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Differences in Phenological Phases of Plants Subsequent to
Microclimate Change™
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ABSTRACT

This study observed and compared phenological changes in the spring for some native woody plants growing
at Mt. Jumbong and Mt. Bongeui located at central districts of our country, and also inquired into the
phenological difference subsequent to microclimate change by measuring its related environment factors as
well. The average air temperature at a survey point of Mt. Jumbong from January to May in 2004 was 4.1C
lower than that of Mt. Bongeui. As for the soil temperature in April by a survey section within Mt. Jumbong,
the soil temperature on the west and northwest slopes was 1.8 C and 4.4 C lower than that of the south slope,
respectively. It was found that the earliest tree species in a flowering period was Lindera obtusiloba among the
sample woody plants and its flowering began in late March at Mt. Bongeui and in early April at Mt. Jumbong.
The flowering of the same species began faster on the south slope than the west or north slope; in case of the
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tree species flowering in early spring, there appeared about two-week interval between the survey sites.

Likewise, leafing time of the same species was two weeks earlier at Mt. Bongeui(in mid-April) than at Mt.

Jumbong(in early May). Nuttonson's Index and Year Day Index for the flowering and leafing time of the same

species showed similar value between the survey sites. It is analyzed that the transition in phenological phases

between the sites is mainly caused by temperatures; further, it is implied that the climate changes and rise in

temperatures could expedite the changes in phenological phases more than ever.

KEY WORDS: FLOWERING, LEAFING, TEMPERATURE CHANGE, Mt. JUMBONG, Mt. BONGEUI

ME

SHERR A Y2 AL WAFE T Bof wolst
of 4& U £5 99 7hEo] 4& Hojxeje A8
H(phenology) B4 1 F7|& vehdich. &, 244
- AEo] AdE et Fr1H o8 vehs HataA, &
of, M3}, Y3}, MY ¢ FEY HAR RS S Qlrh &
Aol AEAELE BE271 Bl I3 skt A
S Zsh, 7heol GEa g2 A9l

Ad H3g Wgs] et AEAES ARt
ofue} theFgt e 2l o I A7t AR Hct AE
of Mgt H A FFE F= IAIAE &k, o8, F
S, 53] AL 9 FHo| 227t 7P wiztsk aclojot
(Lee and Ho, 2003; AlZ=3F, 2003; Chmielewski er al.,
2004). 58 2ATIAY €00l ALAR RS B 50~
10013 ool 415} o] M| FEE wi7FAF| AL, AF2E
& Ha 2~5C AsAd Ao g =A% cHHansen et al,
1988; Washington and Meehl, 1989; Mitchell ez al., 1990).
olgfgt tf7] CO» =Y F719 2= A5 AEAH
23t HEE 2T 5 itk F, N3 2 AHEVE o124
S AT AL ZA81(Pacz ef al., 1984; Lee and
Ho, 2003; A8k, 2003; o]¢d %, 2003; Chmiclewski
et al., 2004), Jx3} AHoz A7 AAAFICH
(Melillo ez al., 1990). 33, 3h-20j x| Hoj|A] AlZQ] 27
Azt Ast % A2l 9% w5 184S ST
(Cannell and Smith, 1986; Chmielewski er al., 2004). A&
Ae] YAAT Weke AT B ABAET 247
2 23 o] G 0L J1E AL BREe
o1& 4 girt.

Chmielewski et al.(2004)-2 E U4 1961 ~2000% 2|
40 F3F 7120] 1.4C F7heboa 2~499) B 7]o0)
AEAEY o MBS el 2o ARYL B8
o} 259 Aol wEH, 2~49 Hit 7] 1C F7he
229 7S oF 52 WA ik

Lee and Ho(2003)= A-&A] 7|20} 1960 At & 1970
tiell Hla] 1990t HAFH 1.0~1.5C F7I8t9a,
1961 ~2000E 2] 40 S<F i3k 717}F Avke] 10, 43
LHRe} BARER 5~8Y, oAU 394 HebE S-S A
AT &, B TIEA7)7L olE 5 deE T Wik
oS FEekr) 15 B3 ALH 7)20] 1T F7ige
wheba 5 A 109701 e Aojetal B
shich

