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Abstract

Dry salt lakes are widely distributed in semi-arid regions. Dry lake beds have been found to have
a greater capacity to release dust. However, the particle size characteristics of dry lakebed soils have
rarely been studied. To reveal the soil grain size characteristics, we used surface and subsurface soil
from dry lake beds in semi-arid regions with different soil crusts as the object of study. We used particle
size parameters and class-standard deviation methods to study the particle size variation patterns
and the degree of variability. The results show that the dry lake was mainly composed of clay
(1.36%-43.96%) and silt (5.5%-67.94%) particles. Soil particle characteristics show the Mean size
(Mz) of (0.65-8.89 ¢), poorly sorted (0.79-3.38 @) and a clear linear relationship between dry lake
bed skewness and sorting. There is a high variability between soil particle size fractions across the
lake bed, with soil crusts and soil moisture protecting the loss of subsurface soil particles, hence the
differences between surface and subsurface soil particles. However, the destruction of the soil crust and
the evaporation of soil moisture accelerates the wind erosion of the subsurface soil particles. In the dry
lake area, vegetation construction has promoted the accumulation of sand content (73.28% -93.08%).
We found that the fractions 0.19-9.15 pm, 9.15-36.99 pm, 36.99-366.93 pum, and 366.93-1214.72 pm
are susceptible to respond to environmental changes and contribute to dust storms. Therefore, local

governments should treat and manage dried-up lakes to reduce the impact of salt dust on the ecosystem.

Keywords: semi-arid dry lake, semi-arid dry lake, Lake Chagan Nur, grain size characteristics, grain size
class-standard deviation

Introduction

Large salt lakes account for 44% of the volume
and 23% of the area of all lakes on Earth. Most salt
lakes are located in inland basins in arid and semi-arid
regions and are diverse [1, 2]. They are found in North
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America [3, 4], the Mexican highlands [5], Iran [6],
and northern China [7, 8]. Lakes in arid and semi-arid
regions have different hydrology and ecology compared
to lakes in humid regions. This determines their
sensitivity to climate change and human activity, and
they are often affected by riverine, lacustrine and wind
processes simultaneously. Lakes in arid and semi-arid
regions, as an essential part of the regional water cycle,
have evolved over time as a unique sink continuously
recharged by surface water and groundwater. However,
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evaporation has exceeded precipitation and inflow in the
last decades due to climate change and human activities.
Many terminal lakes have undergone dramatic drying,
and the Lop Nor on the eastern edge of the Tarim Basin
and Lake Aby in China [9, 10], and Lake Hamon in the
Sistan Basin of Iran [11, 12] and around the Montero
region of northern Spain [13] and the Mojave Desert in
the United States [14, 15] have even dried up. When this
happens, a playa is created, a dry lake bed in an arid or
semi-arid region.

Lake Chagan Nur, a major saltwater lake, is a prime
example of the environmental tragedy in northern
China, where climatic and anthropogenic changes can
be significant. Since the 1960s, the lake‘s surface area
decreased dramatically until 2002, when the western
part of Chagan Nur Lake dried up completely [16].
Because of its unique ecosystem and the extent of its
deterioration, the fate of Lake Chagan Nur has become
an active but controversial research topic in recent
years. Various aspects of dried-up lakes, including the
leading causes of drying up and the effects of dried-
up lake beds on the material cycle of northern Chinese
ecosystems under wind-generated environments, have
been studied from different perspectives. Mashat [17]
and Varga [18] used Total Ozone Mapping Spectrometer
(TOMS) satellite images on a global scale and found
that dry lake beds are the primary source of dust in
the world. Frie [19] and Motaghi [20] analyzed the
elemental geochemistry of wind-eroded sediments from
dry lake beds using particle-induced X-ray emission.
Dried lakes in the arid regions of northwest China
have been reported so far as important dust release
areas. The sediment and cover of dry lakes influence
dust release and wind erosion processes. There is
spatial variability in surface soil grain size in the
dry lakes [21]. However, research into the grain size
characteristics of loose soils in dry lake beds in aeolian
environments in semi-arid regions is still unclear. This
is very important because particle size analysis can
be used to distinguish depositional environments and
to identify water or wind conditions that formed the
depositional environment [22-24]. They can be used
to define the depositional environment based on the
frequency of each particle size class in a log-log plot
[25] or using a two-dimensional scatter plot by various
statistical parameters of the particle size distribution
[26]. The statistical distribution of various particle
size characteristics (e.g., mean particle size, standard
deviation, and kurtosis) also provides a good indicator
of how aeolian dynamics control the movement patterns
(creep, saltation, and suspension) and the quality of
gravel transport [27]. On the other hand, the acolian
process also affects the particle size distribution.
Mahiques [28] proposed a method based on this theory,
the particle size class-standard deviation method,
where the standard deviation is a common indicator
of trends in data dispersion. The larger the standard
deviation, the higher the degree of individual variability
and vice versa, so the method easily identifies particle

