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Comparing of Clonal Sensitivity of Populus deltoides to
Atmospheric Ozone with Use of Visible Foliar Injury’
Jae-Cheon Lee’®, In-Sik Kim’, Jin-Kie Yeo® and Yeong-Bon Koo’
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22 FAd FEI F4AL vmElr] $eed vl BB (Populus delfoides: Marsh,) 10888 walk-
in typed! 4742} chamberol| @=, 50ppb, 100ppb, 150ppb ¥ 47} Hel& &5 A4 2142 A
235l x2% F 2] G498 49 A AHE 2AE Y, 27 G9&S AeAe vy b
ﬂ%iow IR o2 A Ed wat Ao Frlstel 150ppb Ml FolME 50% o148 =
o g g Bk, 49 ZHAA wale 279 50ppb A el e ViehdAl ggtet, 100ppb A
oA Y 29ELA)R 17.3%, FsdH(AA)R 6.6%2 ¥ dA #H)&(LAA)L 1.6%
2 viebwts, 150ppb Al FellME AAY 8¢ 34.1%, HdA 175%2 AA A& T.4%E 2
Ak, 9o 7HAAH Aol vielgd 100ppbet 150ppb H 2] FellAle &2 Hsle] ol B
FZ0 879 AeA AolE ¥ 4 sk,

ABSTRACT

Experiments were conducted to compare ozone sensitivity among clones, Ten clones of Populus delloides
Marsh. were exposured in walk-in type chambers to charcoal-filtered air, 50ppb, 100ppb, and 150ppb
ozone for 8h day™ for 21 consecutive days. Occurrence of premature leaf-fall, and visible foliar injury
expressed as adaxial stipple were measured after termination of ogone exposure for 3 weeks, Rate of
premature leaf-fall increased progressively according to ozone exposure levels. As a result, rate of
premature leaf-fall was estimated over 50% at 150ppb ozone. In the charcoal-filtered air and 50ppb ozone
treatments, visible foliar injury was not found. But injury was estimated as LA; 17.3%, AA; 6.5%, and
LAA; 1.6% to 100ppb ozone treatment and LA; 34.1%, AA; 17.5%, and LAA; 7.4% to 150ppb ozene
treatment. Clonal differences of sensitivity within the species were manifested by significant clone
differences of adaxial stipple(LAA) in 100ppb and 150ppb ozone treatments

Key word : Populus deltoides, walk-in chamber, visible foliar injury, premature, semsitivity, adaxial stipple,
ozone, clone
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H71He 22 APAgeAl A 5 gHol
v JAE AAtel dgkg vlale dr] LdUE 2
o egdgezdE 7P ARl YL viAe
29 ez o4l glvk(Skelly, 1980). L&
A 7] Fol wlE= A ot FaAGet of
EA9 e 2ddd WA KA wfEE dA 2
A Eo] AF3T B /& 2460AM AR €
FA = Fatet whgo Qs nFEE YA
F 719hE GEg wol A A& o] ¥ BA
e 2dhA da "elx gl AgA Al
7x 23te] 788 FcHComrie, 1994; Hayes
and Skelly, 1977).

23 2% Qo) A AHFAL IR
Ao Fdzkol atelzt ik, 531 Fdrel
Ae WafFatel Falsle] owye Aol¥ B
ol thekdl 2R Be $EES LR
A¥g stgen FHFHor Zrld o Bde
219 732 whd (adaxial stipple)e] et 43
goEwA 228 HAA ) elrt o FAle
od8kg vl ol el (Berry, 1971; Harward and
Treshow, 1975; Bennett 5, 1992) o -§A41x¢] A
Aleke g9 A A Haje AAEE g LEFH
Az YT Ade] e Aoz w4 Evans
=, 1996).

