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Abstract: The spatial distribution pattern of vegetation is of great significance to the prevention and
control of soil erosion in spoil tips. The objective of this study was to evaluate the effects of spatial
distributions of grass strips on soil erosion in spoil tips. A field runoff plot (20 m long, 1 m wide,
and 0.5 m deep) was used for inflow simulation experiments under four inflow rate patterns (even,
rising, falling, and rising–falling) and five grass strip patterns (patterns I–V). Results showed that
the runoff reduction benefit (RRB) and soil loss reduction benefit (SLRB) of grass strip patterns were
12.23–49.62% and 12.92–80.54%, respectively. The optimal grass strip pattern was when the grass
strips were distributed on a slope in bands (pattern V). In this pattern, the soil and water conservation
effects were best, with RRB and SLRB of 43.87% and 58.09%, respectively. The grass strip patterns
exhibited a significant time-limited effect on controlling soil erosion. The maximum amount of soil
loss reduction for patterns II, III, IV, and V was 93.02, 84.30, 65.86, and 98.26 kg, respectively. Soil loss
reduction caused by decreasing runoff (SRR) for grass strip patterns was the main factor controlling
erosion. The efficiency coefficient of soil loss reduction caused by decreasing runoff for pattern V was
higher than that for the other patterns. The grass strip pattern V (i.e., grass strips were distributed on
a slope in bands) should be considered a priority in the prevention of soil erosion in spoil tips. This
study can guide the configuration of vegetation control measures for soil and water loss in spoil tips.

Keywords: spoil tips; grass strip pattern; runoff reduction benefit; soil loss reduction benefit

1. Introduction

Discarded soils from production and construction projects that constitute spoil tips
are the main sources of new soil and water loss in China [1]. Compared with the original
landform, spoil tips have the characteristics of poor soil structure, steep slope, and weak
erosion resistance, which easily lead to soil erosion under heavy rain conditions [2]. The soil
and water losses from spoil tips reflect typical anthropogenically accelerated erosion [3],
which has the characteristics of high intensity, wide range, and great damage and is
an important factor restricting the sustainable development of the economy and society,
endangering the health of the regional ecological environment, and causing environmental
disasters [4–6]. Therefore, determining how to control soil erosion in spoil tips scientifically
and effectively is a requisite for improving the ecological environment and a long-term and
challenging job for scientists and engineers.

Spoil tips, as a unique anthropogenic landform, have a platform–steep slope structure
with a significant upslope inflow. The water infiltration rate of the platform formed by
heavy mechanical rolling is significantly reduced. Under rainfall conditions, the platform
produces large, amounts of concentrated runoff preferentially over the slope, and concen-
trated runoff rapidly flows along the platform edge to the steep slope, thus causing severe
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slope erosion. Accordingly, the runoff from the platform is the main driving force for the
slope erosion in the spoil tips [7,8]. The results of the study by Zhang et al. (2016) showed
that downslope wash-scour erosion caused by upslope inflow from a compacted platform
is an important contributor to the acceleration of soil erosion in spoil tips [9]. Upslope
runoff is an agent of runoff energy transfer and sediment transport on a slope; runoff funda-
mentally changes the hydrological input conditions in the lower part of the slope, adjusts to
distribute erosivity, changes the development process of slope soil erosion, and aggravates
the degree of soil erosion on the slope in spoil tips [10]. Therefore, determining how to
regulate the runoff from a platform scientifically is the key to preventing and controlling
soil erosion in spoil tips.

