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ABSTRACT

Ozone tolerance of tree species was determined by standard index of physiological damages and
biochemical defense responses under short-term ozone exposure. At the end of 150ppb O; fumigation,
photosynthetic characteristics and antioxidative enzyme activities were analyzed in the leaves of five
species (Koelreuteria paniculata, Firmiana simplex, Styrax japonica, Fraxinus rhynchophylla, Viburnum
sargentii). Injury index was determined by the effect of ozone on photosynthetic parameters and
malondialdehyde (MDA) content, and tolerance index was calculated using the rate of increase in
superoxide dismutase (SOD), ascorbate-peroxidase (APX), glutathione reductase (GR) and catalase
(CAT) activities. Apparent quantum yield (AQY), carboxylation efficiency (Ce) and photo-respiration
rate (PR) decreased in the leaves of five species with increasing ozone exposure time. These parameters
were considered as an appropriate indicator for stress evaluation. Antioxidative enzyme activities
showed various results depending on the tree species, exposure time, and enzyme types. SOD activity of
K. paniculata increased with ozone exposure time, and that of F rhynchophylla increased only after 6
hours of ozone exposure. CAT activity of O;-exposed F. simplex was lower than the control. Based on
standard index, ozone tolerance ability of five species was determined as two tolerant species (F
rhynchophylla > K. paniculata) and three sensitive species (S. japonica > E simplex > V. sargentii).

Key words : Physiological damage, Antioxidative enzyme, Photosynthetic parameters, Standard index
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Table 1. Changes in photosynthetic parameters of five environmental tree species with ozone exposure time
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Apparent Dark Light Carboxylation Photo
Species Treat quantum yield respiration rate  compensation point efficiency respiration rate

(mmol CO; mol™) (umol CO, m™s™")  (umolm™s™")  (mmol CO, mol™) (umol CO, m™>s™)
Control ~ 0.034 = 0.004ab 0.524 = 0.167 a 151 £ 32a 0.033 £ 0.004ab 1.73£0.22ab
Koelreuteria Tl 0.038 £ 0.004a 0.860 = 0378a 222+ 79a 0.037 £ 0.005a 2.05 = 02la
paniculata T3 0.028 = 0.002bc 0.569 = 0.190a 20.0 = 6.1a 0.025 £ 0.004b  1.51 = 0.18b
T6 0.025 £ 0.006 ¢ 0.575 £ 0.301a 232+ 94a 0.024 = 0.007 b 146 £ 030D
Control ~ 0.027 = 0.002a 0.583 + 0.281a 21.1 £ 9.0a 0.027 £ 0.002a 148 = 0.36a
Firmiana T1 0.024 £ 0.002ab 0.350 £ 0.099 a 144 £ 28a 0.022 £ 0.002 b 1.23 = 0.40 ab
simplex T3 0.026 = 0.002ab 0.390 = 0.216a 147 £ 7.1a 0.021 £ 0.002b  1.15 + 0.09 ab
T6 0.022 £ 0.002b 0476 = 0.120a 215 = 4.7a 0.013 £ 0.002¢  0.79 £ 0.27b
Control  0.014 = 0.002c 0.511 = 0.185a 349 £ 10.3a 0.024 £ 0.002b  1.33+0.22ab
Styrax T1 0.026 = 0.004a 0.589 £ 0.386a  21.6 = 10.5ab 0.031 £ 0.002 a 1.66 £ 0.04 a
Jjaponica T3 0.024 £ 0.004ab 0.233 + 0.082a 97+ 19b 0.021 £ 0.002b 1.17 £ 031Db
T6 0.016 = 0.004bc 0.265 + 0.103a  15.7 £ 2.7b 0.016 £ 0.003¢c  0.94 = 0.26b
Control ~ 0.035 £ 0.001b 0.324 = 0.064 ¢ 93 £ 14b 0.028 £ 0.001bc 147 £ 0.25a
Fraxinus T1 0.046 £ 0.003a 0.706 = 0.048a 155+ 1.9a 0.041 £ 0.002a 2.07 £ 0.34a
rhynchophylla T3 0.041 £ 0.002ab 0.528 £ 0.081b 128 £ 2.2ab 0.035 £ 0.004ab 1.87 £ 033 a
T6 0.040 £ 0.005ab 0.655 + 0.093ab 16.5 £ 3.6a 0.026 = 0.008 ¢ 1.61 £ 0.83a
Control ~ 0.039 £ 0.006a 0.233 = 0.231a 56 t51a 0.039 £ 0.003 a 1.69 = 0.15a
Viburnum T1 0.034 = 0.002a 0.488 £ 0.010a 144 £ 10a 0.024 £ 0.008 b 1.73 £ 0.30a
sargentii T3 0.033 £ 0.001a 0.308 + 0.034a 94 £ 13a 0.024 £ 0.004b 133 =041 ab
T6 0.030 = 0.001a 0.376 £ 0.179a 123 55a 0.016 = 0.004 b 1.04 £ 0.11b

Species (S) ook * *% ok .

