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FEE 2012 4F 8 F, SRAE M VT [ fif 0 i 3 A BI04 VR FAE WY 0~ 30 em HHERE S IEAT 15 d 28 P9 REEIE SR S2 6, 38 30 W 5 R R B 3R 1R (20,
30 140 C) T 3 BE =25 T 7 15 T () VA PR A AT 498 R e 7= A s o TR 728 A g i 17, T YR B TR e 2 AR o - 8 R e 7= 2 11
B 25 SR 20 C IR I A P 35 T AE A TR VA R S B AR VR BB 40 0.034, 0.057 F10.608 pg-g'-d ™, 30 CIFHEBIE S
1 0.127, 0.402 F10.928 pg-g™'+d™! ;40 CHEHIIE S50 0.608, 1.144 F12.447 pg- g d~  BEIREE THE , 3 AN THPRAG B 138 FF e 2 B
PRI 0 W 2E I B RS, 40 CHEFRAM T I R H Be =208 71 1 B AU 25T 20 °C ORI 30 °C (p<0.05) ;iR ETHRE XHAMR AR FNE AL
KEE (Spartina alterniflora) A3 10 18 B e 7= A5 0 04 G 2048 FH 05 B 008 5 308 88 AR A3 IS BT 11 DX 3019 T 30 b = 498 R o 7= 208 i B |
R (p<0.001) , HIX WA R Z MIAELE 35 1928 AU (p<0.001) .

SRR HBE = A8 T 5 R S R SR 5 TR T M BT
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Responses of methane production to temperature in tidal marshes soil of the Min
River Estuary

YANG Ping, HE Qinghua, TONG Chuan”
Research Centre of Wetlands in Subtropical Region, Key Laboratory of Humid Sub-tropical Eco-geographical Process of Ministry of Education, School of
Geographical Sciences, Fujian Normal Universities, Fuzhou 350007

Received 25 October 2014 ; received in revised form 3 February 2015; accepted 3 February 2015

Abstract; Soil samples (0~30 cm) from three typical tidal marsh ecosystems, dominated by Cyperus malaccensis, Phragmites australis and Spartina
alterniflora, respectively, of the Min River estuary were collected in August 2012, and soil methane production potentials were determined using anaerobic
incubation method. There was a significant exponential correlation between methane production potential and soil temperature. At 20 °C, the averaged soil
methane production potentials of three marsh vegetation zones were 0.034, 0.057 and 0.608 pg-g™'-d™!, respectively. At 30 C, the averaged soils
methane production potential were 0.127, 0.402 and 0.928 pg-g™'+d™!, respectively. At 40 °C , the averaged methane production potential of soils were
0.608, 1.144 and 2.447 wg-g~'-d™!, respectively. The averaged methane production potentials were significantly higher at 40 °C than those at 20 °C and
30 °C (p<0.05). Moreover, the accumulated soil methane production potentials were significantly higher in the S. alterniflora marsh zone than that in the
C. malaccensis marsh and the P. australis marsh in every incubation temperatures. Temperature and vegetation type had significant effects on methane
production potential (p<0.001), with a significant interaction between two parameters (p<0.05).

Keywords: methane production potential ; temperature ; vegetation type; tidal wetland; Min River Estuary
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ARG, B 100 47 I ] RUBE A H 03 1 35 TR i
TEEARRR Y 25 4% (Tian et al., 2012) XSRS BZ Y
TURRIA 20% ZE 47 (TR AR AR, 20115 TPCC, 2013).
FARITHAE g 42 3k O AP e ) = 8 HE I T 52 ¢
T, B4 ) R AHE R 1 BE R 187 ~ 224 Tg, i 42k
st B HE I (9 15% ~ 40% (IPCC, 2013). KRR
b e HR A PR A AR AR DR 1 2 i) 742 S K HEAS W] 5t
P, e A R HS2 il R - B9 B 5 180k 24 i R SR
Hu B AR BIF 5T B RO (XU AE AN T 48, 2011,
Gonsalves et al., 2011; Sutton-Grier and Megonigal,
2011).

