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ABSTRACT：In order to reveal the spatial correlation characteristics and action mechanism of cropland fragmentation and cropland quality, this study takes the central plain area of Liaoning as an example, constructs the evaluation system of cropland "area-shape-distribution" fragmentation and cropland natural-standing quality, and explores the effect of cropland fragmentation on cropland quality based on the evaluation using bivariate spatial autocorrelation method and spatial lag model. The results showed that the quality of cropland in the Central Plain region was affected by the fragmentation. The results showed that the overall degree of cropland fine-fragmentation in the central plain area was light, and the cropland quality showed a spatial distribution trend of "high in the middle and low at both ends". There was a negative spatial correlation between cropland fine fragmentation and cropland quality. The increase of the number of patches (NP), boundary density (ED) and aggregation degree (AI) in the central plain area will hinder the improvement of the cultivated land quality. When the NP, ED and AI values in the evaluation unit increased by 1 unit, the cropland quality in the central plain area decreased by 0.275, 1.306 and 1.085, respectively. 
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1 INTRODUCTION
[bookmark: OLE_LINK24]Cultivated land is an important part of land resources and the material basis for human survival and development, and its ability to ensure sustainable socio-economic development (Tan et al., 2020). As the economy and urbanization continue to grow, China is beginning to face the basic national condition of having more people and less land, while the lower quality of cultivated land is constraining the further development of the Chinese economy (Wang et al., 2020). The actual situation in China makes cultivated land considered the most valuable property and a scarce resource (Piao et al., 2010). At the same time, due to the basic national policies such as the balance of cultivated land and the protection of 1.8 billion mu of cultivated land, people began to use land remediation projects and other means to continuously develop poor quality cultivated land, resulting in an increase in the overall quantity of cultivated land, but a decline in the quality of cultivated land (Kong, 2014). Therefore, people have started to explore effective methods to improve the quality of cultivated land. And the process of cultivated land quality evaluation has produced a system for evaluating different aspects of cultivated land quality, mainly including the evaluation of cultivated land potential, suitability and sustainability (Zhang et al., 2018; Zhu et al., 2022). Different methods of cultivated land quality evaluation have also emerged. Liu et al. used the PSR model to evaluate the quality of cultivated land in Guangzhou, Guangdong Province, China, starting from this accuracy scale(Liu et al., 2019), Li et al. used hierarchical analysis to evaluate the quality of new cultivated land in the Guan zhong plain area of Shaanxi Province, and also proposed a corresponding method to improve the quality of cultivated land (Li et al., 2018), Liu et al. constructed a cropland quality evaluation system from seven aspects such as organic matter and soil texture, and used a BP neural network model to explore the distribution trend of cropland quality in Ya'an area (Liu et al., 2022), Qian et al. used the LESA model to systematically evaluate the quality of cultivated land in Lingyuan County, Liaoning Province from both natural and standpoint aspects (Qian et al., 2021), Wang et al. used 3S technology to obtain an indicator system to evaluate the general situation and distribution trend of cultivated land quality in Shandong Province (Wang et al., 2012).
Because of China's long-standing family contract responsibility system of agricultural land transfer land allocation has changed the distribution of cultivated land from a continuous strip to a discontinuous mosaic of mixed patches, which we call cultivated land fragmentation (Yu et al., 2018). Cultivated land fragmentation is defined as the existence of many spatially separated pieces of land that are farmed as a whole. (McPherson et al.1982). The fine fragmentation of cultivated land is an important factor limiting the development of agricultural production. On the one hand, the continuous cultivated land is divided into multiple plots of different sizes and uneven distribution, which restricts the use of agricultural machinery, is not conducive to the construction of farmland infrastructure, inhibits farmers' enthusiasm for production, and even makes some cultivated land abandoned.. (Tan et al., 2006). On the other hand, it hinders the exchange of genes between organisms and leads to the loss of biodiversity (Enaruvbe and Atafo, 2019). Hartvigsen (Hartvigsen, 2014) investigated land fragmentation in Central and Eastern Europe and found that when land ownership and land use are highly fragmented, agriculture and rural development tend to be negatively affected. Haddad et al.(Haddad et al., 2015) found that land fragmentation affects ecosystem services, such as soil conservation, biodiversity, and climate regulation. Many countries and regions have also formulated governance strategies such as land consolidation and land reserve according to local conditions to reduce and eliminate the negative impact of land fragmentation(Ntihinyurwa and de Vries, 2020). Traditional research on cultivated land fragmentation focuses on the use of field surveys and statistical methods to obtain household survey data to evaluate cultivated land fragmentation(Looga et al., 2018). However, with the gradual enrichment of research on fragmentation, scholars' evaluation methods for cultivated land fragmentation gradually tend to be related to remote sensing and landscape pattern index (Wei et al., 2020).
