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Abstract

This study was conducted to determine the efficacy of using uniconazole,[ (E)-1-(4-
chlorophenyl)-4,4-dimethyl-2-(1,2,4-triazole-1-yl)-1 -penten-3-ol)] as a phytoprotect-
ant against SO, injury in snap bean (Phaseolus vulgaris L.‘Strike’). Thirteen days prior to
S0, fumigation, plants were given a 100 ml soil drench of uniconazole solution at concen-
trations of 0.02, 0.10, 0.25 and 0.50 mg/pot. All four uniconazole concentrations were sig-
nificantly effective in providing protection against SO, exposure( 3 h at 1.5 ppm), but
uniconazole treatment above 0.02 mg/pot severely reduced stem elongation, leaf enlarge-
ment, flowering date and pod number and weight. Uniconazole treatment had little or no
effect on stomatal conductance but reduced transpiration rate on a whole plant basis by
nearly 40%. This may reflect an alteration in canopy structure by reducing stem elonga-
tion and leaf enlargement. Although uniconazole did not increase the activities of superox-
ide dismutase(SOD) and peroxidase(POD) in non-SO,-fumigated plants, it significantly
increased those enzyme activities in SO,-fumigated plants. Chlorophyll concentration on
the basis of unit area was increased 50-60% by uniconazole. However, the difference was
not detected on the basis of dry weight. SO, increased variable chlorophyll fluorescence
(Fv) 489% after 1.5 h of exposure in non-uniconazole treated plants but decreased Fv in
the plants after 3 h of exposure. By applying uniconazole, it was possible to maintain high
Fv values in the latter group of plants. These results suggest that the phytoprotective ef-
fects of uniconazole are related to its growth-retarding properties as an anti-gibberellin
as well as the increase of activites of free radical scavengers such as SOD and POD.
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g7les @ 7lete] @A stressel] g WS
®o]7] $l5te] AE PANFAE ¥ EF A7}A
o] B EAES Atgo] Az $toh(Fletcher,
1985; Krizek et al., 1986). W7} A3 A5 W
Azase 7IFAFAY 3 R AEAT
2 3}e) <¢le.w(Uhring, 1978), ethylenediurea 5-&-
free radical scavenger®] A% g 3l FA o A
Zdld e Aoz gz 9ui(Bennett et al.,
1984; Cathey and Heggestad, 1982). #HIZo=
paclobutrazol& H] %3} triazoled] 2] TAEo] YF
N} a7} A3 22 stressoll digt WASY A
7} & ez Buew rh(Bassi et al, 1986;
Lee et al., 1985; Swietlik and Miller, 1983).

¥ 23L& triazoleAd) 2] A sl3}A 2 4] paclobu-
trazolel] H|&}o] 10uf oj4t 73HF zlo B uta x|
¢l anti-gibberelline#] ¢! uniconazole&-(Bassi et
al., 1986; lzumi et al., 1984) A}&3lod 7}14Tof o
g Aoz EnE A3 SO gk WS
235 sk AeE Fwdd A A8k

2 M8 & 9y

Al g 733 (Phaseolus vulgaris L. ‘Strike’)
§ peat-vermiculite &3 E(Jiffy-Mix, Geo. Ball
Co., West Chicago, IL)¢ll silica sand& 1:1(v/v)&
4R WFES A H7 125 ome] EEo
3 shich,

aful =2 Charcoal-filter7} B2 240 )
wjslglony 3 wre} 2w g zhzh 274£37Ce 21
+1¢ A3z, 55 77 60£20%2} 45%10
%2 ZAslgch. e 200 Wel Wld5g Ahe3)
o 16A|17te.2 zZAH3lgx, wd 1-23] F53iz
als-olvirt 20N :88P: 166K o ®jg= &+
o2 Auls e,

Uniconazole] He]: &Fol 343t SO, A
g]d 13de) TE 100 miAE 0, 0.02, 0.10, 0.25,
0.50 mg/pot®] FT2 EFFEtch el &
23 435 99¢ utr) Hsho] s Yol Heae
g Eobch

SO, Mgl 10%2 SO, 7}~AE o]&3}e growth
chamber (Conviron model PGW 36) Wil 4] 4l A)3}
1, chambert)?] #FHEHE 2% 25+2C %
70+£5%, W& Wadge ¥Pgs 83t PAR
325 gmol mS™' 2 Az}t AEAE SO, A
2l 1272k Fab A2 el g HZ A7l 1.5

ppm? $EZ 2 wx 3A1ZF Atk SO9 F
%= pulsed fluorescent SO, analyzer (Thermo
Electron Co., Model 43)%& Al&3te] ZH3}¢dc).
xgl7} #¢ AE A= charcoal filterr} 2% 2
A Z A Y8

