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Evaluation of SO, or O; Exposure Durations Requiring Foliar Damage

Development by Using Bioindicating Plants

Jae Seoun Hur, Yong Kyun Hur and Choong II Lee*
Air Pollution Research Team, Research Institute of Industrial Science and Technology,
Chunnam 544-090, Korea

ABSTRACT : Perilla (Perilla frutescens ‘Suwon 25°), 3 cultivars of tobacco (Nicofina tabacum
‘L8, KF109 and ‘NC82), morning glory (Ipomoea purpurea) and spinach (Spinacia ol-
eracea 'Yipchu') were exposed to 140 ppb/hr SO, or 150 ppb/hr O, for 24 hrs per day for 10
days in indoor fumigation chambers. Perilla and 'L8 tobacco were revealed to be sensitive
to SO, and may be used as bioindicating plants of SO,. Ozone exposure caused very severe
symptoms on L8 tobacco and morning glory, which can also be used as very sensitive bioin-
dicating plants to O;. When the exposure period requiring that half of the tested plants
show symptoms was employed as a critical exposure duration (CED) in this study, the
CEDs to O, were 24 hrs for tobacco ‘L8, 72 hrs for morning glory, 144 hrs for tobacco 'KF
109 and 216 hrs for spinach, respectively. Sulfur dioxide exposure produced much milder
symptoms on the foliage of the tested plants and resulted in longer CEDs as following; 240
hrs for tobacco ‘L8 and more than 240 hrs for the rest of the plants.

Key words : bioindicating plants, perilla, tobacco, morning glory, spinach, SO,, O,, critical
exposure time.
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Fig. 1. Foliar damages caused by the exposure of SO, or O,. (A) Tobacco leaves of L8 cultivar at the late stage of SO,
injury, showing chlorotic spots at the tip of leaf, (B) L8 tobacco exposed to O, showing much more sevére injury than
S0,. By O,, initially white or chlorotic spots appeared on leaves, but at the late stage most leaves were blighted. (C) &
(D) NC82 and KF109 tobacco plants at the late stage of O; injury, showing interveinal chlorotic spots.

T A EAEQ22)E o] 83l o}akrtagl 9 FelA]
1047 =25 A3 A EAd Jehd I8 242 o
Fstslch(Figs. 1&2). duby o g E7) ‘4492555
Aelg b A 2T ofgibrlAaRT) 9 & 2
& sl FAdo] AlstA yebdt).

ot lrbel 29 il LY AS xF 2447}
olulel & Aol WA RAY wulo] WaFE e
W A7 el w2 21Ae] wl$- a)A A=}
(Fig. 1A). =3+ ) 'KF1099] 7% == 1204 7hqk
of ¥ F2oll wiatg o] vielyt, whw) ‘NC82 9
A% kF 48417k o] lell bl WA ko] H 2



110 gl eeiats A A 114 A 235, 1995

2 st AT Walge] Ry o Sy ER vl
stglch. 2 2.2 dside s LdelF
Walde] v wgrow FsjFate] o}F At
chil 'L89) A9 xF 24417k o]l 7kAA H) B
HAW 27} 100%2 2260 fsted vl wlgkshAl s

S0, 500 ppb

120 hrs

s g W uche 04 FAY.
Aol 2 olFom F71e] Hshel7k Aolnt

W02 gtulsle] 3= glth(Fig. 1B). Hul 'NC82
o} 'kKFO9E B Z7]o] WA 23 nbde] AAE
o] AR Frislo] I AAZ APHaL, F7) &
Mubd o 2 w3l ch(Figs. 1C & 1D). o] F @l E5
< olgrtrel kW deie) vl AR EE

Bl53RRA E HAA g EE oS Alskle

E7) ‘92559 745E olEbrke 2EHIE

Fig. 2. Foliar damages caused by the exposure of SO, or O;. (A) Foliar injury of perilla caused by 500 ppb/hr SO,
exposure: brownish spots, interveinal chlorosis and curling of leaves at the end of 120 hrs exposure. (B) Marginal
discoloration of perilla leaf induced by 55 ppb/hr SO, at the end of exposure, which is not shown on the leaves of
perilla grown in clean air chamber. (C)&(D) Foliar damages caused by ozone exposure. (C) Spinach showing
interveinal chlorosis, especially at the lower leaves. (D) Foliar damages of morning glory; interveinal necrosis and

chlorosis caused by 97 hrs ozone exposure.