By analyzing the current status of research on cropland fragmentation and cropland quality, it was found that scholars have long neglected the correlation between cropland fragmentation and cropland quality and the specific effects of cropland fragmentation on cropland quality in the process of research on enhancing cropland quality. In the process of long-term land inheritance and cultivated land allocation, high-quality cultivated land will be more subdivided, resulting in a negative correlation between cultivated land quality and the number of patches, and more serious cultivated land fragmentation (Benjamin D 1995). At the same time, cultivated land fragmentation has led to an increase in the infrastructure funds invested by farmers in cultivated land, making it difficult to improve the quality of cultivated land. At present, there are few studies on the characteristics of the association between cultivated land fragmentation and cultivated land quality and the underlying mechanisms. Therefore, this paper conducted an evaluation of cultivated land fragmentation and cultivated land quality in the central plain area of Liaoning as a whole, and explored the spatial correlation characteristics between cultivated land fragmentation and cultivated land quality in the central plain area. It provides theoretical references for the comprehensive improvement of cultivated land and cultivated land protection.
2 MATERIALS AND METHODS
2.1 Materals
2.1.1 Study area
Liaoning Province is located in the northeastern part of China and can be divided into three geomorphic regions according to the geomorphic features: the central plain region, the eastern mountainous region and the western hilly region. The area located in the lower reaches of Liaohe River (121 ° 34 ′ 125 ° 06 ′ e, 39 ° 55 ′ 43 ° 29 ′ n), the central plain area is one of the main grain producing areas in Northeast China, covering an area of about 47700 square kilometers (Figure 1). There are wavy hilly areas in the north, bordering Horqin Sandy Land in Inner Mongolia in the northwest, and the Piedmont slope proluvial or alluvial proluvial gently inclined plains are on the East and west sides. The central plain has superior natural conditions. It is the main gathering place of high-quality cultivated land resources in Liaoning Province. At the same time, it is also the main supply place of agriculture, commodity grain, oil and vegetables in the province. Its soil types are rich, including meadow soil, paddy soil, etc.
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[bookmark: OLE_LINK22]FIGURE1 Geographical Location of Central Plain Area of Liaoning Province
2.1.2 Data collection
This study takes the township level units under the administrative divisions of the central plain in 2017 as the evaluation unit. The main data processing process is as follows:
(1) In 2017, the land use status data interpreted from remote sensing images of Liaoning Province were used to extract basic land type information such as cultivated land and rural residential areas. (2) 2017 agricultural land classification data of Liaoning Province, extract the natural quality evaluation index data of cultivated land, and use arcgis10.2 software to convert the cultivated land classification map into a pixel size of 5m × 5m grid data, import fragstats4.2 software, and calculate the patch number (NP), average patch area (MPS), boundary density (ED), area weighted average shape index (AWMSI), average nearest neighbor distance (MNN) and aggregation (AI) of each cultivated land grid unit at the landscape level.
2.2 Methods
2.2.1 Evaluation system of cultivated land fragmentation
This paper selects six indicators of fragmentation, including the number of patches of cultivated land, and constructs the evaluation index system of "area fragmentation - shape fragmentation - distribution fragmentation" to comprehensively describe the fragmentation of cultivated land in terms of area fragmentation, shape fragmentation and distribution fragmentation. The fragmentation of cultivated land in the central plain area was characterized in three aspects: fragmentation of cultivated land area, fragmentation of cultivated land shape and fragmentation of cultivated land distribution. Fragstats software was used to calculate the fine-fragmentation index of each unit of cropland in the study area (Table 1).
[bookmark: OLE_LINK3]Standardization of indicators using the extreme difference method:
                    (1)
[bookmark: OLE_LINK4][bookmark: OLE_LINK9][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Where,  is the standardized value of the index,  is the original value of the indicator, 、 is the minimum and maximum of the original value of the indicator respectively. 
[bookmark: OLE_LINK10]The entropy value method was applied to determine the weight of each cultivated land fine-grained index:
                              (2)
                           (3)
Where,  is the standardized value of the jth evaluation index of the ith sample, is the entropy of the jth index,  is the weight of the jth indicator, k is the number of indicators, and m is the number of samples.
[bookmark: OLE_LINK11]Finally, the composite index method was used to calculate the fine fragmentation index of the unit's cropland:
                                (4)
Where,  is the comprehensive fragmentation index of cultivated land in the ith evaluation unit,  is the jth index score of the ith evaluation unit,  is the weight of the jth index.