A& ZAh SO, AHFE 2 Fo AL
W& 004 100%7FA = vho] 7HA] I s &8 A4t
slgh &2 AME 4d AR R o WA S
ZAB o] o el st} R 8 F
80°C dry ovendl| 24A17t HAZ Fo| s A5}
et
Fae 34 AEA A Sge 2|
EZ polyethylene F9UE At&dle] W&}
B4R e FAS HsE 2w JFAG
£ porometer(LI-COR Inc., Lincoln, NE) & A}-4
shol A29e] B2 Hske] &5,

#49 A Superoxide dismutase(SOD)¢} %
A& McCord 2} Fridovich(1969)2] £4s o 2|3}
o AAlsldc). A2 ¥ shed dE AFHso
aceton powderE whEo] Wi o] B 0.5
g9 A]8E& 0.5 g PVP2} 0.05 M phosphate buffer
(pH 7.8) 10 mlE #H7l8ked £ g 12
000rpme 2 308zt Al ¥ 4FAL st
o 2EAE Ao AEElFAAL 4Cold
o4 AA)slgla, uES 5x107° M phosphate
buffer (pH 7.8), 107* M EDTA, 10~* M cytochrome
C, 5x107°* M xanthine % 6x107* M xanthine oxi-
dase(2F 0.033unit)¢} YA ZHAE Hrlsle
Hekg 3ml& 3}37 spectrophotometer& A}-£-3}of
550nmelf 4 EFF=E EAsoct. Sl A= xan
thine oxidase2] #7}2 A}ztslgl oo, SOD2 &4
£ cytochrome C 2] 747} 50% A== AL 1
292 shgdct.

Peroxidase (POD)2] &#& Raa(1971)¢] vty
o 2o]sle] Zzlch 9 mle] ¥k-g el 0.05 M
phosphate buffer (pH 7.0) 7.8 ml, 0.3% H.0O, 0.5
ml, 1% o-phenylenediamine 0.5 ml} 0.2 mle] =
245 Egsch ubSoN Al 2E A Aol 93
of Alzpsela SR Mg ATl kg e A ol (so
dium bisulfite) 1 ml&- #H7}alo ubg-& A A|7] 3
Ngol 30¥7F WA F 430 nmel ] FRES A
sl PODe] 34 0.1 0.D/min 7} F7bste
A 198 Fheich

qE49) ek 4 mle) 80% aceton £ A
smmel 9 A SAE W b 49 Weiol 4]
48A17F % F thA] 4 mle] aceton §ofo) HH g
M2 t}-g spectrophotometer& A}-4-8}oi FF =5
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Z4}815 Arnon(1949)ell 23te] chlorophyll &
F& 73 dch

Chlorophyll fluorescence: SO, A7} Fad A
Foll A EAE 25C Aol R@sHA HA &
g9 %7t 449& =5}l Schreiber(1983)w el
23l &AsAc}

3. 4 ot

X 1& unicoanzole A 2joll SO, Hsf7AZaxE
vebd 7o 2 S0, 1.5 ppmd] 1.5 A% AgleA&
A& E vehiA ekgten 322 Mgk Azt um-
conazole F-AHeloAx A 18d7} A2 Ee] #
7z} 40, 64% 9] F&#HE wgrt. 22} uniconazole
9] ¥E7} 0.02 mg/pot oA =" H3H FHAHE et
WA edsheb(2d 1),

Uniconazole2] A& <43}l i+ 0.02 mg/potel]
ABE zhget Qlylele]l AR AAAINIT FaEe
SO, Hald 1339 Fat zhzt 74%¢} 64% A& 7

Table 1. Effect of uniconazole treatment on inju-
ry of snap bean planis exposed to 1.5
ppm SO; for 3 hours.

Uniconazole conc. Overall injury(% )

(mg/pot) First trifoliate  Second trifoliate
0.00 40.0121.7" 64.71+17.0
0.02 0 0
0.10 0 0
0.25 0 0
0.50 0 0

‘Means + SE based on 6 observations per treatment.

Fig. 1. Effect of uniconazole treatment on reduc-
tion of leaf injury of snap hean plants

exposed to 1.5 ppm SO, for 3 hours.

