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FEE AR TR ) - SRR % T SR P SR AR AT R R e M A E S, KRR M AT SR R 2 e W v TR S ol P 1
FERSAR . BEBEHE 4 o B X FE T S8R A AF 5 IX 38k, 9 Le Bissonnais( LB) ¥5 01 Yoder S5 GE T ZRHK  BRAR B PR R Bl AR
TIORESE R ARTG E ME  XT L30T T LB 2k 3 Fhab IR S5 R IR IR+ S PR R AP 1 B B 4R (mean weight diameter, MWD)
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Application of le bissonnais method to study soil aggregate stability under

different vegetaion on the loess plateau
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Abstract: The type of vegetation present in an area directly impacts soil characteristics and has a significant influence on
the formation and stability of soil aggregates. Water-stable aggregates are the best indicator of soil stability and reflect the
ability of a soil to resist erosion on the Loess Plateau of China. Soil samples were collected from both forest and forest steppe
vegetation types in the Dong Zigou and Zhang Jiahe catchments, which are located in the Yanhe Catchment of the An Sai
Hilly-Gully Region. This study investigated the characteristics of soil water-stable aggregate using the Le Bissonnais (LB)
and Yoder methods; the results of three LB treatments (fast wetting (FW ), slow wetting (SW), and wetting stirring

(WS) ) were then compared and the mean weight diameter (MWD) of soil aggregates and erodibility factor (K) value were
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calculated. The comparison of the three LB treatments showed: 1) the WS treatment was the most destructive to the stability
of soil aggregates and the soil water-stable aggregate particle size was mainly concentrated in the <0.2 mm size group; this
illustrated that heavy rain and/or irrigation were the main factors destroying soil aggregates in the Loess hilly region; 2) the
SW treatment was the least destructive to soil aggregate stability and soil water-stable aggregate particle size was mainly
concentrated in the >2 mm size group; this shows that light rain or drip irrigation did not have strong damaging effects on
soil aggregates; 3) the destructiveness of FW on soil aggregate structure was intermediate between that of the WS and SW
treatments , indicating that the soil water-stable aggregate particle size was evenly distributed. The experiment shows that the
primary destructive mechanism of soil aggregate structure in this region was dissipation and mechanical slaking. Aside from
considering the impact of natural factors, one should use irrigation methods that cause minimal damage to soil aggregates as
part of a larger effort to reduce soil erosion. The results of the LB method of treatment in general and the measurements
resulting from the WS treatment specifically produced findings that were close to the results of traditional wet sieving ( the
Yoder method) ; the FW and WS treatments can simulate the effects of different amounts and intensities of rainfall and
irrigation on the stability of soil aggregates. The basic principles of the Yoder method are reflected in the LB method. The LB
method can not only simulate traditional wet sieving results, but can also explain the mechanisms involved in the
disintegration of soil aggregates under different conditions in terms of the stability of soil structure; the LB method provides
more comprehensive information than the Yoder method and can help determine the cause of the loss of soil structure. The
soil aggregate structure can be accurately approximated using the LB method. The LB method can be appropriately applied to
measure soil aggregate structure in the Loess Hilly-Gully Region. The MWD and the measure of the erodibility factor ( K)
are used to evaluate the water stability of soil aggregates. The results also showed that the MWD of soil water-stable
aggregates in soils from the forest vegetation type was greater than that of soils from the forest steppe vegetation type, and
SW > FW > WS; but the value of the erodibility factor (K) of soils from the forest vegetation type is lower than the value of
K from soils of the forest steppe vegetation type. In areas of restored vegetation, soil water-stable aggregate varied from small
particles into larger particles. Different vegetation types have diverse levels of soil organic matter content, diverse forms of
soil aggregates and differences in the degree of soil aggregation present. These differences result in differences in soil

erodibility and resistance to soil erosion.

Key Words: hilly-gully region; Le Bissonnais method; Yoder method; soil aggregate stability; vegetation types
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RESR = HHEMPLRBEE S 7" . Le Bissonnais (LB) IAE A — it i) - 1 P SR U s Ml s Dy ik, 76 1 P g )
AL, HFEE R AEm 4RI FE 8 bR XA R A0S R, A 5% e B 3 4 P B X3 ] 37
BAE BRI S, N LB 3519 3 B AL 7 =00 2 AN RIS 4 S AR 3K AR P AT SR AR it 3 o 1153 AT SR AR
S EEEHAR(MWD) Al b R 7 K, 38+ B AR S I RIR S B Z R R R i
PRI AR AR IAET R AL, 5 768 ERA DA 5 0 P 8 DR 5 2 R0 - 398 PAT SR ACRG R 1 52 i 2 (1t 3
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1 MR5FE
1.1 AFFEIXHEN
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SR 480.1 kJ/em? , JCFRI 160—180 d, 40 8.8 °C, =10 C G shFRIR 3177.4 °C , Z4EF K& 505.3
mm , 4EZE K R 1645.4 mm,, %X I T M52 GR bR A AR X, R sm A,

