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Abstract

The rate of evolution of ethylene by tomato plants was rapidly increased by ozone fumigation. In the present
study, the mechanism of ethylene evolution by ozone was investigated in experiments with aminoethoxyviny-
lglycine (AVG) and tiron, which inhibit the formation of ethylene and peroxidation of lipids, respectively.
Pretreatment with AVG significantly inhibited the ozone-induced ethylene evolution, but the treatment of plants
with tiron did not inhibit. These results indicate that the induction of the evolution of ethylene by ozone involves
the pathway via aminocyclopropane- | -carboxylate (ACC), while not relcased as a result of the peroxidation of
lipids.

Ozone-induced ethylene evolution was greater in dark- than light-incubated, intact tomato plants. The
difference between dark- and light-ethylene evolution was examined with diuron, an inhibitor of photo-
synthetic electron transport. The inhibitor treatment promoted ethylene evolution. These results suggest that
ethylene retention and metabolism in plants were regulated by internal CO, levels which, in turn, were
controlled in large part by photosynthesis. Thus, ethylene was retained in illuminated leaf tissue under low
internal CO, concentration which may develop in a sealed container without exogenously supplied CO..

Key word : aminoethoxyvinylglycine, aminocyclopropane - 1 -carboxylate, cthylene evolution, ozone,
photosynthesis, tomato (Lycopersicon esculentum Mill.)
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1. M = F(0:)E A Eel Azt g AelHq ASE fresta
(Kangasjavi ¢t al., 1994; Telewski, 1992;

Atgde] b m=A 8 Bo 98k BB 287l % Langebartels ef al., 1991; Mehlhorn, 1990), =L
ZFE| 3 ol whE FAMERA] oAFEES} (SO,), °]AMEA Az A o 2w ubd 5o A E e
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Aol ozt Aaude) FAL AEY 7FE T 2
AEAo] FoEe] 2AF e 3 Wl F4E
AL Aoz N AAAG GEMEN, X,
1992). SAEAL AAdAR] e o B35 249
et 5 AgrbA] e S fEie HEHlEE
AR, F22d A3, :HEA, A o2 g
o} (Heath, 1987; Athanassious, 1980). o] Asjt
3 Aol TAALAS 2 " A F3 2L At
7] uk-o] A He] 9l (Elstner, 1987; Mehlhorn
and Wellburn, 1987; Sakaki et al., 1983), ¢]¢}
22 BAS 2548 BRI ot GRS,
iRk, 1992). 53] 2S4S F9 suigl B4
&t oje] FAAEH 2 o5t S} YAHI HA
7F 9len] BAAEH Ao oJgt Al EA o] gt o FE
o QAF7E G AFH vk (LR 1993).
g oF gl SO, 5o WrledEAel 3 oEd A
Aol $EHv) (Mehlhorn and Wellburn, 1987;
Peiser and Yang, 1979), e¢] o&al2 7] 2]
A& AEud fxe WS #AAs 9ok (Wenzel
et al., 1995; Langebartels ef a/., 1991; Mehlhorn
et al., 1991; Elstner, 1987). Tingey < (1976)-&
oF 309 AElAM 9B ot olFa Y AE
s FAES FHEle] o"dde] EuH fxo WA
AT ek AL A, =3 Telewski (1992)
+ o&d o3t LA 2Bl o5t A Ew|s)
E2 2 o Ao ARAFEAN HAsel A
Aol upet HT o] AL o] F83A HFH
2 et

W2 20l o2 A A4E A 22
Feo] e}, st free-radicaldl] 23 A=Atz
o] AEEA AAEI (Sakaki ef af., 1988, Wise
and Naylor, 1988; Mattoo ef a/., 1980), = 3h}
= aminocyclopropane-1-carboxylate (ACC) 3 &
(g1 2 )l os] APFL F5A (Kende,
1993; Imaseki et al., 1988; Hogsett ef al.,
1981). & FA9 A% dr|edEAd s YAHE
el HF-EA o] L-methionineo]g}= 23 (Yang
and Hoffman, 1984; Peiser and Yang, 1979)7}
ole F oedal A AsfA¢l aminoethoxyvinyl-
glycine (AVG) Az)d| &5 odall gAleo] 2 o4
#& ¥eo] (Mehlhorn and Wellburn, 1987; Hogsett
et al., 1981) o|dal Aol ACC3I|Zol| s o]Fo]
AL Sl&E A
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2.1 MEx=

