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Introduction: The rise of digital technologies has reshaped rural development strategies, offering new opportunities for industrial revitalization in agricultural regions. In China, the rural digital economy—spanning both infrastructure and digital service adoption—has emerged as a critical driver of localized innovation. This study explores the mechanisms through which digital transformation influences rural industrial upgrading. Using a structured survey in a major navel orange production area, the study examines how hardware and software elements of digitalization affect farmers’ innovation intentions, entrepreneurial behaviors, and outcome perceptions. By identifying heterogeneity across business models and farm scales, the study provides empirical insights into the role digital inclusion plays in revitalizing rural economies.

Methods: This study draws on 1,042 survey responses from a representative navel orange-producing region in China. Key variables reflect three dimensions of rural industrial revitalization: innovation intentions, entrepreneurial action, and perceived outcomes. The independent variables reflect the development of the digital economy through two dimensions: digital infrastructure and service usage. Ordered Probit and OLS models were applied to estimate relationships, with robustness checks performed using instrumental variables to address endogeneity. Instrument relevance and validity were confirmed through standard econometric tests. Heterogeneity was further examined by disaggregating impacts across production types and farm sizes.

Results: Findings demonstrate that both infrastructure (hardware) and service use (software) aspects of the rural digital economy significantly enhance farmers’ innovation intention, entrepreneurial engagement, and outcome perception. These effects remain statistically significant and become more pronounced after addressing endogeneity. While hardware shows limited effects across different business types, software-related digital adoption significantly benefits most producers. Additionally, the digital economy’s impact on entrepreneurial action and outcomes is more pronounced among medium- and large-scale farms than smaller producers. Three mechanisms—employment, income growth, and improved well-being—mediate this effect.

Discussion: The results highlight the transformative potential of rural digital economy development in advancing industrial revitalization. Tailored digital infrastructure, training, and inclusive service access are critical to unlocking innovation capacity at the household level. To enhance equitable digital transformation in agriculture, policies should prioritize narrowing digital divides in underdeveloped regions and facilitate the adoption of adaptable digital farming models, including smart production systems and agricultural traceability platforms. Beyond infrastructure, broader institutional, household, and community efforts—ranging from financial literacy to organizational participation—must complement digital investment. Future studies should expand the scope, adopt longitudinal designs, and explore institutional drivers to deepen the understanding of sustainable rural transformation.
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1 Introduction

As a vital component of the digital economy, rural digital economy development propels the transformation of rural production methods, lifestyles, and governance (Li and Liu, 2021; Zhang et al.,2023). This development is critical in fostering new competitive advantages in rural industries as it drives structural upgrades and enhances the innovation vitality of rural industries (Lu et al., 2025). Empirical evidence indicates that the continuous development and widespread application of new digital technologies significantly accelerates the integration of modern production elements with traditional rural industries, thus aiding the development of new industries, business models, and patterns in rural areas (Gao and Liu, 2020; Yu et al., 2021; Chen, 2025; Liang and Qiao, 2025).

Specifically, accelerating the development of the rural digital economy and steadily advancing the digital transformation of rural industries are essential for enhancing agricultural productivity and promoting supply-side structural reforms. These efforts also contribute to strengthening the agricultural foundation, increasing farmers’ income, and ensuring a seamless transition from poverty alleviation to rural revitalization (Zhang et al., 2021; Zhou et al., 2023; Xu and Yang, 2025). Therefore, researching the role of the rural digital economy in revitalizing rural industries has significant practical relevance in the context of rural revitalization.

The growing integration of digital technologies into rural development strategies marks a significant shift in how rural transformation is approached. Within this broader trend, the rural digital economy—characterized by the adoption of tools such as e-commerce, cloud computing, artificial intelligence, and the Internet of Things—has shown considerable potential in shaping agricultural practices, governance processes, and industrial renewal in rural settings (Deng et al., 2023; Chen, 2025). However, current understanding of how these technologies systematically support rural industrial revitalization remains limited, highlighting the need for a more in-depth and evidence-based investigation. Recent research has demonstrated that digital solutions can be crucial in improving agricultural productivity and efficiency. Technologies like precision farming, mobile-based advisory services, and real-time market data platforms allow farmers to make better decisions and optimize resource use (Huang et al., 2021; Li et al., 2021). At the same time, digital marketplaces have enabled producers in remote areas to directly connect with consumers, reducing reliance on intermediaries and increasing profits (Wang and Zhang, 2019; Chen and Wang, 2022; Zhang et al., 2023). This connectivity improves market access and encourages the development of new types of rural industries, such as agritourism and digital entrepreneurship (Jin et al., 2022). Access to infrastructure—especially the broadband internet and mobile networks—has emerged as a key factor shaping how effectively rural communities engage with digital systems. Areas with stronger digital infrastructure show higher rates of entrepreneurship and employment growth (Bi, 2024; Luo et al., 2022). However, disparities between regions remain a challenge. Many rural communities continue to face limited connectivity, restricting their ability to benefit equally from digital transformation (Fong, 2009). Bridging this digital divide is essential for ensuring inclusive rural revitalization. Beyond production and commerce, digital platforms are increasingly used to improve local governance. Digital tools help rural authorities deliver services, manage public resources, and interact with residents more efficiently (Zhang et al., 2023; Yin et al., 2024). These innovations support the broader institutional framework required for sustainable development, including better coordination and transparency in rural planning (Meginnis et al., 2020; Zhang et al., 2025; Kong and Chen, 2024; An et al.,2024). Despite these advances, many studies continue to examine only isolated components of the rural digital economy, such as yield improvements or poverty reduction, without addressing how these outcomes contribute to broader industrial transformation (Yu et al., 2021). Exploration of how digitalization interacts with traditional rural industry clusters or how institutional and behavioral factors influence technology adoption is also limited (Sun et al., 2023; Ren, 2023; Zhang and Zhang, 2023). For example, issues like digital literacy, trust in online platforms, and resistance to change remain under-discussed despite their importance in shaping the impacts of digital interventions (Ahmad et al., 2021). From a policy perspective, these research gaps are highly relevant. As many low- and middle-income countries prioritize rural digital infrastructure as part of revitalization plans, understanding both the benefits and limitations of such investments is crucial. Without targeted, context-sensitive approaches, these efforts may inadvertently reinforce spatial inequalities rather than reduce them (Li and Liu, 2020; Zhao et al., 2021).

