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varying in spatial arrangement

YANG Wen-Bin'”?, YANG Hong-Yan®,LU Qi"*, WU Bo', ZHAO Ai-Guo*,LE Lin’, YAO Jian-Cheng’, WANG

Jing-Ying® ,HU Xiao-Long®

1 Chinese Academy of Forestry, Key Laboratory for Forest Tree Breeding of the State Forestry Administration of China, and National Research and Development
Center for Combating Desertification. of China, Beijing 10009, China

2 Inner Mongolia Academy of Forestry Science, Huhhot 010010, China

3 Inner Mongolia Environmental Science Academy, Huhhot 010010, China

4 Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China

Acta Ecologica Sinica 2008 ,28(7) ;2998 ~ 3007.

Abstract; In this study, we simulated wind erosion mechanism and sand-fixation effects of three shrub communities varying
in spatial arrangement in a wind tunnel experiment with specific reference to sand-fixation forests at 18% —20% coverage.
Plants within the three shrub communities were arranged as belts, equal-spacing, or random. Results showed that when

wind speed was at 10m/s, wind erosion did not occur in the belt shrub community after 30 min of the treatment; whereas
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wind erosion occurred in the equal-spacing and random shrub communities within 8min and 3min, respectively, of the
treatment. When wind speed was increased to 15m/s, light degree of wind erosion and sand accumulation occurred in the
belt shrub community, and steady “concave” sand surface developed after 30min, with the maximum loss and accumulation
at 0.4cm and 0. 7cm, respectively. Moreover, the wind-driven sand flow was not formed in the belt shrub community after
30min; whilst strong wind-driven sand flows were formed in the equal-spacing and random shrub communities, with as
much as 65.57% and 66. 96% sand being blown off afier 30min. Wind erosion in the equal-spacing shrub community
mainly occurred in the free space between plants; whereas in the random shrub community, the space with distant plant
distribution suffered from wind erosion and that of the packed plant distribution accumulated sand, forming a complex

pattern of sand surface.
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BESEAMERE TR L TER UM E BRI B E— BT 10% ~30% 2 " >, 8
ARSI N BB 5 B KT 40% , A RESE 2 WY FIBH 1L R BTE R  , REET L B L s
w7, BTSRRI R B, LB R T 40% i, EAEK BRI ASHR R E R, PR RS %
BB RBCR D WA SRR M R AR O 15 A 30 [ G R U0, 70 L 5 B T AR 2 O W) B A VD T 5 7E A5 AR
JRRBIGE B B IER B 2SR AR E N 3 Fp2EEL . ML 575 (random distribution ) | 355 43 7 ( regular
distribution ) FI£7 437 ( clumped distribution) '’ AT 3% B R — MG BRI BB . X TRE S E AR
Ak J i Bl KRR B & 7E XUR P9 3EAT T RERLRES , 475 2 B RBUR B3 R TS MRATEE 3 530 A FIRE LA
WA IR, HAE B T 3 Rk ERRA R R ORGSR ™ . AXHE—BXNBEHEELE 18% ~
20% WIASIR 53 kg JRTEAREE D, 76 XU R AT =X S MR AT BE Y 53 73 10 FRE HLAS B 48 3 b K23 B 4375
¥ R B AL TP BRI E YRR . ITRBEE B RS 2B S Y EAR R,
R E R 2 B WRBCR A T E Y R AR 2R KR
1 HARHBSHE
1.1 SEEflss

BRI S YR E S 10 5 B A Rk XUR B 3478, XA 208 37. 78m, K58 B 21m, B
b 1.2m x1.2m, RAHYRGEELEILE B ahio# X,

1.2 SCERHEE]

PIBMRIEARKRE 1.4 ~1.6m 08 1. 4m x 1. 4m A , ARSI AL STy ey 1020, BEHIEBE N 22°C, K,
FE % 873hPa, SRABERMTEEY (V) SRt B EAR TEIRR R, KRB S 7 ~8cm, 5 IR Tom; 1%
RBEE R 20% , HRBATFIACE A Sem x 40cm; FHRITEER NI FLE 24 15cm x 15cm FFEYL AL 275 3
PR s FEDLECE RO T BARRRY 2 ARALEL 1 AR .3 BRFD 4 BREL 1 ARIE S, HIMEIFAEE Rk R R,
1.3 R