d¥A g Agtae 75 gqe] drledd F
M E 2Eoleti QA F vl L&A W
AT-E PR AN gloen, FAHeE
ZQ% 552 g Ao AoE A
ZAdA $ELIY 59 AL & 87
2] YA ulwste o F(Kress and Skelly, 1982;
Simini 5, 1992, Davis and Skelly, 1992)s} 374
I Ayl uk-g(Wiselogel ¥, 1991; Coleman %
1995; Fredericksen %, 1996b; Kull 5, 1996)l
#E A7 5L AAEE, g g5 &
FEt 1] wel o) gg 55 Al
AR Qe AH FEEdes Kol dF
)zl e] o s i (Chappelka 5, 1997), &
AE FFshe 4299 ¥R Aaz2AlE A A
WA 88 AUslrd o2z (Lee 5, 1999)
obg-7] A YAE FAHLE olsslr] $islo
U] zm7)ed wE FEe wzleht A2
o] FAE PHde dF(Edwards %, 1994
Fredericksen %, 1995,1996a)% A& =5 glcth.

2 et ME 7] F 23F=7 904 o
F 4 FhAR MEgAA AEoE 1995
W 794 E oF ARAE AAE AA g A
#A49 A& Hoshstn, dr)edd A3 AR
o F3E fEsE ¥9 o Ad e Y2
i e Al &5E 4], 1998a,b). A<
g vek A4 289 #AVE 29 ¥%E Bd
147k 7182 100ppb &3 34 19989 5323
o4 1999'd 7282 = 36.8% it e, 8413t
714l 60ppb &3 35 5223 <A 1999'd 1,019
3% 95.2%F ZA FrHsH ek (A, 2000). °]
vl 2. &9 faAAE AN W A7 FYH
2 e AT 22 AddHes oy F 2
S5t A3k FelAe 2Ee] S5 vlA]
98¢ A7 AAE A vl 3% o
F7t F& ol R o xEFRd ©E 7HAH
q Aal&g 2AL d7E v AAoli(Ad
A3t 1A E, 199 HEFSH AFE, 19%; FF
°d, 1998).

£ deAe e vdME o] F &%
27t A eg FriEle] WzE dF FFeA
£ 229 A7t dEse dF 1A AAEFL
2 xFerEd e o Azyrds 27
e gt Qo) shAA A EE Talste] L&)
FEo AHE F F de LEXF FEA HE
Hautgst AL Aelprdse FH FEL A
2 g diddel & g 2A A A A
o b g A staat A

Mg ¥ g

1. AR

2 Age A8 v RUF 03RS Jddy
4 B8 AeEdA 19993 39 ¢ AF
1.5-2.0cm Wislel 71Al & A3 sl Ho] 1henz A
<& A sy, sdelolre HERAE 1]
(v/iV)E EHY NSFEE 20 EE J$3 FE
3 4004 E 400040/ EE X 1088)8 A+
E ZEd ArEslY dEEHF fAAAANY
AdF 24 elld A A4 wHrx L=
25+2C9 4% 60+10% A& A%y £ES
Atelo] wel #§ sk,
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A€ #3lY ozone generator(Model H450, Harim
Engineering, Inc., Korea)sli*] corona discharge
ubAlol o)sted LA A7) & YA Furafil® o]
Eg% zero air system(Model 701, API, Inc.,
USA)E 3% 2719} &F35 e gas exposing
system(Model H800, Harim Engineering, Inc.,
Korea)oll 9sted 2zt chamber® 2MIA=, 2z}
chamber] ¢] 235 %= photometric O3 analyzer
(Model 400, API, Inc., USA)<} &3] &4 =
o] AR F%rl #2¥ § UESF PWM(Pulse
Width Modulated)}A] & o] £3le] HiFeiel 2
8lod 2% AlelE e, & 7)9] siAHY LAE
Zo]7] $13t 154 A L2 calibrationg A A
slgict, 2E 343 L FAHRHE Ae¥ F
HARE 600 data logger(Harim Engineering, Inc.,
Korea)oll 3& 7449 sgghez AAstxct.

