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Abstract

:

Nowadays, the challenges of energy depletion, environmental pollution and food security caused by extensive agriculture development are attracting global attention. In China, the construction of ecological farms is a key initiative to effectuate the goal of peaking carbon dioxide emissions and achieving carbon neutrality, contributing to high-quality agricultural development. Based on this, this study selects the national-level ecological farms directories issued by the Ministry of Agriculture and Rural Affairs (MARA) of China in 2021 and 2022, and collects the corresponding economic, social and physical geographic data for GIS spatial analysis and Geodetector. The results are as follows: (1) The distribution of ecological farms in various provinces of China is uneven and spatially clustered. It generally presents a ‘high in the east and low in the west with concentrated cores’ pattern. The construction scope significantly expanded over time, and the high-value areas of nuclear density are concentrated in East China, with the development core transitioned from East China to Central China. (2) Environmental conditions, industrial foundation, economic and social development level, science and technology level and financial support all significantly affect the spatial distribution of ecological farms in China, among which the science and technology level has the most significant enhancement effect on other factors. (3) Environmental conditions provide the construction basis for ecological farms, while economic and social development level and financial support determine the number of ecological farms. The industrial foundation affects the scale of ecological farms in China, while the level of science and technology eliminates the restrictions of other factors to a certain extent. This study provides a reference for optimizing the spatial distribution pattern of ecological farms in China and promoting ecological agriculture. In addition, it presents a viable approach to safeguarding food security.
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1. Introduction


Nowadays, the rapid development of agriculture is facing the challenges of reducing crop yields and food supply caused by finite natural resources and changing climatic conditions [1,2]. On a global scale, agriculture triggers serious environmental and ecological problems [3]. The excessive use of chemical fertilizers and pesticides has destroyed the environment, a large increase in agricultural irrigation water has led to over-exploitation of water resources and excessive land reclamation has caused soil erosion and land desertification [4,5]. Agricultural production activities are also one of the important sources of greenhouse gas and carbon emissions, which are constantly increasing [6]. These destructive activities result in impaired functioning of agro-ecosystem services and threaten human well-being [7,8]. But at the same time, these challenges have also become an urgent force to promote agricultural transformation [9]. How to improve agricultural productivity and ensure food security is a problem in need of global attention.



With the emergence of systems theory, information theory and cybernetics in the scientific community since the 1940s, agricultural production has been promoted to develop in a comprehensive and systematic direction, and conventional agriculture has gradually shifted towards modern agriculture and ecological agriculture [10]. Various countries worldwide adopted diversified practices to attain sustainable agricultural development, which is the origin of Agroecology. In 1942, the Rodale Institute published Organic Farming and Gardening and other publications to promote the idea of organic farming and practiced ‘Organic Agriculture’ on their farms [11]. In the 1950s, a ‘Natural Agriculture’ without tillage, fertilizer and pesticide emerged in Japan [12]. In 1974, Mollison and Holmgren of Australia proposed the permanent agriculture method based the ethics of caring for the earth, caring for human beings and sharing surpluses [13]. With the convening of the United Nations Conference on the human environment in 1972, human awareness of ecological and environmental protection gradually increased and sustainable agriculture and green ecological farms became the goals of agricultural development in many countries. In 1981, British scholar Worthington summed up a diversified and nutrient self-sufficient ‘Ecological Agriculture’ mode based on the practice of European agricultural production [14]. The U.S. federal government proposed the ‘Low Input Sustainable Agriculture’ in 1988, the ‘High Efficiency Sustainable Agriculture’ in 1990 and promulgated the ‘National Organic Program’ in the same year [15]. The EU proposed the concept of ‘Multifunctional Agriculture’ in 1997, emphasizing the ecological function of agriculture and implementing specific implementation measures in the EU’s common agricultural policy [16]. The Japanese government promulgated the Sustainable Agriculture Act in 1999 and the Organic Agriculture Promotion Act in 2006. Since the 21st century, more and more scholars, institutions, groups and governments have paid attention to Agroecology at the international level. In 2014, the Food and Agriculture Organization of the United Nations (FAO) organized an International Symposium on Agroecology to promote the concept and methods of Agroecology and promote the action and policy formulation of Agroecology in various countries [17]. Reviewing the origin, formation and evolution of the concept of Agroecology, it can be found that the principles and propositions for ecological agriculture are similar internationally. The current practice of ecological agriculture aims to optimize the ecological environment, public health and well-being, and to minimize the socio-ecological costs of agriculture, such as soil degradation, water pollution, greenhouse gas emissions and resource exhaustion [18,19]. The essential goal of Agroecological practices includes reducing the consumption of external inputs such as fossil fuels while improving the quality and efficiency of internal inputs. Originating from continuous improvement by experience, experimentation and research, these evolving Agroecological practices improve food security, nutrition and health while adapting to and mitigating climate change without harming ecosystems [20,21]. Currently, ecological agriculture is at a high level of development in many countries. For instance, according to the International Federation of Organic Agriculture Movements (IFOAM), there were 15.6 million hectares of organic farmland in Europe in 2018. The National Agricultural Statistics Service’s Census of Agriculture conducted in 2017 revealed that there were 11,650 certified organic farms in the U.S. The market for organic products in the U.S. topped USD 50 billion in 2018 [22].



