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Effects of ozone stress on photosynthesis, dry matter production and yield of rice

under different seedling quality and plant density

PENG Bin',LI Panlin' ,ZHOU Nan',LAI Shangkun',ZHU Jianguo’, YANG Lianxin"" * , WANG Yulong'

1 Key Laboratory of Crop Genetics & Physiology of Jiangsu Province, Yangzhou University, Yangzhou 225009, China
2 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China

Abstract; Rising tropospheric ozone concentration constrained plant growth and thus result in yield loss of rice. However
little is known about response of growth and yield of rice to elevated ozone concentration under different cultivation
measures. By using an advanced FACE (Free Air gas Concentration Enrichment) system, hybrid rice cultivar shanyou 63
was grown at ambient ( A-O,) and elevated ozone concentrations [ O, ] (E-O,, ambientx1.5). At transplanting, week
seedlings (no tillers) and robust seedlings ( with 2 tillers) were selected and planted with 3 spacing levels: low plant
density (16 hills/m’) , medium (24 hills/m’) and high plant density (32 hills/m’). Results showed as follows: Ozone
stress decreased the SPAD value, net photosynthetic rate (P, ), stomatal conductivity (G,) and transpiration rate (7,) of
flag leaves, but there was no significant effect on intercellular CO, concentration( C,) or leaf temperature( 7,). There was

no significant ozone effect on dry matter production before jointing stage. However, elevated[ O, ] significantly reduced dry
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matter production from jointing to heading stage and from heading to maturity stage by 13% and 29% , respectively. As a
result, reduced dry matter accumulation at maturity stage and significant yield reduction were observed at harvest. The
analysis of variance showed that seedling quality by O, interaction was not significant, but significant interactions were
detected between O, and plant density for yield. The above results indicate that ozone stress significantly inhibited
photosynthesis of rice during late growth stage, which result in reduced dry matter production and yield loss of rice. Ozone—

induced yield loss could be mitigated by appropriately increasing plant density.
Key Words: rice; ozone; photosynthesis; growth; yield

NG B 3 B BR K IR 1) — 1 i 3 AR LR R T 2 AR (0,) W T, 3R Z KR AF o,
WM TAL AT RTAY A 10 nl/L G - FH3 HATH 50 nl/L 47 (28K 8 h F) 2, 4R 4/
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(AR B A5 TR A8 AT, A R R VAL RS A8 A X VE 9 7=t SE B il A e A ak ) L AR T B RFE Stk iy
[ L4 FACE V&  ASHAR H 20 i i R b2 SR BB, DABBURR SRRl £ 63 Riata bkl 2 o vk ko T
IR REAEAN [ 1 28 0 RIS R 2 B8 A Ok s e 3 L 4 07 1) 2 S S L mT B i DR LM Sy i b J 2 B S0V B T
TEIE T B EREAE AL 7= 038 W SR 4R R i
1 M#REFE
1.1 R HTS SRR 4 FACE P&

AR AE T E 0,-FACE MFRE A6 LT, (i TR LA T /N E i R AP 7150 B (119°42/0"E ,32°
35'5"N) iR H 7 X AR K i 980 mm A4y, AR ZR8 & S KT 1100 mm , 4FF-2iR B 14, 9°C 4F H if
) AT 2100 h, 4FFX TR 220 d, BEE T SO KRG -4 /N2 56, R0 B - 38 A0 R v e + | - e bk
M AT HLRR 18.8 g/kg, 2 N 1.58 g/kg, 2 P 0.67 g/kg, 2 K 15. 1 g/kg, AL P 10. 8 mg/kg, AL K 72. 1 mg/
kg, ZKH 1.23 g/em’ ,pH 7.3 RV E3H 4 N IE/\MAIEH) FACE 5618 ( A% 14 m) F1 4 4t IR 8, 43
B SR ALY 120 m® , FACE P8l 8] A& FACE &5 %) i 8 2 8] i 1RI B R T 70 m, LA/l O, BEHow HAth 18]
IS, FACE P8l J& Bl 18 (1 TAEW )2 FJ7 50—60 cm &b) b /NFL I Bl vho o s 46 0, AU, iHEHL R
SR AR P P o B 0 R e A A Y O, v B R ) AN XU A5 R ZR E SR O, RECAY B K U 1),
FACE J& .0 Sl 20 E O, W MR 2R R R O, WREETS 50% . U7 A 1 HIFUR B ZE K R, &
KW FEI A 9:00 2 16:00, 24%FREIE O, WK T 20 nL/L ., F FAIEE K 25 1 s F 380 DL AS TE 0, 430
A KB 5 A S5 B MR 5, IR K R B4 2 K 2 FACE Rl N SEB F- 48 0, W EE He ot AL O, W E 8 i
Y)27% ., X ERHHOE A 4% FACE B, HAREE A0S A ARIRE —80" L #5508 5 W BORUZUY FACE
Rl () BBURE S AT 30X N EAT , B AX N FACE PBIESAE 1.5 m DA X, 13X — X O, MR hFa e, B 1N
FAFEAS I FACE AT HRRE O, ¥R A fb i,
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Fig.1 The change of day time 7 h mean ozone concentration during ozone fumigation

