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Abstract: The special above-ground and underground dual structure in the karst area makes the
capacity of surface water storage in this area poor. In water-limited ecosystems, soil moisture is
the key to the survival of plants. Influenced by rainfall and soil texture, soil moisture variation
characteristics of different vegetation types are different in slope land. Many researchers use rainfall
simulation experiments to study the influence of soil water movement processes under rainfall
patterns, but there are few studies under natural conditions. In this paper, wood trees, peach trees,
flue-cured tobacco, and grassland were planted at the buffer zone boundary of Shibing, a World
Heritage site, along different elevations in the depression of the research site. Peach trees and
flue-cured tobacco were the main cash crops in the area. The soil layers of 0-0.15 m, 0.15-0.30 m,
0.30-0.45 m, 0.45-0.60 m, and 0.60-0.75 m were taken as research objects. Rainfall and soil moisture
were monitored every ten minutes to study the variation of soil moisture of vegetation types under
different rainfall patterns. Through the analysis of soil physicochemical properties and vegetation
types, it was found that soil moisture changes were different in different land types. In general,
shallow soil moisture (0~0.30 m) was more active in the wet season (CV > 10%) but tended to be
stable in the dry season. The rainy season rainfall had the greatest influence on soil moisture change.
The response level of soil moisture to rainfall of all vegetation types was grassland > peach trees >
flue-cured tobacco. These results can provide ecological and economic suggestions for karst areas
with large population distribution in China, so as to reduce the impact of rock desertification on
this area.
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1. Introduction

Soil moisture is a fundamental property affecting plant growth, soil nutrient transport
and transformation, and water energy balance in the soil-plant system. Its spatiotemporal
patterns are very important for understanding regional agriculture, hydrology, soil, and
environmental process [1-3]. The factors affecting soil moisture and its dynamic change
mainly include climate, terrain, vegetation type, etc., and the precipitation and vegetation
type are considered the main factors controlling the soil profile and soil moisture [4-6]. The
unique dual structure of karst landform and the shallow soil layer on sloping land is one of
the important reasons for soil erosion and rocky desertification [7-9], and soil moisture is
also the main restricting factor of the karst ecological environment [10]. As a basic research
unit, there is still a large space for research in the karst area.

Currently, many reports have indicated multiple influencing factors of soil moisture
variation. For example, in the study of Beckett et al., soil moisture is affected by soil texture,
organic matter, and structure [11]. Robinson et al. noted that the spatiotemporal dynamics
of soil moisture were more significantly affected by precipitation variation rate [12], so it
can be seen that precipitation and land use are the key factors contributing to soil moisture
variation [13,14]. Yao et al. pointed out in their study that the soil moisture of different land
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use types in the basin generally showed farmland > grassland > artificial forest land. At
the regional scale, precipitation was a significant factor affecting the spatial variation of soil
moisture [15]. Yu et al. found that the average soil water depth of each land use type on the
semiarid Loess Plateau was ranked as native grassland > farmland > forest land, which
proved that different land use structures significantly affected the spatial distribution of
deep soil water in each season [16]. There is a strong spatio-temporal correlation between
different land uses and soil moisture in arid regions of Africa. Wei et al. found that soil
moisture variation can explain 48% of vegetation variation [17].

The variation of soil moisture on sloping land and its response to rainfall are affected by
various factors [18]. Rainfall characteristics, including rainfall intensity, duration, moving
direction, moving velocity, and temporal resolution of rainfall, affect responses such as
runoff hydrological curves and spatio-temporal variation of soil moisture [19-22]. Among
rainfall characteristics, rainfall intensity and rainfall duration are the two main factors
controlling hydrological response. By comparing with the precipitation variation trend
at various meteorological observation points over the Tibet Plateau, Liu et al. found that
the spatial pattern of soil moisture variation trend over the plateau was consistent with
the overall variation trend of precipitation [23]. Ayehu et al. showed in their analysis
that watershed topography and watershed cover characteristics have significant effects on
rainfall and precipitation distribution, further confirming that seasonal soil moisture can be
controlled by both soil moisture evaporation loss and rainfall gains, although the variation
of rainfall is the major driving factor of seasonal soil moisture variation [24]. There are
some differences in soil moisture variation of slope land in different regions and different
vegetation cover types. Studies on soil moisture at three different depths of Alpine natural
slopes found that the soil moisture skewness decreased as the soil layer deepened [25]. The
surface runoff at the same depth of the yellow soil slope cultivated land in the Penzhou
Mountain area of Sichuan in China varies under different ridge tillage measures [26].

