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Abstract: Changes in atmospheric composition will greatly alter future rice production. In this study, a new closed-top

chamber was used to investigate the effects of elevated CO, and O, on growth, dry matter production, and nitrogen ( N)
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uptake. A three-line indica hybrid rice cultivar, Shanyou 63, was grown under five gas treatments; ambient, CK (realtime
simulation of ambient conditions) , elevated [ O,] (60% higher than the ambient O, concentration) , elevated [ CO,] (200
pmol/mol above ambient CO, concentration) , and combined elevation of [ CO,+0, ]. For most of the measured parameters,
there was no statistically significant difference between ambient and CK plants. Relative to the CK, elevated [ O,] was
significantly related to decreased plant height and tiller number within the middle and late growth stages, with the largest
decreases (21% for plant height and 15% for tiller number) detected at the final measurements. Elevated [ CO, ] showed
opposite trends, with the largest ozone-induced increases of 5% and 18% for plant height and tiller number, respectively.
Elevated [ CO,+0,] decreased plant height (largest reduction: 7%) , but did not alter tiller number. Compared with the
CK, elevated [ O, ] greatly decreased the biomass of leaves, stems, panicles, and roots at grain maturity, with 51%
reduction recorded for total biomass. Elevated [ CO,] did not change the biomass of green and senescent leaves, but
increased the biomass of stems, panicles, roots, and thus total biomass (37% ). There was no significant effect of elevated
[CO,+0,] on total biomass and its components. Dry matter distribution in leaves significantly increased with elevated
[ 0,], while opposite trends were observed with elevated [ CO, ]. The magnitude of the combined [ CO,+0, ] effect on dry
matter distribution was smaller than that of the solo [ O, ] treatment. Elevated [ O, ] increased shoot N concentration by
29% , and it decreased shoot N uptake by 31% at heading stage. Elevated [ CO,] and [ CO,+0, ] had no significant effect
on aboveground N concentration and uptake. The above results suggested that the projected increase of surface ozone
concentration will inhibit plant elongation, tiller production, and growth of hybrid Shanyou 63. The concurrent increases in

[ CO,+0,] either ameliorated or negated the detrimental effects of O, stress on growth and development.

Key Words: Shanyou 63; Closed-top chamber; Carbon dioxide; Ozone; Growth and development

Tl A BRI T A PR K R BOR AU o A B U, Horp— A B B AR KR COL VR E 1Y
T FFF. 2 M 1800 4EAY 280 mol/mol F H R HY 396 wmol/mol' ", il 2050 4F 2 L3k F] 550 mol/mol > .
PEBE CO,MREE T FEXIRZE R 23 5 e ) SR (0,) WRBEIRTEIGHE 1Y FEVF 2 E 5%, I 4F
Sk 28T B PRGH R R PR S SIS A4 NO,, CO FIHE A PR ILALE W A HIERR , 336 6 AT E o T A e o B OR A T 7
fEh 0,7 FEF 2 W E GALEE P M 3R O, MR BE TV BT o i 0, 76 A5k 40 45 BL 7R S0 R R 1 b [X.
R O, WK FLBLAE 5 25 nmol/mol ™, KA CO, RSP THE AR, i 0, /& —Fhik
AR, P B AL A S 5 1 k — ZR 90 A PR R A 8 Ak, XA 2 7 3 T X8 AR R A 5 )RR 2 2
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W [E F5 [ FACE( Free Air gas Concentration Enrichment, H F1 25 =0 s SRR FE 1S =) AF 5T 3R B | 2438 F6
Camliffe 63 W L) X R CO, T Ek 0,17 Y SR AR RS R AR, ASBIFSONS LA 2SS RIRR I AR 63
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WRIE CO,F O X A AR AR AR K A W BT A 7 RV W% 52, LT oA e Rl AR A A= 77 X A8 A SR g 42
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1 #MREFE

