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Abstract: Soil diversity plays an important role in maintaining ecological balance and ensuring
the sustainability of the land. Xinjiang is a typical arid and semi-arid region of China, and the
study of Xinjiang soils is significant for understanding soil properties in all such environments. This
study applied the moving window technique and the species–area curve model from ecology to
establish optimal analysis windows, calculate landscape pattern indices, and reveal soil distribution
characteristics in Southern Xinjiang. Additionally, we used geographic detectors to identify the
primary influencing factors in different geomorphic regions. The results indicate a positive correlation
between soil richness and area in the Southern Xinjiang region. The Tarim Basin, despite being the
largest area, shows the lowest diversity and evenness indices. Overall, mountainous areas have
higher soil evenness when compared to basins. In terms of natural factors, temperature, precipitation,
and topography play a crucial role in the variation of soil diversity in mountainous areas, while
parent material has a greater influence in the basin regions. The characteristics of soil diversity vary
by region and are influenced by the interactive effects of various natural factors. However, the impact
of human activities also requires consideration. The low evenness poses a greater challenge for soil
restoration in the basin regions. Soil conservation efforts in arid regions are of paramount importance.
The research findings can provide valuable insights for the development of sustainable agriculture,
soil conservation, and for addressing climate change challenges in arid regions.
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1. Introduction

Soil diversity is intricately linked to ecological balance and underpins the sustain-
ability of the land. The formation of soil arises from the integrated interactions of five
key factors, namely parent material, climate, organisms, topography, and time [1]. Soil,
being a fundamental element of land productivity, is among the most basic and significant
components of land and the most vital life support within the biosphere [2–4]. However,
a greater emphasis is placed on the perceived productivity of the soil rather than on its
ecological significance, so the exploration of the inherent natural soil characteristics is often
overlooked [5,6]. Soil diversity is a measure that is often used to investigate the spatial
variability of non-renewable abiotic resources within ecosystems [7–9]. China is currently
facing land resource scarcity with severe soil degradation, and increasingly encountering
challenges such as soil salinization and desertification [10–12]. When salinization or deser-
tification has reached a certain level, substantial alterations in soil properties may occur
in specific regions and the soil type can change accordingly. Salinized soil may transform
into saline-alkali soil, for example, while desertified soil might become aeolian sandy soil.
The Xinjiang region has a complex and diverse topography, with a wide variety of soils,
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accounting for approximately half of China’s soil types. For this reason, it has been given
the title of the “Museum of Chinese Soils” [13].

According to Amundson et al. [14], maintaining soil diversity is crucial for the stability
and resilience of global biota and biogeochemical systems. However, both natural factors
such as climate, parent material, vegetation, time, and topography, as well as anthropogenic
factors such as cultivation, grazing, and construction, influence soil diversity. This complex-
ity, thus, renders the concept and measurement of soil diversity quite intricate [15–17]. In
the 1990s, Ibáñez et al. [18] proposed the use of ecological research methods for analyzing
the category diversity of soils within the pedosphere. They employed the 1:5 million World
Soil Map issued by the Food and Agriculture Organization of the United Nations as their
research base. They calculated ecological diversity indices and successfully analyzed the
diversity and distribution patterns of major soil groups across continents and primary
climatic zones. They concluded that the quantitative analysis of soil diversity is possible, in
a similar way to the diversity of ecosystems or plant communities. They also elaborated on
the feasibility of using biodiversity quantification methods for investigating spatial varia-
tions and distribution patterns in soils. Currently, multiple countries are actively exploring
the complexity of soil diversity, with each nation’s research displaying unique charac-
teristics [19,20]. For instance, countries such as the United States [21,22], Australia [23],
Germany [24], Italy [25], and India [26] are conducting relevant studies, taking into account
the specific conditions and backgrounds of their respective regions. These efforts provide
a solid foundation for advancing research on soil diversity and its integration with soil
taxonomy and land-use pattern studies. The study of soil diversity is increasingly garnering
research attention in various related natural science disciplines internationally, including
soil science, land studies, and environmental sciences [27]. Recently, Smirnova et al. [28]
successfully conducted large-scale ecosystem mapping of the Western Altai Mountain
region, quantitatively assessing vegetation, soil, and ecosystem diversities using Shannon
and Simpson indices. While studying soil diversity in the Taihang Mountains region, Fu
et al. [29] further confirmed that, at a certain scale, richness and area are positively corre-
lated. Using the Central European Uplands as a case study, Samec [30] made a preliminary
evaluation of the extent to which soil diversity influences forest plant species.