A-O; : Ambient O5 concentration , #5% B4V Ji ; E-O5 ; Elevated O5 concentration , 5 ¥ i 5L 44

B, BUE N 2R 15 o/m®, Hp e H 19 HEAE 4 8 N 219 50% ,6 H 25 HABERE 5 Bifi N 211
10% ,8 H 6 HAEAC & Gl N 2= 40% , P K ARVESERC G, i H =R 7 ¢/m®, KSR 6 H21 HE T
H3 HEFRREKE,7 H4 HES A S HIHT 2 W MM ,8 H 6 H LS B BRI RE (FFAEIA R RR K ), Wkl
10 HWK, 3B 7 BRL B A R KR B A KRR o
1.3 Ikt

AGRIE Ry 2R EG , BRLAEVR E R E IX, B AR AR X, 5/ N 4 R, B R B BOH R
SSEPAIKF o S 59 B R B AR BRI DX R A DRy 55 DX 21 TR B A R DX L ]
TR P AL , A% A B R B 40 BE A APHET , AR ArBE N 55T, BRI, S9N B (16 7/m” , BRATHE Y
F25 em) P (24 50/m” BRITHE N 16.7 cmx25 em) FIESEE (32 70/m”  BRATIE A 12,5 emx25 ¢m)3 4~
IR HE R % B AR R AN K
1.4 WENEMTTE

M AR S5 R LI-6400 3 06G R G ML (LI-COR, USA ) ZEH R IA Al AR /S 15 d I 7K
RGO A H R (P,) AILFEE(G,) MM CO, WIEZ(C,) ZEBHAR(T,) MR (T,) . BA/DNXIE 6 1
G 76 10:00 2 16:00 TG, BT SRS S H0E B BRI, e AT i SR 3g 3
S0 5E 7 S M PR A5 ]« A 45 R BRIAME 500 mol/s , 38 35t B AEEE P4 148 I Tl B 70 PR BS UL B Al +6°C
N DI RERE TS P i s A G A A AR ST 9RE N 1200 wmol - m s @t F3 B RFF CO, W EFE
380 pmol/mol,

M SPAD {i : ZESMAE I A3 AUS 20 d SR SPAD-502 M4 2% ( Minolta , Japan ) ] %€ /K A5 &1 SPAD {4
(soil and plant analyzer develotrnent, 3878 M2 Z AT &) | BEA/INX M E 20 5K S0,

AW AERCTT I AR | BT A A BN R A 100 S SRR R RE 6 <, 4350 I A2 M
RS E T (105°C AT 30 m,80°CHET 72 h) , LTSk 3 T8,

SRR I 7 R A S50 P [ 1 B (R AR 8 ) SR HURE 80 /(& 4 m® A4 ) T SR HLER i
7, I A5 /N XK R S = i
2 ZERE5H
2.1 YRS

ANRARBE A R B O, XHilifE 63 43P B R SR s m 5 136 1, e ml A, (1) HAl 41 1 il Ak
AN RS B R B S 0 1 HE S I 49% 23 % 1 28% , 22 458 i B W E K, (2) K FE TR
Yy 5 R SR e B RS ok 2% T I B, 25 53k B s KO (3) SR EE O, (R B SR AN s 2
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Yy R ZR 253 BRI 3% 11% F122% SRR B ki 2 K . MORRIBRE R A , 559 41 4l
FEFN I 53 AR 4% 10% 26% AL A B 93 BIFEAR 0. 2% 12% 17% ; NANTRIE B2 & IR FE K
TR 107 2 75 W1 AR 8% \10% 33% , H e B /KRB B 24 B B0 43 SIEAIS 19% \13% \21% , 5 3 B 4 T /KA
Xof A B A IREATG 2% (9% \19% , B A2 FE TR 0T A1, e A 30 R 22 30 250 3k B8 8 mlpt K, (4) 2%
Oy MT AR | BL AR JE 10 B AR X G i I AR 2R 1 R i 5K B KT

F1 FEAREERMBHTES G TREMEXL 63 FE 4 & H YRR E RN

Table 1 Effect of ozone stress on dry matter accumulation of Shanyou 63 under different seedling quality and plant density
AT Jointing stage s A Heading stage iR i Maturity stage

