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ABSTRACT

In order to investigate the ecotypic variations of Pulsatilla koreana Nakai distributed in
Korea, 8 local populations of the plant were selected in accordance with latitude and compared
on the differences of leaf shape, elongation, stomatal distribution and chlorophyll content.
The incised angle of the plant is 38° 32" in Cheju, showing a great difference as compared
with 23° 77°- 30° 32 of the other sites. As to the incised rate, Mt. Togyu and Cheju represented
relatively high values of 49. 04% and 48. 21%. The parted leaved individuals were only
observed along the warm current coastal area including Cheju, Sokcho and Sunchon and were
54(62. 8%), 2(2. 5%) and 3(3. 3%) in the sites, respectively. Especially, the individuals
consisting of only parted leaves were 5(5. 8%) in Cheju alone and none of the other sites
showed such individuals at all. So, P. cernua distributed in Cheju and P. koreana in inland
area can be considered to be ecotypic variations of the same species from the upper
investigations.

According to the elongations of leaf and rachis, the local populations could be classified into
3 types, such as warm current coastal area type(Cheju, Sunchon and Sokcho), southern inland
area type{(Andong, Chungju and Mt. Togyu) and central inland area type(Mt. Komdan and
Hongchon). The dentate numbers of 39. 80-43. 73 in the warm current coastal area were also
different from those of 46. 27-52. 47 in the other areas. In phyllotaxis of leaflet, alternative
leaflets account for 87% in Mt. Togyu and 15% in Hongchon, while opposite leaflets account
for 100% in the other sites. The content of chlorophyll ranged from 0. 609 mg/g. d. w. (Cheju)
to 0. 924 mg/g. d. w. (Hongchon), showing an increasing trends as the latitudes grow higher.
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The number of stomata on the low epidermis is much larger than that on the upper epidermis
in the whole area. But both aspects showed an increasing tendency, too as the latitude
becomes higher.

Turesson(1922) ) 2J&fl & RE% (ecotype) 7Ndol ALE olal, A &7 oA Hepa YA
o} Wzl wWe Fu Wole EA7} o] 7hA] whel ofs) &ixlo] Y. ol F AR 3
oy, euld, Ay, IXE T oA} o], T2 1x Y Y= ¥l o7 7]FH g3l
Fujol) whel B35} o] FojAlE I, XY, EY, F7F 59 oy Azl EFFH =
L Ad ¢ AFE 2" oMol 3} o= & g2l Ut (Kawano, 1974). wEhA, &
do] Yo FAdFol A A2 Fef & Ae)F FAo YA FHL A F Holg YER
A @ ch(Turesson, 1922).

%u| & (Pulsatilla koreana Nakai) & viuygopaju] o] &3 5249 thddl 2oz,
AR o 2= ) 900m AN H7HA], FHH o 2= wFE Ao A RE TS AA dE o2
' He EXYS yehla 1oi(Lee,1967), B2 A E A ¥ole] & 7hadol A= 3l
. E3), vty 3¢, F& FE dAADE g G5 e A=t 21 AU e #
Az, 713 e xold wad Gt A 72 JeEhl 2 7] & (Kim,1973), T8
A 2HolA ogs MeEF WHolE AFsrioe H1Y FL& AHE AU Yt
& 4 Atk v ola e TR A4 FoAd e 49 AR, Yeau(1978), Lee
(1979), Kang(1987) 59 K1 & A3l o}3 ofoll th3t d37t &datx] R sl

2 A3 shhke WRo] 80 A GUEM, NEX, fEail, L8, BN, B, g, ®E)e &
42 ek Atolo] Yele do e, 424 3, 71 BE, A% Ay S #3 ¥4
2ol g BlW T o N, dutl A& v 23} #4S we7] 9% 712 AEE 1A 8
At

HH R Fik

XY 7H

2} 7A)(Table 1 )8 74 274& &= 7|F 9g(FY 714, 1985) 3% 714 AR(FD 7%
), 1986~1087) 2 F=zsgon, 2547t gl 4% AFLe JH Y F329 ArE U&
skt Table 2, Fig. 1).

74k BN} 1440.0mm 2 HA R T, A7 73 H& 1093.6mm 2 vEh £ 2 Tl
of 350mme] o] gl AHF 7L AS, FEML 15 1°CE 7B AL, #e] 7+
e 10, 0°CE Yehd, T X929 23 A4 2bzh 121, 7 7 89. 6 o] ATk

AA= e 912 33° 107 NGEHM) ol A 38° 10" N(R#) o] o]27174 5°¢] =AE B,
s el AS W JEK, EMZE 40 ~70m, EH, LHE, B, BRI He] 80~210m, 1
2l T @E®il 300~400m 2 7H Bdch A A WL g 3 e eI
Bl AGe dojHoz Sao|dt. MR 8749 AF, vRE Ndo] A2 4 =
T 80~90%29] 1~3m Eo)9] AURY stgeld t& 2R EH EAsL e Ade g, &
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Table 1. Description of the collection sites

