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Abstract  This study was conducted to confirm phenological response of main deciduous woody species
in Korea according to elevated temperature. Based on seeds collected from the same place, 39 woody species
were cultivated in field (control) and in greenhouse (treatment) that was maintained above base temperature
(4.8°C). And then, we observed phenotype change of leaves focused on phenological response and explained
relation with their current distribution area. As a result, initiation period of leaves unfolding was 1st~3rd, May
in control. It was 13, December~7, January in treatment. Period of leaves yellowing was 11~26, October in
control. It was 30, October~13, November in treatment. Consequently, initiation period of leaves unfolding
was faster by 119~140 days and period of leaves yellowing was slower by 3~32 days since elevated
temperature. Period of leaves growth increased in treatment by 148 days than control. Quercus mongolica and
Quercus serrata that cultivated in treatment was changed as evergreen trees which have grown up continuely
during one year. Also, initiation period of leaves unfolding of Sorbus alnifolia in treatment was faster than
in control. However, difference of the period between control and treatment was smallest. Because period of
yellowing leaves was moved ahead. Phenological response of leaves according to elevated temperature had no
relation of type of their current distribution area. This is the result of acclimation due to elevated temperature
during the winter and suggests that the phenotype of leaves of 39 deciduous woody species is more sensitive to
the current growth condition than to the past growth condition.
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260 =84 - 0|21 - 0|38
and Williams, 1987; Walck et al., 2011). &, 2= H3}= 9
A oAAgle] 4BS A REe} nBE oheh
vopzt Al FHolE F3FS wA Zolth(Arft er al.,
1999; Diemer, 2002; Fitch et al., 2007; Walck and Dixon,
2009; Baeten et al., 2010). o] A&, A& F&F7te] &
717H R ofygt A7)7te] 2E=W3to] tfste] ¥hg-shH,
F713Q Ex=rsto] gt AE9] vk 2= WA g
o8 F¥Eth &2 &85 & AL A Ao

ERbY] g2 YTt SAFoITh ALY ¥

e FHREZ JAYKLE o5t YH7tH 23
Aol HobA, 4 ©Fo] 53 Yilsto] A=A Es
Al M3tE FHeth B AES FH A Y 2271 A
SotH A 2240l oo HH 5t S AL
2 qALQUAR, 258 LELSE AEC EAEHAR
Hgste] 4T S 4aE Aol Ao W
3] X1 Qlt}(Roberts and Ellis, 1989; Harding et al., 1990;
Nijs and Impens, 1996). 0] &3t 2&Ar5o0] A&E9] AAs}
2 kol A e FFE A AFH7Y 227 A&5F
o2 £e7hn QIeke UL ks, e Fad dT
FA) o]t} (Diskinson and Cicerone, 1986).

A AARCR Z7AQ 22452 Jad+9 MAY,
Mzt 2 AAAL ¢F7|2 (Menzel and Fabian, 1999;
Menzel et al., 2001; Fitter and Fitter, 2002; Pefiuelas et al.,
2002; Saleska et al., 2002; Miller-Rushing and Primack,
2008), Y E L2 =F A Y (Pefivelas et al., 2002), AH<L-7]
7+e AASHA T (Menzel and Fabian, 1999; Schaber and
Badeck, 2005; Piao et al., 2006; Miller and Primack, 2008).
oleiat dase] AR wre) Wz o] BEuls)
of JFE Fo F7 FAE =3 (Morin et al., 2008),
1 X A (Ishigami et al., 2003) 52 W3S 23| A
A 2 750l 9= & 5 Uth

e 2ol o 9g49 i3 (Kim and Ryu,
1985; Yim, 1987), 4 ¢] #d 3+ Z 413 (Min and Choi, 1993;
Min, 1994a, b), S 2FS o83 AEALY BFEA
(Ho et al., 2006; Yun, 2006; Lee et al., 2009), Yt 2] A=
FH,EY EAAEE 9539 tHIm and Sin, 2005; Heo
etal.,2006). 121} Q19F oz 227 AsH FAE &
AollA S AZAENIE B, ok F 1t H]
w3 A= vEE Aol
T3 7] 3RS}l i3t A1 WSS & o B8] oS
171 fside HA 24 ARAE st =2 A2

