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ABSTRACT

This study aimed to investigate the growth and physiological characters of Liriodendron tulipifera
seedlings in responses to two different levels of elevated air temperature and CO, concentration. The
seedlings were grown in environment-controlled growth chambers with two combinations of air
temperature and CO, conditions: (1) 22°C + ambient CO, 380 pmol mol™ and (2) 27°C + 770 pumol
mol™'. Physiological characters such as growth, photosynthesis, and water use efficiency, were
monitored for 85 days. The seedlings under the elevated treatment showed a greater amount of
growth in tree height, compared with those under the control. Regarding the characteristics of
assimilatory organs, the elevated treatment resulted in a greater amount of total leaf area, leaf
unfolding, and dry weight per leaf area. No significant differences were found in photosynthesis
capacity between the two treatments. The increase in water use efficiency with increased intercellular
CO, partial pressure appeared overall lower in the seedling under the elevated treatment, compared
with those under the control. The total leaf area of the seedlings under the elevated treatment was
larger than that under the control, indicating a higher amount of photosynthesis. In addition, an
increase of root growth was noted under the elevated treatment. A resistance mechanism of water
stress may be attributed to a higher amount of organ growth as well as the tree height under the
elevated treatment than the control.
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Fig. 1. Seedlings of L. tulipifera under the ambient condition
(control) (left) and the elevated CO, concentration and
temperature condition (right).
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Fig. 2. Temporal progress of shoot length growth of L.
tulipifera seedlings under different temperature and CO,
concentration.
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Table 1. Changes in the dry weight of assimilatory organs
under different temperature and CO, concentration for 85 days

Dry Weight (g tree™")

Organ
Control Elevated

Leaf 125 @*0.17) 231 (£0.27)
Petiole 021 (£0.04)  0.46 (£0.11)
Terrestrial - ggep, 0.53 (£0.05)  1.10 (x0.12)
M gock 0.60 (£0.08) 125 (+0.16)
Total 259 (£023)  5.12 (£0.36)
Taproot 173 (£0.42)  2.18 (£0.20)
ltl(;())t Lateral root 1.15(£0.09)  2.92 (+0.46)
Total 2.88(x0.42)  5.10 (£0.37)
T+R 547 (£0.34) 1022 (20.11)
TR 0.90 (£0.21)  1.00 (£0.15)
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o =2 3hS YRt o] Aok 2P} Ashe]
HIE(T/R)PIE FHdE]o] Xg]7+9] gho] iz Hlst
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Table 2. Changes in the leaf characters and photosynthetic
pigment contents in the leaves of L. tulipifera under different
temperature and CO, concentration

Control Elevated
No. of leaves (ea tree™) 73(*0.5) 8.7 (x0.9)
Lot (em’tree) 500 (£30) 657 (£99)
carared em?leaf’) 68 (+4) 77 (£16)
Specific dry mass
(DW mg em-?) 25(02) 3.5 (x0.1)
Chl.a 1.54 (£0.23) 1.59 (£0.09)
Photosynthetic ~ Chl. b 0.67 (£0.07) 0.72 (£0.02)
pigments Chl. atb 2.21 (£0.30) 2.32 (+0.06)
(mgFW.g')  ChLab 227 (*0.10) 222 (x0.19)
Carotenoid  0.45 (£0.03) 0.44 (+0.02)
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Fig. 3. Light response curves of L. tulipifera under (left) and A-Ci curves (right) of L. tulipifera under the control and the

elevated CO, concentration and temperature condition.
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Fig. 4. Change in the water use efficiency by light intensity (left) and intercellular CO, pressure (right) under the control and

the elevated CO, concentration and temperature condition.
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o

ti719] CO, v5 % 7|Ro] st dridos
2129] FMIETT} s, o] xxo] Ar)skEd
B 2 AA7E A o], vk
T 210 A8 ARG v BSEE el
WohKim and Lee, 2001b). Leu} tlekst e 712t
o o CO, v& F 7o A ol g
H-gHo] =& 2]5Fo|k(Sage ef al, 1989; Usuda
and Simogawara, 1998), 3oz Z-gHo| H&
21 & (Nakamura e al, 2011)2 & CO, FXolA]
A7 BESAAE FA dA@ o] W YRR
R=th. olefgh AES Aol tigh Aiol8E s
g FEol8aEo] Ea, FEY FEEol =
2 Zloz dHA JtHOnoda et al, 2009; Nakamura
et al, 2011). o]83t A& EOIZ MR COo,
5 2 7120 gk vh-S AR A} gt

