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Effect of exogenous ascorbic acid on photosynthesis and
growth of rice under O3 stress

XIE Ju-Qing', LI Guo-Xue', WANG Xiao-Ke?, ZHENG Qi-Wei’, FENG Zhao-Zhong®

(1. College of Resources and Environment, China Agricultural University, Beijing 100193, China;
2. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences, Beijing 100085, China)

Abstract To clarify the effect of changing troposphere ozone (O3) concentration on rice growth and inhibiting effect of exogenous
ascorbic, the effect of exogenous ascorbic acid (ExAsA) on rice photosynthesis and growth under O; stress was investigated using
open-top chamber (OTC) in rice field. Analysis shows that photosynthetic pigment contents, gas exchange parameters, net assimila-
tion rate (NAR), relative growth rate (RGR), and grain/leaf area ratio of rice notably decrease under O; stress. Chlorophyll a (chl a)
level, chl a/chl b ratio, photosynthetic rate (Pn), and transpiration rate (Tr) significantly increase, whereas chl b and stomatal conduc-
tance (GS) have no obvious change after ExAsA application. The effect of ExAsA on NAR, RGA, and grain/leaf area ratio is notable
under Os stress, and is especially remarkable for grain/leaf area ratio. This demonstrates beneficial effect on coordinated development
of source and sink, which forms the basis for improving rice yield and quality.
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Tab.1 Effect of ExAsA on photosynthetic pigments of rice leaves under O3 stress

03 05 level (nL-L™")

Item Treatment 5~15 (CF) 20~50 (NF) 95~105 (0 1) 190~210 (O1I)
aChla 0; 1.60+0.11a 1.40+0.08b 0.84+0.06¢ 0.73+0.06d
[mg - g”' (FW)] O3+ExAsA 2.01£0.09a" 1.96£0.05a" 1.2240.03b™ 0.810.03c¢
b Chl b 03 0.44+0.01a 0.43£0.01a 0.23£0.01b 0.19+0.01c¢
[mg - ¢! (FW)] O3+ExAsA 0.45+0.01a 0.43+£0.01a 0.24+0.01b 0.19+0.01c
al b 0; 3.62+0.34a 3.26+0.14b 3.7240.11a 3.89+0.352
Chl a/Chl b O3+ExAsA 4.43+0.13b" 4.50+0.14b" 5.17+0.14a"" 4.30+0.45b
Car 0; 0.50+0.03a 0.48+0.04a 0.38+0.01b 0.36£0.01b
[mg - g (FW)] O;+ExAsA 0.51£0.052 0.51£0.01a 0.46£0.01b" 0.42+0.016™

5% , ¥ ** P<0.05 P<0.01 t s Different small letters in the same row stands

for significant difference (P<0.05), * and ** indicate the results of t test at P<0.05 and P<0.01, respectively. The same below.

F2 ExAsAX O;BrBETKEMHRASEE., EEREMSILSENE M
Tab. 2 Effect of EXAsA on Pn, Tr and Gs of rice leaves under O; stress

(o 05 level (nL-L™")
Item Treatment 5~15 (CF) 20~50 (NF) 95~105(0 1)  190~210 (O1I)
03 10.5£0.9a 10.4£0.5a 7.7+0.6b 5.8+0.7¢
Photosynthetic rate [pmol (CO,) -m™2-s™'] 0;+ExAsA 13.8+0.7a" 13.0£0.7a" 9.5+1.3b" 8.5+1.3b™"
0; 601.4+26.6a 599.7+16.2a 276.1+38.6b 269.1+29.9b
Stomatal conductance [mmol(H,0) -m™-s7"] O;+ExAsA 584.2+30.5a 571.1£33.9a 262.84+24.7b 256.0+34.9b
0; 4.3+0.5a 4.6+0.7a 3. 7+0.1b 3.120.4c

Transpiration rate [mmol(H,0) -m™2-s™'] O;+ExAsA 4.8+0.7a 4.9+0.6a" 4.3+0.4b" 3.7+0.6b"
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Tab. 3 Effect of ExAsA on net assimilation rate of rice under Oj stress g(DW) m?2ed’!
(- ) 05 05 level (nL-L™")
Date (month-day) Treatment 5~15 (CF) 20~50 (NF) 95~105(0 1) 190~210 (O1I)
07-18~08-04 0; 3.07+0.16a 3.06+0.01a 2.2140.39a 0.65+0.02b
O3+ ExAsA 3.71+0.06a 3.42+0.04a 2.2540.43a 0.870.03b
08-04~25 0; 4.55+0.12ab 5.53+0.11ab 5.36£0.12ab 3.21£0.24¢
05+ ExAsA 7.73+0.11a* 6.50+0.07a 5.41+0.2ab 4.24+0.19b
08-25~09-20 0; 5.65+0.03ab 7.45+0.2a 5.17+0.04b 4.47+0.37¢
O3+ ExAsA 8.45+0.6a* 8.26:0.4a 5.22+0.27b 4.95+0.16b
09-20~10-15 0; 7.50+0.13¢ 8.71+0.41b 13.58+0.11a 14.32+0.56a
O3+ ExAsA 9.65+0.10b 11.07+0.23ab* 14.3240.5a 14.52+0.2a
Fz 4 SNEIRIAMEE T Oz BB T K FEh /M E AR bk BY 221
Tab. 4 Effect of EXAsA on grain/leaf area ratio of rice under Oj stress
0s 05 level (nL-L™")
Treatment Treatment 5~15 (CF) 20~50 (NF) 95~105 (0 1) 190~210 (O1I)
/ (cm?) 0; 0.74+0.03¢ 0.69+0.01c 0.57+0.03b 0.44+0.02a
Grain number/leaf area 04+ExAsA 0.94+0.02¢ 0.68+0.02b 0.66+0.04b 0.57+0.01a
(cm”) ratio
(mg)/ (cm®) 03 15.97+0.54bc 17.53+0.06¢ 14.89+0.33b 12.28+0.67a
Grain weight (mg)/leaf O3+ExAsA 19.43%0.96¢ 17.56=0.09bc 15.93+0.6b 14.33£0.41a

area (cm”) ratio

Fz5 MNEMIAMERT Oz BB T/AKIEHEMERKRENEZMN
Tab. 5 Effect of EXAsA on relative growth rate of rice under Os stress

05 05 level (nL-L™")
Treatment 5~15 (CF) 20~50 (NF) 95~105 (0 1) 190~210 (O1I)
0; 0.018 90 0.019 19 0.017 23 0.012 79
O;+ExAsA 0.019 67 0.019 46 0.017 47 0.014 35
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