

[image: image1]
Transformation of farmland use and driving mechanism in Xinjiang since China’s Western Development Policy













	 
	

	TYPE Original Research
PUBLISHED 03 October 2022
DOI 10.3389/fevo.2022.942065





Transformation of farmland use and driving mechanism in Xinjiang since China’s Western Development Policy

Xiang Li1, Yuejiao Chen1,2*, Liping Xu1,2, Penghui Li1 and Ruqian Zhang1

1College of Science, Shihezi University, Shihezi, China

2Corps Key Laboratory of Oasis Towns and Mountain Basin Ecosystems, Shihezi University, Shihezi, China

[image: image]

OPEN ACCESS

EDITED BY
Xiaobin Jin, Nanjing University, China

REVIEWED BY
Yongjun Yang, China University of Mining and Technology, China
Tan Shukui, Huazhong University of Science and Technology, China

*CORRESPONDENCE
Yuejiao Chen, chenyuejiao@shzu.edu.cn

SPECIALTY SECTION
This article was submitted to Conservation and Restoration Ecology, a section of the journal Frontiers in Ecology and Evolution

RECEIVED 12 May 2022
ACCEPTED 05 September 2022
PUBLISHED 03 October 2022

CITATION
Li X, Chen Y, Xu L, Li P and Zhang R (2022) Transformation of farmland use and driving mechanism in Xinjiang since China’s Western Development Policy.
Front. Ecol. Evol. 10:942065.
doi: 10.3389/fevo.2022.942065

COPYRIGHT
© 2022 Li, Chen, Xu, Li and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Since the implementation of China’s Western Development Policy, Xinjiang has experienced rapid socio-economic development and significant changes in its land use patterns. As an important factor in agricultural production, farmland is of crucial for realizing the rural revitalization strategy. Based the theoretical mechanisms of farmland use transformation, this study selected five periods of land use and socioeconomic data from 2000, 2005, 2010, 2015, and 2018 to study the spatial and temporal evolutionary characteristics of farmland use transformation in Xinjiang since China’s Western Development Policy. We then explored the driving mechanisms using an optimal geographic detector model based on parameters. The results showed that (1) Xinjiang’s farmland use transitioned toward large scale and multifunctionality, and the transition characteristics are mainly of fluctuating growth type. The spatial transformation and functional transformation characteristics were generally consistent in spatial distribution. (2) There was a spatial agglomeration in the transformation, which was concentrated in the economic zone of the northern slope of Tianshan Mountain, the Yili River Valley and Kashgar region. The concentration of functional transformation of farmland has increased, but the spatial transformation of farmland has weakened. (3) The role of influencing factors on the transformation of farmland use differed with periods. Finally, the study concluded that the functional transformation of farmland in Xinjiang since China’s Western Development Policy is still at the stage of mainly production function. We suggest that the protection of farmland in Xinjiang in the New Western Development period should be achieved by promoting the transformation of the function of farmland. The findings of this study provide decision-making assistance for the management of farmland use in Xinjiang during the New Western Development period and are an effective tool for achieving the goals of sustainable farmland use and agricultural and rural modernization.
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Introduction

The implementation of China’s Western Development Policy by the Chinese government in 2000, has accelerated the industrialization of the western region, which has promoted economic growth (Zhang et al., 2019; Jia et al., 2020; Zhuo and Deng, 2020) and, has simultaneously brought several socioeconomic benefits to the central and eastern regions. Xinjiang is rich in land resources and plays an important role in the development and replenishment of farmland resource reserves, which contributes greatly to the conservation of farmland in China and the urbanization of the central-eastern region. Against the background of the general decrease of farmland in China, farmland in Xinjiang has increased annually (He et al., 2018; Zhang and Li, 2021) and has played an important role in maintaining China’s food security strategy. The quality (Sheng et al., 2021), expansion patterns (Cai et al., 2021), water use (Hu et al., 2019), and mulch pollution (Xiong et al., 2019) of Xinjiang’s farmland have attracted widespread scholarly attention, and management engineering measures such as agricultural land transfer (Wang et al., 2022; Yang and Liu, 2022) and land remediation (Liao et al., 2021) are being explored. In addition, the multifunctional value of farmland in Xinjiang has also drawn attention (Zhang et al., 2022). However, in general, current research on the use of farmland in Xinjiang focuses on a single perspective and lacks systematic research on the transformation of farmland use. Land use transformation based on land systems science combines scientific research with sectoral decision-making and can effectively translate scientific findings into land use management policies under the concept of sustainability (Long et al., 2019).

