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Abstract

To determine the efficacy of uniconzaole[ (E)-1-(4-chlorophenyl)-4, 4-dimethy 2-(1, 2, 4-triazol-1
-yl)-1-penten-3-0l) ] (XE-1019) as a phytoprotectant against O, injury in tomato plants
(Lycopersicon esculentum Mill, °'Pink Glory’), plants were given a 50ml soil drench of
uniconazole solution at concentrations of 0.001, 0.01, 0.1 and 0.2 mg/pot thirteen days prior to
O; fumigation. All four uniconazole concentrations were effective in providing protection against
O, exposure(16h at 0.3 ppm). Uniconazole treatment above 0.001 mg/pot significantly reduced
stem elongation, leaf enlargement, leaf area and fresh weight of plant, whereas increased
chlorophyll concentration. Transpiration rate on a whole plant basis was reduced by uniconazole
treatment and O, exposure, Uniconazole reduced ethylene production induced by O, injury but
had little or no effect on defoliation of cotyledons and leaf epinasty. Activities of peroxidase
(POD) and superoxide dismutase(SOD) were slightly increased by application of uniconazole.
With increasing exposure time, O; increased POD activity but decreased SOD activity., The
phytoprotective effects of uniconazole were diminished by applying gibberellin at 10~20 ppm.
These results suggest that the phytoprotective effects of uniconazole are related to its role of
increasing activities of free radical scavengers such as POD and SOD, in addition to growth

-retardation as an anti-gibberellin,
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Table 1. Effect of uniconazole on injury and
defoliation of cotyledons of tomato

plants exposed to 0.3 ppm O; for 16

hours.
Uniconazoleconc.  Injury rate No.of
(mg/pot) (%) defoliation
0.000 25.2a* 10(100)
0.001 14.5b 10(100)
0.010 9.9bc 8( 80)
0.100 7.3cd 9( 90)
0.200 4.8d 8( 80)

Values in( ) are percent age of control
* Means separation within column by Duncan’s

multiple range test, 5% level

Fig. 1. Effect of uniconazole on reduction of Os injury of tomato plants exposed to 0.3 ppm
for 16 hours. From left to right : Uniconzole 0, 0.001, 0.01, 0.1 and 0.2 mg/pot.
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ol —— 0.000 mg/pot o~ 100F T 0.000 mg/pot
—+— 0.001 mg/pot \E —— 0.001 mg/pot
_. 80F =% 0.010 mg/pot ¥ 8o —* 0.010 mg/pot
E o} — 0100 mo/pot Z | -= 0100 marpot
5 = 0.200 mg/pot g 801 - 0.200 mg/pot
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0 ) 1 1 1 1 O Il 1 1 1
o} 4 8 ? 18 20 0 4 8 2 8
Days after treatment Days after treatment
Fig. 2. Effect of uniconazole on shoot length Fig. 4. Effect of uniconazole on chlorophyll
of tomato plants. content of tomato plants.
Table 2. i i
soL — 0000 mg/pat Effect of uniconazole on fresh weight
—~ 0.001 mg/pot and leaf area of tomato plants at 20
—~ B[ = 0010 mg/pot day after soil drench.
E
fj’f 20F %7 0100 mg/pot Uniconazole conc.  Fresh weight Leaf area
B — 0.200 mg/pot {mg/pot) (g/plant) (cm?/plant)
7}
“ 10 0.000 13.80a* 256.40a
at 0.001 11.12b 199.00b
5 0.010 10.89b 180.40b
0 . . L . 1 0.100 10.02bc 139.40c
0 4 8 12 18 20
Days after treatment 0.200 9.05¢ 122.40c
Fig. 3. Effect of uniconazole on lenght of the * Means separation within column by Duncan’s
third leaf of tomato plants. multiple range test, 5% level
L &4 M3l F9 ethylened] A ske 124 dem, o olFele ASA FAHUME 3).

AR A Fge] FA3F) Forete] Holsl H

Table 3. Effect of uniconazole on ethylene production by leaves of tomato plants exposed to 0.3 ppm

0; for 16 hours.

