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The study of cultivated land use models is an important means to improve the benefit of cultivated land use and promote the sustainable use of cultivated land. The rational optimization of regional cultivated land use models based on the consideration of regional background conditions and development goals can provide a scientific basis for ensuring the sustainable use of cultivated land. This study constructed a three-dimensional research framework of "natural quality-utilization intensity-spatial layout" of cultivated land utilization pattern. Taking the county as a unit, the natural quality, spatial distribution and utilization intensity of cultivated land in the Qinghai-Tibet Plateau were evaluated, and the types of cultivated land utilization models were determined. Based on the ecological protection and the regulation and control of agriculture and animal husbandry in the Qinghai-Tibet Plateau, the optimization direction of cultivated land use patterns was discussed. The results show that the cultivated land use pattern divided by the “NUS” three-dimensional model can accurately reflect the characteristics of cultivated land use in the Qinghai-Tibet Plateau. The existing cultivated land use pattern in the Qinghai-Tibet Plateau is basically consistent with its ecological protection and development direction zoning, but the problems of unreasonable expansion and excessive use intensity of cultivated land exist in the ecotone between some development areas and restricted areas. Therefore, the utilization and optimization of cultivated land in the Qinghai-Tibet Plateau should be based on the premise of protecting ecological security and striving to solve the contradiction between agricultural development and ecological protection to realize the sustainable utilization of cultivated land.
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1 INTRODUCTION
As the basic element of agricultural production (Zhou et al., 2021), the utilization and change of cultivated land has always been the focus of global attention (Arowolo and Deng, 2018; Chiemela et al., 2018). According to relevant research, the global population will continue to grow in the future. It is estimated that by 2050, the number of people will exceed 9.8 billion (Chouchane et al., 2018), and the food demand will increase by more than 50%, posing a serious challenge to global food production and ecological protection (Schiefer et al., 2016). In September 2015, the United Nations formally adopted the 2030 Agenda for Sustainable Development. The adoption of 17 development goals fully reflects three aspects, namely, economic development, social progress and environmental protection (Perez-Martinez et al., 2023). Sustainability with environmental protection as its goal requires human beings to adjust the relationship between themselves and the natural environment at any time to match the production development with the carrying capacity of resources and environment. (Bryan et al., 2018; Uusitalo et al., 2019; Bas et al., 2021). The corresponding agricultural development should fully consider the balanced relationship between food production and ecological protection. Especially in the context of China’s large population and small land area and the uneven distribution of cultivated land resources, how to correctly and effectively use cultivated land resources should be considered (Ye et al., 2020). Since the reform and opening up, significant changes have taken place in the use of cultivated land in China. The scale of planting has been expanding, and the intensity of utilization has been increasing. Although food production has increased and economic benefits have been brought, problems, such as the decline in cultivated land quality and ecological degradation, caused by the intensive use of cultivated land have become increasingly prominent (Ma et al., 2020; Chen et al., 2021). In the face of the increasingly serious problems of agricultural production and ecological protection in the use of cultivated land, the existing research focuses on how to scientifically select appropriate land use methods for different regions to achieve the goal of sustainable utilization of cultivated land.
The sustainable use of cultivated land requires a reasonable use mode that is suitable for a region’s natural and socioeconomic conditions to meet the local food and ecological protection needs in terms of quantity and quality (Wu et al., 2022). The cultivated land use pattern is a differentiated cultivated land use status proposed from a specific research scale and angle under the premise of comprehensively considering natural, social and economic factors (Liu, 2009; Zhang et al., 2019). At present, there is no clear theoretical definition of the concept of cultivated land use patterns in academic circles. Domestic and foreign scholars mostly focus on crop planting structure (Singh et al., 2011; Zhang et al., 2014; Balan et al., 2015; Mesgari and Jabalameli, 2018), farming methods (Dai et al., 2011; Balan et al., 2015; Jayne et al., 2016; Qiu and Wang, 2018), cultivated land use intensity (Chen et al., 2015; Ye et al., 2020), and the number and structure of cultivated land (Fezzi and Bateman, 2011; Yin et al., 2017; Foski, 2019; Zhang et al., 2020; Zhu and Xu, 2020) to define cultivated land use patterns. At the same time, scholars at home and abroad have used methods, such as farmer surveys (Jayne et al., 2016), Gao et al. (2018), (Mastrangelo et al., 2019), landscape indices (Yin et al., 2017; Foski, 2019), and model construction (Singh et al., 2011; Mesgari and Jabalameli, 2018; Ye et al., 2020) to delineate cultivated land use patterns. The research scale of cultivated land use patterns has gradually advanced from the household scale to the regional scale. However, most of the existing researchers describe cultivated land use patterns from a single perspective, the depiction of cultivated land use patterns is relatively simple, and they are mostly based on a certain index or a certain characteristic, such as per capita cultivated land area, cultivated land scale, structure, and cultivated land use intensity. While cultivated land is a composite system composed of multiple elements and affected by many aspects, the study of cultivated land use patterns is not only the expression of a single dimension or feature in the cultivated land system but also considers the reflections of different components in the system in various combinations. By studying the cultivated land use model and comparing it with the regional production conditions and development goals, the problem of unreasonable use of cultivated land can be solved at the source to achieve the goal of sustainable development.