TABLE 1. Meaning of cultivated land fragmentation index
	Criteria layer
	Index layer
	Calculated formula
	Index interpretation
	Index attribute

	Area fragmentation
	NP
	N
	Number of cultivated land patches
	＋

	
	MPS
	
	Average patch area, where: A is the total area of cultivated land patches, and N is the number of Cultivated land patches
	－

	Shape fragmentation
	ED
	
	The greater the boundary density, the higher the degree of cultivated land segmentation. Where: e is the total boundary length of cultivated land patches; A is the total area of cultivated land patches
	＋

	
	AWMSI
	
	When the area weighted average shape index is 1, the patch shape is the simplest square. The larger the value, the more complex and irregular the patch shape becomes. Where: n is the number of cultivated land patches; is the perimeter of cultivated land patch;  is the patch area of cultivated land; A is the total area of cultivated land patches
	＋

	Distribution fragmentation
	MNN
	
	The larger the average nearest neighbor distance, the more discrete the patches of the same type are in space. Where:  is the sum of the nearest distances from patch i to patch j of the same type; m is the number of patches of land use type i; n is the total number of land use types;  'is the total number of cultivated land patches with the nearest distance
	＋

	
	AI
	
	The aggregation degree is calculated based on the common boundary length between patches. The greater the value, the higher the aggregation degree of the same type of patches, where:  is the number of similar adjacent patches of the corresponding landscape type.
	－


2.2.2 Cultivated land quality evaluation system
This paper uses the Land Evaluation and Site Assessment System (LESA) established by the U.S. Soil Conservation Service to evaluate the quality of cropland in the Central Plains region. The evaluation of natural resource quality of cropland is an evaluation of the background conditions of cropland resources, and the evaluation of cropland stand environment is an evaluation of the stability of cropland utilization and socio-economic suitability. The natural conditions of cultivated land were selected with reference to the indicators in the regulations of agricultural land classification, and five indicators such as distance to rural settlements were selected for the analysis of site conditions, and the weights of each indicator were determined by using hierarchical analysis (Table 2). The evaluation model formula of natural conditions of cultivated land or site conditions is as follows.
                         (5)
Where Y is the evaluation score of natural or site conditions of cultivated land;  is the weight of the ith evaluation index;  is the index action score.
Using the research results of Qian et al. as a reference, we construct a comprehensive evaluation system for LESA (Qian et al., 2021), and assign a proportion coefficient of 6:4 to the natural conditions and site conditions of cultivated land in the central plain. LESA comprehensive evaluation model is as follows:
                     (6)
                            (7)
[bookmark: _Hlk107864696]Where, LESA is the quality index of cultivated land; LE is the evaluation score of natural conditions of cultivated land; SA is the evaluation score of standing conditions of cultivated land; α and β are the proportional relationship between the weights of natural conditions and standing conditions of cultivated land.
TABLE 2 Cultivated land quality evaluation index system
	Criterion layer
	[bookmark: OLE_LINK14]Weight
	Index layer
	Weight

