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COKREEIE. SRIPEF 50X g il 4T
AL EUBRHRES RGBT

OB OEES% xFHF gl BERY BRAEY kER"
(1 wEREEEEEDE, N 510650) (2 PEBFEFFRAERILE 100049)

W OE RN SRS R AT S ERCIE R B EEAEA N KBTI (Open-top chamber, OTC) A\ L%
BT, IS T RACOMERN ., HmETBNFE BN AN E TN A THRRESRE DIBPFRN B, 4%
RO B, COMRBAEHAE L, R RME T T LT RGE M AT R BHE T, WEG-9H)H 1%
WIGERR B EFE TEEN0HEXEIA) (p<0.001); BRERLHETEHENETERE>0.05). COMREMGIELE
BER PR R (p<0.05), HAAEMELA K. KECOIREMEE. HEUIE. BT BANL
BENPIRAE I B4 BI04 2417, 3 400.8. 3 432.013 308.4 g CO;m™>a”'. (BEERFEZEY, &5 LB £ HEP 5%
WRARFR ., ERZE, KACOMKEREM R IR T IEOFIRE 2 § 2% 55 (0<0.05), LT 8 E3Wk; Wi
HRE, FRETR IR R B E w T X B (p<0.05), BT AL U0 3R /E H (p<0.05). &4bEK+
WPER SRS e RHER 2 M A BENISECCR(<0.001); M LEREET15%0, &80 R
HEEH TS om T IBEE BN B E &M X R (p<0.001).
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Abstract Aims Responses of soil respiration to global change play an important role in global car-
bon cycling, but the effects of increasing atmospheric carbon dioxide concentration ([CO;]), nitrogen
(N) deposition and precipitation on soil respiration in subtropical China are unclear. Our objective was
to test the effects of increased [CO,], N deposition and precipitation on soil respiration and to determine
how they influence soil respiration in subtropical China.

Methods A model forest ecosystem was constructed of six tree species native to South China. The
species were exposed to four experimental treatments in open-top chambers beginning March 2005.
Three chambers were used for elevated [CO,] (CC), two for high N treatment (NN) and the control
(CO) and one for elevated precipitation (HR). The CC treatment was achieved by supplying additional
CO, from a tank until the chambers had a concentration of (700 + 20) pmol CO,mol™". The NN treat-
ment was achieved by spraying seedlings once a week for a total amount of NH4NO; of 100 kg
N-hm%a™'. The HR treatment was achieved by weekly irrigation with 100 L water.

Important findings For two years, soil respiration displayed strong seasonal patterns with higher val-
ues observed in the wet season (April to September) and lower values in the dry season (October to
March) in the control chambers (CO) and the CC and NN treatments (p<0.001). There was no seasonal
difference in the HR treatment (p>0.05). The CC enrichment affected soil respiration significantly

kR B #A: 2009-03-06 4352 H #: 2009-06-25
R H: ERESERP A KR QI E (2009CB421101). [H K B KR 33 £ (30725006 . 40730102F1307001I2)FI " 4 GARM ¥ £ S
(8351065005000001 #17006918).

* JIRAEA Author for correspondence  E-mail: zhangdeq@scib.ac.cn



1024 B W %5 & ¥ M

www. plant-ecology.com 33 %

(p<0.05), and there were no significant differences in annual CO, effluxes between CO and the other
two treatments. The annual CO; effluxes reached 4 241.7, 3 400.8, 3 432.0 and 3 3084 g COz-nfz-a_1 in
the CC, NN, HR and CO treatments, respectively. Soil respiration showed diverse responses between
dry and wet seasons under different treatments. Higher soil respiration in the CC and NN treatments
occurred in the wet season (p<0.05). In the dry season, soil respiration increased in the HR treatment
(p<0.05) and decreased in the NN treatment (p<0.05). We found significant exponential relationships
between soil respiration rates and soil temperature and significant linear relationships between soil res-

piration rates and soil moisture (below 15%).
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3 R Bl M AR 2 R 4 B K I (C) B (Mlielnick
& Dugas, 2000), FLCIF"Eik1 500 Pg (1 Pg=10"g),
KARAKSECEE(750 P25, ShHubEECIt:
& 34% (Schlesinger, 1990, 1995). -+ iK% (Soil
respiration) &2 ¥8 L4 7] K ABMCO T fE, F &
A S AN TR R =4, D34k
BT L #5 R g . PR Rl A
BREACEAMEZA KK, RS ER
Z A AR A RGO B KB & (Raich &
Schlesinger, 1992), 7E®IRCUZHITHER NG EE
A, AN SRCTFHAEERNNE R
(Schlesinger & Andrews, 2000).

