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Combined effects of elevated ozone concentration and warming on photosynthesis

of rice leaves

ZHOU Yuqing, XU Yansen, HE Longxin, ZHANG Yujie, FENG Zhaozhong "
Jiangsu Provincial Key Laboratory of Agricultural and Ecological Meteorology, School of Ecology and Applied Meteorology, Nanjing University of Information
Science & Technology, Nanjing 210044, China

Abstract. Rising tropospheric ozone (O,) concentration and global warming caused by anthropogenic activities have
severely affected crop growth. In this study, japonica rice Nanjing 9108 was used as the test material based on the free-air
O, concentration and temperature enhancement ( O,-T-FACE) system. The O, concentration were set to ambient O,
concentration (A) and 1.5 times ambient O, concentration (E) ; the warming treatments were set to ambient temperature
(CK) , canopy temperature + 1.5°C (+1.5) and canopy temperature + 2°C (+2), respectively. The photosynthetic rate
and chlorophyll content of rice leaves were measured at the middle and late grain filling stage to clarify the combined effects
of elevated O, concentration and warming on photosynthesis. The results of two years experiments showed that compared with
ambient O, concentration, elevated O, concentration had no significant effect on the photosynthetic indexes of rice leaves at
the middle grain filling stage, but significantly decreased the saturated photosynthetic rate (A_, ), stomatal conductance

(g.) and chlorophyll content of rice at the late grain filling stage, with an average decrease of 31.3%, 19.9% and 30.7%,
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respectively. The effect on intercellular CO, concentration ( C,), electron transfer rate ( ETR), water use efficiency
(WUE) and other indexes were not significant in the two years, suggesting that elevated O, concentration induced
reductions in A_ was mainly due to the decrease in chlorophyll content, rather than the stomatal limitations of CO, transport.
Warming significantly reduced the A and g, at the late grain filling stage of 2022, significantly reduced the C,;, and
increased the WUE of leaves in the middle and late grain filling stage of 2021, but had no significant effect on other
photosynthetic indexes and chlorophyll content. The open experimental conditions of O,-T-FACE platform are greatly
affected by the environment. Significant differences in the response of leaf photosynthetic rate to elevated O, concentration
and warming across years at the late grain filling stage, as indicated by large photosynthetic loss in 2021. There was no
significant difference in the effects of different warming ranges set in this experiment, suggesting that it is not enough to
produce high temperature stress on the tested cultivar by increasing canopy temperature 1.5—2 °C under open conditions.
No significant interactions were detected between elevated O, concentration and warming on leaf photosynthesis and
chlorophyll content in this study, suggesting that high concentration of O, and air temperature will not induce synergistic or

antagonistic effects on the photosynthesis of the tested rice cultivar.

Key Words: ozone; warming; photosynthetic rate; stomatal conductance; water use efficiency; chlorophyll
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Fig.1 Averaged daily ozone concentration of 10 h in the O;-T-FACE system under different treatments during the experiment
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F1 RE(0,)REFSMER(W) MER(Y) ZRITKBHEREMAGERA, ) MSILSE (g, WHFESNER(PH)
Table 1 Analysis of variance (ANOVA) of the effects of elevated ozone (O;) concentration, warming (W) and interannual (Y) variation on

leaf saturated photosynthetic rate (A_, ) and stomatal conductance (g ) of rice ( P-value)

AF W 52 FE A 0, W v 0,xW 0,xY WY 0, xWxY
Growth stages Index ‘ ‘ : ‘

HEH I A, 0.17 0.33 0.50 0.95 0.06 0.70 0.92
Middle grain filling stage g, 0.19 0.34 0.09 0.98 0.42 0.92 0.65
MR IEM A <0.01** 0.15 <0.01** 0.77 <0.01** 0.29 0.83
Late grain filling stage g 0.21 <0.05" 0.09 0.09 <0.01"" 0.64 0.47

R F 2021 4F W EHON TR WUE, R REAK T iR C, 1 2022 4R T R 52, O W FE FHE vt
WUE | C, (152 M P AE R R 35 3P (1] 4) o SPRBEIRBEAR LU, 35T 2021 47K gt - WUE B4R #E7E
N C AR S AE R P 3R 2 KO 2R RN IR 204 B K-, R, WUE Fl C Az 34 R i
AR AR R B A IR R K. O, Mk BE T RS IR X i R WUE Rl C 5 6 5 R 8 i E MK, 0,0k
T IR FNAR BRI A BN RE S S T - WUE Fil C RS2 ARGk W A (R 2)