A growing body of research highlights the transformative role of the rural digital economy in enhancing farm-level productivity, modernizing governance, and stimulating industrial renewal in rural areas. Much of the current literature utilizes macro-level data to investigate how digital infrastructure, the growth of e-commerce, and regional development indicators contribute to rural revitalization, particularly in the context of developing countries. While these studies offer valuable insights, two key limitations remain. First, micro-level evidence based on household experiences is lacking, which makes it difficult to fully understand the real-world implications of digital tools on agricultural practices and industrial behavior. Second, the underlying mechanisms through which digitalization influences rural revitalization are often treated simplistically, and few studies explore variations across different types of industries or production scales. To address these gaps, this study conducts an empirical investigation that offers two main contributions:

1. A Micro-Level Empirical Approach: Rather than relying on secondary data, this study draws on a large-scale field survey comprising 1,042 farm households in a leading navel orange-producing region in China. Using this dataset, we build a composite index of rural digital economy development based on two dimensions: infrastructure availability (e.g., internet access and device ownership) and functional digital literacy (e.g., platform usage and digital engagement skills). We assess rural industrial revitalization using a three-stage framework that captures intentions, actions, and outcomes. The findings, verified using Ordered Probit and OLS models, reveal a robust and statistically significant relationship between digital development and rural industrial advancement—even after controlling for potential endogeneity.

2. Mechanism Exploration and Heterogeneity Analysis: The study further identifies three indirect channels through which digital engagement contributes to industrial revitalization: expanding employment opportunities, raising household incomes, and improving subjective well-being. Additionally, the analysis uncovers heterogeneity in outcomes based on industry category and business size, suggesting that digital interventions do not yield uniform results across rural contexts. These findings advance current theory on rural digitalization and offer practical guidance for tailoring policy initiatives to local needs.

The study uses a structured research framework based on primary data collection with a stratified sampling method to ensure diverse representation. Key constructs were measured using validated indicators. To accommodate both ordinal and continuous dependent variables, appropriate econometric models—including ordered probit and OLS—were employed. Robustness checks were conducted to address potential issues of endogeneity and multicollinearity. The research bridges digital access, user capabilities, and socio-economic effects, offering a holistic view of rural transformation processes.



2 Theoretical framework and hypotheses development

Since Don Tapscott first introduced the concept of the digital economy in 1996, scholars have expanded its definition to various extents (Tapscott, 1996). This study argues that the rural digital economy incorporates information and data as vital production materials in developing rural industries, accelerating agricultural technological innovation, reshaping new digitalized rural industries, and achieving high-quality rural economic development (Bukht and Heeks, 2018; Yu et al., 2021; Chen, 2025; Liu et al., 2023). Concurrently, this study interprets rural industrial revitalization as the comprehensive rejuvenation of rural industries based on agricultural resource diversity and climatic advantages guided by government policies supporting agriculture that promote shared prosperity among farmers, improve farmer employment, and enhance their well-being (de Janvry and Sadoulet, 2001; Haggblade et al., 2010; Peng and Dan, 2023). Rural industrial revitalization includes revitalizing specialized agriculture, leisure agriculture, agricultural product processing, handicrafts, rural tourism, and e-commerce (Pan et al., 2024; Chen and Long, 2024; Li and Gan, 2025). This implies reconstructing a rural industrial system characterized by distinct regional features, active innovation and entrepreneurship, various business models, and closely linked interests (Audretsch and Belitski, 2017; Bhatia-Kalluri, 2021). The hypothesis that developing the rural digital economy promotes rural industrial revitalization manifests several aspects.

