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Studying the characteristics of soil moisture in afforestation area and its
response to different grades of rainfall is helpful to quantitatively analyze the
change law of soil moisture in afforestation area and provide theoretical basis
for rational and efficient use of soil moisture. In this study, four artificial plant
communities were selected, including Hedysarum scoparium community,
Calligonum mongolicum community, H. scoparium- C. mongolicum community
and C. mongolicum- H. scoparium community. The soil moisture content,
soil moisture storage and their response characteristics to different grades
of rainfall from June to October were compared and analyzed. The results
showed that the SMC of H. scoparium- C. mongolicum community and C.
mongolicum- H. scoparium community were lower than that of H. scoparium
community and C. mongolicum community. The coefficient of variation
of soil moisture content in C. mongolicum community was the largest,
which was 22.7%, and the coefficient of variation of soil moisture content
in H. scoparium-C. mongolicum community was the smallest, which was
19.4%. The recharge of rainfall to soil moisture storage of four artificial plant
communities was different. The recharge of different grades of rainfall to
soil moisture storage of C. mongolicum community and C. mongolicum-H.
scoparium community was higher than that of H. scoparium community
and H. scoparium-C. mongolicum community. In general, the utilization of
soil moisture content in different soil layers by H. scoparium-C.mongolicum
community is more balanced, and the soil moisture content in each soil layer
is less affected by rainfall and has higher stability. Therefore, considering
the configuration mode of H. scoparium- C. mongolicum community in the
future aerial seeding afforestation process is conducive to the rational and
efficient utilization of soil moisture in the afforestation area.
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1 Introduction

The Tengger Desert is a typical arid desert area with sparse
vegetation and strong wind-sand activities. It is a key area for wind-
sand prevention and control in China (Shi et al., 2023). In the 1950 s,
in order to effectively curb the further spread of desertified land in the
Tengger Desert, China successively launched the ‘Three North
Shelterbelt Construction Project ‘and the ‘Beijing-Tianjin Sandstorm
Source Control Project ‘in the Tengger Desert, and began large-scale
aerial seeding. Afforestation has rapidly increased vegetation coverage
in the Tengger Desert (Shao et al., 2023; Li et al., 2023).

In the process of aerial seeding afforestation, in order to improve
the efficiency of aerial seeding afforestation and the survival rate of
aerial seeding, researchers have carried out various experimental
studies in the Tengger Desert. For example, the organic-inorganic
composite binder was prepared and used to study the effect of different
raw material ratios on the disintegration time of Calligonum
mongolicum (C. mongolicum) seeds (Zhang et al., 2006). The results
showed that the weight of the seeds increased by 3-5 times after
treatment, and the water absorption was higher, which successfully
solved the problem of desert aerial seeds floating with the wind. The
optimum time of aerial seeding and the suitable area for seeding in
Tengger Desert were studied. The results showed that the most
favorable time for seed germination and seedling formation was from
late June to early July, with flat low-moving dunes with shallow dry
sand layers or lowlands between medium and high, and a height of
5-10 m suitable for seeding (Tian et al., 2010). By studying the stability
of artificial plants such as C. mongolicum and Hedysarum scoparium
(H. scoparium) in aerial seeding afforestation area, the results show
that C. mongolicum has high stability potential (Cao et al., 2013).
These studies provide a strong theoretical support for the development
of aerial seeding afforestation technology in China.

Practice has proved that after years of continuous aerial
afforestation, the construction of forest and grass protection belt in
Tengger Desert has been greatly developed, which has firmly locked
the expansion and spread of desertification land and forward tilt
hazards, and effectively improved the regional ecological environment
(Guan et al,, 2016). However, with the passage of time, artificial plants
in some aerial seeding areas have declined or even died. The reason is
that the configuration of aerial seeding seeds and the characteristics
of environmental factors in afforestation sites are not fully considered
in the process of aerial seeding afforestation.

