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Effect of Wenchuan Earthquake on Physical and Chemical

Properties of Forest Soils in Li County of Sichuan Province
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Abstract : [Objective JIn order to explore the ecological consequences caused by secondary earthquake disasters and to
provide scientific evidences for disaster-affected soil restoration, the physical and chemical properties of forest soil in Li
County, Sichuan Province, were investigated comparatively. [Method ] Wenchuan earthquake happened on May 12",
2008, and the investigation and sampling in Cupressus chenginana plantation of disaster-affected area was conducted in
November, 2013. Three earthquake-affected stands and one stand as control (no obvious damage caused by secondary

earthquake disasters) were chosen in Xionger Mountain (mountain cinnamon soil) , and two earthquake-affected stands

and one control stand were chosen in Puxi Gully (mountain brown soil) . Soil physical properties such as soil density, total
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porosity and particle composition in 0 —20 cm soil layer were measured. Meanwhile, soil nutrient indices such as soil pH
value, total nitrogen (TN) , alkali-hydrolysable nitrogen (AN) , available phosphorus (AP) , available potassium (AK) ,
soil organic matter (SOM) content and cation exchange capacity (CEC) in three soil layers (0 —20, 20 =40 , and 40 - 60
cm) were also analyzed. [Results 1Soil density in 0 — 20 cm soil layer was significantly increased in the earthquake-
affected sites, the average value of earthquake-effected soils was 1.28 gecm *. In comparison with the controls, average
values of soil density were increased by 6. 1% and 18. 6% in Xionger Mountain and Puxi Gully, respectively. The
increased soil density caused the reduction of total soil porosity (a significant negative relationship between them, r =
-0.998™) , which brought in a reduction of soil water permeability and an increase of surface runoff and soil & water
erosion. Affected by secondary earthquake disasters, the average soil organic matter contents were decreased by 56. 1%
and 52.2% in Xionger Mountain and Puxi Gully, respectively. Meanwhile, clay contents in surface soil (0 —20 cm)
decreased by 54.8% and 57.1% on average, respectively. But soil sand and silt contents increased significantly. The
soil pH values were significantly increased at different soil depths (0 =20, 20 —40 ,and 40 - 60 c¢cm) in both of the two
study sites, and the average pH value was increased by 11. 5% . The variability of pH value showed no significant
relationship with the soil type and soil depth. The decrease of soil organic matter content and loss of soil clay content may
be the main causes for the increase of pH value. Affected by secondary earthquake disasters, soil TN, AN, AP and AK
contents were decreased significantly. The AP and AK contents were decreased by 67. 1% and 72. 2% in Xionger
Mountain, meanwhile, decreased by 80.3% and 78.0% in Puxi Gully, respectively. Content of SOM was positively
correlated with contents of TN, AN, AP, AK and CEC, respectively. The CEC values in earthquake-affected soils from
both investigated areas were significantly decreased by 79. 7% - 90. 3% . The soils showed a very low capacity in
maintaining soil water and nutrient. The changes of soil C/N ratio indicated that the C loss was higher than the N loss in
earthquake-affected soils. [Conclusion ] Affected by secondary earthquake disasters, the soils of Cupressus chenginana
plantation in this study showed severe soil degradation: Increase of soil density, decrease of soil porosity, increase of soil
pH value, loss of soil clay and nutrients and reduction of soil CEC. It is recommended that the soil remediation measures
in the studied forest soils should be focused on the following aspects: increasing soil organic matter, improving soil water
and nutrient retention, and reducing loss of soil clay.
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Tab.1 Basic situation of study sites
\ . } } oy ] SR R 9 75 26 B 25 KRR
S e iR it eI g PRSI 1A 2 PR DBH/ 7 A5 XJ.U,\ZL
. . L. ) . Aspect, Canopy Mean tree Coverage Type of disaster—
Study site Soil type Area/ hm® Altitude/m . . cm
slope density height/m (%) affected
Ll A 1 P T2 KNG
CK1 Mountain 3.50 2 350 AT 0.50 5.05 8.65 25 No obvious disaster—
. . Southeast,30°
cinnamon soil affected phenomena
s 1 »
IR i 15
s Mountain 25.00 2 460 i 0.17 3.68 5.21 14 RS
. . Southeast,35° Mountain collapse
cinnamon soil
e o -
IR i
S2 Mountain 2.75 2 420 A 0.16 3.56 5.04 13 j: gﬁ%@
. . Southeast,30° Soil sliding
cinnamon soil
[ITE: IR R . -
: . K -+
S3 Mountain 14.79 2 410 0.18 3.92 5.56 15 K i
. X Southeast,30° Soil erosion
cinnamon soil
Ll A g i T B2 KNG
CK2 Mountain 5.50 2 370 ’ 0.47 5.13 8.70 23 No obvious disaster—
K Southwest,30°
brown soil affected phenomena
Ll b A
i 1 S AR T
P1 Mountain 4.82 2 300 Bl 0.14 3.14 4.15 12 . AR A .
. Southwest,34° Soil collapse and burial
brown soil
Ll b A 4 i WA
P2 Mountain 9.53 2 480 . 0.13 3.06 3.89 11 Landslide and
. Southwest,35° .
brown soil debris flow
®2 LEMEMR'
Tab.2 Physical properties of soil
o o A+ 3E WU ZH B Soil mechanical composition
—— g et FSENiY S
Stud; site Soil denflly/ Total porosity Fiki Clay By ki Silt BRI sand
(grem ™) (%) <0.002 mm (%)  0.002 ~0.05 mm (%) >0.05 mm (%)
CK1 1.10 £0. 04a 59.0 £1.5a 19.8 £1.2a 39.5+1.0a 40.7 0. 5a
S1 1.15+0.11b 56.5 +4.0ab 9.5+0.7b 44.4 +1.0b 46.1+1.7b
S2 1.18 £0. 11b 55.5+4.0b 8.9 +0.6b 46.2 +0.5b 44.9 0. 1b
S3 1.18 £0.09b 55.6 £3.4b 8.4+0.7b 45.9 0. 6b 45.7 £1.3b
CK2 1.21 £0.03a 54.2 +1.3a 21.3 +1.4a 41.4 +£0.5a 37.2£0.9a
P1 1.52 £0.06b 42.5 2. 2¢ 6.9 +0.4b 44.1 +0.4b 49.0 +0. 2be
P2 1.35 +£0.09b 48.9 +3.4b 11.4 +£1.0b 44.9 +0.9b 43.7 £1.6b