ol

N8 Polof & ot} 53] AEY 2/ MLBAL 4
SUARG L=Wst] © WskA ¥ (Kullman,

2002; Lloret et al., 2004; Fay and Schultz, 2009; Dalgleish
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et al., 2010), A=A A}t FAEY 282 I B4
o WA E|o]z] 7] wjE o] (Baskin and Baskin, 1998; Fenner
and Thompson, 2005), 2 =7} 27|41 EA A8k n]2=
FFS dolis AL AEHA 2SO UE AER
Ed & glof e Fasitt &Y Ff L2
oA AEREY FFE S, HHs FAEY AE
54 Hk-S-2 A Qi) (Danby and Hik, 2007; Hoch and
Korner, 2009; Munier et al., 2010; Takahashi et al., 2011).

B A7E B 58 959 H4E 420 A
2 2435t A= HAPKLES] 48°C o] w
(Yim, 1987) FA == 244 Aufsim, Q9 AEA44
TS Yot} sttt E3F FYETS oFollA] Aul
sto] 24 9) AEA ARSI v|wstgloen, o] & AEFY
AR Hz 9ot AZste] sfalstaat A=t

IHE al

0z
IE

8 99 39F2 o

N

2 Ao o] &3 A EFL I
0 2 3} th(Table 1).

Ao AMS A= A7 ZHA ] YA
29 2 dfolA 19949 8~10¥0) A EZ
I, ,ESYHE 48 2AXE A F 377
%

=

R ok
2 of

WEE A= AAE 8o, Foll o2t 7], B, 2
7} 243t S o)A =2 A 7] (stratification treatment) 3}7]
U 4°C YAAAZ 0] 257+ B35} T (Forestry Research
Institute, 1987).

o] F3lQ 19957 3¥of AXHo] AAX EtAE I
(FE 51ecmx A2 15cmx 0] 12cm)of| T3t 24
of A HopA| Rt 23 5~6Yol Foll wat 7HA U ¢o]
AlE MAY ZZo] A% AAl= AYstden, wolo
d 7 U FHAES T oAMAY ARt S
Y3 (AF 23emx E°] 27cm)] oA SHith B4 A
ZEHE AMESHE o, f71E AT Btk AduR
FAEES AMESHY te ARIESY] B4 7718 &%
ol 45%2 A8 FAttJeong et al., 2002).

740l T 27 3719 FES T AR (o
48°C) oo 2 A EIL Q= 2AA et o
2 A FAYE wgstitt. A4l 242 9% &
AL R =Hojglom, F2 AAFS o]§sto AYA
FAPE A FotTh.

At 2= 24 Y AX " 29| (barometer) 2
71ELEE 48°CE At dAsA |8t eH, &
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EAEs SAHAWR 257} 48°C o|5t2 HojX= AZE
2 (11~39) Ato]ofut o] FojH Tt ASH &7t A4
S2% olstz "Hold AS RYYHE 7HEst Y 2=

£ FAAZeH, 7 il Al e s ZE AEFY 32
Aol gt FFe Ha3str] sl el FH FA
2 YAHA S st

FEITES HETY 4F F A As7d 3~109 F

of 3~49 AL 7120 E 2AA T oo
El 3‘2}%01] FErT older FEI iﬂﬂ“‘ °©
%71 11E5E th33l) 287HR]= okl oF 25
13], 24L& of 5d0f 134 g5ttt % 35
995 5¥3} 8| Hoagland mﬂ% =3 o] E 172
v 3]435te] FHE Wog Aojd H=
At

L5717t Aol do EAF AR ¥hgZ st
ARt e, Aokle H9 1/20] @AXAY ©Fo] &
A AS77F Bd A2, dg T Aol 2~3714 &4

7t

rlo

rIo e 2 oMol
)
oZ’:

._.

Ndstd AL7)9 Aoz 7HE3knh &, L7t 2
ol MEHE Ao YA 7|7te 2 Xé;}cﬂt} z 3
il A EE0] AEAGUEL 19954 8¢Y 1¥HE 1996

W 74 304714 4~54, 1087 E th33l 287HA] = ol &
of g, 1 9 7|7ke 13 HA0R Tt |2 shert.