The distribution of cultivated land resources in China is quite different, and high-quality cultivated land resources are mostly concentrated in the southeast plains and coastal areas (Xu et al., 2017). Therefore, previous research on the use of cultivated land has mainly focused on the main grain-producing areas, and less attention has been given to ecologically fragile areas with less cultivated land, such as the Qinghai-Tibet Plateau (Fan et al., 2020; Miao et al., 2021; Song et al., 2022). However, with the development of the social economy, the population of the Qinghai-Tibet Plateau is increasing (Gao et al., 2021), and foreign tourism is booming (Yang et al., 2021). The use of cultivated land on the Qinghai-Tibet Plateau not only needs to ensure the goal of food production, but also ecological protection, which is an arduous process. The goal is to rationally arrange the agricultural production space on the Qinghai-Tibet Plateau to balance agricultural production and ecological protection with power.
The Qinghai-Tibet Plateau is sparsely populated, bearing the ecological barrier function of China and even the world. Although its arable land area is small, its proportion in the total agricultural output value is equal to that of animal husbandry (Yang et al., 2019). Since 1980, climate warming has provided conditions for cultivated land reclamation. Social and economic development has prompted farmers and herdsmen to intensify the use of cultivated land. The area of cultivated land on the Qinghai-Tibet Plateau has increased from 956 km2 in 1990–2,180 km2 in 2020 (Liu et al., 2021). Under the pressure of long-term cultivated land expansion and intensive use, it is unknown whether the current situation of cultivated land use in the Qinghai-Tibet Plateau meets the local ecological protection requirements. Therefore, this paper constructs a three-dimensional pattern recognition framework of cultivated land use based on “natural quality-utilization intensity-spatial layout” and proposes the optimization direction of cultivated land use in different regions, in combination with the regional development goals of the Qinghai-Tibet Plateau, which provides a reference for the follow-up realization of sustainable use of cultivated land in the Qinghai-Tibet Plateau.
2 STUDY AREA AND DATA GATHERING
2.1 Overview of the study area
The Qinghai-Tibet Plateau is vast and diverse in terrain, with an average elevation of more than 4,000 m. as shown in Figure 1. The main climate type is plateau mountain climate. The average annual temperature of the Qinghai-Tibet Plateau is between −5°C and 15.5°C. The temperature presents a “high low high” distribution pattern from the southeast to the northwest. The average annual temperature difference is 7.37°C. The average annual precipitation is about 415.3 mm. (Chen and Han, 2015). The spatial distribution of precipitation is uneven and gradually decreases from the southeast to the northwest. The precipitation center is located in the Nujiang River basin, Mekong River basin and Yangtze River basin in the southeast. The Qinghai-Tibet Plateau is rich in sunshine, with annual total solar radiation of 140–180 kcal/cm2, the total annual sunshine hours are 2500–3200 h. (Liang et al., 2013).The main land use of the Qinghai-Tibet Plateau is grassland and forest land. Restricted by terrain, temperature, irrigation and other conditions, the agricultural type is mainly valley agriculture, which is distributed in the One-River-Two-Tributaries basin and the Hung River valley area in the northeastern part of Qinghai Province. Compared with other regions, the temperature is higher, the frost-free period is longer, the heat is relatively sufficient, the terrain is flat, the soil is fertile, the water source is sufficient, the sunshine time is long, the water irrigation, the water and heat conditions are better, and it is more suitable for farming.
[image: Figure 1]FIGURE 1 | Overview of the study area.
2.2 Data gathering and processing
The data used in this paper include land use data, DEM data, soil attribute data, annual average temperature, annual precipitation data, county-level administrative division vector data and agricultural and rural statistical yearbook data in the Qinghai-Tibet Plateau. The land use data came from the national remote sensing monitoring spatial distribution data of land use types from the Chinese Academy of Sciences’ Resource and Environmental Science and Data Center and are generated based on manual visual interpretation of Landsat TM images of the United States Landsat, with a resolution of 1 km; the annual average temperature and annual precipitation data are from the spatial interpolation dataset of annual average temperature and annual precipitation since 1980 by the Center for Resources and Environmental Science and Data of the Chinese Academy of Sciences; the county-level administrative division data came from the research results of the second research task of the second comprehensive scientific expedition to the Qinghai-Tibet Plateau; the DEM data came from the data of DEM 30 m by province (SRTM 30 m) in the data center of the Chinese Academy of Sciences; the soil attribute data came from the National Tibetan Plateau/Third Pole Environment Data Center (TPDC); and the agricultural data came from the statistical yearbooks of provinces, cities and counties in the Qinghai-Tibet region.
