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Changes on Growth, Photosynthesis and Pigment contents of the
Maackia amurensis and Viburnum opulus var. calvescens
under Enhanced Temperature and CQO, Concentration
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ABSTRACT

The impacts of elevated temperature and CO, were studied on the seedlings of Maackia amurensis
and Viburnum opulus var. calvescens. The seedlings were grown in controlled-environment growth
chambers with four combinations of temperature and CO, treatments: 25°C + ambient CO, (400 ppm),
25°C + elevated CO, (800 ppm), 30°C + ambient CO, (400 ppm), and 30°C + elevated CO, (800 ppm).
Under elevated temperature and CO, concentration, the dry weight decreased in seedlings of M.
amurensis, but increased in seedlings of V. opulus var. calvescens. In addition, the shoot to root (S/R)
ratio in M. amurensis reduced but that of V. opulus var. calvescens increased under elevated CO,
concentration. The S/R ratios of two tree species increased under higher temperature. M. amurensis
represented lower carboxylation efficiency under higher temperature and CO, concentration and that
of V. opulus var. calvescens showed lower values under the only higher temperature. Photosynthetic
pigment content of in the leaves of M. amurensis was lower under higher CO, concentration and
higher under the increase of temperature, but that of V. V. opulus var. calvescens decreased according
to the increase of temperature. Chlorophyll a/b ratios of M. amurensis and V. V. opulus var. calvescens
decreased obviously with the increase of CO, concentration and temperature, respectively. In
conclusion, the growth and physiological responses under the environmental changes such as
temperature and CO, concentration depend on the tree species. Therefore, more studies are needed to
predict the response of each tree species against the climate changes.

Key words : Maackia amurensis, Viburnum opulus var. calvescens, Elevated temperature, CO, Concentration,
growth, Photosynthesis
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sPHAge] TS AH9) Akgls EAIgke =24, o
7] % CO, F%=7} 280ppmollA] A 389ppmS =
°F 110ppm©] Z7}5F4HGhannoum et al., 2010).
214719 7] & CO, FEE 550ppme 2393 A
oF dEaiaL glom, A Y] Hit FULET} 1.9~
4.4°C 27V Ao = o)&3}al QITHIPCC, 2007). $F
=2 1990 o]F tl7] F CO, %7t T,
2008 39E 370.7~391.4ppm ©]o™, 191213 E
2009 Aol o Hit L& 1.7°CH T8I
o171 MlAl 1<l 0.75°CS] 2vljel] Geh= $=x]olch
(Kim and You, 2010).

7] & CO, =8 2% 7R AEY] A
HhEol] FFE PRI, AEo] ekt wle- T8
3t QAA}Eolt(Stirling et al., 1998; Morison and
Lawlor, 1999; Lewis ef al., 2001). A|F7tA] 7]
T CO, &8 2% Z7Pt A5 Al ow
FIFE AR i B A7t ol FoA Stk
(Tjoelker et al., 1998; Norby and Luo, 2004). ©]
AT Al mEH, 2501 Co, 5% 7R AEE
oA B3P AT S FFlske AoE BaHldck
(Eamus and Berryman, 1995; Morison and Lawlor,
1999). et 259} CO, % F7PF 759 3%
85 STPIRIThE o] d7eks g 1 Ritle] o
T AHEE Bl (Koike ef al., 1996; Teskey, 1997).

2 dA7e H2 A AFHeE FAA HAL U=
719Ristel fste], sefuEtelre] 7] & Co,
TE S AT Hi 2% gl mE 5] A
7 2 A whg- BiskE c5shat AAEI ol
A Euet M= ofd]ellMu sk, wlnA
373 Wislel] mIzlelA] g3 thEu-e) ofatik A
de] E¥shar lo] &% 7R s T ¥ wslE
Aol FEES ik Ao 7 didE= wguR-E g
o7 29 Co, B 7l wE 4 2 A3
54 HgkE AL sl

