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Permanent basic farmland plays an important role in stabilizing agricultural production and ensuring national food security. Therefore, it is necessary to reasonably delineate and control permanent basic farmland. This article is based on the idea of classifying the quality of cultivated land resources, combined with the rules for the delineation of permanent basic farmland, and from the perspective of the synergy of “suitability-connectivity-stability” of cultivated land, a indicator system is constructed. Application of suitability, connectivity, and stability evaluation methods. Taking Zhangshu City, Jiangxi Province as an example, the status of cultivated land resources is comprehensively evaluated, and permanent basic farmland is optimized and graded for protection. The results show that: (1) the arable land in Zhangshu City is mainly of medium suitability, medium continuity and high stability. (2) Zhangshu City is divided into 43218.80 hm2 of permanent basic farmland, accounting for 79.35% of the total area of cultivated land. (3) Control and partition permanent basic farmland into three categories: core protected areas for permanent basic farmland, quality improvement areas, and key transformation areas. The above results indicate that this evaluation has a supportive role in supporting the spatial optimization and hierarchical management of permanent basic farmland, and is of great significance for the unified management of natural resources.
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1 INTRODUCTION
Farmland is the land resource has become a global and strategic issue affecting economic and social development. The continuous reduction of farmland area has limited the potential for further grain production, which seriously threatens global food security (Chen et al., 2021). China has designated permanent basic farmland to reduce the reduction of arable land area. Permanent basic farmland, as the essence of arable land, plays a crucial role in ensuring national food security and the supply of essential agricultural products (Lambin et al., 2013; Chen et al., 2021; Wu et al., 2022). The scientific and rational delineation of permanent basic farmland is of significant strategic importance in protecting arable land, stabilizing agricultural production, ensuring food and ecological security, and promoting socio-economic development in China (Xia et al., 2016; Wu et al., 2017a; Qianwen et al., 2017; Song et al., 2022). With the advancement of national spatial planning, the delineation of the ecological protection redline, permanent basic farmland, and urban development boundaries has been completed nationwide, resulting in the demarcation of 1.55 billion mu (15 mu = 1ha) of permanent basic farmland. However, during the process of delineating permanent basic farmland, considerations for local economic development have, to some extent, led to issues such as “distant delineation, poor optimization, and dispersed spatial layout” of permanent basic farmland (Liu et al., 2014; Ge et al., 2018). Furthermore, inadequate consideration of the ecological environment and variations in quality within permanent basic farmland have rendered the already delineated areas unable to fully meet the requirements of ecological protection and graded classification control (Peng et al., 2017; Qi et al., 2018; Liu et al., 2020). Consequently, the optimization and classification control of permanent basic farmland have become pressing concerns for researchers.
Currently, research on permanent basic farmland mainly focuses on the delineation system (Bernues et al., 2016; Liu et al., 2020), delineation methods (FAO, 1985; Steiner, 1987; Liu et al., 2010; Xu and Zhang, 2013; Nosrati and Collins, 2019), and layout optimization (Liang et al., 2015; Fan et al., 2020). In terms of the delineation system, scientists have developed various evaluation systems, including “land suitability conditions” (Liu et al., 2015; Vidal Legaz et al., 2017), “natural quality and utilization quality” (Qian et al., 2021), and “land natural quality-utilization quality-environmental quality” (Arrouays et al., 2009; Liu et al., 2010), to conduct suitability assessments and delineations of permanent basic farmland. For example, the evaluation of land resource production potential in the United States focuses on the suitability of cultivated land, with insufficient attention paid to connectivity and stability. The same goes for the United Nations of an international frameworkfor evaluating sustainable land management. Regarding delineation methods, the typical and mainly used methods include fuzzy association rules (Xue et al., 2010), logistic regression models (Wang et al., 2020), soil quality index methods (SQI) and minimum data sets (MDSs) (Fazel et al., 2014; Cheng et al., 2015; Cao and Song, 2022). Vogel et al. (2019) build upon existing approaches and propose a concept to evaluate individual soil functions with respect to the soil’s intrinsic potential in contrast to its actual state (Vogel et al., 2019). Guan et al. (2023) established a national spatial ecological importance evaluation system, systematically describing the morphological characteristics of farmland utilization in different ecological functional areas, and diagnosing the main problems in farmland utilization in different ecological functional areas (Guan et al., 2023). Therefore, scientific farmland evaluation provides a basis and guidance for basic farmland delineation and protection (Cheng et al., 2015). In the field of layout optimization, continuous efforts have been made to optimize permanent basic farmland based on national spatial planning, particularly during the delineation of the “Three Zones and Three Lines” (Zhao et al., 2019; Guo and Han, 2021; Lu and Li, 2022). These studies have significantly enriched the theories, methods, and optimization layouts of permanent basic farmland delineation, contributing substantially to the field. However, there is still a lack of a unified delineation system for permanent basic farmland, the utilization of arable land resource of “suitability-connectivity-stability” in the delineation process has not been explored, and there has been insufficient focus on the classification management of permanent basic farmland. This has, to a certain extent, resulted in the irrational delineation of permanent basic farmland, which hampers effective land resource management.
