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1.1 HREXIE

WFFE XA F U 2 b PG % e 1 T il b 24y, J& F
V01 3 i 955 68 5 DA 2o 90 X0 o B A A
102°49’ ~105°38'E ,30°45' ~33°03'N, HiiZ 9 X L
AR N R i AR W 737 S S & 2 G
TZE R R T R T B A S AR ST
UL AR B e mt b e T AR T K
KB B FNAR AT EoR X o WFFERE A3 ) A ik
U0 ELBE P AR AR 145 2% 25 i o] 38 Y Ak A i
B ORI 22450 1325 m, & T2 5 30
B AEYRIRN 11,2 ~ 12,9 C AEB KRN
416 mm R HEZER, TR R, 8 L B KT
T ) AR T G A T £ (32 KT 1 i 4k
650 m, g 3 B PRI 2 RS, A IR R
AR 15°C K R B TR4AEM 6 ~9
H AERE K2 1097 mm) .
1.2 HEAESHERRE

ST DX SV T30 L R BRI A T IR 4
04 25 0 B TR R S X, A 2SR B T R T
2011 483 HR T, ABFSEIFERT 2014 48 11 A iE
HEZSIGEL T AR TE A 3 4, Fh T IR i) 5 B A o
R, WO SO A SR 6 PRI A . 7E B RN
DUHESH A 2 AN E SR B R RYE XN, 4301 i A
BERZ X ZHE X M Z I ARIA X 3 S
FERb o A g A SR IR IR R Y X R 3 A
Pt ZAA PRI BB E BN AL 25 3 R R
UK IR A L, M7 2 A 2% s X R BB A1 3 B
Jitl R I A R P b RS B T, W R — S AR

FERR 3 ~5 m s BE AR A 08, T -, B ok
R IE O AE A 08 U XY A b A OR OR YE AT
( Cupressus chengiana) ', VWA WAL B F
BORSEEE R, DL AR RLAA ) O I R
(Setaria viridis ) %5 , VAW 35 BE A1 40% o KR Z 40
X EAE SR B X AR AR AL, A8 B 32 2 2L Rl
1. (Sophora davidii) . K| 3% 1% ( Rosa acicularis) 4
JIEEAS ( Cotinus szechuanensis ) ¢ 224 4 BEUAS FIIG 4%
AN EPE SN 70% . ZMAKRIGH X E
TE I R A2 400 DB ST ) T 3B AAR b 32 0 I AR b e R
e A AL M AR T 5% o DUREAE SR
SR XA LT N B AR, 2 A X
TEDUE AR YK BURTE X A R iR L, 76 5. 12 M
R b DX K A T A A, B S 3R R BT A
B2+ VAR T, WIS ) b B3R 2 ~ 3 m [m]—55
A BTN WP AS A SR  TES BT LA 1 ~2
m BRIBIEEAFE AT AN ( Salix fragilis ) , B B 1R 32 2 A
#E R AT W ( Salix fragilis ) . /N K EE ( Conyza
canadensis ) F1 )1 JE 75 5235 ( Prenanthes henryi) %8, R
SR DX B AE 2 A P RO, b 3R T AR Y R
S fll #2 ( Robinia pseudoacacia ) . 7K Bk ( Debregeasia
arientalis ) K1 Ji #k (Amygdalus communis) 45 , ¥ A FH
WILATSEE ( Cyperus rotundus) 32" 3 36 i 55 15
80% . T2 ARG BE X BRAEDHE G - £ (1) — AL i
WK b, b R BR B, AR D, MR S A
10% , FEHOMEOLILZE 1,

ik BT 2014 4F 11 7 B NI HE AR
AR RS IR BRIX 2R IR P CRIR 32 1 X 6
T FEAE I . 8 AT R R A, 8 g b 7 A () 38 1)
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B3 AETT BT RN 10 x 10 m BRI L AR
e R A S 1) S O AT N BRI A, R AER)Z
+(0~20 em) , ZHEHE, RG], RIEHAH
HAE, T 0E - ay B PR, [RIEE, #1100
em® FRTIREFR 4, T IE HHEAE Rk,
FLBRBESEHE bR o
1.3 H#mUESZH