The studies around Agroecology and ecological farms focus on the construction process and policy formulation of Agroecology, the economic and social effects of Agroecology, the analysis of the influential factors of ecological farms and the path to achieve sustainable agricultural development. For example, Paul et al. analyzed the sustainability challenges faced by Indian agriculture and proposed an analytical framework including scale, affordability and sustainable input to promote the sustainable development of Indian agricultural systems [23]. Pimbert et al. revealed the development dilemma of agricultural ecological practice projects, aiming to explore agricultural production models that support agricultural ecological development [24]. Kujala et al. used the organic agriculture area in Finland as a case study. Through large-scale investigation and comparative analysis, they found that the development of Agroecology in Finland was affected by factors such as planting tradition, farmers’ attention and government subsidies [25]. Brown draws on three case studies of civil society organizations promoting sustainable agriculture in India to assess their potential to address contemporary agricultural issues [26]. Research on Agroecology also pays attention to the political, economic, social and cultural impacts brought about by its development. Researchers believe that ecological agriculture is closely related to food security and national governance [27]. Compared with conventional fossil agriculture, Agroecology increases farm income and creates more employment opportunities while helping connect agriculture downstream in the industrial chain, which creates strong links between rural areas and urban consumers [28,29]. To sum up, Agroecology enhances the resilience and sustainability of rural and agricultural areas [30,31,32]. Moreover, Agroecology has made positive contributions to enriching agricultural landscapes and maintaining biodiversity [17]. However, some scholars argue that developing ecological agriculture may also mean higher input costs, lower output efficiency and potentially higher prices for agricultural products [33,34,35]. The need for agricultural specialty talents is also a challenge for ecological agriculture [36]. In any case, according to the above studies, Agroecology in modern society is a multifunctional complex integrating production, living and ecology as a comprehensive system composed of nature and human beings [37]. However, few studies have concretely offered solutions for evaluating the development potential of Agroecology in different countries. No consistent criteria have been defined to regulate the development of Agroecology, which, on the contrary, hinders the development of Agroecology and food security.



Corresponding to ’Agroecology’ in the West, China began its exploration in modern ecological agriculture in the 1980s, with the term ’China Ecological Agriculture’ (CEA) appearing. In the process of rapid modernization, China’s agricultural land area is generally decreasing [38], and the service value of agro-ecosystems is also declining [39]. In order to solve these problems, the Chinese government began to carry out ecological agriculture pilot work in nationwide areas. Over time, the level and scope of pilot areas have been continuously enriched, and significant social, economic and ecological benefits have been achieved [40]. The ecological farm is the basic unit of China’s ecological agriculture construction following the principles of ’Integration, Coordination, Circulation, Regeneration, and Diversity’, which play a leading and exemplary role in green agricultural development. The development of ecological agriculture is an indispensable way to promote the green transformation and development of agriculture, while the construction of ecological farms is providing a stronger carrier for this program. As of 2022, China’s gross agricultural product is CNY 5194.2 billion, and more than 1 billion mu of high-standard farmland has been constructed. The number of registered family farms and farmers’ cooperatives reached 3.9 million and 2.22 million, respectively, which are potential actors in developing of organic agriculture. In addition, the total number of green food and organic agricultural units nationwide is 27,246 as 102 organic agricultural bases are constructed [41,42].



Currently, there are obvious differences and diversity of China’s ecological farms in different regions, and discussions on China’s ecological agriculture begin. On the one hand, existing studies have explored the ecological issues faced in the process of China’s agricultural development, such as carbon footprint and the risk of pesticide application [34]. On the other hand, researches have discussed more about China’s specific ecological agriculture practices and processes, most of which focus on specific provincial cases [43,44,45]. On a national scale, some researchers apply panel data of China to measure the role of agricultural green production technologies such as water-saving irrigation in reducing carbon emissions [46]. Some scholars, based on Chinese Internet agricultural news, use text analysis methods to explore the differences in ecological agriculture development pattern, but there are large deviations in their data sources [47]. To sum up, the existing research helps us better understand the characteristics of China’s ecological farms in the context of digital transformation in rural areas. Nevertheless, they mostly discuss the specific cases of ecological agriculture practice at the provincial level, lacking a macroscopic discussion on the spatial distribution pattern at a national scale. At the same time, as an important carrier of ecological agriculture, the construction of ecological farms will be affected by many factors from the selection of pilot sites and construction practice to evaluation and acceptance, which determine the spatial distribution of ecological farms. Due to the large differences in economic and social development between different regions, coupled with the long construction period of ecological farms, large capital investment and slow return on investment, there are great differences in the spatial distribution of ecological farms in China. How to explain this distribution difference is an urgent problem to be discussed. However, the research on ecological farms is mainly based on qualitative analysis. There is a lack of discussion on the spatial pattern, influential factors and formation mechanism of ecological farms in specific countries or regions, which is not conducive to the formation of holistic cognition and deepening understanding from spatial distribution to internal logic. In addition, due to the large differences in the standards and definitions of ecological agriculture in various regions, and the fact that the accuracy of the diversified data sources cannot be guaranteed, the existing research still has shortcomings in the generalizability of the research results.



