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IR P A 10 AR 25 Bl 2 J T L3R, AT 9/ X
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1.1 R

PR TR I AR R R X (R 2R/
T 30 em) B OEVLE =M G (127°2536"E ,
45°4522"N) it 20 cm FIHEZE 8. SR AR RIS
bR o B Ay He R KL (50~<2 000 wm)
9.3%, ML (2~<50 um) 61.3%HFKE (<2 um) 29.4%,
ARk B . BHE LR EN 1.20 g/em’, pH {H
N6.1 UKD, KEFER 251D, AIESEN
20.25 g/kg (HEASTREFAM-IMINIINE) ©

AL L% T 3K 2 R ) =X N T AL B L
(KB 1) 5 BN AT AT R I ATLE Sk P FLAR B2 /N FITBE
FRATL b 00 HR T4 A K T St R 4 P R e A (R e AR A
JEFEN 30~230 mmvh) , F I R EE B RN ATL G A7 A
HRBENX . WRFEESEN 6.5m (BRI RERN
S5m, W EBEEAN 1LS5m) « HRFEWHRAT 16 m?,
FERIEISIE KT 85% ), HLAE s 4y Hh S e R AR 4R 1)
¥ Y7 25 R Y S B RE . BERUIRA IS BT B ES A e K
100 cm. & 50 ecm. 157 15 em MRS A B Uk, 7K
RUEAAE, BHAEAR (10 em) LUK S 5 A0 )i o FH A 0%
PR (5 em) 2, w22 B4R (B 1b)
TE AT B AREE B o] AR SEPR 75 2L AT 2 3%

HREFO RVt 60 BT SR FH ) 1 4% S 1 3l 4 o) XU 1) LA
WA AR (24.0 mx1.0 mx1.2m) (& 2a) , Hish /e,
VB BmB. R E. EY BN SRBA R T RFE

TR, FFER A RIEENEERLA. FOXZ ZHEY
ORI PRSP B %% (B 2b) o B0t FE 3 AR
OB SEG R AT YE N 0~17 my/s, XU PR T KGR
BB EM.

a. PRI A&
a. Rainfall experimental apparatus
A LERERAL: 240K 35 Al 4R 4
Note: 1. Simulated rainfall device; 2. Water supply device; 3. Experimental soil
box; 4. Slope adjustment shelf

A1 AEERHRIEEE

Fig.l1 Equipment of simulated rainfall experiment

b. B A

b. Experimental soil box

a. MURIRES 54 b. KU B
a. Wind tunnel experimental apparatus b. Test section of the wind tunnel
W LEMEH RS 2 RRGE: 3 HERZRAG: 43R5 1A SARVMX
Note: 1. Automatic control system; 2. Test section of the wind tunnel; 3. Wind
profiler; 4. Experimental soil box; 5. Sand sampler

B2 RURXREE
Fig.2 Facility of wind tunnel experiment
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HRHE 122 1 DX AR R ) LA 2R AT R 2 1178 B 7 45 i 3
IEERHERY, g5 AR A 2 A i BT AW B, A5
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R 35 H AR S FREEAT KGR, TR 4h 5
IRFAN T W A5 2 21 R AR ) S R T S K el = XU
A A R Z N R o TRIINE, DA 9 o ) R A
SEIRAE XTI, 40w S T A b R RO 3 XUk ) 5
WAV o KR AR DA X6 2R 1 2 X (2 bk B 9 e 12526
HMUEF AR I W 45 R, e A st R E O
1.20 g/lem’, F:F B XEHHRIEE Z AT 1°~7°,
HACREADL 2 Y 8 S TE s R FE Dy 3°, BRI 9 50 Al
100 mm/h (B 0.83+ 1.67 mm/min) , 53 4 W /i 45 min.
PRI R 56 1) R AR A 2R b R L Xl SR XGE - (8 m/s)
FORR oI 5 K G (30 m/s) , BETE 3 AMRIERIE (9,
12, 15m/s) , ARG (A28 20 min.
1.3 RILE

