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Land optimization is a necessary means to improve the land use efficiency and promote the sustainable use of land resources. How to fully consider the regional background conditions and scientifically and comprehensively achieve the sustainable and optimal utilization of land resources is a necessary means to promote the sustainable utilization of land resources, especially in semiarid sandy areas with fragile ecological environments. Therefore, based on the characteristics of a semiarid sandy area and by using existing research, with important water resources as the core, this study constructed an optimal land allocation method in a semiarid sandy area based on the soil moisture characteristics. By taking the Horqin Zuoyihou Banner in the semiarid sandy area of China as a typical case, we explored its soil moisture characteristics and influencing factors and put forward the distribution patterns and suggestions for optimal land use. The results show that it is effective to optimize the land space allocation in semiarid sandy areas based on the soil moisture characteristics, and the corresponding land use activities should be arranged according to the moisture conditions of each region, which is beneficial to achieve sustainable semiarid sandy land use. We hope that this study can provide valuable sustainable land optimization solutions for the efficient, sustainable use and protection of land resources in semiarid regions.
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1 INTRODUCTION
Sustainable land optimization is a necessary means to improve land use efficiency and promote the sustainable use of land resources (Cao et al., 2012; Song and Chen, 2018). However, the effectiveness of land optimization is affected by many factors, including the development levels of social, economic, ecological, and environmental systems (Li et al., 2020; Gao et al., 2021). Therefore, there are many unreasonable land use schemes in land optimization research, which cause our research on land optimization to lack a certain degree of systematic organization and this work cannot propose practical and effective development schemes for decision-makers (Goldstein et al., 2012; Luo et al., 2019). At present, with the rapid development of industrialization and urbanization, land resources are facing the dual tasks of development and protection, dual contradictions between supply and demand, and the dual pressures of resource utilization and ecological protection are present, especially in semiarid areas with fragile ecological environments (Cui and Shi, 2012; Jiang et al., 2020; Deng, 2021). Therefore, how to scientifically achieve sustainable optimal utilization of land is not only an important topic in the land science field but is also a necessary means to improve the land use efficiency and promote the sustainable use of land resources (Cotter et al., 2014; Wang et al., 2021).
China’s arable land resources are insufficient, and the per capita arable land area is less than 0.1 hm2, which is less than 40% of the world (Lai et al., 2020). Cultivated land for the purpose of ensuring food safety and protecting the red line of cultivated land occupies a supplementary balance, and drought and semiarid areas have become an important replenish area for cultivated land in China (Ghabour et al., 2019). It is difficult to develop only without protection, and the use of land use is difficult to sustain; only the reality of protecting and non-development, the reality of the contradiction between human and land, and the growth of grain demand are not allowed (Song and Chen, 2018; Fan et al., 2020a). Meanwhile, groundwater resources are very valuable resources in drought and semiarid areas, which can determine the scope, scale, and form of land protection and utilization, and it is a necessary factor to meet the growth of non-ground vegetation growth in the semiarid area (Liu et al., 2022). Groundwater has a large impact on surface vegetation, and is also a quantitative relationship between groundwater levels, soil water content and plant ecological types (Maihemuti et al., 2021). Therefore, water resources have become an important condition for sustainable optimization and utilization of land resources in dry and semiarid areas (Jiang et al., 2020).
Fortunately, the existing research has conducted a wealth of research on land optimization, which can be roughly divided into three categories. The first group of methods consider the impacts of natural, economic, social and ecological factors on land space utilization from the perspective of the quantitative structure of land use and uses linear programming models, nonlinear programming, dynamic programming and other methods to calculate the allocation of cultivated land use, and an optimal solution for the macroscopic arable land use quantities and structures is obtained (Verhoeye and Wulf, 2002; Li et al., 2020). The second type of method begins with the spatial land use structure, comprehensively considers the natural conditions, quality conditions, spatial forms, and location conditions of the land, and uses multiple optimization models, cellular automata models, genetic algorithms, multiagent particle swarm optimizations, and water footprints to define constraints (such as the total water resources) and optimization goals (such as the maximum economic benefits) in combination with relevant policies to calculate an optimal allocation scheme for land space utilization in terms of the economic, social, and ecological benefits (Liu et al., 2015; Wang et al., 2020; Rahman and Szabó, 2021; Liao et al., 2022). The third type of method predicts the spatial optimization of different land use types, such as cultivated land, forestland, grassland, garden land, and construction land, under multiple future scenarios from the perspective of land use times, which provides a reasonable and effective sustainable development direction for land use in terms of quantitative structures and spatial distributions (Chakir and Gallo, 2013; Qiu et al., 2022; Rong et al., 2022).