AEF9 EXFFL Chung and Lee (1965)°] EH 113t
FHEZ NAAETGASA AR 7] (Global Biodiversity
Information Facility)ol| Al A&3l= AEFS EXHYE
st BEG P FRL ABEo] WA REWS
Hhgste], A7) & ool Exdt= AL FRF (S), 7
AEE FREAY7A] BE BAdts A2 AP (W)eR
sttt

Zh e A EA WY ZolE dotR7] $13) Kol-
mogorov-smirnov testg 0§83 HAFEE AAEE &I}
NI, AFRES B2A glok(p<005) ¥BS FAEA
(Nonparametric analysis) 5] Mann-Whitney U-TestS
0] 83} 2™ Kruskal-Wallis testS ©|-&3te] X% S5
2 AEAGESE WD (p<005). BE BARHE
STATISTICA A 9| 7] A] (Statsoft CO. 2007)E ©]-&3}%
o} (No and Jeong, 2002).
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01":"747;9\0“1 dA&H AEAERRS Y7o A7
uT 8 AUNS BelFyt ER BAH0E Sou
gk Zpol 7t i Th (Fig. 1-a).

o= M IR NPT T FRIY FT
3} (Hibiscus syriacus), A= 2] WU2] (Forsythia kore-
ana) 2831 B8O AU (Betula platyphyllaa) <2
2 449 steo] fgol AFE e, HF LY Aol 5~
10go] ek wie] 73 =A HEe 2 G729 At
T (Diospyros kaki), A= 2] WEUE (Salix koreensis)}
O}ZHA| W E (Robinia pseudo-acacia) 181 EFF 0] &7
W5 (Alnus hirsuta) £2.2 59 Z£dA $£7 MFol

AlZtE| gl om, THE LY Apol= 2~6Y ol it (Table 1).

EEZFFE MNAA71Y SO FR-F ol 24

(49 204 ~5¢ 14¢), A=l 158 (4 25¢~5¥ 10
) 223 ERFPo] 8L (4 30¢~5Y 8%) wol%leH,

EEZ5FE NEA71Y FYngt 2ol YUSITh(Fig. 1-a).

=4 74?4:%0“/\1 7V 4" AT T2 73 A
U (Cercidiphyllum japonicum), A=+ 2] WL (S.
koreensis) 18|31 BE O ENUT (A. hirsuta) 2.2
25 114 S04 a7 Nhel AIFE A o= o]
x2FolA 22RFE 7 48 T Y MDA
ol vwa] 2 o /fgdo] 144~154Q GFAZ Aot
ES A=g o] HEUE (S, koreensis)= OF ] 2T A
stelAE, 2 AR TN 7 AR )
2 nof exakpol 1Y U BoE B 4

W 7t A NEE FL GREFY 29F (Acer
saccharinum), =3 9] *"'HHL]'—,—(Sorbus alnifolia) 18|11
BHFP Ol =TT (Syringa dilatata) 2.2 1249 3l&
ol A 24 st7HA] 7| o] AlZHE ik (Table 1).

EEZAFE MNAAI7]9 SO 9= ER-F o] 102
(119 182 ~29 279), Ao 959 (11Y 202 ~2%
22¢) a8z BERFPo] 329 (11¢Y 289 ~12¢% 29¢) 40
2 Uehgeh ol AR Hlw He dras A
ol == AETol -EIT_‘?LK:]OEE]- 2=4sel o uz
st 7ol & AR & 5 Qo B3 EERFHE
B MAA 7] ofdi 2R 573 0] 1399, A=
o] 1259 181 FRgo| 116Y dFARANL, SAHA
Fom|gt 2ol = YUS1Th(Fig. 2-a).

2 dFoA SAHAAT YA+ MFLol okdz
Hop F5o] #wepgoy xR 2T Aol
=4, ol AsSFET fA=0] AT AAY &=
H3lo| © 7hAola mIZstA wheet Aoz sjAH
(Racinc, 1971; Burton and Bzzaz, 1991). AA 2 Y4+ A
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Fig. 1. Mean Julian day of phenological changes in leaf initiation (a), in leaf yellowing (b), and in growing days between the greenhouse and
field according to distribution range of deciduous trees (The distribution types are as follow N: northern type, S: southern type and W:
all parts of Korea). Uppercase means significant difference among gradients (N, S, W) between the greenhouse and field (Kruskal-Wallis
test). Bars are standard errors. Asterisk means significant difference between field and the greenhouse (Mann-Whitney U).