1.1 REBFEE

R T 2011 F1 2012 4E7E M KPR FBE (119.42°F ,32.39°N) HOEMISAAEZE LG Fkfr, 156 15
FACRE N L, TE AR BE K B 1 000 mm , 3478 & 5 7E 940 mm , 4F-F- IR FE 15 °C 48 H BRI R]K T 2 100
h AR TR 220 . IR B ALK 32.7 g/kg, RA 1.8 g/ke, WA 126.1 mg/kg, 2 0.66
o/ kg, A 12.0 mg/kg, HRLHN 54.6 mg/kg, B 5 0.17 mS/cm, % /KFK 2.0%, pH 7.1, +3E PPk (0.02—2
mm) 5 57.9% , #3047 (0.002—0.02 mm) /5 28.4% , K7 (<0.002 mm) 5 13.7%

ARBFEFI A SRS E LT 6 (2010 AR HEK) |, HA5H 455 B2 f PR B0 IR ks 55 RERH
SR FFNEE R 380k S W F S £ B A Gl UL R A B A B R DGR ) B H AR SRR B Y AR
b, TR 0 PR A R GNNSR0S S AL, (= NI A R 1 5 B A 25 53 R A i
INKE ISR B IR e B AR ER . ARSI S 5 ANAbH, BRSOy Rk 1, Hh K==W Co,
O, T 7% 1y v i FNH ) 2% [ CO,-FACE I 0,-FACE'™ &8 (JR: T EM ) . 0,2 LAgli %A <R,
FAEFR LU AE 2% (QD-001-3A) 7746 il Model 491 B /AT 3 N O, ¥k BE 4T BIEHAS I 5 CO, R MR W
A CO, BAERIE BREN, i COMHY (LI-820) BEATSZ Wi

2012 4F 6 J 18 H¥ /KRB A, R ENAOTIR BT 6 H 29 HiRE 5 iG#E17 &
SAEFE 9 H 11 BAFIETESR, FRIis TN, AR | B R A B SR A A SO 1 S R e e ) B 4
0, A AR, CK L0, . CO, 1 CO,+O A B 5 72% 83% \72%F1 83% HIHF[A] O, 1E 7 i<,

R1 2011702012 EABEKSESHERE

Table 1 Fumigation treatments for rice growing season in 2011 and 2012

b i RS AR (]

Treatment Explanation Gas concentration Gas fumigation period

FE XTI CK ROy KARIEHKE" 9: 00 EH %

0, RV O, O, AR X 160% 9. 00 ZH%

CO, RS CO, CO, AR JEE+200 umol/mol HlZEH%

C0,+0, RHREE CO, A O, CO, AR JE +200 wmol/mol; O, A S EEX160%  HHZEHV(CO0,), 9: 00 ZHVE(0,)
(1) HARIRIE; (2) A RUDC IR . OERR LRI IO IR EE >0.3 Kix I, 2 SO A il BEEF<0.2 Kix B, 2 U HETT

1.2 MEEE

B SR N 2SRRI 63, KSR FRL,S A 21 Hi%F, 6 A 18 HE#, 171 25 cm, £k 16.7 em, 1
R/, NERHEZ . BN 15 ¢/m® MR E AR5 17 46.7% , b6 A 15 HAESEAE (5 Bt 0 5 1
60%) ,7 H 30 BRI (5 EGERE ) 40% ) ;B HREE 230 7 o/m?, BEAEAE A B R S , A 08 i
27.5% AP IRAE FHSEALER , BRUNS 5 60% , YO TR — R P . KA HE N 6 H 20 H—7 A 15 HA-EE
KIZ(Z14 em) ,7 A 16—25 H¥E/KE M ,7 H 26 H—8 A 10 H{#F/K)Z (£ 3 em) ,8 A 10 H UG TiBsE#;,
8 J1 25 HIGWiK, &EmF AT O E s, R KR ER AR K E .
1.3 il NI

AR TERE 7 dGREG) , BRI 7 d FRiCHE—IR B IXE 5 10 73,

PRI ZEEE 9% 14 d %A 1 RO/ NX T IE 3 A AR AR ) (o FH B0 RO Bt ik 8 00 % RS 0 &2
0.1 em, N TIH A 2R BEEG, R0 o2 1 T 28 - 1 SR e JR i Py i v A, e A - T 38 R T P9 26 3