Vegetation is considered the fundamental measure to control runoff and soil erosion
through plant diversity, vertical vegetation structures, vegetation coverage, plant commu-
nities, and vegetation distribution patterns [11–13]. Bare patches act as “sources”, and
vegetation patches act as “sinks” for intercepting runoff and sediment. Vegetation and bare
patches form source–sink landscape patterns that can change the level of landscape connec-
tivity, collect surface runoff, and transport sediment [14]. Unreasonable vegetation spatial
distribution patterns may aggravate soil erosion, and different patterns are an important
factor leading to differences in slope soil erosion [15]. Previous studies have investigated
the change response of slope soil erosion to vegetation spatial patterns. The results of
Shi et al. (2022) showed that the downslope vegetation pattern contributed more to the re-
duction in runoff and sediment than the upslope vegetation pattern [16]. Wang et al. (2021)
concluded that the optimal soil and water conservation effect was obtained with a block-
shaped mosaic vegetation pattern in a loess area [17]. Zhang et al. (2018) suggested that
the optimal location of grass strips on convex hillslopes was 60% of the upslope length,
with 7.35% and 62.93% reduction in runoff and sediment, respectively [18]. In addition,
grass could achieve good erosion control benefits in a short time, compared with shrubs
and trees [11,19]. Grass roots improve soil shear strength, increase soil organic matter, and
effectively reduce soil detachment [20–22]. Grass surface cover can protect the soil surface
from raindrop splashing [23]. Hence, grass planting is a great measure in controlling soil
erosion in spoil tips. However, due to the complex and diverse vegetation spatial distribu-
tion patterns and subsurface conditions on slopes, as well as the coupling effect of multiple
factors on soil erosion processes, the relationship between vegetation spatial distribution
patterns and runoff–sediment processes remains unclear [24], with large variability and un-
certainty. Therefore, determining how to optimize the slope vegetation spatial distribution
pattern reasonably is the key to achieving effective control of soil erosion in spoil tips.

Here, the effects of distributions of grass strips on runoff and soil loss in spoil tips were
studied. A field runoff plot experiment was conducted with the specific aims of evaluating
the runoff and soil loss reduction effects of grass strip patterns, identifying the grass strip
pattern with the best soil and water conservation effects, and exploring the effect of grass
strips on sediment regulation capacity in spoil tips. We expect that the results from this
study will provide scientific guidance for the configuration of vegetation control measures
for soil erosion in spoil tips.

2. Materials and Methods
2.1. Study Area

The field experiment was carried out at the Yangling Soil and Water Conserva-
tion Experimental Station of the Chinese Academy of Sciences on the Loess Plateau
(107◦59′36.12′′ E, 34◦19′24.84′′ N) (Figure 1). The station is located in the warm temper-
ate semi-humid continental monsoon climate zone. The average annual precipitation is
637.6 mm, with more than 60% falling from July to October. The average annual tempera-
ture is 12.9 ◦C. An experimental slope was built on an artificial excavation surface in contact
with the parent soil.



Water 2022, 14, 913 3 of 14

Figure 1. Location of the experimental site.

2.2. Method
2.2.1. Soil Samples

The tested soil was collected from abandoned soil produced by excavating slope
engineering projects. The soil used in this experiment was silty loam with 11.02% sand
(50 µm–2 mm), 61.42% silt (50–2 µm), and 27.56% clay (<2 µm). To maintain the natural
state of the soil, the soil was not passed through any sieve [10], but the organic litter layer,
weeds, and gravel were removed from the soil.

2.2.2. Experimental Design

The field scouring experimental setup included a water supply line, a constant barrel, a
valve, a flow meter, a steady flow groove, and collecting barrels (Figure 2). The experimental
plot was 20 m in length, 1 m in width, and 0.5 m in depth. The inflow intensities could be
adjusted through the valve opening sizes. The water was kept at a constant pressure to
ensure a uniform flow. A steady flow groove (1.0 m length, 0.5 m width, and 0.3 m depth)
was located at the plot top. The experimental plot slope was 32◦, a common slope for spoil
tips in the experimental region.

Figure 2. Layout of the field scouring experimental setup.
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Given a constant total water amount (900 L), four inflow rate patterns—namely, even
(Figure 3a), rising (Figure 3b), falling (Figure 3c), and rising–falling (Figure 3d)—were
designed to reflect the time distribution characteristics of rainfall and the influence of
underlying surface conditions on the confluence process indirectly [9]. The duration of the
flow event was set to 45 min. The process of the flow event was divided into three stages:
early period (0–15 min), intermediate period (15–30 min), and late period (30–45 min).
The inflow rate was calculated and selected in accordance with previous tests and the
unit discharge that occurred in the experimental region under the condition of a heavy
rainstorm [25]. The four inflow rate patterns are shown in Figure 3. Before the start of each
test, the desired inflow rate was calibrated 3 times, and the test could be carried out only
when the error was less than ±5%.