OFRPNAFE NG FRRRZEREE (P < 0.05) o Different lowercase in the same column represents significant difference (P < 0.05) .
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Tab.3 Composition of clay minerals
W A i ipe) Zie I A7 LY
Study site Ilite (%) Chlorite (%) Kaolinite (% ) Illite / smectite formation (% )
CK1 71.1 14.7 11.0 3.2
S1 73.0 13.1 11.2 2.7
S2 79.9 19.7 14. 1 6.3
S3 79. 4 11.4 8.7 0.5
CK2 72.2 22.8 5.9 0.9
P1 69.8 21.6 7.7 0.9
P2 77.7 20.2 1.8 0.3
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TlﬂJJ_):E’JEz%fFBaFBLj( 55 RH IR HECAH LG A
S1,S2 F1 S3 W4 & & 4 Bl BEAK 35.5% ,71. 0%
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Tab.4 Nitrogen, phosphorus,

and potassium contents of soil

i 7t 5 A Rk

represents significant difference (P < 0.05).

+ 2 i 2 f\f/)ﬁ\ Alkali-hydrolysable Available . R .
Soil layer Study site Total mtrf)lgen/ nitrogen / phosphorus/ Available po{fifsmm/
(ks ™) (mgekg™") (mgekg™") (mgekg ™)
CK1 3.6 0. 10a 347.6 £1.24a 15.6 £0. 64a 33.5+0.95a
S1 2.4 +0.10b 242.4 £0.61b 6.4 +0.57b 10.7 +1.01b
S2 1.1+0.09¢ 98.4 +£0.99¢ 2.5+0.99¢ 7.7 +£0.33¢
0~20 c¢m S3 2.2 +0.10b 200.9 +1.48b 6.5+0.41b 9.5 +0.98bc
CK2 5.4 +0.26a 414.9 +11.62a 15.2 £0.70a 30.4 +£0.94a
P1 0.5+0.10c 24.1+1.02¢ 1.5+0.31c 8.0 +1.02b
P2 3.3+0.11b 139.6 £0. 54b 10.8 £0. 62b 5.4 +0.39¢
CK1 3.2£0.10a 293.7 +1.02a 13.9 +£0.99a 26.1 +1.02a
S1 2.4 +0.10b 192.2 0. 54b 3.7 +1.04b 9.6 £1.27b
S2 0.8 £0.07¢ 51.6 £1.02¢ 1.6 +0.17b 4.0 +£0.54c¢
20 ~40 cm S3 1.6 £0. 13bc 117.4 1. 11b 5.4 +0.43b 5.1+1.07¢c
CK2 3.4 £0.18a 351.8 £6.88a 13.2 0. 60a 25.1 +0.65a
P1 0.5=+0.12¢ 11.5 £1.0lc 1.4 +£0.43¢ 4.7 £0.23b
P2 2.2 +0.06b 195.9 £0.98b 7.7 £0.24b 4.5 +0.43b
CK1 2.6 +0.06a 250.8 £0.53a 11.4 £0. 63a 18.9 £0.98a
S1 1.3 £0.10b 93.5 +0.98b 2.3 +0.82bc 7.2 £1.00b
S2 0.7 £0. 10c 40.0 £1.07¢ 1.2 £0.27¢ 3.6 +0.99¢
40 ~60 c¢m S3 1.5 +0.09b 93.6 £0.98b 2.7+0.22b 3.2+1.03¢
