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Effects of Soil Erosion on Soil Moisture and Infiltration Characteristics of
Slope Farmland
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Abstract:  Objective Cultivated slopeland in the hilly areas of purple soil is an important erosion inflicted area in the
Yangtze River Basin, where soil moisture is not only the main factor governing agricultural productivity of the land and crop
growth in the area, but also an important one influencing the erosion process therein. Soil moisture is of great significance to

rain-fed agricultural sloping farmlands. This study was to explore impacts of soil erosion on soil moisture and water
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infiltration in sloping farmlands, in an attempt to provide some parameters as a basis for control of soil water erosion in
sloping farmlands in hilly purple soil areas. Method For this paper, a soil erosion simulation experiment was carried out on a
shoveled plot of land, to explore soil water characteristic curves, water infiltration, soil water pool characteristics and drought
resistance of the sloping farmland 0, 5, 10, 15 and 20 cm in depth. Result Results show: (1) Aggravation of soil erosion
degree reduced volumetric water content of the soil that remained the same in suction, which is detrimental to water storage in
the sloping farmland soil, leading to reduced drought resistance of the slopeland. Under the same suction force, soil volumetric
moisture content decreased with aggravating soil erosion; when soil erosion occurred in the 0 to 20 cm soil layer, soil
volumetric water content decreased by 7.8%~24.32%, or 17.80% on average. With aggravating soil erosion, soil water
infiltration rate gradually decreased too in the 0~ 10 cm soil layer, and at the same time soil water infiltration rate tended to be
similar in all soil layers regardless of vertical depth. (2) Soil water pool characteristics varied sharply with the degree of soil
erosion. With aggravating soil erosion, the total soil water pool capacity tended to rise firstly, and exhibited an order of S_j
(422.7 thm™ ) > S5 (413.1 thm™) > S_;5 (408.2 tthm™) > S, (404.9 t-hm™) > S_5¢ (403.5 t-hm ™) by layer, and at the same time,
ineffective portion of the water pool increased to a varying extent; soil erosion reduced water holding efficiency of the soil,
which, however, almost had nothing to do with degree of the erosion. (3) Soil water pool characteristics in the 0~40 cm soil
layer did not vary much from slopeland to slopeland different in soil erosion; the maximum water holding capacity accounts
for 75% of the saturated water holding capacity in the soil layer the same in depth, regardless of erosion degree. With
aggravating soil erosion cumulative water loss from the cultivated layer, under the same suction, increased by a varying degree,
and displayed a rising trend on the whole, and a declining order, by layer, of S_jo> S_0> S_;5> S.5> S_y; This shows that under
the same soil suction, the surface soil layer lost the least water and the 0~10 soil layer the most. Conclusion Soil erosion
causes destruction of soil structure, thus reducing soil water infiltration, water retaining capacity, and drought resistance of
sloping farmlands. All the findings in this research may serve as technical parameters for the regulation of soil moisture and
drought resistance of farmlands on purple soil slopes on the plot scale.

Key words: Sloping cultivated land; Soil erosion; Infiltration; Water characteristic curve; Drought resistance
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Table 1 Thickness of the residual original soil layer in the plot of in situ simulation of soil erosion relative to erosion degree

. RS R B RERLAR AR FiR HEZIEEE JE IR AT 1+ )2 Original soil layers/cm
Simulated erosion Simulated erosion Top layer
No. 0~20 20~25 25~30 30~35 35~40
depth/cm age/a thickness/cm
So 0 0 20 20 — — — —
Ss 5 20 20 15.55 4.45 — — —
S_1o 10 40 20 12.09 3.46 4.45 — —
S5 15 60 20 9.40 2.69 3.46 4.45 —
S 20 20 80 20 5.50 3.90 2.69 3.46 4.45
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Table 2 Physical and chemical properties of the topsoil relative to erosion degree