1) ARG LA AR PR ZE 0 R AL e S R
DX PR AL 4 R VA K R R B AR AL O R ES BE A
RPN ARRIE R RN 10 em )RS3 000 1+ 4
AL LA 2 cm 4000 )=, B8 em 12D , W LAYH
AR EOR . AT AT, AR A HEK AL
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2) B IREG . w06 AR I S e R 5 2 R
X AT AP YRGS o 7 TR R 4 0% R R B R AL 1 7
B, TR REERZE, T ORUE R B g R
(A% T 22 20 FE AR A BRI6 ok . 1 2% WY 4 ) W 22 4
AR AR B B, A 35 T P2 30 fe e S = i (8], 2
F—NMERVEIPFE, B S RERE 3 min YR 1 IR, FEW4S
Ja, MERRIEIFE R, fRRY ey )EEE L2
B, BT 105 CHRTRAE T, H 0.01 g FEEERH
FRPAREUME 5 R R &I 5
3) KIARES . BN IRIG LS R G, FRls LA
TIEARRTERZE LESKEL 5.14% (RTFEE5K
R W, BT ROKE B AR S KR A ED
RIS o 0 A1 2 1 60 R i ot P B A A
SRJE A N RIS A AR R R AR, AR AR
TR Al i 33 S XU R AR AE A — B . 1R a1
PATHE LR S Bl O 15 600 mm &b 1) XU Ry JE v, IR
Hopls g (BEREe EAg 2R i ) _EARCH 104 30, 50, 80,
100 120, 160 200 mm) JZ B8 M52 145 5 21 X 2R
2. FANRGE (9. 12 F115m/s) Tk 20 min. IR
N1 g BT R HRIR AT 5 AR A 4 A AT AR =
IR AT R R R AR K . A B R RS
TG 10 cm 2B (RIREDBD 22 2L,
FEEEX R A, WA ) B AR . e
SER G NYBEAS, F 0.000 1 g KEFE T R FRE S
HATHIN T
1.4 HURALIE
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24, W DU XU BR 2R LA T SRS o AE KU gk AT
RIGRT, HRGpEIn P KA ZE, R JEE 2 — il
AU AR
w=nZ (1
k  zo
R w A 2 WRGE, m/s; o ABEFLXGE, m/s; k
NG-R 2, EEIUEN 0.4,
JE e R Al R T AN [ v R T KGR AT 2R L 5 1%
FIRGERRZE, HaERW e aomE, MaxRm A
u-=A+Blnz 2)
XF 4. B NI RHL
2 u=0 I}, BJLAS RSB ISR 2
zo=exp(—A/ B) 3
BEFHRGE o RS E 2 W8T U e,
MR (2> A (3) A3 2 EEPH R FI A
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3 XU R R b PR AL I TR] L RS T AR AR T &
AT (5) 5.
r=2L (5)
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A W FR T e A (B 5D iR
%, g SRR HREREA, m’; T ERWARI ], min.
T S T 7K b P 6T 3 B XU e R SR P
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AR DT M TH K AR X B AP0 A AR %, %;
R; 1 R 43 A AR HAS [F B 7 558 B2 1R K Dl 1 R4S XUk
PRIG AP () 3 R R, g/(m® min).
1.4.3 HERITBENT
K75y GEONOR7189 )+ F M BY VA 43 T3l M 52
T TR KA R R IR R AT IR
PUBToRE 5 A P

T R 7

nD? (H+l3)j

K o N TIERPUBY SRS, kPas M ONTFAREIUILEL,
kPa; D N+, BIEFE LA EAS, mm: H
NHFREE, mm, AREFEH H/D=2.
1.4.4 BEEZENE

RS EAE R R “S” BikwE 9 N, RHMS
A Spectrum SC 900 f) L3 K SLEEAY, e . o
TSR AH 10 7K b AR P ) 3R 5 SR SRR

