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Abstract: The border area of Shanxi, Shaanxi, and Inner Mongolia provinces is a typical cross area of wind-water erosion
and the severe erosion center in the north of the Loess Plateau of China. Investigation of the impacts of vegetation recovery
on soil properties is important for the reasonable selection of vegetation recovery models and assessment for ecological
effects. The relationship between the changes in soil physical properties and vegetation rehabilitation was studied in
Liudaogou catchment located in Shenmu County of Shaanxi. The results showed that soil bulk density ( BD) , sand content,
and saturated conductivity (Ks) of surface soil (0 —20 cm) were commonly high with average values of 1.38 g cm ™,
44.2% , and 1.46 mm min ', respectively, while soil total porosity ( Pt) and clay content were low with average values of
45.6% and 2.4% , indicating the serious status of soil desertification. Soil degradation in the north windward slope was

more severe than that in the south leeward slope. Compared with farmland, vegetation recovery and restoration, including

farmland abandonment, planting Medicago sativa and Caragana korshinskii, and natural grassland restoration could
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significantly ameliorate soil physical properties through reducing BD and increasing P:, Ks and aggregate stability.
Moreover, these effects would be enhanced during the process of vegetation restoration from 1 to 30 a. Compared with
farmland abandonment and planting shrub, secondary natural grassland restoration through establishing artificial grassland
might be the best pattern in ameliorating soil structure. However, the impacts of vegetation recovery on soil mechanical
composition and density were not significant in a short period ( < 30 a) , implying that the degrading situation is hard to be
reversed after desertification occurred. As respect to the sensitivities in responding to vegetation recovery, BD, Pt, and

aggregate stability could be the major indexes for soil ecological assessment.

Key Words: the Loess Plateau; cross area of wind-water erosion; vegetation recovery and restoration; soil desertification

soil physical properties
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1.1 BRSNS

BFSE XA T BRPE A A ER AR MR B P9V & 7SIE1E /MR, i 4b B S R U AR B 4, 2 PRS2 R
T R B —— MU S B BTt o /NI TR TE R AUE i), Dy S BT 9 — R SO0, MU B AR AR Dy 110°21"'—
110°23'E 38°46'—38°51'N, g4k = & 1081.0—1273.7 m, FAE XAHX B ELE 100m U, B+ B EZEE —
fBAE 30m 7o, R FE N RME AR E £ (P L) , MR 5 38 PR oW, (B2 i TR Bk X
ThAZE AR, A S Ba] DB KB p bR SR AR , T WL BB XUk A FTE L 0 5 , R b ey Jo 2 R S AR
Ko BHFRRFERIES.4 C, AFHRMIE -9.7 T Afy) , &FiE 23.7 C(7 Afy), =10 CHERE 3232
C, TR 169 d; 2847 KU NW A2 R 2.2 m/s; R 4K & 437. 4 mm,6—9 A HFEKE G240
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KB 77.4% FEFE R B 785.4 mm S TR N 1.8, B TR L TRARIBRY , hyFphs F o+ 3
RS R R
1.2 BRI
1.2.1 FEMBEE S TR AR

A CE [T AR R S B e B SR AR R, PR SEAR R AR SR B AN 1) 4 1 U FH SRR
Hi(4 BR) A FIERAFREEEE TS (Medicago sativa) N T 531 58 i HIB A6 R T2 B U AR R AR HE 48 (8 ) LA
Je¥y 2% (Caragana korshinskii) FEAAMH (1 ) L7 15 Bk, TEREHLBE U T80 25 SRR 35 BE Iz (3
NHER) AR - HER UL S B AR O BSL AR (3R 1) , AGRUEAE b 6] B BEAF IO AT ok o et v AR — M
7E 600 m” A I, B [AIHEK R A= R AR B b B S I R UBEE , TR AR K, 24 2000 m? DA b S 1) 2 b R
TR E R AR PR, 53 SN BB U 45— B WA B LART 0 2 1R R B HAE SR R IR O a
(R 1) MG, & e RS 22 7 IR YRS B B AR A L, 7E 5 — ke e
eI 3 AMURMERIAE (BI 3 IRER) , R A& #1520 P = (B 0—20em A1 20—40em) R4 +4%, FE AT : H
P TIREFCR AR E LA B MM T KR RERE LA (1.5 ke 26) ,EZNERT UG 2 B,
— B EEATIE L3RR AR AT 2N, 75— BRI 2 mm 0, BT E BRI AL Fr 0 & B B AL
e, —FRET 45 AHIE, BAHIE 4 R AR 2 MRERE, 33T 180 AR LA 90 MEEHE .