The above analysis shows that the existing land optimization plan achieves the unification of land quantitative structures and spatial structure optimization patterns, can effectively coordinate the contradictions among the individual goals of land use and social goals, and has formed the optimization path of “objective function—numerical constraints - space transformation rules - optimization solution”. The research methods and technologies have been improved, which effectively ensure the rational, effective and comprehensive development of the optimal allocation of land space. However, most of the existing research scales are macroscopic, and few scholars have conducted research from the microscopic perspective of the background attribute characteristics of land and have rarely considered the influences of soil moisture characteristics and landform characteristics on the optimal allocation of land, especially in semiarid areas with fragile ecological environments with water shortages and obvious landform differentiation characteristics. Thus, our research on land optimization lacks a certain degree of systematic comprehensiveness and cannot propose practical and effective sustainable land use development measures for decision-makers.
Therefore, to propose a suitable sustainable land optimization scheme for semiarid areas, this study selects the sandy area of the Horqin Zuoyihou Banner, Inner Mongolia Autonomous Region, as the study area. First, we determined the typical year based on the precipitation of the research zone from 1980 to 2019 by using Pearson-III curve. Second, we observe the water dynamics in different soil layers in the soil profile located in the dune depression interphase area in typical years in the study area and clarify the soil water status and its influencing factors in different topographical parts of the growing season by using the time-domain reflectometry method and equidistant layering method. Finally, based on the soil moisture characteristics in the study area, the land use space in the study area is optimally allocated, and corresponding sustainable land optimization suggestions are proposed. We hope that this study can provide valuable sustainable land optimization solutions for the efficient, sustainable use and protection of land resources in semiarid regions.
2 MATERIALS AND METHODS
2.1 Study Area
The Horqin Zuoyihou Banner is located southeast of Tongliao city, Inner Mongolia Autonomous Region in the central and southern part of the Horqin Sandy Land, between 121°30′-123°42′ E and 42°40′-43°42′N, and the total area is 11,500 km2, which includes 12 towns (Figure 1). The elevations in this region gradually decrease from southwest to northeast, and then to the southeast, most of the sandy meadows are interlaced, the dunes are rolling, and the depressions are distributed vertically and horizontally. The annual average temperature in this region is 5.6°C, the annual average precipitation is 428 mm, which is mainly concentrated from June to August. The annual average sunshine amount is 2,837–2,982 h, and the annual average wind speed is 4.6 m/s (Zhou et al., 2019). The eastern plain is a key grain-producing area, and most of the central and western areas are key animal husbandry areas, which mainly involve planting corn, rice, wheat, and soybeans, with grain outputs sufficient for approximately 2.2 billion heads of cattle and 1.68 million livestock pens (Zhou et al., 2017). In 2020, the regional GDP was 12.3 billion yuan, the registered population reached 395741, and the per capita disposable income reached 19681 yuan (Statistics Bureau of Inner Mongolia Autonomous Region, 2021).
[image: Figure 1]FIGURE 1 | Study area location.
Because the Horqin Zuoyihou Banner is located in the hinterland of the Horqin Sandy Land (the largest sandy land in China), which belongs to the transition zone between arid and semiarid zones, the ecological environment is fragile, and the contradiction between water supply and demand is sharp, which is typical and representative, so the Horqin Left Front Banner in Inner Mongolia is selected as a typical case for empirical research (Li et al., 2012; Ge et al., 2015). The experimental area selected was the Wudantala Natural Village in Bulagacha, Ganqika Town, which is located in the central part of Kezuohou Banner, which is a typical dune depression area. The relatively flat land near the settlements has been mostly reclaimed as arable land surrounded by dune depressions. The management level of agricultural land is relatively extensive, and field management by farmers is sparse. The experimental area selected was the Wudantala Natural Village in Bulagacha, Ganqika Town, located in the central part of Kezuohou Banner, which is a typical area with dune depressions. The relatively flat land near the settlements has been reclaimed as arable land surrounded by dune depressions. The management level of agricultural land is relatively extensive, and field management by farmers is sparse. The current land use status in the experimental area is shown in Figure 1C.