Pr>F Treat (O5) ok ns. n.s. ol kEx

Sx04 w3k n.s. *k ok n.s.

All the values are means of five replicates®SD; Values with the different letter indicate significant differences (p
<0.05) according to Duncan's multiple range test. *p<0.05, **p=<0.01, *** p<(0.001 and n.s.: not significant
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Table 2. Changes in antioxidative enzyme activities of five environmental tree species with ozone exposure time

Species Treat SOD APX GR CAT
P (unit g™ (umol g™ (nmol g™ (unit g
Control 4327 £ 503 b 429 £ 44 a 2920 £ 1265a 1475 £ 146 a
Koelreuteria T1 5634 + 343 a 545 + 117 a 2364 £ 609 a 1393 £ 197 a
paniculata T3 5734 + 124 a 288 £ 31b 2863 + 142 a 1598 + 221 a
T6 5279 + 174 a 452 £ 57a 1530 £ 131a 1679 £ 227 a
Control 860 = 79 ab 226 £ 19a 374 + 37b 617 + 32a
Firmiana Tl 682 + 124 b 166 = 32a 913+ 7a 472 £ 77b
simplex T3 938 + 56a 134 + 62a 406 £ 42b 522 + 22 ab
T6 728 + 118 b 203 £ 63 a 344 + 183 b 523 + 71 ab
Control 272 + 28a 3079 + 234 a 112 = 72a 766 + 121 a
Styrax T1 247 + 66 a 2672 £ 87b 525 + 257 a 617 £ 9a
Jjaponica T3 254 + 32a 3065 + 52a 336 + 86 ab 822 + 387 a
T6 27+ 17a 3017 £ 229 a 211 = 80b 609 + 2a
Control 962 + 254 b 466 £ 119a 349 + 45a 840 + 84a
Fraxinus T1 552 £ 80 b 497 £ 38a 262 £ 108 a 797 £ 105a
rhynchophylla T3 609 £ 95b 452 £ 90 a 308 + 38a 796 + 85a
T6 1499 £ 318a 459 £ 43 a 490 £ 312a 796 + 17a
Control 455 + 162 a 429 + 44 a 215 £ 76 ab 686 + 79a
Viburnum T1 329 + 106 a 545 + 117 a 242 £ 56a 460 £ 16 b
sargentii T3 377+ 72a 288 £ 31b 83 + 46¢ 596 + 61 ab
T6 346 + 18 a 452 £ 57a 117 £ 9bc 770 + 156 a
Species (S) sk *okk *okok sokk
Pr>F Treat (O3) kK n.s. n.s. *
S)(C)3 kokok skskesk sk n.s.

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

<0.05) according to Duncan's multiple range test. *p=<0.05, ¥**p<0.01, ***p<<(0.001 and n.s.: not significant
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Fig. 1. Changes in MDA content in the leaves of five
environmental tree species with ozone exposure time. All
the values are means of five replicates + SD.
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Table 3. Injury index and tolerance index of Os-exposed
five tree species

Species llrr?(;lerz Toilfcrlgce Total
Koelreuteria paniculata~ 0.115 0.287 0.403
Firmiana simplex -0.330 -0.329 -0.659
Styrax japonica -0.263 -0.090 -0.352
Fraxinus rhynchophylla ~ 0.278 0.200 0.479
Viburnum sargentii -0.022 -0.652 -0.674

The differences between the values of Oj;-exposed plant
and unexposed one in terms of photosynthetic parameters
and MDA content were evaluated for injury index, and
four antioxidative enzyme activities were used for tolerance
index.

0.8

0.6
0.4
Kp @
0.2 fre

Tolerance index

L I3

@

-0.6 -0.4 0.2 0 0.2 0.4 0.6

Injury index

Fig. 2. Correlation of tolerance and injury indices. Data for
this figure were obtained from the same measurements as in
Table 1, 2 and Figure 1. Kp: Koelreuteria paniculata, Fs:
Firmiana simplex, Sj: Styrax japonica, Vs: Viburnum
sargentii, Fr: Fraxinus rhynchophylla.
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Oksanen et al., 2001; Lee et al, 2002). ©]#3%F
AJ2]A Jkg- Aol ~Ed|Z~of ish dsHe] 75
7+ g27] w&olthKolb et al, 1997; Oncel et
al., 2004; Han et al., 2006). OJA7}A] &e A3
BalA, @& tigt ] v gk o2 RE W) F
’d 9kl o|27P7A] st EES de=E AlE
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52 FEE T HluE 2 2] 7 FES
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ke Jrlstaat daiskEAd o5 AA o
M| $2go] HIX"ETaL B y1E o] YTh(Noctor and
Foyer, 1998; Conklin and Barth, 2004).

