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W O ILHEARKEGLRRBABEF VX, KRR A Le Bissonnais FPHH AR EME KL ER R K
HHARLRAREAREKEGR HHARAFHRBAB(MWD) NLAFHELL(CMD) T E XL F £ H (D), 1
BARARUBARAHRGLIFA N X  REER XA I RAREERAARAEH, 2REW, AF0.2 mm
HERARKERE 1978 5B MMBH0~5cm BR A, N 54.95% , % 1990 45 3| 4 3 o 3 9 20 ~ 40 om B K
A, % 3.20 % ; MWD(mm) # GMD(mm) 7 1978 £ s M M B 0~ 5 cm E A, 4 51 1.66 %2 0.46, % Fe 3 iy 20 ~ 40
cm BRA,2HH0.090f0.05;8E(0~5em)LMDE2.71~2.84 20, XA FTE£2.74~2.91 28, XA
K5 DMWD,GMD M >0.2 mm EFHX AU ML RANFAARAANTLROARAL R P AREHERN, D,
MWD,GMD # >02 mm T A TR ELMEARKAREY YL MAR BRI K,

XEA: LMARGCARYE QO HEH; FTHEAREB; LAFHAE

hESES: S152.4  ARIFILH: A

ITRARAKEEHRLBEBTRENEGE LSS
U ARGMBEHS LT RBHMBHEUHE
¥ B+ BRANBHBBENE RIERE
F01; B B ok 4 B0 B0 2 T ) 4 i R AL SR
BUNERLEREMEIFILEBERER >0.25
mm KR RE S BEN LR M ER R, F—
BREAFMNLBMEABLARNAR, AREHARM
HERTEERKHEL, HAEBERBIN L HEA
RaaERAERERMERS, i, FHRIA
HEM L RARERSEHERRBA 2.23 45 Pin-
hein EEIUNEHGHENRBE L RARGK SR
T, 5 2B B4 ; Caravac B8 IA g% 1 + 3
ARABEHBEDTHL LN, FEEET-H
FF3 R & B2 (MWD) # JL{ ¥ 33 %2 (GMD) #F
REMAREKRFIE, 20 L 80 FRMERE KK
ST IS0 5 07 ik BT 55 L AR PR R S 0
RETHR TR, FEEENHASEILMERTL
WARKSHERE KD Zhon EUHKANLEE
BDORFMLRARKFENERREERRN
S8, F AR HM B LA, AR &5 4 58
#i;Zhang SUOB IR A KBS R R B+ AR
A HRAERTE;ZREEMNRRAN L RAR
RERN TV ER ST RERZAFEREERX
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% 2 b PR 45 ¥ B AR EE AR B 4, AT Y LR
BRbtEigtR, KW HIBR PR B EEK L FRFR
RGESKEEMERFARDAR, ZRBLLT
FENKLIRFESRE, BE, FEHEHBE
AEREWE AT, £EFI Le Bissonnais (LB)
FERETZMBARNFHEERE T L HKEERAR
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TERGHWERBRNTELHE R, KA
BRENTEZELEN,BERT 39 kmo RE 109°19
23", 4t 45 36°51'30", ¥ 3% 1 068 ~ 1 309 m, FEHXR
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wyBRRETELER it R+ 8
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2.1 HEARN

BN ZREBLRYMYERAE, EFETREF
B P T 2 T VR 38 K At | T 3t AT SR TR K
MR AR R, B EEFLRLR L,

2008 E 8 AFAIRETHER, SMHMIKSEE
WSS BMHARLS2FIM0~5,5~10,10
~20 cm A 20~40 cm H T B EBEREH S
BATREGRAYS, KNS EL 3R%, HEX
BE,BART, £WLHEL3~5 mm i, BFHE
ABEHEAREKER,