CK2 2.4 +0.23a 228.8 +10. 84a 10.0 £0. 54a 17.5 £0. 67a
P1 0.6 £0.11b 26.8 +1.03¢ 1.5 £0.30b 1.7 £0.41c¢
P2 2.5+0.12a 200.7 £1.01b 10.7 £0.99a 3.5+0.39b
D —LERFE W E A NG FRERRZEREE (P < 0.05) . [l Different lowercase of different study site in the same soil layer

The same below.
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Tab.5 Soil pH value, cation exchange capacity, soil organic matter and C/N ratio
iy i 75 3 AATDUR B IR PO WA L
Soil layer Study site pH Soil orgamcil]naller/ Cation exchangejapacny/ C/N ratio
(gekg™") (cmolekg™")
CK1 7.4 £0.21a 76.3 5. 16a 34.9 £3.04a 12.3 £0.91a
S1 8.2 +0.21b 46.3 +£2.62b 4.2 +£0.92b 11.2 £0.39b
S2 8.3 +0.33b 11.5 1. 74¢ 4.6 +0.38b 6.0 +1.00¢
0 ~20 e¢m S3 8.3 +0.33b 42.6 +2.66b 4.5 +0.39b 11.8 £0. 74ab
CK2 5.4 +£0.07a 83.3 £4.35a 35.6 £0.43a 13.5 £0.75a
P1 6.2 +0.34b 4.4 +0.40c¢ 2.6 £0.38¢ 5.3 +0.58b
P2 6.3 +£0.32b 75.3 +£5.36b 5.9 +1.04b 13.1 +£0. 88a
CK1 7.5 +£0.09a 64.9 +4.38a 28.2 £2.08a 7.5 +£0.09a
S1 8.4 +£0.12b 31.2 £3.60c¢ 3.7 +0.27b 7.6 £0.87c
S2 8.3 +0.28b 5.3+1.61d 2.6 £0.48¢ 3.8 +1.19d
20 ~40 cm S3 8.4 +£0.36b 27.8 £1.73¢ 3.6 £0.43b 10.3 +0. 65b
CK2 5.6 £0.04a 68.6 £2.04a 27.1 £0.69a 13.0 +£0.35a
P1 6.6 £0.26b 10. 1 £ 1. 44c¢ 2.4 +0.33¢ 12.8 £2.56a
P2 6.5 +0.33b 56.0 £4.38b 5.1+0.99b 14.2 £1.13a
CK1 7.7 £0.10a 50.1 £6.98a 20.8 +£3.05a 10.9 £1.71a
S1 8.6 +0.12b 21.0 £2.66b 2.6 £0.45¢ 9.7 +1.10a
S2 8.3 +£0. 15be 5.0+1.47¢ 1.7 £0.43¢ 4.3 +1.29b
40 ~60 cm S3 8.4 +£0.39hc 25.3 £1.80b 3.7 0. 23bc 10.0 £0. 69a
CK2 5.7 +0.02a 48.2 +1.93a 19.5 £0.92a 10.5 £0.49a
P1 6.6 £0.27b 7.2 +1.68¢ 3.0+1.02¢ 8.5+1.98b
P2 6.8 +£0.11b 46.6 +£5.62b 5.7 +£0.93b 10.9 £1.37a
4 g ARG AR5 (2014) 1R G AR M o 3 2 45 AN — B0 b AT
¢ T S M I B (S X — B
A ST A I ST XN B AR R A A Gl fie g A T U7 A 0%, R 1 T S 2 AR
TREEIL 10% ~30% , Rk, HAE R0 ~20 em & RE H &, #m b B2 A& s 6 Lkl