S BRI - R T E [ 7R SC MS2000
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Tab.1 General situation of sample plots
FEM b3 GEEE)S  AEE(N/S WH/m o WRERE/%  EWLERY RV

Sample plots Disposal Longitude Latitude Elevation Coverage Soil type Area
. UA 103. 47 31.32 1347 70 WA+ 2500

i N
RA 103.57 31.32 1328 40 WA+ 3000

Wenchuan . .
DRA 103.42 31.33 1304 5 WA+ 2800
wir UA 104. 16 31.46 726 80 TR 3400
Mf X RA 104. 16 31.46 719 55 TR 2400
e DRA 104. 11 31.54 887 10 ke 2300

(i UA R Z X RA  Z A X DRA : ZHURIAHIX )

~H B AE 51 SR R A A, RV
IR R IRTE R K P B . B KT R A T
iy, Bk 42 R 3 ~5 mm [ 80 50 B AR T
SRR A AR 2 mm G b 7K B At ok, IR -k
P A A, S 204K 10 min, SR 5 10 5% A 3 A9 okE
BECR, R R ()P, AR S =
E'ﬁz%zj—t;:ijﬁﬂﬁ& x100% .
1.4 TEHRMETENFE

ARWFFER 28R A VEN R L b ik
P, Irdk e br 20 5 B dE AR . KR
X3RRI A X 3 R R IX A S B
FIAHSERIF ST , 45 A BF 58 X EL AR BRBEAR B, 1 B 75
(X)) FeRkHEKRE (X,) BELBE (X)) Bl
(X)) AR E R (X)) RAEE (X)) 2ilE
(X)) KRR (X)) BrRE R (X)) Wk
(X,o) Repuimtedagh (X,,) 3t 11 DEARVE RN
FEbRiR R o X 11 NSRRI T AT, A s R
FAR5r RBOFNT5 22 500k R, HEATRE T8, e A5 1
FIEPUI LR AR Hor b R A R A =
AT : B A BVEREAE > 15 & LAY T R B 1 05 2%
dETTZE A ST AR B BT R A 7 25 0 R
J7 M BFE S R R 80% ;i e IR = 1w B Al
He B N 0, AT o
1.5 HUESTAIE

IS SE I BE R A SPSS19. 0 4b L, 1| F B[R]
BT 2253 H175 CANOVA) S5 A7 S [i] Ak 388 1) 4525 St 1Y)
250 FF 1 LSD R HLA K 56 22 S 0 1B 5 P KR
(p<0.05),

2SR50

2.1 MERRAERGEVE LEEN R
TR BB R B E T IR PR 5

55 TR ARSI EERESS , 2R, R, BF
I e w80 DTG R 0 e w1y X (19 W
FE IO R AT iR ¢ X AR AR B 4
BEPRALPE R T 0 M, G5 SR N2 2 iR . P2 R IX
MR Z BRI 3 T e KRR FLBRUE AL
PRI 47500 i B ik M s B0 90 5 R 32 46
X AZAATA B XA AR R R B 1 25 57

AT A2 AR BIIX AR 240 X+ A 4 )
TR, W52 ARA X 28 F S T30 578 +
el R H KR FLBR R RS B e & B m,
W SZ 9 X Z [0 JC i 3 22 57 5 AE A AL & i T, 48 AT
RS20 X 245136 B X R0 2 51 K 1A B X 4K T
PO, Hh R 245 X B O, X AT Re S5 4778
TR FE KA, KA %, A PR AR H ™
FA 5 TENUREE BT 17, 4R AT AWl R 2 0 (X 2 43
A B X ORI Z 5 A 1A B IX A R FoRrRL & R 48 e
SO bR i MK 51, ELA B m) 22 5 2 3
BEA  AEPT b ESE B0 1, 48 AT R Z 36 X | 2 46
TR FE X R Z A TR B X X = TR
2.2 FBIEWRHERS W

