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Study on Soil Aggregate Stability and Seil Erodibility in the Grassland
Vegetation of the Loess Plateau Region
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Abstract: Soil aggregate stability is a key indicator of soil quality evaluation. Soil samples under different
plant communities and site conditions were collected in Gaojiagou watersheds located on the hilly-gullied
Loess Plateau of northern Shaanxi. Soil water-stable aggregate were measured by using Le Bissonnais
(LB) method. The mean weight diameter (MWD) and soil erodibility (K value) of soil aggregates were
calculated. The results show that the MWDs of three treatments (fast wetting-FW,slow wetting-SW, and
wet stirring-WS) are ordered as SW > WS> FW, and the K values of treatments were ordered as FW>
WS> SW. The MWDs are also ordered as shady ridge slope>> shady gully slope>> sunny gully slope>
ridge top> sunny ridge slope, the K values are ordered as sunny ridge slope>> ridge top>> sunny gully
slope> ridge slope>> shady gully slope. The MWDs of shady ridge slope, shady gully slope and sunny
gully slope are significantly higher than that of ridge top and sunny ridge slope. Soil erosion has easily
taken place in the ridge top and sunny ridge slope.

Key words: Grassland vegetation; Le Bissonnais method; Soil aggregate stability; Soil erodibility; Loess
Plateau region
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1.1 HREXER
=R /N SRR T IE T A SO A BT

HEEFRE BRANELREERHEX, BIE
WETRAMEENSR EREW. L2 TH#., %
D5 R R T8 BE AR B A B, IR 1245~
1635 m, B H 160~180 d. £EFH S 8.8°C,
>10°CiE s AR 3177, 4°C 5 £ 4F H B AT 4L 2415. 5
ho K PHGES 5 8 480. 1 k] « em ™" SR P H K&
505.3 mm, XK E 1645, 4 mm, B K B HE
AEM2MHEUE., TEARFENER L, LS
WEA KA PURMEE N E, TEEMCE. H
KRR EFREE T FEHYMHEFETE
(Artemisia gmelinii ), H F ¥ (Bothriochloa isch-
aemun) A5 E (Artemisia giraldii ) 5 5 BB F
(Lespedeza davurica) VK45 (Stipa grandis) %,

1.2 HRXESHH

2011 4E 7 F 3 of Xf BF 5% X 8 Y 4 40 26 B A M
W & HEAT IR AR A9 T 2 , 12 BRAS [R) A 7 2% 14 28 BX
HAEREZEN 1L M GE D, SEMPIERS
410 mX 10 m R B HoT, B AT 5 6
B RE0~10 cm L& 10~20 cm BUR +H B H A
KR AT RBIBSCE R RPN, KR
BEMA RIS, T 74548 3~5 mm #)
TR Rk, LA A B LM R 4 4T S BR O
[18]. #4E Le Bissonais J 9 3 Fhih 3 )5 g2,
eI 1 1 (fast wetting, FW) | 18 5 18 1 % (slow
wetting , SW) HIFE /5 # 3h (wet stirring, WS) XJ 3
~5 mm { L EAREHT 2.

Le Bissonais ¥ (fi#% LB ¥) Bk E £ BN
T B 3~5 mm FHHEEET 40°CHAHNH 24 h,
HARKLESKE -BURHTUT 3 MR, R
BB (FW) .5 ¢ ARARERRELE F K+
10 min J5 B BE RIEK D RERESW) BS
g AIBIKEFHK S H—0.3 kPa JEAK L, E 30~
40 min ffi A RIKSE £, TR EHH(WS) B 5
g ARAR AT LIHEHZ R, R 10 min J5
PR W R HTE R W I AR 50 mL KB T
Ky 500 mL =AM, K E 200 mL, #EJF L
THS 20 k.45 30 min FRIEEIIE. AEH
WA 2 AKS . BOERELEDY - ERBT
RIAE 95V R H 9 0. 05 mm fLARTH F L.
FFHEY 20 WUEE 2 cm); RIG A 40°C AP
TR AR 0CTHT 48 h,FrE, B
2,1,0.5,0.2,0.1 F1 0.05 mm £/, fREBHIFAN
FA M REARAE. LB ERRES LKA 2013
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Table I The description of sample sites