Land use transition reflects the long-term changes in land use structure and function; it is an important research component in the Global Land Project, which is essential for coordination of regional socio-economic development and ecological conservation goals (Chen et al., 2020; Long et al., 2021b). Land use transition originated from the forest transition hypothesis proposed by Mather (1992). Since then, forest transition has been the core of land use transition research (Barbier et al., 2010; Lambin and Meyfroidt, 2010; Rudel et al., 2010; Long and Qu, 2018), and it is still a hot topic of research (Barbier et al., 2017; Singh et al., 2017). Grainger proposed the concept of land use transition from the perspective of land use pattern based on forest transition, and defined it as the change of land use pattern in a certain region in the process of socio-economic development (Grainger, 1995; Song et al., 2014). Since then, the connotation of the concept of land use pattern has been continuously enriched and developed, gradually expanding to explicit patterns (quantity and spatial structure) and implicit patterns (quality, property rights, operation methods, inherent inputs, output capacity, functions, etc.) (Long and Tu, 2018; Long et al., 2020, 2021a).

As an important land use type and agricultural production factor, farmland is key to guaranteeing food security and promoting regional sustainable development. Its role in achieving the UN 2030 Sustainable Development Goals (SDGs) includes “hunger eradication” and “terrestrial ecology” (Jiang et al., 2020; Liu and Zhou, 2021; Zhou Y. et al., 2021). Therefore, the transformation of farmland use has received considerable attention from scholars. In recent years, scholars have studied the transformation of farmland use at various scales, including national, provincial, regional, and county levels. The objectives of land management differ at different scales, among which the county-level research unit is the most basic unit of land management in China (Lyu et al., 2021). In terms of research content, scholars have shifted from exploring theoretical research paths on farmland use transition (Qu and Long, 2018) to empirical evidence (Fu et al., 2020; Niu et al., 2020), specifically focusing on the driving mechanisms (Bertoni et al., 2018; Zhou X. P. et al., 2021) and various effects of farmland use transition (SHI et al., 2017; Ge et al., 2018b; Lu et al., 2019). Research on farmland use transition is generally at the “description-explanation” stage (Song et al., 2014). Most empirical studies on farmland use transition are from a single perspective (Francis et al., 2012; Bren d’Amour et al., 2017; Ge et al., 2018a; Du et al., 2021), and few scholars have focused on the comparison between explicit and implicit changes in farmland form, which is important for understanding the mechanism of farmland use transition. In addition, insufficient attention has been given to the interactions between factors that influence farmland use transformation, which may have different effects on farmland use transition in different periods. This has important implications for the accurate formulation of farmland use management policies.

In 2020, the “Guidance Opinions of the State Council of the Central Committee of the Communist Party of China on Promoting the New Era of Western Development to Form a New Pattern” was introduced, which brought about new development opportunities for Xinjiang. How to promote the transformation of farmland use management into socio-economic development in the new western development period is of practical significance to farmland conservation in Xinjiang. Research on the description of the phenomenon of farmland use transition and the driving mechanism is the basis for optimal regulation of farmland use. It is important to explore the characteristics and problems of farmland use transition in Xinjiang since China’s Western Development Policy and to identify the key factors causing these problems in order to give targeted recommendations for farmland use conservation in the New Era of Western Development. In this study, we explored the theoretical relationship between the spatial transformation and functional transformation of farmland in Xinjiang, using multi-year data to analyze their differences. We then used the parameter-based optimal geographic detector model to explore the interactions between the influencing factors. Therefore, the aims of this study are as follows: (1) To establish the theoretical framework of farmland use transition. (2) To analyze the spatial and temporal evolution characteristics of farmland use transition. (3) To investigate the driving mechanisms of farmland use transition. (4) To propose suggestions for optimal regulation of farmland resources.



