Beijing, Shanghai, Chongqing, and Tianjin.
Models (7), (8), and (9) present the regression outcomes for the three
sub-dimensions of the digital economy: digital infrastructure, digital
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TABLE 5 Results of the benchmark regression.
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TABLE 6 Results of the robustness test.

Variable RE Variable = Model Model Model Model Model
Model Model (5) (6) (7) (8) (9)
(1) (2) Lag(DIG) 0.166%
0.573%#% 0.2597%*# 0.584 %% 0.267%%* (0.50)
DIG Aokok
(0.038) (0.036) (0.040) (0.042) pIG 0273
0.035
0.094%** 0.109%** ( )
OPE DIL 0.338%%
0.021 0.028
(0.021) (0.028) (0.128)
0.103%#%* 0.163%*%*
FS DI 0.514%%*
(0.033) (0.055) (0.197)
- 0.096%** —0.001 IDL 0.475%%%
(0.010) (0.026) (0.068)
0.066%* 0.155%%* Control Yes Yes Yes Yes Yes
In GDP .
(0.018) (0.033) variable
0254555 0.503%%% Province Yes Yes Yes Yes Yes
URB (0.085) (0.124) Time Yes Yes Yes Yes Yes
Province Yes Yes Cons 0.160°%** 0.144 %% 0.153%#* 0.198%#* 0.152%#3#
i . v (0.06) (0.005) (0.006) (0.014) (0.005)
ime es es
N 279 270 310 310 310
0.147%%* —1.860%** 0.146%** —1.840%%*
Cons R 0.667 0.826 0.688 0.032 0.729
(0.012) (0.170) (0.005) (0.393)
#p < 0.1; #*p < 0.05, #**p < 0.01, standard error in brackets. RE and FE indicate the random
N 310 310 310 310 and fixed effects models, respectively.
R 0.435 0.771 0.435 0.800

#p < 0.1; #¥p < 0.05; *#¥p < 0.01, standard error in brackets, same as below. RE and FE
indicate the random and fixed effects models, respectively.

industrialisation, and industrial digitisation, respectively. The
thorough regression analysis indicates that the influence of the digital
economy on the agricultural new quality productive forces
remains consistent.

Based on this, hypothesis H3 is valid: The digital economy can
promote the generation of agricultural new quality productive forces.

4.4 Endogeneity test

This paper examines the potential causal relationship between
the development of the digital economy and the emergence of
agricultural new productive forces. To assess the presence of
endogeneity, it employs the provincial Internet penetration rate as
an instrumental variable for digital economy development,
utilising two-stage least squares (2SLS), IV-GMM, and differential
GMM models for the endogeneity test. Table 7 illustrates the
particular outcomes. Simultaneously, to ascertain the validity of
instrumental variables, this research does an unidentifiability test
and a weak instrumental variable test separately. Firstly, the p-value
of the Anderson canon LM statistic about the non-identifiability
test is significant at the 1% level, hence rejecting the null hypothesis
of non-identifiability and confirming the correlation between the
instrumental and explanatory variables. Secondly, the Cragg-
Donald Wald F-statistic for assessing the correlation between
instrumental and explanatory variables is 176.558, exceeding the
threshold value of 16.38 at the 10 per cent significance level. The
instrumental variables used in this study have a significant
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correlation with the primary explanatory variables, and there is no
issue of weak instrumental variables.

Analysis of the regression outcomes from models (10) and (11)
indicates that the impacts of the primary explanatory factors on the
agricultural new quality productive forces are mainly consistent with
the findings of the benchmark regression. This research employs
differential GMM estimation utilising the first-and second-order
lagged components of the primary explanatory variable (digital
economy) as instrumental variables to alleviate the estimated bias
resulting from the endogeneity issue. The Hansen test results
demonstrate that the instrumental variables are not subject to over-
identification problems. The differential GMM regression results for
model (12) indicate that the digital economy continues to contribute
to producing agricultural new quality productive forces at a statistically
significant level of 5 per cent after controlling for endogeneity.

