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Abbreviations

PSO : Photosystem 0O

Fv/Fm : Potential quantum yield of PSI photochemistry in the dark-adapted
state

Fo : Initial yield of chlorophyll a fluorescence in the dark-adapted state

Fm : Maximum yield of chlorophyll a fluorescence in the dark-adapted state

Fm' : Maximum yield of chlorophyll a fluorescence in the light-adapted state

Fv @ Variable fluorescence(Fm-Fo) in the dark-adapted state

NPQ : Nonphotochemical fluorescence quenching

NAA ! e —naphthalene acetic acid

IBA - Indole-3-butyric acid
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Summary

In order to investigate the environmmental adaptation of the alpine plants to
low altitude and to evaluate the values of plant resources, this study was
performed from June, 1996 to August, 1999, on 1) the flora of Paeknokdam, the
crater of Mt. Halla, 2) the characteristics of the leaf development, flowering and
seed development of alpine plants, 3) the characteristics of chlorophyll
fluorescence from the leaves of alpine plants,

The flora of 162 taxa distributed on Paeknokdam was composed of 49
families, 121 genera, 125 species, 2 subspecies, 33 varieties and 2 formae, of
which 28 taxa were endemic to Korea or Cheju Islands, 36 taxa were rare or
endangered Fifty—nine taxa were identified as alpine plants, which composed of
32 families, 48 genera, 40 species, 2 subspecies, 15 varieties and 2 formae. In the
habitats of Mt. Halla, most alpine | plants developed from early Aprl to
mid-August. Particularly, leaf growth were mainly observed at June and leaf
growth periods were 30 to 60 days according to species. While flowering periods
were shorter in low altitude than that in high altitude, seed ripening periods were
longer in low altitude.

The photosynthetic efficiency(Fv/Fm) in habitats was different with species.
However, Fv/Fm showed positive relationship with relative humidity and negative
relationships with temperature and light intensity under this research conditions(l
6~33TC, 40~90% and 0~2000 M), indicating that photosynthetic efficiency is
proportional to relative humidity and inversely proportional to temperature and
light intensity. In the low altitude, however, Fv/Fm was inhibited even in low
light density, suggesting that the alpine plants were under high temperature
stress. Most alpine plants showed dynamic photoinhibition with decrease of Fo

and Fv/Fm in habitats, whereas they showed chronic photoinhibition with increase



of Fo and decrcase of Fv/Fm 1n low altitude. Nonphotochemical fluorescence
quenching(NPQ) was higher in sun plants than in shade or wetland plants, and
was higher mn alpine plants with dynamic photoinhibition than in those with
chronic photoinhibition. These results indicate that alpine plants such as
Chrysanthemum zawadskii ssp. coreanum, Potentilla stolonifera var.
guelpaertensis and Thymus quinquecostatus etc. with high NPQ are highly

adaptive to low altitude,
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Table 1. The abridged list of the vascular plants in Paeknokdam, the crater of

Mt. Halla
Fam. Gen, Sp. Ssp. Var For. Total
Pteridophvta 4 8 10 - 1 - 11
Gvmnospermae 3 3 2 = 1 - 3
Angiospermaec
Monocotyledons 6 24 25 - 4 - 29
Dicotyledons 36 86 38 2 27 2 119
Total 49 121 125 2 33 2 162
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Table 2. Frequencies of species in life form categories for Paeknokdam, the crater

of Mt. Halla

No. of Life form"
species  pp E Ch H G Th HI
Paeknokdam 162 24 1 11 71 4] 10 4

(%) 14.8 0.6 6.8 438 253 62 25
Alpine plant™ 59 8 - 2 40 4 5 -
(%) 135 - 34 678 6.8 85 -

" Apine plants distributed in Mt. Halla.
Y Ph : phanerophyte, E : epiphyte, Ch : chamaephyte, G : geophyte,
H ° hemicryptophyte, Th : therophyte, HH . hydatophyte.
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Table 3. Usefulness of the vascular plants in Paeknokdam, the crater of Mt. Halla

Usefulness’ E M P O I N U
No. of species 66 75 15 82 10 17 40
% 40.7 46.3 93 50.6 62 10.5 24.7

PE: edible, M : medicinal, P . pasture, O @ ornamental, I industrial,

N : nectar-producing, U : unknown.
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(62%) 0.5t 7H¢ @& v &S A &Ht o] o ok§o] 75%(46.3%), +-&o] 66F
(407%), L&) 172(105%), FxE0] 15F(93%)22 e, ofA7A &5E
42 %abe AL 40F247%)& A AT ojeh Zo] WMEFARe] AAANE F
753%7F BAEeIY A& 5o AF AAAIE dv Ao vEWd ey ke
AEES @4 F8atA ol &3 E, FAHeE F&3E YA 7AHY2E T2
ul, o] wel A7 Fdd wie oo f-Exge] #H £ vt 53], WEFAd
A Eo] B2 Hl&R XAsa g, §

bl
A48, EEA7] MeA T AU & o HE AAH A= ofF mro dH

ole} Zo] W& Eah-vuis= vl dAFE HWAH(2] ha)ol 162% ] ThFE 4
Fol ZX6ta, o]F 17.3% % 28F 9 B4 EFH 222%%] 36T A EC] £X3}
T AE Bt ok} 753%9 A Ee] FEAER ZAME ALH LA} ok ol
AEgdde] 429 A R A e Tl uit AAHA dst a7
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4. 8 ¢

Fhebit A2 27 le E¥shes #EAEL 497 1215 125 20HF 339
T 2FFOoR IR2EFLY RoR AR o] § SA4I L AFUAHE § 28F
ez, AAHEL Evst F 6ToR FASATL o A BEHE uAAE
327 494 40%F 201F 15¥F 2% =<
o a3 162F Y AE F HAFHEe] 438%%]
R, AFAEo] 253%%) 41Fo2 YEygr nAAEe diaoz & A8Fe
LA FA L] 67.8%2 40T R EE ANE AYAL nAEY WS
Bl AT 162F9 #F8&=& @80l 82F(B06%), 8ol 15%F(46.3%), 480l
665 (40.7%), WY& 17F(105%), Hx 8ol 156%(9.3%), TPEol 10F(62%)0.2
vebh dEgAre] AYAE F 753%7F AUA FHATF Qe Ao e
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ukA B A7) Egke HAFY, AMV L, BT, EGSE, v, 11
I F FEBEA T A A add g3 1 BESH AgdHa v (May and
Webber, 1982; Billings, 1988). 3F%| %k, k2 &2 olz]g I3t &7 wfgh 23 &=
T H3 Azhe wEA7IEA AESgch 5 LANES 9uA F2 A7
WA I, B&Pel ERFolAY ZAEH AL JMAYW 7 dAY £ g
A sty §oh(Billings, 1974, 1988). =3 A4 Y BEFi= o 71840

o] F#olZ F Ago] AL} wo] mowAM ZA] JlststcH(Larcher, 1995), #v of e}
DAY A8E HAg HEdE e cuticular waxd ZFR 2 o] A3 R34
7+ AW o Zadle] e Foju UV-Bel 7 dsjel £E4EHMS golin

(Pilon et al, 1999) &H, DAHEL AARHER vwdte FHHez ¥ A

m]ru

AFEE Holi=zd, o) ¥ JuUAAELS FFYEo] AARAELY RS P
ofvict FFAYNE F Ao m o B 4& sFow Avlstm, do Aok
A5te dhd EAU WEE E7iAY)E= BEAL 7] WEos 9¥Aw Yri(Atkm

et al., 1996).

g, depit WS gddidd s 59Fe S Ee] EEstn =, o] F 67.8%
Ag A nAANEY HHFEHAS BRAF3 Qlt)(Agakhanjanz and
Breckle, 1995). @hehat Fanel stest 71, #& ASAS Zat ug, BFAG

AENE, 2931 J1F 248 48 Qa5 /14 2% Ay £4 $9 @

b

7F X F A EE

d & Aog BQlvkE, 1998) &L} o}z

FE BEE Aotk BEd B AvE e AN uARe] H5RYL
shersta, mAHES AFEHE W TANEY WA AUE AT AEF v
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2. Al 90

2-1. WEgGAddo 7|4 =A

weEgelgel s44-S deolwr] 98te] 1996 9YEE] ST 1920 m FEAY

B gl AAAz7|LEFEA(Sigma O, SATO KEIRYOKI MFG Co Ltd,

Japan)& H3Astn A&HFHoR 2= A JdFEE FANUT F3E AEE 7Y
A4 E R s 8He HAHAE o] &t o HT 2k ¥

B #oR Atk

dAow FA% A 34

Ho
it
o
BN
>

2-2. AAANN ] DA E A

1) d7A=

LANEY AEEYE Lolry] st depak WEgddgie] AENd RAH
Folod(Appendix 1) TAAE2 AGH 50F F otdle] 2B F 17F ZEH 5F
ez AEHEE AR

ERF; EtF F(Alhwm taquetii), 325 M A (Aconitum napiforme),

it

lio

o}-7 8 & (Chrysanthemum zawadskii ssp. coreanum), %2t & %
X(Tofieldia fauriei), <FvV|¥|F(Hosta minor), ATET+AZE
(Trifolium lupinaster var. alpinum), 73 (Adenophora taquetu), 4
¥ =(Primula modesta var. fauriae), 159 % (Anaphalis sinica ssp.
morit), 3 e& e (Leontopodium  hallaisanense), 3 v9) % oj
(Arabis  serrata  var hallaisanensis), e} 2 mk(Aruncus
aethusifolius), TN Euphorbia faurier), T+ %0l % (Pedicularis
verticillata), T & # % (Scabiosa mansenensis for. alpina), $ 2%
T A (Silene fasciculata), = 71 % 5 A o] (Aster hayatae).

HE , W (Thymus quinqguecostatus), 3ol (Lomcera coerulea var,
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edulis), &\ (Vaccinium uliginosum), "W S (Salix hallaisanensis),

= o V5 (Digpensia  lapponica var obovata).

2) B33 =4

19973 7t A o] A& AWAE AAstn vy AFdFo] #5 JES
10704 A=Ested EXE A, 19983 4958 19994 882717 HAE H2AE F

o AKEES AT 49 A Hxo o] E@E= AHFH APl
ABHE 7R 15~209 Ao G, 4F, 45, 99 2ol §
calipers(1/100 mm)& o] &3t} Z4stHrt L AxEB 7} o] Fold 2 E77F ¥
AEle A5 279 A4FS 2480, N2 d& LoA H&FE it &
g2 RE Qo dol8 HASFHY WAL NormanZ} Campbell(1989)9] #H-S 7]
28 AEsgo. &, 940 HAEEe ¢ A 49 ey 540 wg A4
9l e 050, thYd EE FEA¥A d& 0755 Fobe AdstAv =3, F3
A4ExE S dold 7] #1359 SPSS package(SPSS Inc., Release 7.5, 1996)& ©] &8t
of HAEAL At

vernier

o

3) Ast 2 AAFV] A

MatE71= stololl dist A5 E =Abg 5 Jlskge] 80% oY WHE =i
A2 B3, FAAAFIE £4 F Dok 9 £ FAVF SMow AR
ARRAAE FARER, 1 oFe Y4z TR ZAS QA

rl

2-3. A5 AR5 FARAEAH

AYA NN 2% &5 Ei Aese Aaze] Fus Bisy. £xg
A= HEHAAAN S48 4R E 4T 2ANTIS FU@ 15~20¢
RAoE TR AFRE 42 H PLINe YAVAE ENPT LE B
A& SPSS% A packageE o]&8te] EAM3gdct,
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3. 4% 2@ ug

3-1. MEFdde] 714

ghebal GAR-9 7128 dFHF 37CeR AFAY 167C Kot A ko,
FHFES T 67.9%2 AFAY 726%9 A9 828 tHTable 4), 3449 7|
L& 190] ¥ -90C= 7H3 ¥gton 840 H¢ 145C% 74 ok E£3 o
HA 7] &2 -165C, Ha7)122 21.0CE Jebgoh AR A 4% ghgdo] HsA 2
T ode] giiEelrg dadxor A2 seAe 5= -20T olsrt @4 #
AT Aok vddng =3 FH ZF FHsA AEA} 9 99 exp
HHGU SHA 4Fs @t dxn 3BT oz7lx a9 Adsss 89
798%= 7} Eded dREo] 65% ool fFAH: Bl L F#x2 A
Rt 2ot sl o) wEsE AetA dElUdAM e Faie R0 Wi
Fo] AA v 54 % 2o

ol 213 V|4 EAAS AFA22 m asl)g vt B o Agyt 7|22 130C
b ke A EE 5% AN/ @kt HlE AFA] AdEng AugEs A
F7b @A degurle ddou ol ol A Ag A AeA Ausnst

90% ol4 A& E At Ao Be Aow AR

3-2. 1A EY AKEA

1 29 BF54

bt Ak EY] ARE dAACR 49 2R A s 89 Fa7R o
FooRg ey de Fa APV 690 FFHoE o]FAAY, T ue i
2 zteli dov o AFUFE F2 30609 Alel= VEhd wmd e AF
AT ZEaL ARAH(Fig. 1),
Aol RS 71EeR g 5 gy T AFEAHL AEEY, FEYSA

simica  ssp. morri), St N(A serrata var. hallaisanensis), 7S RHA.

