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Abstract; On 12 May, 2008, a great sized earthquake of magnitude Ms = 8. 0 occurred in Wenchuan County, Sichuan
Province, southwest China. Many residents established a great of tents on all urban public and residential greenbelt for
searching safe sites. However, there are few reports about the effect of these activities on soil and vegetation. We
determined soil CO, efflux and relative environmental factors (i. e. , bulk density, porosity, air temperature and humidity,
and microbial biomass) in the field camping sites of different established time and trample area. Soil CO, efflux was
significantly affected by field camping and trample. Soil CO, efflux was significantly lower in the different field camping
sites and trample area than in CK treatment. Soil CO, efflux decreased firstly (after about 10 days) , then increased little
(after about 20 days) and again decreased ( after 25 days) following field carmping time increasing. Soil compaction and
shade was two main processes controlling soil CO, efflux in field camping sites. In early periods, shade that caused root

respiration decline was main process. With the increase of extent of compaction, soil physical properties were main factors.
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In trample area, soil compaction was main process that affected soil CO, efflux. So, scarification that improved soil physical

properties was the first work to restore degraded urban grassland after 5. 12 Wenchuan great earthquake.

Key Words: 5.12 Wenchuan Earthquake; soil respiration; soil CO, efflux; urban grassland ; trample; field camping

2008 455 A 12 H, WP ERAE T B 8. 0 FRMRE Sl 10 M8 (A7) , @A T EREIA R A
WPk o BARTT X BE B AR B , T RN TR, ZE ST FF N S5 8 T 17 210 5 bl , Rl g 24
Jroki NX e, AR ETESUH /DXEEFEOMMEITE ERE ., BN ERAERIHELSILRA, &
SERAE T JIRREIARR , BN _ R TRIGIR IX R AR A € 1, ZE SR T A~ 3Eak s b BB i A Sk i,
PR RERT E MR 1R G, S BRI N R B 8 BT TR . ZEAESTPY AN R B AR BEROT 473,
Fol SR TTER MR ™ BRI, (BIX 2658 A9 TS shxt S B g i LR R 2B S A+ 4

KT RREIF T BB BRI T 33 TR R RAE A DR, Bl TENFZEFREIEAEA,
Br A N TR SPER B S R O TG 3 T DR W BT A0+ 0D TN LESF EEAME 1S
HE I SR R N B B ] BRSEA T 1 3 ML TE SR RIS BIAIR, WA o A2 B P8
PR BB R B P MR PR R TE S BRBS & XS AL G ORI T AT R Lk
FLERABEE I T HEEH" TR LA R WA S B IER AN S
R AIPRIR TR AR A K R BRI, A TR ARSI RO AR 4 ST, LA T S 1 S T 2 s T i
SR RR T o TR M R 0O g AR R N 5 LR ShAR DL, (B GR BE TEk, R R0 VT A
SEORE, 5. 12 PUIKMR G ZE MR 18 B W RIS EE 1 ~2 A, BT RREE AR 1B, S iy 2 3k 4 o
/N IX 53 i 54 67 T KR S B9 1) T B o+ 3R R SR IR, i SRRV g RO MU IR SR 5 B, S BOX X
B BHIMIR

1R CO, EBER B FRAMFR (LFEREMRE B FREYFE) SR E YR TR BA, &R0
W 43 Bt SRR B AR A TR AR BY T B b A S RS R S RSB BRIER
FEILVFTARAEZRAE P, IR GE YR 3P AR 208 36 B0 0, 38 B O 2 1 30 i 72 i 3R 3l
SN A e R At Bt S AR AR A AR DUE T LR R B 2, SR B R s 7
ABREMEE RV TR ER 2 XEREEN.

