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Abstract

:

To determine the effect of different rainfall energy levels on the breakdown of soil aggregates, this study analyzed the soil splash erosion amounts and the distribution of particle sizes under six rainfall conditions (rainfall energy: 2.41 × 10−5–22.4 × 10−5 J m−2 s−1 and 1.29 × 10−4 J m−2 s−1) at five splash distances (from 0–10 cm to 40–50 cm). Cores of the size 10 × 20 cm of undisturbed cultivated dark loessial soil were selected in tree replicates as the research subject. The results indicated that splashed aggregates were distributed mainly at splash distances of 0–20 cm, which accounted for 66%–90% of the total splash erosion amount. The splash erosion amount significantly decreased exponentially with increasing splash distance for the same rainfall energy (p < 0.01). The splash erosion amount significantly increased in the power function relationship with increasing rainfall energy at the same splash distance (p < 0.05). A model was obtained to predict the splash erosion amount for rainfall energy and splash distance. The fractal dimension (D) of the aggregates showed a downward opening parabolic relationship with raindrop energy. The maximal value of the rainfall energy was 1.286 × 10−4 J m−2 s−1, which broke the aggregates to the largest degree. Enrichment ratio (ER) values for fragments >2 mm were close to 0. A particle size of 0.25 mm was the critical particle level for splash erosion.
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1. Introduction


Soil erosion reduces land productivity and soil fertility, destroys farmland, exacerbates flood disasters, and results in soil environment deterioration, which affects land exploitation and the protection and utilization of soil and water resources [1,2]. Water erosion is the main type of soil erosion in the Loess Plateau. The aggregates caused by splash erosion are dispersed and broken, which is the initial stage of water erosion [1,2,3,4]. Raindrops fall from the air and impact the surface soil particles at a certain speed under the action of gravity. Some soil particles are separated from the soil and become loose particles, which is conducive to the formation and flow of surface runoff. At the same time, the process provides abundant loose particles for subsequent runoff transport [5,6]. Additionally, soil particle transport leads to reduced or blocked pores on the soil surface and reduced soil permeability due to soil crust formation [7,8,9].



At present, research on splash erosion can be divided into two methods: Natural rainfall and artificial simulated rainfall. The observation of natural rainfall requires a long timeframe, and many factors are difficult to control, which makes the collection of splash data difficult. Artificial simulated rainfall can make up for shortages of natural rainfall and improve the feasibility of testing and reliability of the data. Rainfall characteristics include raindrop diameter, rainfall intensity, raindrop kinetic energy, and so on. The effect of rainfall intensity on raindrop diameter and rainfall was studied by Yakubu et al. [10], who proposed that the relationship between raindrop diameter and rainfall intensity could be expressed as an exponential or power function relationship. Sajjadi and Mahmoodabadi [11] carried out raindrop splashing tests under two different rainfall intensities (57 mm h−1 and 80 mm h−1). The results showed that the splash erosion amounts of fine particles with sizes <0.043 mm were greater than those of large particles under a higher rainfall intensity. Moreover, with increasing rainfall duration, the rate of the total splash erosion observed at the beginning of the rainfall reaches a peak value: The larger the rainfall intensity, the less time it takes to reach the peak value [12]. Ziadat and Taimeh [13] reported that soil erosion on cultivated land was primarily affected by moisture content, whereas on uncultivated land it was mostly affected by slope steepness. Lim et al. [14] suggested that a power function relationship existed between raindrop energy and rainfall intensity. Free [15] showed that the splash erosion amount was positively correlated with rainfall energy and that raindrop energy was an important index to evaluate the degree of soil erosion caused by rainfall [14]. Rainfall intensity, raindrop energy, and their variations in time and space have important effects on the prediction of rainfall erosion [16,17].



At present, most research on raindrop energy for splash erosion has used a raindrop device to simulate natural rainfall [18] and control the raindrop energy by adjusting the rainfall intensity or height [16,19,20,21]. However, the rainfall energy of natural rainfall simulated by a raindrop generator is instantaneous energy, which has a range of changes, and an increase or decrease in the energy has a significant impact on the amount of raindrop splash erosion. Therefore, a raindrop generator with constant raindrop energy should be used for experimental studies to ensure that the results of the study are more accurate. The splash collection device was mainly composed of an Ellison splashing pan [22], an Ellison splashing cup [23], and a Morgan splashing pan [24]. The improved device [20,25,26] could collect most soil splash erosion particles, but the horizontal spatial distribution of the splash amount and particle size have been less well studied. Furthermore, most previous studies have used dried soil [27] or disturbed soil [20,28], which destroyed the soil structure and reduced the reliability of the data.