1 #RHER
Table 1 Description of sample sites
?&aé'ﬂ -4} B iﬂiﬁ PNy mi?-ﬂ’&iét I}ﬁ‘-iﬁ iﬂﬂﬂﬂﬁ]('yw)
egetation Slope . Elevation X ) Dominant species Main companion Restoration
. Gradient Longitude/latitude K
type direction (m) and coverage degree species year
. . 109°15'43"E/
EN35 27 1294 36°44'26"N BATHFNER 58% KEE JGEAKTF 1977
g o 109°15'41"E/
NES' 32° 1290 3644/ 29°N KL% 38% FIREREL XK 1988
Wi 15w WoS mERMEAEREL Y RREENE XER 19%
109°15'38"E/
&R WSI10° 18° 1307 1644 30°N BT % 50% KEH W ERK 1977
. 109°15'42"E/
Lt ws20° 21 1293 16°44'2S"N KEH 0% HLEHHTF 1974
e NEe 2 ne0 OO0 E KRB 0% KEH BEEART 1978
o . 109°15'37°E/
FE WN5 15 1265 36°44'25"N EAT % 10% WL 2005
o PR T 4 4 5% : M #2 ( Pinus tabulacformis ) 5 #7 % ( Caragana korshinskii ) ; 1 48 ( Robinia pseudoacacia ) ; 38 % B 8 B F ( Lespedeza

davurica ) ; 3% % ( Artemisia giraldii ) ; P /R % $1 § € ( Heteropappus altaicus ) ; % 3 3 ( Luctuca indica ) ; G ¥ % ( Artemisia g

inid) 35 26 (Artmiia sco-

paria) ; $i 125 88 K ( Potensilla tanacetifolia ) ; M )L B Cepalanoplos segetum ) ; ¥ 2 ¥ ( Stipa bungeana ) ; B3 ¥ 3 ( Bothriochloa ischoemaum ) ; #4.$8 B ( Euphor-

bia humifusa ) ; T P B ( Lagochilus ilicipolius ) ; % S48 ( Amorpha fruticosa) o

2.2 MEHE

MELRARGREHNEE Y B ETERERF
EKEMALRERE BKARESE B TFI&F
AR ABETR . FREHDRDREFA
HEREXNEERNEZR GREGEEUH#TH
B HEERASAFANBAREKBEENS. IBHE
WEARERFENHBERDRARRAALR, L
X4 B EEHBRORRENE, &M LB FEH
RREAENE T RKEERARAS R BUTE
RESH(WPEHLFERXNREFS) TLHAR
HERmER, T ERBARKHBOHBENH, ¥
EFERSE XM [12],
2.3 RAE

T HEBER(MWD) FLAEHER(GMD)
HUTARH:

Z.) ;’_i—wi
MWD = H=1——

Z‘) w,~ln ;’2_,

GMD = Exp =~

A, o N BBEHFHER (mm); w; HRFE L
b % P R 4 o B AR H
HIRAREMEEHGTEARMT ),

F 3-0
W(r < Ri)/Wr = (R_")

BB 10 HIRAI ST

1gW(r < R)/Wy = (3 - D)Ig R/ Ry
P, DN MAKBHEARKER RS BRI E
W REB/NTR REAR, W, WEAE;R A
FWARSBE R, 5 R, BLRTHER; R, HEKX
BATREHER.

3 ZRE5H

3.1 FREHEHELERT HRAKBEMEAREKFE

3.1.1 FEAHBKEXET>0.2mm AR4&SE £
RARKR I BHEEHARTS EHTRNEE
WELFER B THR L REM L RBHEE
RWBEESE, B1NIBENESLIRKEBHAR
KEBZEERA>0.2 mm, MWD,GMD M D, —
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LK TF 0.25 mm 7K B 3R 4R A B AR O £ 3R AT
HHEERGFBERRM AN ERBETEAH
T.0mn GRREEMTIREMESRE LK
BHEAAREK(>0.2 mm)FRAMERX, 02 LB
EFRE0.25mm fF, AHEKXTF 0.2 mm KB EH
AREAER EHN>02mm RE1-AB1GHEH
FRAFBEERRER—LERARBZENERE
. >0.2 mm 7 1978 SEWMIAAKHAI 0~ 5 em B K,
A 54.95% , 7 1990 4F R AL FOFE H /Y 20 ~ 40 cm
BANK3.20%. HHBERLIES0.2 mm HIF
H:1978 SEM A AKHL > 1977 SE R > FEHE >
1974 SE#7 R AR > 1974 4E 47 KRSk AL > 1990 4E

T
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ERHEE,

3.1.2 XBHBEEYTHLAAEAK MWD A
CMD ¥ HEBRER(MWD)MIILMEHER
(GMD)RE M+ A RKB EHENW,BEHIT.
AREBEERK, MWD FIGMD 8%, B 1-BM
1-Ca5NKkBERREN MWD f1 GMD, —
BEERACHPBEE B
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M1 FREERE TR RERIEA: >0.2mm;B:MWD;C:GMD; D:D)
Fig.1 Characteristics of water stable aggregates under different vegetation types (A: >0.2mm; B: MWD; C: GMD; D: D)