Ethylene production(nl/g/hr)

Uniconazole conc.

Hours of O; exposure

{mg/pot)
0 4 8 12 16
0.000 7.63a 32.33a 69.65a 224 .05a 102.96a
0.001 6.51a 11.63b 34.66b 86.71b 115.51a
0.010 7.27a 6.82bc 17.49b 38.64c 47.81b
0.100 6.86a 8.98bc 14.86b 26.59¢ 45.42b
0.200 6.76a 6.03c 10.11b 26.17c 15.85b

? Means separation within column by Duncan’s multiple range test, 5% level.
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Table 4. Effect of uniconazole on development of leaf epinasty of tomato plants exposed to 0.3 ppm

0; for 16 hours.

Degree of epinasty

Uniconazole

Hours of O; exposure

conc. 4 8 12 16

(mg/pot) Leaf number from bottom
Ist 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th

0.000 10b®> 18a 12a 2a 20a 30a 12a* 3a* 25a 38a 12a* 3a* 30a 48a* 12a* 3a*

0.001 13ab 17a 12a 5a 18a 23a 15a* 5a* 23a 30a 17a* 5a* 37a 38a* 23a* 5a*

0.010 8 15a 8a 1la 12a 20a 10a* 8a* 20a 20a 10a* 8a* 30a 30a* 12a* 8a*

0.100 20a 152 8a la 25a 18a 10a* la 28a 23a 10a* la* 38a 40a* 10a* la*

0.200 7b 22a 8 la 10a 23a 8a la 18a 30a 10a* 2a 37a 35a* 10a* 2a
? Means separation within column by Duncan’s multiple range test, 5% level.

* Indicate severe epinasty that leaf tip was cureved back to stem.

Fig. 5. Efffect of uniconazole(XE-1019) on epinasty of tomato plants exposed to
0.3 ppm O, for I6hours. A) Os free, B) O treatment. From left to right
: Uniconzole 0, 0.06, 0.0, 0.1 and 0.2 mg/pot.
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Table 5. Effect of uniconazole on chlorophyl
content of tomato plants exposed to
0.3 ppm Os for 16 hours.

Total chlorophyll content (xg/cm?)

Uniconazole conc.
Hours of O, exposure

(mg/pot)
0 16
0.000 31.55e* 25.03d
0.001 40.11d 35.95¢
0.010 45.84c 44.50b
0.100 51.56b 50.95a
0.200 54.12a 53.50a

2 Means separation within column by Duncan’s
multiple range test, 5% level

Table 6. Effect of uniconazole on transpiration of tomato plants exposed to 0.3 ppm Os for 16 hours.

Uniconazole

Transpiration rate (g/plant)

Ozone conc.
conc. Hours of O; exposure
(ppm) (mg/pot)
4 8 12 16

0.0 0.000 4.30a* 8.47a 13.99a 17.49a
0.001 2.56b 5.49b 8.83b 11.16b
0.010 1.74c 3.53cd 5.92cd 7.23cd
0.100 1.35¢cd 2.67def 4.63def 5.76def
0.200 1.04d 2.22ef 4.15ef 4.67ef

0.3 0.000 2.37b 4.03c 6.84c 8.81c
0.001 1.63cd 2.91de 5.10de 6.41de
0.010 1.05d 2. 14ef 3.74ef 4.91ef
0.100 1.05d 2.11lef 3.57ef 4. 34ef
0.200 1.01d 1.75f 3.19f 4.00f

? Means separation within column by Duncan’s multiple range test, 5% level.

POD® 4% 33Y ZAF (R 7) uniconazole
Aeerrt #2T5F 840] ke 1 Zo
vz Hgoh, &2 Alzte] ARYs,EF LE
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=71 £45F 375 AAc,
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azole %9 Z7lel &4 froAdde 2715 B4
2} FAEe AR Wit e EAEE A% A
7 Foll= SOD Fek& z=A #HEA7)x dghon}
16417t Foll= 2.3]8] sty

GA;E 10, 20ppmeZ AXF F 228 A7
T 23 FAYTIL 47%9] HHES epde v
o GA; M7= 47 65% 5% & I &
¥ 93, uniconazole® Az sz GA;E AHelye
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Table 7. Effect of uniconazole on peroxidase
(POD) activity of tomato plants
exposed to 0.3 ppm O; for 16 hours.

