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Abstract: This study is conducted to identify responses of plants to low O, concentration. Five species,
Liriodendron tulipifera, Cornus officinalis, Ginkgoba biloba, Zelkova serrata, and Acer palmatum, were exposed
to low ozone concentration from June 9 to July 8 in the phytotron. We measured chlorophyll contents, leaf
diffusion resistance, leaf transpiration, and antioxidant enzyme activities; ascorbate peroxidase(APX). Especially,
Liriodendron tulipifera and Cornus officinalis showed sensitive responses to ozone treatment as visible injuries,
while other four species relatively showed tolerant responses. However, we noticed that almost all species under
ozone treatment were lower physiological activities such as chlorophyll contents, leaf diffusion resistance, leaf
transpiration, and antioxidant enzyme activities with time even without any visible injury.

Key words : ozone, chlorophyll contents, leaf diffusive resistance, transpiration, antioxidant enzyme activities, ascorbate
peroxidase, Liriodendron tulipifera, Cornus officinalis, Ginkgo biloba, Zelkova serrata, and Acer palmatum
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o] 2182 g-tocoperol, ascorbate, carotenoid, glutathione,
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2 Qyakso] wboy7j2k-g LERATH(Shannon and Mulchi,
1974). webA a8 A4 AL 2B 2EH 20 7t
S ARE 4 £ e AFo|H Ed 9F AEHS
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Table 1. Duration and concentration of ozone treatment.
Treatment (days) 0-10 11-20 21-30
O, concentration (ppb) 50 70 90

o 6 9U¥E 7¥ 847 30 FF 1.5mX 1.5mX2m
o] 7}tAEZ L2426+ 1.0°C/day, 22+ 1.0°C/ight, 70+
10.0%RH)*1A1 50 ppbellAl 90 ppb7HA] 10471t} 20 ppb™
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Korea)E AH&-atd 3 663nme} 645nmellA] S5k ot
&9 Aoz gHikAmon, 1949) 3t3iTt.
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Ascorbate peroxidase(APX)e] EAJH2A& 3__‘11 (.2
gl 1M o}2F2RAHAsA)Z pH7F 7.4

mM 2B 2Rl (K-P buffer)S $H73 %%%%” 2mL
& 78t @3kttt o1& 16,000 rpmeoll A 3047 €
Aegd F FEY 60 pbs st W3 AH,0
234 mL, 1M K-P buffer(pH 6.5) 300 uL, 10 mM AsA
180 pL, 5mM H,0, 120 uL}# & &% 3 UV spec-
trophotometer (Optizen 2120UV & Optizen 1lI, Mecasys,
Korea)g AHE-81e] 314 290 nmo| A1 H,0,00 2§ 30%7F
o] ofAzZHI 2} *Pb}g_(extmctlon coefficient of 2.8 mM™
em )E S T 54T Wil | meE 7IE
o7 AgElen, %‘ﬂél 82 Bradford(1976)7} 714
Sl vle} 7ro] Bio-Rad Protein assay(Bio-Rad Laboratories,
USA) sull g elof] § FF A 100: 12 7hete] ¥ES
A7 5 37 595 nmellA 8] 35S SASAT
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Figure 1. Visible injuries in Cornus officinalis(A and B) and
Liriodendron tulipifera(C and D) under ozone exposure. A
and C are adaxial surfaces and B and D are abaxial surfaces
of each species.
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FHo] zhzh vhE golo g #ggt Ao g AZEAN F
LR17F AT 2Fgol A= fFolido] Kol ettt F
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Table 2. Chlorophyil total, a and b content (mg-g"' DW), and chloropyll a/b of each species in 3 different ozone concentrations.
Three-way ANOVA was performed to identify the significance of each measurement values with chlorophyll content and a/b ratio,
respectively (significance: 0.05, conc.: concentration, sp.: species, p: provability).