B T 41, MWD 1 GMD 7E 1978 4E M #3 Ak b B9
0~5cm B K, 53514 1.66 F10.46, ZEFHE Y 20 ~ 40
em B/, 50915 0.09 $10.05, RE T MWD EH
BEHUGUF 4 1978 SE M AR > 1977 E R AR >
Fedth > 1974 SE 47 & HR b > 1990 4E NI B AR > 1974
EFAFIEMIL > 1988 ERGHKE, EREEHR
RFTW 1974 547 FRARHL | 1990 4E §l 8 Ak b 71 1974
EFEFRBABZAERHREE KA
FMEREREE. RZL W GMD ELH b > 15§ M
F¥ 0 :1978 SETMAA MR > 1977 SE R AR > T3 >
1974 SE 7 RIS Ak HE > 1974 R4 Kbkt > 1990 £E

PR > 1988 4F J B Ak ot , 3L P T3, 1974 £ 47
F R AR, 1974 4E 45 & bR, 1990 4EF1 1988 2E )
BB ZENEREREE. B, >0.2 mm,
MWD #1 GMD BR7E 1974 4E#7 KKK 5~ 10 cm B
FO~5cm i, 7 1978 MM ARHAY 10~ 20 cm &
Fs5~10em b, EHASHEMMO0~5,5~10,10
~20 cm A1 20~ 40 ecm R W /Do HE LW >0.2
mm H GMD 7£ 1977 E RIERAKHL B % 55 F 75 1988 4F
11990 SE RIKR AR 49, 7E 1988 4F F1 1990 4F J i Ak
WZEMERAEE, XFTESEHMEA X,
1977 SE R AK 3, 1974 4547 & R BE AR 3L F0 1974 4
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HERBE -8B, >0.2 mm MWD 1 GMD %
1977 SE R AR 0 B 3 B T 76 1974 FiF R R
1974 AT AR AY, T 1974 EF LT R A B
1974 EFFEMRBZ AN ERABE, LB M T
o R FAT 2R R YR R PR, Tl A bR ot B R pROK Bt
R EREBEFELT, LRARER B BEY
R AW T BB 1977 R 1978 £
AR E — B $R B, 2 > 0.2 mm MWD #1 GMD
TEMMAR B E R FREFBAML, X7 Bk
WA KB LW B EAER KX TR,
3.1.3 FAHRELATLRAARGSUHE L
WABUARAERRIHFHRES B EB(DIE
2.71~2.91 20, £R(0~5ecm)LHHDE2.7
~2.84 Z18,5~10,10~20 cm M 20~40 em ) D
2.74-2.91 2H, XSEBLESIHRABEER
TERARKSILERE2.75~2.86 ZH, BT 2N
£2.77~2.8 ZEIMEREE. DRE 4 FH%k
ARHET S~ 10 cm 10 ~20 em /N F 0~ 5 cm, ZEM
A 5~10 cm AF 10 ~ 20 em 5h , EH KRBy
f90~5,5~10,10 ~ 20 cm 1 20 ~ 40 cm KK K,
RELHD WK/DEFF R 1977 F R Bk < 1978
MM < 1974 47 KR B < 1988 SE R 44
i < FTHh < 1974 SFFF R AR < 1990 4 HHR AR Hb,
D 7€ 1977 SE R AR HL AT 1978 4E MR AR B/, 535
H2.71 #2.72,5 1977 £ R AR 1978 4 H#
Mz Z 1M >0.2 mm MWD 1 CMD B R (B
DH—F, UhBIRX A Ak R E B &
SRR XSHBHNEK, BEAHWERE X,
1977 4£,1988 SE 71 1990 F R MM B RZE L W E
BOKE D KUK, 1988 4 16k 3L AN 1990 £
BRI BEET ] (AR 2 4B ,{H 1988 4F R bkt 10
D EEE /NPT 1990 FRRAM K, EE B TF 1990 F
MR ER K, TS A RBME, MR
BN EEENHN 12%, B+ A PR (OM)
MREYEYRC BEEIET 1988 FRIEAMm A,
Zhang %US)F Cerda B AN B IR MM E Y R
NP EARERGE R KBTI RIAEERR,
>0.2 mm,MWD # GMD 7£ 1974 7 & RISk b 0
1974 £E47 Ak pR i 2Z 8] A B 7E 1988 4EF0 1990 £E Hil i1
A2 LB EER MEEZLRD ZREF, Zhou
PR AN DEAERBMARAMBE LR T - A
Rk KR vked EMmMEAE, '
3.2 IWANRAEEABREAENEZSRSAR
sk BEEFBRXESH
tikBESEEHEA SRS D,MWD,OM