e B EK—BRBT W, BARRGE &Yk
2GR — EAF R X S CHE A T Eh A F i eh, (H7E
EA, A2 H T Eay LR AKIE S (1A
FI A BB A A AR B A8 450 T i I RS
CO SR ESMWBEN TR, DB T HAMCE)
AW, FE, KA KERECY A K B
FKSRAERRGDE, BEw T HRASEN AP
BRALZIEIR L FE (Vitousek er al., 1997). BEEHZFL
ARl KACO MK B THE R EN)IT RS
S BRI #H(Matson et al., 1999). fEit 11
204E B, KA CORECEIN T KA35%, Tith
F| At 48 K ¥ 3% F 700 pmol COpmol™ (IPCC,
2001); TI4ERNUIHH B 19614E/114 Tg N-a 540
F(20004E1968 Tg N-a', Fiit 220304 AFRNVLF
B¥iAF105 Tg N-a™' (Zheng et al., 2002). i, -k
SCORETFH =k 5 AR b 51 T o p— £
EERAGERERAESE, LR L EHCYEK
B\ LR T IERR B R AR PRI P . RANTTRE
SWINESRERNBMAE, ST HEPCNEE,
TR K. FR, BERSERKS S ARG

CO; enrichment, open-top chamber (OTC), nitrogen deposition, precipitation, soil respiration

KA B KH2A8 (Houghton ef al., 1990). H201H 4 L
¥, RIRMEYPFKERE N T2% (Jones & Hulme,
1996; Hulme et al., 1998), 30°~85° N1 [X f& /K1
Itk B3, BT 7%~12% (Houghton, 2001). ik
ENNEM S, BKENETEREAKELEY, B
FERARBIN NS T B0P 4 R X 3K 73 1k
/I (MacCracken ef al., 1991; Dai et al., 2001a, 2001b)
& o XEEAAERME ISR H R A A
B AR RS R (E R T E, 2002, OB,
2003; BE4> %, 2003, 2004; Astrid ef al, 2004;
Bernhardt et al., 2006; & EHEZE, 2007; Mo et al.,
2007, 2008).

MRTT 7T B 2 KRR 3R A KR COL IR 4 + 3T
WA . ZEAFIA N, COREF FE, TIEWY
W2 BT IS N(Astrid et al., 2004; King et al., 2004;
Bernhardt et al., 2006), W8 —LEM5IAN, HKE
CO A + W IR 4F H & A 5% w55 F #0 &1 7F A
(Oberbauer et al., 1986; & EHMFEE, 2006). HBINGT
Rt - R B e (AT SRR SR B, (B ARAS EUAR
BB, £RIFEAFHINTRES LECR
O RER —E RS I (A A 55, 2006), TIRES
DA R A R I EME FH (Mo ef al., 2007,
2008); AN[RIZK 4> S A IR f MR A &
(R4S, 2003, 2004). M ARG, 1B IR
CORFERTIG . N R R i R T £ ey SRR A X% 1B
FWLEI B BTN E 2.

BATE S FFTAFEES HIE 5, 73 A TECOK LA
BRI AN) TR E R AT, X R
W 2 e AR PR B IR AT T KB 7T, iR
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WA H AL T M LT 28 0 B R B R A
WREEHE A X (23°10'46.4" N, 113°21'9.1" E). i%
WX %2R, SETYKERNAERN
4 367.2~4 597.3 MJm *, S FRRIRA21.5 C, 4
BIRRKBEZ41 700 mm, HH4~9 ARIBEKEL &
SAEREKERI80%, FIIMIREE HT77% % HIX K
Sy E, RBEEMFNIIERX . 19884 M
TH B FRK NG 946 kg N-hm™2a™, 19904F_E T}
#73 kg N'-hm >a™' ({F42%%, 2000).

