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Abstract: This paper investigates the influence of different vegetation on the permeability of the
shallow soil layers of slopes under rainfall infiltration. Firstly, four large slopes are filled in the
outdoor natural environment, and the overburdens of the four slopes are Magnolia multiflora,
Cynodon dactylon, Magnolia multiflora mixed with Cynodon dactylon, and no vegetation.
Secondly, the four slopes are cultivated in the outdoor natural environment for one year. After the
vegetation overburdens are matured, the field artificial rainfall test is carried out through the self-
developed artificial rainfall device to monitor the water migration law inside the four slopes in real
time. Finally, the unsaturated permeability coefficients of the shallow soil layers of slopes are
calculated. The results show that the infiltration rate of rainwater in each overburden slope from
fast to slow is Magnolia multiflora overburden slope, no vegetation slope, Cynodon dactylon
overburden slope, Magnolia multiflora mixed with Cynodon dactylon overburden slope. In the
early stage of rainfall, Magnolia multiflora increases the permeability coefficient of the shallow soil
layer of the slope, thus weakening the anti-seepage ability of the slope, but the influence of Magnolia
multiflora is not obvious in the later stage. Cynodon dactylon and Magnolia multiflora mixed with
Cynodon dactylon can significantly reduce the permeability coefficient of the shallow soil layers of
the slopes, thereby increasing the anti-seepage ability of the slopes, and the mixed planting of
Magnolia multiflora and Cynodon dactylon can minimize the permeability coefficient of the shallow
soil of the slope, resulting in the best anti-seepage effect.

Keywords: slope; Overburden; artificial rainfall; infiltration coefficient; vegetation

1. Introduction

Rainfall is one of the main factors inducing slope instability [1,2].Under the action of rainfall, the
slope failure type is shallow landslide. Most landslides occur during or after rainfall, and the critical
time of landslide is related to the unsaturated permeability coefficient and shear strength of soil [3].
In order to reduce the occurrence of geological disasters such as slope instability, many scholars have
proposed methods of ecological slope protection, which mainly relies on the combined action of
rainwater interception by plant stems and leaves, transpiration, root reinforcement and water
absorption[4,5]. Plant stems and leaves transpiration and root water absorption would reduce the
water in the soil, increase the matrix suction of the soil, reduce the unsaturated permeability
coefficient of the soil and increase the shear strength, so as to achieve the purpose of improving slope
stability [6]. Therefore, it is of great theoretical and practical engineering significance to study the
influence of different kinds of plants on slope permeability under rainfall.

Up to now, a large number of scholars have carried out experimental research on soil
permeability and achieved certain research results. Qin et al. [7] developed a one-dimensional soil
column vertical infiltration model test device, and proposed a new method for calculating the
permeability coefficient of unsaturated soil. Jiao et al. [8] constructed a large-scale loess cover test
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base to carry out a series rainfall tests, and found that the permeability coefficient of the vegetation
root growth area was higher than that of the non-vegetation. Chen et al. [9] and Cheng et al. [10]
established three vegetation cover layers, and monitored the changes of water content and matric
suction in each vegetation cover layer during the active period of rainfall and evaporation. It was
found that the permeability coefficient of the straight root plant cover layer was the largest and the
fibrous root plant cover layer was the smallest. Song et al. [11], Bordoloi et al. [12], Li et al. [13] found
that vegetation roots would enhance the permeability of soil, and the presence of vegetation under
rainfall conditions would improve the stability of the slope. Xu et al. [14] investigated the influence
of slope gradient and compaction degree on the infiltration rate of slope rainwater by self-made
rainfall and monitoring system. Zeng et al. [15] conducted rainfall experiments with different rainfall
intensities for the loess slope model, and explored the relationship between rainfall intensity and
volumetric water content and matric suction. Yang et al. [16] analyzed the influence of two common
slope protection plants on slope rainwater infiltration through in-situ monitoring of engineering
slope and numerical simulation. Zeng et al. [17] carried out the seepage characteristics test of fissured
red clay slope by fluorescence tracer method, and explored the variation of wetting front, transient
saturation zone and soil moisture content during rainfall. Although the above research results have
brought many new insights into the permeability characteristics of slopes, most of the existing
research focuses on the permeability performance of slope soil through flat overburden layer, and
studies the internal water migration law and permeability of slopes using small bare soil slopes filled
indoors. There is still a lack of research on the internal water migration law and permeability of large
ecological slopes in outdoor natural environments.