IL M= 2 Y

2.1. BAME ¥ 4 8

FA AmE 92 et T 2 5F F sl
o, E85E Wol o]8E1 Yv RN (Maackia
amurensis)e} -2y} ola4t Aol de] Eaxsial

A= WY (Viburnum opulus var. calvescens)S

ooz st thaur-el T Ak 240
A 29d] Esle] BES A%t A 15U Ao
Ao gdslal &2o] Q= BE-S FFEE 20704
As dkete] A1 1833 24 el 28
XA A5G 249] Ht FHS 400pmol-m s,
L5 25+ 1/day, A S5 RH 68+ 10%= 7|2
HA} AFF 24olA 1 FUZE AR 20702
HELS A1 259 CO, & FHo] Y& A7
Aol SATt.

259 CO, F& Alole iA@Y =
TN PAT QEHF 44-3)Q] SAA01N AT B
AHE o] 831t Ae] =9} Co s fEluet
FEol A% 7IZF} IPCC(2007) Harxje] A€
Ay e ZAsA, AA S 71k Hi 2591
25°C9} 1009 & o =21 30°CS A8319eH,
CO, =+ A vt t7] B s=9
400ppm@} 1008 3 CO, 9 ¥ES 800ppmS
g3t A7 S JAF F AW dox =
Ae B H 400umolm s, AHEE(RH)
= 68+ 10%AT. =59 COo, A= 8 vk
FE A 717K 495 E 997HA] F ol ETt A

S

2.2, YESY

BE AU Bd &, o, 2, e A R
slo] TS SHsI%on, ol olgdle T 5%
o] ApJatel AlLe] H|(SR)E TN BE =H
< ol W RkE Ssto] RS 8Tt

23. ZE 54 &3

B WFELS LI-6400 Fof& B3 =47)(LI-
COR Inc., USA)Z o]&3l] =Aslict. B3 #
T 374 Al A AW 25°C, EEE 60%= 418}
Hom, =71 BoA 4~61 A& S50l o8It

CO, F= tigh FFF v-gU-che F5 W
CO, % ®isll| e PHIEE HislE o]8slo
24399 F= 1,100pmolm2s7loflA] Q1 Ao
THE= 3719 Co, BEZ 0, 50, 100, 200, 300,
360, 400, 500pmol CO, mol™ air® ZH3PAA F
S SAsIAeH, 45 dHe Cco, vEE
Caemmerer and Farquhar(1981)2] 2]& H&3}o] 2+
319t B 53719 o Aol FFE= COo,
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HSIAA S787E B Eee] AIE ARESt
of, 4% Ul CO, F=(C)F (A BAE Y
ER= A-C; curveE ZAJSHAL, o] AFfollA ©@Aa17g
B -8-(carboxylation efficiency), B32E &5 &3}
At AT AHEES Cid wE B Pt &
AHog o]FoA= Ci 150pumol CO, mmol 'o]3}
Xe] BAZX (y =a+bx)2] 71271 (belth. o] FE
F3delM BAaigAle] E4, = rubisco®] B4
w3 ARE wd3lal ATH(Farquhar er al., 1980).
gk o] 3JFFNA y HERA a, F Cil 7ol 0Pa
d uje] ehrwd &5 33554 (photorespiration)
= i

= w3lo)| tiek 33 Wk LED light source®]
“‘6]' ‘%k’é‘ 0, 20, 50, 100, 200, 500, 1000, 1500umol-
m2sT 2 FASPEA ZF Pk e P £
Z4)a, dwo] wepd B S AuRes
Z7F3K= PPFD 100pmol-m™s" o]&}e] gkS o83}
o FAH(y=a+bx)S AESATHKim and Lee,
2001). 3JF2NA yo] HHQI a= Y5FEEH, x
9] AHAQl -ab= FHRFH (light compensation point)
ofth. 7127] b= e TSl B B3 FE
e, £U%A=E(apparent quantum yield)©] 2}
FET 2 A W] S4L A MY SAE
om, PAAE o]&3I3rt.