Z5FEHAA e, vdUR F 4758 ddes
NEHA 715 d7et Aol 2 H(AF3E, 2003), 1966
ol 5¢ 15% oA, 2002 oll= 44 30 oA 7z}
Mehe faste] AstA 7|7t et 159 A= wahgoh
2o ke F2 1~399] 2xo 9ste] 2p-E=d),
2002 72 A)7]o) A& Bk 7122 1961~1990% Hif
EH 14 3.7C, 29 40T, 39 3.1C zkz &9b51, 1~3
o xR = 19661 o) ]3| 200219 56.7C ©f Wkt

gl A7H1993)0f 2J3HdH, AHF 7]20] 5.5C
ol & Kol FEhI(11.8C)a A (6.3TC)9 H¢
Y $59] 19924 FA7]= FEab ol R
FFof bt 8~24Y Wik F A9 7+ A7 Aol
£ 0~2248 NEA7Y AHTE Al g, 252
Fote) HEAE UBF 712 0T ojite] A2l dF
Akgekx](Year Day Index: YDI, 4o &, 1983; 4%
A, 1986)2t FAatAEE N HEAZIG AHSAIE A&
3} H]i= Nuttonson’s index(Tn; Nuttonson, 1948; ok
of 274, 197771 B F-ETE AAsHTh

0|9} Zro] BA AE9] AFIASE &= HItel T
AL 9l ALE RuEd, olg IF TA= 71 AITH
dog gujElo] Tn, YDI 59 A7t A= Rict. T2t
e AEo] FHE Aol 4T LEARE o &
sto] grom, AR Q] FHF el &L A J2E B
et ABAHEL 7|5tk ohfe} v]7| ol FERe
o Y Folu Y AYgolet ik, A, ¥k, 7HX| 9
A ol mep 2 A7)7) Adold 4= vk AET et - E



u]7]% #H3lo] wE AZAA Ao] 223

(1985)7} etrke] o} AlHulelo) wWa Age e}l B2
-'1 7H§3( =1 7“% hﬂ% ﬁ-—?—‘G}— v} 010\,} %?%FQ X}M

n71E st} ARAA WRATR FE FU Al
oba & g,
N2AR 2A|E AR BAslel sl Fe) A7E

(YAt 259, 1977, AEs9k e, 1985; T4 2k}
%, 19915 wIEu|eb A, 1993; AW7] 5, 1994;
FEXNFA, 1995; Aw7iet A7, 1995, A7), 1998;
Chmielewski er al., 2004; http://web.kma.go kr)& 7 E35}
9, AWskel, ), A7) 5 AL Sofrt EEED gle
o, ARt G AR SR gt 71E o) At
w2l AolstAL BERHste] AEAY A7EE duby
o8 vd‘_njlr 715: n:muz;};\} oro. }\mo}o T}, 7]'6&@}9}(
25 A5 1T o, AE B} Fol8 vigs) e
A EA o] et rhoFstar 242 L:rL—l 2 Aol A|

FAF BAE vlEH AEAE 24 718 HHT Hevt
oh:}.
o] HAe Sapkel 2Rkl 2peix] e kgl

Z*E"h} EAAY AFE Y BTl A Cﬂ”ﬂ
2 54 A IS st 89 EAAE A =
stof 1]7|%- Zjo]of = HEAE wste] e -‘?—’%‘OF
£ Zoit AR fﬂr—e— o71% 5 AEAE HalY X}
ol Wil ¥ X% T AEAE WIE 7129 o

3 el =4S —’T—‘RiL} u7i o] whE AEAE Eﬂbﬂ%
AR O] B AES Z3she & AL & 718H
ARsto] AeAo] mAz G Hoste FaT
R ER EgH7|E 7|ggich

-P'

o

AL L bt

EH
o x oHd

1, ZAK| ¥ BEE MF

ATPARE AR REUel FUE A2
ABAK38°02'N, 128°26'E)3t SAIK o U $|ah 2
Alo] %—QM_}(WOS'Z’N, 127°44'Eyo| gl thFigure 1), AEAY
2 U5 Y 2 SANE QAR 2A YR
2 AAE Adgdoln, ok HiEka LrA} e
£ 24 FoR Aeltg o),

AuAE o 2R} Abuel, T2 7] H
Az 42 TS e, BRI 3L, &
ool 27040] AEAH ZAF(1Smx15m)E Zk2F 9l
A WSt AR 2 3AE SEnE 800~
850mofl $IAIB1 ZAFE) AR A 270, At 22°,
AN 33°0)30T Holite] ALL UL 260~
270m, ZAAI7E AT 43°, HAFE 3002 K] HEAL HA|F-

e el
[ Eid
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Table 1. Species and diameter of specimen plants in study plots