Theoretical framework

Policy action implications are the primary factors influencing the transformation of farmland use, whether directly or indirectly (Figure 1). First, land management can change the spatial pattern of farmland by adjusting property rights and other means or promote the transformation of farmland cultivation structure through some policies, thus changing the functional pattern of farmland. Second, policies can change the natural system as well as the socio-economic system of farmland through engineering or management. The farmland system is a complex natural-socio-economic system. Farmland use patterns are closely related to topography, climate, and water resources. The “mountain—oasis—desert” is a typical geographical unit in Xinjiang. Mountainous areas are unsuitable for cultivation due to its topography and soil conditions, while desert areas have water resource constraints. Therefore, farmland is generally located in the oasis area, near water systems. Natural conditions are the most direct factors influencing the spatial pattern of farmland use. However, it is also this decisive influence on the spatial distribution that limits the multifunctionality of farmland. The influence of socioeconomic factors on the transformation of farmland use is also important (Bucala-Hrabia, 2017). As a result of urbanization and population growth, high-quality farmland proximate to cities will be affected by comparative interests (Paul and McKenzie, 2013; Xu et al., 2013). Western development has had a significant impact on the industrial structure of the western region. Industrialization development and infrastructure construction lead to an influx of rural labor to the cities. While the transformation of farmland use is closely linked to the relationship between rural people and land (Ge et al., 2019), population is an important factor affecting agricultural production (Liao et al., 2019). However, the migration of the population also promotes land transfer and accelerates the development of agricultural mechanization and modernization. On the other hand, western development promotes the improvement of the level of economic development in Xinjiang, which promotes the human demand for diversification of farmland functions, accelerates the manifestation of farmland functions, and promotes the multifunctional value of farmland. With socio-economic development, the spatial form of farmland will tend to scale up, and the functional form of farmland will develop from singularity toward multifunctionality.
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FIGURE 1
Theoretical framework of farmland use transition.


In addition, there is an interaction between the spatial form of farmland use and the functional form of farmland use. On the one hand, the spatial patterns influence the functional pattern of farmland. For example, the quantity of farmland largely affects its production capacity, while the landscape pattern of farmland has a certain correlation with its landscape aesthetic function. Therefore, land engineering can be used to change the spatial patterns of farmland, which in turn promotes the change of its functional form. On the other hand, the functional form of farmland also promotes the change of the spatial form of farmland. Socio-economic development promotes the increase of the functional demand, which in turn promotes the change of the spatial form. For example, socio-economic development can improve the aesthetic function and value of cultivated land, which results in changes to the landscape pattern of cultivated land.



Materials and methods


Study area

Xinjiang is located in the arid and semi-arid region of northwestern China, which has a typical temperate continental climate with low precipitation (Bahtebay et al., 2021). The region is characterized by the Tianshan, Altay and Kunlun Mountain ranges, as well as the Tarim Basin and Junggar Basin, which form the “three mountains and two basins” (Yao et al., 2018; Figure 2). Among them, the Tianshan Mountains divide Xinjiang into the southern and northern regions. Due to their geographical location, the natural environment and the economic and social development of the southern and northern Xinjiang are significantly different (Supplementary Figure 1). The average annual temperature in southern Xinjiang is 13.4°C, while the average annual temperature in the northern Xinjiang is 8.5°C. The average annual precipitation is 88.6 and 222.9 mm for southern Xinjiang and northern Xinjiang, respectively (Mi et al., 2020). When the Western Development Policy strategy of Xinjiang was implemented in 2000, the economic belt of the northern slopes of the Tianshan Mountains was prioritized for unbalanced and coordinated development. In 2019, 106 county-level administrative units existed in Xinjiang. According to the bulletin of the main data of the third national land survey of the country; Xinjiang accounts for 5.50% of the national farmland area comprising 7,038,600 hectares. Of this, 60,100,000 hectares are paddy fields, 6,756,800 hectares are watered land, and 221,700 hectares are dry land, accounting for 0.85, 96.00, and 3.15% of the region’s total farmland area, respectively.
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FIGURE 2
Study area overview map.




Data collection

The land use data (2000, 2005, 2010, 2015, 2018) was derived from 30 m resolution land use remote sensing monitoring data from the Resource and Environment Science and Data Center of the Chinese Academy of Sciences,1 which reclassifies the land use types into six primary categories: farmland, forest land, grassland, water, construction land, and unused land. The DEM data was derived from the Geospatial Data Cloud.2 Rainfall data was collected from the National Center for Atmospheric Sciences (NCAS).3 Socio-economic data were obtained from the Xinjiang Statistical Yearbook, China County Statistical Yearbook and Xinjiang Yearbook from 2000 to 2019. Due to the long-time span and the adjustment of administrative divisions, the data were unified into 2019 administrative divisions and municipal districts were combined in this study. Among them, sufficient data for Horgos City, Alashankou City, and 10 Corps cities were unavailable in and not included in this study, resulting in the finalization of 85 research units.