olgfgt A= 0F k&YW S e s}
BAE0] &4 WslE BA% 929 dAqel® o}
B ode, dakslas 2 drlslEde] whg- o
Al & 2F Ale|7t AleiAl vER o™, giksta el
FHol webx o2 digh s} dEA veRES

& 4= AATK(Sheng et al, 1997; Han et al, 2007;
Kim et al., 2008). B3t o] AX= & A
Al W 54 dislase] 3 Wi nE S
FoA AR UERIA] Z30TH(Table 2). &, B3¢
FUFe] SoDe}t o] EE F A 7kl dish
gAdo] S71E B4} e Wk, B9 SoD
Y 2E F 6ARE oAt BAo] Frlel= A
$= 9dglen, HoFe CATS} 2 dhe OF
)77 FAgEoh e F448 Hol= 9% 9
o}, o]t Aaph= ol uigh dikslarse] vzt
Aol g27] WFEo 2 FAE=t]|, Bennet ef dl.
(1984)y2 0] =& AT/t AstAd =& 7K1]
oA, &40 o] EYEHAY HAS oA
PrkstaAo] E4do] Ak = Slthal ®Harsigion,
W) 0F =& A=t A5 siE 2 35 7
5o AL HE AG, 54 FA il 23 3
S 7Aa7F G (Pell er al., 1994), & E%
o] oFof| X FAIZE AE]E Aol o] =3} FX
T T (Nie ef al., 1993).

gk FRksta o] SAS 9k 71489 ol
TFAIZ JalEA SA1710) ulet 8 zjol7) AyE

i

7heAE wiAld = Qlok webA ol2igh dlsta
B
o7

¢

o] g WIS 7|FEo R oFEY T AE A9
S ksl A FAdsitia .

2EF 2o =& 452 7 Js)7F Yeht
7] Holl o Ul Al B} o] F7RETE Al Tk
17 el A B AxE A9 5 Qe
MDA el S48 53l 113z 4T 5 3
T} dubEom 9F wEy gL AEY X oA
MDA &= =715l E ) MDAE 2Ed2 H7} A
24 o] o]&5o] YtH(Yoshida et al., 1994;
Ranieri et al, 1996; Iglesias et al, 2006). T3+
9] dFME AR A BRI 4= giglon,
ARG & AE BRAFE 312 oY Utk(Han er
al., 2007; Kim et al., 2008). ¥ A7l -% MDA
e 7% 1 Wk oflEl 0 A w3
gk ztol7F YeRA] e¥SkthFigure 1). &, MDA &
g 2Ey: T 2 WS Briehe AREA
el 2 Foz A==, o5& TBAS ©]
|35 MDA & S FA 7= st F
MDAE U2 Edd% w33 $ 9lon, TBA:
MDA Eo]F o= Hkgdh= 3lo] ofl7] wjFe] 2=
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Edgl2 37} AEZA MDAS] ARE-0| Agkz|ojof &
o= A o] Ath(Janero, 1990).

@ A AEE o83l 5] WIS 4
b £5S do7e E bE HAe £ A7 A
A Bojg= e} o], B wis U B3|
W] 83 vy es 5 Ay gevlg
59 #E0] 2 =F )Y FARY Tl
FJo]thTable 1). ©]23F S 2E# 20| =2
2EoX TF FEE = AR WhgoE YTl B
’ ¥hgo 2 Bejolx|=d], 53 o] vl WA
o] & AEe 2E# 2 AYIE =EH 79
% FEETH(Oksanen and Rousi, 2001; Lee et dl.,
2002, 2005).

ojAIAe] AE T3 & wl, @Y Al AEE
o83l o 4Fo] 2 Uigh W e Uiy
S A= AL ofHual A webA ofd 4
o] & WS A3k flsixe o7 71A AE
HES s AWIE st THH R #As)
Aol vlgAsict, 2 Afoxes 54 ARES 2
=2 A A FalE B 5 e AEEY oF
=E A 2EFI2 FEE a7 dofshes A
E2 77 et olsdl didl 7RE 285t
FefAget WAARGE Akksle], o0 =2 i
Z2737Ee] W 2 WS A8t Table 3,
Fig. 2). ©]2]g ¥PHS Kim er al(2008)2] Aol 4]
HoFRo] oy 717 Ae] AxEe] gk T
AFES olFold 4 9hs ¥k ofle} o= Fx A
e B Fob webA] A AEEe] Agst W
AolA e} o] o]d 2AlEe] ~E#|2d tigh

Wds ksl golstA o842 4 3l
N edl= o

3}

=

>

4o

)

i

to 2 ro
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ya ~-
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o

N o
- i
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Ir
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