size intervals with the highest variability along the
depositional sequence. This method is more meaningful
for spatial size classification analysis than individual
size values, so identifying potential size fractions is
key to size classification analysis. The method has been
successfully applied to studying marine sediments
[28-30]. However, the method has been applied less
frequently in wind deposition studies. Guan [31] and
Wang [32] used this method in a useful attempt on loess
deposits and found it applicable for such purposes as
well.

This study investigated the soil particle size
distribution in the dry lake bed of Chagan Nur in
northern China. The objectives of this study were (1)
to characterize the distribution of soil particles in the
study area and (2) to discuss the regional particle size
characteristics and spatial variability in terms of soil
particle size distribution. To provide a theoretical basis
for the ecological restoration of the dried-up lake bed
area.

Material and Methods
Study Area

Chagan Nur Lake is located in northern China.
The dry lake area in the south of the Otindag sandy
land, the north is a typical grassland area, between
114°45'E and 115°04'E and between N43°22'N and
43°29'N. Chagan Nur Lake is divided into two regions,
east and west, the recharge of the lake are mainly
affected by some rivers originating from the Otindag
sandy land, where the Gogsdai River is injected into
the East Lake from east to west. The Nuggs River flows
into the large lake on the west side from the southwest,
there is a dike between the two lakes, and there is a
sluice gate to control the flow of water from the East
Lake to the West Lake (Fig. 1). In recent years due to
climate drought, vegetation degradation and overload
grazing, and other natural and human economic
activities, the water surface of the big lake of Chagan
Nur has been shrinking year by year. In the past nearly
four decades, the lake area has decreased by about
75 km?, about to -18.3 km? /decade, and in 2002 there
was a sudden change event, the lake area from 74.8 km?
in 2001 to 28.5 km? in 2002, at a rate of 46.3 km?*/a,
while the West Lake dried up completely [33]. The area
belongs to the middle temperate semi-arid continental
monsoon climate zone, with frequent droughts and high
winds in spring, mild and rainy in summer under the
influence of southeast monsoon, and dry and cold in
winter under the control of Mongolian high pressure,
with its annual average temperature of 0.6°C, minimum
temperature of -42.4°C and maximum temperature
of 39.1°C, annual average precipitation in between
240-260 mm, mostly concentrated in July and August
each year; the average annual evaporation is 1956 mm,;
the average wind speed is 3.5 m/s.
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Fig. 1. Distribution of sampling points and wind direction wind frequency rose map of Lake Chagan Nur.

Soil Sampling and Data Analysis

Through the preliminary survey of the dry lake
bed from northwest to southeast, based on the surface
vegetation type and soil crust morphology (Fig. 2),
we divided 10 sample site types, from northwest to
southeast, in the order of SI to S10. These ten sample
site types are representative of all surface conditions
in this dry lake area. Spatial variation in aeolian
conditions and construct vegetation produced these ten
sample site types from the lake centre to the lakeshore.
We collected soils in the spring of 2021 in the dry lake
bed of Chagan Nur along transect 2 (Fig. 1), and each
type of sample site was selected in eastward (transect 1)
and westward (transect 3). And a total of 30 sampling
sites were selected for the entire dry lake bed, and
surface (0-3 cm) and subsurface (3-10 cm) layers were
collected at each sample site, with a collection area of
20 cm x 20 cm. A total of 60 soil samples were
collected. After removing plant roots and residues, each
sample weighed 200 g. Soil moisture was measured at
each sampling site, and the latitude and longitude of
each sampling site were recorded (Table 1).