J2 b HE T R B T4 BT R 620 em DL b B A ER
TURG ML ST AR S RE S o BB 2% % (2004) % X} i%
M 27 AT M AR R L 45 95 B PR 75,0 ~ 20 em
AR AT 4 0. 87 ~ 1. 13 geom ™, T ASHH 5 i 7
EE R R, U R AEWIRWRE T
ff b, 12 AR R b B A 121 geem
MR R AR ESH LS R, X — 4R

— B85 AE H (Nancy et al., 2012) , [ i A BF 52
HhSZ GORR M IR R I K . AT SRR TR R
I, g B R L S A BT R ORE
Chy i~ vbokL) & B4 % (Nancy et al., 2012) , (HYEAR
WA A 1 B R ALK AR X AT RE [R) I A M 0
O R AR D 0. AU R B L g R G K
FL T B LB R T B 38 3 P A R S AR b
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AR N A V01 s DY )1 B e A

XU A A T AR A 3 AR 5T A 5 7

KW 51K WKL ) R B, R AEAS )RR
e (F A T4, 2011) .

52 MR UK AR KT R A 1 R BB L
SR, FORL S SRR D e % H X 3 AR
(1 42 B By AR A B Rl AT, BB 5 R RE R
RO (X2 5%, 2011) o R4 B — 2 MR
FURK B 60 Ay g T8 Ik 55 0 38 A L0 1) A T T
A 25 1) (24 545, 2013) o {H & M 7% 3% i 1+ 438
V2R 25 K AR R 5 3 350 S O B = A LT I IR &
TETAT S BUAR e T3 9SS K A FORL R R (i S 5
2011) o FEEFIKI S HE AN 2R ERS T8
SEOAEA DG, T HERORL IR 9 > B B T 8 R A kD
JE D R (F3CHE, 2013) .