Soil moisture is the material basis of plant growth and one of the
most important factors restricting ecological restoration in arid desert
areas (Xia and Shao, 2009). Precipitation is an important source of soil
moisture supply in arid desert areas. It has an important impact on the
process of ecosystem construction, soil erosion and microclimate
changes in arid desert areas, and is a key factor in exploring ecological
restoration in desert areas (Yu et al., 2018; Muldavin et al., 2008; Lee
et al., 2007). Studying the characteristics of soil moisture and its
response to rainfall is helpful to quantitatively analyze the variation of
soil moisture and provide a theoretical basis for rational and efficient
use of soil moisture. At present, researchers have studied the
characteristics of soil moisture in arid desert areas. It has been found
that soil moisture connet (SMC) in 5-40 cm soil layer has obvious
seasonal variation, showing the characteristics of three high and three
low, and with the deepening of depth, the correlation between SMC
in upper and lower soil layers gradually weakens (Zhang M. et al.,
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2012). The distribution pattern of surface SMC is regulated by soil
hydraulic characteristics. Rainfall events have disturbed or restored
this pattern, but this pattern is re-established during soil drying
(Yamanaka et al., 2007). The difference of SMC in 0-10 c¢m soil layer
was significant (Liang and Qian, 2016). The above studies are mostly
focused on the study of soil moisture content under single vegetation
type or site conditions, while there are few reports on the study of soil
moisture characteristics of different artificial plant communities. The
variation of soil moisture in different artificial plant communities
under rainfall conditions is not yet clear.

Thus, this study takes four typical artificial plant communities in
the aerial seeding afforestation area in the northeastern margin of the
Tengger Desert as the research object. Through the long-term
observation of SMC and rainfall in the four artificial plant
communities, the soil moisture characteristics of the four artificial
plant communities are revealed, and the variation of soil moisture
characteristics under different grades of rainfall is deeply explored.
The results of the study are intended to provide a scientific basis for
the selection of plant configuration modes for aerial seeding
afforestation in arid desert areas in the future, the assessment of
moisture carrying capacity in aerial seeding afforestation areas, and
the reseeding of degraded forest areas.

2 Manuscript formatting

2.1 Study site

As shown in Figure 1, the study area is located in the northeastern
margin of the Tengger Desert in Alxa Left Banner
(39°11"-39°18'N,104°53"-104°57’E). It belongs to a typical arid desert
area. The soil type is mainly non-zonal eolian sandy soil, with an
average SMC of 0.47-1.28%, an average annual precipitation of
100-300 mm, and an annual evaporation of 2,900-3,300 mm (Zhang
J. H. et al., 2008; Zhang et al., 2021; Shi et al., 2004). The annual

average wind speed is 1.9 m-s™

, and the maximum wind speed can
reach 26 m-s™' (Zhao et al., 2023). The number of strong wind days is
mostly in spring and winter, and the main wind direction is northwest
wind (Zhang K. C. et al., 2012; Zhang et al., 2014; Lii et al., 2009).
Before the implementation of aerial seeding, the study area was
dominated by mobile dunes. In 1992, aerial seeding was conducted by
mixing H. scoparium and C. mongolicum. After more than 30 years of
vegetation restoration, the dune types in the study area were basically
converted to fixed dunes. The plant species are mainly aerial shrubs
such as H. scoparium and C. mongolicum, accompanied with
xerophytes such as Allium mongolicum, Stipa capillata, Bassia
dasyphylla, and Agriophyllum squarrosum (Zhao et al., 2019; Wang
etal., 2013; Liu et al., 2010; Fan et al., 2011).

2.2 Research methods

2.2.1 Basic information of plots

In June-October 2022, four different artificial plant communities
were selected in the study area, namely, H. scoparium community,
H. scoparium-C. mongolicum community, C. mongolicum-H. scoparium
community and C. mongolicum community. The SMC monitoring
equipment WatchDog 2,400 and the rain gage were placed in a
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Map of study area.
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relatively flat area in each community plot to obtain long-term SMC
data and rainfall. The buried depths of the SMC monitoring equipment
probes were 0-10 cm, 10-20 cm, 20-30 cm, 30-60 cm, 60-100 cm,
100-150 cm, and 150-250 cm. The monitoring data were soil
volumetric moisture content. In this experiment, six 20 m x 20 m
shrub quadrats were set up in each experimental plot in accordance
with the checkerboard method, and five I m x 1 m herb quadrats were
set up in each shrub quadrat by using the five-point method to
investigate the basic information of vegetation and plots (Table 1).