	LE
	0.6
	Topsoil texture
	0.11

	
	
	Soil organic matter content
	0.06

	
	
	Soil pH
	0.06

	
	
	Irrigation assurance rate
	0.23

	
	
	Salinization degree
	0.13

	
	
	Depth from obstacle layer to ground surface
	0.04

	
	
	Drainage conditions
	0.27

	
	
	Irrigation water source
	0.04

	
	
	Profile configuration
	0.06

	SA
	0.4
	Road network density
	0.21

	
	
	Contiguous area
	0.20

	
	
	Ditch density
	0.14

	
	
	Proportion of surrounding agricultural land
	0.13

	
	
	Distance from town
	0.13

	
	
	Distance from residential area
	0.11

	
	
	Ecological compatibility
	0.08


[bookmark: OLE_LINK17]2.2.3 Spatial autocorrelation analysis
Spatial autocorrelation analysis is an analytical method to measure whether there is aggregation between the value of an attribute in a region and the value of an attribute in its neighboring regions (Chen, 2021). In this paper, global and local spatial autocorrelation analyses were chosen to analyze the spatial clustering and correlation characteristics of cropland fine fragmentation and cropland quality in the central plain area.
(1) Global spatial autocorrelation
Global spatial autocorrelation is used to measure the description of the spatial characteristics of the attribute values between regions on the whole. The global Moran index formula is as follows：
                     (8)
Where: I is the global Moran index, and the value range is [-1, 1]. The greater the absolute value of I is, the stronger the correlation is; 、 is the observed value at position i and j respectively;  is the spatial weight between i and j; n is the number of research units.
(2) Local spatial autocorrelation
Through the local spatial autocorrelation analysis of attribute values by local Moran index, the spatial relationship between a point in the space in the study area and the surrounding points can be obtained, that is, H-H (high and high) and L-L (low and low) of positive correlation types and H-L (high and low) and L-H (low and high) of negative correlation types. The local Moran index formula is as follows:
                      (9)
2.2.4 Spatial error model
When the attribute values have spatial autocorrelation, the traditional linear regression is no longer applicable, and the spatial regression model should be selected. Therefore, in this paper, the spatial error model (SEM) is chosen to analyze the mechanism of the effect of the fine-grained index of cropland on the quality of cropland, which is given by：
                (10)
Where:  is the cultivated land quality index, X  is cultivated land fine fragmentation index, β is the regression coefficient of the variable, ε is a random error vector. λ Indicates the spatial dependence of the error term.
3 RESULTS
3.1 Analysis of cultivated land fine-fragmentation characteristics
The weights of each indicator calculated by formulas (2) and (3) are shown in Table 3. The natural breakpoint method was used to divide the evaluation results of cultivated land fragmentation index into five levels (Fig. 2), with grade 1 being the lowest and grade 5 being the highest. According to the analysis of the evaluation and grading results of cultivated land fineness, the spatial differentiation law of the comprehensive fineness index of cultivated land and the three types of fine fragmentation representation index in the central plain of Liaoning is similar, and the polarization characteristics are obvious, which is manifested as a higher degree of cultivated land fragmentation on the side near the eastern mountainous area. The comprehensive index of cultivated land fineness and the cultivated land area, shape and distribution of fineness index were concentrated in level 1 and 2, and the degree of fragmentation was relatively light.
The global autocorrelation analysis of the calculation results of the cultivated land fragmentation index in the central plains of Liaoning Province ( Table 4 ) shows that the cultivated land fragmentation index in different landform areas shows a certain positive correlation in space. In terms of Moran 's I value, SFI ( 0.656 ) > CLF ( 0.648 ) > DFI ( 0.547 ) > AFI ( 0.475 ), indicating that the shape fragmentation index ( SFI ) has the strongest agglomeration in spatial distribution, and the cultivated land area fragmentation index ( AFI ) has the weakest agglomeration. Based on the local spatial autocorrelation analysis of the cultivated land fragmentation index in the plain area of central Liaoning (Fig. 3), the cultivated land comprehensive fragmentation index ( CLF ) is mainly low-low ( L-L ) agglomeration, and the cultivated land area accounts for 27.95 %. It is distributed in the northwest and southwest of the plain area, and the degree of cultivated land fragmentation is low. The proportion of high-high ( H-H ) type cultivated land area is 9.41 %, which is distributed in the southeast of the plain area, and the degree of cultivated land fragmentation is high. The cultivated land area fragmentation index ( AFI ), cultivated land shape fragmentation index ( SFI ) and cultivated land distribution fragmentation index ( DFI ) are mainly low-low ( L-L ) agglomeration. The proportion of cultivated land area with low-low ( L-L ) type agglomeration of AFI was 12.86 %, which was scattered in the northwest of Kangping County, Heishan County and other plain areas. The area of cultivated land patch was large and the degree of area fragmentation was low. The proportion of cultivated land area with low-low ( L-L ) type aggregation of cultivated land shape fragmentation index ( SFI ) is 35.08 %, which is widely distributed in the middle of plain areas such as Tai 'an County and Liaozhong District. The shape of cultivated land is regular and has the conditions for mechanized farming. The proportion of cultivated land area with low-low ( L-L ) type agglomeration of cultivated land distribution fragmentation index ( DFI ) is 30.16 %, which is distributed in the northwest and southwest of plain areas such as Changtu County, Faku County and Dawa District. The distribution of cultivated land is concentrated and the degree of fragmentation is low. The spatial agglomeration characteristics of the high-high ( H-H ) type of the three types of cultivated land fragmentation index are similar. The proportion of cultivated land area is 9.60 %, 8.54 % and 6.65 %, respectively, distributed in the southeast of the plain area, mainly including Gaizhou City, Haicheng City and the eastern part of Liaoyang City. The area of cultivated land patches in these areas is small, the shape is broken, the spacing of cultivated land patches is large, and the degree of fragmentation is serious.
TABLE 3 Weight of cultivated land fragmentation evaluation index
	Criterion layer
	[bookmark: OLE_LINK33]Weight
	Indicator layer
	Weight