4.5 Heterogeneity analysis

China is an expansive nation, exhibiting regional disparities in
advancing its digital economy. This research examines heterogeneity by
classifying the cities in the sample based on the country’s geographical
location into eastern, central, western, and northeastern areas.

Analysis of the regression results in Table 8 indicates that the
digital economy substantially enhances the quality of agricultural
productive forces throughout all four regions of China, albeit with
notable variations. The digital economy in the central and western
regions significantly enhances the advancement of agricultural new
quality productive forces. However, its impact is comparatively less
evident in the eastern and northeastern regions. The rationale for the
differentiation may be as follows: The central region, as the focal area
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TABLE 7 Results of the endogeneity test.
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Variable Model (10) Model (11) Model (12)
2SLS IV-GMM
DIG ANQP DIG ANQP Differential GMM
(TS ESET[)] (second stage) (first stage) (second stage)
0.005%** 0.005%**

IN

(0.000) (0.001)

0.5027%%* 0.502%%* 0.021%%*
DIG
(0.060) (0.074) (0.010)
Control variable Yes Yes Yes Yes Yes
Province Yes Yes Yes Yes Yes
Time Yes Yes Yes Yes Yes
—0.1527%%* 0.155%#* —0.152%** 0.155%**

Cons

(0.021) (0.008) (0.023) (0.008)
N 310 310 310 310 248
R? 0.364 0.375 0.364 0.375
Cragg-Donald Wald F 176.558 {16.38} 176.558 {16.38}
Anderson canon. Corr.

112.954 [0.000] 112.954 [0.000]

LM statistic
AR(2) 0.501
Hansen test 0.582

The () in the 2sls model is the standard error, the () in the IV-GMM model is the robust standard error, the value in brackets is the p value, and the value in braces is the critical value of Stock-

Yogo at the 10% level of the weak recognition test.

of the national food security strategy, has profited from the ‘Rise of
Central China’
disproportionate distribution of policy resources from the central

and ‘Digital Countryside’ initiatives. The
government and local finances has directly facilitated the
concentration of technological elements in major grain-producing
areas, exemplified by subsidies for the digital enhancement of high-
standard farmland and the acquisition of advanced agricultural
machinery. Simultaneously, leveraging the continuous distribution of
arable land in the central plains, digital technology can optimise
marginal gains in extensive production contexts. Therefore, the
digital economy has the most substantial influence on the new
qualitative productive forces in the central region of agriculture.
Secondly, despite the Western region’s advantages from the
infrastructure focus of the ‘Western Development’ and ‘Eastern Data
and Western Computing’ strategies, the implementation of digital
technology encounters dual challenges: elevated scene adaptation
costs and limited service coverage stemming from the decentralised
nature of mountainous agricultural practices. Consequently, the
realisation of technological benefits is trailing behind policy
anticipations. The distribution of dividends falls short of policy
anticipations. The dual limitations of traditional heavy industry route
dependence, agricultural institutional rigidity, and considerable
delays in policy execution and inadequate integration of digital
technology in agricultural machinery hinder the Northeast region.
In the eastern region, due to the transformation and enhancement of
the economic structure and the persistent decline in agriculture’s
contribution to the overall economy, local governments are inclined
to prioritise the distribution of digital resources to high-value-added
sectors such as industrial internet and cross-border e-commerce. This
results in the lowest sensitivity of the digital economy’s impact on the
new quality of agricultural productive forces.
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TABLE 8 Results of the heterogeneity analysis.

Variable = Model = Model Model Model (16)
(23) (14) (15)
Eastern Central Western Northeastern
DIG 0.370%*% 1.566% %% 1.355%%% 0.735%*
(0.044) (0.073) (0.087) (0.291)
Control Yes Yes Yes Yes
variable
Province Yes Yes Yes Yes
Time Yes Yes Yes Yes
Cons 0.165%** 0.083%** 0.098%** 0.1527%%*
(0.010) (0.008) (0.006) (0.021)
N 100 60 120 30
R 0.447 0.896 0.694 0.197

#p < 0.1; #¥p < 0.05; #**p < 0.01, standard error in bracket. RE and FE indicate the random
and fixed effects models, respectively.