52 489 ¢t A5 3H AHol =7t B 14°C 4
ol et YA Bt A Lol 203Y wapgon
(Pefiuelas et al., 2002), w%c T 179 T 2271 ¥
t 1°C Asdol o2t Hg Yol 7594 b ok (Menzel
and Fabian, 1999). $t=2 Qo] /g3t 54 A =44
FAol 109mttt 0.7~27Y et = ALE R
(Lee et al.,2009).

o 4

£ rlo

5o HgATlE B7 249
4oz goju|at zfol7t Uit (Fig.
1-b).

SR ET AN 1 QK Yol Ak L Yy

AU (C. japonicum)®}t &
39 3 5390 A1
U (B. platyphyllaa) 2.2 99 3l&oA 109 247
o] AREHALH, GEAI71Y Aole 9~16U 0| .
grdol 7P Yol =A A= 2 AP Y HEUE(S.
SEF 9 33T (Sophora japonica) 18|11

B2 EAUT(A. hirsuta) &2 2 10¥ 3leollA 1€
7 gl AFEHSNeH, YEAI7Y Aol 5~26%
o] At} (Table 1).

EEZFFE JGA71Y F7HE
(10¥ 3¥~11¥€ 199), &
20¢) agar 5RO
Qo F-on|g Zol=

2A A 2ol A 7}7“ Sk

&5 (A. saccharinum), =y

=ZU5 (Cornus controversa) _L2] 1

koreensis),

Ho|H 9= A= o] 48Y
o] 354 (9¢¥ 259 ~10¥
6?:_‘ 109 109 ~10¢ 259) 40]
Itk (Fig. 1-b).

4 do] A= T2 FHF9
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Fig. 2. Mean Julian day of advanced leaf initiation (a), of delayed leaf yellowing (b), and delayed growing days (c) in the greenhouse than field
according to distribution range of deciduous trees (The distribution types are as follow N: northern type, S: southern type and W: all
parts of Korea). Bars are standard deviation. There were not significant differences among any distribution pattern (Kruskal-Wallis test).

AU (C. japonicum)®t A= | FHEUT (Platanus
occidentalis), B8 o RAZUT(B. platyphyllaa) 2.2
108 2&A 1Y 237 Yol AREHNLH, A
719] Zpol= 29¢olqitt. ¥Hel| 7b Yol =A A=
2o BRYol BNV (A. hirsuta), A2F 0 A4t
B (Quercus acutissima) 181 FEF 2| AP 2 (Alnus
firma) =22 114¥ skolA 129 257 g0l AlZtE
Aom, G719 2tol= 1~12Y 0] ATk (Table 1).
EERFE JAGA719 TR = FRE ol 66Y
(10¥ 3&~124 9¢), A=F°] 5524 (10d 3L ~11¢ 28
) a3 5ERFPo] 23U (1Y 2¥~11¢Y 269) =L =2
H w2 AEe7t e @Ry A= sidst= 4
EF0] BRFET 2SO ddFHew o wgt A
oz & 4 ok a8y g7 Y AEAEREEY Y
Al719] 7FAAS AQit. 2AAR A E25FE ¥
@+ GGAI7IE k2 EY BRG] 30, FHF o] 29
Y 283 A=gol 159 ZHFA RERFE dgd

o] =HA o gt Fou]dt Zol= Tk (Fig. 2-b).

Iy A=FF Y HEUF(S. koreensis), THEUT (P.
occidentalis) 1831 B (S. alnifolia)®] S A7)+
oe|z2AMT 237 16~24¢Y WElFon, dRPY =
U (Q. serrata)t A=E Q] AZAUE (Q. mongolica)=
194 Wy 8 9g717F glo] Aol APH = 4EAHL
2 W=t (Table 1), 0] =445 o2 SEA7]7h
A2 £y Rt Fof wt b E e Hol F= A
52 E 4 Qlth(Pefiuelas et al., 2002). Menzel and Fabian
(1999)= A5 & AEUF(B. pendula)$t
291 SHZHYTE (Quercus robur)®] SAA| 7|7} A7]7¢
2245l wet £33 3R] ofd £ AA o 2
A F29H o2 b3S Hastglct.