	AFI
	0.329
	NP
	0.969

	
	
	MPS
	0.031

	SFI
	0.323
	ED
	0.883

	
	
	AWMSI
	0.117

	DFI
	0.348
	MNN
	0.636

	
	
	AI
	0.364



TABLE 4 Global autocorrelation analysis results of cultivated land fragmentation index
	Cultivated land fragmentation index
	Moran’s I
	P
	Z

	CLF
	0.648
	0.001
	23.457

	AFI
	0.475
	0.001
	17.870

	SFI
	0.656
	0.001
	24.109

	DFI
	0.547
	0.001
	19.738



[image: ]
[bookmark: OLE_LINK34]FIGURE 2 Classification of cultivated land fragmentation index in central plain of Liaoning
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[bookmark: OLE_LINK16]FIGURE 3 LISA diagram of autocorrelation of cultivated land fragmentation index in central plain of Liaoning Province

3.2 Analysis of cultivated land quality characteristics
According to Formula ( 6 ), the quality of cultivated land in the central plain of Liaoning Province was evaluated, and the cultivated land quality index was graded by ArcGIS natural breakpoint method ( Fig.4 ). Grade 1 indicates that the quality of cultivated land is the best, and grade 5 indicates that the quality of cultivated land is the worst. The quality of cultivated land in the central plains is characterized by ' high in the middle and low on both sides '. The proportion of cultivated land area of each quality grade from high to low is : grade 4 ( 24.92 % ) > grade 3 ( 22.82 % ) > grade 2 ( 21.29 % ) > grade 5 ( 16.58 % ) > grade 1 ( 14.38 % ). The cultivated land quality index of grade 1 cultivated land is between 70.03 and 75.91, and the proportion ofc cultivated land is the smallest. It is distributed in Dawa District and Changtu County, and the quality of cultivated land is the highest. The distribution of grade 2 cultivated land and grade 3 cultivated land is similar to that of grade 1 cultivated land, and the cultivated land quality index of cultivated land is between 66.41-70.0 and 63.24-66.41 respectively. The xultivated land quality index of grade 4 cultivated land is between 59.50 and 63.24, and the xultivated land area accounts for the largest proportion, mainly distributed in Xinmin City and Faku County. The cultivated land quality index of grade 5 cultivated land is 52.43 ~ 59.50, and the lowest cultivated land quality is mainly distributed in Zhangwu county and Kangping county.
The local autocorrelation analysis of the calculation results of cultivated land quality in the central plain area of Liaoning Province shows that there is a positive correlation between the cultivated land quality index in the central plain area, which is manifested as H-H agglomeration and L-L agglomeration. The area of cultivated land with high-high ( H-H ) type agglomeration accounts for 23.95 %, which is mainly distributed in Changtu County, Tieling City, Panjin City, Sujiatun District, Hunnan District and other central plain areas in Shenyang City. The scale of cultivated land is good, the degree of continuity is high, the advantages of agricultural production are obvious, and the quality of cultivated land is high. The cultivated land on both sides of the east and west showed a low-low ( L-L ) agglomeration, with an area ratio of 24.35 %, mainly distributed in Zhangwu County of Fuxin City, Kangping County of Shenyang City, and southeast of Tieling City.

[image: ]
FIGURE 4 Cultivated land quality classification and autocorrelation LISA map in central plain of Liaoning Province

3.3 Spatial correlation characteristics of cultivated land fragmentation and cultivated land quality