2.2 Data Sources
The topographic data in this study are derived from the surveying and mapping data of the land consolidation project in the pilot area, 1:50,000 contour topographic map of the Horqin Zuoyihou Banner, 30-metre-precision DEM data of the Kezuohou Banner, and wetland GPS positioning data, which are combined with UAV aerial photography images. The geological landform and soil hydrology data are obtained from the land consolidation plan of Tongliao city, soil data of the Horqin Zuoyihou Banner, water resource sustainable development and utilization plan of the Kezuohou Banner, hydrological station data from 1980 to 2019, grid sampling data of the experimental area, and sample point profile sampling data. The meteorological data are obtained from the public meteorological data provided by the national stations. In addition, a small, automated weather station is set up in the test area, which automatically records and counts data such as temperature, wind speed, rainfall, and solar radiation at 30-minute intervals. The land use data are obtained from the land remediation plan of the Tongliao Municipal Bureau of Land and Resources and are obtained by visual interpretations combined with remote sensing images and UAV aerial images. The economic and social data are obtained from the 2020 Statistical Yearbook of the Inner Mongolia Bureau of Statistics.
2.3 Research Framework
After reviewing the main literature and theories, we divided the research ideas of this article into the following three parts: 1) This study uses Horqin Zuoyihou Banner as a typical case area for semiarid sand, investigating the precipitation of the area from 1980 to 2019, and using Pearson-III curve to determine the typical year for research. 2) Observations of the characteristics and causes of soil moisture differentiation in the dune depression interphase area: The basic landform of the semiarid area-dune depression interphase area was observed to determine the water dynamics of different soil layers in the soil profile and to understand the soil water statuses and their causes in different topographical areas in the growing season. 3) Propose a sustainable land use optimization model: Based on the above two research results, by referring to previous experience and lessons of land use in the region and combined with the regional economic and social development plan, a regional land use optimization plan based on the principles of conservation and sustainability is proposed. The research framework is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Research framework for sustainable research of land optimization in a semiarid sandy area based on soil moisture characteristics.
2.4 Research Methods
2.4.1 Determination of Typical Research Years
Since the precipitation amounts vary greatly among different years, it is necessary to consider the influence of different hydrological years when analysing the supply and demand characteristics of water resources and water consumption for crop irrigation. In this study, the Pearson-III curve was used to analyse the 30-year hydrological years of the Horqin Zuoyihou Banner from 1980 to 2019, and the representative year of the flat-water year (p = 50%) was determined to be 2015 (Ji et al., 1984).
2.4.2 Observation Methods to Determine the Soil Moisture Characteristics
2.4.2.1 Moisture Observation Period
The observation period for this research experiment extended from July 7 to October 21, which is divided into a hot and dry period, high temperature and rainy period, and low temperature and low rain period, which not only considers the typical climate in the region but also maintains continuity in time. At the same time, the arithmetic mean values of the data that are measured by most probes are used as the soil water content values of each section and layer, and the water status trends in areas with differing topography in the project area during this period are then summarized.
2.4.2.2 Layout of Moisture Observation Points
Due to the significant differences in the soil moisture conditions in the parts with differing topography in the dune depression interphase area, the distributions and growth of natural vegetation and crops are significantly different. To explore the crop site conditions in areas with differing topography and to then determine a reasonable design, two observational cross-section transects were selected, which are located on an undeveloped natural dune depression slope and on an adjacent slope that has been developed as a farmland dune depression slope. In addition, we extend from the greatest heights of the dune depressions in the two cross-section belts down to the depressions and select sampling points in different parts as the representatives of various dune depression landforms in the project area to measure the soil properties and monitor the water dynamics. See Table 1 below for a comparison of the sampling points.
TABLE 1 | Summary table of water observation sampling points.
[image: Table 1]According to the results of the initial measurements when the probe is set, the profile sampling points are roughly divided into three categories: “Type A” (the entire body is dry, profiles 1–1, 1–2, 1–3, 2–1, and 3–1); “Type B” (the deep layer is relatively wet, profiles 2–2 and 2–3); and “Type C” (the entire body is wet, profile 1–4).