To address these points, we try to construct an indicator system based on the synergy of suitability, connectivity, and stability, explore the combination of the classification results of arable land resource quality and the delineation of permanent basic farmland, Optimize the method for delineating permanent basic farmland and classify and control permanent basic farmland (Figure 1). Using Zhangshu City in Jiangxi Province, located in the transitional zone between the rolling hills of central Jiangxi and the plains of Poyang Lake, specifically on the southern edge of the Poyang Lake plain, has both the characteristics of plains and mountainous hills, making it a typical southern terrain, and it is main grain producing area, as an example, the delineation approach for permanent basic farmland will be validated. The aim is to provide a scientific basis for the rational delineation, optimization of layout, and classification management of permanent basic farmland.
[image: Figure 1]FIGURE 1 | Roadmap for optimization of permanent basic farmland.
2 MATERIALS AND METHODS
2.1 Research area and data sources
2.1.1 Research area
Zhangshu City is located in the central part of Jiangxi Province (Figure 2), 76 km away from the provincial capital, Nanchang. It is situated between 27°49′07″to 28°09′15″N and 115°06′33″to 115°42′23″E. To the east, it borders Fengcheng; to the south, it adjoins Xingan; to the west, it is adjacent to Xinyu; and to the north, it connects with Gao’an. The city covers an area stretching 5,000 km from east to west and 31 km from north to south. Zhangshu City lies in the transitional zone between the rolling hills of central Jiangxi and the plains of Poyang Lake, specifically on the southern edge of the Poyang Lake plain. The terrain is relatively flat, with rivers crisscrossing the region. The central part features lower elevation, while the two sides are higher, sloping towards the center. The central area consists of alluvial plains formed by river valleys, which are expansive and low-lying, creating a north-south connection. The eastern and western flanks rise higher and slope towards the center. Zhangshu City has a subtropical monsoon climate, characterized by mild temperatures, distinct seasons, a relatively short frost period, and ample sunshine. The total land area of Zhangshu City is 1,27959 ha, and according to the 2021 land use change survey, the arable land area is 54,048.07 ha, accounting for 42.24% of the total land area. The predominant soil types in Zhangshu City include red soil, paddy soil, and sandy loam. Zhangshu City is a typical traditional agricultural production area in the middle and lower reaches of the Yangtze River plain, with rice production as its mainstay. In 2021, the total sown area for grains in Zhangshu City was 83,680 ha, with a total grain production of 521,899.98 tons, making it a major grain-producing region in Jiangxi Province.
[image: Figure 2]FIGURE 2 | Location of the study area and land use.
2.1.2 Data sources
The data used in this study include administrative boundary data for Zhangshu City, soil organic matter content, soil depth, soil texture, soil pollution status, soil pH, slope, biodiversity, permanent basic farmland distribution, road data, and urban built-up area data, among others. The administrative boundary data, road data, and urban built-up area data for Zhangshu City were obtained from the 2021 Land Use Change Survey database. Data related to soil organic matter content, soil depth, soil texture, soil pollution status, soil pH, slope, biodiversity, and more were sourced from the 2020 arable Land Quality Classification database. Average plot area, plot density, plot shape index, and plot aggregation were calculated using plot data from the arable Land Quality Classification. Arable land stability data were generated using buffering analysis in ArcMap, analyzing the distance of plots to towns and roads, followed by classification and calculation. The data on permanent basic farmland distribution were derived from the results of the 2017 demarcation of permanent basic farmland in Zhangshu City (Table 1).