As a developing agricultural country, farm households in China remain a fundamental force of agricultural development and food production. The effectiveness of their innovative entrepreneurship significantly influences the progress of rural industrial revitalization (Yin et al., 2022). This practice has shown that the revitalization of traditional rural industries is inseparable from the participation of farm households, and that the development of emerging rural industries relies heavily on their support. Innovation and entrepreneurship are vital pathways for farm households to participate in rural industrial revitalization. Compared with the past, under the development of the rural digital economy, conditions for localized innovation and entrepreneurship by farm households have improved. For instance, Barnett et al. (2019) argue that although regional heterogeneity exists in the internet access, social capital, and financing access effects on farmers’ innovation and entrepreneurship, these effects are undeniably the basic conditions for enhancing farmers’ willingness to localize their innovation and entrepreneurship. Developing the digital economy significantly stimulates passion for mass innovation and entrepreneurship (Tan and Li, 2022; Feng et al., 2023). He et al. (2024) and Che et al. (2024) believe that the widespread application of the rural mobile internet directly influences agricultural production and management activities, triggering new opportunities for farm household innovation and entrepreneurship. This is primarily because the use of rural mobile internet significantly improves farm households’ access to market resources, social network transmission, and social capital fundraising channels, all of which are conducive to enhancing their willingness to innovate and start businesses. Song et al. (2024) view the empowerment of the digital economy as a fundamental basis for farm household innovation and entrepreneurship. The digital economy provides new opportunities to revitalize market entities and promote innovation and entrepreneurship within farm households (Zhang et al., 2021). Developing the rural digital economy can significantly expand the channels through which farm households access information, promote investment in human capital, and enrich their social networks, all of which are fundamental conditions for localized innovation and entrepreneurship (Ahmad et al., 2021; Zhang et al., 2023). The development of the rural digital economy is beneficial for stimulating farm households’ willingness to engage in localized innovation and entrepreneurship (Yu et al., 2021; Deng et al., 2023; Chen, 2025). Based on this, we propose the following hypothesis.


Hypothesis 1: Development of the rural digital economy directly stimulates farm households’ willingness to innovate and start businesses, creating conditions for localized innovation and entrepreneurship and thereby benefiting rural industrial revitalization.
 

As the desire to innovate and start a business is not equivalent to actual entrepreneurial actions, farmers with entrepreneurial aspirations may not always choose to innovate or start a business. This is because entrepreneurial actions are significantly influenced and constrained by various factors, such as the endowment variables of the household head, family, and region. Particularly for the household head, factors like educational background, work experience, financial advantage, and relevant training records could crucially impact the actualization of innovative entrepreneurship (Marchetta, 2012). Admittedly, impromptu innovation and entrepreneurship occur in certain scenarios, although these are relatively rare (Hu et al., 2023). Compared with the past, the rapid development of the rural digital economy has made innovation and entrepreneurship more convenient for farmers. Leveraging the unique advantages resulting from the development of the digital economy (such as information, financial, and network advantages), farmers now have the capacity and means to connect with the internet market (Su et al., 2021). Farmers engaged in traditional rural industries can rapidly initiate e-commerce businesses in agricultural products under the guidance of government policies that support and benefit agriculture, thereby creating conditions for the revitalization of local industries. Furthermore, leveraging the unique advantages of developing the digital economy, localized innovation, and entrepreneurship by farmers can help them transcend existing geographical limitations and engage in innovative activities while fully leveraging regional characteristics (Tang et al., 2022; Pan et al., 2024). For example, farmers engaged in agricultural e-commerce businesses can flexibly arrange the production and operation of agricultural products by obtaining sufficient production and marketing information, as well as a cross-regional organization of sources of agricultural products to ensure the smooth development of their own e-commerce business (Luo and Niu, 2019; Bhatia-Kalluri, 2021; Sánchez-Acevedo and Álvarez-Velásquez, 2023). In rural digital economy development, if farmers engage in e-commerce-related innovative entrepreneurship, they can conduct localized business operations by leveraging regional advantages without requiring traditional cash transactions (Bhatia-Kalluri, 2021; Guo et al., 2023; Nipo et al., 2024). In the context of the rural digital economy, transforming their entrepreneurial intentions into actions has become increasingly easy for farmers (Zhang and Wang, 2023; Wang and Liu, 2024; Pan et al., 2024). Based on this, we propose the following hypothesis.


Hypothesis 2: Development of the rural digital economy directly impacts farmers’ entrepreneurial actions, solidifying the foundation for localized innovation and entrepreneurship and benefiting rural industrial revitalization.
 

