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Soil Strengthening and Slope Protection Effect of Two
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Abstract: [ Objective] Soil strengthening and slope protection effects of two kinds of herbaceous plants were
explored on red clay slope in order to provide scientific references for the ecological management of this type
of slope, river channel, and dam. [ Methods | With red clay slope as the research object, Cynodon dactylon
and vetiver grass were selected as slope protection plants. The slope protection effect of the two herbaceous
plants was determined through planting tests, root tensile tests, direct shear tests, and indoor simulated
scouring tests. [ Results| @ Within 150 days of planting, both herbaceous plants grew steadily and the
tensile strength of the root system continued to increase. From 30 to 150 days of growth, the maximum
tensile strength of Cynodon dactylon roots increased from 0.84 N to 8.59 N, and that of vetiver grass
increased from 4.78 N to 89.89 N. @ At 120 days of growth, the cohesion of the Cynodon dactylon root-soil
complex was 91.1% greater than the cohesion of rootless soil, and the angle of internal friction increased by
12.45%. The cohesion of the vetiver grass root-soil complex was 107.47 % greater than that of rootless soil,

and the angle of internal friction increased by 12.74%. @ The runoff rate of the Cynodon dactylon slope at
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150 days of growth was 45.02% to 54.15% less than observed on a bare slope, while the sediment yield rate

was 58.3% t0 93.85% less, and the 60 min cumulative sediment yield was 81.02% less. Similarly, the runoff

rate of the vetiver grass slope was 35.46 % to 46.48% less than observed on a bare slope, while the sediment

yield was 46.8% to 89.44% less, and the 60 min have sediment yield was 74.61% less. [ Conclusion ] Both

herbaceous plants had excellent soil consolidation and slope protection effects on red clay slopes, with vetiver

grass having a more pronounced effect on the increase in soil shear strength, and Cynodon dactylon having a

more significant effect on soil and water conservation.

Keywords: red clay; plant slope protection; root tensile strength; shear strength; soil and water conservation
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Table 1 Physical parameters of red clay
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Fig.1 Herbaceous plants planting plots
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Fig.2 Sampling diagram for straight shear test
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Fig.3 Schematic diagram of rainfall device
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Table 2 Growth patterns and mechanical properties of herbaceous plants

Y EK FRIER/ B R SRR % E*E% *E?ﬁﬂ.} AP/ mRBLH
B/ d mm K& /em M/ em? AT/ em® I Y5 N i i / MPa
30 0.18+0.02 24.05+3.62 2.80+0.23 0.05+0.01 1.2140.02 0.84+0.08 33.01
60 0.244-0.04 29.14+3.59 5.35+0.15 0.200.02 1.3140.02 1.59+0.24 35.24
VIBZRSS 90 0.284-0.04 50.9242.72 7.8840.18 0.1840.01 1.3520.05 2.8140.26 45.68
120 0.37+0.05 44.07+5.84 7.50+0.35 0.25+0.02 1.3740.03 5.31+0.39 49.39
150 0.45%+0.05 51.65+2.45 7.61+0.23 0.23+0.02 1.3940.02 8.59+0.36 54.01
30 0.62+0.03 126.794+11.74 19.21+2.12 0.58+0.13 1.3340.03 4.78+0.41 16.13
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150 2.00+0.1 309.42+17.72  89.02+5.27 4.02+0.26 1.4740.01 89.89+5.01 28.61
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Fig.4 Root morphology of two herbaceous plants
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Table 3 Shear strength at different vertical pressures
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b J H 100 kPa 200 kPa 300 kPa 400 kPa
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60 70.2743.04 98.80+4.21 116.50+5.74 147.4443.32
LR iEYik]
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W +5 4k
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AR B
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W2 451k
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150 89.5243.16 117.42+2.86 147.40+1.96 173.28+2.69
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Fig.5 Shear strength index of three kinds of root and soil complex
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Fig.6 Runoff rate on different types of slope faces
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Fig.7 Sediment yield rate of different types of slopes
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Table 4 Cumulative sediment yield of different types of
slopes in 60 minutes under 72 mm/h rainfall
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