
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-202308.00667

Response of Plant Community Distribution
to Environmental Factors in Piedmont Desert
Grasslands of the Southern Tianshan Mountains:
A Case Study of Baicheng County (Postprint)
Authors: Lu Yuanbo1,2,3, Yan Cheng1,3, Song Chunwu1,3,4, Li Yajuan5, Lai
Chengyun 5

Date: 2023-08-26T00:00:00+00:00

Abstract
To investigate the response of plant community distribution to terrain and soil
factors in the piedmont desert grassland of Baicheng County on the south-
ern slope of the Tianshan Mountains, this study selected typical areas of the
Baicheng piedmont desert grassland for investigation. The relationship between
plant community distribution and terrain and soil factors in the mountainous
desert grassland was examined using the dominance method and Canonical
Correspondence Analysis (CCA). The results showed that: (1) Species diver-
sity differed between the shrub and herb layers across different survey sample
points. At east slope sample points, the Shannon-Wiener index, Pielou index,
and Simpson index all demonstrated higher values for shrubs than for herbs,
whereas at west slope and north slope sample points, these indices all showed
higher values for herbs than for shrubs; (2) CCA results indicated that the order
of influence of terrain factors on plant communities was: slope aspect (SA) >
slope gradient (SG) > slope position (SP), while the order of influence of soil
factors was: soil moisture in the 30-100 cm layer (SMC-2) > soil total porosity
(STP) > soil moisture in the 0-30 cm layer (SMC-1). Terrain and soil factors
exert a certain filtering effect on the formation of different plant communities,
with soil moisture in the 30-100 cm layer and slope aspect being the key factors
influencing plant community distribution in the piedmont desert grassland of
Baicheng County on the southern slope of the Tianshan Mountains.
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Abstract

To investigate the response of plant community distribution to topographic and
soil factors in the pre-montane desert grassland of Baicheng County on the
southern slope of Tianshan Mountain, we selected a typical area for field inves-
tigation. Using the dominance method and canonical correspondence analysis
(CCA), we examined the relationships between plant community distribution
and topographic and soil factors in the montane desert grassland. The results
revealed significant differences in species diversity between shrub and herb lay-
ers across sample sites. Specifically, the Shannon-Wiener, Pielou, and Simp-
son indices on the eastern slope indicated higher values for shrubs than herbs,
whereas on the western and northern slopes, these indices showed higher values
for herbs than shrubs. CCA results demonstrated that topographic factors in-
fluenced plant communities in the following order of importance: slope aspect >
slope gradient > slope position. Soil factors affected plant communities in this
sequence: soil moisture in the 30-100 cm layer (SMC-2) > total soil porosity
(STP) > soil moisture in the 0-30 cm layer (SMC-1). Both topographic and soil
factors exerted selective effects on plant community formation. Soil moisture
in the 30-100 cm layer and slope aspect emerged as the key factors controlling
plant community distribution in the pre-montane desert grassland of Baicheng
County on the southern slope of Tianshan Mountain.

Keywords: terrain factors; soil factors; southern slopes of the Tianshan Moun-
tains; cold and arid areas; canonical correspondence analysis
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1.1 Study Area Overview
The study area is located in the northern foothills of Baicheng County, Aksu
Prefecture, Xinjiang (42°5�33�–42°5�36� N, 81°55�43�–81°55�55� E), with an av-
erage elevation of approximately 2200 m. The region experiences a temperate
continental arid climate, characterized by an annual average temperature of 7.6
°C, extreme maximum temperature of 38.3 °C, extreme minimum temperature of
-28.0 °C, and a frost-free period of 133–163 days. Annual sunshine duration aver-
ages 2789.7 hours. Precipitation is concentrated between May and September,
accounting for 60%–70% of the annual total, with an average annual precipita-
tion of approximately 170.0 mm [1]. The predominant soil types are montane
chestnut soil and montane brown calcic soil. Vegetation on the lower piedmont
terraces is dominated by Caragana turfanensis as the constructive species in
the shrub layer, accompanied by Achnatherum splendens, Ceratoides latens,
and other species. The herb layer is primarily composed of Artemisia frigida
and Festuca ovina as constructive species, with Potentilla chinensis and Allium
mongolicum as companion species [2].

