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ABSTRACT

The characteristics of growth and chlorophyll fluorescence was studied from three alpine
plants (Tofieldia fauriei, Adenophora taquetil, Chrysanthemum zawadskii ssp. coreanum) from
March, 1998 to August, 1999, in order to develop the adaptation of alpine plants to low
altitudes. In the low altitude {(150m as.l.), the growth patterns of alpine plants showed
sigmoidal growth curves without lag phase. Flowering periods are shorter while seed
development periods are longer, in contrast to them in alpine habitats (1,850~1.950m a.s.l.).
The photochemical efficiency of PSII, Fv/Fm, was slightly depressed in midday (12:00~15:00)
in low altitude. This midday depression resulted from decrease in Fm combined with increase
in Fo, suggesting that alpine plants are chronically photoinhibited in low altitude. The Fv/Fm
values of alpine plants under low altitude showed negative relationships with temperature and
light intensity, with positive relationships with relative humidity. Therefore, in order to develop
the adaptation of alpine plants to low altitudes, it seems to be important to screen the strong
light and to keep the temperature low.
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¥ o BHads Fd 44 59 AERH
a1 - o o3 ARest A G
(Beatly, 1974: Weaver and Clements, 1966).
by AL fxek WS A o 2
Zaol LY 4 UEF YA w: BE
Al g4=x <A (Mooney and
Billings, 1965).

A, Yutd ez AAY wd 3AR2 F$
& AE ExAdrl deixr yeulH w3}
5 Yoludr} (Seifriz, 1935). ZAA &L HAY
A Eoll vlzte] AAFgo] Yon gAo] FidF
o el FAU Q2T FokeE S4E 7R
3 St} (Atkin et al, 1996). L3} |¥o}
FH ®HollA A HEI}E o2 cuticular
waxgE 7HAZ Sl A% F& Az £E
£4-& & 4 9l (Pilon et al. 1999). w2}
A, 24N ELS 42 &5, M, A% dE 4
g 5 F3 $Hd &slo o BHH a9
ol oa 4% Wl ¥edx & 4 YA,
YR TAYEEL Ao} T g% 3§
Ao g8zt B e =234, 127 ¥
ool whel A4 ES 9L F4A}ELE
ol 7HAA sof ¥AALEZRE] BIFY
(Wildi and Lutz, 1996), 34 19 uh-3E4<
wjAQl D1o] Bzl A4 &ol vldted |
o] FdAE Y £ e Aoz A
2k (Shang and Feirabend, 1998). 3}A)%t,
ojg} Ze HAto] WHE TAA B4 BHH
o2 Yo HAAAE g Fojr}

ghultxo] HEXdE TANEL 383FFol9
(2, 1942), 2 FollA dihollE 130% 77 B2
e ez nas b Uk (3, 1989). 14H4
9 U3 fAAYgez #8357 A% A
A e AAY B dY HLAolg @
F e, ol A4 EY Aol Az
EA4ll P AFE ol §8 AAoldh v o],
gebdoll= 59%F9 AN E Yx, oF
753%7 VAL £ 48 F FEEE 9
Z Atk tEchd olF TAE FdlE EA

2
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o,

4gol BT FEU7 AW AE o4 T
of Yol (T £ 1999), ol &S AR HA
N HSAol BY @A77} "edd 12T
A4 AN} e THY AYAEL AU
¥ 4 A& A7 sislolob Bt ma, 34
AgEol AAdlA 4T o BelA WAL
MY AEE o] oHANE wEE e
AT BAREH A% 27 ohiz} A
£ 3 $8% A2E AFTY Roldh

debd # dFldE Batd AAAeA, 1
92 AR L4el4 Aen dE 1A4E
4% 9 4FL8F B4L zAee, BRea
o Wbl tie TAANES HLxHE welm
A st