EulE (Lycopersicon seculentum Mill cv, Fu-
kuju NO,2)E F7F 25+0.5°C, oFzb 20+0.5°C,
AdEE 70x5%2 FAR FeAddM FFshe
3~4F7F ASKAZ F Aol FAER . WYEE o
FEelolE I ERA  HglolE RYE 2:2:1:19
&2 EYch. I oY 13 AAET vEY A
7}= hyponex (0.1%, v/v, The Hyponex Co.
Inc. OH. U.S.A)E AHsl #+ 23] 359

2.2 2&EXg|

Ad% feleAld ARA7 EVHES E 25+
0.5°C, FdFE 70x5%Z Aojd dFF A84(230
x190x170 cm)E %7 ¥ 2475 PP, o F
e AR 2EFES 0.2 pl/lo2 2HR 7}
234" A2 AEE F) F o248 E ot spx
A e FU02 v" getol= = (Yoko Lamp,
400w, Toshiba)E AH&8T FT oF 400 yEm-2s!
E AAYe. 7iaAE AW FEFEL 0.22 m/sE
FA .

2.3 oy &H

SEANY AA F AAAHLE EulES dAH YoM &
axves A8 leaf disc (=10 mm, 40 discs)3
A 5, A7 Belde (Bl FHeo| e AHHED
30 ml AZEeAAd Yol AeEitr YUHg ¥ 7}
242 22 F 9 2Rx7A 227t <l o] EY
ok 7EAEA2 1 ml FAVE AR A EekaIe)
Al 1ml 7tAE AF sl ArzEatEads] (S,
GC-7A, FID #&7)) A FAYH.

BAL AL FHYLIF LR F2H 110%0.32
cm? FEARE AALET. L2 £EE 70°C,
carrier gas (N2)9] 42 50 ml/min®2 A 3.
7r2e) A4, AFEALE X84 RE7)AS] Fa WA
(IR A3 529 WA E vlaste] A3
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2.4 AVG, tiron % diuronx| 2|

odal AL Adslr] Ha oL PAAAAA
AVGHEY (0.1 mM) 2 EutE ol 2= e]s}a of
1A ¥ 224898 o g2 AVGHEYR %
2 599 Yol FFPE AT lE oF 1A F 2
A g A g,
g, SAdAre AAEAR d#A e tironAHF

ZHeE 247 Yo ErE YolA leaf discE
8 & o]Z& 10 mM tiron 5 ml7} S¢9lx 30 ml
ZAEetaTel Yol AR|E3FE 9E § siaxejs
2 B g 2exAA 2X 2 AeE P dxT
&L A=A g2 BrtkEe o EE 247 Mgt
EvtEe] YoM leaf discE & F 47 5ml &7
F7F BolglE 30 ml8 AAEeiaze Yol HelE X
FE Us F rhaxe] A A 3R g LR
A 247 AeE Yo B3I JAAQ diuronAH e
X tirond 29 FYRALE o 1 FrL 0.1
mM<$ AHS-Ee

|

el ol ax ol

2.5 YHEMAE N P FH

R B i B o S 2 e g B I 1
AVGE] ks ZAES] Y8 e&A=] AA F g
AbAgre) wisls Aoy, Jugarnee e EAY F
AA Moz oA oA porometer (Licor, Li~1600)
£ AHg3le] EA Y

A o8 FFAGY AslE Al A4
L&A AR F AL YA LAA chlorophyll
fluorometer (Howalz, PAM-2000, Etteleeich,
Germany)E A48t} Terminology: van Kooten
and Snel (1990)2] uhy-& whgic},
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3.1 offel@l My
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 2FAR 1 Azeldol 2A F7HH e @717 LA
2ol oA 2A FEHH. F2AAM 5| EF
A oA 2EAT 42 FHd o Fehn
25 et g2 diwelEd A oF
Az AAE 2~4A 7l Hdel Pl 2% §43
Fashe AgS vebl oA el o7 oy A
o ke AjZbe] freEl F g (2" 1), =7
L&A 27 odd AL FRABTE G2
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Fig. 1. Effect of O, fumigation on the evolution of
ethylene in tomato leaves. Open symbols:
control, closed symbols: O, fumigation. Plants
were excised and incubated for 2 h in the
light (0, m) or in the darkness (<, #) until
ethylene measurement. Symbols and error
bars represent the means of results of three
sets of samples and standard errors of these
means, respectively.

2EAe olg DA 4] ACCIZS| o3
ESEAE R SAstel U AHe FEaw o
dA gl ACCRHELY AdA AVGE 2247
Aol zxdlo] @ F ool 247 MU (E D).