T o A AR TR A R DR A 27 O TR 2R BE A, U I A R ORGSR MR AE AR 3 0, UK
FEAE IR N oty 422 25.0%16.7x20.0 em’® () 8 35K whisk, K 5 REARIER R 525, BitEEE
SR E JE Ay EIA AR 25 o BRIOER A3, 105°C AR 0.5 hy 70°C EEMET 72 h J5 R & dn B T E A 2
0.01 g, VIR ECHAS A E THE S etk T E LT,
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AR WMORAFH A (5 16 s 2525 ) & XU RRPEAE R 10 7, FF i 288 18 5 0 f gk
T iR & AR e 2R J G A A sl IR E BAL (FOSS2300, Fi -+ ) |, 43 5 I it R | 25 85 Fn A
RSB, SRS AR =F40E SRR A/ AR 39 5 RIS M &85 ) s ARSVE &R & =
K E AR N A E T Y R,
1.4 Stttk

AR T 2011 4EH1 2012 4500, BIARES5 SR B S IEAR — 20, A SCH Y 2012 A RiRIR s R . B Bl R
FH Excel 8547 JEA K8 A0 FEFN R 251, K 1 SPSS 19.0 #4781, & Ab B Mo Bk P e/ i 3 2%
% (LSD) , & E /K1 P<0.01 ,P<0.05 P<0.1 P>0.1, 535 s = +Fl ns iR,

2 EREH

2.1 HZETH R

R TR E B R G E AR R K R A KRBT TR AL S R s i3t - FRAT TR B g T
FARCARTEZE -6 3SR TIAge 25 1], 0f2R A A SR RO 2 185 05 Xk B oK Rl bk, IR B S 80 T X6 =5 4
05 .CO, | T B T B2 (14 Sl AU, Al il X B ) SRR B8 T 20T 1 AR 2% A7)

HZRE BT T TAR (target achievement ratio , SEFRIE (/52 HARME) EoRER, B 1 HRIKE
ZEIIA) 5 AN BRAF- X O MR BE (COVREE IR BE M2 DGRy, 25 RERW], © A2 -1 Ambient
(ZHPXTRR) P44 CO, MR 389 wmol/mol , CK (ZE XS AR) (0, ,CO,H1 CO,+0, A HF-34 CO, ¥ BE 4351y 402 |
421 602 H1596 wmol/mol , Xf WAL FEAY TAR {E 435124 1.03 1.08 ,1.03 F11.02, @ UK ZEHAE] , Ambient F-14
0, JZ Jy 46.5 nmol/mol ,CK .0, ,CO, I CO,+O0, AL B F- 1 O, FZ 5351 1y 46.8 .77.4 47.4 1 78.6 nmol/mol,
LB TAR AHFIFE 0.99—1.01 Z (], B 454 P 58 7% 1 (] 19 - Y30 B AU 23 ( TAR {258 1.00) , Hop
PJUREEAE 29.4—29.5°C Z ] , S 2 KRS EAE 99.9—100.3 kPa 2 [a], @ #AS2E S, Ambient .CK .0, . CO, Fll
CO,+O AL B A AR I BE 43 R 72.4% 71.3% [72.2% 70.5% F1 72.6% , %5 N XF WAL PR Y TAR 1543514 0.98
0.97.0.96 F10.99, & A LA, it IR B A4 RS B RS %, Ambient ,CK 0, ,CO, Fll CO,+0, &b Y- 24 5 1A it )&
539000 21.8.20.6,22.3 22.4 1 20.0 klx, 5 PUANEIRNTR TAR 435124 1.06,1.04,0.94 1 0.94
22 RS COLM O MKEEFmxhulif 63 # e sh A& i 52