POD activity (unit/g fresh wt)

Uniconazole

conc. Hours of O, exposure

( t)

mg/po 0 8 16
0.000 60.87c* 482.00a 64.00a
0.001 64.93bc 296.40b 616.00a
0.010 69.80b 272.40c 529.33b
0.100 77.80a 239.33d 440.67¢c

0.200 80.70a 169.73e 392.67c

* Means separation within column by Duncan’s

multiple range test, 5% level

Table 8. Effect of uniconazole on superoxide
dismutase (SOD) activity of tomato
plants exposed to 0.3 ppm O; for 16
hours.

. SOD activity (unit/g fresh wt)
Uniconazole

conc. Hours of O; exposure

( t

mg/pot) 0 8 16
0.000 59.404? 63.20ab 39.73c
0.001 61.40cd 65.87a 46.93b
0.010 63.67c 62.93ab 49.33b
0.100 67.67b 60.00b 53.60a
0.200 71.13a 59.73b 55.20a

z Means separation within column by Duncan’s

multiple range test, 5% level

Table 8. Effect of uniconazole and GA; on
injury of tomato plants exposed to 0.3
ppm O; for |6 hours.

Uniconazole conc. GA,; Injury rate
(mg/pot) (ppm) (%)
0.000 0 47.3c?
0.100 0 24.0e
0.200 0 15.8f
0.000 10 65.5b

0.100 10 31.6d

0.200 10 16.5¢
0.000 20 75.6a
0.100 20 34.3d
0.200 20 18. Oef

* Means separation within column by Duncan's
multiple range test, 5% level

x K

Triazoledl 343182l uniconazole®] AJelz<l
32713 =g B3l AZEd 2408 o)
5ol GA M¥AIF kaureneell 4 kaurenoic acid
2 AgEle #AFel kaurene, kaurenol Lg%
kaurenal®] 43tE A gozn GA 4L A
3o Aoz e AEXEd 538 Adste <
AAE QA3 Aoz A g

Uniconazole® leaf abscissione)‘} x3 S2
) ahe 7)1 Ee] YAEA 9 FUF triazole A
%4 paclobutrazold] u]3td f5taz7 el
L2 ¥aFm ged, trledel g A&
WASH Ede 3] d4, F494 53
AN e H2Z g2 gle}, 5

& Al¥ol M X uniconazoled =%, 9% 2 o
H3 52 @A43] JANzZ 9w
chlorophyll #%% 71471 ALz v|fe 4
A8 A& WA e BE FAge ¥4
A A3l LR v|Fe] B o &5t A
IR fd& ol WA F9AA FE Aoz B
G (2 2,3,49% % 2,6).

Hr1edH]s| 2 Q3% ethylenes WAL =R
=9 3 A7t He ALR ¢xn gled, B
Algol % uniconazole?l Ao L&A ¥
#7F 0" BAZ ethylened o] Hodch(E
3). 28} uniconazole Az|FolA = H
LA 2x Hdo] 9= I epinasty @A) AU
A2 v]Fe B 9 uniconazoled antiethylene
9] 22 Bx B3 Aoz dxdEvh(E 1,49 2
g 5).

2. AEA A7 AL FxRAF A 2Bo]
A proteine]} lipidel &34, 2a1 o=
A oxyradicaly #HAsoz =gy qle

— 47



48 — $FRAFGNA ALLA A1 (1992)

9], 415 free radical scavenger?d SOD+& oxyr-

adical® H,0,% 0.2 F3IA 7|2 PODe oA
H,0,& H.08 0,2 F3Ag o2y #AfE A3
Al F ole ALz AL glet. e
2Ex2l) 2% peroxidased ¥AFVI= €
AEo e 2&ds] HuE1%03 gz sigon
AT Ao g Weir] e & A FrR
A "ck(E 7). Uniconazole #ee] 2% POD
o A4 Z7IE S 2 FL oA 238 o
F WS AR L= Her Fol=o.