In light of this, this paper aims to conduct a series experiments to study the internal water
migration law and permeability of large ecological slopes. At first, four kinds of large overburden
ecological slopes are established outdoors, and artificial rainfall tests are conducted on each
overburden slope simultaneously to monitor the water migration law inside the slope in real time
after the vegetation matures in a year’s dry-wet cycle. Then, the soil-water characteristic curve of the
test soil is measured by using the pressure plate instrument and the matrix suction inside the slope
is calculated. Finally, the unsaturated permeability coefficients of the shallow soil of the slopes are
calculated by using the transient profile method, and the influences of different vegetation
overburdens on the permeability performance of the shallow soil of the slopes under the effect of
rainfall are investigated in details.

2. Experimental model and scheme design

2.1. Basic properties of soil

In this paper, a deep clay soil at a construction site in Wuhan, Hubei is used for the test, and its
basic physical properties are measured according to the relevant requirements in the ‘Highway
Geotechnical Test Procedure’ (JTGE40-2007) [18] as shown in Table 1, and the particle gradation curve
of the soil for the test is measured by using the Omicron laser particle size analyzer TopSize as shown
in Figure 1.

Table 1. Basic physical parameters of soil.

Category Natural Maximum Optimum Liquid Plastic Liquidity
density dry moisture limit limit index
(g/cm3) density content (%) (%) (%)
(g/cm3) (%)

Clay 1.5 1.75 20 41 23 18
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Figure 1. Soil particle gradation curve.

2.2. Slope model

The materials for this artificial rainfall test consist of an outdoor slope model (as shown in Figure
2), a test monitoring system, a self-made movable artificial rainfall system, and a soil erosion
collection device. Each slope model has a height of 2 m, a width of 1.5 m, and a slope ratio of 1:1.75.
The slope is separated from the slope by a retaining wall. In the filling process of slopes, the slope
soil is filled in six layers in order to ensure that the soil compaction of the slope model is 85%, and
the surface of the soil is scraped and compacted after filling each layer. Cynodon dactylon and
Magnolia multiflora are planted in the top layer of the fill, sprayed with mist water twice a day in the
pre-sowing period, and maintained with nutrient solution once a week. The test monitoring system
consists of soil moisture sensors and intelligent data collector DL1. Eleven soil moisture sensors are
buried on the central axis of each slope, and the sensors are arranged at 1/4, 1/2 and 3/4 of the vertical
slope surface (upper part of the slope, middle part of the slope and lower part of the slope) along
20cm, 40cm, 60cm, 100cm and 150cm of the parallel slope surface. The data line of the soil moisture
sensor is led along the partition wall to the power supply box at the top of the slope and connected
to the collector, and the specific sensor burial position is shown in Figure 3. The homemade movable
artificial rainfall system consists of fogging nozzles, water supply system, central control panel,
power supply system, curtain and movable support frame. The rain sprayed by the fog nozzle is
atomized to simulate natural rainfall as much as possible, and the role of the curtain is to prevent the
rain from spilling out of the slope and to reduce the impact of wind speed on the rainfall.

Water storage tank

Water pump . = ~

Rainscreen

Bracket rollers

(a)
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Figure 2. Test equipment and test model: (a) Slope model diagram, (b) Pump, (c) Control host, (d)
Artificial rainfall test, (e) Partial slope.
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Figure 3. Schematic diagram of sensor burial (in cm).