H1 5 — R T 7 S e - ST ik P e
FEAE— 2 BB AR, A i 4 T 7T o4 0 e oz e - 338 1)
iR Ae 1" e St o 2 T 45 SR A vy
M AW 58S F 3218053 53 Bk 2 A4~ H6 b 1 16 R LA
LEAPERR, — 7 T AT LA B 1 TUAY , 5 — T RE
15 M R FAET A B 7R sk, DLZES /T
FAEHTAAES o X 11 AR AR BEAT FE AT (3
3) , FHRFAEAEL A SRR O 2 ok % w0 B, /i 3 S
B ( RFHTTHR A 88.499% ) AT BEAR f it J ok 11
AR AARSE S, B, SBT3 AN TN AR
SR MT . N 4 BTN FESR 1 T, R HF
KA A A A HLT R AT A AR, 43000 R 0. 934
0.907 0. 842 ; 7E5F 2 s RRL Ry L AED R
SR AT ALK, 4051k 0. 962 0. 928 F1 -0.953,
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Tab.2  Soil physical and chemical properties at the initial stage of ecological restoration in the area affected by earthquake
TR 7)1l Wenchuan 254 Mianzhu
Soil physical and chemical properties UA RA DRA UA RA DRA
757 (Unit weight)/g - cm 1.06 +0.04a 1.39 £0.02b 1.61 £0.04c 1.40 £0.05b 1.49 +0.05bc 1.43 £0.04be

FAFK i (Maximum
water-holding capacity)/g + kg™

48.15 +2.06ab
36. 15 +2.03ab
17.59 +1.27ab
0.97 £0.01a
0.40 £0. 11a
1.30 £0. 15a
24.92 +1.69a
73.78 +1.74c
14.83 +3.27a

582.81 £27.79¢ 339.03 £26.79ab 339.40 +16.65ab 473.92 +20.24bc

50.10 +2.19ab
36.55 £4.62ab
27.14 +1.08b
2.33 +0.21bc
1.10 +0. 16¢
8.50 £0.37¢
64.62 +3.39d
26.88 +3.44a
79.64 +2.52d

328.28 +29.09a

40.12 +£1.95a
27.45 £2.54a
10.14 £2.12a
1.20 +0.31ab
0.54 £0.07abc
11.94 £0.43d
61.97 +7.62d
26.09 +7.51a
42.15 +2.96bc

452.11 +£50. 06abc

50.06 +2.91ab
33.62 +2.26ab
6.29 +1.48a
0.76 £0. 10a
0.67 £0.04abc
9.04 £0.02¢
58.90 £0. 19cd
32.06 £0.21a
26.43 +2.21ab

SAFLBEE (Total porosity )/ % 54.23 £2.16b  43.02 +2.00a
EEFLISE (Capillary porosity) % 43.23 £2.01b  24.80 +2.90a
F ML (Organic matter)/g - kg ™! 53.54 +5.61c  19.45 +6.03ab
4% (Total nitrogen)/g + kg ™! 2.81 +0.35¢ 0.84 +0.27a
42 (Total phosphorus)/g « kg ™! 1.09+0.25bc  0.43 £0.09ab
Kk (Clay)/ % 3.21 +0.31b 1.47 +0. 14a
PR (Silt) /% 43.14 £3.40bc  26.61 +0.44ab
fibkr (Sand )/ % 53.65+3.16b  71.92 £0.32¢
B HHE 5L Anti — erodibility index)/%  64.22 £9.24cd  35.56 +8. 10ab

(- UA R ZAR X RA  Z AR B DRA : ZARRIRBEIX o A [a)/NE TR AL BRI Y 28 57 34 (p <0.05) o)