TABLE 1 | Date suorces.
[image: Table 1]2.2 Research methodology
2.2.1 Classification of arable land resource suitability
This paper references the systematic approach of “Arable Land Resource Quality Classification” to evaluate the suitability level of arable land resources. It selects indicators such as slope, soil thickness, soil texture, soil organic matter content, soil pH value, soil heavy metal pollution status, and biodiversity for the classification of arable land resource suitability. The specific indicators and levels are detailed in Table 2.
TABLE 2 | Index system for evaluating the suitability of cultivated land.
[image: Table 2]Based on the categorization in Table 3, an evaluation of arable land suitability was conducted. As shown in Table 3, arable land suitability can be divided into 3,645 combination types. Considering the differences in the nature of suitability level indicators, they are classified into three categories: High Suitability, Moderate Suitability, and Unsuitability. The specific classification criteria are outlined in Table 3.
TABLE 3 | Classification rules for cultivated land suitability.
[image: Table 3]2.2.2 Evaluation for arable land contiguity
Arable land contiguity refers to the degree of spatial connectedness and the presence of contiguous arable land parcels or groups of parcels within the same area with a certain scale (Xue et al., 2010). In this paper, arable land contiguity was comprehensively assessed from four aspects: average parcel size, patch density, patch shape index, and parcel clustering.
(1) Patch density
Patch density refers to the number of arable land patches per unit area. Generally, it is believed that a higher number of field patches within a certain area result in greater patch density, which is less conducive to improving farming efficiency. It can be calculated using the following formula:
[image: image]
Where LA represents the arable land area, and NP represents the number of arable land patches.
(2) Patch shape index
Patch are the fundamental units for irrigation, cultivation, and management. Therefore, the rationality of field design directly affects the effectiveness of irrigation, agricultural machinery use, and production management. It also impacts the effective arable land area. The patch shape index reflects the regularity of field shapes within a certain regional range. Patch shape can be categorized as regular or irregular, and the regularity of patch shapes directly affects the convenience of land use and management. It also determines the efficiency of land utilization. The formula for calculating the field shape index is as follows:
[image: image]
Where Pi represents the perimeter of field patch i, and LAi represents the area of field patch i.
(3) Arable land clustering
Parcel clustering characterizes the spatial clustering degree of arable land patches within a certain regional range. Higher arable land spatial clustering is more conducive to centralized farming and can improve farming efficiency. It can be calculated using the following formula:
[image: image]
Where LAi represents the area of field patch i, Pi represents the perimeter of arable land patch i.
The fragmentation of fields, field shape index, and arable land clustering will be categorized and encoded within the same level to assess arable land contiguity. Specific classification levels and codes can be found in Table 4.
TABLE 4 | Evaluation index system for farmland connectivity.
[image: Table 4]According to the classification in Table 5, an assessment of arable land contiguity was conducted. As shown in Table 5, arable land contiguity can be divided into 27 combination types. Based on the nature of contiguity indicators, they are classified into three categories: High Contiguity, Moderate Contiguity, and Low Contiguity. The specific classification criteria can be found in Table 5.
TABLE 5 | Classification rules for farmland connectivity.
[image: Table 5]2.2.3 Arable land stability assessment
The stability of arable land resources refers to the ability of arable land to maintain its original characteristics over a certain period of time. This stability can be expressed through factors related to both internal stability and external pressures. The main factors causing instability in arable land are primarily socio-economic factors, specifically urban development pressures, and natural ecological factors, mainly including desertification and soil erosion as ecological constraints. Considering the correlation between natural ecological factors and the assessment results of arable land suitability for its impact on arable land stability, this study only considers the stability of arable land under the influence of socio-economic factors, particularly the impact of urbanization and infrastructure development on arable land stability. Specifically, three indicators were selected for detailed analysis, which are the distance from key towns, distance from roads, and distance from general towns. The specific grading of these indicators is shown in Table 6.
TABLE 6 | Evaluation index system for farmland connectivity.
[image: Table 6]Based on the stability levels and following a quality classification approach, stability is categorized into three categories: high stability, medium stability, and low stability. The specific classification criteria can be found in Table 7.
TABLE 7 | Classification rules for cultivated land stability.
