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1.1 WHRE#HR

WS AL T 7 B b TR R £ ORI A, iR
B b RE A e v B Sk vb BT 5T K 5 05 29 90 km
(105°16'5"E,37°09'55"N) , ¥4 1 905 m, ZX &
B B I AR X, MR R A 2R K R, 1l
My B L A )1 SR R A, A 2
HIRES L, RHEAPLEOR IR D & AR, L S IE N
WRZE, ZX TR OW. KR 2, 4 FEKE
247.4 mm AEF & 2 100 ~2 400 mm, 4F )
6.8°C , =10°C Bl 2 332°C ,4F H A4 7E 2 800 h LA
b BRGERZEK, TR 150 d a4 Mo B
R AR, S M R 5 R 15% A,
A A 2 S 0 ( Oxytropis aciphylla ) 5B 5 A5 )L
( Caragana roborovskyi) J&5¢3% ( Peganum harmala) %%,

WFFE X Ml T 7K 380, TR JCHE Al X, i T
AERZEMAKTERZ, INZ W, KRBT 5
i URL TC A, T H 420 b 28 K DR 38 4 FH AT 3 4 28 it X
— )@, S X AR RN Hb R 0 FlOREL DTy Sl €A 36
G, EEMANE R SR AT BT

JBR, FRAE PR 13 45

1.2 HIRAE

1.2.1 Febig e FERFSE X BE R0 H AR A2
Hiu 3 ANFE M ISR | S B v B SR 18 S A
2 ~3 4 FEHLFLAS S 10 m x 10 m,

1.2.2 FESCRES A FE JATIR] 52 465 B i 34 R 4R
B e, 2 3 AN 2R 4350 S b A RN STE b
Horp b ORI B S oA D AR AR 1 T Ao 28 A (iR
JE A M TH R 28 5 A& R 2R XU RRR 254 S 3R
I, FH TR 4 25 2 35 25 BBk w0 00 XUt 4 A0 B0
D 2 4 120 LRI A T A it A7 XU I o S 6 5, FH A
5%t 2 VR AT BE AL B, BT 0 A B RE T 1 4 K
PRRE R ) o T SEI Xk SRR 10 ~
15 cm, AV R T8 BE A 30 em, A E T 30 em x
20 em x 15 em FUME A LA . B REFE2ET O ~
15 emBy R Z R A (b)) . BARBKE 3 HE
S, MR AR JFUIR T SRR AL 15 . SEIR R IR 43
A3 1, b b FH SR A X R A R A2 7E 0.5 ~ 10 em
ZIa BR A E S E R R 10 ~ 15 em, fV H Bk
oA 13.30% ,Fidth -5 S KR 5. 78% 4 M 4 15
FOKEN 6.78% , + 1 & K W EUCFEIR o 0 ~
130 cm,

x1 ZTHRTEHHNESH

Table 1 Particle size distribution of test soil (% )

ki Clay ki Silt ki Sand 47 Gravel
+ 25 Soil type

<0.002 mm 0.002~0.02 mm 0.02~2mm 0.5~2cm 2~6cm 6 ~10 em

JFOREY [ Original gravelly land 1.30 3.72 4.98 27 47 16

E#HE 1 Ploughed gravelly land 3.02 5.85 6.13 25 45 15

Fii i Wasteland 8. 12 34. 60 57.28 0 0 0

JFOR A€ - Original farmland 21.52 38.79 38.59 0 0 0

F#k 4 H Ploughed farmland 22.35 9.46 38.99 0 0 0

1.2.3 KW 256 JATIR) S5 4 A v R R 2 B v 6
5 V0 A0 T A S 5 A R B 8 KU R AT, i
IR B = N 2832 AT o XU R AR 42 K 38 m, S
BRKERN2 m BTN 1.2 mx 1.2 m, i 2
JEERE S 500 mm, K7 T4 R BE O 600 mm, n] DL &
0 ~40 m s~ "By XU TS [l XU T By 7 M2 F6 45 5% %
BRI AE

DA 3 25 P ) < oS A Y S B L AR BT
IRl S5 36 B v 38, A ot 6 T 5 KU IS AR PR R K B
Al T AR 30 em x 20 em, B FAES. O m s
SRS S N S U1 2 i 2 < P B i g A
YEHET 8.0.10.0.15.0.20.0 F125.0 m s~ ' fl X,

