Proper vegetation restoration practices reduce soil erosion
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Vegetation restoration is a safeguard measure to reduce soil erosion and protect the ecological environment, and can be effective for erosion Fig. 3. Runoff depth and soil loss under different clipping treatments, rainfall intensities, and slope gradients. Vertical bars and the middle horizontal lines mean standard error, mean the average value and n = 3. Fig. 4. Variation partitioning analysis differentiates the influences of rainfall intensity, clipping intensity, and slope gradient on soil erosion. The data represent the percentage of variation explained by each factor. Q. He et al. Journal of Hydrology 620 (2023) 129470 7 control under a wide range of environmental conditions (Fiener et al., 2011; Ran et al., 2013; Wu et al., 2020; Shi et al., 2022). Vegetation reduces soil erosion through the following processes: (a) protecting the soil from direct raindrop impact by intercepting raindrops and reducing their energy; (b) reducing surface runoff velocity by providing additional surface roughness; and (c) holding soil particles in place by physically binding soil particles together to form a mechanical barrier to soil and water movement (Ran et al., 2013; Hou et al., 2020; Shi et al., 2022). The above-ground and below-ground parts of vegetation have different relative contributions to the runoff production and soil loss (Zhou and Shangguan, 2007; Zhang et al., 2012; Li and Pan, 2018; Lin et al., 2019). Therefore, clipping management alters the limiting factor of the runoff and soil erosion processes by reducing the above-ground vegetation cover and retaining the roots and litter. Clipped vegetation with lower surface roughness could accelerate surface runoff velocity and increase the runoff generation (Prosser et al., 1995; Assouline and Ben-Hur, 2006; Ding and Fu, 2022). The retained stem-litter layer and roots maintain the soil resistance, thus preventing severe soil erosion (Lin et al., 2019; Ding and Fu, 2022). This is consistent with the findings that the effects of clipping intensity on runoff production and soil loss are not synchronized (Table 2 and Fig. 6). The increased runoff ratio is higher than the soil loss ratio at the optimal clipping intensity. Therefore, one aim of this study was to find an optimal vegetation clipping intensity to increase surface runoff yield and limit soil loss within an acceptable range. The recommended clipping intensity was between the light and heavy clipping intensity treatments with 23 % − 48 % vegetation cover after clipping. This result is lower than previous studies (Ran et al., 2013; Yan et al., 2013; Shi et al., 2022; Zhang et al., 2022), which may be due to the use of different methods to control vegetation cover. Previous studies (Yan et al., 2013; Hou et al., 2020; Shi et al., 2022) used scouring modeling experiments or simulated rainfall on artificial grassland with planted vegetation coverage rather than clipping natural grassland to specific coverages, which maintains the underground roots and some plant residues. Various vegetation components have different relative contributions to controlling runoff production and soil loss (Zhou and Shangguan, 2007; Zhang et al., 2012; Li and Pan, 2018; Lin et al., 2019). In general, the above-ground parts of vegetation (canopy, stems, litter, leaves, shoots) have a greater effect on reducing runoff and runoff velocity than the below-ground parts (roots), while the belowground parts are relatively more conducive to reducing soil loss than the above-ground parts (Lin et al., 2019; Ding and Fu, 2022). Based on the SI index results of RSM (Fig. 6a) and the critical slope for soil loss (Fig. 3d), the slope on which clipping management is applied should not exceed 36 %, which can be explained by the theory of previous studies (Koulouri and Giourga, 2007; Li and Pan, 2018; Han et al., 2021). Steep slopes have a limited capacity to control soil erosion, which exceeds the protective benefits of soil properties or plant cover.
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