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AR, ERAC, AR, KAeHL, F I, KMAES
(hERF2EBE A A PRSI SE TR T 5 XA A R S S8 %, JEa 100085)

FEE R A TS % (Open-top Chamber, OTC) ,%17K#G“3694 % ( Oryza sativa L. , 3694 Fan) FE#7 T35 2417 H 8] JE A7 R 4R
(0y) AL, AR SR B AR R A K LU S C N (S ST R ISR, SCI0 K8 4 4 /1\7J<¥ 1 g R ALL(CF, 10
nL/L) | HAR KRS (NF,40 nL/L) RN R BE Y 5L 4 A0 B4 (0,-1:100 nL/L; 0,-2:150 nL/L) ZERE . (1) TR
S AU, A b S KRR A 2 O A W i A 25 5. TR USRI ORFE ) | %ﬁb@@ﬁzmmﬁ ZEREAE Yy i
TR HRIEE LU BRI, b e 0 AR I, 2 BT S S i 38 /K Rt 30 1) 0 0 43, LK R 12 ) M ] E K1 ) b2 4
IR 5 (2) S AL PR K REAR RN ZE C oo R & i FRE, i C R & it [t SR WIS EUDMa 42 i 1 i R vh B A3 I, TR AR 1 AR N 25
B AMC 5 (3) A N4 N JTR &t MR R L T B 5 (4) 25 HHFIRE S TR & BT, AT RE s K Rt AL RGEIIPE T, A
P IR EE T S22 SR 3 W] B AV B T i3 2 X AR AR A 7 AR P B A2, AT S BOK Fi AN 443 19 € NS JER 43
TCAR Jmi AR BUE

SRR R KR AR O NG S IRATE

Influences of elevated ozone on growth and C, N, S allocations of rice
ZHENG Feixiang, WANG Xiaoke * , HOU Peigiang, ZHANG Weiwei, LU Fei, OUYANG Zhiyun

State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract: The effects of elevated ozone (O,) concentrations on the growth and C, N, S allocations of rice ( Oryza sativa
L., 3694 Fan) were investigated with Open-top chambers ( OTCs) in situ in Jiaxing, Zhejiang Province. Four treatments
with three replicates for each treatment were deployed: charcoal-filtered air ( CF, 10 nL/L), unfiltered air ( NF, 40
nl/L), and charcoal-filtered air with ozone addition (100 nL/L for O,-1 and 150nL/L for 0,-2). Rice was planted on
May. 26 then transplanted into the OTCs on Jul. 4 and harvested on Nov. 12, 2008. The ozone exposure started on Jul. 25
and ended on Oct. 19, 2008 at 9:00 —17:00 ( Chinese standard time) except raining days and the actual exposure was 69
days. We determined the component biomass (root, stem, foliage, panicle) of rice on Jul.27, Aug. 14, Sep. 18, Oct. 17
and the C, N, S concentrations in root, stem, foliage, panicle and grain of rice when the rice was harvested. The main
results showed that: (1) At the beginning of the ozone exposure, there were no significant differences in the biomass of rice
components among the treatments. However, in maturing stage, the root, stem and panicle biomass of rice, as well as the
root-shoot ratio and plant height, were significantly lower under the elevated ozone concentrations. During the whole
experimental period, the differences in component biomass and plant height of rice between CF and NF treatments were not
significant. The percentage of dry matter of aboveground biomass increased under elevated ozone concentrations and plant
height was more sensitive to ozone than the aboveground biomass, which indicated that ozone stress might have much more
effect on the cell elongation than on the cell division; (2) Under O;-1 and O,-2 treatments, the C concentrations reduced in
root and stem but increased in foliage, which meant that the C allocation to foliage increased but reduced to root and stem

under elevated ozone concentrations; (3) The N concentrations in all components of rice increased and it might be a

