Fa0k: Eall
2020 4F 7 A

e [

JOURNAL OF DESERT RESEARCH

3 =
v Vol.40 No.4

Jul. 2020

PNFETE, RS, G, A% BN S B KU RIS AL L) ] o [ P, 2020,40(4) : 120-127.

B N B B SR KU R E AR L
w0, E &L I8, HRRS, DR, 2RE, 5 R

(1 RATAKF

L AT ARE, 1AL BRI 4300105 2. KRR L BT R F B G TRHORBETE L, W1dE 5

430010; 3. PHdbemBlE K2, BRVE Ak 7121005 4. =k EPRAERS R EAARAF, Jbat 100038; 5. 1LH4A&%A
WS 2K R, AR T 2564005 6.7 VR H A KXOKREHAF5EBE, 700 M7 530023)

FEE . REFWNZE B+ R+ 545+ AR + | A2 = R T AR R S AR AR S . X
SYHTT A0 A PR RN AS [R) R B 5 /K B 25 A T A IRUURRAIE , I Ak 17 S ) M 1 XU Dol 5 5 1 e b
JRIRISEZR o AR (1) AN T ARAS L R b 4, KD RIS 4 B ol ks & S, AL SR AR A5 ML G TR R 45
Fr i B, (EAH R XD B 7K B 25 10T 1 2 Uk s 3 IR > 5 > R >V U = o (2) AN [) 18 XU 2 5 XL
R A S A U ) R B SE R (RP20.85, P<0.05) , JLHUE: A TD 4 R4 + |, RO 22 W R A0 T8 A pa 85, (3) B Ik
4, AUk BE 5 3 K S R AR B R EOE R (R>0.90, P<0.05) , KU 4 1A - 14y X Gl 5 J38 2 Ak ) 5 7K
IS AAE 4.5% Ao A, VE VR - AR - TG B S I 5 A o (4) AR TR] - St b 25 247 o o b 39 v JE A 388 o it R b . A
HE ML 10 om M FE N, AN TR] R385 v 7 S 10 6 B LD 1 (82.67% ) > T 1 (80.77% ) >HE Uit + (74.07% ) >H5 55
1(73.77%) , MEE#bFE KT 30 em J5 , SE VAU I AR R B XUV R B A AU SR . 24 5.0 KGR 16 mes™
B, AS I 398 XU 37 44 1 2 2 B A 208 il 2 o (5) AN ) - 48 AUk st B 55 IRGkE 35 i it | T SR AR ) ol v Sy R ey o
I RBIRAEL A IEOC R (R=0.76, P<0.05) o G il Uk 15 2 52 M IR Gl 1 0 2 28 1) 3 Jm e, Ok 2+

PRI BE RS

KR KUphom s Sk K Wb+
XEHE: 1000-694X(2020)04-120-08
hE4ES: S157.1

DOI:

0 31§

A AR Fh AL D7 5 2 5 G
DAY 2 AR P 2 R B A S B A A S
UOPE 5 22 AT RPN 25 R AE H X 245 B8
SANRPER B Z ], EHHF R R KA T
R, MR AL T B 0 & R P E TR R R
PRI ITARSR, i TR A A RN 23 B Y 5
Wi, R 35 B 2, R AR VD SRR BTl T
DR AT E R K E . AR 5T 1986—
2013 4F B ] 3 5] B XU AR AR A , e A W 1L -
L v B B A A7 2 XD A B e, R T B XL b
A IO NS TR B, BRSPS B
BE D DX A, HC A XUt XU, 45 A 1 e DX 45 s 30 860

Wim HEF:2019 - 08 - 04; BCEIHHR:2019-10- 10

10.7522/j.1ssn.1000-694X.2019.00089
XHEPRERD: A

A1 4 o LN R LI I N B o W
T AR SR AR S M DR R B ) R R,
YR LA BT PN S B — R A - AR 4 4
AT N XA 8L & B, + B 2 RUR ] XUk i B
JRUURN B 7K S 0 28 Ak AN ]

- S XU AT el A SIS AR R K % D) AR
KT T AR ARGE ) B R S i AL
| ALK RN - 5 K i SRR A A 4k ok
TR KU T g A 3R A A 3R A 2 5 g 1
e A AT il PR B B R R TR A A B
55 & B 0.075~0.4 mm 4 3 Ji0kr hy 5 plu ok . 4
IR 43 DA R K IR 2Bt 26 0k 2 18, 8 - B R [i] 11
B Sy Ba R P B A 2 IR I 5 7K e 1 i £k 1