[image: Table 7]2.2.4 Classification of permanent basic farmland based on quality classification
Land classification involves merging land classification units based on different purposes and different attribute characteristics, ultimately categorizing land into different classes with distinct attributes (Lin et al., 2016; Zhang et al., 2020). In this study, we drew inspiration from the quality classification approach and constructed an index system for land resources classification based on the aspects of land suitability, contiguity, and stability. We assigned numerical values 1, 2, and 3 to represent different levels for each aspect and then arranged and combined these levels to create a total of 27 classes. The specific classification approach is outlined in Table 8. Land with suitability, contiguity, and stability levels all at or above level 2 is categorized as permanent basic farmland.
TABLE 8 | Permanent basic farmland classification system based on suitability connectivity stability.
[image: Table 8]2.2.5 Delineation of graded protection zones for permanent basic farmland
According to the rules for delineating permanent basic farmland, based on the classification results of “suitability, contiguity, and stability,” 27 different results were divided into zones according to the criteria outlined in Table 9. The core protection zone for permanent basic farmland primarily considers high land suitability, good stability, good contiguity, and fewer limiting factors. It is defined as having at least two of the three categories (suitability, stability, and contiguity) at level 1. There are a total of four combinations meeting these criteria. The quality improvement zone for permanent basic farmland is defined as having at least one category that requires a longer time for improvement. Specifically, the criteria for this zone are that suitability and stability levels are not both at level 2, and the contiguity level is at least level 2. This is because suitability often requires a longer time for improvement, while stability is influenced by urban development and is not easily changed, relying on strict policy control. The key transformation zone for permanent basic farmland is defined by having a contiguity level of at least 2 and a stability level of 2 or above.
TABLE 9 | Classification and protection rules for permanent basic farmland.
[image: Table 9]3 RESEARCH RESULTS
3.1 Evaluation results analysis of arable land suitability, continuity, and stability
As shown in Figure 3A, arable land suitability in Zhangshu City is mainly characterized by high suitability and moderate suitability. High suitability, moderate suitability, and unsuitability account for 17.23%, 82.48%, and 0.29% of the arable land area, respectively. Looking at different townships, the town with the most highly suitable arable land is Wucheng Township, with an area of 2,359.60 ha, followed by Yicheng Township, Zhongzhou Township, Huangtugang Township, Changfu Township, and Linjiang Township, with areas of 2,326.36, 897.14, 819.95, 770.48, and 707.25 ha, respectively. The townships with the least highly suitable arable land are Lujiang Street Office and Fucheng Street Office, both of which do not have highly suitable arable land. Ganxiang Street Office and Yongtai Township have relatively limited highly suitable arable land, with areas of only 0.25 and 2.84 ha, respectively. Townships with a relatively high distribution of moderately suitable arable land include Zhangjiashan Street Office, Linjiang Township, Jinglou Township, Liugongmiao Township, and Wucheng Township, all with areas exceeding 3,000 ha. Unsuitable arable land is mainly distributed in Zhangjiashan Street Office, Dianxia Township, and Geshan Township, with areas of 154.02, 2.13, and 0.04 ha, respectively. Other townships do not have unsuitable arable land. In terms of spatial distribution, highly suitable arable land is mainly concentrated in the southwestern region of Zhangshu City, while moderately suitable arable land is widely distributed throughout the city. Unsuitable arable land is mainly found in areas closer to the county seat, with the primary reason for unsuitability being heavy metal pollution in the arable land, indicated by the red color on the map.
[image: Figure 3]FIGURE 3 | Evaluation results of arable land suitability, continuity, and stability in Zhangshu City.