Therefore, this study selects the directories of national-level ecological farms released by the MARA. First, spatial analysis methods such as the nearest neighbor index, the imbalance index and kernel density are used to explore the spatial distribution pattern and evolution characteristics of ecological farms in China. At the same time, based on Geodetector, this study analyzes the influential factors of the construction and distribution of ecological farms in China from five aspects: environmental conditions, industrial foundation, economic and social development level, science and technology level and financial support. This study not only fills in the gaps in the current research on the spatial distribution of ecological farms in China but also clarifies the influencing mechanism of the spatial distribution of ecological farms, leading to a better understanding of the development pattern of ecological agriculture. Then, we put forward feasible suggestions for optimizing the spatial distribution of ecological farms and balancing the development of ecological agriculture in China. Furthermore, we present a viable approach for countries that are facing population, ecology and food security issues to develop ecological agriculture.




2. Materials and Methods


2.1. Data Sources


This study selects the first batch and the second batch of national-level ecological farm directories released by the MARA in 2021 and 2022 for spatial analysis, covering 31 provinces and cities in China (data from Hong Kong, Macao and Taiwan are temporarily absent), a total of 432, of which the first batch consisted of 132 directories and the second batch 300. These ecological farms are awarded a national-level title in strict compliance with the ‘Technical Specification for the Assessment of Ecological Farm’ (NY/T 3667-2020) released by the MARA in 2020, which sets out detailed and strict regulations on land conditions, location selection, surrounding environment, planting and breeding patterns, packaging of agricultural products and farm management. In particular, the technical specification details green development indicators such as livestock and poultry density, pesticide and fertilizer application, water-saving ratio, organic waste recycling, feed composition and other aspects.



Since ecological farms in China are represented as point elements on the provincial scale, we obtain the coordinate data of each ecological farm through the AutoNavi map open platform, then convert and verify them in order to build a spatial attribute database. In particular, the datasets of 2021 and 2022 are constructed using the same methodological basis, and there are no identical data. All maps in this article are based on the standard map No. GS (2020) No. 4619 from the standard map service website of the China Ministry of Natural Resources, whose base map has not been modified.



The construction, operation and acceptance of ecological farms in China require a certain period of time, and the evaluation of agricultural technology also requires a certain development period [48]. Therefore, taking account of the availability and timeliness of data, the cross-sectional data in 2020 are selected to construct the indicator system in the link of Geodetector. The data of each indicator come from the China Statistical Yearbook, China Rural Statistical Yearbook and China Science and Technology Statistical Yearbook.




2.2. Research Methods


2.2.1. The Nearest Neighbor Analysis


The nearest neighbor index   R   is the ratio of the actual nearest distance to the theoretical nearest distance of a point element in geographic space, which is used to indicate the spatial distribution type (random, uniform or clustered) of point elements. In this study, the nearest neighbor analysis is used to figure out the overall distribution of ecological farms in China. The formula for the index is


  R =       r   i    ¯        r   j    ¯    =   2     r   i    ¯       n   A       



(1)




where       r   i    ¯    denotes the actual nearest distance,       r   j    ¯    denotes the theoretical nearest distance,   n   denotes the total number of ecological farms and   A   denotes the research area. When   R   = 1, it indicates that ecological farms are randomly scattered throughout the space;   R   > 1 indicates that ecological farms tend to be uniformly spatially dispersed; and   R   < 1 indicates ecological farms tend to be spatially clustered [49].




2.2.2. The Imbalance Index Analysis


The imbalance index   S   can analyze the distribution balance of ecological farms in various provinces. This study applies the Lorenz curve to figure out the imbalance index S of ecological farms. The formula for the index is


  S =     ∑  i = 1   n      Y   i   − 50   n + 1       100 n − 50   n + 1      



(2)




where   n   denotes the total number of provinces researched and     Y   i     denotes the cumulative percentage of ecological farms in the ith province. When   S   = 0, it shows that ecological farms are evenly distributed in each province, and   S   = 1 shows that the ecological farms are concentrated in a certain province. When   S   is between 0 and 1, a larger value of S indicates a more uneven distribution of ecological farms [50].




2.2.3. Kernel Density Analysis


Kernel density analysis is a nonparametric estimation method that analyzes characteristics of spatial distribution based on the spatial properties of data. This study uses the kernel density formula to analyze the spatial distribution characteristics of ecological farms in China. The higher the kernel density, the denser the ecological farm, and vice versa. The formula is


  F ( x ) =   1   n   h   2   π      ∑  i = 1   n     K     1 − (     ( x −   x   i   )   2   +   ( y −   y   i   )   2       h   2     )     2      



(3)




where   h   denotes the search radius,     ( x −   x   i   )   2   +   ( y −   y   i   )   2     denotes the distance from the estimated point   X   to the ith point and n is the total number of ecological farms [51].




2.2.4. Standard Deviation Ellipse Analysis


The standard deviation ellipse (SDE) analysis can reveal the directionality, extension, centrality and spatial form of the spatial distribution of the elements studied. This study applies SDE to analyze the distribution scope, direction changes and gravity center transfer. The formulas are as follows:


    S D E   x   =      ∑  i = 1   n          x   i   −   x  ¯      2       n    ,   S D E   y   =      ∑  i = 1   n          y   i   −   y  ¯      2       n     



(4)




where     S D E   x     and     S D E   y     are the axis lengths in the   x   and   y   directions of the standard deviation ellipse. (    x   i      ,    y   i    ) are the coordinates of every ecological farm. (    x  ¯   ,    y    ¯   ) is the average center of ecological farms’ distribution;   n   is the total number of them. The long axis is the direction with the most spatial distribution, while the short one is the direction with the least spatial distribution [52].