2.2.2 Data processing

In this study, combined with the actual situation of SMC in the
aerial seeding afforestation area, the soil layer was divided into four
layers: surface layer (0-30 cm), shallow layer (30-100 cm), middle
layer (100-150 cm) and deep layer (150-200 cm), in order to better
analyze the SMC characteristics of four artificial plant communities in
each soil layer. The rainfall with an interval of more than 24 h is
regarded as two independent rainfall events (Zheng et al., 2016).
According to the classification standard of rainfall issued by China
Meteorological Administration, the 24-h rainfall is divided into three
grades: light rain (<10 mm), moderate rain (10-25 mm), and heavy
rain (25-50 mm).

Based on the continuous monitoring data of SMC and rainfall in
each community, the recharge amount, response time and recharge
rate of soil moisture storage (SMS) in each community in different
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rainfall events were analyzed to analyze the recharge characteristics of
SMS in four artificial plant communities in rainfall events. Equations
for each index are calculated as follows (Equations 1-5) (Zhang et al.,
2022; Yuan et al., 2022; Zhu et al., 2014):

ASW; = SWi max — SWi0 (1)
Aty =t; — 1t (2)
Aty =t max — 10 (3)
v =% @)
4
W= 0d; ©)

In the formula, ASW; is the recharge of rainfall to the i layer (mm);
SW,, max is the maximum value of SMS in the i layer after rainfall
(mm), and SW;,, is the initial value of SMS in the i layer before rainfall.
At, is the response time of SMC in the i layer after rainfall; ¢, is the
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Rainfall distribution during the monitoring period.
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0.58 and 0.61%, respectively. The SMC of C. mongolicum community
was 0.61, 0.72, 0.99, 0.79 and 0.67%, respectively. During the
monitoring period, the average SMC of four artificial plant
communities showed H. scoparium community > C. mongolicum
community > H. scoparium- C. mongolicumn community >
C. mongolicum- H. scoparium community.

As shown in Figure 4 and Table 2, it can be seen that the variation
coefficient of SMC in four artificial plant communities with soil depth
is the largest in C. mongolicum community and the variation

Frontiers in Forests and Global Change 05

coefficient of SMC in H. scoparium-C. mongolicum community is the
smallest. With the increase of rainfall, the SMC of four artificial plant
communities fluctuates the most in the surface layer.

The average SMC in the surface, shallow, middle and deep layers
of the H. scoparium community was 0.75, 0.87, 0.83 and 0.75%,
respectively. The coefficient of variation of SMC in the 0-200 cm soil
layer was 20.0%. The average SMC in the surface, shallow, middle and
deep layers of H. scoparium-C. mongolicum community was 0.61, 0.77,
0.66 and 0.64%, respectively. The coefficient of variation of SMC in
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FIGURE 4
Vertical characteristics of SMC in four artificial plant communities.
TABLE 2 Statistics of vertical characteristics of SMC in four artificial plant communities.
Community Mean SD Min Max Ccv
H. scoparium community 0.80* 0.16 0.54 1.28 20.0%
H. scoparium-C. mongolicum community 0.67° 0.13 0.47 1.05 19.4%
C. mongolicum—-H. scoparium community 0.64° 0.13 0.49 1.02 20.3%
C. mongolicum community 0.75% 0.17 0.49 1.26 22.7%

* Different letters indicate that there are significant differences between the same indexes of different artificial plant communities, p < 0.05.

0-200 cm soil layer was 19.4%. The average SMC in the surface,
shallow, middle and deep layers of C. mongolicum-H. scoparium
community was 0.61, 0.72, 0.64 and 0.58%, respectively. The coefficient
of variation of SMC in 0-200 cm soil layer was 20.3%. The average
SMC in the surface, shallow, middle and deep layers of C. mongolicum
community was 0.77, 0.76, 0.76 and 0.72%, respectively. The coefficient
of variation of SMC in 0-200 cm soil layer was 22.7%. The SMC of
H. scoparium community in four artificial plant communities was
significantly higher than that of H. scoparium-C. mongolicus
community and H. scoparium-C. mongolicus community.