We measured the particle size distribution of soil
samples using an Analysette 22 NanoTec laser particle
size meter (FRITSCH, Germany). Measurement range
0.01 to 2000 um, accuracy better than 0.6%, accuracy/
reproducibility better than 0.5% variable. The soil
samples were treated with organic matter removal
and desalination prior to measurement. We used the
USDA sediment size classification criteria, and in
the calculations, particle size was measured using @
(U), using the Udden - Wenworth particle size scale,
transformed according to Kum-dein’s algorithm to
calculate (¢ = —log, d, where d is the size in millimeters)
[34]. The mean size (Mz), sorting (Sd), skewness (Sk),
and kurtosis (Kg) were also calculated according to the
equations devised by [39].

1
Mz = = (¢16 + @50 + 84
z=3(916 + @50 + ¢84) )

Pgs — P16 | Po5 — Qs

A= 6.6 )

P95 + @5 — 2 X Qs
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+ —2X
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2 X (Pga — P16)

Fig. 2. Typical soil for the 30 sampling points shown in Fig. 1: the sampling points extend the transect from northwest to southeast
in the order S1 to S10. S1 corresponds to the lakeshore zone and has the distribution of Achnatherum splendens. S2 corresponds to
the fluffy crust. S3 corresponds to crusts, where the uneven crust intercepts some of the wind eroded particles. S4 corresponds to the
gradual breaking of the crust by the collision of wind eroded particles. S5 corresponds to the salt soil that can move with the wind.
S6, S7 correspond to the salt-covered crust and have different crushing states. S8 corresponds to a loose salt soil with Suaeda glauca
distribution. S9 corresponds to sand crust. S10 corresponds to the sand.
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Tablel. location and general characteristics of sampling point.
Soil moisture content/%
Sampling sites Vegetation type
Surface Subsurface
S1 Achnatherum splendens 4% 9%
S2 None 4% 9%
S3 None 6% 27%
S4 None 7% 29%
S5 None 10% 27%
S6 None 20% 30%
S7 None 12% 18%
S8 Suaeda glauca 3% 34%
S9 None 4% 13%
S10 None 5% 6%
Kg = Pos — Ps layer), with silt accounting for 38% of the total volume,
244 X (@75 = P25) @) followed by 23% of clay, 14% of medium sands, 10%

The standard deviations for all samples in both
splines were calculated based on the obtained soil
particle size. The particle size standard deviation
algorithm is the most commonly used method for
extracting sensitive particle size fractions from wind-
formed sediment. The principle is to obtain the number
and distribution range of the particle size fraction by
studying the standard deviation of the volume content
of each particle size level given by the laser particle size
analysis. A high standard deviation value reflects a large
variation in the volume content of different samples in
a certain size range, while a low standard deviation
reflects a small variation in a certain size range [31].

Results

General Particle Size Composition
and Distribution

Table 2, Table Al, and Fig.3 summarize the particle
size composition and parameters of our samples from
the dried lake in Chagan Nur. Overall, the MZ of
the soil ranged from 0.65 ¢ to 8.90 ¢ with a mean
of 5.62+2.77 ¢. The standard deviation ranged from
0.74 ¢ to 3.72 ¢ with a mean of 2.25+0.79 ¢. The Sk
ranged from - 0.57 to 0.82 with a mean of -0.09+0.39 ¢.
The Kg ranged from 0.61 to 3.62 with a mean of
1.25+0.61. Silt account for more than 40% of the total
volume of all particle sizes, followed by clay with 22%,
fine sands with 11%, medium sands with 12%, coarse
sands with 10%, and very fine and very coarse sands
with less than 2%.

