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Plant residual is of great importance in retarding soil wind erosion in the agro-pastoral ecotone. However, few studies have determined the effects of sand plant residual on wind erosion resistance. Based on field surveys, the influences of Salix residual biomass of 200, 400, 600, and 800 g m−2, soil incorporated with a residual thickness of 0.5, 1.0, and 2.0 cm, and typical proportion of residual branches and leaves (2:1, 1:1, and 1:2) on wind erosion resistance were investigated using a simulated wind tunnel. The results showed the following: 1) The soil loss amount ranged from 1.56 to 40.8 kg m−2 as Salix residual biomass decreased from 800 to 0 g m−2, with a critical residual biomass value of 400 g m−2. 2) As the thickness of soil-incorporated residual increased, the soil loss amount reduced rapidly, especially for 0–9 cm above the surface accounting for 84.6% of the total. 3) Salix branch residual is more important in resisting soil wind erosion as compared with its leaves. This kind of study may provide theoretical explanations for the optimal reconstruction of sandy vegetation in the northern wind-sand regions.
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INTRODUCTION
Wind erosion is an environmental concern in arid and semi-arid regions due to the emission of particulates into the atmosphere (He, 2014; Tuo et al., 2016; Zhang et al., 2018). Decades of practice showed that sandy vegetation construction is an effective method of ecological reconstruction in the northern wind-sand regions (Yu et al., 2017; Zhang et al., 2019). Most recently, research has been focused on the interactions between sandy vegetation and its influence on the soil quality in the agro-pastoral ecotone of northern China (Zhang and Zhao, 2015; Wang et al., 2020) and the relationship between plant distribution patterns and wind erosion resistance (He, 2014; Li et al., 2016, Li et al., 2017). The redistribution of leaves and fruits caused by the northwest wind is the main reason for the formation of different plant residual patterns (Zhao et al., 2003; Li et al., 2020). However, few studies have determined the effects of sand plant residual on wind erosion resistance.
Salix (Salix psammophila) is typical vegetation in the Mu Us Sandy Land, which is one of the first choices of the “Three-North Shelter Forest Program” in China. The Three-North Shelter Forest Program is a large-scale artificial forestry ecological project in the three northern areas of China (northwest, north, and northeast) (Li et al., 2016). Previous studies related to wind erosion have shown that Salix residual community can form obvious patterns in the dune slope; the spatial and temporal variation of this could strongly influence the vegetation species composition, community structure, and soil quality development due to the long-term effects of wind (Sun et al., 2016b; Liu et al., 2017). In addition, the accumulation and redistribution process of plant residual can cause significant biological effects on the surface micro-environment and is an important factor affecting soil–plant nutrient cycling as well as wind erosion resistance (Sun et al., 2016; Parwada, 2017).
The present study undertook a simulated experiment using a wind tunnel, analyzing the amount of soil loss and its characteristics under simulated wind erosion. The main objective of this study was to quantitatively explore the effects of Salix residual on wind erosion resistance. This type of study may provide theoretical explanations for the optimal reconstruction of sandy vegetation in the agro-pastoral ecotone of northern China.
MATERIALS AND METHODS
Experimental Design
A simulated experiment was carried out in the simulation hall of the State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau at the Institute of Soil and Water Conservation, CAS. The soil used in the experiment was a typical silt loam soil with 0.9% clay, 8.3% silt, and 80.8% sand, collected from the top 20 cm soil in the Salix land at Dingbian County, Shaanxi Province (37°50.188′N, 107°28.941′E), China (Figure 1). The key hypothesis of this study is that wind erosion resistance of residual can be achieved by adjusting biomass, the soil–residual thickness, and the ratio of branches and leaves. According to the field investigation of 36 Salix sites in study areas (Table 1), the simulated experimental treatments examined in the present study were four residual biomass treatments of 200, 400, 600, and 800 g m−2, three soil–residual thickness treatments of 0.5, 1.0, and 2.0 cm, and three ratios of branches and leaves of 2:1, 1:1, and 1:2, which derived from true conditions in the field as shown in Figure 2. In total, 22 experiment slots (10 treatments and 1 control, with 2 repetitions) were used in the present study. The experiment treatments were arranged on April 5–9, 2017. Then, the prepared experiment slots were sprayed with 3 L tap water three times at intervals of 10 days in order to eliminate the soil water effect. After that, the experiment slots were placed for 3 months in order to provide a similar environment to the field, and the simulated experiment was carried between August 2–15, 2017.