2.2.5. GeoDetector Analysis


GeoDetector is a type of statistical method which mainly compares the total variance of various impact factors in different regions with the total variance in the total region to detect whether their spatial changes are consistent. The formula is


    q   D H   = 1 −   1   n   σ   H   2       ∑  i = 1   m      n   D i     σ     H   D i     2      



(5)




where   D   is the factor selected;   H   is the dependent variable;     q   D H     denotes the explanatory power of the factor D to the dependent variable H;   n   and     σ     H   D     2     denote the total number of ecological farms and the total variance; m is the classification number of type i factors; and     n   D i     and     σ     H   D i     2     denote the number and variance of ecological farms for type i factors. According to the principle of Geodetector, the     q   D H     ranges from 0 to 1. And the larger the   q   value, the stronger the explanatory power of the differentiation factor   D   for the dependent variable   H   [53].






3. Results


3.1. The Overall Spatial Distribution Pattern and Evolution Characteristics of Ecological Farms in China


3.1.1. Spatial Agglomeration Analysis


As shown in Figure 1, the vast majority of ecological farms in China are distributed in the southeast side of the Heihe–Tengchong Line, which is a basic dividing line of the physical geography and human geography in China. The distribution of ecological farms on both sides of the line has significant differences and shows a strong agglomeration. The results of the nearest neighbor index analysis in Table 1 show that the actual nearest distance of ecological farms in both 2021 and 2022 is smaller than the theoretical nearest distance. The overall   R  -value is less than 1 (0.477), which passes the significance test, indicating that ecological farms in China are spatially agglomerating.



The reduction of the   R  -value from 0.593 to 0.520 shows that the degree of agglomeration is strengthening, although the scope of ecological farms in China is expanding with more provinces covered. The quantity of ecological farms in different provinces shows significant spatial differentiation. This also tells us that ecological farms have great potential for development, and the ecological farms constructed can drive the synergetic construction of others in the same region.



At the same time, the imbalance index   S   of ecological farms of the provinces from the first batch (0.699) to the second batch (0.371) shows a decreasing trend, but the overall imbalance index was 0.448. It indicates that even though the distribution scope of ecological farms has expanded over time, the overall distribution is still imbalanced. Thus, the unbalanced state of ecological farms is still relatively serious. It is of necessity to further balance the construction quantity of every province. Specifically, the number of ecological farms in Jiangsu Province currently ranks first in the country, with 50, followed by Zhejiang, Anhui, Shanghai, Hubei and Shandong provinces, each with more than 20 ecological farms. However, a total of 12 provinces have a small number of ecological farms, each of which is less than 10 (Figure 2). Moreover, the two provinces of Tibet and Qinghai have no national-level ecological farms yet. Compared with the pattern of uniform distribution, the Lorenz curve of ecological farms in various provinces shows a clear upward form. The total number of ecological farms owned by the seven provinces with the largest number of ecological farms accounts for more than 50% of the total number of ecological farms in the country. Central China has a high concentration.




3.1.2. Spatial Density Analysis


The results of kernel density analysis (Figure 3) show that in recent years, the two batches of ecological farms have shown a spatial distribution pattern of ’high in the east and low in the west with a concentrated core’, manifesting as a circle structure with the Yangtze River Delta as the core and radiating outward. The area with high nuclear density continues to spread. The first batch of ecological farms formed a high-value area in East China with Yangtze River Delta as the core, which mainly concentrated in the four provinces of Jiangsu, Zhejiang, Anhui and Shanghai. And there are scattered lower-value areas in Central China, North China, South China and Southwest China. Compared with the first batch, the distribution range of the second batch of ecological farms has spread significantly, spreading almost all around the country. At the same time, sub-high-value areas appeared in Hubei Province, Fujian Province and Beijing. The area with high nuclear density expanded to North China and Central China. On the whole, since there are 300 ecological farms in the second batch which account for a relatively high proportion of the total ecological farms, their distribution kernel density also determines the overall spatial kernel density of the current ecological farms to a certain extent.




3.1.3. Spatial Density Analysis


According to the construction sequence of ecological farms in China, its overall scope has gradually expanded. The area of the SDE of ecological farms is obviously enlarged, and both the major axis and the minor axis of the SDE show an increasing trend, with growth rates of 45.82% and 53.79%, respectively. The center of the SDE has moved by 267.118 km (Table 2, Figure 4). These indicate that the agglomeration core area of ecological farms continues to expand, and the distribution center gradually transitions from Huainan City, Anhui Province (East China), to Zhumadian City, Henan Province (Central China), while the current overall distribution center is located in Xinyang City, Henan Province (Central China). The azimuth angle of the SDE of ecological farms has changed from 50.46° to 87.18°, which means that the number of ecological farms in each province, especially the provinces in the east–west direction, has increased more evenly, mainly resulting from the construction of the second batch of ecological farms. Specifically, the number of the second batch of ecological farms in eight provinces and cities including Zhejiang, Hubei, Jiangsu, Shandong, Hunan, Fujian, Shanghai and Anhui exceeded 15, showing a contiguous distribution in the east–west direction.