Since the initiation of economic reforms in 1978, the trajectory of rural entrepreneurship in China has evolved through three major stages: initial disengagement from agriculture (1978–1992), large-scale rural-to-urban migration (1992–2006), and a more recent trend of rural returnees initiating ventures in their hometowns (2007–present) (Li, 2013; Zhang and Song, 2003). In the earlier stages, limited access to productive resources, combined with underdeveloped infrastructure and institutional constraints in rural areas, contributed to the outflow of labor and entrepreneurial talent toward urban centers, where market size, industrial clusters, and knowledge spillovers offered more favorable conditions for business development (Zhao, 1999; Glaeser and Kerr, 2010; Duran, 2024). Urban agglomerations long enjoyed comparative advantages in attracting entrepreneurs due to access to capital, technology, and specialized labor networks (Florida, 2002; Qian et al., 2013; Audretsch and Belitski, 2017). In contrast, rural regions were constrained by resource scarcity and informational isolation, making even sustaining small-scale business activities, such as trading or family-run services, difficult (Cai et al., 2009; Zhu et al., 2019; Chen, 2025). Despite the higher cost of living, many rural entrepreneurs viewed cities as offering clearer pathways to expand business operations and gain economic traction (Li and Wu, 2018; Yu and Liu, 2022; Wang et al., 2024). However, with the advent of the digital economy, particularly the expansion of rural broadband infrastructure and the emergence of e-commerce platforms, a shift has begun to emerge. The longstanding urban–rural information gap is gradually diminishing, thereby enabling farmers to access real-time market data, digital payment systems, and remote logistics services that were previously unavailable (Wang et al., 2022; Wang H. et al., 2025). These changes have substantially lowered the threshold for initiating rural ventures and enhanced the feasibility of localized innovation and entrepreneurship. Through digital tools, rural residents can now more effectively integrate local agricultural products into value-added activities, establishing business models that reflect both ecological suitability and familial preferences (Hu et al., 2023; Lu et al., 2025; Wang and Wu, 2025). Furthermore, entrepreneurship rooted in local resource endowments, such as specialty farming or agritourism, offers flexible income opportunities while supporting rural industrial restructuring and diversification. Based on this, we propose the following hypothesis.


Hypothesis 3: The development of the rural digital economy directly affects the profits of farmers’ innovation and entrepreneurship, guarantees localized innovation and entrepreneurship, and is beneficial for rural industrial revitalization.
 



3 Materials and methods


3.1 Data source

This study used the geographical indication of navel oranges as a criterion for sample selection. The survey covers regions known for their navel orange production, including Jiangxi Province (mainly Xinfeng County, Xunwu County, Anyuan County, Huichang County, and Ruijin City, which are part of the Gannan navel orange production area), Sichuan Province (mainly in the counties of Linshui, Jintang, Leibo, Xichong and Yanbian, which are the production areas of Linshui, Jintang, Leibo, Xifeng, and Hongge navel oranges, respectively), Hunan Province (mainly Longshan County and Hongjiang City, which are the production areas of Liye and Qianyang Navel Oranges, respectively), Yichang City, Hubei Province (mainly Zigui County, the production area of Zigui navel oranges) and Chongqing Municipality (primarily Fengjie County, the production area of Fengjie navel oranges). In June 2023, the group conducted a questionnaire survey in these areas. In this survey, 90 questionnaires were randomly distributed to each sample unit, totaling 1,190 collected questionnaires. After excluding those with missing key information, 1,042 valid questionnaires remained, resulting in an effective rate of 82.70%.



3.2 Variable construction and definitions

This study’s dependent variable is rural industrial revitalization. Rural industrial revitalization is frequently reflected in farmers’ localized innovations and entrepreneurship (Peng et al., 2021). In areas with a positive rural industry development trend, the external environment for farmers’ localized innovation and entrepreneurship is typically better (Gao and Liu, 2020; Li et al., 2025). A superior business environment directly stimulates farmers’ willingness to engage in localized innovation and entrepreneurship and solidifies the foundation for transforming this willingness into action (Chen and Yang, 2024; Wang and Wu, 2025). It substantially increases the actual effectiveness of localized innovation and entrepreneurship among farmers (Liang and Qiao, 2025; Wang S. et al., 2025). Accordingly, this study measures rural industrial revitalization from three dimensions: willingness, action, and effectiveness. In the survey questionnaire, the questions closely related to these dimensions are as follows: “Assuming other factors are excluded, are you willing to innovate and start a business in your county (city)? A. Unwilling, and B. Willing;” “Assuming other factors are excluded, have you had any experience of innovating and starting a business in your county (city) from 2017 to the present? A. No, and B. Yes;” and “Assuming that other factors are excluded, how does the income earned from your innovation and entrepreneurship in your county (city) from 2017 to the present compare with your total household income? A. Very small proportion, B. Relatively small proportion, C. Average, D. Relatively large proportion, and E. Very large proportion.”

This study’s core explanatory variable is the development of a rural digital economy. Although no consensus exists on the construction of indicator systems for measuring the level of digital economy development, based on this study’s practical needs, these systems can generally be categorized into hardware and software indicators (Bukht and Heeks, 2018; OECD, 2020; Liu et al., 2022; Guo et al., 2024). This study uses farmers’ evaluations of the hardware and software aspects of the digital economy in their region to measure rural digital economic development (Zhang et al., 2024). The related questions in the survey questionnaire were as follows: “Excluding external factors, how satisfied are you with the level of the digital economy hardware infrastructure in your area? A. Very dissatisfied, B. Dissatisfied, C. Average, D. Satisfied, and E. Very satisfied;” and “Excluding external factors, how satisfied are you with the level of digital economy software infrastructure in your area? A. Very dissatisfied, B. Dissatisfied, C. Average, D. Satisfied, and E. Very satisfied.”