3. 2EMI

7wzl 37§ h3alr] 9iste L&A |
FY4 2 FEHEE 8 FolM AAe] yaa
o] gl 2084 & 2008(20E/FEXI0EFD)
< A ADEg & Pl HePEE A g8
584 & HEGR/EFEXI0EFE)E chamberZ
%7}, Chamber: walk-in typel 2 16.2m
(3m X 3m x 1.8m)3]l <FHHARE A7t F
5504 mol m?%s™ ¢ FxA} &% 25+ 1T, F
= 60 ¥ 5%E frAsE. FYT Etoe
oztge| o} FHRYEE Ayl Rz Re 29
% F717} chamberdlZ f4=H+E 7§ ®sten
chamberell 4] 2% Fr7} W] S22 23 )
5 A s, Hele dE2TE AHEst
7] 1% clean room3} 50ppb, 100ppb, 150ppb %
LA FEZ Aolsigon AY 71T F HEge
clean room+ 5ppb ©)3le] FEE ByeH, 3A
2l FollAl= W 3-5ppb H& S 2AE R4t
2EAE 24 9ARE] F 5A7R] 85 84
74 99 6UFE 99 2647kA] 357 A&l
A A sk o},

4. TISKZEAL

1) 448
Held A 9 9 33 AR F RS Y
& 28 g3 ge] G g=(Hg A o
-2 F Ay /A A A4 x1004 A 88
o Aabslgdch, AR F A& AFer )

dEEEA o F7F ForEE AAE U2
Ao AbA] kol oWl EAtllME Fdlr] @
I HF o Fg A8

2) oo AN W

2.&8 A4 F o 2dd et Fe
U} (adaxial stipple)® 4oz Falsigied,
o] Zale] o BN AA|de vl&& YEERE
#abstsdel, HsidEg fatele A UdA
" & e 228 Hastslr] s H1A PC
=2 19(Forest Health Expert System)& £3F
of Fak 28 syt AE7 Ee] S
o, &l §& Horsfall-Barratt®] Sl whel
A8l vi(Horsfall and Barratt, 1945; Nash %,
1992). & § 79 AA o 3 o) b 9] v
F(LAYE 79 g, 3 3 o F #sdA
o] H]&(AA)E FElslet. gy A A HEE
(LAA)E &3 7o)l LAA(%)=LAXAA/100
9] A& alg-sled AArsigdi(Lee ¥, 1999).

5. BAHAR|

A aE4-E SASE Al4-3le] ANOVAGLM)
£ AAz, Fo4x71 dAEHE A Feled
5%¢l4 Duncan's multiple range test& %3] »]
watg tH(SAS, 1985).

F L it

1. & XHelPd o +

2.& Helg 2 Auld B3E o e 1870 W
gz AelFg foide] et 373 My F
A FErl F71E5E o 7 343 iy
Azl gzt felAdel A= Ak Figure 1), A2+
W F&87tdlx ae] Helw Welrt Asle ol
Ue FE2S Yol AE &9 24 Aol HE L
oA Fele 2] dddel FoleldA nEE
Atz Ml 28 3E o o] W] Fol
7} 48k e} (Table 1).

£&xe ¥ 100ppb Mel FelMdE T9-1L-078
20] 50.5%9 #Hi4ge 2goew T9-1L-04F2
3} 79-21-01E8% 50%2 48% 2 A& Ao s
Aute g ahsido), W de dGfgg 8al
&2 79-IL-168 828 16.2%] &3¢
79-13-048-25 79-13-1088% 26.3%%} 27.5%
o] 7t&&& Bevh
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Table 1. Number of leaves of P.delfoides clones at initial and final exposure to different ozone
concentrations for three weeks.

Initial exposure Final exposure
Control 50ppb 100pphb 150ppb Controt 50ppb 100ppb 150ppb

79-IL~10 19.2hc 20.8b 20.2bc 21.4b 18.6b 16.4b 13.0a 10.2a
(2.16) 2.77) 2.7 (1.5D .07 (3.36) (1.58) (1.30

79-21-01 25.0a 24.8a 24.6a 24.6a 24,0a 21.2a 12.8a 9.4ab
4.30 (2.38) (3.43) (1.5 4.63) (3.42) 0.83) 1.19