EEWA GRS 4 BB (20100480488 ) 5 FREEARIF A 25 HEAT WL RHIE & T 45 3% B2 B 101 H (200809152 ) 5 [ 5K [ SRR 24 56 4: T3 B¢ Bl
H (30670387 ) ; H 5 T s JLAh A 5% & AR 9 B 33 H (2002CB410803 )
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adaptive strategy to resist the ozone stress. The C/N ratios reduced in all rice components under elevated ozone
concentration and it revealed that the vegetative growth was inhibited under ozone stress; (4) The S concentrations in stem,
foliage and panicle increased in O,-1 and O,-2 treatments, which would enhance the antioxidant capacity of rice under
ozone stress. All the results indicated that elevated ozone concentrations had significant unfavorable influence on rice growth

and it led to the obvious changes in the allocations of C, N and S in different rice components.
Key Words: ozone; rice; growth; C; N; S; C/N ratio

B (0,) B F MG 15 Y i) RSy, © N 635 ™ FE 1 k05 Y ) 22— %k il b A A AR 58 19 Al
WIEEEVEMY . BFgE R, R RAER B 2 T 40 /L 3k AT 36 AR 4 i A 14 AT DA FAE B 6 0 T AE
S RN RIAR Y ) — et X AT S AR5 e 3 BB 2 350 2 B i e ) JRUAE B a0k 138 o S 1 N RK
WA AR R R R A — e 22 P Tl AL T Ak i A SR B AR I A e A R R TP E A, K
A SR B R AR ST AE— S X a2 B — 20 B S ARUR B LA BEAT 0. 3% ) 2% B AR T
AR AN R R B AE 2100 AEH5 A F] 80 nL/L' VT = A I M XA S 3& KRS Y 2
X 22—, P4 R BRI B 2 AR 28T, H RT3 WD B AT 38 50—60 nl/L, 5L AR5 Y B R 1% H X AR VE ) 7= i
Pl — A FEF R FHIF A2 (Open-top Chamber, OTC) 75 FH ] [ 4% 5504 F #0158 R A0 Y1 4E
KA, S N/ NREE LT [ SRR, 25 AR XS T 58 H AR A 5% 0 b J2 KT Y Xt 3R A W i
i A 365 T 7 [ Y M ST AR 31 T RER A AR E A G R R TR = A TR
[ e i L A B AR R AR A K € ON LS T3 A0 L L Bl 60 LU 145 M kg DAty SR 4 I 360 %o 7K A 1 5 i 1 43 512 55
Bl LR R EAE S
1 #RFAE:

1.1 Skl 5t

SEIGRE A, T WA 55 241 5N X AU 4¢3 (31°53'N, 121°18'E) L BE B | K24 100km, %4 7 HiAb T
B = O B X VT = A AT W T O by | A2 S I 2 U A R i), AR 3800 15. 9 °C AR BIRE K
i 1 168.6 mm AEYJH I 2 017.0 h, BAT/NE KR40 B sl =i - K AR I e VR 2

S8 FHOKFE S AP A 3694 Z( Oryza sativa L. , 3694 Fan) , Fi-F F#T VL4 5 2475 75 I XA BT H243t. 2008 4
5 126 HiEF,7 7 4 BBEBOKREH 2 OTC SEH/NX A, B4 OTC L5 /NX Y 3m? i 375¢ 2 &0
Ve AL, B4 /N R 1211 PAIKAR, B\ 4 BRB G