Research method


Farmland use pattern measurement methods

Combining relevant research results (Song et al., 2014; Niu et al., 2020) and the characteristics of Xinjiang’s farmland resources, this study measured the transformation of farmland use by two paths: spatial and functional patterns. Among them, spatial patterns included quantitative pattern, landscape pattern and operational pattern. Quantitative pattern is the quantitative characteristics of farmland. Landscape pattern refers to the landscape ecological characteristics of the farmland patches. The operational pattern is the concentration degree of farmers’ operating plots. This study adopted the ratio of farmland area to express the quantitative change of farmland to measure the quantitative pattern of farmland and adopted the patch density and farmland per agricultural worker to reflect the landscape pattern and operational pattern of farmland. Considering the long period of transformation of farmland use as well as the medium and macro scale of research, in the context of territorial spatial planning, the functional form of this study was measured by the widely recognized production function, ecological function, and living function (Zou et al., 2021). Production function is the most basic function, mainly referring to the material output capacity of farmland, including food crops and cash crops, etc. Therefore, this study used crop yield per unit area to measure the production function of farmland. Ecological function refers to the impact of farmland use on the ecological environment. The land average fertilizer application was used in this study to reflect the negative impact of farmland on the ecosystem, and the area of farmland to ecological land measured the positive impact of farmland on the ecosystem. The living function refers to the ability of farmland to provide a basic standard of living for people. Per capita food production was used to measure the food security capacity of farmland and the level of agricultural machinery to measure the employment security capacity of farmland.

To enable a more reasonable comparison of the characteristics of the spatial and functional transformation of farmland, the Farmland Spatial Pattern Index (FSP) and the Farmland Functional Pattern Index (FFP) are calculated through their respective indicator layers. Finally, this study used the hierarchical analysis method to construct an evaluation index system, the entropy weighting method to determine the weight of the index layer, and the expert scoring method to determine the weight of the target layer (Table 1). The comprehensive index weighting method was used for calculating the farmland use pattern index (FUP), the FSP and the farmland function pattern index to characterize the degree of farmland use transition, farmland use spatial transition, and farmland use functional transition, respectively. The formulae are:

[image: image]

[image: image]

[image: image]


TABLE 1    Farmland use pattern indicator system.
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where FUPi refers to the FUP of the county and city unit i, FSPi refers to the FSP of the county and city unit i, and FFPi refers to the farmland function pattern index of the county and city unit i. WFSP and WFFP refer to the weight values of the target layer, respectively. wij refers to the weight value of the jth indicator of area i calculated by the entropy weighting method. xij refers to the value of the jth indicator of county and city i xij refers to the value of the jth indicator of the county and city i after standardization of the extreme difference.

To determine the temporal trend of the transformation of farmland use in each county and city, the transformation of farmland use was classified into four types: continuous growth type (FUP2018>FUP2015>FUP2010>FUP2005>FUP2000), fluctuating growth type (FUP2018>FUP2000 and not of the first type), continuous decrease type (FUP2018<FUP2015<FUP2010<FUP2005<FUP2000) and fluctuating decrease type (FUP2018<FUP2000 and not of the third type) according to the change characteristics of the FUP.



Methodology for measuring the spatial patterns of farmland use

The Moran’I index, reflects the degree of similarity in the attribute values of spatially adjacent regional units and was used to examine the spatial clustering characteristics of the transformation of farmland use in Xinjiang. The formula is as follows.
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Where n is the total number of observation units; xi and xj are the farmland morphological indices of the ith and jth study areas, respectively; [image: image] is the mean value of the farmland use morphological indices of each area; Wij is the spatial weight matrix of study areas i and j. I is the Moran’I index, which takes values in the range of [−1,1], and when I > 0 it means that there is a positive correlation in the transformation of farmland use, a negative correlation in the transformation of farmland use, when I < 0, and no spatial autocorrelation in the transformation of farmland use when I = 0. The standardized statistic Z is usually used to test this.

The local spatial autocorrelation reveals the degree of correlation between a spatial unit and its neighboring unit attribute values, and is given by the formula:
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where Ii is the Local Moran index. When Ii > 0, it is generally expressed as either high values surrounded by high values (HH) or low values surrounded by low values (LL); when Ii < 0, it is generally expressed as either low values surrounded by high values (LH), or high values surrounded by low values (HL).



Farmland use transition drivers and model selection

Eight indicators (Table 2), namely elevation, slope, precipitation, distance to major waterways, population density, per capita gross regional product, the share of secondary and tertiary industries, and the level of urbanization were selected from two aspects: natural and socio-economic. Geodetector have been applied in studies within the natural and social sciences as a favorable tool for driver and factor analysis, based on the assumption that if an independent variable is influenced by a significant influence on the dependent variable, then their spatial distribution has similarity. The method has no linearity assumption and is immune to covariates of the independent variables (Wang and Xu, 2017). In this study, factor detection and interaction detection were used to explore the explanatory power of factors and the interaction between factors, respectively.