Control variables are selected from three broad categories: endowment variables of the farm household head, farm household family endowment variables, and regional endowment variables (de Janvry and Sadoulet, 2001; Reardon et al., 2007; Davis et al., 2010). The rationale behind this choice is that farm households are the key agents of rural industrial revitalization (Zhang and Fan, 2004; Zhang et al., 2022). Through localized innovation and entrepreneurship, farm households not only create employment opportunities and facilitate the transfer of surplus rural labor but also directly promote the integration of the rural tertiary sector (Haggblade et al., 2010; Chen, 2025; Liu et al., 2021). This lays a solid foundation for the digital transformation of rural industries, thereby driving rural industrial revitalization and achieving common prosperity for both farmers and rural areas (Li et al., 2019; Gao and Liu, 2020). Furthermore, the success of farm households in localized innovation and entrepreneurship is significantly influenced by family dynamics (Kimhi, 2006; Doss, 2018). Undoubtedly, as a leader in rural industrial revitalization, the government plays a crucial role (Long et al., 2016; Liu and Li, 2017; Xu et al., 2018). Table 1 presents the specific indicators of these variables and their assigned values.



TABLE 1 Variable assignment and descriptive statistical analysis results.
[image: Table1]



3.3 Reliability and validity tests

To enhance the scientific rigor and credibility of the survey data, a comprehensive assessment of the questionnaire’s reliability and validity was conducted prior to the empirical analysis. In terms of reliability, internal consistency was evaluated using Cronbach’s alpha for the scales associated with the study’s key constructs. The results indicate that all primary scales achieved alpha coefficients above 0.70, suggesting acceptable to high internal reliability, aligning with established standards in social science research. Regarding validity, the evaluation was conducted from two perspectives: content and construct validity. To ensure content validity, the questionnaire items were developed based on an extensive review of literature relevant to the sampled regions, particularly documents issued by local agricultural authorities. Expert consultations were also incorporated during the questionnaire design process to ensure comprehensive coverage of the conceptual domains under investigation. To assess construct validity, exploratory factor analysis (EFA) was employed. The Kaiser-Meyer-Olkin (KMO) measure exceeded 0.70, and the Bartlett’s test of sphericity was highly significant (p < 0.01), confirming the dataset’s suitability for factor extraction. All factor loadings for the core items were above 0.50, supporting the presence of clear latent constructs with satisfactory convergent and discriminant validity. Taken together, the results confirm that the questionnaire data exhibit sound psychometric properties in terms of both reliability and validity, providing a robust foundation for subsequent empirical investigations.



3.4 Model specification

This study proposes establishing a baseline model to examine how the development of the rural digital economy promotes rural industrial revitalization:

[image: image]

In Equation (1), [image: image] represents the revitalization of rural industries. [image: image] represents the [image: image]th sample. [image: image] represents three dimensions of rural industrial revitalization, and [image: image] takes the values 1, 2, and 3, which, respectively, represent rural industrial revitalization in the willingness dimension, rural industrial revitalization in the action dimension, and rural industrial revitalization in the effect dimension. [image: image] is the parameter to be estimated. [image: image] is a dummy variable. [image: image] takes the values 0 and 1, indicating the overall evaluation of the farm household regarding the development of the rural digital economy hardware and software aspects in the sample area. [image: image], [image: image], and [image: image] represent the three groups of control variables that affect rural industrial revitalization: household head, family, and regional endowment variables, respectively. [image: image] is a random error term.




4 Results


4.1 Baseline regression results

Since the dependent variable, “rural industrial revitalization,” in this study is an unordered categorical variable, the study initially uses a logit and probit model. After conducting logistic distribution and normality tests, the probit model was more suitable for this study. Given that the sample size is 1,042, which exceeds 1,000, and considering that estimating the baseline model (1) set earlier is not for prediction, theoretically, the ordinary least squares (OLS) method could also be used for estimation. However, this occurs under the condition that Model (1) does not exhibit significant heteroscedasticity. Acknowledging the strengths and weaknesses of the different models and methods, this study uses both the ordered probit model and the OLS method to robustly and scientifically empirically test how the development of the rural digital economy promotes rural industrial revitalization. The empirical results indicate that, regardless of using the ordered probit model or OLS method, the coefficients of the core explanatory variable (levels of rural digital economy development) are identical regarding their signs and significance.