The health of soil and the success of agriculture are closely intertwined with variations
in soil diversity. From studying the continuous evolution of soil diversity, it becomes
evident that the exploration and quantification of soil diversity and its primary influencing
factors are unquestionably important. Xinjiang is a typical arid and semi-arid region
in China, and the study of Xinjiang soils is of wider significance in understanding soil
properties in such environments. This study employed the moving window technique
and the species–area curve model from ecology to establish an optimal analysis window
and calculate relevant landscape pattern indices. Through this approach, we explored
the distribution characteristics of soil diversity in Southern Xinjiang. Factor detectors and
ecological detectors from the geographic detector were utilized to identify the primary
influencing factors affecting soil diversity in different geomorphic regions. The research
findings can provide valuable insights for the development of sustainable agriculture and
soil conservation, as well as address climate change challenges in arid regions.

2. Materials and Methods
2.1. Study Area

Xinjiang is situated in the northwestern part of China, covering approximately one-
sixth of the country’s total land area. Due to its inland location and distance from oceans,
the region experiences a typical temperate continental arid and semi-arid climate [31]. As
the Chinese province with the largest expanse of desert, it is characterized by desert soils
and inland saline soils [32]. The region displays distinct horizontal, vertical, and regional
distribution patterns, influenced by both natural conditions and human activities. Southern
Xinjiang is positioned between the Kunlun Mountains in the north and the Tianshan
Mountains in the south, extending from approximately 73◦20′ E to 96◦25′ E longitude
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and 34◦15′ N to 49◦10′ N latitude. It encompasses an area of around 1.08 million square
kilometers and features the geographical phenomenon of “Two mountains flanking one
basin”. The Tian Shan Mountains are located in the north, the Kunlun Mountain Range
stretches to the far south, and between these two ranges lies the Tarim Basin. Southern
Xinjiang boasts a vast territory characterized by low rainfall and arid conditions. The
annual average temperature is 12.5 ◦C, with an average annual precipitation of 76.3 mm.
Evaporation ranges from 2000 to 3000 mm annually, increasing from south to north in the
central desert region. The terrain in Southern Xinjiang is diverse and complex, situated in
a desert region with varying parent materials across different landforms. This diversity
contributes to the richness of soil types in Southern Xinjiang (Figure 1).
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Figure 1. Schematic map of the study area.

2.2. Data Collection and Processing

The data were collected from a range of sources. Previous research has demonstrated
that parent material serves as the foundation for soil formation [33], while various environ-
mental factors contribute to the formation of different soils. For instance, climate change
impacts the physical, chemical, and biological characteristics of the soil, influencing its
overall health [34,35]. Concurrently, different types of vegetation play a role in altering
the surrounding soil [36]. Throughout this process, topographical differences may change
factors such as precipitation, temperature, and vegetation, thereby indirectly affecting soil
development [37]. The primary objective of this study was, therefore, to quantify the influ-
ence of five soil-forming factors—temperature, precipitation, parent material, vegetation,
and topography—on soil diversity. Previous studies have indicated a relative consistency
in the soil formation time across different geomorphic regions; therefore, this study does
not incorporate the time factor into consideration [38].

(1) Meteorological data were obtained from the daily datasets of ground meteorolog-
ical stations from the National Meteorological Information Center (http://data.cma.cn
(accessed on 15 March 2023)). Using the Anusplin v4.4 software developed by the Aus-
tralian National University, combined with Digital Elevation Mode (DEM) for interpolation,
the average temperature distribution (Figure 2A) and average precipitation distribution
(Figure 2B) in Southern Xinjiang were plotted from 1982 to 1985. (2) Because of the vast
expanse of Southern Xinjiang, challenges were encountered in capturing soil diversity
patterns while studying the entire region. In order to enhance the reliability of the findings,
this study divided the region into six areas based on China’s secondary geomorphic zon-
ing [39], namely Qiangtang Plateau Lake Basin, Karakoram Mountains, Altun Mountains