The DEM data of the provinces and the county-level administrative division data were fused and trimmed to obtain the DEM data of the Qinghai-Tibet Plateau. Some missing soil attribute data were filled by interpolation. The study removed the counties with 0 cultivated land area in 2020 and took the remaining 150 counties as the research object.
3 METHODOLOGY
This section is divided into subheadings. It should provide a concise and precise description of the experimental results, their interpretation, as well as the experimental conclusions that can be drawn.
3.1 Theoretical framework construction based on “NUS"
The cultivated land system is a complex system composed of many elements, which constitute an orderly cultivated land resource structure and maintain the balance of the cultivated land system (Hu et al., 2021). The long-term interaction between human agricultural planting activities and the ecological environment on different scales makes the use of cultivated land show various characteristics. It reflects the natural and economic attributes of the cultivated land use system. Its attributes include the natural quality and spatial form of cultivated land, and its social and economic attribute includes the utilization state of cultivated land by human beings. The natural quality of cultivated land is closely related to natural conditions, such as altitude, climate, and soil. It is the basis for determining the spatial distribution of cultivated land and is also affected by human activities. It is a prerequisite for judging whether a region is suitable for agricultural production activities and is the most basic guarantee factor (Cheng et al., 2012; Zhang et al., 2017; Chen et al., 2019). Cultivated land use intensity is a direct reflection of the degree of human utilization of cultivated land and the social and economic benefits and is used to measure the impact of human activities on cultivated land use (Li et al., 2019; Niu et al., 2019). The spatial layout of cultivated land is characterized by the shape and distribution of fields, reflecting the impact of changes in natural conditions and human activities on the distribution of cultivated land resources (Liu et al., 2021). From the perspective of the nature-humanity complex, the natural quality of cultivated land, the intensity of cultivated land use, and the spatial layout of cultivated land are important components of the cultivated land system, which run through the entire process of the development and change of the cultivated land system. Therefore, this study constructs a research framework of characteristics of cultivated land use based on “natural quality-utilization intensity-spatial layout” (NUS), which can reflect the characteristics of cultivated land use in the whole process along with multiple elements, which systematically describe the regional differences in cultivated land use patterns. The research framework is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Research framework of cultivated land use pattern.
Agricultural sustainable development refers to the agricultural development pattern of resource conservation, environmental friendliness, industrial efficiency and farmers ' income increase in agriculture. To achieve sustainable agricultural development, we must first grasp the existing state of cultivated land use. The NUS framework combines the natural quality, utilization intensity and spatial layout of cultivated land, identifies the corresponding cultivated land use patterns, evaluates the overall cultivated land use status of the region, and determines the priority of regional agricultural development, which can provide a realistic basis for the rational utilization of cultivated land resources. The cultivated land utilization model identified under the NUS framework can enable the Qinghai-Tibet Plateau to develop regional characteristic agriculture according to local conditions, make full use of cultivated land resources on the basis of environmental protection, increase agricultural income, and achieve sustainable economic, social and ecological goals for agricultural development.
3.2 Research methods
3.2.1 Evaluation system of cultivated land use pattern
3.2.1.1 evaluation model of the natural quality of cultivated land
The niche model is a theoretical method used to estimate species distributions in ecology. Existing studies have extended the application of niche models to the field of geography to study the matching degree between regional resource space and the resource demand of regional development. In this paper, referring to previous research results (Xiao and Ou, 2022), based on the niche model, the natural quality of cultivated land and the natural environment correspond to regional development and resource space, and a natural quality evaluation model of cultivated land is established. The evaluation factors are divided into three categories:
Positive factor: the higher the value, the higher the natural quality of cultivated land. There are upper and lower limits. The evaluation model is:
[image: image]
Negative factor: the lower the value, the higher the natural quality of cultivated land. The evaluation model is:
[image: image]
Intermediate factor: The closer the solution is to the ideal value in a certain interval, the higher the natural quality of cultivated land. The evaluation model is:
[image: image]
The evaluation results of the natural quality of cultivated land:
[image: image]
In Formulas (1) ∼ 4), [image: image] is the natural quality index of each category of evaluation factors [image: image], [image: image] is the actual value of the evaluation factors [image: image], [image: image] is the lower limit value of the factor [image: image], [image: image] is the upper limit value of the factor, [image: image] is the ideal value of the factor, [image: image] i is the final evaluation result, and n is the number of evaluation factors.