Before proceeding with the OLS estimation, we conducted a series of specification diagnostics on Model (1) to determine whether multicollinearity or heteroskedasticity posed significant issues. The variance inflation factor (VIF) was calculated to be 3.1516, which is comfortably below the conventional threshold of 10, suggesting that multicollinearity is not a major concern. Furthermore, the p-value obtained from the White test was 0.6142, which exceeds the 5% level, indicating that the model does not suffer from heteroskedasticity. Nonetheless, the development of rural digital economies may be affected by unobserved regional factors such as economic infrastructure and digital receptiveness. These unobservable characteristics could also influence rural industrial outcomes, thereby introducing potential endogeneity into the model—most notably through omitted variable bias and possible reverse causality. To assess this concern, we applied the Durbin–Wu–Hausman (DWH) test to both the hardware and software dimensions of rural digital economy development. The results revealed statistically significant endogeneity, with test statistics of 3.9851 and 3.3618 and corresponding p-values of 0.0065 and 0.0083, respectively. To address these endogenous relationships, we employed an instrumental variable approach, using the two-stage least squares (2SLS) estimation method. Following previous literature (e.g., Zhang et al., 2019), we selected the spherical distance between each sampled prefecture-level city and Hangzhou—widely recognized as a digital innovation hub in China—as our instrument. Hangzhou, as the home of Alibaba, has taken a leading role in digital economic development, often exerting spatial spillover effects into nearby regions. Thus, proximity to Hangzhou can be expected to influence how local populations perceive access to digital infrastructure and services. With respect to the exclusion restriction, while geographic proximity to Hangzhou may have some indirect associations with regional digital development, we argue that it primarily affects residents’ subjective perceptions, rather than exerting a direct influence on the actual advancement of local digital infrastructure. Once we account for regional fixed effects and other controls, no direct channel appears to link the instrument to the outcome variable, satisfying the conditions for instrument exogeneity. Finally, the strength and validity of the instrumental variable were evaluated using the Cragg–Donald Wald F-statistic and the Kleibergen–Paap rk LM test. The diagnostics confirm that the instrument is neither weak nor under-identified, reinforcing its appropriateness for addressing the endogeneity issue in this empirical context. The results are presented in Tables 2, 3.



TABLE 2 Benchmark regression results at the hardware evaluation level of farmers.
[image: Table2]



TABLE 3 Benchmark regression results at the software evaluation level of farmers.
[image: Table3]

From Tables 2, 3, the development of the rural digital economy, both in terms of hardware and software as evaluated by farmers, evidently effectively promotes rural industrial revitalization. Even after addressing endogeneity issues, the positive impact of the rural digital economy on rural industrial revitalization appears to have been further enhanced, thereby validating the research hypotheses. The reason for these findings is multifaceted: ease of localized innovation and entrepreneurship. The development of the rural digital economy, especially with the steady implementation of the digital village development strategy, has made localized innovation and entrepreneurship easier for farmers. Under the backdrop of the rural digital economy, farmers can quickly access external information, which helps resolve potential difficulties in the process of localized innovation and entrepreneurship, thus stimulating their willingness to engage in such activities. The author’s field research found that, with the opportunity to develop a rural digital economy, some farmers, through a comprehensive and systematic understanding of rural e-commerce development, may be based on the reality of innovation and entrepreneurship.

Furthermore, information technology expands the horizons of farmers, effectively stimulating their willingness to innovate and start businesses, thereby laying a solid foundation for rural industrial revitalization. However, with the development of the rural digital economy, farmers’ willingness to localize their innovation and entrepreneurship can be transformed into innovation and entrepreneurship actions more quickly. By leveraging the unique advantages of the rural digital economy, many practical issues encountered in the process of localized innovation and entrepreneurship can be resolved promptly, thereby accelerating the transformation of farmers’ willingness to localize innovation and entrepreneurship into innovation and entrepreneurial action. Compared with the past, the rapid development of the rural digital economy helps entrepreneurial farmers stay informed about various agricultural policies, reduces unnecessary credit approval processes, and facilitates access to urgently needed working capital from financial institutions. It also enables farmers to expand their businesses online in a production-supply-sales-integrated manner. In the short term, this positively impacts and accelerates the digital transformation of rural industries; in the long term, it undoubtedly contributes to rural industrial revitalization. Additionally, the development of the rural digital economy can, to a large extent, directly increase the economic benefits of localized innovation and entrepreneurship for farmers. In the past, the development of rural industries was largely constrained by geographical limitations and relied on cash-and-carry trade methods. However, with the advent of the rural digital economy, the development of rural industries is no longer restricted by location, transaction costs are significantly reduced, and the effectiveness of localized innovation and entrepreneurship is more apparent. As a result, the rural digital economy provides a strong foundation for rural industrial revitalization (Tian et al., 2023).



4.2 Robustness checks

To validate the robustness of the main findings, we further disaggregate the sample by respondents’ ethnic background and conduct separate regressions for Han and minority households. The results, presented in Table 4, indicate that the rural digital economy plays a positive and statistically significant role in promoting rural industrial revitalization in both groups. This supports the reliability and consistency of the baseline conclusions. Moreover, the effect appears stronger in the action-oriented dimension among minority respondents, which may be linked to differences in access to digital infrastructure or variations in local organizational structures during the adoption of digital technologies in rural areas.