FLrpbRL i AT (O (L, 26 I DI PR Bl
B I TS 5 A2 55 3 LA, AL B AN
BEFLBULBMEECR, 735005 0.53 F10.518,

K3 BHESWER

2.3 IHEEMEEESN

R EPUEZR S8 R, B RAR R IR
FIA TR0 BB KR LA FE Iy Y, (i =
1,2,3) 55 F5 bl RO MRS -

Y, = -0. 142X, +0. 170X, +0. 139X; +0. 139X,

Tab.3 Total variance results of principal component analysis
— +0. 153X, + 0. 165X, + 0. 141X, + 0. 001X, +
Principal %{H? R f*ff}%lf’ﬁ/f 0. 054X, —0. 044X, +0. 137X,, (1)
components Y, =0. 038X, —0. 019X, — 0. 094X, — 0. 086X, —
! 2209 20.078 20.078 0. 128X, +0. 002X, +0. 067X, +0. 299X, + 0. 288X,
2 3.220 29.269 79.347
3 1.007 9.152 88.499 -0. 296X10 +0. 108X” <2)
F4 BEFHTEERESRBUER
Tab.4 Eigen vectors and score coefficient matrix
1EhT F 4y Eigen vectors 1843 Z %4 Component score coefficient
Indicator 1 2 3 1 2 3
X, -0.783 0.121 0.395 -0.142 0.038 0.393
X, 0.934 -0.061 0.186 0.17 -0.019 0.185
X; 0.765 -0.304 0.530 0.139 -0.094 0.527
X,y 0.768 -0.278 0.518 0.139 -0.086 0.515
X; 0.842 -0.411 -0.235 0.153 -0.128 -0.233
Xe 0.907 0.007 -0.183 0.165 0.002 -0.182
X; 0.775 0.217 -0.117 0. 141 0.067 -0.116
Xg 0.004 0.962 0.148 0.001 0.299 0. 147
Xy 0.295 0.928 0.088 0.054 0.288 0.087
X -0.243 -0.953 -0.102 -0.044 -0.296 -0.101
Xu 0.754 0. 346 -0.352 0.137 0.108 -0.349

(EE X, DFRT, X, R Bk, Xy 9 BAELBREE, Xy S ALBRIE, X5 WA WL, X 2R, X, 9k, Xy HRL, Xo RRL, Xy NI HL,

Xy aptimrss 4.
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Y, =0. 393X, +0. 185X, +0. 527X, +0515X, -
0.233X, 0. 182X, — 0. 116X, +0. 147X, +0. 087X,
~0.101X,, - 0. 349X, (3)
oy BRI R AL (i = 1, 2, 3) 5 SRSt
z&mmgﬁﬁgfﬁﬁMﬂiM+x+M
2, 3) JRATHH U S AR R AR Y =

Ay xY, + Az xY, +#x
)\l+)\2+/\3 )\1+/\2+)\3 /\l+)\2+)\3
Y, AKIEFR 3 g 4 aiEEH Y =0. 566Y, +0.331Y,
+0.103Y,,

- HE b 5 A BT B2 5 B, P
R KA BT SR IR - e b P 4 H i i
T LA TR 1A 4R B X e 4 A

(i =1,

BRXAT BTG AN, AR BE g B2 /N 4R AT A 2 R
PR B2 ATEHE DA T T . FES2 K X Z [, 4
VAR SZA00E R X RS2 BUATH 3 X 3T il 25
FEES R T OO, EARZ BRI, H TR EZER .
2.4 FHIEMIERS TERMESESEHNMEXE
Pearson FHSEPEMHT /R (3R 6) , H 3R KRRk
(X)) RAEX) 2R BELREX,)
PR EC(X, ) CRFLBREE (X,) A BLBT (X)) FoRkL
(Xy) 395 H 3 i 25 A 8 40U 38 IE A OG, 3R
WFFE IR IR A B, 3543 2 o (AL B AT ol ok
TSGR, ) A S ok e 5 1 S (X ) R
BL(X,o) & S P PELE A 1 BN S A S 3 6 A G
A e F AR bR, ST 2E

RS WRERREFGEVPLEAMESEELY

Tab.5 Comprehensive index of soil erosion durability at the initial stage of ecological restoration in the area affected by earthquake

=3t K3 43438 Principal component score B a5 5
Sample plots Disposal Y, Y, Soil anti-erodibility comprehensive index
UA 130. 055 -22.186 122.359 78.91 £3.07¢
W1l Wenchuan RA 73.187 -24.370 76.833 41.30 £4.07a
DRA 72.225 -28.918 92.818 40.90 +1.83a
UA 110.329 1.595 102.939 73.60 £2.08¢
484 Mianzhu RA 74.799 4.677 83.760 52.53 £4.16ab
DRA 94.870 -3.863 122.124 65.03 +5.76bc