[bookmark: OLE_LINK21]According to the formula ( 8 ) and ( 9 ), the Z value and P-value of the spatial correlation degree between cultivated land fragmentation and cultivated land quality in the central plain area show that there is a negative spatial correlation between cultivated land fragmentation and cultivated land quality. According to Moran 's I(Table 5), the spatial correlation is sorted : CLF, Quality ( -0.186 ) > SFI, SFI, Quality ( -0.185 ) > DFI, Quality ( -0.159 ) > AFI, Quality ( -0.109 ), indicating that the spatial negative correlation between cultivated land comprehensive fragmentation and cultivated land quality is the strongest, and the spatial negative correlation between area fragmentation and cultivated land quality is the weakest.
The comprehensive fragmentation index of cultivated land in different geomorphological areas and the characterization index of fragmentation and the quality index of cultivated land were analyzed by bivariate local spatial autocorrelation analysis (Fig. 5). The high value of cultivated land fragmentation index indicates that the degree of cultivated land fragmentation is serious, and the high value of cultivated land quality index indicates that the quality of cultivated land is good. The comprehensive fragmentation index ( CLF ) of cultivated land in the central plain area and the L-H type ( low fragmentation-high quality ) in the local spatial agglomeration type of cultivated land quality account for the main body, indicating that the spatial negative correlation between the degree of cultivated land fragmentation and the quality of cultivated land is more significant. The degree of fragmentation of most cultivated land in the plain area is low and the quality is high. The three types of cultivated land fragmentation index ( AFI, SFI, DFI ) and local spatial agglomeration types of cultivated land quality are mainly L-H type. The proportion of cultivated land area fragmentation-cultivated land quality ( AFI-Quality ) local spatial autocorrelation type of cultivated land area from high to low is L-H type ( 15.12 % ) > L-L type ( 13.85 % ) > H-L type ( 10.09 % ) > H-H type ( 8.06 % ). L-H type is distributed in Changtu County, Dawa District and northern Haicheng City.These areas have large cultivated land area and good cultivated land quality conditions. The L-L type is mainly distributed in Zhangwu County, Kangping County and Dengta City. The degree of cultivated land fragmentation in these areas is low, but the quality of cultivated land is poor. The H-L type is mainly distributed in the west of Linghai City, the west of Zhangwu County and the southeast of Tieling City. The cultivated land area in these areas is highly fragmented and the quality of cultivated land is poor. The H-H type is mainly distributed in the central part of Haicheng City. Fragmentation of cultivated land shape-quality of cultivated land ( SFI-Quality ) Local spatial autocorrelation type The proportion of cultivated land area from high to low is L-H type ( 22.64 % ) > L-L type ( 17.81 % ) > H-L type ( 5.86 % ) > H-H type ( 1.47 % ). The L-H type represents the regular shape and high quality of cultivated land in the region, which is distributed in Changtu County, Dawa District and the northern part of Haicheng City. The L-L type is concentrated in Zhangwu County, Kangping County and Dengta City. In these areas, the degree of Cultivated land fragmentation is low and the quality of cultivated land is low. The H-L type is mainly distributed in the southeast of Tieling City, the southeast of Kaiyuan City and the west of Linghai City. The H-H type accounts for a small proportion and is scattered in Haicheng City and Sujiatun District. The proportion of cultivated land area of DFI-Quality local spatial autocorrelation type from high to low is L-H type ( 21.29 % ) > L-L type ( 18.23 % ) > H-L type ( 5.21 % ) > H-H type ( 2.02 % ). The spatial distribution pattern of DFI-Quality local spatial agglomeration type is similar to SFI-Quality.