Site Latitude Longitude HSL(m) Direction Vegetation
Cheju 33°10° 126°35" 60~70 South east Herbaceous
Sunchon 34°577 128°28° 50~60 South Pinus-herb
Mt. Togyu 35°517 127°45° 300~400 South west Pinus-herb
Andong 36°35 128°42° 200~210 South Pinus-herb
Chungju 36°55" 127°52° 80~90 South west Pinus-herb
Mt. Komdan 37°32° 127°15° 200~210 East Herbaceous
Hongchon 37°43° 127°40° 220~230 South Riverside, gravelsand
Sokcho 38°10° 128°36" 40~50 South east Pinus-herb

HSL : The height above sea level
Herbaceous : 30~70cm tall grass of Gramineae and Cyperaceae, relative light intensity 80~100%
Pinus-herb : Short grass and Pinus sp. with the heights of 1-3m, relative light intensity 80~90%

Table 2. Climatic conditions of collection sites

Nearest *Precipitation *Air temperature( )} *Relative Annual day
Site meteorological (mm) P W. L humidity length
station mean  min. max. (%) (hour)
Cheju Cheju 1440. 0 15. 1 11.8 18.6 121.7 74 1949. 4
Sunchon Yeosu 1392. 5 13.8 10.7 17. 4 116. 8 68 2417. 8
Mt. Togyu Geochang 1186. 8 11.4 58 17.7 93.9 73 2661. 2
Andong Yeongju 1126. 7 1.1 5.3 17.5 94.0 69 2885. 2
Chungiju Chungiju 1093. 6 10.9 5.4 17.2 95. 6 74 1593. 2
Mt. Komdan Seoul 1364. 8 1.6 7.5 16.5 100. 4 69 2092. 7
Hongchon Hongchon 1193. 5 10. 0 4.3 17. 4 89. 6 67 2602. 8
Sokcho Sokcho 1291. 2 11.9 8.6 15. 4 95. 6 66 2181.1

W.1. ; Warmth index, * ; annual mean

M, BALE A ZE 80~100% 2 MAH ¥A) upE TolA 24 30~70cm o HEH N E
S3 BT YAL #ie) A FYaA AR Agd AEL dQSt. EF 2
(Table 3)& pH7} 4. 6~6. 7 o) AR L, B3, ALLIAW @M S, F712% EF @
s3ko] 713 M A Upebtr),

2o ME
1983 1 5 ¥ 7 1984 ' 5 ¥ 7tA] Y=o} Azt AR g n@isted & 8 /) A (M, NF
K, &M, LE, BM, B, #, ®E) & AP F, S8 500 A o]l uE
9E e sto] 22912 100 WAH S AFsA. A9HE JHYE A EA = Fol2 Yol
ue} AFstn A Xl o)A, B 22 sl Aujate] Aol &3 T
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Fig. 1. Collection sites and isopleths of annual mean temperature.
Abbreviations ; C : Cheju, Su: Sunchon, T : Mt. Togyu, A : Andong,
Ch : Chungju, K : Mt. Komdan, H : Hongchon, S : Sokcho
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Table 3. Soil properties of collection sites and experimental plot

pH 0. M P.O; K Ca Mg Water
. city(%)
Site 15 %) (ppm) Exch. (me/100g) capacity(%e
Cheju 6.2 9.7 8 0.29 3.9 1.9 49. 3
Sunchon 6.0 3.0 13 0.21 4.5 2.3 44.7
Mt. Togyu 4.8 2.0 8 0.18 1.6 0.6 45.2
Andong 6.3 0.7 24 0. 08 11.8 2.0 36.9
Chungju 4.6 2.6 18 0. 30 6.2 3.2 50. 5
Mt. Komdan 5.9 3.2 15 0. 40 6.2 1.5 46. 2
Hongchon 6.7 0.5 6 0.11 4.1 1.2 21. 8
Sokcho 5.4 2.1 32 0.19 5.0 1.7 42.8
Transplanted
garden(Kon- 6.3 2. 31 18. 26 0. 48 7.37 4.6 45. 6
Kuk Univ. )
4 Y

Aol FA FAL1987 9 9 ¥ 3Y FE 17 Y Atololl AFH= 20 MA K A 3] AK€ AN
Ao RS NF2 R Fig. 2 9 2ol 4T 71&Eell &, 924 4=, 47 4x, 448, A
2, 29 A o # FES AU, F AN AEALE A A v e S
ZA st

FEL TF BEH2 AdE vlud Aol 453 A 248 A& ANEE AEEHY
Mackinney(1941) % ol whet Al st 2, £33 F=A(UV-120-02 Shimadzu, Japan) & ©] £ 3}
o 645nm ¢} 663nm oA FR=E ZA AT

7189 3421987 9 8 € 3 FE 13 YU Alolo] #e Fg ®dod, zbzt 2 14:00 Al
o, Q= vmA Ygo] F5F 20 AN el YL MAYY. AP & Fue
FHLE 2, 4,F,82 Urol 6 A B2 TR H, 7139 9 AV|E ydz 235
At

d2

Fig. 2. Diagram of incised state in apex leaflet.
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A AGEAL 1987 3 € 28U HE 5 €
19 & 7141 8 3ol AA, A EE v 3] 20 /A