Figure 3. Inflow rate patterns designed for the experimental runoff plot: (a) even; (b) rising; (c) faling;
(d) rising-faling.

To simulate the spoil tips and ensure the consistency of the initial conditions of the
slope, soil samples of 50 cm were placed into the runoff area via a tamping method. The
soil bulk density was controlled at approximately 1.25 g cm−3, and the initial soil water
content was controlled at approximately 22%. In the experiment, Bahraini grass (25%),
Kentucky grass (25%), and Youmei grass (50%) were selected to form the grass strips.
Field investigations demonstrated that these species are often used for engineering slope
protection and greening. The sizes of the grass strips were 10 m × 1 m and 1 m × 1 m
(Figure 4a). Thirty days before the experiment began, the grass strips were transplanted
to the experimental plot to grow naturally. Soil erosion can be effectively controlled
when vegetation cover reaches 50% [13]; therefore, the grass cover was set at 50% for this
experiment. In this experiment, five spatial configurations of the grass strips included bare
soil (pattern I), the upper slope (pattern II), the middle slope (pattern III), the lower slope
(pattern IV), and bands (pattern V), which are shown in Figure 4b.

2.2.3. Measurements

For each experiment, the runoff production time was recorded with a stopwatch.
Runoff samples were collected at 2 min (0–6 min) and 3 min (6–45 min) intervals, and the
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sampling times were also recorded with a stopwatch. The experimental slope was divided
into five observation sections (parts 1–5) from the top to the bottom with intervals of 4 m.
The surface flow velocity of each section was measured across a distance of 2.5 m by using
a dye tracer (KMnO4) method. The mean velocity was obtained by multiplying the velocity
by the correction factor of 0.75 [26]. After the experiment, the length, width, and depth
of rills within each section were measured using a steel ruler to calculate the amount of
rill erosion. In addition, runoff samples were weighed and left to stand for 24 h, and the
supernatant was poured off. Then, the remaining sediment was left to dry at 105 ◦C to
calculate the sediment yield. This process was repeated twice for each experiment.

Figure 4. The experimental runoff plots showing the different distributions of grass strip: (a) diagram
of plot designs; (b) grass strip pattern layouts and positions on the slope.

2.2.4. Data Calculation and Analysis

The soil infiltration (i) was calculated as follows [27]:

i = 1− RR
IR

(1)

where IR and RR are the inflow rate (L min−1) and runoff rate (L min−1), respectively.
The runoff reduction benefit (RRB) and soil loss reduction benefit (SLRB) were used to

reflect the effect of vegetation patterns on slope erosion in spoil tips. The specific calculation
formulas are as follows [11,28]:

RRB =
Rb − Rv

Rb
× 100% (2)
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SLRB =
SLb − SLv

SLb
× 100% (3)

where Rb and Rv are the runoff (L) for bare slopes and vegetated covered slopes, re-
spectively; and SLb and SLv are the soil loss (kg) for bare slopes and vegetated covered
slopes, respectively.

The process of sediment erosion driven by runoff is restricted by the amount of runoff
and the flow–sediment relationship. The reduction in sediment yield on a slope under
the effect of soil and water conservation measures can be separated into two parts: (1) the
reduction in sediment yield caused by runoff variation (SRR) and (2) the reduction in
sediment yield caused by flow–sediment relationship variation (SRS) [29–31]. Therefore,
SRR and SRS were used to specify how grass strip patterns affect slope erosion in spoil tips.
The specific calculation equation is as follows:

∆W= W1 −W2 = Q1S1 −Q2S2

= Q1S1 −Q2S1 + Q2S1 −Q2S2

= S1(Q1 −Q2) + Q2(S1 − S2)

= S1∆Q + ∆SQ2

(4)

where ∆W is the total soil loss reduction (kg) after vegetation measures take effect; W1,
Q1, and S1 are the soil loss (kg), runoff (m3), and sediment concentration (kg m−3) with
bare slope, respectively; W2, Q2, and S2 are the soil loss (kg), runoff (m3), and sediment
concentration (kg m−3) with vegetation measures, respectively. ∆Q is the runoff reduction
(m3) after vegetation measures take effect. ∆S is the sediment concentration reduction
(kg m−3) after vegetation measures take effect. S1∆Q is defined as the soil loss reduction
caused by decreasing runoff (SRR, kg). Q2∆S is defined as the soil loss reduction caused by
flow–sediment relationship changes (SRS, kg).