Existing studies on the natural quality evaluation of cultivated land show that the natural conditions affecting the distribution and fertility of cultivated land include three categories: terrain, climate and soil (Xu et al., 2022). Soil is a prerequisite for farming and a necessary means of production. Soil organic matter content, pH and soil thickness affect soil texture; air temperature and precipitation conditions provide a suitable growth environment for crops, and topography affects the redistribution of surface water and heat conditions. Therefore, this study selects terrain factors (altitude, slope), climate factors (annual average temperature, average annual precipitation), and soil factors (soil pH, organic carbon content, soil layer thickness) to evaluate and classify the natural quality of cultivated land. Considering the suitability of the growth conditions of the four major crops of the Qinghai-Tibet Plateau, barley, wheat, pea, and rape, the thresholds of the evaluation factors were comprehensively determined (Table 1).
TABLE 1 | Natural quality classification of cultivated land.
[image: Table 1].3.2.1.2 cultivated land spatial layout index
The landscape pattern index can condense landscape information, quantitatively reflect landscape structure composition and spatial configuration and is widely used in large-scale spatial layout research. Due to the strong correlation between many landscape pattern indices, the study refers to the results obtained by Ju et al. (2020), who conducted a correlation test and screening study on the spatial layout of land use and selected three landscape indices, namely, patch density, area weighted average nearest neighbor index, and area weighted patch nearest distance, to characterize the spatial layout of cultivated land. The patch density can reflect the intensity of patches, the area weighted average nearest neighbor index can measure the proximity of patches of the same type, and the area weighted patch nearest distance can reflect the dispersion or aggregation of patches of the same type. These three landscape pattern indices can reflect the aggregation and dispersion of patches in the landscape, but the calculation results are quite different. Therefore, a comprehensive index of cultivated land spatial layout was constructed, which can accurately reflect the aggregation and dispersion of cultivated land spatial layout by integrating the characteristics of the three indices. The formula for calculating the comprehensive index of cultivated land spatial layout is:
[image: image]
In the formula, [image: image] is the cropland spatial layout index; the larger the value is, the more scattered the landscape pattern is, and the smaller the value is, the more scattered the landscape pattern is. [image: image] is the patch density, [image: image] is the area-weighted average nearest neighbor index, and [image: image] is the area-weighted patch closest distance.
.3.2.1.3 Evaluation of cultivated land use intensity
Cultivated land use intensity is an important way to measure the impact of human activities on cultivated land. Existing studies have carried out research on the characterization of cultivated land use intensity from multiple perspectives, such as planting, input‒output, intensification, and land use timing. Compared with the previous research results (Niu et al., 2019), the input‒output perspective is more suitable for the study of cultivated land use intensity in space, the variables involved are more comprehensive, and the results are more in line with the actual situation. This paper constructs the index system of cultivated land use intensity according to the logic of input‒output and following the principles of scientificity, rationality and availability of evaluation indicators. The input indicators reflect the amount of capital, labor and other production factors invested in the unit cultivated land area in the agricultural production process. In combination with previous research results, and taking into account the agricultural development situation and the availability of data in the Qinghai-Tibet Plateau region, four indicators were selected from the four aspects of technology, labor, fertilizer and land, including the total power of agricultural machinery, the number of rural employees, chemical fertilizer consumption, and sown area of crops. Output index refers to the social and economic benefits brought by certain input and utilization of cultivated land. Two indicators of total value of farm product and total grain output were selected. The entropy weight method was used to calculate the weight, and the evaluation index system of cultivated land use intensity was obtained as shown in Table 2.
TABLE 2 | Cultivated land use intensity evaluation index system.
[image: Table 2]3.2.2 Pattern recognition method of cultivated land use
In the form of a three-dimensional model, a recognition method of “natural quality-utilization intensity-spatial layout” of cultivated land use features was constructed as the theoretical basis for the classification of cultivated land use types. As shown in Figure 3, the natural quality, utilization intensity and spatial layout of cultivated land are taken as the X, Y, and Z axes respectively, the three indicators are divided into three grades from low to high according to the threshold value of the calculation results. According to the different forms and characteristics of cultivated land use in the study area, it is divided into four types of cultivated land use.
[image: Figure 3]FIGURE 3 | Recognition process of cultivated and use pattern.
The study divides the counties whose utilization intensity and spatial layout are both grades II and III as High efficiency-Scale utilization pattern; the natural quality and spatial layout are classified as II and III grades, and the utilization intensity is grade I as Potential-Composite utilization pattern; The natural quality and utilization intensity of grades II and III, and the spatial layout of grade I are classified as Dispersion-Stereoscopic utilization pattern; those with at least two dimensions of natural quality, utilization intensity and spatial layout of grade I are classified as Low efficiency-Ecology utilization pattern.