FEIE : E K E S WE TR H (2019YFC1510705-05) 5 K LR BE S 900 25 PRI BE T 36 A BHIFL 45 95 550 H (CKSF2019179/TB,
CKSF2019292/TB) ; [l % A 8Bl 2# 542 (41271303,41771311,41701316,41877082)
EHEB N AEFEN991—), B WK TN i+, FENH RS . E-mail: sdzzsun@sina.com

BIE1EHE : &% (E-mail: mabo@126.com)



5 439

PNETESE: B S B IR TR 121

BEOR, U 5 FEE 55 7 B 0 A S R R N
il SCAE N TG B[R] 5 B ) W BRI DR A, 7
=5 A X AN ] IR A 5 7 B R ) AR AT AUk
BOAREAEL , ¢ B o 5 J3E oy R AR 5 4 o i
HER, B K AR T 3% I, M5 A A KU, H RTAE
RIS 7736 IR R 50 R Uk A 7 26 Ty
T JR 1 R B B A A 2 AU SE o AR BT N
S ) B, U 5 LR RUBE BB A1 0L I b 35
EL BN AR BN R, 2 s R 2
SRR i 3T B 7T A AUk KU 5 A s XA [ £
LRI 7 /b, JE R 2 X XU ik JBE 5 - 434
Jo ) 1 5 2R TS A il

PRI, AR SCTE TN IT 5 B LAl b, ) 3500 19 52
i B 4 Bl L - R AT A A XU LU IR, A R
FE o M i X - S A AN [R] 5 7K 2 A XU 2% 1R 1 9 K
TlRFAE , 46 735 AN [7] 0 38 XUl i 22 52 ma L, 2 5 K
b6 B 5 - R SRl A O 2R, M RS X XU
PLER B FX R B VA S 2%

1 HRS5HE

1.1 WHREXHER RIS+

s R A S B A S S i A Sk
Ui Wl 28 5 2 A0 MU T T 5 T A 5 b 35
2 JFARPR A 37°24 '—41°52 N 104°30'—111°30"E,

J& F ARt P 2 KU AF B £ 150~400 mm, FE v
R WD IS SR %, AR K 2.5~5 m-s™, i
KR 20 mes™ o ARYE P [E - G2 o KA %
B IIfe T w80 10 - 2R B KL+ A L
P - R (B 1) o ph R B i) 8 3 b 43 b
TERTHL, HE IR AR ES + 8 T2 1 i R+
VDt )8 T e 4 . 80 R R EECA W5 X
PE T ER)Z 30 om, RAEFRAP + 4 200~300 kg, {5
DAL AU A 8L 3 36, SR A A5 B b T b AN 3R 1
Ji3

42°N|

36°N |

102°E 105°E 108°E 111°E 114°E
BT il rp bl S5ty B e BOR A R
Fig.1 Distribution of different soils and sampling location in

Inner Mongolia reach of upstream of Yellow River

F1 AT EMIBEAER R

Table 1 The location and texture of soil samples

~ - A SRR %
g 4 ATBUX A i H AR BR
FkL(<0.002 mm) #942(0.02~0.002 mm) Pz (2~0.02 mm)
HEWR £ B LR T 40°54'21"N,107°40'47"E 18.18+0.56 27.68+1.23 54.14+1.78
kA5t iy mEs 40°13'43"N,107°16'42"E 19.17+1.02 36.04+1.56 44.79+0.49
YR s 1 B 40°06'17"N,106°49' 46"E 10.09+0.89 10.08+0.97 79.83+1.95
Rt IR 39°5812"N,110°31'17"E 11.14+0.77 14.84+1.03 74.02+1.54
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Fig.2 Schematic diagram of wind tunnel
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Schematic diagram of experimental setups
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Table 2 Moisture content and standard deviation of measured soil moisture before test (%)

U/ (m-s)
EL L g =

6 8 10 12 14 16
HER A — 3.24+0.06 4.73+0.24 5.7840.15 7.7620.04 9.05+0.11
P45 1 — 3.23+0.18 4.38+0.11 6.32+0.20 7.65+0.21 9.26+0.29
YR = 1.37+0.22 3.09+0.11 427+0.13 6.16+0.16 7.09+0.18 9.17+0.35
Kb+ 1.75+0.17 2.83+0.32 4.64+0.29 5.92+0.04 7.31+0.30 8.84+0.44