T AR S ] 1 R 428 1 0 b, 3 PR e 5 A 1 O
AT, T e O 7 R b TR TR A R s
PEFIA HLA 5T 53 fife S5 i A2 9419 7 R g aed 78 () 72
AT 4E8, 2011; Inglett er al., 2012) . A %) vl i i
AR ZR 000 ) GG v 0 T HL 2 5k B 0 g 7 TR e T 42
BLIRYY, o i F e 7 2B o A7 5 T 0 5% 1] ( Galand
et al., 2003; Liu et al., 2011) . [¥ Py &M Bl gf 1L A8
AL BN R AE B 2 AR 18 b F B 7 A R E 45 T
F5.3 1 (van Hulzen et al., 1999; T 45 FlIZ<HH
I 2003; Galand et al., 2005; Liu et al., 2011; Yu
et al., 2013) {H5CTF A [FIAE B2 YR AR b Y A 7
A X6 ik BE 72 AR 1 Y BIF 58 AR XS 8D (Inglett et al.
2012) , JEHR 4 BRAS A B A5URR B S AR T 9
1B BF 5T 2 ( Zeleke et al., 2013) AW IT 1%
U T X T R Ak B TR 9K 16 b PP 5 - ik 25 1]
75 S AL B — 2 BRI (B RN S5 2 5L

R TR 11 9408 s v AR e e T A R AR
P P S R 11 047 T PR i 2 — |, X 24
BHLY) R 77 ZE ( Phragmites australis ) | %5 M ¥ 4

( Cyperus malaccensis ) 1 H. £ K H ( Spartina
alterniflora)) , RHRVEAS [R] VA B A B Y £ 38 b r= 4E
AR BE AR Ak me B AL 1A L 3 B AR
FE LA IX Sl i AR i R ) B £ RE R 3D R T TR B, R
B 3 ADATEL 38 AR I v 10 4 1 3% 7 20,30
FI40 CHLE T AT 15 d 5 YIRS F7 5230, 460
TANR)TE A BT 0 T e AR 0 xR AR Ak
R Bl 157 AT 285 2R Ry 4 I R N B IV RAGAE YT 1
RPN A [a) R T 033 W e 7 2F 5 HE OGS R X
RS AR Wz 14 1) 107 LA R VAl 12 2 70 0 i V1 R
DRSS LRI S5 8.

2 MBI57AE (Materials and methods)

2.1 HRE KR

TP 5 DX 8 A5 T 1 0] 1 DX o R e R 1) fe £ 3
TEHE (119°34712"~119°40740" E, 26°00'36" ~26°03’
42" N), AL 3120 hm®. 32 H S0 $AGHT T 7 1 2 XL
e , ST B T, AP 3SR 19.7 °C AR K H
153 d, 4EFEK & 1346 mm, [EK LR F 3~9
A (BRULAE, 2006) 5% X 3808 1% J8 F 1L H
], K TRALEG K AR K K R K. % X 3R 2 +
BB AR IE B K (10.5~34.5 C) A +
A 21.3 C, 2 ZFH ¥ RN 30.2 C (B,
2010).

SRR Mt A7 T i £ 80 U e S P SR )V
AR IR 53 46 & 7 26 (P. australis) | 565031 24 ( C.
malaccensis) F1 H. AL K 5 (S, alterniflora’) 17 % FH 9%
T AT HGA 3 A 15% . 25% F1 60% , 3 A AE
FETE AT R o0 2o Ry B — R VR . L B 3 AN TR B
iy I AR PR A M B LR 1.

F1 LA TEBAMR(ETEX, 2011)

Table 1  Soil physiochemical properties of each study site in the Min River estuary

K . LA/ N/ Doc/ soc/ TP
oS p - - - - Ny N s
(mSeem™)  (grkg™)  (mgkg)  (grkg™) Hik Bk Wh

SR ‘ ‘ ‘ . ‘ , ‘ 4
€ malasconsis 5.96£0.13*  0.82:0.03*  0.59:0.04*  79.05:40.44"  15.47x1.02" 10.39%%1.50%" 60.63%6.08%" 31.03%=10.87%"
i | 1 } 1 : : ‘
P ausiralis 5.40£0.11"  0.83:0.03*  0.83:0.05"  24.69+4.88"  22.32:+1.90" 11.27%=2.11%"63.29%=6.38%" 25.44%=+7.64%"
AR

G 6.15:0.20°  0.69:0.06"  0.58:0.02°  81.65£22.29"  15.5620.97" 10.81%=0.91%"59.20%%2.75%" 29.97%=3.13%"

S. alterniflora

T 1) BB I E bR 2 LIEREER 0~30 em FEAK 0 = 9; 2) KARRIFREFRIRTE 0.05 KV EERBE.