R CO, M O XL 63 MR ShASmsem (3£ 2) : O FiAE AL A A FERS MRS B Wi I, 254k B L —
., @ BRBH)E 51 d 4, CK 5 Ambient ZbBRE LR EZER ., @ 5 CK LA (TR),0, 0 BXT )G 10,
23 F137 d PR B (BHFEAR S 51,66 F1 82 d #k =437 T FE 10.9.22.6 F1 24.8 cm, [ 1E 735124 10.8% |
18.8% 1 20.8% , 1AM B F /K, @ 5 CK i, COAFEX AR5 10 .23 37 F151 d BRI 00 &5 m {1
RS HR T 66 F1 82 d Bk ZrHI¥E N 4.6 5.4 em  YEGURSM 50 4.6%F1 5.4% , ix4% i E A B EKF, ® 5 CK A
L, CO,+O AL BN A =0 2 B 3 %) Ak v Ve A s i) (B RS 3005 51,66 1 82 d % =i 43 5l B AI% 6.0.8.4 1 7.5
em, RS 914 6.0% 7.0% 1 6.3% B85 51 d ik BEKF BT 66 A1 82 d ikt i /K F-,

Ti 2253 Hi R, O A BN S AL 5 51,66 .82 d B Y SZ MR 1735 0.01 & 3 /K7, %Rz I CO, Ak 3 2 H 5
O, B ELAE X R 25 A5 i 3435 0.05 8 0.01 8 /K,

2.3 KA CO, M O Mk BT R 63 43 BESAS 52

R EE CO,FI O X NI 63 43 BESI AR (£ 3) . (D BEE 4 T H R IHERS KRS 2L BE BB Wi, % 8
A 7 BiER 8 i KE, ZJEHARAE . @ CK 258845 Ambient T FE 2SS, @ 5 CK H Lk, O kb FE{H
AR5 10 .23 d ZEBERCE 40 511 15.6% (P=0.09) F110.8% (P=0.29) {45 37 .51 .66 1 82 d 2LBE%L
SRR 2.7% (P=0.32) 7.7%(P=0.08) .11.9%(P=0.02) 1 14.5%(P=0.02) , @ 5 CK %, CO,kt
PR AP 2R BE RO A R, (E A AR 37.51.66 Fl 82 d ZEBEEF- 43 BB N 6.3% . 11.5% . 16.2% F
17.8% 535 WK, &) CO,HT O, v B [ Bl T (o 4 45 31 2R BE RSN 1 sl sk, {HL 348 b 25 500
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E1 SEEZFPEELE CO,KRE (a) O,KE (b) JRE (c) JEAINRE (d) KRBE () MRKESN (f) BTN
Fig. 1 Temporal performance of CO, concentration (a), O; concentration (b) , air temperiture (c), relative humidity (d) , illumination

intensity (e) and atmospheric pressure (f) in sola-illuminated gas fumigation platform

F2 K5 CO,H O;REFABZIMM 63 TR EFHRSHHIT
Table 2 Effect of elevated CO,and O; concentration on plant height at different growth stages of Shanyou 63

AbFR Mz HW(HA/H) Determination data ( Month/Date )

Treatments 6/27V 7/10 7/24 8/7 8/22 9/7
A IR Ambient 41.5+0.0¢? 69.8+0.3 80.3+0.4 91.6+0.5 115.1£1.1 114.6+1.4
CK 40.9+0.1 70.8+0.7 86.8+1.7 100.8+1.0 119.9+0.4 119.0£0.5
0, 41.620.1 71.1£0.3 86.1+0.0 89.8+0.3 97.3+1.3 94.3+0.3
Co, 42.1+0.7 70.3x1.5 84.8+0.3 99.8+0.5 125.4+0.4 125.5£0.9
C0,+0, 40.8+1.1 71.4x0.9 84.8+1.3 94.7+0.8 111.5£0.0 111.5+0.2
7725041 ANOVA Results

0, 0.662 0.528 0.781 <0.001® <0.001 <0.001
Co, 0.826 0.921 0.211 0.053 <0.001 <0.001C0, +0,
0.175 0.658 0.781 0.015 0.003 0.001

DokFEe H 18 H#Hk,/27.7/10.7/24 8/7 .8/22 .9/7 /3 HIAR S FHH#J5 10 d.23 d.37 d.51 d.66 d .82 d;? & h%di oy 2 A d & 3t 24 Bk
R8> HUARBE 2R 3A 0.05 5 0.01 BEAKT,
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Tr 2GR, O, BEXT SRS 51.66 .82 d ZEEEXL5Z M3k 0.01 37K, CO, A BEXT B4k 66.82 d
ZEBERC A 43 W15k 0.1 F10.05 /KT, €O, 5 O b B FETERES 1 BEAERUN (P<0.2) .

