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Sensitivity of Five Clones of Populus alba x P. glandulosa
Cuttings to Ozone Exposure in Open-Top Chambers in
Relation to Their Growth Rates'*

Tae Kyu Kim’, Kyung Joon Lee’, Goon Bo Kim’ and Yong Bon Koo’
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B AdFe £5 2E A HAA xS} 8 249 AL} AR =R E =5 95
o AAstqdct, Aol 3t WAL (Populus alba x P. glandulosa) 4% E%F FolA 5 7| 22(72-
30, 72-16)7F Aol vlwH AzF AL 25 FF FolA I FB(72-28, 72-27, 72-19)0% B AY
olA wlastsdct, $19] 570 2 A5E 44 % 21 3Eo) ARl Z=AA7) ) 89 3ol ofge
#1 3702 open top chamber(Z7d 2.5m, ¥°] 2.0m) Wel4 30d E<F 70ppbot 130ppbe] L& 1Y
SAIMY xZFdlgdch, daT= AR R of3sle] 0.E9 EFXs) I0ppbeldtE FAEHEE GO,
ZF S8, A" 20709 g gkE e g xpgaect,

Wz 7 EFF5e] AAuaE JAA 430 244 238 o Akl 73%, el A3
AN 64%, EAFFANA 38% T $8led HAA 459 AAEEr) 238l 5L =5}, ©
Fo 23 7HA1A Fe= T0ppb & Aol ez gkend, 130ppb Azl oAl & ALAl 435604
W FEEgen, dsdddd HYAHQ AL gA A B2 ehgon, dLde] 2yl shAst
vk, 703} 130ppb &AMl 57 BE 2 Ay, du e AFd 2SS FrARE
|, o] FolA FAPAE 7} 2ZA Ak T0ppb LEolA male] zpiare a4 437}
39.7%°)x, AL 23+ 13.8%°]%dch, 130ppb L&A LA 4358 et asE- 47.4%°) 2,
HAA 23+ 34.9%°1%th, ]2 Q3le] shoot/root-&-& 130ppbell 4] ®AA] 43 63.4% =7}g 4k
W, "@ARA] 234 22.1% F7bel Aok, 2.Fe ¥ AT HEE ¢ e HstdlAx fAlA) 4
7} @AM 288 o] gol zraslgdth, 53] 130ppb L&A HAMA] 439 #BFA S 69.5%
ZHagE wbde)), "AbA 23 & 31.5% sk, webd ¢9 o8 sbA Al weg AR sy
Aol 78 FAA 437} ARl Ao AL HAMA 250} LFH) o] wztsicly A9 4
em, 52 Ed UF AdAEE =5 nHd YA de=Ho] gty AE A=),

SUMMARY

This study was conducted to test a hypothesis that sensitivity of trees to ozone exposure was related
to their growth rates. Two cultivars of Popuius alba » P. glandulosa with different genetic growth
potential were used for the comparison. Two clones(72-30, 72-16) of cultivar No. 4 with fast growing
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potential and three clones(71-28, 72-27, 72-19) of cultivar No. 2 with slow growing potential were
propagated in early spring by cutting in 2- ¢ plastic pots. They were grown outdoor for 5 months and
exposed in late August for 30 days to 70 and 130ppb ozone in a open-top chambers(2.5m in diameter
and 2m in height). Ozone concentration in a control chamber was maintained below 30ppb by filtering
with activated charcoal. Each treatment was replicated twenty times.