Site Plot Species Diameter*(cm)
Acer pseudo-sieboldianum 3, 13, 17
Prunus sargentii 5, 26
South- facing Lindera obtusiloba 2, 5, 4
Quercus mongolica 10, 37, 53
Styrax obassia 9
Rhododendron_schlippenbachii 4
Acer pseudo-sieboldianum 4 8,1
Lindera obtusiloba 2*, 2*, 2
Mt. Jumbong  West- facing Quercus mongolica 6, 22, 32
Styrax obassia 3, 5 5
Rhododendron schlippenbachii 3, 4, 2
Acer pseudo-sieboldianum 9, 15, 19
Prunus sargentii 4
Northwest- facing Lindera obtusiloba 2, 2, 1
Quercus mongolica 33, 44, 47
Styrax obassia 5 9, 14
Flat Rhododendron mucronulatum 2*, 3*, 4
Lindera obtusiloba 5, 4*, 3
South- facing Quercus mongolica 26, 42
Rhododendron mucronulatum 2*, 2*, 3
Acer pseudo-sieboldianum 6, 7, 10
Mt. Bongeui Prunus sargentii 5, 7*, 26*
. Lindera obtusiloba 6, 1, 3
North- facing Quercus mongolica 24, 26, 3
Rhododendron mucronulatum 2*, 2*, 3
Styrax obassia 4, 17, 2"

*: It indicates diameter at breast height except asterisk which stands for diameter at 15cm above ground
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Table 2. Growing conditions of each study plot

Mt. Jumbong Mt. Bongeui

South West Northwest South North
Altitude(m) 800~ 850 260270
Slope(®) 27 22 33 43 39
Tree density(tree/100m?) 18 24 15 8 13
Basal area(cm’/100m?) 4,000 5,600 2,700 3,300 3,000

Crown structure

-Upper layer: Dominated by Quercus mongolica
with 56~87% coverage
“Floor: Sasa borealis with 60~80% coverage

-Upper layer: Dominated by
Quercus spp. with 71~82%
coverage
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Figure 2. Changes of air temperature in early growing season of 2004*

*Source: Ministry of Environment(2004) for Mt. Jumbong and Chuncheon Weather Station for Mt. Bongeui
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Figure 3. Difference in air temperature of west-facing
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Figure 4. Changes of soil temperature by slope direction
for Mt. Jumbong
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Table 3. Beginning time of flowering and leafing for study species in two sites*

Species Mar.

Apr. May

25

S s T 15 25

Lindera obtusiloba

Rhododendrom mucronulatum

Prunus sargentii

Rhododendron schlippenbachii

Acer pseudo-sieboldianum

Quercus mongolica

Styrax obassia

*: B4 Flowering in Mt. Jumbong
B

Flowering in Mt. Bongeui

Leafing in Mt. Jumbong
M Leafing in Mt. Bongeui




228

N

r i
ik

re

R
e

3 e ake) ) 22(3) 2008

1 o2 B2 T 4G BE Q7RI e, HiEAk
M 48 2208 1 719 Tae 20~26C-2, YDI=
103~134°C-21 9]0l gle. Bolibol A AR 39 20
ol EAPE 34 2742 Tno] 17~41C-4, YDIZ} 128~
187C- ol oiek. ADeH o) 9L A4 49 16973
9 Tno| 63C-2, YDIZ} 207°C-2Ql A7)0, 20JAlofA]
HAME 349 304, AR 49 3YUE Tno| 58~67C-4, YDI
7} 220~249°C-4¢l A}7)o) 7hstgcth

Ol MBI AE 7 1~259 ZfolZ KA,
AZE7IRNE 2 B ) HALE Tn e 5 S50
A A9 ZF SASHSLE YDI el HE ATt Bolit|
A ek B A, WEeiel HAF1993)e N7
o5 o Tnol YDIETH B Sa3HE A4 ) olrk

FE5UoIH Aol stu(daAet 259, 1977),
7RO ABHE Tn 24.7£17.0C-8Q) AJ7]of, Hga)ol
Az Tn 65.6:23.8C-A21 A|7]o] o] 2ojgirt. £ ei7o]
A AR o5 $%2] ABkA7] Tn Ghe AsAT Aol

