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Abstract:  Objective  Soil erosion in the Mollisol region of Northeast China is a compound process occurring under the joint
effect of water, wind, freeze-thaw and other external forces. However, so far researches on compound soil erosions in this region
are still far from adequate, thus affecting precise implementation of soil erosion control measures. Method  This paper applied
a research strategy of combining an indoor wind erosion simulation experiment with a simulated rainfall experiment to analyze
effects of early-stage surface wind erosion on hillslope water erosion in the Mollisol region of China. Result  Results showed:
(1) the foregoing wind erosion significantly delayed the generation of hillslope runoff, but it significantly increased hillslope
runoff and soil loss (P<0.05), with both rates rising with wind velocity; (2) The foregoing wind erosion did have a positive effect
on the following hillslope water erosion, and contribution of the former to the latter was increased significantly with rising wind
velocity, but declined with rainfall intensity from 24.2%, 45.4%, 80.3%, down to 17.5%, 26.3% and 46.3%, respectively, when the
wind was at 9, 12 and 15 m's ™, respectively; (3) The contribution of wind erosion was attributed on the one side to the effect of
wind erosion reducing soil erosion resistance by lowering shear strength and impactness of the surface soil, and on the other side,
to the effect of wind erosion causing generation of aeolian sand particles that impacted and scrubbed the land surface in their
wind-driving movement, thus forming micromorphology of wind erosion dents, and in turn altering runoff paths on the slope,
speeding up pooling of runoff on the slope, increasing flow velocity and reducing flow resistance, and eventually intensifying
surface runoff erosion and sediment transport. In addition, the foregoing wind erosion also provided erosion material for the later
hillslope water erosion. Conclusion All the findings of this study not only enrich the theory of compound soil erosion, but also
provide a scientific basis for soil erosion control in the Mollisol region of China.

Key words: Wind-water compound soil erosion; Positive effect; Erosion mechanism; Simulation experiment; Thin-layered
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Table 2 Comparison between slopes of the control and treatments in runoff and water erosion

F i A 1] (Ehy K i R
B?.éﬂiﬂﬁfﬁ Jﬂﬁ Time of runoff initiation Runoff Soil erosion Sediment concentration
mowity/ vlociy! CREeR g (OB mima CPRRSR ORI
( mm-h ) (ms™) 2 Ymin % HHrifEZE ) Relative HE2E) % E2z) %
/mm error /% /(gm?) /(gL")
50 CK 19.3£1.25a 3.1 23.8+0.18a 53 116.9+5.42a 4.6 4.9+0.11a 4.9
9 20.0+0.00ab 3.5 25.9+0.26b 0.3 145.2+13.62b 9.4 5.6+0.06b 1.2
12 21.5+0.50ab 2.3 27.3+0.17¢ 0.9 169.9+9.09¢ 5.3 6.2+0.05¢ 1.0
15 25.5+2.50¢c 9.8 28.1+0.21d 3.0 210.8+6.18d 2.9 8.4+0.09d 1.2
100 CK 5.0+0.57a 6.0 53.0+0.51a 1.0 1124.9+11.03a 1.7 22.1+1.03a 1.9
9 5.24+0.15ab 2.9 54.0+0.12b 0.2 1321.6+6.90b 0.5 22.8+0.89ab 4.8
12 6.5+0.50c 7.7 55.4+0.09¢ 0.5 1420.3£11.80c 0.8 25.740.11c 0.1
15 7.5+0.50d 6.7 57.1+0.32d 2.0 1649.5+5.77d 0.3 29.0+0.29d 1.2

(O mean = standard deviation; @Relative error ¥ : [F]—FAR[FFEFRZEF W% (P<0.05), Note: Different letters in the same

column indicate significant differences ( P<0.05) .
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Fig. 2 Variation of slope runoff intensity as affected by foregoing wind erosion
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Fig. 3 Variation of slope water erosion intensity as affected by foregoing wind erosion
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Table 3 Contribution of foregoing wind erosion to late-on runoff and erosion on hillslope