F1 WMANEDERIRS MMM
Table 1 The site conditions of the vegetation recovery quadrats in Liudaogou catchment in Shenmu County, Shaanxi Province

Fe  REgA FfY/a (VACH #R/m B/ (°) e/ ()

Code Vegetation types Age Location Altitude Slope gradient Aspect
1 4% M Farmland (F,) 0 4 it 1217 12.0—15.0 SW65
2 AT Alfalfa grassland (G, ) 1 Jimi g 1180 13.0—16.0 SW50
3 WH RIRELHY + Secondary natural grassland (G, ) 21 Wb g 1203 7.0—13.0 SW23
4 WH: RIRELHY Secondary natural grassland (G;) 30 M 1216 13.0—16.0 SW62
5 4% M Farmland (F,) 0 AR TR 1207 17.5—19.0 NE78
6 AT Alfalfa grassland (G,) 1 % 1191 12.5—15.5 NE43
7 AT % H Alfalfa grassland (Gs) 6 AR 1233 7.0—10.0 NW28
8 W RARFEHY Secondary natural grassland (Gg) 10 R EF 1233 10.0—14.5 NE21
9 WA RIREFLHY Secondary natural grassland (G, ) 14 R 1214 8.0—14.1 NE21
10 WA RARKLH Secondary natural grassland (Gg) 30 eIz 1230 19.0—25.0 NW6
11 Fi#k#b Abandoned farmland (G, ) 1 fivi 1185 5.0—8.0 SW45
12 FF#k#b Abandoned farmland (Gyy) 1 AR 1209 17.5—19.0 NE78
13 FE 8k Hb Natural grassland (G, ) 10 Y e g 1208 14.0—15.0 SW62
14 354 Hi Abandoned farmland (G, ) 10 Mt H-F 1241 18.0—20.0 NW5
15 #r4<#E M Scrubland (Sc) 30 Tt 1223 8.0—10.0 SW8

# T YR RAR T LA RS R IEE A T

1.2.2 FRAEPCROLIE

AR IEAE S TN () R B 15 HekEh

()RHE(F\F,) B2 R—F—2d0, irgkr R B S ZR=EY 05 o KRG e T

(2) BB FH(G, G, M Gs) 1—6a NTHEMKEILETE 5 E —MRIE80% LI b, FHF 6 Ao A
By ENEE 2 IR, BEVE D oA 2R B ECH 14—23 B, P8R 3 28 BRRAR B (Astraglus melilotoides) | 1117532
(Ixeris chinensis ) | ik 2 B 8 & F ( Lespedesa davurica ) | ¥ 6] 7 ( Ferula bungeanum ) . #Y ¥ §f & ( Oxytropis

racemosa ) %

(3) FHH(Go—Cy,)  1a FEHFHMIFIECH 16—20 Fih , HEH B 36 BE N 25% —40% R HFh E A H e e
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( Convolvulus arvensis) \Yb3% ( Agriophyllum squarrosum) 53¢ ( Lectuce tatarica) %5 ;10a F#t ¥ FpEH 14—15
i, SR 60% —95% , L #Fh X ERIF LD BB T K H (Stipa bugeana) | FEARBREE . K E
(Artemisia capillarys) \HP4Eg T 5L ( Cleistogenes chinensis) %,

(4) WHERARFHL(G, .65 .G—GCy)  HTFHIRRATLEMMPRATIE, 2L 6 AheEEHIEH#H TR
FEEREL , I8t T 3K 43 RN 3R 0 B T FE S , —RAE 6a LA )5 Bt = BB )™ 5 T [, H & 91 # 4000—S5000 kg
hm K E] 1000 kg hm 2 AT, 2 A FAMME, N2 %0 K 307 AF , AR BT E B, T RATE B RIKE N
RAKTEEHEEMAEG . 10—30a KA RIRFHD S 55 N 65—100% , Wy Fh 4 Bk 12—20 F, T B FE & Pk 2 it
E] A RE A , AR B2 0 e 3, FER AR . K B FRE E R 2R (Poa sphondylodes ) (KL AR
REE BB T%,

(5) PR (Se)  BERBAVEIT S—FHY) , 5 40% o s AR S5 B 60% Zo 4 , #hgichy 20, b
FEAWRE XD BT R (Searia viridis) K TEE L7k ( Polygala tenuifolia) %

1.2.3 WEHESIHE

HHEAE I FLBRERR AR I E SO U SR A U . M Sk SRR I A
IKRIEMRE < B SeTEFURFR ] 4 B, Fl— N3 J1407E bk, I AR R AL B 5, SRS K R T |
B IR EK, LA BT [ BB AR HERR L s R HK IR E U S T R k. &
30—60min +IEPARALLE , K A B I 22 B B e 2 B b, S PO Eamfik, #2217k Sk 30 mm 72
AL A N A SR ERS B KR I BT R T+ B [, 4 (] B 30min W2 1 3R, 3% 4E 5 AN EE R
HHXFIRZE/NT 5% BF AR BIRRE BB, I ARG 5 ANEE A E I EE AR E R SAKR(Ks) . mRaRK
FHEALWT

Ks = OL/ (AtH) (1)