Chl. total content Chl. a Chl. b Chla/b
Species Conc.(ppb) (mg'g ' DW) (mg'g'DW) (mg:g'DW)
Cont. Trt. Cont. Trt. Cont. Trt. Cont. Trt.
- 50 9.445 9.357 7.079 7.077 2.368 2.283 2.989 3.100
b "l’.de.}’e‘f"’” 70 90410 5645 7204 4130 2207 1516 3263 2724
uipyera 90 6215 4572 4726 3347 1491 1226 3160 2731
50 7.635 7.258 5.456 5.310 2.181 1.950 2.534 2.727
Cornus officinalis 70 9.395 4.340 6.586 2.295 2.812 2.046 2.558 1.145
90 6.780 2.892 5.071 2.093 1.710 0.800 2.965 2.615
50 6.151 6.815 4.620 5.102 1.533 1.714 3.013 2.976
Ginkgo biloba 70 7.789 6.641 5.096 4.063 2.695 2.581 1.890 1.616
90 7.421 4.693 5.646 3.472 1.777 1.223 3.178 2.837
50 4.068 4218 3.078 3.189 0.991 1.030 3.109 3.097
Zelkova serrata 70 5.476 4318 3.614 2.626 1.863 1.694 1.940 1.523
90 4.622 3.436 3.605 2.539 1.018 0.898 3.546 2.827
50 0.773 2.685 0.560 1.994 0.214 0.692 2.632 2.927
Acer palmatum 70 1.966 2.394 0.779 0.806 1.188 1.589 0.664 0.509
90 1.051 1.424 0.753 1.011 0.298 0413 2.528 2.460
p values
conc. sSpp- O, conc.*Q, spp.*O; conc.*spp.  conc.*O;*spp.
chlorophyll content 0.8991 0.0028  0.0003 0.0333 1.4900  0.8958 0.8030
chlorophyll a/b <.0001 <0001 <0001 <0001 0.1782  <.0001 <0001
1.0 o1 12 08 1o 51% — control
3 0.8 ’ 06 1.0 0.5 . treatment
s . 0.5 0.8 0.4
2 06 0.4 3
eE 0.6 0.3
e 04 03 2
é 0.2 0.4 0.2
&5 02 0. 0.2 0.1 1
N,I._O;II-onllno,ull.nI-.
N 50ppb 70ppb 90ppb . 50ppb 70ppb 90ppb oo 50ppb 70ppb 90ppb 70 50ppb 70ppb 90ppb o 50ppb 70ppb 90ppb
60 f g 50 " 60| ' !
c .. 50 60 40 50 o
£S w 40 30 . x
22 30 30
£33 5 I 20 I I 2 20 10 I I
10 10 10
’ 50ppb 70ppb 90ppb 0 SOp[;b 70ppb 90ppb ° 50ppb 70ppb 90ppb ° 50ppb 70p§n 90ppb ’ 50ppb 70ppb 90ppb
p values
Parameters Source
50 70 90
Ozone 0.0009 <0001 0.0144
Diffusive resistance Species <.0001 <.0001 0.0313
Ozone*species 0.0002 0.0089 0.4725
Ozone 0.0003 <.0001 <0001
Transpiration Species <.0001 <0001 <0001
Ozone*species 0.3406 0.1943 0.3392

Figure 2. Plant leaf diffusive resistance (s-em™) and transpiration (mg:em™-s™) of each species. Each row represents plant
species: a and f are Liriodendron tulipifera, b and g are Cornus officinalis, ¢ and h are Ginkgo biloba, d and i are Zelkova serrata,
and e and j are Acer palmatum. The table below is the significance of O,, species and their interaction, analysed two-way
ANOVA at the significance of 0.05 (p is provability).

A a/b ol okt 3FRITE 90 ppb(H ] F 30U )oll A o vla) WA vpeRdA el vlsl, AR 90 ppba 2] ol A
FHUF 7Y J22 abgle) oFEAE T ul =T T A 27ke] AFo]7} 70 ppb(H el F- 202)HTF =] gkt
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#hol Meltet 27 25 2H4githzt 90 ppb(A1E] $- 30
d)lM sk ﬁﬁk— HAY, w57t S7FEeE A
7k &ol7h o ARG dFUFNA = srsle] ujet
ST} “ELbRob AR RS ERAAT AT
9] Frolzh= gl