3.2. Analysis of Influential Factors Based on Geodetectors


3.2.1. Construction of the Influential Factor Indicator System


Referring to the existing research results and combined with the actual construction of ecological farms in China, this study mainly explores the influential factors of their spatial distribution from five aspects (Table 3): environmental conditions (A), industrial foundation (B), economic and social development level (C), science and technology level (D) and financial support (E). In terms of environmental conditions, compared with the conventional decentralized agricultural production, the construction of ecological farms requires contiguous land. According to the ‘Technical Specification for the Assessment of Ecological Farm’ issued by the MARA, an area greater than 2 hm2 is one of the basic conditions for application of an ecological farm. So, the farmland density (A1) of the region can be a factor to measure the environmental conditions, which is the ratio of sown area to administrative area of each province. At the same time, the water resource endowment is another significant factor to agricultural development, which is measured by the amount of water resources per unit administrative area (A2). The road network density (A3) reflects the traffic basis of ecological farm construction. Industrial foundation (B) is also an important factor in the construction of ecological farms. The number of agricultural legal entities (B1) indicates the scale of agriculture in the region. At the same time, due to the strict and scientific construction standards of ecological farms, leading enterprises with great scale and strength are the key players in the construction and operation of ecological farms. Therefore, the number of leading agricultural enterprises (B2) is also one of the important influential factors, and the degree of agricultural modernization (B3) is the technical basis for the construction of ecological farms, expressed by the total power of agricultural machinery per unit area [54]. Per capita GNP (C1) and the size of the resident population (C2), which are important indicators to measure the regional economic and social development level (C), can reflect the market demand of ecological farms and the social investment in the construction of ecological farms [44]. In terms of science and technology level (D), agricultural technological innovation is an important drive for the construction of ecological farms, and there is a demand for R&D expenditure on the application of science and technology. Therefore, R&D expenditure (D1) could reflect the intensity of scientific and technological activities that contribute to ecological agriculture from every sector. Meanwhile, the Internet access rate (D2) reflects the digital development level of a region to a certain extent [48,55]. As for financial support (E), financial support is another important drive for the construction of ecological farms, measured by total fiscal expenditure (E1) and agriculture-related expenditure intensity (E2) [56]. As the convergence of the primary sector with the secondary and tertiary sectors is a distinctive feature of ecological farms, and as infrastructure construction is also an indispensable condition, we are concerned with the overall fiscal expenditure of the government.



Based on the selected factors, this study adopts the Jenks Natural Breaks Classification to discretize the data of each factor, which are divided into five levels. Following the classification results, we adjust the classification of a few critical data of B2, C1, D1 and D2 in order to get a better discretization result. Finally, the schematic diagram of the discretization result of different influential factors is drawn as follows (Figure 5). According to the number N of ecological farms in every province from left to right, it can be seen that there is a certain gradient differentiation among the influential factors in different provinces, which shows a trend from small to large as a whole.




3.2.2. Factor Detection Analysis


The analysis results of Geodetector (Table 4) show that the values of the selected twelve factors are all greater than 0 and are positive factors, of which nine are significant at the 0.05 level and one is significant at the 0.1 level. The   q   value represents the explanatory power of each influential factor. The   q   value of all factors is higher than 0.2, among which the   q   value of nine factors exceeds 0.4, up to 0.556, showing that all factors have strong explanatory power. The factors are sorted according to the   q   value from high to low, which are A1 (0.556) > B1 (0.496) > C1 (0.485) > D1 (0.462) > C2 (0.447) > E1 (0.447) > A2 (0.438) > B2 (0.435) > A3 (0.410) > B3 (0.392) > D2 (0.355) > E2 (0.226).



In factor interaction detection, the types of enhancement between factors include bifactor enhancement and nonlinear enhancement. Bifactor enhancement means   q  (X1∩X2) > Max(  q  (X1),    q  (X2)), while nonlinear enhancement means   q  (X1∩X2) >   q  (X1) +   q  (X2). The result of factor interaction detection (Figure 6) shows that the combined explanatory power of any two factors after interaction is stronger than that of a single factor, whose enhancement types are mostly bifactor enhancement. Among the 66 bifactor combinations formed by 12 factors, the   q   values of the three factor combinations of ‘D1∩B1’, ‘B1∩A1’ and ‘E1∩D1’ all exceed 0.9, which has high explanatory power. The number of factor combinations with a   q   value exceeding 0.8 reaches 20 (Table 5). Among these factor combinations, the science and technology level (D) appears most frequently. The number of factor combinations containing the D1 factor is eight, while the number of factor combinations containing the D2 factor is six, so these two factors have a greater strengthening effect on other factors. This shows that the science and technology level of the region can eliminate the constraints of environmental conditions, industrial foundation and other factors on the development and construction of ecological farms.