2 MRFAEE

2.1 FFIAERRO

SRS FE 8N T #H (Open-top chamber, OTC) A&
HHAT. ARG AREEESW, SEFTER
GHREE ., AR R TR REH . KA TIRE
A, Bl AREEEE M, HA2300 cm, M70 cm, Wik
R M A AR R ESNG LR, LR A
KAy AR, TR PERE RS H BT 10 om, JiKJEHEERDY
REANEHR A3 cm KA, FFESERA LG
(PVOYE WU 3K, Tl MRS 5%
HERCPE, EA2300 cm, #5300 cm, HH7ARAAANSIE,
MIGH R eW, BEHEFERER, ZRAK
RS, FE . WXHAMPVCE . PVCE(RR
H7.5 ecm)HSAEE— R, Ha B YA KT T
W, PVCEFHAT R cmIFHAEN0.1
emfP) /ML S HEH FICOZE B RALYEH T it
PVCE F/NLS AR, BdRETt
WHRE, AN TE AN —HCoME.
TRFA NI TCER AP A H97%, BEmT &AL 5 IR
LEFTFERHINRE Z A

FETRAE P B LR MEF A B R Kz kR4
¥, 23NEREE, B LT 4R 40~20. 20~40
F140~70 cm 3R, & B3k 5 T 58X
N LR, HEEAERNYE RES R LiuE
(2008). 20054F3 H, MBI BIHUIEEER R . FEAE KD
FAEKRREAR B TR £ TP —TFT AR
(Schima superba). #L4E(Castanopsis hystrix)~ ¥F
41 & (Ormosia pinnata)~ H 7% Bk (Acmena acumi-
natissim) « 4L 8% 75 Bk (Syzygium hancei) 1 Ty & ¥4
(Pinus massonian)FL6FM AR, FXTEHARAT TR

FIEANE, CRLARRI . FR—FMEARER
ERIFEA -, REHBRBIITIHE. FEYIEAR
%81k, PANLHES| T AN, 2% /N ER
WAEESRS. FTABHARYAEFRRLOY, HER
LR A2 abh, HRAH] a.
22 KRAM

HARBIGE G, M20054E5 H I 4G, X FFTHEE A
HATW T AE: )RKE CO, ((700£20) pumol
COymol™") +7 SNV (FHCCER), &K 8:00~
18:00%8 R, MARFIERSR, HKREIANIFFTME; 2)5
NITH(10 g NH,NO;-N'm >a™') +5 5 CO, (INNFE
), BIENFHTAEN BRI 1.35 g NAE, NyL#%
WREEZ1 4100 kg N'hm >a™', 3L E2ANJFT04E; 3)
MW (FHHR R ™), $R7EH Ath 4 2 IF 5 58 /K By R Al
b, BAOEYEZEE100 LK, EL&EINTE; 4
HECOAE BENVIBE(BCORENR), LRk E2AN IR
. THATANBRENIUEA0 g NHNOs-
NmZa™) +35 FCOLLESN, RNHATATAR, A
THaK, RUETFTIAR N A R % HK IR
2.3 REEEPIRIN

2t LiRabE1 afi, 2006456 H27Hi, F
HLI-6400 (Li-Cor Inc., Lincoln, NE, USAYS &4 #7
AL A5 ) - IR R A3 Sl W s % T TR R R
BENPUR, g —k, TR IE] 9:00~12:00, HFifR
BRE RN LRI = LS emi®R L 58 A 2R, #
RS EET LEH L, FRREANKEBEH T4
i, EBAYES H T E R ROE R, (AR E R AR
R LR R SR SRR . B IR B4
AR, KBS MR N, F4 T30
KB TANEARZ 8], 55 7 8] Fg A 2> F50
cm, BT g R3ARIE . B, AN
AL HL S AN & 45, FH TDR 13 3 55 { (MPKit,
LA AR B R A F, BEE)WEH T0~5 cm
389 B (cm® HyO-cm ™ soil) (%), BXSA S48
AL AR A B TSR B
24 Btk

KASPSS 11.5 AP LR HARHAT ST 4047,
F AT R L IRPIR . IR K IR
PR R R, BHARREER EHTEHT.