Table 1. Effect of O, fumigation on ethylene evolution
in tomato leaves that were either sprayed
or were not sprayed with AVG before O,

fumigation.
. Rate of evolution of ethylene
Treatment .
(ml cm™ h™)

Control 0.08=+0,02

AVG 0.0240.01

O, 0.344+0.08

0:+AVG 0.06+0,.01

Plants were either fumigated with O:; for 2h or not
fumigated with O, and then leaf disc were excised. Leaf
discs were incubated for 2h in the light. Means+SE of
results from 3 sets of leaf discs are shown.
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AVGE A3 A% odal A e EAe T} gz
T 2% d4A43) A= F o] s $F 97
ol o] ACCAAZZo| 3 o Foi & AAls}
3 9l

g g Exe]o] of3t odPAAdel A A=Azl A
E2AM 2" 7FeAle] 9)o] free-radical & AAA)
¢l tironHele] o3t oA AL AR (£ 2).
SEAEA & HETY AL tironHd 97 o
gl A ZhiEE 3L 29AT background
level (AR Awe] F7]4+G.Co o=y ¥
=7F £0.04 AEo]BE2 AAEANE oo, 9FEH
2 ¥ tiron A& AT odd JAAA A= ¢l
ot o] Ae eEAH 9Ft o"d AdAe] free-
radicalel] 2|8 AAFAkste] AEEA o] FolA|A] o=
ke RS AAREL Sld.

Table 2. Effect of tiron on the evolution of ethyiene
by tomato plants treated with or without O,.

Rate of evolution of ethylene

Treatment (nl cm? h)
Control 0.09710, 021
Tiron 0.054£0,014
O, 0.401+0.017
O;+tiron 0.348+0,021

Plants were either fumigated with O for 2h or not
fumigated with O; and then leaf discs were excised.
Leaf discs were incubated with 5ml of 10 mM tiron for
2h in the light. Means+SE of results from 3 sets of leaf
discs are shown.

3.2 AVG X z|ofl 2|8t &ibxig

AVG ANz &g 713799 Hst 2 7] 3 =
A dgS 2Abb] Hd oA AA F g
Ao WHE AP (2™ 2). FAAFLE 2EAE
Ak @A JA43 F7HE AR e84 A2 )
IAEE eEAE Azt vl of 24 o] A3}l
D7)z oA g8 JFNEE F JuS e
o e 288 A @ dETY A AF
HolE AZkzt #Aglel dAsHA FAIHE. AVGAHE
¥ oE3 AT A9 7NES AVG MeEeA o
3 ents AR A9 vlaste Ae 22 AFS
el AVG A7t 2EF5 dFS wAA den
T A& AL 3
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Fig. 2. Effect of AVG on changes in diffusion resis-
tance. Plants were sprayed with AVG (O, )
before O, fumigation. Control plants were only
sprayed with water (O, ®). Open symbols:
control, closed symbols: O, fumigation. Diffu-
sion resistance was measured from the com-
mencement of O, fumigation. Symbols and
error bars represent the means of resuits of
three sets of samples and standard errors of
these means, respectively.
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a3 19 Aol oJslm eZAe]o] o3t jdd 44
< BFEZA el E g A B rERAl«AM <
FellolE & A7t A vebde. o A FA
Aol oy QAo dFg v TheAel e RS

3! diuronX g|oj|



EolE AlEo] QlelM HYAel E G PN AR TIAE G 31

.
T
™
N
0.6 ,
. N
™,
3
N
X
\
)
\
O 4 - N
. \
\

Photosynthesis activity (Fm')

02} |
|

0 1 1 1 1 1
0 1 2 3 4

O3 exposure time (h)

Fig. 3. Effect of O; on the property of PS II photo-
chemistry. Open symbols: control, closed
symbols: O, fumigation. The parameter Fm’ is
defined as the maximal fluorescence vyield.
Symbols and error bars represent the means
of results of three sets of samples and
standard errors of these means, respectively.