T 1.5 3.0 45 6.0 7.5 9.0

FIHI SPSS 19.0 %t 20 A i o i 4 7 L R R T 22
RO 220, /N i 35 1 22 57 (LSD) ¥ X 30 245
R 2 FE B . FH Bz 7R AH SRS 35 43 B KL
Pl B 5 4 R ER Ak M TR L XU A A VD R ) A 56
F A ARG RN B i KUhas B 5 4 R R Z
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K(61.21%+2.17%) , FE U - FNARES 4 () folu 1 s
FTRILBEZER(P>0.05,%3) . KELFRXDEH
A BRI IRES 7 1 0 3 25 5 (P>0.05) , {H % i 3
INT- S ANFRD L RE(P<0.05) . ANFEHRES T FEK T 0.4
mm [ + 38T H SRR S i B 3 25 5 (P<0.05)
Uit £ (30.10%+1.02%) > 4545 + (23.91%+2.57% ) > JK

P4 (19.57%+4.10% ) >R P 1 (14.05%+2.41% ) o

AN KRG (6~16 m=s™) 175 7K 5 (3%~9% ) 25 A4
T 4% A P4 XUk 34 B A I 25 R (P<0.05,
F23), KD P2 Ui B A5 K, A3 DR RE IR A A
P54 R+ A92.93.1.56.1.9114%.

22 RMRERZMEER

W 4 b - 498 KUk B 5 RURN 5 K B oy A T
PR (6 4) o ANTR] 48 XUt J32 5 XU 52 5
() RO 2 (R*>0.85, P<0.05) , i 2 Kb+ F1
FRAS 1 R R B R B AR T Bk gl . Bl AU
BT B0 2% T 4 A, AN [R] A IR 5 R 25 A
Wrim(E 4) . MRE/NF 9 mes B BRIP4 H
fiby 3 b - 39 XUk o B G Wk 2 22 S, B XL Ak 2k
R, UG B XD > R4S 4> Bbs + >V i+ 2
U X GH A B R (16 mes™) |, BRI FIRE IR 4= XUk
SR TR 2E 5
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Table 3 Average wind erosion intensity and physical properties of soil samples

o Sy O AT RREIE N T RS Ik
(0.4~0.075 mm)/% (g-kg™ (>0.4 mm)/% /% /(g-m2+h™")
IR 25.39+2.39° 8.11+0.75 30.10+1.02° 9.45:+0.38° 240.91+29.8°
P+ 25.52+3.01° 5.15+0.22° 23.91+2.57° 11.23£1.05 453.74+42.5
YRS 52.60+4.38" 2.83+0.31¢ 19.57+4.10° 7.15+0.89¢ 369.24+84.2¢
Kb+ 61.21£2.17° 3.26+0.18° 14.05+2.41¢ 6.30+0.51° 706.96+156.74

[EIFIA R NG TR R 22 5 3%, P<0.05.

BRI+, 3 XUk 5 I K S R A
I8 B PR BE R (R >0.90, P<0.05, % 4) . &K
1 1.5% 35030 3% i, XU B AR BE A AU i i
T B 51.30% i1 53.70% 5 4 % 7K 5t 8 3% B, Wb+
S XUk i By i R R A A AR L KE Y
5.26.3.27.2.36 5 (K5) o &K H 4.5% F1 6%

fif  JRE A RS e /DN 5 B K R T 6% B XD
RN LT YES S ZA NN 73 o sl ALV - 7 NP B
ik ST U NI AR e s 9 D N Y NS
PR A R L AN o S KR 3% B E)
9%, AT = UIRBE - A5 A ANTE A e XUl 5 553
TRET 99.35%.82.73% .66.08% Hl 74.77%, Kb +
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Table 4 Fitting functions between wind erosion intensity and wind velocity and water content
RS AR A
AR e
PR LA REE(R?) PR AL (RY)
Kbt ¥ =0.0005x6 0.85 ¥ =10.92¢"3 0.76
PS5 + »=0.0000005x"" 0.93 ¥ =10.02"7% 0.85
A
KL ¥ =0.0034x* 0.97 y=2.25¢"3%x 0.95
R+ y=0.0002x> 0.96 ¥ =0.46e"4 0.96
AT+ y=13247x318 0.85 y=27569¢712 0.92
PS5 + y=2475.1x717 0.86 y = 1481.5¢7026 0.92
FK
TR+ ¥ =1746.4x0% 0.90 ¥ =2746¢77 0.75
TR+ y=1292.2x"2 0.94 y=1014.7¢03% 0.94
18009 et . geem ™ ~min™) FIJK B 1 (1.86 g-cm™ ~min™") A #i V0
1601 L St R T (133 geom™omin) FIER 45 +
~ 14001 .
= e o (1.42 grem™ -min™) , P<0.05; 7 X4 i KT 5 em i ,
- 4 YRV R 5 2 5 (P>0.05) . STl
= 500] . ' A5 4 F LM KR HEALE 10 om L, 0~10 om
= o] : b RV ALY £ (82.67%) > R B
T o N (80.77%)>HE i 1 (74.07%)>545 1 (73.77%) , 7
2001 = . . FER T30 em Ji7 , FEUA 1 FIERES - AR VU s A 20
] ' - . e ol fo
R 5 515 U L TP E AR R R VD AR R R
Mg/ (m-s™t) B WUORL . S50 Xy 16 me s I, A [F] 34
B4 P25 AU B 5 KOG R

