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Abstract: [Objective] This study aims to elucidate the patterns and driving mechanisms by which shelterbelt
age influences the evolution of soil wind-erosion resistance, thereby providing a scientific basis for shelterbelt
management and wind-erosion control in arid and semi-arid regions. [ Methods ] Shelterbelts with ages of 1, 4,
12, 25, and 32 years, together with a non-forested control site, were selected. Near-surface soil characteristics,
including biological soil crust thickness, root mass density, and soil bulk density, were measured. Combined
with indicators such as soil erodibility factor, soil crust factor, and soil compaction, the evolution characteristics
of soil wind-erosion resistance were quantified from multiple dimensions. A comprehensive soil wind-erosion
resistance index was constructed using a weighted method to systematically elucidate the mechanisms by which

shelterbelt age influences soil wind-erosion resistance. [ Results ] Near-surface characteristics of shelterbelt soils
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exhibited significant changes with increasing shelterbelt age. Biological soil crust thickness, root mass density,

soil bulk density, and soil texture stabilized after 12 or 25 years. The comprehensive soil wind-erosion resistance

index increased continuously after shelterbelt establishment, reaching an approximately 98.6% increase relative to

the control at 25 years, after which the rate of increase markedly slowed. This enhancement was mainly driven by

the direct and indirect effects of biological soil crust thickness and cover, as well as root mass density and litter

mass density. [ Conclusion] Shelterbelt age is a key factor affecting soil wind-erosion resistance performance.

Soil wind-erosion resistance increases continuously with increasing shelterbelt age but gradually stabilizes after

approximately 25 years.

Keywords: wind erosion; comprehensive soil wind-erosion resistance index; weighted summation method;

shelterbelt age; Hetao Irrigation District

b R Y AR A A5 R G A A R T RE B G BE A I
HERETEHZERRPIXEASZ 2, AT RE TR
D, U - R B9 T E IR B ) 2 — AR EGR
JZ UKL R HILBR K L 38 55 AR Ss F R E
PR LB 3P bk A S R R LR T S5 B TR
P AR T R T R X R AR P i TR T,
B 37 bR B b ST XU M BE R R A B E AW
45 R R By b A ke R R M R SR IEL O T
PR E AR 4000 KLE N5l
{3 AR RETEIE T SN a0 S SN
JPOPR A A ST XU B 3T AR A A TR R R Ao
{14 DX IR AR M AR ST M B

77 4 A 3 e 5 KRR [ E A VD R Bl
e T b 3 245 W) R, 6 By 4 XUk v R R G BREPE T
C A WF SR T, B 37 b B RS 3 o A 4 B 3 A
Mo R AR Jr 5 R B - 4 AR B I Bl B
SR, AR AR R A, U XURS: R 5 TP AR B B AR AR
JE Al v 0 B2 N A W 25 R A I [ 5l - R K
TP 5 TGS ARB BE, SRS M AR | FL B R R, AR
BRGIRBMX P R, R G 5 i A R ARG T
Bi7 37 bR S T XUk 1 B ) A2 A LAY, Xt 48 718 B 47 AR
A SR AR T L] A T SR T R XS P AR
AHEBUHAREEE L.

TSGR R B AR E AT B R R RS
Fili ¥ W0 J= LA K B A5 R 55 A BILJ 5 i A 2 TN T 3L T
PR Horh AR WA R T M AN B S R 22 ) 2
B WORL B B 4500 P RZ R EMET R R WY
T 2% 0 A5 BTG S 42 Bk 1A 5 A TE BT B AL B 4
H, DATIT B 5 1 588 T XU BB T3 5 A 9 0 )2 T R A
Mo 2R K | BHL R VD s Bl O O b R S e A A L
JBTH 5 ) AR e 5 R RO 3 o 5 o A B S
JEE I TS BB, B 5 - et XU e . A T
P T RXPIPARAESRGE T, BEE B K, R
P A B IR 1 B R R SR iZ S R