3 BRER

3.1 AR AR R AL R
EARFRAE T, JFIAE N 388 R 1 g B
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MAAHEHNENHE, WNELG-9I9ARE, &F
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Fig. 1 Seasonal dynamics of soil respiration rate and environmental factors under different treatments
CC: COIREZ {#H8((700 £:20) pmol CO,mol )+ BNV CO, enrichment ((700+20) pmol CO,mol ')+ambient N deposi-
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FRCOMJE High N deposition (100 kg N'hm ?-a™'y+ambient CO, concentration HR: /KR High precipitation (100 L H,0)
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R TIRERERRER FHLREESEEHELIRERE)

Table 1 Differences in soil respiration rates and environmental factors under different treatments (mean+5D)

ALH Treatment fiE] Time cC NN HR CO
T P E W% Wet season 3.85+£1.007 3.1940.80" 2.66+0.88° 2.7140.70°
(S:Iﬁ;fscp(‘;z oy F3 Dry season 2234047 1.800.44" 2324057 2.05+0.42"
EFH#{E Annual mean value 3.06+1.13° 2.46£0.91° 2.49+0.66° 2.39+0.76
THRE W2 Wet season 24.81+£2.99* 25.10+2.87" 25.22+2.71% 25.26+2.80"
(S‘g; temperature % Dry season 17214408 1770+420°  1723+403°  1726+4.11°
FFHE Annual mean value 21.05+5.22° 21.50+5.44° 21.16+5.25° 21.384+5.04°
TR FiZ Wet season 25.03+4.60* 22.26+4.96" 25.76 £5.16“ 23.64+4.82°"
f;;’l)l moisture 5% Dry season 19.34+3.64" 15.01+3.84° 19.75+3.50" 17.03£3.95"
HFH{H Annual mean value 22.25+5.03" 18.71+£5.73° 20.41+5.50° 22.83+5.34°

F—ATHHEEAR NS FRERERXE p = 0.0583F K Values within the same row with different lowercase letters show signifi-
cantly different at p = 0.05 level [R—FIFHHEFR*RIIERFILENFZAERET p = 0.058FK¥F Values within the same column

indicated by the asterisk show significant differences between wet season and dry season at p = 0.05 level
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—HTg\gc
= 1 060
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B2 AALHETF LEPRATES
CP I = bR 2)
Fig. 2 Annual soil CO, efflux under different
treatments (mean+SD)
TE/NEFERFRRERIEHp=0.055 % KT Different
lowercase letters indicate significant difference at p=0.05 level
CC. CO. NN. HR: .1 See Fig. 1

TEFREEREEE TRESFAOA~KEIA)
(p<0.001); T HR [ 52 F T 25 1y 1 8 e iR 3 R o8
HEER(p>0.05) (1), WMER2FTIR, COMKEMFY
AE 2 3 4% ) T R NP IR R (p<0.05), HoAth kb R ) AR
A K. FATPAHCC. NN, HRFICO - IR 4
WESTHI A4 241.7. 3 400.8. 3 432.0F13 3084 g
COym>a’, RIGREY: ARFET, {Fkm
Xof O R AN R . FEVZE, CCRINNTK £
38 NP R T O 35 R R (9<0.05),  HoAth b B G iR AR
tb; T4E 52, HRIG LR E % 8 % & TCOo
(p<0.05), My & N 4b 22 & 1) -+ 48 07 1) 1E A
(p<0.05), CCALBH fr) - 1F NP IR < ) JC B (B L.

