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Effects of Elevated CO, Concentration and Temperature
on the Response of Seed Germination, Phenology
and Leaf Morphology of Phytolacca insularis(Endemic species)
and Phytolacca americana(Alien species)
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ABSTRACT

This study was conducted to find out how the germination, phenology and leaf morphology of Phytolacca
insularis(endemic species of Korea) and P. americana(alien species) react to the global warming situation. Seed
and seedlings of two species were sampled and placed under two separate conditions for the experiment. One
of the seed and seedlings was treated in the glass house with control(ambient CO, + ambient temperature,
AC-AT), and the other with control(elevated CO, + elevated temperature, EC-ET), over the period of one year,
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2008-2009. The germination rate of two species was fast, and the time of their germination started early, when

they were treated at EC-ET than at AC-AT. Furthermore, the germination rate of Phytolacca insularis(endemic

species of Korea) was found to be comparatively lower than that of P. americana(alien species). The former

showed only vegetative growth whereas the latter showed both vegetative growth and reproductive growth in

one year period. The more CO; degree and temperature increased, phenological responses of two species,

including leaf growth, the formation of flower stems, flowering, and fruit maturing, became much faster, and

the time of their leaf-yellowing was delayed. The lamina length of P. insularis was not significantly affected

by elevated CO, and temperature. The lamina length of P. americana, on the other hand, became longer at
EC-ET than at AC-AT, but the leaf width of both species increased at EC-ET. As for the number of leaves, both
species showed no difference. Finally, the ratio of the leaf area of P. insularis was high at AC-AT, but P.

americana was high at EC-ET. These results indicate that P. americana, aliens species, reacts more sensitively

to global warming than P. insularis, endemic species, does.

KEY WORDS : CLIMATE CHANGE, ELEVATED CO,, TEMPERATURE, NATIVE SPECIES, INVASIVE
SPECIES, FLOWERING TIME, SPECIFIC LEAF AREA
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A AAACZ dojyal Q= AF-233KGlobal
warming) ] 7} & Q2 19H o= HYsh= COrs:
9] Z7}o] lth(Kobayashi 2006).

7] F COrsie AFYS} o] de] oF 280ppmo] o1t
(IPCC, 2007), &A= oF 385ppm .2 Z7}5}% thHMarquis
and Tans, 2008). & F7FAIE FAIRIEHA 2100 =
7] & COxr& =7} 800ppme] S4ek Zl o] ti(Hougton et
al., 1990). 2 7|} A= COy s =7} 2H)7}
B 20 Bt FHE7F2~3C TRkl o &atka
) tHEnoch and Hurd, 1977). 213y < A5 A3, A+
2= H7] COorge] o A oASskal gl ARt
30~50% B A FFE e Aoz o4 Fetal drkLunt,
2009).

o|2gt COYE et =98] 57t A9 At W
P vXItkHe ef al, 2005 ). 71 5 7P =l o
A&7 A (phenology) 2] ¥3toltt. o]= Al&9] o}, 7i4,
ek il 9 59 AEAAE A7l wid HHEE= Al
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tH(Sherry et al., 2007). 30 oA} 5ot FHX|H Q] AEH
AS W Aug 24T 4, 7Y Al7l= 6dol A
A, 94g Al7)= 4.8Y9 =FH A cHMenzel and Fabian,
1999). 1e|ar -ejueiell A WEH AlEAE ARrE 4
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A71= 3.7~424 2 =0jR= FAo]tKLee et al., 2009).

Garbutt and Bazzaz(1984)%] d3tof 2w, =HEL

(Phlox drummondii) 1} SWE(Datura stramonium)-2 o %
TEE COrzert 28] =2 A2tollA 2~4d WA 7hs}
slAt) 183l HieFo|&(Lotus corniculata)S =2 =
Aol A 2t ZHSHA 71 7E 79 wstew, CO,
ol &t i FTIRE AEoA= 16 © ] i
3l=) it Carter et al., 1997).

ol Al EAEAI7]19] k= AYE g5 T
Qi W] o] FjAe} X471 7HS BHEO 2(Nord and
Lynch, 2009) ZFZ 0.2 A12o| st 4o e %
tH(Aizen, 2003).