4 RESULTS
4.1 Characteristics of cultivated land use from different perspectives
4.1.1 Natural quality of cultivated land
The topography, climate, and soil natural quality of cultivated land in the study area were calculated, and the natural quality distribution interval of 0–1 was obtained. As shown in Figure 4, topographic and climatic factors greatly limit the natural quality of cultivated land. Mainly due to altitude restrictions, the high-altitude areas in the west were not suitable for crop growth. The southeastern part of the plateau is low in altitude, but the terrain fluctuates greatly, and the slope also has a certain restrictive effect on crop growth. From the climate evaluation results, more than 70% of the region does not provide enough natural precipitation and heat. The harsh natural conditions in the plateau and frigid regions with low temperature and low rainfall limit crop planting, and the remaining areas were concentrated between 0.316 and 0.5 and 0.707–0.866. The rivers and mountains in southern Tibet, Sichuan, and Yunnan are widely distributed, the altitude is low, and the natural precipitation and sunlight are relatively sufficient, which can provide natural growth conditions. The soil is less restrictive to crop planting on the Qinghai-Tibet Plateau, and the low-value areas are mainly distributed around the Qaidam Basin because the soil types are mostly salinized desert soil and gypsum desert soil, and the land is barren and has low organic matter content.
[image: Figure 4]FIGURE 4 | The division process and results of the natural background quality of cultivated land at the county scale on the Qinghai-Tibet Plateau is: (A) the result of terrain factor evaluation; (B) the result of soil factor evaluation; (C) the assessment result of climate factors; (D) the result of comprehensive evaluation; (E) the result of the processed county scale evaluation; and (F) the number of counties and cultivated land area involved under different natural quality levels.
Combined with the three factors of terrain, climate, and soil, the evaluation results of the natural background quality of cultivated land were finally determined. The averaged results were divided into three categories: low, medium and high according to the classification criteria of 0–0.029, 0.029–0.299, and 0.299–0.628, respectively. Low-quality, medium-quality, and high-quality counties cover a similar number of counties, but most of the cultivated land is distributed in medium- and high-quality areas, and the evaluation results are consistent with the actual situation (Figure 4).
4.1.2 Spatial layout of cultivated land
Combining the three landscape pattern indicators, the distribution of cultivated land in the counties of the Qinghai-Tibet Plateau was obtained (Table 3). The degree of arable land agglomeration has a strong correlation with the size of the area. The high agglomeration types are mainly distributed in the Hung River valley and the Qaidam Basin in Qinghai and Xigaze and Shannan in Tibet. They are the main agricultural development areas on the Qinghai-Tibet Plateau and can provide good agricultural production conditions. Most of the medium agglomeration types exist between valleys due to topographical constraints and are mostly distributed in strips, with strong connectivity and weak aggregation. The low aggregation type mainly exists in the border zone of Ganzi Tibetan Autonomous Prefecture in Sichuan, Tibet, Qinghai, Yunnan, Gansu and the plateau Frontier zone. The cultivated land area is small and scattered, which is not suitable for the development of large-scale agriculture and involves the least cultivated land area (Figure 5).
TABLE 3 | Types and characteristics of the spatial layout of cultivated land at the county scale on the Qinghai-Tibet Plateau.
[image: Table 3][image: Figure 5]FIGURE 5 | Spatial layout of cultivated land at the county scale on the Qinghai-Tibet Plateau.
4.1.3 Cultivated land use intensity
Figure 6 shows the calculation results and spatial distribution of cultivated land use intensity. The range of cultivated land use efficiency results on the Qinghai-Tibet Plateau is 0.010–0.019. According to the natural discontinuous point method, the calculation results of cultivated land use intensity are divided into three intensity levels: low, medium, and high. Among them, the high-intensity utilization of cultivated land involves the largest area of cultivated land, mainly concentrated in the Hung River valley of Qinghai and its surrounding counties. The Hung River valley is rich in labor resources and advanced agricultural technology, and the government vigorously supports the development of modern new agriculture, which is the main agricultural area in Qinghai Province. The number of counties involved in medium-intensity utilization is the largest, mainly distributed at the junction of Sichuan, Yunnan, Qinghai and Tibet, and the input is at a low level. The lack of labor and the scattered distribution of cultivated land limit the utilization of cultivated land. The counties with low cultivated land use intensity are distributed in the “One-River-Two-Tributaries” basin, Changdu, Linzhi area in Tibet, and the western edge of the plateau. Although these areas are the main agricultural planting areas in Tibet, their productivity and agricultural technology promotion are backwards, and the overall use intensity is low.
[image: Figure 6]FIGURE 6 | Spatial distribution of cultivated land use intensity evaluation results (A); number of counties and cultivated land area included in different grades of cultivated land use intensity (B).