4. Discussion


4.1. Influence Mechanism of Construction and Distribution Ecological Farms in China


4.1.1. Environmental Conditions as a Fundamental Factor


Environmental conditions provide the natural basis for the construction of ecological farms in China, and the concentration of agricultural natural production resources is an important condition for the high-quality development of agriculture. China has a vast territory where the natural conditions of different regions vary greatly [57,58]. So, farmland density and water resource endowment are the two basic reasons for the uneven distribution of ecological farms. The higher the farmland density in the region and the greater the water resource endowment, the greater the number of ecological farms will be constructed. Compared with conventional scattered agricultural production units, ecological farms are generally larger in size, meaning that their construction requires more land. Most of the provinces in East China, Central China and North China are located in the plains with flat terrain and good terrain conditions. There is more farmland per unit area, so their farmland density ranks among the top in China. Provinces such as Jiangsu, Shandong, Anhui and Hubei have a large number of ecological farms, all of which are more than 20. These provinces are located in the monsoon region with abundant average annual precipitation and a dense river network, which provides sufficient water resources for ecological farms. And the improvement of farmland water conservancy facilities of these provinces further guarantees the supply of agricultural water. In contrast, due to the large number of mountains and plateaus, there is less available farmland in the northwest and southwestern regions of China where the number of ecological farms is generally low. There are currently no farms in Qinghai and Tibet that meet the construction standards. Although the water and heat conditions are sufficient in South China, the number of ecological farms is relatively small as a result of the numerous mountains and hills and low-density farmland. In addition, road network density is another basic condition for the construction of ecological farms [59]. As the most crucial rural infrastructure, the accessibility of rural roads is a basic condition for rural production and living activities. Compared with conventional agriculture, the extension of the industrial chain from production to sales is a perceptible transformation of ecological farms. Well-developed road construction is conducive to market connection and industrial chain integration [60]. The road network density in eastern China is significantly higher than that in western China, which also promotes the construction of ecological farms. However, some rural areas in China are still faced with underdeveloped transportation, and the accessibility of farmland for agricultural machinery is low, which also hinders the modernization of agriculture.




4.1.2. Economic and Social Development Level and Financial Support as Decisive Factors


The government’s policy and funding support is a decisive factor in the construction of ecological farms. It is specifically reflected in the normative documents issued by the government that determine the quota allocation for the evaluation of ecological farms in various provinces. In recent years, the MARA has initiated a number of construction standards and technical specifications, guiding agricultural entities to practice the concept of green development. The construction of ecological farms needs to go through working procedures such as government recommendation, material submission, review and release. In 2021, the MARA carried out the evaluation of ecological farms with the Yangtze River Delta as the focus on the basis of comprehensive consideration of the environmental conditions and economic and social conditions of each province. So, the pilot work also directly determines the distribution of ecological farms. Therefore, there are 80 ecological farms in Jiangsu, Anhui, Zhejiang and Shanghai among the first batch of ecological farms, accounting for more than 60% of the country’s total. The second batch of ecological farms in 2022 expanded the scope of the pilot project, so that the number of provinces with ecological farms passing the acceptance increases from the 21 to 29. In eastern China, the per capita GDP is relatively high, and the population is dense, leading to high demand for ecological farms and promoting the circulation of factors between ecological farms and the outside world. The government’s policy and financial support are also important forces for the reclamation of abandoned farmland. The rapid advancement of urbanization in China has brought about the transfer of rural labor force, triggering a contradiction between the input cost of rural agriculture and the scale of development. Thus, the abandonment of a large amount of farmland restricts the scale of agriculture transformation and development [61]. Against the background of China’s territorial planning, strictly adhering to the boundary line of prime farmland protection is a strategic need to ensure national food security. Various policies have been introduced and large funds have been invested to promote the reclamation of abandoned farmland and reduce farmland fragmentation. The increase in expenditure on agriculture, forestry and water affairs is conducive to the improvement of infrastructure such as farmland water conservancy and protection, thereby improving the suitability for agricultural production, which provides a suitable environmental foundation for the construction of ecological farms. In addition, the policy adapting measures to local conditions has further expanded the reclamation of abandoned farmland by increasing financial subsidies to agricultural enterprises and farmers. It is also conducive to the expansion of China’s current overall farm area and provides reserve land resources for the construction of ecological farms. Meanwhile, the government’s financial support also promotes the development of agricultural science and technology, providing strong support for the construction of ecological farms [62]. Under the MARA’s policy guidance, provincial and municipal governments in China provide funding and subsidies to support the construction of ecological farms, with follow-up supervision and eligibility verification. In contrast to conventional agriculture, these funds and subsidies are mainly applied to the purchase of agricultural machinery, compensation for ecological production and tax relief for farms.




4.1.3. Industrial Foundation and Science and Technology Level as Key Factors


Industrial foundation and science and technology level are the key factors in the construction of ecological farms in China. Agricultural enterprises are the basic subjects of agricultural production, among which the leading enterprises are the key subjects of applying agricultural technology to the construction of ecological farms. According to the result of Geodetector, the science and technology level is a vital driving factor for the construction of ecological farms for it can significantly enhance the explanatory power of other factors after interaction. The level of R&D expenditure in economically developed areas is also relatively high, which drives the improvement of local scientific and technological innovation capabilities. And it promotes agricultural development through the transformation, output and application of agricultural technological achievements and further transforms scientific and technological benefits into ecological benefits [63]. Existing studies have shown that there is an agglomeration effect on agricultural R&D investment and agricultural GDP, and it has a certain spillover effect which enables enterprises to conduct technical learning and exchanges based on similar locations and environment [64]. This is mainly reflected in the construction of ecological farms. The cooperation and interaction between agricultural enterprises and scientific research institutions promotes the intelligentization of agricultural production and management, which is one of the most important construction standards of ecological farms. And the technologic exchange between different agricultural enterprises has also improved the scope of agricultural technology application. In addition, with the help of the increasing Internet access rate, the technology acceptance of surrounding farmers has also been improved accordingly after receiving information and training [65]. This also means that the technological practice of the ecological farm does not limit to the interior but expands to the entire surrounding production area. Taking East China and Central China as examples, the agriculture in these two regions has a relatively solid industrial foundation where there are a large number of national-level leading enterprises whose R&D activities are relatively active. A case in point is Shanghai. Although it is not a large agricultural province where the area and density of farmland are very limited, Shanghai’s high R&D investment equips it with more active scientific and technological innovation capabilities than other provinces. The ecological farms in Shanghai introduce multiplex modern agricultural technologies to promote agricultural transformation and upgrading, which makes the number of ecological farms rank among the top provinces in China. The application of agricultural science and technology brings great economic, social and ecological benefits.