The unique dual structure development of “overlying soil, underlying bedrock” of
the karst landform slope unit is similar to the landscape structure of shallow soil covering
the bedrock in other geomorphologic regions. However, due to the special geological
background and strong karstification, its hydrological process is more complicated and
there are multiple flow-producing interfaces [27-29]. Therefore, due to the complexity of
the geographical environment, the simulation experiment and the runoff plot experiment
are still dominant methods in the study of soil moisture in the karst landform. However,
these experimental methods are difficult to infer under natural conditions [30]. In the
natural rainfall process, subsurface soil water movement is a complex process due to the
heterogeneity of soil properties, previous soil moisture conditions, land cover, rainfall
characteristics, and especially, the distribution of the different root systems [31-33].

The movement of soil water can be effectively affected by changing soil physical and
chemical properties, interception of rainfall by the canopy, vegetation type, and vegetation
absorption [34,35]. Some studies in arid areas of China have shown that soil water reserves
decrease after afforestation, and deep soil water (above 1.0 m) is not replenished by natural
precipitation [36,37]. Su et al. analyzed the characteristics of soil water variation in seven
different vegetation recovery modes in desertified karst areas and found that the influence
of vegetation coverage on water content was greater than that of rock desertification
degree [38]. Therefore, land use type or vegetation cover is considered to be the most
important factor affecting hydrological processes and surface scour erosion.

The hydrological ecological environment, vegetation ecological environment, soil
ecological environment and human environment in karst area are all very fragile. The
destruction of a certain part of these links may worsen the overall ecological environ-
ment [39]. At present, most soil moisture studies in China focus on the Loess Plateau area.
Compared with the soil erosion control in the Loess Plateau area of China, which is more
mature in research, the barren mountains in the karst area have gradually become clear
water and green mountains, the harsh ecological environment has been optimized, and
the soil erosion control has achieved remarkable results after more than twenty years of
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comprehensive control of desertification. However, soil and water loss is still the main
cause of ecological and environmental deterioration in karst areas in southern China, and
the research is relatively weak [40]. In order to improve the practicability of the research,
it is necessary to take local conditions into consideration, combining the actual climate
characteristics, terrain, vegetation types, and soil texture of the research area.

Because of the lack of research on soil water change characteristics and soil water
absorption and utilization under vegetation in the karst area, this paper selected four
vegetation plots on the slope in the research area and monitored the changes of rainfall
and soil water and the characteristics of soil water change under different intensity rainfall
events. Combined with soil texture, the research hypothesis is put forward: (1). The
response characteristics of soil moisture to rainfall are different. Response times vary with
different amounts of rain and intensity. (2). At the slope scale, the spatial heterogeneity of
soil water content was mainly manifested among different vegetation types.

2. Materials and Methods
2.1. Study Area

The study area is located in Shibing County, Guizhou Province, a karst region in
southern China (108°00'43-108°12/55" E, 27°02/54""-27°15'45" N). It is located in the slope
zone of transition from the central mountains of Guizhou Province to the hills of western
Hunan Province. (Figure 1)
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Figure 1. Study area and site locations information.