M

Wi 3 5 2 Wind velocity R TTIR R TR
Rainfall intensity/ ( mm-h™") /(ms ) Runoff contribution/% Erosion contribution/%
50 9 8.5 24.2
12 14.5 454
15 17.8 80.3
100 9 1.9 17.5
12 4.6 26.3
15 7.7 46.3

x4 TRRFERT LR MEIEIRAOTL

Table 4 Variation of soil corrosion resistance indices relative to wind velocity

FHEHUM PSS FR Soil corrosion resistance index

ARES

B O R ey

Wind velocity U5 IR
/(ms!) Soil shear strength Soil hardness

/ (kPa) / (kPa)

TEAm CK 16.4£1.02a 20.7+1.2a
9 15.9+0.85ab 19.8+1.5ab
12 15.0+0.76¢ 18.8+0.68¢
15 14.8+0.47¢ 18.1+1.06¢

T - 2 B S B hR 22, 8] — 3 A 6] 7 B R 22 7 1.3 ( P<0.05 ). Note: The data in the table are mean * standard deviation,

and different letters in the same column indicate significant differences ( P<0.05) .
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Fig. 4 Changes in surface micro-morphology as affected by foregoing surface wind erosion relative to wind velocity
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Table 5 Hydrodynamic parameters of the surface runoff relative to wind velocity

¥4 T 558 5 R SR E Darcy-Weisbach Bl 71 &% (X REIb]
Rainfall intensity / Wind velocity Mean flow velocity Darcy-Weisbach Resistance Flow shear stress
(mmh™) /(ms™t) / Cems™) coefficient /(N-m?)
50 JCA g CK 2.48 29.77 2.29
9 2.69 26.68 2.41
12 2.87 24.52 2.53
15 3.20 21.63 2.77
100 JoAk CK 4.94 8.20 2.41
9 5.12 8.10 2.65
12 5.31 8.07 2.89
15 5.57 7.88 3.13

R 6 AEIRET K ER Al E R A K2 b

Table 6 Surface roughness of the slope relative to wind velocity

R S F KRS E Mean surface roughness DU TR
Wind velocity NNy AU HIE 8 Wind erosion depth
/(ms™) Before wind erosion After wind erosion Increasing percentage/% /em
9 1.8 2.8 55.6 0.23
12 2.4 42 75.0 0.48
15 32 6.1 90.6 0.76

ARG, SO TR AS , MTIAE KT 3 T4 I
SIS TE] 33kt AT BE R A MR XUk A P A 3 R4
e IR T i B B RN o (B — 7 T, A
(o T R R AR T e e AR 0B i TR
MR XU A e M R A FEORLIORE B 4, A s Sl
R MRS T ROR I, & B AR R A T
SN MM AR IR SRSV R RN, S B
Kb

4 4 ik

ARAIF 5 380 2 % P RIS 6 AR 4L R T 3 56 4 245
G, A3 M T R XUk VR A X R A K
P, 255, A R KU 8
T AR A K (P<0.05 ), BCZE TS A
ARt AR, G S U8 T K ek A T S I ) 3K
JO7, L3 b XUk 6T T B0 38 T K el ) Bk
DR 64 I e 44 O SR OG5 i A0 2 XU A

S SO0 T K b ) 3 D PR XU A A - 4
Ui EE T bR (b3 1 HEHT By o B A A+ e R )
D s AT I T AR A0 35 RLRE R AR A U
ABJ1, [FIEEAR 0 B ) 3 -5 008 U 1) ) ol g g 38
i, M RE— AR T S o peAk, KRR
FH b FEHEURE RSN 55.6%~90.6% , fifi s FFA HOHL
TR AR, R T R RS AERE T, IF A
Rof TR A2 Pl B2 4 T Ok U
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