As 9 9y

Ay As

B d7e NEY dddld A2t eERE
(Tofieldia fauriei), 4% (Adenophora
taqueti), ®et+482 (Chrysanthemum zaw-
adskii ssp. coreanum)s FA4oz A
(1.850~1.950m a.s.l.)k AAh (150m a.s.l.)ol
A AAE L A2l 4§ 3 F 5Ly
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Thermo Recorder (T&D Co. Ltd., Japan)$}
A4 A7 &454  (Sigma 1. SATO
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st2lAt TAABO ALY Mo e o7

d54Y3 &3 9 £4

4543832 Plant Efficiency Analyzer
(Hansatech Instrument Ltd., UK)& o} &3}
oo, 15~2087 #& At HH A
¥ 1500 gmole/ni/sec] FFE 527 243}
o Fv/Fm, Fo, Fm %9 9&48% H+E
43384t Nonphotochemical fluorescence
quenching (NPQ) 4#&% 93 Fm’' & =
Foll HEH Y& ol &3l H LA el 4
71% doe &% Fme o/ £33 1, NPQ
¥+ Stern-Volmer equation (Fm/Fm’ - 1)&
2 A2&3% -t (Krause and Weis, 1991).

A Fay e YW= 19994 79 9~129 3
8Y 10~13Y0ll 2417+ 7+A o2 4ATT B¢ &
Al 4548% (Fv/Fm, Fo, Fm)3 &
A9 (2%, Ad4EE, )39 A4ABAE
Y FF2E d4ez SPSS program
(SPSS Inc., Release 7.5, 19%)2.2 £43%

A7 24 2 24

A zA= 1997900 ZH A Bo] &= 2}
AR} AAR 2HA HKFL TAYE
A AAeFe] F5T A EE 5~107MH4
3] A3 g, ZAH AEAE %‘-ﬂ"i
19981 3¢ RE 19999 8¥7A AIFAUE =
Apat o] e,

o] AL Hze o] FHHE AR
Aol aslE AJ7AE 15~20% A2
4%, 4=, 54, 94y Hol §& vernier
calipers (1/100mm)& o83« SFAssch
M3pFo1E Stololl gt AsE A H A
8ol 80% ol4¥ wE TWAHAVZ BT,
FAAAZE 4 F doj7t 9 = T2
b EMoz wigslE AFAMAE FAWEE,
3 o3& AsdAlz FHs 283

zo{»

4 3

gdaqde AdH W3}
TAAE A (1.920m asl)ek AAN

4 (150m asl)d #7898 =8t cH(Fig.
1). 71€2 AW 2464 dAHF 206C=2
=18l 37C R 17CU =7 %x]s]q, Ay
FEE 37 M1%2 AYA Y 679%82c} =&
A% F AY 2% oo e HdEEE
FA 5 et

Az e 71 1¥eo] HF -90C=E A
ggton 8¥el HF 145CE 7t ek =
3 o HH7LL -165C, Husee 21.0C=
vl 2g 3, AYRdA 49 F2E7 0C
o]3}Ql 7lZke] 4A4Y (1~3¥, 12¥)el} S
t}. B3], o] 7|7tell = ulio] AFA E& o]
diEeloz AEMol| 4FH oz AEA 7}
A LEE AA 2xHc ¢ 4§ ez
ik =3 o §AH A A AEA
7} e 929 5= g SRS 4
3 g2t H3 IHCol olarix ek B
EF 8¥Yol 798%= 7HF Fdvd thEEo
65% o449 Hzd ¥ 5§ ®AHAL
a2y FFdE dAe wislst dsA ey
A FE9 W3l Zo] FA YelUyE E4E R
Aok (Fig. 1A). 34, AAN 49 71L&
wyel Alel YA Ay oz A4z 7

B g4 FREJeH, 7THe] HF 8CE 7}
A %2, o w9 Hure HHIL 7He
LEAE 10Coo|el, AuiaEE  wdel
atg} Zo)7t AT 70% oldel #A=HE vl
A 52 4uigx & Jdehlie (Fig 1B).