A28 (& 2) o] WHg g el

E 3< uniconazole #&)e} SO, el % 7
glols=9] wale}l 422 wlwg 7o unicon-
azoled FE7F 255 /g AdAA 002
0.1 mg/potell A 2tz 2, 8d AE AHA 7|2
0.25 mg/pot ol e ¥reert FdHor A4
Aetz Bsta ofF 2 Ao s &

Table 2. Effect of uniconazole treatment on rate
of leaf expansion of the first trifoliate
leaf and elongation of the main shoot in
snap bean plants.

Uniconazole Rate of Rate of
conc. leaf expansion  stem elongation
(mg/pot) (crt/day) (mm/day)
0.00 12.5a" 7.7a
0.02 4.8b 2.0b
0.10 2.9¢ 1.2¢
0.25 2.1cd 1.0c
0.50 1.8d 0.8¢

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

Table 3. Effect of uniconazole teatment on flow-
ering day and pod number and weight
of snap bean plants exposed to 1.5 ppm
S0, for 1.5 and 3 hours.

SO,  Unionazole Day of

exposure conc. flowering Numberof ~ Weight of pods(g)
(h)  (mg/pot) after seeding  pods Freash Dry
0.0 0.00 32.3b° 5.7a 14.1a 1.46a
0.02 34.0b 5.3a 9.9abc 0.74bc
0.1¢ 4la 4.0ab 3.3cd 0.25¢d
0.25 A 0.0c 0.0d 0.00d
0.50 A 0.0c 0.0d 0.00d
1.5 0.00 33.0b 5.0a 13.8a 1.45a
0.02 34.3b 4.7a 9.2abc 0.79bc
0.10 40.7a 5.0a 4.6bed 0.32¢d
0.25 A 0.0c 0.0d 0.00d
0.50 A 0.0c 0.0d 0.00d
3.0 0.00 32.3b 4.7a 9.8abc 0.98ab
0.02 35.0b 5.0a 10.3ab 0.76bc
0.10 40.7a 2.7b 4.0bed 0.29¢cd
0.25 A 0.0¢ 0.0d 0.00d
0.50 A 0.0¢ 0.0d 0.00d

"‘Means separation within column by Duncan’s multiplie
range test, 5% level.
A indicates abortion of flower bud.
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T2l 94| uniconazoled| Hx7} 45 FAis]
dod, AAFH AEF 94 A} F2E Bt
50,9 Hele nFeFee A dFE v|xA ¢
stovt FAl= A zte] ARGTE {43
+ 24§ 2grh Uniconazole 0.02mg/pot& &
BE AT ¥E FAH vzt nFelAle A

AA SO, A2 fHEHe £ Fad %HE
T Aok
HNEAZ A4S FAT A HEAY H5A

v} 2482 24 Pak—g— AA A% o] uniconazole
0.02mg/potoll A F-x el vl8led 40% Ax<9 3t
28 24dch S0, A2l A4 A7 FAEE 48-
66% Az ZAAFATHE 4). 22 porometerd
Arasle] 7] 3 A AL &A% A3} uniconazoleodl
2|3 Hsl= FolE 4 gllc}(data not shown).
SODs¢} POD9] 48 Z41% A3} uniconazole
9] 5x7} S7)§el uie} SOD9} PODe| &4e] #
A8lE Aole et o FeolAle AFE
24k 28 50,5 Aestoq AN E e AL
ol = uniconazole Fxlzjel]l B|ste] |l
SODe¢} PODe &4go] z2A Fri=Eed, =7}
FETE U & 8492 BRc(&E 5 ).
Uniconazole X2l 983 chlorophylle] §
#FE ZA F7H1A  0.02mg/pote M 30% ¢l
4 7t A& 6). 2t @ AESD chloro-
phyll 3L Fxo 7o mets H3tg Holx]
¢¢otrl(data not shown). &3 S0, x]A] x4

Table 4. Effect of uniconazole treatment on tran-
spiration rate on a whole plant basis of
snap bean plants exposed to 1.5 ppm SO,
for 1.5 and 3 hours.

SO, Uniconazole Transpiration rate(g/plant/h)
conc. conc.
(ppm) (mg/pot) After 1.5h  After3h
0.0 0.00 11.0a" 11.6a
01.02 6.6b 7.1b
0.10 5.2bed 5.4bcd
0.25 6.0bc 6.4bc
0.50 5.6bc 5.6bcd
15 0.00 3.9bcde 5.7bed
0.02 3.3cde 3.7cde
0.10 2.5de 2.4e
0.25 2.0e 2.8de
0.50 2.2de 2.1e

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

Table 5. Effect of uniconazole treatment of the
activities of superoxide dismutase(SOS)
and peroxidase(POD) in snap bean
plants exposed to 1.5 ppm SO, for 1.5

and 3 hours.