TRt T BB IR HORIEAT , R B T LR CO, BREN F18 HIRWPR, 3a T HRESRE, L
PP AR | B SRS A R R Y (I B Y R B 3 sh ) |, DL R AR IR S A AR B
SRR BREL CO, TR SIRIRT Y E AR PR 2 LR, B WRR PR AR T R &, B3
THRAYE" 53R E" ' RER, HEEE, IEE K SR ERE R B A A%
PR AR R

REFRERNXT LI CO, BEH BT, RMAR BB I8 KR8 R A BB X iy 24 3k st
FI/N X 3 -3 CO, SRR . IR AL RBURINR AT T R F 7 I EE EEEA,
B2, 7RI BRI B IE K R, RERE SR BRI EUHFAER . AR REFRN AR THAFE
BE1E B e TR R A AR AL ZERRU Y BB T A MR Le iR 1 T GBS i + SRR E B 7 VR A,
FIRBON R H 25 7R AR T A 3Lk b A [ I TR 4 2 B M A, DR 9 13 CO, BB REE 58 5 I IR Fy 38 g
ARALFEE, R I PR SR R R ARt . ABTRE R R B AR (1) FEBA AR b 6 5 2 Y i Y 55 BB B o -
PR AR 5 (2) AT HIRIPR S EHE T HR R, N E BB T = A R R el R —
2%,

1 ##5FEE
1.1 XN
BrST L S AL T BRI PO IR X R T B o E R e AR AR MBI /N K R 3 P9, JB TE VAP IR I SR,

hitp : //www. ecologica. cn



5886 £ K5 % K 28 %

KERH, KB ERE . FEFHIRA 15.8C, BB A FHRENR 5.2 C,BH/AFHIRA 25.2°C , Kok
iR -3.3 C, ¥mAx i 39.9 C,FFHHIHEE 83% , 4 APAIZ 10 A LAIRT 10CH4E P EsIR
2 4700 ~5300°C , 24F LRI T 337d, £ FHE A ((1 Af) FH[BEASCEL . LFML, BEHREM,
THEFE , 45 P MK &N 1124, 6mm, WK/, H BT 24% ~32% Z 6], 573 H BT H0Ch 1042 ~
1412h, BEISEXR g Tt 4 % ( Bromus inermis Leyss ) SLOUFP B B F, 18] 28 L 45 4= R & (Lolium perenne
L. ) , R /K R A ( Kyllinga cororata (L. ) Druce) , fIFREE ( Centella asiatica (L. ) Vrban) %, JLtEEF ZIRTH
FE kg2 N MR, BA EOR M T B R AR ), (BN BB A B . BEIP I YME L pH HAE 6.3
~7.0 ZJa], e HARER .
1.2 BEit

R BESXR 3 M, HPEERENAFAZEENM K 4 MTAAHE(FEE 13,20,24d Al
28d) , HFZRAZ A REMN G, BT A EAN -2, REBENN L FEZEF AR
AR, 7RSI T IR R B AR A, B AR REFES L, LR R R R, RE %
BERIEARERENEGE DA AEA—SRKEE RS, SOER 2 ~-3AMEE, BREMATEREG
5 HEH A 1 m® 5 PY A I IRBR A A MR 22 B X8R, B AN BRI s /S [R) B8 W IR) 2 4 Ko B e A
BR A [E) i (] B Y BT E L, BR T M A BB RS8R T E IR IE B A IR E B R DA N AR BA,
HERERESBREMBELHEE N, BB XKBERY Y 400 m*, S HFEVIHES
1.3 13 COo, BEREHFEHEFHIE

13 CO, & KM E I8y 2008 426 A 10 ~11 5, Fj LI-COR YRt 34k CO, , 78 LI-6400
LA LB HER Y CO,0 4 MBI FIREVLE T F- MBS N, 20 E 14 CO, K
(458 2h JU5E 1 IR, FrEEmtiE] o 2d) , M€ i E AR, 8 T B/MURE YT HAg R, 2l g
B, ZBRAEY A EAEY, PVC FHAER 10. Sem, B Scm, 7R € B BT — RIEA TN 3. Sem, LI-6400 &
U3 WK, X BE I {E X BA IR 3 CO, HERL.