£3 KK CO,# O iREFA T 63 B A S ETNTHIZ I
Table 3 Effect of elevated CO,and O; concentration on tillering dynamic at different growth stages of Shanyou 63

Qb MzEHW(HA/H) Determination data ( Month/Date)

Treatments 6/27" 7/10 7/24 8/7 8/22 9/7
ZE AP AR Ambient 3.8+£0.3 8.4x1.1 11.8+1.4 13.7+0.2 14.8+0.0 14.4£0.0
CK 4.0£0.2 8.1+0.6 12.5+0.1 14.1£0.2 14.70.3 14.120.2
0, 4.6+0.0 9.0+0.0 12.2+0.3 13.0£0.3 12.9+0.1 12.0£0.2
co, 4.1x0.3 9.0+0.1 13.320.0 15.7+0.1 17.0+0.3 16.6+0.4
C0,+0, 4.320.6 8.8+1.4 11.9+1.2 12.9+0.8 13.1%1.1 12.8+0.9

75 224381 ANOVA Results

0, 0.292 0.745 0.223 0.011» 0.008 0.006

COo, 0.740 0.659 0.638 0.170 0.088 0.038

€0, +0, 0.556 0.506 0.445 0.114 0.131 0.190

DokRE 6 A 18 HEB 4k, ik 6/27.7/10.7/24 8/7 .8/22 .9/7 43 B A5 10 d.23 d.37 d.51 d.66 d.82 d; Eh&d ly 2 A~ A L 24
MROAKRE T3 (85 ) MR B FR 3k 0.1 LIE 8K,

2.4 KA CO, R O, ¥ BEFH R 63 oAz 7= 5 43 B i 52 i

W 63 A= #y 7= WLl 2a, 25 558 . D Ambient 1 CK /KR4 kk A= M) F 243501 4 93.8.90.4 ¢ /', TG
WBEES, @ 5 CK ML, O, BN 63 kAW Y TR 45.7 ¢ 7" FRIEIR 50.6% , 545 8 3 7K,
@ 5 CK #ik, CO, A FRAE Sk A= W 2 V-2 38 0 33.4 ¢ 7" AR IE 37.0% , 5 B E KT, @ CO,+0, bR 4
PRAEYIEIEA FRE(-5.7%) , Kk B EH K,

kAR S E AR R 2 A (E 2b-f) ;D Ambient fl CK KA E R EYEB LR E LR, @
55 CK M, O, Ab BT 88 A= 4 8 G S 58 ) ARl et K0 R REFIAR 3R 2B 4 2 430 T % 37.3% .52.3%
54.4%F1 68.5% , 3493k 0.1 K LL EWEKFE, @ CO,AbHE X i F B AR My e 1 0 25 5 ) {ELfd 258 Rl
FIAR 2R A= Wy 43 A 39.4% 49.4% 1 51.6% , 735135 0.05.,0.01 F10.1 fBEKFE, @ CO,+0,4b PR 4445 B
GR/N 2 uN T SRR (ERS P SINTE /G