FERIVE SR A0 M R KR, MASE R R 1 38— (B4R ) BT 20em AL FF IR B E 10em
FITE N, 3548 2em BRI RS Y (KUY R B WS SZR MR MY B o Sl 4R 8SURE PI 8 R I
it
1.4 SEEELM

Sm/s HBRBUHBEY X, RIRBAE 7.10,15m/s 3 FpSZBRE T, 20 5I%T 3 Rl B B4 R B9 XYW
SrEATH M 10,20 ,30min , [B]6 I s B 9 48 U T B9 ZB 40RO, WG 8 Lo, P34 87 5 2K 1AM
BB RIZIALE , B K 3 ~4 MUE , FHFE R W X5 18] BE Y %% 25cm AL R —E UMY,
W ETE XD R REREE , £ VM43 10 )2, BE R 2em,
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2.1.1 [Escm X

19 R BEAERA L RE Tm/s A 10m/s T KA 30min [FYPE RN, HBIRA ML 4,
2.1.2 BN E

SRR NGE A 150/s B, 175 N ACE B AN KAWMK 2min FF46 B XIS . BX, 10,20min FT 30min
SRRV EARELILE 1 B, B HH7E » Bl 10cm 468 1 A0, LU 8RR 40cm B 1 Ak, 4 3 47, & 1la 4751
BCE WX, 10min )57 : NEHEE 1475 BB A AR ML R B SeE 58 1 AR AT AE XU, 7258 1 Ak
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AR ARE YD 26 BREXU e , Y0 TED 5 BB RRAIR, 26 2 MY R R U B ARYD B3, YD T BE 3 5 , 7E 20min )5, TE
AU 1b YRS

WEE TR XU ], KU 8 ARV 8 E &R /D, AL M T i€ WP , 78 30min J5,JEHE 1c K EE
T, BRARGHEEL 0. dem, B RRWEE L 0. Tem, 7E55 3 M MHEBEABA NIMBLER , A I HRUMRY
8, BA VBRI
2.2 FHATEERCEAR SRR IDEE R
2.2.1 fiRsEE KGE

SHRATHERCE R ATE To/s SEH R T REY 30min JFYP AL

& 10m/s SEE X T XU 8min 1 BERU , KB 10min 2846 A KEA &, SR KB ERE 2] 0. 2cm, R KR
WEREA 0. 5cm, 73 FIHBTESE 1 A7 A5 DURRTE A B AT2E 2 17 A B 26 3 AR E XU s XU 20min
1 30min J5 BV EAECINE 2 FT7R , B H7E » Bl 10cm Bgk bR 1Sem —HEM, 35 6 ;78 25cm BIHZR b
WT 7S5 1 HEEMNER “ &7 FREEREN, DUSEI PR E, 3L 6 17, B 39 th#EA, WA 20min
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Ry 8 FZAE S 3 475 5 FTHITEABE XA, B 30min J5TE A 2b MW ETER. BRI E
1.4cm, B RFHYEE 1. 2cm,
2.2.2 BN

7 15m/s S23 X F kX 10min 20min 1 30min /5L I 3, KA R, 2min T U478 55— T ARG
PN BEX P BEAR 5 Tl EL XUk T AR B SR B B 3 4780 BT A AN , XU Y 8756 3,58 4 13 P HE S
AU, 3] 10min i}, T A 3a BYWETZR, RUMERE X2 2cm BHEBY 14% ,RUPBEREE N 2.6

cm,
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Annotate: x and y axes are observation dots. z axis is cumulus height. Orientation of wind plumb y axis.