E

lC}
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aethusifolius)7} 7v3 o] 2 A vlel 49 z 4o Azx7} 2€std 79 FE7A A 4ol
ojFolHrt FEURLS WEG AN G4 FH T YA A FR FEso, 4
4 2E5Y 789 B do Ao o]feiXn 58 FHFE 749 2ehA 504
QP WA o] o)FojHsL, 7H Fa olF A9 =it ANFEAG A5
¢ HF 229 mm163~287 mm)el L, ¥FL HF 55 mm(27~80 mm)olr}.
T A5 4 277 st A veikEe ), ojH 3 ztole 2&E A wet
A77F 7] g wAg Roz AzoA 2 L8 452 o AV o}
A7) WZolth(Fig 2-1). et shepad Ao 42 A= Yo Ag
=, 49 BF2 7 F74A o] Feja, ¥ 5HuUA e Ago] Aol gl
7b 64 &2eHHE AT AFES Holye A At 4% Yo Aol #HT
235 mmeol, §EFL #HT 110 mm, F8o] AR 47 mm, G547 HT 05 mms
e tHFig 2-2). gEsrie A4S dAAdd 52 ded, 99 44e 74
To7bA 08 TG Qs 58 Fod 69EA} AFESLT B Ao e
o s g9 dole Mo 430 mmeolxn, HFEL HE 240 mm, ¥ HT
400 mm=Z Yersith(Fig, 2-2)

4 FeAd e @SEA (T fauriel), &80 3(H. minor), 48 %(P. modesta
var, fauriae), $te-5T (L. hallaisanense)$} tjREe] ZR3271 A4S A zebgch
dEdEe A3 229 W B FE Bxsied, 7€ 5744 29 AFe) o
Folt 3 69 A AR ol the wAEE, 234 99 ALE o] A
Zlel F2 Asdnt o AT AEA duo] wa @ o|F Holizdl, A
7t o] ¥l HEANE WFeR Aol ExS o F%e) HF 399 mm(19.7~686
mm)e]l i, §EFL HiF 35 mm(24~49 mm)E BHT Ty 4ol B e 9
9 4G Aole obF A UEbRH, ole dol FEAoE FYF MAFE 1d
A EE 29 ol S do] EAEtY 23 ARe] zdlE 402 Hddo(Fig. 2-1).
FH 2= NEg A% A x2Ao FE Aged, 9L 89 FEA A%
o AR 4@ 4% T 336 mm270~380 mm)eln, §EL HF 129
mm(8,0~16.0 mm)E VEGHFig. 2-1), Az dHI3 B 29 T U=
T2 FEshz, 9o 4GS 449 SERE AlFAEHo] 69 sEAEd dRE A5
o st 942 B 256 mmelx, 9L HE 192 mm, Gl W 347 mm
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2 geo] Yy or 4A A 54% 2 A2 vEsoh(Fig. 2-1). @24t
A Rire] dzg 4AH Eo z2Ad e dohEoald o 4GS 8Y 27
A o) FolAn], Hsd Ao} Zole FT 330 mm(21.0~41.0 mmielx, FEFL HT
105 mm(9.0~130 mm)& vepgth e A&d el Zdelsh Ho] ielrt 1A
ek, ols AAGY TAde 2] ZAoldl &) zed Ao AAH 24
Auo way ze 9 A& RAWFig 2-2). EFVF(V. uliginosum)e 44
Rizel dARd Fz aee, do 4FL 89 FEAA o)FAAALY 54 FTEHH
309 Ftel #=2 AFstAvh 45 A9 Zelw Hi 126 mmels, FFE Bt
93 mm, 94L& #7155 mm= JEbRch(Fig. 2-3) Ed A9 442 Yo 243
mmz Aol o} WA uvelgton AFYARE 155~363 mmE AE ] FA
FHo ERUNY 3 Y 2x9 @y ofF | o]FoAT o vebwrh
W E(S. hallaisanensis)S et AR ZoME GM A T2 ey, o] 99
aAW AT AS Fe AN F2 At 4o AFL 64 FEAA o] F
A 59 b Fobo] oiRE9 Age] @mFUT HA=d de Zole HT 420
mme] 2, FX¥2 H¥ 272 mmE BAE o FHE W 93 mmE UERH £
3 SA¢] dele BT 356 mmrt didel AFdE AoZ ey th(Fig. 2-3). &1
3} (D. lapponica var. obovata)s THERiE AAAF T d¥el HEAsle FE A
o, oo AAe 598y 74 SR F2 AFeG, A & delrp HT 260
mmE YerWZ, 4&& Ho 97 mm, §FA7 T 033 mm, o] B 247
mm=Z XAEUR, A= HT 1760 mm, FAZ B 06 mm=2 A} AR
[Sa=3 4

49 s e wAEEAON A hayatae), XN taquetii), ek A (S
fasciculata) 59 HNzx7F E@sHEAM Aol o]FoA=H, wMEHEA)E AYET
o] NG Axg 2R F2 e, do AL 8 FeA XHHoR o)F
ojAizdl, 59 Y AExe AR v 2L Yo AL FHEAA A
Aok A= 4L 44l HF 138 mmE YE UL, %2 55 mmE YEET A
Fos YEG AEAHY FH 5 UAd F2 E¥sed, 9 548 2857 H 7492
7h A st om, 79 19748 459 F¢ FE AR Aew veEwd 4ds
3 o 93 B 221 mm(151~275 mm), &S T 103 mm(37~16.6 mm)
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2 LE[LE zbolE Rl ol ojF dlo] F/]o] Sy Rejdf upd Aol=ma F
71 FRS 29 Z77 AR 2 dhate YR HE dddez &4/ #Ee
Ued Aot} Hgo] §Fe ®gEo] 458 Ao Zo|E Kol AL 27 4%
2 45E AJY Ak 4o HWE 27 WEelvkig 2-2). Al @
At AR A A Fi e, geo] Mg 5Y 2N EH 7T 25744 o
FolAt 69 ZERE 30U Fetel FiR s AR vt 45 9 4
e YW 459 mmel L, =& 40 mm= vehgod, el A% Hd 650 mmo)
MoHA 330 mmE BANEC] 2 AolE RATH(Fig 2-1), ol 449 49 =

A 717 G2y wgo sdEnh Ado| (L coerulea) Febat AR <t
Azl F=2 2dm, 49 4L 49 257 H 89 2&7A oFAY 68 2N
Bl 459 g<tdl F2 AZd A=t o] Aol HT 275 mmelx, g% H
155 mm, §¥& 256 mm=2 WEbFOH, dFAE 99 A7 A #AG] 02~
03 mmE BEAHIig 2-3).

590 HolEWAM S ERH(A napforme), W2 3T quinquecostatus), T
NE(S. mansenensis)®] 2AxPAde] AlFdE & bR F(A taquetn), ATETAE
(T, lupinaster var. alpinum), S RI(E, fauriei), TS50 Z(P. verticillata) 59
Nzggdol Azdn. dHENFe MEG L7 GAREA F2 Ao, 42
88 T Aol Aol Extil, Fa AFATIE 69 FTEAA TN 4HY A
285 AEd Ao g3 Wit 467 mm(32.0~60.0 mm)o| L, ¥ HF 420
mm(34.0~56.0 mm), §¥ 133 mm= ettt 53 Fi9 AFS 58 2ERE
Al Zste] 8927t dAstoln, FRAGL 64 2EFEH 749474 604 Akelel o

A o] Fol Mt (Fig 2-3). WL AN $29 2128 2Ad Fa2 Ao, o
o] 4L 49 FeRd 74 2E7A olFoAH 54 FEPY 64 FE7A 309
e 2 st ASd Yo 942 HWY 83 mme|Z, %2 AT 3.8 mm
2 EAEAR(Fig. 2-2). FEAFEL A AT YA F2 A, o9
Ae 58 2efH 78 FE7A o FolAn 69 Fold F2 A4t 449 o

o 42 Hd 283 mm(70~160 mm)el 2, %L WL 107 mm(23.0~350 mm)
= ebdthFig. 2-2) BERFE ST 20 ZARA F2 AR, 4
g &30l 49 4o) Aasiol 88 Feg 4Pl FRUAG F2 4P



= 6" FEAAl 7Y Fo7A 308 REL vGebgth AEg el dA3e WHw
2138 mm(150~271 mm)e)i, G H# 167 mm(15~18 mm), AF7A= Bt
112 mm( 1.~12 mm)=Z Jebuoh(Fig. 2-1). AFEFAEE HEd M J4dd)
Ao F Aged, & A ol Fi FEFEHH AP Sl &
Zo] WEsT EIEE AXZ Ak Do BAFE 59 2aHEH AEe 79 28
7hA] o) Foj AT} YT oiF el AFe] o]FAAH, Y5 A& 1Al HA 144

mm, JELS BF 56 mm UEthFig, 2-1). FRF e 44 09 A6l ¥
2 Aehed, Qe d¥ol @AY HF 15 mm 43 FL S 2=d,
HEE Agshe Ao

AAe 59 2Ry 79 257kA o= 69 " o A
2 eyt A4 9o Holes d¥F 122 mmelxn, 9% 7 68 mm=2 Ve
. TEECIEL e AR FdAA F2 Aeed, 99 4FS 5Y ¢
Be 79 2R ol Fojxy 5Y FERH 458 T FE AFe] oFojA. A
%5 49 Zolx HF 400 mm(27.0~670 mm)el L, §&FE H 223 mm(18~26
mm) =2 YEPgtHFig. 2-2).

6ol 4%7F Ed3e= Bz YEH MEAYL U F WA F2 A

= S} T A R(C zawadskili ssp. coreanum)ld], 99 AFL 649 2FTHH 8Y F

£ oFolAE AoE dekth 44 2 @Fol B 156 mm, FEL 9
T 159 mm, 8L 143 mm7tx] AAsgch 283 53 o] FHoeh A W
A 3ol 103~20 mm, BFo] 110~200 mm, E¥°l 11.0~160 mmE ESich

(Fig. 2-1).
olsh go] xBF& EAFRAY), AFYTFAE, TG, FEEE, TEA
Z %9 gol o] ¥BY, ZAEFOL o FolXt 4Ze] Bor, FEHE
Fohg] B3 Zol 719 AFE Y& H4& BREvh ZERFT wHUF, A
o 2o TEAN £ E2UY Zo] £ FL BE
Aoz e AFANNE HHEH, ol nAN &) AL Fol o8 Mg L7
To= fAdd v Larcher, 1995).

A

2) N3}F7]
ghebal MEg) TAA ] )53

rr

Mad FA dehgedl 39 ey
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Leaf growth patterns of alpine plants in the habitats of Mt. Halla,
(1850~1950 m a.s.l.), 1998~1999,

YALL : Allium taquetii, SIL . Silene fasciculata, CHR . Chrysanthemum
zawadskii ssp. coreanum, TRI : Trifolium lupinaster var. alpinum,
TOF : Tdfieldia fauriei, HQS : Hosta minor, ANA - Anaphalis sinica
ssp. morii, PRI © Primula modesta var. fauriae.

3 : leaf length, [] : leaf width, . petiole length.
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Fig 2-2. Leaf growth patterns of alpine plants in the habitats of Mt. Halla,
(1850~1950 m a.s.l.), 1998~1999.
LEO : Leontopodium hallaisanense, ADE : Adenophora taquetii, ARA
* Arabis serrata var. hallaisanensis, ARU : Aruncus aethusifolius, THY
: Thymus quinquecostatus, EUP . Euphorbia fauriei, PED : Pedicularis
verticillata, SCA : Scabiosa mansenensis.
{3 : leaf length, [ : leaf width, . petiole length.
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Fig. 2-3. Growth patterns of leaves, branch and height of alpine plants in the
habitats of Mt. Halla(1850~1950 m a.s.l.), 1998~1999.

SAL : Salix hallaisanensis LON : Lonicera coerulea var. edulis,
ACO ! Aconitum napiforum, VAC : Vaccinium uliginosum.

(1 : leaf length, [ : leaf width, B : petiole length, RN ! height,
B . branch length.
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Fig. 5. Leaf area changes of alpine plants during growing seasons in the habitats
of Mt. Halla(1850~1950 m a.s.l), 1998~ 1999.

