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Abstract 
 The soil nutrient content, particle size composition, crop yield and erosion resistance were studied 
considering the slope farmland with different slope sizes and different crops as the research object. The 
results showed that the available phosphorus content was higher under the wheat planting mode. Rape 
planting was conducive to the accumulation of organic matter, total nitrogen and available potassium, and 
nutrient accumulation was more obvious when treated at 5° slope. The soil texture was sandy loam under the 
wheat planting mode. After rapeseed planting, the soil texture began to change to silt loam. The crop yield 
was the highest under different planting modes at 5°. Rapeseed was found to increase the soil erosion 
resistance of sloping farmland compared with wheat, and the greater was the slope, the stronger the erosion 
resistance.  
 

Introduction 
 Soil erosion resistance refers to the resistance of soil to the dispersion and transport of erosion 
force, which is also one of the important parameters to evaluate soil erosion resistance, and its 
magnitude mainly depends on the affinity of soil to water and the adhesive force between soil 
particles (Meng et al. 2021). The area of sloping farmland in China is large, and its water and soil 
loss account for a large proportion of the total water and soil loss (Xiang et al. 2021). The 
prevention and control of water and soil loss on sloping farmland are the focus of China's water 
and soil erosion control work (Wen et al. 2021). Therefore, the prevention and control of soil 
erosion on sloping farmland are a important link in the construction of China's ecological 
environment and the realization of sustainable development (Li and Wang 2020). 
 Topographic conditions mainly include slope length, slope, slope type and aspect, among 
which slope length and slope are two important topographic factors that affect soil erosion and 
nutrient migration on the slope (Cerdà et al. 2021). The slope erosion research on slope length 
believes that the erosion intensity will increase as the slope length increases (Bircher et al. 2019). 
The influence of slope on soil and water loss is mainly manifested that it is closely related to slope 
velocity, and thus affects the initiation of soil particles, erosion mode and sediment carrying 
capacity of runoff (Zhang et al. 2017). At the slope scale, erosion will not only cause soil particle 
migration, nutrient loss, degradation of soil fertility quality and increased spatial variability, but 
can even significantly change the nutrient cycle process, causing problems such as sedimentation 
and water pollution in different places downstream (Quijanol et al. 2019). At present, there are 
many researches about the effects of soil erosion on soil physical and chemical properties. 
According to the research of Du and Du (2013), soil clay has a relatively large surface area and is 
an important carrier of soil  moisture,  soil organic matter and  nutrients, and soil erosion gradually  
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reduces soil clay content. Guo et al. (2003) studied the distribution characteristics of soil nutrients 
on different slopes in a small watershed on the Loess Plateau, and showed that soil nutrients are 
characterized by enrichment of the slope toe and loss of slope and top. In addition, some scholars 
have shown that scientific and reasonable planting methods can reduce surface water and soil loss, 
increase soil infiltration, and improve soil quality (Siraj and Jemal 2017). Li et al. (2013) used 
outdoor sampling and indoor analysis to study the effect of forage hedge rows on soil erosion 
resistance of sloping farmland, and pointed out that forage grass significantly improves soil 
erosion resistance by improving soil physical properties and roots. Nearing et al. (2005) reported 
that rainfall and cover have important effects on soil erosion, but the impact of surface cover on 
runoff and erosion is greater than that of canopy cover.  
 Sloping farmland is one of the land types with the most serious soil erosion in China. It is 
particularly important to study the water, soil and fertilizer conservation and also local conditions 
that mainly prevent soil erosion on the slope farmland. Zhang et al. (2014) studied the soil erosion 
resistance of winter wheat after harvest through field sampling and laboratory analysis, and 
pointed out that wheat roots have a significant impact on soil erosion resistance. Therefore, the 
present study selected slope farmland with different slopes in the loess region as the test area, and 
followed two planting methods of wheat and rape as the research object to study their effects on 
the physical, chemical and erodibility of different slopes of loess. Besides initiatives were taken to 
analyze quantitatively these two contribution rate of planting methods to the comprehensive effect 
of soil. It would laid a theoretical foundation for the in-depth study of crop scientific planting 
patterns on sloping fields in the loess region, improvement of soil properties in the region, and 
prevention and control of soil erosion. It is of great significance to promote the sustainable 
development of mountain agriculture and ensure national food security. 
 