3.3 Effects of rainfall on four artificial plant
communities

In order to clarify the response characteristics of SMC of four
artificial plant communities to rainfall, three typical rainfalls of heavy
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rain, moderate rain and light rain were selected for analysis. The
rainfalls were 6 mm, 20 mm and 30 mm, respectively.

As shown in Figure 5 that in the light rain event, the response of
four artificial plant communities to rainfall was not obvious, and the
change range was small. The SMC was the largest on the day of rainfall
event, showing H. scoparium community (0.73%) > C. mongolicum
community (0.68%) > C. mongolicum-H. scoparium community
(0.62%) > H. scoparium- C. mongolicum community (0.61%). In the
moderate rain event, the SMC of four artificial plant communities
responded significantly to rainfall, and the SMC increased significantly
after the rainfall event. The SMC on the day of rainfall showed
H. scoparium community (1.07%) > H. scoparium-C. mongolicum
(1.03%)> C
(0.99%) > C. mongolicum-H. scoparium community (0.97%); in the

community mongolicum community
heavy rain event, the SMC of four artificial plant communities
responded strongly to rainfall, and the SMC changed greatly. On the

day of rainfall event, the SMC showed H. scoparium community
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FIGURE 5
Changes of SMC in different rainfall events. (A) Light rain events. (B) Mid rain event. (C) Heavy rainfall events.
(1.26%) >  C.  mongolicum-H.  scoparium  community layers, whereas the C. mongolicurn community and
(L.17%) > H.  scoparium-  C.  mongolicun  community  C. mongolicum—-H. scoparium community responded to rainfall in the

(1.14%) > C. mongolicum community (0.99%). In the three typical
rainfalls, the SMC of the H. scoparium community was higher than
that of other plant communities.

3.4 SMS supply characteristics of four
artificial plant communities

As shown in Table 3, in the light rainfall event, the four artificial
plant communities responded to the rainfall in the surface layer and
had a recharge effect, but there was no response in the shallow, middle
and deep layers. The SMS showed C. mongolicum-H. scoparium
(8 mm) > C.

scoparium-C.

community mongolicum
(7 mm) > H.

(7 mm) > H. scoparium community (5 mm), and the recharge rate was

community
mongolicum community
consistent with the recharge trend. In the event of moderate rainfall,
the SMS of four artificial plant communities responded to rainfall in
the surface, shallow and middle layers, but the response in the deep
layer was not obvious. The total soil moisture supply in the 0-200 cm
soil layer of the four artificial communities showed C. mongolicum
community (44 mm) > C. mongolicum-H. scoparium community
(42mm)> H. scoparium-C.
(36 mm) > H. scoparium community (27 mm). In the heavy rainfall

mongolicurn ~ community

event, the H. scoparium community and H. scoparium-C. angustifolia
community responded to rainfall in the surface, shallow, and middle
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0-200 cm soil layer. The total SMS supply of the four communities in
the 0-200cm soil layer showed C. mongolicum community
(68 mm)> C.
(64mm)> H.  scoparium-C.
(55 mm) > H. scoparium community (41 mm). The response of the

mongolicum-H.  scoparium  community

mongolicum ~ community
four artificial communities to light rain, moderate rain, and heavy rain
events decreased with the increase of soil depth, and the recharge rate
decreased with the increase of soil depth. The law of recharge rate in
each soil layer was consistent with the total recharge.

3.5 The correlation between SMS recharge
and rainfall in four artificial plant
communities

As shown in Figure 6, the SMS recharge amount in the surface,
shallow, and middle layers of the H. scoparium community increased
with the increase of rainfall, whereas the deep SMS recharge amount
showed a downward trend in 10-20 mm rainfall and an upward trend
in >20 mm rainfall. The surface soil moisture supply of the
H. scoparium-C. mongolicum community showed an upward trend
under 30 mm rainfall, and the soil moisture supply of >30 mm rainfall
began to decrease. The overall trend of the shallow and middle layers
was consistent with the surface layer, the deep soil moisture supply
increased with the increase of rainfall. The soil moisture supply in each
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TABLE 3 Characteristics of SMS and recharge in different soil layers.