S Ade &4 BA4E vz 29, A4
Aol e AAe e} X wWdZo] IH,
AAd A vlsl 23 E71& A7 AH
o2 ¥ AdEEE pod, el Fof 9
oA AEA A BHEFETF 0% ol
A&sE 945 43 oz gL Ao As
ok a8 HA A AL ¥Hd A
glo] v ¥ 259 AdEEE #AA
ot w2k Az 249 87 =A4L A4A
o oY o FE= FAR w22 E FA
FAso], AHAA T2l o FAAES
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Fig. 1. Monthly fluctuations of air temperature (O) and refative humidity (CJ) of alpine habitats
(1,920m as.l., A) and the greenhouse in low altitudes (150m a.s.), B). Data are expressed
as monthly means (from 1997 to 1998), and the upper and lower bars represent maximal

and minimal values, respectively.

< Yolredl azH
Ak
R A3 44 F7

AAd B4 HFAHE doprr] 93t
#HL 150mell A 2AeNA A TA4E
& ooz d9 AR AR FARAY
9 A4 BHY 54L& 2A% YA
A Aete AE3 vzt (Table 15 2).

TA4E g AREHE =A% A
(Table 1), AL AYANAE fE7],
A¢B%7), =371 § Ale FRo| F3¥
ol Wt AAd Aol FE7171 9ol 2
g A4 3718 AH =30 oz A
54& 2ok AAANAE HEYH] HA
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Folzi, do Fa8 ARAIE Fol wg o
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A= A 4o zele TAAE oy
& AAA A wld 30~502 FE Azxvt U
YAy AA4&es 93 T8z, J9 Ho
Fo] o}F FA Uelykrl o4y wo]ZFo) 2
AL AN 255} AEHoz ¥4 #AF
o824 Az7t Alg wAsEdAd z2dE Ao
2 g

_76_



Erohit nAAE| XML Mol BB AT

Table 1. Phenological diagrams for leaf growth of alpine plants in high (1,850~1,950m a.s.l) and low
alttudes (150m a.s.t), 1998~1999.

. A May ul A
Plant Name Altitude i Y Jun Ju =
EMLEMLEMLEMLEMLEMIL
: iy High n -
Tofieldia fauriei Low — -
.. High .
Adenophora taguetii Low -
Chrysanthemum zawadskii ~ High -
8Sp. coreanum Low = B

E, early: M, middle: .. late.
. lag phase; T}, exponential growth phase; W, senescence phase.

ol Fol#d AMA wrh AW o FoFch wrlol,
fet7dzE 108 SeRE 129 2674 %

AR 24 A 244 gL ME o FAA
A zAste A9k vl stglct (Table 2).

Table 2. Phenological diagrams for flowering, seed developing and ripening of aipine plants in high (1,850~
1,950m a.s.l) and low altitudes (150m a.s.l.), 1998~1999.

ul A ;
Plant Name Altitude ——4. - A Sep Ot Nov o Dec
] B ) EMLEMLEMLUEMLEMLEML
R .. H o s e e -
Toféeldia faurici ‘g R
) ] Low T r—
B }'h&h P -
A T——
denopham taquetit o T
Chrysanthemum zawadskii -~ High =18 o
$SD._coreanum Low .

E. early: M. middle; L. late.

-, flowering pericds: =, full blooming periods.

=, sced developing periods; M, seed ripening

a1 Az, gEREE YA Y 789
ol Zel FAYw ARl AAR wck dF A
e 2y fetFExE AAAGA B
ot 3R 717 Kol 9Y o] Fofl Ho] Fich
a8 3, AAd 24l AE A37Izte] FHShel
H&o| AHAdHE #o| UEE Y2 A2
zAs e, ol 1A Eo AAHEZ &
< o JvehdE 54 Aoz #Adsdd
(Stenstrom et al, 1997). AA ] AlA9
FAude ReERE7 8Y F&E 98 F
742, AAdE 74 deiE §¥ FdeA

pericds.