R FASM 2008 4E 7 H 25 H/KRERTWIIFLG ,2008 4F 10 A 19 H/K RS2 @I B 450, BN ) 4 K
9.00 F| 17.00 &5 4, 3t 8h, F1 R RN R A A9 52 M, SE BR 31 SR E02 69d, 8 i [ il 19 FF T 20 = ( Open-top
chamber) """ HEA T B AR E 2 25 78 Ak A TE) SR SE G, R TR AR P AR R SR 0 BRI (B O R
85% )M, FEMUFER LIRS SR K RAKENNMARSE ARG RBEE RAREES RS
FEE A RERG AR, RAHENE (LR 99.5% ) i Wil A 4wk & i ae A FRA 7 4 72 1y 1
AR R, AR i ML9S10B &Y O, 43 H X ( Monitor 2], S ) HEATEIAS WM, 528 L35 4 Fp R4
WSEACE . (1) WG PERR 2 38 19 KR ( charcoal filter, LLF % CF, H -3 O, % B8 10 nl/L) ; (2) HAR K (non-
filter, LA N AR NF, H P34 5L By 40nL/L) 5 (3) IRV SR A AL BE (04-1) « H V-3 R4 TE SR 100 nl/
L;(4) BREREMB(0,-2) , H PR REE ST N 150 nl/L, B4 3 AEE I 12 4 oTC <=, HE
44739, REZAA 2 mx3 m BERPAT, HIESE 0.5 m, CF NF 0;-1 Fl 0,-2 # AOT40 i 53514
0.01.0.21.22.77 52.84 pL-L7""h™", e8NS KRE A K301 P9 B A A0 FE () 48 B0 05 3 CRfope ek /K 20485 B8 L
AuEES) 5 SEE D SRR — 2, e I Z WK AR S 9 HUE AN A AR S 56 9 BR 1 -

1.2 Mk
B IR G FIAE— M S (30emx15emx 15em) |, 43 F 2008 47 H 27 H (438E]) 8 A 14 H (ZF4
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#1) .9 H 18 H (HERM) M 10 H 16 H (BN , 2 B A KRG UE T35 oA 25k Bl 3 DA RORR = 55
fEbR. ZKFET 2008 4F 11 H 12 HESOGER , 15 BE T 5 70 &850 T 75°C Ht 48h 2, YT 22 fFKHE
BT A BEREZ 5 TR A ( Virio EL 1, Elemetar Inc, f2E ) %€ C N .S 0K & EIFE HE .,
1.3 Hdlab

K H Microsoft Excel 2007 A #E 47 B4 4k 21 5 1 141, & F SPSS 13. 0 Ge i+ 844 %k B s 417 J7 22 70
(ANOVA) .
2 RS
2.1 K

AN ] BLAE A BT B ZOK FEAN [ 43 AR W s B s2 i N 3R 1 R, RS (7 H 27 H) 4 M43
ALK RN R L E R 25 SR R R NI e ) v 4 AN b B B 2K R I 1 A My R S A 25 R
EESEHI9 A 18 H .10 H 17 H) , RAAHZ (05-1,0,-2) KRR Y & W% MR, MWERI O A
18 H) JFhf , RALFRA (0,-1,0,-2) FZEKAEZE Y 0 0 F R, HBUE 70 %) A CF Zb B4 1Y 63. 7% Fi
60.5% . F|T MAWI(10 H 17 H) NF B R ZOKREEA Y LA CF AR 73. 4% , 1 5 A0 B2 H
ZOKFEZEAEY RS CF AR PR K ARE 224 W i 1) BB — 2D B AR, WESR R /KR P i Y i EE L, it
A i v B L AR (0,-2) FAZEFEER B AR T CF A NF AbBRZ , 7R, CF L0,-1 1 0,-2 ZbFRZH PAEfd & 4y
SR AT CFAL BRZ 1983, 7% 51. 8% F148.2%  Fifi 45 52 5 i #E AT , B 2K oK A b b A= 9y FLEVAE ) 3 K

F1 FAEREAENBZIKBREASEWE/g KRN

Table 1 Effects of different O; treatments on the different components of rice (single stem)