When ∆Q = Q1, ∆S = S1, Equation (4) can be rewritten as follows:

∆W =
∆Q
Q1

S1Q1 +
∆S
S1

S1Q2 = aSRPR + bSRPS (5)

where S1Q1 and S1Q2 are the potential sediment reduction resulting from runoff variation
(SRPR) and the potential sediment reduction resulting from flow–sediment relationship
variation (SRPS), respectively; a and b are the efficiency coefficients.

All data analyses were performed using the SPSS16.0 software (IBM Corp., Armonk,
NY, USA). All figures were plotted using the Origin 2021 software (OriginLab Corp.,
Northampton, MA, USA).

3. Results
3.1. Soil Infiltration

To evaluate the effect of grass strip patterns on slope soil infiltration, Figure 5 shows
the average soil infiltration rates for the different grass strip patterns throughout the
experiment. The average soil infiltration rates for grass strip patterns I, II, III, IV, and
V were 0.44–0.57, 0.60–0.73, 0.54–0.77, 0.57–0.67, and 0.69–0.79, respectively (Figure 5).
The average soil infiltration rates of patterns II, III, IV, and V were all greater than those
of pattern I (bare slope) because the grass strips distributed on the slope surface could
effectively increase the flow resistance, prolong the residence time of runoff on the slope,
and increase the soil infiltration. The average soil infiltration rate of pattern V (i.e., grass
strips were distributed on the slope in bands) was the highest.
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Figure 5. Average soil infiltration under different treatments.

3.2. Runoff Rate and Soil Loss Rate
3.2.1. Runoff Rate

The runoff rates under different grass strip patterns are shown in Figure 6. Runoff
rates varied significantly among the grass strip patterns with different inflow rates. With
lengthened scouring duration, the runoff rates showed an increasing trend in the initial
stage, then fluctuated, and finally tended to stabilize (Figure 6a). The changing trend of
runoff rates with inflow rate was clear, i.e., they increased with increasing inflow rate and
decreased with decreasing inflow rate (Figure 6b–d). These results indicated that changes
in inflow rate patterns could cause changes in the soil infiltration capacity (Figure 5) and
the redistribution of runoff with time. Regardless of the inflow rate pattern, the runoff rates
of patterns II, III, IV, and V were less than that of pattern I (bare slope).

Figure 6. Changes in runoff rate under different inflow rates for different grass strip patterns: (a) even,
(b) rising, (c) falling, and (d) rising–falling.
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3.2.2. Soil Loss Rate

The soil loss rates for different grass strip patterns are shown in Figure 7. With
lengthened scouring duration, the soil loss rates of patterns I, II, III, and IV showed
fluctuating trends from 0 to 28 min and tended to stabilize from 28 min to 45 min. The
soil loss rate process of pattern V was the most stable, changing in almost a straight line
(Figure 7a). Similar to the runoff rate process, the changing trend of soil loss rates with
inflow rate was clear, i.e., they increased with increasing inflow rate and decreased with
decreasing inflow rate (Figure 7b–d). In general, regardless of the inflow rate, the soil
loss rate of pattern I was higher than those of patterns II, III, IV, and V. Under the same
grass strip pattern, the occurrence of peak flow and its time of occurrence led the runoff
stripping capacity and sediment transport capacity to change (increased or decreased),
which changed (accelerated or delayed) the timing of the transition from detachment-
limited erosion to transport-limited erosion, resulting in the above process of soil loss rate
change [9].