(H:UA RZAR X RA 2R s DRA  ZARIG BRI o AN [i)/ING kR AL BRI 1 22 5 . 25 14 (p <0.05) )

F6 BFIMERSNMEESIEHNEXRY

Tab.6  Correlation matrix between indicators and comprehensive index of soil erosion durability

T ltem X, X, X X Xs X X Xy X Xy Xy
X, 1
X, —0.784 s 1
X3 -0.441 0. 848 ek 1
X, -0.363 0.774 s 0.909 1
X5 =0.779 s 0.744 s 0.619 s 0.605 1
X —-0.710 5% 0.762 s 0.581 * 0.620 s 0.867 #x 1
X, -0.560 % 0.656 = 0.446 0.510 * 0.499 = 0.596 # 1
X 0.155 -0.026 -0.238 -0.166 -0.412 -0.029 0.211 1
Xy -0.118 0.254 0.003 -0.011 -0.136 0.291 0.328 0.879 s 1
Xio 0.067 -0.204 0.045 0.042 0.193 -0.234 -0.311  =0.920 %+ —0.996 = 1
Xy -0.529 * 0.536 0.306 0.341 0.557 * 0.749 s 0.762 s 0.262 0.474 * -0.441 1
Y —0.692 5 0.928 sk 0.716 s 0.670 = 0. 602 = 0.780 s 0.717 s 0.309 0.582 %  —0.539 % 0.691 s

G Y N R MELE G 18+ FR 2R BEVRT g p <0.05, s FIR 25 WFE Ky p <0.01,)
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2.5 tiEmMmERERALSITNRENEE

LRA LALLM IR A W IR DL, nD T
R 9 X AR 25 1R P - T R AR I 1k £t
REFKE(X)) CEALBRE (X)) AHLBE B (X)) 2
R (X)) AR (X)) RS (X ) 6 145
bR, RS IEM BT . Y = 0. 096X, +0. 332X, +
0. 198X, - 0. 040X, — 0. 062X, - 0. 398X, +20. 499,
Horpy S eI LR SRR RV RE R =
0.9977 , 4 A ¥ [ . & A5G (p <0.001) ¢

3 g Sie

3.1 MERRERBEVMBLEEALERELR

Hxf L R e

BONHLEZ KA TG, DOV FIER AT 0 DX A= 3 3
BRI AT A ICH | A RO R g, 3R
T IRE BRI, K LS, A KA
R b B e =R R, B0 X g
b, KRIAE FRIABCR B RS priR phAE 1 55 , 225
VT UARAOIG B K A2, R RIBE  FEE J8 M 0 o X3
NIRNEARAT 32 9 XA 25K A3 PRI - S PAL P o o
BB, PO S 4tz i X 2 im B S5, +
SR T A HE A [ R JBE 1) AR A, 228 1532 e G - 8
PUihtk. BIABTFEINDY , 2 A o Hl o + I
B, A R b Y R SR R S O
Hh, SEBTIRE I OR Bl A T ARG KM 5, AT
R S5 A AR M R B 3 B i e B A5 Y i ot
R ARBET R B, 32 K X P S L A
SRR G, SIS BT A R Bl —
2, BUAN, 2 AT XA RD MR B B et + 3T
P A B S A AL 25 SR 5 LU 32 9 X+
SR I, OV R 32 40 X - HE A g 5 (KT
AATARSZIIX, H = F PSR G IR RO 5 22
S, B RAE T IR R BE IS R . K
PEFNAE AL I8 2 AR OO i i Hefp K S A AL B R AR B
RERAL , R | £L B AR BUBAT, A AR AN
CEEB AR AR R, P32 R KM%
Pa PELX SRR K R B AL B A B A FLBR
BEARTARSZIIX 05 S 5R I BEIX (8] 0 2% 72
S, A Il X 2B 250 BRA) 3] e K RE ) A
HEMEARM P R F R MR R B, SR
KA LB B LB S Pk LR S e e