St AAA moh ERargel 2Al o FoiH
oh 293 EREe Azl AW LAAE
AR w2 Aoz AU,

d54 33 9wy

AR f7Ae A dolr ] 913
Ay 150mell XY/ A BR/IHIL Y&
FANES Ao JELY T YHE =
Asta ARl A Zbeke A2 v ZE
(Fig. 2).
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Fig. 2. Diurnal changes of environmental factors and chlorophyll  fluorescence parameters from
the leaves of three alpine plants in high (1,850~1,950m a.s.)., A) and low alitudes (150m
as.l, B). TOF: Tofieldia fauriei, ADO; Adenophora taqueti, CHR: Chrysanthemum zawadskii

SSp. coreanum.

Aol Mo L=, JlgE, FFo dui3l A4
£ AW 7t 4R Yl tKol Aol ze
= SAellA Y 7 eqlel wWol: ule A7 A
o2 Jeyd 945483 3 94U 7-8¥
of gtetFAxe} Aozl =t do] Fo e
U2 e G4ReA A EAI7} e 22 ]
6~33C. ¢ 40~98%= dxxst =ZA
Ebton, #eke Ao 2,000 #mole/m*/sec A
=F Bt a8 geERES} AgE 23
dlAe FAol vjdl =7} 15~20CE g,
Fro WIEL Aoton AFL Hol 200 #mole
/m¥/sec AEE uvebdch Ty Yubyes
2x9 FEHgE 12~1547HA Ftsidds} o|%
Zaste Aoy, AdGEE FFoly 2

=9 vkl FaE vepy o

AR ol A TAHA R Qo) dFaY e U

& zA% 43 (Fig. 2A), Fv/Fme =&
AEo A 12~154] Alojol]l Yol AHEYL B
Ak #7387 Fv/Fme ¥w3tE vlwsid
ZE A B4 FFe 2x9 wislet: whdd
4€ Jebidh JeEx Adadiek de7Exe
Fv/Fm 9H¥i3t: 4oz dusisl g4bs
o, BEFE Fv/Fm ¥H3E Adg
o] wiste} 93 A& RolA gol M
Aol wel Fv/Fme w3l k4] e
Yebdes Aoz mlch J2y 3] Folal
£ 2% Fv/Fmo| Zase] 347 doju}
T LR Holn, HFFeo wizjaat ohz &
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Blapt iAol MX|C) X0 aE AP

29 $E9E TAZE A Aoz goddd,
283, Fv/Fme #4aA wedE, 4zds
$e7A2 25 Fodt FmE Z4ste veh}
' Y443 A7 dolve Aoz weldg
(Krause, 1988: Osmond, 1994).

AW 2-olAe PR uwy IR
HIE B JF4YY] wdele FAE B
o esA & 4+ Uk (Fig 2B). ©ifo]
&4 A 2EE 19~28C, #EE 65~98%°l
o, BB Ao 500 #mole/m?/sec2 UebgE
d, ol2|% }AZHLE 24 #H=HE U
Hog zAYo sy 7~8¥dl A4HoZ {7
slgich ol & MAd 2A4elA JF4Yte o
H3e RE 4El4 Fv/Fmol 12~144lel] ©}
& olA7lE WA AwtH oz (089 HIE
#A sl Fv/Fme #H3tE Adigxe 94
3to} fAE T FF x| wdiele Wil
Aot 182 AAR AA Fv/Fme
&t Fme #48 Fod Z7tdl s 2A=A
t}, o)9} e AzE Fv/Fme 77t A4
e Fost Fmel Zr&ol o zadtd 3
o A L4 E Fod %719 Fmel #&

ol sl zAHE dB S4E ue) Ao A
B B3A Aol wet Y Folzk gAUE
FodA) 712te] deA vehie Ro2 uid,

4S54yt AeAY FRAA

#4290 Wl TANE ASAEte B
AE Yotryl Ysted, BH A JFLP
sto] 43¢ EA45Act (Table 3).