In a control chamber, cultivar No. 4 grew 73%, 64%, and 38% faster than cultivar No. 2 in leaf
weight, root weight, and total dry weight, respectively. Visible injury was observed only in cultivar
No. 4 in 130ppb treatment. Ozone treatment at both 70 and 130ppb decreased height growth, dry
weight of leaf, root, and entire plants in all five clones. Particularly root growth was reduced by
39.7% and 13.8% in cultivar No. 4 and No. 2, respectively, in 70ppb treatment. Consequently,
shoot /root ratio of cultivar No.4 was increased by 63.4%, while that of cultivar No.2 was increased by
92.1%. Stomatal conductance decreased more in cultivar No.4 than in cultivar No.2. Net photosynthe-
sis of cultivar No.4 at 130ppb ozone decreased by 69.5%, while that of cultivar No.2 decreased by
31.5%. Above mentioned physiological responses of two cultivars to ozone strongly suggested that fast
growing cultivar No.4 was more sensitive to ozone than slow growing cultivar No.2. It was concluded
that sensitivity of trees to ozone exposure was closely related to their growth rates.

Kev words : 70ppb, 130ppb, stomatal conductance, net photosynthesis, ascorbate, root growth. pigments,
shoot-root ratio, growth potential
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= (Johnson, 1992)st #3 F4AA 4d4E
(Schmieden®} Wild, 1995)¢] F8 8gle g =4

Aol zlel s fat 4 9lvis shi=dl, Patton
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APV &8 HAAH oz BE¥sle dHEA
A EA4FEAN §5-§ B8l g F80] Jies
o] glom, = Hg mabsFol o8 dAA
(Populus alba x P. glandulosa)E Wirste o
& vetellA, o] FEo] AAXL gk, HAA
o] AL FEHE & AolE el gle
w, F&2d wetd 553 33, delA] wolst
dejA (™A, 1984).

£ At eEY 2&8d W A EE 5
F af9 AAEEe #YP= Uot'E sMd-E
587 fste AAssdch, AAEEst o2
A A (Populus alba % P. glandulosa)®) 578 &
£-$ open top chamber Woll4 2.2 =3 A]7)
wA B AR, HAA Ha, BgA, 71F
Arx, 424 gzf, F4AFEAY Faks &%
3led A3 v @stgc),

NE & Uy

1. 9P 8

2 AFde @AY (Populus alba *< P.
glandulosa)® F N\ $%5& FA %22 39
. #AA] 23 FE I FEFH dAA 43 F
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ol FdF MAE E8HE 60MAE g8l
Aol o]t
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o] HY-g F3 £ 715 mixing T valve
E A 10ml/sec? FEo2 2&3847R A
HEE s4t. A" 28+ data logger(Dasibi
Environmental Co., "15)& o]43ld 10% 74
o2 A3t 7| &3t & FEE dz2Te
74 ¥Ad" Hea o35l 30ppbel st FF
A stgdon, LEHeFY 2E FEE 60~
80ppb(34 & 70ppb)e} 120-140ppb(3 & 130ppb)<]
T 2FoZ fA8AY, 2E3S A ofF 114
FE} 2 F AN 7R 5AITE Bak, 849 22U HH 9Y
224 71kA] 3043t s,

O 12 Age) 483 2&2xF Fre A7
H s BeFa ), &S HEH 240
A A7k 22 x wItel fApskA 8] 9l st
11: 004 A 2Heleen, 2& F5& 4% &
7bsted 124176l x5 =< 709 130ppbE
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Fig. 1. Time schedule of ozone exposure to Po-

pulus alba < P. glandulosa in open-top
chambers.
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S EXE V|7 B 7HAA I8z v A
of yute] WA G 7| &3t =F FEA
S, A2dy, 493 45 28, o, F
7], A, BeE re] AF5Ee HY oo,