1 GMD ZE MRS AR 2, >0.2mm 5 <
0.05#10.05~0. 1 mm ERZEHER BEAREX,H
KFEBSTPH -0.887 F1-0.925;50.1~0.2 mm
SRZEFAFHXYE; 50.2~0.5.0.5~1.1~2
M>2mm BREFEMX., MWD 5 <0.05 #10.05
~0.1mmZEERBERME HXEHHIH
-0.82971 - 0.862; MWD 5 0.1 ~0.2 #0.2~0.5
mm ZEAEAHEME,50.5~1 mm BEHX,H
KEFERHORLMWD 5 1~2f5>2 mm ZHER
EEEMKYE, HXREH K 0.503 f10.997,
MWD # GMD 2 [6] &4 3 R #H 0.956, Zhou %%
R AN REAEER MWD T GMD 2 R B XH R
0.95. GMD #t MWD 5 & % % Hl IR 4K & & 2 (8] 9
(AR BXRAEREES. D5 <0.05/0.05
~0. 1l mmZEEREEEHE BXRESHN
0.951#10.780; 50.2~0.5.0.5~1.1~2f>2 mm
ZEERBEANEX;S50.1-0.2 mm EBERM
%, Bk, 2505 <0.1f1>0.1 am 5 DHAFAEAR
SR (RE2), HR2AUEH, <0.1 mmBARK
SERE . DRK, KFEEEVIHELIALLEAR
ERSHERERAREAREETRER ML
BAEARKEBREEMX, RASBEREE
VL B LR G5 # R A AR, AT Oy 1 SR B Dl 4 4R R
##5. D5 MWD,GMD,OM Z B fM 3% R 3 A
-0.795, ~0.811, - 0.589, ¥ X BB B XEKFE, H
#,D 5 MWD #I GMD ZEX R LE 2,D HS MWD
HGMD FIELMX R, XU D RBURFAF K
BT RARKBEE,

OM 5 >0.2 mm,MWD # GMD £ E X E 8
X, 5DHEREFRMX, RUMMLEANE
ERAMTLHARGE R AKBEHRT. Six
Y MEAREESE RO AR AR R
k., Zhang 2SI 9 7 MR 78 K H B dR 9 T LAk
BUHETRIBEEMNEM. 1974 E7 KR BKM
+THAENFEESERR,H>0.2 mm MWD 1 GMD &
EETF 1977 4 M Ak A 1978 E M ki, 7T I
TREHHRERNRETBAFIRY SR, T
BESHENEHARMLBER X, BIEVRHAR
MBERR, ERAREARHEANBEAAR
EXRRGHHY, AAFRD, ZBEO~10cm)E
# MWD % GMD M X > 0.2 mm — 8 K, Wi DE—
BB XETERHTFRELRAVRESER, B
FRAREKOHB, KA NB SR, ETASH

O BEXREH.
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T, B, Mt RENRRREARGEE #, FLELRBHNELRE,

