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Abstract

This study investigated uncultivated saline-alkali soils in the Junggar Basin,
Xinjiang, measuring soil salt content, pH, electrical conductivity, eight major
ions, and other indicators. Multivariate statistics and principal component anal-
ysis (PCA) were employed to examine the distribution characteristics of saline-
alkali soils and halophyte vegetation diversity in the sampling area. The results
showed that: (1) The study area was dominated by sulfate-chloride saline soils
and sulfate saline soils. Moderate and severe sulfate-chloride saline soils and sul-
fate saline soils were concentrated in chain-like or belt-like patterns in Changji
Hui Autonomous Prefecture and Bortala Mongol Autonomous Prefecture. Soda
saline soils and soda alkaline soils in Altay Prefecture exhibited spot-like dis-
tributions. (2) Changji Hui Autonomous Prefecture was dominated by euhalo-
phyte vegetation, such as Haloxylon ammodendron and Petrosimonia sibirica;
Bortala Mongol Autonomous Prefecture was dominated by salt-secreting vegeta-
tion, such as Reaumuria songarica and Alhagi sparsifolia. (3) Quadratic polyno-
mials effectively expressed the relationship between soil salinity and vegetation
diversity. The Shannon-Wiener index, Hurlbert index, and Pielou evenness in-
dex reached their maximum values when soil salt content was between 5-10 mg+
g~1; halophyte species were more abundant and more evenly distributed when
pH was in the range of 8.4-9.2. (4) PCA analysis of halophyte dominant species
and soil properties indicated that soil salinity was the key factor influencing the
distribution of Reaumuria songarica, Haloxylon ammodendron, Salsola collina,
and Tamarix chinensis, whereas Suaeda acuminata and Nitraria tangutorum
were primarily affected by soil pH and CO42~. This study provides a theoreti-
cal basis for the rational utilization of uncultivated land resources and ecological
restoration.
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Abstract

This study investigated uncultivated saline-alkali soils in the Junggar Basin of
Xinjiang, measuring soil salt content, pH, electrical conductivity, and eight ma-
jor ions. Multivariate statistics and principal component analysis (PCA) were
employed to examine the distribution characteristics of saline-alkali soils and
halophytic vegetation diversity in the sampling area. The results revealed four
key findings. First, the study area was dominated by sulfate-chloride and sul-
fate soils, with moderate to severe sulfate-chloride and sulfate soils distributed
in chains or strips concentrated in Changji Hui Autonomous Prefecture and
Bortala Mongol Autonomous Prefecture, while soda saline and soda-alkali soils
in Altay Prefecture exhibited point distributions. Second, Changji Hui Au-
tonomous Prefecture was dominated by true halophytes such as Halozylon am-
modendron and Petrosimonia sibirica, whereas Bortala Mongol Autonomous Pre-
fecture featured salt-secreting vegetation like Reaumuria songarica and Alhagi
sparsifolia as dominant species. Third, quadratic polynomial models effectively
expressed the relationship between soil salinity and vegetation diversity, with
halophytic species being more abundant and evenly distributed when soil salt
content ranged from 5-10 mg - g~ !, where the Shannon-Wiener, Hurlbert, and
Pielou evenness indices reached their maxima; species richness and evenness also
peaked within a pH range of 8.4-9.2. Fourth, PCA analysis of dominant halo-
phytic species and soil factors identified soil salinity as the key factor influencing
the distribution of Reaumuria songarica, Haloxylon ammodendron, Salsola col-
lina, and Tamariz chinensis, while Suaeda acuminata and Nitraria tangutorum
were primarily affected by soil pH and CO4?~ content. These findings provide
a theoretical basis for the rational utilization of uncultivated land resources and
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ecological restoration efforts.

Keywords: uncultivated saline-alkali soil; salinity; halophytic vegetation diver-
sity; Junggar Basin

1.1 Study Area Overview

The Junggar Basin in Xinjiang is situated between the Altai Mountains and
Tianshan Mountains, extending from 82°07 52.6 -90°53 54.5 E and 44°07 17.6 -
47°09 04.3 N, with terrain gradually decreasing from west to east. The region ex-
periences substantial interannual precipitation variation and temperature fluc-
tuations, with an average annual evaporation of 1828 mm far exceeding the
average annual precipitation of 416 mm, characteristic of a typical temperate
continental arid climate. Extensive salt accumulation occurs in the basin’ s soils
due to poor leaching, forming two major tectonic erosion depressions known as
Lupotan and Yanchiwa. Halophytic vegetation is widely distributed throughout
the sampling area, with shrubs and herbs such as Tamariz chinensis, Halozylon
ammodendron, Reaumuria songarica, and Salsola collina serving as dominant
species, accompanied by Phragmites australis and Seriphidium nitrosum. The
unique combination of topography, soil types (gray desert soil, aeolian sandy
soil), and climatic conditions has created distinctive soil salinization phenomena
in this region.