B 2 E2xF $8 AAd HAAE WY
22 10:00~14:00 Akolol LI-6400 Foi%
FA&A7(Li-Cor Inc., USA)E #3PA&ES
(At 7E3AER(gw), B3I EA s
v}, o] Al 3] Aeld ME LAE Fol
7] 8)3te] LPI(Leaf plastochron index) 7 %=+ 8
o dlEse d& AR A FHA s
oh. #zAe 25C, PAR 150 zmol/m™s™,
RH 30%% #A3=& slgen, #ubg4d
(Light-Photosynthesis curve)?] Z#H o+ F49
of e LEDE #og Alg-shgrt,

s}§-4 M 22l chlorophyll a, b, total carote-
noids+= AP F 4HAYE o2 o4& &
A A& F 10mée dimethyl sulfoxide® 323}
. Lichtenthaler(1987)2] A]-& Al43led Ao
A 470, 644, 662me] AN FAHoR FA4
slgdek. el Ascorbate ke Wildiel Litz
(1996)2] ¥hy el weby A stgdch, LPI 7~84
AL 0.2g AFH 3] AAAHS @z ol 50mM
KH:POsoll 5mM 2, 3-dihydroxybutane-1,4-dithiol
(DTE)E £33 buffer(pH 6.0)2 F&3}%ic.
12,000 gl 1587 Al &2 § A4594E 0.45m
g2 ofFslgdet, 4SS 42 Iy 7 R
v}iro] sli}ell &= ascorbate oxidase £4(20U/m’,
50mM KH:PO4, pH 6.0)& #H7Ist 5 EE1A

=
El

ascorbate® dehydroascorbate(DHA) Aej& %
K27k, HPLC 24X+ o]542s 25mM
KHyoPO, buffer(pH 6.0), A3-2 Luna C18(5um,
4.6 x250mm)& A}-8-3te] E-2]dta UV 264nmell A
A&stdc}.

4. AR EN

BE SAEA-E SAS(ver. 6.12, SAS Insti-
tute Inc., USA) #71#]2] GLM# MEANS A
2H& ojgatedrt, GLM A4 B E &5
o gk 28 9 &LFe qbge ol & o]
AEAEMnd 2 s, 243 Fol glelA
87 Fo] vlaele REGWF 54 (a =
0.05)& o|&s4gx, dzt9e waeE Dun-
nett's T-test(a =0.05)2 L&x2]d & =
F-oke} ze]E st 2 WElEE FAER
b i,

da ¥ g

1. JIAE H8Y

2& 93k 7FAIA QA )= 2F& AP FRe
upel FFHEE of2 A Jebdl, T0ppbd &E
TR BE FEY A A AR A
FAto] Holx| ¢sirt, 130ppbe] & FRE A
2 A AAA 439 A 7FAA IS
Aol #AE =, Zrol= SAbe]l Belx @
tbrt 2 EAN A 20 Y AFe] 5% dAMA
4391 72-16 FE3} 72-30F 29 ¥ AsF 9o
oA Eol HE g AY¥AHQL o2& FASAE
R 5 o). 30U3EY xFe] B AlH e
M= A 439 BE JRACA Hesds 3
Fspd om, df el AL wbHEol Hi
He) A Ak a3 o2 AX = S
= oo, o AAE HarepA] = wskel, dA)
Al 230 3 FEAMM = 7HAA HE7 FEEA
@trh, oebA sHAIA FHEubg rjEeR o
& A9, AAo) 3 A ALA] 4371 ARl A
23 JAPA] 238 3o ] viztstA AaE
wrerkn & 5 ol B Agedd #ARA] 439
7% 130ppbell Aol 7HAH g 25 453
HellA vehdow, o3 = "I DA
2| ofola], & oL Fo g3k Mol A5
ol ¢ o ¢ 9o, &8 = F F Y9 A3
Abe- #5339 AH(chlorosis)®t ¥ AHnecrosis)
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14l (Kozlowski®} Constantinidou, 1986), =i}
2 Eel L& vk} e Ao RuHs|E 3
(Kim= Lee, 1995). Mooi(1980)% Populus
euramericana®l F WEo| ¥ & AF A
xF 0¥ AE Fo Yo dAdA o3 Faiy
43 AAbE #Asld e Laslgct,