O—l—E

Stk =72 dimethyl sulphoxide
(DMSO)—— 01%0}04 ZZ3)= Hiscox and Israelstam
(1979)9] WH& A8-3F4T) 0.1g A|ol DMSO
10miE #7FaL 70°Ce] &2 F=3ollA] 2A17F F2t
Al AAE FEIIL FE2H9] FH== 470,
645, 663nmellx] SASIATE B4 ke SHEEC.

2 24 F BEAE olgds.

3.1, MEENM

259} CO, T% 7P 52 Aol nxe

Z °‘°P_HJ1 98, &5} o, ZJW} 58 5
*«1 =71, 4] 5% F 0TS A% A9,
T «l =719} e BT 2 S/R &2 T8 Ak
o1& i‘}it} ow zZo] e u), U= o, 5
T7} =2 AeelA & sl Asien, W
= CO, 5571 =& AFolM & Ass] &

7R e B, T 7o) AR dukEe 29E
Yephict 53 98U CO, 400ppmell s 25
7 A F Zﬂ%—%}ﬂ A3 }ﬁiob} CO, 800ppmeII4}
= 25 37F Al F dERe] 18k wie] A
£ 19l W, H““’H)r*r‘— CO, %o} FAgle] £=

Table 1. Changes in dry weight and shoot: root ratio (S/R) of two tree species at different temperatures and CO,

concentrations

Dry weight(g)
Species Tem}zerature CO, S/R ratio
(°C) (ppm) Leaf Stem Root Total
25 400 47 + 1.7 45+ 21 22+15 114 +53 48 £ 1.5
Maackia 800 3.1 +09 22+ 0.8 1.8 + 09 7.0 + 2.6 34+ 14
amurensis 30 400 41+ 1.5 33+ 1.0 1.2 £ 04 87 26 63 +20
800 29 + 1.8 32+ 2.1 1.5+ 0.6 7.6 + 43 39 £ 1.5
25 400 1.0 + 03 0.5+ 02 3.6 + 1.6 5.1 £2.1 04 + 0.0
Viburnum opulus 800 1.1 +02 04 + 0.1 44 + 1.0 59+ 13 04 + 0.0
var. calvescens 30 400 54 + 2.7 24+ 12 5.0+ 26 12.8 + 6.2 1.6 + 0.6
800 5.6 £ 238 33+ 19 45 +22 13.4 + 6.2 21+ 1.1
Species (S) ns ok ol ns ok
Temperature (T) *E * ns * *x
CO, ns ns ns ns *
S X ’I‘ sk dk ns Hk ns
S x CO, ns ns ns ns *
T x CO, ns ns ns ns ns
Sx T x CO, ns ns ns ns ns

All the values are means of five replicatestSD; *p < 0.05, **p <0.01, ***p<(0.001, and n.s: non-significance.
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Table 2. Changes in photosynthetic of two tree species at different temperatures and CO, concentrations

Carboxylation Photo Apparent Dark Light Compensation
. Temperature CO, . I . o .
Species °C) (ppm) efficiency respiration rate quantum yield  Respiration rate point
PP (1ymol CO, mol™") (umol CO, ms™") (mmol CO, mol™) (umol CO, m2s™")  (umol m2s™)
25 400  0.065 £ 0.004 2.38 = 1.65 0.046 = 0.006 1.28 + 1.46 26.0 = 28.6
Maackia 800 0.016 + 0.014 1.41 £ 1.66 0.023 = 0.010 2,18 £ 1.21 91.8 = 13.1
amurensis 30 400  0.057 £+ 0.010 231 = 1.27 0.041 £ 0.016 1.91 £ 0.78 462 + 1.6
800 0.021 £ 0.003 1.28 = 1.06 0.034 = 0.006 1.46 + 1.14 40.6 + 26.7
400  0.027 + 0.015 1.52 £ 0.17 0.042 £ 0.001 2.44 + 274 57.2 £ 63.6
Viburnum 25
800  0.028 + 0.011 1.08 = 1.39 0.045 = 0.001 1.12 £ 1.26 244 + 272
opulus var.
calvescens 30 400  0.021 + 0.009 1.00 = 0.37 0.029 = 0.000 1.04 = 0.66 36.4 = 234
800 0.020 + 0.003 1.31 £ 0.08 0.032 = 0.004  0.24 £ 0.15 74 + 39
Species (S) * ns ns ns ns
Temperature (T) ns ns ns ns ns
CO, *k ns ns ns ns
SxT ns ns ns ns ns
S x CO, Hok ns * ns ns
T x CO, ns ns ns ns ns
Sx T x CO, ns ns ns ns ns

