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Geographical Science, Beijing Normal University, Beijing 100875, China)
Abstract: [ Objective] Plant roots can enhance rainwater infiltration, improve soil erosion resistance, thereby
effectively control soil erosion. However, few attempts have been made so far to examine the influence of plant
roots on gully erosion. The objective of the current study was to systematically evaluate the impact of herbaceous
root type and density on gully erosion and gully morphology. [ Methods] Typical slopes with consistent slope
gradient of 25 were selected in the loess hilly-gully region, on which a total of 16 runoff plots were established, i. e.,
each with a length of 8 m and a width of 0.7 m. Among these plots, 3 were kept fallow as the contrast (CK), 3
were grown with the taproot grass alfafa (Medicago sativa 1..) in a typical row spacing of 15 cm (TRI15).
Whereas in the remaining 10 plots, the awnless brome (Bromus inermis Leyss.) with fibrous root systems (FR)
were planted with five different row spacings, i. e., 10, 15, 20, 25 and 30 cm, to simulate varying root densities.

On each plot, a field in situ scouring experiments was performed at a constant flow rate of 1.5 /s for 90 min. The

s B #8:2025-08-13 &= B #8 : 2025-09-20 S HH:2025-09-29 W 4% & % B 8 (www.cnkinet) :2025-12-19
BETE : BE A RFAIE AT H (42130701

F—1EE T (2000—) , B W HAF 5 A, FE NG E R PN IEBFS . E-mail: 202321051019@mail.bnu.edu.cn

BEEE 7 (1987—) 2 Wit B HUR , EENF LR M 5K 255158 . E-mail: yang.yang@bnu.edu.cn

http. // stbexb.alljournal.com.cn



B2m A A A B T T R D) 9 TR A AR A X S R R AR AR AR S AR 5 % TR Y O 265

Structure from Motion (SfM) photogrammetry was employed to acquire the digital orthophoto maps (DOMs) and
digital elevation models (DEMs) before and after the scouring experiment, which were later used to estimate gully
erosion volume and to extract a total of 10 gully morphological parameters, i. e., length, maximum and mean
surface widths, maximum and mean depths, perimeter, area, volume, width-depth ratio and perimeter-area ratio.
Soil samples were also collected before the scouring experiment to measure root mass density (RMD) of four
different soil layers, i. e., 0—10 cm, 10— 20 cm, 20— 40 cm, and 40— 60 cm. [Results] The results revealed
stronger containing effects on gully erosion by the fibrous root system compared to the taproot one. Grown with the
same row spacing of 15 cm, the gully erosion volume and gully size in the runoff plots with the fibrous root grass
(FR15) were apparently smaller than those in TR15. The perimeter, area and volume of the gullies measured in
FR15 were only 28%, 13%, and 6% of those in TR15, respectively. In addition, the perimeter-area ratios
reflecting the complexity of the gully shape were remarkably higher in FR15 than in TR15, indicating more
complex and fragmented gullies in the fibrous root treatments. Gully morphology was also significantly affected by
root density. Except for perimeter and width-depth ratio, all the gully morphological parameters investigated were
found to be significantly correlated with RMD of one soil layer at least (p<Z0.05), according to the Pearson's
correlation analysis. Moreover, only the perimeter-area ratio was significantly positively associated with RMD;
while the other interactions, if significant, were all negative. Using regression analysis, the gully length,
maximum surface width, maximum and mean depth were found to decrease linearly with RMD at the rates
between 0.40 —9.35 m*/kg. Whereas with increasing RMD, the mean surface width, area and volume decreased
exponentially, and the corresponding exponential coefficients were — 1.83, —3.76, and — 5.48, respectively. In
contrast, the perimeter-area ratio increased exponentially with RMD, and the corresponding exponential
coefficient was 2.04. The width-depth ratio exhibited an increasing-then-decreasing trend overall when RMD
increased. According to the quadratic function used to fit their relationship, the width-depth ratio reached the
maximum when RMD was approximately 0.23 kg/m’. [ Conclusion] It is implied that increasing the root density
of herbaceous plants, especially those with the fibrous root systems, can effectively contain gully erosion. These
findings can provide a valuable reference for gully erosion control in the loess hilly-gully region.

Keywords: gully erosion; root type; root density; gully morphological characteristics; field in situ scouring

experiment; loess hilly-gully region
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Fig.5 Surface DEMs and digital orthophoto maps (DOMs) of plots with different treatments upon in situ scouring
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Table 1 Means of main morphological parameters of gullies developed in different treatments

RFE CFHERE K 35

JA - B/

b F KE/m K /m  mE/m* R/ m® SR

FeE/m TP /m WE/m HE/m (m™H

CK 7.81 0.70 0.21 1.21 0.31 18.30 1.67 0.40 0.66 11.18
TRI15 7.85 0.69 0.21 0.95 0.25 21.71 1.97 0.38 0.88 10.89
FR30 7.78 0.70 0.21 1.16 0.16 25.17 2.15 0.31 1.26 11.53
FR25 7.90 0.43 0.13 0.43 0.08 31.51 1.87 0.09 1.58 16.88
FR20 6.05 0.38 0.08 0.64 0.09 16.51 0.68 0.06 0.88 30.06
FR15 2.61 0.35 0.12 0.31 0.13 6.14 0.25 0.02 0.88 27.67
FR10 2.44 0.44 0.25 0.47 0.23 5.75 0.47 0.09 1.06 13.13
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