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ABSTRACT

This study was conducted to investigate ozone sensitivity of physiological indicators and the difference
in ozone tolerance of 8 families of Sophora japonica seedlings on the basis of the standardized
physiological indicators. After ozone treatment, photosynthetic parameters, photosynthetic pigments
and malondialdehyde (MDA) content, and antioxidative enzyme activities were analyzed from the
leaves of S. japonica seedlings. Ozone tolerance indices among 8 families were calculated with the
standardized physiological parameters. In addition, the reduction of carboxylation efficiency and
apparent quantum Yyield were observed in the leaves of seven families, except for family No. 6 and 7,
respectively. The apparent quantum yield varied from -27% to -61% of the control seedlings. Photosynthetic
pigment content differed significantly among 8 families, but was not affected significantly by ozone
treatment. Superoxide dismutase (SOD) activity increased from 7% to 64% after ozone exposure, and
significant difference existed among 8 families. Ascorbate-peroxidase (APX) activity of 8 families
increased by ozone treatment, and the activity of family No. 7 showed the highest increase (218%) in
comparison to their respective control plants. On the basis of the standardized indices, family No. 6
showed the lowest tolerance by indicating higher reduction of both photosynthetic parameters and pigment
content and lower increase of antioxidative enzyme activities. On the contrary, family No. 7 showed
the highest tolerance as indicated by lower reduction of photosynthetic parameters, higher amounts of
photosynthetic pigments, and higher enzyme activity.

Key words : Physiological indicator, Ozone tolerance, Sophora japonica, Antioxidative enzyme, Photosynthetic
parameter
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Table 1. Changes (%) in photosynthetic parameters on 8 families of Sophora japonica seedlings under ozone fumigation

. Carboxylation Photo Apparent Dark Light
Family . . . . . .
No Treatment efficiency respiration rate quantum yield respiration rate  compensation point
’ (mmol CO, mol™) (imol CO, m™s™") (mmol CO, mol™") (imol CO, m2s7") (imol m2s7")

Control 0.027+0.008a 1.461+0.313a 0.027+0.006a 0.23+£0.07a 7.7£0.4a

1 05 150 ppb 0.017+£0.005b 1.2074£0.316a 0.018+0.004b 0.21+0.07a 11.0+2.2a
% -38 -17 -36 -8 42

Control 0.026+0.005a 1.472+0.293a 0.027+0.004a 0.21£0.13a 7.7+4.1a

2 05 150 ppb 0.015+0.005b 1.133£0.185a 0.017+0.005b 0.23+0.13a 10.9+6.8a
% -43 -23 -38 6 41

Control 0.025+0.004a 1.513+0.252a 0.027+0.004a 0.22+0.07a 7.8%1.7a

3 0O; 150 ppb 0.014+0.008b 1.120+0.415a 0.013£0.005b 0.06=0.05b 4.5+£2.0a
% -46 -26 -53 -71 -43

Control 0.023+0.007a 1.404+0.389a 0.026+0.005a 0.28+0.10a 9.1+4.5a

4 0; 150 ppb 0.014+0.004b 1.059+0.252a 0.014+0.003b 0.12+0.03b 8.2+1.9a
% -41 -25 -47 -56 -9

Control 0.028+0.006a 1.706+0.314a 0.028+0.006a 0.08+0.05a 2.8+1.6b

5 O; 150 ppb 0.009+0.001b 0.857+0.326b 0.011+0.003b 0.14+0.10a 12.8+3.9a
% -67 -50 -60 78 353

Control 0.028+0.012a 1.664+0.584a 0.028+0.006a 0.25+0.02a 9.6+1.5a

6 05 150 ppb 0.015+0.004a 1.131£0.163a 0.013+0.002b 0.17+0.04b 12.8+3.1a
% -46 -32 -53 -31 34

Control 0.031+0.005a 1.839+0.230a 0.032+0.004a 0.17+0.07a 5.8+2.9a

7 0O; 150 ppb 0.011£0.002b 0.930+0.171b 0.023+0.023a 0.13+£0.13a 3.5¢1.1a
% -65 -49 -27 -23 -39

Control 0.027+0.004a 1.767+0.230a 0.028+0.003a 0.34+0.17a 12.8+£5.8b

8 0; 150 ppb 0.013+0.008b 1.407+0.982a 0.011£0.002b 0.37+0.11a 33.6+4.0a
% -52 -20 -61 7 163
Family (F) ns ns ns *x HoxE
Pr>F OZOIIC (03) eoksk ook ok ok sk ns ok sk
F x O3 ns ns ns ns Hokok

All the values are means of five replicates+ SD; Values with the different letter indicate significant differences

(p<0.05) between control and ozone treatment. ** p <0.01, *** p<0.001, and n.s.:

non-significance.
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Table 2. Changes (%) in photosynthetic pigment contents on 8 families of Sophora japonica seedlings under ozone fumigation