In Figure 3, w indicates the soil volumetric water content, s depicts the upper part of the slope,
z denotes the middle of the slope, x stands for the lower part of the slope, and the numbers 1 to 5
indicate the number of the soil moisture sensor, such as: w-s-1 means the water content sensor No. 1
on the upper part of the slope, w-z-2 indicates the water content sensor No. 2 in the middle of the
slope, w-x-1 illustrates the water content sensor No. 1 on the lower part of the slope, and the other
numbers are the same. In addition, J in the text indicates matrix suction, H1 denotes slope No. 1, H2,
H3, H4 in the same way, so H1-w-s-2 indicates the water content of the upper part of slope No. 1 at
position No. 2, H2-J-z-1 depicts the matrix suction at position No. 1 in the middle of slope No. 2, and
other numbers in the same way. Furthermore, L represents the length of the slope, and the black solid
point represents the SWR-100 soil moisture sensor.
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2.3. Experimental scheme

Four types of overburden slopes are established outdoors, namely, H1-artificial slope without
vegetation, Magnolia multiflora (shrub vegetation) overburden slopes, Cynodon dactylon
(herbaceous vegetation) overburden slopes, and Cynodon dactylon and Magnolia multiflora
(Herbaceous vegetation and shrub vegetation mixed) overburden slopes, which are cultivated under
natural outdoor environment for one year. After the vegetation of the overburden is mature, the
artificial rainfall test with rainfall intensity of 60mm per hour and rainfall time of 4 hours is carried
out on four slope models. During the rainfall period, the intelligent data acquisition instrument is set
to collect water content data every half minute, and after 4 hours of rainfall, it is set to collect water
content data every minute, and analyze the change pattern of water content data during 4 hours of
rainfall and 7 hours of natural evaporation. Based on the soil-water characteristic curve measured by
the pressure plate instrument, the matrix suction corresponding to each water content is calculated,
and the unsaturated permeability coefficients of the four overburden slopes are further evolved by
combining the water content and matrix suction using the transient profile method, and the slope
model filling and planting schemes are shown in Table 2.

Table 2. Model test protocol.

Side slope  Overburden  Vegetation  Rootsystem  Sloperatio = Compaction

serial species condition degree(%)
number
H1 No - -
vegetation
Cynodon Fibrous root
H2 Herb
dactylon system
3 Magnolia Shrub Straight root 1:1.75 85
multiflora system
Cynodon Fibrous root
dactylon system
H4 mixed with ~ Herb mixed = mixed with
magnolia with shrub straight root
multiflora system

3. Test results and analysis

3.1. Variation law of volumetric water content

Figure 4 shows the relationship between the volumetric water content of each burial depth
monitoring point inside the artificial slope without vegetation H1 and time under the rainfall
condition.
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Figure 4. Relationship between water content and time of artificial slope without vegetation.

The artificial slope H1 without vegetation has been growing for one year in natural environment,
and has experienced many wet and dry cycles during this period. Therefore, the initial water content
at different slope locations is not consistent, resulting in different starting points of the water content
versus time curves. As shown in Figure 4, all the water contents of measurement points w-s-1, w-s-2,
w-z-1, w-z-2, w-x-1 and w-x-2 begin to increase after 3 hours of rainfall. Among them, the water
contents of measurement points w-s-1, w-z-1, w-z-2, w-x-1 and w-x-2 begin to increase after 1.5 hours
of rainfall, indicating that the depth of rainfall infiltration at this time is not less than 20cm in the
upper part of the slope, and not less than 40cm in the middle and lower part of the slope. Within the
following 1.5 hours, the water content of measurement point begins to increase, indicating that after
3 hours of continuous rainfall, the depth of rainfall infiltration in the upper part of the slope, the
middle of the slope and the lower part of the slope is not less than 40cm. Within the natural
evaporation stage of 7 hours after the end of 4 hours rainfall, the water contents of measurement
points w-s-3, w-s-4 and w-z-3 have increased, which indicates that the infiltration depth of rainwater
in the upper part of the slope is not less than 100cm, and the infiltration depth in the middle part of
the slope is not less than 60cm. Meanwhile, it is found that the water contents of measurement points
w-s-3, w-s-4 and w-z-3 begin to increase only after the end of rainfall, which indicates that there is a
lag in the infiltration of rainwater into the slope. However, the water contents of the monitoring
points w-s-5 buried at a distance of 150cm from the upper part of the slope and w-z-4 buried at a
distance of 100cm from the middle part of the slope remain unchanged, indicating that the rainwater
infiltration depth does not reach the corresponding burial depth value. In summary, during 4 hours
of continuous rainfall, the rainfall infiltration depth of the artificial slope without vegetation reaches
40cm in the upper, middle and lower parts of the slope, and during 7 hours of natural evaporation,
the rainfall infiltration depth reaches 100cm in the upper part of the slope, 60cm in the middle part
of the slope and 40cm in the lower part of the slope. This indicates that the infiltration rate of
rainwater in the slope is different, showing the rule that the lower part of the slope surface is the
largest, the middle part of the slope surface is the second and the upper part of the slope surface is
the smallest. It is worth noting that the infiltration rates of the other three types of slopes with
overburden also show similar patterns.