As a part of the second phase of the South China Karst Series of the World Natural
Heritage, Shibing County is a typical dolomite karst area. The Shibing Karst area has a long
history of development, with an altitude of 518-1590 m, an average annual temperature
of about 16 °C, and an average annual precipitation of 1060-1200 mm. The precipitation
is mainly concentrated from March to September. The climate is generally mild and
humid, belonging to the subtropical humid monsoon climate zone. The vegetation in the
study area is mainly secondary forest, and the cash crops are flue-cured tobacco, Radix
pseudostellariae, golden crisp pear, peach, grape, and so on. The dominant industry in
Shibing is tourism, and the agricultural production activities are mainly concentrated at
the bottom of the depression, which has a good ecological environment.
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The soil types of the study sites in the study area are all yellow earth, which are close
to each other on the same slope. Natural vegetation types that had not been interfered with
for five years were selected for the plots, which were wood trees, peach trees, flue-cured
tobacco, and grassland. These four planting coverts are the three common planting coverts
of arbor, frutex, and grass. The basic information of the sample site is shown in Table 1.

Table 1. Study site locations and information.

Study Sites Longitude Latitude Altitude/m I $lop.e o Vegetation
nclination/
Site 1 (wood tree) 108°7'44.8" E 27°9'0.9" N 1032 10 Pine, cypress
Site 2 (peach tree) 108°7'37.2" E 27°9'1.1" N 980 6 Peach tree
Site 3 (flue-cured tobacco) 108°7'33.7" E 27°8'57.8" N 971 6 Flue-cured tobacco
Site 4 (grass land) 108°7'31.6" E 27°8'53.2" N 949 4 Silvergrass

2.2. Field Monitoring and Sampling

The study slope is located in a depression for in-situ tests. Four typical vegetation
types are selected as study samples on the slope (site 1, site 2, site 3, and site 4 are referred
toas S1, S2, S3, and S4 in the paper), and the slope direction is southwest. 5TE soil moisture
sensors (Decagon, Pullman, WA, USA) were installed at each site in January 2020 (accuracy:
0.03 m3/m3), which were buried in the soil profile 0-0.75 m, every 0.15 m, with a total of
5 layers (site 1 is located at the top of the slope, the soil layer is shallow, conditions, only
buried to the third layer 0.45 m).

These sensors ensured that there is no coarse root distribution near the probe and were
used to monitor the moisture content of different soil profiles at various points. An EM50
data logger (Decagon, USA) was used to collect data, and the soil moisture content was
collected at the frequency of recording data once in ten minutes. An Ecrn-100 high-precision
rainfall sensor (Decagon, USA) (precision: 0.2 mm) was installed in the open area near the
sample site to conduct long-term monitoring of meteorological elements such as rainfall in
the study area. The soil moisture content and rainfall data used in this paper were collected
from March 2020 to March 2021. None of the sites were artificially irrigated. Before the test,
the basic physical and chemical properties of the sites are shown in Table 2. The soil texture
data are shown in Figure 2.
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Figure 2. Soil particle size composition in the study sites. CC: clay content. STC: silt content. SC:
sand content.
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Table 2. Study the physical and chemical properties of soil in sites.

Study Sites  Soil Layer Depth/cm ! SBD(g-em=3) 2 TOC/% 3 TP/% 4FC/
0-15 0.82 12.62 66.89 40.98