1.2 Experimental Design
To eliminate the influence of elevation on vegetation diversity, we selected a
representative hill at 2200 m elevation with four slope aspects as the survey
site. Vegetation surveys were conducted in August 2021, the period of peak
community diversity. We established sample plots on the eastern, western,
southern, and northern slopes, with three slope positions (upper, middle, and
lower) on each aspect. At each position, we set up 5 m × 15 m quadrats for
shrub layer investigation, recording species, quantity, plant height, and crown
width. Within each large quadrat, we established three 1 m × 1 m herb quadrats
to record herbaceous species, plant height, coverage, and quantity. For soil
sampling, we collected layered samples at 10 cm intervals from 0–100 cm depth
in the middle slope position of each aspect, totaling 10 samples per aspect. We
measured soil moisture content, bulk density, and total porosity for the 0–30
cm and 30–100 cm layers across all sample sites.

1.3 Research Methods
1.3.1 Community Classification and Ordination

We classified communities using the dominance method, identifying dominant
species based on important values and classifying communities according to
dominant species composition. Communities were named following the princi-
ples outlined in Chinese Vegetation [3]. We performed canonical correspondence
analysis using Canoco 4.5 software to identify the most significant environmen-
tal factors correlated with plant communities. In CCA ordination diagrams,
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the length of each environmental factor arrow indicates its relative importance,
while the angle between arrows represents the correlation between factors. We
used SPSS 26.0 for Pearson correlation analysis, ANOVA, and created visual-
izations with Origin 2021.

1.3.2 Important Value

Important value reflects the dominance degree of a species within a community
[4]. The formulas are:

Shrub layer important value = (relative height + relative frequency + relative
dominance)/3
Herb layer important value = (relative height + relative frequency + relative
coverage)/3

1.3.3 Species Diversity

Community surveys included community coverage, species composition, quan-
tity, and height [5]. We used species richness, Shannon-Wiener diversity index,
Simpson diversity index, Pielou evenness index, and important value as analyt-
ical indicators [6].

Richness index (S) = number of species in the quadrat
Simpson index: D = 1 - Σ(Pi)2

Shannon-Wiener index: H’ = -ΣPi ln Pi
Pielou evenness index: J = H’/ln S

Where Ni is the individual number of species i, N is the total individual number
of all species, Pi represents the proportion of species i individuals, and S is the
total number of species.

1.3.4 Soil Factor Measurement

Soil moisture content was determined using the oven-drying method [7]. Soil
bulk density and total porosity were measured using the ring knife immersion
method [8].

2 Results and Analysis
2.1 Community Species Composition and Classification Under Differ-
ent Terrain Conditions

Our survey identified 17 plant species across all sample sites, including 6 shrub
species and 11 herb species belonging to 13 genera. Shrubs were predominantly
from Fabaceae, Chenopodiaceae, and Tamaricaceae (2 species each, totaling
17.64% of all species). Herbs were most abundant in Asteraceae (6 species,
35.29%), followed by Poaceae, Liliaceae, and Rosaceae (2 species each, 35.29%
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total). Important values revealed that Caragana turfanensis, Acantholimon
kokandense, Reaumuria soongonica, and Ceratoides latens occurred across all
sample belts. Caragana turfanensis showed the highest important value on
eastern, western, and southern slopes as the constructive shrub species, with A.
kokandense, R. soongonica, and C. latens as major companion species. On the
northern slope, A. kokandense had the highest important value as the construc-
tive species, with C. turfanensis as the main companion. Kalidium foliatum
and Alhagi sparsifolia were only found on the middle slope of the southern as-
pect with low important values, appearing as occasional species. In the herb
layer, Artemisia frigida, Potentilla bifurca, Allium mongolicum, and Festuca
ovina were distributed across all sample sites with varying community status.
Except for Achnatherum splendens which showed relatively high important val-
ues where present, other herb species had low important values and appeared
as occasional community members.

Based on species important values and reference to Flora of Xinjiang, we classi-
fied the vegetation into five community types (Table 3). Community I (Caragana
turfanensis-Festuca ovina) showed the highest species richness, dominated by C.
turfanensis and F. ovina. Community IV (Reaumuria soongonica-Artemisia
frigida) exhibited the lowest richness, dominated by R. soongonica and A.
frigida. Community V (Acantholimon kokandense-Festuca ovina+Potentilla bi-
furca) had intermediate richness, dominated by C. turfanensis, A. kokandense,
and F. ovina.