Y Each abbreviation was described at Fig. 2-1 to 2-3.
™ Significant at the 0.01%(2-tailed).
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Table 5. Correlation ol environmental factors and leaf growth in alpine plants
in Mt, Halla(1850~1950 m a.sl)
Plant name Factors” Leaf

Scientific name Korean name area  length  width
837 0927 799

Arabis serrata Jal o] Zk-
var. hallaisanensis chmkl 657 512 648
Aruncus aethusifolius &a} ) 5ot Z);ll ggg Z;;
Anap};lis sinica Stewm .98 71‘3 A9
ssp. morii FEES 598 514 580
Primula modesta Moz 960" 953" 939"

767 8907 709
463 haa 521
191 290 252
915" 9117 936"
3 977 664

077 068 038

var. fauriae

Tofieldia fauriei steEl= AT

Leontopodium hallaisanense %24 v}a]

Hosta minor Fold) 5 544 537 36
Adenophora taquetii R ggg* Sg? ?%
Scabiosa mansenensis =1 = 5 861" 881" 763

for. alping TEAX 851° 807 753
Aconitum napiforme FeErEH A 2(1)2 ggi ?Sg
Pedicularis verticillata TEEOE gj? 673;12 ggg*
Trifolium lupinaster . 753 92 610

var. alpinum AFLTAE 484 611 399
Euphorbia fauriei S = ?gg ggé 33(1)
Allium taquetii e R 97 047 167

a7 778" 564
415 327 262
556 282 522
926" 9567 9247

Chrysanthemum zawadskii sha} A x
ssp. coreanum e

Lonicera coerulea ol LI E
_________ var. edulis B 7600 669" 730"
Vaccinium uliginosum =EZ2UuR 808 930 184

296 565 209
674 683 .69l
648 575 623

E'—]EHEHE*—im*—lmf—]m%EH_E*—]I'—]'I'—JEHE%E%E'—HI'—}:E%.E*-]

Thymus quinquecostatus ] gF

™ Significant at the 0.01 level (2-tailed).
* Significant at the 0.05 level (2-tailed).
Do air temperature, H : relative humidity.
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AAEe] AAd A

Hgs gAe F44 29 B ohis 1 HEe AAn b BAA Aad

2L gFgg Bt FYFolgt FNHE IS0 s FARA B x5 FE
B, BEY, 11X, vg 59 FA89% F9 Add g2 YA g 9y
AA4E 7l 24 @Eh2 tH(Beatly, 1974; Weaver and Clements, 1966). 3t o} g}
A2Ee AAE FAGT AW Yir) ANbE 98 B A3 & U=
E FJHy W= B A4 4= 22 (Mooney and Billings, 1965). whelA
ME g AR Fde o2 FAA AWM Fejy 2L My Aolg

YeEblZ E @k @A dig A8 9 F5Eo] mE P 2= nE
T4 Ev Z47 2HeE S 5 @70 ME u FA stk oY vt #
ARgex E7eta 71/ de B BBl AFzAEA AW FE F
£ W37t vujdte] 4EAY 20& dASA FAEE F44S 2vin s
S, AR AAREYG ute g AFE Ao Ryius @A F
g Py Wkt dol ok (Seifriz, 1935). 28] sidao) wal SHZHA Hegy @
Aol ol o)A ™ (4, 1969), L7}t Eoldd wel JAsEHE Aol Ut LA S
< AA g HBlY fFHHor e AFES 2T glon o] FadEd
el FAYG dxrt Skste 54E JkX 2 tH(Atkin et al, 1996), = fPo|i}
FAHJYAA AAA AEFd= G & cuticular waxE 7R Qo] A 2L st
Iz e E4E& S=HPion et al, 1999). ©)Ed EAHL Ao} Z3 FAFA
28 @744 Aetr] @FEoln ozl ARG AZo] HEo #§7F LA ol
o2 dHA gk Zev LA E] A FRAYdezs F4357] 9%
Ave AAW FR g 2gAeladt & 5 e, o] mAAE9 ARG
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2. Alg E 4y

2-1. AAd SN TAHAE AREH 24

1) 974%

A e SAHGAHE Yoty Ysted vHluwy AR dd F At Ao
HFE gy 22F 7FE dAeE RAEAT

g et 3 3 (A. taquetii), T E M A (A. napiforme), e+ 4 2

zawadskii ssp. coreanum), ¥ & 5 & L (T. faurier), £ 914 3 (H.

minor), AT @A F(T. lupinaster var, alpinum), A 20l (A. taquetii)

2) 43d=2

AR el o] A Ee] BFAFAAE dobnr] fsked st 150 mol A7
AFE FEANYL 2404 Age DAES oz dAsad. &2 2 4
FELT 240 A7 AANAT2H5AN 71EE FHAE AR AL L W

438k} o] F3 it

it

WHow 1997 o)A 1998 7+A] Aps s

1

3) AEF 24
A% 2AE Aok 1997d Lol A%F 2 F s YFFol
FEH HES 5-104A4 Adstel A ¥ 10980 3YFH 19999 89L7HA
EAE ABAS FHOE PFYFS AT Do) AFL AAA NN FH
W3k FUsA LA EAT

2t
it
il

) A%t R 2457 24

AT L AAFI) 2AE ARG AT wHos NG F )
ol 80% ol 4d W& WANIIE, FA FHoR I FE HSUAR T4
stof AT
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5) A& A aQe| FAEA

2 HRF e Aode A8E AYF ZAAZIY FUF 16~209
Ao R pitdtel WS AEd F A4HTHe] FadAE BHAY e B
212 SPSSEA package(SPSS Inc., Release 7.5, 1996)2 o] &3le] EA1310v}

Al
~

2-2. LA &9

olN

[

) A5
LA E F @ERF(4, taquetii), TFEEHTA(A napiforme), FE-TEZ(C

R
-

L

zawadskii ssp coreanum), ELEDE(L hallaisanense), 5 A Z(S. mansenensis
for alpina) 5& A¥ste 1997d FAE AT H A2 BTAIAEA LolAH
ol-&etsdct T8 AlLv|(Empetrum nigrum var. japomicum), = 3\}5-(Juniperus
chuinensis var. sargentil), ATAWE(Salix blinii) 52 AEAHEL HAxsle] =4

2 AR @MY 2AHE AAS,

2) wol a4
BolAlFLE 19979 AFE FA4F vhEs 3ol ) @ 24U EA A oF
dte] Zhetel dotg g zAMSAT. ZlWLol= petri dishol =R 2%4S Zm Fa}
YA 3PFow AP & FEFE FEI FAIFIEA 2512TC9 2x9 2500
luxe] @5 stoll A F57171 16/8A12F AN AASHAT LA LopA P
vermiculite : peatmoss . perhteZ} 5A% Rz E%y wUENAM zZtzte] AFHF
e F2 1008y 3o g wFe F RS FESGA FAANNUA A EA
<patel dol g2 109 HALE ZAEAG

il

3) AEAH

AES 199749 59 AAACAA HHIF F A5E YT A2 Azsd
vermiculite peatmoss . perliteZ} $4% Hu2 E3E WAdEAA AAstgu) A
A Ed A g SoERE DolRy] 9de BA, NAAZF 2z 01, 05, 1.0
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3. 4% 9 a3

31 425 AAY §Ad g A4

Ao 2] AsA VI FAAN T AT BE Fd, 295 AU
ATHANA A FAe Ao, B4 B $& ZARSY], AAAA At HEH
vlastvl, 43¢ Ay 257 206CTE ARG 17C7 =4 FAH
FlEEE HE 74%2 AuF wA FAEE AL 160 mol AT 2ol zA
¥ HTable 6). o] 24 #74 Z7A& Table 49 A=A g s o Fe& F
ARG 9 e B FAIES ld &g IANEY ASAS dotReH HE

gAY #Y Hom Wk

4

1) AAdeA o 83

vk 150 moll g AR A A Eo] HAHEHS dolu7] fsto] o
AAdEFe FA4% daFig. 6, 7), THHFE 34 VeFH A2/ 457 Al 4e
A3L, o1F 38 FEFH FAEAT, REFE, @HFFL 49 =& AFET
ARde Az7F AN oS 4L 494 F=2 AFstaen 549
e R Aol #nEA. A% 4o Zol Hd 624 mm, 952
Wt 345 mm, §¥S HT 444 mmE JErEh dgExT do AFL 3Y T
BE A%sle 89 FaAA AxFdes gAsged, 99 AFL 49 & A
1~3g¢] ZejQe] daHAfeH, o]F AN2E olo] ZHUA 69 FTEA A&
Ao AFsE SHE BHAY 49 FEH 69 2R HY B¢ F2 A
Atk dEe o ol H 496 mm, FEL HT 583 mm, S Ft 667
mm= e}

ghepit s gle] B 48 2ERE AREA 84 FE/A &How Qe
At A= e Heole BT 2917 mmolx, gE°] HY 25 mm, GFA7 BT
15 mm= Jebgoh Azd g9 AFe 49 2&REH 64 xeA ZolAFo] o
Folged, 9% Z% 58 & dolAAe] gaEJY N5 d9 Holw
i 423 mm, §F& P 296 mm, §HL FF 375 mmE Yehgrh AFETAE
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Fig. 7. Growth patterns of leaves and height alpine plants in the green house
(150 m a.s.l), 1998~1999.

Each abbreviation was described at Fig 2-1 to 2-3.
{3 : leaf length, [ : leaf width, . petiole length, : height.
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deof AL 49 =EHEH AFA3Y 79 2Ed URE dojAdde] dEFHUCt 4
&g Ao A2 HF 163 mm, GFe] F 66 mmE e, A5 o Aol
T 8T 150 mm, %2 82 mmZ YERT @erdx dof 43L 4Y s
Bl A 2ato] 79 s A] Aoy, 59 FodA T8 28714 F2 Ao o
Folzich A%e 9o 43S HHF 475 mmeolx, FEL 371 mm, L 476 mm
2 vhEbskd

ojg} o] 2] AA pattern Fig. 13 Zo] AAR] A= lag phase, log
phase, senescence phase$] 3@l 9] F&o] F3ld vdle AA ho A= lag phase
7} @l¢] growth phase$} senescence phase¢] 2972 AAsts EAS By 3
AR A LA E HREL AR HF 30~508 BE EF NE7 A4
dow, A& A&de HFo=M AYA A HE YHHoz £ HolEE Ze
EAE 2

2) AAdAAN 22 E9] A L AdAF7]

Zvb| R F 789 LAHES dyem AAYOAAM AEHL FAG A
(Fig. 8), FHlH 3, AF27AE, Add, detSFE Fo] 7-8¥d Fol sgded
A3AIZ17F 20~-309 AEE verbo. v deEA A, dEiE, dd783x 5
2 99 Fo] AYxed 30d F=Y AAZIE RAT 28 AFEFAFE & 7
4 FERH Mgt Agste 74 stegd wAAR vEtgod AT ofF
WA FEHAG B2Y, ARANL 79 FeNE At ARHA 79 sede A
7b FEE o] AR HlE] sHSHA 717} obF FHE §AHE B 28l dERFEe
99 AeiE AFdEtd 109 ezt fedH, 109 357 109U 5o A=
#ZEHAT. AN FETAz, @R FE AWM AYART 309 A%
A Astatgich W, AFETAEFLS QAo ARG 304 A= 4F A
FRen, 42de 159 A% AAdAA 98 A=At 282 ARl Zo]
g = 7)zke] &S Buk ohg £9 WLE A JelEsd, ol zak4Eo] A
Az AL | 29 UE/ G343 #AiFHe BEAHE Ze Aoz dddnh
(Stenstrom et al, 1997).

AAAANA AJFHES T2 B FululFrt 79 stefE ddas] Alze
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o] 8% whzell Aratel U AE F b o2 A7l Sl dxdRen,
dl e 79 steiE wEsk] Algste 849 shEeln g d QAL Holualth
shul ¥y 241 8Y THRY vl AlFEld 99 ool Adaelg e, ahat
FHM T 9" FoNE] Bkl Al 4ete] 109 skl TRt Asekiny e e
108 ZENE 2271 shdabs] A sl 1Y 3o dsste glod 3 &F A

(g 9) el Ayl AAYR: AN 7F FAEEA ) B 4oz Yehukoh

3) AZA g4 a e g

DA B AL AAANA T Ao Fejol we} T Adojd Wl wh
A AAgeME 49 Felodl Aol S wgton], WolXo] ofF AA 1
R HEig 10). oI M7 WolFo] A vehthis AL AE&How 27t %A F4
gonr ANzxs A wAseOs dd Ao gy

Tt 150 mo &HeA Aok nAAEQ] B deEAA, g -rHx T2
B AdiERegs fedel §ie &
(Table 7). =183l Table 59 AR AFEFAE, A3d, sepF Fol
o AT BAVE gl Ao FE vepd whE ARt AE 28 FolAde] flT A
o2 Vel A2 AA )M Table 494 Zo] o]2 BEXRY wud 2o 2¥7 4
& FAH7] fEo2 gy ojet Fol AAKAQ HE 2o My FzA
£ 9 AR QAT ¢ AoE el

eEg 2o RO o)

rr

o

e
Tk
xR
xi

ke

3-2. @ol ¥ ¥A54 54

DA BE Foliz AMA AL Eop AMAZAQ AY ety zA = )
go] 23 E T glou, AgAdAe] FEEF A BHEhZ st DAAE
Aol HAat FAsi Aok olo] i Ee] WAL 9l WelsA g ZFAEIAT
(Fig. 11), 2 A, 71l M8 wel g et a7t B 91.2%, dHEA A7 Ho
76.1%, ¥tFAZIE B 730%, dEFrhEzt 71.8%E vluA L Lol HE B
Ft AFEFS o843 fFTdde HT 20~30%2 7ol Hu} @A ey
o} olo] ¥tste] AlZul FFUT T BEFE HFE 50% o5t Lol B F
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Fig. 10. Leaf area changes of alpine plants during growing seasons in the green
house(150 m a.s.l.), 1998~1999.