Aakgket, webd 3 AAAQ diurong 2E 24]
7k HE)gt EnlE oA leaf discsd 3 F 2417 3
27604 A=), ogdl 442 diurond gt A5
7} diurong A28 g1 e&3hs Mg A Bo
Z7bEe RS JeiE A9 (2d 4. F ol 3
A gAe AR Qe J"ddl A 1S Al

I sleh
4. 1 &t

ojelall A2 o] AEE (SO & (0s) 59 o
7129540 98 &AAAT HnHT 9t (Wenzel
et al., 1995; Tingey et al., 1976). & A1 27|
el A oeld ) oete] AL AAHAEe] AER
A WA ET (Mattoo ef al., 1986; Bressan ef al.,
1979; Peiser and Yang, 1979) %= AA A= o
2)717) BAAEHA (Powels, 1984)9} 2Exe) o
& S% (Sakaki et al., 1983) ¥Hot@ HuHgc} o
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Fig. 4. Effect of diuron on the evolution of ethylene
by tomato leaves. Plants were fumigated with
O, and excised. Leaf discs were treated with
diuron (&, @) or were not treated (O, m)
and incubated for 2 h in the light. Open
symbols : control, closed sumbols : O; fumiga-
tion. Symbols and error bars represent the
means of results of three sets of samples
and standard errors of these means, respecti-
vely.

o} e 2B AE oEd AL FEr] dEel
AR A Azt APhe Aoz 47t
He] 3} (Wise and Naylor, 1988; Mattoo ef
al., 1986). A o=y AL ofetAdAE 2] &
AHFo2 ACCAS A AA "G (Mehlhorn and
Wellburn, 1987). ACCIAFEAE odddloze] A
ol F43F ACCSFE A3, BE A glojMx
g ARS 2dsle F2 Adolvh. =3 ojziA
Ao 9t Jdul YA ACCRAREA A 93)
ZA "} (Imaseki ef al., 1988; Kende, 1983). &
Zo| 93t &AL ACC 53 WA HA 7} 9]
o1 (Reddy et al., 1993; Langebartels ef al.,
1991), free-radicale] ACCojA] oeldl oz A 3la]
L 7L Eojgih= o] Wit (Wenzel ef al.,
1995; Yang and Hoffman, 1984).
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HER o] M7tg EntEAES o)4] oddll FAA 4
A9 AVG (Yang and Hoffman, 1984)¢} =&AL
o] #A&A|Q) tiron (Sakaki ef al., 1983)& At-43
2o A&t odd A w7 FE ZAHT. 2B
9 iAW PA L AVGAHE ] o3 "A3] JA=HAL
v tiron# el o3t oW A4S A EAE et
A 4t (E 1, 2). o] A 236 gt e A
e ACC3|Zol o3 ol s =jAFAabzte] AHEEA
= AXNEA deve AE ARl =3 efEE o
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= o]AR] gokdbe AE o 4 el

2 Age] A 9584 i BErlE A ZeA e o
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b Fo] ACCOA ooz ARIA9
~-SH7|E A 71E Ao 9@t (Kao and Yang,
1982; Gepstein and Thimann, 1980)7 0] ¥ &}
= Aol &) A skEE AERY CO, FEe 28t
o= Ae|t} (Gradzinski et al., 1981). Kao%}
Yang (1982) % CO.7} ACCoA ogdll ez Hals}=
AREAHA (ACCAEHLA) S FYAZeE A
Aol AT stgich, whEiM, FEFRT gz
A dddgA 2571 22 ol FEAAME FA
Agoz g MEYY CO, 4n7} gl AFEY
CO7} fAIE A bz AEY CO, F57F ¥
A FA=7) gFelga ek & LEA Y 23t o
gAML B TA ] AT FLALE AEAE
Wl CO, 358 A3l S 7584 7}
FAol A, e E AN E FEASEA A<
diurong Helste] «Eo o5t JEd A9 gL
2439, 2 A} diuronM e 77} diurong A3
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B g7t AN E EAAGE AL & 5
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4417} o] FRE dAEE ALZ veht 9FA AT
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ASE Hol gl (T 1, 3). o] He| FIAHHA
9 Ayl LAY E FEAAAE BEGE JEH
& A7|A T A ERY CO, FE7} HNAPY] F2
f9lolete AL Hdsid (Kende, 1993). o=y

H2 7| 1AE3]x) A12d A3 3

AL AE7 AE AEGAE WA E4) i 239
g5 =9 (Bressan, 1979) 2 AYPr= o&Ex g
427k o] FHE] Qi Al dEAdn o 7pAAle e
Az 22 AN E R 2 A F 2E
A} 427k o] FRE]Y oddll A2 PaE AEY 4
g ez gt JEAAA FHY Fae 7dddn
AztE

Aol glelA ofEd A4 ACC FHEA ¢
ACC AsHE A & 27| o L&A 2]
AtE ol T4 A AT HAE T QU
(Bae ef al., 1996). wetr] 286 23 ol A
4dE £ o 2983 37 HdME CO. A2 g
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5 4 =
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