7hAIE Q] FE FARE 9lo) HEE £ gle A
Eo ZEEe B3 xEFEE Ao, of
Ui AsxdAg® 4717 2E2HUS Al
vehvbe F4tolr] wlFel, B AgeaHe g
stedatolnt Avial #ap ubde] waE Al gk
2L AeEx7}t 70ppbet 130ppb2 w)wA gk
2o, xZ7|7ke] YR vlwA #Hetv] wWEe
2 A7,

2. AWM F BFQ 4T bR

£ AdlAe Aol 48 A 43 5
FAA 72-307 72-169 7 N FEE AL4side
o, Aol Mzg WA 28 FF FelM T2-
28, 72-27, 72-199) A A FEE A4Elkd. ®
loll 309478 LExZFo] B¢ Fol| 83l
A ARAEE AAFAC

TR Al A 439 HHFm
(128.9cm)7} 232 #HF42(119.8em)mct <Fzk
%o, FAMeE RAAE HAFA gt
ok 53] 28ql 72-279] Aol 4511 72-16
Hep e}, 5 FE7e Aolg AAY 5 ¢l
Aok, ey 4, e, gy FAEgdA e
A 457F FApA] 23R} dEEA S4e)
o, 1% +FANA FA-LE FoA4E AT &
AdTh, FARA 459 HF o AF5H6.40)2 2
39 JFAFFQ@. TR} 73% ol Wk}, e
o] Al E dApA 439 HF(8.29)= 2
Zof H#2(5.0g)E 64% ol k. FAFegl
ME 439 FFA36.62)% 28] FH(26.52)
Hrp 38% © A, "M 439 AFH AYabo)
A 258} $3-E Essch. olelg A
Tz "ARA 239 4300 27 7|29 AFn pe)
A 3k Wgoleh(Fd £, 1996).

3. 2F S0 ME M3 HE

F 1A Be] HAlAle 57 EES BF L
Eod xZ2AHE A WA ztasldd., $n
A T0ppb L&A 5 FBdAM HF
7.4% 743 wkdd)l, 130ppb 22 Ao

B 9.5% #Hastd, £ o) 23 Aol 8
vl kgiel, SR & = g
Zhell Apol7b vieln}x] ok 71 130ppbY &
a7t £7] stdi-o] Aol e, o)y
& Ed-2 AR =24 7oA o] &%
o]k (Kozlowski2t Pallardy, 1997). =z} 43
A= dE2A o, B, a8n 2 AFg
e Al & Aol g HolFch, Yo A
%2 T0ppb 2FA =79} wwsld 19.2%
7483, 130ppb 2 FelA 31.9% astdct.
#2le] A2 T0ppb &4 24.1% 743
29, 130ppbeltA e 39.9% ZHastedch, &2
e Ao & F3-S el 4 T0pph £
FAA 13.9% 47 ubdel, 130ppbell A
25.3% ik, LEFEE FUMN" AL
A7bgko] vl & 2tAsl= ol Reinert £(1996)0]
HrtaudFE ez g Agede JJehge
=, Kamosky 5(1996)°1 Populus tremuloidesS
Aoz g Adoddx B 5 gl

A FFAM= drjegdr)Eer &9 &
%7} 0.12ppm(120ppb) o L E2FJH E Wy
g =elglom (R, 1998), # Aol
130ppbE A=Hsle] 1Y 53 A3 Az
2] oF 25% 7haFel zhAslyong EFon st
W ¢ 7R dabe] zhastm Al o5
£ g 7 vk g,

4. LEN @ F EEO} MIHS H|@

3 1A 2E3xEA A 43 EE(FEHE
72-3034 72-16)¢F HALA 23 E(BEWIE 72-
28, 72-27, 72-19)9 AAABE HE v,
T EFE ] el #EE g Folrt gl
& o 5 gl