CC. CO. NN. HR: R[1 See Fig.1

33 THERERTREENEW

A HEK L IEFRERSHTS cmiBE 2
M RBEREFWIBERER, WELIEBIREEKF
(p<0.05) (3); CC. NN. HRHICOMIOofHS> 5
1.80, 1.67. 1.38%111.43, Ui T = COLMK B FINYLFE
AT B AE PR ) - IR A RS IR A (E3)
4R T15%0, 0B HIRIPR R RS
MRS omd- BB E H A B R X R (p<0.001)
(B4,
4 it £
4.1 ASIR) A3 [a] A SRR AR R 2

FATWAECC. NN, HRFCOWM 1 HEIPiR 4218
B Rh4 2417, 3 4008, 3 432.0F13 3084 ¢
COym™>a™, Bit45 REWICOIKIEEIY e B FR
T TP (p<0.05), AR mAK.

RECOMRESE, LIRIFHR/EHBSMIR (Zak
et al., 2000; Houghton, 2001; King ef al., 2004). 43K
KR WECOIMRESE, HIEMPREREH Y
T3 R B IR T 28%, KT H T A X s 1 #%
¥A(Pinus ponderosa)#k(Vose et al., 1997)PA K35 24 /R
BB ST 45 B(Sini et al., 2004), 1275 T 2 EH 72
MFACESLE 45 H(Bernhardt ef al., 2006). 3% [H 4
W2id3 a kS +175 pmol COymol 'AbFE )5, 13N
WS- 18 N6 7%, THAE R S+350 pmol CO,mol ™4t
T SEREIN35% (Vose et al., 1997); 3% 22 7R ERIF
AR SL R W], KRRCOME T Ehbin e L%
30%HICOHE B (Sini et al., 2004); TiEEE 77
BRMFACEZRH, =& K COMKEAE - HEIFRK
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Fig. 3 Correlations between soil respiration rate and soil temperature under different treatments

CC. CO. NN. HR

L3R B T £916% (Bernhardt et al., 2006). Sh4F, BERH
IRHA (Pinus sylvestris) 2234 64~ 1 K< +350 umol
COymol™ AbH G, 130T th R L HI 38 I p L%
(Janssens et al., 1998). &% KOKRE S LT
WA S, TRERM TESCO, FEZCEfF T 1 K
# 47 (Casella & Soussana, 1997; Nitschelm et al.,
1997; Van Ginkel & Gorissen, 1998; John et al,
2008), X e SR, F%. BRAE. NEE
LRI AT RA RGN ECO, T LR IH
K. HEHEERCO, FTEPHIuEAK, SEBRA
MCREWMAMNIE M, RERREYERM, THE
MBI AR IN(Rogers et al., 1994), UL RFEY)
AR ZE LIS AT _EFH(O Neil, 1994), MR EARFE TR
WEFE, EEMMEKRRG T, BE B NIEE
KU ®CO, MR RALCH LG i, #FH M
T, ERAMPEAR A B R R R R R B T AR A
R B 4 (Pregitzer et al, 1995; Bemtson &

A1 See Fig. 1

Bazzaz, 1996). iR EEFMRBREHEDR =
o IRRALE Z A HLYR, AR F IR AL
FPR, EXXHE R T YRR A . AN,
IR R T AN EECE. HRT, N
WREECO, F HIBMAEBE R AR EREYE
IR IR /D, (BRI R B CO, T i i A
YA My & 1 n(Cotrufo & Gomssen, 1997). <3256
W, CCARER N L3008 FE B (p<0.05) (3R1; E4),
H] BE A B A AR R M, (R R LN AE
(Lin et al., 1998),

RINYLRE AL IR E B BB E BE Y
M (p>0.05), X5 I ALWFFL X WINYT K Ak B35 9151
T IEIER 45 A — 2 (Bowden et al., 2004; Mo
et al., 2008), 155575 W iy I RRAA AR L BRI i Y
NULRE )45 R RARBUI(Mo et al., 2007). BHl, T1E
H}H&XTN U B B LA AT BIAE X — B

o HIATE(2006) BTN A, NULFESHE HA
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Fig. 4 Correlations between soil respiration rate and soil moisture (below 15%) under different treatments
CC. CO. NN. HR: W.F1 SeeFig. 1

