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Influence of Soil Erosion on the Obstacle Factors of Cultivated Layer in Purple
Sloping Farmland
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Abstract: [ Objective ] Purple soil sloping farmland is an important cultivated land resource in the upper reaches of the Yangtze
River. Therefore, clarifying the change characteristics and main obstacle factors influencing purple soil sloping farmland under
different erosion degrees is important. [ Method ] In a cultivated layer of sloping farmland, five erosion degrees (0, 5, 10, 15, 20 cm)

were set up in situ. The cultivated layer quality index (CLQI) and obstacle degree (M) were calculated by selecting 10 quality
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indexes, including bulk density, total porosity, saturated hydraulic conductivity, soil compactness, soil shear strength, organic
matter, total nitrogen, total phosphorus, pH and cation exchange capacity. Thus, the change characteristics of cultivated layer
quality and obstacle degree under different erosion degrees were quantitatively evaluated. [ Result ] Soil erosion destroyed the
structure of the cultivated layer, resulting in deterioration of cultivated layer quality index. Total porosity, saturated hydraulic
conductivity, shear strength, cation exchange capacity, total nitrogen and total phosphorus decreased with the increase of erosion
degree, while bulk density and soil compaction increased with the increase of erosion degree. The order of obstacle degree from
cultivated layer quality was soil compaction (17.04%) > saturated hydraulic conductivity (15.83%) > total nitrogen (11.49%) >
organic matter (11.47%) > total phosphorus (10.73%) . The main obstacle factors of cultivated layer quality were soil compaction,
saturated hydraulic conductivity, total nitrogen, organic matter and total phosphorus. The effect of soil erosion and management
measures on soil compaction was significant (P < 0.01) while the effect of management measures on organic matter and saturated
hydraulic conductivity was extremely significant (P < 0.01) . Also, the interaction between soil erosion and management measures
had a significant (P < 0.05) effect on saturated hydraulic conductivity and organic matter. [ Conclusion ] The main obstacles of
cultivated layer types of purple soil sloping farmland can be divided into soil nutrient-poor obstacle and soil acidification obstacle.
All the findings above can provide a theoretical basis for quality control of purple soil sloping farmland.

Key words: Cultivated-layer quality; Obstacle factors; Soil erosion; Obstacle cultivated layer; Purple soil sloping farmland
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Table 1 Residual thickness of original soil layer in situ simulation plot of sloping farmland with different erosion degree

i AR Pl R B REAAZ Pl AR B s+ )2 (h;) Original soil layers /cm
Number Simulated erosion depth /cm Simulated erosion age /a 0~20 20~25 25~30 30~35 35~40
S 0 0 20 — — — —
Ss 5 20 15.55 4.45 — — —
S.1o 10 40 12.09 3.46 4.45 — —
S.is 15 60 9.40 2.69 3.46 4.45 —
S0 20 80 5.50 3.90 2.69 3.46 4.45
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KAE; by o by AEIEMEMT ER A, SRR G XIS 25 R 25 A % LA &2 o Note: u (x) is the membership function and x is the
measured value of the evaluation index. a ; and a ; represent the lower and upper limits of the index threshold, respectively. The minimum and
maximum values of the measured values are taken in this study. b; and b, are the upper and lower boundaries of the optimum value, and the

values are determined according to the comprehensive comparison of the measured results in the study area.
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Fig. 3 Effect of soil erosion on quality of cultivated layer and yield of maize in purple soil sloping farmland
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Table 3 Results of yield importance ranking and significance test of soil attribute interpretation
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Soil attribute index Importance ranking ~ Explanation of soil properties/% g g
7% BD/ (grem™) 5 76.3 41.8 0.00002
BALBRE PT/% 1 88 95.2 <0.00001
AN FKF SC/ ( mm-min") 9 23.7 4 0.06556
T 4B SR SCS/ (kgrem?) 6 63.2 22.3 0.0004
PraysRE SS/ (N-em?) 4 82.2 60.2 <0.00001
HHLF SOM/ (gkg) 7 62.4 21.5 0.00046
4R TN/ (gkg!) 3 83.9 67.7 <0.00001
L8 TP/ (gkg!) 2 86.3 81.9 <0.00001
pH 8 53.8 15.1 0.00185
FH 5 122 e CEC/ (cmokg ') 5 76.3 41.9 0.00002
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Fig. 4 RDA sequence diagram of purple soil slope farmland with
different erosion degree
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Table 4 Soil quality index obstacle degree of purple soil sloping farmland under different erosion conditions /%