RSB JF AE e XU B RS YD RN B A A R
AT HEAT RS . BRAE 25.0 m s ™' Ay K
RS min Ab, H A KUH SRR B R T TE] 3
10 min, FEJR AM % W 500 Sk FE i RUCRR
PR 2k ol I A ol S A A HG 22 (E B R XL
P (HFEE 0.01 g) o - HEHT Uik 1 BB DA XU 4t 3
FRPEATRAE, RO A7 i 18] | B A7 T AR b A IR
(gm > min""),

FAD XU 2 550 AR A B O R A5 DRI 52 3 4 A
T K HRAC T 2 B2 R RE (120 em x
120 cm x20 cm) P8 TR B AT (FEE 32.5 c¢cm) , DA
PRAE TP A FE R TR (B 1) .
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AT AU S8 B, AR R, B 8.0.10.0,
15.0.20.0.25.0 m s~ fiY 52 56 XU 3F £ WG fut 52 56
FH R R FE45 0 22 0.5.5.10,20,30 .60 cm =5 FE 11
AL, 52 96 Fic A T 1 08 S 58 T B X B RN [R] R AR
HTET (0 RE R 8 TS O

b RS 4 ST b 3 X R R — T R
TR:U, =(U=/K) In (2/z,) 2, U & E 2 &b
M RGHE (m s ™), U & R BEBILH R, 2, o 25 R 80 71 2%
HURE & K A7 8 $0(0.4) 20 o g KUK B 28 0 2
S5 ] fe/ > A AU DG A A B TR R UL =
a +blnz, 31, a F1 b Sy [ R H AR S0 A XU
J3 2k R, AT LA SR A S [R] by 2 0 7 R ) G 26
4 PEE L E (U = ), B BHL R B i 133 5 F U =
Kb, 3, K g5 & %8, b o R

b R B 2, 2 KT KU 0 e B, L5
ARAA gz, = (U lg 2, - U,1g 2,)/(U, - U,), K
H ez, WHLREFE (em) , U, F1 U, 53 531 4y TR — B 204 2
AN B B (2, R zy) AR XU (mos 1) o AR S0

Sketch map of the test on effectof sand-bearing wind on soil wind erosion

BN SRR BE 2, ) XU 5 4R A5, RIVAR 4 B 3A

U,=a+bln z,%4 U, =0, BI0] JfE 1 5R H Zy[22] ©
2 BR55050
2.1 AEXX

2.1.1  JERMET)E XU 2 ) 2R 1k

2 m i,
f0 FE 7 1l R A T ) XL ol 3o 23R 357 i DRGSR %) 4 o 44
Ko 7E8~10 m s~ KU B, JFURAD B Ay XU fnh 13 o g
/£ (0.38 ¢ mmin~"),FEHE(1. 83 g m > min~") JER
AT (1.59 g m ™ min ") FIBFESH (1.72 g m ™ min ")
FIBABEAC T (1.75 ¢ m ™" min~") (9 XUt o R 450 o L 22
SR, E 15 mos ™ M RKGE R, e s A B AR A W
FR) DR o o 3 398 A e

XEFEAR IR (£ 2) , WHAES~10m s
DGR T 8 IRk 338 238 43 ) Sy A T RN S b 1 174 0 1/
5596 15 ~20 m s~ KUE T AP H AR HH A XL ol g 5
FRAIT , 2490 37 Hb XUAl o 2R 0 1/3 53 K K 25 m s ™
R, S b 118 JXU ot 3 4 G 184 o okt s > FE g XL 3R
R RAH T 2/3 MFc iy 1/4,

Fz2 XK TR R B XU E R
Table 2 Wind erosion rates of gravelly land, wasteland and farmland under clean wind(g m > min™")
Mj# Wind speed it i) Time JECR D H RO Tt Hi JEAR A% H [k
(ms™") (min) Original gravelly land  Ploughed gravelly land ~ Waste land Original farmland  Ploughed farmland
8 10 0.17 1.50 1.33 1.00 1.50
10 10 0.58 1. 83 2.33 2.17 2.00
15 10 1.50 3.00 5.00 2.17 19.83
20 10 2.33 3.17 6.17 2.17 35.67
25 5 4.33 4.67 16. 67 6.33 121.0
BRI 70 B AR A XU AR (R 2)  BEBEE hn vy aE 20 %
RS AE 8 ~10 m s~ XU 9 XUk 3 5648 fin 17 24 2.1.2 AU R 5 XUE YOG R H 2 A day