(Pinus eliotii) Pk 1 158 WP WK 3ot 72 7 46 38 i 990 1 1 3,
HBEENAL IR B =N (ERK-FRINGT
R o7 fuf AR KNIy oy AH B (Acacia mangium) Pk T 3B CRE
HOSFEE — 2 R R, BEENUTREAKT 15,
F R AINHEIEH - VoseZF (1997 IR KT #EH
NUTKEFE S — (R HE T TP (3 hn, BREEN
PRI HEAT, L3Pl 7EBE 5 60508 A FI s =2
KIH BB TGS T RIX KR 75§44 ™
B, SREMENTIFEX . 7T 1988FE R AN
ViM% B H46 kg N'hm2a™', 19904 L7573 kg
N-hm 2a ((F424%, 2000). BNV /T BE 5118
Y, BRI AR, B SUR A
R BE VK 20 B, AT 52 M -k 3 R IR (Allison et al.,
2008). {HARR MR, Y& BT AR,
ARKER, FHik, RENNITTERTREE K. 8N
N A SOt (R A R A, A 3 N4
PRI, il {2 FEAR IR IR B [R) 7 2E 4 (Y v

oo BATHA BN T IEIR 20 4 JEAT L 5, 1B
ME IR B E TR SR Rl BT A K.

R ALY IR B RIBRE BE Y
i(p>0.05). HEF /TN ETLH, FTHEKELN
1 700 mm, XK HFTRAK, Rk, £FEEKFE,
Ko PR (AR AN K
42 3FPALEN LR RAET ER

AL, EARFENT, 3PN + B
i) Anp P Nl

Hrp, RECO MW et R 3t iy
FRCOH, EENLH B, P2AEXR 2 RH
FR, AR b TAEWES ANMHEHNEE K, LR
R, RECOKREH TR EGHEE, ¥
KA, XM=Y EENBBM TS, B
A TR AWK, ENEEIHRE S
I _EF, H EREEYR A, mENEhERE
W AR I T RE PRI o8, TR T 3%
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IR E T, HEM R ER S T IR R, R
7, ARG TR 2 I AR R A KR R A i
YR EBER R, BIFERS TCONKE, Hli TR
AN PHER ST RRAL/DS, JLRERT a5, X EE AR
RN, AR A5 e A R A I A KR 4. X
R H - I NP IR X o= 3k FE C O, 1) i 3 5 A ) A K B ]
AEAEAEEZN AR,

RN RE £ T 2 X T IR IR T — o R 3R 1
A, AERENHH L EPRER . FPAEXMNERK
R, WEeR T RERE TG EKEN, HY
ARKNINFFRRER K, NFRARRNY 22, R
FE L EER o AR K R R T PR A E
K, ANImEs T HEIpog 2, mERE, KED
MR THYAEKEE, INTERFT RESD,
[, AR HL TS SN MR B, NI e AR
NHE, BEENBA SR L EHRCHED, I,
FINAL T IR R (p<0.05) (K1; E4), #
KR TG ERHCH S &, Wbl Rt
YrEdE, AT FRAR LRI /E R . Mo%E(2007)A 4,
S P R O N o £ e [ 25 R AT BB 2 1 M XN TS
AT RKAFETEW. £ R0, SNyl
Meaeft— e LESHERN AR, Nnsst
BIpIR B K, TEEFREB R R, R
MR ASARAEE ML, H 138 N R HE  AE AR idEAE
FAK, M0 fE B Hh) vk, thah, B K%
£5(2009) Y SE 56t R B, NUTREBE Inxf + 3=
C. N Rmy < IR R B Y A KB B A R
RAKAR . 31X 0] 8 52 A S SN R R
NP IR S M B A 2R R 2 R B JR A, R B 4
TR o N 96 £ o 2 5 4 () AR K CEL R 3 DD %
Ao

