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Abstract: Both vegetation coverage rates and arrangement patterns have important influences on
erosion. Very little previous research focuses on the impacts of spatial vegetation distribution patterns
on erosion. The slope-gully system was taken as the research object, which is composed of a 5.0 m
long hillslope with a slope gradient of 20◦ and a 3.0 m long gully slope with a gradient of 50◦. A
series of scouring experiments with two inflow discharges (3.2 L min−1, 5.2 L min−1) was carried
out. The effects of the flow discharges, spatial grass arrangement patterns (US, MS, and DS represent
the presence of grass covering on up-hillslope, middle-hillslope, and down-hillslope, respectively)
and grass coverage rates (0%, 30%, 50%, 70%, and 90%) on runoff and sediment were studied in
this paper. The results indicated that either runoff or sediment yielding was significantly decreased
with the grass coverage rates increasing and with the variation of grass arrangement patterns on a
hillslope. While grass coverage had more effectiveness in controlling erosion compared with runoff
reduction, and DS can control erosion more effectively than US and MS erosion controlling. For the
gully slope, erosion significantly increased with the grass coverage rates increasing no matter how
the grass arrangement patterns on the hillslope. Therefore, both different grass coverage and different
grass arrangement patterns have an influence on erosion processes; any research that only takes care
of the single factor mentioned above is not enough to reveal the effects of grass on erosion. In the
process of erosion control in the Loess Plateau, taking effective measures both on the hillslope and
gully slope will be effective methods of reducing soil erosion.

Keywords: grass coverage rate; grass spatial arrangement patterns; slope-gully system; erosion

1. Introduction

Soil erosion is a worldwide serious environmental problem for most farming lands
in the world. It not only threatens the future development of agriculture and society but
can also cause soil quality to decrease and land productivity to decline [1,2]. Particularly
in the Loess Plateau of China, erosion amounts have increased with the loss of vegetation
cover, where the area of soil loss reaches 43 × 104 km2, with an average annual soil loss of
3720 t km−2, at higher elevations. The amount of erosion has been reported to exceed even
10,000 t km−2 [3,4]. How to recover vegetation to effectively reduce soil loss has become
an essential environmental issue and has attracted increasing attention over the recent
several decades.

Vegetation coverage has an important role in effectively controlling soil erosion by
runoff and improving the ecological environment, as has been demonstrated by many
researchers [5–10]. The importance of vegetative coverage in reducing soil erosion has
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also been reported in a variety of literature [11,12]. With the Universal Soil Loss Equation
(USLE), soil loss rates are hypothesized to be the highest on bare soil and to decrease linearly
with the increase in soil surface coverage [13]. However, Rogers and Schumm reported that
the relationship between vegetation coverage and erosion varied considerably rather than
with a simple linear relationship, particularly for low-cover conditions [14]. Cerda also
indicated that exponential functions existed between erosion levels and that linear models
are not generally applicable through either field or laboratory experimental studies [15].

Different parts of vegetation (canopy, understory, and plant roots) typically have
differing roles in regulating the surface hydrological processes, a factor that results in the
variation of the erosive forces of rainfall [16]. In order to reveal the mechanism of the
vegetation reducing water erosion, much research works has been conducted to separate
the effects of the aboveground biomass or plant canopy from the belowground biomass
in runoff and sediment flux reduction [17–19]. In addition, the fact that the spatial distri-
bution or patterns of vegetation have the differing erosion reduction roles has come to be
realized in many parts of the world in recent years [15]. A few studies have revealed that
different spatial vegetation arrangements on slope divide the slope into runon and runoff
areas, and then into erosion and deposition areas acting as sediment sources and sinks,
respectively [20]. Neibling and Alberts [21] reported that grassland buffer zone decreased
more than 90% sediment yielding on 5.0 m long slope, and over 91% of the sediment was
deposited at 0.6 m grass buffer area from top of the slope. Dillaha [22] compared the effects
of different slope gradients on sediment reduction while keeping other factors constant,
and found that the slope gradient was inversely proportional to the sediment capture.
Runoff sediment concentration flowing out of vegetation buffer zone is a function of runoff
sediment concentration flowing into vegetation buffer strip and buffer strip width. All
these studies demonstrated that different vegetation coverage and different vegetation
spatial arrangement are effective for sediment decreasing, also provided the basic theory to
reveal the mechanism of vegetation reducing soil erosion.