2GRS0

2.1 BIEASEIK R E R X FRARREE s RSN
B 1 A%, ATAORREE (D | % 50 mm/h FERY
55 FEE AR IR P RIS (TD %% 100 mm/h [ R 58 5 1R 56 7
APREE (D 3 AMRIGALEE, H25 530 )12 RS B 23 3]
90.0304. 0.007 8 F10.004 4 cm, FEFHKIE 7514 0.67+
0.59 1 0.46 m/s, & HHT AL 7K P A 545t 2 AH RE 52
R RERGEAT ek )y, L 3 R 5 B2 (R 39 0, b R R 2
FRIEE BEL AT Do MR S . DRI, SR R,
Tt HA T A K i E kS T R T Xk o Ak, 38
T LEAS RS AR EE T (R AR T A2 e (B 3)
RIRAEA AR ES AL, RS 50 T SBe A RORE B P ok, 3
FHI T R A %, iR AT 50 mm/h [
RIS K E R, MR I T e, (BAhE
BB AR e, T R AT BT 100 mm/h
B W 5 FE /K P e F S, HBR IR T B B is BUE 1 45
B, AE /DR EIRERAAAE . Bk nr A, R R
IR FH B AR 7 bR B, L A o e 88 T g /) 7
AR, {EL T S T 7K e A b R K 3O 2y O B
HRARFAR, AT T 5 B 338 XUk 4 o S
AN TR) B B0 Ah 3 1) Hb SR B0 B o R R 1 438 X S T AL
2, B BAME T K kA 3G 0 T o2 A I hT Y SR A
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HeRSLRE, S5 EEWA TN, 75 50 A1 100 mm/h
A B TN 5 B () R S T K PR R, R R BT R
A3 BRI A PR A 1.3 1 1.8 4%, 38 Sz 43 )
AR B AL BRI 4.4 K0 7.2 4%, ELRTSASE TH /K pdud F2
HH R R R RO, R L 3BT BY 5 R b 3 X SRR ROK,
FIES RO, A, 100 mm/h R SR AL EE R
M) 3T B 5 R AN 8 XS FE 433l 50 mmvh A R
AFER 1.4 A 1.6 £5. Ui BARTHARE RV IS ARG N TR R L
BEOBRIE, A IR It — 0 U B AT A [R] B N 5
I TR 7K P A 6o 3 s Iz 3o 2 v 2 o ) 4 B 8 7 448 T
TR R e, e T HER YU AR

R 1 FERIGAET TR R R B 5 12
Table 1 Wind speed profile equation of soil wind erosion in
different experimental treatment

FRESF FERLRGE

S WSERE  BURSE Friction
. Rainfall AN . -
Experimental . - B Determination Aerodynamic wind
intensi - 2 -
treatment t?’ coefficient R*  roughness/  velocity
(mm-h™) 1
cm /(m's™)
I 0 8.07 1.69 0.91* 0.0304 0.67
II 50 8.61 1.47 0.96* 0.007 8 0.59
il 100 9.75 1.14 0.89* 0.004 4 0.46

e LARHRTE R AR IR E (CKD 5 TUART 50 mmeh™ BERT5E)E
(7K B R P AT KUt TR0 AL B TTARTIY) 100 mmeh" B R 3 28 /K ot
PEF G FREAT M BRI AL 2, . AR AL BN 0 KU BRI 75 &
u=A+Blnz M ETTRE, w, NETEL 2 AFIXGE, 4. B B R

Note: [ is the experimental treatment of wind erosion without rainfall (CK), II is
the treatment of wind erosion after 50 mmrh™ rainfall; TIT is the treatment of wind
erosion after 100 mmh rainfall, the same below. The wind speed profiles under
different experimental treatments are consistent with u,=A+Blnz logarithmic equation,
u, is the wind speed at height z, 4 and B are regression coefficients.

a. | b. 1 c. I
B3 RRERIEAE T AR E A
Fig.3 Changes in surface erosion and deposition in different
experimental treatments

x2 AREAEAAETHRDBMIRE, DIRALEIL

Table 2 Comparison of surface soil shear strength and soil

compaction in different experimental treatments kPa
BRI Ab BB RS
Experimental treatment Soil shear strength Soil compaction
I 16.41+1.02a 20.73+1.20a
I 21.3442.03b 91.52+4.32b
il 30.32+1.05¢ 148.94+6.51¢

T B BEnHE R, F—SIARERERRER B (P<0.05) .
Note: The data are mean + standard deviation, and different letters in the same
column indicate significant differences (P<0.05).