The reason for the phenomena shown in Figure 4 is that the initial state of the surface soil of the
slope is in a dry state, and the rain falls on the entire surface of the slope after the rainfall begins. As
the rainfall continues, part of the rainwater that falls on the upper part of the slope infiltrates into the
interior of the slope and moves to the lower part of the slope under the action of gravity. The other
part of the rainwater forms runoff on the slope surface and gradually flows towards the lower part
of the slope. Finally, the two parts of the rainwater converge at the lower part of the slope to form a
temporary saturation zone, and then penetrate into the interior of the lower part of the slope along
the cracks in the lower part of the slope, resulting in a faster increase in water content in the lower
part of the slope compared to the upper and middle parts of the slope. Therefore, the monitoring
points in the lower part of the slope respond the fastest. Based on this reason, the response time of
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the water content monitoring point in the middle part of the slope is the second, and the response
time in the upper part of the slope is the smallest. At the same time, due to the formation of a transient
saturation zone in the lower part of the slope, the rainwater in this area would continuously flow to
the monitoring point w-x-2 under the action of gravity, so the water content of the monitoring point
w-x-2 increases faster than that of the monitoring point w-s-1.
The relationship between the volumetric water content of the surface monitoring points of the
four types of overburden slopes and time is shown in Figure 5.
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Figure 5. Relationship between volumetric water content of slope surface monitoring points and time:
(a) Water content of soils on the slope surface of four overburden slopes versus time, (b) Water content
of soil in the middle of slope surface of four overburden slopes versus time, (c) Water content of the
soil in the lower part of the slope surface of four overburden slopes versus time.

According to the data curves of the water content monitoring points at a vertical distance of
20cm from the slope surface and 40cm from the slope surface, it can be seen that during the period of
4 hours rainfall and 7 hours natural evaporation, the water content variation curve generally shows
a trend of first unchanged, then increased, then unchanged, then decreased and finally unchanged.
At the beginning of the rainfall, the rainwater has not yet infiltrated to the location of the water
content monitoring points, so the values of each water content monitoring point inside the four slopes
remain unchanged, and the values of the water content monitoring points are the water content of
the initial state of the slope soil at this time. As the rainfall continues, the rainwater continues to
infiltrate, and the values of each monitoring point begin to increase at different times, indicating that
the rainwater has infiltrated to the location of the water content monitoring point. After several hours
of rainwater infiltration, the slope soil at each water content monitoring point reaches a saturated
state, i.e., the peak plateau of the curve, so that the slope soil has experienced the process from
unsaturated state to saturated state. During the natural evaporation stage after the cessation of
rainfall, the rainwater in the slope soil migrates downwards under the action of gravity, and the slope
soil would be over from the saturated state to the unsaturated state. Then, the slope soil would be
finally in the moist state with a certain water content, which shows the trend of the curve gradually
decreasing and finally leveling off in Figure 5. It is worth noting that the faster the infiltration rate of

