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B FIHER%A FACE (Free-Air O; Concentration Enrichment, R4S REKREN S RIET G, WA 7TIEHE
SEIREEF 4T, 2009 4EAN 2010 4 ARG FH LI AE M T Re 2 AR 0 R . A5 BRI, 1.5 £ Al SR B T R H
KA A MU S B 100.0 ~ 110.9 pg gt PEIGZE 81.3 ~ 94.5 ng g REUKIETHE T BIOLOG ‘WG (AWCD) &
TS . SRR REY, REWRIET A 50%X FEH LMY EEE. B E R — SR EMM. 2010
SERIRIR AR E RS T BoR, 1.5 5 R0 R AR S T RS H 3R Y i S R 7 Uk AR . A AR R IE
b J2 S AR v AT RS R FH L SR A 7 A AR B AU, S I T A BRI TR A R 1 O e A R L SRR ) (R T

FEE
REEE REKRETE: FEE: AEMIEAN LIREMEYTR 2 AT
RS S154.3 TERARRED A

SUE R 3 ANER AL TC A R SRS, R — R TR 2 A SR AR A A
FERIEGHWAENINGEAE R SO P74, Rl S SRR I 55 ) Ry . AR A A BB R & %
AR R R A, KA R AN AIE R AN, T80 R 35 B B Tl A i A F) 10
nmol mol™ 3% I 7% H #7150 nmol mol™™, 2ERkiT 1/4 1[5 52 A1 X il 540K % 60 nmol mol™® A |
g4, Heb DA 3% AR A e 3 A B e R S e [X 7 S SRR P s Y, R R
JE L) LLBFAE 0.5% ~ 25053 R FFa 8K, Filit3] 2100 630 1 150,

BRI, SLEIRE AT N bR AE A K B A= B i AR R sema B0, ik B 4T DA
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1.1 R XML&’

WG XA, FILAR BT T /N R AR (32°035'5” N, 119°42'0” E), H3E8AUN b L, HHE
T RNKFEIINZRAE o« RIGH A% 6. FEFF/KE 918 ~ 978 mm, 7&Kk & >1100 mm, FHSE 14 ~
16 °C, 4F H B 5] >2000 h, E T/ RE 220 d 7oA o iR K (X IR A SEA R AL ML 5 WL &5 & 18.39 g kg™
SRER 151 gkg?, RS E 063gkgt, &SR 14.02gkg™, pH7.9, /NT 0.002 mm FikL & & 13.6%,
7E 1.16 gem®.

R4 FACE V& T 2007 4£ 3 H P 441847, % FACE Al Ambient CHRTZRIE) 2 AN RAEIR B AL B,
AN 3N EE R (HAR 125 m IE\LJE), SREEEHES, [T 90 m, DL/ BB O HiAth
Pl (1520 . FACE FelR A SR Wil b 25 SRk P S i H AR TR 28 07 X, B TR L7 50 ~ 60 cm AL
8 MRS T4 % 09:00 ~ 18:00 [ Pl A BETBUR. 4L, i Pl P9 5L 4800 1% (P42 70 nmol mol ™) 46 4% Ambient
CFH%7 45 nmol mol™) & 50%, 85% 4T [7] P 5 40K 3 % 2 P2 1l 4E H FRME ) 10% LA PY . Ambient [ 72
HA%, HBAMES ARIRETEE . BIN RSB SR E KT 20 nmol mol™ i}, FACE [ 1R
TR HAR AR =T 250 nmol mol™ I, Krk BE 4 2 78 250 nmol mol™ LU G ik 52 218 R P LA
FIE B E. HR/KFE (Oryzasativa L.) AKIT FHRE X HES SAh iz i 21,

1.2 PSR KAk

SyAIME 2009 427 H 8 H (4rBED. 8 H 20 H GF{EWAD. 9 H 28 H (M) 1 2010 4= 07 H 05
H (rEED. 08 H 22 H OF4EHD. 09 H 29 H (D RELIEHEM . AR5 EH EE 2 cm
(L4555 MLl E SERE 0~ 15 cm L2 LM, RAEENBESEWRLEE, 2HANTEL 20
H (0.90 mm fL42) FrFEd, FHTE LBOKEMEAHURS &, Rl —#5 8 1 H T BIOLOG M.
1.3 W7 KB b2

T BRI WU E J77: FREBOH 2T 20 g M1, KEAMKRE OKEl 220, =RETF
B 30 min, EREEELOHLA (8000 rmin™) B9y 15min J5, i 0.45um e, ek E BEHE S /A H) TOC-
SA WU AT (Mutli N/C 3100) JI5E