WEHE TN E S 1% CO, EEW & F 2 #1T, FENEFME 10cm MM EAEEE REUR
Scm gb+ 3R B, 10cm Ab 31 T ¥ B AR B A i-button ( DS1923-F5*, USA ) ¥R1% B Vi & (IR BEXE o
+0.5C JBERHE +0.6% RH) , 5 & MEIHRA y 30min 1057 1 REHE, 38 Sem ALIEE A LI-6400 53 Y
IR RAS I E , M E SRR 5 13 CO, ME R, 8 2h W5E 1 K,
1.4 RSO

e 3% CO, B R HI TR FIE FFIHET, FZEI O ~ 10em KRR HIEEBHET T, EE—AHEN
O IE F S Al SR 48 S A 2 0 A )R8 £ 500 3, EFEAAR -+ 33 NH, T NO; 1 gk Wy B
NCUSZERR AR BER JTRE 2 A, 43 DI sE A T FLBRE Ak g™
1.5 ¥R

FR WSR2 ¥ SPSS11. 5 AT R HEATAC T . 7S [ Pk T 45 s e I ) R  Jke HR ) L SRR
BE LBREMBEYEYE CN K BETHRER T 204, HE R Tukey's K 1T (0 =0.05),
IR 5 I R T A DR b P AR B A SR T BEAT
2 ZR
2.1 +#ECO, EE

B BRBE B T+ CO, B BB 204 72 8.30 ~ 13,30 4 SXIA W B2 54 2 Rt
B, BERA BT 11 CO, EE, Hd, RS X F#8#E 24d 5 138 CO, HEX M NI B, BIREKX (B
1,E2), BE. BRE RS 3 CO, EBREYARIMEIEE H LW ER(E ), IEA X, EERE
BT, 138 CO, BRI, WG E R FER, 138 CO, MR W/, WA FE 570 I B 1 38R B B A
EARRE R, T CO, WETIEAN, 3RS B RAHZ(L 4.06, 28 HE 4 23. 59 ~27.65C , B 3B WA YIE S

hitp : //www. ecologica. cn



12 4 e 55 R EEE NI A S - SRR Y AR R 5887

BRERE o co
= B [H] Camping times (d)
WEE B2 B I T B 3, ZE A R B9 3, -4 CO, & e 0 —a—20  —x— 28

B UERE AR, EEENM(0d A4, 1w o[ P T T T
CO, EEWH BHPEG AR E P (20d £4) , A K
g, BEHI(2125d £4) , 118 CO, BERER B A
(E2),
2.2 BOBEHZL

LA ZE,10 cm AESBREHEAK(E 2
3A,C) T O cm &b %8S IR0 B AR 2 8 0 W3 B (1 3B,
D) 4 BIRLE 12:00 F 15,00 B ], WER KA 20
#8°E 20d F128d( & 3B) , i1 A B A A IR, K A 1.0

7.0

6.0 -

50

HCOMFR
Soil CO, emission (umol-m2.s71)

| I | I I |
01:30 04:30 07:30 08:30 10:30 13:00 15:30 17:3019:30 22:30

BBE 13d 403, B/ B ok BR, R X B U B BEAE S G B 8] Time

B (E3D) o MEARE R R ZEHE R, ‘ N
AR AT RITLT JOEREIIR | 1y 4l o 0, s 10 i
FFR@AOMHLR B 20d L) b TR EEARRIE, B
AT HERIRAR(E, 290 0305 0 .08 T3 J, B U A
Feo 3 CO, ERMMHIN 0 om A1 10 om 42 TR

grassland with different field camping times

S
FMEE R HZ4L, 75 0 cm 1 10 em &b E KR EHTE T of jL ab
13303521 BAMH , iz TRBEMTEMN RIS ZIR ARG | % s ) L
7E 6:00 7oA, S SBB AP R AGMHE, ML EBENA 2 5 ¢f
SR (B 3) i
2.3 LR Tgoer

HME4A WL, BENFEY, WEMBETHE 3 [
A, HEEE M 8 2 at B A3 im, HIRATEHE T T w @ % Tl
Hi ik, 4 BIE SR (29 30d) , H AR R B AN T A Treament
7.8% ,EALER R BT B R, B LA RN AL B2 SRR BRI B