B3R B E7; 4 ;4 45 EEEHE HEAE
Erosion environment Altitude/m Longitude/° Latitude/® Slope/° Herb coverage/ % Vegetation types
R 1370 108.9864  37.2181 5 77 BB F. BRERAR KT
. 1347 108.9910  37.2307 8 62 Kt F XL BHETF
Ridge top 1334 108.9874  37.2332 3 38 HEE
PSR B 1379 108.9854  37.2160 28 35 %®
Ridge slope 1345 108.9905  37.2313 26 72 BATE
PBHR B35 1321 108. 9899 37.2319 22 35 BAE EE AR AL ENET
Sunny ridge slope 1285 108, 9897 37,2324 27 33 3T ]
FH ¥ 35 1270 108. 9879 37.2320 23 33 KREEHET.EE
Sunny gully slope 1304 108. 9874  37.2180 25 60 GirE R
BA ¥ 3 1337 108. 9878 37.2175 13 44 BERERK 5L &THE
Shady gully slope 1312 108,5924 37,1353 20 90 BT

¥ (Note) : & #1 & (Artemisia gmelinii) . 13 £ B (Bothriochloa ischaemun) .35 ¥ (Artemisia giraldii) .35 5% B # ¥ F (Lespedeza davuri-
ca) s KE ¥ (Stipa grandis) B BE (Thymus mongolicus) ¥ % (Artemisia frigida ) B [ 5 B4R (Poa sphondylodes)

1.3 {HHF*E
+HARKEHERERL (MWD/mm) fl +

AR T K EREHEARM TS,
MWD="5y w:/ Sa

K = 7.954 X {0.0017 4 0. 0494 X

logGMD +- 1. 675
0. 6986

exp|:— 0.5 X (

GMD=-exp( iwilnx,-/z:)wi)
R AIEMHETHERAKEHEE
(mm), w; HBEMREATHEHREKRER 5.

1.4 HELE
H Excel 2007 #1 SPSS 20. 0 45+ 4 ¥ 8 4 %
FRRREE TR,

2 ZR5HWH
2.1 THMEXBAEHER

Hi# 2 AT 41, 3% pH 7 8. 83~9. 06, AW ¥
. AR HMEGLERAEE. HP,0~10 cm £+
BT EAEURRNERA, HRBE RN, KA
LEEX 1.05~1.17 g+ em™, 10~20 ecm + 2,
PR RA, MW RN, HEABEN 1. 17~
1.23gecm™, 10~20em T ENIBATHES
Fo~10cm +2,RETELENESHEETE
B18. 0~10 cm £ J2 L\ BH 3 5 35 42 53 TR 4 3
AR BRER  ARMESERMKE;10~20 cm +
BURBHTEEVRSERS,  HAESERE,0

~10em +EHAEBEETF 10~20cm B, 0~10 em
TEUMRBHEARH T ESRASERR, K
HFEBM,10~20 cm LB HRALEBHELBES.
RigR 0~10 cm £ BAR 10~20 em LR LEE
BABTHUAK, I 0.57~0.58 g« kg ' TEHEZH
2, 0~10 cm LR RGBT IR FE L WEHF
BB AW SERMK;10~20 cm + EH M AHE
R SERER ARMEERERMK.

TREARENE D WRIE
Foig 3~5 mm +IEARELEASFRBELE
TRENAKBERREKENERES B4 HnE 1
im,. SWHAETO0~10ecm 5 10~20ecm + B H
BALHEAEN, FTE RN 2~5 mm KEARE, Hh P
BRI BA 3 B3 A R AR B 3 2~5 mm B2
K B R LB KT 60%, R FH R 58 3% BT o5 Lo
HEONER. SWAET 0~10 cm + BERF L H#
Z&MF 2~5 mm B B B AR B K /Dy BA 3R b
38> B Y 38 > BA o 4g > 38 B TR > FHR B33, 10~20
cm £ R K/MIF R AR > BEE>RETR>H
Ropi >R, Bl . HEY . RHTZ HE
RABE. WS AET SRR EEBR MY
5,<<0.2 mm NARFR &5 FERE, 0~10cm +
B EE 762.93%~72.61%,10~20 cm + 2
AR R 71, 25% ~81. 23%, FW A BB F A5 4k
s WS s, Bes N, <0.2
mm B2 FOR & FERE,0~10 em £ R LIBE
$756.87%~70.11%,10~20 cm + BA{LIGE K
64.71%~74.22%,10~20 cm + EREF 0~10
em+ B, ERLEBRRX, FRELEHEHEL>0.2 mm