COsmet ©=27 o] ol3) 74 E2isp] Uehte
g2 wiztz2= i dE WS oltkGarbutt e al,
1990). 2] RE|H S WA 55 5 Az Aelat
Tl & FF= vAH o= & RS A4 EHChim
and Han, 2003). QHIE 02 CO 5 =7} o™ A o
47} 75k (Poorter ef al., 1988) W] H & (Specific Leaf
Area, SLA)o| 7ZF4~3tcH(Norby and O'Neill, 1991).

AR FZ71ol AsfUAY A7 A AHEEEE
Tjols og Az AR oA heo] slgjelze
¥8% 74 A(phenotypic plasticity)©] =il(Feng et al.,
2007) 424 AE 20 WAool ZFskoi(Alpert e al,
2000) YA BHTE ALLUBH| U 7| s} & 7
S 3 Ao o=gr

XA} 8]8(Phytolacca insularis)S A QAR R &5
ot X5} (Lee and Im, 1978) 7JA|=7} ufl$- =& 314
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Figure 1. Germination rate of P. insularis(A) and P. americana(B) under two environmental gradients
(@: ambient CO-ambient temperature, O: elevated CO,-elevated temperature)

AR F T vl Abe]E ] ok COrt-2 5ol
A Z¥ZF 17%, T4%=2 =9ron] tjzto) A 2+ 11%, 31%
B2 Goith Tejar WopAlY HA] F F B COrt2%4
SrollAl wEtom tjxto|A =qlth(Figure 1).

o] LA COEES T2 TET 370ppm Z7HA]
21 Aol A Wokgo] F71eFgith(Qaderil and Reid,
2008). ®ut olUz} E7|E(Edwards et al., 2001), A2 7 0]
(Wulff and Alexander, 1985), A5=7)AH2], 71€v]|E 15
1 7jwi =2}u)(Ziska and Bunce, 1993)5-2 COy 5 %9} &
7t &5 Wokgo] F7ksto] & At Adnket U5kl
o} whd o 7]t th2H(350ppm)efl H] COrs=A] 2]
TH700ppm)f A} 2 Wopgal =2 HoRA7]E Ko
(Andalo et al., 1996) ¥ A+ATe} Esich

QA= A Al Blgl FHet TAMIAEE I =
2 ol zk= Ao EAo|tGoergen and Dachler,
2001). & A Axt A F-2 vt vls) W
HokgS Helok E3h AR g2 tjz2tof Bls COx+2
Lafetol A e Wokgo] 1.5u) F71ek BEH vl Atbe] g2
244 F7tsto] Axpe]gol vlsf Wok&e] S Fo] Zich

ApabLe] A Ak MRS 5 AMYET Qi E2ES
o dobgS ARt A1), COrsrt =2 2HgolA
Qo] AAF vl =2 WolgS Hof(Baruch and
Jackson, 2005) & A -A7ke} U|5FGiTt. BEAH wl=9f 2}
AE} BlFYotet elEiEel WA lFYols 257t =
S5 AEQ HFYote] Wokgo] F7sklthWilson
and Wilson, 2004).

o1& FFsl] & o AF2dsrt zsgHe| met oS
&l wl=Ate] o] AAYER Axbe]gol Hlsl =2 WoksS

wol REYS7} o Hold Aom perEr:

F& BE AN E oL BPska ARl ge 2

Qb FFT ot BhA w|=A}E]F-2 g ol <
= S}l ch(Figure 2).
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Figure 2. Phenological spectrum for P. insularis(A)
and P. americana(B)