. 7H21TH 8H14 H 918 H 10H17H
L Components Jul. 27 Aug. 14 Sep. 18 Oct. 17
R Root CF 0.77+0.02 a 1.29+1.07 a 1.13+0.03 a 1.09+0.06 a
NF 1.030.46 a 0.82+0.10 a 1.01£0.02 a 1.05+0.09 a
05-1 0.96+0.43 a 1.02+0.35 a 0.550.08 b 0.58+0.09 b
0,2 0.76+0.35 a 0.96+0.33 a 0.5420.23 b 0.55+0.03 b
2% Stem CF 0.40+0.05 a 1.81+0.69 a 3.190.75 a 3.2720.14 a
NF 0.48+0.14 a 2.43+0.52 a 2.45+0.20 ab 2.40£0.13 b
05-1 0.40%0.06 a 1.98+0.93 a 2.03+0.60 b 1.41£0.10 ¢
0,2 0.36+0.12 a 2.120.79 a 1.93+0.53 b 1.58+0.46 ¢
- Foliage CF 0.37+0.03 a 0.98+0.17 a 1.28+0.29 a 1.09+0.10 a
NF 0.41+0.09 a 0.97+0.11 a 1.1120.17 a 1.02£0.13 a
05-1 0.42+0.04 a 1.01£0.08 a 1.20£0.20 a 0.98+0.03 a
052 0.33+0.04 a 0.94+0.04 a 1.29+0.22 a 1.09+0.03 a
4 Panicle CF — — 0.650.15 a 3.3220.42 a
NF — — 0.61+0.04 a 2.78+0.29 b
05-1 — — 0.4420.11 ab 1.72£0.15 ¢
052 — — 0.39+0.12 b 1.60+0.09 ¢
A CF 0.77+0.05 a 2.79+0.84 a 5.12+1.19 a 7.68+0.55 a
Underground Biomass NF 0.89+0.22 a 3.40+0.63 a 4.170.14 a 6.1920.51 b
05-1 0.82+0.09 a 2.99+0.99 a 3.68+0.74 a 4.10+0.25 ¢
052 0.67+0.16 a 3.06+0.79 a 3.61+0.83 a 4.27+0.47 ¢
BAYR CF 1.5420.07 a 4.07+1.47 a 6.25+1.20 a 8.77+0.52 a
Total Biomass NF 1.93+0.58 a 4.21+0.70 a 5.18+0. 14 ab 7.24+0.53 b
05-1 1.78+0.49 a 4.010.80 a 4.22+0.80 b 4.68+0.31 ¢
052 1.43+0.50 a 4,.02+1.12 a 4.15+1.06 b 4.89+0.38 ¢

BT A S BRI E (7R« BB AR 22" AR R R m BB ) 776 35 25 5% (P<0. 05)
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W FE S0 AR AE KRN (10 H 17 H) |, BAAEFEZ (04-1 F1 0,-2) BRZE7K A M b AE 4y i RS AR A i 2 ik
FALT CF AFRA, oM, 7R NI 4 ANEBEZH (CF NF L, 0,-1 F1 0,-2) M | AR ¥ 5 Bk e 59 He 143 )
JE87.5% 85.4% 87.7% 1 88.6% , HARE L4351 0.15.0. 17 0. 14 F10. 13,

FUEA I KR bR B R (1), R 120
AESIFLR 204 J5(8 A 14 H) , RAEKEFEZ (0,-1,0,-
2) KSRk L B K T CF A NF AR B4 (P<0.05)
FERZAI (10 A 17 H),0,-1 1 0,-2 b ZH 2 18] (1) 7K

(=3
(=}

Plant height/cm
)
S S
ZENE

#
[SSINE
(=]

TRk EI P 2 5 W B BRAUK R R A B R = o et— 0 P

i CF AbBHE) 90. 3% H186. 3% , 154 LW I ] Py, _ A EM Date

CF Al NF b3 [H KRk o 2 8 A W 2 22 57 1 RS SR A R kR R R

22 C ﬁ? Fig.1 Effects of different O; treatments on the plant height of
KRR 25 M BEAFERL C TR SR IE AR rice

WA 2 s, ARRE RAEAA S, 0,-1 A1 0,-2 Ak R RE 2 BB A7 53 2% 5 (P<0..05)