4.6 Mechanism test

Examining the mediating impacts of the digital economy on the
agricultural new quality productive forces via a two-step mediating
effects model. Table 9 presents the regression outcomes of the two-step
mediation effects examination and the associated Sobel Z and
Bootstrap self-help sample test results.

The regression analysis of models (17) and (18) indicates that the
digital economy significantly influences the agricultural new quality
productive forces at the 1% level, and agricultural technological
progress serves as a mediating factor in the digital economy’s
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enhancement of agricultural new quality productive forces. The Sobel
Z test transformed the province and time-fixed effects into dummy
variables. The test results showed that Sobel Z was 3.981 > 1.96 and
was significant at a 1% level, and the mediating effect accounted for
42.6% of the total effect. At the same time, the results of the
Bootstrap(1000 times) test show that the confidence interval does not
include 0, indicating that the intermediary effect exists significantly.
Meanwhile, the confidence interval does not encompass 0, as
evidenced by the Bootstrap (1000 times) test results, suggesting that
the mediating effect is significantly present.

Based on this, hypothesis H2 is valid: The digital economy
promotes the generation of agricultural new quality productive forces
through the progress of agricultural technology.

5 Further analysis

5.1 Threshold effect of the digital economy
on agricultural new quality productive
forces

Threshold implications of the digital economy on the emergence
of agricultural new quality productive forces. Before conducting
regression analysis on the threshold effect, it is essential to ascertain a
threshold effect of the digital economy and identify the corresponding
threshold value. Table 10 presents the test findings, indicating that the
digital economy threshold test reveals a triple threshold effect, with
threshold values of 0.023, 0.302, and 0.324, all significant at the 1 per
cent level.

The work also delves into the regression analysis of the digital
economy on agricultural new quality productive forces after

TABLE 9 Mediating effects test results.

Variable Model (17) Model (18)
ATR ANQP
DIG 26647.57%%* 0.207%%*
(1340.2) (0.055)
ATR 0.0001%#%
(1.573e-06)
Control variable Yes Yes
Province Yes Yes
Time Yes Yes
Cons —147.299 0.148%**
(173.323) (0.005)
Sobel Z 3.981%#%
Goodman-1 3.9667%**
Goodman-2 3.996% %
Intermediary effect/Total effect 0.426
Bootstrap (1000 times) test [0.3289, 0.5150]
confidence interval
N 310 310
R 0.587 0.563

*p < 0.1; #¥p < 0.05; #**p < 0.01, standard error in bracket. RE and FE indicate the random
and fixed effects models, respectively.
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establishing the threshold value of the digital economy. Table 11 shows
the comprehensive results. The digital economy favourably influences
the development of agricultural new quality productive forces at a 1%
statistical significance level, with a regression coeflicient of 1.774 when
the digital economy level is within the interval of (DIG<0.023). The
digital economy positively influences agricultural new quality
productive forces at the 1% significance level when the digital
economy level is within the interval (0.023 < DIG < 0.302), with a
regression coefficient of 0.319. Conversely, it negatively impacts
agricultural new quality productive forces at the 1% significance level
when the digital economy level is within the interval (0.302 < DIG <
0.324), with a regression coeflicient of —0.429. The digital economy
significantly influences the agricultural new quality productive forces
at a 1% significance level, with a coefficient of 0.275, when the digital
economy level exceeds 0.324. In general, the effect of the digital
economy on agricultural new quality productive forces shows the
threshold effect of diminishing marginal effect.

The reasons are as follows. Initially, during the nascent phase of
the digital economy, its advancement can significantly enhance the
optimisation of agricultural production factors, facilitating the digital
transformation of the agricultural sector and fostering agricultural
new quality productive forces. Then, entering the growth stage of the
digital economy, the “siphon effect” of the development of the digital
economy appears. Some advantageous regions intensify the factor
plunder of the non-agricultural and agricultural sectors. The digital
economy’s development negatively affects agricultural new quality
productive forces. Finally, the development of the digital economy has
entered a relatively stable and mature stage. The transformation of the
agricultural industry and the widespread dissemination of the
experience of digitised agricultural production have been facilitated
by the development of the digital economy, which has positively
impacted the new quality productive forces of agriculture.