TABLE 5 Results of bivariate Moran 's I of cultivated land fragmentation index and cultivated land quality index in central plain area
	Variable
	Moran's I
	Z
	P-value

	(CLF，Quality)
	-0.186
	-9.319
	0.001***

	(AFI，Quality)
	-0.109
	-5.128
	0.001***

	(SFI，Quality)
	-0.185
	-9.221
	0.001***

	(DFI，Quality)
	-0.159
	-7.817
	0.001***



[image: ]
FIGURE 5 Spatial autocorrelation LISA diagram of cultivated land fragmentation index and cultivated land quality in central plain of Liaoning Province

3.4 Mechanism of cultivated land Fragmentation and Quality
The spatial autocorrelation analysis of single and double variables of cultivated land fragmentation and cultivated land quality showed that there was a positive spatial autocorrelation between cultivated land fragmentation and cultivated land quality in the central plain of Liaoning, while there was a negative spatial autocorrelation between cultivated land fragmentation and cultivated land quality. Based on this, this study uses the spatial error model (formula 10), selects the cultivated land quality index as the explained variable, and uses the number of patches ( NP ), average patch area ( MPS ), boundary density ( ED ), area-weighted average shape index ( AWMSI ), average nearest neighbor distance ( MNN ), and aggregation degree ( AI ) as explanatory variables to explore the mechanism of cultivated land fragmentation on cultivated land quality in the central plains of Liaoning.
The R-square value of the spatial lag model of cultivated land fragmentation and cultivated land quality in the central plain area is 0.811. The model passes the significance test, in which the number of patches ( NP ) and boundary density ( ED ) are at a significant level of 5 %, and the aggregation degree ( AI ) is at a significant level of 10 %. The model results are as follows :
Quality= -0.275*NP-1.306*ED-1.085*AI+ε                    （11）
As shown in Table 6, NP, ED and AI were negatively correlated with the quality of cultivated land. According to the absolute value of the regression coefficient, the degree of interpretation of the variables was ranked : ED > AI > NP. It shows that the shape of cultivated land patches in the central plains of Liaoning has a greater impact on the quality of cultivated land, followed by the number of cultivated land patches. When the shape of cultivated land patches is more irregular, the number of cultivated land patches is larger, and the quality of cultivated land is lower. Under the condition of other factors unchanged, when ED decreased by 1, the quality of cultivated land in the central plains of Liaoning increased by 1.306. When ED reached 329.293, the quality of marginal cultivated land reached the highest point, corresponding to the quality of cultivated land was 53.851. When AI decreased by 1, the quality of cultivated land in the central plain of Liaoning increased by 1.085. When AI reached 95.763, the quality of marginal cultivated land reached the highest point, and the corresponding quality of cultivated land was 53.851. When NP decreased by 1, the quality of cultivated land in the central plains of Liaoning increased by 0.275. When NP reached 365, the quality of marginal cultivated land reached the highest point, corresponding to 56.298.