KOREAN J. PLANT PATHOL. Vol. 11, No. 2, 1995 111

735 HalFAte] dehdort 224 A E &
FRW7EA] St o] Fb5dh wWule] wHE ] o
St} obgHabrkzof o3t EAe] FAkE 244)7F o]y
o @ Floll ko] ety =& Fr)de
FatdAat balEls) daEE 24S Byl
(Figs. 2A & 2B).

ol brkel e AFA Y AS =& Z5
7hA] wke] A3 Vel elgho s Al EAs) Auk
L2 A AL 5 m, EE] A9 2164
Z¥eke]] 271 wiubo] o) Z4gAleo] WA b o2 wt
Aot 2& FRu71] A og A §
2 5e] HA T} At 22u L& osA
= Fa7t Atk AFHY A% =2 21647
b Foll ZE Al EAolA HAo] = Red], Bt
< spdell F2 TS, 2314 FAule] Wy
ato] Ga} DA A W3} w= 343 yuke 2 A
e Fig. 20). Y EE] A% 9F kF 4847 o]
Well 27] wube] viehtom WAME of-$- whaw
At A g=lsdeh WAL o kel A A 27
qhgo] AbAl=le] Yeptond il whdEle] Fr)o)x=
& A7} A3 9 2 (Fig. 2D), 239, Fae g3} 2
< YelA HtE 2 E717F S #1% 4 gl

SO0l T&E Alge| 2tSX|E. o847t~ 140
ppb HT-F =N T Fate] o) mE A&
SR E+= Table 13} 2o}, o}galrbiel 2ajAE =
SZTEAIA 100%] PN EE Bo)l 2] 54
=2 3R ol Al BE AJEe] wubiadu)
&= 100%(SF i) 25 2404718 A3l sl 2oz o
ebget. ol abrlzel 93 32 WubLE (FST)S ¢
B L8] A kF 2442k o|of] o Ahiel W)
4 AF wdle] A=) T, KF1099] A$ x3&
1204 7k7kel] g 900 wizbaite] ehgow,
NC829] 7% 2 4847} o] uel] & = 7bo] uf 4 i}

o] HxZ AsiHl. =3 AE F yubtenE
50%(SFs)E 715222 §hA| 2 A 7k (critical exposure
duration, CED)& ZA}8}93S of L8 24047t A =&
ZAFE 912, KF1099} NC82&= §HA| =2 A]7ko] 2404]
7k oo A ST

E7 02559 A9 2 2447k o] o] g =
el ZAubdo] =g, g3ttt o ARk
2]e] g2 w22 g Ao vehgth 49 A$ 2
Anbd o] gk WE SFd 71F o2 & AL dAx
SA7E2 2404)7) o] o2 FALE AT, & A Ao
vtehd 3t AS A 23 F 7S SFeS 24047
el FAEdc) o] A9 2164 70uke] 27
ko] o ZhgRE]o] WA wbg oz wbsle] o),
AlgAe A% =228 d7ix) Hute] A Jeht
2] 9ot Hz wubda-& 2404)7F o)Akl HoZ 2
A At JHEZL SF 7|5 02 3He A xZ A
7¥o] 240717k o]AkolH, A|FA] = 2404712 AR A

