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Effect of Elevated CO, Concentration and Temperature on the Growth and
Ecophysiological Responses of Ginseng (Panax ginseng C. A. Meyer)

Kyoung Mi Lee, Hae Ran Kim, Hoon Lim, and Young Han You'

Department of Biological science, Kongju National University, Chungnam 314-701, Korea

ABSTRACT In order to understand the growth and ecophy
-siological response of ginseng to global warming condition,
we cultivated one and two year ginseng seedlings in control
(ambient CO, +ambient temperature) and global warming treatment
(elevated CO, + elevated temperature) from March 2010 to
July 2011. Shoot appearance and initiation of flowering were
advanced by 3-4 days in global warming treatment than in control.
However, timing of fruit setting and seed ripeness was similar
in both control and global warming treatment. Shoot length
was longer in global warming treatment than in control, and
also the number of leaves was much in global warming treatment.
Fresh root weight was not different between control and global
warming treatment. Photosynthetic rate was higher in global
warming treatment than at control. Photosynthetic rate and
transpiration rate were higher in two year seedlings than in one
year seedlings at control, but was not different between seedling
age of ginseng in global warming treatment. Water use efficiency
was higher in one year seedlings than two year seedlings at
control and global warming treatment. These results demonstrated
that Korean ginseng more or less positively responds to global
warming situation.

Keywords : ginseng, global warming, ecology, environmental
treatment, phenology
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Fig. 1. Average temperature(C) in control(ambient CO, +
ambient temperature) and global warming treatment
(elevated CO; + elevated temperature) in 2010 and
2011. Vertical bars mean standards deviation of sample.
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Fig. 2. Average CO, concentration(ppm) in control(ambient CO,

+ ambient temperature) and global warming treatment
(elevated CO, + elevated temperature) in 2010 and
2011. Vertical bars mean standards deviation of sample.
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Table 1. Starting time of flower, fruit and seed ripeness of one
year seedlings of ginseng grown in control and global
warming treatment.

Phenological Control Treatment
phenomena

Initiation of .
flowering May 3th April 30th

Initiation of

fruit setting May 31th May 31th

Seed ripeness May 25th May 25th

2Tt AFol7h gliek(Table 1).

9o A= A3t 2704 AlEAEA 0] Hx
FEoh wEpiths e A9 23k A3t COorsot
2= sl A23e o v=AE]3(Kim & You, 2010c,
4 AF2]3(Shin, 2012) 12|31 SEw|u2|(Hong, 2012)9 A=
=t 4 A7I7F B v=AE S S M7=
fz2EY CO, + 2rifstolA el 4= Arh(Kim
& You, 2010c).

QA AL 134 A ol4F F 154 ol
49 6o 2T} COx + Z/FsrollAl Z47F 12.5%,
(o]

19%C.2 CO, + 2459 7dee] a2+t ¥ =
Stk 2y 2F e dizel Co, + 245l
A Aol 7k GLiThFig. 3).

-o-Control -c-Treatment

& 100 |
Q
3
£ g0+
o
c
5 60 4
°
E
S 40
-
© * *
< 20 4 o
0 ‘ :
4/6 4/13 4/20

Fig. 3. Leaf unfolding rate(%) of one year seedlings of ginseng
under control(ambient CO, + ambient temperature) and
global warming treatment(elevated CO, + elevated temperature).
*(marker) on the graph indicates significant different of
leaf unfolding rate between control and global warming

treatment (p < 0.05).
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Fig. 4. Shoot length(cm) of one year seedlings of ginseng under
control(ambient CO, + ambient temperature) and global
warming treatment(elevated CO; + elevated temperature).
Vertical bars mean standards deviation of sample. *(marker)
on the graph indicates significant difference of shoot
length between control and global warming treatment (p
<0.05).



X|T& Lo 2Bt 2Ido| 88 #Hgt 109

184 Q4o &7] dole tx7410.86 + 3.5cm)k.ch
CO, + SEARST(15.60 + 4.24 cm)7} & ZQUtkFig. 4).
194 Q4o o= tf=4(8.1 £ 0.767h) et COx + &&=
&eTH0.5 £ 11040l A WHAL(Fig. 5), AISHE A=A
L )271.63 + 041g)Er} CO, + 2EARSTH1.96 + 0.33 g)
7F FARANE FAACZ Zpol7h gloithFig. 6). & ¥
Ao}t FALSHA, COx F=7F =& A2FolA 71
ol 2R Th AR} A sHE e el 9 7
7t Z7Vst S th(Fajer et al., 1991). E3St EntEE tj24E
o COyaret 25 AsAIXl AeftolA A=A dolet
T Ao FUtske] 7 Aot 22 A4S UEithLee
et al., 2008b). 12} EutES o] 83t Ao @)zt
A AdPste], 2AA A77F At £ AR A

H
Az AZo] Aelo] Aobhs B 2AT 4 gl Bl

.

o
oo

18 - W Control O Treatment
16
w 14 4 B
D
= 12
=2
w 10
o
S 8
=
6 4
4
2
o

Treatment

Control

Fig. 5. No. of leaves of one year seedlings under control(ambient
CO; + ambient temperature) and global warming treatment
(elevated CO; + elevated temperature). Vertical bars mean
standards deviation of sample. Alphabets on the bars
indicate significant difference between control and global
warming treatment(p < 0.05).
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Fig. 6. Fresh weight of one year seedlings under control(ambient
CO; + ambient temperature) and global warming treatment
(elevated CO» + elevated temperature). Vertical bars mean
standards deviation of sample. Alphabets on the bars
indicate significant difference between control and global
warming treatment(p < 0.05)
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Fig. 7. Photosynthesis rate of ginseng(one or two year seedlings)
under control(ambient CO; + ambient temperature) and
global warming treatment(elevated CO, + elevated temperature).
Vertical bars mean standards deviation of sample. Alphabets
on the bars indicates significant difference between control
and global warming treatment. *(maker) on the alphabet
means significant difference between one year seedlings
and two year seedlings(p < 0.05).
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Fig. 8. Transpiration rate of ginseng(one or two year seedlings)
under control(ambient CO, + ambient temperature) and
global warming treatment(elevated CO, + elevated temperature,
treatment). Vertical bars mean standards deviation of
sample. Alphabets on the bars indicates significant difference
between control and global warming treatment. *(maker)
on the alphabet means significant difference between one
year seedlings and two year seedlings(p < 0.05).
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Fig. 9. Water use efficiency of ginseng(one and two year
seedlings) under control(ambient CO, +ambient temperature)
and global warming treatment(elevated CO; + elevated
temperature, treatment). Vertical bars mean standards
deviation of sample. Alphabets on the bars indicates
significant difference between control and global
warming treatment. *(maker) on the alphabet means
significant difference between one year seedlings and
two year seedlings(p < 0.05).
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Fig. 10. Percentage variation of measured growing and ecophy
-siological parameters of one year seedlings(closed bars)
under global warming treatment relative to control.
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