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Response mechanism of vertical ridge random roughness to rainfall and
identification of stable roughness threshold in thin soil region of western

Liaoning Province
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Abstract: To investigate the dynamic response law of vertical ridge random roughness (C,) under the coupling
condition of “prolonged drought-rainstorm-thin soil” in the low mountain and hilly area of western Liaoning,
four natural rainfalls from June to September 2022 were analyzed, and the C, values of slope surface under seven
soil and water conservation measures were dynamically monitored. Combined with runoff coefficient (R) and soil
physical and chemical properties, the response mechanism and stability mechanism of C, to rainfall were
analyzed. The results showed that the C, value showed a dominant effect of early rain, and the AC, before and
after the first rainfall was 90.40%. When the rainfall intensity is greater than or equal to 18.82 mm/h, C, enters the
'high rainfall intensity saturation' stage, and its change rate tends to be stable. There was a significant negative
correlation between R and C, only when the rainfall intensity was greater than or equal 18.82 mm/h (p<0.01), and
the mechanism could be attributed to the filling effect of runoff. Soil clay content was always significantly
negatively correlated with C, (»<0.01). The inhibitory roughness effect of soil organic matter (SOM) decreased
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with the extension of rainfall duration, while the inhibitory roughness effect of soil bulk density (BD) increased

with the increase of cumulative rainfall, forming a dynamic complementary barrier effect. Because of the

combination characteristics of 'high clay, high organic matter, low bulk density and low runoff coefficient', the C,

baseline value and AC, of forest land and fruit tree terrace are the lowest, showing the best stability. The research

conclusions provide a theoretical basis for soil erosion prediction and optimization of soil and water conservation

measures in thin soil areas.

Keywords: low mountain and hilly region; vertical ridge-oriented random roughness; rainfall characteristics;

runoff coefficient; soil clay content; soil organic matter; soil and water conservation measures
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Tab.1 basic information of runoff plots
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Tab.3 response of vertical ridge-oriented random
roughness (C,) to rainfall sequence on bare land
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N3 0.12 631 1.66 1.07 59.42
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Tab.4 dynamic response of C, to rainfall sequence under different soil and water conservation measures
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Tab.S correlation coefficient between C, and R, soil clay
content
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Tab.6 correlation coefficients between AC,, rainfall
characteristics, SOM and bulk density
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Fig.1 comparison of R and soil properties of soil and water conservation measures under different rainfall conditions
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Tab.7 layered changes in soil organic carbon (SOC) under different soil and water conservation measures during typical
rainfall events

P RS SEiEY 37/ T JRR S /em SOC,,/(g'kg™) SOC,/(g'kg™) ASOC/(g-kg™)
N 0~10 13.3542.49b 10.60+1.63b -2.75+0.88a
i 10~20 11.99+1.34a 9.28+0.62b ~2.71+0.86a
it
3 0~10 10.03£0.95¢ 18.05+1.97¢ 8.02+1.03a
10~20 9.11+0.45d 14.44+0.67a 5.33+0.98ab
N 0~10 18.99+1.00b 8.56+1.24b ~10.43+1.70¢
- 10~20 15.74+2.19a 9.23+1.16b -6.51+1.75a
&R
. 0~10 14.38+3.53bc 15.93+2.16¢ 1.55+4.46b
10~20 12.84+2.80cd 14.50+2.16a 1.66+3.92¢
NI 0~10 18.80+1.31ab 16.28+1.22ab ~2.52+0.46a
) 10~20 15.93+2.50a 13.69+2.86b ~2.24+0.50a
NIgisge 261
G 0~10 12.03+2.84bc 18.80:1.32bc 6.76+2.65a
10~20 10.8942.07d 16.40+2.55a 5.51+1.31a
N 0~10 18.70+1.86ab 17.36=1.71ab -1.34+0.16a
” 10~20 17.2742.50a 16.16+2.48ab ~1.1120.03a
H AT
3 0~10 15.4142.92bc 16.88+2.83¢ 1.46=0.15b
10~20 12.09+2.18cd 14.19+2.46a 2.100.48bc
. 0~10 18.89+1.44ab 17.82:1.50ab ~1.07+0.19a
) 10~20 17.17+2.07a 15.99:£2.09ab ~1.18+0.03a
KA
. 0~10 16.85+1.66b 16.28+1.22¢ ~0.58+1.72b
10~20 15.30+1.53bc 14.85+1.62a -0.45+2.01¢
- 0~10 27.39+£12.90a 26.48+13.25b -0.92+0.35a
L 10~20 21.56£10.00a 20.63+9.82a ~0.93+0.36a
Hpt 5 M
G 0~10 29.12+4.24a 31.32+0.60a 2.20+4.17b
10~20 17.19+1.47b 17.76+2.19a 0.57+1.34c
. 0~10 28.73+4.65a 22.78+5.49b ~5.95+4.19b
S 10~20 19.654+2.24a 14.61+5.14ab -5.05+7.01a
y
3 0~10 31.35£6.31a 22.78+5.63b -8.57+1.35¢
10~20 21.44+381a 14.60+5.46a -6.83+2.14d
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