doi:10.20944/preprints202308.0751.v1
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rainwater in each slope, the shorter the time period from the initial constant value to the beginning
of the increase in the curve, and the larger the value of the peak plateau reaches afterwards.
Comparing Figure 5c with Figure 5a and Figure 5b, it can be seen that the infiltration rate of
rainwater (i.e., the slope of each curve rising in Figure 5) in the lower part of the four types of
overburden slopes is larger than that in the upper part of the slopes and the middle part of the slopes,
resulting in a shorter response time (i.e., the horizontal coordinate corresponding to the dividing
point of the water content monitoring points from unchanged to increasing) for the initial increase of
water content compared to the upper and middle parts of the slopes. When the location of slope
surface and slope type are certain, the response time of water content monitoring points closer to the
slope surface is shorter. When the location of slope surface and the depth of water content monitoring
points are certain, the infiltration rate of each overburden slope shows the following pattern from fast
to slow: Magnolia multiflora overburden slope, artificial slope without vegetation, Cynodon dactylon
overburden slope and Cynodon dactylon and Magnolia multiflora mixed overburden slope.

3.2. Determination of matrix suction of test clay

A pressure plate apparatus manufactured by GCTS, USA, is used for the indoor tests to measure
the soil-water characteristic curve of the test clay as shown in Figure 6. Then, the VG model [19] is
used to fit the measured data points, and the expression of the VG model is shown in equation (1):

2] :0»4_%

T

o . 7 o
where, ~® denotes the volumetric water content; " and %2 are the saturated water content and

residual water content, respectively; v represents the matrix suction (kPa); a, m and n are the fitting
parameters, and m=1-1/n. The fitting parameters of the soil-water characteristic curve of the specific
test clay are given in Table 3, and the soil-water characteristic curve of the test clay is depicted in

Figure 7.
Table 3. Parameters for fitting the soil-water characteristic curve of the test clay.
Model Type a(cm) n m R2
Van Genuchten 5.462 1.249 0.199 0.982

The curve correlation coefficient R2 = 0.982 indicates a good fit. The relationship between soil
water content and matrix suction in the slope model can be known from the VG model. Therefore,
the corresponding relationship between matrix suction at the slope surface monitoring point and
time can be calculated based on the relationship between volumetric water content at the slope
surface monitoring point and time with the help of the VG model.
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Figure 7. Soil-water characteristic curve of the test clay.

Figure 8 illustrates the relationship of matrix suction with time at the surface monitoring points
of the four overburden slopes. After 4 hours of continuous rainfall and 7 hours of natural evaporation,
the matric suction of the shallow soil of the four overburden slopes has changed significantly. In
general, the matric suction shows a trend of first unchanged, then decreased, then increased and
finally unchanged, but there are differences in the response time when the matrix suction of the
shallow soil of the different vegetation overburden slopes begins to decrease. From the VG model, it
can be found that there is an inverse relationship between water content and matrix suction.
Therefore, the variation of matrix suction on the slope surface over time is exactly opposite to the
trend of water content on the slope surface over time, but the initial response time is consistent.
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Figure 8. Matrix suction for shallow soil of four overburden slopes versus time: (a) Soil matrix suction
of the upper surface part of four overburden slopes versus time, (b) Soil matrix suction of the middle
surface part of four overburden slopes versus time, (c) Soil matrix suction of the lower surface part of
four overburden slopes versus time.

3.3. Calculation of unsaturated permeability coefficient

In order to study the influence of different vegetation overburden on the permeability of the
shallow soil layers of slopes under rainfall, the transient profile method is used herein to calculate
the permeability coefficients of the shallow soil layers of the four overburden slopes [9,20]. The
transient profile method refers to a method that utilizes the water content and matrix suction of each
monitoring point to calculate the average water flow velocity and average hydraulic gradient of each
monitoring point, and divides the average water flow velocity by the corresponding average
hydraulic gradient to estimate the unsaturated permeability coefficient of the soil.

The unsaturated permeability coefficient varies with the variation of water content, so a small
soil column of a certain time interval must be selected as the research object, and every two adjacent
vertical slope surface water content monitoring points are chosen as the calculation interval here. In
the process of calculating the unsaturated permeability coefficient, it is divided into three parts: the
upper part of the slope surface, the middle part of the slope surface and the lower part of the slope
surface. The following is the specific calculation process of the unsaturated permeability coefficient
of the shallow soil at a vertical distance of 20cm and 40cm from the slope surface.