Grain size in the surface (0-3 cm layer) of the
dry lake bed is coarser than the subsurface (3-10 cm

of fine and coarse sands, and 2% of very fine and very
coarse sands. It is more obvious that the particle size
distribution shows a trend of becoming finer from the
surface (0-3 cm layer) to subsurface (3-10 cm layer) at
sample points SI to S7 but shows a trend of becoming
coarser at sample points S8 to S9. The Mz of the surface
layer of the dry lake bed ranged from 1.32 ¢ to 3.72 ¢
with a mean value of 2.43+0.67 ¢, and the standard
deviation of the subsurface soil ranged from 0.74 ¢ to
3.38 ¢ with a mean value of 2.08+0.87 ¢ (Fig. 3). From
S1 to S8, it showed that the Mz of the subsurface layer
(1.04 ¢ to 8.32 @) was larger than that of the surface
layer (0.88 ¢ to 8.56 @), and the Mz (S position) at
the edge of the dry lake bed varies widely. However,
the wind erosion and wind accumulation conversion
phenomenon occurred at the S9 and S10 locations, and
the Mz increases from the subsurface to the surface
layer, and the Mz increases from 0.72 ¢ and 1.55 ¢ to
3.30 ¢ and 4.84 ¢. The standard deviation of the dry
lake bed surface layer ranged from 1.47 ¢ to 3.25 ¢ with
a mean value of 2.43+0.67 ¢, and the standard deviation
of the subsurface ranged from 0.77 ¢ to 3.08 ¢ with
a mean value of 2.08+0.87 ¢.

Soil particle size in the dry lake area was mostly
poorly sorted (Fig. 3). The Sk shows that the range of the
soil surface layer -0.53 to 0.82, from S2 to S7, is mostly
extremely negatively skewed, and S8 to S10 shows
extremely positive-skewed. In the soil subsurface layer
-0.50 to 0.27, from S2 to S7, is mostly very negative-
skewed, and S8 to S10 shows very positive-skewed. The
Kg is between 0.69 and 3.46 at the sediment surface
layer, S1 to S7 is almost a Mesokurtic distribution, while
S8 is very sharp and narrow kurtosis, and even S9 has
an extremely leptokurtic distribution (Fig. 3). Compared
with the surface layer, the subsurface kurtosis mostly
shows a leptokurtic distribution.
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Table 2. Particle size of soil of Chagan Nur Lake.
0-3 cm 3-10 cm 0-10 cm
Position
Clay Silt Sand Clay Silt Sand Clay Silt Sand
3] 7.33 £ 19.40 £ 73.28 + 28.99 + 57.90 + 13.11 £+ 18.86 + 38.65+ 4320+
0.29A 0.70B 0.44A 2.56A 2.00A 0.91C 10.98A 19.31A 30.09A
S 26.53 + 55.57+ 17.90 + 28.34 + 55.16 £ 2282+ 27.44 £ 55.36 + 17.20 +
3.88A 8.31A 4.82B 4.48A 6.16A 6.58C 4.28A 7.32A 4.08A
33 27.72 £ 61.45+ 10.83 + 2517+ 52.05+ 2282+ 26.44 + 56.75 + 16.82 £
1.74A 8.84A 7.59B 1.03A 7.43A 6.58C 1.92A 9.42A 9.29A
sS4 3253+ 57.54+ 993+ 36.75+ 61.23 + 517+ 34.64 + 59.39 + 597+
1.50A 8.19A 6.70B 4.40A 6.44A 3.49C 391A 7.59A 6.39A
S5 43.96 + 56.04 + 0.00 £ 0.00 35.09+ 59.74 + 517+ 39.52+ 57.89 + 2.59+
5.13A 5.13A ' ’ 2.55A 6.04A 3.49C 6.01A 5.90A 3.58A
6 28.18 + 51.53 + 20.29 + 27.34 + 53.19+ 19.46 + 27.76 £ 5236+ 19.88 +
1.70A 6.61A 7.58B 1.19A 5.21A 5.53C 1.53A 6.01A 6.65A
S7 24.78 £ 67.94 £ 7.28 + 26.59 + 57.58 £ 15.83 + 25.68 £ 62.76 + 11.56 +
3.73A 4.45A 0.072B 1.74A 5.63A 5.46C 3.05A 7.25A 5.78A
S8 1.36 + 5.55+ 93.08 + 0.50 + 129+ 98.18 + 0.93 + 342+ 95.63 +
0.22A 0.30D 0.14A 0.10B 0.12A 0.25A 0.46A 2.14A 2.56A
9 4.69 + 12.50 + 82.81 + 0.88 + 243+ 96.59 + 2.78 £ 7.46 + 89.70 +
1.66A 0.64C 1.71A 0.12B 0.05B 0.15B 2.24A 5.05A 6.99A
S10 10.64 + 39.88 + 49.46 + 1.32+ 340+ 95.19 + 5.98 + 21.64 + 72.33 +
0.84A 1.83A 1.08B 0.11B 0.45A 0.55B 4.70A 18.29A 22.88A

Note: Different uppercase letters indicate significant differences (p<0.05, Games- Howell test) between different sample sites.