Although there has been much research on vegetation reducing erosion, impacts of
different vegetation coverage and different vegetation arrangement patterns on the slope-
gully system has rarely been reported. Due to the particularity of the Loess Plateau, from
the up-slope boundary to the gully edges, both erosion forms and intensity have shown
significant vertical zonation. Significant impacts of runoff from upper slope on down-slope
sediment transport process [23–25]. Therefore, some researchers have recognized that
hillslope and gully slope are the basic topography units of Loess Plateau, any research
including alone hillslope or gully slope cannot response the actual erosion process of
the entire erosion system [26–28]. In addition, since the middle of the last century, two
crucial problems have aroused controversy in many scholars. There are two main points of
contention. One is which section in the slope-gully system is the key erosion controlling
area, if only restore hillslope vegetation can achieve the goal of soil erosion controlling
effective? The other one is which of the two parts, the hillsolpe or gully slope is the main
source of sediment yield? Both of the two controversies indicate that the related research is
still lacking. So, the objective of present study are: (i) to assess the impact of grass coverage
degrees and spatial arrangements on runoff and sediment yield both on hillslope and gully
slope; (ii) to analyze the relative contribution of hillslope and gully side account for the
total erosion on entire hillslope-gully system; (iii) to understand the validity of the policy
on soil and water conservations in Loess Plateau.

2. Materials and Methods
2.1. Soil Sample Collection

The soil used in this study was collected from Zhengzhou, Henan province, China.
The content of clay, silt and sand is 10.8%, 28.16%, and 61.04%, respectively. The soil is
classified as Alfisol according to the U.S. Soil Taxonomy. The pH value of soil is 7.2. The
natural consolidated soil has a bulk density about 1.3 g cm−3 and with an organic matter
content of 1.93%. The soil texture information is listed in Table 1. The soil was taken
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from a cultivated land with a depth of 0–0.3 m, and the soil was evenly taken down along
the top of the slope. Sufficient amount of soil was transported back to the laboratory for
experiments. All the soil used in study was air-dried.

Table 1. Soil basic information in this study.

Soil Type Soil
Texture

Soil Particle-Size Distribution (g kg−1) pH
(H2O)

OM
(%)Sand Silt Clay

Loessic soil Sandy loam 61.04 ± 7.14 28.16 ± 4.20 10.80 ± 3.90 7.2 ± 0.26 1.93 ± 1.23

Values represent means ± SD (standard deviation).

2.2. Experimental Setup

According to earlier investigation and statistics results gathered by Jiang et al. [29],
from the top of the hillslope to the edge of the gully and the bottom of the gully, both
the erosion forms and the intensity demonstrate significant vertical zonation. Most of the
hillslope gradients are about 20◦, while the slope gradients of the gully are dominantly
between 40◦ and 60◦ [29]. The Chinese Soil and Water Conservation Law specified 25◦ as
the maximum tillage gradient for prohibiting farming. The slope gradient of 20◦ is almost
the maximum slope gradient for cultivation. Take the above factors into consideration, the
hillslope gradient was set at 20◦, which is also a general gradient for cultivated land on
the study area. The gully slope gradient designed in this study was 50 ◦. According to the
previous research, the length ratio of the hillslope to the gully slope was from 1.4 to 2.0,
and the intermediate value of 1.67 was taken in this study. Therefore, the length of hillslope
was 5.0 m, and the gully slope length was 3.0 m. The horizontal projection length of the
hillslope and gully side are 4.7 m and 1.93 m, respectively (Figure 1).
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Figure 1. Schematic diagram of the hillslope-gully system of the Loess Plateau (A) and the soil box
designing diagram (B).

The runoff scouring experiment was applied in this study. The constant water head is
used to control the inflow discharge. Before each test, the inflow discharges were calibrated
at the outlet of the soil box by using a flow meter. The two inflow discharges of 3.2 and
5.2 L min−1 were used in the present experiments.

2.3. Experiment Preparation and Procedure

The soil box was 2.0 m width and 0.5 m depth. In order to ensure the consistency of
the experimental conditions, the 2.0 m wide soil box is divided into four plots with the
same width of 0.5 m by PVC board. Therefore, a control plot with no grass cover (CK), and
three additional plots were constructed in order to stand for differing grass arrangement
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patterns on slope, which were then considered as the: up-slope (US), middle-slope (MS)
and down-slope (DS), respectively (Figure 2).
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Figure 2. Schematic diagram of different grass coverage rates and different grass spatial arrangement
patterns on soil box.