A4 39} A2 (2002)% Thornber(1974)0)] 2&tH 4
E4 ab BlE o] BF a% be] W& 38 &0l ¢
o] wslel A-fo] FAHE Al7]oll= b ﬂﬂo} Z7ta}
A ab B o] WopRltta Hargh vf 3l o 7
Hub7e] 7 70 ppb(H 2] F 209)°ll A EHm‘Lc*ﬂ H] &)
2F A7 ab 3ol 50 ppb(im T 104 )ellM B} &
202 7448 AL B 4 Ak 2EX e g 7 F
37+ GehpHA Aele] %101 HoA A5 A &
& A= G716 HE4 b 7 2 YA Aol
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Figure 2= Z} %52 steady state porometer(Li-1600,
Li-cor, NE, USA)E. &A%t 7]F 2] BMtA g 2485
vrebd Aolct, 7]—5735’4 &AM AAE A¥EH
g & 15%(70 ppby7HAl= L&A 2J8l A ggho]
AR 71 ol F2E Fo] AR vAE FolA
ZHS = AT} e 2po] P A] A]7bo] RLpE A
o a7k vehAl 3ttt A A R e FAe]e
Aggrol oM theTte} Aela BF Ajbo] Avd
A A gghol adlhe AEFE B 0119124 o7 F9
Lo 2bEf-o] S 70 ppb, & 2F A 7174 Az
F 20200 333 Aol F7hakednt.

089 AS WmTe) FAg0] A TR} Ego
o dxTE9 AR AL e TS B o9l
A AeiZre] FOIAE 71T Z) HU S et
WA ek A S 2002 fel27h detel 4
4 Zago] Zrkele A%e Hath A £E04 A7
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ERbE Qubdel Bolet Bel ek, ST A kel
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Ascorbate Peroxidase(APX)= thEZ|¢] ahitalg A2 A

A& 9lo] BA] 7|70l A=A ag].:(o]gtz}’ a8y
E2A9] 714 2] SRt o] F FEA= water-
water cycleS 53l EAMRTE LAATIA HIL A7)
A APXE F8H vh-8-E S8 defsol=gelA CuSOD

of o8] W3 H0,8 EX, 122]3 Eefo|=ofA] &7
HA] 23 H0,5 2EZrA] B2 FFHOZ A A4
7)== 98-S 3t} (Asada, 1999). TR APXQ] 848 A
B2 2AbEo]l Bz MRS Ao R sk
% = A+ A 3%7} F oK (Ashraf and Harris, 2004, Bernardi
et. al., 2004, Zhou et. al., 2004).

Figure 32 Z} 58 s o] ©hE gAitstgie] 4%
£ el Aot} sl wel APX E4ag oA
25 Wslelsinl Wl A s 5ol wt tEA Ut
Wb, TS A Q) ShaL A A 02 A7ho] X )
g} 21} A+ B5 85T FUishe AR YE
%A, ol AEo] 1 oo FA 71| &48 7]
Al akstEA ) 71 Fo| A= Ascorbate?] pools EE
of 7]0gk HoZ &%%E}(KronfuB et. al., 1998).

S| 7 90 ppb(H 2] - 30 )l A FH 3
APXQ] o] tjz1e} Mgl Rl Zasg BE5S

By ole 23Uy ditslt AA g 5 o

2} 22 AASE 4 ok olo] #ahA] Xingyuan er
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32 o015 0.15
Z'o |
5% onol | 1
£ | |
§ £ 0.10 0.10
g I
2 0.05 } 0.05 1 I I ‘ 0.1
0.00 —l— L —1 0.00 -—
50ppb  70ppb  90ppb 50ppb 70ppb  90ppb 50ppb 70ppb 90ppb
T ) o g T _
0.12 1 ; .
T 010 o]
3
o
25 008
2o 3
E'i 0.06 |
[ 24
<3 0.04
£ I
= | 14
0.02 I | i
0.00 -— 0 L 7l~—
50ppb  70ppb  90ppb 50ppb  70ppb  90ppb
p values
Parameter Source
50 70 90
Ozone 0.6748 0.1592 0.5528
APX activity Species 0.0197 <.0001 0.0377
Ozone*species 0.0054 0.9222 0.8163

Figure 3. APX activity (Lmol/min/mg protein) of 6 species: a is Liriodendron tulipifera, b is Cornus officinalis, ¢ is Ginkgo biloba,
dis Zelkova serrata, and e is Acer palmatum. The table below is the significance of O,, species and their interaction, analysed two-

way ANOVA at the significance of 0.05 (p is provability).
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28k \} ook A7k s 7 HQ) A7t el
R ApRellah F3he] 2] 5 A FFolA 2F
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