2.4.2.3 Soil Moisture Measurement Method
To correctly evaluate the water supply capacity of the land, the soil water contents were measured in this experiment by using the time-domain reflectometry method to understand the dynamic change processes of the soil water contents over a long time period. The TDR100 time domain reflectometer host, manufactured by Campbell Scientific, was selected for the experiment, which can obtain automatic continuous measurements based on Datalogger. A specially customized CS630 three-pin probe sensor is used to act as a wave guide. The probe length is 15.0 cm, the probe diameter is 0.318 cm, and the probe dimensions are 5.75*4.0*1.25 cm. The SDI-12 sensor bus communication protocol is used between the probe and host, and the connection is made with RG-58 coaxial cable and a corresponding standard connector. The water measurement accuracy of the sensor is ±2.5% when measuring dry soils and ±0.6% when measuring saturated soils, which meet the requirements for the measurement accuracy of this experiment. Before burying the probe, the actual probe length is corrected by using the water immersion method to correct the errors that are caused by deformation of the needle. The test adopts a method that involves moving the host computer to obtain point-by-point readings at regular intervals and uses a COM2USB cable to connect a notebook computer with a host computer to form a portable field measurement device. The measurement results are manually read by the PC-TDR program, the waveform diagrams are checked at the same time, and the arithmetic means of the corrected readings of the three waveforms are taken as the results.
2.4.2.4 Dynamic Monitoring Method for Soil Moisture
After selecting the sample points, the section is excavated at each sample point, the equidistant layering method is used to take soil samples at 10, 30, 50, 70, 90, and 110 cm, and TDR probes are embedded to more accurately evaluate the overall conditions along the profile. Dynamic monitoring of the soil moisture in each profile was conducted over a 4-month period, which covered the most important precipitation period and main growing period of crops. The measurements are mainly conducted from approximately 9:00 to 10:00 in the morning, and in the case of rainfall, these are postponed until the next day to obtain a relatively stable moisture distribution trend.
2.4.3 Land Use Space Optimization Method
2.4.3.1 Optimization Principle
The sandy area in the Horqin Zuoyihou Banner is vast and sparsely populated, with low production and operation intensity, and the natural ecology of the region is relatively fragile. Large-scale, high-intensity land development can easily lead to ecological deterioration (Xu et al., 2018). Therefore, it is necessary to avoid damaging the self-regulating function of the ecosystem, protect and restore the ecological environment and fully guarantee the production, living and development needs of local residents. This study plans the land use space based on the four principles of adapting measures to local conditions, setting land with water, minimal disturbance and diversification.
2.4.3.2 Selection of Representative Crops
Based on a literature review and field visits and investigations, this study summarizes the main local land use types, determines the main vegetation types that are involved in each land use type, the habitat habits of crops, and the inputs and outputs of various management methods to analyse the needs and adaptations of each land use to the environmental and socioeconomic conditions (Alados et al., 2011; Fan et al., 2020b). The main representative crops that were selected include corn, rice, alfalfa, Leymus chinensis, Cinnamon japonica, Sadawang, reed, and Caragana.
2.4.3.3 Zoning by Land use Type
Based on the water condition characteristics mentioned above, the land in the experimental area is divided into the following types (Figure 3). The “insufficient flooded areas” with poor moisture conditions consist mainly of those areas with deep groundwater depths (e.g., over 235 m above sea level). “Suitable flooded areas” with better water conditions consist mainly of those areas with slightly higher terrain, such as low-lying land, that is, distributed in areas with high groundwater levels, and the altitudes are between 233 and 235 m. The “excess flooded area” with good water conditions and low-lying terrain is located mainly at the transition stage between seasonal flooded areas and suitable water areas and is not prone to flooding but does not require year-round irrigation. The “seasonal flooded areas” that are prone to water accumulation during the rainy season include wetlands with year-round water, lakes, seasonal wetlands, and seasonal lakes. The terrain mainly consists of depressions and deserts.
[image: Figure 3]FIGURE 3 | Water condition division of the test area.