U T AR A R 8 PR 5 Ay kP SR S AR
+3% pH {4k 6.00 ~9. 14 (g2 B %%, 2005) , A Hf
536 BRI 7 MK M () pHL A b Bl AP, DR O T 3
AR AR R MR AR A T2 R R
Coly i 48 1 AT Mo iR 338) 1) 138 pH{H 52 b 58 IR A2 R
TR W) 550k AR L LR B T v R A I B 2 R R
I T e X — B[R] b A BLTOR BRI R
O AR g A LT A SR R R T A D I
5L 1 B R % M (Nancy et al., 2012) , {0 2 i
A My - S U ALK B RIS T T3 pH
MAE . WRYT M AT X 0 ~20, 20 ~40 Fl 40 ~ 60 cm
T Z AL 5 A E 4 2 (90,06 +8.72)
(38.31 +4.25) F1 (32.58 £6.99) gekg ™" (J§ %%
5 2005) 5 55 AHIF 535 E 0 JECH 1) A HTL B A
I T b FE AR AR B RS ) R LR R
o AN S R BRI L BE T2 R R R n g
AR A AR 5 32 B M RE B B 3t s 3 ) 1 2 R o
(Wu et al, 2012) o ZHb X 38+ 8 Je £ i A&
TE B A O R R M R AR R S SO A
T RVRE W e A4 b 785 AR 38 B HL I SR = 1 D R
() H B A%, 20135 SCH 4%, 2009) o 1 £ b 1 4 A
MU & 5 A 55 R S & 0w & s A
A M 2 1) 38 S 3 I AR O, U0 A LT Y
- 9 AR R T R AR K (SO AR, 2009) o 1 A L )
CEC 5/ F10 cmol kg ™", YL W R AL A 1 R 55 B
TR AL WE AR M (0 3 IR oy B S AR T i Y
FIH 0 ~20 em >20 ~40 em >40 ~60 cm |- 3, X
5P 55 % (2005) [0S0 45 BAH A . C/N LK J2 1
&L G, N E IR PR OB IR bR, TR AE ) 3RS
SPATE IR C/N LLZ 2 25 (AR 25, 2011) o {H 2
VAT L C/N LR Ar 75 12 BUR, i3 B Hb 52
T8 I R B A R AR T U R 2 X TN (A

G5 (Wu et al, 2012) .

AR BRI B bR & A TS A S i
1552 152 T A 1) 42 25 & G0 0 BE it L, Mk 52 R FE
WL — A B B W = RE ) AR BRI RS R 4
(WMar2<, 2011) o i £ b - 8 A7 70 W] Y 13 e 5 K]
T R PLRCE > R s B E R E
SR ™ T R B T BOR BB R D
¢ bk b i R 3R DL R @ U 1) 8 b
SEA LT AR AT S Hb S e 308 bR I ) S B 1 D0 s
BOMR & - 24 3 T v BA B R L A Al B R
(Vulpia myuros) ~ & 25 T (Vicia villosa) F F 15
(Medicago sativa) 55 , 35 B HL 5K A 80 N 1) H
5 2) SURE L. A7 LR, A0 4k 1 1
L2 B & S T 2 o 1 BE S K Rl L T A i A A
(4] e A e HE A L TC L A A TR s AT
Perm TIERH B TR i 3) MRIR A K E T W
o b HE pH e R TE A HLM R 0 A AR
(pH5.6) 251552 1% 138, 7] LL7E — @ B2 8 b PR AR
35 pH AR, H R I e S i AURT R R LR &5
Waeddm LAY 4) BRIKAh T, EAT
B A ST PP b AR O R A 5 6 G AR S TR

A 25 N s s (T30
5 Hik

25 LTIk, O M e B EL i XN TR A AR
A SR A AR R A BOA S, B KR
LEDSRINRE 2 BeF N B O A CT 3 LI o N TR SN & (B R
VEACUMR TR (1 1y b R0 Lt A 198 357 b B0 1 38 Ak 4 4
SRR LT B G, OF H A 3 RN S B OKIR I BE
% W0 RLARY R WY W 1 22 o MR AR AR KRR BB )R
T LRSS 3 BOA R A 7] 1 )= b 3 R
Jr & i BLBOR W Bl A S A, 32 ORK L - 4
R B BB SR AT RO R S AT L
JR AR 7 A i e 3 B3 T e AU, i
b DX 2% T 5 LR A T AR TR AR AR LR
16 S HE A, SR SR U AT AR T - S 24 B L 38 vy #K
WA= 7

2 % X W

2,k B sk, 5. 20100 HhE 5 3E CdLPb 4y A R AE A
R R 38 43 T —— LA b 52 9 IX 82 N TR R O B R R A AR
24 (4) : 796 - 801.

