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Analysis of Morphological Characteristics and Variation among Six
Populations of Pourthiaea villosa (Thunb.) Decne. var. villosa in Korea

Jae-Ik Nam, Go-Eun Choi, Young-Me Kim and Jae-In Park*
Department of Forest Science, Chungbuk National University, Cheongju 362-763, Korea

Abstract - This study was conducted to examine the morphological characteristics and variations of the 6 populations of
Pourthiaea. villosa (Thunb.) Decne. var. villosa in Korea. The ANOVA results showed that the populations were significantly
different in 18 of the 21 quantitative characteristics that were analyzed. In the results of principal component analysis, 6
principal components (PC) represented 68.28% for the total variations. ‘Petiole length’ (0.764), ‘Leaf shape’ (0.834), ‘Leaf
length’ (0.753), ‘Crown diameter’ (0.663), ‘Inflorescence width’ (0.492), and ‘Leafbase shape’ (0.721) showed the highest
contribution to PC1, PC2, PC3, PC4, PC5, and PC6, respectively. According to the results of cluster analysis, one cluster
comprised only ‘Goesan-gun Ssanggok Valley’ population. ‘Namhae-gun Mijori Evergreen Forest’ population was grouped
with ‘Hamyang-gun Sang Forest’ population, which was the nearest subgroup. Further, ‘Namhae-gun Geum Mountain’
population, ‘Jindo-gun Cheomchal Mountain’ population, and ‘Jeju-si Barimae Parasitic volcano’ population were placed
in the same cluster.

Key words - Oriental photinia, Native plants, Principal component analysis, Cluster analysis, ANOVA

N o Kim, 2011; Lee, 1986), S-tr2| U5 WA 223} 2 A Huj7} o}
T 242 ol &5, FAl= Aol Zal thdsto] 7]

S B|UES(Pourthiaea) A& FotAore] djel 2of T AR, AT 5O o] &5 oYtHLee ef al, 2010), E
Alof skl lom, ol See|UH(Pourthiaea SF, S U] I o A= AR A A HALElE 9714] F|

villosa (Thunb,) Decne, var, villosa) $Jo%= o] Bt F74a1 Q) LA 315HEo] MFAE QT Lee et al, 2013). &L SHlat wlz
A7) gom) TAolo} G} el Bl e Prurthinea AJ50] tet HEA ATIP BB |4 e 48
villosa Decne, var, brunnea Nakai), <-=2|U5of H|5ke] 9 of] that A1, AA A 71X & 6L 7143k 7] 2L Q= S2A]|0]

o] okl ZEX|F-0} 7 A7} 7 Ve Z 8- el Pourthizea villosa | AYETFFAE 9F(Convention on Biological Diversity) of| 4]
Decne, var, coreana Nakai), Q1 Zxgof] o] & ¢lojR| = L 2=to] A=Al o] A tatk o] JulE(ABS: Access to genetic
EAL 7 WSk e|U(Pourthiaea villosa Decne, var, resources and Benefit—Sharing)of| 9Jo1A] FHA ATlE 1A
laevis Stapf), ZL2|1L ZALFE} ofe] 7hA|of "o Wil ¢l 5IH st} =717} HAek AEAbdol theh R4 o] 8Al AMERE
of 3 go] WAIsh= d 3 e| U (Pourthiaea villosa var. 2| &5k mul ol g}, A 2E ERof TEAGHO] QA F o] 4]
zollingeri Nakai) 7} AR SHHKim and Kim, 2011; Lee, 2003). Ex}Yof Z8A40] 7+ZRE 11 QT Jang, 2001).

of% SuE Pl BE Bl ABOR Rolbmol @ Sefuteb el vsto] AL ] gt ek AT
stol, Fyold el S5 YA o] 22 BuditkKimand QB SJ3 FH]7h R0 ez ko] 9AIR o] Gt

< Aol dAHNA ekl d @R Al SulelA

* WA KIXKE-mail) : jipark@chungbuk.ac.kr

© 2 o2x]o] AP ANA=IAMSTLR0f oy, oj9] Ry SHE SYHH.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



o

o5 o= AEAMAS 7HAS I RAAIREe = oo 7}
S0l w7100 = AlEAAkel thiet A=2Ql At A
T} o] Fo Aok gHHJang, 2001; Park, 2007), 2|Loll= A=
SR4219] At AA R el Sloto] FANBAEEY
S A (International Union for the Protection of New Varieties
of Plants)]l 7}, %5710 e 5ok 50 A A7 i B
TE I3 AulEgol et AAA s a6kl Slrk
(Choi, 2002; Ju et al., 2001; Kim et al., 2000; UPOV, 2001).
oA =AIA S TEE RIS TS FRA B FAloH,
ol gt Aol A = AlEfdAk el thek AA1Z Q1w et
FARE AR L] A 7RsAdE ol L s = o) Rt
Y &2 e ol E Zloth(Jang, 2001). ofof] AHYAE
AFlof| et MeFa] AL 57hA] Aol a7k BpA|olt,