S0, Uniconazole Enzyme activitiy(unit/g dry wt)
exposure conc.

(h) (mg/pot) SOD POD
0.0 0.00 167e* 265d
0.02 163e 269d
0.10 17%e 274d
0.25 185e 296d
0.50 192e 288d
1.5 0.00 300d 289d
0.02 387cd 473¢
0.10 432abc 475¢
0.25 458abc 486¢
0.50 413bc 541c
3.0 0.00 309d 685ab
0.02 387cd 660b
0.10 495ab 689ab
0.25 521a 697an
0.50 521a 736a

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

Table 6. Effect of uniconazole treatment on chlo-
rophyll content of snap bean plants ex-
posed to 1.5 ppm SO, for 1.5 and 3
hours.
Unconazole Total chlorophyll cone.(gg/cm?)
conc. SO, exposure(h)
(mg/pot) 0 1.5 3.0
0.00 27.8b* 25.7¢ 24.7d
0.02 44.4a 38.6b 38.8¢
0.10 46.4a 47 4a 50.7a
0.25 51.7a 50.9a 53.5a
0.50 51.3a 51.7a 44.1b

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

7t Ao & JE2FF9 7a+ uniconazole
0.02mg/pot A 74 A F-Held v|she] @e 7ha
E Bgor} 1 ol FxoME WrlE g
Bolz| ¢kopet.

Variable chlorophyll fluorescence(Fv)2] W3}3
ZALg A (E 7)), uniconazole F-x 29 A% SO,
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Table 7. Effect of uniconazole treatment on varia-
ble fluorescence(Fv)
plants exposed to 1.5 ppm SO, for 1.5

of snap bean

and 3 hours
SO, Uniconazole Variable fluorescence
exposure conc.

(h) (mg/pot) mV S

0.0 0.00 388.0t" 2.19bc
0.02 338.7b 2.01be
0.10 301.3be 1.88¢c
0.25 352.0b 2.11bc

1.5 0.00 575.5a 3.80a
0.02 436.0ab 2.42bc
0.10 452.0ab 3.24ab
0.25 436.0ab 2.96abc

3.0 0.00 149.3¢ 1.71c
0.02 374.7b 2.36bc
0.10 298.7bc 2.76abc
0.25 376.0b 2.08bc

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

o] Fai7} dadE A kw1541 e e Fyrl 48
% AL F7iH Aot 347 Aoz 60% o4
7} 434 9de}h. Uniconazole 2= %57} Zolx SO,
S8 Ao A Fvel Held <d8ks zestA o
otor} SO,o) 3217k Hel® 9 uniconazole #

2= =2 Fxo FvE A A el
4. 1 E

Al o) SO, 8 x%4)7|7] el uniconazoled
2§ daes d3Aer 255 AHNALGEA)
Fastgden(El1, 28 1), $x7}t FolAsE o
o] ztel A FAYALL, AEMNY A#E o}F
2 MeA stAH(E 2). ¥]E B A¥e HAHo
uniconazole®] SO, =)s]fA & 3bo) oo} Qx|
0.02 mg/pot2] AU e Frol 7hdge A4z
o] 134l &b A 74%, g 62%2 A% st
7b zAEldy AR Bol He HAREE 0.02
mg/pot7t & A& FEHEHY, Hrl FolATE
Mee =53 AT A4S S5 F9AA S
AaAFeZ(RE 3) AEAY o8 HAFEY
Fogell vl g@e ARV glolel & Aojr}

Triazole Al o] Ao}l Al F4bspE 2aAlA A
5o f¥olse Hul a¥AeR Folil FE

stressol] g WAL ZUA|7|E o HaEal

alt}(Asamoah and Atkinson, 1985, Arase-
Boamah et al, 1986; Fletcher et al., 1986).
Uniconazole ®A] %9 Z7te] oz} 7)1 TAgA
ol FAest mA xpolst @l HoE Hol AE
A} FZAtake] zlole mhad] AEAM7 5w A
7 gl FAE st zAEHE A &
2 FoldErl(F 4). §9 50,9 Azl 7124
7} FEEA 4 ASdE F4AE48E 3A YA
AR, oleldt Azt AEA L] drjed WA~
Aol A kel 2139 A v AR Fo
=} (Mansfield and Freer-Smith, 1984).