4.2 Recognition results of cultivated land use patterns
The classification results of cultivated land use pattern recognition according to the three-dimensional mode can be seen (Table 4; Figure 7):
TABLE 4 | Recognition results of cultivated land use patterns.
[image: Table 4][image: Figure 7]FIGURE 7 | Three-dimensional ensemble results of cultivated land use pattern (A); Spatial distribution results of cultivated land use pattern (B).
High efficiency-Scale utilization pattern area involved a total of 64 counties, with a cultivated land area of 12,428 km2 (57.02%), mainly distributed in the Hung River valley of Qinghai, Sichuan, and the southern edge of Yunnan. The cultivated land use intensity was medium and high intensity, and the spatial layout also had a high degree of concentration, mostly professional production of large-scale crop cultivation and a high level of agriculture. With the exception of a few counties in Qinghai and Tibet that are on the fringe of cultivated land distribution, more than 90% of the counties have high natural quality cultivated land, which provides a prerequisite for the large-scale utilization of cultivated land. This pattern utilizes natural and economic advantages to increase the input of agricultural production factors, improve infrastructure conditions, improve grain output efficiency, broaden agricultural development channels, and give full play to agricultural economic benefits. It is a key area for modern agricultural development on the Qinghai-Tibet Plateau.
Potential-Composite utilization pattern area consists of 32 counties, with a cultivated land area of 6,044 km2 (27.73%), which is concentrated in the area of the “One-River-Two-Tributaries” basin in Tibet. The nearly closed ecological environment has formed unique natural conditions in the area of the One-River-Two-Tributaries basin. It is rich in water resources, suitable for climate resources, concentrated land and easy to cultivate. The natural quality of cultivated land in this pattern is medium to high grade, and the spatial distribution of cultivated land is relatively concentrated, but the use intensity of cultivated land is not high, and the potential of cultivated land use is large. The counties around Shigatse develop industrialized and business-oriented agriculture, and the counties around Lhasa and Shannan in the Tibet Autonomous Region have developed animal husbandry. Relying on their own natural, economic and regional advantages, they have established a variety of complex, circular and ecological agricultural development modes. The region makes full use of its own conditions to develop suitable agriculture according to local conditions and builds a plateau with a characteristic agricultural development base.
Dispersion-Stereoscopic utilization pattern involves 35 counties, with an area of 2,423 km2 (11.12%) of arable land. It is basically located in the Hengduan Mountains and its surrounding areas. The terrain is undulating, the mountain is high, the valley is deep, the climate difference is large, and the vertical differentiation is significant. The natural quality and utilization intensity of cultivated land in this pattern are generally high, and the spatial distribution is too scattered, which is not suitable for the development of large-scale agriculture. However, it has obvious geographical advantages and is suitable for the development of three-dimensional agriculture. For example, the ganzi tibetan autonomous prefecture of Sichuan Province relies on its own industrial advantages to create “special, refined and excellent” rural characteristic agriculture, establish a characteristic agriculture and forestry industry base, and promote the development of plateau characteristic agriculture.
Low efficiency-Ecology utilization pattern area includes a total of 19 counties, involving the least cultivated land area, accounting for only 902 km2 (4.14%), scattered in the southern edge of Xinjiang, the southern border of the plateau and the central plateau of the plateau and is not the main area of agricultural development. The scale of cultivated land is small, the location is remote, and the cost of cultivation is high. The natural quality, spatial layout and utilization intensity of cultivated land in this pattern are basically at a low level, and the basic conditions for agricultural development are relatively poor. In recent years, the protection and construction of cultivated land basic farmland in the Qinghai-Tibet Plateau has been strengthened, and the areas unsuitable for cultivated land development have gradually clarified the development direction and ensured ecological priority development.
4.3 Optimization of cultivated land use pattern
Referring to the results of ecological protection and agricultural and animal husbandry development regionalization of the Qinghai-Tibet Plateau divided by Lu Changhe (Lv and Liu, 2020) and others, this paper combines the existing research contents and needs and divides the Qinghai-Tibet Plateau into three regions according to the overall development direction: agricultural development area, agricultural and animal husbandry development area and agricultural and animal husbandry development limited control area. As shown in Figure 8 and Table 5, the three major development zones of the Qinghai-Tibet Plateau and the identification results of cultivated land use are compared, and optimization suggestions are proposed for the existing cultivated land use pattern.
[image: Figure 8]FIGURE 8 | Optimized zoning of cultivated land use patterns on the Qinghai-Tibet Plateau: (A) High efficiency-Scale type; (B) Potential-Composite type; (C) Dispersion-Stereoscopic type; (D) Low efficiency-Ecology type.
TABLE 5 | Number of counties and cultivated land area in optimized subregions of cultivated land use pattern.