22 HEXE
2012 4F 8 H 7ESE 7 )i 7 [ & 1 RSP
SO I 1 S R oV SIS 20, N R TE RE o & O S e U

BT AR LR TR IR 10 m Ab 3R 1 A4S HHER A
SBT3 A R HEREE AT 1) B R
H3AEE, XM EE L o R K
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100 em \NFR2 M 5.5 em FYAEE AN 3R A 2R 5 HLO ~
30 cm WA AN, % S em HIPRYE ()R 3 A E
), BB N R R S B A A

119°40'0"E

119°30'0"E
I

A

HELE

26°10'0"N

26°0'0"N

HIEE IR (150 mL) |25 B 5 7 205 1] 52 50 % AT

ool B
LT AR
N i
3| EREAE R
B | A
S| A

E1 ARRARERCER
Fig.1 Study area and sampling sites in the Min River estuary

23 WRAEHREERER

BEAEEFRIINA 20 mL 25 & F K% 4, H
PR FEFN 704 ik i85 B IR0 10 38 5 1 FEA
Al N, SE R AR PR B S B 35 R 4 Sl T 20
C .30 CHI40 C(BAEE R 3 ANEL) M HEER
FRAESRR 15 dIGFRIMIN), B ROR AR 1 IR,
BEUHIE S AU TR s R <Ak 3 mL i
10 AU s A JS =R A B 3 mL =4l N,
IR ARSI SR A 15 d R B B 3 d TR T
AHGE= AT T, A 5 B B H e e AR W (E
(FESCH A T LIV LV 430038 1~3 d 4~6
d.7~9 d.10~12 d #1113~ 15 d W H b= A M) .
SR B 1k % 0 oA R e e B2 3 v T RS HY e 7 A 3
VR, AR SE 3 WOAURE, IR 40 N, i isE 3~5
min. A0S 0L SCHR (Inglett er al., 2012).
2.4 WP AEEWNELIHHE

SRER B HE GC-2010 AR (T A4 BT, P A
Rl 6% S FID (U6 B A8 ), 80300 N, il
4 30 mL-min™ ,HzﬂﬂWE/E\‘,/}ﬁﬁﬂﬂ 47 mL-min”" ;
23R, LT A 400 mL-min”" K S8R B Ry
200 C, HEARHEL N 45 C.

FH e P A Kl 28 ( Wassmann et al., 1998)
R
e B v T

e Wy MV T, +T

s

P

(D

X, P e R ) (ngg '+ d ") sde/de ARG FR
i i e W 12 SR 773 A T3
(L-L7d™) 5 vy S B F B8 2 ] A4 i R
(L) s W T AT (I (B ) () 5 MW
SRR R I B (g-mol ™) s MV(L) AARHEIRE T X
PREE/RIARR (22.4 Lomol ™) 3 T, ARMENRE (K) 3 T
HEEFRIRE(C).
2.5 BAFAEL Gt

K HI Excel 2003 X Ji 46 £ 48 £ 17 4L B, Origin
8.0FK PFifEA T2 &1 I SPSS17.0 G 4R AR v 2 (A
% )5 22 (One-Way ANOVA) J3 #1143 31| 46 58 [] — VA
PEREDIHE AN [R) 15 R B AR [R) 35 77 18 B AN R AF B 2
AR B AR 08 Y 25 etk s R T B S e 2 A
FRHT I G 30 18R R R A 4 S R XS A e A v
FIty 52 SR LSD ¥ (least significant difference
test) FIMHE AL .35 2 57, BEMIKF a=0.05.

TE e e A= TR B I (] 22 A 43 A b, 4478
PR R T T e ARV T 5 AN B e e A v
THEX3 AHE 3 15 AE. &V AT 195 e
FEAARTE I 2R 5 AR A T I E A H
RS F 7 A BB 6 A 1 2R P 4. S
IRZEELR I N PRIEIRZE.
3 ZR 59 (Results and analysis)

3.0 A REBEETE5F b/ £ 7 0 e AR L
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FEAE

ARIREFRREE T, 4518 B 10 b A 18 W ot 7= A 1
FIlt 2 R SR ] A A B B R TR Ak (1 2)
M AT R R e = A8 T4 B SR IR E N
Wil 25 45 5 B (B A T AR B B e, 7656 TV B Bk B
BKAE, Z 5T Uh TR

PR TR IR e AR W T TE 20 Fl 40 C &A1
T YIBE R B SR AT R I LR 2R AR R AR SR TV R

61 A C. malaccensis

T_'-c -

L -0-20C

2 --30C

54 A-40 C

.R -

sz

H

w2

R

B M/N
0 e 8 & K 0

B P australis

1

FGS T B B ik B e KAH, Z 5 FF IR T B 1fif 30
CHMN, BHER e 08 ) 7E A B 572 W1 H] — B
PREERG I 3.