PR /KFEMRFIZE C TR &R AHXT T CF A H 4 2R

Fta#h, Hodr 0,-1 F10,-2 ZbHA K FEZE C o R & 8t CF AbPEZL Y 98.9% M198.6% , SHEMIZE C TR &5
ZERA,0,-1 F1 0,-2 AbBRYIKAEM C LR & e CF ALFEZH Y 101. 2% F1 101. 6% , FEREFNFFRLH, 45614
WhEE C LR G EEAN RN ZES,

2.3 NIt%

KRR 22 - BEAUFPRL N JTR & R E SRR (K 3) :0,-1 1 0,-2 A ADUKFE AN H /Y N & i
PRI, o, 05-1 ACFRAEAR 25 - FEAVFERL N JUE & 543002 CF AFRZHAY 110. 0% 130.5% |
110.0% .118.0% F1 111. 5% , 1fii 0,-2 AbBEZH 45 414> N JGE & i 43 & CF AL B4 A9 123. 3% ,126. 8% |
110.4% \115.1% F1 121. 3% , CF Fl NF AbBRAIAR 25 WHAUFPRL N TR G B2 5 B T KREFFRL,
05-1F1 05-2 AbFA H AL AN 453 N o R Bl R 25,

m CF NF & 051 052

50.0
A’ pbad  aaaa  aaq

25 mCF NF B8 Ol 052

40.0
30.0
20.0

v

Cou# &t

Concentrations of C element/%

NICH & #

Concentrations of N element/%

_.
o
<)

i3 - it b EZ :
JKFG4143 Rice components JKAG4H 43 Rice components
E2 RELETAKERAEEAS CTEIETNK B3 REAETKERAEELAS N TEEETH
Fig. 2 Concentrations of C element of different rice components Fig. 3 Concentrations of N element of different rice components
under the O; treatments under the O; treatments
AT - BN BB R A 7E 1 3 22 57 (P<0.05) ANNF) TR R BUE R AT 2 22 5% (P<0.05)
2.4 BRALL

REANE IS KRS AR ALY TR (K 4) o CF AFZH 5 H A 3 DAEBEZH (NFL0,-1,0,-2) KA L
HREES (HJENF.0,-1 fi1 0,-2 ZRIZESFAHE, KREERA & T RRHEMA 5, REAHA (0,-1,
0,-2) HAR A H B FE T CF Fl NF 4340 H CF F1 NF A BRZ [ f7EAE i 5 25 5, AR (0,-1.04-2)
AR RE A (CF NF) MR A LA B E 225 (HJE 0,-1 5 0,-2 .CF 5 NF Z 227 A8, 0,-1 4B
ZH AR ARPRLRR & L2090 J& CF ALFRZHAY 85. 5% 11 90. 0% , 0,-2 Ab Fi 28 B AUEF R B & L 43 1 & CF Ab FH 20 ()
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86.4% F182.1%,
2.5 SIE

IKFEARFRERL S JE R & AR L AR . (H2E - FndR S Je R & M R AR TS m B & T (L S) .
Horp | RAAEPIZH (0,-1.0,-2) SAER AL (CF NF) 2RI S TTRA BE X R, H2 0,-1 5 0,-2.CF 5
NF Z[HZE A RE . 0,-1 AP ZEF0 S JuzR & &7l CF AL BREH ) 135.3% F1123.3% , T 0,-2 Ab 3
HZERI S LR SR IE CF ACHA Y 141.7% F1127.5% , CF AbBHAFE S RS 0,-2 B £ 7
BE ., FARBIFR S TR SRR T,

X
60.0 m CF NF B Onl 002 205 aba a MCF NF & Oyl 052

@ 5 b
£ 500 S04 AR
g i ™ ad
£ 400 a 203 IR ba

. afbb 4 ;‘4*;5“5 : 1R a8 DUER
o 7 ) RN 7E ‘

:ug 30.0 é§ ] 12 £ 02 §§ bbER ég . abd  ala,
20.0 AR n g HEN AR JEN  Dabrg %
K AEN £ 0.1 ABN ARN ZEN ABN N