S22 702 130ppb 2.2 A 570 &
£o] 1.2%1A4 12.2%7HA] chokstA 3 askedct,
FALA 439 HFzbaeke T0ppbeltd 6.7%<l
b, 130ppbell A= 10%°l3l e, &4 23 %=
Faifaepe] 2zt 7.8%9F 9.2% A F EE7)
o folAdE AFY 5 . 49 A=Y P4
ol vlg g elhfa, daA] 459
T3-S T0ppball A 21.7%< whA, 130ppbel
x4 37.8%°19dom, AALA) 2%+ 1 bagke] 7
7 17.5%2F 27.9%°1%l2, & F&0d §9
AE AAHE F ek, g ®ele) Ay
aellAe F FF Aolr) QAHdY. & d
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Table 1. Growth parameters of five clones of potted Populus alba < P. glandulosa cuttings 30 days
after exposure to 70 and 130ppb ozone in open-top chambers.

Hyunsasi No. 4 Hyunsasi No. 2
Parameters 03 Level
72-30 72-16 72-28 12-27 72-19
Control | 135.5+10.3 | 122.3+3.2 | 120.3+8.6 | 134.3+2.6 | 110.0+ 9.3
Height 119.0+10.1 | 120.8+3.3 | 113.8%5.3 | 121.5+8.0 | 100.5+10.6
o TOppb (122 | (Gl | (G54 | (9.5 (~8.6)
B0ogh | 120-3F 5.4 | 115465 [ 1113474 | 119.8:3.9 | 9.8+ 7.2
P (—11.3) (—8.8) (~7.5) (-10.8) (—9.3)
Control 58+1.0° | 6.9+0.8 | 3.7+0.4° | 3.8%0.2° | 3.9%0.3°
Leaf 4541.0° | 55102 | 2.840.3 | 3.00.2° | 3.6+0.4°
weigtt) | TP Gz | Cwn | Cubp | 05 | (<15
13000b 3.7+1.1 | 4.310.6 | 2.7+04 | 2.0+0.6 | 3.5+0.2
pp (-37.3) (—38.3)" (—28.5) (—46.6) (-8.7
Control 8.1£1.6° | 8.370.5° | 5.70.5™ | 4.8+0.6 | 5.0+0.3
5.2+0.3 | 4.7+0.2 | 3.9:0.2 | 4.4%0.3 | 4.9%0.5
Root - +
weight@ | PP Cse) | (w2 | (A | (19 | (-l
41407 | 4507 | 3.4+0.1 | 3.5t0.9 | 3.2%0.2
130ppb Cagy | Csat | Gy | G | (<363
Control 12.1-1.8 | 87+1.1 | 8.8+0.8 | 9.870.2 | 7.6+1.1
o 83+1.8 | 8.270.7 | 7.470.8 | 82+11 | 6.8%1.2
weight(2) T0ppb 3 | (554 | (G158 | (G5 | (Z10.6)
9.0t1.1 | 7.0108 | 74+11 | 80+0.7 | 5.1%0.3
130ppb (—26.9) (-19.4) (~16.0) (~18.5) (Z32.1)
Control 13.2+2.1 | 100412 | 9.3+1.0 | 8.6%0.8 | 9.3%0.6
Stock 5.6-2.1° | 9.970.8° | 7.8%1.4 | 9.7+1.1b° | 11.0+0.7"
weight(g) 70ppb (-18.) | (0.6 | (-162 | (+12D | (+11.9)
3000 13.842.0 | 9.9+0.3 | 7.1-23 | 7.1+0.7 | 7.1%0.3
(+4.2) (~0.9) (“24.0) 17,1 (“24.0)°
Control | 39.3t5.0° | 34.0+2.8° | 27.6%1.8° | 27.0+0.3° | 25.8+1.8°
Total T00ab 33.6+1.2° | 84+1.6 | 2.001.0° | 25.4+2.5° | 26.3+0.8
weight oD (—14.5) (~16.3) (—20.3) (—5.9) (+1.9)
&) 1%000b 0.554.0° | 57517 | 20.572.8 | 20.672.2° | 19.0+0.7
(Z92.3) (—24.2)" (Z25.6) (—23.7) (~26.4)
Control | 4.05%0.55 | 3.11%0.30 | 3.92+0.47 | 4.99+0.91 | 4.14%0.13
5.53+0.28 | 5.0310.23 | 4.6970.42 | 4.82+0.55 | 4.55+0.63
hoot t *
Shoat Roo 70peb (£36.6) | (+6L.9° | (+19.) | (3.4 | (+10.0)
0onp | 6-74TLI0 | 4.9850.59 | 5.06=0.64 | 5715104 | 5.07:0.61
PP (+66.3) (+60.40)" (+29.2) (+14.4) (+22.6)