2.2 BUHASKEZK A AR Xt 3B X A A B
2.2.1 AR @ AKARAE AT R RGRE 4 H R
AT RIS R BGA0EE R ()RR AR ] (£ 3)

AT TR /K P OGS 33 U= A 7 IR i B XU E
AN TR AR Ak B 4 38 X o 2 o X ) 8 O 357 S22 B8 o
e, A RIS AL (D R KRR R, H
B I A T 7K PV P AR R R SR B R I, T3 XUk FE 5
PRt 290 12 F1 15 m/s KUE R, AU EG AL (D
f1 - 33X 235509 0.26 2.36 1 6.84 kg/m?; T 3 AN X
TRIGACHE T AN T X6 A 338 XUl 439914 0.08+ 0.12.
0.26 kg/m” #1 0.06. 0.10. 0.16 kg/m?, 5B AT LI K ek E
R T B R SR . o, SR A0 T AHEL (Y
PRGN EE) , IRIGALFR 11 4E 9. 12 A1 15 m/s JXUE R
FIEHX BRI 68.4% 94.9%A11 96.2%, RIGALFE
I X687 3 AN JRGE 1) E 3T TRRCR TR 77.2%- 95.9%F1
97.6%; HLI# HT 4 K Tl FH PR RS 92 F 50 mmvh B
£ 100 mm/h B}, HIEFRFTR RGN 1.1%~12.9%.

#3 AERELE TR EENTEE
Table 3 Comparison of soil wind erosion amount in different
experimental treatments

K

BRI b ! g PR3 PUARLR
Experimental Wm.d Soil wind erosion Wind erosion Anti-erosion
treatment \/,(e;?cslg amount/(kg'm™) intensity/(kg:m>h™") efficiency/%
9 0.26+0.01a 0.79+0.01a
I 12 2.36+0.16b 7.07+0.02b
15 6.84+0.46¢ 27.37+0.05¢ -
9 0.08+0.01a 0.25+0.01a 68.4
II 12 0.12+0.02b 0.36+0.02b 94.9
15 0.26+0.01¢c 1.03+0.01c 96.2
9 0.06+0.01a 0.18+0.01a 712
il 12 0.10+0.02b 0.29+0.02b 95.9
15 0.16+0.02¢ 0.65+0.00c 97.6
T RPEAR N B EbRE R, A E T RERR IR — A AN R R 8] 22 5 S
# (P<0.05) .

Note: The data in the table are mean + standard deviation, and different letters
indicate significant differences between different wind speeds in same
experimental treatment (P<0.05).

2.2.2  BIERARIRE L G0k B A Rk 69 X &
IREGEIRERH, XNTIKII-RE AR, 57 m
AR FH ) A e AR RS A2 5 i) - 48 I ok 1) B A
Fo WHRRAERZE) I Z, H5 K68 A 5 EAH
KR Fs T HTHAZK AR FH 1 6 T 58 P88 %) T 338 XUk 1)
2 B P Y 5 B (0388 0 BE B/ o O T SR A R s e 4 358
DA 5 55 5 A K Pl T 1 15 I 6 R IXUTE 2 (] 1) 9%
%, i Matlab R2017b H' Surface Fitting Tool #4171 #H
KA, WG R E B ke & A 5
FEAFE. PEm=4etimmEE s (B 4) , FEmEEM
JA T 3 7] 52 o g8 Pk s R, BD 48 Xk 5 o i S 3
T 7K P FH A I I 6 B ) 38 DR 980, B IXUTER 7 384 KT
Wim. Hd, 5 50 mm/h BERSEEZRGAHLL, FIiH
100 mmv/h B3 9 58 55 33 1 7K T VR P A0 448 XU b i R 9/ s
8.5%~27.7%. 55 15 m/s JRGH ALY, A h 7K ph A FH 4
9. 12 my/s AU T (1) =438 KUph 5 FE 23 3 e/ 32.0%~46.2%
F1 55.6%~65.1%.
It Matlab T EBAERIRIENE A FEQ T
§=0.9381"x1.236" (R*=0.877, n=9) (8
K S SRR, kg/(m®h): T HT I K e
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FIRERTIRIE, movh; U D 3 XUt PR A XU, /s
n AANFRG AR R XU B AN