SOD #A 94| uniconazole Ao 2]s}le] of
7t FrEl9low, PODelE <28 2&x29 A7t
o] AulgsE 2388 Ao RolA: HYE X
deH ol EntEe EAle] & distd WA
o] wj% <3}y wjFel & FHE A4EH & 2
#Hute g ) Asl7ie oz det.

LeeS-22 paclobutrazol& #2 3 snap beanell
GAE AFshd SO,ol og WAdel A=t 3
Qedl, £ AP AHE uniconazoled: ESFUI
F GA,E QWAEY Azl 280 g WAl 7
A5 GAY ¥E7} £45F A g FlEs
A%eS RBYATH(E 9). °l& uniconazole %A
antigibberellin®] zrgo.2 P& A 2&
o W3 WAdE FdAA FE e FANAFE
Az A4},

X729 A#E F§¢3ted & 9 uniconazole
o} BofFqle] g EntEe] 2 &vd WAHASd=
anti-gibberellin®] zH&-o.2 AlEAe 234& Y
A st dEAY AXy #Fd& HA Fo=
W Aol AP Aol A, AXHNA o
oju}= oxyraical® & & 3% F 2= POD
9} SODe] ¥A4& FuAez AHE AP =
A A3t QARG ¥ 5 it

wm X
Evlze eFo g WAL FHA7I A A
23421 uniconazole 0, 0.001, 0.01, 0.1, 0.
2mg/pote] FEE EIFFUs L, 0.3ppme] &

o Azlstg™ v} e} e A}E At

1. Uniconazoleg 0.001 mg/pote] @& F=el

Ax AEAE A d3Azed, diad=rt 2
TE 2E U WAHE FHAA FAH=TY
259% ¥ &e] uldted 0.01 mg/pots) F& FE=X
AXE 10% °lst2 I+E A3zt

2. Uniconazole® #3357} FoHALF Enl
e 23, 944, 9493 9 44 FE FoAAx,
chlorophyll &8& F7}417i o0 FAa-E A4 3
A g, LE2AEE F4AES X3 PR
2w uniconazole A&l L& 23 FAtae 3
Zuof] g WA A Esbdch.

3. Unicaonazole® S.&d#2 A L=
ethylenes] WA AA AztAlglot z4sd9] ¢
4 2 99| epinasty 2 WAL 4 gt

4. £&x2e PODY €44 =ZA ZFUAAL
1}, SODe AL FaAFE Aot
Uniconazole® =7} ¥4 uel PODs
SOD®} #4& <2t 271471 A eI},

' 5. Uniconazole® #eld o}& GA, T QWAE

g Az AAdstans LPEHHA eEd R
WAE s,

6. ol9tze HAAE FYsle & W, EvlEd
sl*J Al uniconazoleq] & AL A EA 9
o 3}2} JE 49 FgERdd PGB 2gEHe AXE
W sl ¥4 oxyradicale] ME F3AH
F olE i 4Fdr 4F dHHe AR
BeiEcl.

$E IR

1. Cathey, H.M. and H.E. Heggestad
(1972) : Reduction of ozone damage to
Petunia hybrida vilm. by use of regulating
chemicals and tolerant cultivars, J.
Amer. Soc. Hort. Sci., 97, 659~700.

2. Cathey, H.M. and H.E. Heggestad
(1973) : Effect of growth retardants and
fumigation with ozone and sulfur dioxide
on growth and flowering of Euphorbia
pulcherrima Willd, J. Amer. Soc. Hort.
Sci., 98, 3~7.

3. Cathey, H.M. and H.E. Heggestad
(1982) : Ozone and sulfur dioxide sensitiv:



10.

11.

12.