Based on this, hypothesis H3 is valid: There is a nonlinear
threshold effect of the digital economy in promoting the generation of
agricultural new quality productive forces.

5.2 Spatial spillover effects of the digital
economy on the agriculture new quality
productive forces

5.2.1 Digital economy and agricultural new
quality productive forces global spatial
autocorrelation test

Before analysing the spatial spillover effect of the digital economy
on agricultural new quality productive forces, it is necessary to test
whether the digital economy has spatial autocorrelation. Therefore,
based on the theoretical analysis above, Moran’s I index is calculated
using the geographical proximity matrix and the economic geography
nested matrix. At the same time, The article additionally shows the
global Moran index of the new quality productive forces in agriculture.
Table 12 presents the comprehensive results.

The regression results of the Moran index presented in Table 12
indicate that the digital economy and the agricultural new quality
productive forces, assessed through various spatial weight matrices,
consistently achieved statistical significance across the years. The
degree of spatial agglomeration predominantly exhibits a fluctuating
upward trajectory, except for 2021, which may have been influenced
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TABLE 10 Test for threshold effect.

10.3389/fsufs.2025.1599265

Threshold Threshold type Threshold value P value F value Critical value
variable 5%
‘ Single 0.023 0.000 32.46 21.301 21.301 21.301
‘ DIG Double 0.302 0.000 139.97 21.393 21.393 21.393
‘ Triple 0.324 0.000 2111 5.039 5.039 5.039

Both p-values and critical values were sampled by “Bootstrap” 400 times.

TABLE 11 Regression results for threshold effect.

Variable Coefficient SD T
DIG(DIG<0.023) 1.774%%% 0.329 5.39
DIG(0.023 < DIG<0.302) 0.319%:%* 0.039 8.08
DIG(0.302 < DIG<0.324) —0.429%** 0.065 —6.64
DIG(DIG>0.324) 0.275%:#* 0.032 8.71
OPE 0.136%** 0.019 7.36
ES 0.085%:* 0.038 2.22
TIL 0.007 0.021 0.35
InGDP 0.119%** 0.018 6.61
URB 0.198%* 0.087 2.26
cons —1.373%%% 0.235 —5.85
N 310

R 0.877

*p < 0.1; #¥p < 0.05; *#*p < 0.01, standard error in brackets. RE and FE indicate the random
and fixed effects models, respectively.

by the repercussions of the COVID-19 pandemic, leading to variations
in the Moran index. The digital economy and the agricultural new
quality productive forces in China exhibit notable geographic
autocorrelation characteristics throughout the study period. This
paper presents the Moran scatterplot of the digital economy and
agricultural new quality productive forces for the years 2012 and 2021,
utilising a geographic neighbourhood matrix to illustrate the
autocorrelation change characteristics of the situation. Figures 4, 5
illustrate the Moran scatter plot.

5.2.2 Spatial econometric model selection and
regression analysis

The previous Moran index has demonstrated that the digital
economy and agricultural new quality productive forces exhibit
substantial spatial autocorrelation. Consequently, this paper will
conduct LM, LR, and Wald tests to identify the appropriate spatial
econometric models and select the corresponding fixed effects
through a joint significance test. Tests utilising the geographic
neighbourhood matrix indicated that the spatial autoregressive model
(SAR) with two-way fixed effects achieved statistical significance; tests
employing the economic-geographic nested matrix revealed that the
spatial Durbin model (SDM) with two-way fixed effects also attained
statistical significance, thereby refuting the initial hypotheses that the
spatial Durbin model collapses into a spatial autoregressive model and
a spatial error model. Therefore, this paper reports the spatial spillover
effect results of SAR and SDM models during the decomposition of
the spatial spillover effect.
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This study discusses the partial differentiation method for the
unbiased analysis of SAR and SDM model outcomes, dividing them
into direct, indirect, and total effects. This method can better represent
the digital economy’s influence on agricultural new quality productive
forces. The direct effect refers to the impact of the development of the
local digital economy on the local agricultural new quality productive
forces, and the indirect effect refers to the impact of the development
of the digital economy in neighbouring areas on the local agricultural
new quality productive forces, that is, the spatial spillover effect.
Tables 13, 14 illustrate the exact outcomes.