HACAK BB L IE P B ARV I 7E 30 F1 40 C
SRME T Bt A 1 A 1) 2B T U a2 R n , #E 5 TV B
BOR B R KA, ZJ5 06 N0 1 20 CAMF T, 11
FR ot 7 AR 7 ) R B B R 1 U] — DR R i e

HAEKRHELS. alterniflora

v \% I

il il
HiFRRf)/3d

2 TRBFEFEHFLERRFEBNE 1S dEFHANTL

Fig.2  Methane production potential in different marsh vegetation zones during 15 d incubation

32 3MMWIEEEHIET T ENEY
FEFRIEEE Ay 20 30 140 °C I 5 ¥ T
iy B AR W 7 4304 T 0.015 ~0.053,0.041
~0.218 1 0.186 ~ 1.068 wg-g '~ d™", H{E 5> 5 K
0.034,0.127 F110.608 pg-g -d™"; P 2B TR A + 5
g 2 AR 95 1143 34T 0.043 ~0.073,0.116 ~ 0.700
F110.202~1.736 wg-g -d™", ¥{E 4314 0.057,0.402
1144 pge-g™d™ ; HAE K B VE PRI Hb 4 38 H e
TSI F 0.114~1.114,0.344 ~ 1,182 #10.641

15
® MY C. malaccensis

o ¥ P australis
A HAEKELS. alterniflora

1=0.6896¢0696x
2=0.951, p=0.045,
n=45

—
S
T

o
T

1=0.0167¢" 1497
2=0.971, p=0.011,
n=45

y=0.0093¢"17*
r7=0.998, p=0.001,
L. n=45
0 G- I 1 ]
10 20 30 40 50 60
SR/ C

ARBFEERT T ERRTEBNERENXR(H L
PRSI0 15 d B FRBIIA] 0~ 30 em IR MV X(E, R 22
LNPRHELRZE)

relationships

B g5t 7= A (ngrg-d )
T

Fig.3 Significant between methane production

potential and temperature in different marsh vegetation zones

~4.220 pg-gd BHMES BN 0.608,0.928 F12.447
peeg o3 R T T M P o e A 0 8
S B BE A $ 77 R BT G IR (1B 3).
33 BEEHIEFRFABINERE

2 JRITB AR Bl 49 B e 7 A v 1
TR R 25 5 P A 45 5 T V9 I M - 38 Y o
AT BB AE 40 C A& T YRR T 20 A
30 °C (p<0.0001) , 1M 20 5 30 °C [&] % £ 1 H g = A=
W R SR E (p>0.05) (R 2).

F2 AEEHBFEMTEREFEENNRERE
Table 2 ccumulated methane production potential ( with standard
deviations) in different vegetation types ngeg™!
; - P AR
ij: yH [

FIRIRIL/C C. malaccensis P. australis S. alterniflora

20 0.17+0.06"  0.29+0.07""  3.04+1.44"

30 0.63+0.25"  2.01+1.33"%  4.6423.83"

40 3.04+0.41%8 5.72+3.07*"  12.24+2.28*

1) 2 FPRUE 9 B + FR IR (mean=SE) 2) A Fl/NE FE 3
71N 7] — A B VR V2R b A AN DR R U PP e 7 A W O B 2 R SR B
FHKF-(0=0.05) ;3) AN F KT FRE R [ — 5T AS [ R BEA 2
i b 1) PP 2 0 ) Y 22 SRS B B 25 UK (0= 0.05)

[l —HE 2, A5 AR T R T - 3 Y e ™
A SRR B R BN A ok AR B AE K B
PRSP IR PRSI E A TR PR L 20 140 C A 1F
N HAEKRETR B Y L B e = A v ) R
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0 T R TR AR VR (p<0.001) 530 C
T, BAE K BRI B 3 = T 2RV R
(p<0.001) ; T 2 =5 TH B AN ST IR PR TE 3 NIl
A T TE 3 25 5 (p>0.05).