3.3.1. Average water content volume

Assuming that the water volume at each two water content monitoring points is linearly

I . t,~t, . .
distributed, the average water content volume for two consecutive moments ! 2, interval section
20cm ~ 40cm can be calculated as:
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' 2
V. : NN P
where, ' denotes the average water content volume (cm?) of 20cm~40cm interval at time !, ™

.t 0 .
represents the water content volume (cm?®) at 20cm and at time !, 4 depicts the water content

1,,20 6’[2 40
7

V
volume (cm?®) at 40cm and at time 4 ; the physical meanings of ", are the same as

. t . . . .
those at time 2; L is the seepage length of the vertical slope. The value of L is that the distance
between the two soil volumetric water content sensors in the surface soil is 20cm; A is the seepage
section (cm?2).

3.3.2. Average flow velocity

The average flow velocity during the time period h~1 can be calculated by the following

equation:
Vt -Vt
Viwe = —F—5 (4)
Alt,-t,)
where, "™ is the average flow rate (cm/s) in time period hi~h,

3.3.3. Calculation of water head

The water head of a point in the soil is composed of position head, pressure head and velocity
head. However, the water transport in the soil is slower compared to the position head, leading to
that the velocity head can be ignored. Then, the water head of a point in the soil can be calculated as:

H, :Y+i (5)
P8

where, H, represents a point of the total head (cm); Y denotes a point in the height above the
reference plane (cm), and the reference plane in this paper is a distance of 20cm from the slope surface

then ¥ =—20cm ; M s the pore water pressure (kPa), and according to the shear strength formula
of unsaturated soil, the pore water pressure at a certain point in the soil is opposite to the matrix

suction; Py depicts the density of water with a value of 1.0g/cm3; g is the acceleration of gravity
with a value of 9.8 N/kg.

3.3.4. Average hydraulic gradient

The average hydraulic gradient is calculated using the forward differential method:

1 Hw,40,t1 _Hw,zo,t1 n Hw,40,t2 _Hw,zo,t2
L L

it,IH)E -
2

(6)

l
t,ave ;40,4 and

where, is the average hydraulic gradient within the period from h to g ;

w204 denote the water heads (cm) at a vertical distance of 40cm and 20cm from the slope surface
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H H
at time tl, respectively; the physical meanings of ~~ "% and "~ "% are the same as those at

. t
time 2.

3.3.5. Unsaturated permeability coefficient

The unsaturated permeability coefficient is the ratio of the average water flow velocity within a
certain time period to the average hydraulic gradient within the corresponding time period, then the
unsaturated permeability coefficient can be calculated as:

v
_ tave
Kt,ave - i (7)
t,ave

Fig.9 illustrates the time-dependent relationship of unsaturated permeability coefficients of
shallow soil layers in the four overburden slopes calculated using the transient section method.
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Figure 9. Relationship between unsaturated permeability coefficient of shallow soil in four
overburden slopes and time: (a) Unsaturated permeability coefficients of the upper part of shallow
soil in four overburden slopes, (b) Unsaturated permeability coefficients of the middle part of shallow
soil in four overburden slopes, (c) Unsaturated permeability coefficient of the lower part of shallow
soil in four overburden slopes.

Figure 9a shows the relationship between the unsaturated permeability coefficient of the upper
part of shallow soil in four overburden slopes and time. It is found that the permeability coefficient
of the artificial slope without vegetation changes within the range of 2.58x107cm/s ~ 2.19x10cm/s
with time. The permeability coefficient of the Cynodon dactylon overburden slope changes with time
in the range of 3.09x107cm/s ~ 2.13x10-°cm/s, the permeability coefficient of the Magnolia multiflora
overburden slope changes with time in the range of 1.08x10%cm/s ~ 5.01x10%cm/s, and the
permeability coefficient of the Cynodon dactylon and Magnolia multiflora mixed slope changes with
time in the range of 7.7x107cm/s ~ 4.8x106cm/s.