K HI BIOLOG ECO P B ill 52 M Thag 2 ek . SR Classen J7iER 4T ECO MR KI3%EFH. &
BT 59 FHrsEt, MMALES 45 ml KE I 0.05 mol L™ BEFRZErR (pH7.0) =Sk, #RKES:
&% 30 min (180 rmin™), i iR BERRZE 0 SR B 2 10°. %6 B 10 min, ] 8 3E INFE 231 BIOLOG
ECO Mz, &FL4r RN 150 pl. HEFI) ECO BR 25°CH53%, 24 h J545ka 12h {8 Biolog Emax™ 1A A
F Microlog Rel.4.2 4328045 FLAE 750 nm A1 590 nm 38 K 56 IR U AE .

FA 25 B DU o0 JEAl (105°C, 24 h), THECFIERbRHEZE, 12 SPSS 13.0 #HT4iit 40 #r,
F{% H Duncan £ 56317 2 H L (p <0.05), EXCEL 2003 fEK].
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2.1 REREFERREEEKAEEHRSTERE W

IR VA WU R Bt AR 35 R G0 G BR B A 2 22—, AT R SR A A S A s A 2
Ay RS ek MEUR, MEKRBNAKRE, LKA BB S BB AT (& 1), 2009 FfEZE
M 100.0 ~ 106.9 pg g™ BAIKE 91.8 ~ 94.5 pg g™, 2010 “FAEZ M 104.5 ~ 1109 ng g™ F#1K%E 81.3~ 945 ug g™
X RO AR A A K HE R H B i A PV AR RS 8. S0 REAH B, SRR FE T e A PR L3
IR HER HUBRIO & B3, 2009 AEAGZE M 94.5 ~ 106.9 pg g BEIK % 91.8 ~ 100.0 pg g, 2010 FEAEZEM
94.5~ 111.0 pg g FA1K % 104.5~81.3 pg g™ 7 2010 SFE MY, SRS T TR AR T 13.4%, ik
B TREEEER (p<0.05).
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v B—EFAEFRER IR p<0.05 /K2 7 12 Note: Means in same year followed by different letters are significantly
different at p< 0.05
1 SR TR KRS LK A WL & &= 52 (A, 2009 £E B,2010 4F)

Fig. 1 Effects of elevated ozone concentration on contents of water-soluble organic carbon in paddy soil (A, In 2009 B, In 2010)

2.2 BLEIRE T 0 RS H B A Yy T Re 2 R R

2.2.1 FEIWeE (AWCD) 24k PG (Average Well Color Development, AWCD) fst it | 133
A AR BRI A R ) BT, 5 I R Th B AL AT KN 8, N 2 s Rk, 2009
FERLEIREETHS T AWCD T-355% 156 h i B G 1, fxt f -7 S HILE 144 hy 2010 F RAAREE T+
T AWCD “F & HIHILTE 144 h, T3 TFSAHILT 168 he ITth)/Z AR THm 3a fl 4a & T,
FEH 3 E RIS AWCD AR TXTR &S, (22 S RIARI B MK SRR, Iz K
FEE T v 7 e R P L 3 i A Wi S AR FH e T a3, X ] Rt R Dy SR 4R FE T v 9 b 338 7K 1 A L
e o B3 T PR A L S S AR BRI A A R BT
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Fig. 2 Variation of AWCD with the incubation of soil microbial community (A, In 2009 B, In 2010)

2.2.2 ZREVERREUIARA  Shannon FREH TPl 5 B2, Simpson $8EH TIFA IR 4 FE 14840, Mcintosh
TescR etk B0, B 96h (KPR T TR ME Y 2 REMESR R, TS 4E R nER 1. 2009 4E AT 2010
R T on AR A 3 S 2 (Shannon Index) . L#4% (Simpson Index) #1345 —J% (Mclntosh
Index) [RI5EMA 15 A1 3] i 2 MK

F 1 IR R DR 2 A ETR 2L

Table 1 Functional diversity indices of soil microbial community

Ay VOSE WIRGR Shannon F& % Simpson F5 %% Mclntosh 5%k
Year Treatment Shannon Index Simpson Index Mclntosh Index
FACE 2.99#0.12 a 0.9440.01 a 4.3040.31a
2008 XTHE CK 2.99#.15a 0.9440.01 a 4.7040.25a
FACE 3.24#0.01a 0.96+0.00 a 5.27#.17 a
2010 XTHE CK 3.14#0.09 a 0.95#.01 a 5.264.25 a