Communities Light rain

and soil depth / . . .
- Response Replenishment /  Supply Rate Response Replenishment / Supply Response Replenishment / mm  Supply

Moderate rain Heavy rain

Duration / h mm (mm / h) Duration / h mm Rate (mm  Duration/ h Rate (

/ h) mm / h)

1e1e bueyz

80

610 uISI13UO0L

H. scoparium community

0-30 0.3 5 7 0.5 17 7 0.3 26 21
30-100 - - - 1.2 9 1 0.5 12 6
100-150 - - - 2.5 1 0 1.5 3 1
150-200 - - - - - - - - -
H. scoparium—C. mongolicum community

0-30 0.3 7.2 14 0.5 22 10 0.3 33 27
30-100 - - - 12 12 2 0.5 18 10
100-150 - - - 2.5 2 0 L5 4 2
150-200 - - - - - - - - -
C. mongolicum—H. scoparium community

0-30 0.3 8 15 0.5 22 10 0.2 34 34
30-100 - - - 0.5 18 3 0.3 23 13
100-150 - - - 22 1 0 12 5 2
150-20 - - - - - - 22 2 1
C. mongolicum community

0-30 0.3 7 15 0.3 20 10.2 0.2 33 44
30-100 - - - 0.5 20 3.5 0.3 28 19
100-150 - - - 2.3 3 0.5 1.0 5 3
150-200 - - - 3.0 1 0.1 1.3 1 1

9///S¥T 4202 261/6855 0T


https://doi.org/10.3389/ffgc.2024.1457776
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org

Zhang et al.

10.3389/ffgc.2024.1457776

il (a) Hedysarum scoparium community

Yo-30em=-2.733x+0.974 R?*=0.946
Y30.1000m=-0-001x2+4.965x°-11.903 R?=0.442

40| V100-1500m=0-004x%-0.356x°%+0.760 R2=0.960

50

Y150.2000m=0-018x%-4.202x°5+10.024 R?=0.9

B 0~30cm ® 30~100cm A 100~150cm * 150~200cm
6

[ (o) H. scoparium- C. mongolicum community
Yo.300m=-0-007x?+10.355x%°-23.835 R?=0.712

Ya0.1000m=-0.007x2+6.109x°5-14 672 R?=0.755
40| Vi00.1500m=-0.003x2+1.967x%5-5.453 R?=0.753
Visoaonem=0.010x%2.318x°%45.728 [§=0.930

50

Y30.1000m=0-022x%+0.149x°%-0.710 R2=0.793
Y100-150em=0-006x2-0.756x%5+1.704  R?=0.920

V150.2000m=0-030x%6.814x°5+16.806 .R2=o.947

40

Y30-100em=-0-002x*+5.100x*5-12.869 R?=0.450
20 | Yic0-1500m=0-002x%+0.495x%5-1.462  R?=0.414
Y150.200em=0-015x?-3.900x°%+9.709 R?=0.812

30 | 30|
20 20
£
= 10t 10
o
3
g Or ot
© . . . . . . . . )
g o0 10 20 30 40 50 0 10 20 30 40 50
c 60 A . : 60
S (¢) C. mongolicum- H. scoparium community (d) Calligonum mongolicum community
o 50| yo_aocm=-3.296X+0.995 R2=0.790 50| y0-30cm='1'935X+0~549 R2=0.552
2}
=
n

30+ 30+
20 20k
10 + 10+
0F ok
0 10 20 30 40 50 0 50
Rainfall / mm
FIGURE 6

The correlation between rainfall and SMS recharge in different soil layers. (A) Hedysarum scoparium community. (B) H. scoparium- C. mongolicum
community. (C) C. mongolicum- H. scoparium community. (D) Calligonum mongolicum community.

soil layer of the C. mongolicum-H. scoparium community and
C. mongolicum community showed an upward trend with the increase
of rainfall when the rainfall was more than 30 mm, and no significant
correlation was found between soil supply and rainfall when the
rainfall was less than 30 mm. In general, when the rainfall is less than
30 mm, no significant correlation is found among the characteristics
of SMS recharge and rainfall in the four communities except for the
surface soil. When the rainfall is greater than 30 mm, the effective
supply of rainfall to SMS and the depth of supply increase with the
increase of rainfall.