JdE dos SEA18S sl fisto] HA] of

SEPURHS MG Uk B2 7] Selol Yk 2, et
o AR Hole] SAt wsje] BE @7k Besolt
(Goodall—copestake, 2005; Sneath and Sokal, 1973). A1&5-2
Q= 7)7tol| AA sfiet AR oA 1} B A-3-0f HAE A
T, §784 MRl T2 o] gt AgAo]] o] 2t eh 4

g 2EAEI g BEAES o] Yol il Ruj7t A

71 e} wol 7k ZheFztAo] AL, QIR of whef o7t
CHFsHA vehdt), webA] dsids e s 5k 3
O] o] Al At U] AS2E e 49l A
3 A S]] 187 JEE o] 8E 4 UtHGoddard and
Strickland, 1962; Mergen, 1960).

2 Ao 2%, ANE SO ol g 228 o)
G RO & o 7HAE AY L e ST &
S/ 9L o] &ofl o} ZiA| R Ae] aaAol A
A&7, v 02 = Aol Tete] AP A= 2t
o5 mofstaL, wo]e] yejel JAS BASISI,

o 1. Goesan-gun Ssanggok Valley

e 4 o 2. Hamyang-gun Sz-}pg Forest

un Geum Mountain

.
3. Namhae-gun Mijori Evergreen Forest

jﬁqq €heomchal Mountain

ﬂi._]ejfrsi Barimae Parasitic volcano

Fig. 1. Geographical distribution of P. villosa (Thunb.) Decne.
var. villosa populations.

Table 1. General description of selected P. villosa (Thunb.)
Decne. var. villosa

Site Locali Latitude/  Altitude
R Longitude (m)
Chungcheongbuk-do 36° 43 217 158
Goesan-gun Ssanggok Valley 127° 54° 25”
Gyeongsangnam-do 35° 31° 29”7 185
Hamyang-gun Sang Forest 127° 43 7~
Gyeongsangnam-do o > Aew
3 Namhae-gun Mijori 34° 42" 49 7
128° 2° 397
Evergreen Forest
Gyeongsangnam-do
34° 45’ 6”7
4 Namhae—gun.Geum 127° 58° 59” 683
Mountain
5 Jeonranam-do Jindo-gun  34° 27’ 557 185
Cheomchal Mountain 126° 18’ 48~
6 Jeju-do Jeju-si Barimae  33° 227 427 150
Parasitic volcano 126° 23’ 13~

2 skgon], 2k AR 07RI) A4RS ko 2 Afsh
7], 7], A7)0l AH ZA1E ANSIATHFig, 1, Table 1),
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Table 2. List of 32 morphological characteristics for phenetic
analysis in P. villosa (Thunb.) Decne. var. villosa

Part of .
characteristics Characteristics
1 Height”
2 Crown diameter”
Tree 3 Number of ramification”
4 Growth form”
5 Bark color’
6 Leaf shape’
7 Leaf apex shape”
8 Leaf base shape”
9 Number of serra in 1 Cm”
10 Leaf length”®
Leaf 11 Leaf width”
12 Leaf color of upper side”
13 Leaf color of lower side”
14 Autumn color of upper side’
15 Autumn color of lower side’
16 Petiole length”
17 Number of stigma®
18 Number of stamen”
19 Number of petal”
20 Number of sepal”
Flower 21 Flower width”
22 Pedicel length®
23 Number of flowers per inflorescence”
24 Inflorescence length”
25 Inflorescence width”
26 Fruit length”
Fruit 27 Fruit width®
28 Fruit color’
29 Number of seeds in fruit”
30 Seed length”
Seed 31 Seed width”
32 Seed color’

“Quantitative characteristics.
Qualitative characteristics.
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Table 3. Tree characteristics of P. villosa (Thunb.) Decne. var. villosa