http://data.cma.cn
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Qilian Mountains, Kunlun Mountains, Tarim Basin, and Tianshan Alpine Basin (Figure 2C).
(3) Normalized Difference Vegetation Index (NDVI) data were obtained from the global
1 km NDVI dataset (http://doi.org/10.5281/zenodo.4734593 (accessed on 15 March 2023))
generated by Guan et al. [40] by fusing MODIS and AVHRR products. Using these data, the
average NDVI distribution map for Southern Xinjiang from 1982 to 1985 was generated to
represent vegetation factors (Figure 2D). (4) The parent material data were sourced from the
Geographic Data Platform of the College of Urban and Environmental Sciences at Peking
University (https://geodata.pku.edu.cn (accessed on 15 March 2023)). Southern Xinjiang
is classified into 19 parent material types (Figure 2E). The soil type data were sourced
from the Xinjiang Uygur Autonomous Region Soil Survey Office and the Xinjiang Institute
of Biology, Soil, and Desert Research, Chinese Academy of Sciences. It is a vectorized
version of the “1:1,000,000 Soil Map of the Xinjiang Uygur Autonomous Region”, jointly
compiled and published in 1985, and is displayed and categorized based on soil groups.
(5) The topographical and geomorphological data were obtained from the Geospatial Cloud
30-m resolution digital elevation data product (https://www.gscloud.cn (accessed on 15
March 2023)). Following the topographical classification standards of mainland China, the
data were segmented into seven terrain categories: plains, mesa, hilly, small rolling hills,
medium rolling hills, large rolling hills, and extremely undulating hills (Figure 2F).
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Figure 2. Distribution of different influencing factors. (A) shows the distribution of average air
temperature in Xinjiang South Xinjiang from 1982 to 1985; (B) shows the distribution of average
precipitation in Xinjiang South Xinjiang from 1982 to 1985; (C) shows the secondary geomorphologic
zoning in Xinjiang South Xinjiang; (D) shows the distribution of average NDVI in Xinjiang South
Xinjiang from 1982 to 1985; (E) shows the distribution of distribution map of soil parent material in
Xinjiang South Xinjiang; (F) shows the distribution map of topography in Xinjiang South Xinjiang.

2.3. Methods of Analysis

This study, based on the moving window technique and a soil richness index, em-
ployed the species–area curve model [41] to determine the optimal analysis window for
soil diversity in different geomorphic regions. The soil diversity index and evenness index
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were computed for different geomorphic regions using the optimal analysis window, which
revealed the distribution characteristics of soil diversity in Southern Xinjiang. Setting
the spatial distribution of soil diversity in different geomorphic regions as the dependent
variable (Y) and the influencing factors as independent variables (X), quantitative analysis
and significance testing were conducted using the factor detector and ecological detector
within the geographic detector framework. This aimed to identify the primary influencing
factors on soil diversity in different geomorphic regions. The flow of this study is shown in
Figure 3.
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2.3.1. Methodology for Determining the Optimal Analysis Window

The size of different geomorphic areas varies, affecting the accuracy and comparability
of the diversity indices and the quantification of impact factors calculated between those
areas. This study, therefore, used a species–area curve model to fit the relationship between
window area and richness in different geomorphic areas. The objective was to obtain
the best-fit curves suitable for analyzing soil diversity in different geomorphic regions
of Southern Xinjiang to calculate the size of the optimal analysis window for different
geomorphic zones. Since the number of soil types in the different areas is known, the
logarithmic and power functions in the saturation curves were selected for fitting [41]
(Equations (1) and (2)).

S = aln(bA + 1) , (1)

S = aAb. (2)

In the equations, A represents the window area; S signifies the richness within A;
and a and b are the parameters to be estimated. Curve fitting was performed using
the data analysis and scientific graphing software Origin 2021, developed by the U.S.
company OriginLab.

The calculation of the optimal analysis window corresponding to the above curves is
given in Equations (3) and (4).

A = exp(ρSt/a)/b−1, (3)

A =(ρSt /a)1/b. (4)
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In the equations, the scaling factor ρ indicates the species percentage in the study area
relative to the total species count. Typically, the ρ value lies between 0.6 and 0.9.