SO= A &A) #4559 H,S0, HSO:9} SO; 5
2.2 A3t¥ o] proteino|ut lipidell 283k A
ol HAHE FLdtn FAERA free radical & 34
gt 23213 q A& E fEte ZeE gE A )
t}(Jdger et al., 1985; Tanaka and Sughara, 1980).
Jiager £(1985)2 SODv} PODe} e #49 &
Aol & AlEeo] SO WAe] 73 7ler Mgt
o, Tanaka?} Sughara(1980)+ X Ze}le] A$
SO WAle]l gk o™ ol Adgel w3l
SOD2] @&Ae] 5u] o] &2 A& FA3T SO,9
u] 8] 7] 2+& superoxide radical®} #tgo] QAo
SOD7} #H&f| A7to] & J&g 3l Ao =2 Edrh
B x|& o4} uniconazole? Azl SODY POD9)
BA4E aA FuAAe F3kdder, S0, uis)
7} fE 7o)+ uniconazoleo] M|l A& Ao
A kAol £ 7R AagAde] AA EolAlE e
2 v &o](XE 5), SODu} PODeol| 2§}t free radical
o] 54 digk F31x180] AA ARGy & F
elc}. Upadhyaya (1985, 1989)2- triazole A%
o] AAshstAz} stressoll gt WS FHAE
#1al& antioxidant 84& 57 gFq He2
¥ gk v} 9ot

WA ez AAgslel o§ dirlesd HAF
= AxrzAde xustE o gEAe] AZAY ¢
& AarFezH doAE el 7)Ql3tE s}
2 ez od=7Aa glEdl (Uhring, 1978),
uniconazoleoll 2|3t <9 A}t chlorphyll #hekel
F7he(E 6) & 229 AUsE gulsle o
B 5 gl

Variable chlorophyll fluorescence®] 7#tit
S0.7t photosystem 119} 7]5& Aste A&
Ask=dl, SO, F|&i7b LA A sk 1543k A
glefl A Fvzl zA 719 Asbs(® 7) Adsr)
ol Ax  glerl 347 Helo Ade
uniconazoleo} SO,o <3 #gAle] AiAE o=
A etz 4 gl AMAUE AAMgEEL @ 5

2
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st} (Darrall and Jidger, 1984).

ols} e ANE g5t 2 d uniconazoled)
SO, &) A7 &7} anti-gibberelline®] H&2 4
EAE dshAgl=d dE B ohvizt SO AE
AW Frse] AdEHE HAHd WAYHE free
radical?] £4& F34|7]= 8% $2F Aoz
shepgich.

5.8 E

TriazoleA| 2] x3#t9 8} A] Q] uniconazolee] 7}
2] 80, A& A AT} v EFE 241817 4
sl SO, 2] 132 Aol uniconazoled 0, 0.02,
0.1, 0.25, 0.5 mg/pote] &2 EFxy)sla 1.5
ppme] SO, & 15417k W=} 3x]7F M|std<d »t
g3 2 A3}E Ak

1. Uniconazole®] % %7} 0.02 mg/pot ©]Ar 2]
5| SO, HAlE 2A ARAA £ Ao, 1A
I o) AAE AsA efFA 7 ANEE A A4
717} 7] o) Wdg Asfsle] AAE FaAFHe)

2. Uniconazole9] *z]& 71Z A g Ae) 3 )
22 ow fFAEe wepr] AFADT FARE
AarAF e, S0, AR FuEE A g
A AFE vz Xt

3. Uniconazole?] Hz& FE7F &8 SO,
F-x2le] SODg POD2| 4§ i wdovt #
o ade Aol dldeh z2elvk S0.9 HsE
@e ASele ZEAFE7E e A ke Rl
SODs} PODS] 84-& =ZA F71A13ch

4. Chlorophyll § 8¢ uniconazole g|d] ¢d}
of Z7}5jgler}, variable chlorophyll fluorescence
(Fv): ¥zt gldeh. 22 uniconazole Hzl&
Fve] 248 "AX3) AL + Uddeh

5. o)} Ze HAANE £¢sled E o uniconazole
2] SO, #8177 A3+ anti-gibberellino] 2% A
Ao amatel g4 SO7F MEl=HdE A5 free
radical®] 548 A AE 4 A+ SODe} PODS &
AE 24Fe d e Ao s,

a1 g 3
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