U Each abbreviation was described at Fig. 2-1 to 2-3.
** Significant at the 0.01%(2-tailed).
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[able 7 Correlation of environmental factors and leaf growth m alpine plants in the

green house(150 m as.l)

Plant name Factors” Ieaf
Scientific name Korean name area  length width
g N T 725 796 648
Hosta mnor AL SRS S
_ T 843" 728" 737"
y ; Vo :
A(,omtum nqezforme ghab &4 A H 417 493 436
Trifolium lupinaster 4 1) o1 ) T 659 704 639
var. alpinum AzgrAe H -266 -265 280
f ] -.442 -034 -585
29 2 ;
Adenophora laquetii ) H 536 _ 501 504
} . T A58 762 -.087
; -], ==
Allium taquetn Ia s m 008 855 732
Chrysanthemum zawadskii sharid T 863" 899"  903™
SSp coreanum = = H 164 189 .088

" Significant at the 001 level (2-tailed).
Significant at the 0.05 level (2-tailed).
Do
T :

air temperature, H : relative hurmdity
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Fig. 11. Germination rate of alpine plant seeds in vitro(lB) and in the bed of
green house(E).

" Each abbreviation was described at Fig. 2-1 to 2-3
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LAAE F dolsh ol g 4RFA JEAL] 2iEE Az, FPUF 5
of 24 SRR dekel A AANYIG weEAH P Er 42T AL

AxNEA. 2 A3 (Table 8), FLAZ, EFUF, @8] A 45T =3
o)A} AF wro] o|FAXA ¢ WA FFUF, AlFAHE,
DU S S0 Ak AN 7Y HBAFEREEA Ao ue tha Aelrt glov
I 50% o)At WS BYm AR dBEA olFolHeh 53, AlZuiz AEA
719t NGz HED Aol wt WIZgo] T 160~T60%= AolE wiloy
4929 MHAF APE o) £33 05 mg/ 4 NAAY 58 EeF A4 & A4ET 4
2 563%9 W2 & Ko FHFRPoF FAHAYG EFUFE 10 mg/l IBAE 7
e A9 A Fue FHE BY5L, AFAHEY F = IBASY NAA X273t
o BHZgo] 70~80%=2 B AolE iAoy 05 mg/ L IBA AdFAAz 14 2
7, 2719 B Pge] 2 Fuste] WMo HAA =109)E & F UMk

olge] AME TESIY BY dfRF FHEAF, Fo¥F, $o7dE, @
dZ7A, EMEEAe], #eF T iAW AgFEr) R AZDANA Aolg

A
re
=
™
o
il
rr_t

Hgoud AN BANAE MEA Hgo) = Ao BUHYY ZEFE A
S8 EEe Ao FAwelEE o}F A dERm, LY, Azn 5 5

5
Fo YRR FHEe Aew velyoh ey daz ZAE BusyY T
AA A A 229 Aol & A @ Ao FaAFHo] od g F BA
o] =yHojof & Aoz B,

rlo

e
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4. 3 &

}A2 A 2AE AL 150 moll AXT 2AAM e A ES Y=
Qo HAEY 2 ARV FALA 5 GNP BAY 92 5 ZArE A}
et s, FHEAA, Sou R dgFAz, FHF LA, 2A%EHo), N F&
A g AsF7] L AFEA NN Aolg HYou AU FHME Aol
FE Aoz waddd. o dErax, debtie AT AR dAA
AR 309 A =A AgsAct. WA, AFEFAEL AR M AR
o 309 A% 497 Jssigoed, dFde 1589 A% AXdeA dF Azt A
EEFE A P AEo FA Tol&E 71.8~912%= °otF %A JEIWL,
Ao, YT AFAHE §F HE2RE AEZAE9 50% oY w2 gE Ho 9

FP4ol 2 HE Ao gt
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AEe 2Ad zAstA o8] $7 AEd2d 9L wol M@ Gl
U 5a FEde HEARZY Fad Aty FoshvmA f4dacgle w2 of¢
e A g EmE, FEHAFAY FA O L AR2FRE SAGOEN =
51wl Aoz AEE 4 AUt (Ball e al, 1994). ol#d o|fE FEALYFL &
A2 wako] g FA gAY Aol gl JHA FARzEH 2 dF A3 A
T& ATIEd F455 Ak §#3, o] ArfAd FFHA
17l S22 A BFA el ZasA =He #YA @4e] JEhEdl(Powles et
al, 1984; Long et al, 1994), % o9l vig &4A4 2E#H 27 gA 28T o 4]
ZatA Jdetde Aoz B uya gvkBoyer et al, 1987, Ludlow, 1987, Oqust et
al, 1987) ol A Il &3A EFgo] FIa&S Bieta 28 dof dojrin
(Tyystjavi et al, 1992), A= stk ofz] 7bx] #Fale BFAQ 8ol
o FdAF dolube Aoz Buya Jrh(Demmig-Adams et al., 1989; Ogren
and  Sjostrom, 1990). eolH¥ FdA FAHL dAFHA  F YA (dynamic
photoinhibition) 9} 7H3 A ¢l 23] 4l (chronic photoinhibition)2 TFE %™, FF4L%F
& ZHFoeN & F Ath F, FA 09 433H §&A Fv/Fmdt Forl FAlel
Zagt o dAHQ FA A LA, Fv/Fme A9 Fod F7l7k doleg o ¢
AAQ FAAst HAE M Krause, 1988, Osmond, 1994), 38 ol 3A FHAL
Ae do g FFH e RIS Aoz 4oz glvh(Anderson et al,
1997).
FH, nAA g Aok AEe WE 2%, JHE, F§ uhd, Ad
o] glo] olE #FA a9 A3 FFE o] wevtn B 4 QY 6

e R

s

ofr:

oh‘.
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Ak, AR IANEFES ALojd aFel oAF #HFAY et FEEHA & ol
ol FFIAE H3ty] Y& 717E AL A7) W' AeE dHAL NUrk EF
ax7 Foldel wgt nAtdEe] Y& FAFEAE o gel /HAA Hol BAHMA
2HE B3HY(Wildi and Lutz, 1996), AAHWA E Watd FA 09 g
Bl D1o] ¥s7 dAHA FAAE HE £ Uv Aex A A - UK (Shang
and Feirabend, 1998) 3x|gh o]9} e Aal= R AYoA AAFHE HHoz
WRE LA ECA dojubs BHZ @4AAE dFoirt wEtA B 24T
S didez 3 B4 d4S #HE Hart du 6&el, 2 EEe] AR o
A OASE W FoA @eld FRWUSe B2 YA Do) AWFAE il
A AAY @34 AFe ozt T BAol && 7sAS wHseEd &
235 A5E AT Aeth
HEA & AFelAE detl AR, 23 AA YA A gli 2
Az HE4LYE BAE RAEHY, #3789 ®gd o 23459 HI5HE
B317] 93t AAEA

2

1.I]o
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ghebat mAbAEe) PEAYF B5AE YolRy] et HEudue A&
ZAF A3 (Appendix 1) AN EZ #ad 59F9 AE F dulR (A raquetii) T
2559 HES 4oz ARG £ vud Atz Z ey FAdE

ABAE 2 e s 5 1139 HEe gides 2Asd

1AM AELYR 4 A9 3 2L FUsEE 2AREY 229
4+t =& ONDOTORI Thermo Recorder TR-72(T&D Co. Ltd, Japan)Z o] &3
of AEH Folo HMME HAAse A3 m, FFL LI-250 Light Meter(LI-COR,
USA)E ol &3std ZAsArt 42t 7degle 38 4% 1 Haae 843
F &4 A dEZeR Astd EAsc

1) 37t 45493 vln

HE4+8F =24L Plant Efficiency Analyzer(Hanstech, UK)E o] 8319 o
15~20w-%t F& Adstd 438 AN A 1,500 gmole/m/sec] #HFE 52 ZA
st FA8 AT AMEe FARLF(A taqueti) 5 2BH5FANA AR E wmEFHO Uis
He WAerR AVE 3PAE FEstd o859 NPQ(nonphotochemical
fluorescence quenching)?] 4t&L Stern-Volmer equation(Fm/Fm'-1)2 2 AF&3}¢
t}(Krause and Weis, 1991). Fm'®] A& &dge Hgd & o] Lata AL
A flo]l 47 Wyer SRRAG
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2) 9454940 4z

H2AgPgo] st 19999 79 9~1297 89 10~13U0) 2413 A o=
2473 FA st NAaT GERaEFe 7 vl de dvgeE 248U A
S+ 39 1850~1950 mol| 3t AR 9 &L 150 me] YA AFL FEAF
2 P Alete A ES Ao R w7z JAEA gL AR 4E 279
mzh 3 AR tEse A

3) 71489 2 ARdAG 45483870 FRRALY

714aql, AFEAt dS54aE e AARAT 1999d 74 197 ¢ 8Y 28U
A &A% A3E 7}A5L SPSS 7 package(SPSS Inc., Release 7.5, 1996)& °l&
ate A sk
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3. 473 9 nF

3-1. 45494 4z

B3, 25 AgEe nAAE do 22949 dWEE 57483 Fig
12) axtfel 7142 A2 A7) dite] AQAdA FF, 2=, dhFgze] 4¥
AL Aarzl 4x @ tgol Aol Az YAd @& 7)4AaY
dolts ml¢ Ad Rez Jeurh 424283 33 @A 7, 88 =AHRA o,
b FAdz, AR S Ads Ho) IR A e AKX AEAV} PE
57 16T ~33C, €571 40%~98%% duztzt @A Jelgoern, #Ie HAd
2000 4M HAEE Bt J83 FEFE To] A FACA:= FAA vl
2Lk 16~20CR W, Fw9 ¥sde FAgltew, e Ho 500 M A=
B dedd ded dbyoe s Sxe #Fe A¥ 12~16A7A Frletes)E ol F
Ardte Aol dusse FHFolvt =9 v BFS vhebnh

AR A AAE Qo] FEALGF] dstE ST 474, FHAY BES
Uetdl Fv/Fme EAKE4o] 5 RE AEqA 12~154] Afolo oiA= Z¥
S B 7304 Fv/Fme #3E vustd AFgrAEg A e 48
oM F#HF 2xeo Wzt WwEAS JE e wAsRge], de+d
Z, AAANE Fdgd dustsl FAE R, SHEFE, AFEFAEAE
AulF=e] wste A ALE Ho|A ol AefF] X wet 2 A et
J@u Fv/Fmel o] FoldE 2%6 AR RA0R Bop Ry LAAE0] &
Foll AR TAEE Aoz Holn, olE FAA: FFo] Wl ofy £&

N

o FEoE WA e Rew dnhdn £9, Fv/Fme Za A w4570l A
FeETFAENXE Fort 371 mE AAste @4 vegor) setege

o #e}T4% U I L Foo Fmol $UsA gasel 2gze] Foa 7|
Zo] 1t HoZ Alzdr A4AdME FHS4E, FFrdE, HJde £Fe
J B2 A Eo) Fv/Fm% Forl $A6 #aste vy A4 39 Al(dynamic
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Fig. 12. Diurnal changes of environmental factors and chlorophyll fluorescence from
the leaves of several alpine plants in the habitats of Mt. Halla(1850~
1950 m, as.l).
) Each abbreviation was described at Fig. 2-1 to 2-3.
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photoinhibition)el ©]F o H vH(Krause, 1988; Osmond, 1994).

gy, &g 150 meoll AXE 2ANME R L Huy dFT HHE Ho
A2y At BASE Hoh FHEA B F AUT HIFe] FH A 2=
= 19~28T, &= 65~98%°]i, FFL A 500 M2 YEdd], ol2)s 714
WiEle 240 B4x7AE d93er xdeEH 7, 88 AEHHew FAHI
} olE AAWAAN ZAAE Qe AEA4HF YWs(Fig 13y ZE 4 ZA
Fv/Fm7b 12~14A19 743 @& A%E ek Fv/Fme #3te sz o
Watel fFAbeta Gga 22 Wstete wrf@dde] Tl a8 BE 4
A X Fv/Fme 74T Fme A9 Fool F7bel ol& g ev, AFFAE
Fm# Fodl Ztaol o8 2=t o9 28 e dH(SFE, depr4z, 43
et 2ol FUH JEolgtE Fv/Fmol &7t AN E Foot Fme] ZHael o
3 z e w3t AR AAE Foo 719 Fmel @4 o8 zdse e 5
S Re AEo] At #AH AA wet BFAA riFo] g Aoz Hlry &
ARG 28 AR E dPddd AE F AFENES Ag diE HE
o] Wk A <Ql A (chronic photoinhibition)ell o3 #8t3 F&o] #HAde AL
2 e tH(Krause, 1988, Osmond, 1994), =3, AF7NA] 243 g4
Fv/Fmo] 2§ A3t AL Bol o A & F2 802 Hfo
(Ogren and Sjostrom, 1990), €% % AilF e Hses AHF A7) A& ¢

Z AU o= 1Y Eo] HAd §ANA e AHgeHo] uxthrct ofdA e

L}

=
=)
hue

3-2. 4542989 54

1) 454339 T8 vu

gebat s 1850~1950 m AHAA o Aete dekRF T 24T AL o] 4dd
4229 3L 2389 asAcHTable 9). 24 FA 9 71 gabat LA bl el
At SN Z 4sizh Ba, vlad el AA R 2EM, 4RAL ex
7b | 199T(164~262C), AWEE/L BHF 865%(684~97.7%), BFol 7
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Fig. 13. Diurnal changes of environmental factors and chlorophyll fluorescence from
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I'able 9. Chlorophyll fluorescence parameters from the dark-adapted leaves in
alpine plants of Mt. Halla(1850~1950 m, a.s.l.)

