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Effects of crops during entire growth season on runoff and sediment
characteristics under natural rainfall in black soil gentle slope cropland

Zhou Tianci, Wang Zhonghua, Geng Tongtong, Wang Junguang, Cai Chongfa
(Key Laboratory of Cultivated Land Conservation in the Middle and Lower Reaches
of the Yangtze River of Ministry of Agriculture and Rural Affairs, Soil and Water
Conservation Research Center, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: [Objective] This study aims to investigate the effects of crops during the entire growth season on
runoff and sediment characteristics under natural rainfall conditions in black soil gentle slope cropland, providing a
theoretical basis for soil erosion prevention and control in these areas. [Methods] From 2023 to 2024, natural
rainfall observation experiments were conducted on in-situ runoff plots at different slope positions Cupper, middle,
and lower slopes) and with different crop types (soybean and maize). Soil and water loss characteristics in bare
land and crop-covered plots were analyzed. [ Results] (1) Rainfall patterns significantly affected soil erosion. In
particular, high-intensity and long-duration rainfall (Rainfall Pattern [l ) caused the greatest soil loss, while low-
intensity and short-duration rainfall (Rainfall Pattern I ), though frequent, resulted in relatively low erosion
intensity. (2) Significant differences in soil erosion were observed at different slope positions. The lower slope was
more susceptible to erosion than the middle and upper slopes. (3) Among different crop types, maize exhibited a
better inhibitory effect on soil erosion than soybean, indicating that crop type played a crucial role in soil and water

conservation. (4) Path analysis results indicated that rainfall and runoff had a more significant impact on soil
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erosion than crop type. [ Conclusion] Rainfall and runoff significantly affect soil erosion on crop-covered slopes.

To effectively control soil erosion in black soil gentle slope cropland, the impact of high-intensity and long-

duration rainfall should be given special consideration.

Keywords: black soil; gentle slope cropland ; rainfall erosion; crop cover
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Table 1 Basic physicochemical properties of soil at different slope positions in study area
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Fig. 1 Schematic diagram of runoff plot layout
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Fig.2 Temporal changes in vegetation cover and height under different slope positions and crop types
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Fig.3 Distribution of individual rainfall events during growing seasons in study area (2023—2024)
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Table 2 Characteristics of erosive rainfall events during growing seasons in study area (2023—2024)

20234 2024 4F
FSFEE p b I L/ R/‘ Mmoo P/ /A I L/ R/
mm (mm+h™) (mm+h™) (MJehm™*+h™") H#H mm (mm+h™) (mm-+h™) (MJ+hm™?+h™")
05-19  16.2 11.5 14 7.2 2.2 05-26 0.8 268 33.0 0.8 2.0
06-01 124 9.5 1.3 9.2 2.3 05-27 43 202 22.5 0.9 10.8
06-02 14.0 9.0 1.6 9.2 2.4 05-30 09 146 13.5 1.1 3.6
06-27 164 15.0 1.1 15.6 5.4 06-05 16.8 314 5.5 5.7 23.2
07-01 104 11.0 1.0 15.6 3.2 06-13 2214  86.2 6.5 13.3 90.8
07-05 20.6 8.0 2.6 7.6 3.1 06-21 151 20.6 3.5 5.9 31.2
07-06  30.6 7.0 4.4 28.4 21.2 06-26 3.5 108 8.5 1.3 16.0
07-14  70.6  50.0 14 9.2 13.2 06-30 749  64.2 13.0 4.9 44.0
07-22  33.6 16.0 2.1 6.8 44 07-03 0.5 108 9.5 1.1 2.8
07-23 12.2 12.0 1.0 12.0 3.0 07-05 2.1 136 6.5 2.1 8.0
07-30  28.8 6.0 4.8 44.8 31.2 07-07 142 198 3.0 6.6 30.4
08-02 20.6 12.5 1.7 9.2 3.7 07-26 4.5  28.0 19.5 14 8.0
08-03 17.2 3.5 4.9 18.0 6.9 07-30 14.3  24.0 2.0 12.0 25.2
08-12  22.6 32.0 0.7 5.6 2.3 07-30 13.7 378 18.0 2.1 16.4
08-18 11.0 10.0 1.1 12.0 2.5 08-04 79 172 4.5 3.8 20.4
08-21 422 9.5 4.4 42.0 43.8 08-10  40.6 494 22.3 2.2 32.4
08-25 13.6 4.5 3.0 11.6 3.2 08-30 4.0 14.0 9.0 1.6 144
08-29 12.2 285 0.4 2.0 0.3 — — — — — —
09-18  19.2 245 0.8 6.4 2.2 — — — — — —
A1 4244 280.0 — — 156.5 A1 4894 200.3 - — 439.5
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Table 3 Classification of erosive rainfall patterns in study area
Y 7Y Wit TR 4+ F1E 0 Fil ¥E bR 2 RS R SN IR
P/mm 10.4~33.6 17.01 5.90 0.35 408.2
1 D/h 4.5~28.5 13.92 8.30 0.60 334.0 24
Iy/(mm=+h"") 2.0~20.4 9.45 4.80 0.51 —
P/mm 19.8~49.4 31.62 9.40 0.30 284.6
Il D/h 2.0~22.3 8.93 6.63 0.78 76.8 9
L,/(mm+h™") 16.4~44.8 30.44 8.34 0.27 —
P/mm 64.2~86.2 73.67 9.24 0.13 221.0
Il D/h 6.5~50.0 23.17 19.16 0.83 69.5.0 3
Iy/(mm+h™") 9.2~90.8 48.00 33.43 0.70 —
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Table 4 Runoff and sediment yield in each runoff plot of study area (2023—2024)
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R K /NX MM 171.75+2.37d 0.194-0.03d 38.29-+0.82b 780.0643.00g 58.70+0.28a
TH#/NX DB 278.16+2.40a 0.314-0.03a — 2444 .22+ 25.84a —
T KRG /NX DS 195.26£0.70¢ 0.21£0.01c 32.59-+0.20¢ 1191.734+1.92d 52.1940.04c¢
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Fig. 4 Differences in cumulative runoff depth and runoff coefficient of each plot under different rainfall patterns at different

slope positions and average runoff reduction benefits under different rainfall patterns
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