He BAAR BE FE5] Ao g 4FL

zgagn, A% EEF 33 AL ZHEHY 70 0

el Aol, FEY Sl whrl st Aol 5& 5% %V
sl

93, Fig. 3% 2ol YHF 712& Fatad &
sl shr] Zolg st

&/ R

2lo 83 B4

ool 97zt e g Fotstr] HAsted, Fig. 24
d A e A 71Eel et 4 dEst HEE A
Aw g Z4slgrt (Table 4, 5, 6). Izt 4
=9 B, A% Fol A vehd EMI
o] th& Ao uls) 10° el el FAE] Fe F£AE AT, 3% B A A= (A + A/
2)7} 38 ° 32°, % P Gzt A=(B, + B, / 2)£ 39.° 56" o]k, Wi, AR A A A=
ol A2 WAL 23° 7701 sk Wit A7 A=e #tlle) 27° 9770 HaAAW. EH
o) Amst AetAl e #wm o A%, Ay B 47 4=} 28° 66, sk B e A=s
30° 787012tk B A7 A (C, + Choll Aol e, Azto] A3 #M 1 ] 6.43cm= 718 #
obir, 7} Ee £ Bl REF EM Lo vish F 15w A= @29, 46cm & YEFTH

Fig. 3. Diagram of petioule length in leaflet.

Table 4. The lobate angle in apex leaflets according to the collection sites

Degree of angle(®)
Site

A1 A2 A1+Az (A1+A2)/ 2

Cheju 1 39. 38 +4. 02(39. 16) 37.25+3.86(37. 03) 76.63+6.74(76.19) 38. 32+3. 37(38. 09)
Cheju Il 29.16+3. 03(29. 20)  28.16+2.93(27. 58) 57.32+4. 38(56. 78)  28. 66+2. 19(28. 39)
Sunchon 24.67+4. 08(24.76) 22.86+3. 14(23.52)  47.53+6. 79(46. 28)  23. 77+3. 39(23. 64)
Mt. Togyu  30.27+3.00(30.38) 30.73%2.88(27.34) 61.00+4. 92(60.42) 30. 50+2. 46(30. 21)
Andong 23.47+2. 79(23.51)  26.40+3. 07(25. 49)  49. 87+5. 27(49. 00)  24. 93 +2. 64(24. 50)
Chungju 27.60+3. 11(27.78)  26. 60+2. 83(26. 36)  54. 20+4. 91(54. 14)  27. 10£+2. 45(27. 07)
Mt. Komdan 29.87+1.73(30.17) 27.40+2, 74(27.55) 57.27+3.77(57.72) 28.63 +1.89(28. 86)
Hongchon  28.34+2. 23(28.29) 24.67+4.31(26.13) 53.00+5.52(54.42) 26.50+%2. 76(27. 21)
Sokcho 28.53+3. 84(27. 43)  26.13+2. 57(28. 85)  54.67:+5. 75(56. 28)  27. 33+2. 88(28. 14)

Cheju I : Parted; Cheju [ : Non-Parted, (A1+A2)/2 : F=3. 46*** (*** : Significant at the 0. 1% level)
Numbers in parentheses represent the values measured in collection sites.
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5 A7 AE(d+d)ol leIME 4. 35cm 2 AU E 2 ®#t 2 93cm 2 HAAE U
ERH JEUION ulsh oF 1. 5 wholl eahis e 2lo)E Rlrh. AR} sy Az A blg g
B d7he(d +d, /o +ocx 10009 A, fEHILC) 7Y ¥ 49, 04% AR, #tlilo] 7HF
W 34, 34% At

d7o] Aatslo] A7 AEAES 7H A E YR 2ALS A (Table 7, Photo 1), #
el B9 ddagoswt o) QAL 5 A5 8%) WERET U= 3, 54 A (62,
8%)°X Az vl dzgdol EAF M the A3 vlwste dzte) Byt A s
AL, ¢& i JFAN AN AR Y RN T 2hzh 2 A (2. 5%) 9 3 WA (3. 3%) 2] A

AR v A G4 ol EAE NI 2 vk, T2 Ao ME AE B A gt

Table 7. Parted leaved individuals according to the collection sites

Site . To‘tal Parted + Parted Non-Parted
individuals non-parted

Cheju 86 54(62. 8) 5(5. 8) 27(31. 4)
Sunchon 80 2(2.5) 0 78(97. 5)
Mt. Togyu 109 0 0 109(100)
Andong 128 0 0 128(100)
Chungiu 90 0 0 90(100)
Mt. Komdan 32 0 0 32(100
Hongchon 60 0 0 60(100)
Sokcho 92 3(3.3) 0 89(96. 7)

Open numbers mean indivduals.
Numbers in parentheses mean its percentage in each complex.

AR ol QoAM= 7 A P, EN, RE L Zhzt 39.80, 40.73, 43.73 & 46. 27~52.
& HE& FAE b i ey, gAE =7} Eo}

A5E A7 F7rebe 43S 29 H(Table 8).
ZF A2 29w e M A E vawa) 29, Table 9 9 Photo 1 off vebet ulo} 7o) tj
At A el A 100% iAo Hel g FHaln Ao, bt gl Aol At BolsA| 2zt
ZF WA = 2] 87% 2t 15% 7+ 28 sk At} (Table 9).