TABLE 6 Spatial regression results of cultivated land fragmentation and cultivated land quality in Liaozhong plain
	Variable
	Coefficient
	Std.Error
	z-value
	Probability

	NP
	-0.275
	0.098
	-2.780
	0.005**

	MPS
	-0.036
	0.085
	-0.426
	0.670

	ED
	-1.306
	0.456
	-2.862
	0.004**

	AWMSI
	-0.132
	0.083
	-1.594
	0.111

	MNN
	-0.158
	0.426
	-0.371
	0.710

	AI
	-1.085
	0.429
	-2.531
	0.011*


Note : *, * *, * * * indicate that the parameters of the variables pass the significance test of 10 %, 5 % and 1 % respectively.

4 DISCUSSION
The spatial autocorrelation Moran's index of cropland fragmentation and cropland quality in the central plains of Liaoning Province was greater than zero. The results indicate that the values of cropland fragmentation and cropland quality are not randomly distributed, but have some positive correlation(Qian et al., 2020; Wang et al., 2022). In addition, we conducted a bivariate spatial autocorrelation analysis of cultivated land fragmentation and cultivated land quality in the central plain area. The results found that there was a certain negative correlation between cropland fragmentation and cropland quality in the central plain area, i.e., cropland fragmentation could affect cropland quality by changing the area, shape and distribution of cropland patches. Therefore, we further applied a spatial error model to analyze the specific role of each cropland fragmentation index on cropland quality. The results found that different cropland fragmentation indices have different effects on cropland quality, which indicates that the overall cropland quality can be improved by adjusting individual cropland fragmentation indices in the region according to local conditions.
In general, there is a certain negative correlation between cultivated land fragmentation and cultivated land quality in the central plain area of Liaoning Province, with the highest negative correlation between CLF and cultivated land quality. Meanwhile, the research method in this study area is also applicable to other regions. In this study, the natural performance characteristics of cultivated land fragmentation were only considered from the perspective of landscape pattern when constructing the evaluation index system of cultivated land fragmentation, and the cultivated land tenure fragmentation was not included in the evaluation system. The formation causes of cropland fragmentation cover both natural and human causes, and the study of cropland tenure fragmentation should be strengthened by linking cropland fragmentation with social development, so that the cropland fragmentation evaluation index system can be more flexibly applied to each region. This study preliminarily elucidates the characteristics and mechanisms related to the impact of cultivated land fragmentation index on the quality of cultivated land. In the future, how to reasonably plan and design the distribution as well as the size and shape of cultivated land patches in land consolidation and other projects, and improve the specific measures for cultivated land quality improvement will become an important concern in the field of cultivated land protection and utilization research.
5 CONCLUSION
The data support the following conclusions:
( 1 ) The fragmentation index of cultivated land in the central plains of Liaoning Province is mainly concentrated in Class I and Class II, and the overall fragmentation of cultivated land is light. The spatial distribution of the integrated fragmentation index of cropland is similar to the three types of characterized fragmentation indices, and the polarization characteristics are obvious. The cultivated land quality index is mainly concentrated in grade 4 and grade 3, showing the distribution characteristics of "high in the middle and low in the east and west".
(2) The cultivated land fragmentation index and the cultivated land quality index have a certain degree of negative correlation in space. The negative correlation between integrated fragmentation of cropland and cropland quality was the most obvious, and the negative correlation between area fragmentation and cropland quality was the weakest.
(3) The number of patches (NP), edge density (ED) and aggregation index (AI) had negative effects on the quality of cropland. When NP, ED and AI increased by 1, respectively, the cropland quality index decreased by 0.275, 1.306 and 1.085, respectively, and the strongest hindrance to cropland quality improvement was observed when NP, ED and AI increased to 365, 329.293 and 95.763, respectively, in the evaluation unit.
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