TR -8 PSS, T SIE 0] 3ok — 2% S 3 V)1 At , Ak 22 28 BB PE £ (36°31713"—36°35'26"N, 109°7'34"—
109°10'34"E) , J& R M HZEAY 4K 1166—1490 m, JiLI B I AN 20.61 km®, HIERAIDIES+ 0+ A K
FELTRG A+ AL A LA T2

K G i A T SE ] T, b Ak e S BRI 5E £ (36°59733"—37°2/40"N, 109°1158"—109°14'39”"
E) ,JEAMEFA AL, IR 1118—1505 m, JIA A 10.77 km®, HHERAI DL A o0 3=, ()45 v
+ . EHURH DR A 3 oA E R A
1.2 B RS R

2010 4F 7 H , 78 280 35t 358 = B s DX O A4 LY /N3 3— -3 5K 0T, 3l A Sk AR AMORE k2
TEE 8 NRE R, SRS N AR A g A, BRI 13 AR, BN RES N IR B N E A, AR E R LR 1,
2, RE 0—10 cm A1 10—20 em H2FUR L BB W FILRE, T, TRikER 3—5 mm HRE,
AR LB 4 3 FiAbE 3L F Yoder 351V 22 BT A5 Hi A - MK AR ME A SR R o | o S i,

R1 HRWEREHHER

Table 1 The description of forest sample sites

RS WR/m BEE/(0) Yy e i FEAEY TS
Code Altitude Slope Aspect Slope situation Main vegetation community
1 1259 28 LA WA Lower gully TLARMR A PR RA NIEAR BB 2T
2 1301 30 MW 54 Lower gully MF+STEA T B &
3 1284 35 [} ZE 14 Middle hilly SRR E T PSR R R
4 1334 21 it ZEEIYE Middle hilly AR L
5 1346 27 FfRPY  RaiYE Middle hilly TR EARREGE | ERE PATE B R KT
6 1372 8 5115 Upper hilly FRE ATHD R s
7 1348 28 defmzs ZE5IE Middle hilly BRAFE 5 RS BT BB
8 1351 26 51T Upper hilly BRATE B

®2 HRMNEFREHRERHER

Table 2 The description of forest-steppe sample sites

B K/ m WeE/(°) i) Yef FEMYIREE
Code Altitude Slope Aspect Slope situation Main vegetation community
1 1309 37 =4 B33 Middle hilly 2R RS
2 1356 9 B T8 Upper hilly BT
3 1345 30 i} L3 Middle hilly [SESCAT e
4 1265 45 [} 445 Lower gully N NEE S NET 1
5 1307 31 M 14} Lower gully FIF R 268
6 1338 35 M B 513 Middle hilly EES N7/
7 1355 9 5 T8 Upper hilly HAER B GRS BT
8 1312 it ZREIYE Middle hilly BRAFE A
9 1315 38 k(4 A Lower gully HRFFE S
10 1315 27 it BB Middle hilly AT
11 1307 27 R P A Lower gully HAER GRG BT 258 PATE
12 1349 39 T It 75 P 5 Middle hilly PSR GRS B A T
13 1380 1 i T5 Upper hilly R

TR AL MR Quercus liaotungensis , 4% 5 W% Acer ginnala Maxim., = fi Bk Acer buergerianum Miq., I# Platycladus orientalis (L.) Franc, |
Robinia pseudoacacial ; HEAR . FIEGE L2 Spiraea chinensis Maxim , 718 A Abelia biflora Turcz. , T % Syringa pekinensis Rupr. , B} ¥ Rosa xanthina. , %
Rl Sophora viciifolia Hance , #EARERERFE Clematis fruticosa Turcz. , Ml Periploca sepium Bunge; HAS . #4155 5L Carex lanceolata Boott, Z fEH# T
Lespedeza floribunda Bunge , J51& % Carex lanceolata Boott, Fl [ % Solanum cathayanum C. Y. Wu et S. C. Huang, H 3% Bothriochloa ischaemum
(L.) Keng, #FTE Artemisia gmelinii Web.ex Stechm. , ik & BLEE; T Lespedeza davurica (Laxm.) Schindl. , 5125 Stipa bungeana Trin. , 2875 Artemisia
giraldii Pamp. , F L& Thymus mongolicus , % &5 Artemisia scoparia Waldst. et Kit; LB J7¥EA4 . B 3—5 mm WIFFI - FEE TG 40 CHE24 h

PUEIBIE T (FW) (1) B 5—10 g it 3—5 mm Jfi ) 3 BRK,; (2) % 50 mL £5 T /KA 250 mL A
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B B BRI 1 58 R SRS M B P 68 10 min (3) PR U T /K A8, P 2 0 11 56 A T
SeBAEZ B 0.05 mm FA0 ; (4) K951 I I FAE L BEPEHERART 5 0k (5) B L 10 A RV AZE
LAY 5 (6)40 CHET 48 b, S (2,1,0.5,0.2,0.1,0.05 mm) , Fkft K% 0.0001 g, FEHUAS k2 A B 1A 11 R
ROHE,

R (SW) (1) 5—10 g id 3—5 mm G i) F 3R A IEAT I, A BA 3 om HGAR I
250 mL BYBEFRIT; (2) K5 ZBEMIAE] 2.5 om WELRAL , 15 60 min; (3) K5 FH 2 ol A 3R sk AW AE 2 B
0.05 mm fifii; (4) T FW AEFEAYAEIR (5)—(6) .