The findings of spatial spillover effects presented in Table 13
indicate that the direct impact of the digital economy on the
agricultural new quality productive forces is statistically significant at
the 1% level, regardless of whether assessed through the geographic
neighbourhood matrix or the economic-geographic nested matrix.
Furthermore, the indirect effect also achieves significance at the 1%
level, with coefficients of 0.125 and 0.132, respectively. We looked
more closely at the SDM model’s spatial spillover results in Table 14
and found that the direct effects of the digital economy based on the
SDM model all passed the 1% significance test. The direct effects based
on the geographic neighbourhood matrix also passed the 10%
significance test. The empirical results indicate that the digital
economy exerts a substantial regional spillover effect on the
agricultural new quality productive forces. The advancement of the
digital economy will not only foster the emergence of new quality
productive forces in local agriculture but also stimulate the
development and progress of such forces in adjacent regions.

Based on this, hypothesis H4 is valid: The digital economy has a
spatial spillover effect on generating agricultural new quality
productive forces.

6 Discussion, conclusions of the study
and recommendations for
countermeasures

6.1 Discussion

This study quantifies the digital economy and the agricultural new
quality productive forces using the entropy approach, confirming a
consistent increase in both (Zhang and Jiang, 2024; Jin and Qi, 2025),
albeit with notable disparities. In particular, the digital economy
exhibits a decreasing pattern of “east-centre-west-north-east;,” which
is generally in line with the findings of existing academics (Jin and Qi,
2025). On the one hand, the eastern region has a substantial advantage
in constructing digital infrastructure and recruiting high-end talent
due to its first-mover advantage in market-oriented reforms. The
central and western regions are experiencing a sluggish pace of
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TABLE 12 Moran'’s | statistical values for the digital economy and Agricultural new quality productive forces across the board in China, 2012-2021.

DIG (el
Geographical proximity Economic geography Geographical proximity Economic geography
matrix nested matrix matrix nested matrix
Moran’s | Z Moran’s | Z Moran’s | VA Moran’s | Z
2012 0.170% 1.905 0.030 0.765 0.2247 2.169 0.150% 1.998
2013 0.123 1.340 0.059 1.019 0.2127 2.077 01487 1.975
2014 0.163* 1.679 0.098 1.455 0.192% 1.911 0.149%* 1.991
2015 0.191%* 1.918 0.131%* 1.816 0.203%* 1.996 0.133* 1.814
2016 0.233%* 2.273 0.140%* 1.903 0.193* 1.894 0.154%% 2.017
2017 0.281%#: 2.682 0.158%* 2.104 0.183* 1.806 0.150%% 1.972
2018 0.286%# 2.736 0.160%* 2.142 0.189% 1.850 0.163%* 2.108
2019 0.243%* 2.399 0.151%% 2.067 0.202* 1.952 0.177%% 2.256
2020 0.236%* 2355 019975 2,623 0.217%% 2.081 0.191%% 2.408
2021 0.174%* 1.827 0.125%#5 1.799 0.207%% 2.014 0.136* 1.822

#p < 0.1; #*p < 0.05; #**p < 0.01, standard error in brackets. RE and FE indicate the random and fixed effects models, respectively.