As shown in Figure 3B, the continuity of arable land in Zhangshu City is primarily characterized by high continuity and moderate continuity, with high continuity, moderate continuity, and low continuity arable land areas accounting for 23.76%, 58.48%, and 17.76%, respectively. When looking at different townships, the town with the most highly continuous arable land is Wucheng Township, with an area of 2,359.60 ha. This is followed by Linjiang Township, Wucheng Township, Jinglou Township, Changfu Township, and Yicheng Township, with areas of 3,025.62, 1,800.03, 1,314.06, 1,256.05, and 1,151.39 ha, respectively. Geshan Township, Ganxiang Street Office, and Guanshang Township do not have highly continuous arable land. Moderately continuous arable land is more widely distributed in townships such as Wucheng Township, Zhangjiashan Street Office, Liugongmiao Township, Yicheng Township, and Guanshang Township, with areas of 3,000.56, 2,880.41, 2,795.76, 2,612.65, and 2,225.58 ha, respectively. The proportion of moderately continuous arable land in other townships is also relatively large. Low continuous arable land is mainly found in Liugongmiao Township, Wucheng Township, and Zhangjiashan Street Office, with areas of 1,065.00, 891.50, and 843.43 ha, respectively. Other townships have relatively fewer areas of low suitability arable land. In terms of spatial distribution, highly continuous arable land is primarily concentrated in the central and southwestern regions of Zhangshu City, with smaller amounts in the eastern and northern regions. Moderately continuous arable land is widely distributed throughout the city, with the highest concentration in the northwest and eastern regions. Low continuous arable land is sporadically distributed throughout the city, mainly in the peripheral areas of each township.
As depicted in Figure 3C, arable land stability in Zhangshu City is primarily characterized by high stability, with high stability arable land accounting for 80.75% of the total arable land area. Moderate stability arable land and low stability arable land have relatively smaller areas, totaling 8,586.83 ha and 1,897.88 ha, respectively. Their respective proportions are 15.76% and 3.48%.When examining the townships individually, the townships with larger areas of high stability arable land are Wucheng Township, Linjiang Township, Yicheng Township, Jinglou Township, and Liugongmiao Township, with areas of 5,678.22, 4,408.33, 4,164.37, 3,850.57, and 3,577.02 ha, respectively. Except for Lujiang Street Office and Fucheng Street Office, all other townships also have substantial areas of high stability arable land. Moderate stability arable land is most prevalent in Diao Street Office, with an area of 1,401.77 ha, followed by Zhangjiashan Street Office, Geshan Township, and Yanghu Township, with areas of 1,378.84, 1,052.00, and 907.42 ha, respectively. Low continuity arable land is mainly distributed in Liugongmiao Township, Wucheng Township, and Zhangjiashan Street Office, with areas of 1,065.00, 891.50, and 843.43 ha, respectively. Low stability arable land has relatively smaller areas and is primarily distributed in Zhangjiashan Street Office, Diao Street Office, Yanghu Township, Geshan Township, Ganxiang Street Office, Lujiang Street Office, Fucheng Street Office, and Guanshang Township. Other townships do not have low stability arable land. In terms of spatial distribution, high stability arable land is widely distributed throughout the entire city, primarily concentrated in the western region of Zhangshu City. Moderate stability arable land is relatively evenly distributed and is mainly found around the township government areas and in the vicinity of county townships. Low stability arable land is mainly located in the northeast part of the arable land, primarily in the outskirts of Zhangshu City.
3.2 Permanent basic farmland division based on quality classification
Based on the evaluation results of arable land suitability, continuity, and stability, the division of permanent basic farmland was carried out following the principles of arable land quality classification. According to the “should be delineated as much as possible” principle for permanent basic farmland, Zhangshu City has allocated a total of 43,218.80 ha of permanent basic farmland, accounting for 79.35% of the total arable land area (Figure 4).
[image: Figure 4]FIGURE 4 | Classification results of permanent basic farmland in Zhangshu city.
Looking at the division results, Wucheng Township has the largest area of permanent basic farmland in Zhangshu City among all the townships, reaching 4,800.61 ha, accounting for 11.11% of the total permanent basic farmland in Zhangshu City. Following that, Linjiang Township, Yicheng Township, Jinglou Township, and Changfu Township have retained 4,289.80, 3,764.10, 3,476.25, and 3,028.73 ha of permanent basic farmland, respectively. The townships with relatively smaller areas of retained permanent basic farmland include Lujiang Street Office, with an area of 10.91 ha, followed by Fucheng Street Office, and Ganxiang Street Office, with areas of 40.76 and 178.23 ha, respectively. The main reason for these townships having smaller areas of retained permanent basic farmland is their proximity to the urban area of Zhangshu City.
3.3 Zoning and control of permanent basic farmland
The designated permanent basic farmland is further classified into three categories: the core protection zone of permanent basic farmland, the quality improvement zone of permanent basic farmland, and the key renovation zone of permanent basic farmland (Figures 5A,B). In terms of spatial distribution, the core protection zone of permanent basic farmland is primarily located in the southwestern part of Zhangshu City. The quality improvement zone of permanent basic farmland is widely distributed throughout the city, while the key renovation zone of permanent basic farmland is mainly found in the northern areas of Zhangshu City, particularly in the suburban regions, with scattered parcels in other areas (Figure 5A).