W TEARSE, IR, 32436 BILIX + 355K BE ) A4
AT 5 PR A B B , T332 e G S e
3 R

B AWFFE ], 538 AL & o f 1 ) fig gk
IR A UL ] (Y BREVE T 32 R R
R, PRI GE R IRA R B R EEERE K
PERE, SR L PR IAE . AW R, B %
R IXAH UG PLX A LTS & B H IR TR
X, B AR ATG B XA B T, R = )5 A 25306
PRI b g L e AL & B B — R RCR (3
RIRE BARSZAVIRZS . MR E T o, A LS
RGPS G R B A R BTG, g — 2 B
AU F AT A Bk L T e

AWFFERW KRR RLAE (2 o L P s etk
LERITE P R A T AT, KRR AL i Y
AT HOR BT o PR O AT R B,
NHE B2 A B 4 SORRL Rk & B IR IG
XA T, BAR TR 2 0 X, R R AR A
BHFIPRAZ NS - ERbRL AL 55 1 4 v B — K
RARRE ZRZIVIRE . HEI R K X 1 5k
R B, O B 32 40 3 T DX A2 45 A 3 B X
AT AT, WA SZ 408 DX 3l X 9] G W 35 25 5, 3K 3
AR A A AL B S A5 B X A2 A0 AR TR X - 34 1|
e A BRES R o AR SR o B TR, SR kL
S PUMPELE SRR B B IO, RS 5 i
PUPELE G AR BO0 RE AN, L, WF5E X 506
KL Gl 5 PR

TR BT A R e S A SR ARAE K P Y
YRS G TR AE R M RS A
AHIRFE AT, W52 9 DX 2 43 3 T IX. A ST ol i 4K
BEMTRZIX HEZHRARIGBX A _LTHEH,
X R IR 10 X 2830 B A 8 P SRR DA i k3 o
FUER P2 O IX L S i P 45 UK B, S AT s I
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Characteristics of Soil Anti-erodibility at the Initial Stage of
Ecological Restoration in the Earthquake Affected Regions

—A Case Study in Wenchuan, China
CHEN Aimin', YAN Siwei', LIN Yongming" *>* | SUN Fan', DENG Haojun', DU Kun'

(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China;

2. Key Laboratory for Forest Ecosystem Process and Management of Fujian province, Fuzhou 350002, China)

Abstract; Soil anti-erodibility is one of the significant parameters for evaluating the ability of soil resistance to
erosion. Aiming to understand the effect of ecological restoration on soil erosion durability at the initial stage after
earthquake, soil anti-erodibility was studied by using principal component analysis. The results showed that: (1)
After ecological restoration, soil physical and chemical properties of the disturbed areas in Wenchuan and Mianzhu
exhibited distinct changes, and soil anti-erodibility was considerably affected; The soil organic matter, soil
mechanical composition and anti-erodibility index between the two shock-affected regions were different. (2) Single
indicator could not reflect the soil anti-erodibility comprehensively in this region. (3) The soil anti-erodibility
comprehensive index ( SAECI) of the recovered areas in Wenchuan and Mianzhu was respectively significantly
lower than those of the undisturbed area. Compared with the disturbed areas, the SAECI of the recovered areas not
significantly increased; instead, it declined in Mianzhu. However, in the two affected regions of earthquake, the
SAECI of the recovered areas and destroyed without restoration in Mianzhu was higher than those in Wenchuan.
(4) All the eleven anti-erodibility indicators could be simplified by six coefficients, maximum water-holding
capacity, total porosity, organic matter, total nitrogen, silt content and sand content. Soil ant-erodibility model was
obtained by linear regression, where X = independent variables (the six soil indices) and ¥ = dependent
variables (SAECI). The value of R* was 0.9977. This result could provide a reference for the building of soil anti-

erodibility assessment index system and support follow-up research on the shock-affected areas.

Keywords: Wenchuan earthquake; ecological restoration; soil anti-erodibility ; principal component analysis