3. M7zt

LSBT} AT W deds A9 AR dain
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BE717H B 1489 F7HEGOR, BE ABFA
s AeHe Ret B3 FAH0R 49

0] 167¥ (163~170%), A=23 o]
T Rl 160Y (135~181%) <22, B2 J%
17t9] f-9Jm|gtk 2tol= it

ohelejz ol ANE AEFo] LERL Yo AE
Ao FRL o7k g AL AT A4
2RE FAZCRZ oF 375km Ao YA|sto] HFHAa

UL 71Tt RE R s, EAE AES

fglo] AdEglon, RAANE S8l ThAlH

Po}, f-4159 27|84, A29 2AF A W&

X Ao 2 At (Rowe, 1964; Parrish and
Bazzaz, 1985; Platenkamp and Shaw, 1993).

a2y 2AA oA AujE FAEY BETIHS
Fo g AFEYE, ol 20 HEA7E =5
ARG 7HHAo] =2 ML WEA Fo=2N S
e QFste AL=, diQoA A77t Le4tsol o2t
BUEY Hole dds 4422 AEATNIT 2%
th(Menzel er al., 2001). AA| 59 Y44 A=52 10
dg Aol 15494 wepz| i, g do] 10194 =
oA mat L7172 2559 A= QLY (Piao er al.,
2000), FHY JES A5 309 S MELo] 6
w2, GH Y2 489 =HA AF7170] 108U Zof
Zth (Menzel and Fabian, 1999; Menzel et al., 2001). =3t
509 Bt ASs Ao Hatr]o| 2°C Skl wheh
At (Malus domestica)®] NG Qo] 35¢ Watglon,
JEY2 12¢ =HA 4Y As77o] 47¢ A=A
(Pefiuelas et al., 2002).

XL AS77Y A2 B
7b ofj 2 H T ERFo] 169Y,
I Ao 14442 & 02 AR

2 FYu)et Zol= gl (Fig. 2-¢).

2=l ot Yg¢ 49 A7l 3
= A SH A uj Fasi AEFY T
= A2AA FAEY A 7tsde R3Ee
(Piao et al., 2006), ASETES 3l ¥4
a7EE o ARl RHHe
(Pefiuelas er al., 2002). £3t A-E&E FH7| SolAoF &
FEo] Yoy 71A7F £ & A= ASE AEsH A
A et o R Qe Y7t meiE HA Hol Aol
EFAY A= AHEIEC] Y AFE A EHay
21t} (Drohan et al., 2002; Thomas et al., 2002; Adams and
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Kolb, 2005; Woo, 2009).

Menzel et al. (2001) g2 AEA RS o] 24
HEHET S0 AZ3 =T wet §lol7} Ao, A&
A F7tg o] FElo] 8T 4 fSS Bl
ol A4Sl wet R Y S} (Q. serrata)®}
A9 AZAUTF(Q. mongolica)7t 1'd WY 9] A5
o] A& AEAHLE Wsto] Hol7h 7P & Folglen,
A= ol TR (Sorbus alnifolia)y= 25717 B A
48YETH IA PE= 5942 Wol7t /M A
© 2 gRlE v, Fof et A EAENE0] A= o
, A0 BEHARTG 220 gt & 52 7H
Q= Ao Z & 4 9lUt}. Takahashi et al. (2011)+=
4 244G AEE B A=Y ASsHEE &
A7 Jg59 A57)7t0] A EH 3 AES
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r—>|4-' r_ln:

A F#7|29 o2 AT AYPFo) glom,
2100 o= 2000 E A A4°C A
S Zo|H (IPCC, 2007), HAYEGLEE ASE 257t
4.8°C o]l 7|13 H3HE 7HERE Aotk (Yim, 1987). A&
o #EFPE LAY A AAY &4, 1 A=Y 4
¢l 7FHA Y] Fo 2 A B33t (Moon ef al., 2015).
2 AFolA AHEE FEE XA AFTE T 74
At A9 Aol FUIIEZ, P IFE F=
AL AAY gdHolt}. ol EA (cloned)d A E0] &
gl et ALY A Y o vzt 9o RAFS
1ol B y9} Zhoft} (Kramer, 1995). wWeha] 7]3 @3t w}h
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ME71= 119~140¢ et om, Jg7|= 3~329 =F
Aok 223 Yo AS7|7HE ofdj 2Rt 24 o)A
Bt 148 F7hekqlch 2EAds2 7 2A0A Auld
AZyRet 2RURE 19 B¢ YE717F glo] A7t
A&EE AEALRE Hetglon, B3 2ujuFo Y
7] ofEoh WepRov O E2 7Y A, Y=
238 dFAA WK FHEo] 7Y A 1
U &gl did s A9 AEAETE Bhe2 4
B9 A EExH et dB-Ao] ol ol YE+ o
o #@Y ol HAY AR AAY HszAde T U
A BHgg Ao R AR HT