47 749 H 9 el Qe o

Table 8. Dentate numbers according to the collection sites

Dentate number

A Ao ) sy

Site Site Dentate number
Cheju 39.80+£5.12 (37.99) Chungju 48.33 +2.71 (47.69)
Sunchon 40.73 £6.87 (42.27) Mt. Komdan 52.47 +6.72 (55.15)
Mt. Togyu 46.27 +4.58 (43.18) Hongchon 49.93 +£5.94 (51.59)
Andong 49.33 £4.54 (49.17) Sokcho 43.7314.88 (44.76)

Dentate number : F=3.55"" (""" : Significant at the 0.1% level)

Numbers in parentheses represent the values measured in collection sites.
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Photo 1. The leaf variations of Pulsatilla koreana according to the collection sites.

: Parted leaf of Cheju

: Non-parted leaf of Cheju

: Parted leaf of Sunchon

: Non-parted leaf of Sunchon

: Parted leaf of Sokcho

: Non-parted leaf of Sokcho

: Alternate leaflet phyllotaxis of Mt. Togyu
: Non-parted leaf of Chungju

: Alternated leaflet phyllotaxis of Hongchon

: Non-parted leaf of Andong

: Non-parted leaf of Mt. Komdan

: Compound individual of parted and non-parted leaves(Cheju)
A : Parted; B : Non-Parted

No.

W o0 =23 U e WD

=
N = o
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Table 9. Phyllotaxis state of leaflets according to the collection sites

Site Alternate(%) Opposite(%) Site Alternate(%) Opposite(%)
Cheju - 100 Chungju — 100
Sunchon - 100 Mt. Komdan - 100
Mt. Togyu 87 13 Hongchon 15 85
Andong - 100 Sockho - 100
HEL 8

AE249 e xdHZ RA] B Z3H(Table 10), 713 @& AXg AF7F 452 g,
b, a+b 9 ¥ 2Tl YA 7 AL F2E yehd, 242} 0.393mg /g.d.w., 0.216mg /g.d.
w., 0.600mg /g.dw.dch ¥, B4 a o A, P 2L S JEhd NS REEA
0.414mg /g.d. w. 91, G924 b & =4 atb o F7Hx el dold e wilo] 7HE &
=3x8 mo 247} 0, 522mg /g.d.w. 9} 0.924mg /g.d.w. 22 et 53], #le] 454 b
o) gt HAXE JeEbd #NS dgoE He £XE vebd IEK Y gl vlsf 2 v o]
2o 38 1tk AAMHoZE YEV} Fobydl wet ghake] Friste A4S 2ith

o
=

Table 10. Chlorophyll contents according to the collection sites

Chlorophyll contents (mg/g.d.w.) Chlorophyll contents (mg/g.d.w.)
Site Site
Chl.,a Chl. b Chl at+b Chl. a Chl. b Chl a+b

Cheju 0.393 0.216 0. 609 Chungju 0.410  0.367 0.777
Sunchon 0. 409 0. 256 0. 665 Mt. Komdan 0. 402 0. 499 0. 901
Mt. Togyu 0. 412 0. 290 0.702 Hongchon 0. 402 0. 522 0.924
Andong 0. 411 0. 284 0. 695 Sokcho 0.414 0.352 0. 766

7182 BE

AHLE mf F 71 g2l £ 2718 SH A (Table 11). 7189 = A Qo) 2 69,
30~118.10 7H& vtehd o] 5 Wol, 18.90~41.03 /1] WS Bl & Ho vl Bt =)
AU, ¢ A A FMAGo] Y HL 18.90 MY, wa&7F 41.30 A= 7H 2k 9
Aol ol E, 69.30 M2 Uehd #N7E 7bE A e $XE 8ol v, HEs} i) 7hg ge
118.10 /R & vetstch 53], ®#e 71 3e ¢, 9 AollA] 2k HAXE Jehd g e i
Aol Hlal, oF 2w 7}7h-E- H A A}ol S KAL)

NEY A ojHM, REE AT XA 4%, 50~90m Atol9] Y BT} v A v
& RGN, MR, I ) 71871 oAl A 69.30~74.70 N2 LFERG wbE | 200~400m 2
HlaA nxrh 52 A (LH, B, B, #)e] 7| E4E 77.30~109.00 AE VR,
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Table 11. The characteristics of stomata according to the collection sites

Number / mni Length(#)
Site —_— S

Adaxial surface”™” Abaxial surface™" Adaxial surface
Cheju 18.90 +5.16(15.18) 7090+ 8.17( 72.11) 3.06 +£0.18(2.97)
Sunchon 32.00+3.52(31.78) 74.70 +14.61( 69.33) 2.50+0.39(2.27)
Mt. Togyu 28.10 +2.97(26.58) 77.30 + 9.06( 78.88) 2.7510.24(2.83)
Andong 34.10 +5.32(38.19) 97.60+ 7.84( 99.09) 2.43+0.20(2.23)
Chungju 36.00 +7.64(36.78) 69.30+ 6.51C 72.38) 2.83+0.30(2.59)
Mt.Komdan 30.30 +4.59(33.24) 81.40 £14.25( 86.06) 2.80+0.40(2.77)
Hongchon 35.70 +7.38(33.33) 109.00+13.89(114.39) 2.824£0.25(2.91)
Sokcho 41.03 £5.08(43.81) 118.10 £17.04(113.29) 2.81+0.27(2.92)