3y MVk38 E Wind erosion intensity/(kg:mh)
Xy

B4 FTESE KRR R T M 5% B A Rk At 3 RUAka% 49
B
Fig4 Effect of rainfall intensity and wind velocity on soil wind erosion
intensity under the action of previous sloping water erosion

U (5) T, T A7 ORI b EE, 1458 X
e B o XS P38 3 K, %k R IR A A S AR
IO ACH, RV 49 XU T X (R B e T R, (=
RIMREEAR N e 5 XGERIB) S E ARG, AN [ B T 5 A
(R 7K P R St 3 U e skt S R i 2, HL7E X —
SEMI AR T, AT AR kA FH P e T o P 8K, 3 U
56 JEE /0N o LS R 32 B 5 AN [ A R R A A S T N 9
K/ AR - gV A RS 1 A R
2.3 AUHAYK E K RAE R X R ki = RO 200

MR 4 TT%D, ANFERRIGACEL R, by b s A m
W8 XU IR R B AN FIFE B 3 n, HXGEROR, b
R AR . S RTHATE R ARG A AR L, BT
TR Pl AR G 35 XU b S AN B A TR
M), 17 S ) B8 T 8 P /K b AR - XU b e Ry b
FER SRR, Horr, TERTHICRE AU B T, 9.
12, 15m/s KE T X phEmyb &5 508 041, 5.10 A
2224 o/m?, HVPTEEIEALE 40 cm LAF, HAE V&

R Wind velogity/(n ') 07
<9 +12 415

FEERTEFEHIER 20 em HIR G REIN  S5CHT K i
YEFIAHEL, 50 F1 100 mm/h P& RY 52 T RTIAZK A E R AE 3 A4S
KGR A R v & BN 15.4% 89.4% - 96.1% A1
27.8%x 93.3%- 96.2%, XN XD i EE A/ 8~
12 F1 14~16 cm, Tt B AT R Wb E AT DA 5] 45
MG AR . 3R 4 I8FRBH, T EAE 7K i E A 48 XUk b = B
R R SR E RGN ek /b s 5 50 mmvh PR 9 FERIGAI L,
R 100 mm/h FERYSEE K IER G, 3 ANKGE R
A =3 R b b B RN 5.1%- 13.4%H01 16.8%.  HiItii
B, TN ) 3 R 5 P P38 T 7K e PR 33 XU A X
VIR B SEMRER, 1 0 338K 73 3 IR Sz -3 Ry T LA
SR RIS .

x4 AEIAELIE TR hiaD EF00 S E XL
Table 4 Comparison of wind erosion sediment transport and its
height in different experimental treatments

R4 L8 Wb b E
Experimental Wind velocity Sand transport Sediment transport

treatment /(m's™) height /cm /(g~m'2)

9 40+4.76a 0.41+0.42a

I 12 44+3.72a 5.10+2.18b

15 50+2.51b 22.24+5.71¢c

9 28+2.00a 0.34+0.59a

I 12 36+2.31b 0.54+0.11a

15 38+4.24b 0.86+0.19a

9 26+1.73a 0.33+0.06a

il 12 32+1.15b 0.47+0.19a

15 34+3.16b 0.72+0.11a

K 5 Bon, ASFERRIGACEE T,  FEHbTH A% R 0 A s
VoS KR (B AN RE K, T H ST Hh 2 v R ) XUk >
B IIEE T H FE SRR &, sl e
AR = B IR RIUA R, AN RE T IR
b bR R (AR R R ER N AR A (R 5D .
SRR IR IS A A LY, i BT A i E S
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Fig.5 Change of sediment transport driven by wind with surface height in different experimental treatments
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Table 5 Curve-fitting equation of wind erosion sediment transport
with surface height in different experimental treatments