3 RESULTS
3.1 Analysis of Observation Results of Moisture Status
During the hot, dry period from July to early August, the test area continued to be hot and less rainy, with only a few rainfall events that were less than 10 mm. The water contents of the A, B, and C profiles were 9%–11%, 9%–20%, and 20–45%, respectively (Figure 4A). During the high temperature, rainy period from mid to late August, the rainfall in the experimental area was relatively concentrated, with a cumulative rainfall amount of 195.32 mm. During this period, the soil water contents fluctuated greatly, and the water contents of the A, B, and C profiles were approximately 14%, 15%–40%, and 40%, respectively (Figure 4B). In the period with low temperatures and little rainfall occurring after September, the test area entered autumn, with scarce rainfall and rapid temperature decreases. The measured soil moisture contents fluctuated only slightly, and their standard deviation was less than 1%. The water contents of the A, B, and C profiles were approximately 12%, 13%–30%, and 40%, respectively (Figure 4C).
[image: Figure 4]FIGURE 4 | Horizontal comparisons of the water content of each section in different periods. (A) is the hot, dry period, (B) is the high temperature, rainy season, and (C) is the low temperature, rainy season.
3.2 Analysis of the Influencing Factors of Moisture Status
Based on the above test results, this study further analysed the influencing factors of soil water contents in the study area under different times and spaces from four aspects, including meteorological conditions, surface morphology, groundwater and soil burial depth. First, in the three stages with hot and dry conditions, high temperature and rainy conditions, and low temperature and little rain with different meteorological conditions, temperature and precipitation have different degrees of influence on the soil water content through water infiltration and water evapotranspiration, respectively. Second, different slope aspects and positive and negative topographies features (e.g., dunes and depressions) affect the soil water content by redistributing solar radiation and surface runoff. Third, groundwater, as a variable with a certain regional consistency, is a direct influencing factor for the water content variations observed in different sections. Finally, the soil in the study area consists mostly of unstructured sandy soil with a uniform top and bottom. The closer it is to the surface, the easier it is for water to evaporate into the atmosphere or be absorbed by the roots of vegetation, which thereby affects the soil water content.
3.3 Land Use Optimization Results Based on Soil Moisture Conditions
Based on the observation results and influencing factors of the above-mentioned soil moisture conditions, this study follows the principle of least disturbance and diversification and uses water to determine the land types associated with different soil moisture contents. According to the actual situation of the pilot area types according to local conditions, a corresponding land space utilization planning scheme is formulated. During the planning process, all existing roads, forestland and residential construction land remain unchanged, as shown in Figure 5A.
[image: Figure 5]FIGURE 5 | Land use planning, ecological land and farmland planning.
The current patches of arable land in the experimental area are relatively messy, and this distribution is not conducive to large-scale operations. Therefore, it is recommended to carry out land consolidation, rezone the plots, and adjust the planting types according to the water conditions during the land consolidation process. Specifically (Figure 5B), for seasonally flooded areas, their areas, shapes and locations should be adjusted accordingly, and appropriate engineering measures should be adopted to reclaim them as paddy fields or reserve them as wetland reserves. The water-excess area is the main area for grain crop production. In drought years, no irrigation is required to grow corn. Intensive management steps should be carried out to increase the yield per unit of crops. The area, that is, suitable for water is large, but in years with less rain, the cooperation of irrigation measures is needed to ensure the corn output. Therefore, those areas that are far from residential areas are defined as artificial pastures, and relatively drought-tolerant alfalfa, Leymus chinensis, and other crops are planted, while the areas closer to the settlements are still used as dry land, and water-saving irrigation measures such as drip irrigation or sprinkler irrigation are used. All of the cultivated land in the water-deficient area should be converted into artificial pastures, and these could also be enclosed for natural recovery if the conditions are suitable. The sporadic unused land in the settlements can be transformed into village greening, but outside of the settlements, if there is no need for transformation, the status quo can be retained. For road land, it is recommended to build ecological roads in the pilot area; that is, instead of building hardened pavements, shrubs with developed lateral roots and drought resistance should be used to stabilize both sides of the road, and the roads should be fixed through the action of root systems to bind the soil herbs.