Figure 7. Changes in soil loss rate under different inflow rates for different grass strip patterns:
(a) even, (b) rising, (c) falling, and (d) rising–falling.

3.3. RRB and SLRB

Figure 8 shows the RRB and SLRB for different grass strip patterns. The RRBs of
patterns II, III, IV, and V were 14.73–43.69%, 12.88–48.47%, 12.23–37.64%, and 38.67–49.62%,
respectively (Figure 8). The average RRB of the grass strip patterns decreased as follows:
pattern V > pattern II > pattern IV > pattern III. The SLRBs of patterns II, III, IV, and
V were 40.70–63.35%, 27.41–58.84%, 12.92–44.07%, and 43.18–80.54%, respectively. The
average SLRBs of grass strip patterns were similar to the average runoff reductions, with
the sequence as follows: pattern V > pattern II > pattern III > pattern IV. In addition, the
average SLRB of the grass strip patterns was higher than the average RRB. The above
results indicated that the RRB and SLRB of pattern V were optimal under different inflow
rate patterns when the grass strip was distributed on the slope in bands. Pattern V exhibited
the best soil and water conservation effects and could reduce the average runoff and soil
loss by 43.87% and 58.09%, respectively.
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Figure 8. RRB and SLRB under different grass strip and inflow rate patterns.

Regulation effects of soil and water conservation measures necessitate time scale
analysis and evaluation. The preceding analysis indicated that the SLRB of grass strips was
higher than the RRB, so the relationship between the average cumulative soil loss reduction
and the scouring duration of different grass strip patterns was analyzed (Figure 9). The
average cumulative soil loss reduction in patterns II, III, and V showed a rapid increase in
the early stage and then stabilized with scouring duration. The average cumulative soil
loss reduction in pattern IV decreased at the end of the experiment, i.e., the effect of soil
loss reduction decreased.

Figure 9. Relationship between average accumulation amount of soil loss reduction and scouring
duration under different grass strip patterns.

Quadratic functions existed between the average cumulative soil loss reduction and
scouring duration for patterns II, III, IV, and V, indicating maximum values for the cumula-
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tive soil loss reduction in the grass strips on the time scale (Table 1). The maximum values
were related to the distribution patterns of the grass strips on the slope. For example, the
average maximum cumulative soil loss reduction for pattern V (when the grass strip was
distributed on the slope in bands) was 98.26 kg, which was higher than those for the other
grass strip patterns (Table 1). In addition, these results indicated that the effect of the grass
strip patterns on controlling soil erosion in spoil tips was time-limited.

Table 1. Fitting equations of average accumulation amount of soil loss reduction with respect to
scouring duration under different grass strip patterns.

Grass Strip
Patterns Fitting Equation R2 p Critical

Value (min)
Maximum
Value (kg)

Pattern II y = −0.0341x2 + 3.6855x − 6.5607 0.9854 <0.01 54.04 93.02
Pattern III y = −0.0229x2 + 2.8790x − 6.1825 0.9870 <0.01 62.86 84.30
Pattern IV y = −0.0464x2 + 3.6087x − 4.3088 0.9676 <0.01 38.89 65.86
Pattern V y = −0.0321x2 + 3.5932x − 2.2888 0.9920 <0.01 55.97 98.26

3.4. Effects of Grass Strip Patterns on Sediment Regulation Capacity

To further analyze the sediment reduction benefits of different grass strip patterns on
the slopes of spoil tips, the soil loss reduction caused by decreasing runoff (SRR), the soil
loss reduction caused by flow–sediment relationship changes (SRS), and the corresponding
efficiency coefficients of each were calculated in accordance with Equations (4) and (5)
(Table 2). From Table 1, the SRRs of patterns II, III, IV, and V were 53.94, 38.78, 47.05, and
76.42 kg, respectively. The SRSs of patterns II, III, IV, and V were 43.27, 41.40, 15.87, and
26.25 kg, respectively. All SRRs were higher than SRSs (except for pattern II), indicating
that runoff reduction to control soil erosion was the main reason for the grass strip patterns
to regulate soil loss on the slopes of spoil tips. In addition, the efficiency coefficients of SRR
under patterns IV and V were higher than those of SRS (a:b > 1), whereas the efficiency
coefficients of SRS under pattern II and III conditions were lower than those of SRR (a:b < 1).