A, Ks AR KR (mm min ™) ; Q KA (mm®) ;L K E, #2550 mm; A Sy + 4 # A
(mm®) ;¢ AEFE] (min) ;H: 7Kk BE (mm) , 2 30 mm 7245,

32 B AR E R B el AR AL 2 em DL BN R HSEAT T, R E T TR S &
ASBLR A , AR IEACEE BTt 3 fy 50 A 5 (B 3 YROPAT ) #EATIR 0% , 8 i B —SUK BRI R AW ER T
SR FEARAE T 3R SR AR A R AR PR/ NP B AR (MWD)

MWD = Y XiWi (2)
i=1

X, MWD K HERER (mm) ; Xi G —FHRARKRFHYER (mm) ; Wi J95 Xi HHARKHYE
BEMU(%) .
1.2.4 BRGS0

SCH T R 5R I SPSS1L. 0 Stk -7 et 0T, I 2R B B2 K F 1, Bt — b T 2 &
.
2 ER545H
2.1 HHAE LEMSILBE
2.1.1 +HEERE

IR - PR B S R AR T A Y B R BB 45 R R, TR X DA B IR A (£
2), —ME#HBTE 1.35—1.50 g em ™, F 3 (1.38 £0.11) gem ™, i FERAEFE K, FHHE(1.45+0.08) g
em” BPRAR H 38, RIZAE M —RERFE 1.25—1.35 g om ™, 30 i T3 R R A B A0 RS E (1. 20
—1.30 g em ) 5 SR TR 5 R Vb SR A TARAE (1.45—1.50 g em ) U i SR £ K - IR
8 B KD - B3 AL o X ST ST XA 0 DA SR Ak ok XU A S B R AL B YRR
BT, X AR S BT (R 3.19—6.43 g kg ) S RSB H AL NA B RANEE
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TIRAER SRR, i T ABHERER R HERZE 0—20em LKA TR, MEEFHAKHA
T (1—6a) AT A A T A B, —RABAE 1.40 g em LU E (3R 2) , X 5 AT H#EF 2 K
N TR DL RN E R SF SR RN B BRI A . BEE AL B8 N\ L5 B A A U AR AR 4t 4 28 K
2 NE RN RZRERBRER(Ce—Cs) o K JEMN FEH LK FF# T )Z (20—40em) £ 4
AEIAAER B ER 1.41—1.51 g em  BEGIHEE R NRBE- AT E - RAERR T X5
KR FFHIRFE  FEE PR I R (F,—G, ) , K2 HIRA TR I B A e R R A (%, T
TELEEENEA ERIUNFFEERAES . TG, —C,) B A RRE RN T RELREFER L
FARAMR B TERAPR (R 2) X7 e SR AR (1—102) AR B2 PR TRk %
AE E DR EA 0 BE KRR, B AR B 2SR MR FalEx TRE 185,

R2 FEEHHBEEXTIHEIE LESILEENTZL
Table 2 Changes in soil bulk density ( BD) , density (D), and total porosity ( P:) for different vegetation recovery patterns

it i) o 0—20 cm 20—40 cm

Vegetation Age/a 2% BD/ LE D MILBREE P/ 4E BD/ LE D RMALBREE P/
types (gem™) Density % (gem™?) Density %

F, (8) 0 1.26(0.13)ab  2.483(0.004)ab  49.7(5.3)ab 1.50(0.06)cd  2.519(0.073) 40.6(2.4)abc
G, (S) 1.29(0.11)abe 2.489(0.037)ab  48.2(4.3)ed  1.51(0.04)cd  2.537(0.045)  40.3(1.4)ab
G,(S) 21 1.49(0.11)fg  2.538(0.008)be  41.4(4.5)ab  1.42(0.07)abed 2.533(0.033)  44.0(2.6)bed
G;(8S) 30 1.46(0.03)efg  2.600(0.072)c 43.8(1.3)abc  1.49(0.05)bed  2.568(0.040) 41.9(2.0)ad
F,(N) 0 1.34(0.09)bcd 2.499(0.019)ab  46.1(3.8)cd 1.42(0.03)abed 2.474(0.030) 42.6(1.1)ad
G4(N) 1 1.39(0.03) cdef 2.534(0.009)b  45.2(1.2)bed  1.45(0.10)abed 2.529(0.012)  42.6(4.1)ad
Gs(N) 6 1.41(0.04) cdefg 2.517(0.009) ab ~ 44.2(1.5)abe  1.42(0.18)abed 2.541(0.004)  44.0(6.9)bed
Gg(N) 10 1.44(0.05)defg 2.544(0.010)bc  43.5(1.8)abc  1.41(0.02) abc 2.540(0.009) 44.7(0.7)d
G, (N) 14 1.39(0.05) cdef 2.517(0.013)ab  44.7(1.8)bc 1.38(0.04) a  2.539(0.009) 45.5(1.5)d
Gs(N) 30 1.35(0.07)bede 2.459(0.097)a  45.0(2.9)be  1.39(0.05) ab  2.505(0.040)  44.7(1.9)d
Go(S) 1 1.19(0.09)a  2.530(0.014)b  53.2(3.8)e  1.52(0.04)d  2.530(0.012)  40.0(1.6)ab
Gy (N) 1 1.34(0.09)bed 2.510(0.032)ab  46.7(3.7)cd 1.42(0.03) abed 2.512(0.020) 43.5(1.0)abed
Gy, (S) 10 1.39(0.05) cdef 2.498(0.035)ab  44.3(2.1)abc  1.43(0.05)abed 2.515(0.017)  43.1(1.9)abed
Gy (N) 10 1.35(0.10) bede 2.526(0.014)ab  46.7(3.9)cd  1.46(0.08)abed 2.545(0.013)  42.8(3.0)abed
Sc(S) 30 1.52(0.10)g  2.520(0.018)ab  40.0(4.1)a 1.51(0.07)cd  2.509(0.024) 39.9(2.7)a
BEPE Sig. 0.000 0.021 0.000 0.009 0.170 0.010