Before experiments, all the soil used in the study passed through a 10 mm sieve and
removed gravel, animal, and plant residues in order to ensure homogeneity. A layer of fine
sand 0.1 m thick was laid at the bottom of the plot to simulate drainage conditions. The
soil was put in successive layers of 0.1 m thickness, a total thickness of 0.3 m, and a bulk
density of 1.35 g cm−3 was packed. Wild buffalograss (Buchloe dactyloides), which is a kind
of native grass in the Loess Plateau, was selected as the target species. Sow the grass seeds
into the plot to ensure that each plot's soil surface is covered with uniform grass. Each
experimental plot used a similar planting density. The grass coverage rate is calculated by
determining the amount of grass area, which accounts for the total hillslope surface area.
It has been widely suggested that the critical coverage rate for vegetation affecting soil
erosion is about 50% (Zhang et al., 2012). In order to minimize the number of experiments
while ensuring that there are significant differences in erosion between different treatments,
a 20% grass coverage rate interval was chosen. Consequently, experimental treatments
that designed based on the above rules, while different grass arrangement patterns were
designed in this study. In the present research, a total of 5 kinds of grass coverage rates
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were set, which were 0, 30%, 50%, 70%, and 90%, respectively. Except for 0% and 90% grass
coverage rates, there were three spatial grass arrangement patterns, as mentioned above,
on the hillslope of each plot, while there was no grass cover set up on the gully slope for
each treatment. Two days before the experiment, each plot soil surface was pre-wetted
uniformly by applying 20 mm/h rainfall intensity for 30 min to ensure the same soil water
content. Therefore, we could keep the initial condition of every experiment as consistent
as possible. The plot soil was repacked with new soil for the next experiment, and twice
experiments were conducted for each inflow discharge that was applied for approximately
half an hour.

For each scouring experiment, clear water was imported from the upper end of the plot.
Considering that there have been many studies on light rain and moderate rain conditions
in the past, this study focuses on erosion reduction under the slope grass arrangement
for heavy rain conditions. Inflow discharge of 3.2 and 5.2 L·min−1 was selected. The
inflow discharges correspond to the farmland runoff generated under the typical local
rainstorms with rainfall intensities of 100 mm h−1 and 150 mm h−1. The experiments
continued for about 20 min. During the experiment, runoff and sediment samples were
collected continuously every minute with a 10 litters bucket, and the flow velocities were
measured by using the dye tracing method. The time for the tracer traveling via a fixed
distance (2.0 m) was recorded according to the color-front propagation. The measured time
values mentioned above, multiplied by the theoretical value of 0.67, were used to calculate
the runoff mean velocities. After the experiment, the sediment in sampling buckets was
transferred to iron boxes and oven-dried at 105 ◦C for 24 h until a constant mass was
achieved and weighed. To acquire the gully slope erosion, the rill length, rill width, and rill
depth of each rill in the gully slope were measured by steel rule at intervals of 10 cm along
the latitude of the gully slope.

2.4. Data Calculation and Analysis

The sediment reduction due to grass coverage rate (%) could be calculated using the
following equation [12]:

Es =
Sck − Sg

Sck
× 100% (1)

where Sck is the sediment yield in the bared plot (Kg), and Sg is the sediment yield in
the plot of different grass coverage rates and different grass arrangement patterns on the
hillslope (Kg).

For runoff reduction due to grass coverage rate (%) calculations [12], the equation was

Er =
Rck − Rg

Rck
× 100% (2)

where Rck is the runoff generation in the bared plot (L), and Rg is the runoff generation in
the plot of different grass coverage rates and different grass arrangement patterns with the
hillslope condition (L).

According to the measurement of rill length, width, and depth, and taking the rill
section to be rectangular, the rill volume and rill erosion can be calculated with the
following equation:

Mi =
n

∑
i=1

Wi × Hi × l × ρ (3)

where Mi is the erosion of any selected rill segment on the gully slope (Kg); Wi is the
average width of any selected rill segment on the gully slope (m); Hi is the average depth
of any selected rill segment on the gully slope (m); l is the actual selected rill length (m); ρ
is the soil bulk density of gully slope (Kg·m−3).

Analysis of variance (ANOVA) was used to detect treatment effects on measured
variables. Significant differences between treatments for runoff and soil loss rate were
determined using the PLSD (Protected Least Significant Difference) procedure for a multiple
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range test at the 0.05 significance level. All tests were performed using the statistical
program SPSS 17.0.

