A e 3R] 27(3): 147~153, 2004

FeE Aol va Rl APzt A B Aol

AL e £ = Ao o dEguR §59] A A xpolg BEA EAS FHsIA

2N 8kt 7}E A2 E 37HA 9 wra g 1A B5) 0, 04, 0.8 mMe] CdSO4 - H0 £ o] &3}

3FTOE Y AAS AT wrEyRe] JHAZE B HE T A A uhe2 AT E, AT,

TEATE 9 HAYAH R ES o g8t AASAT 04 mMF 0.8 mM FFEEC] A E HEUF fFHE

2ot vasiA] AFF FuiAgEe] IA Aasgon, vtauy RO A AT FRA 59

o fael & JFgFS T 42&1 Uebdtth B8 SUAFES BT JMEE AR Fasie

o, BE 7HA SHEE St S whEk A Fo] ARtk &9 At=F Al o A% 3

e 7}7117J FEg Aol & Hol 7tEE WA 7HAIZE 44 29le] #HEeta g

sk,

Aol wha it AL E, TdATE, AR S
W 559 54 2 54 AA s net FA5-Hm, oA

A Z7Heek ofyg el 7HAI 7Y, A A 7l 2 2po] 7L EA) ST (Weih and

Nordh 2002).

21 &5 Y (phytoremediation) & a4 LHE EWS 3 g = ol ARlE] e gAY Ak o]y E Al
St e Ao R B8] flste EE V&R AES o8 Frgold, HAAL Hute B W Ao M= v
g 218 A Q0 B Ao, &4 - 853 FE4 AlA A 22U B a3 31 AR5 A FFL
W E T H)go] AA A8t Aol gltkSalt e al. 1995, 2 B I EHATHo] T 2002, 2003). WA % =R
Dickinson 2000). T 71} S8 A& 28 A& H|wste] A SHA EYF B o] &3] 913t FFEF] gk A3t 2 W
Agko] AN o] wE7] e F7])H ol Eﬂrzﬁﬂ EY A Yo S5 7HIE Adstaat é}i‘i ES FFEFO|
3k 71 e 4 9l thPulford and Watson 2003). 3 A &5 Al g A R4 el 7z WA Y
o #3 A3E FYHog s AP glon BE < Hla geshE 8ol F & AeAE AASILA At

A5 AR RS D WMEUYTEE o A Z H(Punshon ef al.
1995, Kopponen et al. 2001)$} &84 59 T35 A3t &3 Az 9 H
of g A3 5 2001)7F BE uh glok

85T ﬂE%—S— e FRAME 5ol v Eon B A FE 2 7tEFE A
dudlNe B F54 i dEd 2 FE A Ta 2 Age AHgE BT B A] ARF 91X E
of & ks —ZrEHSrnlt and Brennan 1984, Wu et al. 2003). ©] & Ao A Aast o Eate AR Wl A A=

o AEY AL Fae 984 T (Huang ef al. 1974), 33}8t o
HES(Li and Miles 1975), Calvin cycle W9l &4 E4d(Weigel A}
1985) 5ol SJaiAM &g Wt B3t AAEFS FRYS &9 2
%
kil

o1 A 18R BE F 9 &7, el dFE
Ao g A 4 e, A& FAAd AAE CO, 5 o & 5 AFste] Aol S8 3 TV 49, S,
3 715 G5 249 Aol Z18lH A WY 81 (Krupa et al. Ve AAsA T
1993), 7]-g0] JFH SR wa A, o ddle] A F7FE Qe FHEF A dgel AMEs HES uhay 37H4 9] BHE
A gl el A L J3S W=tHFuhrer 1982), ©] 9} Zo] 7} T (100414 cm)7F #E S HAE A AFEHEH
Sl o3 A= A A9 F Asle o8 7HA 29 P WES : Hilo]E : HuFo]E = | 1, viviviv)©l
o] HatA oz Fefaln] FF&9] A Exo} A7k ek Eo10E SHE(H 20 em x W 15 em)ol &4 413 SAA AT
A ek B3 Fadd e A= gaf 2 S 23 APE MR FeAd AR ZddA Feeplon, o

* Corresponding author; Phone: 82-31-290-1152, e-mail: happyohcy@nate.com

- 147

2% T 2A0IA FAE WelAlA W) At BEL
3%,

Korean J. Ecol.

s

Ela=s

T INAE ez AFsAL, sddd et AdRd
o

A

9



148 9
UHE o] & AY 7)7F Fote] 9Y HHeEE 23.1£2.1T °]
R, 4 HFAUEEE 743£10.9% o1tk AE AAE 7}
TE AYE A g2tz A F25 2 T A
272 P eH, 7 B AEPEE 3070A4 2 Q) o]
Mo wjst o, st f1A]d wE ARE Fo|7] 95t
1749 7HA 02 st AujA|stglTh Al 52 CdSO4 - H,0
£AS 04 mMF 0.8 met’ SRom F 123 EgY Az A
o]l whebr] 200 ml A EF3EATE A 717FE L HE 927t