M W

] ) A-0, E-0, A-0, E-0, A-0, E-0,
Seedling Density ’ ’ % ’ ’ % ’ ’ %
/(g/m*)  /(g/m?) /(g/m*)  /(g/m’) /(g/m*)  /(g/m)
B IR 15910 146+7 -8.2 825+35 746+23 -9.6 1427467 95922 -32.8
Week T 200+7 20713 3.2 88918 82633 -7.1 153359 121949 -20.5
seedlings R 269+9 250+3 -7.1 1036+38 900+36 -13.2 175333 128+34 -26.0
M rp g i 28247 267+3 -5.4 115543 942439 -18.5 1855+78 1470145 -20.8
Robust s
. o B 33118 34411 4.2 112855  1066+33 -5.4 186067 162334 -12.7
seedlings
ANOVA 0, 0.243 0.009 0. 000
(P1H) FLE (S) 0.007 0.012 0.026
(D) 0. 000 0.008 0.034
0,%S 0.341 0.542 0.328
0,%D 0.329 0.622 0.043
0,XxSxD 0.645 0.764 0.439

B A KA AR B B B A r= s s i g 6 20 s nl A, (1) Hva 4501 A s 2 %
BB 5 A TR A LSS N 17% 13% T4 38 B K. (2) AR T KRS Zhil
W oA i T 3 2 S (LR 2 s A I A e A A 3N S RN, (3) MR O, (HIR Y
ZRRE HhE G A PR IR 13% 29% 3k WA B K, MAIRIBLE ZRE , IR
AT A R A S R T A P A IR AR 10% 35% X AR B B BEAT IR AR 16% F122% |, ¥3k
U KO s MR RI RS AR B B R, (% B /K AR X o2 A T B 43 0 KK 10% 1 65% , Hh o BE K Rk 1o A=
B B3 I R AIR 14.9% 1 25 % v 5 FE 7K A0 I A B B B 0 I AT 12% F1 19% |, Fili s 28 i 01 349 36 1 2 sl b
FKW (4) Fr 25T R BN [k B 16 il 1] 19 VR S4 A 8 B 35 /K-

#2 FARERRMBRTESEG TREMEIUR 63 RAEERBETHRESROZM

Table 2 Effect of ozone stress on dry matter production of Shanyou63 under different seedling quality and plant density
P E I Jointing to heading stage AR PUY] Heading to maturity stage

z:;ling [)Lz;eiily A-05 E-05 % A-05 £-0; %
/(g/m*) /(g/m*) /(g/m*) /(g/m*)
ST I 666+33 60037 -9.9 60263 214+47 -64.5
rhE 644+23 612+44 -5.0 68966 51316 -25.5
T 76738 650+56 -15.3 716246 57560 -19.8
T g% B 87345 67542 -22.8 699. +114 529112 -24.4
1R 79738 72238 -9.4 69333 56124 -19.0
ANOVA (P {8) 0, 0.018 0.000
B (S) 0.032 0.103
(D) 0.174 0.029
0,%S 0.456 0.528
0;%xD 0.776 0.441
0,XSxD 0.874 0.573
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2.2 WRAEZHRSE

R O, XPlipE 63 &5 SN J RS S E s g T3k 3, ARIBE R R sRRIBARE EA T
KRR TR SHIN T BEZES AT — 3, &8 (B MRS 15 d ih R o f ik
(P,) X5 BIREAR T 18% (P<0.01) F132% (P<0.01) , fhA5 15 d ARSI B TRy, =S i
FEHIFAAM AR 15 d MR SALSE (G) P43 BIREAR T 38% (P<0.01) Al 42% (P<0.01) , AW AT 5
LlE] CO, YR BE (C,) ol E e, UEH Mk B O, SABE Tkl P, FREIFE CO, AR ZBRATE, ki o, fif
TR AR 15 d M 280535 (T) 2 BIFRAR T 20% F123% , 133K 5 35K | i i3 ( 7)) TG W38 52
D5 2553 Wi 2B R [R1Ah BE [R] (9 EAEXT L3R B SRS B S0 S i 35 0 B 5 )

®3 ARABEERNBHBESET O, BEXHLRE 63 it SRS HHF M

Table 3 Effect of ozone stress on gas exchange parameters of Shanyou63 leaves under different seedling quality and plant density