Length(#) Width(#)
Site . )

Abaxial surface Adaxial surface Abaxial surface
Cheju 3.18 +0.27(3.31) 1.63+0.23(1.66) 1.65+0.16(1.59)
Sunchon 3.03£0.20(3.11) 1.20 £0.13(1.08) 1.26 £0.18(1.16)
Mt. Togyu 2.98+0.11(2.81) 1.37 £0.14(1.40) 1.26 £0.12(1.35)
Andong 2.87+0.08(2.69) 1.04 £0.10(1.14) 1.19£0.21(1.20)
Chungju 3.20+£0.25(3.14) 1.11+0.17(1.07) 1.26 £0.14(1.18)
Mt. Komdan 3.14+0.19(3.08) 1.10+0.17(1.21) 1.03 £0.09¢0.98)
Hongchon 3.07+£0.13(3.17) 1.26 £0.19(1.19) 1.12£0.10€1.17)
Sokcho 3.09+0.37(2.91) 1.55+0.31(1.78) 1.56 £0.41(1.47)

ok

: significant at the 0.1% level

Numbers in parentheses represent the values measured in collection sites.

pxol wat F7ste 8¢S nAh

Amd Aakol] Qloirz, RINE A28 36° 35" N~38° 10" Nojl o] 2 u9 % X9 7) 54
7} 81.40~118.10 7R 2] B 1dl whakad, 33° 10° N~35° 51" N Aol o] A% oo A= 70.90~
77.30 /M2 e flne) wat Fotehe AYS B

e 7F A7), Holv) 2.43~3.06p E©] 1.04~1.63, F W Zol7} 2.87~3.20p F
©] 1.03~1.65x o] MR, A wp a2 wo|x| gksir)

ke

Hol A A FEE 39 28U HEIS5 Y19 YU 7R 8 Soll AH AR A|7EZ FALEY
tH(Table 12). A& 27191 4 € 29 4 7A& A Qo] W& zo|7} Fale] vehda) ¢t 5
Y o] F A|3to] 7éTJrJ of wet 370 £, & GF dFAEEM, TE, RN, WE FHA(RRE,
B, L) 2 WS SRAE@AL, #1) o o] st AT REFEAVILS
419 4o LA G AL B, KE JER T GF FFAol 23.2cm~27.9cm, LH, BN, &
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Table 12. Elongation of leaf according to the collection sites (cm)

Sampling date

Site
March April May
28 8 15 22 29 6 13 19
Cheju 1.2 3.5 5.9 11. 3 16. 0 20. 8 25. 4 23.2
Sunchon 4.9 9.6 13.9 23.1 24. 0 27.5 27.8 27.9
Mt. Togyu 3.0 6.6 12.5 19. 2 24. 6 30.9 33.5 33.6
Andong 3.5 7.6 11.0 18.1 21. 3 27.5 33.1 34.2
Chungiju 3.2 7.6 11.7 18. 2 23.1 29,2 32.6 33.2
Mt. Komdan 2.7 5.6 10. 8 20.9 25. 4 32.4 35.6 40.0
Hongchon 1.6 5.6 8.0 17. 8 23.3 33.6 37.5 39.1
Sckcho 3.1 6.0 9.1 18.5 22.6 25.5 26. 1 26.5

#h & WE @5l 33.2cm~34.2cm, 222 BRI #1o] WE E3do] 39.1cm~40.
Ocm 2 A2 H%0 3 7MHA 9z me} A2 = 3 84S el drH(Fig. 4).

715 2] A A7 (Table13) HA], &Ly AIAGE 713 M IS A rie 1
FEoA dAZ A= WE 37 F, S FEINT —RE—)JER S 35 I mM—%H
T s EFE BAL-# 5 UE FEAe PEEAY. 30 #8 e, g 25
AA B glijo] thE Ao vl8) ¥ FXE Bo, 2 49 Aolyt 42t 8. 12cm 9
9. 05cm 2 Uelgten, #& 295 §A A8S 2y,

A A HAl, ZHoleh Zo] mE it ol wa ZrtEte ?%% HAE
(Table 14), 7H& 22 #EM L9 3% 2ol 532cm, Z 4.6lcm o 7Y, @IS Zo| 7.
59cm, ¥ 9.27cm 2 7P & £X& M A AU Holo o] BAZ RE|(Fig. 5),
el 27 ks XS 9N Ao JAGL 1 F8, S BB, TE-Es - I,

=

Table 13. Length of basal leaftlet according to the collection sites

Site Right lenght(cm) Left lenght(cm)
Cheju 1 8.6210.82(9.01) 8.69+0.76(8.74)
Cheju 11 7.77+0.89(7.93) 7.78 £0.95(7.75)
Sunchon 7.58 +0.74(6.17) 7.59 £0.89(6.61)
Mt. Togyu 7.76 +£0.89(7.45) 7.79+0.86(6.53)
Andong 6.75+1.04(8.03) 6.53 +0.96(7.01)
Chungju 6.53 £1.49(6.93) 6.43+1.48(7.20)
Mt. Komdan 8.12+1.38(7.88) 7.78 +£1.16(8.14)
Hongchon 9.05+1.32(9.66) 9.85+1.56(9.98)
Sokcho 7.76 £0.90(7.31) 7.79+1.18(7.43)

xe

Rigth length : F=3.2*** ; Left length : F=4.66"" (*** : Significant at the 0.1% level)
Numbers in parentheses represent the values measured in the collection sites.
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Fig. 4. Comparison of leaf size according to the collection sites.