3. Results
3.1. Runoff and Sediment Reduction

Both the runoff and sediment yield of the slope-gully system under the different grass
coverage rates and different grass arrangement patterns were summarized in Table 2 and Figure 3.

Table 2. Runoff and sediment yielding on the slope-gully system under the different grass coverage
and flow discharges.

Flow Discharge
(L·min−1)

Grass Coverage
(%)

Runoff
(L)

Erosion
(kg)

3.2

0 68.17 a 26.80 a
30 66.08 b 23.76 b
50 63.62 c 23.10 c
70 58.89 d 22.81 d
90 43.08 e 16.46 e

5.2

0 115.24 a 58.64 a
30 114.39 a 52.01 b
50 109.23 ab 39.77 c
70 111.37 b 35.83 d
90 103.30 c 33.02 d

Mean values of the same letter in the same columns are not significantly different at p = 0.05 level using the least
significant difference method.
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As can be observed in Table 1, either the runoff volume or the erosion mass was
significant decreased with the grass coverage rates increasing and with the variation of
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grass distribution patterns on slope, indicating that both the grass coverage rates and
the grass arrangement patterns have significant effect on runoff and sediment yield on
slope-gully system. Runoff volume ranged from 43.08 to 68.17 L and erosion mass ranged
from 16.46 to 26.80 Kg with the grass coverage rate decreasing from 90% to 0%, and runoff
volume were reduced by approximately 3% to 36.8% and erosion mass were reduced
by approximately 27.8% to 38.6% compared with the bare plot under the flow discharge
3.2 L·min−1 condition, respectively (Table 1, Figure 1).

When the flow rate was 5.2 L min−1, the changing trend of runoff and erosion with
the vegetation coverage rate from 90% to 0% was the same, but the role of reducing runoff
and sediment by grass coverage rate was smaller than that under the flow discharge of
3.2 L·min−1. These indicated that grass was a very important factor in controlling soil
erosion, for it could be observed that the runoff decreasing was lower than the rates of sedi-
ment reduction, indicating that the grass coverage had higher effectiveness in controlling
soil erosion as compared to reducing runoff. As the grass coverage rate increased, sediment
yields and runoff decreased dramatically. These results are consistent with the findings of
other researchers who similarly found that vegetative cover significantly reduced runoff
and sediment losses [11,30,31].

By comparing the rates of runoff and sediment reduction under the differing vegetation
arrangement patterns on the slopes, it can be observed that the down-slope (DS) had the
lowest runoff and greatest runoff reduction in comparison with the up-slope (US) and
middle-slope (MS). However, no significant differences in runoff reduction were detected
between the US and MS, although there exists a significant difference in the sediment
reduction between the US and MS. In essence, these results indicated that the DS is
more effective than either the US or MS in both soil and water conversation under these
established experimental conditions.

3.2. Contributions of Hillslope and Gully Slope to Slope-Gully System

According to the results gathered by means of Equation (3), the erosion of the gully
slope was calculated (Table 3). As the information in Table 3 indicates, there exists quite
a difference between the flow discharge 3.2 L·min−1 and 5.2 L·min−1 for the gully slope
erosion, as well as a large amount of additional erosion occurring on the gully slope with
the flow discharge 3.2 L·min−1, while only a small amount of additional erosion occurs on
the gully slope with the flow discharge 5.2 L·min−1. Under the flow discharge 3.2 L·min−1

conditions, the erosion mass of the gully slope has a range from 1.89 Kg (with no grass
coverage on the hillslope) to 10.53 Kg (90% grass coverage on the hillslope), demonstrating
a significant increase with the grass coverage rate increasing. In opposition, for the flow
discharge 5.2 L·min−1, the erosion mass of the gully slope ranged from 16.26 Kg (with no
grass coverage on the hillslope) to 23.93 Kg (30% grass coverage on the hillslope) and then
fell to 17.95 Kg (90% grass coverage on the hillslope), demonstrating a significant decrease
with the grass coverage rate increasing.