Plant Name

Scientific name Korean name Fo Fm Fy/Fm

. ' < Mean 4406 1471.0 0.7007
Allium taquetii i B S E 963 975 0_057m)c
Silene fasciculata depgps  Mean 2830 Eg?; §;g§§ .

, = Mean 488.2 98.7 0.754°
Hosta minor S OSE 917 947 0013,
Pedicularis verticillata &0l Yean AHLT 19218 8‘_88§m
Aruncus aethusifolius g}t lg/l-e%? 4355); Z}ig? 8:(7)8&6“
Tofieldia fauriel LA A I\S/l_e%r_l 32‘?’_73 lggg‘;’ 8(7)88
Arabis serrata A3k $) o) Mean 4442 22707 0.804™*

var. hallaisanensis S. E. h2 ) 4220 8.383{ "
Trifolium lupinaster = 1 Mean 4585 0 0.805™*
var. alpinum AFLTAE ST 935 8510 0029
- , Mean 4510 23583 (.809%¢
Aster hayatae 1‘7]]%“1;“'7‘3 0] S E 104 254 0_003cac
Aconitum napiforme B E- A A l\S/[.e%r} 4%?% 22%523 8?)(1)51_—))
Anaphalis sinica cema Mean 4310 2289.3 0.811°°
$sp._mori o S.E. 151 931 0.004
Potentilla stolonifera P ERNTE Mean 4264 23177 0816
_ var. quelpaertensis S. E. 3.4 489 0.001
Primula modesta o)z Mean 3783 21250 0.822°°
var. fauriae - S E. 19.6 1285 0.003de
Leontopodium hallasanense $a+&1}a) I\S/I.GaEI_l 4‘;’%3 2?(95?? 8832
Chrysanthernum zawadskii g 1545  Mean 3108 18158 0.829%
SSD. coreanum = = S. E. 177 108.3 0.002de
Adenophora taquetii Rl lge%rf 3232 ;gggg 888(2)

. .. © = Mean 4540 817.2 0.839°
Euphorbia fauriei AN S E. 222 1099 0005
Juniperus chinensis P Mean 3446 12034 0.728°

var. sargentii s S.E. 84 2166 0021
Empetrum nigrum A2 Mean 5007 17251 0.728"
var. japonicum S.E. 1064 169.7 0'024abcue
Salix hallaisanensis oY 5 Yean 029 19754 0764
Lonicera coerulea gejojupm  Mean 3843 17187 0775
var. edulis T S E 141 1043 0007
-Vacciniu‘m uliginosum =&LUF lgl-e%r-l 3173% 17%23 888;31
Diapensia lapponica sugys  Mean 3420 17951 0.810°*
var. obovata = T S E. 206 1049 0.003
Thymus quinquecostatus ™32 gk lé/[le%:n '%(1583 2(1)%2 88(2)2

*Ducan’s multiple range test, 5% level.
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4894 pM(205.1~12145 pM)e] %o}

7} ¥o] d=4¥E 54 T FEAY E£8S vl Fv/FmE 24843 2
3, 1% FEAAM gl AFN ] F2 2elF BA Fv/FmE Ducan 31438
of F3bel BluEE, FepRF, FuluF, FEF)E, g, P, £
U, Al2u], "uE Feol 2 gte]l WolA a groupl2 wHEAL, FESCE, @
golu, i ES Xeete] Yoz A5 Z¥E 1L gho] HotA e groupl® B
HA® EEF Fels Wi EdsuFE A9d diiie SEF7F ¥
Fv/Fmgk& RAcd 53 A2ve w3duFrh 07282 sttt E3F Fv/Fmis @
T, SHEdE, dupgTA 5 A9 e dg e 2EFY =TS, A=
ol & WREe] EEHE Xs] AU AE F 11F0] 0.70~0792 wtgter,
gAERA T 13F =259 EvighbFE 0800839 W st Ak
0] WFo &3 Ao yey(Ball ef al, 1994, Demmig and Bjokman, 1987)
olgld Aol SLAMA el xih= A E9 FEA THL FF 2o AFA BEF
ot o Haeh AR AL Rel(Kormer, 1995; Komer and Pelacz
Menendez-Riedl], 1989), 9ol HelH Y S JZL2FFo @t A2 Alnd
ooaEy 2E2F T Ade A QA F, dHE e dgyFAe 2L F
At FA Ex TEFOE, s 22 1 U dAAe Age 2
Tol AFFAR, g7 FldF T ZF2 dAY Az Age AERG
FEY sH B Fog Yewhy SEFE U ARu et 2o 4E4 4
O I HEEG FFA vl W Aoz veyth mepM nAES 99
FE4 S4olv 454 AF R AgH fAel wet 47 & FHA Y

o2 #add

=

O —
= =

2) NPQ9} 7t vlw

AN E 24%E WO Table 99 Fmo Ard@3ols 4% Fm'& o &3
o NPQE A&ste] Hlud Axh(Fig 14), 2BFE debgrA, Sa2F, Adad §
3FolAE -0024~-008622 &2 & vebllz, depisv, duigdd, dasn
g &2 0018~009%62=% W& e, feprdz, wAKego], FHulF, Fod3,
AFFAL 5L 0254~04172 vlnd A Uebh 2 BRFE Anve) g
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Fig 14 Values of nonphotochemical fluorescence quenching(NPQ) of alpine plants
m Mt llalla
" Each abbreviation was described at Fig 2-1 to 2-3.
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UE7E -0.001~000982 #& wd g¥s 2uidtR, SHEUT, dF FL& 02
9~0.3030.2 HRY ¥ A g Bk dHRF Aed, 43, A=A
0] &9 #%& B¢ AL Fm'o] FmEd ¥ ghd verd Zadolty, £, FH|y|
Z gRE AZdM NPQE 2A4%E WsEs Adde g4 dolM Fm's 7
o o4 2A AAsHE AR YERT. '

, H4Ees gPirdsdS Uedls NPQe ek Yol digh 34 119
B3¥EL 9nstE A0 F(Demmig-Adams and Adams, 1992, Russel et al, 1995)
NPQ7} E&+E d34E 7o) AJulHo= Fol FA4 09 B3V 77 ddd &
W NPQ7 B &+% d32d o] Ao ol 34 9 Bev/7 & &
gd Aoz 2k 2y A O dd B3ed e FvFme F3% xdo] 1
5~208 A &3] 24 Aoz Bz FEE ¢H3T HAY =eld F
= §17) W&o FAFE Fv/Fm& zbe 8700 vlag dAstdnt. 21 A3, Table
9ol A FAFE Fv/Fm& ZE a groupol A& bt fepdrAeg F6ul 3y
TEFo| ol BRuFdo] 3 Aoz veiuth ol FAY FA Bt FA 4 2
2} AL Eo] BHEFHo Zg Aoz Addn T3 e grouplE TEEH AHF
ole TFEEOIE, NS G EFE BHue AFGAE, 49z, deEoe,
Az, A7, FoldF Fo) HI3F/ 23 Aoz et ¥R Age

s gz e; AzxAY Ao Agte AN E HE RETHo 4
Arh, BEERAMNE 454 wFF- AR SGdA4 W,
HEsHo] 3 AeE podt.

offt

b

rl.r

y
i
r\l

PO
o
o
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rIl
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Hy
Id
4
off
o

3-3. A3 454F%] FAAA

del A% GE2FFA] FAE YotE7] sk, AR Ex= AR fol A
Aehs dEFE F 2% & WAL E Fig 2% Fig. 794 Y9 AFEAE 71E8
7% d& arld weg 39AZ FEHIL 4 AFEANS ZHE dELFFETS
o] ABBAZ 243U HTable 10).

a @, 2% F dHEFF 7 6FNA Fv/Fm# A £% 99 F#E e
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Table 10. Correlation of leaf growth and chlorophyll fluorescence parameters
in alpine plants in the green house(150 m a.s.l.) and the habitats
of Mt. Halla(1850~1950 m a.s.l)

— Plant name Alttude(m) Fo Fm Fv/Fm
Scientific name Korean name
) . B} - 1900 522" -314 -505"
].- H e * *
Allium taquetii e 150 5500 332 - 635
Silene fasciculata Sk} A 1900 -264 -183 -159
. _ 1900 -002 -.424"  -R97"
= =
Hosta minor = H|H| & 150 o011 -9283 - 151
Pedicularis verticillata 4ol & 1900 644 8027 676"
Aruncus aethusifolius 3l e} 7l 5 u} 1900 601 7627 583
. .. . . 1900 147 333 115
T St 2}-5 A
ofieldia fauriei SetE A 150 996 152 -933
Arabis serrata EREEE 1900 -146 6722 606
Trifolium lupinaster v o1 o 1900 026 537 209
var. alpinum AFE A2 150 411 -324  -3%0
- “ 1900 321 548" 416
Aster hayatae EANEF A o) 150 6307 A1 085
) ) } 1900 118 D87 628
T Ed- - **
Aconitum napiforme FetEA A 150 53 855" - 914
Anaphalis sinica FeHe 1900 096 5037 398"
Potentilla stolonifera FECSEY 1900 —.649* 271 610
var. quelpaertensis 150 308 254 -01b
P ”’J‘a‘;{“fa”’l},‘;‘éﬁjm Moz 1900  -783" -283 466
Leontopodium hallaisanense e} the) 1900 8820 928" 373
Chrysanthemum zawadskii HeTEE 1990 .212” .28:7 123
SSp. coreanum 150 453 143 -123
.. 1900 005 055 086
Ad zZ}
Adenophora taquetii capiga 150 233" 237" 144
Euphorbia fauriei Tl 1900 -058 -110 -.108
Scabiosa mansenensis a2 *
for. alpina TEAHE 1900 -.155 .b10 581
Lonicera coerulea P o] LHF 1900  -230 -135 065
Vaccinium uliginosum B2 UT 1900 =571  -450 475
Dipensia lapponica Fo) s Lh7 1900 628" 627 -.140
) N 1900 - 145 037 069
]
Thymus quinquecostatus 2] 8 150 1™ BaE” - 455

™ Significant at the 0.01 level (2-tailed).
* Significant at the 0.05 level (2-tailed).
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0 olF TEFOE EALIACl, FEHS, FEALL AUNAAN Hof g
R, o E HEES FoAE AEA A% wAse 2716 48 T4 oI F
wHE FAdun 99 277 Ao FEAY FUA T4E Y F A% ¢

AE 9 WHoR Es HmPuA BN A} Bedr) ol @ Py
F2 Faol wAglol A9 e BATh 2L FEEFe AAAAANE Fef 4
B Hgou AAYNE F#E wolx ¥stew, HAFE AAdANE e
g BRET E=@, olF Aue ¥R HAFL Fool o, FulvF, TEF

o
it

1€, EAEFAel, FEHRE Fmol I8 ZA=AADG. 223 ARG At
ENER-Aolet W)L Fost Fmell osf Fv/Fm& ZAse ALz YEych 1
A dgTA 5 15%9A4 AFH Fv/Fme 4#$ Bolal &trh oA Fd
wet 4& o] &F £ Ut FAHA THL FAH Ao & Aol UATHBall
et al., 1994), Fig. 129} Fig. 13cA1¢} ze] 87 ael A O F533H A&
L FE AoF Hel, 7|4 5 #7489 FHAY FH FoE AFWNFE A4
e Ao R weagth

3-4. A AA oA oA} GF2EF 549 vl

FR 898 Aot BE Q2AYBY AT Folus] Ashe AAAAN A

£ 1439 N8 o402 954333 BFAUste JBBAE BHAQY
(Table 11). FAAANN Fv/Fme de7dz, 440, T8E%, 98, 4242
Sol LEG 5% FFIA G 4L W WY VAR F, ATLTFAFL L=
49 He veidn AdeEes AFBIAE] GUaA 1% FEAA F9
N#e 29 BE GHATAZ, AN, AFFNE, FTEFIE Fol 5% FEAM 4
o 4Be Bt 29T FF4E FREREN 9 Fue wgod FATER,
)z, AFFAE, FTEFOIEL 99 FBL Uehich ol dHe|A 2xs e
J#e Bl WFPEs AFITAEL gA402 wWay Ao 4% Yo
259 Agol BYA TS 4442 Aoz BT 1Y 229 Jo FRe
29 4% F W9FS Fod dast AT BA} AR AFFAL, ¥STA
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Table 11 Correlation of cnvironmental [actors and chlorophyll fluorescence

parameters in alpine plants in Mt Halla(1850~1950 m asl)