FoRH,G R, Se. MM, S:FaY, N Jb3E; Rl — S50l o dn A AR 5B IO 2R HGE T 22 AR B3 (P > 0. 05) s RNEIR P 5 Adn i 22
(SD)

MR o] ) LR A5 SR (3R 3) R, AL R ZE BN A TR & TR (P >0.05) , KL H VL
SR B R, ORI HES R % A A R R, B TEHENER, EEAERERT
L3 (P <0.05) , HJFHATREZE TREYE T2 LT >2mm MBS EE S, FiK 6. 7% , Mt FH R E
2.1% (3£5).

®3 AEHEETBEFEZWEERAILE
Table 3 Comparison of main soil physical properties for different slope aspects

+)ZH/ em i) X BD L D MALBREE A FAKR Ks/ FHERER
Soil layer Slope aspects /(gem™3) Density Pt/ % (mm min 1) MWD/ mm
0—20 P34 South 1.37(0.12)a 2.526(0.037)a 45.8 (4.8)a 1.44(0.68)a 1.37(0.52)a
Jb3 North 1.38(0.04)a 2.511(0.027)a 45.3(1.2)a 1.49(1.17)a 1.18(0.56)a
-1 Even 1.37 (0.09) 2.518(0.032) 45.5 (3.2) 1.46(0.94) 1.27(0.53)
20—40 P34 South 1.48(0.04)a 2.531(0.020)a 41.4(1.6)a 0.77(0.79)a -
Jb3 North 1.42(0.03)b 2.524(0.026)a 43.8(1.1)b 1.14(0.79)a -
1) Even 1.45(0.05) 2.527(0.023) 42.7(1.8) 0.97(0.78) -

R NTEIHER A ARHEZE (SD) s [Fl— S AR AR I - BN G 22 R A B3 (P >0.05)
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2.1.2 +IEHE

MR X REIELERE D 2.347—2. 671, 2. 518 £0.044; F )2 -3 L E AR LTEE Dl 2. 440—
2.603,°F-372.526 £0.033, A WG IX L L ERARXS F— Mk 1458 (2. 65) T 5 B A RIS, FTRe A WIS A . —
ERX TP ETY(D >2.9) ME L YR SEERME S, “RZK P8 S E R L1 CaCo, 45
B (CEDTR) 3% b AL Ay A A 1 2 S AR T 1 R X HE IR o, BB U T RERHA IR 45 2R A — e, %
BB ERMKT TE, KRBT DURBE R EMRBERSBREZE L EPET Y ( FEIHFR) A RE
Ik

HE2 /I, AREHE T RETELERBEZR (P <0.05) [HLHBHMEME, TERRS N (F
) HIPWUEMNERADE . X LR + 58 Lt E AR 5 7RI [ (8] T 8.3 4 57, B2 AE 528 10 ) 3% it R B
B, FEAR R R AL R R
2.1.3 HIEFLRRE

TIEETLBRE R LR (K 2) B, LB E —ARTE 50% IR, #2875 , 315 (45.6 £4.5)% , T F
JEMAR, F35(42.6 £3.2) % 35X BELT 8 + 5 R PR R FLBRE K- (50% —60% ) 1, BFAMRE2 th &
B, X AR GRS T R A 1 A, XA B AR R AR KT, W H AR FREE M A
B, H— BN ERE S =R, A\ SBEENKEREL. FEFEET:OMRX L EDRESER
(30% —50% ) , k18] 12 ik % 2% ; @+ 969 B A BAR (R0 A R TR 32, W Rtk s A2 KU s ™, 138
H CaCO, FERMA VRS BIK, D]