2.2 Species Diversity Characteristics Under Different Terrain Condi-
tions

Species richness objectively reflects the number of species in a habitat. As
shown in Figure 2, both shrub and herb layer richness peaked at the southern
upper slope sample site. Except for the western upper slope, herb layer richness
exceeded shrub layer richness at all other sample sites. Diversity indices serve
as important metrics for ecosystem function and structural stability [9]. The
Shannon-Wiener, Simpson, and Pielou indices for the shrub layer were greater
than those for the herb layer on eastern and southern slopes, but smaller on
western and northern slopes. On the southern slope, the Simpson index showed
herb layer < shrub layer at the upper slope, herb layer > shrub layer at the
middle slope, and herb layer < shrub layer at the lower slope. The Pielou index
demonstrated herb layer > shrub layer at the upper slope, shrub layer > herb
layer at the middle slope, and herb layer > shrub layer at the lower slope.

2.3 Soil Environmental Characteristics Under Different Terrain Con-
ditions

Analysis of soil factors in the 0–30 cm layer across slope aspects and positions
revealed significant differences (P < 0.05) in soil moisture, bulk density, and
total porosity among sample sites (Table 4). Soil moisture was highest at the
southern upper slope (10.39%) and lowest at the western upper slope (0.85%).
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Bulk density was greatest at the eastern upper slope (1.61 g・cm−3) and smallest
at the southern upper slope (1.09 g・cm−3). Total porosity was largest at the
southern upper slope (58.87%) and smallest at the eastern upper slope (39.35%).
These results indicate spatial heterogeneity in soil environmental characteristics
across sample sites.

2.4 Canonical Correspondence Analysis of Plant Community Diver-
sity Indices and Environmental Factors

To identify the dominant factors controlling shrub community distribution, we
performed CCA on 12 species diversity indices and 7 environmental factors
(Figure 3). Diversity indices included shrub richness, herb richness, shrub layer
Shannon-Wiener index, herb layer Shannon-Wiener index, shrub layer Simpson
index, herb layer Simpson index, shrub layer Pielou index, and herb layer Pielou
index. Environmental factors comprised slope aspect (SA), slope position (SP),
slope gradient (SG), soil moisture in the 0–30 cm layer (SMC-1), soil moisture
in the 30–100 cm layer (SMC-2), soil bulk density in the 0–30 cm layer (SBD),
and total soil porosity in the 0–30 cm layer (STP).

The CCA ordination (Table 5) showed that the first axis explained 62.37%
of community variation, while the second axis explained 12.44%, with a cu-
mulative explanation of 49.93%. SMC-2 and STP showed positive correlation
with the first axis and negative correlation with the second axis. SMC-1 and
SBD showed negative correlation with both axes. Sample sites S1, S4, and
S7 were distributed in the upper ordination space, primarily on sunny slopes
with harsh soil conditions. Sites S3, S6, S9, and S12 clustered in the lower
left quadrant, mainly on shady slopes with better soil conditions. As environ-
mental factors changed, Reaumuria soongonica and Acantholimon kokandense
communities gradually transitioned toward Caragana turfanensis communities.
The importance ranking of environmental factors was: SA > SMC-2 > STP
> SG > SP > SMC-1 > SBD, indicating that slope aspect and soil moisture
in the 30–100 cm layer were the primary factors influencing plant community
distribution.