A 2497 AR Ao, HEE AT ol9l9] BHE s o
ek AAERY F42 B7] Aste] B el YAE BA
/é]

£
[
I, ol

ko3
T
=

=

°JZ}S%P EAI(AA-6401, Shimadzu, Japan)

A8 A 54 8
HEE A F 15Y 74428 FI1E FAHI, [Ln(x)-
Lu(e)[(tat)Q Aol &l o)A & (relative growth rate)S A
AbatathBeadle 1993). 91714 1,9 1 & A 8 3(1)9) 02
Z7)(1)9 FILE JERATH
T S L6400 Fol S FF
USA)E o3t ZAetAtt F3= o

S

S o}.:
e
ox!
N
=
)
o
=
—
=
o

,_,
of

o

) e e A A1 27 A A3 S

LED(light emitting diode) light source & ©]-&3to] 7tE=& A 2]
g AFE T T 09:00E 11:00 Atolol RS 4
30w, ZAA leaf chamber? XA 2% 25T, AU&E
60%E frAston, Feke 1100 pmol m* 502 73

29 4213 99 Aolol HE LA ol/) sl 4

O:

|

—|~E
ROt

|4

} l

(o

2 23 d ;
SAE T8kl flste] do FEEE €09 F B 3}AIA
A5 Wl CO, FEE Wk ato] F3AY F& SHHAKAH
o] 2001)

AAFS A= A7t 2 & AH2AE st 22
AHste] o] 2AS AASY, o, £7], FE FRIAAL 85
Tol Ax710lA 48417F =

of
S
[
Y
Ei’,
X
[
o
o

7FEg A e AFd 2 FhAgE vt
HEFS A2 eA & 7 7Y g2 AA ) gl
%}%_ I 7S] 712AR A TE S or gttt 49 7
T 616 g, SH 7S] F ATHFS 562 g, 9H 7HA
5 AT %2399 g0 2 YR TH(Table 1). mehA 7HAIZE A
TS 49 7ML 7P sk, oWl VAl AEs AoR

Table 1. Dry weight of leaf, stem, root and total and shoot to root (S/R) ratio of three half-sib families of Betula schmidtii treated with 0, 0.4
and 0.8 mM Cd. Each data represents the mean and standard deviation of 30 replications. Means with the same letter are not significantly

different at the 5% probability level by the Duncan's multiple range test (unit: g)

Family number Cd (mM) Leaf Stem Root Total S/R ratio

0 236£0.35° 1.80£0.16° 2.00+0.38* 6.16+0.82" 2.240.05*

0.4 2.22+0.16® 1.54+0.08° 1.95£0.26" 5.720.30° 1.81£0.23°

No- 038 1.83£0.38 1.14£0.29° 1.57£0.24° 453085 1.89+0.04°
* kk%k * L2 *%

0 2.300.23" 1.61£0.14° 1.7120.24° 5.62+0.49" 23240.19°

0.4 1.97+0.32" 125£0.11° 1.61£0.16" 4.83£0.43° 1.83£0.20°

o 038 1.60£0.34° 1.08+0.20° 1.60£0.26* 427+0.57° 1.68£0.17°
k% Kook * Kok ok *%

0 1.67£0.27° 0.910.15" 1.41£047° 3.99+0.82°" 2.2240.16°

0.4 1.71£0.32" 1.08+0.24° 1.64+0.42" 4.43+0.83° 1.56£0.08°

oo 08 1.41£0.19° 0.97£0.20° 1.53+0.20° 3.91£0.58" 1.47£0.01°
NS. N.S. NS. NS. Hrk

kxk ¥ and * indicate statistically significance at 1%, 5% and 10% level, respectively.

N.S. : No significance.
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BUEn ATES FIY, DA 48 0 G FF S
fushs Aoz

Aol 5 771 ol A9 A% #Aas fidste A By
] . ©.H(Kahle 1993, Toppi and Gabbrielli 1999), £ AFollA 7}
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Skuk 0.4 mM A Al 49 7HA G 5 THlE AtEE AE o
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AR AN AT W, R A4S ZE M % A
AP gasA gsth £e SR&o] 2ol
SREHTH S Wehb MERE e Hste] A4
7} AgEl BeE ACE teith RHoR Ret £

Fo 29880 YAR0E LETel JFE W] Wgol I}
4 AA 337} YEPITHChen et al. 2003, An 2004). 3FA] 9 2
AFolA olg et A thEA vehd A2 & A4 W A
T SEOINE SYURTE AN FEE Yol EHBA
RIS DL s PAT 2ALES $ER] 92
Ao 2 AFATHQuilici and Medina 1998).