REFERENCES

Adams, H.D. and T.E. Kolb. 2005. Tree Growth Response to
Drought and Temperature in a Mountain Landscape in
Northern Arizona, USA. Journal of Biogeography 32:
1629-1640.

Adler, P.B. and J. HilleRisLambers. 2008. The influence of Cli-
mate and Species Composition on the Population Dynam-
ics of Ten Prairie Forbs. Ecology 89: 3049-3060.

Arft, AM., M.D. Walker, J. Gurevitch, J.M. Alatalo, M..S. Bret-
Harte, M. Dale, M. Diemer, F. Gugerli, G.H.R. Henry,
M .H. Jones, R.D. Hollister, I1.S. Jonsdéttir, K. Laine, E.
Lévesque, G.M. Marion, U. Molau, P. Mglgaard, U. Nor-
denhill, V. Raszhivin, C.H. Robinson, G. Starr, A. Sten-
strom, @. Totland, P.L. Turner, L.J. Walker, P.J. Webber,
J.M. Welker and P.A. Wookey. 1999. Response Patterns
of Tundra Plant Species to Experimental Warming: A
Meta-Analysis of The International Tundra Experiment.
Ecological Monographs 69: 491-511.

Baskin, C.C. and J.M. Baskin. 1998. Seeds: Ecology, Bioge-
ography, and Evolution of Dormancy and Germination.
Academic Press, San Diego.

Burton, P.J. and F.A. Bzzaz. 1991. Tree Seeding Emergence
on Interactive Temperature and Moisture Gradients and
Inpatches of Old-Field Vegetation. American Journal of
Botany 78: 131-149.

Chung, T.H. and W.C. Lee. 1965. A Study of The Korean
Woody Plant Zone and Favorable Region for The Growth
and Proper Species. Thesis Collection of Sungkyunkwan
University 10: 329-366.

Dalgleish, H.J., D.N. Koons and P.B. Adler. 2010. Can Life-His-
tory Traits Predict The Respinse of Forb Populations to
Changes in Climate Variability? Journal of Ecology 98:
209-217.

Diemer, M. 2002. Population Stasis in A High-Elevation Herba-
ceous Plant Under Moderate Climate Warming. Basic and
Applied Ecology 3: 77-83.

4ol - 2y

10 « "HEX -~

rak

EREE

Mol
9

Diskinson, R.E. and R.J. Cicerone. 1986. Future Global Warm-
ing from Atmospheric Trace Gases. Nature 319: 109-115.

Danby, R K. and D.S. Hik. 2007. Responses of White spruce
(Picea glauca) to Experimental Warming at a Subarctic
Alpine Treeline. Global Change Biology 13: 437-451.

Drohan, P.J., S.L. Stout and G.W. Petersen. 2002. Sugar maple
(Acer saccharum Marsh.) Decline during 1979-1989 in
Northern Pennsylvania. Forest Ecology and Management
170: 1-17.

Fay, P.A. and M.J. Schultz. 2009. Germination, Survival, and
Growth of Grass and Forb Seedlings: Effects of Soil
Moisture Variability. Acta Oecologica 35: 679-684.

Fenner, M. and K. Thompson. 2005. The Ecology of Seeds.
Cambridge University Press, Cambridge.

Fitter, A.H. and R.S.R. Fitter. 2002. Rapid Changes in Flower-
ing Time in British Plant. Science 296: 1689-1691.

Forest Research Institute. 1987. Illustrated Woody Plant. Forest-
ry Administration, Seoul 496pp.

Harding, S.A., J.A. Guikema and G.M. Paulsen. 1990. Photo-
synthetic Decline from High Temperature Stress during
Maturation of Wheat, I. Interaction with Senescence Pro-
cesses. Plant Physiology 92: 648-653.