The objectives of this study were to (i) clarify the effect of raindrop energy on the splash distance and particle size distribution of aggregate splash erosion, (ii) establish a prediction equation for splash erosion in this area, and (iii) predict whether a certain raindrop energy will break up the aggregates to a great extent by comparing the characteristic parameters of the aggregate fractions.




2. Materials and Methods


2.1. Sampling Site and Soil Properties


The sampling site is located in the Changwu agriculture ecological experimental station, Weibei Plateau, Xianyang, Shanxi province (107°40′59″ E, 35°14′27″ N), and has an annual average temperature of 9.1 °C and annual average precipitation of 580.0 mm. The zonal soil is dark loessial soil [29]. The soil is loose, and the permeability is good, resulting in a good “soil reservoir” effect. The international soil texture classification is loam soil according to the USDA (United States Department of Agriculture) particle size classification criteria. Twenty-one samples and 1000 g of scattered soil were collected from the top layer (0–20 cm) of cultivated land using a cutting ring (10 cm diameter × 5 cm height) and the diagonal method. Three of the samples were used to determine the soil bulk density and moisture content, and the remaining 18 samples were used for the raindrop splash experiment. After the scattered soil dried naturally, the bulk density, moisture content, soil organic matter, total nitrogen, total phosphorus, and mechanical components were determined using the cutting ring (determine the bulk density and moisture content), potassium dichromate external heating, Kjeldahl nitrogen, HClO4–H2SO4, and Malvin laser particle sizer methods. The soil characteristics of the sampling sites are reported in Table 1.




2.2. Experimental Design


The artificial rainfall device used in this study consisted of two parts: A raindrop generator and a splashed raindrop-collecting device (Figure 1) [30]. The raindrop generator was a cylindrical box with an open top (10 cm in diameter and 10 cm in height). Twenty-one syringe needles were installed in the floor of the box, and different needles could generate different raindrop diameters. A stainless steel pan (110 cm diameter) containing six concentric circles composed of wire was selected as the splash raindrop-collecting device. The splash pan was centered in a circle and was used to place the open cutting ring (10 cm diameter × 5 cm height). In turn, the edge of the cutting ring contained fenced concentric circles with wire at distances of 10 cm, 20 cm, 30 cm, 40 cm, and 50 cm. The area between the splash pan and wire was impermeable. Each concentric circle was set symmetrically with two drains, which were used to collect splashed soil particles. Outside of the experimental device, a baffle and plastic cover were placed to prevent the effects of horizontal airflow disturbance on the rainfall.



Six raindrop energy levels determined by six raindrop diameters and the height of the rainfall (2 m) were selected in the experiment. The corresponding six raindrop diameters were 2.67 mm, 3.05 mm, 3.39 mm, 3.79 mm, 4.05 mm, and 5.45 mm. The raindrop energy was calculated by the following method: When the raindrop diameter was greater than or equal to 1.9 mm, the final velocity of the raindrops was calculated using a modified Newton formula (Equation (1)). Equation (2) was used to calculate the raindrop velocity under this test condition [31]. The raindrop energy was calculated by Equation (3). Therefore, the final raindrop energy levels were 2.41 × 10−5, 3.68 × 10−5, 5.15 × 10−5, 7.30 × 10−5, 8.97 × 10−5, and 22.4 × 10−5 J m−2 s−1, which conformed to the range of natural rainfall raindrop energy. The corresponding rainfall intensities and rainfall diameters all conformed to the rainfall characteristics of the Loess Plateau [32]. Equations (1)–(3) are


Vi=(17.20−0.84d)0.1d ,  d>1.9,



(1)






V=Vi1−e−2gVi2H,



(2)






Ers=∑i=1n12 mV2,



(3)




where V is the raindrop velocity (m s−1), d is the raindrop diameter (mm), Vi is the terminal velocity (m s−1), H is the height of the falling raindrop (m), Ers is the raindrop energy (J m−2 s−1), m is the individual raindrop mass (g), i = 0,…, n is the number of raindrops, and g is gravity acceleration (m s−2).