1) Each numbers is an average of 20 observations.

2) Numbers in parenthesis indicate increase(+) or decrease(—) in percentage of parameters compared
with control.

3) Hyunsasi No. 4 and No. 2 are fast-growing and slow-growing cultivars, respectively.

4) * : Indicates significant difference at @ =0.05 level by Dumnnet's t-test within a column of single
parameter,

5) Suffixed alphabet indicates significant difference at @ =0.05 level by REGWF's multiple range test
within a row of single treatment.
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AHAl 43.9] #e] 2h4 e T0ppb £&elAl 39.7%
Ql wkd, 130ppbell A= 47.4%clgdon, #abA]
239 Flaake Zh7h 13.8%9 34.9% 24, &AL
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o] 23.2% “#ad Wi, XA 235+ 26.7% 7
A2dte], T EE7bd| x}o]r} ¢lddr}.

shoot/root2} B]&(S/R)2 & 19 dA4% 5709
A% parameter FAA T EF e A ZA A}
o7} Y= F-Foletar & 5 ik, 70ppb 23
2ol @A 439 S/RES HF 49.3% =7}
g oubd, "4 23 & 8.7% F7hdl 23t
130ppb L& XM E FHALA 439 S/RE&ES
B 63.4% FoHgF wbd, #HaA] 23 E 22.1%
F7tell oA, ole F aEe L&A A @
AMAl 43.8] Bl AAe] A FAaFoR qlslo
S/R&e] Atz & 4 gl L& 2diA
S/R&0] F7bsle AL YollA 289 HE52 9]
sl AU E Lugogyn e g o|5E v
&2 ofo] ZFA3)r] wigl Aoz delA glg
(Rennenberg %, 1996).

xEee AL o8 Mo FEE ol&3sl L&
o A UAEE A3 A= d¥ RyHET ¢
v}, Wang 2(1986)-2 Populus tremuloides®] v
2L o] 43l L& U UAEE FA}sg]
=, FE2kel #olr} glow, Ao Ak
AAE 12~24%74A A=A 71a, S/RES 301
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deltoides 35& ol 843t 22L& xFAH &,
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T FES A FE2A ulsA gl YA
&7 o] #ZA el
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Table 2. Pigment changes of five clones of potted Populus alba X P. glandulosa cuttings 30 days
after exposure to 70 and 130ppb of ozone in open-top chambers.

p ¢ Ox Level Hyunsasi No. 4 Hyunsasi No. 2
arameters s eve 72-30 72-16 72-28 12-27 72-19
Control | 16.20+0.68" | 17.64%0.41* | 14.99+0.47% | 14.91+0.69” | 12.52+ 1.97°
Total ooy | 1176120 17.63=0.88° | 9.56+0.77° | 7.97+0.26° | 16.36+2.49°
chlorophyll pp (—27.8) (-0.1) (—36.2) (—46.5)" (+30.7)
(ue/g) \300ph | 13-8150.64 | 16.05=0.64 | 11.87+1.48 | 10.85+1.81 | 14.17+1.18
P (—15.2)" (~9.0) (—20.8)" (—27.2) (+13.2)
Control | 5.300.31 | 5.44+0.14 | 5.24%0.12 | 5.04+0.20 | 4.42+0.61
Total Tooph | 4-150.34% [ 5.3420.00° | 3.5150.29° | 2.93%0.10° | 5.21=0.56°
carotenoids P (—21.6) (—1.9) (—32.9) (—41.8) (+17.9)
(ug/8) 13000 4.9240.18 | 5.17+0.12 | 4.19%0.48 | 4.16+0.62 | 5.20+0.39
Pp (-7.10"° (—4.9) (—20.0)° (—17.4) (+17.7)