3 Discussion
The family, genus, and species composition of plant communities effectively re-
flect changes in community characteristics. Under different terrain conditions,
variations in plant community structure create important conditions for niche
complementarity and facilitate positive succession [10]. Our study identified
17 plant species, with Asteraceae, Fabaceae, Chenopodiaceae, and Poaceae as
the dominant groups, indicating strong ecological adaptability to poor soil and
arid environments, consistent with findings by Yang Xiaomei et al. [11]. Impor-
tant value serves as a comprehensive quantitative indicator of a species’ status
and role in a community [12]. Through the dominance method, we classified
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the vegetation into five community types. Communities I, II, and V (Caragana
turfanensis communities) were distributed mainly on upper and middle slope po-
sitions across aspects, while communities III and IV (Acantholimon kokandense
and Reaumuria soongonica communities) occurred primarily on lower slope posi-
tions. High soil bulk density reduces total porosity, limiting root activity space
and decreasing plant-available soil moisture. Conversely, excessively low bulk
density increases porosity but destabilizes the soil profile, impairing water stor-
age capacity [13]. Sample sites S4, S7, and S10 had sandy gravel texture with
low bulk density, high porosity, and strong permeability, creating unfavorable
water retention conditions. Steeper slopes accelerate water loss and increase ero-
sion risk, resulting in shallow, infertile soils [14]. Caragana turfanensis exhibits
strong drought tolerance, poor soil adaptation, and low-temperature resistance
during the growing season, with well-developed root systems [15], enabling it to
dominate under these harsh conditions. With decreasing slope position, gravel
content declines, fine soil particles increase, and soil conditions improve, sup-
porting greater plant diversity and community type transitions [16]. Herb layer
species including Festuca ovina, Artemisia frigida, and Achnatherum splendens
share characteristics of drought tolerance, poor soil adaptation, and extensive
root systems [17]. Festuca ovina secretes abundant mucilage that binds fine sand
particles, forming a protective soil-root complex on slope surfaces [18], allowing
it to dominate on upper slope positions. Artemisia frigida thrives on southern
slopes where sandy soils replace gravelly textures with decreasing slope position
[19]. Achnatherum splendens, with moderate drought tolerance, prefers deep
soil layers [20] and thus occurs only on lower slope positions where soil depth
is greater. Future ecological restoration should adopt shrub-herb combinations,
selecting appropriate species based on specific soil and terrain conditions.

Species diversity represents a critical measure of ecosystem functional complex-
ity [21]. The southern upper slope exhibited the highest shrub richness, likely
due to favorable heat conditions on this sunny slope combined with optimal
bulk density and porosity for plant growth. Western and northern slopes showed
greater herb richness than eastern and southern slopes, consistent with findings
by Wang Ziting et al. [22]. Shannon-Wiener and Simpson indices were greater
in shrub layers on sunny slopes but greater in herb layers on shady slopes,
aligning with results from Wang Mei et al. [23]. This pattern reflects that Cara-
gana turfanensis and Reaumuria soongonica are heliophilous shrubs benefiting
from abundant heat, while more herb species thrive in the better soil moisture
conditions of shady slopes [24]. Except for the northern slope, Pielou and Simp-
son indices for both layers showed upper and middle slope positions > lower
slope positions, consistent with Hao Lingying’s [25] research on forest structure.
These findings suggest that for ecological restoration, sunny slopes with good
heat but poor moisture should prioritize shrubs, while shady slopes with poorer
heat but better moisture should emphasize shade-tolerant herbs.

CCA effectively reveals relationships between plant communities and environ-
mental factors while reflecting species ecological differentiation [26]. Our results
identified slope aspect and soil moisture in the 30–100 cm layer as the primary
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factors controlling community distribution. Slope aspect significantly influences
community characteristics and species diversity [27], a finding confirmed by our
study. In arid regions, soil moisture is the main limiting factor for plant growth
[28], with 20–60 cm soil moisture being particularly critical for shrub survival
[29], similar to our results. Vertical distribution of soil moisture affects water
utilization patterns, creating distinct ecological niches [30]. Young’s research
on perennial herbs showed root distribution changes with precipitation, with
deep-rooted perennials accessing deeper soil moisture during droughts (242 mm
annual precipitation) [31], consistent with our finding that deep soil moisture
(SMC-2) significantly influences shrubs. Our CCA selected seven environmen-
tal factors explaining 62.37% of community variation, a robust result. However,
soil chemical properties and climatic factors not included in our analysis may
also affect community characteristics [32]. Additionally, human disturbance and
interspecific interactions warrant further investigation.

4 Conclusions
Based on vegetation surveys and measurements of topographic and soil factors,
we analyzed plant diversity indices and performed canonical correspondence
analysis to explore how plant communities in the pre-montane desert grassland
of Baicheng County respond to environmental factors. The main conclusions
are:

1) Plant diversity indices showed that, except for species richness, other di-
versity indices were greater in shrub than herb layers on eastern and south-
ern slopes, but greater in herb than shrub layers on western and northern
slopes. Plant species in the study area were few and unevenly distributed,
with a few dominant species occupying large niches.

2) Analysis of plant diversity and environmental factors revealed that slope
aspect and soil moisture in the 30–100 cm layer (SMC-2) were the primary
factors influencing plant diversity in the pre-montane desert grassland of
Baicheng County on the southern slope of Tianshan Mountain. Slope
gradient, slope position, soil bulk density, and total soil porosity also sig-
nificantly affected plant diversity.
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