B A LB & i m | RS R R, bR AT g
in [7) 4 2 - 398 235 #y B0 O G 58 BT KU B PR fiE . SR
AT BIF 5 22 4 vh T By 47 ARl 25 A 68 I B4 1) 955
IO, R AR B 7 A Ao AR v T R P PR AR R E B X
DR o AR A S 458 BIL A O TR AL, e H R TR T X
i — X X, AN [RGB 47 A e T R el A i
Fi F 8] 8 72 ML 1 AN 3 I o R T b, ARSI ST LA 5
I DX LR AR T B RO O R R 1~32 a i
[Fi) ARt Ao 3, 2% 8 0 0Tt 3 R e 9 T U e
RETE b, #  b B0 XUk M RE 25 5 15 8, 15 TR 48 s By
FPOPROPR R 38 728 T b ST Xl M B 14 R A A R AIE K
FEOK B, S T 5B bR s 5 22 B A B A
o 3o AR A DL 1 R S A

1 MRSk

1.1 FARXER

WF 8 XA T PN 58 7ty ¥ 2 8 DX e 38 1 I T X358 P
(40°40"—41°02"N, 107°05' —107°45"E) , J& L % fy
TR T R A, MO R 1010~
1050 m'™> . X Py Ja dh s Bl M A0 AR R 2
7.8 °C AF [ K i 150~250 mm, 1M1 4F 78 78 & i ik
2 200 mm, fEK FBEE D F 7—9 H , R85k, 4EF
BIRH 3.6 m/s, F 2= R pism Z0, 3= 5 R Sk pa b X

DI A g 2 A DARD o i 1= oy B AL L PR
K25 W 5 32 B IR o A HL L )7 4 bR S b 2 AT
XM B MR ST o B AR LU R
DR, MR R 2, Jmy 8 X3l A 2 v S R Ay 2% 45 0
AR B bR By A AR AR FH 0 B0 TE A
WAREL R R0 . A 20 48 70 AR DL, X il 42
TF I 4 B By 97 bR i, B BT AR I8 A 1T . Y e AR
K2, AT SR 4L T BAR A I 23 R0 R g o
1.2 #HHigE

AR 5 TR 22 VDX B 4P bR R TR S b R A, T
20254F 9 H W BUMES 1,4,12,25,32 a M ok 1& #kouf BE



14 K+ R B 5

33 %

R B IERT G BRI A 3N L 45 B P AR
T A AR AL CRI AR HE ] BE 4200 2 m) bR 58 B — 3K
(3120 5 HE) ARAF KRB O 2R P4 5E 1) MR B I
28 5 (/I 20~35 m) 5 [A] I, 2% M i JSd b % R it 2%
1 K A st A R D s AR DL, 19 0 S SR X, g R
L 3 AT AL /N X (1 m< T m), W AROHE R A 5 S
RURFEBE LR RFEIREE 5 emo i il SRR, 45
FE R AE S BE AR I 2 2 /0 1 mo X B b 3 B
W RR T e, O W] WA W W . BT A RE B IR
Z AW B 5 Tk .
1.3 i R&ESFHENE

T b e R VR S A A 4 AR W 4 IR B RN i B AR
R R A VR W) R R AR B
BURT & ko AR Wy &b B I8 18 R FH W 25 0 11 )i 3 i
R 4 A T7 1 A5, A5 BZ 0.03 mm, & 4 b I &2 20
e B E o A A e P R R R O ik R AT
FlEt s R E 43 A 100 4~ K% A9 20 cm X 20 cm
SRR AE |, e A% 10 Sk AR W 4 R S A 5 A i ok P
B B LS K I MRS RO T 90 A4S, W43 AL E
PGS R E EELE K AP L WA E IR
ER R FEHLEE R SR, MR R S A Y
% Y AR 10 em 5 5 em PR T HORE , - 2o
KV -HEF kAT I e AR S AN R, R HER
FHEAAS cm . & 5 em F ] BRI 4 105 CHET
24 h G FRESRBEY . REO—S5emiBA LA, & H
SRIAT, 25 B 0 5% AR AL ik, R R F S O 8 A TR 2
S RERS T o T T A 1 o kb ) 0 R o BOXUT sk
2 mm G 09 248 £ 5B 45 AT B SR R A AN A ML BT Y i
B FE i UK b i — 20 B O 5 0.25 mm i . 123
JoT b Bk R 0 e A HILIBE B 43 0l R O R )
P EDTA i R0 A% TR A L ik O L A%
HHE 3.
1.4 TEHXIMEEEIERTE