4.8 £ BIHEIG B9 HILE 15 m s~ XU B JRL o ik
SOPANT 9 A% 45 25 m s~ X A R o k2 0 99

A5 TfRE i 28 2R 0 A e R XU 2 T A S R OG R
(F23) o A [AVEE i 28 R0 0 XL bt 3R 55 XL =22 [A] il Bk
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Table 3 Relationship between wind erosion rates and wind speed

in gravelly land, wasteland and farmland under clean wind

+ HE2 A Soil type Q-U XZ&R Q- U relationships R?

JFUR AP I Original gravelly land 0 =0.0749¢" 17130 0.90*
FHEED I Ploughed gravelly land 0 =0.6515e" 0800 0.89"°
7 i Wasteland Q =0.5352¢" 13470 0.96 "

JECR AR B Originalfarmland Q =1.9495¢" 830U 0.85"
#E4 1 Ploughed farmland 0 =0.1966¢" 204V 0.96 "

w28 0.05 L3 K (n=5) Note: * represents statistical
significance at 0. 05 (n=5)
T B8 R I, XU A 5 KU 22 () A 06 AR Y R G
FHAOC B M 2 A Y b g XU AR A XU 1Y)

JE e R A
2.1.3  REbHTE 25 R BN 1 2R AR B AR Ak 3=
FURE R (TS S5 R KW (£ 4) ,1E 8 ~25 m s~ [l K,
T [P, B ORI Y 22 S sl ) 2 MRS B 2, 34 B
IBE RO DI NTTE: N < A i VB 3 o S 1 S )
Hb FRURS B B I 0 T T, LB A XU 4 3G
T FE R0 A EERELRS 2 ) 25 1 52 185 K a9

H1 2% 4 AT O, BD FH ORI () JEE SEL 3 B8 2% ot JXL ekt
) 3 R HE I  [R] — AU A B R, 0 5 A T R R
L 328 3 2 SR B 35 7E 8 ~ 20 mos ™ (1 XU Y R Y
G BR K, 70 5 Y R B 3 32 22 E K, T
0.08 ms 'FEWiHZFE0.37 ms ',

x4 wyHEF0FHE R ERE R XUE B4k 1 EE B E E
Table 4 Aerodynamic roughness length, wind profile, shear velocity in gravelly land and farmland
d e ABES HUBEJE Aerodynamic R R £k JEE BHL 3
Soil type Wind speed roughness Wind profile Shear velocity
(ms™ ") length ( cm) a b R? (ms™ ")
8 0. 023 1.805 0 1. 156 2 0.95 0.463
b 10 0. 055 0.566 8 1.704 5 0.95 0. 682
Gravelly 15 0. 059 0.866 0 2.5319 0.94 1.013
land 20 0. 066 1.366 1 3.4250 0.94 1.370
25 0. 080 2.547 9 4.158 0 0.91 1. 663
8 0. 004 3.0755 0.960 4 0.96 0.384
10 0. 005 2.9910 1.249 5 0.95 0.499
F:il[l:ljnd 15 0. 007 5.510 6 1.7850 0.94 0.714
20 0.010 7.082 2 2.499 1 0.92 0.999
25 0. 022 4.378 8 3.829 8 0.95 1.532
1 M BB Uz = a + blnz Note: Fitting function: Uz = a + blnz
700 [ _@—8 m s -——#>H Gravelly land

Xof 5236 45 S A G A T R WY, AN TR AR b 288 R 7 A [
JRUTHE S5 TR 5% R JEE 2 mT L) BRAE M) B U, = a + bln
s R FR (Kb, a b HEHREH,R > 0.91) (£
4, 2), ErhaT WL, 54 HOAR L, #5 B R A Rl
20 cm 7= BE N 1 AU B RIS