THR R (gt + 3t ) 250 RRRERIAR 3R G etk AR i L], 45 R 5 T 3% 4, O Ambient Al CK /K
M Fr ZEEE REEAR R e R G R EES . @ 5 CK AL, O, 4 i h 2 bkA YR
FLAE 4750 52.3% ( P<0.01) (B 255 AEFEAIAR R b ik A9 &8 1% Ee 9] 0 3 SR 3.6% (P=0.12) 8.1%
(P=0.17) fl1 34.5%( P<0.10) , ® 5 CK #H L, CO, ALBRAE M - 258 b kR A= 9 (0 L2 R R 27.1% (P
<0.01) ,5.5% (P=0.02) , HREREFIAR 2 o5 4 Bk A= Wt 19 EL A 43 30 3849 9.0% (P =0.13) 11 12.5% (P =0.37)
@ CO,+0, AbHf A= Wy i 78 I e FZE 8 R A9 20 B L 41 53 3 T F% 10.5% (P =0.11) F1 11.3% ( P<0.01) , i i 4= 4
S TERERERIRR 28 P 0 3 i LU (M 386 | 249 3K i 25K

J5 2200 R W, 0,50 CO AL FIXS Rk E Wit Aa B (MR 258 FEREAIAR &) AR Wi SO S ek A=)
Y H B B SO B R, CO, 5 O, I BAEXT R AR Wi I R R 7 4k A 0 1 EL B 17 5 i 2438
ITE 307 STV SN
2.5 KA COL RN O e BT+ RHILAL 63 AR & 203 AR UL Y 52 0

W 63 FFEHA S B 2 AN RXS AN [F AL H G ma i WL 3, O CK KRG 45#% B R HE I AR iR 7 Z0R Y
5T Ambient /KRS, Hoir i 5 A B N RSB 0.1 F10.05 BE K-, @ 5 CK AHEL, O, Kb BEX - H 5
N SR R (2SR R A N SR53 BIIHE N 83.19% (P<0.01) F120.3% (P=0.03) , i Ifi ffi [ FoAt bk
N ZH128.6% (P=0.03) , @ 5 CK MLk, CO,AbFEXT 258 & N FT0 @ 5 m , (B i R b b S m ik
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150 ANOV AResults: 18 ANOV AResults:
= 0;3: P<0.001 * P 05: P<0.001
Z CO,: P<0.001 Z CO,: P<0.005
50 ns CO,X0;3: P=0.084 e CO,X05: P=0.021
< 100 F o S 2F
g 4 ok = 2 ns T ns
g g T T ns
H 2 fj S 3 2
o = ° *
HE st * ®E 6
< 5
=} 5]
= =
G
= S
0 1 1 1 1 0 1 1 1 1
Ambient CK 0; CO; CO, X 04 Ambient CK O3 CO; CO, X 05
9 ANOV AResults: 36 ANOV AResults:
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Fig. 2 Effect of elevated CO,and O; concentration on biomass yield of whole plants and its components of Shanyou 63
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Table 4 Effect of elevated CO,and O; concentration on dry matter distribution at grain maturity of Shanyou 63

Ab T MR AR A KR Ry R e G kY &R ek ey R
Treatments 1 e Bl % 1 HL B/ % 1 HL B/ % 1 e Bl %
A IR Ambient 15.1£0.7 23.8+0.9 46.8+0.6 14.3+2.2
CK 16.6£1.3 23.5+0.3 48.7+1.8 11.3+3.4
0, 25.2+2.4 22.6+0.4 44.7+1.6 7.4+0.4
Co, 12.1£0.5 22.2+0.3 53.020.8 12.7+1.6
C0,+0, 14.8+1.3 20.8+0.1 52.0£0.4 12.3£1.9
T2 ANOVA Results

0, 0.000 0.033 0.001 0.049
co, 0.000 0.033 0.001 0.049
C0,+0, 0.000 0.778 0.364 0.044

DHUABUE R AR L 0.05 LB EAKE Y B HE N 2 D EIE 12 MoK RERE .

& N F5 80 8.6% (P=0.08) 17.0%(P=0.03) .11.0%(P=0.09) , @ FHE CO,+0 X KEHAME T N
FFNH b AAERR S N A IR E 0.1 LLE B2 KF
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Fig. 3 Effect of elevated CO,and O; on nitrogen concentration of leaf, stem, panicle and above ground of Shanyou 63
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Fig. 4 Effect of elevated CO,and O; on nitrogen uptake of leaf, stem, panicle and above ground of Shanyou 63
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