BRRIRHRENE(WS) (1) 5—10 g 3f 3—5 mm i1 T3 R ; (2) 78 250 mL BBERF THAIA 50 mLL
ZBE K R B R 30 min (3) ISR 2 AR, CE ST PSRRI AL S0 mL 285 Tk 5
(4) FHZE B TR DEHDRS R b AHETE M P00 25 T MR A 25 8 7K 225 200 mLs (5) K4 TE 6 4 30
10 Y, #E 30 mins (6) UL WL A K, J1T 2 B4 1A B R DA BEAE L BEH 19 0.05 mm HAGR 45 (7) 52
FW ALY HR(5)—(6) .

1.3 sk
T BT TR A (MWD, mm) B4 ST il BT K (AR A sk F 02

MWD = i/\/iwi / 2’14 w;

logGMD+1.675 _,

K=17.954x10.0017+0.0494 -0.
954x10.0017+0.0494xexp[ —0.5x%( 0.6086 )2

Hrp  GMD=exp( ( iwilrﬂ’/ia)i) )

R X, EARYCT B R B AR (mm) 0, RTS8,

N A f /N 2 25 5 (LSD) ik K LB ¥k 3 FhAbHE S Yoder 15 22 [0] 1Y 22 53, 1 FH 1] U3 40 M AF 5 - 498 AT
RV 5 HAR(MWD) &> 0.2 mm BRI FTE 82 MR, B g8 i1 73 AT LA Excel 2007 F1 SPSS
16.0 5E 1%,

2 HBREHW
2.1 FRMAHBE TR KRR M A R AR ARLAR 43 A FRAE

FMAEPIE A b T3 2019 3—5 mm 3P R ARAEAS [ A0 B R TE 5800 7K R 1 1A SR 4R 45 b 0 ot it 34K
SRS I 1 FNE 2, I AT AR R ,0—10 em )2 X F SW AREE >2 mm PR
3 4 KR A5 1A SR AR T 4 B3 A R g 74.47 %—96.95% , FAtA: 9% 1A B A BT o U AIAR /)N, 7254k 9 LR
£ 0.24%—9.17% , Uit W 12 3xh 7 0 - 18 VA SR AR A B SRR A /N s %0 T FW AR B A5 >2 mm TSR AKSH 32 76
6. 20%—68.50% 2 [al A5 Ak, , HAtA 2 A RAKRAR AL TE BBl 7E 2.72%—41.87% 2 8], %} TF WS AbBH, 45K 243 #i ke
EEIR5Y A ARLGT  Ar BUE MR AN K, >2 mm AR ABTE R 4.57%—50.43% , HoAthhr 25 P 5 AR S5 S 0 0738 Ak
H 3.91%—42.45% , 3X 2 I P /K308 TERS | 25 BR T 1 858 B S8 B2 K A 52

A& 2 ATLAE H 7 10—20 em )2, 3 PRI FEAGLE S 0—10 em +)22M0L, XFTF SW ALFE, >2 mm
BRI EUB AL T 82.819%—97.3% , i EZEH 51, HABK K AZALTE 0.19%—5.80% Z 0], Xf T FW
ARFR, >2 mm HRIRASALAL T 3.46%—48.58% , AR T 0—10 em )2, HAthA 2% 5 5 0 BOE FL R 2. 89%—
52.21%, %FT WS ALRE, >2 mm I BIAEZSLAL T 0.73%—31.69% , [i] 0—10 cm +Z2HH,>2 mm HI AT 5
LU /N AR BT 3 B L R 4.22% —34.23%

25 AT ARSI R ,0—10 cm FI1 10—20 em + )2 38 BSR4 A LR AR TE] L >0.2
mm FRKFT S GRS SWS>FW>WS, H Al AT, 78 LB ¥5 3 FRIEAC R | W% 5 Pt sh b BR X + e A 5
AR5 R 0 e R B i R, Sy Ay Rk 36 Vi A B T 1 34 i Ah R X A 9 A SR AR A R AR e/l 10—20 em
+ 243502 mm KB EARKSERKT 0—10 em +)2,
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I >2mm B 1—2mm 0.5—Imm BE02—05mm ®0.1—02mm & 0.05—0.lmm £l <0.05mm
100 *@ == g = F 4]
"B EEE B 2 &
£ %
80 B = =
I. :