Above all, the mutual influence of five dimensions of environmental conditions, industrial foundation, economic and social development level, science and technology level and financial support can be represented by Figure 7, which explains the mechanism that affects the spatial distribution of ecological farms in China.





4.2. Development and Research Prospects of Ecological Farms


Whether from the development background or specific practice, the principles and specific practices followed by ecological farms in the West are similar to those in China, that is, pay attention to the social and economic effects brought by ecological farms, and strive to explore the development model of ecological agriculture that adapts to its own reality [66,67,68,69]. However, in the context of China, the construction of ecological farms is largely influenced by land system, national strategy and local government. Especially in the context of rural revitalization and common prosperity, the practice of ecological agriculture provides an emerging power for promoting the modernization and in-depth transformation of agriculture [70]. Therefore, this study attempts to reveal the spatial distribution and formation mechanism of ecological farms from three aspects: pattern, influential factors and mechanism, so as to provide a systematic and comprehensive analysis for understanding the formation and development of ecological farms in China. At the same time, it reveals a development mode different from Western ecological farms and strengthens the new trend of ecological farm development under the background of rural digitalization in China. We found that the spatial distribution pattern of China’s ecological farms in this study is highly consistent with the pattern of agricultural green production efficiency [71]. And it provides possible evidence that ecological agriculture has the potential to promote green production [72]. Based on existing research, we are able to attain a clearer understanding of the irreplaceable role of ecological farms in scientific and technological innovation activities as a part of the private agriculture sector [73]. Moreover, this study focuses on the requisite role of science and technology level in the construction of ecological farms based on Geodetector. It also corresponds with the view of existing research which regards digital transformation and innovation as the core driving force of green agriculture development [74,75]. Thus, China’s ecological agriculture has the potential for sustainable development. In recent years, it has gradually played a leading role in the international community and received extensive attention and high evaluation. The research is expected to provide reference for the development of ecological agriculture in other countries around the world, especially in developing countries for which developing ecological agriculture is an effective measure to address population, food and pollution issues.



This study conducts some analysis on the spatial distribution pattern of ecological farms at a national scale. Honestly speaking, there are still some deficiencies in this study. On one hand, since the construction of ecological farms is a continuous work, the development level of ecological farms varies among every province in China, which it is difficult to compare in the same study. This study selects national-level ecological farms and has not yet discussed provincial-level ecological farms whose amount is larger. On the other hand, due to the diversity in environmental conditions and industrial foundation in most provinces, the construction of ecological farms within each province and city is also in a significant imbalance. Therefore, the measurement method based on a fixed indicator system needs further improvement. How to evaluate the construction and spatial distribution of ecological farms more accurately in the future is a problem in need of solution. Above all, safeguarding food security is a systemic project that requires multi-dimensional consideration. Ecological farms play an exemplary role in both strengthening agricultural infrastructure and improving agricultural technology and equipment. In addition, how to establish a sustainable investment and financing mechanism, improve the compensation pattern for ecological production and enhance the training of agricultural specialty talents are also significant issues in need of more attention in the future to safeguard food security and empower rural revitalization.





5. Conclusions


This study explores the spatial distribution patterns of national-level ecological farms in China by spatial analysis. And the Geodetector method is used to deeply analyze the influential factors with relevant economic and social data. The main conclusions of this study are as follows:




	(1)

	
The imbalance indexes of China’s ecological farm distribution in each province is less than 1, and the second batch has decreased compared with the first batch. The nearest neighbor index is similarly less than 1 but increases with time. This shows that currently the distribution of China’s ecological farms in various provinces is relatively uneven, but the imbalance of ecological farms is weakening with the expansion of the distribution scope, while the agglomeration is increasing. Generally speaking, the distribution of China’s ecological farms presents a spatial pattern of ‘high in the east and low in the west with concentrated cores’. The high-value areas of core density are mainly concentrated in East China and Central China, which continue to expand. As construction progresses, the overall development focus has gradually shifted from East China to Central China, with the number of ecological farms growing in the provinces that lie on the southwest–northeast direction.




	(2)

	
The analysis result of Geodetector shows that the   q   value of every factor included in the five dimensions of environmental conditions, industrial foundation, economic society, technological level and financial support is more than 0.2, most of which are concentrated above 0.4, meaning that the selected factors have a significant impact on the spatial distribution of ecological farms. When sorting the results of factor detection, the water resource endowment, the number of agricultural legal entities, per capita GDP, R&D expenditure and resident population are the top five influential factors of the distribution of ecological farms. The result of interaction detection shows that R&D expenditure and Internet access rate under the technological level dimension have a significant enhancement effect after interacting with other factors.