FURe S|

](Krupa et al. 1993, Greger et
al. 1994), 49 7Hl+= 0.8 mM 7131-7-01]/\1 3.62 timol CO; m” s
O th2 T 649 pmol CO, m” s'HTh FA Fasig o,
S 9W THAlM E FElE A dart vEstth 715 A
EeE AT FAE 54 dETh 49 7€) 0.8 mM
FIEF Aol 71 AEEE 0.04 mol H0 m” s
Z79] 0.1 mol H,0 m” s' Bk Wekon, sz} 9 7
dME FHEE Aol wet 7lFHAEEst FAs thFig. 3).
SAEE Al ZAEF Aol waby FEe vt vEsth
(Fig. 4) 4% 7HA1S] 0.8 mM A2 9 FAEEE 0.30 mmol
H0 m? s"O2 th279 135 mmol H0 m” s

o] ZrastoH, s 9 JHAE FEE A

NHEgE 715 AdE F7HA 715 A8 AEs

dl, o] A2 Cd =% FEst Al et oE s vehdo
(Pearson and Kirkham 1981, Barcelo and Poschenreider 1990,

Shoeran et al. 1990). T3 7IE52 S5 A X ¥ S 238l 4

(€) No. 9

Fig. 1. Relative height growth rate (RHGR) of three half-sib families of Betula schmidtii treated with 0, 0.4 and 0.8 mM Cd. Each data point

represents mean of thirty replications.
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Fig. 2. Photosynthetic rate of three half-sib families of Betula schmidtii treated with 0, 0.4 and 0.8 mM Cd. Bars with the same letter are not
significantly different at the 5% probability level by the Duncan's multiple range test. Each bar represents mean and standard deviation of
three replications.
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Fig. 3. Stomatal conductance of three half-sib families of Betula schmidtii treated with 0, 0.4 and 0.8 mM Cd. Bars with the same letter are not
significantly different at the 5% probability level by the Duncan's multiple range test. Each bar represents mean and standard deviation of
three replications.
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Aes S7HAA 4o AEEH 22 FASAE UEE F 9 (A} ©] 2001). olAtsterae] F5o] ek AdefelA "”*Jr
CHBarcelo and Poschenreider 1990). £ AP ME A F=7} g4 Smoke] AA F-FFA T4 100 pmol m” s7
7ol wet A, NFHEE, FAEETE TRl A ojste] FrollA &= Frot A WAe JHOE Yehte
Stk 2y 9o 7HAIARL g8 SO UERhA] ekoltt gt dl, o] F2¢] 712 71?1 & %Ak-&(apparent quantum yield)> %
# AL SR Wl @ AL Wale} o] F3HA, &4 ARl BaleA e =L J=e 2 9= AEt B
NFAEE, ZAEE] AT JH| o v b2 A4S B (Evans 1987, A 5 2001).

st Fig. 5= 7t 7P dix7e) £odsgd gg Ag1e) &

dAg&-9 ¥ &S YEhd Aol :L%OM UeRd vhe} 7‘01
TEATET BAugE s 9 7M1 9] SEANFEL 04 mM AFA] 2T 91% 7
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Fig. 4. Transpiration rate of three half-sib families of Betula schmidtii treated with 0, 0.4 and 0.8 mM Cd. Bars with the same letter are not
significantly different at the 5% probability level by the Duncan's multiple range test. Each bar represents mean and standard deviation of

three replications.
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Fig. 5. Relative ratio of apparent quantum yield (left) and carboxylation efficiency (right) of three half-sib families of Betula schmidtii treated with

0, 0.4 and 0.8 mM Cd. Each data point represents mean and standard deviation of three replications.
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Differences in Growth and Photosynthesis among Three Half-sib Families of
Betula schmidtii in Response to Cd Treatment

Oh, Chang-Young*, Kyung-Joon Lee', Jae-Cheon Lee and Sim-Hee Han
Department of Forest Genetic Resources, Korea Forest Research Institute, Suwon 441-350, Korea
IDepartment of Forest Resources, Seoul National University, Seoul 151-742, Korea

ABSTRACT : The objective of this study was to understand differences among three half-sib families of Betula
schmidtii seedlings in the effect of three Cd levels on growth and photosynthesis. One-year-old seedlings of B.
schmidtii were treated with 0, 0.4 and 0.8 mM CdSO, - 8/3H,0 for two months. Growth and physiological
responses to Cd treatment levels of three families determined using dry weight, relative height growth
rate(RHGR), apparent quantum yield and carboxylation efficiency. The B. schmidlii seedlings exposed to 0.4 and
0.8 mM Cd showed statistically significant decrease in dry weight and RHGR relative to controls. In addition,
the growth inhibition of B. schmidtii seedlings was accompanied by a significant decrease in net photosynthesis
measured as CO; assimilation. Apparent quantum yield and carboxylation efficiency were also affected by Cd
treatment, undergoing a significant and progressive reduction with increasing Cd concentrations in all families.
We also found significant difference among three families of B. schmidtii in growth, biomass and photosynthesis
when exposed to Cd stress. Therefore the present study showed that the difference in Cd tolerance among
families might be attributed to genetic factor in response to Cd stress.

Key words : Apparent quantum vyield, Betula schmidtii, Carboxylation efficiency, Relative height growth rate