[image: Table 5]Approximately 80% of the counties in the High efficiency-Scale utilization pattern are located in agricultural development areas and agricultural and animal husbandry development areas, and a small number of counties around the Hung River valley, such as Qilian County and Gangcha County, are in the restricted area for agricultural and animal husbandry development. The use of cultivated land in the main production areas should be strictly controlled, and ecological protection should be prioritized. In addition, Seda County, Ganzi County in Sichuan, etc., are located in the critical region, and the scope of cultivated land expansion should also be strictly limited. Approximately 87% of the counties in the Potential-Composite utilization pattern are in the agricultural and animal husbandry development area, 3% are in the agricultural development area, and 10% are in the development restricted area. The county and Xiahe County should pay attention to coordination and ecological protection while flexibly optimizing the agricultural development pattern.
Approximately 67% of the counties in the Dispersion-Stereoscopic utilization pattern are in the agricultural and animal husbandry development zone, and nearly 33% of the counties are in the restricted and controlled agricultural and animal husbandry development zone, including Sunan County, Gansu Province, Yushu County, and Nangqian County in Qinghai Province. Banma County, Rangtang County, Shiqu County and Dege County in Sichuan Province have expanding cultivated land, and most of them are newly added cultivated land. The expansion of cultivated land does not consider whether it will affect the habitat of wild animals, and water conservation and protection areas have caused certain conflicts between agricultural development and ecological protection. The Low efficiency-Ecology utilization patterns are all distributed in the agricultural and animal husbandry development areas and restricted control areas; the county of the agricultural and animal husbandry development area accounts for approximately 85%, and the county of the agricultural and animal husbandry restricted control area accounts for approximately 15%. The natural and spatial distribution conditions of cultivated land in Chengduo County in the restricted control area are not suitable for agricultural development, and the existing pattern should be maintained to reduce the use of cultivated land.
5 DISCUSSION
5.1 Reasons for the formation of cultivated land use patterns in different regions of the Qinghai-Tibet Plateau
The Qinghai-Tibet Plateau has a vast territory, with large differences in natural endowment and population density among regions (Gao et al., 2021) and different development goals and priorities. Therefore, there are certain differences in the use of cultivated land in different regions. Due to the limitations of altitude, soil and climate factors, the cultivated land on the Qinghai-Tibet Plateau is mainly distributed in the Hung River valley area, the Yarlung Zangbo River Valley and the southeast edge of the plateau. In addition, the influence of the labor force, agricultural production technology and other factors determines the distribution range of the main agricultural production areas on the Qinghai-Tibet Plateau. In addition, the mountain vertical belt in the southeast of the Qinghai-Tibet Plateau, formed by natural conditions, has a low altitude and good light and temperature conditions. The distribution of alpine shrubs and meadows is suitable for grazing. The mountain forest belt in the middle provides people with wood, fuel, etc., showing typical mountain land three-dimensional utilization characteristics. In addition to natural conditions, national policies also affect the use of cultivated land on the Qinghai-Tibet Plateau. The Ecological Protection Law of the Qinghai-Tibet Plateau (Draft) proposes to strictly take ecological protection as the prerequisite and forcibly return farmland in some high-altitude or low-temperature areas, which also makes some areas in Tibet unsuitable for efficient and large-scale use of cultivated land. Many factors, such as nature, human activities and national policies, have formed the current situation of cultivated land use differentiation in the Qinghai-Tibet Plateau.
5.2 Rationality of optimizing the utilization of existing cultivated land in the Qinghai-Tibet Plateau by dividing agriculture and animal husbandry development zones
The research results show that since 2002, the planting structure of the Qinghai-Tibet Plateau has undergone a major transition, gradually reducing the sowing of food crops and increasing the proportion of cash crops (Liu et al., 2016). With the growth of the population and the continuous improvement of productivity, agriculture and animal husbandry have developed rapidly, and the scale and intensity of cultivated land use have increased. Most regions have a strong dependence on cultivated land resources, and cultivated land use shows strong regional differences (Liu et al., 2021). Since the 18th National Congress of the Communist Party of China, the state has attached great importance to the ecological protection of the Qinghai-Tibet Plateau, strengthened the systematic protection and risk prevention of the Qinghai-Tibet Plateau, and made ecological protection a prerequisite for regional development (Fan and Fang, 2022). Therefore, to maintain the sustainable use of cultivated land in the Qinghai-Tibet Plateau, it is necessary to arrange agricultural production according to the development goals of different regions and local conditions. The ecological protection and agricultural and animal husbandry regulation zoning of the Qinghai-Tibet Plateau proposed by Lv Changhe et al. has taken into account the terrain (elevation, slope), vegetation types and coverage, land use status and agricultural use types, distribution of nature reserves, ecological protection priorities and agricultural development directions. The zoning results have been applied to a number of studies related to the ecological security protection of the Qinghai-Tibet Plateau, with strong practical significance. They can be used as a basis to judge whether the cultivated land use in the Qinghai-Tibet Plateau is reasonable at the county level.