TABLE 2    Original variables influencing the transformation of farmland use.
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Factor probing uses q-values to measure the extent to which factors explain the spatial divergence of the dependent variable, with the formula:
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where q is the explanatory power of a factor on the spatial differentiation of farmland use transition, and its value range is [0, 1]. The larger the value of q is, the greater the influence of the factor on the spatial differentiation of farmland use transition; h = 1. L is the number of classifications of the influencing factor. n and Nh are the number of county units for the entire region and type h, respectively. σ2, [image: image] are the variances of the farmland use pattern indices for the entire region and type h.

Interaction detection, detects the interactions between factors and is used to assess whether two factors acting together, increases or decreases the explanatory power of the dependent variable, or if the effects of these factors on the dependent variable are independent of each other (Wang and Xu, 2017). The relationship between the two factors can be classified into the following five types: Non-linear-weaken, when q(X1∩X2) < Min(q(X1),q(X2)); Uni-variable weaken, when Min(q(X1),q(X2)) < q(X1∩X2) < Max(q(X1),q(X2)); Bi-variable, when q(X1∩X2) > Max(q(X1),q(X2)); Independent, when q(X1∩X2) = q(X1) + q(X2); and Non-linear-enhance, when q(X1∩X2) > q(X1) + q(X2).

Traditional geodetectors generally use empirical knowledge to grade continuous variables, and the lack of quantitative discriminations can affect the explanatory power of the driving factors for farmland use transition. However, an optimal parameters-based geographical detector model allows for the selection of the result with the highest q-value for spatial data discretization (Song et al., 2020).





Results and analysis


Characteristics of farmland use transition


Spatial and temporal evolutionary characteristics of the transformation of farmland use

As shown in Table 3, the transformation trend of farmland use in Xinjiang mainly shows three types of trends, including continuous growth, fluctuating growth, and fluctuating decrease. Among them, most counties and cities show an increasing trend in the FUP, with the fluctuating growth type being the main pattern. This indicates that, overall, farmland use in Xinjiang is developing toward scale and multifunctionality, however, the process of change is not linear. The natural interruption point method was used to, respectively grade the FUP (Figure 3), the FSP (Figure 4) and the farmland function pattern index (Figure 5). There is clear evidence of spatial divergence of the transformation of farmland use. In general, Xinjiang’s farmland use morphology index shows an inverted “C” shape in the low value area around the high value area in the northwest. This is consistent with the physical geography of Xinjiang. Most of the inverted C-shaped areas have poor climatic and hydrological conditions, with the southern part being influenced by the Kunlun Mountains, situated at a high altitude and unsuitable for agricultural development. In terms of spatial units, areas with high values in the FUP are concentrated in the economic zone on the northern slopes of the Tianshan Mountains, the Yili Valley, Kashgar, and Hotan City. Among them, the Tianshan North Slope Economic Belt and the Yili Valley are the economic growth centers of Xinjiang, while the Kashgar Region and Hotan City are at the top of the socio-economic development level in southern Xinjiang. The low value areas are concentrated in the Bayangol Mongol Autonmous Prefecture and Hotan regions of southern Xinjiang and in Hami city in northern Xinjiang. The level of socio-economic development in these areas are inferior to those of other regions in Xinjiang. In addition, the spatially divergent characteristics of the spatial transformation of farmland use were generally the same as the spatially divergent characteristics of the functional transformation of farmland use. However, in some regions, the spatial transformation of farmland was not consistent with the functional transformation. For example, the functional transformation of farmland in Karamay City occurred faster than the spatial transformation. This is due to the rapid economic development in Karamay City and the faster functional manifestation of farmland.


TABLE 3    Farmland use pattern indicator system.
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FIGURE 3
Spatial distribution of farmland use pattern index in (A) 2000, (B) 2005, (C) 2010, (D) 2015, and (E) 2018.
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FIGURE 4
Spatial distribution of farmland spatial pattern index in (A) 2000, (B) 2005, (C) 2010, (D) 2015, and (E) 2018.
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FIGURE 5
Spatial distribution of farmland function pattern index in (A) 2000, (B) 2005, (C) 2010, (D) 2015, and (E) 2018.