Prior to the start of the test, the water head height was adjusted to 2 cm. All of the needles started to drop raindrops at the same time. The rainfall duration was 10 min, and all tests were replicated 3 times. The splashed fragments were collected for each of the five distances (0–10 cm, 10–20 cm, 20–30 cm, 30–40 cm, and 40–50 cm). An aggregate analyzer (HR-TTF-100, Shunlong Experiment Instrument Factory, Yuxi City, Zhejiang province, China) was used to sieve the fragments into size fractions of >2 mm, 1–2 mm, 0.5–1 mm, 0.25–0.5 mm, 0.053–0.25 mm, and <0.053 mm, which then were oven-dried for 24 h at 105 °C and weighed. A new test plot was prepared after each rainfall event.




2.3. Parameter Calculation


This study used the fractal dimension (D) proposed by Yang [33] with the quality of the particle size distribution described in the soil fractal model as follows:


W(δ>di)W0=1−(didmax)3−D.



(4)







Take the exponential of both sides,


W(δ>di)W0=(3−D)lg(didmax),



(5)




where W(δ > di) is the cumulative mass of soil particles with size δ more than a comparative size di, W0 is the total mass of the particles, di is the average of the sieve size range (dj, dj + 1), and dmax is the maximum particle size.



For each size fraction, the enrichment ratio (ER) refers to the mass percentage of splash sediment compared to the undisturbed aggregates. An ER value >1 indicates enrichment of the fraction, whereas an ER value < 1 demonstrates that the fraction is depleted. The ER is calculated as


ER=PspPsa,



(6)




where Psp is the mass percentage of one size fraction in the total mass of splash aggregates, and Psa is the mass percentage of one size fraction in the total mass of undisturbed aggregates.



Nash–Sutcliffe indices (ENS) [34] were used to evaluate the model prediction, which is a modeling efficiency metric ranging from negative infinity to 1, where only >0 values are acceptable:


ENS=1−∑i=1n(Oi−Si)2∑i=1n(Oi−O¯)2,



(7)




where Oi is the ith measured value of the mass of splash erosion, Si is the ith predicted value of the mass of splash erosion, n is the total number of measured values, and O¯ is the mean of the measured values of the mass of splash erosion. Significant differences in the splash erosion amounts for different raindrop energies or different splash distances were detected using one-way analysis of variance (ANOVA), followed by the LSD test (Least–Significant Difference) (p < 0.05). The relationships between the splash erosion amount and splash distances, between the splash erosion amount and raindrop energy, and between the splash erosion amounts, splash distances, and raindrop energy levels were analyzed using a simple regression method. All statistical analyses were performed using SPSS 16.0 (IBM SPSS Software, Armonk, NY, USA), and all figures were processed in Origin 8.5 (OriginLab Corporation, Northampton, MA, USA).





3. Results and Discussion


3.1. Distribution Characteristics of the Splash Erosion Amounts


The distribution of the splash erosion amounts under the different raindrop energy levels is shown in Table 2. The splash erosion amount decreased with increasing splash distance for the same raindrop energy. The splash erosion amounts of the six raindrop conditions were distributed mainly at 0–20 cm, which accounted for 66% of the total splash erosion amount and was significantly higher than the splash erosion amounts at the other distances. The splash erosion amounts at 20–30 cm and 30–40 cm accounted for 16% and 10% of the total splash erosion amount, respectively. In addition, the amount of splash erosion that reached a distance of 40 to 50 cm accounted for 1%–8% of the total splash erosion amount, which was significantly less than for the other splash distances (p < 0.05). The raindrops collided with the surface soil to destroy the original soil structure, which caused them to disperse and spatter soil particles under the action of their own gravity via parabolic motion. Their movement paths were affected by their own weight and volume. Theoretically, when raindrop energy is the same, small-sized particles are transported longer distances because of their light mass, whereas large-sized particles remain at close distances [29]. Therefore, the amount of aggregate fractions at the 0–20 cm distance was significantly higher than that at the other splash distances. Regression analysis of the splash erosion amount (M) and splash distance (S) produced for the different raindrop energy levels showed that the splash amount M decreased exponentially with increasing splash distance S (p < 0.01). The regression equation was M = mexp(nS), where m and n are the parameters (Table 3). This result was consistent with those of the studies of Dijk et al. [26], Cheng et al. [12], and Fu et al. [30].