Wit 25 4 4 P R ) R SEE K, %2 R LR B B0 B B 0 Se /N R B R AR AL (F,—Gy ) , T T 2
L BB W R B RS R 3, X 55 B LRSS 16 0 R , R PR X FREILAE 3 mFLER
B HGE H IS AR A T BEMIER . RIS B LSS R (35 3) £, R E LI ER & T
At (P >0.05) 1 N2 N2A0H 8% = TR (P <0.05) , Bl AL AU S FEHYIAER, i Hik
5+ RSk A S R WARATR AR S R ) FLER BRI
2.2 BRI RS T

T IEBORL A R BTSSR (R 4) B, BRORPEDE ST X £33k 62 (0. 002—0. 05 mm) & B, T8
51.6% ,HOR BWPRL S &, P30 44. 2% , Rk ( <0. 002 mm) & ERAK, —MRETZE 1. 0% LT, P HI A5 2]
7% —10% , WAHh, HEPRESEAENIFATEDE( >2 mm) , FE—RTE 4% LUF, HIHbR A H
16% DALt PR35 SR B R Tk % + Sabi 1+ 3870 i T B 5% KSR Vb 4k + 3R ARAE . SRt 4y
HrR I, ARG HEERR TFL( <0.002 mm) BT BEZER U, ERSHA S EERYEXIGI B E K
(P <0.05) fHEHF—H BRI, X 27 SHEMIKE S EIRER RS HEWRR, BWE L
FEIE YRR EE R AL , TAE SR Z AR B P (< 30a) Xf 3 b AN 4577 A B3 5% ) , 3t 2 Ul 3 I
Hi IR AL BV A AR M AR R R AR . (ERA R ] RIRPRL A B R A A B 225 (R 5) AL RES
TSR SR B TR, WA & B W m TAtd, RO us GO X)) Wb =&, X
R B AU 3 K , £ H 332 B M 1A T AR iV E 2 . ARl 2 M HAEE R (£ 4) Bn , RE IR
BRI SR (44.9% ) BEE T TIZ(39.8% ) , £ MAT LB BT B R NIEENR L. FH0, TR RRER
2 T2 5 X LI abb & B R AR & B AL, RUADIE X LR KT8  XUb/E AR m T
BRE o W RERZE HRSTIE BRI AR s B - b T AL B A TR 7E T 3952 KDV S R, 00490 J5R 2 W ik
A RIZHER, AR BUR, 6 3 AP R 4R AT R A PR AR & AR A b . IR B 1 X4 i R
b AR AR g T8 LRI Fa 1, [R] Bt 2 B 5 X i 50 B 3 DA R + VDb AR RF S A7 7E o
2.3 Sk E

BRSRE, B 5T X+ A AR R R Sk R (£ 6) , KRB0 1. 46mm -min ', T FZHIXFHAK,
SEH424 0. 97mm - min ', A UL AR HE X 3% A Ks (5B EH T 8 5 B P74 048 X I % {5 (0. 05—
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0.38 mm-min~") " B LW T Ks G P bR FEF , BB, Ks 875 , BORF & 25 100 5 3Rt

R4 Kih R 3E 6 AR A R S 3 R 4 A S B B S

Table 4 Impacts of vegetation restoration on soil particle composition and texture in the cross area of wind and water erosion

R AT HERR 0—20cm + HESBURL 4 B/ % Tt
Vegetation Types Age/a <0.002mm 0.002—0. 05 mm 0.05—2 mm >2 mm Texture
F(S) 0 7.5 (12.3) 58.6 (10.7)b 34.0 (4.3)a 4.4 (1.7)c plags
G,(S) 1 2.1 (3.2) 61.3 (4.5)b 36.6 (3.6)ab 0.7 (0.5)a My
G,(9) 21 5.6 (9.4) 56.2 (8.1)ab 38.2 (1.6)ab 0.5 (0.0)a Wi
G5 (9) 30 0.2 (0.1) 45.7 (6.2)a 54.2 (6.1)d 3.6 (1.0)be b3
F(N) 0 0.3 (0.1) 50.3 (4.8)ab 49.4 (4.7)cd 0.6 (0.2)a bUg:
G,(N) 1 0.03 (0.06) 46.1 (3.7)a 53.8 (3.7)d 0.4 (0.3)a Yo
Gs(N) 6 0.1 (0.1) 46.6 (4.0)a 53.3 (4.0)d 1.8 (0.6)ab b3
G (N) 10 8.3 (7.0) 50.3 (2.6)ab 41.5 (9.3)abe 12.3 (1.5)d 4+
G,(N) 14 0.1 (0.1) 59.1 (4.0)b 40.8 (3.9)abe 1.5 (0.5)a plags
Gg(N) 30 0.2 (0.0) 60.6 (3.3)b 39.2 (3.3)abe 1.7 (0.9)ab piag: |
Gy (9) 1 10.8 (9.4) 50.9 (3.4)ab 37.3 (7.4)ab 4.4 (1.7)ec B+
Gy (N) 1 0.2 (0.0) 45.8 (3.9)a 54.0 (3.9)d 0.6 (0.2)a bUg:
G (S) 10 0.2 (0.0) 49.9 (12.6)ab 49.9 (12.6)cd 0.8 (0.8)a bUg:
G (N) 10 0.2 (0.1) 53.7 (5.7)ab 46.1 (5.8)bed 0.6 (0.1)a piag: |
Se(S) 30 0.3 (0.1) 53.7 (4.7)ab 46.0 (4.7)bed 1.0 (0.1)a piag: |
) Even - 2.4 (5.5) 52.7(7.4) 44.9(8.5) 2.3 (3.1) plags
[TE TS 0.160 0.010 0.000 0. 000