Plant name U . . .
. Factors Fo Fm Iv/Fm
Scientific name Korean name
T - 459" 133 445
Allium taquetu gt 3 H 310 019 -.279
L 335 -375. -.399
] T 075 256 .347
Hosta minor Fulnl % H -.032 050 -011
L. ... —300 ... 7.8 . =209,
T 286 " 364 T 7359,
Pedicularis verticillata FEF)E II 580 7407 7737
Lo -5%... 7762 . —795.
T -.138 187 316
Tofieldia fauriei stet =32 H -.150 223 -.110
e e e e e e oo ool o141 17 390,
Trfoli ; T 7 46" o T T 504
yolium lupinaster A F DA E H 6797 -299 662
_____ var. alpinum L -,159 118 o
T -081 -131 -.133
Aster hayatae 7 & A o) H 167 338 342
gl o)
A ._ P ™ - 6 —
naphalis sinica rEwW H -39 -09% 175
Ssp. moru L ggg =036 2597, .
12 ] T T 759 =797,
otentilla stolonifera A 7 0 <] 4 i 30 T3 g
.. var quelpaertensis L 640 -766. _~841".
T 832" 245 -548
Przmula modesta Moy i _%07" - 5aa 13
___________ var. faurae ok 839" 187, -612..
C/h gant e d T “.245 - 449“‘ - 436
Ty hemum zawadskii oA H 163 S0t 5Re™
e 38D, COTEGNUM T =092, .~.313... -.363
T - 243 =403 -291"
Adenophora taquetii e H 150 341" 338"
- Lo 082, .. 201, .- 191
T 43277 -.343° 195
Euphorba fauriei S = H -339" 171 -052
......... L %26 - iﬂ'"" = Ogg
3 T - 367 -244 .0
Jumx erus chinensis . q 504 e 13
var. sargentii Lo..-222, 062 149
T 7917 103 -3pBI°
Thymus quinquecostatus 2] & H 128 264 087
L 310 -138 -254

™ Significant at the 0.01 level (2-tailed).
* Significant at the 0.05 level (2-tailed).
VoL air temperature, H : relative humidity, 1. : light density.
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Z, daol A Fmel gk #AZE A s29 dHE Wl AFEFAEE
Fool #4&, w&&elE, ATFAR, ez, JAddE Fmel F7het 4%
BAZE A Aoz vebgoh Ed, gy gug Bl rESolEa AFdAEL
Fmel et wA7F glv Aos veygo aea FhnF, wASEgel, S
T, EFUF 5 4FolM T o d @R8I o AEE BelA gsket 2t
Y AAA R Fv/Fmat Fmiz frARHA $73912H¢ke) dahs debdied 2=k
ael Ad, ddgnee gl A, L = FAY 54E 20

FH, i 150 me Sdel Aeh 1059 uAAES dde #4074
saxgAstel 4ag 2AE Aak(Table 12), YA o FAG Adg FsbA 2
T, #AFFE AP EE AE0] Fv/Fmel 259 F3shs do 48g Reln
diidests Ao dad B a#T L9 Ao Fde Rolx: g T F

H 3=, AFSTFAAZ wAERAe] T& Fod Z71¢ #AY 9 AeZ wof &%

Jﬁ"

of sl WA A WA KL FAHE Ao wolm AFYAY WA
E, WY S Fool Zast BT glo) AAHQ RelAst wAEE Aoz B
Ak oAy diy naAEol med ofd B S FAHE AOE ek
o Hel, AFFAL, FHFAE, WAF Fol FuMFU AFLTAE, wAREA
of Mtk ngel g HyHo) ¥ Ao WA EW, FEE FFRIe B
HEAAE AT 2E JBAA Ao FBE BAT Fmd #A7 e Aoz U
etk olAW $E9 Trhe Fv/Fm gt Fodl 37 4%e 72 oo} 2o
g gaN7E RU0 Bg3E Ao ARt 2AY Iv/Fms FEH: det
B, FUNIFE AT WE HBA 99 4B ne) FFo] 25 FoA}
BYE Ao e 12D PvEm) gat dEan, Ao, 9 g4
= Fmel Zash WAL Y% ol @a) AFDIANFS EAZRAYlHE
Fool Z4s BAE wel HHAY FAZ Aojhs AFFARE Q22 Bl
A7 o] Fo)A= Roz dddth ol Fig. 12014 ESl #9A #2433} AL
¥, 53 Fig. 149] NPQ%} H]iLsl® Table 1194 254 ko] o3 da4e) 32
JAE ol AFIAY, FHTAE, Welgo] WHHI FIAE wolr Fulu
R AFREAE, SAEHIRE NPQ £ A0 et NPO7H b4l
AAdANS A gHe FRREH Fo® We Aoz By,

FU ot
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Table 12. Correlation of environmental factors and chlorophyll fluorescence

parameters in alpine plants in the green house(150 m as.l.)
— Plant name Factors" Fo Fm Fv/Fm
Scientific name Korean name
T -521°  -518 118
Allium taquetii SHep i H Al7 445  -.020
_____ L A3 441 -018
T 546" -.143 -.430°
Hosta minor Znln] 3 H -505" 205 @ .442°
L 481" 009 -290
T -.196 -527" -553"
Tofieldia fauriei el E3 Y H -.050 3917 6957
_ L 146 -168  -.480"
T . T 728" -941" -938™
Trifolium ZUPIMSter b = e H - 728" 941" 938"
var. alpinum L 7 -941" -933”
T 258" -520" -678"
Aster hayatae ENER-A o) H -.196 5407 6277
] 244" -498" -644"
T 247 -369 -567
Aconitum napiforme HEAA H 128 -258  -342
L 223 -387 -540
. : T -.344" -5457 -418"
Pote:;uaqic;zgzsis A FFAE H 239" 5457 5327
) L -.343 - 6227 -558
.. T -8 -813" -810"
Chw;gﬂi’:’;:wimmk” DEEEY H 283 803" 7867
' L ~.220 -780" -799
T -.169 -641" -795"
Adenophora taquetii Az H 241 652" 682"
L -.167 -627" ~790™
T -376" -687" -.749"
Thymus quinquecostatus 2] & H .169 497" 702
L -.088 -.348" -529™

" Significant at the 0.01 level (2-tailed).
* Significant at the 0.05 level (2-tailed).
VT : air temperature, H : relative humidity, L : light density.
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23 Table 11¢} Table 125 £gsle #3803 §F3428%47y 4as& &
Ad WA(Table 13), Fv/Fme 984 2448 A4xN BASMA L5, 4
HEEohe 1107 0882 e, HE 150 m £AW 498 nANBAAE &
=, AeE, FEtE 517, 5017, 56272 et AR HFI} Aed
7 UEUA 28 AL dF gREo] AAZ W gt 5 e do| WE glo] ¥
2ol HE HYW YL Y + GE AW wor dVHOED £Es ¥u, I
o Bees AAE AVY & Y= ¥ Z FUA UL Folxw, At
%245 FU4 S0 ANGE AL ¢ 4 A

NS AHZHE BN BIRAGY YA F2LFF A5 Fo
We e Zge 29 AL 2o 4B N o A FPa Aoz madh
2 oo BANAE @RTEE Az AFINE FE40E 5 4T ALS
P AzAe] 22 Aos ATSE AW 9] BAG el 287} wobdel o
% B4 wgo WolNE S ud oSt B FFSFTE FUsA) e
G Ao 4BE QST o)RE o Ao BAW EE BAAY u9 ofg Sof
73 2Es YAFAE WA GE § 2 V)20 4 FAF Rols] WP P
We A4z ARAY, NS FHEIE 5 X6 22 Ao 4B Lxd $3
ol A9l 4Be RYOY ot AUANN FHse Lot B WL Rey
4 oj2ol7 Aoz AUHY FPole W & Uk olRE 2L FFo] MY =
A HAHE AW #RH FHSVES Lo FFo A9 4L UshtE 7
02 & % QT FUEEN B FEEIE AFTINE § R Bo)A
Qs ABe Hel 0% 74802 At Aoz Uty wd, AN oA
J YRR DUNES EU B ¥ FAA @] TR Ao Ve
2t oA A)AHe HEZ) AolE Hs AFBTREol} ErLRAo)E
Al BAAA ol FolNE wE AFIAE, FATAE, WYY 5L ANH B
JA7t ol FAAE Aoz UEETh oed FAE MLA ok FHBE0 xMe
g 2AIRAEY ol LEASA ga U FAIE Aoz veyn =Y,
FUT 2AKIN YAH FAA} dolibe NBA AFFAL, wA7AZ, He)
% Fol NPORE E& RO2 ueht, 9925 de] vy ¥ TUHE GRE
2 AARAME ot 23 ERTY Fggo] £& Ao gudd. 28 NPQ7H
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Table 13 Correlation of environmental factors and chlorophyll fluorescence

parameters in alpine plants

Altitude Factors'’ Fo Fm Fv/Fm
T -.064 - 529" - 591"
150m H 035 513" 591"
...... L - 067 . _'491“ _'552“ .
T - 028 -171" -.110™
1900m H -.007 110™ 088"
L - 040 -.124" ~.054

™ Significant at the 0.01 level (2-tailed).
Significant at the 005 level (2-taled).

VT L air temperature, H : relative humidity, L : hght density.
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4. & 2

B34 589 Jehde Fv/Ffmy dE5F, dSREXE, d8374 5 1159
070~079% Yehz FREXF 5 1359 2874 ST 080~0.832 M
Aol EAste Rew vestt Ty et A Rzt gro] §Rld AgkE HEo] @
g3t FebagtAs 22 FAW SA A HEe v uFseHd P
A TEe] AR Fol FA D9 Bz7|F7F 2Ed Aoz vyt #3e
9lo] JEZAagFo] PX FeE B, 257 16~33C, Hdisi7t 40~90%, FF
0~2000 pM9 FAZANA AAHLZ Fyv/Fme ANEE A9 4B, £x9
FHFoe 99 4g JdeEidt agn AAdgM Y nadEl giEE 2xv #
Foll o3 FAA @de] FRIANL, AFGTAENt ARGl T F
AA7F ol FoA = WA ARG E, duTdE, WP T dAA FAATL o] F
oA Roex veptth Tl oy FoAe 2=/t oo e HS £3H
T ALeE veytt B, dAH FAA7 dojus H4ES NPQ#tE 2 o=
Uelgtew, dgidsHe] 44z =& AAANE fREEE AAGAgME e
AN EEY HEHe] w& RO g
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VI. $ 3

grepal NS ddio] Lxshs BS54 E2 Appendix 13 ol 493% (214 125
T 20bF 33WF 2FF LR F IR2BFLY Ao 2AFHUAY o] Age] A4S
7]1& 9] P-i’-(drj)*-, 1914; #&, 1928, o1& o], 1957, =9} g, 1976)2F v wstyl M4
119F € 428 + fAil, AR 5 49T 2 AbdAM A2 71U, o
T SAHES AFAHE F BFLE, IAHEL EH5YUYT F BEoR 2AHI
o} o] Ao FXEe LAAEL 27 48% 40 201F 15WF 28T F F 50+
Foeol BXde oE ZMEHALW, detit 1500 m o] AYGoA® F7iEE
LA Eol o A(1989)e] R 81F 7
A AL Aez BAHAT oled o= 71E9
adAEe g Bt BEARE BEUR JASAY AFmd 2¥xeA ge A
o2 ¢ HE, By AU 2EA g AEe] oy XEH U] AT
o2 AtgHEth Ig5l A EY BEXIFEE AFANE 5 22T L ATk B @
2 23 870 & A3 Aow Holw, detit METT vtk R
A H AdEFe FEFE FLAF T 20ToR JEgT o)X nAAE T 22

o ZAAEH 1789 AAHE] £HH UL Wohl Table 334 o] WPE

ol

>

A, FepAt GRS Table 49 2ol AHF 7)o 37CE )9 2
3 EAR o]Folx AE ASe dotdt ol & £ glud, AR A mA
4E9 442 Fig. 13 2o] dAldoR 49 23 &80 89 $&74 o F
olFnt. 2y Fa AFAVIE 694 JFAHLRE o|FojXH, Fo we} thi o

= 9ot 99 Fa AFAFE 30~602 Aol Ve Wy Fe A4%AE
23 QA WSFA AN AHFAVIE Fig. 33 Zo| 39 seE A=y
g 4oz 89 FEol BREMNA, FATAz $ol PARORE AHI} o)FolR
T, R 224 LB X YEahed 309 R 7)ol 2aso] v
4 e 717 B F2 Bdo) o R Zog vehgrh 2elu 47w et

go] TAHETL AdA /A7 w9 e Ao e, A93E s
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Aol A FA ol BHHGA i EAE o]Fojxol Gk o]& Uojrl/)
skl L 150 moll AR 2AHoAM b LAAES e do] 4S9
MEA7] 2 F244 §& 2AEAY 2 49, Fig. 699 o] fEitE seE
A, EFululF, setrAz, g A, SR, W T A € A
FEAdA nAARG Aol HPou AXG @FHAME HFol FAHE Aoz
HoE At B2, ZERE AAS i AEo] Fagols&d wmkow, £t
Fok Al2v] 5 FEFY AR FEEe Aeq ey Yoz 4§ ey
o Wi¢ T Aoz dudArh ey AdE, BdE, EvdR § IR 1A E
2 AAYAN FAEY Aol & HA g Ao AFAH od e F wA
o] HPFolor B Aoz Helr}