1.2 Sample Collection and Processing

This study selected natural, uncultivated, and undisturbed saline-alkali lands in
the Junggar Basin, with sampling sites determined through field surveys. Based
on administrative regions, soil samples were collected from four major areas in
the basin: Changji Hui Autonomous Prefecture, Altay Prefecture, Tacheng City,
and Bortala Mongol Autonomous Prefecture, totaling 49 sampling points (Fig.
1). At each point, soil samples were taken from two layers (0-20 cm and 20-
40 cm), with 500 g collected per layer and three replicates per layer. Soil from
each layer was thoroughly mixed, placed in sample bags, air-dried naturally,
and cleared of plant and animal residues and stones before being ground and
passed through a 2 mm sieve. Soil extracts were prepared at a 1:5 soil-to-water
ratio for determination of eight major ions, pH, electrical conductivity, and salt
content. Soil salt content was measured using a soil salinity analyzer (DDSJ-
308A), pH was determined by potentiometry (TPY-16A), and the eight ions
were analyzed as follows: K* and Na* by flame photometry, Ca?* and Mg?*
by EDTA titration, CO32~ and HCO5~ by double indicator titration, C1~ by
AgNO; titration, and SO,?~ by BaSO, turbidimetry, following the methods
described in reference [21].

Plant surveys were conducted at the uncultivated saline-alkali soil sampling

points by establishing 10 m$x 10mquadrats, with49quadratssetupintotal . Withineachquadrat, almx $1
m subplot was used to identify halophytic species, record individual plant

numbers, and document environmental characteristics [22].
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1.3 Analysis Methods for Soil Salinization

Based on the U.S. soil salinity classification system, saline-alkali soils were clas-
sified as saline when electrical conductivity (EC) exceeded 4 dS+-m™! and as
alkaline when pH was below 8.5. Soil salinization levels were categorized as:
non-salinized (<5 mg - g~ 1), lightly salinized (5-10 mg -+ g~1), moderately salin-
ized (10-15 mg -+ g!), and heavily salinized (15-20 mg-g™!). Soil types were
further classified by ion composition: Cl~/SO,%~ < 0.2 indicated soda saline
soil, 0.2-1.0 indicated sulfate soil, 1.0-4.0 indicated chloride-sulfate soil, and
>4.0 indicated chloride soil. Soda-alkali and soda saline soils were distinguished
by exchangeable sodium percentage (ESP): >5.0 indicated soda-alkali soil, while
1.0-5.0 indicated soda saline soil [23].

1.4 Analysis Methods for Halophytic Vegetation Diversity

Halophytic vegetation in the uncultivated saline-alkali soils of the Junggar Basin
was identified based on literature records, with the selection criterion being
species capable of growing in habitats with salt content exceeding 0.5%. Veg-
etation coverage was estimated visually as the ratio of the vertical projection
area of aboveground plant parts to the quadrat area. Diversity indices were
calculated as follows: the Shannon-Wiener index represents species richness,
the Hurlbert index represents the probability of interspecific encounter (species
diversity), and the Pielou evenness index reflects the distribution pattern of
different species [24].

The formulas are: - Shannon-Wiener diversity index (H): H = - (ni/N)In(ni/N)
- Hurlbert diversity index (d): d = (N-1)/In(N) - Pielou evenness index (J): J
= H/In(m)

where N is the total number of species surveyed, ni is the number of individuals
of the ith species, and m is the number of species in the quadrat.

1.5 Data Processing and Statistical Analysis

Statistical analyses were performed using SPSS 21.0, sampling point distribution
maps were created with ArcGIS 10.2, and figures were generated using Origin
8.0 and the “vegan” package in R-3.6.2.

2.1 Analysis of Ion Characteristics of Soil Salinization

Statistical analysis of soil salinity, pH, and base ions in the Junggar Basin is
presented in Table 1. Soil salt content ranged from 0.12-64.36 mg-g !, averaging
7.53 mg-g~!, indicating a salinization tendency. Soil pH ranged from 7.95-
10.23, showing alkaline conditions. The average ion contents of C1~ and SO,%~
were significantly higher than other ions, confirming that chloride and sulfate
soils dominate the study area. The coefficient of variation (CV) measures the
dispersion of base ions: CV < 0.1 indicates weak variation, 0.1 < CV < 1.0
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indicates moderate variation, and CV > 1.0 indicates strong variation [25]. The
pH showed small variation amplitude, while soil salinity and base ions exhibited
uniform distribution across the study area, though soil salinity displayed obvious
heterogeneity. Overall, soil salt content showed strong variation (CV > 1.0).