2 types of leaf in Cheju and Sokcho represent the parted and non-parted
leaves.
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Table 14. Length and width of apex leaflets according to the collection sites

Site Length (cm) Width (cm)
Cheju I 5.32+1.29 (5. 30) 4.61%0. 82 (4. 53)
Cheju I 6.6210.72 (6. 63) 8.4711. 01 (8. 42)
Sunchon 5.94+0. 61 (7. 46) 6. 61+0. 94 (6. 55)
Mt. Togyu 6. 20+0. 55 (6. 25) 7.5910. 98 (7. 44)
Andong 6.510. 95 (6. 64) 7.28+1.31(7.39)
Chungiju 5.75+1. 04 (5.51) 6. 97 +1. 41 (6. 68)
Mt. Komdan 7.6310. 73 (7. 49 8. 67+0.93 (8.76)
Hongchon 7.59+1.96 (7. 47) 9. 27+1. 92 (9. 20
Sokcho 6. 67 +0. 67 (6. 64) 8.55+1. 18 (8. 54)

Cheju: I Parted ; Cheju I : Non-parted
Length : F=4. 59*** ; Width : F=4.61***(***: Significant at the 0. 1% leveD

Numbers in parenthesis represent the values measured in collection sites.
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Q
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S 6t ch o 4
:E «C1 *Su .S 4
2 o 5
-A&; 4t 3 5
- 20}
o .
3.
[d s i " "~
0 —iF- 10 o
Locality
Fig. 5. The relationship between length
and width of apex leaflets. Fig. 6. Length of rachis and node number
C,: Cheju(parted), according to the collection sites.
C,: Cheju(non-parted) Abbreviations are the same as Fig. 1.
Others are the same as Fig. 1. Alternate bars represent each node.

BEAN-NEH, B ] B o2 FREUC

A51e) vhe) 7ol & Fig. 30) oAl @ 71%o] we} ¢ dxhs Table 159 ok, vhe)
Aol 7ol (A+B)E NEIo] 4.24cm 2 71 HRIL, #elilo] 9.63cm = 7H T A vrebtEd), ol
Az Y57t gold 5 QoA RS wgow, ¥ vhtl(A)sh &% wHl(B) 27l A
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Table 15. Petioule length according to the collection sites

Petioule length(cm)

Site A/(A+B) x100(%)
A B A+B

Cheju 1. 38£0. 16(1. 32) 3.0610. 17(3. 39) 4.44%0.38(4.51)  30.93+3. 38(29. 71
Sunchon 1. 77 £0. 20(1. 02) 2.40+0. 12(3. 15) 4.2410.43(4.17)  24.70%2. 58(24. 48)
Mt. Togyu 2.38£0. 34(1. 84) 2.6610. 27(3. 12) 5.04 0. 41(4.96)  37.27£3.57(37.29)
Andong 2.13+0. 2(1. 71) 3.75%0. 28(4. 26) 5.8810.27(5.97)  28.88+3. 01(28. 66)
Chungju 1. 81+0. 18(1. 20) 2.5710.22(3.17) 4.3840.31(4.37)  26.9712.66(27. 48)
Mt. Komdan 2.71+0. 21(2. 25) 4. 71£0. 28(4. 85) 7.42%0.33(7.10)  31.97+2.96(31. 73)
Hongchon 2.9410.33(2.97) 6. 2210. 49(6. 56) 9.63+0. 26(9.53)  30.61%3. 11{31. 24)
Sokcho 1. 79 £0. 17(1. 20) 2.56+0. 12(3. 29 4.35%0. 29(4. 49)  27.2612. 69(26. 75)

A, B :See Fig. 2.. A/A+B x100 : F=9. 67""(""": Significant at the 0. 1% level)
Numbers in parentheses represent the values measured in collection sites.

o 4% 2 Y vhriel va
Hote 4 E ek
el vt 59} doj2

Table 16. Rachis length and

A Aole] Hi(A/A+Bx100) 9A], A2 19E2

f\J

T
T

ofN

54 & A3 Table 16, Fig. 67 ¥}, vhr] o #M, RE, &

node number according to the collection sites

Rachis length(cm)

Site

1 2 3 4 5 Total length

Cheju 10.49+2.31 6.86+1.08 3.23%0.31 1.88+0.18 0.71+0.08 23.23+2. 98
(11. 80) (6. 96) (3.18) (1. 86) (0. 81) (21. 84)

Sunchon 13.14%+1.89 9.09+1.76 5.13%£0.56 1.52%0.09 27.86+5. 14
(11. 80) (10. 18) (5. 33) (1. 44) (23. 36)

Mt. Togyu 12.33+1.70 11.63+1.09 5.79+0.38 2.87+0.31 1.02%+0.11 33.60+4.51
(13. 28) (12. 27) (5.98) (3. 29) (1. 08) (35.19)

Andong 16.13+2.41 10.50+1.54 5.61+0.41 2.04+0.28 34.21%2.88
(15. 84) (9. 89) (5. 87) (1. 84) (32.23)