A8 Bt BRE B4 HOLH R P, SIS G, Mala] co, HeE C, KB T, & T,
Stage Seedling  Density Ozone /(umolCO,m2s™")  /(mol H,0 m2 s7')  /(umolCO, mol™) /(mmolH,0 m2s™") /C
i ST R A-O, 17.1£1.7 0.59=0. 12 282.7+3.4 13.8+1.1 30.70.3
Heading stage E-0, 13.0+0.5 0.36+0. 02 277.0 +6.0 11.0+1.0 31.8+0.8
EERE A0, 16.9+0.5 0.65+0.04 288.7+2.5 14.7£0.7 31.120.5
E-0, 13.7+1.0 0.43+0. 07 283.2 +4.8 11.920.3 31.5 20.9
o mEE A0 16.3+0.7 0.65+.02 291.5+5.0 14.4+0. 1 30.7+0.5
E-0, 14.7£1.0 0.39+0. 01 274.3 +4.9 11.420.6 31.3 1.0
ANOVA 0, ® o ® ns * ns
05 %S ns ns ns ns ns
0,xD ns ns ns ns ns
05 %xSxD ns ns ns ns ns
MEE 154 8 BR&EE A0, 14.1£1.5 0.38+0. 11 281.5+4.2 10.6+1.2 29.4+0.4
15 days after E-0, 9.820.9 0.24+0.04 265.8 +3.9 7.8+0.7 29.920.6
heading EEE A-O, 15.0+0.7 0.40+0. 08 291.7+4.5 11.220.9 29.1+0.3
E-0, 10.30.6 0.19+0. 09 273.3 £5.6 8.02+0.5 29.8 0.8
Ho EEE A0, 13.940.7 0.43+0.04 287.5+6. 1 10.120.6 29.2+0.4
E-0, 9.820.6 0.27+0. 07 279.2 +6.2 8.620.5 29.6 0.9
ANOVA O, - . ns « ns
0; XS ns ns ns ns ns
0;%xD ns ns ns ns ns
0;xSxD ns ns ns ns ns

% % P<0.01; # ,P<0.05; ns: A3

2.3 0f A SPAD

FLE R XS KRGS S A SPAD B AR T8 2, b R0, AN [l B i 28 ol B o 4% 13 2 14 R /K
MR SPAD {4 TC 3 22 55, D B B0 — 3%, S AU ae il S A B M ARLS 20 d i SPAD B35 43 1
fiKT 12% (P<0.05) F123% (P<0.01) , 35 20 d A4 R4 IR & K T HiRE] , R IR RS 8 R el B AR % 2 1 F
IR —
2.4 FpRiTiE

TG 63 WK AN 5 e SE PRy (8 3) o S5 ARF I 1 A55 BT R 8 5F- 344390k 669 ¢/m* HT 582
g/m’ 225K BEIK-, K RN AR R OK RS 4 R 558,616 Ml 647 o/m’, LW EEF ., S
0, FKFEFEII ™ 16. 2% , 54 83 K, Hod 55 8 FUH B 20 300 14. 9% 17. 9% A% B AT
A3 17.2% 15.7% 1 15.9% , 33K 0. 05 KN, J5 220, 5L UR 5 B BLAEXDRFRL ™ & 19 52 i)
K EKF-(P=0.04) H AR | S4B < 25 B ] 1) AR A R GR 1 7KK
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70 ANOVA results: ANOVA results: B E-03
2 Os: **; O3 X B8 ns; O3 X i ns O3:%%; O3 X B BE: ns; O3 X Pyl ns
§ 60 - O3 XZEHEXB: ns O3 X % B X il ns
2

L ns

% 50 * * * ns
G
S 40 F ¢ *
3 $ok y *
b
S 30 F
<
& 50l
EiN
=

10 -

0 | | | | | |
LD ‘ MD ‘ HD HD MD LD ‘ MD ‘ HD HD MD
917 Week seedling H:1 Robust seedling 5971 Week seedling H:# Robust seedling

LD

3 it

R RS AU A I R WA . AFTER ], LB (L 63 25520 - SPAD {EI W R, #i
TS 20 d FEIE] R TR (16 2) 31X Olsayk! ™ AE A S AB A R— 8, M2 EMMEZHE,
S WHBTERIA Bt R A RN, o HO B R AR, A R DX 6 it | (s At | Ak B 32 2 R )
AT S ARSI R B, HEBREE LUk E 125 27 % R AL FRAE UL AR 63 AR ANANER)S 15 d Mgl &8sy
SRR T 18% F132% (3% 3) , Wi [E) RS R B B 3 SR 34 S5 i) FACE 7 xhilifle 6312 R 2
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Fig.2 Effect of ozone stress on SPAD values of Shanyou 63 leaves under different seedling quality and plant density
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Fig.3 Effect of ozone stress on grain yield of Shanyou 63 under different seedling quality and plant density
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