. Dass,

. Krizek D.T.,

4 % ! Uniconzole(XE-1019) A&7l EriE 9 e &8 7 7}d wxe &3}

petunia : modification by eth-
ylenediurea. J. Amer Soc. Hort. Sci.,
107(6), 1028~1035.

H.C. and G.M. Weaver(1968) :
Modification of damage to
Phaseolus wvulgaris by antioxidants, thiols
J. Plant

ity of

ozone
and sulfhydryl reagents, Can.
Sci., 48, 569~574.

R.M. Mirecki and P.
Semeniuk (1986) : Influence of soil
ture stress and abscic acid pretreatment in

mois-

modifying SO, sensitivity in poinsettia, J.
Amer. Soc. Hort. Sci., 11, 446~450.

. Larson, R.A.(1988) : The antioxidants of
higher plants, Phytochemistry., 27(4),
969-978.

. Larsen, M.H., T.D. Davis and R.P.

Evans(1988) : Modulation of
expression in uniconazole treated soybeans
Plant

protein

in relation to heat stress, Proc.
Growth Reg. Soc. Amer., 12,1-7.

. Ku,J.H., D.T.Krizek, R.M.Mirecki and

E.D.Lee(1987) : Efficacy of uniconazole
as a phytoprotectant against SO, injury in
snap bean, Proc. Plant Growth Reg. Soc.
Amer., 14, 304~311.

. Lee, EEH.,, J.K.Byun and S.]J. Wilding

(1985) : A new gibberellin biosynthesis
inhibitor, paclobutrazol, confers increased
SO, tolerance on snap bean plants,
Environ. Exp. Bot., 25, 265~275.

Arnon, D.I.(1959) : Copper enzymes in
isolated chloroplast, polyphenol oxidase in
Beta vulgaris, Plant Physiol., 24, 1~15.
Raa, J.(1971) : Indole-3-acetic acid levels
and the indole-3-acetic acid
oxidase in nomal root and club-root of
cabbage, Physiol.Plant, 25: 130~134.
McCocrd, J.M.and I. Fridovich(1969) :
Superoxide dismutase . an enzymatic func-

role of

tion of erythrocuprein(hemocuprein), J.
Biol. Chem., 244, 6049~6055.

13.

14.

15.

16.

17.

18.

19.

20.

Izumi, K., I.Yamaguchi, A.Wada, H.
Oshio and N.Takahashi(1984) : Effects of
a new plant growth retardants(E)

-1-(4-chloro-phenyl)-4, 4-dimethyl-2(1,2,
4-triazol-1-yl) -1-penten-3-0l(S-3307) on
the growth and gibberellin content of rice

plants, Plant Cell Phyiol., 25(4),
611~617.
Grims, H.D., K.K. Perkins and W.F.

Boss(1983) : Ozone degrades into hydroxyl
radical under physiological condition,
Plant Physiol., 72, 1016~1020.

Nouch, I. and S. Toyama(1988) : Effect
of ozone and peroxyacetyl nitrate on
polar lipid and fatty acid in leaves of
morning glory and kidney bean, Plant

Physiol, 87, 638~646.

Fridovich, 1.(1975) : Superoxide dis-
mutase, Ann. Rev. Plant Physiol., 44,
147~158.

Ormrod, D.P. and N.O. Adedipe(1974) :
Protecting horticultural plants from atmo-
spheric pollutions . a review., HortScien-
ce, 9(2), 309~313.

L.M. and L.A. Derio(1988) :

Intraorganellar distribution of superoxide

Sandalio,

peroxisomes (glyox-
Plant

dismutase in plant
ysomes and leaf peroxisomes),
Physiol., 88, 1215~1218.

H.C. and G.M. Weaver(1972) :

Enzymatic changes in

Dass,
intact levels of
Phaseolus vulgaris following ozone fumiga-
tion, Atmos. Environ., 6, 759~763.

Lee, E.H. and J.H. Bennett(1982) :
Superoxide dismutase . a possible protec-
tive enzyme against ozone injury in snap

beans, Plant Physiol., 69, 1444~1449.

— 49