B 1 fFRECETE 15Sm/s KUE T AR i A R T AR BT
Fig. 1 Erosion and piling of Sand surface on belt scheme in different blowing time (15m/s)
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Fig.2 Erosion and piling of sand surface on three multiplied by three in different blowing time (10m/s)
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Fig.3 Erosion and piling of sand surface on three multiplied by three in different blowing time (15m/s)

MBI R F) 2cm IR N 25% , 26 1 AT HHE R U EA 2MPVGE , 5 2 17 UEEA T XA 8 YR PR
£, OB KR 2. 0cm,

ARG FER XU ] , U T AR — 23 b, SRR AU/, BRUD R 3 A, 3 30 min B, 72 BRI 3¢ YU TE
TR, R BB IR S 2em BITEAR N 38% , 26 1 7RISR 2 17 MR MU BAR 2T BYGE, 26 3 177 (UFEEA T R
HLOBURGWGE , R BRIEE N 2. 2em,
2.3 FEHANSEER R SR

2.3.1 RSB RE
FEPLEC BAR A AE Tm/'s SEI UG T WU 30min J5 YD BAE 4L

7E 10m/'s SEH RGE T WXL 10 ,20min 71 30min B PPHEIZBLIFEL L IE 4, B PEMR B WK 1, ZEREIEE
B IS 3min HBURE, & ST TR\ 3 A B R B 23 BRIB] RO M5 T4 A A2 Ak, R 10min JETE AR 4a B9V TE
TR BRAETE AR D B9 25 8] H BERU A, R R BEA AR AL, B XU BE S 0. 9em, BRAFRYYEN 0. 6cm,

=1 FENESEANSRE
Table 1 The coordinates of randsom scheme shrub

x(cm) ¥y(cm) x(cm) ¥y(cm) x(cm) ¥y(cm)
10 8 50 33 80 63
10 13 0 88 60 73
40 8 100 0 60 78
80 8 60 48 55 75.5
85 8 100 52 15 80.5
25 20.5 10 58 15 85.5
25 25.5 10 63 50 88
60 18 37.5 55.5 85 78
60 23 42.5 55.5 90 88
55 20.5 37.5 60.5 25 3
85 23 42.5 60.5 72 5
85 28 100 76 36 92
90 25.5 85 63 2 32
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Fig. 4 Erosion and piling of sand surface on random scheme in different blowing time (10m/s)

REE W RS RIS, XU B 8 ik — 2B 30 , BR YD R BE 30, 3 20min B, JE BB 4b P ETER, SR X
10min BV TETEREAFI L, KU R BRI KA 1. 25em , PR KEE # 0.45cm,

gkg FE Kk XU R] ) 30min J5,JE A 4c MY ETRR, WEBEEREARRZA L, BREEMR, R
P KB E R RIAF] 2. 0cm, RUP B KEE K 0.65cm,

REDLEC BALAE 10m/s 258 KR T, XU & A= i R R 7EVE AR 2 i 3t T B S8 1 R 4 XU V) , BB TR
XSS B TR BRI 30, RS 7 T I G B , JH b B XUkt 7 3, ME AR i e
2.3.2 kX

L5256 Ky 15m/s B FEHLAC B AR XA 10 ,20min 1 30min J5 B BUIRAL (B 5) o KAWR 40s 5t
FFRAHETE D\ 53 A 2 B ) HH BRI B A 5 B o Wk XU} TR B9 S, T S0 K2 R TR R YD g P 2 XL, T 7 T A
B X TR, HBETE A XA P 93 AR, B 10min J5,JE AR Sa MW TEIEHEE LR, Xk
HEET 2cm WEHAN 18% ,RAYPEKRBEE N 3.0em, 3 HE S/ UK HEZ ),

e R XUB TR , T NI 230 T 53 8 B P 225 ) X SRt o — 25 XUk, P 7 T8 DA A 3 4 v KSR 5 XL
M HE—2E Y, B 20min )5, TE SAE 5Sb WY ETEAR, RER B E X 3] 2cm WTERE T 29% , RPERKEE N
2.5¢cm,

kg FE K XU Ta] , P 19 25 I DX gt — 28 XU, BV T R — 250 K, e AT R P X
A XU B AR 0t 4 R 40 Uk, 3 30min J5, T2 LA IE Sc Y IR, KR B A3 2em B EAZF
40% , MY ERIEE H2.5cm,
2.4 3 FECEAN E YRR T