2.2
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Rk RBERBENSER N ERMEINE HHBAN S EHEI L SW>WSS>FW, WS 4
B, T LBIER 3 MAbEE, BigsE 0~10 HE5FWAHERAEE,
em FEFE 10~20 cm +/2,>0. 2 mm KR KFE

F2 TEMELHER

Table 2 Soil physical and chemical properties

. ] AE £ iR EX ) EX EXil
BRI Soil layer pH Soil bulk density Soil organic matter ~ Total nitrogen  Total phosphorus ~ Total kalium
Erosion environment /em
/g+em™ /g*kg”! /g kg™’ /g kg™! /g kg ™!
75T 0~10  8.9140,012" 1134004 10. 02£0. 96* 0. 6340, 154 0.5840, 04 19. 56 + 0. 89°
Ridge top 10~20 8.91%0.15* 1,180, 06" 8.07+1.64 0. 460, 10% 0.570, 05 18.84+£1.832
FH 2 i 3 0~10 8.83L£0.10"  1,05%0,02¢ 10, 034, 50 0.65%0. 29" 0.5740.03° 18.99+0. 58+
Sunny ridge slope  10~20  8.9520.19*  1.20+0. 06" 7,683, 994 0.5440, 22 0.5740.03¢ 19.1940. 73
BH 74 0~10 8.98%0. 22 1.08+0. 03¢ 8. 1944, 45 0.4510.19" 0.57+0. 03 18.35+1. 32
Sunny gully slope  10~20  9,06+0,22*  1,174+0, 04" 5,981+ 2. 99b 0.3440. 15 0.5740.02 18.87+1, 24¢
B i 1 0~10 8.83£0.08"  1.09+0.09% 9. 5143, 06" 0.56+0.15™ 0. 60%0. 06 17.94+1, 93%
shady gully slope  10~20  8.8540.04*  1.23+0.03° 8. 01+2, 32 0. 4520, 143 0.5840.04? 19.21+0. 67°
TR 5 4 0~10 8.89+0.04"  1.16-0, 05 6. 5342, 45 0. 1940, 11 0.57£0. 04 19, 3040, 60°
Ridge slope 10~20  8.9424£0.14*  1.2340, 08" 6,201, 27" 0.31%0, 02 0.5610. 03 18.43%1.42¢

T ARNEFRERA— LEARREREZ M EREEP<0.05. TR

Note; Different small letters within the same soil layer indicate significant differcnce at 0. 05 level. the same as following

s <0.05mm @ 005~0.lmm = 0.1~02mm &= 0.2~0.5mm = 0.5~Imm == |~2mm = 2~5mm
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Bl LBE3IMAETIHKBEARKNESH
Fig. 1 Size distributions of water-stable aggregates in the 3 treatments by Le Bissonnais method
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MWDEZRAEE, WSHAHET 0~10cm + B
AR &EGET MWD K/MRF BRI >HA
BRI > R >R H,10~20 cm £+
AR AL A B 2 5t 330 > 22 o T > PR 949 330 > FRL 2 st
PW>BARE. FW BT 0~10 cm £ EARR
Hu 4 4F MWD /MRy B 2 o 3k > B W 3 >
FH M3 > 5 T > FH R 5 3, 10~ 20 cm + B F
KRRV > Y > B R b > R o T > AR 5
W, SWABTH MWDEREET WS A4LBA

35

FW 43 F i (P<<0.05), WS 4t 3 5 FW 4b 38 6] 2
FAGRE. BASWARESEATHERLH R LR
ARkBEt:., SWH WS 4 EZ 0~10 cm # 10
~20cm tREZRAHE, T FW AETH 0~10
cmfl 10~20cm + B ZRIBEER., 0~10 cm 1
10~20 em +3 MWD {H 5 SW>FW>WS, X
YBAZE 0~10 cm f1 10~20 cm + 2N, K+ A B
kR EHAE -, MeEEE >RERE>H
®EH,