2.3.2. Methodology for Calculating Soil Diversity

During the 1990s, the Spanish researcher Juan José Ibáñez advocated an ecological
approach for studying soil diversity [18]. The number of soil types can be assessed using
the soil richness index (Pa), as illustrated in Equation (5).

Pa= S, (5)

In the equation, S represents the number of soil types within a given region.
The diversity index (H) reflects the heterogeneity and diversity among different

soil types, as illustrated in Equation (6). This index is most pronounced when soil type
distribution is uneven.

H = −∑s
i−1 Pi ln Pi, (6)

In the equation, S represents richness and Pi denotes the proportion of the total area
within the region occupied by the i soil type.

The evenness index (E) reflects the evenness of soil type distribution within a specific
region, as illustrated in Equation (7).

E =
H

Hmax
=

H
lnS

, (7)

In the equation, Hmax = lnS represents the H value when all soil types appear with
equal probability. The value range of E is 0–1. A larger value indicates a more even
distribution of the research subject within that range. E = 1 indicates that within that range,
the number of all research subjects is consistent. For the soil within that range, all soil types
are suggested to have equal coverage areas. Conversely, E = 0 implies that one soil type
occupies the entire area of the region.

2.3.3. Methods for Determining Factors Influencing Soil Diversity

The geographic detector comprises factor detectors, interaction detectors, risk de-
tectors, and ecological detectors [42]. The species–area curve model was first used to
determine the optimal window of analysis, followed by a combination of diversity indices
to calculate the spatial distribution of soil diversity in different geomorphic zones (set to
a value of Y), with the influence factor denoted as X. The spatial dissimilarity of Y was
detected using a factor detector (Equation (8)), as well as the extent to which a given factor
X explains the spatial dissimilarity of attribute Y. The results are measured by the q-value.
The ecological detector was employed to assess whether there are significant differences in
the impact of environmental factors on soil diversity (Equations (9) and (10)). The software
ArcGIS 10.7 (manufactured by Esri, located in Redlands, CA, USA) was used to divide the
continuous type data using natural breakpoints according to the needs of this study.

q = 1 − ∑L
h=1 Nhσ

2
h

Nσ2 , (8)

In the equation, q represents the extent to which environmental factors explain soil
diversity (with 0 < q < 1), L stands for the number of subregions, and σ2

h denotes the inter-
nal variation within the subregion. σ2 is the study area variance. Nh and N, respectively,
represent the number of units in subregion h and the entire region.

F =
Nx1(Nx2 − 1)SSWx1

Nx2(Nx1 − 1)SSWx2
, (9)
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sswx1 =
L1

∑
h=1

Nhσ
2
h, sswx2 =

L2

∑
h=1

Nhσ
2
h. (10)

In the equation, NX1 and NX2 denote the sample size of the two factors X1 and X2,
respectively; SSWX1 and SSWX2 denote the sum of intralayer variances of the stratification
formed by X1 and X2, respectively; and L1 and L2 denote the number of strata for variables
X1 and X2, respectively. The null hypothesis H0: SSWX1 = SSWX2. If H0 is rejected at the α

significance level, then a significant difference exists between the effects of the two factors
X1 and X2 on the spatial distribution of attribute Y.