Comparing soil salt content and base ion characteristics across different soil lay-
ers (Table 2) revealed that the average contents of salt, pH, and the eight major
ions were similar between the 0-20 cm and 20-40 cm layers. However, the aver-
age contents of salt, C1~, and SO,2~ in the 0-20 cm layer were higher than in
the 20-40 cm layer, indicating surface enrichment of soil salts. Conversely, the
average Ca?* and Mg?* contents were higher in the 20-40 cm layer. Correlation
analysis (Tables 3 and 4) showed that in the 0-20 cm layer, soil salinity was sig-
nificantly positively correlated with C1~ and SO,?~, while in the 20-40 cm layer,
soil salinity was positively correlated with C1~ and SO,2~, non-significantly pos-
itively correlated with Ca?t and Mg?*, and negatively correlated with pH.

2.2 Distribution Characteristics of Soil Salinization

The classification of soil salinization degrees is illustrated in Fig. 2. Moderate
and severe salinization accounted for large proportions of the sampling area at
34.5% and 26.5%, respectively, distributed in chains or strips across the Junggar
Basin. Light salinization comprised 11.9% and exhibited point distributions.
Overall, saline soils accounted for 92.9% of the area. The classification of saline-
alkali soil types is shown in Fig. 3, with saline soils distributed in strips and
alkali soils scattered in points throughout the basin. Classification based on
anion proportions (C1~/SO,%") indicated that sulfate-chloride and sulfate soils
were predominant, with soda-alkali soils as secondary types.

Regional differences in soil mineral content created distinct distribution pat-
terns of soil types. In Changji Hui Autonomous Prefecture and Bortala Mongol
Autonomous Prefecture, where soil minerals were dominated by chlorides and
sulfates, sulfate-chloride and sulfate soils were distributed in interlocking strips,
primarily supporting true halophytes and salt-secreting plants. Soda-alkali and
saline soils occurred as continuous patches in Changji Hui Autonomous Prefec-
ture but as scattered spots in Tacheng City. Statistical analysis of soil type
proportions (Fig. 3) revealed that Changji Hui Autonomous Prefecture had
high proportions of sulfate-chloride soils (Fig. 3a), Bortala Mongol Autonomous
Prefecture showed the highest proportion of sulfate soils (Fig. 3b), and Altay
Prefecture had high proportions of soda-alkali soils (Fig. 3c).

2.3 Relationship Analysis Between Halophytic Vegetation
and Soil Salinity, pH, and Base Ions

Vegetation survey results (Table 5) showed that dominant plant communities
in the uncultivated saline-alkali soils of the Junggar Basin consisted mainly of
annual and perennial herbs and small shrubs. Dominant shrub species included
Reaumuria songarica, Haloxylon ammodendron, Anabasis salsa, Halocnemum
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strobilaceum, Ajania fruticulosa, and Kalidium caspicum, while dominant herb
species comprised Petrosimonia sibirica, Halogeton glomeratus, Salsola collina,
Alhagi sparsifolia, and Seriphidium kaschgaricum. As soil salinization degree
intensified, species numbers in the Chenopodiaceae, Polygonaceae, and Tamar-
icaceae families increased, while Asteraceae species decreased.

Regional variations in soil mineral content influenced both soil type distribu-
tion and halophytic vegetation coverage, as vegetation type indirectly reflects
soil salinity [26]. The relationship between soil salinization and halophytic veg-
etation coverage is depicted in Fig. 4. The average vegetation coverage in
the Junggar Basin was 26.5%, dominated by true halophytes and salt-secreting
plants. Correlation analysis between soil salinity, pH, base ion content, and
halophytic vegetation diversity (Figs. 5 and 6) demonstrated that quadratic
polynomial regression effectively expressed the relationship between halophytic
vegetation and soil salinity. When soil salt content ranged from 5-10 mg -
g~!, the Shannon-Wiener, Hurlbert, and Pielou evenness indices all reached
maximum values. The Hurlbert index showed similar trends with soil salinity.
Regression analysis revealed that halophytic vegetation richness and evenness
in the Junggar Basin exhibited quadratic relationships with uncultivated saline-
alkali soil salinity. Within the pH range of 8.4-9.2, halophytic species were
relatively abundant and evenly distributed, though the correlation was not sig-
nificant. The Shannon-Wiener and Hurlbert indices showed linear correlations
with soil base ion content (Fig. 6), but no significant relationships with Ca?*
and Mg?*.