R AR, HIEFREH R TR RE
’ER, ANENLTHEESR. XEHT) RAFE
RAEAE, WERNMFZE, WREE, W REER
BN AESRAEZWAKR, HERFUAR, FBKE
BERMK, RbE2FERKER20%, TEHEERIK,
R Y R S A A A RREL A7) AR 2R 0 P ) 3 PR TR
T, SLIHR T AR N PR &, T LSRR g oK
SRIAR, IR TEIEE, HYM T EREBH R
BT R B BOR B D, AR RN IR A
FIdE M R, MNimsl R L ERERIA S
(Salamanca et al., 2003), & 0 - Ze0TIR T 5 [ Y
W N 5 IR AR K S K B4 <. Kucera F1Kirkham

(199N IR AR B, 18 # 76 IR IR A BR T +58
W % B 25 7K B B 38 iy 3 0, R DR K 8
B, BRRACH BT R E SR e S, LR
BInte R, HKSEEED - ERER, ik
WP B8 E K B B i sz, (R X Py B
AR, FA KA E R FHCOMOAE N
A, TICOABSRF 4, FTUHRRBRE NN 55
WHFL N 2 85 6 A [7] B 7 o P52 AN S [R) - 38 B 1
xS ERPOR AR A BhAh, BB N T
- RV B ) TG SO S - SR R ) A B B R
A
4.3 AT BRI T
TEARTHH, CC. NNHICOR) - 581k B A5 B
BEPHE, £RESWET, KB, MY
FeEER R, KR, LEFHRRBHCHEAL
K, WAESKEE S, Hiin T EeRE RS,
FRET RS, BEMGE IR, MYLelE
B, EERE, MAEWHEMEZE—E KM,
+ R R AR (B 1, R ). X Ho AR I
AR VPR AT 45 B (Tang et al., 2006; Zhang
et al., 2006; Mo et al., 2007, 2008) 5. & b
JG, TIEVGHEATE REWER LY B EREED.
XIS R TN RO E T
WENNMNEEHEER, EFFNEESTXR
i, AMIEE THRIE £ F o 0 LB FROE S, 45/
THERWEZRKESR.
4.4 T3 S RN R Xt R IR G R Y R
T HEWRZH L FHEENGE W, W%
IR AR 2 (R R DR 28 o, 3 P R 39 T e
MR FENFWETF. KRBT, FratEr 15
PR 2 B IR TS T A, AR
HIFE BA 5%, CC. NN HRAICOIM Q)0fE 53 514 1.80.
1.67. 1.38F11.43, B F = CO M E RINYL %3 ]
BE 8 138 PP IR X - 48 P (W BUR R (B2), 1%
1R A P IR A i E B R HIR T .
FIAMERAR, TREBERFREKE, MK
MEH PR R REIE T . S HIEEERT
15%0T, TRPPIRGEE S B RH BER &M
KER, XRYEE HIEE TR, TN HIET
W 5% L N K . Inclan®(2007) B 57 %
B AR TR TR, 18R AN L IR
WEE A, J SR R A TR
.
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5.1 CC. NN. HRFCO+ZEM K48 &5 50
4241.7. 3 400.8. 3 432.013 308.4 g COym >a”!, &
BH CO, K FE £ 14 B 5k 35 4 ) L3 P IR (p<<0.05), H
fl AL BRI WA K

52 FEARZET, 3F IR IR G A A
IR CCHINNR) B E REWRH B
EIR = (<0.05), BFENZUEAK, R TIJ|IFER
of TR COL K 5 FONIT B f iy 1. 5 AR 40 A K AT B U)K
%; MHRM WP RERAERFHEER TCO
(p<0.05), FIZNITGHH ARk, W] 1 B wF Rt s
A6 T 1A Y 5 IR B K R O

53 STHRAE(CO). CCRINNALH T - SF P o <
HWEAHENENIE, WEG~9 )P TIZEIFR
REEEETEREFA0B~REIA) (<0.001); ifi
HRAE T I B 2 7(p>0.05).

5.4 CORFEMEEE. BNTUM. BB AT BAE 10
TIEPIR R R Y 1 R B iR B ok
%, HOofE5r541.83. 1.65. 1.38%011.43, #HHCO,
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