3. Results
3.1. Fitting of the Optimal Analysis Window

Detailed calculations of soil richness within various area ranges (increasing in 5 km
increments from 5 km to 100 km) were conducted using the Fragstats v4.2.1 software, co-
developed by Dr. McGarigal and Barbara Marks at Oregon State University. The window
area–richness curve (Figure 4A) was generated using the data analysis and scientific
graphing software Origin 2021 v9.8.0, developed by OriginLab Corporation, located in
Northampton, MA, USA. The data revealed that during the initial phase of the window
area expansion, soil richness increases rapidly. This pronounced growth trend underlines
the fact that soil richness is highly sensitive to changes in the window area. However, this
growth is not infinite. As the window area expanded, the rate of soil richness increase
decelerated, which suggests that the area–soil richness has reached a certain saturation
point or a critical threshold.
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In order to select the best window of analysis, two curve models, (1) and (2), were
fitted using Origin 2021 and the fitting results are shown in Table 1. The coefficient of
determination (R2) was used to determine whether the curve model fitting was successful
or not. The larger the result of R2, the smaller the ratio of the mean squared deviation to the
error squared of this model will be, and the closer the actual value will be to the estimated
value, so the data will be more accurate. For the relationship between soil richness and
area in different geomorphic regions, the optimal curve model for the extremely high
mountainous areas of Karakoram Mountains was S = aln(bA + 1), with an R2 value of 0.986.
For other geomorphic regions, the optimal curve model was S = aAb, with R2 values of
>0.985 in all cases, indicating a high level of fitting accuracy. In this study, a proportionality
factor of 0.7 was established. Based on the aforementioned fitting results, calculations were
made using the corresponding Equations (3) and (4). In the Qiangtang Plateau Lake Basin,
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the optimal analysis window size was 25 km. For the Karakoram Mountains and Tarim
Basin, the optimal analysis window sizes were 38 and 51 km, respectively. For the Altun
Mountains Qilian Mountains and Tianshan Alpine Basin, the optimal analysis window size
was 55 km. The Kunlun Mountains had the largest optimal analysis window size, reaching
58 km (Figure 4B).

Table 1. Fitting results of different geomorphologic regions.

Geomorphologic Region
S = aln(bA + 1) S = aAb

a b R2 a b R2

Qiangtang Plateau Lake Basin 0.492 ± 0.026 0.374 ± 0.119 0.971 ± 0.016 0.718 ± 0.022 0.199 ± 0.004 0.996 ± 0.002
Karakoram Mountains 0.396 ± 0.014 2.543 ± 0.516 0.986 ± 0.007 1.163 ± 0.066 0.140 ± 0.007 0.971 ± 0.011

Kunlun Mountains 1.790 ± 0.146 0.014 ± 0.005 0.942 ± 0.317 0.532 ± 0.032 0.312 ± 0.007 0.994 ± 0.034
Altun Mountains Qilian

Mountains 2.305 ± 0.259 0.007 ± 0.002 0.934 ± 0.417 0.323 ± 0.037 0.380 ± 0.014 0.987 ± 0.081

Tianshan Alpine Basin 2.152 ± 0.147 0.019 ± 0.005 0.957 ± 0.375 0.797 ± 0.037 0.294 ± 0.004 0.997 ± 0.020
Tarim Basin 1.021 ± 0.064 0.034 ± 0.010 0.957 ± 0.093 0.548 ± 0.016 0.265 ± 0.03 0.998 ± 0.004

3.2. Distribution of Soil Types and Their Diversity in Southern Xinjiang

We conducted a statistical analysis of the top ten soil types ranked by their proportional
area across different geomorphic regions in Southern Xinjiang (Figure 5). The soil type
area distribution data vividly represent the rich and diverse soil resources in Southern
Xinjiang. These variable soil characteristics serve as the foundation for soil health and
agricultural production and also as crucial factors for maintaining ecosystem health and
biodiversity. The Qiangtang Plateau Lake Basin is primarily composed of Calcic Hapli-Gelic
Cambosol and Permi-Gelic Cambosol soil types, accounting for 71.33% and 19.96% of the
respective land areas. In the Karakoram Mountains and Kunlun Mountains, Permi-Gelic
Cambosols are the dominant soil types, accounting for 60.84% and 27.79% of the respective
land areas. In the Altun Mountains Qilian Mountains, Cryi-Ustic Isohumasols and Calci-
Orthic Aridosols are the predominant soil types, accounting for 35.61% and 30.28% of
the respective land areas. Further observation revealed that Matti-Gelic Cambosols are
dominant in the Tianshan Alpine Basin, which accounts for 26.35% of the respective land
areas. By contrast, the Tarim Basin shows a soil composition distinct from other regions,
with Aridi-Sandic Primosols dominating by covering an area of 51.60%, which is twice the
area of any other soil type in that region.