AN Azt gektB2e Fv/Fme
LEGE 5% +ZolA &9 AUBAE, 4
29 1% $2A4 Ao 4B AFS
gk dach} selFAze Fv/Fme 23
£ 5% $ZolA &9 A AFsgich
I8y $eE¥Ee] Fv/Fme LE9 Ade
£9E §94o] gt Hoz veyen, 3
B 5% 4FolA A AuuAG AFHA
o. 183 3% 2% Fox #4834 &40l
gt Heozm ushten, Fme Huyez
Fv/Fms #7adzte 4nszAe 438 &
4¢ mgch wEd, oY AAE Ed=
Fig. 2Acld RE uis o] AAA A &
£} o] FolAL %ol Fv/Fme B4E

Table 3. Correlation of environmental factors and chiorophyll fluorescence parameters of alpine plants growing in high
(1,850~1,950m as.l) and low altitudes (150m a.s.l)

High Altitude Low Altitude

Plant Name Factors"’
Fo Fm Fv/Fm Fo Fm Fv/Fm
T -.138 187 316 -.196 -527° - 553"
Tofteldia fauriei H -150 -.223 -.110 -.050 391 695
L-l4 a7 390° 146 -.168  -480
T -.243  -403" -.291" -.169 -6417 -795"
Adenophora taquetit H 150 3417 .338 .241 652" 682"
_____________________________________________________________ L -08 -200  -191  -.167 -627"  -790"
B T -.245 -.449 - 436" -278° -813" - 810™
Chry;:;’”;’;’:a’;’u;"w“dsk” H 163 5427 588" 283" 803" 786"
’ L -.092 -313 - 363 ~-.220 -.780"" -.799"

Significant at the 0.01 level (2-talled). ~ Significant al the 0.05 level (2-tailed).

K T, air temperature; H, relative humidity: L, fight intensity.
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#H, AAd 246 AeE TANEY I F
£33 fR8Ae] AJUARAE £A4Y A
#, AAA oA 8 3F ZF Fv/Fmol
1% #FA x93 FFaes §o 4WE 1
ol2, AdlgEodes Ao AUE HAd ol:
Fig. 2BellA xi= uio} o] &x, #Fe F7l
o AdlEEY ZaE FuElE 2ol ugs
At Fy/Fmo| Z&deE Aoz2 & & U
182, For #7423 #o4e 8t Az
vetton], Fme AW¥ ez Fv/Fmd 73
205 AuA} fA% §F4& B

r

et AARE Mo EAE o)folH 9|
I, Fig 1AdA AY dH9F 712 37C=
ol Yol AEo] Kol A4H Ao
g ¥ 4 Uk DANEL oY I
A S =& 3y ALE HIATIHA AE
dstcl. gEilole 59F9 TAA B BX3
I den (2§, 199), ¢ F HSEHEE
TR U4F (2ELF 175, FE£F7 5F)9 4E
& Aoz ek AABA G A A P
Az BAda A3, FAAEA F9 A4H uA
H EA4E 243K (dolet ulAlAl). 1 &
3}, 2GR A A B MR AXHo
49 24BRE] Ao 8¥ Fe7A o] FoA
ot a8y 2 AFATE 6¥el FAFHez
o] ol v, Foll we}l ctk Aol Yoy ¢
9 F8 AAYSLE 0~608 Arel2 veh] ]
ad e ARANE Zx U (2, 1999).
et TAAEL 3Y e AlZuE ARz
84 ZF¢ol viA|zte g #etFHz FERA
5ol M3t o] FoiAEd|, By 7~8¥d F
FHoz At Aoz mysl wiyh Qld
(& %, 2001a). 183, 284 TAAEL O
BB 2271 Assted 302 359 7] £

5o HE 717 el FAF W AL
2 Jebyd (3, 1999: & 5, 200la).

H, 454G 242 489 4% (Long
et al, 1994), ¥d¥ #%4 (Kamaluddin
and Grace, 1992), AAxAA e SHLEH
2 (Lee et al, 1995: & %, 2001b) $3e
Ag dotred oj&5n Uk £ AFolAE
4% I ES dAoz AR A dF5L
yAg =4 B4 (diele] vlAlA]). 2
Az, JPA a&E JehllE Fv/Fme el
B3 5 5%Y 2EHY FH¥YF 5 5%9 B
LH77F 070~0.792 o, Azl 5 14F
o 2EFS EoiSUFE 080~0.842 Hll
EAse Aoz Jeyd a8x w33
Q ¥¥Pad 58, & NPQ: H$av+d2s 2
ol Aol zgte A Fo] et AT
At L AU SRl ZAetEs 4 Edl vl
AdiF oz gol FA 19 37|77 $dd
Ro.g ek (3, 1999).