Moran scatterplot (Moran's I = 0.1698 and P-value = 0.2134)
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Moran scatterplot (Moran's I = 0.1741 and P-value = 0.2846)
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Moran scatterplot of the digital economy in 2012 and 2021. The Moran scatter plot of the Digital economy indicates that the spatial agglomeration
pattern of China’s Digital economy is predominantly characterised by ‘high-high” and ‘low-low’ agglomerations. The likelihood of the central provinces
experiencing a significant advancement in the digital economy surpasses that of the western region; for instance, Hunan and Anhui transitioned to a
‘high-high" agglomeration area in 2021, while the western provinces remain characterised by a ‘low-low’ agglomeration pattern. In a word, the
advancement of China’s digital economy exhibits a significant spatial agglomeration effect.
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FIGURE 5
Moran scatter chart of agricultural new quality productive forces in 2012 and 2021. The Moran scatter plot of agricultural new quality productive forces
shows that in 2012, the spatial agglomeration pattern of China’s agricultural new quality productive forces was relatively balanced, with only a slight
difference in the number of provinces agglomerating in the four quadrants. From the analysis of the results of the Moran scatter plot in 2021, the "high-
high’ agglomeration area is mainly concentrated in the eastern and central provinces, and some western provinces have jumped from the ‘low-low’
agglomeration area to the 'high-high" agglomeration area, such as Guizhou and Yunnan provinces.

development. On the other hand, the central region receives industrial
transfers from the eastern region, while infrastructure constraints and
geographic location exacerbate the digital divide in the west. The
development of agricultural new quality productive forces exhibits a
decreasing pattern of “centre - east - west - north-east,” which follows
the findings of existing academicians (Wu, 2025). There are five core
grain-producing areas in the country’s central region, and the
agricultural total factor productivity of the region is substantially
higher than that of the country due to the construction of high-quality
farmland. Although the eastern region has a first-mover advantage in
applying digital technology, the constraints of arable land resources
have resulted in “high and stagnant” agricultural new quality
productive forces. Its geographical environment and inadequate
infrastructure limit the region’s development in the West. In contrast,
the northeastern region relies on the conventional heavy industry
route, which has delayed the development of new, high-quality
productive forces in agriculture.

In this study, the influence of the digital economy on agricultural
new quality productive forces is demonstrated in an overall trend that
is most pronounced in the centre, second most pronounced in the
west, and weakest in the east and northeast. Wu Xiaojun’s discovery
of the most excellent overall posture in the west, the second strongest
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in the east, and the weakest in the centre are partially at odds with this
discovery. The aforementioned scenario arises from discrepancies in
formulating indicators for agricultural new quality productive forces.
Wu Xiaojuns indicators focus on three aspects: the quality of
labourers, the upgrading of labour means, and the objects of labour.
A stronger role of the digital economy in agricultural new quality
productive forces in the Western region has been achieved due to the
rapid diffusion of digital equipment, strong policy support, and low
labour costs. So, the marginal benefit is greater in the short run.
However, in this research, the first-level indicator of agricultural green
productivity is included separately in addition to the aforementioned
three dimensions when constructing agricultural new quality
productive forces. The central region is a significant food-producing
area, and the ecological and recycling agriculture models are well-
established. The digital economy is more closely integrated with green
technology, which increases the overall score of the central region by
performing better in the green dimension. Consequently, the digital
economy plays a more significant role in developing agricultural new
quality productive forces in the central region.

The non-linear threshold effect of the digital economy on
agricultural new quality productive forces is consistent with the
existing literature’s findings (Wen et al., 2025). The digital economy
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TABLE 13 Spatial spillover effect (SAR) model of the digital economy on agricultural new quality productive forces.