295 2.95
L 4 (-3
2.90 ol Ro 2.90 ® »=.0.05!Ln(x) +2.766
o R*=0.655
2.85¢ 2.85 MWD
LIPS
o 2.80 Q2.8 o
y=-0.003x+2.919 y=0.003x+2.590
275 R =0.867 R=0.867 2.75
Lo % ©
2.70 2.70 y=-0.077 Ln(x) +2.644
° ¢ ° R'=0.778 .
2.65 e s L - 2,65
0 10 20 30 40 50 60 70 80 9% 100 0.00 020 040 0.60 080 100 120 140 160 1.80 2.00
>0.1mm/<0.1mm(%) MWD/GMD(mm)
M2 D5>0.1 mm, <0.1 mm,MWD,GMD RY# X H
Fig.2 The scatter figures between D and >0.1 mm, <0.1 mm, MWD, GMD
%2 HXHEIH
Table 2 Correlation analysis
<0.05 0.05~0.1 0.1~0.2 0.2~0.5 0.5~1 1-2 >2 D MWD oM CMD >0.2
<0.05 1.000
0.05~0.1  0.706"*  1.000
0.1~0.2 -0.24  -0.134 1.000
0.2-0.5 -0.439"° -0.480"" 0.876""  1.000
0.5~1  -0.587°" -0.616"" 0.686°* 0.902"° 1.000
1~2 -0.677"* -0.660"° 0.398°° 0.629"°° 0.870°°  1.000
>2 -0.797"" -0.834"" -0.263" 0.051 . 0.246 0.435°°  1.000
D 0.951"° 0.780"" -0.329" -0.572°" -0.695"° -0.731"" -0.755"" 1.000
MWD -0.89"° -0.862°" -0.201 0.120 0.321° 0.503°° 0.997°° -0.795°"  1.000
oM -0.585"° -0.647"° 0.143 0.319°  0.411°"  0.539"°  0.586"° -0.589"" 0.610°"  1.000
GMD ~0.843"° ~0.793°° -0.164 0.146 0.319° 0.456°° 0.953°" -0.811"° 0.95%"° 0.528°°  1.000
>0.2  -0.87°* -0.925"° 0.002 0.340°"  0.532°° 0.660"° 0.95[°° -0.885"" 0.972"° 0.655°° 0.931°°  1.000

Bow v 0.0l KFLBHHKX, » 0.05 KFLBEMHX,

Note: # # Comrelation is significant at the 0.01 level, # comelation is significant at the 0.05 level .

%

4 it

1977 SE R AR HE AN 1978 E MM AR RE L]
PR D &/, T MWD,GMD #1>0.2 mm & X, %
B m bkt - MW E R, ER—E
BARYT,BHHmEE&, ML BARK>0.2
mm,MWD # GMD & K,D 8/h. 7 F et B # &
#TF.FHABEE HHEEE >0.2 mm, MWD
GMD I &R B AT A KBH K, X R
B%, OM5>0.2 mm.MWD fI GMD 21 B E F
WX, 5DHEEMRBEFRMX, RHE MM L WAH N
EEBREMTLEARKERMN KB EERER.,
D,MWD,GMD #1 > 0.2 mm W AT EAE L RAR
ke, EALRAEMERE, ZELH >
0.2 mm .MWD.GMD 1 OM B % ,D &/, K9 #
ErBARGEHEBE, ER LKL MK FEHE
AY8.
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Study on effects of different vegetation types on soil
aggregate water stability based on LB method

DONG Li-li', ZHENG Fen-1i**, QIN Rui-jie*
(1. College of Tourism and Environmens , Shaanxi Normal University , Xi’ an , Shaanxi 710062, China;
2. College of Resources and Environmens , Northwest A&F University , Yangling, Sh i 712100, China;
3. The State Key Laboratory of Soil Erosion and Dry land Farming on Loess Plateau, Institute of
Soil and Water Conservation, Chinese Academy of Science and Minisiry of Water Resource, Yangling, Shaanxi 712100, China)

Abstract: Soil aggregate is crucial to soil erosion and runoff. The fast wetting of Le Bissonnais method was used to
measure the content of soil water stable aggregate and samples were collected from Zhifanggou catchment of the Loess
hilly-gully region. The mean weight diameter (MWD), geometric mean diameter (GMD) and mass fractal dimension
(D) of soil aggregates were calculated and correlations among these indexes were analyzed. The effects of vegetation types
on the content of soil water stable aggregates were studied. The results indicate that the biggest content of > 0.2 mm soil
aggregate is 54.95% in the O ~ Scm of Chinese pine forest restored in 1978 year land and the smailest is 3.20% in the
20 ~ 40 cm of black locust forest land restored in 1990 year and abandoned land; The biggest of MWD(mm) and GMD
(mm) are 1.66 and 0.46 respectively in the O ~ 5 cm of Chinese pine forest land restored in 1978 year and the smallest
of them are 0.09 and 0.05 respectively in the 20 ~ 40 cm of abandoned land. D of topsoil (0 ~5 ¢m) and subsoil(5 ~
20 cm) are 2.71 ~2.84 and 2.74 ~ 2.91 respectively. >0.2 mm, MWD, GMD and D correlate significantly with soil
organic matter, which indicate that increasing the content of soil organic matter can improve soil aggregate formation and
soil aggregate water stability. D, MWD, GMD and > 0.2 mm can indicate soil aggregate water stability and are the indi-
cators of the soil anti-erodibility.
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