From the fitting R? of soil moisture supply and rainfall, it can
be seen that the R? of the middle layer of the H. scoparium
community was the highest, which was 0.960, followed by the
surface layer, which was 0.946, and the shallow layer was the
lowest, which was only 0.442. The R? in the deep layer of the
community was the highest, which was 0.930, and the difference
of R? in the surface layer, shallow layer and middle layer was
small, which was between 0.712 and 0.755. The deep layer R? of
C. mongolicum-Radix arvensis community was the highest, which
was 0.947, followed by the middle layer, which was 0.920, and the
surface and shallow layer R* were lower, which were 0.790 and
0.793, respectively. The R? of the deep layer of the C. mongolicum
community was the highest, which was 0.812, followed by the
surface layer, which was 0.552, and the R? of the shallow and
middle layers was lower, which was 0.450 and 0.414, respectively.
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Among the four artificial plant communities, the correlation
between soil moisture storage recharge and rainfall in the
C. mongolicum-H. scoparium community was the largest, and the
C. mongolicum community was the smallest.

4 Discussion
4.1 Differences in SMC characteristics

The soil moisture characteristics of different artificial plant
communities are quite different due to different tree species
composition and spatial structure (Wang et al., 2008). Due to the
combined effects of precipitation, soil evaporation and vegetation
transpiration, SMC changes significantly with time (Feng et al.,
2023; Wang et al.,, 2021; Wu et al., 2019). The SMC of the four
artificial plant communities in the study area varied greatly in the
surface layer, and the variability was strong, but there were
significant differences among different plant communities in the
shallow, middle and deep layers. Significant differences were
found among four artificial plant communities in the shallow,
middle, and deep layers, which was consistent with the existing
research results (Ji et al., 2021). The reason is that the surface
layer of the soil is the interface of the water cycle, which is
significantly affected by environmental factors (Dai et al., 2019).
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Therefore, the fluctuation range of surface soil moisture is large.
In the vertical direction, with the downward movement of the soil
layer, the lower soil moisture is affected by the isolation and
buffering of the upper soil (Han et al., 2019). The influence of
environmental factors on it is small or has a lag effect, resulting
in a small change.

The average SMC of the four artificial plant communities
showed H. scoparium community > C. mongolicum community >
H. scoparium-C. mongolicum community >
C. mongolicum-H. scoparium community. The reason is that the
main root of H. scoparium is more developed and the distribution
of root system in the soil is deeper (Zhao et al., 2023). Therefore,
it mainly obtains the moisture needed for growth from deep soil,
while the deep SMC is due to the recharge of ground moisture
level. The SMC is less affected by plant moisture requirements.
At the same time, the surface and shallow soils have higher SMC
due to rainfall recharge, and the larger canopy width of
H. scoparium reduces the evaporation of surface and shallow soil
moisture to a certain extent (Li, 2005). The lateral roots of
C. mongolicum are more developed, and are horizontally
distributed in the 40-100 cm soil layer,(Xing et al., 2014) mainly
obtaining the moisture required for growth from the shallow and
middle soil. The SMC of H. scoparium-C. mongolicum community
and C. mongolicum-H. scoparium community was lower than that
of H. scoparium community and C. mongolicurn community
because they obtained the moisture required for growth from
shallow and middle soil and obtained the moisture required for
growth from deep soil. Due to the consistent composition of
shrub species, only the proportion of shrubs was different in the
H. scoparium-C. mongolicum community and
H. scoparium-C. mongolicum community, while H. scoparium had
a great influence on the SMC of the community, so the SMC
between the two communities was relatively close. In general, the
utilization of SMC in H. scoparium-C. mongolicum communities
at different soil depths was more balanced, and the stability of
SMC was the highest. Therefore, this community configuration
mode should be fully considered in the future aerial seeding

afforestation process.