[image: Figure 1]FIGURE 1 | Distribution of residual samples of Salix residual in the southeastern margin of the Mu Us Sandy Land [the survey route includes A, B, and C lines].
TABLE 1 | Biomass of different parts of Salix and residual thickness in 36 Salix sites.
[image: Table 1][image: Figure 2]FIGURE 2 | Schematic diagram of the experiment wind tunnel structure and entity: (A) experiment slot; (B) sand collection; (C) status after simulated wind erosion.
Simulated Wind Tunnel and Experiment Process
The soil sample was passed through a 5-mm sieve after the removal of root fragments and was then air-dried. The wind tunnel came from the simulation hall of the State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau at the Institute of Soil and Water Conservation, CAS. The wind tunnel measured 24 × 1.2 × 1.0 m (length × width × height) and included a fan section, sections for wind regulation and rectification, an experimental section, and sections for sand collection and diversion (Figure 2). The regulation section could produce airflow with a stable field free of turbulence. The uniformity of airflow velocity was >99%, and the gradient of axial static pressure was <0.005. The wind speed could continuously vary from 0 to 15 m s−1 using a coordinated inverter in the fan section (Tuo et al., 2016). A vane anemometer, installed 0.2 m from the experimental section and 0.2 m above the tunnel floor, accurately (±0.2 m s−1) adjusted the wind speed. The diversion section evacuated the airflow to maintain a clean laboratory environment. Soil loss above the surface was calculated as the ratio of the horizontal sediment flux to the length of the soil surface upwind of the sampler. The wind speed of 11 m s−1 and blow period of 15 min were used, which could represent a typical wind event in the Mu Us Sandy Land, China (Tuo et al., 2018). Soil collected in the sand collecting section from the surface soil to the height of the 0–30 cm wind tunnel at intervals of 3 cm collected from the bottom total amount of wind erosion. The soil loss amount was calculated by the weight difference of the experiment slot before/after simulated wind erosion. The advantage of this method is that it simulates environmental factors such as wind speed and representative composition and properties; however, the disadvantage is that the experimental plot area is limited and the marginal effect is large. This problem can be solved by increasing the sample size in the future.
Statistical Analysis
The mean of two repetitions for each treatment in the present study was used for data analysis. The effects of Salix residual biomass, the thickness of soil-incorporated residual, and the different ratios of Salix residual branches and leaves on wind erosion resistance were analyzed with Office 2017 and SigmaPlot 18.0.
RESULTS AND DISCUSSION
Effect of Salix Residual Biomass on Wind Erosion Resistance
Soil covered with plant residual could be especially valuable in the semi-arid regions (Zhang et al., 2017). Figure 3 shows the relationship between soil loss amount and Salix residual biomass. Compared with CK, the soil loss amount ranged from 1.56 to 40.8 kg m−2 as Salix residual biomass increased from 200 to 800 g m−2. Interestingly, there is a great difference in soil loss amount between treatments from 200 to 400 g m−2, while little difference was observed among the treatments when residual biomass increased from 400 to 800 g. These observations suggest that the natural residual biomass status (400 g m−2) may be notable for retarding soil wind erosion in study regions. Relative to the original surface soil, the soil loss amount was reduced at 37.4, 96.2, 96.6, and 97.5%, respectively, for treatments of 200, 400, 600, and 800 g m−2. These results were in agreement with those of the latest studies which found that the thick, intact litter layer is an important agent for soil protection (Liu et al., 2017). For example, He et al. (2017) studied the effect of plant residue removal at 0, 25, 50, 75, and 100% of initial height on soil wind erosion and found that crop residual removal can affect the susceptibility to soil wind erosion in Kansas. Besides, Figure 3 shows the soil loss amount was focused on 0–9 cm above the soil surface when the soil was incorporated with lower plant residual biomass (less than 400 g m−2). Therefore, as Salix residual biomass decreased from 800 to 0 g m−2, the soil loss amount ranged from 1.56 to 40.8 kg m−2, and the critical residual biomass value was 400 g m−2.