Site 1 15-30 0.96 11.27 62.26 47.99
30-45 1.06 9.23 58.88 43.84

0-15 1.40 1.10 47.74 32.76

15-30 1.17 1.16 55.46 41.18

Site 2 30-45 1.05 1.23 59.36 52.68
45-60 1.10 0.76 57,354 49.98

60-75 1.17 0.77 55.37 32.79

0-15 1.40 0.34 47.69 32.86

15-30 1.36 0.14 48.98 32.49

Site 3 30-45 1.42 0.14 47.00 28.54
45-60 1.49 0.12 44.73 28.56

60-75 1.52 0.06 43.83 27.36

0-15 1.33 1.21 49.92 37.94

15-30 1.39 0.74 48.22 34.07

Site 4 30-45 1.47 0.26 45.29 30.54
45-60 1.35 0.21 49.49 36.77

60-75 1.32 0.22 50.48 37.69

1 SBD: soil bulk density; 2 TOC: total organic carbon, > TP: total porosity. 4 FC: field capacity.

2.3. Sample Analysis and Determination Method
2.3.1. Physical and Chemical Properties of Soil

Before the soil moisture sensors were buried, samples were taken at intervals of
15 cm at four sample points with a sampling depth of 0-75 cm (S1 045 cm). Impurities
such as roots and gravel were removed during sampling. A soil sample was put into a
ziplock bag for each layer, sealed and numbered, and brought back for the experiment.
After drying and grinding 100 mesh, organic carbon was measured. An amountof 5 g
of soil samples was weighed with a 60-mesh sieve, soaked in 1 mol/L hydrochloric acid
solution for 24 h to remove carbonate in the soil, washed to neutral with deionized water,
dried at 60 °C and ground, brought to the instrument laboratory, and weighed 20-50 mg
samples with a 1/10,000th balance and wrapped in tin cups. An elemental analyzer
(Thermo Fisher, Waltham, MA, USA) was used to determine soil organic carbon by the
combustion oxidation-non-dispersive infrared method. The cutting-ring method was
used to measure soil bulk density and total porosity. Undisturbed soil samples were
collected with a 100 m? ring cutter. The collected undisturbed soil samples were numbered
and weighed on site, and the ring knife was taken back to the laboratory for soaking,
drying, and weighing, and soil physical data such as soil bulk density and total porosity
were measured. The hydrometer method was used for soil particle size [41,42]. The
classification of soil texture was carried out according to the international system method of
dividing soil particle size: the sand particle size is 0.020~2.000 mm; The silt particle size is
0.002~0.020 mm. The clay particle size is 0~0.002 mm. A total of 54 samples were collected
by three experimental methods.

2.3.2. Analysis of Soil Water Storage and Soil Water Supplement of Each Rainfall

Based on the continuous dynamic monitoring of rainfall and soil moisture, the in-
fluence of rainfall on soil moisture change and recharge characteristics are quantitatively
identified, so as to explore the effective utilization of soil water under mixed agriculture
and forestry [43].

3
SW =1 0idi €]
i=1
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SW =Y 06idi ()
i=1

In Formula (1), SW is 0-0.45 m soil water storage (mm); in Formula (2), SW is 0-0.75m

soil water storage (mm); 6; is the soil water content of each layer, which is measured by

soil water probe (m® m™3); and d; is the corresponding soil depth (mm). In this study, the

depth of each soil layer is 150 mm, with a total depth of 0.45 m for three layers and 0.75 m
for five layers.

ASW = SWmax — SW 3)

In this Formula, ASW is the amount of soil water replenishment by rainfall (mm);
SWiayx is the maximum soil water storage capacity after rainfall (mm); and SWj is the initial
soil water storage capacity before rainfall (mm).

2.3.3. Experimental Methods and Data Processing

Before the soil moisture sensors were buried, samples were taken at intervals of 15 cm
at four sample points with a sampling depth of 0-75 cm (S1 045 cm). Impurities such as
roots and gravel were removed during sampling. Excel 2019 and SPSS 22.0 were used for
statistical analysis, and Origin 2018 was used for graph drawing. Maps were made using
the ArcGIS 10.2 software.

All data were tested for normality and variance uniformity in SPSS. Single-factor
ANOVA analysis was used to test the difference in soil moisture content in wet and dry
seasons under different layers. Linear regression was used to test the correlation between
soil moisture content and rainfall under different vegetation.

3. Results

In this study, the average water content of the test site during the rain and dry season
in the monitoring period was analyzed (Figure 3). The monitoring period is the year of
average rainfall. In all the 41 rainfall events that occurred during the monitoring period,
the temporal variation of soil water content at different depths was shown under the
representative small (5 mm), medium (36.4 mm), and large (60.8 mm) rainfall events [18]
(Figure 4). In the rainfall event, two rainfall events with comparable rainfall but different
rainfall times were selected to analyze the variation trend of soil moisture before, during,
and after rainfall under different rainfall intensities (3.65 mm/h, 7.54 mm/h). The soil water
supply of different vegetation types under the next rainfall was analyzed, and the basic
characteristics of soil water response under rainfall were studied, as well as the changes of
soil water under different vegetation types.