2.2 $Rb XURL

2.2.1 R H S Kk M 5 AU, 7R3k V> U
FATF,FRHEAES ~10 m s ' Kl T &4 R, 7
15 m s " HFIs B P BLOF 7, 76 20 ~25 mos T KU B
A R 5 i L AE 8 ~25 mos KU T R P A AUk R
47 I8 RS 1 4 o n o B D E LR A A
RACHFE 8 m s ™" Ay KUk 3 R 5 F 10 m s ™' KUk
T Rk R 7 10 ~ 25 mos TR B U] SR 5 R
(14 B8 o0 0 8

— 4% H Farmland
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Fig.2  Wind profiles in gravelly land and farmland as affected bywind speed



1 3] Jil g A 4 - 7 B PR Al D HLT KUk M RE A 5T 45

FE8 ~ 15 m s~ KU B, 4528 BURE i 1) 57 249 AU ik
() SRR N JFURTPH ( 0. 11g m > min ') |
BABEAD M (111 g m ™" min ") JFUR AR I (3.33 ¢
m > min~')  FEHL (4. 11 g m > min~') | F & H
(5.56 gm *min""),

FO W, BRIEHIMN Q 5 U BIE R ER &
S HARFAPEM Q5 UM R ZRRECER, R
BJRF 0.94, #£10 ~20 m s~ K T, AUk o 2R B
DA 5 o ) 3 R LA AR R AR, DA

MM Ryl R FH BIAFD L JSOIRAD H

2.2.2 PRARMABRGE RT 8RR, TR
A R B I BRI 5 T CJRUCIR A B ) 75 8 ~
25 m s~ RUH T PP 3 7 A KUBUE L XURR G R
Wt XL 3 ey i 34, JOPR B P 7 45 XU A% 4R TR
DB 3 XA G 25 i XL 8 i ) T2 8 49 15 T TR AF
B . FEHFE 8 ~20 m s~ KU R AR R A KRR, &
25 m s~ RUHERS 37 2R RO XU AR FECJEUIR A
BE) 7E 45 KU 25 P8 T AT5 L KUk o 3=, HLBE & X3
FIR 18 0 T 6 o, JH r 3 A A T A XL o Sl 3R A g XL T
By e R

RS OBREYEID SRR TR [ 5T A0 R R 2R

Table 5 Wind erosion rates under wind bearing sand from gravelly land in gravelly land, wasteland and farmland (g m > min~")

R N AR H A JEUIR AR H FH#k A
KU Wind speed I [6] Time
Original Ploughed Fic i Waste land Original Ploughed
(ms™") (min)

gravelly land gravelly land farmland farmland

8 10 -0.17 2.50 2.17 4.83 2.67

10 10 -0.17 0.33 3.50 2.50 2.17

15 10 0. 00 0.50 6. 67 2.67 11.83

20 10 0.33 1. 10. 67 4.83 13.33

25 5 1. 00 9. 67 54.00 10. 67 43.67

R6 REHDSERETUEH.  RHMRARNMER(Q)ERE(U)HXR

Table 6 Relationship between wind erosion rate and wind speed in gravelly land, wasteland and farmland under sand-bearing wind

Q-UXFRK

+ HEZE A Soil type R?
Q - U relationships
JFAR B [ Original gravelly land 0 =0.0048 U * -0.0916 U +0. 265 0.99"
R [ Ploughed gravelly land 0 =0.0841 U?-2.3737 U +16.072 0.96"
it Hi Wasteland 0 =0.5355¢% 17180 0.97"
Bk 4% B Originalfarmland 0=0.0664 U2 -1.8227 U +14.751 0.98 "
HF#t 4 B Ploughed farmland 0 =0.1833 U?-3.8188 U +22.48 0.94"

T x £ 0.05 B FH K (n=5)Note: * represents statistical significance at 0.05 (n=5)

RT7 HEREATSMRME TR B 5T R B X E R

Table 7 Wind erosion rates under wind bearing soil from farmland in gravelly land, wasteland and farmland (g m > min~")