X
)
® S
& ¢ H
£3 .
I Z d & &
g2 40 H &= H
&S 1 T &
¥ . 2
2 20 H '
g B 5
PO 34 5 I 5 2 D 52 N 3 O 3 NP I O 5 O O 2 L 2 I 5 I PN 51 O 5 I =2
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 4 5 6 7
MEIEIEIE Slow wetting g i Fast wetting Fiie e hsh Wet stirring

B 1 Le Bissonnais i% 3 fi4bIE THRMEH XS 0—10 em +E T 1K AR BRI L 5S>

Fig.1 Size distribution of water-stable aggregates of forest soil in the 3 treatments by Le Bissonnais method in the 0—10 cm depth

>2mm B 1—2mm 0.5—1Imm BB02—05mm E0.1—02mm & 0.05—0.Imm F <0.05mm

LELT:

—_
(=3
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A SR A o 2 3 B
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Content of soil aggregate/%

[
S

B

I S I S I 5

PR3 2 = N 2 N 2 P 2 I =

8 1 2 3 4 5 6 7

1 2 3 4 5 6 7 8 3 4 5 6
MR Slow wetting g i Fast wetting TR 5 5h Wet stirring

B 2 Le Bissonnais i 3 fi4b B TAHRMEH LR 10—20 cm + E LB BEERRERE S 6

Fig.2 Size distribution of water-stable aggregates of forest soil in the 3 treatments by Le Bissonnais method in the 10—20 cm depth

2.2 FRARE SR BRI - SRR AT SR AR ARLAR 23 A1 4R AIE
AR AR | T3 20 HY 3—5 mm - 3ERRIRN LB 350 E A ) 2 70 A0 BE R HE 1 ) K AR
RURBALLTR P ATERILIE 3 P 4,

£ >2mm B 1—2mm 05—Imm E02—05mm &0.1—02mm ®0.05—0.Imm [&<0.05mm

Tl

100

o
(=]

v
i
[
g
K
Ll

I.

D
(=}

o
ST H OSSR T

R 2 3 L

Content of soil aggregate/%

Ci: Y
==
§E§=
: HE
4 7

56

3]
(=}

1 1

B 1 5L H gLk ENE
1 234567 8910111213 1 2 3 45 67 89

— LA AT

1 111
10 1112 13

10 11 121
1835511 Slow wetting 1JH Y11 Fast wetting PR G sl Wet stirring

W

B 3 Le Bissonnais ;% 3 fisb 12 TEARMEFEEH LR 0—10 cm T2 HIFKBERBERE S

Fig.3 Size distribution of water-stable aggregates of forest steppe soil in the 3 treatments by Le Bissonnais method in 0—10 cm depth

mE 3 A LLE N A 0—10 em )2, 5T SW AT PI>2 mm B B K 3, 284075 FEI7E 70.82%—95.68%
ZIE],1—2 mm BRI =435 0.95%—18.79% , HABRI K IITE 5.16% LT, XFF WS Ab#E, 7F 0—10 cm +
2 ,>2 mm . <0.05 mm PR T & 0500 08 0.58%—25.06% ,14.5%—26.56% , XF T FW Ab3 1F 0—
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10 em+ )2, >2,<0.05 mm HRAARTT & EH 535050 5124 1.02%—49.15% ,0.71%—7.94%

& 4 AT IFEH 10—20 cm + 2,76 SW WS FW 4B R | >2 mm HBAIKS 54T 75.36%—95.49% |
1. 64%—13.45%H1 1.88%—24.55% , TEARMEFAEPE IS LB 7 3 b PR ,2—5 mm Kifs 458 A R AR T
Fe 2 B SWSFW>WS; 1—2 mm I BAKFr & o] FW>WS>SW;0.5—1 mm I BAKET 5 H I FW =~ WS>SW ;
0.2—0.5 mm FIERMAFT 5 I FW =~ WS>SW; <0.2 mm HIRKFT 5 IR WSSFWS>SW, [HI, 78
RO AR B 2878 | X 3 P R AR IR AR f R 2 OB 5 P sh b BE . 76>0.2 mm PBIRIKIASF-3H 9 &=
F,0—10 em +)2,SW WS Fl FW 3 Flib 353514 94.66% .39.00% 1 49.00% ;10—20 cm +JZ,SW WS I FW
WUKH 93.72% 33.06% F139.55% , AT LLE Y FEAHIRI AL BE 251 T, i B IX 0—10 em +-3E%E L 10—20 em+

B>2mm & 1—2mm 0.5—Imm & 0.2—0.5mm H0.1—0.2mm 8 0.05—0.1mm & <0.05mm

' EEEEEAAREREEE
= HERHHEHEHHEAEAH ]
&2 80 [ HE B E =
TS 60 i
w3 H
g :
23 40 f ,
%3
He 20
o
P20 B 1 2 1 5 R U RlcRIS IR sxsnzn s - s =
12345 6 78 910111213 1 2 3 4 5 6 7 8 910111213 123 45 6 78 9 10111213
PRI Slow wetting B VR Fast wetting iR 5 k5h Wet stirring