Clone

79-1L-16 17.0bc 16.2¢ 14.8d 17.0c 16.2b 12.8bc 12.4a 9.2abc
(1.58) (2.94) (1.30 (1.4D (2.16) 1.92) (1.39 (1.30
79-13-04 12.0d 16.2¢c 16.0d 15.0¢ 11.6¢ 13.0bc 11.8a 9.0abc
0.70) (3.63) (3.16) (4.06) 0.54) (3.67 (2.38) 1.00)
79-14-02 17.6bc 17.4bc 18.0cd 17.4¢ 17.0b 13.0be 12.6a 9.0abc
(1.14) 1.14) 0.00) (1.3 (1.87) (1.22) (1.8D 0.70)
79-IL~18 17.4bc 18.0bc 20.4bc 17.2¢ 17.0b 12.8bc 12.8a 8.8abc
2.0 (1.58) 3.20 (1.48) (2.54) (2.38) 1.92 (1.92)
79-13-10 17.4bc 15.0¢ 16.0d 15.8¢ 16.6b 10.0¢c 11.6a 8.6abc
(1.5D 2.00 (3.39 (2.04) (1.14) 1.00) (2.60) (1.67
79-IL~04 19.2bc 18.6bc 22.0ab 21.0b 18.2b 15.0b 11.0a 8.4abc
(1.30) (1.19) (1.58) 2.44) (1.30 (1.58 2.9D (1.14)
79-IL-07 20.0b 18.8bc 21.0bc 17.8¢ 17.8b 14.8b 10.4a 7.6bc
(1.58) (1.92) (3.39) 0.83) (1.92) 1.92) 0.89) 1.149)

79-IL-03 16.0c 16.2¢ 15.2d 15.6¢ 15.0b 12.6bc 10.0a 7.4c
(3.39 4.7D (1.30 1.39 (3.67 (3.64) 2.60 1.14)

Mean 18.0 18.2 18.8 18.3 17.2 14.2 11.8 8.8

Each value is the mean of 5 determinations, and the standard deviation is shown in parentheses, Values
followed by the different letter within a column are significantly different at the 5% probability level by
the Duncan's multiple range test.

30 80

Binitial exposure  Efinal exposure B100ppb  [3150ppb

20 |

Fallen leaves rate(%)

Number of leaves

Control 50ppb 100ppb 150ppb

79-21-01
79-1L-04
79-iL-07
79-iL—-03
79-iL-10
79-iL-18

79-14-02
79~1L-16

79-13-10

79-13-04

Figure 1. Number of leaves of P. deltoides each
treatment at initial and final exposure to  Figure 2. Fallen leaves rate of P. deltoides clones at

different ozone concentrations for three 100ppb and 150ppb ozone for three weeks.
weeks. Bars with the different letter are Bars with the different letter are signifi-
significantly different at the 5% probability cantly different at the 5% probability level

level by the Duncan's multiple range test, by the Duncan's multiple range test.
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150ppb M2 FellA= 79-21-018-&] 61.5%
27 ¥ G9EE 2den 19-IL-4EEH
9-IL-07T2 8% 60% 57.4%2 ielvt Anule]
Ao Atage Ry, M 3 JddEs: v
79-13-488°] 40% o™ 79-13-1088% 79-
IL-168 &%= 45.6%St 45.9% % vehvdt &
98¢ Ruck(Figure 2).

o]} ze] 100ppb A2 FelA Fadgo] ¥ 4
2 3gE I ge] B2 &9 3FEe] 150ppb
Al ME w919 HES o FUdY F8
EE veht ole F89 EAE 25T U4

=F 2F AT Al vlstd A Fol A7t
Fase 943 AYF Arric 2gEdA o
F7F A48 Fase 4L Holw AL £50)
oo 2ed2E FEI A Hgdr] 9

gl P@o] YR Aoy 9w B45w v}
2] & AABREAY, 2 HE FYEHE 29
H-g A ftel rts o F 52
g 715& BHEa de 9§ AXgess 2
g Higelee dd L Ane 245,
912] g3 A (chlorosis). 2.2 Q18 z7|ddEAs
o ®Bdd Jelhe 22 32 4 (stipple) 4
& Prunus serotina®} Liriodendron tulipifera
(Simini %, 1992, Davis and Skelly, 1992),
Fagus sylvaticaMikkelsen %, 1996), Betula
pendula (Paakkenen 5, 1997), RAEEEH (S
d, 1997) Selld =gl on, $E7 A B
7ol FW FRAME L2 o n
dol ztaEE dAtel Fal=dci(Keller, 1988,
Paskkonen 5, 1993, Pearson, 1995).