AT B A X g XL s D) 0 SRk B L% 2

53R 2 WA, 7E Tm/s LI KR T 3 AL E K XUET 30min J5 H8A H B0 XU ik 24 5056 XU 3 i B
10m/s B, 17 2 EL B R AT 30min J5 38R A B XA, 1B 3 x3 FRE WX 8min FE H B8 T Xik , FEHLACE W)X
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Fig. 5 Erosion and piling of sand surface on random scheme in different blowing time (15m/s)

3min FEH BT Kph; 250k RUEA ] 15m/s B, 3 7 BLE 2 H BE T XU, B0 Rk 4 B 18] 23 51 2, 1min F1
40s, xS FE A S0 R O3 hn , VB 5 & A= 5 L 3 FPIE B 7E A (RIS 30 G T HH B XUt R B B A
FIK BB R EA 7 Rk, FHRITEER ., REHLAC B 58 5 MUl o

£2 FTREEEXHR M ETRGR

Table 2 Time and mass of wind erosion on different scheme

I AHE(m/s) L7 AL B =, Scheme
Wind speed Index FH = Belt 3m x3m &4, Random

7 T — — -
Q,(kg) 42.4 45.3 44.65
Qx(ke) 42.4 45.3 44.65
Q.(ke) 0 0 0

10 T — 8min 3min
Q,(ke) 42.4 45.3 44.65
Qx(ke) 42.4 43.65 40.2
Q.(ke) 0 1.65 4.45

15 T 2min 1min 40s
Q,(ke) 42.4 44 44.95
Qx(ke) 42.4 15.15 14.85
Q.(ke) 0 28.85 30.1

ST 3 LB FSLRXGE T R XM E , H7E 50k KoE Dy Tm/s i, 3 AR B 3 800 XUk ; 24525 XUk
3 10m/s B, A7 EC B BOA R4 WU, SARATEE BCE A REVLAC B i 3L T Wik, XU & 73 512 1. 65kg 71
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4.45kg, BRI T 3.78% F19.97% ,FEVLACE R SARITIERCE M Z 6. 19% ; BB RAEA R 15m/s B, 3 F
BLEHRAE T Xk, (BT R ECE Y7808 g i, FRK R0 i KR 2 T BT =4 T R, SFHR1THE
A B FREYL AL E B9 XUaE 73712 28. 85kg A1 30. 1kg, BI XU T 65. 57% 1 66. 96% , FEHLEL B B A5 M1 TEE AL
BXNHEBRERAR(REZT 1.39% ) , XUHASRITEREWE Y BEETE 15m/s DL b S5 K i) 5 FEHLAD
BWEAZ, FESIRNERIEM,3 FAECE XIS, SR XERAE 15m/s B, SEHR1TEE FIBEDLEC B 2
FER 10m/s BN T 61.79% F1 56.99% ,

3MECEHEANEYE LK 3, BTN REE 3 ML XE THHRFMHILERE Tm/s LENET
BEEHUE, BIAER 3 PIRATIA. NFK3 HHEHYELRXNEE 10m/s B ,3m x3m FLEMFEYLEE
B T2 A R S I TR/ o T 2 S KU I3 15m/s B ,3m x 3m B E KT 10min [FRYPE NS E
20mm 3| 80mm Z AN ,80mm LA R BB /N , KA 20min f52FEE 5B AR B8/ , W) 30min
J5 40mm 5 FmbEH K, U EBETE/N ; VLR E MY 8197 40mm FE EE K, U B BB/, #E—
E0, EHLECE MY 8 3m x3m LB RIS, HE 25 X p 38 i i i