£2 RE(0,)REFE MEMEIRE RO B BB K SF ALE(WUE) FIIE CO,MRE (C) A EMTER (P ()

Table 2 Analysis of variance (ANOVA) of the effects of elevated ozone (O;) concentration, warming and interannual variation on instant leaf

water use efficiency (WUE) and intercellular CO, concentration (C;) of rice ( P-value)

Sk R (O W Y 0, xW 0,xY WxY 0, XWxY
Growth stages Index

HES P WUE 0.46 <0.05" 0.15 0.89 0.34 0.83 0.56
Middle grain filling stage C; 0.38 <0.05" <0.01"* 0.88 0.43 0.76 0.63
HEH I 3 WUE <0.05" <0.05" <0.01** 0.09 0.77 0.11 0.56
Late grain filling stage C, <0.05* <0.05* <0.01** 0.09 0.40 0.09 0.63

WUE . BB 7K 40 R FHREER Water use efficiency, C, . it fa) CO2WTE Intercellular CO, concentration

O, R T W R T 2021 AR K R HE S I F By /Fm' | 111 2022 A 7] i 310 i 25 52 00, 4 3 2548 n
PIAERER G I B ETR (B S) o SHBERS O, MR EEAH LG, O, ¥R B TH= XTI i ETR TG 35 52 0 5 55 855 T FE A
Eb, B /K FEVE SR b It R ETR TG 2 3 52 ), (H 5838 0 T 2021 45 R0 2022 45K S Wt B ETR (P<
0.05) ., SEEERA O, WEHI L, O, W THiE S8k 2021 AEHE 5 W0 A Fv'/Fm' 38 R % 21.5% ( P<0.01) ,
HAd B TC 25 5200, SRR R B/ Fm JC R E S0, O, Wk BE = ALEG IR XTI ETR By /Fm' 9 &
S A TR 25K . O, VR TR 5 41 B 28 B0 B S 5 v/ Fm (5% T 25738 (8 25 7KOF- . B R 5 4F
PRag BN XHES R I A ETR S0k 8 K (£ 3) .

R3 RE(0,) REAS WEMERERIMKBHFNEFERER(ER) MXRE N AFIRAUFEFFTE(HV/In ) NAFESHER
(P 1)
Table 3 Analysis of variance (ANOVA) of the effects of elevated ozone ( O;) concentration, warming and interannual variation on leaf electron

transfer rate (ETR) and photochemical efficiency of photosystem II in the light (Fv'/Fm') of rice ( P-value)

AF W 5 8 b 0, W v 0,xW 0,xY WY 0,xWxY
Growth stages Index ‘ : :

HEH I ETR 0.15 0.80 0.94 0.83 0.77 0.85 0.68
Middle grain filling stage Fv'/Fm’' 0.07 0.42 <0.01** 0.29 <0.05* 0.15 0.50
MR IEM ETR 0.05 <0.05* <0.01** 0.67 0.94 <0.05" 0.68
Late grain filling stage Fv'/Fm' <0.01"" 0.28 <0.01"" 0.79 <0.01 " 0.09 0.56

ETR . B &3 # % Electron transfer rate; Fv'/Fm’ . GRG0 L A ROGILA 5T 77 & Photochemical efficiency of photosystem II in the light

2.2 O MR T MR KRG SR 2R B 15 )
O, 1R P Tt 25 W B B AR T PR AE /KR HE 3 i S i 2 i, B IR I R I 28 28 35 2 WA 2 0 B 35 52 i)
(K 6), SRR OB, 32 O, W T = BIF2I , 2021 4EF1 2022 SRS 5 A b 4 25 5 1m0 ) (i 3
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Fig.6 Effects of elevated ozone (0;) and warming (W) on leaf chlorophyll content of rice during grain-filling stage
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Table 4 Analysis of variance (ANOVA) of the effects of elevated ozone ( O;) concentration, warming and interannual variation on leaf

chlorophyll content of rice ( P-value)
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