Chungju 14. 18 +2.67 11.57+2.58 5. 24+0.67 2.31+0.31 33.15+3. 36
(12. 99 (12. 33) (4. 98) (2.95) (34.59)

Mt. Komdan 15.87+2.19 9.69+1.03 8.37+£0.91 4.32+0.38 1.73%0.19 40.02+6. 12
(16. 34) (10. 74) (8.13) (4. 41 (1. 59) (39. 93)

Hongchon 17.74+1.89 11.62+2.10 6.74+0.58 3.07+0.29 39. 05+£5. 42
(19. 56) (12. 94) (6. 84) (2.99) (42. 88)

Sokcho 7.93+1.85 6.14+0.96 8.3710.28 3.04+0.27 1.06%0.21 26.52%5.46
(8.97) (6. 18) (7. 83) (2.91) (1.3D (27. 36)

Numbers in parentheses represent the values measured in collection sites.

1, 2, 3, 4, 5 : node number
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Wik, BFWelA 5 AR, ER, ZE, #tlile] 4 2 vepdt vh ek Aoje] Al A &
e} HEE 5708 wul & ZpR R Qo AA Zolzh 2o Wk, gtile] ¢ vhy] £ 4710
A5k HA dolzF AA Jebstch dA o] Aol 9wl uheh o] Fldte LS AL,
Al Ao Ale} o] R FFAEM, HiL, NEX), HF FHU(LE, B, &), is 5
H-H(BFHL, #11) 5 30 FrE ol AEE A

% ¥

Qo Azt Zteol Gzt Ao 4% BAR P, BN 2N WG X ) 94 A Y
e, Bl I, R - O, - ER, ) 5 40 oz FREUG
(Fig. 7, 8). 4702 & 7}, 53] gl 45, vluzd dzte] 18 22 ¢go}, &3 w7t
thE =7} Felo] ATk ol AL, i)l A o] ypF & A 71 2(10°0) &
BT Qe $8, Z4dko] 1193.5mm 2 Hw A How, fdatA A4 2% 100%% 2
MR Aol A BSshil e BAlR A PRl EY o] 21.8% 2 thE A9l M)
8} 20% ©]4F viA eI e A #dEo] e Ao2 HzhErt (Table 3).

whe o

A, 0F ARA FM, EE, KE 5 30 A9 AN vz HA depd e A
3 Ego] FRHAEH, ol o5 Aol AW AR 71&o] 22 11.8°C, 10. 7°C, 8.6C=

e Kol va) W mH A UERIE Qi A o] i Ao we, 7 N Yoy

sof R sof .
C1 K S oT
o~ S. 'K LN )
», p— -
#_as} & % as| c2
3 ‘ S e
L o .OA b= oA
X 4ot Su XN4° L Su
38 S 9
++ H
o|53s} . TV 35t °H
- H
] [}]
L L
o ©
= 30t 3o0p
3 3
w -
‘o 5} g 28y
: ——
=l 1
oL 2030 40 2 3354555
Angle of lobate(*$*=7) Angle of cleft(E382 o)
Fig. 7. The relationship between the angle of Fig. 8. The relationship between the angle of
the 1st lateral vein to the main vein the 2nd lateral vein to the main vein
and the incised rate. ( See Fig. 2.) and the incised rate. ( See Fig. 2.)

Abbreviations are the same as Fig. 5. Abbreviations are the same as Fig. 5.
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HERE @013 el A4 2318 v oelsbx deate) xlole MR ex 2, 18
1A B F4En duy 28 230 % 1% 849 Keld o] nE geay W
2 st ol e g
=T YHE G E el Sl Aste A lA] dd b 2
tﬂlﬁ%%“ﬁ 9 ?}ZH A 14]7]' ——g-:"ﬁ ar 91 Ziﬂ} A, 58], Fael A Al zteivtg vEE AR ot
WERYTL Qs dAbe, bl whaak ghu)ate] bl il Aol A Pulsatilla koreana 7Y P. cernua
o} FALsled P cernua var. koreana@ Z5ial) ok shular & Lee(1969) o) A&
ofe} W7 EITh whebA, FEHE RESE 7= st (D, cernua) 2 WS
(P, koreana) & H 2] Fol ol¥l FeF el A WolEoz A}

Qo] FHA 71ed 57 A, 100% WA gele] A9e] eI e vhE =
2], GRAt T4 A de Mk A Aele) Aglo] 72t 87% o 15% 9] ¥ &R &8 31
l, o]t 2ol A Aqle] £3 x o) =7 & L 75 A 'ILHHQ}“ Fer HA& AR
= @ A ote g FrHl HE) s Mo] Qlojof & o g Aztec)
Yol AEA FFE UG 27, 2E Y 25 5 2 AR 87 27l ulg} B 3jo)