TABLE 4 Regression results by ethnic group.
[image: Table4]

To ensure the robustness of the main findings, we removed households with annual incomes in the highest and lowest 5 percent of the sample and re-estimated the model using the adjusted dataset. The results, presented in Table 5, show that the positive relationship between rural digital economy development and rural industrial revitalization remains statistically significant. Moreover, the direction and magnitude of the estimates are consistent with the baseline regression, indicating that the core conclusions hold even when excluding extreme income values. This suggests that the analysis is not overly sensitive to sample composition and that the results are both stable and reliable across subsample conditions.



TABLE 5 Robustness results after trimming income extremes.
[image: Table5]



4.3 Heterogeneity test

First, it examines the heterogeneity in how the development of the rural digital economy promotes rural industrial revitalization from different business perspectives. The study sample comprised farmers involved in producing and selling navel oranges with geographical indications. These farmers are part-time and specialized farmers. This study categorizes households solely engaged in navel orange cultivation as specialized farmers. In contrast, those engaged in other industries besides navel orange cultivation are categorized as part-time farmers. In the empirical analysis, specialized farmers are assigned a value of 1, while part-time farmers have a value of 0. The empirical results shown in Table 6 reveal significant heterogeneity in the impact of the rural digital economy on rural industrial revitalization. From the hardware perspective, the rural digital economy’s development did not significantly impact navel orange farmers across different business types. However, from the software perspective, this effect is significant.



TABLE 6 Heterogeneity regression results from the perspective of different formats.
[image: Table6]

Second, the heterogeneity of rural digital economic development for rural industrial revitalization is based on different scales. This study adopts the standard from the “Third National Agricultural Census Scheme” in China, which considers farmers with a land area of 100 mu (approximately 6.67 hectares) or more under a single cropping system as large-scale farmers. Based on this criterion, the sample is roughly divided into large-scale navel orange production and marketing farmers and non-large-scale production and marketing farmers. In the empirical analysis, large-scale production and marketing farmers are assigned a value of 1, while non-large-scale production and marketing farmers are assigned a value of 0. The empirical results, shown in Table 7, reveal significant heterogeneity in the impact of rural digital economy development on rural industrial revitalization. At both the hardware and software levels, the impact of rural digital economy development on the willingness of navel orange production and marketing farmers of different sizes to engage in innovation and entrepreneurship was not significant. Conversely, the impact on the actions and effects of the willingness of navel orange production and marketing farmers of different sizes to engage in innovation and entrepreneurship was significant.



TABLE 7 Heterogeneous regression results from different scale perspectives.
[image: Table7]



4.4 Mechanism analysis

How can rural digital economic development contribute to the revitalization of rural industries? From a practical perspective, developing a rural digital economy promotes the revitalization of rural industries mainly through three channels: employment, income generation, and happiness effects. From the perspective of the employment effect, research indicates that the development of the digital economy significantly reduced the likelihood of under-employment (Wang and Shao, 2023). Compared with the past, surplus rural labor can not only find new job opportunities in the digital transformation of rural industries but also better development opportunities in emerging rural industries, all of which are conducive to promoting rural industrial revitalization. From the perspective of income-generating effects, Peng and Dan (2023) show that the digital transformation of rural industries has accelerated the development of the rural digital economy, leading to a steady increase in farmers’ income. Naturally, this increase in income solidifies the economic foundation of rural industrial revitalization. According to Meng and Xiao (2023), developing a rural digital economy enhances residents’ happiness by improving efficiency and promoting fairness. As one of the main objectives of rural revitalization, enhancing residents’ happiness is conducive to promoting rural industrial revitalization.

The three questions in the questionnaire that are closely related to the mechanism test are: “Ignoring other factors, what kind of impact do you think the development of the digital economy in your area has had on employment among your surrounding community? A. Almost no impact, B. Very little impact, C. Average impact, D. Significant impact, and E. Very significant impact,” “Ignoring other factors, what impact do you think the development of the digital economy in your area has had on the household income of your surrounding community? A. Almost no impact, B. Very little impact, C. Average impact, D. Significant impact, and E. Very significant impact;” and “Ignoring other factors, what kind of impact do you think the development of the digital economy in your area has had on the happiness of your surrounding community? A. Almost no impact, B. Very little impact, C. Average impact, D. Significant impact, and E. Very significant impact.”

In the empirical analysis, this study uses responses to these questions as dependent variables for Model (1) to examine the mechanisms through which the development of the rural digital economy promotes rural industrial revitalization. The results, presented in Tables 8, 9, show that the employment, income enhancement, and happiness effects of the rural digital economy’s development are all highly significant, whether from a hardware or software perspective.