Table 2. Mean number of injury leaves, LA, and AA of P.deltoids clones at 100b and 150ppb ozone for

three weeks.
100ppb 150ppb
Clone Number of n 2 Number of

injury leaf LAY(%) AAY(%) injury leat LA(%) AA(%)

79-IL-03 2.8abc 31.0a 9.8ab 4.4ab 53.5a 37.4a
(1.92) (19.8D 9.49) 0.89 (7.16) (17.85)

79-1L-07 3.4ab 33.1a 14.8a 3.2abc 43.8ab 32.4a
.07 (19.62) (10.52) 0.8 (16.35) (16.92)
79-1L-04 3.6a 30.1a 13.6a 5.0a 59.8a 27.4ab
2.07 (18.60) (11.23) 0.70) (6.43 (13.83)
79-13-04 1.6abcd 15.7ab 4.8ab 3.0bc 32.7bc 21.2abc
(1.51) (15.06) (5.0D (1.870 (20.46) (19.6D)

79-1L-18 1.8abcd 15.1ab 6.0ab 2.6bc 33.0bc 11.0bc
(1.48) (12.78) 4.29) (1.67 (24.1D .21

79-13-10 1.6abcd 15.2ab 4.5ab 2.0c 24 .4bc 9.8bc
2.30 (20.81) (5.74) (1.22) (18.0M 9.49)

79-1L-16 2.2abcd 18.6ab 5.4ab 1.8¢ 21.9bc 9.8bc
(1.48) (13.16) (4.44) (1.78) (22.3D (10.40)

79-14-02 0.8cd 6.3b 1.8b 2.4c 26.6bc 9.8bc
1.09 8.79) 2.68) (1.51) (16.35) 9.49)

79-1L-10 0d 0b 0b l.4c 15.1c 8.6hc
(0.00) (0.00) 0.00) (1.34) (14.67) (10.43)

79-21-01 1.0bed 7.6b 4.8ab 2.2¢ 24.1bc 7.2¢
(1.41) (10.56) 6.57 (1.30) (14.65) (5.0D

Mean 1.9 17.3 2.8 3.1 17.5

Y LA : Average percentage of injured leaves.

2 AA : Average percentage of injured area.

Each value is the mean of 5 determinations, and the standard deviation is shown in parentheses. Values
followed by the different letter within a column are significantly different at the 5% probability level by

the Duncan's multiple range test.
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2. 269 JiAIE o

Bl 279k 50ppb A2 FellA & stAH HHE
WA 4 glelevt 100ppb Ao 79-1L-108
& A% 2B 29 150ppb A2+ 28 &
EollA HHFA4E 24% & 99 Table 2).
AA 4 F AS3A4e ol 49 2YE(LA)S
100ppb APl HF 17.3% & 2o,
150ppb &l el = Fa 34.1%F 100ppb ]
Foll vlale] of 2ufel 7l7b-E- FHEE Hv),
e 34e Bels ¢ F TsWA(AA)E 100ppb
He]FA e FF 6.5%F 2920}, 150pph A
gl e HF 17.5% 2 100pph A el »}s}
of o 3ufel Pl AAEAE Bne HelFEst
FolA 4 E 9 FAE Hole Y9 FHE R
g Aol 2= AL R},

B100ppb EI150ppb

Figure 3. Foliar injury(LA, AA, LAA) of P.deltoides
at 100ppb and 150ppb ozone for three
weeks. Bars with the different letter are
significantly different at the 5% probability
level by the Duncan’s multiple range test.

100pph  [3150ppb

C ¢ ¢ g
;] oel bc < ﬂ be, ¢
i o S0 MR T . °v‘

Q & ™~
e} "~ = o ©w (=
T ¢ 9 T L 7T 1T v 7
o = T - .
] A’ ] ] ! [l ] i |
[=2 o > [+ o o o o
~ ~ ~ ~ ~ ~ ~ [ ~

Figure 4. Foliar injury(LAA) of P.deltoides clones
exposured to 100ppb and 150ppb ozone
for three weeks. Bars with the different
letter are significantly different at the
5% probability level by the Duncan's
multiple range test,

