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Abstract: Compound soil erosion caused by various external forces is the main erosion characteristic of
sloping farmland in Chinese Mollisol region. However, there are few reports on the quantitative study of
interaction between freeze-thaw, wind and water-hydraulic on compound soil erosion. Thus, indoor freeze-
thaw simulation, wind tunnel test and indoor simulated rainfall experiments were conducted to analyze
previous freeze-thaw, wind and water agents impacts on hillslope soil erosion in Chinese Mollisol region. A
series of experiments were designed, including test without previous freeze-thaw action and only wind erosion
(1), previous freeze-thaw action first and late on wind erosion test (Il ), only water erosion (without
previous freeze-thaw action and without wind erosion test) ([l ), previous freeze-thaw test first, then

followed by wind erosion test, and late on water erosion test([V), so as to distinguish the contribution of

I #5 B #5:2020-10-11

BEITE : K & A AR5 H 84 2B R ML 5 B R 7 (2016 YFE0202900) 5 3% 1 P A 45 S0 g i B4 TR % 000 - 1 28 4
5 XUz TV Aily B e Bk o A R B R 4 L (XDA23060502)

FE—EE RZRHU 995 B MR A, FENF LA M RSPV . E-mail: 18392437348@139.com

BASIESE R AT (1960, 2, #8214 B0, T Z N = D 72 R AR MR BE OV TP B 5Y . E-mail: (1zh@ ms.iswe.ac.cn



88 K PR R 535 %

previous freeze-thaw action to wind erosion, and the contribution of previous freeze-thaw and wind superposition
action to slope water erosion. The results showed that the previous freeze-thaw action significantly increased
the wind erosion amount on the slope (P <C0.01). At the wind speed of 9 m/s and 15 m/s, the previous
freeze-thaw action increased the amount of wind erosion by 1.02 and 1.44 times, respectively. It also
significantly increased the total amount of wind erosion sediment transport at different heights from the soil
surface (P<C0.01). Under the two wind speeds, the previous freeze-thaw action increased the wind erosion
sediment transport rate by 1.71 and 1.04 times, respectively. And the contribution rate of previous freeze-
thaw action to wind erosion was 100.0% and 140.0% respectively at the two test wind speeds. The previous
freeze-thaw and wind superposition action obviously increased the amount of water erosion on the slope.
Compared with the treatment without previous freeze-thaw and wind superposition action, the amount of
water erosion on the slope of previous freeze-thaw and wind superposition action increased by 11.9% and
20.6% respectively under 3° and 7° degree. Under the two gradients, the contribution rate of previous freeze-
thaw and wind superposition action to slope water erosion was 11.9% and 20.6% respectively. Previous
freeze-thaw action weakened the soil erosion resistance, after previous freeze-thaw action, the soil bulk
density decreased 3.42%, less than 0.25 mm of dry aggregate increased by 14.1%, greater than 1.0 mm of
dry aggregate decreased by 15.1% ; Meanwhile, the early stage of the wind erosion produced a dent in the
earth’s surface and stripe micro topography, further increase the slope rainfall erosion and runoff erosion ability, as a
result ,the previous freeze-thaw action and wind erosion increased the severity of sloping soil erosion.

Keywords: external force; interaction; compound soil erosion; contribution; Chinese Mollisol region
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5 0 0 3 49.5741.52 914.97+44.38
0 7 51.3841.37 1064.337433.03
5 15 281.33 100 3 55.5541.60 1024.01%10.59
303 7 58.1642.20 1283.83+85.15
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B2 9 m/s KUET XM ERETE MR B0 L&

2.2.2 WL A RRAR R A & A AR R 2R @ AR R AR
ik A2 6y Fom & 3a F B, X 0 AT 4 5
A, 6 A3 XUk AR T A 7K ot 58 Ak B T AN A i 389
il -+ A7 B AR S (8 7K s 58 b BRIV ), =35 33 1T

A YL 5 2 A T 3 4 72 A S R BT ] {ELR & 30
THT A48 WAL 50 32 i e T D0 I 2 A ol 2 B 1A v TR .
JETAT 2 VR il I SEERA E 5 oy i =2 4 Dy DRk i 39 v
A Xt 2% SO IR o DA T 7 5 9 e 3 7 ) 39 T 0
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EFINGE . S35 3°RT, X 56 Ab BE IV 3 1 4% Ui 5
B R 45.2~81.6 mm/h, TE BT i B 43 min
st 3 1 A8 A 9 FE A B AR 77.6 mm /b, HOF H4 4% 3 5
A 0 Ak 3 TIT 8 hm 11,0 96 5 a5 Ach 38 IIT A4 386 T 458 i ot
&R 34.5~77.3 mm/h, FERE RN JTRS R 55 min B 3% 1H 42
TR EERRAETE 73.4 mm/h, YRR 7R, KIS AL IV
YR TRIAR A S BE hy 57.4~84.6 mm/h, 7EFE R DTt g 44.5
min FF 3 A U0 58 B2 FRUE 7E 82.0 mm/ h, HP- Y428 i i
JBE R0 A B T34 i 14,096 5 356 Ak 2 11T 64 395 1A 428 9 e
JE2R 23.7~81.5 mm/h, 7ERE RN U B R 50 min B 3% T 42
MR ETE 79.5 mm/h,