e AR 20—40cm + UK 4H R/ % okt
Vegetation Types Age/a <0.002mm 0.002—0. 05 mm 0.05—2 mm >2 mm Texture
F(S) 0 13.7(11.9) 58.3(3.5)bed 27.9(9.5)a 16.5 (6.6)b g
G, (8S) 1 5.5(8.5) 64.4(7.6)cd 30.1(1.5)ab 5.2 (1.4)a piag: |
G,(S) 21 2.5(4.0) 65.2(6.8)d 32.3(4.4)abe 0.4 (0.1)a plags
G;(S) 30 4.2(6.8) 54.1(11.6)abc 41.7(10.0) abed 1.6 (0.2)a piag: |
F(N) 0 4.0 (6.6) 49.5 (2.9)abe 46.5 (9.5)cd 0.0 (0.0)a bUg:
G,(N) 1 0.2 (0.1) 57.9(12.5)bed 42.0(12.6)abed 0.1 (0.01)a plags
Gs(N) 6 0.2 (0.0) 60.5(7.5)bed 39.3(7.5)abed 14.4(5.9)b plags
Ge(N) 10 0.1 (0.1) 54.3(8.4)abed 45.6(8.5)bed 1.2 (0.4)a bUg:
G,(N) 14 0.1 (0.1) 59.7(6.5)bed 40.2(6.6)abed 1.6 (0.6)a piag: |
Gg(N) 30 0.2 (0.0) 64.1(2.1)cd 35.7(2.0)abe 0.5 (0.1)a piag: |
Gy (S) 1 9.4(8.0) 59.0(4.4)bed 31.6(5.9)abe 16.5(6.6)b piag: |
Gy (N) 1 7.7 (6.7) 40.9(4.8)a 51.4(1.9)d 0.0 (0.0)a 4+
G (S) 10 0.1 (0.1) 45.3(14.9)ab 54.6(14.9)d 0.0 (0.0)a Yo
Gy (N) 10 0.3 (0.2) 55.9 (6.2)bed 43.8 (6.4)bed 0.0 (0.0)a plags
Sc(S) 30 0.3 (0.1) 65.5(4.4)d 34.1(4.4)abe 1.4 (0.5)a plags
) Even - 3.2(6.1) 57.0(9.6) 39.8(10.1) 4.0 (6.5) plags
I EERF Sig, 0.115 0.011 0.001 0. 000

F: RH,G: B, Sc: HM, S: Msfe, N: dJbdles USRS N A& >2 mm BRRA SR RO & 5 7] — 5050 v hn A AR 9] B0 58
FARGIZRABE (P >0.05) s RMFEI B b2 (SD)

x5 TEYE BB K EL
Table 5 Comparison of soil particle compositions between different slope aspects

0—20cm 550K 4 B/ % 20—40cm - HERSURLZH 5/ %

e 0.002— 0.002—
Slope aspects <0.002mm ’ 0.05—2 mm >2 mm <0.002mm ’ 0.05—2 mm >2 mm

0.05 mm 0.05 mm
Rk South 4.4 (7.5)a  53.9(8.8)a 41.7(9.7) a 2.4 (2.0) 5.9 (7.9)a 57.7(10.3)a 36.4(12.0)a 6.7 (8.0)a
Jt3k North 1.1 (3.2)b 51.8(6.3)a 47.1(7.0)b 2.3 (3.7) 1.5 (3.6)b 56.5(9.0)a 42.1(8.1)a 2.1 (4.7)a
-4 Even 2.4 (5.5)  52.7(7.4) 44.9(8.5) 2.3 (3.1) 3.2(6.1) 57.0(9.6)  39.8(10.1) 4.0 (6.5)
BEE Sig. 0.047 0.351 0.034 0.911 0.014 0.679 0. 064 0.059

R NTEIHER A ARHEZE (SD) s [Fl— S AR AR I - BN G 22 R A B3 (P >0.05)
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AR 4 st AR AR R T H ISR Rt R IO LR R R AR . ER K b KU 3 4
IX 49 1 25 B AR SR K, Ks B2 B AR SR AR K (SD oK) L B 4 B fe i ATk 10mm/min, , TAEAR 4558 N
FEEMEE + ERARAIE AR 0. 05mm/min, M FIMHE ) ELBORE , Bl Fh A9 N 5 3t 378 3t LA K AE 9%
PR BT B A RAR B Ks ARXTBERT , T IE7E A A BN L5 3t (1—6a) Ks AR BEAR . A [P 52 4F BR A
H(G,—Gy) Ks AL A i, RIZ 5 T)E Ks BRI — B0 J K- 7 22 3, R E R Z 11
Ks RN T RS (B HEE N TSRS KRB B RIKE , Ks 18 10a LUF XTI R . B
R, X5 HIRESLBRE R ES—B, TS AFERLEHMER . A, TERRZLRE TR, LI Ks BE
Yemsim (K 3) , 5 LB R — 2, HIESE 222 5% (P >0.05) , AT RE R Dy 25 18] 28 SRR Y 408