O FZ 454 Sunny ridge slope

a
3 a pm O $RHITH Ridge top
30 » M ¥ © ¥4 Sunny gully slope
E Lo TR R B B8t Shady gully slope
8 | i :ﬂ b | IR O BRI Ridge slope
3 N THRAY
20 Rk ia)y
¢ | iR B (R
i NIRRT N REHRA
15| NERIER] NHRAR
| NFRE NCRER
& | NFREY NERES as a
g LN pAL-I Y[ D‘ ab
B N RIER]T NERER 2 2.2 bR
R N, 2 . Lmha a b WHIM arha
o5 | NIFREM N R amilE 2 : bAIER a2 EE
1 N R NI | B HIA it h A Jbaild
NEREET NVREM RPN pides BFRED SPRER
o NEEE NRHE NNHG S NP NS
) 0~10 ¢cm 10~20 cm 0~10 cm 10~20 cm 0~10cm 10~20 cm
SwW WS FW
4b38 Treatment

2 LBE3IFMAET MWD TEL
Fig. 2 MWD changes of 3 treatments by Le Bissonnais method

2.3 TR T KEEE

T phE K E R R GiK AR R/
—MHEMNEEWER KERK, T BIERMESH
B5F. HER KESR/D, L HHARMEHRR. H
B 3aM,%F SWA®E,0~10 cm + B WHE.
PR ABA R LW otk K EE /D, BT
W2, HPMEEEKL;10~20cm - EHBE B

392 o TR B 32 5 33t K (R 8% /DN, BH 2 i ot + 3 vl
PHEKBEERTHM A IHBEHFTHPL
0.05), SWAAETHRUHEMNKESERTH
fih 44 F 89 K 5 (P<0.05) ,3X 5 MWD {& #7454k
PARHEMUN. AHAX S IBAGT, HEH
BRI RO ERERN, ZAK TR E A
W ERRRERM.

0.4

& P44 Sunny ridge slope ab a
< 03| 9 B#HI Ridge top 2 abb i! . a
2 & FHYE Sunny gully slope o & a N7 B ¢; ad 23
8> 02| o B shady aulysiope Lmla ;,llgiig L » midld
£ | owmmmnaiee QTG NI NATe! R
cE 02 N NIRRT N NPRER
535 N N NREA NRER
%% ol NFREM NVREE NREH NEREA
o a NEEFEA NFIRIERd N N IR
B a NFIREM NEREHM NEREH NRER
2 NFBEM NEREM NEREH N R
4 01| /b W NFREM NEREH NFREH NEFREX
NF ¢ ool NPEEM NEEA NBEEH NERES
§i.,§-._,\a$\z$\a$\w‘
oo LNHEAER  NPIRF NEIREA  NERER  NEREY  NEREER
0~10cm  10~20cm | 0~10cm  10~20cm | 0~10cm  10~20cm

SW ws FW
478 Treatment

M3 LBEIMABRTKEDTYE
Fig. 3 Changes of Soil erodibility under 3 treatments by Le Bissonnais method
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0.05),WS 5 FW {t R ZR A B %, Bk EEBREE R, WS BT MWD 5+ %
ENRBERMERE SABE. LEARREELHER. 5

2.4 HXMSH BAVBRE B EEAGFWAET MWD 5154 %
H#E3H.SWAETH MWDEE HENEN B ERMEX. 5EBHRE & EMHX(P<0.0D),
£33 HXMULH
Table 3 Correlation analysts
pH AH BD HHLEk SOC 2% TN 2% TP 28 TK

MWD, 0.189 —0. 054 —0.287" —0.422 —0.131 —0. 043
MWD, —0.275 " —0.331° 0.255" 0.280" 0.335" 0.169
MWDy, —0.158 —0,214" 0.131 0.137 0.778"" —0.210

ooex 0,01 KFEEBEMK: » 0,05 KF¥ I BEHEK

Note: ** Significant correlation at the 0, 05 levels * Significant correlation at the 0,01 level