(1: foliation and vegetation growth, 2: inflorescence

developing, 3: flowering, 4: fruit developing, 5: fruit

maturing, 6: leaf yellowing).
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UL, g2 7Y =2 39 2790 NS skeleh
H A7l Q2L 15Y) oA B COrt-2 /g
(04 25994 =3UtkFigure 2-A).

o2t 5] 7H Al7]E COrt-2e/d=sollA 3¢ 17
U tjxFHoh 3¢ Wity 2ejar ZoiF A7) =3
CO+2 A5 17F 2t 4 e Zoi7F 4= 9
ok N8he COrET/ds7F thtol Hish 19 we] o
ofttt. Gulf FAA7]= COrtE/Ad517F thxtH T} 4
A ] FAEAE o] Mol 2EAMA F2Mor
Hol= drf J5A7]= COrt2E oA W5l tfx
Toll A =Rleh W 9 Al7]= 9 309 = ol A
71 wsrom Cort2eatolAle 99 =A ettt
(Figure 2-B).

To] AEAEE TS A} COYs et %7t 37}
“—v—g N, xrﬂaﬂ , Nel, Guidrdat AsA)7] 7wt
Romf Qo] 3} /\17]1_ =H A

%H]-‘E«(Garbutt et al., 1990)1} =} x]ZE(Rogers et al.,
2006) 5L COyE7} lno}ﬂ = 2T Ec} A7) 7t
whalz] X2 o3t Aakol I 3}ith.  Garbutt and
Bazzaz(1984)0] w2 E%}% L COysEe 27t &=
=75 NSA717F AR W, 0174-74% COrz=9 &
Lo Aaglo] ZHstAIZol ¥t GISitE EoRES =2
COz%EOHH 23] MeA717F 2Rt =4 dojut
2 A3rAe} gefti(Carter and Peterson, 1983). o] %
COYz=et o] g 7NSHA] 719 thefsl vhe-2 & 5ol
4198 UEeEPHTK Asshoff e al., 2006).

AlZAEA 719 Mgk AEo) At W] F3E 1)
AUtk 1 o= EYY i} YRS S50k
FAE sk Ao i A1719} 7)7bel ®isE o
7] o

]

N

Fo|th(Nord and Lynch, 2009).
evkaizl el ket o)Al Ee X
A-A719] szt 24 doju At W]
¢ vE Aew dat

AR 2] Y dol= COrset %o ik 3k
WA 92 W, U]RA ] B COpREASTON B3k
CHFigure 3-A). 18|11 Qg & o= F F E5F COrt2
LA Lo A =9 tH(Figure 3-B). AYHIEY = COxsE
7t 22 22700ppm)ol 4] 2] Azto] B 27 ZekA
ol&E Zo|7} 7+A5}o)(Tomas and Bazzaz, 1996) & A12A
3o} 7ol 2 Bech

T 9 v dHAe AAese] txtolA] w2 RHA
U]%XP"JEO COr+2=/F5Toll A =3 th(Figure 3-C).
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Figure 3. Lamina length(A), leaf width length(B) and
specific leaf area(C) of P. insularis(closed
bars) and P. americana(opened bars) under
three environmental gradients. Alphabets on
the bars mean significantly different among
gradients level within each species (Fisher's
least significant difference, p<0.05).
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H| G AL 9lo] FAet Heo] i Gunn ef al., 1999).

2R CO S7hsI 2lel FAV oA
(Tomas and Bazzaz, 1996). 71 ¥Q1o ZE71A 9] 74
ol A7) 5 sl
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22 43R0 24 go| Z713kth= Aotk (Norby and
O'Neill, 1991). =1 A3} Q19| AFwFo] F7sto] HIFH A
o] gl

= A, 9ol Feld B AgAlme] B 3]0
94311 ZAo| Q“ﬁ ﬁtf’\ﬂi-J ikt 27] g Corse

COrso} £EL ARAE] S0k 3712 Z7H1A QR
Aol Wil =748 4-& AYAFSItHRanasinghe and Taylor,
1996).

Radoglou and Jarvis(1989)= =2 COy5=ol 93] ¥
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