Eﬁﬁ‘ /j\ o 1_3 ijggﬁgﬁgﬂjﬁ X, :U%,E'}\?L lﬁg %%‘fﬂﬁ Fig.2 The effect of field camping time and trample on soil CO, efflux
B9 B B U] B 38 I T8 , 2Bk B R B BB A P R
B, R B AR BN 4B) , EESHIH BN, HRAN TR WA X, BE LR BHMSE T 8N
EBELBRFESILIR(E 4C,D) . [FAT, 7EHE g X8, & SO BRBE X, B9 T 3 130 3 I, A 4
LA, BB X HIEAE  BILBRE B ELRAESILERI 802 )\ TIHA Ewm, LIEA TR DGR,
138 BFLER B LR SALER I B s

13 NO; 7SR EIHIEA N, £ /580 B is (% 1) ,NH, WEREN &AM R, &
BV EWRZEENEN, BT R, e EERAN SN BEREGHBMER, BEX
# NO, NH, Fifid: ¥4 M/ FRZEBE X, EYEEYERASHRRA\ERER (X 1),
3 itig
3.1 BREBENTEN—EHEmN

TEXTEP AR R R TE S 1 A H B MR, 3P (W BIEs 1 N O, -N NH, -N FIfAE ¥4 ¥ 8 ik
B 3% PR B R R . B AME B BRI X 1 4 CO, EE W] B T X IR &, JFFEE BB B iR
B3I ZRIE AW (2 10d) 3/, (29 20d) BE A 30, JR B ( 29 25d) LT REMEE (B 2) , Tyl
Z R A SR EE PR, RV RSB, SILRE R, BEILEAESILR B B3T3’

hitp : //www. ecologica. cn



5888 £ K5 % K 28 %

10cm Ocm
40 — 50 —
A A
%E 45
~ 35L ~
O O
5] » é ﬁ 5]
2 30 g 35
: £ 8 x :
e e
] ga ]
= = 30
25 ﬁ
p 25

20 U Y o | | | | | 20 L | s 1 | | | |
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 03:30 07:00 10:30 14:00 17:30 21:00

110 110 -
100 e 100

90

=
(=]

80

ox©
(=]

70 70

60 60

50 50

HIXT3E JE Relative humidity (%)
HIXT3E JE Relative humidity (%)

40 - 4 40 |-

| |
17:30  21:00

30 L \ | \ \ \ \ \
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00

30 L ! I
00:00 03:30 07:00

It ] Time Ik ) Time

B3 FREHER Ocm 1 10em 4825 SR BERIAERHE B 0 % 0A

Fig.3 The effect of of field camping time on air temperature and relative humidity
Ab¥0O,13d, x,20d ©,24d, A,28d, +,CK

®1 EEWBEMEREXNLIE NO; NHy MBEDEDBHIE
Table 1 The effect of of field camping time and trample on soil NO;” \NH," and microbial biomass carbon and nitrogen ( mean + DE)

Treatment NO; N (mg/kg) NH,-N (mg/kg) Mic N (mg/kg) Mic C (mg/kg)
13 d 39.39 + 5.84 a 3.46 + 1.00b 6.11 + 1.21 a 1098.3 £ 172.9b
20d 33.99 + 2.57 ab 6.01 + 2.63 ab 5.95 + 1.43 a 1197.7 £ 0.0 b
24 d 32.28 + 3.42 ab 3.72 £+ 1.03 ¢ 7.52 + 3.83a 1048.0 + 149.7 b
28 d 29.15 £ 1.58 b 4.83 £+ 0.88b 5.08 +1.05a 898.3 + 345.8 b
Trample 27.33 £ 0.95b 4.20 £ 0.49b 5.29 + 0.46 a 1057.1 £ 174.6 b
CK 34.33 £ 2.33a 8.36 + 2.53 a 6.50 + 1.01 a 1437.3 + 146.7 a
ANOVA F=2.414, p=0.049 F=3.225, p=0.035 F=1.052, p=0.427 F=4.084, p=0.0128
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Fig.5 The relationship of soil CO, efflux and environmental factors
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