All the values are means of three replicates®SD; *p <0.05, **p <0.01, ***p <0.001, and n.s: non-significance.

7 e AEeld & dTEe] w2
(Table 1).

Agrsh Aol SRS A, THEURE
CO, 57} =& AlollA] W2 gs BHaow, W
FHTFE= CO, &7} 52 AeTolx & g B
o, S/RE JA| Thgtir-oh W= AR k=
A%E Yepith 18y o, 57 2L A
T 58 BF 2571 =2 AHETelA SREo| =2
S YR

WHoz £x7} 2R €O, S5} 271
W, 4EEY A4S Fle1E Ao Huwgley
(Ceulemans 1994; Eamus
Berryman, 1995; Morison and Lawlor, 1999), ¥
Aol w9, 259 CO, TE BT A
S0 7198189, EHEARUT-S gPdo =z 2
%9} CO, T gk A BHE vl £4% 4
3}, 25°C-350ppm AHTTHET} 30°C-650ppm ]2l
A F AFHo] =& S R=dl(Callaway et al.,
1994), ©|Z CO, % F71l 23 2&2] B4
o] 1A AAFe] F717] W] AR B
= Mooney e al., 1991). ol9k= €] E A
ToME CO, % T7F AgfTrollA wigupy-o] 43t
4 F7Fe ERIEA &tttk o, co, =7 B
XA g St A AT ZeF Hof

=R a

2wt

and Mousseau, and

(Table 2), W-o] A F7h= Sl <t oy
2| $4d0] 2917 Wil Aoz FE)

a8y e 259 Co, T SVl 23l
Q3] Ae] Fashs 295 Jehint olHd 2
Tz Ao Rh-e} AR AZhRe] Atoa =
AAIEEE J=dl, 59t Co, F=E7F F7FE B,
Y- ol AR g Aol AT - A
< HoJZFTHKoike ef al., 1996).

IO F CO, Tt =& wl, AP} A
R o] SrIsIANE, APde] Ao] AR}
doiFeR o @ol FUkel SR &°] Tk A
o7 Byakal JTHONeill er al., 1987). $-2]2] &
TN 5 TR thEUT-ok Weute] SR &5
Z7MHoY, €O, T% T7hs UEYTY] SRES
AN A, WgR-e] SR &2 aE §AsAY
Z7MZA A, U] A, &= S71el <)
SRE°] S7FF 2t AsHte] A% Agol 3171
wFolr, ojoh= g &% Z7} oA wigie]
SR &9 71 AL 7]1E9] AAY el A
Z Z7PE AR AR ZrHEG 37] wiEelo
(O'Neill et al., 1987). Iy-d oz 21590 WAL &
253} o) o) AREe, BAEs) S5t
2 HEe] Wshe g wislel BAEA o)y
Sk BhAaEs) e A1 ajld o5 dIds B
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[e]

—

WF=CHEamus and Berryman, 1995). FE3F 2J&
< 79 34 Wiz 2EYAE WoW A2 A2
& B0 H-337] Sl 1;}01—3 S Uehll=
Hl(Mooney et al., 1988), =2 CO, OJ_Oﬂ 93
Aol AEs) Aaprel Aol A AL
AEe Fod w4 A% Iz T 4+ UG
1994).