F6 HEAFHREMRTENEMSKENTHEARKREGE
Table 6 Soil saturated conductivity (Ks) and aggregate stability for different vegetation recovery stages

R 4ERR T /K # Ks/ (mm/min) PSR P-4 i B A2/ em
Vegetation Types Age/a 0—20 c¢m 20—40 cm MWD
G,(S) 1 1.06(0.62)a 0.16(0.08)a 0.94(0.18)ab
G,(9) 21 1.05(0.39)a 1.24(1.25)a 1.87(0.30) cd
G;5(8) 30 0.94(0.23)a 0.37(0.25)a 2.15(0.47)d
G, (N) 1 1.16(0.39)a 2.68(2.96)a 0.49(0.01)a
Gs(N) 6 0.89(0.21)a 1.08(0.68)a 0.83(0.17)ab
Gs(N) 10 0.66(0.22)a 0.64(0.20)a 2.02(0.16)cd
G;(N) 14 1.04(0.34)a 0.45(0.20)a 1.78(0.28) cd
Gg(N) 30 1.57(0.68)a 0.78(0.31)a 1.33(0.74) be
Gy(S) 1 4.06(4.31)b 1.66(3.11)a 1.01(0.23)ab
Gy (N) 1 1.55(0.80)a 0.11(0.05)a 0.84(0.18)ab
G (S) 10 1.28(0.29)a 0.61(0.16)a 1.30(0.13) be
G (N) 10 1.02(0.97)a 0.65(0.49)a 0.95(0.17)ab
Sc(S) 30 2.75(3.21)ab 2.16(3.07)a 0.94(0.30)ab
3 Even 1.46(1.70) 0.97(1.60) 1.26(0.56)

G: %, Sc: FEM, S: R, N dU3E; Rl — B bR A AR IO 7B 2R G 7T 22 R B3 (P >0.05) s RIS IR b2 (SD)

2.4 HIREMSHARERENE

TR R R AR A B R 5 H R AR R MR/ DR B DRSS I IR I B LR B VA4 P E R
HAR(MWD) AT LA 3t S ik - 398 A SR A (O 5k, MWD K 3R 7S - 39 PR 3R R R AR, - 39 45 4 o L
B SRR AR S A T R A R AR E tE R AR, R 6 AT, it R A
TR A RIFER b, BEE MK, MWD A A [RIRRBE A3 0, 3% AR B S AT A 8 o 3+ SR S5t P B
R B A T AR A A HUBR A3 v SR AR e B ™ . R TR R LA RS &’
IR, Bt A 6.4285 kg™ LR T 7= B D40 A + SR JF, 4 VLR 4 R AT BB EL e R A, T
PR S0 3 AR & B R i) BB B E NSRBI PE R . A BTSRRI, MY < Imm FYZIARE AT LA 25
RemHRZ >3mm ORGUKRMERRIRH & B R B &, oy — 75 T 40AR A< B 1] LI 39850k 2] 4y 24 [ 25 4
LA —7 PR R B B REHER & R KA a Y, R BB REA R, (BN T B4 T 50k |
AR M 1o 72 P+ SR YR R A B AR ) AT B R L i BRI B T

VAR &) Fp 51185 52 3 BRI B 3t ( G, —G ) Bl (1B 1) , AT AT H , B A B B Ak () A9 SE 4, 7E 10a LART
MWD IS (P <0.05) , T Z Ja WBgA T FE(P >0.05) . X H5E T FFETFIRILX KB TG REAR
— 30", B e R e s R TS B B B R A PP ), R A B 5 IR AL R R R R
AETRNERR . WARRFOKT MR RAEH AT LA MWD 5 > Smm K R A& B2 g2
A—F, M5 <0.25mm /ARG BRI E AR ,0. 25—Smm FRARL R 2L LARXT B, (B iohii2 4
P SRARALE TR BV —— e VR B B B A X, , FT BE TR 7R gk SR A [T AR A R AR B b
B PR AR K AR AR iR i, (A R R 4R CE i & 2, DA BRI ALBR B (3R 2) , il <A
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FEAK A T 4T B >Smm B S—2mm £ 2—Imm