Heo,IL.H., W.T. Kwon., YM. Chun and S.H. Lee. 2006. The Im-
pact of Temperature Rising on the Distribution of Plant -
in Case of Bamboos and Garlics -. Environmental Impact
Assessment 15(1): 67-78.

Ho, C.H.,, EJ. Lee, I. Lee and S.J. Jeong. 2006. Earlier spring
in seoul, Korea. International Journal of Climatology 26:
2117-2127.

Hoch, G. and C. Korner. 2009. Growth and Carbon Relations of
Tree line Forming Conifers at Constant vs. Variable Low
Temperatures. Journal of Ecology 97: 57-66.

Im, J.H. and J.H. Sin. 2005. Movement of Forest Vegetation
Belt and Change of Phenology According to Climate
Change. Korean Journal of Nature Conservation 130:
8-17.

IPCC. 2007. Climate Change 2007: Synthesis Report. In:
Contribution of Working Groups I, II and III to the 4th
Assessment Report of the Intergovernmental Panel on
Climate Change (Core Writing Team, Pachauri, R.K. and
A. Reiginger, eds.), IPCC, Geneva.

Ishigami, Y., Y. Shimizu and K. Omasa. 2003. Projection of
Climatic Change Effects on Potential Natural Vegetation
Distribution in Japan. Journal of Agricultural Meteorolo-
gy 59: 269-276 (in Japanese).

Jeong, J.H., K.S. Koo, C.H. Lee and C.S. Kim. 2002. Physi-
co-chemical Properties of Korean Forest Soils by Re-
gions. Journal of Korean Society of Forest Science 91(6):
694-700.

Karmer, K. 1995. Phenotypic Plasticity of Phenology of Seven
European Tree Species in Relation to Climate Warming.
Plant Cell and Environment 18: 93-104.

Kim, J.H. and B.T. Ryu. 1985. On the Flowering and Leafing



2450 IE HEe

Time of Rhododendron mucronulatum and R. schlippen-
bachii along Elevation at Mt. Kwanak. Journal of Ecolo-
gy and Environment 8(1): 53-59.

Kullman, L. 2002. Rapid Recent Range-Margin Rise of Tree
and Shrub Species in the Swedish Scandes. Journal of
Ecology 90: 68-77.

Lee, K.M., W.T. Kwon and S.H. Lee. 2009. A Study on Plant
Phenological Trends in South Korea. The Korean Associ-
ation of Regional Geographers 15(3): 337-350.

Lloret, F., J. Pefiuelas and M. Estiarte. 2004. Experimental Ev-
idence of Reduced Diversity of Seedlings due to Climate
Modification in a Mediterranean-Type Community. Glob-
al Change Biology 10: 248-258.

Menzel, A. and P. Fabian. 1999. Growing Season Extended in
Europe between 1951 and 1996. International Journal of
Biometeorology 44(2): 76-81.

Menzel, A., N. Estrella and P. Fabian. 2001. Spatial and Tempo-
ral Variability of The Phenological Seasons in Germany
from 1951 to 1996. Global Change Biology T: 657-666.

Miller-Rushing, AJ. and R.B. Primack. 2008. Global Warming
and Flowering Times in Thoreau’s Concord: A Communi-
ty Perspective. Ecology 89: 332-341.

Min, B.M. and J.K. Choi. 1993. A Phenological Study of Sev-
eral Woody Plants. Journal of Ecology and Environment
16(4): 477-487.

Min, B.M. 1994a. Studies on the Leafing Characteristics of Sev-
eral Woody Plant. Journal of Ecology and Environment
17(1): 37-47.

Min, B.M. 1994b. Air Temperature and Leaf Growth of Several
Woody Plants in Early Growing Season. Journal of Ecol-
ogy and Environment 17(1): 49-58.

Moon, H.T., Y.S. Choung and Y.H. You. 2015. Terrestrial Plant
Ecology. Hongrung Publishing Company. 51pp.

Mooney, H.A. and W.D. Billings. 1961. Comparative Physiolog-
ical Ecology of Arctic and Alpine Populations of Oxyria
digyna. Ecological Monographs 31: 1-29.