; Chl a Chlb Chl at+b Car
Family Treatment Chl a/b Chl/Car
No. mg g—l
Control 0.98+0.18a 0.24+0.04a 1.23+0.23a 0.23+0.03b 4.03+0.18b 5.36+0.35a.
1 05 150 ppb 1.16+0.14a 0.26+0.02a 1.42+0.15a 0.30+0.02a 4.47+£0.31a 4.77+0.27b
% 18 7 16 31 11 -11
Control 1.00+0.07a 0.24+0.01a 1.24+0.08a 0.22+0.01a 4.16+0.16a 5.54+0.10a
2 0; 150 ppb 1.60+0.76a 0.36+0.14a 1.96+0.90a 0.39+0.18a 4.42+0.41a 5.01+0.33b
% 60 48 58 74 6 -10
Control 1.08+0.50a 0.29+0.13a 1.37+0.63a 0.29+0.13a 3.77+0.17a 4.78+0.16a
3 0; 150 ppb 0.89+0.18a 0.24+0.07a 1.13+£0.25a 0.24+0.03a 3.78+0.25a 4.76+£0.53a
% -18 -16 -17 -18 0 0
Control 0.54+0.14a 0.15+0.03a 0.69+0.17a 0.15+0.03a 3.63+0.20a 4.54+0.31a
4 0; 150 ppb 0.68+0.14a 0.18+0.04a 0.86+0.18a 0.19+0.03a 3.77+0.12a 4.45+021a
% 26 22 25 27 4 -2
Control 0.83+0.15a 0.22+0.04a 1.05+0.19a 0.20+0.03a 3.74+0.21b 5.26+0.46a
5 O; 150 ppb 0.76+0.06a 0.18+0.02a 0.94:+0.08a 0.21£0.01a 4.11£0.23a 4.39+0.22a
% -9 -17 -10 8 10 -17
Control 0.91+0.43a 0.25+0.11a 1.16+0.54a 0.24+0.11a 3.65+0.06b 4.85+0.17a
6 0; 150 ppb 0.74+0.04a 0.19+£0.01a 0.93+0.05a 0.22+0.01a 4.00+£0.33a 4.28+0.23b
% -18 -25 -20 -9 10 -12
Control 0.77+0.29a 0.21£0.07a 0.98+0.36a 0.19+0.05a 3.62+0.17a 4.98+0.59a
7 0; 150 ppb 0.94+0.03a 0.26+0.03a 1.20+0.06a 0.24+0.01a 3.63+0.40a 5.09+0.39a
% 23 25 23 23 0 2
Control 1.13+ 0.45a 0.29+0.11a 1.42+ 0.56a 0.26+0.09a 3.93+0.25a 5.38+0.77a
8 0; 150 ppb 1.14+0.22a 0.36+0.10a 1.50+0.31a 0.26+0.05a 3.26+0.55a 5.89+1.04a
% 0 26 6 0 -17 9
Family (F) sk sk sokk *% sokk sk
Pr>F Ozone (O3) ns ns ns * * k¥
F x O3 ns ns ns * ** *

All the values are means of five replicates+ SD; Values with the different letter indicate significant differences (p<0.05)
between control and ozone treatment. ** p<0.01, *** p<0.001, and n.s.: non-significance.
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MRS 5% UiETet 2 Aol7t gislth GR &
de 7HAl 2 A7t FElslloy, A 1t Alol=
FElslA] okttt tE a4k 9] GR 848 o
5 7HANA Fhaske A Belom, 53], 8 7}
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Table 3. Changes (%) in antioxidative enzyme activities on 8 families of Sophora japonica seedlings under ozone fumigation

Family Treatment SOD APX GR CAT
No. (unit g™") (umol g™ (nmol g™ (unit g™
Control 69+18a 1609+ 492a 938+250a 818+115a
1 05 150 ppb 87+22a 1775+£715a 694+286a 856+174a
% 25 10 -26 5
Control 101+14a 876+171b 740+153a 790+119a
2 0; 150 ppb 114£51a 1673+606a 731%117a 1010+185a
% 13 91 -1 28
Control 115+ 39a 871+£370a 430+150a 712+146a
3 O; 150 ppb 137+ 30a 839+90a 462+151a 757+124a
% 20 177 7 6
Control 109+ 69a 627+102a 474+£147a 556+49a
4 0; 150 ppb 116+ 35a 819+231a 533+239a 690+148a
% 7 31 12 24
Control 119t41a 1023+408a 488+166a 720+116a
5 0; 150 ppb 130+£20a 1078+498a 416+118a. 767+168a
% 9 5 -15 7
Control 69+19a 857+158a 485+98a 652+69a
6 0; 150 ppb 83+29a 1002+239a 436+228a 689+156a
% 20 17 -10 6
Control 72+33a 760+193b 620+ 262a 834+141a
7 O; 150 ppb 118+42a 2416+665a 950+208a 864+101a
% 64 218 53 4
Control 86+36a 965+395a 718+339a 769+115a
8 05 150 ppb 123+50a 2936+1707a 343+97b 713£117a
% 44 204 -52 -7
Family (F) * ns wkok wkok
Pr>F Ozone (O5) * o ns *
F xO4 ns ns * ns

All the values are means of five replicates+ SD; Values with the different letter indicate significant differences (p< 0.05)
between control and ozone treatment. ** p<0.01, *** p<0.001, and n.s.: non-significance.
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Fig. 1. MDA content (left) and tolerance index (right) of 8 families of Sophora japonica seedlings under ozone fumigation.
All the values are means of five replicates = SD, and values with the different letter indicate significant differences (p < 0.05)

between control and ozone treatment.
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