A, date A EL 3] gAY AN AGn WA Fof xawt
€74 e QA medd] s gA HEE Nl =vh w3 Adzxd
oMol B4 22 utdEe] 54 vudty] Yoo 5283 2oL
AAstged, oF EAe AZe YA (Long et al, 1994), AH HFEA
(Kamaluddin and Grace, 1992), AAd 2ol x 2] @A~ Ew A (Lee et al, 199) 5
o #AE Letred ol FHA Yok FEA2YFe IWFE: Fig. 129 Fig. 13904
g #Zo] AR 13~154 Akeld] 7H4 @& Fv/Fmg EHth Fv/Fme 2ds=9
dztel fASIR AL, BEd 259 sk @S YRR Fig. 12014 9
#ol AMA A= AFETE] 1,500xMe FF7 25C AF HHYHA FIA 7}
FREA s 9w dHgAE, Az, AAdaAe dAHA FdAs)
At 22 Fig, 13olM 9t ol AA e 244ME AddA A8 3 AF
FAFLo] YAHQ FAA ST wA & FE A4FL 3 Bl o
stod g3 Agol HAIE RoE dgurh o w4HQ AdA: FA 09
WeFde] WY T &8 98 Ao ZM(Anderson et al, 1997), A& ol
3 BEY 715 A G AL B Ao ARGl Mr matBo] o
T 2447 6% A9Holgn B £ Uk

a2 RAHEY GELYFL T g EAS Bt Table 99 &9
Fv/Fme @273, d383¥, @373 5 480 ey 4L 2t 22749
U, Al2E] 5 dREY RES T UEY nANEL 070~0792 JENY o
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gol weka, dheteXA 5 1339 2EHS FuistY s 080~08328 AubAql
HFo &5l Ao 2 velyhtH(Demmig and Bjokman, 1987). s 4t a Yo 373
gslel) g Hg TS Golr7y] ¥ NPQE ZAMSH T, ghebitu debdt
AR SnE g FEFO)E T YA s ZAHE] HEiFH B AL
2 gudct =g, FEFolE e, S dE wuke AFgAE, ddE,
shobdote], et R, AP, FuldS Fol ¥4 e A EFke dxAq
LpAlo] Abgbs dAbA Ee] | HIFHol Zd Aow v SReML A
2410w et AlErrgy 39149l Heldd, xS el WesHol il A
= vhehddr,

Abal go] ole] A uld Fv/Fme Table 10049 Zo] Afu4d 22% +
gett e 5 6F oA F HEir go 4@ vElbd W 15F M el ARl

o

o

(Y]

VL

AHE BolA kel oA R Foll mpop W o] 8T £ gliz WAL THR A
A apolell o) A& whe} Aol iXTH(Ball et al, 1994), Fig, 129} 1504 ¢} 3t
o] #7FQalo] 4eHd Aol YFL T ok Hop N} F B8 FHE T
dol Fa3% AYUFR Fdete Ao AvEn g #dale] dEAFE

olg Fare F= AwEM, Table 134 o] AHH o R Fv/ImS Jda=sd

FEd vl AdAdE AL @ o+ A 19 n Table 129 AAdlef A+
Fv/Fmet 333k @b g, SulH 38 A8 S g o 4dd o 4
Fol x&F5H 4YA7 HYHT Aoz vetwyd 221l Fv/Fmel 44 @2+
Az, A3d, BeFol iz Fmef aer U4 #A7 AU, olohe Ee Asg
TAEN EARREAYoldlAiz Fool ok WHI AL Ho B FAA I}
dojup= v AFFAERE AT FYAT} ofFojAE Row wudETh o
Fig. 12914 1l Febal @44 HAAew 53], Fig. 149 NPQet Bl astd
Table 114 2 FEFo] ofa] A2l FHAF o= AFFALE, Fe7HE,
Aejgo]l R4 FAAE Rol FTHHIF, AFITAE, A%FT ALY NPQ
7F =& Ae2 uEh NPQ7E Aty Bo] ARl 488.F stz Fa
& AANMTRZ 4§ Ao wdEd
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b, SR el A AES 22X AUER, FF T 8434 89 s
Qg ZA Pdow, WEFAY APAQL A nAbAFe Ao drisre F
Fe 2% fihoht AAHQ AMANAY JF2 o s FastA &
T 71 eAe 7129 Aoz dddEdt £, AXUAME nAd Y go] 2%, &
#F F5 5o A3 2A 9% Tevh v AAHANE Fig. 13148 Ze] 2
7ColA 300 pM Axol 32 FHFAME FAA7 dAH= Aen ey =7t
FIAE FE Bx FIANIE FAG A5 2 olejd AT Table 622
E o 7, 88 B £%7F 27CE veh g FAd o3 F9AE: 48 Fo1E

o2 Badrh ols AXuoAM aitAEe AHEYS Foly] M= AT HA

AE FasAT A7 F4 WA ¢ 2§ FAAF Aol

FLY Aoz dadrh o9 Fo] HRAAA 2P SHE Tt HEY A

213 g 5o, §73acle Wt mg Qe yEsed o/fo] e Bl o}

v 2348 Azl FFAE AL AATE £ de F LAEY F uF
7 AA e ggsted 7ide Aoz Addr,
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HANE 1750 TR Y3 AAR ShA7 B Ao

Sepd LA RS gAR 49 2ERE AZo] AFFol 8
Ak 99 AFAVE FE 680) AFHLE o] FoAn] AFYSE YRE 30~60
A Aoz ey Wiy Fovh wAAge AGAVIE H@A @A debgen,

284 APAEL FA As3HS AN E 1Y A= 29¥9 ALY /)0

#e Aoz vubgeh AAUAAE wdA e g BT FALeRslE 4
AT ASFE FA degow Wad 440 & Hx o vehygoh
LA Ee dRLYF ¥ T BYY ZEEFEVFmE dRPE 5 110

0.70~0.79%2 ¥sti #AEHA T 135 2279 EvFE 080~0.8322 H)
Akl HAE EAT AYAY n AR gy 2R vad & FHFNA Fv/Fm
7 Fo7b Aol #ade 923 4947 vehvs 98 AXgeds Fv/Fme 7
&9 Fool S7tel] Q& dojvte TA4HA #9A JdeEcth Fv/Fme £%7t 16~
33T, FHEE7t 40~90%, BFF 0~2,000 Mo FF2ANN Fdsse He A
S, SE Ee #EAE 99 A4uS ey

g w3ty R THNPQE ¥A Ads AEo] AU 230
Atebe Aol HE AAoR Fol Fxld e B BA N9 HE7|TF7H
2 RAen Yegt @, AR W& FF SR n2o 4T F9
A Aol U el dojue Aoz vewth a8 dAF FgArt Dol
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AFFAZ, BeFAz, NG 5ol ARo]l WAL FAAA Lol FuluH
AFGIAE, 2AERA] S 4Burh NPQFtel ERO, NPQ7 8 4§
% ohit mANERT 4G $40 BE 8ol we Aoz AHAT
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Appendix 1 List of the vascular plants in Packnokdam, the crater of Mt. Halla

"Publication . " 5i
Plant name L DP PA KO Usefulness™ Remark

Family 1. Lycopodiaccae 4145

Lycopodium serratum 9% O O O O 0
L chinense &3 ma” O 0
L. clavatum var. mipporucum A4 O
L cryptomerninum A&XF O

Family 2. Ophioglossaceae  3LA}4t 3
Japonobotrychium virgimanum 5 iLARE AF O

Family 3. Aspidiaceae Hv} 3

Dryopterts crassirhizoma &% o 0O O 0 EoM

D. monticola %A aLAL O O

D varia ZAH]1A}LE O O

D lacera Bl ilAE O

D austriaca T A 1Alg] O

Lastrea oligophlebia var. elegans  ZHA 3LAF2)" O U RP

Rumohbra miqueliona 241 A}¥ o O U

R maximowiczii 2 A & A O O @ U

Athyrium reflexipinrium A%}zl A =" U

A vidali A AbeY O u RP

A. yokoscense ¥ 11A}E] O O O

A. crenatum T A O

Phegopteris polypodioides  7}el iLAb2) o O O O 0

Thelypteris japonica A U] iLA}E] O O
Family 4. Aspleniaceae X @] LA} 3%

Asplemwum wcisum 22| 1AL O O O U
Family 5. Polypodiaceae @&z}

Lepisorus ussuriensis At gx" O O, M

L. thunbergianus 19 = O
Family 6. Taxaceae F%

Taxus cuspidata +% O O O EOILM
Family 7. Pinaceae A% 3%

Abtes koreana -4t O O OO0 oLM EP
Family 8. Cupressaceae Z=wW1}43}

Jurmiperus chunensis var sargentii w=%YF O O O 0O o, M RP, AP
Family 9. Gramineae ¥ #

Agrostis flacaida % 7] o] A O O 0O




Continued from previous page

PPublication

Plant name L DP PA KO Usefulness” Remark”

A. flaccida var, trinii AR A 0| &Y O P AP
A, matsumurae A °l4t o O O
Deschampsia caespitosa 42" @) P RP
Festuca ovina 71 9€ o O O P
F ovina var. coreana 394 Q
Melica nutans 984 O P
Zoysia japomca 3+t o O 0
Arundinella hirta A O O O P
A. hurta var. hirtiglumis =& A] O O @] P
Koeleria gracilis X #°]3 o O
Trisetum bifidum  #A3 3 O O
Poa sphondylodes  XcolE O O
P. nemoralis var. glaum  ASFEolE @
Cularragrostis aundinacen var. bradytnda AN E O
Muhlenbergia hakonensis A& A O

Family 10. Cyperaceae A}z3}
Carex nervata ¥AMNZ" O P
C. erythrobasis @A SR B0 @) P EP, AP
C tenuiformis JE1EAFRY O P RP, AP
C teinogyna EojA}x" O P RP
C metallica o]4rpz" O P RP
C lanceolata 1SAMz ONNO
C capllacea A&ELAE O
C coua  °}7]ALZ O
C distantiflora Y ALZ O
Cleistogenes hackelu A& Q P

Family 11. Araceae #1437}
Arisaema robustum WA HEA" O 0, M
A. ringens var. praecox 334 O O O

Family 12. Juncaceae Z%3}
Juncus bufonius  S§7|H|EFE O O
J. hallaisanensis @I E O
J. effusus var. decipiens SE% O O C oLM
Luzula oligantha Fv1% ¢ O O O




Continued from previous page.

Plant name

Ybublication

LL DP PA KO

Usefulness® Remark”

Family 13. Liliaceae "% #
Tofleldia fauriei @HE3AXE
Hosta minor <983
Hemerocallis minor 7] 95d
Allwm taquetin P53
A sacculiferum AR F
Polygonatum odoratum var. plurifflorum $2d
Majanthemum bifolium %7 %
Disporum smilacinum 1711}l
Smulax sieboldii  #H7}A B "
Clintoia udensis Y5733}
Veratrum versicolor #o2”
V. moamawiczi P2

Family 14. Orchidaceae ‘&3
Gymnadenia conopsea &YFEIGE
Platanthera mandarinorum  AbA8| ¢t
P mamamowicziang  AH)GE
P. ophrydioides TFEA8 ¢
Spiranthes sinensis  Et#dz"
Goodyera repens o7 Apa&”
Liparis japonica 7\t@lvt=

Family 15. Salicaceae ¥ =143
Salix hallmisanensis SWE
S bhnii  AFAHE
S hulteni ZTHNE

Family 16. Betulaceae A& }5 34
Betula ermani var saitoana E31A%
B. ermgnii var, genuina 1A=

Family 17. Aristolochiaceae HW&Q33ZF
Asarum maculatum AEEE
A sieboldii FE I

Family 18. Polygonaceae v}t Z 3}
Bistorta alopecuroides 7= 117
B. suffulta THnz

B tenuicaulis o|&¥zxa”

O0CO

OO
SHON®

cCooo O O

O

O O

O

O
O
O
O

O
O
O
O

O
O
O

O

O

O
O
O
O

ONORONCHORY,

O

O
O

O

O G

CRORS)

U
E O

E O MN

E LM

E O M

0
E M

E O M

E O
oM

OLM

o, M
O, M

AP
AP

RP, AP

RP, AP

EpP, AP
EP, AP

EP, AP

EP
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Continued from previous page.