T Co,FE H 719 Aol B3 v
7 GRS AES] ffeiA, B-geddeldt 45
W CO, =830 388 o = e
o, Pl 9 gAuAe] 249 ¥ist 55 AR
H(Kim and Lee, 2001a), F Al@737+] 2po]go]
A=A F=ThFig. 3). Rt ofdet i HAgH,
B 5 FE)] A e Bdda
9] glaK(Terashima and Evans, 1988; Hikosaka and
Terashima, 1995)% FAFSH k& YEPATK(Table 2).
aE3l CO, 5% B 7129 5ol Qs =718%
o] 7o) 3w, 7|1 AFHe] F7FIT o
g3t A= o] PPl 54 59 A9(Kim
and Lee, 2001b)ell o3t B3Hdes ¢ F3HdE=)
At AN AR

2 ATl B tigh Aiol &R E-S AL
A= o} gE AT T HEFIe] Hlue B}
s e co, BE Y Ule Ao A
Q) WY R AFYol FhsgeE Brsh, |

2 Fg B B F ART BE AR

A7t tizTol vlsiA vk HES U (Fig.

4), CO, % ¥ 7| 5o Fol8-aso] At



Ha-Soo Lee ef al.: Effects of Elevated CO, Concentration and Temperature on Physiological Characters... 151

l

AZE AT} 28y Co, FE F 71 s
S} Hefrgo] A1, S| 3
10]] 1:]]6]- ;Qtﬂ—.‘:edo] }\}Z:zs]- XJ(Flg 5)9. _ﬂgq
WA Gitolgago] ASHHItk B
ok E5o] AR 7k Foll FEiEdH S
A AEE FEE BEE AP aawq
S, COL R B A)es] AelE F2
THEERE FEol8aES A= 3418
BaHo] gigitka =59 Pixgos %
/\L%.q T89S AYEY, o, TR 2 72
o2 Qo] WG HolHa nEslee) A%
o F50], BHYHEE 83 78S T
7} ok BIYES) Fe] 1ok

N
Ol

mr&«:

Yo by
[
)

r
f&sz

O::

i

H-T';q

Of

3&
&

o T
iz %
ﬁ

2 o o

‘%

Copel Aotz SeluEle F2 294 29
9l Wgh}wrl APedsisl e JlEas) e
$, $A3H o)A Mgurke A el
73 bk et A4 29Ae) A%
B cegsha 1ate] Wk ez o)l
oBR el MRS FAT AL
288 goksl= AL uf$ kst

Y, oo oM r

—

O

=}
(o]

R rlo
0

Xz

2 XN

N o
- AL

ATdstel 22 715 Rstl] tigh o] A
G Aues ] A, covE B je
Aol MRS YRS Bl JFE A
At 1 AF CO, F& B 7 el oste] H
ive) BapIpe nge wE Bl 4ol 571
SIIE) Telt ) B B 9
&, B3l 5l el 24 5 =
Aol AR At FARE dhe ‘/}E}lﬂ s

KB

o] WE7h 1gio] ANEI. €O, B ';-< 7]
Aol o Zakme] Ao B R 4
olg&&o] At e} 2 o] Exivlo]
)] i3 Sa7lne] vlgo] Yol o] e
U SEEFEYe] Foleg ARSI EE o]
AT AR HejH WEh e, S8
ol iE Qo) AFFsee] FriHIgiee] FelH
o} olgldt AR €O, BE % 71 Aol oJsle]
wighie) S8 2Eds] ol Aasdo] Zule
&% gl

o] wEe A TYNYUSL T1Fush g
F 2SI FERY AT AT
H19 20123 kL Sl ofsied

REFERENCES

Campbell, W. J., L. H. Allen. Jr., and G. Bowes, 1988:
Effects of CO, concentration on rubisco activity, amount,
and photosynthesis in soybean leaves. Plant Physiology
88, 1310-1316.