JECAR A EE R JEUIR A H k|
KU Wind speed s 1] Time ~ ~ It Hb
Original Ploughed Original Ploughed
(ms™ ") (min) Waste land

gravelly land gravelly land farmland farmland

8 10 -0.33 -1.00 -3.17 2.83 0.16

10 10 -3.17 -2.33 -11.50 2.00 0.33

15 10 -27.50 -23.00 -14.33 -0.50 33.16

20 10 -48.67 -33.00 -1.67 16. 67 90. 33

25 5 -150.7 -58.33 67.67 88.33 400.0




46 + &

= ¢

50 &

T8 ~ 15 m s~ AU BE, 45 SRR B0 57 B XUk
(R S AR JFUR AP I ( —10.33 g m ™ min ') |
Jii( -9.67 g m ™ min~") BAHFESHI( -8.78 g m
min ") JFUR AR H (1.44 g m ™ min ") | BAHEAK H
(11.22 gm *min"")

Beoge Ay Kbk 52 5 R, R RN [ 28 R
BE S XUk B PE R (0 Q 5 U X &1
PR R EBER(ES) ,RPH KT 0.97, 1¢
10 ~25 m s ™" XU 9 BBl P, XL ol o 3Rt XL 48
14 T B LA RE B AR R B, JEOIR RO JE R S b R
5 IAURR S 56 [ XL T B ) R R DR AR AR
R R

F£8 HRELTSTWM TR E R E R %
(Q)ERE(U) M%7

Table 8 Relationship between wind erosion rate and wind speed in gravelly

land, wasteland and farmland underwind bearing soil from farmland

e 23

Q- U %2 Q - U relationships R?
Soil type

JECR B
Original gravelly
land
BB |
Ploughed gravel

Q=-0.6722 U*+13.917U -73.076  0.97"

Q=-0.067 U*~1.1492 U +13.344 0.98"

mulch

Fic . Wasteland 0=0.6638 U?-18.042 U +101. 14 0.98"

AR A H

0=0.6359 U?-16.392 U+97.757  0.98"
Originalfarmland

B

Ploughed farmland

R, =2.3794 U* -=56.902 U+319.58  0.97"

TE e+ £750.05 B FKFE(n=5)Note; * represents statisti-

cal significance at 0.05 (n=5)

3 i 54

LA 3t Y XL &5 1T O HR s, & AR R
KK 3. 1ms P RNHEG5~11ms™") H39% ,
>11 m s~ I RGEAT R Y 8. 6% (K/EHR68 da™'),
BORRGH AR 15,4 ms ™ (A &) o ARSI KGEE
B8 ~25ms ' (8 ms 'LLTREESRWRM), &
P 5 38 R 43 740 R 175 6 45 R 1 56
B
3.1 R T B XU 4R E

A0 FH A R I ) iy R R R 5 AR R R 2 o
14 - S AURE 22 45 PR fodt 55w ] BT O 7 24 L XU

TOETF 10 m s~ ) B0 HH A9+ 58 XUk &2 2 A1 A
BHE T2 R A BR A 2 6], B0 A X
B o FERKH (15 mos™h) 500K A0 BHE 4 75
P 87 EL AT 5 5 A B U el A B T JR B A oA 1 D 7 T
SiR Z0 R XU, 3kt R AR v A B ) BN . BT LA
12T 2 A 5 X, SR A I 0 A A 5 R
SRR T, i BB B 0k AUk B 0 B0 8 B AR S AR
Fl o TRl B PSR S B, A RE 7 B B BT X
g

X0 A S G AR H (B 1 ~4 em
fR BT AR BR A7, SE G S NI E, B A LS A
KL/ ) 2R IR FH 8 JECER A0 BB A e T A XL e
KB, HARF A IS 45 AR, FUIR D
F6 DXL o 3 3R g L I BE 440 T BE
3.2 BRVb KRR TS B XS R AE

TR SR A TR A 8] 23
i, SR P A — B R b T YRR SR
Ji 5 b e il M TR X b 3% B ) S5 R EL A AR R Y s
T, b g 2 2 3R, 5 i UKL L, AT g
L LA T AR SR b il T RO
Hh T S A R b S ORLRL AR 0N, PR RO T
AER R B A FE R SR A b T g L et i 32 ] B 8 JiR
B = A RBRAE T, 345 9k o XU o 1 ) KL S BE R
20 BE A KUl (B RAE AR — B . MR A
Rt A A FH 1 SEEAURE I SR R A a0 38 7 A T
35 B AR, e bt Hy T Ml 3R A A Al /N BE AR AR )
11 2 A B G A B UL AT S XL A L L LR B
YAQit - S 1 AT N 1 5 O T P 0 | o o
b, i BoA — 7 B9 MR A T, A7 1 26 5 2 BE AR LY
IRV OP- 7 52 4R 1T B 3 R A v L I 3
T, 42 FELER) DR 5 1 8 32 2R
3.3 KMERSRERX R