+2 T Soil
e

Tk A Soil

LAk ZH B Mechanical composition /%

EEILEEE
BFLBLE Total A #L Organic

Soil bulk density ~ water content  FF4L Sand ok Silt Fhki Clay  Capillary

No. porosity /% matter/ (g'kg ')
layer/em  / (grem™) 1% 1~0.05mm 0.05~0.001 mm <0.001 mm porosity/%

S, 0~10 1.26 15.70 36.00 54.67 9.33 36.29 52.29 9.8
10~20 1.32 18.49 36.00 48.00 16.00 35.72 50.13 8.3
20~30 1.51 18.24 40.00 48.00 12.00 34.47 43.11 10.1
30~40 1.54 16.86 37.33 52.00 10.67 34.01 41.83 5.2

Ss; 0~10 1.33 14.10 46.00 25.33 18.67 33.78 49.93 8.4
10~20 1.35 16.59 28.00 54.67 17.33 39.53 48.98 7.7
20~30 1.59 15.76 45.33 46.67 8.00 32.54 39.91 5.9
30~40 1.50 16.24 48.00 38.00 14.00 34 43.27 6.4

S, 0~10 1.20 14.46 44.00 45.33 10.67 35.64 54.56 8.3
10~20 1.35 16.41 42.67 42.67 14.67 35.67 48.99 8.5
20~30 1.38 18.10 45.33 37.33 17.33 35.82 48.06 7.1
30~40 1.52 18.28 36.00 48.00 16.00 36.63 42.54 6.5

S,;s 0~10 1.34 12.44 40.00 42.67 17.33 32.64 49.56 7.9
10~20 1.28 18.06 48.00 34.67 17.33 37.89 51.74 9.2
20~30 1.56 15.92 33.33 42.67 24.00 34.64 41.14 6.9
30~40 1.54 16.29 56.00 34.67 9.33 33.72 42.07 4.8

S, 0~10 1.27 13.77 54.67 33.33 12.00 35.36 52.08 9.0
10~20 1.35 16.95 44.00 37.33 18.67 36.85 49.11 7.6
20~30 1.50 16.49 42.67 34.67 22.67 34.71 43.41 7.1
30~40 1.49 16.15 58.67 30.67 10.67 35.25 43.70 5.0
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Fig. 1 Variation of soil water content in sloping farmland with erosion degree
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Fig. 2 Characteristics of soil infiltration in sloping farmland relative to erosion degree
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Table 3 Characteristics of soil water pool in sloping farmland relative to erosion degree
MR
N PRI ST o ‘
+J2 SEFEZR Dead Flood KA RS o IKPERE KR
S EZS Total storage Active TSRS
%5 Soil storage detention Maximum Reservoir water
capacity storage Actual soil storage
No. layer capacity/ storage effective capacity holding efficiency
/ (thm?) capacity/ / (thm?)
/em (thm?) capacity/ / (thm?) 1%
(thm?)
(thm?)

S, 0~10  461.04+49.56 166.42+15.17  290.81+27.37 97.5£28.12  294.62+34.46 199.19+29.75 43.98+10.78
10~20  433.40+43.80 155.88+17.66  317.04+80.03 76.03+51.82  277.51£26.33 244.59+33.19 57.25+12.55
20~30  368.80+19.06 124.73+12.70  394.32+15.14 23.60+5.35 244.06+6.43 275.31+24.27 75.01+10.47
30~40  356.45+13.54 117.03+8.47  407.13£20.01 16.23+0.85 239.43+5.98 260.21+23.48 73.09+7.58

S5 0~10  439.17+47.49 158.08+17.25 288.47+42.75 100.79+33.36  281.09+30.36 187.08+36.09 43.24+11.08
10~20  452.90+62.68 162.33+23.62  370.06+50.98 57.56+35.39  290.58+39.28 224.21+33.71 50.83+14.90
20~30  372.48465.67 118.10+41.57 394.81£35.11 46.74+32.04  254.38425.69 246.65+52.81 67.06+16.27
30~40  375.35+42.93 126.96+£26.50  383.05+42.55 35.33+25.65 248.38+16.42 245.4+49.81 66.57+20.89