3.1. Soil Moisture in Wet and Dry Seasons during Monitoring Period

Figure 3 shows the average soil water content of layered soil under 0-0.75 m profiles in
different wet and dry seasons. The results showed that the average soil water content was
highest in the fifth layer of the S2 peach tree (0.439 m®/m?) and lowest in the second layer
of S4 grassland (0.271 m®/m?) in the wet season. In the dry season, the highest value was
in the fifth layer of the 52 peach tree (0.405 m3/m?), and the lowest value was in the first
layer of S3 flue-cured tobacco (0.217 m3/m?). The second layer of S1 grassland in the wet
season was significantly lower than the other two layers (p < 0.05), and the difference was
significant in the dry season. There was a significant difference between the second layer
and the fifth layer of S2 peach trees in the wet and dry seasons (p < 0.05). The difference in
53 flue-cured tobacco was significant at 0.30—-0.75 m in the wet season, but not in the dry
season. There were significant differences among 54 grassland layers in the dry season.
The average soil water content of the four vegetation types was different, but the overall
average soil water content was S2 > S3 > 51 > 54, while peach trees had the highest water
content and the lowest grassland.
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Figure 3. Stratified average water content and difference in dry and wet seasons in the site. In the
figure, from top to bottom, from left to right, the average moisture content of soil in wet and dry
seasons is shown in S1, 52, S3 and S4 study sites, and the column represents the significant difference
of soil water content in different layers in the same season. Capital letters indicate wet seasons and
lowercase letters indicate dry seasons. The same letter means the difference is not significant, while
different letters mean the difference is significant. The error bar represents the standard deviation.

3.2. Soil Moisture Stratification Response to Rainfall

Table 3 shows the basic characteristics of the three rainfall events. At test sites 1, 2,
3, and 4, there were differences in soil moisture changes in representative small rainfall
(<10 mm), moderate rainfall (10-50 mm), and heavy rainfall (>50 mm) (Figure 4) [18]. In
the representative small rainfall (<10 mm) event, there was no significant change in soil
moisture in each layer.

Table 3. The basic characteristics of rainfall during the study period.

. . Duration of Rainfall
Rainfall Rainfall/mm Rainfall/h Intensity/(mm/h)
Small rainfall 5 1 5
Medium rainfall 36.4 7 5.2
Large rainfall 60.8 11 5.5
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Figure 4. Response of soil water content to rainfall events in study sites.
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Among the representative medium rainfall (10-50 mm) events, the depth of 0-0.15 m
is the most responsive to precipitation, followed by 0.15-0.30 m. The three layers of soil
profiles in S1 all show the characteristics of longer response time with the increase of soil
depth. The first layer has the most intuitive response to rainfall, the second layer is more
sensitive to larger rainfall, and the third layer has the characteristic of lagging soil moisture
change. Soil water at S2 had almost consistent response times in the last three layers, with
the most obvious changes in the fourth layer and the most stable changes in the fifth layer.
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The soil moisture in S3 conforms to the rule that the response time of soil moisture to
rainfall slows down with the increase of soil depth. The soil moisture in the third layer
does not significantly change and tends to be stable. In 54, the response time of the first
layer is the fastest, followed by that of the second layer. The response times of the last three
layers are slow, but the time difference is not obvious, in which the first, third, and fifth
layers have more obvious soil moisture peak at the peak moment of rainfall. As the rainfall
event ended, the first soil moisture rapidly drops, and the fifth was the slowest.