Chung, M. S., S. H. Han, D. H. Kim, J. C. Lee, and P. G
Kim, 2012: Effects of elevated atmospheric CO, and
nitrogen fertilization on growth and carbon uptake of
yellow poplar seedlings. Korean Journal of Agricultural
and Forest Meteorology 14, 108-118. (in Korean with
English abstract)

Clough, J. M., M. M. Peet, and P. J. Kramer, 1981: Effects
of high atmospheric CO, and sink size on rates of
photosynthesis of a soybean cultivar. Plant Physiology
67, 1007-1010.

Farquhar, G D., and T. D. Sharkey, 1982: Stomatal conductance
and photosynthesis. Annual Review Plant Physiology 33,
317-345.

Hikosaka, J. D., and 1. Terashima, 1995: A model of the
acclimation of photosynthesis in the leaves of C3 plants
to sun and shade with respect to nitrogen use. Plant Cell
Environ. 18, 605-618.

Hiscox, J. D., and G. F. Israelstam, 1978: A method for the
extraction of chlorophyll from leaf tissue without
maceration. Canadian Journal of Botany 57, 1332-1334.

Kim, P. G, and E. J. Lee, 2001a: Ecophysiology of photosyn-
thesis 1: Effects of light intensity and intercellular CO,
pressure on photosynthesis. Korean Journal of Agricultural
and Forest Meteorology 3, 126-133. (in Korean with
English abstract)

Kim, P. G, and E. J. Lee, 2001b: Ecophysiology of photosyn-
thesis 3: Photosynthetic responses to elevated atmospheric
CO, concentration and temperature. Korean Journal of
Agricultural and Forest Meteorology 3, 238-243. (in
Korean with English abstract)

Kim, P. G, S. H. Kim, S. M. Lee, C. H. Lee, and E. J. Lee,
2002: Adaptability to the water relations of Populus alba
x P. glandulosa in ‘Kimpo’ waste landfills. Journal of
Korean Forest Society 91, 279-286. (in Korean with
English abstract)

Kim, P. G, K. Y. Lee, S. D. Hur, S. H. Kim, and E. J. Lee,
2003: Effects of shading treatment on photosynthetic
activity of Acanthopanax senticosus. Korean Journal of
Ecology 26, 321-326. (in Korean with English abstract)



152 Korean Journal of Agricultural and Forest Meteorology, Vol. 15, No. 3

Nakamura, ., Y. Onoda, N. Matsushima, J. Yokoyama, M.
Kawata, and K. Hikosaka, 2011: Phenotypic and genetic
differences in a perennial herb across a natural gradient
of CO, concentration. Oecologia 165, 809-818.

Onoda, Y., T. Hirose, and K. Hikosaka, 2009: Does leaf
photosynthesis adapt to CO,-enriched environments? An
experiment on plants originating from three natural CO,
springs. New Phytologist 182, 698-709

Peet, M. M., 1984: CO, enrichment of soybeans. effects of
leaf/pod ratio. Physiologia Plantrum 60, 38-42.

Ro, H. M., P. G Kim, I. B. Lee, M. S. Yiem, and S. Y. Woo,
2001: Photosynthetic characteristics and growth responses of
dwarf apple (Malus domestica Borkh. cv. Fuji) saplings after
3 years of exposure to elevated atmospheric carbon dioxide
concentration and temperature. Trees 15, 195-203.

Sage, R. F., T. D. Sharkey, and J. R. Seemann, 1989:

Acclimation of photosynthesis to elevated CO, in five
C3 Species. Plant Physiology 89, 590-596.

Spenser, W., and G. Bowes, 1986: Photosynthesis and
growth of water hyacinth under CO, enrichment. Plant
Physiology 82, 528-533.

Terashima, 1., and J. R. Evans, 1988: Effects of light and
nitrogen nutrition on the organization of the photosynthetic
apparatus in spinach. Plant Cell Physiol. 29, 143-155.

Usuda, H., and K. Simogawara, 1998: The effects of increased
atmospheric carbon dioxide on growth, carbohydrates, and
photosynthesis in radish, Raphanus sativus. Plant and
Cell Physiology 39, 1-7.

Wellburn, A. R., 1994: The spectral determination of
chlorophylls a and chlorophyll 5, as well as total
carotenoids, using various solvents with spectrophotometer
of different resolution. Plant physiology 144, 307-313.