TABLE 8 Test results of the mechanism at the hardware evaluation level of farmers.
[image: Table8]



TABLE 9 Test results of the mechanism at the software evaluation level of farmers.
[image: Table9]




5 Conclusion, policy implications, and research limitations


5.1 Conclusion

This study focuses on whether and how the development of the rural digital economy promotes rural industrial revitalization and engages in both theoretical and empirical analyses. Theoretically, the development of the rural digital economy impacts farmers’ localized innovation and entrepreneurship across three dimensions—willingness, action, and effectiveness—thereby fostering rural industrial revitalization. Empirically, this study finds that both the hardware and software aspects of rural digital economy development significantly and positively affect the willingness, action, and effectiveness dimensions of rural industrial revitalization. This effect remains significant and even more pronounced after addressing endogeneity concerns. The impact of the rural digital economy’s development on navel orange production and marketing across different business types is not significant from a hardware perspective. Conversely, from a software perspective, it is. Moreover, regardless of whether hardware or software aspects are considered, the impact of the rural digital economy’s development on the innovation and entrepreneurship willingness of navel orange production and marketing farmers is not significant across different scales of operations; however, its impact on actions and outcomes is significant. This finding suggests heterogeneity in how the rural digital economy promotes rural industrial revitalization across different business types and scales. The development of the rural digital economy promotes rural industrial revitalization primarily through three channels: employment, income enhancement, and happiness effects.



5.2 Policy implications

The policy implications embedded in the findings of this study are as follows. First, rural industrial revitalization must emphasize the development of the rural digital economy. To compensate for the shortcomings in the construction of rural information infrastructure in the central and western regions, it is necessary to steadily push forward the optimization and upgrading of rural information infrastructure and ensure that 5G and gigabit fiber networks cover a more comprehensive range of villages. Leveraging the opportunity presented by the “Digital Village Development Action Plan (2022–2025)” to steadily promote the digital transformation of traditional rural infrastructure is necessary, laying the foundation for “agricultural products entering cities and industrial products reaching villages.” The application of big data and information technology in agriculture should be prioritized to drive technological innovation in smart farming. Advancing the digital transformation of the entire agricultural production and operation process will provide strong support for the revitalization of rural industries. Overall, this means that great importance should be attached to the construction of hardware and software for the development of the rural digital economy to accelerate the pace of digital transformation of rural industries by comprehensively upgrading the development level of the rural digital economy, creating conditions for the in-depth application of new digital technologies in the integration of production-supply-marketing of all agricultural products, including navel oranges, and promoting the revitalization of rural industries.

Second, efforts from other aspects are necessary to promote the revitalization of rural industries. At the household head level, comprehensively improving the overall quality of individuals is necessary, not only in terms of their professional skills but also in terms of their digital literacy. To establish a correct view of marriage, reduce or eliminate the phenomenon of individual innovation and entrepreneurship affected by marriage problems; to establish a scientific view of health, pay attention to personal health while effectively providing healthy goods or services for the market. At the household level, it is necessary to create conditions to realize the flexible conversion between part-time and professional businesses, arrange the family’s production and operation activities with the primary goal of maximizing the family’s economic interests and actively participating in the revitalization of rural industries without violating national laws and regulations, and create conditions for the family to obtain better economic benefits from the revitalization of rural industries by optimizing the family’s income and expenditure structure, transferring the surplus labor force, participating in the transfer of land, accepting volunteer services, joining farmers’ professional cooperatives, and so on. Simultaneously, by optimizing the family income and expenditure structure, transferring surplus labor, participating in land transfer, receiving volunteer services, joining professional farmers’ cooperatives, etc., we can do everything possible to create conditions for families to better obtain economic benefits from revitalizing rural industries. At the regional level, improving financial literacy among residents, tapping into the potential of the rural collective economy, cultivating regional public brands for agricultural products, strengthening agricultural technical training, optimizing logistics service network layouts, enhancing the level of basic rural education, and continuously improving the efficiency of rural social security to create a favorable external environment for regional rural industrial revitalization.



5.3 Research limitations

Despite drawing on a dataset comprising 1,042 survey responses from a representative navel orange-producing region and employing both ordered probit and OLS estimation techniques, this study has several limitations that warrant acknowledgment. While efforts were made to address potential endogeneity, certain constraints remain.

First, due to practical limitations related to data collection and survey administration costs, the sample is geographically concentrated and limited to a single agricultural product. As such, the generalizability of the findings to other crops or regional contexts may be restricted. Second, the construction of core explanatory variables relies primarily on farmers’ subjective perceptions of digital economy development. Although internal consistency and validity checks were conducted and endogeneity was addressed through instrumental variable approaches, self-reported data may still be subject to response bias. Third, while the study differentiates between hardware and software components of the rural digital economy, it does not fully explore their interactions or how broader institutional factors shape their effectiveness.

Future research could improve upon these limitations in several ways. Expanding the sample to encompass multiple agricultural sectors and diverse geographic settings would enhance the external validity of the results. Longitudinal or experimental designs may also be employed to capture the evolving impact of digital infrastructure and services over time. Incorporating objective measures—such as broadband penetration rates, digital device usage logs, or mobile signal coverage—could further substantiate the empirical findings. Finally, exploring the role of policy implementation, governance structures, and region-specific institutional arrangements could provide deeper insights into how digital technologies become embedded within rural industrial systems, ultimately advancing more sustainable and inclusive models of rural revitalization.
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