1) Each number is an average of 4 observations.
2) Refer to the Table 1 for the symbols and footnotes.
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Table 3. Stomatal conductance, net photosynthesys, and ascorbate concentrations of five clones potted
Populus albax P. glandulosa cuttings 30 days after exposure to 70 and 130ppb ozone in open-

top chambers.
H i No. 4 H i No. 2
Parameters 03 Level yunsasi No yunsast %o
72-30 72-16 72-28 72-27 72-19
Control 213+ 15° 299 +18° 357 +13* 300 +23%° 256+ 15>
Stomatal 184+ 14° 228+ 15™ 259+ 17" 249+ 6° 314+ 19°
i .t - * ) * - M *
conuctiyity | Toeeb | (T3 | (-23.D) (=21.5) (~17.0) (+22.7)
Hx0/m’s) 127+3° 83+ 297 +14° 338 +§° 267 +12°
130ppb ‘ . . .
(—40.4) (~71.9) (—16.8) (+12.7) (+4.3)
Control | 11.42+0.45 | 11.47+0.33 | 11.23+0.38 | 10.90+0.59 | 11.28+0.36
Net - -
: 7.34+0.39° | 9.72+0.69 | 10.00+0.53 | 9.75+0.22" | 10.36+0.54*
t th . .
photbeymlesi® | Toeeb | ) | 159 (—11.0) (-10.6) (-8.1)
COz/m’s) \30pob | 4:6370.15° | 2.35+0.18° | 7.2070.18" | 8.10:0.30° | 7.77+0.23"
PP (—59.5)" (~79.5)" (-35.2)° (-25.7" (—31.0)
Control 69.1 57.0 66.1 75.6 68.5
Ascorbate 70ppb - - - - -
level( x g/g)
130pph | 101.73.29% | 95.97£0.48" | 95.69+6.83™ | 96.6576.47 | 101.7+2.40°
PP (+43.5)" (+68.4)° (+44.7)" (+27.8)" (+48.5)"

1) Each number for stomatal conductivity, net photosynthesis and ascorbate is an average of 36~39, 27

-39, and 4 observations, respectively,
2) Refer to Table 1 for the symbols and footnotes.

o AE HAA 459 7| FHELY) HF 56.2%  69.5%F =ZA Fad bl 2&5: 31.5% i
Zragh wbdel], A 23E 16.8% HasAY ae] dAA 4571 9 diRiEA W 2AeE
& 12.7%9 2% g Fristd £ FEe 2 4 #
zto] & viebwlict, Q& oA FEo FPAo] FFL e A

A E7) spellA] Fako] wWsle] o2 50 F8 AR olvl #¥A v}, Reich(1983)= Populus

o FrAdEA-e 19 20 Jeplio), FrAHE
photon flux density 50mmol/m's 7F$o&4 574
Z2o] v&d £x& el oo, Fx
A wE ZF8dA 1500md/ms YEZ A F#
Apstelch, elv R Ee 23g R F
E7}ell #polF Holow, HARA 459 &3
gFo] #1AbA] 228} o] A velA], FApA] 4
37} #atA) 256 o] we) xlele 71ag AE
q F3 Addct.