- 3F Aoz AU

00l =EE AZ9 HISXE. 229 23 AE
©) RE-3-A| E+= Table 29} e}, 2Fo]| o5& 7
= AL BE A E9 gloA olshibbanc) Hx
HEPEAIZHEST)] wEw §o) AAE weby x
EFEA = 100%2) WHbedg-S vehyc}. o
o) L8] -9 xF 2447y ol Z27)Wule] whE] o]
24X 7Y7kel] LA A o] EEIESL 100%E 2 Fo
h3te] wie- mIzkelA wheelgld, SFug 7|EoE
e FAIEEAZ ] 24417E oW 2 ZALESI L. o}
Bk xEE e} ulmA] A AekA] 2
AR 2EF A AR 4 A6 glsic)

ol 'KF1099] 7% =2 4847} ool Z7] by
o] FHAF A o] M = 1/128 v Jglo
o, % 14447t 33 Fo} BE A EA o] Aol
o] gelx|e) wxldo] Y=t SFpd 7150

Table 1. Response indices of the plants exposed to 140 ppb/hr SO, for 24 hrs per day for 10 days

) Tobacco Perilla Morning Spinach

Response index 1 I —
L8 KF109 NC82 Suwon25 glory Yipchu
FST* (hours) 24 120 48 24 216 >240
SF;, (hours) 240 >240 >240 >240 >240 >240
SF,y (hours) >240 >240 >240 >240 >240 >240
FSF* 6/12 1/12 1/12 4/12 4/12 0/12

“ Exposure durations producing first symptom.

® Exposure durations requiring 50% symptom frequency. Symptom frequency=No. of diseased plants/No. of total plants.

¢ Exposure durations requiring 100% symptom frequency.
¢ Symptom frequency at the end of 240 hrs exposure.
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Table 2. Response indices of the plants exposed to 150 ppb/hr O, for 24 hrs per day for 10 days.

Tobacco Perilla Mornin Spinach
Response index ] & —
L8 KF109 NC82 Suwon25 glory Yipchu
FST* (hours) <24 48 48 >240 48 192~216
SF;y (hours) <24 120~144 96~120 >240 48~72 192~216
SF,y (hours) 24 144 144 >240 72 216
FSF 12/12 12/12 12/12 012 12/12 12/12

* Exposure durations producing first symptom.

® Exposure durations requiring 50% symptom frequency. Symptom frequency=No. of diseased plants/No. of total plants.

¢ Exposure durations requiring 100% symptom frequency.
¢ Symptom frequency at the end of 240 hrs exposure.

2 & AL PAEZSAS 14447 W7 E AL
2 B gl ‘NC829] A% kF 4847k o]
Wel] 27] Wko] el ATt wraRlEsl 12047k
AT 7R 42%9 .00 1444 7k0] A|ut ol Wk 2
=7} 100%7F H ek B Ag 27 o4 SF& 7]
Fo2 & 7% NC829J IAXZAZFL 12047k A
=9 Ao 2=

E7) 492559 AS £Fo JeME 2R
w7hA] gk o] Fpsdt wke] wHlS)A] gro} of
FA7kasl g2E Bk & APEAA SFE
7202 & A% PARSALLE 24047HS AR 4
2g Aoz 2A=A} A2H Y A$ xF 21647
AFo] BE A A A WAo) Falslo] Hx
bk ) 74 192~2164]7k0 2 SFy 713028 &
AxZAZME 192-21622 FAS Yt 2o 7
S & 4847 ool Zygube] vehtor o]d)
33%2] a7} 2AE T 23 72412 ATF
waul s} 100%7} Heo] WalAe) vl wheA A3
s9ic}. olaibrlre] x2% R wlsted A%
o] AlspA dAEg e FHAA HARYEE oS- A
slodch. Ygrme] 4$ B APzAdA SFg 71E
202 & RS YARSALLE 8AZT 7247k Aol
7t " Aoz A=

n &

gubd o2 hrjedded g A EA £ W
A FAES F3:A B4, AAAA, A2, i
A4 kv Zo e} FE Fd FEAARE
A2 Ao we} wheA Er} thark(1,2,4,5). & A
Fol| A £ o]g} 2+ sRA wWol9 A} EHlEe] &
&8HA AE A A H 2 bR AS Ak
Zrxva dAsede i Tt 9o, w3 7}

Lo
T
;