The grass arrangement patterns on hillslopes have a significant influence on gully
slope erosion. By comparing the erosion of the gully slope under the different grass
arrangement patterns on the hillslope, it is easy to see that the erosion from the gully slope
for the DS condition had the lowest value in comparison with US and MS condition under
the flow discharge 3.2 L·min−1, while the erosion from the gully slope for DS, MS and
US condition has no obvious variation. The results above indicated that flow discharges,
grass coverage rates, and grass arrangement patterns all affected the gully slope erosion.
This supported Chen’s results, which showed that the runoff discharge and sediment
concentration from the upper hillslope are the important factors impacting the sediment
yielding on the gully slope [24].
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Table 3. Gully slope erosion under the different flow discharges, different grass coverage rates, and
different grass arrangement patterns.

VCR FD VDP Erosion VCR FD VDP Erosion
(%) (L·min−1) (kg) (%) (L·min−1) (kg)

0 3.2 1.89 0 5.2 16.26

30 3.2
Up-slope 4.99 b

30 5.2
Up-slope 23.93 b

Middle-slope 6.98 a Middle-slope 23.79 b
Down-slope 6.87 a Down-slope 26.7 a

50 3.2
Up-slope 10.23 a

50 5.2
Up-slope 21.25 a

Middle-slope 11.93 a Middle-slope 18.6 b
Down-slope 6.51 b Down-slope 20.4 a

70 3.2
Up-slope 12.02 a

70 5.2
Up-slope 22.99 a

Middle-slope 12.5 a Middle-slope 19.36 b
Down-slope 10.01 b Down-slope 19.08 b

90 3.2 10.53 90 5.2 22.95

Mean values of the same letter in the same columns are not significantly different at p = 0.05. VCR: vegetation
coverage rate; FD: flow discharge; VDP: vegetation distribution pattern.

The percentage of the gully slope erosion accounts for the total erosion of the slope-
gully system ranged from 7% to 64% under the flow discharge 3.2 L·min−1 and from 28% to
60% under the flow discharge 5.2 L·min−1, respectively (Figure 4). This indicated that flow
discharge has an important effect on the relationship between hillslope erosion and gully
slope erosion. Tang et al., Gong and Jiang, and Chen also researched slope-gully system
erosion processes and analyzed the percentage of gully slope erosion accounting for the
total erosion of the slope-gully system by using field plot measuring data, which indicated
that the percentage of the gully slope erosion ranged between 32% and 80% [24,32,33]. Jiang
further pointed out that the gully side area accounts for 53% of the total area condition.
In the case of a rainstorm, the sediment yield from the gully slope evenly accounts for
62% of the total erosion [29]. Especially for high flow years, the ratio of gully side erosion
accounted for the erosion of slope-gully system was 63%. In the present research, the gully
side area accounts for about 40% of the total area of the slope-gully erosion system, and the
average erosion of the gully side account for 40% of the total erosion for the flow discharge
of 3.2 L·min−1 and 50% for the flow discharge of 5.2 L·min−1, respectively. The reason
for the difference between the present study and Jiang’s research is that the present study
was studied by scouring experiments. Under the natural rainfall condition, runoff actually
increases with the increase in the down-hillslope position. The runoff detachment ability
and soil loss on the gully slope will be greater than the above ratio. This indicates that
further research is needed through rainfall experiments to accurately determine the location
of severe erosion and the corresponding gull slope erosion percentage [26].
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4. Discussion
4.1. Effects of Grass Coverage and Arrangements on Runoff and Sediment Reduction on Hillslope

The data of this study showed that the runoff and sediment yield on hillslopes are
affected by slope grass coverage rates, grass arrangement patterns, and flow discharges.
The flow discharges have a significant effect on the runoff and sediment yield, and the
runoff and sediment yield increases with the increase in flow discharges. The effects of grass
coverage rates on runoff were significantly different between 0% grass coverage rates and
70% and 90% grass coverage rates, while sediment yield was a significant difference under
various grass coverage rates. The effects of grass arrangement patterns on runoff were not
significant, but the effects on sediment yield were significant. The total runoff volumes have
no obviously different among the three different grass arrangement patterns on the slope
under the same grass coverage rates and the same flow discharges, but the sediment yield
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has distinct discrepancy among the three different grass arrangement patterns on the slope.
The sediment yield on a hillslope with different grass arrangement patterns showed a trend
of US > MS > DS. This is related to the fact that the greater the flow rate is, the smaller the
change of the hydrodynamic parameters of the grass is, and the hydrodynamic parameters
are an important factor in determining the erosion sediment yield. Therefore, the greater
the flow rate is, the less the sediment reduction benefit is. Different grass coverage rates,
the same grass arrangement patterns on hillslope sediment yield decrease with the increase
in grass coverage rates.