When the splash distance was the same (Table 2), the splash erosion amount increased with increasing raindrop energy. The splash erosion amount of the raindrop energy 22.4 × 10−5 J m−2 s−1 was at a maximum and was significantly higher than that of the other raindrop energies, which were 1.1–27.3, 2.3–20.0, 2.7–15.0, 2.7–10.9, and 3.1–6.7 times that of the other splash distances, respectively. The regression analysis showed that for the same splash distance, the splash erosion amount M had a power function relationship with the raindrop energy E (Table 4). These results were consistent with those of Hu et al. [20], Rose [35], Parsons et al. [36], and Fernándezraga et al. [37] and showed that the impact of the raindrop was enhanced by an increase in the raindrop energy, which then promoted the separation and transportation of more soil particles. The index value of the relationship between the total splash erosion amount and the raindrop energy was 1.42. This value was close to the index value of 1.46 from the study of Free [15]. However, Hu et al. [20] showed that the total soil splash erosion amount was a power function with increasing raindrop energy in the black soil area of the northeast Chinese mollisol region under rainfall intensities of 50 mm h−1 and 100 mm h−1: Moreover, the index values were 2.79 and 1.69, respectively, which were different from the results of this study. This discrepancy may have been due to differences in the soil organic matter content between black loessial soil (SOM (Soil Organic Matter): 1.55%) and the black soil area (SOM: 2.38%), because the soil organic matter content may have affected soil erodibility. The relationship between the splash erosion amount and raindrop energy varied with increasing splash distances, and both the raindrop energy (E) and splash distance (S) affected the splash erosion amount (M). For the M values, E values, and splash distances S that were analyzed using multiple regression, the relationship followed a power–exponential function: M=E0.72×16.28e12.92×S−0.21, R2 = 0.81, p < 0.05. The data of Wang et al. [21] were placed into the above equation for verification. The ENS value was 0.67 (Figure 2a). It can be seen that the fit was better [34], which may have been because the soil used in Wang et al. [21] was from the Loess Plateau and the rainfall conditions were similar to this study. The data of Cheng et al. [12] were placed into the above equation for verification. The ENS value was less than 0 (Figure 2b). This may have been affected by soil types and slope. The data in this study were placed into the splash erosion model of Hu et al. [20]: ST = 0.14KE2.65D500.54, where ST is total splash erosion (g), KE is raindrop kinetic energy (J m−2 mm−1), and D50 is the raindrop median volume diameter (mm).The results showed that the ENS value was less than 0 (Figure 3), so the model of Hu et al. [20] could not predict the amount of splash erosion in this study, which was mainly affected by soil types and rainfall conditions. The above research further indicated that the model proposed in this study can evaluate soil splash erosion in the Loess Plateau well, but the simulation results of the areas outside the Loess Plateau are still insufficient. Therefore, model correction needs further exploration in future research.




3.2. Particle Size Distribution Characteristics of Splash Aggregate Fragments


The particle size distribution of splashed aggregates for different raindrop energy levels is shown in Figure 4. For each raindrop energy level, the mass percentage of soil aggregates >2 mm was almost zero, possibly because these aggregates were not sufficient to splash out under the present experimental conditions [25,30]. As a whole, the mass percentage of particle sizes >0.25 mm presented a down up trend with increasing raindrop energy. When the raindrop energy was 2.41 × 10−5 J m−2 s−1, the mass percentage of the water-stable aggregates >0.25 mm was highest, with a value of 39%. When the raindrop energy was 7.30 × 10−5 J m−2 s−1, the mass percentage of water-stable aggregates >0.25 mm in diameter was lowest, with a value of 18%. This outcome may have been due to the smaller raindrop energy condition, in which the raindrop was less effective at soil splash erosion. With an increase in the raindrop energy, the effect of raindrops on soil aggregates was enhanced. Therefore, dispersed soil particles were more likely to be splashed, and some of the splashed aggregates broke into microaggregates (<0.25 mm). Due to the lighter mass of the microaggregates themselves, the quantity of transportation was larger. When the raindrop energy was higher than 7.30 × 10−5 J m−2 s−1, more macroaggregates splashed out, and thus the mass percentage of the macroaggregates (>0.25 mm) increased.