[
[

A|A S-S A ZA7}E Fg o] 29949 ool
A EA Y 5 hAHsE S doiMe AFol 2=
2(20), th71 2309 w e} A A B2 M)A HbS
237 ol E o Axe) X714 7hAHe] EAget. 1
Hez x29 A AENAAA 7HAAH Az} gl
He A LEMEENE 100%) FALEFEE A
A AL A HAE 2 5 e Wled
249 Fekpc g ko) frjedded xE3He A
& oujaly, o] 2AAE dr| g wiEsE B
93t ARA A o) &t A5l AAT I
S8 4% gl o]} e dirjedde] WE
AlEnke-g wEs 2u, o} 2dEAY] EA4SA
x| 22 3R o] &H T 3 50% XA FE}
A3t Ade) 50% WulEANEES 7|F0R sl B
oA A EEE AAstHct o]F 3t
PAAQ AolA] YrigARAe] r1Fe] F e A
A gol A geko g F1go] 715’ 7 A E 71E
o2 S0,9% O Wit A7 FEE A,
2447} 5 E 140 ppbe] SO0l thalr ‘L8 el
2 A)9slns 2F 24047 ol E Z o FAFA
ou, A7k FFEFE 150 ppbe] Oyl thaiA = 2=
w7bAd e Bl ‘L8gelet gge] 34 22 24412k
olUje} 72417k o] 2, F& ®IZHAE B]l 'KF109' 9}
‘NC82 o] A% 6~7d AEE dA=ged, 7
9] 7% 0,0l 7F3ted 104 o|AHE 722 FAH Y

ol3hab7 L e E717HE<t Skl Yehd 7HAIF S
o gt BA ] gloja] ZAmbA e 2L F2g HA
2] BEo ool glsledt Gzt vee
st Abo ) o Fu ol Yehe g 95
g ojalgo) gldinh AR B dFedz ¢
o) WSS o9& &9 B9} viwste w53}
gy W} A3 AYPHAN T Skl A
oro} Wi} wralol gt A g Az 2 7HAI TS

e e o




KOREAN I. PLANT PATHOL. Vol. 11, No. 2, 1995 113

Ay o Hol o2 go] glslet Eq HA xF7|7he]
vl e 10d7ke|gtie A= olF Wl
g A3 A} Al dEge] s
t}. B A7 53 tir]ed el tiste] whE 4|
7} obell 2I7FeHA Hbg-8le] Boljt uhg-& Kol A
FAES APASE o] 43tk HollA $olA 7]
%38 Ao PR SO0 A7 IAxZE
A 74E AR hedle 22iEkA] fstel. skAw SO,
= 7] :2(500 ppb/A| 7Y, 8417H4, 7)) A
A7) 3255 ppb/A17}, 9AIZHA, 284)(22)dl A b
& A E v 2 A9, TFE D7) kEH
FAF A A 2F 947 o]l £ 4 s
A =H(Fig. 2A) A= A7 29 e o AA7}
y&Za7A] A4S A fREges B dpeA 3
AT 4 qlodwl o FH R 2 Ato] Flo] ve}
wJohFig. 2B). 2822 B A-FeA 3ad 334
olu} FHAAL SO o3le] frdsE oJet WAY
3} e FE3 ukSolep|ioke AEA WE &
4= o}k EAEAFRE SO EE SO
o] A&H oz SAE] A& o dAA ] A
Yoz gas Fof Yehe 23lE3317 212 23
2l (7, 14,2004 5= sivhs HelA FARxEA
& AR A FAY SR sl ol
o] altiEl= SOl 9g Al EH el FAH M T8
slr}. o] & HM-& SO.l W3t A FAIEY 917 A=
£ A= z8E A, Eve 2elEg 7wt
AFAER T2 g gler], ol e AL 3
EAg oAz 33 4 3l Th22). & Fig. 2A00A
B 5 glRo] Bl SO Wi wzkslAl uks-she
WA )7 g2 A1ZE gkell F43] B AR L8
ol e] A FAR A s HE S A S YU
o =3 B AR 2E3FE Fed AR AES
Zhazel gt sk kae) 02 e] ] ao) gleiA
T & 2EA ] visle] oAbyt A ] 28le] 25%
Axe AE F Zav) HASHAIFE A=A g
£). E A eloixEs 2ol thak ofster) 9
2T Aer) gv AR F o997k g ujm
£ 53 AES o) 2 7|l diF A A
EE A9slddle T2 AT AsE Ar|xF
(220 A 7HAA Fai7) A el gLz Bsla o=
7] ol ulste] SO0l 18 Ak 7Ho] #Hel=E gl e
BE '$R125%5 E7]E SO wl7kgr x| Al EQlo]
g =] g}
Al EAol gt r] g Hae gyl
Fefol Ysled AA=HEH(10), E AfoA =23