Materials and Methods   
 The sloping farmland erosion resistance simulation test was set up in the Qinling Field 
Monitoring Center Station in Mei County (107° 39′-108° 00′E, 33° 59′-34° 19′N). It belongs to the 
western Guanzhong Plain of Shaanxi Province, with a warm temperate continental semi-humid 
climate. The altitude was between 442-3767 m, the annual average temperature was 12.9 0c, the 
average precipitation was 609.5 mm, the average sunshine was 2015.2 hrs, and the frost-free 
period was 21 d. The terrain of the region was complexed, generally for the north and south high, 
low in the middle of the asymmetric terrain. The east-west extension was slightly longer, and the 
north-south undulation was relatively short. 
 This model was designed to have a total length of 64 m, a width of 18 m, and an area of 1152 
m2. The model had 4 main test areas. Each test area was a rectangle with a length of 14 m and a 
width of 12 m, with slopes of 2°, 3°, and 5°. Four test fields (12 m × 3.5 m) were set up in each 
test area, and wheat, rape, pasture and salvia were planted in sequence. The model design is 
presented in Fig. 1. Wheat and rapeseed planting was taken as an example and were planted in 
mid-October each year, and harvested at the end of May of the following year. Fertilizer types 
used were urea (nitrogen content is about 46.4%), diammonium phosphate (nitrogen content 16%, 
effective phosphorus content 44%, calculated as P2O5) and potassium sulfate (K2O content 52%). 
All phosphate fertilizer (1.5 kg/km2, calculated as P2O5) and potash fertilizer (2.25 kg/km2, 
calculated as K2O) were used as base fertilizer, and 60-70% nitrogen fertilizer was used as base 
fertilizer (calculated as 65% of all pure N fertilizer 2.78 kg/km2, 1.80 kg/km2, counted by N). One 
to two days before planting, the three kinds of fertilizers were weighed according to the required 
amount of each plot and mixed them evenly, they were sprinked evenly on the soil surface, and 
then the fertilizer was properly raked to mix the topsoil. The top dressing time of rape and wheat 
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was the same. The 30-40% of the nitrogen fertilizer during the whole growth period of wheat 
(calculated as 35% of the total N fertilizer 2.78, 0.98 kg/k m2, calculated as N) was applied in the 
jointing stage in combination with irrigation. The basic physical and chemical properties of the 
soil were organic matter 8.5 g/kg, total nitrogen 0.38 g/kg, available phosphorus 20.56 mg/kg, 
available potassium 130.25 mg/kg, pH 7.5, and the soil texture was sandy loam. 
 

 
 

Fig. 1. Design drawing of sloping farmland model. The heights H1, H2, and H3 are 0.4 m, 0.73 m, and 1.1 m 
respectively; the slopes of the three test areas from left to right are 5°, 3° and 2°. 
 

 Every year at the end of May, soil samples of each slope were collected after the crops were 
harvested. Each test plot was divided into three parts: upper, middle and lower samples, and each 
part was evenly collected by the five-point method and mixed into one sample. The soil samples 
were passed through a 2 mm sieve to remove animal and plant residues and gravel, and then the 
soil was air-dried indoors and passed through a 1 mm sieve and 0.149 mm sieve to determine soil 
physical and chemical properties. Soil organic matter (SOM) and total nitrogen (TN) were 
measured by potassium dichromate external heating method (Tyurin 1931) and semi-micro 
Kjeldahl method, available potassium (AP) and available phosphorus (AK) were determined by 
NaHCO3-spectrophotometer colorimetric method (Bao 2000) and NH4OAc-flame photometer 
method (Ahaiwe et al. 2010), respectively . The texture of the soil was measured through a 2 mm 
sieve with a Malvern laser particle size analyzer (MS2000, UK). 
 Soil erodibility reflects the sensitivity of soil to the separation and transport of erosion forces 
(Bouyoucos 1935).The higher the soil erodibility factor (K), the weaker the soil erosion resistance, 
and the lower the K-corrosion resistance (K) value, the stronger the soil erosion resistance (Liu     
et al. 1999).  K was calculated as follows (Liu et al. 2021). 
 