3 itig

3.1 3 #pabiExt + AR KRR R B MHE

Le Bissonnais ) 3 Ff 4t 3 2 R 4E A [E H B
PR EA R B FE R 7. DL IX 0 SR 4 e AR I R R ML
He SW A H 2K RIB BT A, HER THAE
P A 4 725 SR s ) T (8 85 R 1) B Ji 38 B 8 KL
PR/ NS EEE R TH L ERREKEA,
A RAEWOBERBRER/N, WS 4 p i+
HARKRBAZED B ESEB/NT ARENESR
FERME BRI, R A K9S A PLARAE
UL 00 2 TR R B T i BRI 9RO A AL IR .
FW b 2 H R ARE R A KB EHBENE
FESWENBCAB R RBN ZEILH BN
ERWM LW ANSBNFHRMOBHFR S, &
KB SW b3 TR [R] o7 # & 4T B9 - A B (&
RMEEFZU>S2mm WAARKANE.EFEBHEMN
REMH . AMWDERES T WS4HE5 FW 4
B, WSb# 5 FW b3 50 + & Rk 2 B ik
SABENSELL 0. 1~0.2 mm.0.05~0. 1 mm Fl
<0.5mm FFEF MWDEZEMNKT WSLHEMFW
AOE UL FW 4h 35 WS Ab BN Z X L=
KEWFER. WS EA FW 48R EH T4
HrrBEXEmEE L ENAREREE X555
EEVMMRER-B MESSAARE " KERF
FUIHRGRMEK W LB LR 3 F T TR
Rl L ELERMAEARFEGLER, Fl EFER LB &%
R LR R RE R, FER B, B %
. LBEEN M RMNE B REBIENTIE,
AL AR R BRI 5T 7 Bk LG AT I 0N TR TR B B 0
W BAKBBEEFE T R T R TR
17 L T KA F 50 B R T R R KON

REEMMMESRELLBRME S, AHRE
B, ILBEEM SWABEEMESLE RE5EH M Yoder
HERC B EERIEN E L ERX -
R RIKFEAE., BAT LB 2N R A RIER
¥ M 77 B (1SO/DIS 10930, 2012), AW R EH
SW b 30T LAz A TR 5 1 o I 5 o 4 v B 2R
R E TERRE .

3.2 FEZHMEHTEARKBEEMTRTMH
HHER

AN T ST M S T 1 R AR T A 1 AT ok
AR, SWAET, HRHHEK>0.2 mm ki
RHREEEMN MWD R0 K ER A, LB H
S B RERESRE, LRES K E LI
i, NEIHEETFT,0~10cm L EM>0.2
mm A7 72 AR & & MWD {8 K /N 9 B 4 it
3> B TR 38 > PR 7 48 > B2 5 T > FH R B 3 K LK
/IR g P 38 3 3 > 32 ot T > B 9 33 > B o9 33 > B
Rhid, 10~20 cm T EEAMES 0~10 cm t
EHM. HEHRREN L EARKREERE.
BARSGAE TIBRERM, R TKZ , 1535 072 5 i
TENRMENEE. ARTRABLEREH T
MEHBEELHBEEZMHE RESGEETER
T BR b PRI R kR B K FRAS N . BB 5
B MR R, LR R E KB REE L
HEOR, HIEK 7 S 2 R B /N, B b
TR AR XT8N FE 5~8° 2 i), B4 K4
SRNHELBEIAR BB BHURANESES
FHRE M EEEER S R SR EE
hEYm B ZHERER K. ARG LR
KARFARE HEZES ASO0E/NT LER
THAREE . BRI AOBE BN LB R AR, £ K
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DBRFEFEGBE EREEERL 67, LHE
WERERE. ATARLMRFSEALR K.
TEFGE-RINERFHRET B, FHHERK
BEERMYMHBEUERAR. AHERARAREY
MERERR  ARBEER, AHFHLWR
NIFERNEETEHEA RELHNOARMES.
P VNS P Zi ek Liik L=V ik L)
it E R KARSE EERE . CRBAHFER
REEmW,

4 Hig

LBE:M 3 fab b ,0~10 cm + B 5 10~20
em tERAMMERKEES. WSLES FW
A2b 38 % - 398 B A0 R 4k % Ok, SW &b B x4 398 A9 B 3R
W/, B8R B X B g R 4 B
BT SR L B 3 Dl 3 Y 1 5 | A Y AR R AR v
W5 A HUBBER .,

B R R A R R AR T 6 - A
RAEBEtMTETHERABBRNER., HR
SRYE 50 TR A 3 AR VR BEAG, R AR
B.ABRETRERBU. HILTREARF MR
. EEMREARE, RBE KRN I - HE
L, FREIERESKE TRAAEER L,

B %k
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