4.2 Effects of rainfall on soil moisture
characteristics

The source and transport process of SMC are significantly affected
by the rainfall process (Du and Wang, 2021). Rainfall changes the
spatial distribution characteristics of SMC by rapidly infiltrating
moisture from the surface layer to the shallow, middle, and deep soil
layers through soil infiltration (Zhang and Liang, 2019). The rainfall
in the study area has evident seasonal dynamics, and it shows a single
peak curve. Less rainfall is observed at the beginning and end of the
growing season. The rainfall is mainly concentrated in the vigorous
period of the growing season, and the rainfall is mainly light rain. The
frequency of heavy rainfall is less, but its contribution rate is large.
This rainfall characteristic is consistent with the existing research
results in semi-arid areas (Huxman et al., 2004).

Given the difference in rainfall, rainfall duration, and rainfall
intensity, the effective supply of rainfall to SMS is different (Zhang
etal., 2016). Previous studies have shown that 30 mm single rainfall
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event is the rainfall threshold for infiltration into the 60 cm soil layer.
The effect of light rain events on the SMS content of each community
is small, and the effect of rainfall on the SMS content of each
community increases with the increase of rainfall intensity (Chen
et al., 2020). This study found that when the rainfall is less than
30 mm, the four communities in addition to the surface SMS recharge
amount characteristics and rainfall has a significant correlation, and
the remaining soil layers were not significantly correlated. When the
rainfall is greater than 30 mm, the effective supply of rainfall to SMS
and the depth of supply increase with the increase of rainfall. This is
consistent with the above research results.

SMS is not only affected by rainfall, but also by vegetation types
(Zhang 7. S. et al., 2008). This study found that in light rain event, the
SMS amount recharge of the four communities showed
C. mongolicum-H. scoparium community > C. mongolicum
community > H. scoparium-C. mongolicumm community >
H. scoparium community. In moderate rain and heavy rain events, the
SMS recharge amount showed C. mongolicum community >
C. mongolicum-H. scoparium community >
H. scoparium-C. mongolicum community > H. scoparium community.
Therefore, during different rainfall events, the SMS replenishment
effect of the C. mongolicum and C. mongolicum-H. scoparium
community is better than that of the H. scoparium and
H. scoparium-C. mongolicurn community, which may be due to
different plant morphologies and community structures. Studies have
shown that canopy interception will lead to hysteresis in deep soil, and
the canopy interception effect of large canopy is large. In addition, the
hysteresis phenomenon is more evident (Li and Tian, 2024). Through
the investigation of vegetation in the study area, the canopy width of
the H. scoparium was larger than that of the C. mongolicum, so it was
easier for the C. mongolicum community and the
C. mongolicum~-H. scoparium community to obtain effective supply

of rainfall.

5 Conclusion

It is of great scientific value and practical significance to study
the soil moisture characteristics of different artificial plant
communities for the reasonable selection and configuration of
community structure in regional vegetation construction. The study
found that the four artificial plant communities, the SMC of the
and  the
C. mongolicum-H. scoparium community was lower than that of the

H.  scoparium-C.  mongolicum  community
H. scoparium community and the C. mongolicum community, the
reason is that they obtain the water required for growth from the
shallow and middle soil, and obtain the water required for growth
from the deep soil. Due to the influence of soil evapotranspiration
and rainfall, the coefficient of variation of SMC was the largest in
the C. while the

H. scoparium-C. mongolicum community was less affected by it, and

mongolicum community,
the coefficient of variation of SMC was the smallest. The larger
canopy of H. scoparium hindered the recharge of rainfall to SMS to
a certain extent. Therefore, the SMS recharge of different grades of
rainfall to C. mongolica community and C. mongolica-H. scoparium
community was higher than that of H. scoparium community and
H. scoparium-C. mongolica community. In addition, due to the low
vegetation coverage of C. mongolicum community, the evaporation
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of surface and shallow SMC was large after rainfall, so the
correlation between SMS supply and rainfall was the smallest. In
general, the utilization of SMC in different soil layers by
H. scoparium-C. mongolicum community is more balanced. The
SMC in each soil layer is less affected by rainfall and has higher
stability. Therefore, this community configuration mode should
be fully considered in the future aerial seeding afforestation process.
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