4 iTif (Discussion)

4.1 RFEITIRH AE T B

Db e 7 2 2 1 DR U AR W 9 5 1 B 1 2
PR X — e B R R A T3 OGS AR T AT
e BRPEE TR AN B AE K RV PE 53 31 30 °C 1 20
CHM, 3 ATRFEAE O T3 e 7 A2 0 I 7E s
P TR (& 2) AH AR T34 5 IR IR B b T i
IR D) 1[EF S B TN VB = 0325 A =00 R B BT oAl
IR A A B AR AR (T 3 ISR 3) X
5 At 2% 3 1 WF 58 45 F 4 L1 ( Knoblauch et al.,
2008 ; Inglett et al., 2012; Das and Adhya, 2012).5|
X AR A Y 322 A ] e SRR B T SRR
Yis S s A LT o3 i PR SR 45 5 2
5% Tnglett 265 (2012 ) 5 3 6] ' 1. 1k H 3% 24 8y ]
TRPERIAIE 9T & B, il B T v ] R - S A Wi
P, (i 4558 rp 25 A DL 43 i 83 n E Shy p H
ot AN ShE A 58 2 IR, 3 il Ll A5 1F T
b P52 7= 2 7 S K Das F1 Adhya (2012) 7E3EA T B
1 CO, R B2 T o Xo) 1 b, - 358 PR o 7 A= 5% il 1) BF 5 vh
WAAFRPAGE IR, I EHIA Ry W3 X5 F e 7 2B AE A
58 L ASON AR PR 1 M R e 7 A e i
H AN Z — AR AT AR TR 55 e ik )
rde i 1 A HLBK BT o0 Ak BE 0, 7 R e 1 T
B S BN AR, 7 H o8 T D g T 124 3]
B (Chasar et al., 2000)  AHEFE H 3 AH b
W L B AR W I AE 20 °C B IR A R YRR
{137 ST = R A2 0 A N R 37 G EE 7/ R 5 AN
A BT 53 i 1 352 BRI I L AN R A OC.

®3 REMEHEBNITERRSEENHZN

Table 3 Effects of temperature and vegetation type on methane
production potential
A df F A8 F-value  p{# p-value
WEE (T) 2 23.61 <0.0001
B (V) 2 19.38 <0.0001
TV 4 2.50 0.046

T 78 A ik ] e 1 7 TR e A T A B
SEMAER VAR b B o 77 A 5 B Zeleke 55 (2013)
XYL AR WER 7 £R VIR e DA i iF 92 2R W,

ZRRHR A v 1 R TS R A ARk 1 SR T AR A v
FH o8 T A= W i 1) TR I R 208 3 LR ZR 00
TR R P o 3 38 1 1 46 2 T BE 1 I o ] LA el
SR o3k, 7 A /0 2% B A /0 1) I it
Yy, I3 o B 7 b A AR ok B v Y 6 7 AR v
(Ahring et al., 2001; %= EHKSE, 2014). Avery
(2003) 3@ A C ARICIRY), K BLSE AL 2 3%
1IN White Oak FI%7 W L TUR h R K R A% 7
A e o e AR Y 69% £12% , JF ok
TR R TERN CO, I S ag A2 7™ H e e A Bt o 1
TLRE Th 5 (4 ~25 C) 2355 K. Das M Adhya
(2012) XFE[ & Cuttack F1 Sukinda 7K 5 £ H b 7= 4=
A 5T & B, IR EE T CO, Wk BE T v X - 3 vh £ TR
R RN S0 AR A e 1 i | R AR IR Y 20 A
RE 1 b L3 W e 7 A 1 258 LI RORE. A B 58
BRI, 3 A TH A AT 1 59 F G 7 A R S B R
FRl T ARG (18 3) , H 40 C4F T LI
F ot = HE R B 35 13 T 20 CC ORI 30 C (3K 2). 1%
WA R T 5 A FREE S T 38 b s it
PREIE AR | P R AR R A OGBS R
(Y BIFE Hh e 58 2o T R AH DG T AR LAIESE.
4.2 MK B L WO R AR R W

ABFFE 3 NREFRIRE S T B AR R R
TIER B A I RN B EE TSR
AL AR EE (3R 2) , R WA B8 B 1 b Y e
PR R RE R (35 3) . SR AN RV AR PO
BB N E R A RRZE , —MBTER R
W) Al H P (McKenzie et al., 1998; Bergman
et al., 2000; Zeleke et al., 2013) , i+ A HLJF
Dy 53 (AT HLEK DOC) B4 Ao & (3R
1) AHY R B B AT AL 572 0 1 397 R e
TR T RS 4 A BE 2 1Y B2 22 K R ( Sutton — Grierand
Megonigal , 2011 ) , H A= BRI 52 0 3] 38 7 F ot B
1 (T 4EH FELALER ) 2002) . Inglett %5 (2012) %} 36
] 44 29 Lk Y 2 240 S YT VR VP 1 P 5 A IR, e vl
( Typha domingensis) MZ25% ( Eleocharis interstincta )
TR 1A B h 5 o3 Ak T o LE )R 2 3
B GE 7= A2 ¥ ) 13 8 T 0 Ah 3 Rl A B
(FEPIT5 Cladium 7 Panicum , W% Salix) +3E A0
B, 5 M YIRE S 3 MRk BT L 5] ) SR /NI
FP R (16%) >2 5 (11.3% ) >Z (8.0%) > 7L i
(7.0%) >HIR (5.0%) .