Morin, X., D. Viner and I. Chuine. 2008. Tree Species Range
Shifts at a Continental Scale: New Predictive Insights
From a Process-Based Model. Journal of Ecology 96:
784-794.

Munier, A., L. Hermanutz, L. Jacobs and K. Lewis. 2010. The
Interacting Effects of Temperature, Ground Disturbance,
and Herbivory on Seedling Establishment: Implications
for Treeline Advance with Climate Warming. Plant Ecol-
ogy 210: 19-30.

Nijs, I. and I. Impens. 1996. Effects of Elevated CO, Concen-
tration and Climate-Warming on Photosynthesis During
Winter in Lolium perenne. Journal of Experimental Bota-
ny 47: 915-924.

No, HJ. and H.Y. Jeong. 2002. Well-defined Statistical Analysis
according to Statistica. Hyeongseol Publisher.

Parrish, J.A.D. and F.A. Bazzaz. 1985. Nutrient content of Abu-
tilon theophrasti seeds and the competitive ability of the

ol0]

Al p.S|

2| AlEAESH gt

= =

Jon

267

0[0

resulting plants. Oecologia 65: 247-251.

Pefiuelas, J., I. Filella and P. Comas. 2002. Changed Plant and
Animal Life Cycles from 1952 to 2000 in The Mediterra-
nean Region. Global Change Biology 8: 531-544.

Piao, S., J. Fang, L. Zhou, P. Ciais and B. Zhu. 2006. Variations
in Satellite-derived Phenology in China’s Temperate Veg-
etation. Global Change Biology 12: 672-685.

Platenkamp, G.A. and R.G. Shaw. 1993. Environmental and Ge-
netic Maternal Effects on Seed Characters in Nemophila
menziesii. Evolution 47: 540-555.

Racinc, C.H. 1971. Reproduction of Three Species of Oak in
Relation to Vegetational and Environment Gradients in
The Southern Blue Ridge. Bulletin of the Torrey Botani-
cal Club 98(6): 297-310.

Roberts, E.H. and R.H. Ellis. 1989. Water and Seed Survival.
Annals of Botany 63: 39.

Rowe, J.S. 1964. Environmental Preconditioning, with Special
Reference to Forestry. Ecology 45(2): 399-403.

Saleska, S.R., M.R. Shaw, M.L. Fischer, J.A. Dunne and C.J.
Still. 2002. Plant Community Composition Mediates Both
Large Transient Decline and Predicted Long-term Re-
covery of Soil Carbon Under Climate Warming. Global
Biogeochemical Cycles 16: 1055-1069.

Schaber, J. and F.W. Badeck. 2005. Plant Phenology in Ger-
many over The 20th Century. Regional Environmental
Change 5: 37-46.

Takahashi, K., H. Kobori and T. Seino. 2011. Effects of Tem-
perature and Light Conditions on Growth of Current-Year
Seedlings of Warm Temperate Evergreen Tree Species
and Cool Temperate Deciduous Tree Species. Global
Warming Impact-Case Studies on the Economy, Human,
Health, and on Urban and Natural Environments 290.

Thomas, FM., R. Blank and G. Hartmann. 2002. Abiotic and
Biotic Factors and Their Interactions as Causes of Oak
Decline in Central Europe. Forest Pathology 32: 277-307.

Walck, J.L., S.N. Hidayati, K.W. Dixon, K. Thompson and P.
Poschlod. 2011. Climate Change and Plant Regeneration
from Seed. Global Change Biology 17: 2145-2161.

Woo, S.Y. 2009. Forest Decline of the World: A Linkage with
Air Pollution and Global Warming. African Journal of
Biotechnology 8(25): 7409-7414.

Woodward, F.I. and B.G. Willians. 1987. Climate and Plant Dis-
tribution at Global and Local Scales. Vegetatio 69: 189-
197.

Yim, Y.J. 1987. The Effects of Thermal Climate on the Flower-
ing Dates of Plants in South Korea - For the Exploitation
of Honey and Pollen Resources Plants -. Journal of Api-
culture 2(1): 9-28.

Yun, J.I. 2006. Climate Change Impact on the Flowering Season
of Japanese Cherry (Prunus serrulata var. spontanea) in
Korea during 1941-2100. Korean Journal of Agricultural
and Forest Meteorology 8(2): 68-76.