In Table 2, using the optimal analysis window and applying Equations (5)–(7), we com-
prehensively calculated soil diversity and evenness. Significant variations were observed
among different geomorphic regions in terms of soil abundance, diversity, and evenness.
Among the six major geomorphic regions, the Tarim Basin covers the largest area, account-
ing for 60.35% of the entire Southern Xinjiang region. By contrast, the Qiangtang Plateau
Lake Basin covers a smaller area, representing 2.84%. The Tarim Basin demonstrates high
soil richness, whereas the Qiangtang Plateau Lake Basin has comparatively lower richness.
The ranking of soil diversity across different geomorphic regions from the highest to lowest
is as follows: Tianshan Alpine Basin > Altun Mountains Qilian Mountains > Kunlun Moun-
tains > Karakoram Mountains > Tarim Basin > Qiangtang Plateau Lake Basin. Regarding
soil evenness, the Tianshan Alpine Basin showed the highest evenness at 0.786, whereas
the Tarim Basin had the lowest at only 0.395.
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Table 2. Richness index, diversity index, and evenness index of soil types in different geomorpho-
logic regions.

Geomorphologic Region Area Proportion (%) Richness Index Diversity Index Evenness Index

Qiangtang Plateau Lake Basin 2.84 7 0.528 ± 0.119 0.575 ± 0.123
Karakoram Mountains 3.34 8 0.748 ± 0.083 0.633 ± 0.086

Kunlun Mountains 18.80 19 1.247 ± 0.103 0.670 ± 0.122
Altun Mountains Qilian Mountains 3.37 12 1.383 ± 0.091 0.743 ± 0.082

Tianshan Alpine Basin 11.31 18 1.728 ± 0.165 0.786 ± 0.078
Tarim Basin 60.35 23 0.677 ± 0.011 0.395 ± 0.096

3.3. Identification of the Primary Influencing Factors of Soil Diversity

Understanding the factors influencing soil diversity in Southern Xinjiang is particularly
crucial for ensuring soil health and agricultural production stability. By analyzing the data
collected from the factor detector (Figure 6), we observed distinct influencing factors across
various geomorphic regions. In the regions of the Altun Mountains Qilian Mountains,
temperature emerged as the predominant factor influencing soil diversity. Since the region
is located in the northwestern desert, at an average altitude of over 3000 m, the effect of
altitude on temperature exceeds the effect of latitudinal position, resulting in an arid region
with little rainfall and large temperature fluctuations. This environmental situation affects
microbial activity, the rate of decomposition of organic matter, and mineral weathering
processes, thus having a profound effect on soil properties [43]. This contrasts with the
significantly different dominant factors in the Karakoram Mountains. The results from the
factor detector indicate that precipitation and topography have similar explanatory powers
for soil diversity, accounting for 16.52% and 14.77%, respectively, which are higher than
other environmental factors (Figure 6). However, the results from the ecological detector
reveal that the difference in explanatory power between precipitation and topography for
soil diversity is not significant (Figure 7). This suggests that precipitation and topography
are the primary driving factors for soil diversity in the Karakoram Mountains. The intricate
interplay between rainfall runoff and mountainous topography has given rise to diverse
soils rich in minerals and organic matter. In the Qiangtang Plateau Lake Basin, topography
is a uniquely prominent factor. The subtle variations in topography determine the soil’s
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water retention capacity, thereby influencing the entire process of soil development. The
other three geomorphic regions, not previously mentioned, were primarily influenced by
the parent material. The factor detector indicates that within the delineated six regions,
the single-factor p-values for all factors were <0.05, demonstrating the reliability of the
calculations performed by the factor detector.

Sustainability 2024, 16, x FOR PEER REVIEW 10 of 15 
 

m, the effect of altitude on temperature exceeds the effect of latitudinal position, resulting 

in an arid region with li�le rainfall and large temperature fluctuations. This environmen-

tal situation affects microbial activity, the rate of decomposition of organic ma�er, and 

mineral weathering processes, thus having a profound effect on soil properties [43]. This 

contrasts with the significantly different dominant factors in the Karakoram Mountains. 

The results from the factor detector indicate that precipitation and topography have sim-

ilar explanatory powers for soil diversity, accounting for 16.52% and 14.77%, respectively, 

which are higher than other environmental factors (Figure 6). However, the results from 

the ecological detector reveal that the difference in explanatory power between precipita-

tion and topography for soil diversity is not significant (Figure 7). This suggests that pre-

cipitation and topography are the primary driving factors for soil diversity in the Karako-

ram Mountains. The intricate interplay between rainfall runoff and mountainous topog-

raphy has given rise to diverse soils rich in minerals and organic ma�er. In the Qiangtang 

Plateau Lake Basin, topography is a uniquely prominent factor. The subtle variations in 

topography determine the soil’s water retention capacity, thereby influencing the entire 

process of soil development. The other three geomorphic regions, not previously men-

tioned, were primarily influenced by the parent material. The factor detector indicates that 

within the delineated six regions, the single-factor p-values for all factors were <0.05, 

demonstrating the reliability of the calculations performed by the factor detector. 