S1 to S10 represent the dry lake bed from northwest to southeast, respectively. S1 corresponds to the lakeshore zone and has

the distribution of Achnatherum splendens. S2 corresponds to the fluffy crust. S3 corresponds to crusts, where the uneven crust
intercepts some of the wind eroded particles. S4 corresponds to the gradual breaking of the crust by the collision of wind eroded
particles. S5 corresponds to the salt soil that can move with the wind. S6, S7 correspond to the salt-covered crust and have different
crushing states. S8 corresponds to a loose salt soil with Suaeda glauca distribution. S9 corresponds to sand crust. S10 corresponds

to the sand.
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Fig. 3. Grain size composition and characteristics (Mz, mean grain size; Sd, standard deviation; Sk, skewness; Kg, kurtosis) for
the sampling point in Chagan Nur Lake region. S1 to S10 represent the dried lake bed from northwest to southeast, respective.
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The surface and subsurface layers of lacustrine
sediments in the dry lake bed show a multi-modal
distribution due to their complex depositional
environment, with peaks in clay, silt, and medium and
coarse sands.

Spatial Distribution of Particle Size

Table 2 shows the particle size distribution of the
sediment surface and subsurface layers in the dried
lake bed. Samples S1 to S10 were selected along the
sampling line to characterize the sand particle size.

The particle size distribution of the samples along
with S1 to S10 is shown in (Fig. 4). For subsurface soil,
85% of particles at 4.32 ¢ and 14.47 ¢ (from 49.90 to
0.04 pum) at SI to S7, while 95% of the particles were
between -1 and 2.02 ¢ (from 246.20 to 2000 um) at
S8 to S10, with the S8 to S10 samples showing mainly
a single-peaked distribution, suggesting that a single
transport or deposition process promoted particle
separation. The peaks of the frequency curves for S1,
S8, and S9 are significantly higher than the others.
The surface sediment samples are single- or four-peaked
distributions, showing a narrower distribution and lower
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Fig. 4. The particle size distribution and mean frequency distribution of the investigated Chagan Nur Lake.
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dry lake bed of Chagan Nur Lake.

peaks along with S1 to S10 (Fig. 4), with distributions
exhibiting a wide to narrow to a wide range, reflecting

the high variability of sediment conditions and poor

sort.

Overall, the clay, fine, and very coarse sands
contents vary widely from S1 to S10. In particular, the
soil particles vary even more from the dry lakeshore to
the centre of the lake. Under the effect of wind sorting,
clay particles increased from 7.33% to 26.53%, silt

particles increased from 19.40% to 55.57%, medium
sands decreased from 17.45% to 4.09%, coarse sand
decreased from 37.31% to 0%, the Mz became finer,
from 2.64¢ to 7.06¢p, skewness decreased from
0.74 to -0.42, and kurtosis increased from 0.82 to 1.02.
From S2 to S7, the clay particles in the dry lake bed
exposed on the surface increased from between 24.78%
and 43.96%, and between 50.31% and 67.94% for silt
content.
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From the centre of the dry lake to the south-eastern
shore of the dry lake, the particle size tends to be
refined (Fig. 3). The Mz increases from 0.88 ¢ to 4.84 o,
the Sd increases from 1.47 ¢ to 2.96 ¢. Clay particles
increase from 1.21% to 10.64%, silt particles increase
from 5.55% to 39.88%, and coarse and very coarse
sands increase from 58.76% to 3.57%. The kurtosis
changes from a very sharp and narrow distribution to
wide and flat distribution.