(Callaway et al.,

3.2, e 8d
ChELRe) wighize) Qleld 23 $3kd B
AF5E 259} €O, W] i) 3 Aolg B
o] 22 gkt o, ey agte] £33t Co,
T A7t xlolE FEEHA l‘i‘iiotﬂ sz Co,
T 7t e s =Kk tEute] Bl
JJ@ o 2%l CO, % 27| o5 F=ash)
badlon, Migue] B9 &8 F1E ey
S5 AR wHE, Co, 37 TRtk a9E U
E}LHX] 0}9,1'14’ B ool A AT ELT g, ot
S0l X7k E=aE 2o)E Jehix]) 2o
E;j 7H7<‘ﬂ'—7]' o} co, % w3lo] 2-g3}
58] ol7} Z7] YEol Aow rrwl=g)|
Table 200A9} 7o) T 4 BT FIA WIS
¥F A} s Ttk AL & &£ . g 3
A WMSETE 9] S EES ARt Aol

~

rg\l

5 rlru

P

Al

KB
=

ir
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o] W= 2 wislel] wihg- RIZkeHA REg8laL QP
Zo]7] WEel Ao w AFHETKLee er al., 2006;
Han and Kim, 2009).

Wiz COo,FEr} 2718 A
Frlse AeE YA
2001; Eamus and Berryman,
Mousseau, 1994), @717t HglM= CO, &7t 5

T, o) AR BA B wBArE] 2D
UH(Eamus and Jarvis, 1989; Long, 1991). ©]& gk
Avel=s 9], U= CO, % S710l o8l &
A A O] she AR UEET, oHE o
= GEARERPTS} Al REARR o= FokE
JH(Koike er al., 1996). ©]¢} o] =2 CO, &%

o B 27} P2k ol 24 ) At
rubisco FF TAZ rubiscod] Aol A 3V
7] Ao Z HAAETK Tissue ef al., 1993). 2=2]

Bo] BPHe
o (Lewis et al.,
1995; Ceulemans and

o B4 Al 0% o1 FTPH B B
ol ik gakar ) whe] 2B %

P Py
JtH(Hikosaka and Terashima, 1995).

259} CO, & Wl w2 thg e} Wuha
o W) B4 §ERS Table 30 UERAT B34
i = B e g i

2 Mol Feu), 71Ee ATl Ll uisk o), S, =21, O,
Table 3. Changes in photosynthetic pigment contents of two tree species at different temperatures and CO, concentrations
Chl a Chl b Chl a+b C
Species Tomperature. CO, ar Chlab Chl/Car
( C) (ppm) mg g’l
25 400 2392 +5.73 925+ 1.47 33.16 £ 720 4.87 £1.05 256 =020 6.83 £ 0.51
Maackia 800 11.66 £ 1.68 7.34 £0.66 18.99 =220 3.15+£095 159 £0.16 6.42 £ 1.73
amurensis 30 400 2772 £3.37 9.99 + 0.82 37.71 £4.15 521 £0.81 277 £0.15 7.29 £ 0.65
800 18.06 £ 439 9.44 + 125 2749 + 558 4.84 = 1.08 1.89 £0.28 5.72 £ 0.66
400 3534 + 4.72 13.55 £ 1.97 48.89 £ 6.58 7.94 £ 1.35 2.62 £0.18 6.20 £ 0.34
Viburnum 25 800
p 33.11 +£ 852 13.40 = 241 46.49 £ 1090 7.78 £ 1.76 244 =022 597 + 0.16
opulus var.
calvescens 30 400 20.58 + 3.16 9.80 + 0.87 30.37 £ 4.00 5.18 £0.76 2.09 = 0.15 5.87 £ 0.21
800 21.15+7.06 992 £ 1.89 31.06 £ 895 5.00 £ 1.41 208 £035 6.19 = 0.28
SpeCieS (S) eoksk ok sk ok Kok ns *
Temperature (T) * * * * ns ns
CO, Hok ns ok ns oAk ns
SxT keoksk ok sk ook Kok kokk ns
S x CO, Hok ns * ns ok *
T x CO, ns ns ns ns ns ns
Sx T x CO, ns ns ns ns ns ns