[image: Figure 5]FIGURE 5 | Classification and control zones of permanent basic farmland in Zhangshu city.
As shown Figure 5B, the area of the core protection zone of permanent basic farmland is 15,481.05 ha, accounting for 35.82% of the total permanent basic farmland, the quality improvement zone of permanent basic farmland covers an area of 21,172.95 ha, representing 48.99%, and the key renovation zone of permanent basic farmland encompasses 6,564.81 ha, accounting for 15.19%. When looking at individual townships, the core protection zone of permanent basic farmland is mainly located in Linjiang Township, Wucheng Township, Yicheng Township, and Changfu Township, with areas of 3,027.90, 2,902.55, 2,195.43, and 1,505.31 ha, respectively. In contrast, townships with smaller arable land areas are not included in the core protection zone of permanent basic farmland. The arable land in Ganxiang Street Office, Lujiang Street Office, and Fucheng Street Office is not within the core protection zone.
The quality improvement zone of permanent basic farmland primarily covers arable land in Liugongmiao Township, Jinglou Township, Wucheng Township, and Guanshang Township. In contrast, Ganxiang Street Office, Lujiang Street Office, and Fucheng Street Office have fewer arable land parcels designated as part of the quality improvement zone of permanent basic farmland.
Within the key renovation zone of permanent basic farmland, Diao Street Office and Zhangjiashan Street Office have relatively larger areas of arable land, with 1,161.96 and 1,106.05 ha, respectively. Other townships also have some arable land designated for key renovation of permanent basic farmland.
4 DISCUSSION
4.1 Comparison with the division results of the original permanent basic farmland
As pointed out in the article, Zhangshu City has allocated a total of 43,218.80 ha of permanent basic farmland, accounting for 79.35% of the total arable land area. In order to better reflect the differences between the permanent basic farmland designated by the method in this article and the originally designated permanent basic farmland, We conducted a comparative analysis between the two. Through spatial overlay, the overlaid results were categorized into three classes: retained permanent basic farmland, added permanent basic farmland, and removed permanent basic farmland.
As shown in the Figure 6, retained permanent basic farmland refers to the overlapping area between the current designated permanent basic farmland and the original designated permanent basic farmland. This area covers 42,466.06 ha, accounting for 98.26% of the total area of permanent basic farmland designated in this study. This portion of arable land constitutes the core of Zhangshu City’s permanent basic farmland and is primarily located in the western and northeastern regions. The soil in this area is relatively thick, with gentle slopes, fertile soil, no heavy metal pollution, high plot continuity, reasonable scale, high agricultural production stability, and minimal impact from urban development. It embodies the concentration of high-quality arable land in Zhangshu City. This indicates that the current designated permanent basic farmland is largely consistent with the original designated permanent basic farmland.
[image: Figure 6]FIGURE 6 | Comparison of permanent basic farmland division in Zhangshu city.
Added permanent basic farmland refers to land designated as permanent basic farmland in this study but not included in the current planning, classified as general arable land. The area of this type of arable land is 1,532.10 ha, accounting for 3.54% of the total permanent basic farmland designated in this study. In this study, after considering arable land suitability, continuity, and stability comprehensively, land parcels around urban areas that met the criteria were designated as permanent basic farmland to achieve the goal of designating as much permanent basic farmland as possible and to enhance permanent basic farmland protection efforts.
Removed permanent basic farmland represents land parcels designated as permanent basic farmland in the current planning but not designated as such in this study. The area of these land parcels is 9,226.40 ha, accounting for 21.35% of the total area of permanent basic farmland designated in this study. These parcels are primarily located in Zhangjiashan Street Office, Diao Street Office, with scattered parcels in other areas. The removal of these land parcels is mainly due to poor suitability, fragmentation, and low stability. By removing them, further optimization of permanent basic farmland is achieved. Through comparison, it can be found that using the method of the article to divide permanent basic farmland can further optimize the spatial pattern of permanent basic farmland, avoiding the problems that arise from the original method of dividing permanent basic farmland in the current planning.