(Cai Y, Zhang Y, Zhang S R, et al. 2010. Distribution charateristics of

Cd, Pb and their influencing factors after earthquake with
example of a disater area named Xinhuang Village. Journal of

Nuclear Agricutural Science,24 (4) : 796 —801. [in Chinese])
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o 52 %

8 ST, By AT, Xt #, 4. 2012, 36T GIS I USLE [ 330 )1] 1l 5% )
RS 5 bR HE B 4 T ARl R 4,28 (14) ¢ 118 - 126.

(Guo B, Tao H P, Liu B T, et al. 2012. Characteristics and analysis of soil
erosion in Li Country after Wenchuan earthquake based on GIS and
USLE. Transactions of the Chinese Society of Agricultural
Engineering,28 (14) : 118 —126. [in Chinese])

FERE B, AR 552014, 95+ 127501 KRR R T M M g
WL A AL T AR MO B30 (1) ¢ 46 - 51,

(Li Z H,Chen B,Li J Y,et al. 2014. Physical properties change of non—
forest soils after 512 Wenchuan Earthquake. Forestry Science and
Technology of Guangdong Province,30 (1) : 46 —51. [in Chinese])

s, LTy, A 2000, T SR M R W AN AR AR AR B L
e AR B DR R L N AR S A 22 (9) 1 2297 - 2302.

(Lin Q, Zeng J, Ma J, et al. 2011. Microbial carbon utilization in
rthizosphere soils of secondary plants in earthquake fault zone of
Xinjiang. Chinese Journal of Applied Ecology,22 (9) : 2297 -2302.
[in Chinese])

K ELEL SR MR 2013 3 - 350 T A ) - R Y R R - e e e v e L
Bk} ,49 (9) : 102 - 106.

(Liu D D, Zhang P H.2013. A comparison on soil anti-erodibility over
different land use types on loess slope. Scientia Silvae Sinicae,
49(9) : 102 - 106. [in Chinese])

X%z 3. 2001, 28 148 M - HERT oy A TR ROl K 2 R
36(3) : 278 -281.

(Liu X L. 2001. Analysis on soil clay minerals in Qinchuan Basin,
Gansu, China. Journal of Gansu Agricultural University, 36 (3) :
278 - 281. [in Chinese])

0. 2000, RN AL 2 J5 ik bt B RO RN AR A
(Lu R K.2000. Chemical analysis method of soil in agriculture. Beijing:
China Agricultural Science and Technology Press. [in Chinese])
Bt [, S S0, X e, A5 2011, 45+ 127 301 AR K Ml R KR I
R MR 6450 2% B VA F . 22 BOR ML B2, 39 (7)1 3914 -

3917.

(Luo J G, Zhou L J, Liu B, et al. 2011. Study on the assessment of
Sichuan forest resources losses caused by Wenchuan catastrophic
earthquake disasters. Journal of Anhui Agricuture Science,39 (7) :
3914 -3917. [in Chinese])

T30, RS M WM 4. 2012, 50 1] M AE 5 IX R AR R 0K L i) R
S AR P MOl A 33 (4) @36 - 38.

(Ma W B, Xu X M, Hu S B, et al. 2012. The problems of forest vegelation
restoration and the ecological strategies in Sichuan Earthquake
Regions. Journal of Sichuan Forestry Science and Technology,
33(4) : 36 -38. [in Chinese])

P 55 A YERE. 2005 MRLLAT AR N -1 398 5% 20k A R R 1) 22 57 23 A
1 2% 4,23 (5) 596 - 605.

(Pang X Y, Bao W K. 2005. Characteristic and population difference
comparison of soil nutrients under cupressus chengiana forests.
Journal of Mountain Research,23 (5) : 596 - 605. [in Chinese])

JE 2% 5 AL A, TR 5. 2004, DR VTR BK R - B 4 B I K 4
H ) 2 e N b R A ), 10 (5) ¢ 596 - 601.

(Pang X Y,Bao W K, Zhang Y M, et al. 2004. Geographical comparison
of soil physical properties under Cupressus chengiana forests. Chinese

Journal of Applied and Environmental Biology, 10 (5) : 596 - 601.