H13 6 SETT LI H JE A -2 MWD % 0. 95mm, C32 1 OSmm G 0.5—0.25mm £ <025mm
AR T AR [R) K 2 4 R (30a) Y AL 3 FlRg SR AR R A 100
(1. 33mm F 2. 15mm) ; 10a F##b + K MWD
(0. 95—1. 30mm ) 1 B Z ik T 10a K 4 K R F b
(2.02mm) , A] U4 PAAH B 4K 520 1 358 B5 4 ¥R B2 1) 52 Wil
St 38 A FAE N B b - W o RO A IR AR R AR
AR R B, BT DA S 3 B R R B o, B

D
(=}

B4R/ Yo
S

Agregate composition

[
(=}

(=}

6 10

YEF B AL T B A AT S A B AR F B SR B AR EH R

o HLIRH T RELE THU AR M OB E A, ecoverytime ofgrssiond

HENG 102 I EBRBHEWIT AR K LB T, m1 FEGEEREE0—20em +5+HIAREAREERS
FABRERFETRHEY LR RE SR THRRIEE Rty

% , E };Mﬁ%ﬁﬂﬂ %:E E Zlg }22: E@ % J:E 1_3.%_]‘ A %%i’»}?ﬁ /J\ , Fig.1 Changes in soil water-stable aggregate constituents and

stability in layer of 0—20cm for different recovery ages in

KA RAR B I R R I BN R AR R A, 35
J 5 R MV E R . SRV Bk
B, 1% XK BN 3K 43 SR A B IR BE Ay 60cm , T AT R AR 27 MITFFE & B, 47 S5 4k (5a) HO AR 43
i XFEERZ K 60—90cm,, R - LR R E IR 4047 AT BEAE X 45 22, AR 2R 40 W9 S SEAR 70 i 7= 1
AR T BRSBTS

ANl MWD B LCEREE R (3R 3) R W, Badl 138 MWD & T4t , BIRE AR VUR & BAH BB 5L
T, ARAEREEFE S SR PR & B A O, IR & B, LR AR, HIREA S R4,
BARERE R, b, FEK i XA 5 X, 18 i 39638 A e 2E ELK B A 5% S 78 Tk 52 A Bl ot
b - SR ORL B K
2.5 FEYIRER MRS T

XF K JZE 0—20em 35 F Z Y FRPE TR M AHCPE ST 45 SRR W, R K & (Ks) (HLE (D) 5SHEEFRH
REXEARN G B EKF-(P>0.05) , 245 5 A FLBRERR T A [B]A BE M XS, 5HE R FHXHE
WA BN G BEKT . EARBERAREM RS ,1—0. Smm FHR{AS <0.25mm FARAKE BEEMHR(r =
0.561" ) <0.25mm FIRAES >5mm FAREZAAHK(r=-0.710") ,2—Imm FAREEES PR
(0.05—0.002mm ) & &2 BFIEMK(r=0.653"), M SR (>0.05mm) FEEBE AKX (r =
-0.643" ), MWD 5 >5mm.5—2mm B F BIA S EWR B ZEMX(r=0.987"" f10.763"" ) ;i 5 0. 5—
0.25mm % <0.25mm FHKAREEEERBEAMR(r= -0.814" F1 -0.797"" . AKX 1158
ANTRIP 3R T 2 B A DG MR 22 , X S A5 X L b oM A AL & BRI . HIBA G B B A 5B 1R
KER

AN, AR AR TIBRR SR S B2 BEMIEHRRKR(r=0.658"") , KRB RS LEDR
BB BYIE R SR FAE 1958 SERUBTST & B, 7ERD MK A - S RIBE R Fp Bk R 50 2 1k — M
AN, XA TR X R S RS IR S BN S) WIEFE A T & MR
3 FEHR

(1) B JFEIFA XSRS X AT RS B DR A Rk RS R 5w, TEILERE S 3R &
BBAR, BT 5 X 8 i B ™ R A IR AR o R RIS X AR Bl K 2 3589 ] A [ 2 B b i3 3R 1 4
FRMER , T L FEAE K A B T B S, S RPN St — 2P G 58 . @ AN T B I 5 AR IR R
SREHb A A R AR, 0 AR S50 ) B F B R T B A AT SR AT B RS . IR E A
KRN ( <30a) Xt 30K ZH BRI L EE S5 T0 SB35

grassland
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(2) 7Kk iRk B2 IX A3 (XS ) - e vb AU B G LR 3 (35 RS ) B8 O P2, BLAAR B O b3 + e i
ERNITRRL S B, AR KRG K, FER AR R, Stk ae 22 . iR dus vb 16 1%
HE PR R G B LA SR BB PN EE 2, 3 T8 i B K A S B L A A ERE

(3) WAE SR R LSBT B B, IR LB BE LA B R AR s MR LB Uk, WT LAE
XK RS2 X S B A A SRS, T 0L 2 R b B B AR A AN BURR, A K RS A
PR WA BRI RE (B 3t BA B VIR SE 2R, T SRR B 5 X AR 25 (B A SRR O, PR X 2534
EEVEN EEREM I o
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