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Abstract: [ Objective] This study aims to investigate the effects of biocrust development on basic soil properties,
erosion resistance, and runoff hydrodynamic characteristics on steep slopes in the loess hilly and gully region, and
to analyze its role in reducing and controlling hydraulic erosion on slopes. The findings provide a scientific basis for

loess slope protection and gully erosion control. [ Methods] Simulated scouring experiments, single-raindrop
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splash tests, and static water disintegration tests were conducted to compare the initial runoff time, slope flow
velocity, and erosion amount between biocrust-covered slopes and bare slopes under three slope gradients and
three rainfall intensities. The protective effects of biocrusts on slope erosion and their pathways were then
comparatively analyzed. [ Results] 1) Compared with bare soil, biocrust coverage on steep slopes increased soil
organic matter content by an average of 124.3% and aggregate content by 44.9% , while saturated volumetric
water content and saturated hydraulic conductivity decreased by averages of 7.9% and 39.5%, respectively,
significantly improving the basic physicochemical properties of steep-slope soils. 2) Compared with bare slopes,
biocrust-covered slopes showed a 5.6-fold increase in penetration kinetic energy, an 83.7% decrease in splash
erosion from a single raindrop, a 38.2 s advance in initial runoff time, a 6.2% increase in slope flow velocity, and a
7.2% increase in total runoff volume. Biocrusts significantly enhanced soil erosion resistance and altered runoff
hydrodynamic characteristics on slopes. 3) Biocrust coverage on steep slopes significantly reduced runoff erosion,
and the erosion-reduction effect became stronger with increasing slope gradient and rainfall intensity. Under rainfall
intensities of 80, 100, and 120 mm/h, runoff erosion on biocrust-covered slopes was significantly lower than that
on bare slopes, with average reductions of 63.3%, 46.3% , and 64.5%, respectively. Under rainfall intensities of
40, 60, 80, 100, and 120 mm/h, runoff erosion on 55°, 65°, and 75° slopes decreased by average values of
40.3%, 62.1%, and 63.6%, respectively. [ Conclusion] Biocrusts can significantly reduce rainfall-induced
erosion on steep loess slopes through surface coverage, improvement of soil physicochemical properties,
enhancement of soil erosion resistance, and modification of runoff hydrodynamic characteristics. They provide
effective protection for natural and artificial slopes in the loess hilly-gully region and can be widely used in erosion
control and ecological restoration on steep loess slopes.
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Table 2 Effects of biocrusts on basic soil properties of steep loess slopes
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Fig. 4 Effects of biocrust coverage on runoff and sediment yield processes on steep loess slopes
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