R A wE O BALBE MRSk RS HuaimE AU e o B 12

Degree of erosion ~ BD? PT? FSC® g scs? Ss® SOM® TN® TP® Pl #itk CEC?

So 0.00 0.94 11.77 2.08 3.03 12.17 9.49 6.52 4.24 1.73

Ss 0.00 1.70 14.32 7.92 7.43 10.78 11.83 9.85 8.28 4.43

S0 0.00 4.78 17.49 18.57 10.34 10.98 10.82 13.04 9.58 8.05

Siis 2.11 4.96 17.66 24.70 10.70 11.30 12.89 12.70 9.24 12.43

S0 7.58 19.13 17.91 31.91 14.25 12.09 12.39 11.51 8.40 13.96
TR M, 1.94 6.30 15.83 17.04 9.15 11.46 11.48 10.73 7.95 8.12

(DBulk density; @Total porosity; (Saturated hydraulic conductivity; @Soil compactness; (BShear strength; ©Organic matter;

(DTotal nitrogen; @ Total phosphorus; @Cation exchange capacity; (0Average obstacle
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Fig. 5 Response analysis of obstacle characteristics of sloping farmland
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Table 5 Statistical characteristics of soil parameters in cultivated layer quality evaluation of purple soil sloping farmland
5 5 R e /ME e RAE
R i WAE  K-SHE
Coefficient of ~ Minimum Maximum
Average Kurtosis Skewness K-S test
variation/% value value
75 BD/ (grem™) 1.37+0.061 4.45 1.25 1.49 0.197 -0.199 0.200
SALBRE PT/% 51.05£7.37 14.44 42.41 67.00 —0.417 0.779 0.040
HaFF/KF SC/ ( mm-min") 23.5846.92 29.36 16.00 39.00 0.540 1.170 0.149
+ 3 X S0F SCS/ (kgrem?) 65.05+35.20 54.11 30.13 132.00 -0.953 0.791 0.003
PLTsRE SS/ (N-em?) 6.73+1.56 23.15 4.00 9.00 -0.613 -0.515 0.200
EHLE SOM/ (gkg!) 9.26+1.62 17.46 6.38 12.14 -0.181 0.438 0.200
A% TN/ (gkg!) 0.54+0.10 18.52 0.34 0.750 0.834 —0.094 0.200
4% TP/ (gkg') 0.74+0.13 16.89 0.52 0.970 -0.083 0.504 0.129
pH 5.45+0.47 8.70 4.67 6.090 -1.269 -0.236 0.200
FHES 72 fiht CECA cmokg ') 23.38+5.37 22.98 14.46 29.98 -1.471 -0.293 0.151

TP m #i1E)2 Cultivation layer (0~20 cm)
. o >4JZ Subsoil (20~40 cm)
S N
¥z = SOM
2 SCS
a

mF---F----

[ ) ) L L )
0 10 20 30 40 50
[ Obstacle degree/%

TP: 4, Total Phosphorus; SOM: AL, Organic matter;
SCS: T3S, Soil compactness; TN: 4%, Total nitrogen;
SC: MifIFsK#, Saturated hydraulic conductivity

K6 50 T opk i - SR AR AT B R 12 R Y
AR
Fig. 6 Variation Characteristics of vertical profile obstacle
degree of purple soil sloping farmland
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