4 DISCUSSION
4.1 Effectiveness of Land Optimization Methods Based on Soil Moisture Characteristics
As a valuable resource type in arid and semiarid areas, groundwater resources determine the scope, scale and form of land protection and utilization to a certain extent (Mitter and Schmid, 2021). The vast, deep, sandy sedimentary layers of the Horqin Sandy Land have good connectivity, and the water infiltrating from various places gathers underground as a whole; even when there is no rainfall, the low-lying desert can still obtain a sufficient water supply. Therefore, groundwater provides a large reservoir in the Horqin Sandy Land. Groundwater is not only the main water source for natural vegetation and field crops but is also the domestic water source for the rural residents in this region (who live in a large number of scattered villages without centralized water supply conditions). However, due to the severe soil desertification in the Horqin Sandy Land, the water retention capacity is extremely poor, and the leakage of natural precipitation is extremely rapid (Zhao et al., 2018). The groundwater depths in this area are very shallow, and the direct supply of groundwater and indirect recharge of water vapour condensation constitute the main and most stable sources of soil moisture. Therefore, it is reasonable and necessary to optimize the land space allocation in semiarid sandy areas based on the soil moisture characteristics.
4.2 Limitations of Traditional Optimal Land Utilization
Due to the high population pressure, the pursuit of “the best use of the land” in land use, through highly intensive investments in capital, labour, water and fertilizer, to build a large area of high-yield farmland, that is, concentrated and contiguous, the traditional optimal allocation of land is mainly used in the relatively humid plains area. The core elements of this land optimization method are as follows: large-scale flat farmland constructed through land levelling, filling ditches and ravines, and land rezoning; moisture control by means of well-established irrigation and drainage systems; and high-input artificial methods such as fertilizers and pesticides being used to maintain farmland outputs.
In the Horqin Sandy Land, there are many limitations to this method of utilization (Zhu et al., 2020). 1) The Horqin area is vast and sparsely populated, and the contradiction between man and land is relatively lower. What is more important is the quality of the land rather than the quantity. 2) Large-scale land levelling will be a major blow to the already fragile ecological environment and will also lead to the loss of the only nutrients in the topsoil. 3) Since flood irrigation is difficult to carry out, the significance of land levelling is not great. It is only necessary to meet the requirements of mechanized farming by using simple engineering measures. 4) Since the average precipitation amount over many years is only 450 mm and the sand infiltration intensity is high, the water resource pressure from large-scale farming is very high. 5) The capital and labour inputs are relatively high and do not meet the actual local needs. These special natural characteristics mean that large-scale land levelling should not be carried out in this area, which will further aggravate land desertification (Bao et al., 2019; Duan et al., 2019).
4.3 Land Use Optimization Based on Soil Moisture Characteristics
For moisture-deficient areas, due to the harsh conditions, the yields in these areas are low after reclamation and there are even no harvests in drought years, which are the main locations where reclamation-abandonment cycles occur. Therefore, reclamation and planting should be avoided in moisture-deficient areas, and protection should be given priority, or drought-tolerant pastures and shrubs should be planted. For moisture-friendly areas, these areas are usually large, and the deeper layers can be recharged by groundwater, but the water content at the soil surface is slightly lower and the aeration is good. These areas can still support the growth of deep-rooted crops in dry years and will not see decreased crop yields due to stagnant water in wet years.
The suitable water area is the land with the best conditions and is most suitable for agricultural use. It can be used for field farming or for artificial pastures. The excess water area is also the area with low terrain and shallow groundwater depths. In dry years, the region can ensure the water supply of crops, and good harvests can be obtained without irrigation; in rainy years, the groundwater level in the region rises, the soil moisture content is high, the permeability decreases, and deep-rooted crops are susceptible to damage and yield reductions. Therefore, Mesophytes such as corn that are not tolerant to waterlogging can be planted in dry years, and moisture-loving crops such as rice can be planted in normal years and rainy years. The distribution of seasonally flooded areas is random, and these areas have uneven topography. Most of these areas are occupied by reeds because when these areas are not flooded, the groundwater depths are relatively shallow, and the soil water contents are high. After receiving long-term deposition, the soil is relatively fertile, with strong water and fertilizer retention capabilities. By taking advantage of the seasonal flooding in this area, paddy fields can be reclaimed, and rice can be grown.