PR A T R LA h 2k 5 e YeiE REL

Experimental Wind velocity Curve-fitting Determination
treatment (ms™) equation coefficient R*

9 ¥y =6.386 4¢"77 0.90*

I 12 y=8.463 4¢1% 0.97*

15 y=30.619¢"2* 0.99%

9 y=0322 3¢ 0.97*

II 12 y =048 0.97*

15 y=0.788 3¢5 0.99%

9 y=0.207 2¢18 0.97*

i 12 y=0.3527¢7™ 0.95*

15 y=0.784 4¢02> 0.94*

Ty TR, x AR,
Note: y represents wind erosion sediment transport, x represents surface height.
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Effect of previous sloping water erosion on soil wind erosion in typical thin
layered Mollisol region

1,2

Zuo Xiaofeng'?, Zheng Fenli**, Zhang Jiagiong?, Wang Yifei!, Sang Qiming®, Zhang Xunchang®

(1. State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, Institute of Soil and Water Conservation, Northwest A & F
University, Yangling 712100, China; 2. Institute of Soil and Water Conservation CAS & MWR, Yangling 712100, China; 3. State Key
Laboratory of Earth Surface Processes and Resource Ecology/MOE Engineering Research Center of Desertifi - cation and Blown-sand

Control, Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China; 4. Grazinglands Research Laboratory,
USDA-Agricultural Research Service, El Reno 73036, USA)

Abstract: The sloping farmlands in the Mollisol region of northeast China have the characteristics of multi-agent compound
soil erosion followed by snow-melt runoff erosion and then wind erosion in spring. However, the current researches on
compound soil erosion in this region are still rather weak, which affects the accurate implementation of the prevention and
control measures of compound soil erosion. This paper applied an approach of combining indoor simulated rainfall experiment
with wind tunnel simulation experiment to analyze previous sloping water erosion effects on the soil wind erosion in the
Mollisol region of northeast China. The results showed that the amount of soil wind erosion significantly reduced after the
previous sloping water erosion at 50 and 100 mm/h rainfall intensities, i.e., previous sloping water erosion action produced
obvious an anti-wind erosion effect. Under the action of wind speeds of 9, 12 and 15 m/s, the anti-wind erosion efficiencies
produced by the previous sloping water erosion at the rainfall intensities of 50 and 100 mm/h are 68.4%-96.2% and
77.2%-97.6%, respectively; with an increase of rainfall intensity, the anti-wind erosion effect increased. The soil wind erosion
rate after previous sloping water erosion action was comprehensively affected by the rainfall intensity in previous sloping
water erosion and wind velocity in later soil wind erosion. With increasing of rainfall intensity, the inhibiting effect of soil
wind erosion caused by previous sloping water erosion action was greater. The previous sloping water erosion action reduced
wind erosion delivery and its height, and wind erosion delivery decreased with the increase of rainfall intensity of the previous
sloping water erosion. The main reasons for the anti-wind erosion effect caused by the previous sloping water erosion were
that the soil compaction processes caused by previous sloping rainfall and runoff altered soil physical-mechanic properties and
surface morphology, which caused an increase of surface soil shear strength and soil hardness, and then enhanced soil structure
stability and anti-wind erosion ability, and inhibited wind erosion occurrence. The research findings of this study not only
reveal the mechanism of previous sloping water erosion affecting soil wind erosion in the Mollisol region of northeast China,
but also provide a theoretical basis for preventing compound erosion and sustainably utilization of Mollisol resources.
Keywords: erosion; wind; water; anti-wind erosion effect; simulated experiment; thin layer Mollisol region
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