All the values are means of five replicatest SD; *p <0.05, **p <0.01, ***p <0.001, and n.s: non-significance.
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SEgh FRE Aols Yot cvRel 29,
€O, 7} 215N Q54 o b D % PE2
P o} Fl2 0l = ke BT 1A
e} Rl ofele HRke s Atk
4 e Fhe dadrel 9 Wie gl
=) 27} Ao, wEh e Wz e 271 8
oA FAL ko] B ATk FE4 ab B
= TR - gk HskE Hol =), 53
CO, B% Zhe 924 abHlE T 222
ovl, MRl A% L% Z2 @22 ab )7}
Zshsict.

FAA SRR 2EYAE o 7hAdhs §AS
7FA 3L lo](Iglesias et al., 2006; Han et al., 2007),
2E#2 Hrp AxE de] o]§Hal 3lom, Fxjd
= Bo] olgedl, 45 1t vk Aol= w9 =A
UelY= QlAFo]tHHan et al., 2009; Kim et al.,
2008). ¥ AFox9} o] %9} CO, = 7Pt
FEA TS A TE e B ATl #
o} B 4 Ql=t|(Hamid et al, 2009; Kim and You,
2010), ©]#3t Azh= B A Ao} go] %53t
ztol7} ZA Yepdths 21s & 5 . 31, 2%
9} CO, T% S7IE o W i o] gtk
AT AAFI J+=H(Kim and You, 2010), ¥
Ao ol M Qo] AFA o] %
CO, % 3710 98l 7Zast AL o] A g
of e Wk Zlo= AztHn) 53, o|yg A}
< Aloje A3 ST o] Aat AlgkE A
Bo] Yepb=d], 259 CO, 7= 7o) F71s)
AX E4ke] At argdE o] Fo] Mgk vkE W),
ole} 2 o] Bol TEETKLong et al., 2004).
webr] Aojg FFeA =9} COo, ¥l tigh A
gAY A5 & A, A FF0] ASKHe=R

olsol Ao} Fit.

2

B Ave H2 A AvHen BAM Hn Qe
Fuisis} gIslel, Sefeele U7l % co,
© 2710} B L% Aol HE S50 4 1
g HEE dZslan A L

CO, B 27} 3ol M) TRl AEFe uasia

7k Tl Aok AJshrel H(SR)E
PR i o) APgRel Alshe] vl
TPIA, T FEe] A AR MR ks A
S HERDh 28y T 58 B 2 Sl of3)
SR&C] S7IeIITt. g Ee-e Tl 73,
259} CO, T F71l ofsf F2E asigiont,
MRS 25 S7KE g ago] 24w,
CO, T7h= T3 adE HeEplA| 2ok s
ke el A, €O, 557t S7IeHEA
o] st Ty Mol M
S M} gl 99 2= Sk vyl
W 3Aa e FA 37 Ao M=
= FH4 o] 25 stk teuhrel
=4 ab Hl= CO, = VIR FREH Aasisl
o, M= &% VIR G54 ab 7t A
Sttt Aezos 2wt Co, F= Wl wE
=] A g AElE w2 AE] w= E 7Rl
et 2 Aols Hehlr, SAAES] ARl & 9
e et B dve 194 ofd BES oo
2 @7RE 229t €O, w5 M3 thdd wkeE &

N
lrﬁ}%

M o

F

f

l

q T

:
S
o

2 L e A

o] W5 B 5S SsliM= 7

— 2
(%
),
J

T 2elE YR g, 719wl e 459 kg
= dS53P] feliMe fEluet o 5 3 V1S
Blo]] N3 FEES o R AEFQ A7) o) F

REFERENCES

Callaway, R. M., E. H. Delucia, E. M. Thomas, and W. H.
Schlesinger, 1994: Compensatory responses of CO,
exchange and biomass allocation and their effects on the
relative growth rate of ponderosa pine in different CO,
and temperature regimes. Oecologia 98, 159-166.