 

Figure 6. Interpretation degree of various factors in the different geomorphologic regions. I indicates 

Qiangtang Plateau Lake Basin, II indicates Karakoram Mountains, III indicates Kunlun Mountains, 

IV indicates Altun Mountains Qilian Mountains, V indicates Tianshan Alpine Basin, VI indicates 

Tarim Basin. TD indicates topographic relief, C indicates parent material, P indicates precipitation, 

T indicates temperature, and VEG indicates vegetation. 

Figure 6. Interpretation degree of various factors in the different geomorphologic regions. I indicates
Qiangtang Plateau Lake Basin, II indicates Karakoram Mountains, III indicates Kunlun Mountains,
IV indicates Altun Mountains Qilian Mountains, V indicates Tianshan Alpine Basin, VI indicates
Tarim Basin. TD indicates topographic relief, C indicates parent material, P indicates precipitation, T
indicates temperature, and VEG indicates vegetation.

Figure 7. Ecological detector results in the different geomorphologic regions. 1 indicates a sig-
nificant difference in the effect of environmental factors on soil diversity and −1 indicates no
significant difference.
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4. Discussion

The diversity of soils is increasingly drawing attention from scholars [44–46]. In a
3-year study, Li et al. [47] determined the impact of different cultivation management
practices on soil quality in saline cotton fields in Southern Xinjiang. However, they focused
only on certain cultivated soils. Our study draws on previous theories regarding the
ecological diversity of desertification-prone areas [48], combining the species–area curve
model, moving window technique, and geographic detector to analyze the distribution
characteristics of soil diversity and its influencing factors in Southern Xinjiang. This differs
from the study conducted by Duan et al. [8], which employed an enhanced Shannon
entropy index to investigate the spatial distribution diversity of soils in various regions.

4.1. Soil Diversity in Southern Xinjiang: Mountain Diversity Is Greater Than Basins, but Human
Impact Is Unignorable

Southern Xinjiang has a vast area, diverse topography, and varied climatic condi-
tions, resulting in the formation of multiple soil types. Overall, the soil diversity index in
high-altitude regions is higher than in basin areas, and this is related to natural environ-
mental factors. Taking the Tianshan Alpine Basin as an example, its soil diversity index
is significantly higher than in other areas, reaching 1.728. This is because the Tianshan
Mountains block the hot winds from the southern Taklamakan Desert and also shield the
cold air currents from northern Siberia. Moist and warm air currents from India flow into
the Tianshan Alpine Basin, bringing abundant rainfall and providing favorable conditions
for soil development in that region [49]. At the same time, these areas are primarily focused
on animal husbandry, with a relatively limited development of cultivation. This is also
a key factor influencing changes in soil diversity, as cultivation often has a more direct
and profound impact on the soil [50]. In contrast, in these high-altitude and harsh climatic
conditions, the impact of livestock farming on the soil is generally limited, particularly in
areas which humans and animals face challenges to reach.

The Tarim Basin, due to the presence of the world’s second-largest mobile desert, is a
unique landscape dominated by mobile sand dunes. However, despite being the largest
region in Southern Xinjiang, the evenness and diversity indices in this area are relatively
low. This contrasts with the findings of Minasny et al. [51], who calculated the global soil
diversity index using the World Soil Map and discovered a positive correlation between the
land area of soil types and the diversity index. It also indicates that the soil diversity index
in the Tarim Basin has undergone irregular changes. While there is a certain correlation with
the harsh natural conditions of the desert, the pressure brought about by human activities
cannot be ignored. As the primary production and living area in Southern Xinjiang,
this region has a relatively high population density, as well as significant industrial and
agricultural activity. For thousands of years, continuous soil development and agricultural
activities by humans have profoundly influenced the soil and ecological environment in the
area. This disrupts the balanced development of soil, imposing significant pressure on soil
health and the sustainability of agricultural production. Papa et al. [25] similarly concluded
in their study on Mount Etna in Sicily that human activities, such as urbanization and
agricultural development, significantly impact the evolution of soil and land-use diversity.