W ‘qu(MCNaughton 1966 © Lee, 1979). Ligularia fischeri(Kang, 1987)2] A%, A

FAe] nE7d Fobd g YE e el Frhskeltd. Nakayama(1975)%  Fagopyrum
esculentum®) FE b Wl A, Wb EFol vl B FEo] =4 ko] wekon o]& 9
s 5 FFo ekt diadel Eopx Al ¥izdl, o]l o] Ego] Bol g u3
1:};_! shaich gnjze] e, M
B, B5FHL, RS 3 E x| o9
H, BRE¥oR ngof W& Zvl AT !
Aot A& 54 gEFs Ndds ’%.Lﬁ]] X, 53 ?ﬂ-“lr] ghafol A o2 O
Z ol Bl BA S mA eER dEd], ol HEd ukel o], 4 AR o 91323 o] x|
Aol A5 &7 A4, A 2E7F 80 ~100%0) o2& Hol#Q) Hxyl stollA] 477+ A
<l 2 daepn Y zhEc)

Bjorkman g(1972)& %, &%, k% 5 3714 2 Bx3 s Atyiplex patula S
Hﬂa Azt 71yl ot A7 7F Al Z2Al whel M2 we ajolr) S-S HE up gl 7

ol oA, Lee(1979) 9} Kang(1987) 2 2Vt Plantago asiatica 9 Ligudaria  fischevi &
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Rﬂfni AT A, AR A ER F5E NSt obee S otk n sty aw)
¥ A AN x5t EolE SR v g Ut Zrtsl e, Ol: g FAF ghgo
2 RIg FE 2B 25 wAs7) 98 A4S HE kAo Ao nE x| o)A O B 1]

B 5] 7)ok ol ehhn QT WA e deelA, Deel ol S Ama o
el dFoz Fasted we g4 Bale e 7)) 2o oM, Yeau
(1978)9,]. Kang(1987)o] Ztzt Ranunculus japonicus 9k Ligularia fischeri o) sl zApE
A%, nEk FOLALS 2717 Sokeke Ao wae u gk, BulEe) 49 Ao nje}
ok 232 JERAR O it Slwe) uhe e mol ) e,

Lee(1979) & Plantaga asiatica @} 9, 918, W] 59 V& Ao nYwg 242 74as
= Aol Ao, olE AK Al7PE A AT AAMNE Az Fato] ulg} zpelrt &S

).

Ba1gk vb Ith Yeau (1978) &= 1 S7bol] wh B dhako] 744 A e 84 Ranunculus

4
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japonicus @ A o] aFS B I, Kang(1987) & L. fischeriol 1o o, 94,
el Fo Al Aol mE7L FoldFE @ATE WHCh  Pusatilla Sl M=
Komarov (1901), Makino(1980) % Lee(1980) §©] P. koreana & B|E 3+ H7}x] L&F 9 of
ZFH AL JASHEE B, A=y X W G Aol aolof thafM = 43k v 8l

2 Z5E Zrlsle S Bded, olv Ak % 1x F7het BdEke b A 4
Za B 29 Ranunculus japonicus(Yeau, 1978), Pantago asiatica(Lee, 1979), L. fischeri
(Kang, 1978) 59 A& Aaolhe vt SolHl A¥oletn & F Uk, ol9h g2 UF A
Aol 27} AEgn Adste, 53], A FA, 283 71F A% A, va A HHY e
EUNA, AR 47 g, UE 42 d 2 g %8 5370 f80] FEHIY o2
& A, drA RE xS A F3el o2& v A Exd w7 FH
a9le] dge g AaF A el s el e Folgtn AddEn

w B

St 4t &) 2 (Pulsatilla koreana Nakai) o] Rl ol FAlst7] flstd =iz 8
A AGe A4, AFsR L, TY 27 stell Ao o)A Al EE Tt oo Fel, 454 F
2 713 B, 244 Foll #3 Ay Ak o] g ol g AT o d7t 7w
T M7 38°32" o=, B A2 23°777- 30°50 ¢l ¥]st] €S Aol B d =2
B &5 gzheo] 7S el BN 49.04% 2F 48.21% = thE A ol v|a) A A ey
t} gz ALzt S 7R AN E A Ao, AEzhga viddzrgel EAske A7
F el KB, NER oA Z}2} 54 WA (62.8%), 2 WA(2.5%), 3 WA (3.3%) % &dsHom,
3], M2 A Adgagezgt o]fojd MAE 5 N (5.8%) 7F EHaIA T whEbA, #IN
ol BEete 7MY ) Z( Pulsatilla cernua ) RE B EslE S0 E(P koreana) & F
AE o] Y Y A HolFor HHET

Aol A& A7 A A Hg TP o] Fol] A3 A vUE B3l ujE g
A A AL GF A EHEEM, EER, ), WE SR AEEE, BN, @), W1E F53
(B5FHl, #E0) 5 3 7] ¥z FEEAGD 53], ¢/ JFH BN, JEX, FE= AX
oM = 7Hz} 39 80, 40.73, 43.73 N E 46.27~52.47712] ® Hell = b A A7 ol HA
ok g e FAE, Ui Kol 100% WA FHE Hala = W, BTk gl A
v 717} 85% o 15% o MAIZE S D AU GELS FH2 QAR LAER 255 5
7Vete A EE Bo #IMNVE0.609mg/g.dw E 7HE A AL, #l0]0.924mg /g.dwE 71 &
Al Jelstch 715 BxE o wWoj vl F well gten, ¥ W RE xrt FolEFE
Z7tele 4L Byt v, 7)1 ge] Av)e Yol wel Feld 2ho] & nolA| Fsirh.
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