Among the representative large rainfall (>50 mm) events, the response of soil moisture
to rainfall was the most obvious. Soil moisture at S1 showed the same trend in the first
and second layers, with a clear response to the two phases of rainfall. The soil moisture in
the third layer only responded to the rainfall in the first stage, and then remained stable.
The trend of rapid decline and steady and slow decline after the rainfall events in the first
two phases was maintained, and the response was the most obvious in the third rainfall
phase. This is possibly because the soil water in that layer reaches its peak, the soil can’t
hold any more water. Thus, it cannot penetrate into the deeper layer, so the soil water
changes smoothly. The variation trend of S2 soil moisture in the first three layers was the
same, varying with the occurrence and intensity of rainfall. In the second and third stages,
soil moisture in the first layer significantly decreased. The soil moisture in the fourth layer
reached the maximum value after the second stage of rainfall, while the soil moisture in the
bottom layer only slightly changed and was least affected by rainfall. The variation trend
of soil moisture in S3 was small, and only the first layer responded to the rainfall in the
first stage and the response time of each soil layer was longer. Combined with the analysis
of the soil physical properties, the soil permeability of this site was poor. Each layer of soil
moisture in $4 has the most obvious response to rainfall, and the change trend is the largest,
and the change of soil moisture is also closely related to the rainfall.

In general, the rainfall supply of soil water in large rainfall events is large, which can
rapidly cause the change of soil water in various soil layers, among which 54 is the most
obvious and 53 is the most special, which is closely related to soil properties and vegetation
cover types.

3.3. Dynamic Changes of Soil Moisture under Different Rainfall Intensities

In order to understand the characteristics of soil moisture absorption under different
vegetation types, two rainfall events with similar rainfall times and different rainfall times
were selected from the 41 rainfall events (stable soil environment) (Table 4). Figure 5 shows
the dynamic changes in soil water content under different rainfall intensities. The results
showed that under different rainfall intensities, the change of the same vegetation type
was consistent on the whole, but the trend was different in different stages. The soil water
content of S2 was the most significantly affected by rainfall intensity, while the soil water
content of S3 was the least significantly affected by rainfall intensity. In S1, the variation
trend of soil water content before and after rainfall is the same, while the variation trend
during precipitation is the opposite. The peak of soil water content appears in the second
soil layer profile (0.351 m®/m?) during the precipitation with small rainfall intensity. In S2,
the soil moisture content of small rainfall intensity events was higher than that of moderate
to low rainfall intensity events on the whole. The peak value appeared in the soil profile
of the fourth layer (0.502 m3/m?3) after the small rainfall intensity. The variation trend of
soil moisture content in S3 at different stages is the same as that in 54, and the peak value
appears in the fifth layer (0.336 m3/m?; 0.386 m3/m?3).
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Table 4. Basic characteristics of two rainfall events under different rainfall intensities.
. . Duration of Rainfall
Rainfall Event Rainfall/mm Rainfall/h Intensity/mm/h
Small rainfall event 29.2 8 3.65
Moderate to low 274 35 7.83
rainfall event
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0m-0.15m depth Om-0.15m depth
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Figure 5. Dynamic changes of layered soil water content under different rainfall intensities at different
rainfall periods (a) Small rainfall intensity events and (b) moderate to low rainfall intensity events
(the size here refers to the relative ratio of two rainfall, not the prescribed data range division). BR:
before the rain; IR: in the rain; AR: after the rainfall. The error bar represents the standard deviation.

Studies have shown that soil moisture can be better absorbed during small rainfall

events with the same amount of rainfall.
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3.4. Recharge Relationship between Next Rainfall of Different Vegetation Types and Soil
Water Content

3.4.1. Soil Moisture Supply by Next Rainfall of Different Vegetation Types

In order to clarify the recharge characteristics of soil water by different vegetation
types, 21 representative rainfall events that have recharge effects on soil water are selected
for analysis. As shown in Figure 6, under the same rainfall conditions, the soil water
recharge of different vegetation are significantly different. The soil moisture of peach trees
and grassland was effectively replenished in the 21 rainfall events, while the soil moisture
of flue-cured tobacco was less. Under the condition of little rainfall, the soil moisture supply
was insufficient.