[image: Figure 3]FIGURE 3 | Soil loss amount under different residual biomass.
Effect of Soil Incorporated With Salix Residual on Wind Erosion Resistance
Plant residual is of great importance in retarding soil wind erosion in the agro-pastoral ecotone (Abdourhamane et al., 2019). Soil incorporated with plant residual is an important part of the ecological system, and its accumulation and redistribution could significantly affect soil surface soil–plant nutrient cycling and soil erosion resistance (Kamota et al., 2014; Guo et al., 2017). Figure 4 shows that the soil loss amount reduced rapidly with the increment of soil-incorporated residual thickness. Compared with CK, the soil loss amount was reduced at 25.3, 63.9, and 67.8%, respectively, for treatments of soil-incorporated residual at the height of 0.5, 1, and 2 cm. For different layers above the soil surface, the soil loss amount of vertical 0–9 cm accounts for 81.2–89.2% of the total soil loss amount. In addition, the soil loss amount at the layers of 12–30 cm above the surface was similar among the treatments in the present study. This result was in agreement with the fact that the application of plant residual to soil can stabilize soil against soil erosion (He et al., 2017; Pi et al., 2018). Thus, as the thickness of soil incorporated residual increased, the soil loss amount reduced rapidly, especially for 0–9 cm above the surface, accounting for 84.6% of the total.
[image: Figure 4]FIGURE 4 | Soil loss amount under soil incorporated with different residual thickness.
Effect of Salix Residual Branches and Leaves on Wind Erosion Resistance
Plant residual could influence soil erosion resistance as it can alter the chemical and/or biological composition of the soil, which may influence soil’s physical properties and/or plant growth and thus soil erosion resistance (He et al., 2017). For this reason, it is necessary to explore the contribution to retarding soil wind erosion between plant branches and leaves. Figure 5 indicates that with the increasing ratios of Salix branches and leaves, the soil loss amount showed an increasing trend. By contrast, Salix branches are the key point in resisting soil wind erosion as compared with leaves in the present study. Such results may be ascribed to the larger wind speed of 11 m s−1. Further study of the influence of near-surface wind speed on wind erosion (Li et al., 2014; Jiang et al., 2018) and the sustainability of the ecological benefits of sand plant residual needs to be conducted (Wu et al., 2019).
[image: Figure 5]FIGURE 5 | Soil loss amount under different ratios of Salix residual branches and leaves.
CONCLUSION
Based on field surveys, the influences of Salix residual biomass of 200, 400, 600, and 800 g m−2, soil incorporated with residual thickness of 0.5, 1.0, and 2.0 cm, and typical proportion of residual branches and leaves (2:1, 1:1, and 1:2) on wind erosion resistance were investigated in silt loam by a wind tunnel experiment. The results showed that, in the simulated experiment, the soil loss amount ranged from 1.56 to 40.8 kg m−2 as Salix residual biomass decreased from 800 to 0 g m−2, and a sharp decrease in the soil loss amount was found from treatments of 200 to 400 g m−2. In addition, the soil loss amount reduced rapidly as the thickness of soil-incorporated residual increased, and the soil loss amount of 0–9 cm above the surface soil accounts for 84.6% of the total. Compared with Salix leaves, the branches are more important in resisting soil wind erosion in the agro-pastoral ecotone.
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