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Impact of ozone stress on element absorption and distribution of rice genotypes with different ozone sensitivi—
ties

SHAO Zai-sheng', SHEN Shi-bo', JTA Yi-lei', MU Hai-rong', WANG Yun—xia®, YANG Lian—xin', WANG Yu-long'

(1.Jiangsu Key Labhoratory of Crop Genetics and Physiology/Co —Innovation Center for Modern Production Technology of Grain Crops,

Yangzhou University, Yangzhou 225009, China; 2.College of Environmental Science and Engineering, Yangzhou University, Yangzhou
225009, China)

Abstract : In this study, 23 rice cultivars or lines were grown in glasshouse—type fumigation chambers at two ozone levels : low ozone concen—
tration as control (C—0s, 10 nL+L™") and high ozone concentration(E—0s, 100 nL+L™") until rice maturity. Based on the decreases in the
above—ground biomass under high ozone concentration, these rice genotypes were clustered into three groups by the MinSSw ( dynamic clus—

tering method—minimum sum of squares within groups ) method, namely A, B and C in order of ozone sensitivity from low to high. The effect
of ozone stress on element uptake and distribution in rice vegetative organs were then determined. At grain maturity, ozone stress decreased

the above—ground biomass of rice by 19%, 39% and 52% for A, B and C group, respectively. Significant treatment effects were observed in
groups B and C. Compared to the control, ozone stress significantly increased N, P, K, Mg, Mn, Fe, Cu and Zn concentrations of rice straw in
a range of 5% to 42%, but had no effect on Ca concentration. In the contrast, the uptake of N, P, K, Ca, Mg, Fe, Cu and Zn in rice straw

were significantly 11% to 34% lower under high ozone concentration. In most cases, the ozone—induced changes in element concentrations
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and uptake were greater in stems than in leaves. In line with this, ozone stress increased element allocation to leaves but decreased that in

stems, resulting in significant increases in the leaf to stem ratios(32% to 92% ). There were barely interactions between ozone and rice sensi—

tivity types for element concentrations or allocation in leaves and stems, but significant interactions were found for element uptake. The sen—

sitive rice culltivars showed greater ozone—induced inhibition of element uptake. These results indicate that 100 nL L™ ozone have profound

impacts on the element concentration, uptake and allocation of rice organs, and that the responses of plant element uptake to ozone stress

are significantly affected by rice sensitivity to ozone.

Keywords: rice; ozone stress; element concentration; element uptake; element allocation
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Figure 1 Performance of greenhouse—type gas fumigation device in 2013 rice growing season

x| kst EEEMEX R EMEMA (%) ZEit 3
Table 1 Statistical analysis of above—ground biomass of different

types of rice in response to ozone stress
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different types of rice at maturity
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Figure 3 Effects of ozone stress on elements concentrations of leaf, stem and straw of different types of rice
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Table 2 Responses of elements concentration , uptake and allocation in different types of rice to ozone stress( % )
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ILE B} e B Concentration 5 Accumulation 43t Allocation
Element  Type HH Leaf 258 Stem FEi 3 Straw HH Leaf Z£ 84 Stem T B Straw - /2584 Ratio of leaf to stem
N A +14.7a +11.8b +19.2b +30.0a -12.3a +4.0a +54.0a
B +11.0a +18.4ab +21.0ab -1.0b -30.3b -18.6b +45.0a
C +15.3a +29.6a +31.5a -12.8b -44.7¢ -33.3¢ +59.8a
p A +4.5a +4.3a +3.4a +17.3a -21.0a -11.8a +52.9b
B -2.6a +14.0a +7.4a -13.9b -33.1a -28.2b +28.8b
C -2.8a +8.9a +2.9a -26.4c -53.5b -47.8¢ +58.4a
K A +15.1a +22.4a +22.0a +31.0a -7.5a +3.9a +45.2a
B +18.5a +20.6a +23.0a +4.8b -28.6b -17.6b +49.1a
C +8.9a +22.5a +20.0a -18.0c -47.7¢ -39.4¢ +60.9a
Ca A -15.8a -5.6a -2.0a —7.9a -30.5a -18.2a +30.6a
B -21.1a -3.3a -4.3a -29.2b -44.4h -35.8b +25.9a
C -22.2a -0.8a +0.9a -41.3b -57.8b -48.7¢ +38.0a
Mg A +26.2a +22.0a +29.3b +39.9a -8.7a +9.2a +55.6a
B +21.2a +26.0a +30.2ab +8.0b -26.4a -12.9b +47.4a
C +21.8a +38.6a +40.5a -7.9¢ -41.2¢ -29.1¢c +57.7a
Mn A +27.1a +40.2a +42.3a +45.1a +1.9a +19.0a +44.3a
B +23.3a +35.5a +37.1a +9.6b -19.0b -7.4b +36.6a
C +22.8a +44.5a +45.5a -6.6b -39.3¢ -26.9¢ +57.1a
Fe A +31.8a +27.3a +25.4a +48.2a -2.8a +6.8a +70.5b
B +31.2a +8.6ab +10.3ab +18.2b -33.2b -23.5b +77.7b
C +36.2a +4.5b +4.4b +1.7b -55.1¢ -46.6¢ +127.8a
Cu A +5.3a +10.2a +10.9a +18.4a -19.5 -5.6a +57.6a
B +0.1a +42.6a +28.2a -12.2b -19.5 -16.3a +7.2a
C +6.6a +26.3a +21.0a -20.1b -45.6 -38.3b +47.5a
Zn A +11.8a +29.5a +21.6a +29.2a -8.3a -0.7a +40.8a
B +15.4a +30.3a +23.2a +1.8b -20.5a -15.7a +30.7a
C +12.3a +42.2a +28.9a -14.5b -40.3b -35.4b +40.5a
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Figure 4 Effects of ozone stress on elements uptake of leaf, stem and straw of different sensitivities of rice
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Table 3 Relationships between ozone—induced changes in above—ground biomass and elements concentration , uptake and

allocation in different parts of rice plants

b 3 e Concentrations W% & Accumulation AR Allocation
Element HH Leaf ZEH Stem FHEL Straw HH Leaf 254 Stem FHHE Straw - Fr /2548 Ratio of leaf to stem
N -0.206 -0.521* -0.567%* 0.824%* 0.843%* 0.907%* -0.228
P 0.225 -0.147 -0.041 0.863** 0.772%* 0.843%* -0.280
K 0.192 -0.212 -0.126 0.857%* 0.785%* 0.846%* -0.215
Ca -0.024 -0.035 -0.225 0.739%* 0.786%* 0.864%* —-0.385
Mg 0.033 -0.377 -0.462 0.879%* 0.823%* 0.901#* -0.262
Mn 0.123 -0.283 -0.257 0.782%* 0.746%* 0.880%* -0.111
Fe —-0.125 0.286 0.341 0.738%* 0.786%* 0.848%* -0.530%%*
Cu -0.152 -0.108 -0.170 0.626%* 0.342 0.689%* -0.154
Zn 0.005 -0.331 -0.277 0.726%* 0.637%* 0.705%* 0.090
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