Caemmerer, S. von and G D. Farquhar, 1981: Some
relationships between the biochemistry of photosynthesis
and the gas exchanges of leaves. Planta 153, 376-387.

Ceulemans, R. and M. Mousseau, 1994: Effects of elevated
atmospheric CO, on woody plants. New Phytologist 127,
425-446.

Eamus, D. and P. G. Jarvis, 1989: The direct effects of
increase in the global atmospheric CO, concentration on



Han et al.: Changes on Growth, Photosynthesis and Pigment contents of the Maackia amurensis... 121

natural and commercial temperate trees and forests.
Advances in Ecological Research 19, 1-55.

Eamus, G. A. and C. A. Berryman, 1995: Photosynthetic
responses to temperature, light flux-density, CO,
concentration and vapour pressure deficit in Eucalyptus
tetrodonta grown under CO, enrichment. Environmental
Pollution 90, 41-49.

Farquhar, G. D., von S. Caemmerer, and J. A. Berry, 1980:
A biochemical model of photosynthetic CO, assimilation
in leaves of C; species. Planta 149, 78-90.

Ghannoum, O., N. G. Phillips, J. P. Conroy, R. A. Smith, R.
D. Attard, R. Woodfield, B. A. Logan, J. D. Lewis, and
D. T. Tissue, 2010: Exposure to preindustrial, current and
future atmospheric CO, and temperature differentially
affects growth and photosynthesis in Eucalyptus. Global
Change Biology 16, 303-319.

Hamid, N., F. Jawaid, and D. Amin, 2009: Effect of short-term
exposure to two different carbon dioxide concentrations
on growth and some biochemical parameters of edible
beans (Vigna radiate and Vigna unguiculata). Pakistan
Journal of Botany 41, 1831-1836.

Han, S. H. and D. H. Kim, 2009: Determination of ozone
tolerance on environmental tree species using standard index.
Korean Journal of Agricultural and Forest Meteorology
11, 3-12.

Han, S. H.,, D. H. Kim, J. C. Lee, and P. G. Kim, 2009: Effects
of fertilization on physiological parameters in American
sycamore (Platanus occidentalis) during ozone stress
and recovery phase. Journal of Ecology and Field Biology
32, 149-158.

Han, S. H., D. H. Kim, K. Y. Lee, J. J. Ku, and P. G. Kim,
2007: Physiological damages and biochemical alleviation
to ozone toxicity in five species of genus Acer. Journal
of Korean Forest Society 96, 551-560.

Hikosaka, K. and I. Terashima, 1995: A model of the
acclimation of photosynthesis in the leaves of C3 plant
to sun and shade with respect to nitrogen use. Plant, Cell
& Environment 18, 605-618.

Hiscox, J. D. and G. F. Israelstam, 1979: A method for the
extraction of chlorophyll from leaf tissue without
maceration. Canadian Journal of Botany 57, 1332-1334.

Iglesias, J. D., A. Calatayud, E. Barreno, E. Primo-Millo,
and M. Talon, 2006: Responses of citurs plants to ozone:
Leaf biochemistry, antioxidant mechanisms and lipid
peroxidation. Plant Physiology and Biochemistry 44,
125-131.

IPCC, 2007: Climate change 2007: Mitigation of climate
change. Contribution of working group III to the fourth
assessment report of the intergovernmental panel on
climate change. Cambridge University Press, Cambridge.

Kim, D. H., S. H. Han, J. J. Ku, K. Y. Lee, and P. G. Kim,
2008: Physiological and biochemical responses to ozone
toxicity in five species of genus Quercus seedlings.
Korean Journal of Agricultural and Forest Meteorology

10, 47-57.

Kim, H. R. and Y. H. You, 2010: Effects of elevated CO,
concentration and increased temperature on leaf related-
physiological responses of Phytolacca insularis (native
species) and Phytolacca Americana (invasive species).
Journal of Ecology and Field Biology 33, 195-204.