S, 0~10  46570+6.64 169.02+1.60  260.49+33.23 108.64+18.04 296.68+5.14 174.62+33.83 37.52+7.39
10~20  412.63+43.33 148.16+19.31 331.14+16.50 50.75£17.95 264.47+24.17 220.60+12.22 53.68+3.49
20~30  416.09+28.58 149.97+£12.9 343.21+49.23 57.73£24.62 266.12+15.89 248.5349.79 60.01+£6.15
30~40  382.92+11.34 131.54+8.27  426.45+38.19 16.57+14.75 251.38+3.07 278.55+17.84 72.85+6.82

S,s 0~10  426.30+18.00 155.17+£7.25  282.56+77.46 99.91+39.83  271.14+10.85 167.53+58.67 39.2+13.52
10~20  481.65+58.27 174.69+19.44 310.8467.51 98.34+9.31  306.95+38.83 231.114+48.69 47.66+4.07
20~30  368.26+34.11 121.45421.46 417.94+33.94 20.75+5.01 246.81+13.05 248.17+15.10 67.78+7.32
30~40  356.60+29.27 117.11+£16.54  400.29+25.99 19.15+6.63 239.49+13.01 250.48+31.77 70.32+7.54

S, 0~10 438.98+5.83 160.54+2.14 288.78+36.26 83.80+23.02 278.43+3.69 174.9+8.24 39.86+2.16
10~20  428.62+31.08 155.20+12.20 341.31+£37.31 59.90+24.60 273.42+18.88 229.03+24.32 53.87+9.14
20~30  371.89+3.64 127.19+£0.93 393.45+28.23 24.73£10.30 244.70+2.77 247.26+14.07 66.47+3.28
30~40 374.33%19.18 128.17+11.95  397.09+19.66 21.75+5.77  246.16+7.72 240.52+12.71 64.32+3.55
e “+” L€ “IEf7. Note: “+” stands for “positive and negative”.
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Fig. 3 Characteristics of water storage in the 0~40 cm soil layer of sloping farmland relative to erosion degree
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Table 4 Cumulative water loss from sloping farmland relative to erosion degree/%
s +JZ Soil + 3K 1 Soil water suction
No. layer/cm 15 cm 30 cm 50 cm 100 cm 300 cm 600 cm 900 cm
So 0~10 4.07 5.62 6.61 15.02 58.00 63.09 66.75
10~20 2.69 4.03 4.67 12.38 63.18 68.23 68.70
20~30 0.50 0.57 0.76 4.25 49.30 53.74 55.16
30~40 0.49 1.17 1.61 5.60 52.55 58.51 60.42
S 0~10 8.91 11.67 15.32 17.58 58.00 66.49 70.39
10~20 1.20 4.15 9.22 11.91 49.81 58.55 60.81
20~30 4.42 4.60 5.06 7.25 39.41 49.75 51.16
30~40 3.55 3.74 4.44 10.63 30.41 42.23 43.16
S 10 0~10 9.15 13.98 18.22 21.07 54.01 65.25 66.00
10~20 10.01 12.68 18.89 21.57 53.85 62.18 63.70
20~30 9.49 12.66 18.48 21.79 59.24 68.23 69.05
30~40 9.25 9.83 9.94 11.99 44.28 55.66 56.30
S5 0~10 3.39 6.23 12.31 14.41 59.26 67.38 67.81
10~20 10.50 12.76 17.97 20.70 61.15 71.75 71.95
20~30 0.63 2.51 3.39 4.16 40.54 51.41 52.20
30~40 3.32 4.24 5.01 5.79 50.71 61.84 62.83
S0 0~10 10.99 12.36 18.17 20.77 57.90 66.69 66.98
10~20 5.67 7.33 7.84 8.41 44.13 45.00 49.13
20~30 9.39 13.68 15.29 16.03 56.50 66.49 67.26
30~40 5.93 11.89 12.68 15.17 49.41 61.52 61.65
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