3 Discussion

Tectonic movements formed the Junggar Basin, where arid climate, low precip-
itation, and enclosed topography have created unique salinization landscapes.
Soil salts exhibited surface enrichment across different soil depths, and both
soil salinity and base ions displayed spatial heterogeneity. The predominance of
chloride-sulfate soils in Changji Hui Autonomous Prefecture aligns with findings
from Wang et al. [27] on soil salinity characteristics in the Weigan River Oasis
and Zhang et al. [28] on soil salinization in Qitai. In Altay Prefecture, the north-
high-south-low terrain [29] facilitates downstream migration of soda-alkali soils
from upstream areas, where they accumulate in chains on the soil surface.

Our results indicate that Chenopodiaceae species serve as the dominant con-
structive species in uncultivated saline-alkali soils of the Junggar Basin, with
Chenopodiaceae species numbers increasing as soil salinity rises while Aster-
aceae species decline. This pattern resembles findings by Qian et al. [30] on
desert vegetation coverage characteristics in marginal areas of the Junggar
Basin and reflects long-term vegetation adaptation to saline-alkali environments.
As soil salinity increases, halophytic vegetation shifts from salt-resistant (salt-
excluding) to true halophyte (salt-accumulating) types. Species richness and
evenness indices did not follow linear relationships with soil salinization degree
but rather quadratic polynomial curves. Within the 5-10 mg-g~! salinity range,
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Shannon-Wiener and Pielou evenness indices increased gradually, while species
richness declined when salinity exceeded 10 mg-g~!. This aligns with most
studies suggesting that moderate saline habitat disturbance enhances plant di-
versity in desert ecosystems [30-31,14]. This phenomenon may occur because
halophytic vegetation has an optimal salinity range for each habitat type; be-
yond this range, species abundance and diversity decrease. Additionally, in-
terspecific competition and community retrogressive succession contribute to
reduced diversity [32]. From a pH perspective, uncultivated saline-alkali soils
showed a U-shaped correlation with vegetation community diversity, though not
significant, indicating that pH is not a direct factor affecting species richness and
diversity but may indirectly influence plant life forms and constructive species
through other soil indicators (nutrients, salinity, moisture) [33]. PCA analysis
of dominant halophytic species and soil factors confirmed that soil salinity and
CO4%™ are the primary factors influencing the distribution of dominant species
in uncultivated salinized landscapes. Similar conclusions were reached in stud-
ies on the relationship between plant community diversity and soil factors in
Fukang desert areas, plant diversity in Heihe wetlands in arid and semi-arid
regions, and spatial heterogeneity of non-agricultural saline-alkali lands in the
Manas River Basin in Xinjiang, all identifying soil salinity and pH as key factors
affecting desert landscape vegetation diversity [15,31,34].

4 Conclusions

As a reserve land resource, uncultivated saline-alkali soils in the Junggar Basin
were studied to characterize their spatial distribution and halophytic vegetation
coverage, yielding the following conclusions:

1. The uncultivated saline-alkali soils of the Junggar Basin exhibited aver-
age ion contents in the order SO,2~ > Cl~, with sulfate-chloride and
soda-alkali soils accounting for 46.9% and 26.5% of the area, respectively.
Changji Hui Autonomous Prefecture featured sulfate-chloride soils, Bor-
tala Mongol Autonomous Prefecture was dominated by sulfate soils, and
soda-alkali soils were distributed throughout the entire sampling area.

2. Halophytic species such as Halozylon ammodendron, Tamariz chinensis,
Reaumuria songarica, and Salsola collina were widely distributed in
Changji Hui Autonomous Prefecture. Bortala Mongol Autonomous
Prefecture was dominated by Reaumuria songarica and Alhagi sparsifolia,
while Altay Prefecture featured salt-alkali tolerant Seriphidium kaschgar-
icum as the dominant species. In Tacheng City, the dominant halophytes
were Nitraria tangutorum and Achnatherum splendens.

3. Within the uncultivated saline-alkali soil landscape of the Junggar Basin,
soil salinity and halophytic vegetation diversity exhibited a quadratic
curve relationship, while vegetation richness showed a U-shaped corre-
lation with soil salinity.
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