5 AR AR EE AR ARL X T TG A I R Rl T KU AR
FH 7K b0 A0 2 D F R A -3 R il 4 XU & A
FHJG 87K ki Ak 38 CIV) 33 18 422 okt 3K 232 i 536 7 73 B 1)
A G S A AR ARL BRIV 1 42 ok B I T D R A A2 Ak
SRR W B TR S ARk A (E 3b)
YRR 3°RE, X F IR A BV L PP T 4R 2 31 min FE
T B 33 T 2 o 3 4R 51 2 18 3 K 2 0 KA 1.6 kg/

—o— JC 0 R R T KR B K i R TTI (3 )
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=40 |
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F% W 7 i/ min
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2.3.1 AT EMEA AR R T Rk Ak HE S Al
AU I 0 Rl FE X AU 7 B R R TE RO . 2 XUy
9 m/s B, A HA VR ElAE FH T AU BTk R S 100.0 %6
MR 15 m/s B FXF KU G BT #k R R 140.0 %,
(7] Fsf 26 25 R A, 2R Y 7 S 8 R A S 2 1 m XL
M (P<<0.01),
R 5 BUHA L 3K RL O A X3 T R A BT K

Rt/ g
K/ (m s TR/ Y%
J_/ me=* s D (H) Al $/ 0
9 0.02 0.04 100.0
15 0.20 0.48 140.0

T« TR A 3R 7 U S R A AR X DUl Y R R 5 R -
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FRETE 1.2 kg/(m” « h) s %t T80 b #L , 7= 3 IF 4R
2 31 min RT3 A, 35 TAT AR ol A 7 48 1 K 2 ok
fH 1.5 kg/(m® « h), 1l J5 B @ id /NI 7E 49 min FEFRH
iR E R 1.1 kg/(m® « h), EE R 770, XF T3k
AR ERIV , P2 IF 4R 3] 20.5 min FEFR P A, 3% 18 42 1h
R A 1 K R K MH 3.8 kg/(m? + h) T JE
WNIEFE 44.5 min BRI DT B R E & 0.9 kg/(m® -
h) s X F i g A B, 7= 35 HF 4G 20 5 BF 14 min J5 L, 3%
T 32 ok 3 e TR T R R K 3.5 kg/(m” « h), T
Ji HGE Yl /N I 7E 50 min F2E & 1.0 kg/(m” « h),
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O AR R . AN ED 4b R 5 Ak BRIV (R
ol 3 B0 (R Tl e ab BRI, 7R 38 Sk 30 7°
W AT AT # B A R 1.06,1.09 5.
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OB IR WA

R 4] - S VR A A 2R 2 Ry | - R
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o5 35 4%

Bk BN IE R . Tuo %1 #F 78 & W, 15 X IR A
oo fE 11,14 m/s Aif 89 AU/ R 308 1 A48 O 42 ol ek
SRS 2 T I XUk A D £ ko B R 6 4 31 486 i 4.5 %6 ~
21.6%,7.25% ~38.97 % » Ut BH iy A XU i A FH 0T B 1
JK I BT RR IR R IR IR RN . B L A G B XA
- SR R X T Kl g A XU £ R R 38 T
K B e DL R PR L K 0 R A8 A R O 3 T
- BRI R A B — AT

6 BIHATEAMERNENIERMTER
o 158 K 9 STk
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(mm=+h") ) I V) %
3 914.97 1024.01 11.92
100 7 1064.33 1283.83 20.62

YV« TR 3 7% 0T - XL 0 D T K ot B 5 R

B R 15 m/s; SRS AT A9 K R 33.0% 5 1A
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3 4w

(DTE 9,15 m/s KB, A/if ] + ek ml A/ A
Ab B - 1 IRl A A 2 o R A P 1 56 A 3 4 S
B 1.02,1.44 4% (P <0.01) 5 [A] i, B 4 4 398 v il
FH G35 B8 0 B 26 R TR B A R B v i (P <
0.01) . 7E 2 AN 58 XUEE T . 28 7 i 300 % 1 D g DU ok
VD A 2 A VR VR A A 56 A B 4 00 3 i 1,71,
L.0AA% . i 99 4 38 VR il A FH S 380 4 45 o 0a /0 F A
BB WA 2 7 A D e = 8 XUk s 1) R TR A

(2) Hir ) - 498 VR ml A P 8 o B 3w ol HL XU A
FHAE M 3% 7 Az 1 MR TN 4% SCE T , 3#F — 20 38 fin 3 T
RERR R DA AR e 1, BIV AT 39T 4 38 R w0 XUk
VEFISE IR K s ). eSS 3R 7Pe S F T
XFF 100 mm/h F R RS8R BE 173 3 VR AL 5 XU &
AR 3 v 7K b e A 2 T G A0 4 G XU A ) 3K
55 40 B4 S 3G N 11.9 %61 20.6 %6 (P<<0.05)

(3) Tii7 9 - 98 VR DXt XU 1) 5 ik 28 3R I 3K
L, FE X R 9,15 m/s 0 A0 T, - HEVR Al 1 F 6
Pk B BTk 3R 43 51 R 100.0 % F1 140.0 %, 3¢ B 43
Tl A FH 6 = 18 XUk 19 52 i) B XL T 1 358 o 36 TR
i 7 30 4 R 5 XU 2 i A FE R 38 T K ok 1 Bk
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