3.3. Effect of Raindrop Energy Levels on Characteristic Parameters of Splash Aggregate Fragments


Castrignano [38] reported that larger D values resulted in more dispersion of aggregates. Lower D values of aggregates represented a particle size distribution dominated by larger fragments, whereas higher D values reflected a distribution dominated by smaller fragments [39]. The fractal dimensions of the splash aggregate fragments for the six raindrop energy levels were 2.789, 2.798, 2.896, 2.898, 2.862, and 2.818, respectively. Regression analysis of the fractal dimension and raindrop energy levels concluded that the fractal dimension of the soil splash aggregate (D) clearly changed as a quadratic function, which presented an up–down trend with increasing raindrop energy (E). The equation is D = −1.0532 × 10−4 (E − 1.29 × 10−4)2 + 2.564, R2 = 0.627, p < 0.05. The maximal raindrop energy value was 1.29 × 10−4 J m−2 s−1, which broke the aggregates to the largest degree. On the whole, the fractal dimension of the splash aggregate fragments for the raindrop energy of 2.41 × 10−5 J m−2 s−1 was lower than that for 22.4 × 10−5 J m−2 s−1. This difference may have been due to the lowest raindrop energy level, less splashing of aggregates, and a higher proportion of large particles splashed out due to their own mass. However, when the raindrop energy was larger, more macroaggregates splashed out, although some of them broke into microaggregates [28]: Therefore, the fractal dimension was relatively high.



The splash enrichment ratio (ER) for each particle size at the different raindrop energy levels is shown in Figure 5. The enrichment ratio of aggregates presented an up–down trend with decreasing particle size. The ER value for a particle size greater than 2 mm was close to 0. Ma et al. [25] showed that a rainfall intensity of 58.1 mm·h−1 resulted in ER values of 0 for particle sizes of 5–2 mm and a value close to 0 for particle sizes of 2–1 mm, which was consistent with the results of this study. The ER value for particle sizes greater than 0.25 mm was <1, whereas that for particle sizes less than 0.25 mm was >1 for all raindrop energy levels. Thus, the 0.25-mm particle size was the critical particle size level for the enrichment and depletion of splash erosion. However, Zhou [40] analyzed the selective characteristics of splash erosion for black soil aggregates and concluded that aggregates with a particle size >1.0 mm were not easily transported. Hence, a particle size of 1.0 mm was the critical particle level for the enrichment and depletion of splash erosion. This finding was inconsistent with the conclusion of this study, possibly because the soil selected in this study was developed from loess parent material, and the erodibility of the soil was relatively high. Under the condition of raindrop splash erosion, the large particle size was smaller and was easily broken into smaller particle-sized aggregates: Thus, the >0.25-mm macroaggregates were gradually broken into <0.25-mm microaggregates. This result was consistent with that of Legout et al. [28], who proposed that soil aggregates could be hypothesized into a single stratified structure. The macroaggregates (>0.25 mm) were bound by microaggregates (<0.25 mm) and gradually disintegrated into microaggregates during rainfall. The macroaggregates were mainly broken into 0.25–0.053-mm aggregates for all rainfall experiments (Figure 5). Fu et al. [41] considered that the ER value of particle sizes 1–0.053 mm was greater than 1. Aggregates with a particle size >1 mm were mainly broken into aggregates with particle sizes of 1–0.053 mm in the single-raindrop test in that study. That particle size was larger than the results of this study, because the single-raindrop splash soil resulted in less fragmentation of the aggregates [41]. Conversely, in a study with multineedle rainfall, soil particles may receive secondary raindrop splash erosion, and hence more fine particles may be produced.





4. Conclusions


This study analyzed the soil splash erosion amounts and the distribution of particle sizes under six rainfall conditions at five splash distances. Dark loessial soil with a Corg content (Organic Carbon) of 1.6% and natural moisture of 18.8% and a core size of 10 × 20 cm was used in laboratory experiments.



The splash erosion amounts of the six raindrop conditions were mainly distributed at distances of 0–20 cm. For each raindrop energy level, the mass percentage of soil aggregates >2 mm was almost zero. As a whole, the mass percentage of particle sizes >0.25 mm presented a down–up trend. A particle size of 0.25 mm was the critical particle size level for the enrichment and depletion of splash erosion.



A model was obtained to predict the splash erosion amount for the rainfall energy and splash distance, which could evaluate the soil splash erosion in the Loess Plateau well, but the simulation results of the areas outside the Loess Plateau are still insufficient. Therefore, model correction needs further exploration in future research.