LY

S0, X 2ZF(EEXA7H)E 33,600(ppb X hours).S. 2
SO, %% x&Z=Fel 28,000(ppb X hours)(22) B.r}
Dokl e Bsta aE A s € A e sl
At o] Al ERE S7lo] oigt iyl de] o
71 =EFe] F 29 FolA xEFFEo] o3ty
$AH o2 AAEE AL o F Uk 2447 SO,
Hissel did FA/NEAE A4 & A7 A+
23 715A] ) izt AESA HAA ol HellA #vb
oz} I EF RN AAT w2 A2 )
£ 2 BIde HoM s F84e] lckx &t

B Yo SO, = 0,9 wd 2.9 3t
Hhs-S 71FE 2 A LEETES FA3HAT AA
2 o8 d7|agdEe] A EAste A A1
HoAe FAEEFEI} B AFlM ZAM AR
o} A & 4 gl o] AL 2 drjeddug
£ 55 7] e 2764 e ddEY A
zhgo 2 T FEo o dir|jegdde] 3t A&
Boje B3heddd] o3 Ayt "E4 Asd, 54
g o] HlE fEE F ole L9 FER
o drjedduche 8o g 7% A U=
ofe] A7 A2 HE FE3] A4 5 AUk(13).

B ATl xFH gyl edde] 32 S0 7
9- 33,600(ppb X hours), 0;2] 73-%- 36,000(ppb X hours)
o2 o $AE & A2A ) /A s wao]
o A ERES v aE flsle] AA Aeshede g2
Fo71 83" & AEAURS tr|edd F4
< Ao dF-Fo] o B 738 53l o] Foi|
B2(11) tj7] Foll st 2399 o AA A
EA 4%E F ¢ e vrIedde e BA
2 A AL U Ee Y #4208
A aejsfodo} g}, o]H o| -2 FPA gl wt
713e] dale F7 rEFE(FEFE; effective
dose)E TAR TEHE AE3le Alo] R A
Holetr & & At o]d A5 AANZ E Az
e AAR B Rz 298 T3F FF7) A
23 8:0004 2% 6:007}kA19] 3% 104702 3}
of A4t x&7)7F S fFrEFEE SO0 S
14,100(ppb X hours), 0;2] 7-$- 15,000(ppb X hours) A
22 AT 5 Qo =3 050l 97 L8] 7%,
0, 150 ppb FToA|A] B}-F-abel] BE AEA oA 714
2 I E gelslgerng AAR ALl 104
7P AR xFol| osle] T AR Hukg U
T olohs 7HAS # 5 9lon] o ASe xE F
gko] 1,500(150 ppb X 10 hrs)3l & ZZA A& 714
A wnte] Wld 4 glvlE 25 & 4 gl ot