Table 2. SRR, SRR, and their corresponding efficiency coefficients for different grass strip patterns.

Grass Strip Patterns SRR (kg) SRS (kg) a b

Pattern II 53.94 43.27 0.31 0.36
Pattern III 38.78 41.40 0.22 0.30
Pattern IV 47.05 15.87 0.27 0.12
Pattern V 76.42 26.25 0.43 0.26

Note: a is the efficiency coefficient of soil loss reduction caused by decreasing runoff, and b is the efficiency
coefficient of soil loss reduction caused by changes in flow–sediment relationship.

4. Discussion

The effect of grass on slope soil erosion can be evaluated mainly through two aspects.
First, the aboveground part of grass could increase the roughness of the slope surface,
slow down the flow velocity, improve the soil infiltration [32], and reduce the runoff
energy [33,34]. Second, the underground part of grass can improve soil stability and shear
strength to a certain extent [35,36]. The spatial distribution pattern of grass strips affected
the soil infiltration (Figure 5) and sediment-carrying capacities of runoff, which changed
the connectivity of runoff and sediment transport paths, contributing to the reduction in
runoff and control of soil erosion, which is consistent with a previous study (i.e., [37]).
When the inflow rate increased or the peak flow changed, the micro-geomorphological
connectivity of different grass strip patterns was blocked; abrupt changes in slope runoff
velocity increased, and the impact on slope runoff yield depended on the ability of grass
strip to disperse runoff and change the runoff path and on the consistency between the
relative positions of grass strip and the runoff path [38]. Therefore, changes in runoff and
soil loss rate were observed (Figures 6 and 7).
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In this study, the RRBs of grass strip patterns II, III, IV, and V were 14.73–43.69%,
12.88–48.47%, 12.23–37.64%, and 38.67–49.62%, respectively (Figure 8); the SLRBs of pat-
terns II, III, IV, and V were 40.70–63.35%, 27.41–58.84%, 12.92–44.07%, and 43.18–80.54%,
respectively (Figure 8). Our results indicated that the different distributions and locations
of grass strips on the slope were important reasons for the differences in soil erosion. The
RRBs of grass strip patterns II, III, IV, and V were weaker than the SLRBs owing to the grass
protection of soil and water by regulating runoff and sediment through direct sediment
interception; consequently, sediment was intercepted by the surface vegetation canopy [39].
In other words, the function of grassland was based on direct sediment interception by the
surface vegetation canopy to prevent soil erosion.

Pattern V exhibited the best soil and water conservation effects and could reduce the
average runoff and soil loss by 43.87% and 58.09%, respectively. These results are similar
to those in previous reports. For example, Valentin et al. (1999) suggested that a banded
pattern is the best choice for vegetation restoration design in arid and semi-arid areas and
can increase biomass and limit land degradation [40]. Raya et al. (2006) considered that
vegetation strips can effectively reduce runoff and erosion, and different vegetation types
have diverse effects [41]. However, Pan and Ma (2020) reported that the soil and water
conservation effects of grass placed at the slope bottom were better than those of other
patterns, mainly due to the control of rill formation and sediment deposition [37]. The
reasons for the difference may be related to experimental conditions. Compared with the
scouring condition, the rainfall condition required a certain time and slope length for the
slope runoff to gather, and the runoff intensity at the slope bottom was often large, resulting
in serious rill erosion [37,42]. In scouring experiments, runoff energy was greatest at the
slope top; thus, rill erosion at the slope top tends to account for the greatest proportion of
total erosion [43]. Zhang et al. (2016) also showed that downslope runoff scouring erosion
caused by upslope inflow from a compacted platform is an important contributor to the
acceleration of soil erosion in spoil tips [9]. Our results showed that pattern II (the grass
strip was placed at the slope top) demonstrated better soil and water conservation effects
and could reduce the average runoff and soil loss by 30.55% and 54.41%, respectively,
second only to pattern V. The reason for this was that pattern II only intercepted sediment
at the slope top. Although it had the effect of slowing the velocity and reducing the runoff,
it had no effect at all on the runoff and sediment in the middle and lower parts of the slope.
Compared with other grass strip patterns, pattern V could intercept slope runoff several
times, thereby decreasing runoff velocity, increasing infiltration (its average value was the
highest) (Figure 5), inhibiting rill development, and reducing the proportion of slope rill
erosion. Therefore, the soil and water conservation effect was best when the grass strips
were distributed on the slope in bands (pattern V).