	(3)

	
As a basic factor, environmental conditions determine the construction foundation of ecological farms. The economic and social development level and financial support are the decisive factors for the construction of ecological farms. The level of economic development affects the number of ecological farms built, while financial support in conjunction with policy from government plays a decisive role in the process of piloting, evaluation and acceptance of ecological farms. The industrial foundation and scientific and technological conditions are the key factors. The technological conditions are based on the original industrial foundation to promote the upgrading of agricultural science and technology. To a certain extent, they can offset the limitations of environmental conditions and enhance the impact of financial support. It has greatly promoted the modernization of ecological farms.
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Figure 1. Overall spatial distribution of ecological farms in China. (Data from Hong Kong, Macao and Taiwan are temporarily absent.) 
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Figure 2. Quantities and Lorentz curve of ecological farms in each province of China. (Data from Hong Kong, Macao and Taiwan are temporarily absent.) 
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Figure 3. Kernel density estimation programs of ecological farms in China. (Data from Hong Kong, Macao and Taiwan are temporarily absent.) 
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Figure 4. Analysis results of standard deviation ellipse of ecological farms in China. (Data from Hong Kong, Macao and Taiwan are temporarily absent.) 
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Figure 5. Discretization results of every influential factor in different provinces. (Data from Hong Kong, Macao and Taiwan are temporarily absent.) 
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Figure 6. Interaction detection results of factor combination. (The detection results with an underline indicate nonlinear enhancement, while the other detection results are bifactor enhancement. *, ** represent significance at 10%, 5%, respectively). 
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Figure 7. Influencing mechanism of the construction and spatial distribution of ecological farms in China. 
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Table 1. Analysis results of nearest neighbor index.






Table 1. Analysis results of nearest neighbor index.





	Year
	Theoretical Nearest Distance/km
	Actual Nearest Distance/km
	Z
	R





	2021
	106.652
	62.210
	−8.953
	0.593 ***



	2022
	103.437
	53.750
	−15.917
	0.520 ***



	Total
	87.099
	41.541
	−20.798
	0.477 ***







Notes: *** represent significance at 1%.
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Table 2. Parameter of standard deviation ellipse of ecological farms in China.
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	Batch
	Area/10,000 km2
	SDEx

(°E)
	SDEy

(°N)
	XStdDist

/100 km
	YStdDist

/100 km
	Azimuth

Angle (°)





	First
	129.325
	116.933
	32.029
	8.570
	12.442
	50.461



	Second
	290.022
	114.145
	32.473
	13.179
	18.144
	87.179



	Total
	248.114
	114.997
	32.337
	12.308
	16.621
	82.495
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Table 3. Influential dimensions and factors of the construction of ecological farms in China.






Table 3. Influential dimensions and factors of the construction of ecological farms in China.





	
Dimensions

	
Factors

	
Definitions

	
Unit






	
Environmental

conditions

(A)

	
Farmland density(A1)

	
The ratio of farmland area to

administrative area

	
%




	
Water resource

endowment (A2)

	
Water resources per unit administrative area

	
t/km




	
Road network

density (A3)

	
Road length per unit administrative area

	
km




	
Industrial

foundation

(B)

	
The number of agricultural legal entities (B1)

	
Total number of legal entities in agriculture,

forestry, animal husbandry and fishery

	
Number




	
The number of

leading agricultural

enterprises (B2)

	
Number of national-level key

leading enterprises in agricultural

industrialization by province

	
Number




	
The degree of agricultural modernization (B3)

	
Total power of agricultural machinery

per unit administrative area

	
kW/km2




	
Economic and social development level (C)

	
Per capita GNP (C1)

	
Per capita gross national product

by province for the year

	
10 thousand CNY




	
The size of the resident population (C2)

	
The size of the resident population

at the end of the year

	
Number




	
Science and

technology

level (D)

	
R&D expenditure (D1)

	
R&D expenditure by province for the year

	
10 thousand CNY




	
Internet access rate (D2)

	
Number of Internet access ports

per unit administrative area

	
Number/km2




	
Financial

Support (E)

	
Total fiscal

expenditure (E1)

	
Total financial expenditure

by province for the year

	
Billion CNY




	
Agricultural expenditure intensity (E2)

	
Expenditure on agricultural, forestry and water affairs per unit administrative area

	
Billion CNY
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Table 4. Single-factor detection results.






Table 4. Single-factor detection results.





	Factors
	q Value
	Rank





	Farmland density (A1)
	0.556 **
	1



	Water resource endowment (A2)
	0.438 **
	7



	Road network density (A3)
	0.410 **
	9



	The number of agricultural legal entities (B1)
	0.496 **
	2



	The number of leading agricultural enterprises (B2)
	0.435
	8



	The degree of agricultural modernization (B3)
	0.392 *
	10



	Per capita GNP (C1)
	0.485 **
	3



	The size of the resident population (C2)
	0.447 **
	5



	R&D expenditure (D1)
	0.462 *
	4



	Internet access rate (D2)
	0.355 *
	11



	Total fiscal expenditure (E1)
	0.447 **
	6



	Agricultural expenditure intensity (E2)
	0.226
	12







Notes: *, ** represent significance at 10%, 5%, respectively.
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Table 5. The top 20 factor combinations with the highest explanatory power after interaction.
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	Factor Combination
	q Value
	Factor Combination
	q Value
	Factor Combination
	q Value





	D1∩B1
	0.921
	C3∩B1
	0.856
	D1∩A2
	0.831



	B1∩A1
	0.911
	D1∩B2
	0.854
	E1∩D2
	0.825



	E1∩D1
	0.904
	D2∩B1
	0.845
	D2∩C2
	0.823



	C2∩A1
	0.897
	D1∩C2
	0.842
	E2∩C2
	0.822



	D2∩A2
	0.887
	D1∩C3
	0.841
	E2∩B1
	0.818



	D2∩B3
	0.863
	D1∩B3
	0.834
	E1∩A1
	0.801



	D2∩B2
	0.857
	D1∩A1
	0.832
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