K = {0.2 + 0.3exp[−0.0256ܵ௔(1− ଵିௌ೔

ଵ଴଴
)]}( ௌ೔

஼೗ାௌ೔
)0.3{ ଵ.଴ି଴.ଶହେ

[஼ାୣ୶୮ (ଷ.଻ଶିଶଽହ஼)]
} ଵ.଴ି଴.଻ௌ೙

[ௌ೙ାୣ୶୮ (ିହ.ହଵାଶଶଽௌ೙)]
       (1) 

 
 Among them, K-corrosion resistance; Sa-sand content (2-0.05mm); Si-powder content (0.05-
0.002mm); Cl-clay content (< 0.002mm); Sn=1- Sa/100; C-soil organic carbon content. 
 The test data were statistically analyzed using DPS18.10 and Excel 2003 software. The 
analysis of variance of the two-factor repetitive module in DPS was adopted for the analysis of 
correlation the Person analysis method was adopted, and for the significance test Duncan’s new 
multiple range method was adopted. 
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Results and Discussion 
  SOM is an important component of soil and a relatively active part of soil solid phase, which 
is usually used as an important index to measure the level of soil fertility (Yan et al. 2020). In the 
present study, there was no significant difference in SOM content under different planting patterns 
and different slope treatments, but there were still differences. The average SOM of wheat-grown 
sloping farmland was 9.54 g/kg, and the content of 5° treatment was higher, which increased by 
7.19 and 17.33% compared with 2°and 3°treatments, respectively. The average SOM of rapeseed 
sloping farmland was 10.72 g/kg, among which the content of 3°treatment was higher, which 
increased by 5.98 and 12.15% compared with 2°and 5°treatments, respectively (Fig. 2A). It might 
be because the root system of rape was more developed than that of wheat, which promoted the 
accumulation of soil nutrients. TN was significantly different under different crop planting modes 
(P< 0.05), and the TN content of rape planting was significantly increased by 29.09% compared 
with wheat planting. The TN of 5° treatment under wheat planting increased by 62.50 and 10.17% 
compared with 2° and 3° treatments, respectively. Compared with 3° and 5° treatments, the TN of 
rapeseed planting under 2° increased by 37.93 and 6.67%, respectively. In the wheat and rapeseed 
planting modes, the SOM and TN content in both treatments at 5° was higher (Fig. 2B). The 
reason is that the 5° slope was larger and the terrain was higher, and the phenomenon of runoff 
were more obvious, which made the nutrient content at the lower and middle of the slope more 
concentrated and the soil layer thickened (Renata et al. 2019). It can be seen that rape planting is 
beneficial to the accumulation of SOM and TN, and nutrient accumulation was more obvious 
under 5° treatment. 

 
Fig. 2. Effects of different crop cultivating on soil organic matter (A) and total nitrogen (B) contents in 

sloping farmland. Lowercase letters indicate the significance between different slopes, and uppercase 
letters indicate the differences between crop planting methods under the same slope (p < 0.05). 

 

 Phosphorus transport in soil is a relatively slow process. The results showed that there was no 
significant difference in AP content under different slopes and planting modes, but there was an 
obvious gradient trend. The AP content in each outliving mode increased with the increase of 
slope, and the AP content in wheat cultivating increased by 11.58% compared with rape planting 
(Fig. 3A). The AK content is significantly different among different cultivating modes. Compared 
with wheat, rapeseed planting increased the AK content by 16.59%, which was more obvious in 
the 2° and 5° treatments, because the rapeseed has a greater demand for potassium at each growth 
stage and has a strong enrichment effect. In the wheat planting mode, the AK content of the 3° 
treatment was significantly higher than that of other treatments. Under the rape planting mode, 
there was no significant difference in the AK content of each slope treatment. The average AK 
content was higher when treated with 3° (Fig. 3B). 
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Fig. 3. The effect of cultivating different crops on the content of available phosphorus (A) and available 

potassium (B) in sloping farmland. 
 