300 0
250 -
- 50

Precipitation
200 < Peach tree —_
Flue-cured tobacco g
—_ - Grass land E
£ g
o 150 1 ~ 100 'E
= . 2
2] )
= D
&

100 —

- 150

50 -

0 I et [ ] rr il h* H |7—|| H H 200
SRS S S S RO R TR
FE P& F T OGSO FS OSSO
P F P PPN VTP TSSO PSP

SRR P N I I I S

Figure 6. Soil water supply by next rainfall under different vegetation types.

3.4.2. Relationship between Soil Water Supply and Rainfall

Figure 7 constructs a monoidal linear regression equation for the relationship between
soil water supply and rainfall under different vegetation types.

It can be seen that the soil water supply of different vegetation types has a good linear
relationship with rainfall. Regression analysis showed that the rainfall recharge threshold
of grassland was the smallest, and rainfall was easy to recharge soil water. The flue-cured
tobacco rainfall recharge threshold was the largest, indicating that a large amount of rainfall
was needed to effectively recharge soil moisture. This is because the total porosity of the soil
in flue-cured tobacco land is small, so that soil moisture cannot be effectively supplemented.
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Figure 7. Relationship between soil water supply and rainfall of different vegetation types.

4. Discussion
4.1. Precipitation Is a Significant Factor Affecting Soil Moisture Variation

This study revealed the soil moisture variation characteristics under different vege-
tation types at the slope scale in the karst area. In the representative small rainfall events
(<10 mm), there was no obvious response to soil moisture, and rainfall failed to effectively
replenish soil moisture. In the event of medium rainfall (10 mm-50 mm), the response
times of soil moisture in each soil layer were different. The response time of surface soil
moisture was the shortest, while that of the bottom soil moisture was late. Moreover, after
the end of the rainfall event, the surface soil moisture decreased the fastest, which was
considered to be related to evaporation and absorption from plants. Rainfall characteristics,
including rainfall intensity, rainfall amount, and rainfall duration are the main factors con-
trolling hydrological responses. The greater the rainfall intensity or the longer the rainfall
duration, the peak runoff will usually be generated [44,45], which means that under the
same circumstance, the greater the runoff, the smaller the content of layered soil moisture.
In this study, under the condition of the same rainfall, the variation degree of soil moisture
content and stratified soil moisture with low rainfall intensity is higher than that with
high rainfall intensity. The soil layer was divided into a rapid change layer (CV > 15%),
an active layer (CV: 10-15%), a sub-active layer (CV: 5-10%), and a relatively stable layer
(CV < 5%) according to the coefficient of variation [46].

As shown in Table 5, the study found that the soil layer of S1 belongs to the active layer
in the wet season. In the dry season, 0-0.15 m is the relatively stable layer, 0.15 m to 0.30 m
is the sub-active layer, and 0.30-0.45 m is the rapidly changing layer. In the wet season,
the soil layer of S2 belongs to the sub-active layer at 0-15 cm and 30-45 cm, the rapidly
changing layer at 15-30 cm and 45-60 cm, and the sub-active layer at 0.30-0.45 m. In the
dry season, there are rapidly changing layers at 0.15-0.30 m, active layers at 0.45-0.60 m,
and the rest are sub-active layers. In the wet season, the soil layer of S3 is sub-active except
for the relatively stable layer at 0.30-0.45 m. In the dry season, except for the active layer at
0-0.15 m, the other layers were relatively stable. In the wet season, the first two layers of 54
are fast-changing layers, and the last three layers are sub-active layers. In the dry season,
0-0.15 m is the active layer, 0.15-0.30 m and 0.30-0.45 m is the sub-active layer, and the last



Land 2023, 12, 347

13 of 16

two layers are relatively stable layers. On the whole, the shallow soil moisture (0-0.30 m) is
more active in the wet season and tends to be stable in the dry season. The change of soil
moisture in the karst area is mainly affected by the wet season rainfall. During the study
period, the variation trend of vegetation soil moisture content had a certain rule with that
of rainfall. June, August, and September had more rainfall, which was also the peak period
of soil moisture recharge by rainfall. The average soil moisture content of grassland was
the highest, followed by peach trees and flue-cured tobacco.