114 Al 2yelstalx) A 119 A 25, 1995

Hog Fd drjeddd F9o xEHNHE 2%

352 A A A7t A A7
xZ Z4Ech I AEh10, 12, 18). 2822 B
gk 43 2 HAEEHS H 4T AS

>
(in)
o
&
2

ol & ibrb ol e FA7IEXQ 24417 HEFE
140 ppb & 243 79 E7 e} o] W A Ee 3]
ojA e 7HAA Fa7) AelsdEle v7iA A gaal
AR el 28 ezt cAbE 2, w3 e
AL GAFE o] 457] el | edde] ot
T g AR A& A3AA 4 slvks FHelA
T o]E Al ES A A A dir] FAE 283
ojolgl & Zlo|c}h. 22 S AR o129 AE
o] wl7s}A ukg-sll on 53] Ao Ajuisl
9]= ‘KF109'9} ‘NC82 Fule] A4 L8 Bl 09
o gt RI et A7)zt A 22" A4S o 7
27} QA= Ak 53] gl A7) G5 53kl
2& whAepe] 2 AL AR, I FHA|S
olu} wEgko] B T2 FH ol hull AR A 2
Zd) 937 A&7} 73] Ao}, AR x4
B3N e oE SO, £EE ALHeZ P
FAlel AT O; AA e Freisl= ASASEO
g3l ae AFEA) FAE Sl me) AlEH o R
A " AL AAHI SAE FEE o
ool thgt el L& 7l o= AyZxIc.

Krupa 5(8)o 2|&F 9] Q747 254, A
7t F8 $EF 7} 50 ppbet 90 ppb Ale]el] Ex)
3l 7ol 7187 0] AEA koE trj e
Fr A7 = Ajdele] AlE A&7} M 2m, oF
£57} 90 ppbo] A EA sk |3 27L& 9F0)
AgA W2 fsised ol EB2j3te] AEA 2
A N FA e AR ¥t w3k 50 ppbe}
90 ppb Ale]9] o2& FEi= AZH| AF EAHEBE
oo mt& A E Ha] 2 2Ee A} A=Y
T sen AR AzFG HFF5 80 ppb 05 3}
2 A7F 457 AeldE A EE ol xEA
2 & 2~39 Qo] ZpA A Wuto] WEE = Zlo] FH<al
Heloemz(22) AA A B d7EGgR
o g ook Bk HE83 7)EH A S 95k
olol] thgk Al ql HAZe] e

2 FA B vehtE s e A2 AEAR
WA e DellMe FosAIRE A A7t

EAg NG B3R AFAES o] &
g dir] el wiEge e slojA e ofF AlgAe]
HA X3 9= AAelth 282 A ETAES o
43 d7|B@AY b AR d7 e gt E
Asix = A A 87} etz P E7| Aol 23 E
I gl WEE A&sHA AdE 4 9ole uhg S e
e Zo] A o= A of & FAo|ch =3 A
EAEY ubsoll AT 7B AHFE dFe R A
As7] YaiAs AR e AR 7FsstHA g7l
Aol TIzZHRr X EAE-S Agsle Ao Fasd,
A ZAVEo Vel e, s wEE 7k
A5G 4 glE AEHA A FE FophE 2 94
go 2 | Asof & Aot AR

2 %

L7l ‘4=9025%, ] ‘L8, 'KF109'¢} ‘NC82, A=
= e} Yg2s AAIAAHzHo| s Wy
g4 x=2Abol|A SO, 140 ppb/Al7F == O, 150 ppb/
A7re] FE 2 BHE 2447 10d FoF =F A7 A3}
'T42535 E719 dul] L8 SO0l wizh b, &
o] 'L8=} g2 02| o] Wit A= g
Helch 99 FxelA] ZHAAE ezt 2AEe
50%) 4] WA s WHPL ANl T 50%(SFs)E 7152
2 AT IAXFAIZL ANA FEd i A
EEAZRE w18 A 2447, JEEe A
7247}, whull ‘NC82 9}KF1092] 7% 14447} 9],
Al F2] 9] 78 216417122 FA =92, SO o
g A =2 A 7He ) 18] 2404 7H-S A9 E e
EE AR EollA] 2404 7L o] o2 A =i

At 2

B A7e x5 41 19949 % AT
nA ez FREgFUE B 78 H3le] FA}
2 Bokg =21 QatdzdTFY AR 2pE
uhahd st = dd2EA gL o|FT ATFARIA

A1 =duich

1]

(=
Lk

1. Bender, J., Weigel, H. J., Wegner, U. and Jager, H.
J. 1994, Response of cellular antioxidants to ozone
in wheat flag leaves at different stages of plant de-
velopment. Environmental Pollution 84 : 15-21.

2. Darrall, N. M. 1989. The effects of air pollutants on