B 4 Le Bissonnais % 3 it I THRMEFEEH LR 10—20 cm T B KB EFAREHRE D F

Fig.4 Size distribution of water—stable aggregates of forest steppe soil in the 3 treatments by Le Bissonnais method in 10—20 cm depth

2.3 ORI PR AAE A S 7 4 48 AT R AR AR M B TR

PR A £ HER A Yoder YA LB ¥ 3 Fb RS , 7145 H 19 38 P R AR 8 i AR (MWD) {H N 3%
3R, HIEPIRACE Y E R B, RIS RS, RIEPUR AR R . fi2R 3 AT AR AR B 2
I ,0—10 em Al 10—20 cm 3 MWD {H#°8 SW>FW>WS, X BEHA7E 0—10 ¢cm F1 10—20 cm, LB 3 3 Ff
Ab B ) - S8 PR SR AR ) R e A — 2, B o 0 1 > R R > TR S P By, R 3 A B 0 ek I Vi Ak 3
) - HEHAR I RE ) Aok, PO S P S Ab B - S BRI BE T B 59 , PRERIE A T Z ]

% 3 Yoder i£5 Le Bissonnais i% 3 B THRMEH LR T IENARKFEHEEER(MWD) &

Table 3 MWD Value of forest soil under Yoder method and 3 treatments of Le Bissonnais method

- 0—10 em “F¥H i B 12 Mean weight diameter/mm 10—20 cm P T E42 Mean weight diameter/mm
Code g L st} =E 1 R ] TR T 1 T 21 J5 4 5l PR I T
Slow wetting Wet stirring Fast wetting Yoder Slow wetting Wet stirring Fast wetting Yoder
1 3.39+0.02 2.06+0.30 2.58+0.11 1.60+0.12 3.39+0.02 1.46+0.12 1.27+0.15 1.56+0.14
2 3.23+0.04 1.69+0.12 2.71+£0.46 1.13+£0.17 3.39+0.04 1.03+£0.27 1.72+£0.37 0.62+0.13
3 3.25+0.01 1.01+£0.37 2.35+0.12 1.26+0.19 3.13+0.07 0.69+0.07 1.84+0.12 0.98+0.08
4 2.72+0.54 0.75+0.10 1.75+£0.06 1.33+0.20 3.26+0.04 0.87+0.04 1.56+0.31 1.26+0.05
5 3.36+0.01 0.72+0.27 1.34+£0.26 2.03+0.00 3.29+0.06 0.79+0.06 0.64+0.26 1.85+0.01
6 3.36+0.02 0.92+0.20 2.28+0.23 1.43+0.19 3.38+0.04 0.74+0.08 1.97+0.18 1.54+0.13
7 3.38+0.02 1.00+0.15 2.14+0.08 2.00+0.11 3.38+0.03 0.73+0.10 1.56+0.26 1.93+0.18
8 3.42+0.01 0.47+0.06 0.51+0.07 1.89+0.12 3.40+0.01 0.29+0.02 0.42+0.06 1.83+0.10

AR AR L R ] Yoder VAR LB ¥ 3 FPALBRS 1530 19 LS AT SR M2 B i AR (MWD) {H
W 4 Fron . AL AEARARRE JEAB B R, MWD fELIRIRE O SW>FW>WS, S5 SMEAH A 9 Ab BT 20, AR AR
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PERAIR MWD {H HE ARG AR S T, 15 B AR MO 25 2R 1) - 398 AT SR A 10 /K R P v T R bR e D A e 2
B SEXANEE I L e P SR Ao A 19 DA B MU — 2, R B RE A fo - S P SRR ey /N DR [ KOBORE B A% £
A TRE  7E 8 b B DX, BRARAE RO -3 E5 A4 1 VR T OL T AR AR

%4 Yoder ;X5 Le Bissonnais i% 3 FiAbE TR EREH X R +184 MWD T4
Table 4 Changes of forest steppe soil MWD under Yoder and 3 treatments of Le Bissonnais method