Spatial clustering characteristics of farmland use transition

In the past 20 years, agglomeration of farmland use transformation showed an irregular trend that first decreased, then increased and decreased again, but generally increased overall (Table 4). The agglomeration degree of spatial transformation of farmland use showed a decreasing, then increasing and decreasing, with an overall decreasing trend. The clustering characteristics of the functional transformation of farmland use showed a change characteristic that increased before decreasing, with an overall increasing trend. From Figure 6, the results of the local spatial autocorrelation show that there are more non-significant areas than significant areas in the transformation of farmland use, and the significant areas show an increasing trend. Simultaneously, the agglomeration areas are mainly present in the economic belt of the northern slope of Tianshan, Yili valley, and the Kashgar region. The results of the local spatial autocorrelation showed no change for 2000–2005. The HH areas were mainly distributed in Yining city, Yining county, Huocheng county, Chabchal Xibe autonomous county, Shache county, Zepu county, Shufan county, Kashgar city, and Shule county. The LH areas were mainly concentrated in Ucha county, Aktau county, and the HL zone mainly concentrated in Hetian city. For 2005–2010, five counties and cities, namely Manas county, Shawan county, Kuitun city, Usu city, and Tacheng city were added to the HH zone, of which all are located in the northern part of Xinjiang, and most situated on the northern slope of the Tianshan economic zone. Both Shache County and Zepu County transformed from HH zones to insignificant zones and are both located in South Xinjiang. For 2010–2018, the significant zones gradually decreased, indicating that the differences among counties and cities in Xinjiang gradually decreased. Meanwhile, the spatial transformation of farmland was inconsistent with the spatial clustering phenomenon of farmland function transformation. Among them, from 2000 to 2005, the spatial transformation of farmland HH areas were more than the functional transformation of farmland HH areas; these were mainly concentrated in Manas County, Shawan County, and Kuitun County. This indicates that the degree of change in the quantity and pattern of farmland in these areas, is more apparent than the change in function. Furthermore, during this period, Shawan County initiated the land transfer model through land exchanges to promote water-saving irrigation engineering measures, which increased the scale of farmland. In the subsequent period, several counties in the economic belt of the northern slope of Tianshan and the Yili River valley, had more functional transformation HH areas of farmland than spatial transformation HH areas of farmland. This was likely due to the construction of infrastructure, such as transportation, that promoted economic development in these regions, thus increasing the level of functional demand for farmland.


TABLE 4    The results of Global Moran’I.
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FIGURE 6
LISA map of farmland use transition.





Driving factors of farmland use transition


Factor detection results

The results of the factor detection (Figure 7) show that the explanatory power of the various factors varied from year to year. The period for 2000–2018, showed an increasing number of influencing factors that were significant for the transition of farmland use, however, the detection of gross regional product per capita (X6) was consistently insignificant. This suggests that economic level does not have a direct impact on farmland use transition. The q-value for distance from water systems (X4) was consistently high for 2000–2018, which indicated that water resources have a greater impact on agricultural development. However, the results for rainfall (X3) were only significant in 2005 and 2010, suggesting that rainfall had little impact on agricultural development in Xinjiang. This condition is due to the dry and rainy climate of the Northwestern arid zone. It is also noteworthy that the results for the topographic conditions elevation factor (X1) or slope factor (X2) and the population density factor (X5) were consistently significant, suggesting that topographic conditions and population were closely related to the transformation of farmland use. In addition, based on the results from 2010, an increasing number of socio-economic factors were significant. This may be related to the socio-economic development of Xinjiang attributed to the Central Symposium on Xinjiang Work held in 2010 and the injection of vitality into Xinjiang’s socio-economic development by the counterpart policies of 19 provinces and cities, which promoted the transformation of Xinjiang’s industrial structure and urbanization. Overall, there were more factors of significance for spatial transformation than for functional transformation. Among them, the proportion of secondary and tertiary industries (X7) was consistently insignificant for the results of functional transformation. This suggests that the change in industrial structure did not have a direct effect on the functional transformation of farmland.
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FIGURE 7
Factor detection results of (A) farmland use transition, (B) farmland use spatial transition, and (C) farmland use function transition.