— BT 75, A KU R KU 2 (8] A7 7E 5 L
Atk bny e AT AT SR A R B
7S, A% S8 B Ml A e AW Tl R B O 4R BOC & Hp
b FET 9 IR ok 3 3 i XL 11 22 b o 8 A i, ks BT
AR BE 5 o AE B Vb K (kb T R R ) AR
PR B3 37t 16y XLk 3 5 XL ) 56 2R 52 45 0 e 8K
Oh A IRURE ML B TR OC R X A G B
Mook ELERAR G, R G BE | A e BE Ry TIC AH G 5% AR Y AT
FEGESAT BTSRRI, S (] B 2 A B S T v
DB DAUD PRk T R o 3k 3R i X 4 A R A
NG
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b FELE AU P BE T 5 47

3.4 wWHMHRMIE

3Rl SR B SRR S M 3R ) R (]
PHEAEF S A, 25 R 3h J1 RS B 2 RAEAE W)
Xof AT S ) iR B 1Y) E B B 7 2 SR, RT DL R
FH A 0T DR b 30 40 2R B BEAG YL M A
PR RSB T 2 MR B 2 OF R — A8 B, — i
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WIND TUNNELTEST ON WIND EROSION RESISTANCE OF GRAVELLY FARMLAND
IN THE ARID ZONE OF CENTRAL NINGXIA

2

Zhou Haiyan'® Wang Yingjue’ Fan Hengwen'® Liu Yang'? Liu Lichao'” Zhao Jinlong"
(1 Shapotou Station of Desert Experimental Research, Cold and Arid Regions Environmental and Engineering Research Institute,
Chinese Academy of Sciences, Lanzhou 730000, China)
(2 Extreme Stress Resistance and Biotechnology Laboratory, Cold and Arid Regions Environmental and Engineering Research Institute
Chinese Academy of Sciences, Lanzhou 730000, China)
(3 College of Life Sciences, Zhejiang University , Hangzhou 310058, China)

Abstract In this study, effects of clean wind and sandy wind on wind erosion of gravelly farmland were simulated in a
wind tunnel. Results show that wind erosion rate in virgin gravelly lands (0.37 ¢ m > min~") is only 1/4 and 1/5 of that in
cropland and wasteland, respectively. Wind erosion rate increased exponentially with wind speed, and the increasing rate
is lower in virgin gravelly land than in cropland and wasteland. Once the virgin gravelly land is ploughed, its wind erosion

rate is close to those in cropland and wasteland under normal wind speed, being 1.67 g m > min~', 1.75 g m > min "'

and 1.83 ¢ m > min ', respectively, whereas it is much lower than those in cropland and wasteland under a gale, reac-
hing 3.61 gm *min~", 58.83 g m "’ min 'and 13.92 ¢ m > min "', respectively. Wind bearing sands from gravelly land
leads to a significant increase in wind erosion rate in cropland and ploughed gravelly land, but light sand deposition in vir-

gin gravelly land, however, wind bearing soil from crop land leads to remarkable soil deposition in virgin gravelly land,



1 3] Jil g A 4 - 7 B PR Al D HLT KUk M RE A 5T 49

ploughed gravelly land and wasteland, but strong erosion in cropland. The wind erosion ( deposition) under wind bearing
sands shows a relationship of quadratic curve function with wind velocity. Gravelly land is obviously much higher than
cropland in aerodynamic roughness length, being 0. 023 c¢m and 0. 002 cm, respectively, and the difference widens with
wind speed. Wind profiles over gravelly land and cropland varying with wind speed can be described with an exponential
function. Apparently, after being mulched with gravels, cropland and wasteland can greatly increase their wind erosion re-
sistance and dust withholding capacity.

Key words Gravel mulch; Clean wind; Sandy wind; Wind erosion rate; Aerodynamic roughness length; Shear ve-

locity
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