AN [ AE A A 78 109 YR 5 30 AT 3 ok AR ) R 2R ok Y
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W] - 398 FH 52 7 A AR R AR AR T S e - S R AR
F e BT AT R P Btk B 15 0 ( Panikov, 1999) , 7E 13 HI
foe 7= A R A A HEE ) M AV ( Chasar et al.,
2000) .Purvaja % (2004 ) Xt EJ FE Pichavaram ZIH #k
REVS T 5T & B, 0 3 P e 7 A= 5 HETBCSZ B R AR
AT, H B e HE R ) 2= v AR A S R AR AR AR
AR 2R 2 0 35 MK (p<0.01) ke 7R %6 (2013) 7E
HEATAE ) AR B X Y 0 9 e, A 3 PP e 7 A W ) R
AORTSE s 2 B OC &R, JR A I AR R &
K, FRGE P A Vs e v ) SR R AT v S5 )
S0 - A it T BRI ), S I EL AR K R TE P
FEG T & AR R W 2 TR A 5
P THEWT 3 R VA R T L e 7 A AR 22
FEETE—E R EE bR RESZ B MIAR 2R 152 M.

ANE) B R TR 3 nl Jd ik 3 PR AR R o (
S3H1 pH) SESZ MR H B A © A BFSE R BT £ 43 X
Ber e B — s B RIAE L (O B SCRE 1998) T
pH FE R PEBURRAE PR T T % e 7 A A e kA
H (Masscheleyn et al., 1993;Das and Adhya, 2012).
ARBIFFE A 2 R L AR K TR P A RO
TIE R TR EC 4 5 A 0.82,0.83 Fll 0.69
mS-cem™, pH {H43 714 5.96 .5.40 F1 6.14(F 1),
#hor (33 EC RAE) F1 pH (AN 8 FH , B
P2 SLERTERE S Sp= i1 LD S Aata B S8 L o /N B STAL) Wi s o 1
FUEETHEE.

ARG b, I A 5 A RO AN 32 B
JEE A R BN TN 3R A S 5 (p <0.0001) , H
XA PR R 22 (8] ) 4 5 HY g 7 A 3R A A (B 35 1Y
BCHINL(F=2.50, p=0.046) (& 3) KL
BT AT . E P (2013 ) 7E7E A7 AR 1 2 2 X
1 I ARAR 3B B 1 52 Wi O AF 5 b e B, A 2R
RUFI L X+ i Ak R A A R AL
2R (p<0.001) .Inglett 55 (2012) X 3 [& fh 2 HLik ¥
SEATEIIR KR R WF T & B, iR B R Bl 2 Y
X TP L S e F e A AT 25 8 52 EL AL
DG, 764 5 B 58 3 2 rP A A i il J3E AR 2
TR A5 R 2% ] 1Y) 58 T A4 I XoF i 1t - 398 FH 5 7 A= 2 i
FIBIESE , b 46 7~ 32 4 X PR e 7 A AL 34 1t B0
S

5 £5i( Conclusions)

1) 0 PP g A S 7 PR b T A QB 1 4, %o i
JEARAL AR B U, —FRAE 0~ 35 °C PRAp AR X 458 i 114

677 AR T 8m Tk — I B, 7™ B e 11 3 1k A H e
PR AR (B ) # e 32 B [ AR B R ] EL L
AR 32 B R A T v £ FE TR K VR R T b RN K R
N T 42 H ( Segers, 1998; Parashar et al., 1993;
van Hulzen et al., 1999; Wu et al., 2002).5Z
o A58 A 3 A VE B AE BTy 3 P e 7 A R
VIRPUN IR IR B KRB 1 40 CHf
R 7= A 1k Bl fe KABL 2 SR 25 - w128 s,
TR ] T T N R e 7 A R AR i 3 Ui B B
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