Interaction detection results

The interaction detection results (Figure 8), showed several factors that did not act independently of each other and the interaction of the factors varied between periods. Simultaneously, there were interactions among different factors, such as within natural factors, socio-economic factors, or between different factors. All factor interactions generally showed non-linear increasing trends and a two-way increase, however, the interaction between the rainfall factor (X3) and the distance to water factor (X4) for 2000 and the interaction between the distance to water factor (X4) and the share of secondary and tertiary industries factor (X7) for 2010, showed a consistent non-linear decrease. Although the individual GDP per capita factor (X6) did not show significant results for the transformation of farmland use; its interaction with other factors showed a non-linear enhancement or a two-factor enhancement of the explanatory power. This suggests that the economic level contributes to the effect of other factors on farmland use transition. In addition, more interactions among the drivers of spatial transformation of farmland showed a weakening effect in 2018 than in other years, while more interactions among the drivers of spatial transformation of farmland showed a weakening effect in 2000 than in other years. This indicates that with socio-economic development, technological progress will gradually reduce the constraints of topographic conditions on the spatial and functional patterns of farmland.
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FIGURE 8
Interaction detection results.






Discussion


Impact of western development on the transformation of farmland use and policy implications

Two main mechanisms were responsible for the transformation of farmland use in Xinjiang, which resulted from China’s Western Development Policy. First, the construction of various farmland water conservancy infrastructures that has been undertaken since 2000, especially the promotion of water-saving irrigation projects, have contributed significantly to the enhancement of farmland development potential and increased the land reclamation rate. However, the benefits of these projects are limited, as the results of the influencing factors found that distance from the water system has been the factor with the greatest explanatory power for the transformation of farmland use. Second, in 2005, the construction of a new socialist countryside was launched to guide non-farm employment and promote agricultural industrialization. The increase in non-farm employment has to some extent, laid the foundation for large-scale agriculture. Since 2010, Xinjiang has been vigorously promoting the modernization of agriculture. In 2013, the primary mode of agricultural production and operation, mainly large professional households and farmers’ professional cooperatives, developed rapidly. The emergence of land share cooperatives led to the orderly transfer of land, changing the landscape pattern of farmland and improving farmland efficiency. In 2016, farmland film pollution control was implemented in Xinjiang, and the ecological function of farmland recovered. Moreover, by curbing pollution, structural reform of agricultural supply, agricultural leisure, and tourism development was promoted, this improved the cultural function of the farmland landscape. The results of the analysis of influencing factors found that the economic level had no direct influence on the transformation of farmland use in Xinjiang, however, it did promote the influence of other factors on the transformation of farmland use. This is due to the fact that the development of the economic level will promote the increase of multifunctional demand of farmland, which will promote the transformation of farmland use. This is an important pathway of farmland use transformation.

Summarizing the experience since the implementation of the Western Development Policy in China, the transformation of the spatial pattern of farmland in Xinjiang has increased and its productive functions improved through the construction of water-saving irrigation and other farmland water conservancy projects. The exploration of land transfer has improved the fragmentation and area of farmland, thus significantly increasing its social and ecological value and generating multiple external benefits (Yan et al., 2021). Since 2015, the advancement of structural reform in agricultural supply, has promoted the rapid development of leisure and tourism agriculture; in addition, the cultural function of farmland landscape has furthered the landscape pattern transformation. Furthermore, the treatment of polluted mulch on farmland has reduced the deterioration of ecological functions. In conclusion, land engineering is directly changing the spatial pattern of farmland in Xinjiang, but its role is limited; while land policy has promoted the functional transformation of farmland in Xinjiang, it is still primarily at the stage of production function.

According to the theoretical evolutionary characteristics of farmland use transformation, farmland will develop toward multifunctionalities. However, despite the influence of several policies and land projects since the western development, the functional transformation of farmland in Xinjiang remains largely engaged in production only. To achieve the goals of rural revitalization and ecological protection in the western region, regions should adjust their farmland use management policies according to the county-level use patterns to promote resource use and sustainable development and base it on the driving mechanisms of farmland use transformation. The “New Western Development” requires the formation of a modern industrial system, the integration of rural industries and the optimization of rural employment structure. It is recommended to further reduce the “white pollution” of farmland mulch, improve the ecological cultural functions of farmland by means of leisure and tourism agriculture, by considering the economic level and cultural characteristics of different regions to promote the transformation of the landscape pattern of farmland.