- 0—10 cm P HF H 12 Mean weight diameter/mm 10—20 cm V-#4JH i 4% Mean weight diameter/mm
Code LS IR SN =E  wo] TR AT 5 R RV EE Y REI) SRl pinAli
Slow wetting Wet stirring Fast wetting Yoder Slow wetting Wet stirring Fast wetting Yoder
1 3.14+0.06 0.65+0.15 0.81+ 0.26 1.07+0.01 3.24+0.01 0.93+0.25 0.60+0.06 0.77+0.02
2 3.14+0.06 0.23+0.04 0.20+0.07 0.46+0.11 2.96+0.29 0.22+0.05 0.27+0.09 0.46+0.04
3 3.15+0.07 0.13+0.01 0.22+0.05 0.30+0.13 3.09+0.08 0.23+0.02 0.33+0.06 0.29+0.03
4 3.19+0.02 1.19+0.21 1.95+£0.54 1.78+0.14 3.31+£0.07 0.71+0.10 0.35+0.11 1.69+0.22
5 3.03+0.25 0.68+0.30 1.01+0.48 0.35+0.02 3.20+0.15 0.68+0.12 0.58+0.28 0.37+0.09
6 3.37+0.06 0.54+0.22 0.71+0.32 2.13+0.15 3.34+0.03 0.58+0.11 0.75+0.42 1.63+0.09
7 3.34+0.06 0.87+0.14 1.57+0.21 1.40+0.06 3.36+0.01 0.32+0.04 0.39+0.08 1.46+0.25
8 3.35+0.02 0.85+0.15 1.80+0.39 0.98+0.13 3.34+0.01 0.79+0.15 1.05+£0.23 1.40+0.11
9 3.30+0.05 0.79£0.18 1.23+0.60 0.56+0.09 3.28+0.18 0.43+0.22 1.02+0.34 0.59+0.08
10 3.08+0.18 0.31+0.08 0.51+£0.21 0.80+0.20 3.01+£0.09 0.25+0.06 0.39+0.13 0.47+0.12
11 3.09+0.05 0.32+0.10 0.46+0.08 0.32+0.16 3.14+0.04 0.31+0.04 0.43+0.06 0.46+0.08
12 3.12+0.01 0.61+0.03 0.92+0.48 0.96+0.01 3.11+0.05 0.50+0.18 0.72+0.18 1.17+0.13
13 2.93+0.21 0.51+£0.02 0.68+0.09 0.61+0.02 3.10+0.15 0.36+0.04 0.64+0.22 1.15+£0.06

H % 5 AT, AR AT 0—10 em M1 10—20 em +)2 LB 3% 3 FhAb B A 18 00 11 Ab RS %) £ 38 m] ok
PE K AEF- I E I R d5e/Iy Ui RT A 2 F b BRAH L, 12 3 0 1 AL 35 1Y 1 ST = 1 BE 7 e o, X S R4l MWD
B ATAS AR —20, Yoder IRALIREEJ I v] it K (B V-S4 (E R, A Yoder 72 A X + 38 P 2R 45
WA B2 B KT H. LB I BRSPS AL BREE RS Yoder BEALBREE SR T 4500

%5 Yoder i£5 Le Bissonnais i% 3 #ibIE TARMBEH XK E TR K ETL

Table 5 Changes of forest soil erodibility values under Yoder and 3 treatments of Le Bissonnais method

o 0—10 em Y TE R HE Mean weight diameter/mm 10—20 cm V-#H 5 H4E Mean weight diameter/mm
Code MW MRS Dk 1020 B RS Pk i
Slow wetting Wet stirring Fast wetting Yoder Slow wetting Wet stirring Fast wetting Yoder
1 0.0233 0.0317 0.0279 0.0441 0.0234 0.0375 0.0400 0.0453
2 0.0240 0.0354 0.0279 0.0551 0.0233 0.0422 0.0348 0.0659
3 0.0240 0.0454 0.0315 0.0560 0.0247 0.0491 0.0348 0.0614
4 0.0275 0.0478 0.0351 0.0529 0.0240 0.0457 0.0373 0.0544
5 0.0235 0.0474 0.0397 0.0426 0.0239 0.0519 0.0511 0.0440
6 0.0235 0.0442 0.0308 0.0521 0.0235 0.0454 0.0335 0.0507
7 0.0235 0.0428 0.0320 0.0434 0.0235 0.0467 0.0370 0.0444
8 0.0232 0.0508 0.0532 0.0416 0.0233 0.0553 0.0528 0.0435

12 6 AT, ARMROR R S 0—10 em K 10—20 em )2, 50T ikt K {E B0 BR AR MR B 28 78—
H, BIE T b B ST R I A5, Yoder 1AL PG L PR M d 22 . IR T LA T AR AR 2R
T3 AR RCRE SRS R Xk 17 J2 P[] D7k Ak B SRAR L, AR AR 1 26 20 = ST AR ek P A T R R e D A o