Fig.4 Relationship between wind erosion intensity

and velocity
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Fig.5 Wind erosion intensity of different moisture soil
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Fig.6  Variation of mean transport rate with height
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Table S The correlation relationship between wind erosion intensity and soil properties, wind velocity and transport rate

B FAL O OBPRL fPRL O AMLBT BRMRES  THIRIE Himtk JARuS Tk LR
; 1% 1% /% /(g kg™) /% Wk % /(mes™) 1% /(g-cm™+min™")
RUmsE EE/(g-m2-h) -0.19"  -0.15 0.17 -0.18 -0.27" 0.25™ 0.38™ -0.49" 0.45™

FORTE P<0.05KF F & FomAE P<0.01 KF R (n=220),

3 it
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The simulation study of wind erosion characteristics of different soils
in Inner Mongolia reach of Yellow River

Sun Baoyang'**, Zhou Rui*, Wang Zhe®, Xiao Junbo®, Ma Jianye’, Li Chaodong’, Ma Bo’
(1. Changjiang River Scientific Research Institute, Changjiang Water Resources Commission, Wuhan 430010 China;
2. Engineering Technology Research Center of Mountain Flood Geological Disaster Prevention and Control, Ministry of
Water Resources, Wuhan 430010, China; 3. Northwest A&F University, Yangling 712100, Shaanxi, China; 4. China
Three Gorges International Corporation, Beijing 100038, China; 5.Huantai county water bureau, Zibo, 256400, Shan-
dong, China; 6.Institute of Water Resources Research, Guangxi Zhuang Autonomous Region, Guangxi 530023, China)

Abstract: In order to study the wind erosion characteristics of different textures soil, the aeolian sandy soil and
gray desert soil, brown calcium soil and irrigation soil were investigated and collect in the fields. Soil physical
properties and wind tunnel simulation were tested in the laboratory. The wind erosion intensity and drifting sand
flux of four kinds of soil under the condition of different wind speed and soil moisture content were analyzed.

The relationship between wind erosion intensity and soil physical and chemical properties was also quantified.

The results showed that: (1) Compared with the brown calcium soil and the irrigated soil, the content of erod-
ibility particles in the aeolian sandy soil and the grey desert soil was larger, and the content of aggregates, organ-
ic matter and calcium carbonate was smaller. However, the relationship of average wind erosion intensity under
the same wind speed and water content was: the aeolian sandy soil> brown calcium soil > grey desert soil > irri-
gated soil. (2) Different soil wind erosion intensity and wind speed showed a good power function relationship
(R>0. 85, P<0.05), especially for aeolian sandy soil and brown calcium soil, the power function relationship
was significantly better than the exponential function. (3) In addition to grey desert soil, the average wind ero-
sion intensity of soil showed a good exponential function relationship with the increase of soil water content
((R*>0.90, P<0.05). The critical point of water content of wind erosion intensity of aeolian sandy soil and
grey desert soil was about 4. 5%, while compared with sandy loam, irrigated soil and brown calcium soil had no
obvious critical point. (4) Sediment transport rates of different soils all decrease sharply with the increase of
height from the surface. Within a distance of 10 cm from the surface, the size of different soil sediment transport
rates in the total sediment transport rate was: aeolian sandy soil (82. 67%)> grey desert soil (80. 77%) > irrigat-
ed soil (74. 07%)> brown calcium soil (73. 77%). When the distance from the surface was greater than 30 cm,
wind-eroded particles are basically not collected in the wind-blown sand soil and grey desert soil sand collector.

When the axial wind speed is 16 m/s, the structures of different soil sand-wind flows all show a single peak
curve. (5) Different soil wind erosion intensity has a strong non-linear correlation with wind speed, water con-
tent, aggregates, erodibility particles and clay content (R’=0. 76, P<0.05). The content of erodible particles is
the most important soil property, followed by dry aggregates and clay particles.

Key words: wind erosion intensity; soil moisture content; wind velocity; drifting sand flux