With the improvement of sorting, the sands
gradually become a symmetrical distribution (Fig. 6d),
and there is an obvious relationship between skewness
and standard deviation (Fig. 6b). Due to the presence of
crusts, the subsurface soil particles tend to become finer
with improved sorting (Fig. 6a), and the sand gradually
was symmetrically distributed. This suggests that
sorting improves when both relatively coarse and fine
sand particles are lost, while the presence of physical
crusts makes sort poorly.

Standard Deviation of Soil Particle Size

The standard deviation values of the surface layer
are larger than those of the subsurface layer, and
the shape of the curves and the number of sensitive
grain size components in the two sample bands show
very good agreement (Fig. 7). Except for (300-737
um), which defines the limits of the class named in
the Wentworth scale according to the size range [34].
This particle size composition belongs to the sand
component because fine particles accumulate in the
surface layer at S8 and S9. There are four distinct
peaks on the standard deviation curve of the soil
surface size class corresponding to the size ranges
0.19-9.15 um, 9.15-36.99 pm, 36.99-366.93 um,
and 366.93-1214.72 um (Fig. 7). The particle size
compositions belonged to the clay-grain component,
clay-silt-grain component, silt-sand component, and
sand component. And there are three distinct peaks in

the soil subsurface layer corresponding to 0.19-9.15 pum,
9.15-36.99 um, 36.99-366.93 um, and 366.93-1482.94 pm.
The sand component (36.99 to 1482.94 um) was the
component with the highest standard deviation value
and the highest sensitivity in the surface and subsurface
layers of the soil.

Discussion

Lake Chagan Nur has a temperate semi-arid
continental climate, and the wind is the most important
transporting force in the region. The area is clay-rich
lacustrine sediments, so the entire dry lake bed area Sl
to S10 has high clay and slit content, high Mz values,
and is poorly sorted. There is a significant variation
in surface and subsurface soil particle size. In semi-
arid regions, physical soil crust is often the result of
rainfall interacting with fine particle such as clay in the
surface soil, especially in the presence of large amounts
of soluble salts [36]. These crusts form a strong, dense
layer that protects the fine particle below from wind
erosion and stabilizes the surface [37]. The presence of
soil crusts protects the subsurface soil particles from
erosion. As a result, the subsurface layer has a finer
soil particle content compared to the surface layer. The
entire dry lake bed lacked vegetation protection and was
artificially planted with Achnatherum splendens and
Suaeda glauca only at S1 and S8. The plants reduced
the wind speed and soil erodibility near the surface
and increased the retention capacity of wind erosion
materials [38, 39]. Vegetation is as one of the most active
factors affecting surface wind erosion and will protect
the covered part of the surface from wind action. Soil
particles are a coarse graining phenomenon at S1, where
wind erosion increases the sand content of soil particles
and the loss is of clay and silt particles. In particular,
there is a greater variation in soil particles from the dry
lakeshore to the center of the lake. From S2 to S7, the
surface and subsurface soil particle size composition
is dominated by clay and silt particles due to the lack
of vegetation protection of the surface. Because of the
precipitation and strong evaporation capacity in semi-
arid regions, physical crusts are formed at the surface,
and the formation of physical crusts protects the very
fine, fine, and medium sand components of the surface
soil. Physical crusts break up in a aeolian environment
(Fig. 2, S5), and the S5 surface layer of soil has only
clay and silt components and is better sorted than the
subsurface layer. From S8 to S10 under the interaction
of wind erosion and water erosion, the fine particles are
transported from S8 to S10 with the surface sediment,
while the coarse particles are mostly intercepted by the
action of Suaeda glauca to stay in S8. The content of
clay and silt particles in the surface soil increased from
S8 to S10, and the soil particle size gradually became
finer. The study area is in a low-lying playa, which is
prone to runoff and ponding of water at the surface
after precipitation. The combined effect of wind erosion
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and water erosion causes soil particles to show
multi-modal migration, so that the distribution of
soil particles from SI to S10 has a multi-peaked
distribution. Soil particle size composition analysis
and sensitive particle size component analysis, of
which were combined to analyze some components
of the soil particle composition in the entire dry lake
bed at different levels of loss and accumulation. Pye
[40] argued that particles <400 pum in size are highly
susceptible to wind erosion, and Pye [41] concluded
that saltation account for a large proportion of the
wind-sand flow and is distributed between 70 and
500 pm, with the fraction of particles <70 pm being
transported mainly as suspension. Of the four sensitive
fractions (Fig. 7), the 9.15 -36.99 pum fraction is less
sensitive and belongs to the clay and silt fraction,
and he and the 0.19-9.15 pm fraction are mainly
transported in suspension in the overhead airflow.
The 36.99-366.93 um fraction (which belongs to the silt
and sand fraction) is mainly transported in short-term
suspension near the surface and in hopping or modified
hopping mode [42]. The 366.93-1214.72 um fraction
(which is a sand component) has a higher sensitivity
compared to the first three components, and its coarse
grains are likely from near-source deserts and Wu
[43] suggests that sands with grain sizes between 500
and 2000 pum are prone to creep. Pye [40] suggested
that during a typical dust storm event, the coarse sand
component of sand and silt with a particle size between
70 and 500 pum can only be lifted between a few
centimeters and a few meters above the Earth’s surface
and can be transported horizontally for the same
distance. The silt component between 20 and 70 meters
is mainly suspended for short distances. It is suspended
a few hundred meters above the Earth’s surface and
transported over distances of up to about 1000 km,
mainly at the base of the troposphere. Particles below
a few microns can be lifted to heights up to a few
kilometers, but are transported over long distances.
Dust emissions are usually caused by strong winds
acting on dry, fine, and loose soil surface materials
and are related to the proportion of mulch as erodible
particles and the fine particle content of the surface
material [44-47]. In this study, the soil water content
increased and then decreased from S1 to S10, and the
difference in water content between the surface layer
(0-3 cm soil layer) and the subsurface layer (3-10 cm
soil layer) was large. The subsurface soil water content
inhibits the movement of soil particles, the surface soil
inhibits the evaporation of the subsurface soil water
content, and there is a greater possibility of soil particle
transport throughout the dried lake bed edge compared
to the center [48]. Significant differences in the erodible
fraction of the soil in the playa surface and agricultural
land studied by Alizadeh suggest that the type of dry
lake surface is a major factor in sensitivity to wind
erosion [20].