4.2 Protection strategies of permanent basic farmland
Arable land protection has always been the focus of the Chinese government (Wu et al., 2017b; Liu et al., 2017), permanent basic farmland, as the essence of arable land, is urgently needed in China. Delineating and protecting permanent basic farmland is of great significance for improving the quality of arable land and ensuring national food security (Deng et al., 2015). We have further divided the identified permanent basic farmland in article, the area of the core protection zone of permanent basic farmland is 15,481.05 ha, accounting for 35.82% of the total permanent basic farmland, the quality improvement zone of permanent basic farmland covers an area of 21,172.95 ha, representing 48.99%, and the key renovation zone of permanent basic farmland encompasses 6,564.81 ha, accounting for 15.19%.Therefore, targeted measures are proposed for the construction and protection of permanent basic farmland, which could have a positive effect on the protection of permanent basic farmland. First, priority should be given to assigning arable land with high connectivity, stability, and suitability to permanent basic farmland based on research, solving the problem of basic farmland space fragmentation and distant delineation, poor optimization (Chen et al., 2021). At present, some permanent basic farmland of the key renovation zone in Zhangshu City is still located on mountains with poor suitability, connectivity, and stability. We should adjust and optimize it. As is known to all, permanent basic farmland should be regarded as the core protected areas of permanent basic farmland, and we should strengthen protection and prohibit any project construction from occupying them. Second, for the fragmentation and irregularity of farmland, carry out field leveling engineering, level the land, and reasonably arrange the field road network to achieve the improvement of farmland utilization efficiency after rectification. By renovating, this type of farmland will become a high standard basic farmland (Sun et al., 2023). Zhangshu City is implementing a high standard farmland construction plan, which aims to convert all permanent basic farmland into high standard farmland by 2035. By then, the quality of permanent basic farmland will be further improved. Especially, the area of the core protection zone of permanent basic farmland should be converted into high standard farmland first, followed by the quality improvement zone of permanent basic farmland and the key renovation zone of permanent basic farmland. Third, for farmland with certain soil conditions that are still suitable for permanent basic farmland, efforts should be made to renovate it. On the basis of increasing the rectification of the field road network and leveling the fields, organic fertilizer should also be applied to fertilize the soil, improve soil structure, and increase soil fertility.
4.3 Policy implications and prospects of the research
This study, based on the quality classification of arable land resources, combined the classification results with the requirements for designating permanent basic farmland. It conducted a plot-scale evaluation of “suitability-continuity-stability” for arable land resources and optimized permanent basic farmland based on the evaluation results. This theoretical method not only applies the results of arable land resource quality classification to the designation of permanent basic farmland, providing a clear description of arable land resource characteristics while avoiding the influence of subjective factors on permanent basic farmland designation but also categorizes permanent basic farmland into different types. This allows for efficient classification and control of permanent basic farmland and clarifies the limiting factors for different types of permanent basic farmland. This makes it easier to plan engineering measures precisely during the gradual construction of high-standard farmland, supporting the process of turning permanent basic farmland into high-standard farmland. Thus, the approach used in this study, based on arable land resource quality classification, is theoretically and temporally beneficial. It not only applies the results of arable land resource quality classification to the optimization of permanent basic farmland but also applies the study’s results to the process of constructing high-standard farmland, enabling the differential development of high-standard farmland and supporting the unified management of natural resources.
Of courses, this method also has certain limitations. This method may have the problem of high data accuracy and requiring a large amount of data. Therefore, when using this method for analysis, it is necessary to have data on the quality of cultivated land at the plot scale to ensure the reliability of the results.
5 CONCLUSION
This study, based on national requirements for permanent basic farmland, constructed an evaluation system for permanent basic farmland based on “suitability-continuity-stability”. Following the requirements for designating permanent basic farmland, an evaluation system for permanent basic farmland was established, considering suitability, continuity, and stability. In Zhangshu City, arable land is primarily highly and moderately suitable. Regarding arable land continuity, high and moderate continuity are prominent. In terms of arable land stability, high stability predominates. The designated permanent basic farmland is categorized into three types: the core protection zone of permanent basic farmland, the quality improvement zone of permanent basic farmland, and the key renovation zone of permanent basic farmland. These zones cover areas of 15,481.05, 21,172.95, and 6,564.81 ha, respectively.
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