LN = BN AR 72BN AR A&N
%10.2 AEN 2§ BN BN g 0 g§ g§ ég %g é§
H 2 - Bl o o i - nt B KPRL
JKEE4L4} Rice components JKFG4L 43 Rice components
E4 RELAEBTRERRANRRLETL 5 REAEBETKBEBAREAS S TEAETW
Fig. 4 C/N ratios of different rice components under the Fig. 5 Concentrations of S element of different rice components
O; treatments under the O; treatments
N [} S B R B ) A7 135 25 5 (P<0..05) AN [} B R BUEL ) A7 135 25 5 (P<0.05)

3 i

T 5T 2, o e B R R O 08 Xt A A 0 i L ) 7 1T 5 i 2y B R0 R BB B ) FEAR SR
O EREESEIN(7 H27 H 8 A 14 B) , ARAFARZOKBEEATEYRZ M EHEER FES)G
H1 | BZEK R 25 21 43 2 1 Xk SRS e S ], SR KR I g S A 7 Ry e 2k T T AR
S AL B B 2K R A Wy Jo W AR T 2R A i W R R RSN SR T E 2T
Brp oy BB b KRR R G E 7 W e 2B, KRBT (10 H 17 B ) RAEAEFZH (0,-1,0,4-2)
M A R AR W Y HO R T AR SRR AL ERAE (CF (NF) AR SEE TG B 36 B SR AU a8 1S K A b | 358 53 1)
T X HAER T b AR S TR AR AN R (9 A 18 H ) &K ARk
IR A F B 0 R AR IR (04-1,0,-2) BZEK AR AR W 0 TR R AL BEZH (CF NF) |, K
AR BTN e SR ™

SR BRI HO A (5 07 B FHE ) R T AR Y6 45, K BT CO, B AR R
HACE (Light Use Efficiency, LUE) REAR ) S K RS T4 B B 2 72 T e K R AR Y BRI AR K &
B T R B T AN 2 S DT M 1 7K R IR A A G, A AR SI2 6 v B A Ak 3 A K R A 0 o TR 1 W 35 %
I, FTRERX A AR S, S5 rh B TR 20d (8 H 14 H ) SLAAL BRAT /KA ok g B 8 2 B, 3R W] B 4%t
KRR e B8 52 el TT 6 DR X0 b b 2B ) 1wl B R AR 3 Xk 200 i 1) S i TR DR T 0 A i SR Y
AR

RAAHHEEN TR 5 B0 R 0 BROCEER, AEYA B A7 —4 A LB ZHLH, 2 A1
S BORAE N (45 05 M AE R S VR, SORE e S50l FH AR A R e ) FEARSE B v K R AR RIS
t COCHR & FREMiMh CoeR & B, RIS E 52w 1 m Fr ik o3 G, 100 AR T 2 RIAR B Bk 43T
SRAER KA 53 BC A X RS20 25 SR Wy ik & i R AT, 28 T S BE r A B, 3 R e
VIt Z e A, ) A Yy A ARITE P, O AT e S B T T A, S me K A A, AT — 25 i Ja] 5
E=Rap) @] 7 SE R
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ATETEF I AR A 58 e P P 25 B XHIRT L S S A R, TR Dy s e B 119 5 12t T Lo i 4
Ity AL A3 IO P A58 AT VAR 8 1) PR R AR 1 I 1 O B AR RS S TR 30 7P i 1 3o 2 90 22 AR A
BRAEARTBIG AMEE > . fEA S b KR4S 20 N TR S RN, AR AR C ST, FeWT50 = /K Xk R4
SRR PRI AP N WE LK W7 91 S N = ) T R TR YRl (EP = iap STV~ S F i e S Wil e ORI
FW AR KA A BAT W, S L A S R R L A B R4, il SR i 1055 A R TR Y
FERT - GRAR E B H AR A KR B RSE IR SR SR 30 (7K RS 45 21 0 Bl UL R B, SR BHK RS 8 9R AR K2 3
ELN

S JTLE B E IR ILR Z — , 2SS Y AL E AR MR G, EY2 R A Ak
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