A R B E RS TS E R R 2, W — AN EER IR p< 0.05 KT-ZE 53 B35 Note: Values in the table are
means of three replicates standard errors Means in same year followed by different letters are significantly different at p<0.05
223 XFAMT ER T (Principal Component Analysis, PCA) SKELUBEZE R 1%, A8 /B0 5
KB A TR ORI SR B b T A A 4k 22 H00E BB R 96 h BOSOE HEAT /00T, 45 S 3 TR - 2009
A B AER FE T i A R A R SR AR A TR R R F RS R 32 43 1 (Principal Component 1, PC1) Al
F 5 2 (Principal Component 2, PC2) b ARRESEIL /5, Ui B R SEIR BE T /51 3 a X A& H 388 i A= e ARk ik
PR 7 B A BB 2010 4F SLAIRFE T s R JE 264 T R 33 A M B Y BRI S 76 PCL A
PC2 FSEBL T 408, URBASLEURFET &1 4 a b H L3 oA M IS R A R 77 =X s e s 31 58 2 /K
REWKEZT i 3a, PCLAIPC2 Z M5 54%; i SAMKEZ T 42, PCL AT PC2 ZAIAE] 68%, HIHE7% 3
a B 14%. S5 REW], 1.5 65 4400 AR FEZE 4 a X8 SR A E M mli iR H D e 2 FEIE 15
Wi KT HE 25 3 a fRREH
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Fig. 3 Principal components analysis ( PCA) of carbon utilization of soil microbial community (A, In 2009 B, In 2010)
2010 SEFEZ, HERD 1 MM 2 BB EHRRBNBIEILER 2. X PCL oTlik B 15 kiR
T 6 NMETHERM, 4N E TREREY LHATAEY, 34 m ARt AR A, 2 ME
TRRDTR AR . ST BORTRIR & L2288, JB TR MR, AR R Wi —Fl,
Xt PC2 TTHREL s 9 DA 4 AN AR AR A, 3 NE THERYIBG 148 TR
BRI R HATEY), A LR T IRITRAMAGSE . DTl SO NBRIR A2 R BRI, & THERII, iz
AT TR, R, SRR T AT, 6 F A 4 S BRI K R R %, () 5 KK
WIS 4 38, 1t — 0 U W) S SRR B T i) A FH 33 Gl A s e 0 R F B 0 1R S MEDARGZE
% 2 JKFEA 5 PCAL Il PCA2 HR I A 3 20 AT 355 (2010 4F)

Table 2 Main carbon resources of microbial utilization related to PCAL and PCAZ2 in paddy soil (In 2010)

TR R T MR R
Main carbon resources Correlation Main carbon resources Correlation
coefficients coefficients
PCc1 HERMI K PC1 I My R AN 2
HigAwy Fat acid and lipid
Carbohydrates
and their
derivants
-] %) &% 0.935 it 80 0.884
D-Glucosaminic Acid Tween 80
D-H #ame 0.902 A R 0.647
D-Mannitol Pyruvic Acid Methyl Ester
D- - FLAERE R 0.888 PC2 AR =4
D-Galacturonic Acid AR A )
Metabolic
mediates and
secondary