Kim, P. G and E. J. Lee, 2001: Ecophysiology of photosynthesis
1: Effects of light intensity and intercellular CO, pressure on
photosynthesis. Korean Journal of Agricultural and
Forest Meteorology 3, 126-133.

Koike, T., T. T. Lei, T. C. Maximov, R. Tabuchi, K. Takahashi,
and B. L. Ivanov, 1996: Comparison of the photosynthetic
capacity of Siberian and Japanese birch seedlings grown
in elevated CO, and temperature. Tree Physiology 16,
381-385.

Lee, J. C, C. Y, Oh, S. H. Han, and P. G. Kim. 2006:
Photosynthetic inhibition in leaves of Ailanthus altissima
under O; fumigation. Journal of Ecology and Field
Biology 29, 41-47.

Lewis, J. D., M. Lucash, D. Olszyk, and D. T. Tingey, 2001:
Seasonal patterns of photosynthesis in Douglas fir
seedlings during the third and fourth year of exposure to
elevated CO, and temperature. Plant Cell & Environment
24, 539-548.

Long, S. P, 1991: Modification of the response of photosynthetic
productivity to rising temperature by atmospheric CO,
concentrations: Has its importance been underestimated?
Plant Cell & Environment 14, 729-739.

Long, S. P, E. A. Ainsworth, A. Rogers, and D. R. Ort,
2004: Rising atmospheric carbon dioxide: plants FACE
the future. Annual Review of Plant Biology 55, 591-628.

Luomala, E. M., K. Laitinen, S. Kellomaki, and E. Vapaavuori,
2003: Variable photosynthetic acclimation in consecutive
cohorts of Scots pine needles during 3 years of growth at
elevated CO, and elevated temperature. Plant Cell &
Environment 26, 645-660.

Mooney, H. A., M. Kiippers, G. Koch, J. Gorham, C. Chu,
and W. E. Winner, 1988: Compensating effects to growth of
carbon partitioning changes in response to SO,-induced
photosynthetic reduction in radish. Oecologia 75, 502-
506.

Mooney, H. A., B. G. Drake, R. J. Luxmoore, W. C. Oechel,
and L. F. Pitelka, 1991: Prediction ecosystem responses
to elevated CO, concentrations. Bioscience 41, 96-104.

Morison, J. I. L. and D. W. Lawlor, 1999: Interactions between
increasing CO, concentration and temperature on plant
growth. Plant Cell & Environment 22, 659-682.

Norby, R. and Y. Luo, 2004: Evaluating ecosystem responses
to rising atmospheric CO, and global warming in a
multi-factor world. New Phytologist 162, 281-293.

O’neill, E. G, R. J. Luxmoore, and R. J. Norby, 1987:
Elevated atmospheric CO, effects on seedling growth,
nutrient uptake, and rhizosphere bacterial populations of
Liriodendron tulipifera L.. Plant and Soil 104, 3-11.



122 Korean Journal of Agricultural and Forest Meteorology, Vol. 13, No. 3

Stirling, C. M., M. Heddell Cowie, M. L. Jones, T. W. Tissue, D. T., R. B. Thomas, and B. R. Strain, 1993: Long-

Ashenden, and T. H. Sparks, 1998: Effects of elevated term effects of elevated CO, and nutrients on photosynthesis

CO, and temperature on growth and allometry of five and rubisco in loblolly pine seedlings. Plant Cell &

native fast-growing annual species. New Phytologist Environment 16, 859-865.

140, 343-354. Tjoelker, M. G, J. Oleksyn, and P. B. Reich, 1998: Temperature
Teskey, R. O., 1997: Combined effects of elevated CO, and and ontogeny mediate growth response to elevated CO,

air temperature on carbon assimilation of Pinus taeda in seedlings of five boreal tree species. New Phytologist

trees. Plant Cell & Environment 20, 373-380. 140, 197-210.