The fractal dimension (D) of the aggregates showed a downward opening parabolic relationship with raindrop energy. The maximal raindrop energy value was 1.29 × 10−4 J m−2 s−1, which broke the aggregates to the largest degree. The above results provide insights into the variation in aggregates in the soil layer during rainfall and a good understanding of soil surface crust and soil erosion mechanisms.
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Figure 1. The test for splashed raindrops and soil aggregates (unit: cm). Note: the figure is from Fu et al. [30]. 
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Figure 2. Comparison between the predicted and measured values of the splash erosion amount. (a) Data are from Wang et al. [21]; (b) data are from Cheng et al. [12]. 
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Figure 3. Comparison between the predicted and measured values of the splash erosion amount. 
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Figure 4. The particle size distribution of splashed aggregates for different raindrop energy levels. 
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Figure 5. Splash enrichment ratio (ER) for each particle size of the different raindrop energy levels. 
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Table 1. Physical and chemical properties of the soil.
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Soil Type

	
Bulk Density/(g·cm−3)

	
Moisture Content/%

	
Soil Organic Carbon/%

	
Total Nitrogen/(g·kg−1)

	
Total Phosphorus/(g·kg−1)

	
Particle Size Composition/%




	
Sand (2–0.02 mm)

	
Silt (0.02–0.002 mm)

	
Clay (<0.002 mm)






	
Dark loessial soil

	
1.1 ± 0.1

	
18.8 ± 1.0

	
1.6 ± 0.1

	
1.0 ± 0.1

	
0.7 ± 0.03

	
52.3 ± 0.5

	
37.4 ± 0.03

	
10.3 ± 0.04




	

	
Fragment size distribution of the undisturbed soil/%




	
>2 mm

	
1–2 mm

	
0.5–1 mm

	
0.25–0.5 mm

	
0.053–0.25 mm

	
<0.053 mm




	
6.9 ± 1.8

	
12.3 ± 1.1

	
21.3 ± 4.2

	
21.1 ± 2.1

	
14.6 ± 4.1

	
23.9 ± 2.9
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Table 2. Amounts of splash erosion at different distances for different raindrop energy levels.
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Raindrop Energy/(J m−2 s−1)

	
Splash Erosion Amount of Different Splash Distances/g

	
Total Splash Erosion Amount/g




	
0–10 cm

	
10–20 cm

	
20–30 cm

	
30–40 cm

	
40–50 cm






	
2.41 × 10−5

	
1.1 ± 0.2 Aa

	
0.9 ± 0.2 Aa

	
0.5 ± 0.2 Ba

	
0.3 ± 0.2 Ba

	
0.3 ± 0.1 Ba

	
3.0 ± 0.7




	
3.68 × 10−5

	
3.2 ± 1.0 Aa

	
2.0 ± 0.7 Ba

	
0.8 ± 0.3 Ca

	
0.4 ± 0.1 Ca

	
0.2 ± 0.1 Ca

	
6.5 ± 2.2




	
5.15 × 10−5

	
7.5 ± 0.2 Ab

	
2.7 ± 0.1 Ba

	
0.9 ± 0.1 Ca

	
0.4 ± 0.03 Da

	
0.2 ± 0.02 Ea

	
11.7 ± 0.4




	
7.30 × 10−5

	
26.4 ± 2.5 Ac

	
6.3 ± 0.8 Bb

	
2.2 ± 0.2 Cb

	
1.0 ± 0.1 Cb

	
0.4 ± 0.1 Ca

	
36.4 ± 2.3




	
8.97 × 10−5

	
28.1 ± 2.3 Acd

	
7.9 ± 1.3 Bb

	
2.7 ± 0.5 Cb

	
1.3 ± 0.2 Cb

	
0.5 ± 0.1 Ca

	
40.4 ± 4.3




	
22.4 × 10−5

	
30.0 ± 2.9 Ad

	
17.8 ± 3.0 Bc

	
7.2 ± 1.3 Cc

	
3.5 ± 0.5 Dc

	
1.6 ± 0.4 Db

	
60.1 ± 3.2








Note: The lowercase letters represent the difference in the amount of splash erosion between the same splash distance and different raindrop energy levels, and the uppercase letters denote the difference in splash amount between the same raindrop energy level and different splash distances. There was no significant difference in the values of each column or line with the same letter (p > 0.05).
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