FANE] AAY G HFAE gol
27 gt a2 150 moll $1AH -4 24
F9 A4 B AZ4LE zAEct 1 A
o}, Aoz, 2z, T 5 UE 744
B FAE Ao & olFojARA At I
g, 4% o]FoixtiEE i A
B2 AAAAY A4 HE i EEA
AR o Hl# 30~5048 HE ¥4H Azx7 LGA
don AdHoz & wHo|EE JAE A
o2 Jepydeh w3, ®e] gl 77te] BE
b ol Xeo YEE A JEelyd, w2t
A, DA E XD B A2 HSAHAE 7
Bat7] fated AR 24l vlwH H ol
A sl eEedx, 4z, elTEx 338
AR dF4LYF F4E =4 BYESd
ARl A2 o E4yF Yl Fig 2BollAl
AY FAIZEe] Fv/Fme Z4&E Fod %718
Fme 4§ FuEed 24" 34
(chronic photoinhibition)oll 2)3te} G4 &
go] Z4sE Aoz Yy olad wAH
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f2HAt DA 2| MELY M0 B8 o7

o

1 BeAlE BA N9 wgF4del @A} =
= ¢4 g8 zdslE 422 (Anderson
et al, 1997), AEA FFA 715E& A %
RA 7= A& & & YUk

Foll wizt Wg o) 4% £ gE FAHY
Ho fAAHQA Rolol4 JAHAE A
(Ball et al, 1994), Fig. 2014 A3 3738l
o] BPA AL JF¥L F& oz Mol 7]
4 % 873890 A S Fod AYH
4z g3 Aoz Hoixid AFajle] of
Ex48 3l ouE J¥E FEA AHEH
Table 37 Zo] AMHoz Fv/Fme Al
59 Ao Ang, L9 FFE A9 4
¢ uvebdch dfo), AAAAE Fv/Fmat
FF 1% $Zo4 g9 A4FE B FF
o] F71¥4% FAA7 WAslE Aoz e
g & 257 3 o] BE4E AAE
AFY 4+ Ae Y, F FYA YL FHolA
T, AdEE 5442 FP4 5ol ARNE
Yyehliz3 glich 1 3 7Hd Fe8A A&
E 7e9e 7129 Aoz A Ed, ol:
Fig. 2BollAel 7ol 27Cell4 300 #mole
/mi/secB RS G FFAAE FAR L LA
sl AezHE ¢ 4 Utk olz2RE 144
E¢ AHAANNA B8AD o &M 223}
728 B4l oF FAAE H& FE Aoz
gk w2hA, HAdA DAHE HF
AL Fol7l dalAE A F4E AHAINE
Ax FadAw AT 5 2 LEE #
A7 e Aol Fad Aoz fiid

N

2 <%

A4 g AN $Hol W HeHE =
A7) gal AW 24 (150m asleld T
HANEY 4% L AF2YT SAE 2k
A7) (1850~1950m asl)eh wlZaigich A
Aol A TS ARALE FE717 2ol

A¢4RA7NE AH k¥7lel olade 1%,
M7 zke]l B Ee WER Hgted, FAY
g 7)7tol Ak AAIIS) F3YH HE F
Fv/Fme AW 24614 3% =% A7
(12:00~15:00)ll ct& dopziem, Fod F7t
st Fmel Z4E s BA4HY BAAE
of7l3te Aoz BE ek 18%, Fv/Fme
Ao exet FEAs Fo 4uE Ade
=9 9 4g 2ok weA, AN &
AolAd mANES HEHE Feolsl AMAE
2% FAE AT AL B AT F
¢t e 2EE FAAIE Aol F4Y Aoz
#HA =gl
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