REL,
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20 # XI5 4% W Le Bissonnais PEHFFTHE + B X R 4 28 0% + 38 A SR AR M RO 2 1) 6677
% 6 Yoder ;55 Le Bissonnais i% 3 #i4bIE THRMEF W KB TR M K ETL
Table 6 Changes of forest steppe soil erodibility values under Yoder and 3 treatments of Le Bissonnais method
B 0—10 em “F¥J T & 72 Mean weight diameter/mm 10—20 cm “FHJ T & Mean weight diameter/mm
Code  BEEEN MRS ki 12 MR RRERD  Dukie i
Slow wetting Wet stirring Fast wetting Yoder Slow wetting Wet stirring Fast wetting Yoder
1 0.0245 0.0516 0.0518 0.0584 0.0240 0.0440 0.0542 0.0636
2 0.0245 0.0632 0.0598 0.0746 0.0258 0.0630 0.0655 0.0740
3 0.0247 0.0683 0.0696 0.0794 0.0253 0.0687 0.0665 0.0797
4 0.0244 0.0419 0.0335 0.0470 0.0238 0.0502 0.0508 0.0488
5 0.0257 0.0518 0.0461 0.0768 0.0245 0.0547 0.0549 0.0742
6 0.0235 0.0528 0.0542 0.0424 0.0237 0.0558 0.0525 0.0489
7 0.0237 0.0476 0.0388 0.0523 0.0236 0.0572 0.0607 0.0516
8 0.0237 0.0474 0.0356 0.0617 0.0239 0.0508 0.0461 0.0532
9 0.0240 0.0481 0.0386 0.0718 0.0242 0.0503 0.0438 0.0694
10 0.0251 0.0632 0.0567 0.0668 0.0256 0.0642 0.0600 0.0748
11 0.0250 0.0612 0.0576 0.0786 0.0248 0.0585 0.0581 0.0734
12 0.0247 0.0519 0.0419 0.0632 0.0248 0.0552 0.0502 0.0578
13 0.0257 0.0558 0.0513 0.0715 0.0249 0.0574 0.0521 0.0580

2.4 DUFfALBET5 VA AE ) S P SR RS E MR 2 SR A A S oA
MR T AT LI A 0—10 em )= BRAMAE BB A i) WS I EW Ak BLE2 B S 25 ) TE ARG, T A R ARAE
B 0—10 om T IEATIRIRLEAUBAI ST A7 i A1 PR A1 SR % s it 140 T RO P S B 2 3 A O

%7 Yoder i55 Le Bissonnais % 3 fiibI2 THRMEH LR T IEFARGEEELER (MWD {H) BHEXE

Table 7 Correlation of forest soil MWD under Yoder and 3 treatments of Le Bissonnais method

0—10cm 1) & AT TalE)SE Y R=) PREHEE  10—20em 2 2B wiEERs) R
Soil layer Slow wetting Wet stirring Fast wetting Soil layer Slow wetting Wet stirring ~ Fast wetting
2T Slow wetting(SW) 1 SW 1

R 5Pl Wet stirring( WS) 0.192 1 \E 0.029 1

RPN Fast wetting( FW) -0.070 0.781* 1 FW -0.302 0.536 1
HE0f Yoder 0.514 -0.390 -0.598 Yoder 0.376 -0.383 -0.584

# % 28 P<0.01; % /R P<0.05;n=8

W 8 iz, 7E 0—10 em &b, FRARE RIS A g WS F FW Ab R B 35 A5G, SW A Yoder 2 2 3%
IEAHSE, 7E 10—20 em &b, WS A1 SW 2 8L i 35 I A SEME A1 W 0 22 B0 HE A S 38 TE AR DG, Ul B AR S A
BEIEAL 0—10 em +HE A RARAENUARYL 21T 1 193 A P R HICVE P I8 35 R G, 1 380008 1 Ak LRI A &5 3 0 1%
(Yoder %) B E IFAH X, 10—20 em 3 RARTLENUIRAE 2N T 0 AT fAE T AT Eh - SERDRE R 5 | 762 1 97 A 4
A B35 I IE AR, R SOVE FH LA AR 3 0 IE A DG . X B LB 3 v P R4 i 11 3 R =2 1] L
FENLR

% 8 Yoder i£5 Le Bissonnais ;% 3 b2 THRMEFEH LR T EFABREREELE R (MWD H) HHEXE

Table 8 Correlation of forest steppe soil MWD under Yoder and 3 treatments of Le Bissonnais method

0—10 em +J2 OB WIS DR 1020 em R EEE BWEE
Soil layer Slow wetting Wet stirring Fast wetting Soil layer Slow wetting Wet stirring ~ Fast wetting
TR HHE N Slow wetting( SW) 1 SW 1

RSP E Wet stirring(WS) 0.352 1 WS 0.660 " 1

TREIRIE Fast wetting( FW) 0.412 0.974** 1 FW 0.590 0.939** 1
T Yoder 0.638 " -0.031 0.062 Yoder 0.219 0.239 0.367

# % 28 P<0.01; % IR P<0.05;n=13
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3.1 AHGEE TN - A R RRIAR S A 5 IR

AN TR %o - 9 o 2 7 A AR K R S , R o 398 1140 52 i) = B SR B A M AR 2R 0T - 0 5 T 24 R
Ay EIVE T FET AR ZR FURRL T 7= A 7 ML AR R 43 D g et 381 R ) S A S5 T 7 () — i = B S il
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A, TR R AKRR MR B R A ZERF ST R EA 2K Y 0—10 em . 10—20 em +/2>0.2 mm
VAR PRS- 357 i, 12 LU AR e 2 70 T SR A P-4 3 IR, mT D28t LB 3 3 R A BRS | 78 AR MO B 2 A + 3
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FRATy [l (R AR o, - KRR A SR /N AR i) KOREAR T [ 67 | RS M ot TA RS . X 5 e R
o —
3.2 AHGEEAG BT K E AR

