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Stomatal ozone flux—response relationships of rice( Oryza sativa L.) in subtropical area

ZHANG Ji-shuang'?, TANG Hao-ye', LIU Gang', ZHU Jian-guo'

(1.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2.University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: Based on previous investigations on a fully open—air ozone(O;) fumigation experiment( 0;—~FACE ), we established dose-response
relationships using O; dose index AOT40 (accumulated [O5] above 40 nL-L™") and PODy(phytotoxic Os dose, accumulated stomatal flux of
05 above a threshold of ¥ nmol-m™2+s™), and compared their performance on O;—induced rice yield loss evaluation. The aim of this study is
to find the optimum threshold for exposure—based and flux—based dose-response relationships used for ozone risk assessment on rice. Our
result showed that the R’>~value of regression analysis increased with flux threshold ¥[0~11 nmol O;-m™ PLA s™'( PLA ; projected leaf area )]
and exposure threshold X(0~50 nL-+L™") increase, respectively. When flux threshold ¥ was 11 nmol O3*m™ PLA +s™ and exposure threshold
X was 50 nL-L™, the O; dose index POD;; and AOT50 had the strongest correlation with RY (relative yield ) of rice, respectively. High R*-
value was derived i.e. 0.70~0.75 and 0.70~0.745 when flux threshold Y was within the range of 8~13 nmol O;+m™ PLA +s™ and exposure
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threshold X was 46~38 nl.- L™, respectively. Previous studies have indicated that the rice yield loss caused by near—surface ozone pollution

may range from 5% to 8%. These results were similar with our estimation on ambient[O;] treatment using PODy_, and AOT40~45. The high—
er R*-value 0.73~0.74 with PODy.;y compared to that of 0.64~0.69 with AOT40~45 indicated that flux—based assessment may have a supe—

rior performance on Os;—induced rice yield loss estimation. Further analysis found that when flux threshold ¥'=9 nmol O;-m™ PLA +s™, as—

sessment of rice yield loss was more accurate, and the R’>~value(0.73) was higher than that of POD4(0.57 ). Our results suggested that POD

is suitable for evaluating rice yield loss due to O; increase in subtropical area.

Keywords : stomatal conductance; rice( Oryza sativa L.); ozone; flux—response relationship
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Table 1 Parameterization used to calculate rice flag leaves stomatal conductance

PR AKX SR LA ZH{E (Tang %)
Lo — — mmol O;*m™ PLA-s™ 370
Sain — — Fraction 0.01
Siten when(fe s ~fpene) SETS <fjpns Srena Fraction 0.3
1+ (1~ e M fppen XETS Sobends Fraction 0.7
when fya <ETS<(fyen s 4 phens) Sbene C-d 350
1 Sibens C-d 0
when (fipen tfnen ) <ETS < (fipent Hfypens) Siens C-d 500
T~ en X CETS~fpen ) frensf e &) Soenn C-d 850
when (fuen o)) <ETS < (fiens i) Sobens C-d 1000
Srens=CETS~fineas ) Sivenss ~finen 1) X pnen s
ETS(°C-d)=2max(0,T,-T,)
Siight 1—exp| (=light,)xPPFD] light_a Constant 0.002 3
Srem when T, <T<T Toin C 14
b
ol [ty Ty || ¢ 2
when T<T,;, or T>T,.
Join b1=(Tou Ty Ty=Toi) = E 42
o min{ 1, max|fu, (lzfvp)lgvtepﬂ?;m ]| VPD,u. kPa 11
VPD,,, kPa 2.7
> VPD kPa 8
Jo, [1+(PODy [foe) T oo PODy, mmol - m 13.5
Seane Exponent 10
Height — — m 1
Leaf dimension — — m 0.02

1 PPFD, Yo Pl i %, pmol - m™+s™; T, 28 K%, °C; VPD KV 22 , kPa; PODy, S FLGL 58 R GH 2 3 F 1l FHE 0 nmol »m™ PLA -s™ B i 82
PR RIS 12 ETS, A 30BUR, °C - d; T, SFLIZ SN/ INRIE , °C 5 T, SFLIZ SN AGIRIIRE , °C; T, SFLIZ SR IR EE , °C.

Notes : PPFD, the photosynthetic photon flux density, mol *m=+s™"; T the air temperature, °C; VPD, the atmospheric vapor pressure deficit,kPa; PODj is

accumulated stomatal flux of O; above a threshold of 0 nmol *m= PLA +s7; ETS, effective temperature sum, °C +d; T,;,, minimum temperature for stomata move—

ments, °C; T, maximum temperature for stomata movements, °C; T, optimum temperature for stomata movements, °C.
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Table 2 Analysis of variance for grain yield in response

to elevated [O;]

20 Effects P1E VeI 7= & (Grain yield)
0, P <0.001
Cultivar(C) P <0.001
Year(Y) P <0.001
05xC P 0.068
0sxY P 0.564
CxY P <0.001
05xCxY P 0.131

7 : P is the P-value for each effect in ANOVA.
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