#3 WHEENHIE
Table 3 The sediment runoff of two scheme

- £ V& Piling sand(g)
Height 10m/s 15m/s
(xam) 3x3 F&#l Random 3x3 F&#l Random
10min 20min ~ 30min 10min 20min  30min 10min 20min  30min 10min 20min 30min
200 0.005 0.019 0.001 0.004 0.002 0 1.02 0.34 0.076 1. 068 0.405 0.073
180 0.003 0 0.009 0.009 0.007 0.007 1.867 0.696 0.118 1.783 0.609 0.155
160 0.002 0.001 0.008 0.022 0.034 0.018 2.914 1.186  0.232 2.737 0.942  0.231
140 0.002 0.004 0.007 0.03 0.048 0.032 4.403 2.019  0.369 4.282 1.506  0.389
120 0.002 0.01 0.016 0.097 0.108 0.071 6.264 3.161 0.679 6.367 2.398  0.646
100 0.002 0.016 0.024 0.181 0.232 0.154 8.163 4.729 1.365 9.764 4.032 1.09
80 0.007 0.018 0.043 0.333 0.451 0.343 9.223 6.4 3.076  13.924 7.252 2.033
60 0.039 0.027 0.051 0.604 0.935 0.834 8.416 7.515 6.96 17. 66 16.314  5.245
40 0.08 0.039 0.074 1.455 2.756 2.997 8.242 8.177 16.378 27.858 28.24  16.243
20 0.08 0.077 0.15 3.812 5.628 4.821 7.84 9.441 14.467 15.811 7.366  6.005

3 HAigHitie

TR ETEX, NEMRRMARERZKE S, TR R 3252 NI RMoFx X 2 2B
BB YRR RN T 40% i A BIRTE 20% AN, AT R IRE AR BA B3 MR IRRE R
YER, SFpRATEE BB AR R X XU B4 BELASHVE B P, TR LB B AR R U R0 46 TH R RO BRR , X P A RV
5 BE X R B A R A, 22 BRAE Bl L IR T U0 5 TR

(1)3 FrBCEEMMERE) B RMAE R - 3838 KGR 2 To/s B, A 30min J5 3 FPECEH RIBA HBR
PhELA , VBRI o B S 7E XU I RA B \E XU PR A o 24X R Dy 10m/s B, 75707 S BL B A% R Wi
30min >R H BURBRBES , TS A1 TEE AC B A REHLEE B A A 43 BI7E 8min A1 3min 1 BEX; HEMRATHERLE
N BEEX 20 5E XA BYER 3.78% 1 9. 97% BB AR M R, Mkl K K N
15m/s B} AT AL E S ARTTEE BLE M EEDLEC B K A 43 AI7E 2min  Imin 71 40s H AR ; HEMRATHE AL E
FIREALAC B WCX, 30min J5 , RUMER B A 2] 2em B TE AR E 250 A1 38% 1 40% , S RN B U EK
65. 57% 1 66. 96 % K UMIE BRI 3t T AR o

(2)3 FECBALR A R AT AL B R S B R KUk, BEE R TR B K T, ZE AR b 3R
M e B AR, BD R AR SR bR , kB 30min J5 767 R Bk 9 14 A TR W0 , B R XU R
0. dem, B AFRUIRE 0. Tem; FARITEEBLE R A 1 47 REIE AR IR FF 46 Uik, BE WO XU TR SEE 4, KUk X 28
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BYRBE 14756 2 17, S 3 TROTEDRIE] 25 B, KUk TED A X 2555 5 R HLAE B 2 A JEE DA 70 A H) DR 2 BR ]
FFh6 MUk, BEE XU TR SE I, WU X 2 A8 T /NS BRI R, ZETE VM SR o B R AR D, B TR Rl R %
KU EE R

(3) 7 3 MriARR NGE T , 47 S ECE A Rt R B 828 Bl WU B 2 WU IR, se 242l 7 MU
HIT AL, T 25 MRATRE I B AIBEDLIE B R AAL TR B - W s RA ™ 3 BB A R AP YR
Bk, B, BBREAEYE DM EABBRAEYREAA™ Y NEHRARBRRDRFEERENRER
JBE U g
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