Year Day Index (C-
£
<
<

(J S S — N
1/1 1/151/292/12 2/26 3/11 3/25 4/8 4/22 5/6 5/20
Date (month/day)

oy T
T T

Figure 5. Changes of phenological phases associated
with Nuttonson's Index and Year Day
Index in study sites
Legend: Beginning of flowering
A L. obtusiloba
® P sargentii

0 R mucronulaium
B S obassia
Beginning ~ end of leafing o—o
Changes of Index

Mt. Bongeui ----- Mt. Jumbong

fArete, A7) Heke 7123 dAT el e A
22 sfMETh AP G720 XY TF tha
Aot & 44 Fol WATE LW H(Figure 2)0] <f3)
FoRes 29 walEo] 77] flEeR Heloh

MES GF 55 ALt A GE=2 o fARE 717
of olRolFE=dl, 1 717He] Tnd HEAMSYE 2&)olA
134~1950C-2, F-oJAtoll4) HGPAI7I4Y 13~16%) 134~
164C-4 9 AEE7|(4¥ 20~23%) 211~238C- < HY
ojlct. YDI = HgAtollA 348~444C-<, F-oile]
A QA7) 365~410C- @ 7WGE7] 478 ~5207C- o)
ek AGAIZL Al A ZF oF 259] 2pol7} lglon,
Tn 9 YDI= A e2 GARE S Uehdlch ol
Bouk AGE719 Tn ¥ YD} FEAbECh ohd &2
A, 2 off= B ALV B 48 T 12¥
ol oF Aoz HALh o]9} Zo] 7 A oA HEAH
A 719 Tn B YDI Ffo] fAtstglal A3 d-+23tet
= fARE deloldeh A= A9 7t A wle 2
7l o8l FEFE e Zler EA"rh

-

2 A+ et SRAEE
o =ARG ARl BelitelM
3 AEAY Wi B ulueky, dY SFUAE o
ZAste] u)7|$ wisle] mE AlEAE AJolg FYSHA
AEAE ZARE AEE ) wet FEAte) gAY,
AAPE B BAARE ] 3, Brofate] EAbE Bl BARH S
27)ax0lgl e, 2] 7t oF 550me| ME=AE LERth 2
A BEERLS G AW, AU, SR, A%
L, deE 9 &) 75 677040

HEAE A 20048 1~59 Bt 7122 U 2=A;
AEck41C o Wola, A9 7 484 7|3k AR
2B AALR H& Fioh 2AHE B 83U &
A A3 Y A9 Wold FAME 2A7E EF AR
7| &o] ok Eth BEYRE GA] HAMH 2ARFIA 7}
& Ekom, A 7t Zpolrt 7129 AeEY HE F3E}
ATt

REE T M7 M ol8 B2 AR Bt
oA 34 sk, FHEAtolA 48 2ol 742 THES AT
Y 5 M7 AHHLE 7|20 T2 FoAe]
HBAET Fa 150l 2L AR, JEd F ole
B NSkt 52 A9 2 of 259 AolE e
333, T A Wolldes Aot BAtET dAbd
okt ZHBHA|Z17F % BRTE DA = oA kel A
44 S, AeAA 58 2eclden, FY +54 AY

i

PR A HeAt

A
B AYSRS gz

I



u)7) % A3t e AEAE Aol 229

A7) GA] FBAbETE goitolA 23 Fx wch

Met S AGA7IE A 7 1~2532 ZolE B oL,
3 A719 Tn 9 YDI 32 59 5004 A9 7 ARk
S Vel &, A9 7 AEAY Hike 2 250
o3 GRS W2 Ao FARY, o] 7|TRizel £
EAgol B AEAE Hile] A% ulA 1 AVE @
AEch H& A 5 QlE& AlARte) of#fgh Wsh=
=AY oA Zo) A% YA TUHE wiRS AES
ZF ARG 9T X V1E QAL BEE &2
T 4= YUtk BHARE 23 AEAE Helo] it A+
AR AL FF 71FHneL AR5t} Fad /N R
z %%—% A& Aot

= A A 2AR-O) AbHERlof wlet o]l g gl
AEAE Histo] Aozt et AL 9 2E0] u7|%
HolE AR AS81A] 23 Aol 2 Ao Ae
Eé AE71 23 AN Aol £33 7)1 4AbRe] MY
b 2o 7t frAkelgl o, ofof 7123 Al EAE Hsle] 4
TS TFER Aol 259 A 71 Zpolof FHE T4
FF, AL WF AE5S 23T AV BUHES
3?‘ A

ﬁﬂ 1 o= gi UV]-? Hslo) mhE AEAE Afole)

lo .{op

N ok o%m .S;L rL r\1 n
JI- -
mfo
lﬁ
_gl
o €
ofi
3:

O
U
E
ﬂ
Fir
54
ol
re
-1
- oE N
>
i
&,
o

:an

¥;}

AE3, FHE(1985) Trekitke] Twof b2 e &2 7|
S NG A7), AR EE]A] 8(1): 53-59.