IR IR
LHATED

Amino

substrates

acid

and

their derivants

AR ] 7
Wy AR A AR

)
Metabolic
mediates
secondary

metabolites

and

B- FF - D- ] 2 4 0.674
H

B-Methyl-D-Glucoside

Tk 0.670
Glycogen

D- - AWE R -y-H 0.649
i

D-Galactonic Acid

v-Lactone

L-22Z % 0.943
L-Serine

L-R A& Bt 0.862
L-Asparagine
L- 75 2R 0.751
L-Threonine
LSRR 0.711
L-Arginine

o- T IR 0.858
a-Ketobutyric Acid

4-FR IR 0.637
4-Hydroxy Benzoic

Acid

D-3RIR 0.633
D-Malic Acid

metabolites

sty
Carbohydrates
and their

derivants

RIEMR ) e
HATEY

Amino acid
substrates  and

their derivants

JIg 107 B A0 i 2
Fat acid and lipid

2-FR LR R
2-Hydroxy Benzoic Acid

K
Phenylethylamine

D, L-o-H B Eh
D,L-a-Glycerol
Phosphate

e 1

Putrescine

i- 7 BEHE I

i-Erythritol

o-D-FL b

a-D-Lactose

D- 4 FL B -y- Py
D-Galactonic Acid

y-Lactone

LR R R

L-Phenylalanine

PRI PR T
Pyruvic Acid Methyl Ester

0.884

0.878

0.864

0.846

0.935

0.774

0.635

0.628

0.604
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4 2 SRR P IRF T B AR T RIS . SURORBETHRA 1225 R G L 30 B T
F F I TL AT, (ERXT SO R A R B L S VIR SR T W B 5B B AR . Ak
B, AR SRR FE TR TR MoKV AT B & B T, MATRO T s 05 T
B BRI A LR M E ) — A TSR 4, AR 2 OB Az — .
USRI R T R KR F, SECT SO SRR N R A2, Bk, Sk
RETHEG SRR R OB ORI R AL, A\ TTRE -+ S i

A SR Tt PO T S E ISR A ) 0 SR BIOLOG 45 R, S
VCHEF R MR PR PRI I, AWCD (TR TAIRAORSS . S REE IR BT 4 1
o B 3a M 4RI -EHBE MR RE . (AT, 9 RS, RIS, SRR
RS L SEANERETA 45 0 2 REPERO MBI RN, A A TR, 3 @ 0 S T A R L
BCEI A BRI RN 06 S VRO, (BT 4 a 5 T S PERA, DE PC1 A1 PC2 1SCBLAMIE,
ST B I H P SR FE TR A R A IO SRR, 7% 4 a MORit 7
32 RLFUKIETHEG & SECRMI-LHA PURE D, TR T LSO EOR ™Y, B2l S 515
A RGITRMIAERN, 556 SRS AR, T, T 4 a R ORI LG B Iy
TR IR RIR A /) K2 8 1, XY PCT FORELFAR) 15 NI, SRR L2, & T
FIERIEHEICATAEY. Jebh, SURIRRETHRG TR L BUEAT AR R A, 1 LR R LRA
WO, LA LA D3 R 4-FATE 2K BRI A D BERIEOR . 15— DL AT R T SUUR FE Y
THEG SR WIHTBR AR 20 AR R R P L0 L S ), AR S0 M N S B B R 5
WA D FANBOREATBCEN . Hofr, - M R T e B R A E e P ALK
WIS, B SR FE 16 2 L B S AT BT A K R T A,
BRI 5 40%, FURFECEIMBIAIIAE . D-HERNE, B - 2E-D-WIRTHE FFHSR AT 4 ok AP 4 0K
WP LK FEFT RERA T4 2 IOKAR, IATITRNA T % 2 FESHIR A0 A ), TSGR St
WITERT I 2 FRRIRIFFTRE )

PSRRI LU 7% 4 o 0S-SR IR IR T2 e REVERO R H TR 3 2 ORI
FUERAE 3~ 4 ATTRFI-LA IS RERERRSCETIN AT B3 B, IR (4 U, B A R K,
SR SIS, RE L SR E I R ORI g 2 SVRIE . PR, BRI SOR 5L
SRR P (VIR R0 S P TR PO, LSS A% AR IR A 225
IO, HSIN AR AER RS SRR T L FERL AR BBt .
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Effects of Elevated Surface O3 Concentration on Functional Diversity of Soil Microbial Community in Rice
Field
Yu Yongchang *2 Lin Xiangui'” Feng Youzhi! Zhang Jing* Li Quansheng ** Zhu Jianguo®
(1 State Key Laboratory of Soil and Sustainable Agriculture,  Joint open Laboratory of Soil and the Environment, Hong Kong
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Abstract Effect of elevated surface O; concentration (~70 nmol mol™®) on functional diversity of soil
microbial communities in paddy field under the rice/wheat rotation system was investigated in 2009 and 2010
through determination of water-soluble organic carbon (WSOC) content and BIOLOG index, by making use of
the O3-FACE ( Free-Air ozone Concentration Enrichment) platform of China . Results show that with O;
concentration elevated, both WSOC content, and AWCD (Average Well Colour Development ) tended to decrease.
Diversity indexes determined in the two years indicate that elevated O3z concentration did not have much effect on ,
Shannon, Simpson and Mclintosh indices. PCA results in 2010 show that elevation of O3 concentration affected the
edaphon’s ability of utilizing substrates of some specific carbon sources. The findings of the experiment suggest
that under elevated O5 concentration (~70 nmol mol™),functional diversity of soil microbes was significantly
increased in rice field.

Key words Elevated O3 concentration; Rice field; Water-soluble organic carbon; Soil microbial functional

diversity