2E xEF Adde £ 39 1}39—} ko]
0ppb 2Fel x=FAA 45 5 F2eA =%
gHAdel Bt 16.1% Fxstalon, 130ppb 2E

A Fd 46.2% sk, olHd i bate] k- =ZA Fristden, FEZT Wol
WEg B, F 57 2 Holg BelFm gl b ek, @A 45 F 72-16 22eA MR
o}, HAHA] 45 T0ppbollsd +=FgtAde]l 26.1% ¥ FHQ 68.4%S FUHE AFIRod, 2%
ey dbgd, #4428 10% stk F 72-21 FRelA b 2 39l 27.8% 7
130ppb L&A= #HAbAl 439 3Pl & rAorh, F FFTel oA FHolE HolA

XA AR

/g B2A FE2 &
A& 4 gledoh, 130ppbe &&

7. Ascorbate2| &2F B}
5% 3] 3ArslE a4l ascorbates] #H3LE e}
Wk, ol 2ol A ascorbate94 dake Hd 67.3
22 5 FE7 AHolE
Zl 2ol 4 ascor-

eltoides x P. trichocarpas 125ppbell 607t
gAY g LA,
7]7‘3‘31 &4 A L}E}‘&D}:‘l 5}¢d cH(Reich2}
Lassoie, 1985). Woo(1997)+
P. deltoides®] &
Aol of geol %4

o] uj
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el N FE 4
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ascorbate= 7} ¥ g st nY, 223 22
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Well F7184Al ¥it}, Fagus sylvatica®l 2% Al
29 ascorbate ¥ W7l e&2¥ w9 A
T[BAE Bgo, ascorbate FFo] £& AE
Bl A2 AEE F Qvx dck(Luwe,
1996). A Eo] werizgtom sl Eade 1
dloll superoxide dismutase(Dhindsa %, 1981)¢}
glutathione reductase(Tuomainen -, 1996)7} 3l
=, o FolA # AIFlA & ascorbate TS
ZA4 sk, Gupta F(1991)2 2&4d w=3d
Populus deltoides X P. caudina®l % l4 ascor-
bate®} 3Fake] F7pslw, o)ul glutathione?] %
Fx A Zo1E s
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2 AL ‘5 2524 W FJHAEE 5
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T FEo] 286 g8 o E AL E 1A
2otz s, LFo HE whe-g A, 29
T, AGFzhel A2 v ZE AHS, W] wWE
FAEe] ggancl, oela Yabe] wE #y
F7F Ao 2Fo sy B PAted
o] |8 zAFcHReich, 1987)= dr-ZAIx $
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E AgeA £ 1, &3, 2812 19 29 Aw
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Fig. 2. Light-Photosynthesis curves of five clones
of Populus albax P. glandulosa constructed
using LI-6400 portable photosynthetic
system,

254 707 130ppbe LExEE qlale] W)
AArel #HAA 2; Ml @A Fasteled,
ol & qlale] HilA] 439 S/R&o] =A Zrls)
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e X 3edM Bl J|FHEE7} haslw
A edgAdsel 343 ztadr] 9wl &
ARE Ao gx Woo(1997)= Populus tricho-
carpa X P. deltoidesE ©)43 A3l 2&4
WA EFol S &2 2 sl fidake] A
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=
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A A dstl, o)9} el Al 435}
HAapAl 2880} ZEAA e, el Aty gha,
S/R&9 71, 718355 24, 227 &%
A& Fart o =34 Jelgenzg it
Al 438 AL 288 &) o ®igte £
oletx fd¥ 4 ik, ateb MApe] 3 &
AMAl 457} AAte] Atdid o g A falA 23R
o 2ol o witsce Ao HHE 5+ 9
. AEACR “pR 2Ed Y A
FEIFE MFEEe) FHS Qot'e JHAEAE
HholEolAl Hr}, = 7|&9 g2 73
(Reich, 1987)2} Z¥-Alzichd, qAe] Wl 2
L $E2UFE 220 o] 2 A5 w4 "o
I AEAE 7 ek, ] Wl £Foly F2
L ) J)FAEES} Folx] AAbe] =7l £ER
o} o g 7] $9 CO'E F5sh: Ao 9l
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2} Pallardy, 1997).
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