Dust storms are usually produced by strong winds
acting on dry, loose soil surfaces. Currently, the exposed

dry lake bed has an abundance of clay and the formation
of hard clay crusts on the clay surface, making the
playa surface stable to wind erosion, but there are still
arcas where the soil surface has been damaged by wind.
Due to their high content of fine particles, fragile crusts,
and exposed soil surfaces, they are more susceptible to
wind erosion. Researchers have made some positive
progress in controlling of desertification, with much
of the work taking place in areas of fragile ecological
conditions and high human activity [49]. Several
scholars working on aeolian research have successively
proposed ecological and engineering interventions, such
as artificial vegetation and checkerboard barriers, to
control these desertification hazards in northern China
[50].

Conclusion

Particle size analysis is an important tool for
differentiating sedimentary environments, providing
clues to the characteristics of the aeolian environment
at the regional and local scales of dry lakes in semi-arid
regions. The soil particles of the dry lake consist mainly
of clay and silt particles (4.32-14.47 ¢). There were
significant differences in soil particle content between
the surface and subsurface layers in the soil samples
we collected, with the subsurface layer having a finer
particle size than the surface layer. The soil particles
in the dry lake bed are poorly sorted, the Mean size
(Mz) (0.66-8.89 o) is getting finer and roughly exhibits
a negative or very positive skew distribution. There is
spatial heterogeneity in the soil particle composition
of the dried lake, and the cultivation of Achnatherum
splendens and Suaeda glauca has coarsened the surface
soil particles. From the dry lakeshore to the centre
of the lake there is a gradual increase in clay and silt
particles, the formation of physical crusts and the higher
soil water content protects against the loss of subsurface
soil particles. The conditions of deposition of soil
grain size, subject to the combined effects of wind
and water erosion, are very complex and variable. We
analyzed the soil particle composition and extracted the
sensitive particle size fractions of this habitat and found
that 0.19-9.15 pm, 9.15-36.99 pum, 36.99-366.93 um,
and 366.93-1214.72 um have high sensitivity. These
fractions on the dry lake bed are susceptible to respond
to environmental changes, and these fractions move in
different ways to contribute to dust storms.
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