"Publication o 9
: _ s K
Plant name LL DP PA KO Usefulness™ Remarl
Reynoutria elliptica %32 O O O O EOMN
Family 19. Caryophyllaceae 2534
Pseudostellaria palibvmana 73 &% O EM

Cerustium holosteoides var. hallaisanense  3AJ=vs O O
C. caespitosum var. hallasanense 3tz U®E

O
Dignthus superbus var. longicalycinus €9 2 o] O O O MO0

ONG)

D. superbus var. speciosus T2 #o]ZE
Silene fasciculata W23 O u EP, AP
S teruis e BT
Family 20. Ranunculaceae 7|1} o} A u| 5}
Anemone stolonifera  Mul&ZE
Ranunculus borealis 78 v]va] oAl u]
R. acris 7] w)1}] opAln)
R. acris var. japonicus  P|vhe] o)Ay
R. crucilobus var. chrysotrichus W] o)1) o} A v)
Thalictrum filamentosum  *}% 2t}
T. minus var. hypoleucum Z%cte”
T. uchiyamai A5 ety
T. aquilegifolium ¥ ¢lt}a)
T. taquetii %2R sitle]
T. actaefolium A%< tle
Aquilegia buergeriana var. oxysepala 2§ E"
Aconitum napiforme @JERH
A. pseudo-lgeve A4
Clematis chiisanensis YE%9F OO0 OO0 oM EPAP
C koreana MYFTHF O
Cimicifuga japonica 9%} O O
Family 21. Berberidaceae "l A -3}
Berberis amurensis var. quelpaertensis dlEg4+y O O O O EOLM EP AP
Family 22. Cruciferae A5}

O

OO
c

EP, AP

oo OO0 OO
CCcoG OO0 00
o0 O 0OC 00
OCO
<]
<

ONO!
o
=2

RP, AP

GO
O O

Arabis serrata var. hallaisanensis  ’d w3} O O O U EP, AP
A gemmifera 2274 O O E AP
A glauca 9§13 O

Family 23. Crassulaceae &Y%}
Orostachys sikokianus ‘%73olvtgl& O O O 0
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Continued from previous page,

Plant name LLl,)PBt;jl(?EOII; 0 Usefulness” Remark”
Family 24. Saxifragaceae 9 X
Saxifraga fortuner var. incisolobata Y& O O EOM
S, fortunei var. pilosissima dul9EE ®)
Parnassia alpicola  °§7) & v 5} O
P, palustrnis w3} O O O O, N AP
Ribes maximouwnczianum 934 O O O0O0 u
Hydrangea petiolaris %4=2" O O, MN
Family 25. Rosaceae v %
Aruncus aethusifolius ~ $-e}7l<4al ONONON® U EP
Potentilla stolonifera var. quelpaertensis A 5% 2" O E, O AP
P. yokusgiann ¥ YAE O 0O O E
P dickinsii var. breviseta E3AE O O 0O
P. matsumurae EFAE O O O
P. fragarioides var. major —¥=X¥E O
Sibbaldia coreana =A% O
Fragaria mipponica @R%7] OGNS M RP
Rubus oldhamii &%7] O O EMN
Geum japorucum W% O
Sanguisorba officinalis 29| F O OO0 0O EOoM
S globularns T &20E O
Prunus moximowiczii  ArE AL O O O u
P leveilleana var. typica 715 O
Sorbus commuxta V75 OO0 O0O0 oLM
S almfoha  @¥ R O ELOM
Family 26. Leguminosae T3
Astragalus membranaceus var. alpmmus  AFE71 O O O O 8] EP, AP
Trifolivm lupnaster var. alpinum  A|FE7AE O O OO 0PN EPAP
T. repens E7E O
Lespedeza bicolor var. japonica %] O O
Family 27. Geraniaceae F&olE+H
Geranium tripartitum E#&0]” O M RP
G. koreanum var, hirsutum EolA ¥ O O
G. koraiense #Ao|AE O
G. shikokianum A}ZoldE O O
G. shikokianum var. quelpaertense 93 0] O O O O M EP, AP
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Continued (rom previous page.

Plant name

"Publication

2l 1)
LL DP PA KO Usefulness™ Remark

G. davuricum — AbF &0l
G yesoense var. yesoense
Family 28. Oxalidaceae 3 °] 3t}
Oxalis acetosella o) 7] 3 )5}
O cormiculata =3 o1}
Family 29. Polygalaceae A3
Polygala japomica 71 %
Family 30. Euphorbiaceae =t}
Euphorbia fauriei Sl =
Family 31. Empetraceac A 2734
LEmpetrum mgrum var japonicum A 27
Family 32. Celastraceae =494z
Euonymus dlatus — 3Hh 5
Family 33. Tiliaceae ¥1}5-3
Tiha laquetny A9
Family 34. Hypericaceac #4183
Ilypericum locum B 3UEY
H vamoty 5 ILFIE
H, japomicum 7] 153U E
Triadenum japorucum =118
Family 35, Violaceae Av| &3}
Viola patrinu 8 48] E”
V acurminata  EUANE
V. crassa  FEd A2
V bowsieuana  ZHA A H1 2"
V grypoceras  SHAAB|ZEY
V coling  F€AREY
V mandshurica A8 ¥
V. selkarku R A8 %
V. unflora =34u %
Family 36. Onagraceae Yls5#3}
Circaea alpina  Fdol&
Epdobium cephalostigma &vhs%2
E angulotum  FHvEE

L nudicarpum S U¥ls%

OO e O U RP, AP
@

O 000 EoM AP

O GGG 0O, M

O 00 o0 oM EP, AP

OO O O EOM RP AP

O
O
(O E O M
SN
O
@ ®; U
() EOM
ON® O EOM
O U AP
O EOM RP
O EOM
O EOM
O O
O O
ON®;

OO0 O
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Plant name YPublication Usefu)lnessd Rermark”
LL DP PA KO
Family 37. Halorrhagaceae 7ivig3
Hualorrhagis micrantha A7) % O O O
Family 38. Umbelliferae % 3}
Bupleurum longiradiatum 7\ A % OO0 OO0 ME
B levellei A% OO
Libanotis coreana 97§18 O O ©C ME AP
Peucedgnum terebinthaceum 7| &4 E o O
P. coreanum 971 §%E O
Cnidium tachuroei 7} 8] & OOONG u AP
Angelica decurswa ¥ &* O EM
A fallax  ATFAFFA O O
A gigas A O
A. ubatakensis O
Cryptotaenia japonica U E O
Osmorhiza aristata A3 A} O
Family 39. Diapensiaceae & vjZ )75
Diapensia lapponica var. obovata  &vis i OO0 0O OC oM RP, AP
Family 40. Pyrolaceae XxF%%
Chimaphila japonica ™) & x2w” O, M
Family 41. Ericaceae A9}
Rhododendron yedoense var, poukhanense 32 O O O O 0O, M
R. mucronulatum var. cihatum Y39 O O OO EOoOM
R. dauricum 3R g3 O O O
Hugeria japoruca  Abej 22" @ U RP
Vaccimum uliginosum S2Zu4% OO ON®; E M RP, AP
Family 42. Primulaceae %3}
Primula jesoana 29 % OO0 O 0O EOoOM AP
P modesta var. faurige Q%= O O O O EOM RP AP
P farinosa ssp. fauriei O
Family 43. Gentianaceae 2493
Swertia tetrapetala VALE O O OO0 M AP
Gentiana squarrosa  7&%°) OO0 oo oM
G. squarrosa var microphylla ETFE% 0] O
G. scabra var. buergen &% O O 0O
G pseudo-aquatica #1589 0O oM RF, AP
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Plant name “Publication Usefulness” Remark”
LL DP PA KO
Tripterospermum japomcum WBEEHY @ U RP
Family 44. Asclepiadaceae H57}8]3%
Cynanchum ascyrifolium Y1 9w &% O O, M
Family 45. Labiatae Z ¥}
Thymus quinquecostatus R o O O EQIMN AP
Prunella vulgaris var. lilacina SZ O O O O EOMN
Elsholtzia minima &3 O O U AP
Family 46. Scrophulariaceae  #4+%
Melampyrum roseum ZH=dg8%ZE OO0 O O O, N
Euphraswa coreana ZEFAE OO GIS) E O EP
E. mucronulata N71FEE O
Pedicularis resupinata %01 & O O O EOMN
P. resupingta var. oppositifoha vHEEIE OO OC O EOMN RP
P vertiallata TEF1E O O EOMN AP
P. amaena d&olE O
P spicata  °]AEolE O O O

Family 47. Plantaginaceae d7ol#
Plantago asatica 27 ™ O EM

P. alata 37879 Dy (apld

Family 48. Rubiaceae Z5 M4
Galium pusillum 47| &Y3E O O O (O E ON EP AP
G. kamtschaticum HEZZA”Y O U AP
G. gracilens Ed42F O O
Mitchella undulata  3A% 2" O E P

Family 49. Caprifoliaceae 215 #
Viburnum furcatum B35 O 0 RP
V. erosum var. incisa O
Weigela subsessilis %15 O O O, N EP
W. flonda HEWEUT O OO ON
Lomicera sachalinensis ¥ 85T O O 0O O U
L. chrysantha AHEUHE ON®
L. coerulea var. emphyllocalyx W& O O
L. coerulea var. edulis 3ol }% o Q U AP
L. coerulea var. glabrescens H-2Udgo] O

Family 50. Valerianaceae v} &} & %
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Plant name L["’ngh(;it\lo;o Usefulness” Remark”
C. rhinoceros for. albiflorum BursdA4HA" ) E M EP, AP
C. Japonicum var. spinosissimum  7tA 474" ) U
Saussurea gracilis 2%3 O Qo0 0 U
Synurus deltoides 8 F O O E, M RP
Solidago virga-aurea var. asiatica WS 3H O O 0O 0O EoM
Picris hieracioides var, glabrescens A v2 OO 00 E, M AP
Taraxacum hallaisanensis 754 O O O O EOMN EP AP
T. platycarpum Q€9 O
Senecio nemorensis =Y o] O O O E, O RP, AP
S. flammeus  Abbvle) o 0O 0 o0 E O RP
Chrysanthernum zawadskii ssp. coreanum @874 O O O O U RP, AP
Younga denticulata var. alpjna 32t S w7 O EOoM EP
Leontopodium hallaisanense % a+&che]” O U EP, AP

L. japorucum &0}
Gnaphalium hypoleucum B9 %

G. luteo-album var. multiceps 9%

CRCHONG®!
OC OO

Ixeris chinensis %0814
L dentata %W O
Lactuca raddeana  A+&u}h#

L. chelidonifolin 73 21 E w7

O O
O

O
@)

) Newly identified to each category in this research

n Reported by LL(Lee and Lee, 1957), DP(Do and Park, 1976), PA(Park et al,
1978), KO(this research).

? Described at Table 3.

3 EP : Endemic plant, RP : Rare plant, AP : Alpine plant

_97_



2ZFALS

iy

ro
[}
0X

Kl 349 6oHE SoF SRtA B MESIHA AFE 2379
2 0rclotd Ol’ £ OE Al&Olcts SE0HA 2 S Mo
2 HENFL 2S00 2AS] 0I8E H6tIA &LICH
B X e Xt 10| S 2ES QoA =2 It
DA WaE ARG £EE M =% &AME Ol
HFEAl MBS L FSEH usdE, HFHE
B, SAHE L O|&& WY ez JAEELO Deld
[u] 3

=
w50

5 o Mno
I

R

Of
U & 12 44
4> nio

M0 o o

>,
T
A=

u
HD
90
e B v og
0c
o

1
0
¥
0y

N
>
)
u M
> &
H
=
gm
R
?é’neﬂ.
- 2
0
w
-9
o
-.-rull
ru-—
o
ESS
-
= o
1L
™
gr 0¥
T s
o &
2
no&e
g 1o
i
0 0o
o o

ag, cl e IEBE HE LF0H ZAI=ELICH
OlHAL... Lt &0 ==& HE SO0 HHFA= OHHXIE
Of E&8 DIS2YLUICH L2 JISS&... M2 IS0 g2 &
g, SY8SH XNE0 N4€0/8 NRelct DY4sta oY, oY
BIES LIS MIto gyl sdE2 T30 S0 s 0 =242
UL J2ld & =20] LI2IJIDX & &M e =202 238
IIEYE...
2 A 3¢ S NXD 8E & S0AM g2 2525 LA
HOWH 2cly) BI2CH= OlsE &M XU
A Zol = 028 AIEACE OIS X0 9= ZH &N EHH
XE0[0A L2l ME 0f =222 AELICH

"
z

[
[

oo Jx
o

H 2 oC M

o
=

2 Mo o op
oc

Mo

o
o
fo ¥

Mg
{0

o
FHy
I
o
)
r

r
sq
o
)
e
ion
>

OlMl CHAl St2hah ASEOl AR AR,

- 08 -



	표제면
	List of tables
	List of figures
	Appendix
	Abbreviations
	Summary
	Ⅰ. 서론
	Ⅱ. 한라산 백록담 분화구내의 식물상
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	3-1. 식물상
	3-2. 백록담 자생식물의 생육형
	3-3. 식물의 유용도

	4. 적요

	¥². ÇÑ¶ó»ê °í»ê½Ä¹°ÀÇ »ýÀ° Æ¯¼º
	1. 서론
	2. 재료 및 방법
	2-1. 백록담일대의 기상 조사
	2-2. 자생지에서의 고산식물 생육특성 조사
	2-3. 생육과 환경요인과의 상관관계분석

	3. 결과 및 고찰
	3-1. 백록담일대의 기상
	3-2. 고산식물의 생육특성
	3-3. 고산식물의 생장과 환경요인과의 상관

	4. 적요

	¥³. ÇÑ¶ó»ê °í»ê½Ä¹°ÀÇ ÀúÁö´ë È¯°æ¿¡ ´ëÇÑ ÀûÀÀ¼º
	1. 서론
	2. 재료 및 방법
	2-1. 저지대 환경에서의 고산식물 생육특성 조사
	2-2. 고산식물의 증식

	3. 결과 및 고찰
	3-1. 고산식물의 저지대 환경에 대한 적응성
	3-2. 발아 및 무성증식 특성

	4. 적요

	Ⅴ. 환경변화에 의한 고산식물의 엽록소형광의 변화
	1. 서론
	2. 재료 및 방법
	2-1. 연구재료
	2-2. 기상요인조사
	2-3. 엽록소형과의 측정 및 특성 분석

	3. 결과 및 고찰
	3-1. 엽록소형광의 일변화
	3-2. 엽록소형광의 특성
	3-3. 생장과 엽록소형광의 상관관계
	3-4. 고지대와 저지대에서 환경요인과 엽록소형광 특성의 비교

	4. 적요

	VI. 종합고찰
	VII. 요약
	VIII. 인용문헌
	Appendix