In the last several decades, considerable studies have been conducted to evaluate the
influence of vegetative coverage on soil erosion. The results suggested that soil erosion
decreased with the vegetation coverage rates increasing [34,35]. In contrast, some other
researchers indicated that soil erosion increased with the soil surface coverage rate increas-
ing [36,37]. The above two contradictory results demonstrate that only researching the
effect of vegetation coverage on erosion is not enough. The vegetation distribution patterns
on the slope must be considered to reveal the relationship between the vegetation cover
and erosion. In fact, a few studies have reported that the vegetation-patched patterns on
the slope have a significant effect on erosion [15,20,38–40]. In our research, three factors
(grass coverage, grass distribution patterns on slope, and flow discharges) were considered.
The results showed that both grass coverage rates and grass arrangement patterns have
significant influences on runoff and sediment yield on a hillslope. Compared with the
effect of runoff reduction, grass coverage has better control affection on soil erosion. These
results are consistent with previous researchers’ results that vegetative cover significantly
reduced runoff and sediment losses [11,15,30,31].

4.2. Effects of Grass Coverage and Arrangements on Runoff and Sediment Reduction on Gull Slope

The results indicate that the influence of the hillslope grass coverage rates and ar-
rangement patterns on the gully slope soil loss is greater than on runoff (Table 4). For the
same grass coverage rate and the same grass arrangement patterns, the sediment yield
of the gully slope increases with the flow discharges increasing. Under the same flow
discharges, the sediment yield of the gully slope did not decrease with the increase in the
grass coverage rates but showed an increasing trend. The erosion of the gully slope under
the condition of a 90% grass coverage rate is larger than that of the gully slope without
grass coverage.

Table 4. Runoff and sediment yielding of hillslope under the different grass coverage and flow discharges.

FD
(L·min−1) VCR (%) VDP Runoff

(L)
Erosion

(kg)
FD

(L·min−1)
VCR
(%) VDP Runoff

(L)
Erosion

(kg)

3.2

0 - 68.79 24.91

5.2

0 - 115.05 42.38

30
US 67.83 a 20.12 a

30
US 114.41 a 35.25 a

MS 67.56 a 15.67 b MS 113.50 a 29.03 b
DS 65.21 a 13.87 c DS 111.13 a 24.30 c

50
US 61.64 a 16.72 a

50
US 106.87 a 31.75 a

MS 59.78 a 12.12 b MS 103.76 a 25.52 b
DS 59.56 a 11.77 b DS 103.71 a 23.79 c

70
US 56.85 a 15.03 a

70
US 111.58 a 29.24 a

MS 58.82 a 11.49 b MS 108.19 a 24.73 b
DS 58.13 a 9.37 c DS 107.94 a 21.08 c

90 - 56.98 5.93 90 - 90.81 a 15.07

Mean values of the same letter in the same columns are not significantly different at p = 0.05. VCR: vegetation
coverage rate; FD: flow discharge; VDP: vegetation distribution pattern.

Our results are contrary to those observed on vegetation plots [15,17]. These reported
that sediment yield was negatively correlated with runoff rate in grassplots, and the runoff
coefficient was negatively related to sediment concentrations on a Mediterranean hillslope
with vegetation. The main reason for these differences is that the present study was
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conducted by using scouring experiments, while simulated rainfall experiments were used
in both Pan’s and Cerda’s research. For the natural situation, when the rainfall experiment is
used to study slope erosion, the runoff on the slope increases gradually along the downhill
slope, and the runoff detachment capacity and erosion amount at the lower part of the slope
also increases gradually. In the scouring experiment, the runoff on the slope decreased
gradually along the slope due to infiltration, and the runoff detachment capacity and
erosion amount in the lower part of the slope was less than those in the simulated rainfall
experiment. Another reason for the difference between this study and Pan’s study is that
the grass distribution patterns used in this study are different from Pan’s study. This study
used different grass coverage rates and grass distribution patterns, while Pan’s study used
uniform grass coverage. This indicates that both vegetation coverage and distribution
patterns have significant effects on erosion. However, further rainfall experiments are
needed to determine the most accurate impact of grass coverage and distribution patterns
on erosion.