10.3389/fsufs.2025.1599265

Model
Matrix type Geographical proximity matrix Economic geography nested matrix
Variable Direct Indirect Total Direct Indirect Total
DIG 0.22775% 0.125%%% 0.3527%% 02497 0.1327%% 0.382%
(6.02) (3.50) (6.04) (6.61) (2.67) (5.67)
OPE 00887 0.0497#% 0.1377%% 01007 00547 0.155%
(3.98) (2.70) (3.77) (4.57) (2.33) (3.94)
FS 01387 0.077% 0.215%%% 01527 0.083% 0239
(2.65) (2.18) (2.65) (2.98) (1.98) (2.84)
TIL -0.032 —0.020 —0.052 -0.017 —0.011 -0.028
(—1.20) (-1.07) (-1.77) (=0.65) (—0.65) (—0.66)
InGDP 0.105%#5 0.057+% 0.162%%% 0.111 %% 0.0577* 0.168%
(2.98) (2.45) (3.01) (3.09) (2.29) (3.15)
URB 0.5377%% 0.304%%% 0.8417%%% 0.522% 0.285% 0.8077
(4.79) (2.61) (4.05) (4.64) (2.15) (3.72)
Province Yes Yes Yes Yes Yes Yes
Time Yes Yes Yes Yes Yes Yes
Spatial rho 0.375%%* 0.352%%
R 0.763 0.765
Log-likelihood 786.884 782.407

#p < 0.1; ¥p < 0.05; *#*p < 0.01, the value in brackets is the Z statistic.

TABLE 14 Spatial spillover effect (SDM) model of the digital economy on agricultural new quality productive forces.

Model
Matrix type Geographical proximity matrix Economic geography nested matrix
Variable Direct Indirect Total Direct Indirect Total
DIG 0.241%%% 0.147% 0.3877+%* 0.2377%+%* —-0.107 0.130
(6.07) (1.67) (6.04) (6.01) (—0.065) (0.82)
OPE 0.1027%** —0.028 0.074 0.111%%* —0.117%%* —0.005
(4.71) (—0.49) (1.20) (4.00) (2.33) (—0.08)
ES 0.213%** 0.217 0.430%* 0.178%%* 0.227 0.405 **
(3.84) (1.38) (2.28) (3.29) (1.24) (1.94)
TIL 0.001 0.3817%# 0.3827%#% —0.001 0.301 %% 0.300%*
(0.03) (3.76) (3.23) (—0.05) (2.62) (2.33)
InGDP 0.126%** —0.024 0.103 0.129%%* 0.149 0.278**
(3.34) (—0.23) (0.88) (3.31) (1.31) (2.28)
URB 0.333 %% 0.517 0.850* 0.350%%* —0.083 0.267
(2.63) (1.19) (1.71) (2.82) (-0.21) (0.62)
Province Yes Yes Yes Yes Yes Yes
Time Yes Yes Yes Yes Yes Yes
Spatial rho 0.3987%#* 0.295%%*
R 0.756 0.755
Log-likelihood 800.052 791.470

#p < 0.1; #¥*p < 0.05; **#*p < 0.01, the value in brackets is the Z statistic.

can effectively promote the development of new, high-quality,  inhibiting the development of new, high-quality productive forces.
productive forces in agriculture during its primary stage of  Ultimately, the digital economy has entered the maturity stage,
development. However, the “syphon effect” of the digital economy will ~ promoting the agricultural industry’s transformation. The experience
drain the agricultural sector’s factors during the growth stage, thereby ~ and model of digital agricultural production have been widely
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promoted, and the development of the digital economy once again has
a positive impact on the emergence of new quality productive forces
in agriculture.

6.2 Conclusion

Firstly, the digital economy in China experienced a constant
increase from 0.0746 to 0.1758 between 2012 and 2021, while the
agricultural new quality productive forces increased from 0.1618 to
0.2729. This paper suggests that the digital economy and agricultural
new quality productive forces are rising. Specifically, the digital
economy is most developed in Guangdong Province and least
developed in Tibet. The remaining 29 provinces, excluding Guangxi
and Tibet, exhibit an upward trend compared to 2012. Guizhou
Province has the most significant increase. The digital economy’s
development is characterised by stark geographic disparities, with the
East being the most advanced, the centre being the second most
advanced, and the West and North-East catching up. Shandong
Province has the most developed agricultural new quality productive
forces, while Shanghai has the least. Furthermore, the agricultural new
quality productive forces in all 30 provinces of China, except for
Shanghai, showed an upward trend compared to 2012. Agricultural
new quality productive forces exhibit a decreasing development
pattern, characterised by a “centre - east - west - north-east” sequence,
with relatively minor geographical differences.