Our results showed quadratic functions between the average cumulative soil loss
reduction and scouring duration for patterns II, III, IV, and V, indicating that the effect
of the grass strip patterns on controlling soil erosion in spoil tips was time-limited. This
result is similar to that in a previous study (i.e., [43]). The reason for the time-limited
effectiveness of different grass strips in controlling soil erosion may be related to the
“sink–source” transition mechanism in the erosion process. In the initial stage of scouring,
the aboveground canopy of the grass strips had a high sediment interception capacity,
resulting in sediment deposition and becoming the “sink” area in the erosion process. As
the scouring continued, the interception ability of the grass strips for runoff and sediment
weakened. When runoff scouring the sediment deposited in the grass strips, the sediment
content of the runoff increased, so the sediment deposited in the grass strips became the
“source” area in the erosion process. Unfortunately, most studies have focused on the soil
and water conservation effects of vegetation while neglecting the time effectiveness of the
benefits (e.g., [32,44,45]). The time effectiveness of vegetation to control soil erosion will
require a key interest in future studies. In addition, the grass strip patterns can be combined
with engineering measures (e.g., level terrace and fish scale pit) in practical applications to
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avoid the transformation from “sink” to “source” and thus prolong the effectiveness of soil
and water conservation of grass strips.

Runoff is the direct driver of slope erosion, and runoff regulation is the key to pre-
venting and controlling soil erosion. The soil loss reduction caused by decreasing runoff
(SRR) and soil loss reduction caused by changes in flow–sediment relationship (SRS) are
two important aspects of soil and water conservation measures to regulate soil erosion [46].
Our results indicated that grass strip patterns mainly control slope erosion in spoil tips
by SRR. The results of this study are consistent with those of a previous study (i.e., [46]).
Grass strip pattern V gave full play to the role of the “retarding zone”; it alleviated the flow
velocity, decreased the erosion degree of the runoff to the slope, and reduced erosion. In
addition, the efficiency coefficient of SRR of pattern V was the largest. Hence, the grass
strip pattern V (i.e., grass strips were distributed on a slope in bands) should be considered
as a priority in the prevention of soil erosion in spoil tips.

5. Conclusions

The spatial distribution of vegetation is an important factor affecting slope erosion in
spoil tips. The effects of different spatial distributions of grass strips (patterns II, III, IV, and
V) on the slope erosion in spoil tips were analyzed under simulated scouring conditions.

The experimental results showed that the RRBs of grass strip patterns II, III, IV, and V
were 14.73–43.69%, 12.88–48.47%, 12.23–37.64%, and 38.67–49.62%, respectively, and the
SLRB values of patterns II, III, IV, and V were 40.70–63.35%, 27.41–58.84%, 12.92–44.07%,
and 43.18–80.54%, respectively. The optimal grass strip pattern was when the grass strips
were distributed on the slope in bands (pattern V). In this pattern, the soil and water
conservation effects were best, with the runoff and soil loss average reduced by 43.87% and
58.09%, respectively. The grass strip patterns exerted a significant time-limited effect on
controlling soil erosion. The maximum amount of soil loss reduction for patterns II, III,
IV, and V was 93.02, 84.30, 65.86, and 98.26 kg, respectively. Soil loss reduction caused by
decreasing runoff (SRR) for grass strip patterns was the main factor controlling erosion.
The efficiency coefficient of soil loss reduction caused by decreasing runoff for pattern V
was higher than that for the other patterns. The results revealed in this study could provide
points of reference for the prevention and control of soil erosion in spoil tips.
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