Fig.9b illustrates the relationship between the unsaturated permeability coefficient of the middle
part of shallow soil in four overburden slopes and time. It can be seen that the permeability coefficient
of the artificial slope without vegetation changes within the range of 1.43x10-cm/s ~ 2.16x104cm/s
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with time. The permeability coefficient of the Cynodon dactylon overburden slope changes with time
in the range of 9.44x107cm/s ~ 9.73x10-°cm/s, the permeability coefficient of the Magnolia multiflora
overburden slope changes with time in the range of 2.92x106cm/s ~ 3.65x10°cm/s, and the
permeability coefficient of the Cynodon dactylon and Magnolia multiflora mixed slope changes with
time in the range of 3.50x107 cm/s ~ 4.64x10* cm/s.

Figure 9c depicts the relationship between the unsaturated permeability coefficient of the lower
part of shallow soil in four overburden slopes with time. It is found that the permeability coefficient
of the artificial slope without vegetation changes within the range of 2.64x10-°cm/s ~ 4.66x10-cm/s
with time. The permeability coefficient of the Cynodon dactylon overburden slope changes with time
in the range of 3.56x107cm/s ~ 2.35x10-°cm/s, the permeability coefficient of the Magnolia multiflora
overburden slope changes with time in the range of 7.14x107cm/s ~ 9.80x10°cm/s, and the
permeability coefficient of the Cynodon dactylon and Magnolia multiflora mixed slope changes with
time in the range of 6.80x107cm/s ~ 1.80x10-%cm/s.

As shown in Figs. 9a, 9b and 9c, it can be seen that whether in the upper part, middle part or
lower part of the shallow soil of the four overburden slopes, the permeability coefficients of the
shallow soil of the Cynodon dactylon overburden slope H2 and the Cynodon dactylon and Magnolia
multiflora mixed slope H4 are always small, while the permeability coefficients of the shallow soil of
the artificial slope H1 without vegetation and the Magnolia multiflora overburden slope H3 are
always large, indicating that planting Cynodon dactylon or mixed planting Magnolia multiflora and
Cynodon dactylon on the slope can reduce the permeability coefficient of the shallow soil of the
slopes to a certain extent. It is worth noting that the permeability coefficients of the Magnolia
multiflora overburden slope H3 and the artificial slope H1 without vegetation show different
magnitude relationships at different experiment stages, indicating that planting Magnolia multiflora
alone on the slope cannot always increase or decrease the unsaturated permeability coefficient of the
surface soil of the slope, so further analysis of the data is needed.

From Figure 9, it can also be found that with the continuous rainfall, the permeability coefficients
of the shallow soil of the four overburden slopes show a trend from stable to fluctuating and finally
stable. In the early stage of the experiment, the permeability coefficient of the shallow soil of the
Magnolia multiflora overburden slope H3 always increases first, but the its maximum value is always
larger than that of the slope H1 without vegetation. Overall, the permeability coefficient of the
shallow soil of the slope H1 without vegetation is greater than that of the Magnolia multiflora
overburden slope H3, indicating that the straight root system vegetation would increase the
permeability coefficient of the shallow soil in the early stage of the test, but the influence of the root
system vegetation of Magnolia multiflora on increasing the permeability coefficient of the shallow
soil is not significant in the later stage of the experiment. The reason for these phenomena is that,
Magnolia multiflora is a shrub plant with a conical root system and the most developed horizontal
root system, and the effective root system is mainly distributed in the soil layer within the range of 0
~ 60cm [21]. Therefore, the pore structure of the soil layer within a vertical distance of about 60cm
from the slope surface is destroyed, and the gap between the Magnolia multiflora root system and
the soil during rainfall would provide a priority channel for rainwater infiltration. Therefore, in the
early stage of rainfall, the permeability coefficient of the shallow soil of the Magnolia multiflora
overburden slope H3 is larger than that of the slope H1 without vegetation. The rainwater falling on
the slope H1 without vegetation carries away some of the soil on the slope H1 without vegetation to
form slope runoff, while the other part of rainwater continues to infiltrate. This rainwater infiltration
would form the seepage channel of the slope H1 without vegetation, which would continue to be
expanded as the rainfall continues into the later stage. In contrast, the reinforcement effect of the
Magnolia multiflora root system makes the seepage channel of the Magnolia multiflora overburden
slope H3 not easy to expand. Therefore, the permeability coefficient of the shallow soil of the slope
H1 without vegetation in the later stage of the test is larger than that of the Magnolia multiflora
overburden slope H3.