Secondly, the digital economy can enhance the agricultural new
quality productive forces, and this finding remains solid following
tests such as the introduction of instrumental variables and the
substitution of the endogeneity test model. The regression results from
the analysis of the Digital Economy sub-dimensions indicate that the
digital industrialisation dimension has the most significant impact on
the agricultural new quality productive forces. The impact of the
digital economy on the agricultural new quality productive forces has
greater geographical variation, being more significant in the central
and western areas while having a minimal effect in the eastern and
northeastern regions.

Thirdly, agricultural technological progress mediates between the
digital economy and the agricultural new quality productive forces.
The trajectory is the digital economy - agricultural technological
advancement - agriculture new quality productive forces. The digital
economy has facilitated the movement of agricultural resources
beyond spatial limitations, enhanced the allocation efficiency of
agricultural factors, achieved advancements in agricultural technology,
and fostered the
productive forces.

emergence of agricultural new quality

Fourthly, the digital economy exerts a non-linear threshold
influence on the agricultural new quality productive forces.
Articulated as a ‘facilitating-inhibiting-facilitating’ impact mechanism.
Specifically, In the nascent phase of the digital economy, the digital
economy dividend is realised through the advancement of digital
infrastructure, hence facilitating the emergence of new quality
productive forces in agriculture. Entering the growth stage of the
digital economy, the “siphon effect” of the development of the digital
economy appears, and the digital economy inhibits the generation of
agricultural new quality productive forces. Finally, the development
of the digital economy has entered a relatively stable and mature stage.
The digital economy enhances the advancement of the agricultural
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sector, while its expansion fosters the emergence of new quality
productive forces in agriculture.

Fifthly, the digital economy has a spatial spillover effect on
agricultural new quality productive forces. The development of the
digital economy in neighbouring areas will affect the development of
local agricultural new quality productivity forces.

6.3 Recommendation

The article proposes four policy recommendations based on
these findings:

Initially, the digital economy must be enhanced and supported in
its development. The government should further augment its support
for developing the digital economy. In addition to promoting the
digital economy in developed areas of digital progress, it is crucial to
consider the central and western regions to provide policies, talents,
projects, and other support elements that will reduce the regional
disparities in the development of the digital economy. Encourage the
advancement of the digital economy in the central and western
regions to facilitate the digital transformation and modernisation of
local industries and foster the creation of new, high-quality productive
forces in agriculture.

Secondly, the focus should be on rural areas, and digital
infrastructure construction should be expedited. Accelerating the
construction of digital villages, enabling the upgrading of local
agricultural industries, cultivating digital talents, constructing digital
bases, and establishing the groundwork for the consolidation of the
digital economy to empower new, high-quality agricultural productive
forces. Then, to enhance the digital transformation and upgrading of
industries, promote the integration of the digital economy and the real
economy, consolidate the construction of digital infrastructure, work
to promote Internet talents and digital platforms to the countryside,
strengthen the application of the digital economy throughout the
entire agricultural production chain, realise the transformation of
traditional agriculture to digital agriculture, and establish a
modernised digital agricultural production and management system.

Thirdly, local governments must contribute to advancements in
agricultural technology and facilitate the transmission-to-
intermediation effect. The digital economy is crucial for technological
advancement in agriculture and the evolution of agricultural new
quality productive forces in the sector. In light of the ongoing
advancement of the digital economy and the extensive application of
digital technologies in agriculture, the innovative agricultural model,
smart farms, and modern mechanised production establish a novel
agricultural development paradigm, resulting in new qualitative
productive forces in agriculture.

Fourthly, the Government should leverage the spatial spillover
effects of digital economic development to foster coordinated regional
growth and stimulate the emergence of high-quality agricultural
productive forces in adjacent areas. Strengthen exchanges and learning
between regions with high and low levels of the digital economy,
establish a mechanism for exchanges between neighbouring regions
in the development of the digital economy, and assist regions with low
levels of the digital economy in transferring digital technology from
regions with high levels of the digital economy. Enhance and establish
interregional assistance mechanisms to fully leverage the spatial
spillover effect of the digital economy.
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