Additionally, our study found that the soil richness index in Southern Xinjiang in-
creases with the expansion of the study area. When exploring the impact of mountainous
soil diversity on ecosystem services, Fu et al. [52] also found that richness and area exhibit
the same trend. In the entire Southern Xinjiang region, the distribution pattern of the
soil evenness index shows that mountainous areas have higher evenness compared to
basins. The uneven distribution of soil in basin areas will increase the complexity and
challenges associated with soil restoration and conservation efforts after soil degradation.
Soil conservation efforts are, therefore, imperative.
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4.2. Factors Influencing Soil Diversity Vary across Different Regions

Soil diversity is influenced by various factors, as demonstrated by Fu et al. [53], who
conducted partial correlation analysis and canonical correspondence analysis to analyze
the impacts of altitude, slope, precipitation, temperature, and the proportion of cultivated
land on soil diversity. The results revealed that the magnitude of influence of each factor
on soil diversity occurs in the following order: altitude > proportion of cultivated land >
slope > population density > precipitation. Mikhailova et al. [54], in their discussion on
soil ecosystem services and ecosystem damages, found that climate change will have a
direct impact on soil diversity and soil classification. In our study, it was observed that
the soil diversity in mountainous areas is influenced by temperature, precipitation, and
topography. Temperature fluctuations, precipitation patterns, and intricate topography
intertwine to create favorable environments for various soil formation processes. Under the
influence of changing altitudes, a rich variety of soil types has developed. The role of parent
material is equally significant, especially in hilly plains and basins. Over extended periods
of development, the parent material gradually transforms into mature soil types through
numerous natural changes. This fundamentally influences soil diversity, as soils formed
from different parent materials exhibit extensive variations in their physical and chemical
properties [33]. From a spatial perspective, these natural changes occur synchronously, and
even under identical environmental conditions, soils at various developmental stages may
coexist. This phenomenon might also be a reason why soil classification systems define
various soils as distinct types [33].

In conclusion, different geomorphic regions in Xinjiang exhibit unique climates, to-
pographies, and parent materials, each playing a distinct role in shaping soil diversity. This
agrees with the findings of Gerasimova et al. [55]. The intricate interactions, governed
by natural processes spanning thousands of years, make each soil type a testament to the
dynamic and evolving landscape of the Earth.

4.3. Limitations and Perspectives

In this study, Southern Xinjiang serves as a representative case for the exploration
of soil diversity in arid regions. As we delve further into understanding the intricate
dynamics of soil in similar climates, future research endeavors will increasingly concentrate
on strategies to preserve and enhance soil health, fostering sustainable agricultural practices.
The intensification of global climate change poses challenges, particularly for arid regions,
where ecological conditions may become increasingly adverse. The study of soil diversity
not only contributes basic scientific information, but also offers insights for developing
adaptive agricultural technologies resilient to challenges like drought and salinity. However,
it is essential to acknowledge the limitations of this study, which currently focuses solely
on soil diversity in arid regions. A more comprehensive understanding could be achieved
through comparative analyses involving regions or countries with diverse geographical
and climatic conditions, enhancing the applicability of the findings to a variety of settings.

5. Conclusions

This study reconfirms the positive correlation between soil richness and area under
specific conditions. The soil evenness index shows distinct vertical zonation, with moun-
tainous areas surpassing hilly plains and basin regions. Simultaneously, anthropogenic
activities have a certain impact on soil diversity, emphasizing the need to enhance soil
conservation efforts in arid regions. The characteristics of soil diversity vary by region and
are influenced by the interaction of a range of factors, including temperature, precipitation,
topography, and parent material. Among these factors, temperature, precipitation, and
topography play a critical role in shaping soil diversity in mountainous areas, while the
influence of parent material is more pronounced in basin regions. This suggests that the
diversity of the surrounding environment contributes to the complex patterns of soil di-
versity across different geomorphic regions. The research findings can provide valuable
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insights for the development of sustainable agriculture, soil conservation, and addressing
climate change challenges in arid regions.
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