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Ethylene Evolution in Tomato Plants by Ozone
in Relation to Leaf Injury
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Abstract

The relationship between ozone-induced damages and ethylene evolution was examined in tomato plants
fumigated with ozone of 0.2 uf/f. The rate of evolution of ethylenc by tomato plants was enhanced by ozone
fumigation. Pretreatment of leaves with aminoethoxyvinylglycine (AVG), an inhibitor of ethylene evolution,
significantly inhibited the evolution of ethylene that was induced by ozone and concomitantly reduced the extent
of ozone-induced visible damage to leaves. Treatment with 2,5-norbonadiene (NBD), an inhibitor of the action
of ethylene, strongly reduced the extent of visible damage caused by ozone, even though it did not suppress the
evolution of ethylene. These results indicated that ethylene might play an important role in ozone-induced plant
injuries at relatively short terms of ozone fumigation.

Next, we examined the effect of tiron, a scanvenger of the free-radical, on evolution of ethylene and leaf
injury caused by ozone. Tiron treatment strongly reduced the extent of ozone-induced injury, but had no
inhibitory effect on the evolution of ethylene from tomato leaves. This result suggests the involvement of free-
radical, such as superoxide radicals, in induction of injuries caused by ozone.

Key words : aminocthoxyvinylglycine, 1 -aminocyclopropane - 1 -carboxylic acid, ethylene evolution,
ion leakage, ozone

al., 1991; Mehlhorn, 1990) AL &AkAl7) 3 9}

LN B o EA4E ZYARLE (Heath, 1987) YHwe] &
A ORiE) F24ol vehta A= A by E2 gz

3pElR X EL] FA Rl & (0,)L AlEd] glo] =9 7hA) A&lE #AA o} (Beckerson  and
A st o AelAel HIkE fxste] (Kangasjarvi  Hofstra, 1980). o]} 22 e 3. Al B 712
et al., 1994; Telewski, 1992; Langebartels et S B F4E ey e 23 o ¢ )

J. KAPRA Vol 12, No. 3 (1996)
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APL A oldd A Fae vl Ee] 7] A
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25 Alge] glelM ol"#d-& L-methionine—
S-adenosylmethionine (AdoMet)—1-aminocy-
clopro-pane-1-carboxylic acid (ACC)—ethylene
9 72 (ACCHAZ)EZ A¥A 9% (Yang and
Hoffman, 1984). o|8} o] EAA 22 AAHE o
gale 1% Age) A% 9 2ae gL 2AHE 4
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Table 1. Effects of ozone fumigation on the evolution
of ethylene and leakage of ions by tomato
leaves in plants that were either sparyed or
were not sparyed with AVG before ozone
fumigation.
Rate of evolution lon leakage
Treatment of ethylene (1S £
(nl cm™ h™') #
Control 0.08%+0.04 35.9+4.5
AVG 0.03+0.02 34.7+5.4
Ozone 0.40+0.06 63.9+5.8
AVG+O0zone 0.09£0.01 44 4+8,7

Plants were either fumigated with ozone for 4 h or
were not fumigated with ozone and then leaf discs were
excised, Leaf discs were incubated for 2 h in the light
prior to quantitation of evolution of ethylene and these
discs were incubated at 30°C for 30 min to measurement
of ion leakage. Means+SE of 3 sets of samples.

& oA e A (R 2). ACC Al 23 o
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Table 2. Effects of ozone fumigation on the evolution
of ethylene and leakage of ions by tomato
leaves in plants that were either sparyed or
were not sparyed with ACC before ozone
fumigation.

Rate of evolution
Ion leakage

Treatment of ethylene N
(nl cm* h™") (uS™)
Control 0.19+0.08 24.3£5.5
ACC 0.49%0.11 26.41+4.8
Ozone 0,510, 14 40,7+6.0
ACC+0zone 1.05+£0.16 49.4+7.8

Plants were either fumigated with ozone for 4 h or
were not fumigated with ozone and then leaf discs were
excised. Leaf discs were incubated for 2 h in the light
prior to quantitation of evolution of ethylene and these
discs were incubated at 30°C for 30 min to measurement
of ion leakage. Means+SE of 3 sets of samples.
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Fig. 1-(a),(b). Effects of AVG on visible injuries
caused by ozone in tomato leaves. Tomato
plants were either treated with AVG or not
treated and then fumigated with ozone for 4 h.
Plants were transferred to an ozone free
cabinets and then incubated for additional 15 h
in fresh air in the light.
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Table 3. Effects of NBD on evolution of ethylene and
leakage of ions.

Rate of evolution
Ton leakage

Treatment of ethylene (4S5
(nl em™ h*) 1
Control 0.05x0,02 33.5%4.2
" Ozone* 0,17+0.01 67.5%3.8
Ozone+4 h" 0.21£0.01 86.7x7.8
Qzone+NBD 4 he' 0.36+0.06 69.816.5

Tomato plants were fumigated with ozone for 1h (a)
and then transferred to an ozone-free chamber. The
tomato plants were either treated with 30 pf/¢ of NBD
for 4h (c) or were not treated with NBD (b). Means+
SE of 3 sets of samples.