4.3 Suggestions for Optimal Sustainable Land Use
First, water is the most important limiting factor in the Horqin Sandy Land. By studying the spatial differentiation of the soil moisture conditions and “determining land with water”, the corresponding land use activities are arranged according to the moisture conditions of each region, which are the basis for sustainable land use. Specifically, 1) for clumps with poor water conditions, cycles of random reclamation and abandonment will accelerate the degradation of land in the Horqin area, which requires long-term stable management (such as construction land and rotational pastures) to avoid cultivated land becoming the source of desertification. 2) For wetlands that have year-round water, it is necessary to increase the protection efforts to develop seasonally flooded areas to grow rice and to develop dry land with good water conditions to grow corn and other field crops. 3) In view of the two completely different environments that coexist in the small dune and depression areas, the land use activities should be arranged according to the characteristics of the two environments to reduce the damage to the natural landscape, protect biodiversity, and achieve an environmentally friendly and sustainable environment. 4) Based on the soil moisture conditions, the inputs into land use activities according to local conditions are conducive to long-term stable operation and less disturbance to the environment, which are conducive to ecological restoration and sustainable land use.
Second, under the condition that the total amount of water resources is constant and the ecology cannot be destroyed, the limited water resources can be used in those places with higher efficiency (that is, less water can be used to meet the needs of local residents for survival and development) to decrease the impact on the environment. pressure is necessary (Fraser et al., 2013; Dessu et al., 2019). This study believes that adjusting the industrial structure is an important method to develop the semiarid sandy land. If the industrial structure, that is, dominated by agriculture and animal husbandry is to meet the needs of local residents, it will exceed the carrying capacity of the water resources. Non-agricultural land use has a higher level of economic output per unit of water consumption and can meet the survival and development needs of local residents with less land pressure. At present, the primary industry, namely, agriculture and animal husbandry, accounts for a very high proportion of the industrial structure in the study area. Therefore, decreasing the proportion of agriculture in the local economy, increasing the degree of industrialization, creating more non-agricultural employment opportunities, encouraging non-agricultural employment and urbanization of the agricultural population, and reducing the pressure of agriculture on land are options. development way out.
Finally, in the land use process, care should be taken to protect the groundwater (Mitter and Schmid, 2021). The good connectivity of groundwater bodies will rapidly expand the areas that are affected by pollution, which will cause harm via the absorption of natural vegetation, crops, and domestic water intake. More importantly, groundwater is a vital water source in the Horqin area, and groundwater pollution will lead to serious consequences. Therefore, in agricultural production, water-saving irrigation methods should be used to avoid overexploitation while reducing the use of chemical fertilizers and pesticides to avoid pollution (because pollutants are difficult to completely remove once they enter water bodies). For industrial and mining activities, the pressure on groundwater should also be reduced through the selection of water-saving processes and reuse of reclaimed water, and sewage discharges should be strictly controlled.
5 CONCLUSION
This study took the sandy area of the Horqin Zuoyihou Banner as the study area, which was combined with the background conditions of the study area, determined the typical years of the study through the Pearson-III curve, observed the soil moisture dynamics, and analysed the influencing factors. Then, we divided the study area into four water characteristic areas and formulated different sustainable land use optimization schemes based on the principle of determining land by water and adapting measures to local conditions. The study found that the C profile has the most water content (45%), and the A profile has the least water content (9%); when the precipitation is relatively concentrated, the soil moisture fluctuation is larger; when the rainfall is less, the soil moisture fluctuation is small. The results show that the topography of the Horqin sandy area has a very high correlation with the spatial differentiation of soil moisture, which will lead to differences in plant community distributions and crop growth conditions in areas with different topographies.
Therefore, this study believes that sustainable land use should be based on the soil moisture conditions, and the corresponding land use activities should be arranged according to the moisture conditions of each region. It is also important to protect wetlands that have water all year round, develop seasonally flooded areas to grow rice, develop dry land with good water conditions to grow corn and other field crops, use water-deficient lands as construction land and rotational pastures, and take measures to enclose tall sand tusks to assist natural recovery. We hope that this research can provide practical sustainable land optimization methods for China and other parts of the world and can provide policy recommendations for the sustainable utilization of the cultivated land resources in arid sandy areas and regional sustainable development.
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