While for the gully slope of the whole slope-gully system, erosion significantly in-
creased with the grass coverage rate increasing on the slope no matter how the grass
arrangement patterns on the hillslope. These results are consistent with some previous
research results that showed that soil erosion rates increased with soil surface coverage
increasing [37,38]. This can be explained as follow: due to the particularity of the Loess
Plateau, from up-slope to hillslope boundary, then to gully edges, erosion forms and in-
tensity showed significant vertical zonation. Many researchers reported that runoff from
upper slopes has an important effect on erosion and sediment transport processes on the
down-slope. An increase in runoff sediment concentration from uphill leads to a decrease
in erosion in the down-slope [24], and an increase in runoff from the up-slope leads to an
increase in erosion in the down-slope.

Table 5 shows the relationship between the gully side erosion and various influenc-
ing factors. From Table 5, we can see that three factors (flow discharge, runoff sediment
concentration from upper slopes, and runoff unit stream power from upper slope) signif-
icantly correlate with the gully side erosion (p < 0.05), but the relationship between the
grass coverage rate and gully side erosion appeared has no obvious correlation. Due to
the sediment concentration of runoff on the hillslope being inversely proportional to the
hillslope grass coverage, sediment concentration on the end of the hillslope decreased with
the grass coverage rate increasing. That is to say, the sediment concentration of inlet flow
decreases with the grass coverage rate increasing on the hillslope. Under this situation, the
greater difference between the runoff sediment concentration and the sediment transport
capacity, the more detachment of the runoff and the erosion on the gully side is greater.
The above results showed that the spatial scale of the research object must also be con-
sidered in studying the effect of grass coverage rate and the spatial distribution pattern
on erosion. The above-mentioned previous research was performed on a uniform slope,
and the slope gradient is gentle. Our present experiments were conducted on very steep
slope gradients, and vegetation coverage rate variation widely (from 0% to 90%), and the
most important difference is that present experiments were conducted on a complicated
hillslope-gully system. The gully side erosion has no apparent decrease with the increasing
of the vegetation coverage rate on the hillslope. On the contrary, the gully side erosion
increased with the increasing vegetation coverage rate on the hillslope. So, the different
vegetation coverage, different vegetation distribution pattern, and different spatial scale of
the research object all have an influence on erosion; any research that only takes care of the
single factor mentioned above is not enough to reveal the effect of vegetation on erosion.
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Table 5. The correlations between the gully slope erosion and effect factors.

Gully Erosion Unit Stream
Power Flow Discharge Sediment

Concentration
Grass Coverage
Rate on Slope

Gully erosion 1 0.799 * 0.91 * −0.875 * 0.447
Unit stream power 1 0.841 * −0.825 * −0.647

Flow discharge 1 −0.913 * 0.314
Sediment concentration 1 0.719 *

Grass coverage rate on slope 1

* Significant at 0.05 level.

Further analysis can be concluded that just implementing soil and water conservation
measures on the hillslope of the slope-gully system can reduce the total erosion to some
extent, but, reducing erosion is mainly focused on hillslope sections, for gully side, its
erosion not only does not reduced but also has a greater amount of increasing. Therefore,
in the process of practical soil erosion controlling, taking effective measures both on the
hillslope and gully side will be effective methods of reducing soil erosion.

5. Conclusions

The runoff and sediment yield of the hillslope-gully system with five grass coverage
rates and three arrangement patterns were studied by scouring experiments with two
runoff discharges. Results showed that both grass coverage rates and grass distribution
patterns have significant effects on runoff and sediment yield on slope-gully erosion
systems. Grass coverage had more effectiveness in controlling soil erosion compared with
runoff-reducing effectiveness. However, for the gully side of the slope-gully erosion system,
erosion significantly increased with the grass coverage rate increasing on the slope, no
matter how the grass distribution pattern on the hillslope. Therefore, the different grass
coverage, different grass distribution pattern, and different spatial scale of the research
object all have an influence on erosion; any research that only takes care of the single factor
mentioned above is not enough to reveal the effect of grass on erosion.

Gully side erosion was significantly correlated with the flow discharge, runoff sed-
iment concentration from upper slopes, and runoff unit stream power from the upper
slope (p < 0.01), but the relationship between the grass coverage rate and gully side erosion
appeared to have no obvious correlation. Just implementing soil and water conservation
measures on the hillslope of the slope-gully system can reduce the total erosion to some
extent, but reducing erosion is mainly focused on hillslope sections. Gully side erosion not
only does not reduce but also has a greater amount of increase. Therefore, in the process of
practical soil erosion controlling, taking effective measures both on the hillslope and gully
side will be effective methods of reducing soil erosion.
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