 Under the wheat planting mode, there was no significant difference in the soil of different 
particle sizes among different slopes, and the soil texture was all sandy loam. Under the rape 
planting mode, the sand content of the 5° slope land was significantly higher than that of 3°, and 
the silt content was similar to its changing trend, and the soil texture in the 3°slope land was silt 
loam (Table 1). Soil anti-erodibility refers to the ability of soil to resist its suspension and 
decomposition by runoff, and the development of soil erosion is closely related to it. The present 
study shows that the erodibility of 2° sloping farmland was the largest under different planting 
patterns, indicating that the 2° sloping farmland has the weakest ability to resist soil erosion. 
Compared with planting wheat, the soil erodibility of rapeseed was reduced by 0.84%, and in the 
rape planting mode, the soil erodibility decreased with the increase of slope (Fig. 4). It shows that 
rapeseed planting can increase the erodibility of sloping farmland, the greater the slope, the 
stronger the erosion resistance. Increase in soil organic matter content of 5° sloping farmland may 
improve soil structure, increase soil porosity, increase soil permeability and water holding 
capacity, and enhance soil erosion resistance (Li et al. 2013). 
 

Table 1. Effects of cultivating different crops on the texture in sloping farmland. 
 

Planting 
crops 

Slope Sand (50~2000 µm, %) Silt (2~50 µm, %) Clay (0~2µm, %) Texture 

Wheat 2° 51.93 ± 3.11 aA 47.89 ± 3.06 aA 0.18 ± 0.01 aA Sandy loam 
3° 53.73 ± 1.57 aA 46.10 ± 1.57 aB 0.17 ± 0.06 aB Sandy loam 
5° 52.33 ± 1.58 aA 47.48 ± 1.47 aA 0.19 ± 0.06 aA Sandy loam 

Rape 2° 51.00 ± 1.08 abA 48.72 ± 1.13 abA 0.28 ± 0.02 aA Sandy loam 
3° 47.45 ± 3.23 bB 52.16 ± 3.23 aA 0.39 ± 0.06 aA Silt loam 
5° 52.65 ± 2.02 aA 47.05 ± 1.93 bA 0.30 ± 0.01 aA Sandy loam 

 
 Both slope and planting pattern have a significant impact on crop yield. The yield of wheat 
increased with the increase of slope. There was no significant difference between 3° and 5° slope 
farmland, but both were significantly higher than the 2° treatment, and the increase rates were 
32.72 and 48.61%, respectively. The yield of rapeseed was highest in 5° sloping farmland, 
followed by 2° sloping farmland, and 3° had the lowest yield, but there was no significant 
difference between slope treatments (Fig. 5). Under the wheat planting model, soil erodibility and 
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clay content are positively correlated, and the greater the slope, the stronger the correlation. Under 
the rape planting mode, the soil erodibility was only significantly negatively correlated with the 
organic matter content of the 3° treatment (Table 2). 

 
Fig. 4. Effect of planting different crops on the soil erosion resistance in sloping farmland. 

 
Fig. 5. The crop yield of sloping farmland soil under different cultivation patterns. 

 
Table 2.Relationship between soil erodibility and soil physical and chemical properties and crop yield. 
 

crops Slope Organic 
matter  

Total 
nitrogen  

Available 
phosphorus  

Available 
potassium 

Sand Clay Yield 

Wheat 2° -0.4429 0.5873 -0.9887 0.2903 -0.1051 0.2440 0.9770 
3° -0.8340 -0.5797 -0.2513 -0.9342 0.5282 0.5797 0.9180 
5° -0.9950 0.7486 -0.6323 -0.9946 -0.9522 0.9999** -0.3289 

Rape 2° -0.0567 0.2540 0.0997 0.4425 0.1512 0.3842 0.0970  

3° -0.9993* -0.4918 -0.7553 -0.3436 0.3216 0.0000 0.1396 

5° 0.9493 0.9584 0.9245 0.6018 0.2986 0.2186 -0.2617 

*Means that the correlation reaches a significant level (p < 0.05), and **means that the correlation reaches a 
very significant level (p <  0.01). 
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 The cultivation of different crops and the treatment of different slopes all affect the physical 
and chemical properties of the soil. Rape planting has effectively increased the nutrient content of 
sloping farmland, with organic matter, total nitrogen, and available potassium being the most 
prominent, and the soil texture has developed benign to silt loam.Under rape planting, the greater 
the slope, the stronger the soil erosion resistance, and it increased with the increase of organic 
matter content. It may said that soil erosion resistance has an important influence on the 
development of soil erosion. 
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