FEXZA(1988) EFBFEHEA R, 4504,

FE2AEA(1995) AR H AL A&, 603%,

u], A 3(1993) & B A B st st o 1 s e et
3]7] 16(4): 477-487.

A7), A A, A eE(1994) 2B E, Y, I
E71 S AEAA 15 2 CAD o] 8of 3tgt A g st
314 8(2): 65-85.

A7), A77(1995) el 27 450 A} 2 Shalo] Tt AT 3

2783 %] 22(4): 149-160.

AH71(1998) 2R 7)1 HE 7|17

AT A o] 8-S
A%k A&7 9 g BA, skl v

12(3): 195-214.

A
&

A
AJ24H2003) 373 Asho} 2 o] el H SACH LTS g3}
AL S BADAE, S8 2 A1 IV: 65-86), &

L

o5, AAA, 29, £581(2003) A S A He|| vhebt gt 7
Z8} ok S| AEFSI R 13(1): 468-471.

YA, PR, AYF(1983) A9 257 TR A AW,

SHLAIEEH]A] 26(2): 101-117.
oA, 2FA(1977) T35 HLTEL A8 2
e EFS A] 1(1): 17-43.
QJoFA(1986) BHEAL A1 2ol Astol o)A = L/ Fo] o B2
F5}E| 7] 1(2): 67-84.
A7), TE(1991) 4R dgARe Aol wEt A-H(D-7H}
71, A&7 12E AehgS S0 2. Qb 2] 11(2): 118-124.
S 5(2004) A7 AT APHARY- AR 34 329
Cannell, M.G.R. and R.I. Smith(1986) Climatic warming, spring

budburst and frost damage on trees. Journal of Applied Ecology
23:177-191.

Chmielewski, FM., A. Miller, and E. Bruns(2004) Climate
changes and trends in phenology of fruit trees and field crops in
Germany, 1961-2000. Agricultural and Forest Meteorology
121: 69-78.

Hansen, J., 1. Fung, A. Lacis, D. Rind, S. Lebedeff, R. Ruedy, and
G. Russell(1988) Global climate changes as forecast by

Goddard Institute for Space Studies three-dimensional model.
Journal of Geophysical Research 93: 9341-9364.

Hstod. =

Lee, E.J. and C.H. Ho(2003) Climate change and earlier spring in
Seoul. Proceedings of an International Symposium on Nature
and Society in the Changing Environment, Seoul National
University, Graduate School of Environmental Studies, Seoul,
pp. 12-17.

Melillo, J.M., T.V. Callaghan, F.I. Woodward, E. Salati, and S.K.
Sinha(1990) Effects on ecosystems. In: J.T. Houghton, G.J.
Jenkins, and 1.J. Ephraums(eds.), Climate Change, Cambridge
University Press, Cambridge, pp. 285-310.

Mitchell, 1.F.B., S. Manabe, V. Meleshko, and T. Tokioka(1990)
Equilibrium climate change and its implications for the future.
In: J.T. Houghton, G.T. Jenkins, and J.J. Ephraums(eds.),
Climate Change, Cambridge University Press, Cambridge, pp.
134-164

Nuttonson, M. Y.(1948) Some preliminary observation of pheno-
logical data as a tool in the study of photoperiodic and thermal
requirements of various plant material. In: A.E. Mureek and
R.O. Whyte(eds.), Vernlization and Photoperiodism, Chronica
Botanica, Waltham, Mass, pp. 192-143.

Paez, A., H. Hollmers, and B.R. Strain(1984) CO; enrichment and
water interaction on growth on two tomato cultivars. Journal of
Agricultural Science 102: 687-693.

Washington, W.M. and G.A. Meehl{1989) Climate sensitivity due
to increased CO;: experiments with a coupled atmosphere and
ocean general circulation model. Climate Dynamics 4: 1-38.

http://web.kma.go.kr/edu/unv/agricultural/season-
ob/1173374_1389.html

http://www kma.go.kr/sfc/sfc_03_02.jsp