5.3 Whether optimized cultivated land utilization meets the needs of agricultural production and ecological protection
The cultivated land use pattern and ecological protection of most counties in the Qinghai-Tibet Plateau are consistent with the agricultural and animal husbandry development zoning. However, there is still a conflict between agricultural development and ecological protection in the agricultural development area, the agricultural and animal husbandry development area and the agricultural and animal husbandry development restricted area. Thus, the phenomenon of occupying the resources in the restricted area needs to be adjusted. For counties at the critical point of zoning, it is recommended to give priority to the development of high-quality cultivated land and unused land within the region, activate idle cultivated land within the region, and prohibit the spread of new cultivated land to the surrounding restricted areas. The counties located in the restricted areas should continue to implement the project of returning farmland to forests, implement the responsibility system of local governments for farmland protection objectives. By optimizing and adjusting the utilization of existing cultivated land in the Qinghai-Tibet Plateau, focusing on the use of high-quality cultivated land resources, reducing unreasonable development and utilization, and effectively alleviating the contradiction between agricultural production and ecological protection in various regions. In addition, the optimization of cultivated land use can also reasonably allocate water resources supply to a certain extent, reduce agricultural non-point source pollution caused by large-scale use of chemical fertilizers and pesticides, improve soil quality, alleviate soil erosion caused by large-scale reclamation of cultivated land, follow the boundary of nature reserves, and protect the biodiversity of the Qinghai-Tibet Plateau.
6 CONCLUSION
The Qinghai-Tibet Plateau is an important ecological barrier area in China. In order to achieve the goal of sustainable use of cultivated land, the use of cultivated land in this area needs to strictly follow the principle of giving priority to ecological environment protection. This paper constructs an analysis framework of cultivated land use patterns based on the three-dimensional model of natural quality-utilization intensity-spatial layout (NUS). On this basis, the types of cultivated land use patterns in the study area was identified, and the optimization direction of cultivated land use patterns at the county scale in the Qinghai-Tibet Plateau was proposed based on the ecological protection and agricultural and animal husbandry development division of the Qinghai-Tibet Plateau. The main conclusions are as follows:
There are four different patterns of cultivated land use in the Qinghai-Tibet Plateau. High efficiency-Scale utilization pattern of cultivated land use intensity is high, the spatial distribution of cultivated land is agglomerated, and large-scale agriculture is mainly developed; Potential-Composite utilization pattern of cultivated land use intensity is low, but the natural quality is high, and the spatial layout is relatively concentrated, which can be used as a reserve area for agricultural development resources; Dispersion-Stereoscopic utilization pattern of cultivated land is relatively scattered, with high natural quality and high utilization intensity, and the three-dimensional agriculture is mainly developed; Low efficiency-Ecology utilization pattern of cultivated land has low utilization intensity, poor natural quality, and the spatial layout is basically decentralized. In a state of abandonment or fallow.
Comparing the results of the development zoning of the Qinghai-Tibet Plateau, all four types of cultivated land use patterns are in the restricted area of agricultural and animal husbandry development. Counties with High efficiency-scale, Potential-composite, and Dispersion-stereoscopic utilization patterns located at the borders of agricultural and animal husbandry development control areas should strictly limit the scale of cultivated land and coordinate the relationship between agricultural and animal husbandry development and ecological protection. Counties with Low efficiency-Ecology patterns should continue to maintain the existing state of utilization and put the restoration of the ecology first.
According to the research results, in order to realize the sustainable utilization of cultivated land in the Qinghai-Tibet Plateau in the future, we should first implement a strict ecological environment protection system, determine the use of major natural resources such as water, cultivated land, grassland and forest, set the bottom line of environmental protection such as the use of chemical fertilizers and pesticides, the total amount of water and gas pollution emissions, establish and improve the regional red line management system, strictly control the new land use, and revitalize the stock land. Secondly, it is necessary to develop plateau characteristic industries according to local conditions, build an eastern and southeastern plateau characteristic ecological agricultural belt with the One-River-Two-Tributaries basin and the Hung River valley area as the main body, and vigorously develop plateau characteristic ecological animal husbandry in the Sanjiangyuan Regin, western and northern Tibet. It emphasizes the combination of agriculture and animal husbandry, accelerates the industrialization of agriculture and animal husbandry, promotes the comprehensive development of various agricultural and animal husbandry methods, attaches importance to the role of ecological agriculture in promoting agricultural and animal husbandry development and ecological environment protection, and gradually realizes the virtuous cycle of agricultural and animal husbandry economic development and ecological environment protection.
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