The zoning can be optimized according to the characteristics of the spatial and functional patterns of farmland in the region. The spatial pattern index of farmland use and the function pattern index of farmland use, which are graded as “Moderate” above, are regarded as high value areas, and vice versa, as low value areas. The area where the low value of the function pattern of farmland and the low value of the spatial pattern of farmland overlap is the priority area for spatial transformation, accounting for 72.94%. This area should focus on spatial transformation. It is suggested that it can strengthen the construction of high-standard farmland to improve the level of scale and quality of farmland. The area where the low value of the function pattern of farmland and the high value of the spatial pattern of farmland overlap is a priority area for functional transformation, with only the city of Karamay. Its level of agricultural mechanization is high, but the various functions of farmland have not been revealed. It is recommended that organic fertilizers be applied instead of chemical fertilizers, biodegradable films be used and tourism and agricultural infrastructure be strengthened to promote the multi-functionality of farmland. The area where the high value of the function pattern of farmland and the low value of the spatial pattern of farmland overlap is an incentive zone for spatial transformation. The productive, ecological and living functions of farmland in this zone are fully utilized, but their quantity and pattern do not match them. The occupation of farmland should be avoided and, at the same time, the landscape and management pattern should be optimized. The area where the high value of the functional form of farmland and the high value of the spatial form of farmland overlap is an incentive zone for functional transformation. The spatial form of farmland in this zone matches the functional form, and the multifunctional value of farmland is also fully utilized. It is recommended that this zone should pay more attention to the changing needs of the region when managing the use of farmland, so as to stimulate its functional transformation.



Limitations and future work

The sustainable use of farmland in China is of great significance to sustainable human development and national stability (Ye et al., 2020). This study analyzed the spatial and temporal evolution characteristics of the transformation of farmland use in Xinjiang counties and its driving mechanisms. The results of the study can provide decision support for the management of farmland use at the medium and macro levels. However, the following shortcomings were observed in this study: (1) There is scope to improve the establishment of the indicator system. If more data could be obtained, the system of indicators of farmland use patterns and the selection of drivers could be more systematic. For example, a number of agro-tourism parks could be adopted to characterize the life functions of farmland in terms of landscape culture. The policy factors affecting the transformation of farmland use can be measured by selecting indicators such as agricultural-related financial expenditure. (2) This study only examined the transformation of farmland use, in terms of spatial and functional patterns, which is a limited guide to the manage farmland use. In contrast, more implicit forms of farmland conditions, such as quality and management methods are important for guiding farmland use management. Simultaneously, this study can only make policy recommendations from a medium to macro perspective, as the spatial unit directly related to the transformation of farmland use is the village area. Therefore, more implicit forms and micro-scale research are required. (3) The transformation of farmland use is influenced by the entire country and even the global scale, especially for Xinjiang, where the construction of the Silk Road Economic Belt core zone has promoted the level of globalization and influenced the socio-economic development of Xinjiang, therefore, a future research direction is to investigate the driving mechanism at multiple scales.




Conclusion

The land use structure of Xinjiang since the implementation of the Western Development Policy, is closely related to social and economic development in the region, and there are obvious regional differences. In this study, we constructed a theoretical framework for farmland use transition and established farmland use pattern indicators from the perspectives of farmland spatial pattern and functional pattern, to measure the characteristics of farmland use transition in Xinjiang. Additionally, we explored the driving factors of the transformation of farmland use through an optimal geographic probe based on parameters. The results of the study provided evidence of the transformation of farmland use toward large scale and multifunctionality, which is largely coincided with the degree of change in socio-economic development. The transformation characteristics were mainly of fluctuating growth, with several counties and cities showing a trend of continuous growth or fluctuating decrease. The spatial transformation of farmland and the functional transformation were generally the same, however, for some counties and cities with rapid socio-economic development, the functional transformation was faster than the spatial transformation. In addition, the transformation of farmland use showed spatial agglomeration that was mainly concentrated in the northern slope of Tianshan Mountain, the Yili River Valley, and Kashgar region; the degree of agglomeration showed an increasing trend. The degree of clustering of farmland functional transformation also showed an increasing trend, but the spatial transformation of farmland showed a decreasing trend. The transformation of farmland use in Xinjiang was influenced by natural and socio-economic factors and policies and the influence of different factors and their interactions varied in different periods. Distance to water systems is the most important natural geographical factor influencing the transition of farmland use, but its influence is decreasing. Economic level has no direct influence on the transition of farmland use in Xinjiang, but can contribute to the influence of other factors on the transition of farmland use. Although, western development has greatly promoted the transformation of farmland use in Xinjiang, but it has mainly contributed to the spatial transformation, and the transformation of farmland function is still primarily at production levels. In the future, it is suggested that the new western development period promotes the multifunctional use of farmland. Starting from the demand side of farmland, the spatial transformation of farmland is promoted by promoting the multifunctional play of farmland.
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