AA 49 A-&(LAAE #4428 E o 100ppb
e}l Aol A vehg FE23F 1.6
% EF3lgot 150ppb A2 FlAe A&
o] vhd F7isle] Aelt+ FEMF T4%E A
FE 71845 Heige]l FrlEa e A
#3E 4 Uit (Figure 3),

HAeldl GBI E Zolr} A5t 100ppb A2
FollA dsl def FHELA)] M & F2E
97-IL-07TEFB L2 33.1%E 2¥ow, 97-IL-03
FEH IT-IL-M4E 2045 22 31.0% 30.1%
2 EA vebd vk 97-1L-103 3bol v s E4ke]
A3 glv FEE el A8 22 Y F HH=
HAANIME 3] do EP8) ¥Ud FE2F
o] W& Hal& ngrl. AA U9 HHE(LAA)
dAe Ayl es v E F8o] 5% g B
vhebgo},

150ppb A A Halge] b Frisle]
EE FE8AA HdSAE Bgevt 100ppb AHE
Foll A9l FAIRE BEEAE Ry, dAddde] &
HH(LANAE 97-IL-04FE37} 97-IL-038 &<]
59.8% % 59.5%, 97~IL-07T&&°] 43.8% = 1}e}
v &9l 52 gl2vt 100ppb Aelrdllalel 2
o] 3g&el A vebwgdk, Hande o F A4
WY (AA)ME & FEEC & HHE &
dow, A U FaE(LAA)NAE 97-1L-03
FFo] 71 B2 22.3%F 2eloen 97-1L-04F
£33 97-IL-078 8] HE ol 16.4%9 14.2%
Z 100ppb HelFrelE sjafge] i Z7}E3
tH(Figure 4),

el Fed w2t ofe HELS gev 100ppb
#elolla =fsigo] ot F&8E°) 150ppb A
FAAE dalgel A et £ AP AR
1088 & 38897-1L-03, 97-IL-04, 97-IL-0T)
o] AHjH oz oo dAg FE2E FAHY
oy, 19-IL-1088°) WEFES 714 el 7
3 822 e e Al s g7
o4& AAE S dgdrl. ole) 2E FE5A
< FALFEE g zA" WEF B8 A
Hel M A el gg 247 AR M E
A} dExte A& Aol dgled WAE
B9 AeAdEEe] AL A¥gLR Jeht FET
fro]Adel &l dci(Lee 5, 1999).

2.&0 3 52 qhge] fAH s EAP}
£ A EFAVRF Hd3 gt o+ (Steiner
and Davis, 1979)¢} 2&9] A=k W 9-7Kamosky,
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1977, Berrang %, 199DelA #<isjgi o =3
ARz B ohigl 4] Vel E Holr} =A
e} AR A obg8 AU slAAEE WY
Fogx £F WAL A AL §EF71%54
o] A A= % ch(Karnosky and Steiner, 1981).
ol9l zrol Wizl ool %t 45 W F
F 7o} £F WellA Wol& FAAQ AujE
3 oleke AL olvl A dHAl AR B T
ARS8 Pl R A E F@te WelE B
Age A4y 7HsAE 4% 4 U,

i 2

o {10888 o oR Bl2Te) M4 ¥
o ez og 35 A7 F dGign 99
A A o a8 A o)

Ael7d HdF Y Frl 22 Mg A vt
o Hel Fole nFE A FdM 2] G &
o} F43] Zvleted A7tk F2lAe] A=
o}, Azl 833 4 fdME 8 Ay A
Wol7b ZA Vel et Hel F aFEdAde =
E 289 & o F7 3 W99 Aol B
ol N&ol Yag HAage A Wity vy
2l 4& AAsEUA 2 A A E, o
2] 714 W& FAE S0pph Azl FE
A ekgkort 100ppb AHzlFolME g FE&
A 2 E FEo04 A= 100ppb <] shellA
X 7tA el fae) sbsAdg Berk, FHE gl
W 23 HA we 8] 100ppbel 150ppb
5 Al e Age R vehd ol 89
EAoz FEZ AR E #A¥ 5 dsieH,
ol o2 Fo tiF WAZSE(FER) Aldel
7bsd A eg AR,
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