L2 147 Me¥ ErtE AR 98] ¢ AW
2 %A 1A% Ax FERAM sl Edd
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slet. NBD Helofl ojgt 7pa] Asje] zhazt of=a A
A Az Q3 shsAle] glel NBD AHzlel| 2]3t ofed
@ QAL ZAE NBD Aol ojah ojeddl gaje
SF HelFo e FriHel ol& o"d A& AsA
ol NBD7} &l A& AspA) 712 b A2z et
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ilé’-?)rh A Th. 2 tiron Herl 2E AR q
3 A 58 3A A LD A4 oAs}
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Table 4. Effects of ozone fumigation on the evolution
of ethylene and leakage of ions by tomato
leaves in plants that were either sparyed or
were not sparyed with tiron before ozone
fumigation.

Rate of evolution
Ion leakage

Treatment of ethylene )
(nl cm™® h™") (us™)
Control 0.09x0,03 35.9£5.0
Tiron 0.06+0.02 33,2+2.3
Ozone 0.38+0,02 63.9x7.6
Tiron+0Ozone 0.31+0.02 40.3+6.7

Plants were either fumigated with ozone for 4 h or
were not fumigated with ozone and then leaf discs were
excised, Leaf discs were incubated for 2 h in the light
prior to quantitation of evolution of ethylene and these
discs were incubated at 30°C for 30 min to measurement
of ion leakage. Means*SE of 3 sets of samples.

Tiron &l 23 714 &) wae
tirong EvlE oo AZ#olst F o2 4417 2
Ao 9 A2l A4S 7h) Al o Akl chlo-
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O,1h O, 1 h, NBD

Fig. 2. Effects of NBD on wisible injuries caused by
ozone in tomato leaves. Plants that had been
treated with ozone for 1 h were transferred to
an ozone free cabinets and then fumigated or
not with 30 #£/¢/ NBD for 4 h in the light.

Fig. 3. Effects of tiron on visible injuries caused by
ozone in tomato leaves. Plants were either
treated with tiron or not treated before ozone
fumigation.

et al., 1983). Z, superoxide (O;):= A Mz}
A whe-E2AM A" #ut ohel Oy oM Alse
4 (H.0,), singlet oxyzen ('0.), OH radical 59
72 g4 ARz Fo] YA (Robinson, 1988).
o)sh g B AbE Ad T2ed, hzelol=
59 Aao B £ #xA)7)Y (Tanaka et al.,
1985; Sakaki ef al., 1983) o] A3 Hao chhz
I ek 3 dqr]ed B g AlE Ao
#H F 7kl A (e A7 BAET] oAal
‘YAt W37 271 @A7 Qe (Sakaki et al,
1983). &, 2& A" zA o A9 At W3

=71 RA e )A] 12 A3 s

Zh et s Al Aale] Aagez AEe
A& ol ok HM & SO FHL W) 44 Hel A

% %o sEsEn 4Et 422 9z 34 29
(Sakak1 et al., 1985). 282% djrjey E4 e
of o8 27)9) A HEHE B AL 0Fof 9a
7HA] A o] w7 EE FEsked vhe Fesd
o 47,

2 AN E B Fair ek olae) sla
oz Az &L 2T, o) A2 e 0=
A2 2417k ol F FA3] Sl (R 1, 2, 3, 4) AT
A1zt vl sled ZhT A XM o] f29 27}
£ o TS A8 249 Wt AY s} A
3te] o} F}Ae] ZYdr} (Beckerson and
Hofstra, 1980). =3 #Z Bae % (1996)2 7]
29 Az 99 Akl FE 5 o) Bage) sl
£ FrEATIE AL oldd AAe] WA HAdstm 9
gy Rugdd, EntEed ¢&S st thAlzk Yo

a3

riN

oiedal AJA]o) 25T o] g Zae B 2 q)
o e, ogE A4 Asalel AVG Hee] o4
Me odd YAe] AT SAle] o) ggZas

7HA Arb ZhaEgi odd A 7tAg) A A
HE AN dae T3 A5 2 g A E S
ME BRI} (Wenzel ef al., 1995, Mehlhorn ef
al., 1991; Mehthorn and Wellburn, 1987). &3,
]"é‘aﬂl 5 Hejol| o AF s FEHR ket

w3 o= 2] Hel| AL 25y ascorbic acid
T4 2L A AL dA Y B4 HA0] FkEe] @
Eoll 3k el vebdo} (Mehlhorn, 1990). whel

A oE IS FrES oA Bedo] A vrh]Ee
& o3 AAE oL e 23 38}t wldald 3
g2 (HO.)$ £ o) = (HCHO) 5 44
FozA o) o] 0F JAT FEANGT 2234
(Elstner, 1987; Mehlhorn and Wellburn, 1987).
a2y o] M S FHd AdE obf RugR) kw9
& Bt ohde} dlddl 2 AA9 3t YA E A
HEHA st wepM, 2 dFdMe g 2he
AsAlel NBD Aej7} odal 44 9 o2 g3 §%
ol o)Ae gl de] =AY NBD: ojddl 4
A (receptor) 9] o dal Ag Holo AggtozA oY
4 242 A Ao B o (Sisler and
Yang, 1984). NBD 3 2]o|| 2|3 of5dal AL ¢ 3
2 FAAG T E T8 9 A= A3 dAH
Ao (E 3, 27 2). o] A= 924 o8 YA H of
galo] 223 ubgal 2454 E2 (H,0,, HCHO)
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o] QAo 2gt Alo] oI oddl L RpAIFF A
Fo AA HJstn gloke AL AARE Aelth. NBD
Azl g oAl YKo FAE feed-back AL
2 Agg 4 9ot odale ACC A &4 (SAMe
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