FRMRC [ e TR 5 AR 2R - T ol K{ER EE  SRAEAR R AR 27 2, 0—10 em HT 10—20 em £+
JE YR R SR e 2 AR T kM KB, 100 BH AR A B S AR - R A g 4 B AN 1
SRR T AR 2670 | - SR IhE BB A T AR 4 28700 | - ST 25 ) 18 7 2 ol DR I A ] — B o T 42 ot
FTIWEFF e G R = v I - HEbtihobk 0 M KR 95 v TR e VK A o A A O A AR R
ARTIGE H AR B SRR M TR VEARE Y R A /D | (H 2 e A VR 22 AR Ve RN 45 4 55 1l AR & 5
FER T R RS SIRE . SRS A, B AT AR I R R R IR R R
G5 Jo A A58 T R X P i A 28 1 ) 42 ok 200 P A USRS ZE 0T LR, FRBAOR ol 288 R 45 R AR
JEUR 2 R 7 B 1 - SR ik b i A P Ak I S s ok b 25 S 0 R R IR R R TR R B 36 R A A 9%
S R P 0 O AR RO R TR B AR AR AT I B S BT A VAR 48, A ML A g e
T HEAE S R, RS RS R GE TR T AP iR
3.3 LB k3 FpAb T L3RR M P R AR AL g RS

LB 752 AR 4 A SR 4 At i B DR DX 43 1 e SR RS [RI AL FW Ak BEASE DL 08 -+ A DR e Vi 25 1 (n
T T B 25 4 ) vh T3t AT A SRR B T 7 A A R IR Bek 80 A 2 Y T e SRPIL 1R 10 5 1OV P 5 SW Ak BLASE 41
JINT B T S AT, SRS R P B AN P A IR SR A DU - SRR I KV WS A B B SR R G
HUBIE S A, TS B 3 A BT P 38 A A ot DR R e K, 10 1) 258 N ol B V2 95 - P B X
- A SR AR 11 2 B 0 PR 25 4 VT X A SRR PR 3 S5 /N 100 B /)N I 0 T T I DX 3 - 48 P 5 (ke
IVERIARR o ASELTHEWE J7 20012 i DX A SRR IR AR AN ] Bk 22 B 0 45 AR TR 22, g SR JBORT AT SR AR B 3R
FEEE RN L T X DA RIER o, 285 DL B AT ARG Bt B X 1 AT SR AR R Y S L
S HEFLIR P R SR A BT OV R 2, it 5 B A il — 3
3.4 Le Bissonnais 35 Yoder 313

MWD JE P4 L5 F A 350 i, 38T M K $8 45 2 FRAF 3 Pk o R b SRR B i 6 b, — 8034
R IR AR ik I S S KE . FEHE 4 e XN AT ARl MWD 1 K (B35
SR VLT A LB vER) 3 b B TR 5 P 3h B 2 45 5 15 G0 BONB IR E T . LB AT MU R LS
TR AL BREE IR A e I A SR R A A LBy 1 %ok - S48 M A e PRI AT X AN, L Yoder A0 R 25 SR 4R ALY
TR N AT, A B A A R R AR R
4 Zig

(1) 7£ LB 35 3 FRIEA LT | TR 5 P sh A BE (WS ) Xof - 48 A1 5 AR 285 400 1) A SRR JBE B, b B 38K
FaPE A IR L <0.2 mm Ay 3 18 5 Y b B ( SW) Xof [ SR A A e IR AR B e/ | AR B - Sk R A SR A R LU
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>2 mm PR 3 5 WP I AL B (FW) XA SRR IR R BE AT WS I SW 22 [A], 8+ B X - PR
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INRR R/ N T 5 e 1R ok

(2) M LB ¥ 3 Fkb B 20U 5 1 A9 MWD {EURT 358 ] fh R K (B AT DU HY . ZR b ol 25 0 - 39 A
AT E R T AR R AL, KRR A SR AR by /NI, i) KOk ARG 7R | - 32k TR E . IR
PSRN A LT R TR, 58 A SRR TR B ot Rt R - S A 3R B tho A5 25 5 IRD i s g = 398 v ok R - 39 bt
MPEREANIE]

(3) LB LMY 3 FhAb BREEF P 3000 5 0 sl i e 25 5 S5 AL G2 TR 05 1% ( Yoder %) BT, AL, PRk Vi i
Ab RN 5 PG B0 A BR AR IDUAS ] [ R A8 8 0 =0 - 398 A SRR R e MR e, B LB Bk RE A A i vE T
PRI R A3 A AR 25 M |3 B O 3 e X e P R AR e MDA T ik
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