R W BT RE T, ) gk g
SR RS ) P ER AR U AEBIE L
e X b 7 2 B R (Revised Wind Erosion Equation,
RWEQ) 1 iy + 5 a] il ¥ A -+ (Erodibility Factor,
EF) 1 + 545 j2 A 1 (Soil Crust Factor, SCF) 5 3¢

BEFE AR 4 S S TN B 45 108 Eijkelkamp
B0 AR R S5 T A B 5 D e, B R M 45 T 15
WY, 4 HE R R OF Y B (Mean Weight
Diameter, MW D)% F i i 0 52 0, 40 3¢ 1 39 A 3
RFaE M. RI500 g HAR KT H AR KF 2 mm iy
TRELVE T ER N 20 cm WER b, B i LRI
WM 10,5,2,1,0.5,0.25 mm, I % %& T IR 0 L _L ik
FE0 43 o 4 0 2k B o, B 0 LA 43 200 YR P 3l 1) 45
RYR P 5 min, B 5 53 50 FR A B A A O 2 b AT 3R
AR T B K 38 ok e /0N L AR 7 L A R BT g, 3 T 3 5
M A R AR R AR (AR (D), ]
P T (EF) A1 4 38 45 1z R 7 (SCF O A 4 52 ) + 38 5t
b B TR A 1 ik KA LT B e, SR B TE (1 IR el A5 7Y
Z B N AR A KA A BE M K%
7 5 B KU

S A A T 0 L (om0, 45 9% B
TES i A b iy A SR L ]
29.9 4 0.31Sa+ 0.17Si + 0.33% — 2.590M — 0.95Ca

EF= 100
(2)

! (3)

1+ 0.0066(C1)" + 0.021(OM)’
A Sa b R A (%) St R HER R
(%) CLA R R 5 (%) ;0M N A PR &
(V) ;Cah LIHERIRES (%),

h R GV AS [RURRS B 47 bR - e A Dl g L R
INALEE A 6 H b - e A e R L A R B
S 3k K 2 BT E A5 AR AR A (BR 1D, BRI HE FR 1Y)
TE U GG R B S AUV al J S B SR T R A, O
B JE B R B B R BR (K 2) . FrA febrbruedb s , R
A A BT XUk R 25 A 48 2 (Comprehensive
Soil-Wind Erosion Resistance Index, CSRD :

SCF

CSRI= > A,B, (4)
j=1

A A A b BT XU kM BE 48 AR Y ALEE 5 B O 2R

JA R HET KU R BE A5 A 00 SR

R1 FEWERGFFH LEARE SRR B FAEMNE

Table 1 Common factor variance and weights of soil wind-erosion resistance indicators in shelterbelts of different ages
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Table 2 Critical values for different soil wind-erosion resistance indicators in membership

functions for shelterbelts of different ages
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Table 3 Variation characteristics of near-surface properties of farmland shelterbelts of different ages
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Fig.1 Variation characteristics of soil erodibility factor, soil crust factor, soil compaction,

mean weight diameter, and soil cohesion with farmland shelterbelt age
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Fig. 2 Variation characteristics of comprehensive soil

wind-erosion resistance index with shelterbelt age
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