Table 5. Variation coefficient of soil moisture content in study sites.

Soil Depth(m)
Time of Monitoring Site Number
0-0.15 0.15-0.30 0.30-0.45 0.45-0.60 0.60-0.75
S1 11.47% 13.13% 13.93% / /
2020/3-2020/8 (wet S2 9.03% 19.89% 7.60% 15.96% 4.48%
season) S3 7.81% 5.21% 3.07% 6.48% 5.56%
S4 17.17% 15.91% 9.41% 7.26% 5.89%
S1 4.19% 7.19% 17.35% / /
2020/9-2021/2 (dry S2 6.29% 18.32% 8.69% 11.70% 5.66%
season) S3 12.22% 3.32% 1.83% 3.28% 3.32%
S4 11.49% 9.59% 6.31% 3.22% 3.61%

4.2. Soil Water Absorption Is Affected by Soil Properties and Vegetation Types

The characteristics of soil water dynamic change are affected by soil properties. At
the same time, the higher the soil porosity, the smaller the change coefficient of soil water
content [47-49]. For the flue-cured tobacco sample land in this study, the soil property
of the flue-cured tobacco growing area is poor. The soil bulk density is large and the
porosity is small, so the water is difficult to absorb, and it is more likely to cause soil
erosion. As shown in Figures 6 and 7, grassland soil moisture is the easiest to be effectively
replenished after the rainfall. The grass has a smaller canopy width than other plant
types, and plant morphology, especially the root system, has an important impact on the
precipitation distribution process [50,51], which is consistent with the research results of
others. Wang et al. studied the response characteristics of soil moisture to precipitation in
the Loess Plateau watershed and analyzed the influence of different vegetation coverage
on rainfall infiltration. They found that different types of vegetation cover significantly
affected precipitation infiltration [52]. In this study, except for the woodland on the top
of the mountain, peach trees belong to trees and flue-cured tobacco belongs to shrubs.
Since trees are susceptible to canopy cortical runoff, shrubs have higher trunk runoff, but
flue-cured tobacco is affected by soil properties. In this study area, the condition of water
absorption of three vegetation types is grassland > peach tree > flue-cured tobacco.

4.3. Deficiencies and Future Research

Although the current in-situ experiment method is closer to the real natural environ-
ment than the indoor simulation experiment, and the research conclusions obtained are
more practical, the in-situ experiment needs to take into account many external conditions,
such as human interference and climate anomalies, which may cause a large number of
experimental data errors. In future research, it is necessary to minimize the limitations
brought by errors.

This paper mainly studied the response characteristics of soil moisture to rainfall
under different vegetation types and the variation characteristics of soil moisture. In future
studies, soil water can be refined from the absorption of plant roots to soil, including the
different growth periods of plants, soil water absorption, and utilization are also different.
C13 isotope identification technology can be used to evaluate the water use efficiency of
plants. Combined with the influence of precipitation and other factors, various factors
affecting soil water can be more comprehensively understood.
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The research results of this paper are based on the natural conditions of the study area,
which can represent a case. The specific research direction should be based on the specific
natural and cultural conditions of the study area, and the specific situation on the surface
of the earth.

5. Conclusions

The response characteristics of soil moisture to rainfall under different slope positions
and vegetation types in the karst area were studied. In rainfall events of more than 10 mm,
soil moisture changes with the rainfall, and to some extent, they affect the conservation of
soil and water.

Peach tree has better water retention and water storage performance, and the soil
moisture affected by rainfall level is small. Peach tree can increase the surface coverage
to reduce soil erosion, leading to not only increased ecological benefits but also certain
economic benefits. Since Shibing is a World Heritage site, considering the unity of ecological
benefits and economic benefits, planting fruit trees in appropriate places is the first choice
for the development of the site.
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