In addition, it can be seen from Fig.9 that the permeability coefficient of the shallow soil of the
Cynodon dactylon overburden slope H2 is larger than that of Cynodon dactylon and Magnolia

doi:10.20944/preprints202308.0751.v1
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multiflora mixed slope H4, but the overall fluctuation range of the two slopes is not as large as that
of the slope H1 without vegetation and Magnolia multiflora overburden slope H3, indicating that
fibrous root system vegetation would reduce the permeability coefficient of the shallow soil of slopes,
and the mixture of straight root system and fibrous root system can minimize the permeability
coefficient of the shallow soil of slopes. The reason for these phenomena is that, Cynodon dactylon is
a herbaceous plant with luxuriant and dense stems and leaves. The root system is mainly distributed
in the shallow soil layer. The root system grows in the shallow soil layer, encapsulating the shallow
soil particles and filling the small gaps between the soil particles, thus reducing the permeability
coefficient of the shallow soil layer. In the process of rainfall, firstly, the stems and leaves of Magnolia
multiflora in the Cynodon dactylon and Magnolia multiflora mixed slope H4 would intercept
rainwater, thereby reducing the infiltration of some rainwater into the slope. Secondly, the above
analysis shows that Cynodon dactylon would reduce the permeability coefficient of the shallow soil
of the slope. Therefore, the mixed planting of the two vegetations makes the permeability coefficient
of the shallow soil of the Cynodon dactylon and Magnolia multiflora mixed slope H4 minimum and
its anti-seepage ability best.

4. Conclusions

In this paper, a series of artificial rainfall experiments are conducted on four kinds of overburden
slopes to study the permeability of shallow soil and the water migration law of rainwater in the slopes
with different vegetation. The following conclusions can be drawn from the study:

(1) The response time of water content monitoring points with the same buried depth and
different locations is different. The closer the distance of the monitoring points to the slope surface
is, the shorter the response time is. Some water content monitoring points far away from the slope
only begin to respond after the end of rainfall, indicating that the infiltration rate of rainwater in the
slopes is different.

(2) The infiltration rate of each overburden slope shows the law from fast to slow in turn:
Magnolia multiflora overburden slope, artificial slope without vegetation, Cynodon dactylon
overburden slope, Cynodon dactylon and Magnolia multiflora mixed slope, indicating that the initial
rainfall falling on the Magnolia multiflora overburden slope is easier to infiltrate.

(3) In the early stage of rainfall, the permeability coefficient of the Magnolia multiflora
overburden slope is the largest. As the rainfall continues, the permeability coefficient of the artificial
slope without vegetation becomes the largest, followed by that of the Magnolia multiflora
overburden slope. This indicates that in the early stage of rainfall, the straight root vegetation can
increase the permeability coefficient of shallow soil, but in the later stage of the test, the root system
of Magnolia multiflora vegetation has no obvious effect on increasing the permeability coefficient of
shallow soil.

(4) The permeability coefficient of Cynodon dactylon overburden slope is larger than that of
Cynodon dactylon and Magnolia multiflora mixed slope, but the overall fluctuation range of the two
slopes is not as large as that of artificial slope without vegetation and Magnolia multiflora overburden
slope. The phenomena reveal that fibrous root system vegetation can reduce the permeability
coefficient of shallow soil to a certain extent, while the mixed planting of straight root vegetation and
fibrous root vegetation has the best reduction effect on the permeability coefficient of shallow soil of
slopes.
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