[in Chinese])

gL BE Ha, IR, 2010, B2 M T HT R E S A L
B BT AE SR B 2% L, (4) 1 589 - 594,

(Song X, Cai Y, Zhang S R et al. 2010. Distribution characteristics and
influencing factors of soil organic carbon content after earthquake in
New Huang Village of Pengzhou City. Soils, (4) : 589 — 594. [in
Chinese])

EZARTE, %) . 2011 BRI BE T 2 BE ST i SRR AE 20 BT B AR PEATT A
BHEAEAR, (4) 0 134 135,

(Wang D S, Liu H. 2011. Study landslide characteristics analysis and
stability  of in Li
Communication, (4) : 134 —135. [in Chinese])

FSCHE. 2013, 3 e SR T R o b R D 5 B 5
P 0 A L R TR W N2 T e S VA

(Wang W Y. 2013. The influence and spatial variability of main clay

Taoping County. Science and Technology

mineral composition in loess on the soil fertility and corrosion

resistance. Hangzhou: MS thesis of Zhejiang University. [in
Chinese )

3, B, AR WA, 452009, B MEAT LR K 3L 1 HEgR 4y
K2 & WA AR, (1) 2 57 - 60.

(Wen J,Luo Z Z,Li M D, et al.2009. Soil active organic matter and its
relationship with soil nutrients. Hunan Agricultural Sciences, (1) :
57 -60. [in Chinese])

T M 2. 2010, 3301 M 7 AR GRS L e S W e R I . bk
AR 46 (9) 1 115 - 123,

(Wu P F, Liu S R. 2010. Impacts of secondary geological disasters
induced by Wenchuan earthquake on soil fauna community. Scientia
Silvae Sinicae,46 (9) : 115 - 123. [in Chinese])

B S0, BREDER Mk B 55 2011, OO0 T R A Ak b - S 4 1) 5
W AE A AR 31(22) 1 6824 - 6830.

(Xue L, Chen H Y, Yang Z Y, et al. 2011. The effect of fire on soil
properties in a Pinus massoniana stand. Acta Ecologica Sinica,
31(22) : 6824 -6830. [in Chinese])

W 3L 28 201 1. By IR R BL AR R BRI A7 A8 (19 1 A % R 0 18 SO0 SR BLAR
RN EH, (15) @ 300 - 302.

(Yang L D. 2011. Problems and counter measures for protection and
restoration of ecological environment in Maerkang County. Modern
Agricultural Science and Technology, (15): 300 - 302. [in
Chinese 1)

Mo WL B, WS A, A5 2013, BT GIS/RS [ M 5 4 IX UK
T AR FE D BRSO VA DY IR, (1) @39 - 45.

(Yang M, Xie Q, Tan X R, et al. 2013. Assessment of restoration of soil
and water conservation function in watershed in earthquake disaster
area based on GIS/RS. Sichuan Environment, (1) : 39 —45. [in
Chinese 1)

FAE SRR R B, 4. 2013, w1 M R AL 1T — w75 i 2L B
J25 U8 A A X R A AT A AR A U R S Hb R s, 35 (4) ¢
685 —699.

(Yuan R M, Zhang B L, Xu X W, et al. 2013. Microstructural features
and mineralogy of clay—rich fault gouge at the northern segment of the
Yingxiu — Beichuan fault, China. Seismology and Geology, 35 (4) :
685 - 699. [in Chinese])

Cheng S, Yang G, Yu H, et al. 2012. Impacts of Wenchuan Earthquake—
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induced landslides on soil physical properties and tree growth. Biology, 18 (6) : 911 -916.
Ecological Indicators,15 (1) : 263 -270. Xu X J, Yan D D, He B H, et al.2012. Effect on soil nutrient situation of
Nancy R, Werdin P, Knut K, et al. 2012. Buried organic horizons water and soil loss made by earthquake in Wenchuan zone. Journal of
represent amino acid reservoirs in boreal forest soils. Soil Biology and Soil and Water Conservation,26 (3) : 34 - 38.
Biochemistry,55 (6) : 122 —131.
Wu C,Wang J N, Lu T, et al. 2012. Effect of Wenchuan Earthquake on (3‘,—?11% iﬁ T%%ﬁlﬂ)

soil physical and chemical properties of the Longmen Mountain,

Southwestern China. Chinese Journal of Applied & Environmental
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