Quantitative characteristics

Qualitative characteristics

Population
Tree 1 (m) Tree 2 (m) Tree 3 (ea) Tree 4 Tree 5
Average 4.6¢" 2.85 1.5a .
Site 1 Range 2~6 1.5~5 1~3 Erect type Greyd—zlg;elzgl Eroup
Standard deviation 1.15 1.08 0.85
Average 3b 33 3.89b )
Site 2 Range 245 255 1~7 M““‘tl;lge stem Bm;go S0
Standard deviation 0.82 1.06 2.32
Average 2a 1.67 1.67a
Site 3 Range 0.5-2.5 13 14 Curved type BIOI:V;O g;oup
Standard deviation 0.77 0.75 1.21
Average 1.5a 3.30 3.3ab )
Site 4 Range 0.52.5 1~8 1~8 MultltI;l;e stem Greyd'f;eoi‘ group
Standard deviation 0.62 2.67 2.67
Average 3.4b 2.75 2.2ab
Site 5 Range 25 17 15 Curved type Greyd'f;zez group
Standard deviation 1.07 1.72 1.40
Average 3.32b 2.9 1.7a
Site 6 Range 1~5 0.5~5 1~4 Curved type Greyd—ie;e]rgl group
Standard deviation 1.23 1.35 1.16
“Different letter indicate Duncan’s multiple range test (significant at P < 0.05).
YRHS Color chart group and code.
& Zglon SHo| ARo] BE FAof EA5HITHTable 3) A=A vle- Fa 3 Rl 320 A7)= A kol {24 A}
A} FAE AL ol vz dESE Hdo] ek o|7} Lttt JJ*LL SIAT o] A9 ohE g lﬂl
o7 S ettt "Yo] FE = B En =Eo] of 3l 320f 27o] AaL 5hA o 2] 7R BRES UERILS
Frolglon ‘gAY Fef = AT Al AR Fe = ], ot A AT SR 9] ol "BhA o] £ E}:
ofA1¢] FEIE Kol B97F kTt o) At =AY ek =7 deh 231 gaee S de AER
Agolgl ot ATl vheju &5 o] Fe- BE A A o] QSItKTable 5), 29| A7|U 3hA 9] A7) 573—?
S T AR Bolr) Sleeluie AA, B A9 A2 AR oy 2 SR RS WS rieshe $8
-Eo] ofFthe: FoR 7 d WAl o= 274 SRR AT AEEF o8 4= Q= AtE A=<l
SHo| A a3 gEo|t}, TFS 2R A} 2o CHJeffrey and Scott, 1996),
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Table 4. Leaf characteristics of P. villosa (Thunb.) Decne. var. villosa

Quantitative characteristics

Qualitative characteristics

Population Leaf 10  Leaf 11  Leaf 16
P Leaf 9 (ea) Z‘;m) Zi‘lm) Zi‘]m) Leaf 6 Leaf 7 Leaf 8 Leaf 12 Leaf 13 Leaf 14 Leaf 15
Average 6.48b" 64.31c 30.92b 6.8d Green Yellow Greyed Greyed
. Range 4~10 43.8~86.1 13.5~46.7 2.2~147 Ovate Acumi- y green red orange
Site 1 form nate Acute. group group group  group
Standard ’ ) N137B
. . . 2.
deviation 2 8.88 5.99 38 147B 178A  177C
Average 531a 66.38c 37.93d 8.47¢ Green Yellow Oranse Yellow
. Range 3~8 27.9~89.9 249~64.2 4.3~18.3 Obovate green & orange
Site 2 form Acute. Acute. group aroup group aroup
Standard . 137A 26A
. . . 2.1
deviation 0.86 9.8 5.73 9 147B 22C
Average 5.13a 71.51d 40e 7.17d Green Green Yellow Yellow
. Range 3~8 49.8~92.7 24.5~572 2.7~124 Obovate Acumi- orange orange
Site 3 form nate Acute. group group group  group
Standard ’ ' 137B 138B
. . 52 1.
deviation 0.95 8.78 5.5 58 23A 2B
Average 8.07d 47.86a 29.81ab 6.18¢c Green Yellow Orange Red
. Range 5~12 262~759 12.8~56.6 2.1~14.5 Ellipse Acumi- green  red
Site 4 form o te Acute. group =R group group
Standard . . 137B 39B
o 1.2 10.84 2 24
deviation 7 ‘4 7 09 152B  N34A
Average 691c 60.27b 29.59a 4.85b - " Greyed Greyed
. Range 5~10 29.7~98.9 15.5~43.8 1.7~-89  Ellipse Acumi- orange yellow
Site 5 form nate Cuneate. group group group  group
Standard ) ) N137B NI37B
o 1. 12.21 .81 1.2
deviation e >8 ? 171A - 161B
Average 8.88e 65.81c 32.43c 3.4la Yellow Yellow Greyed Greyed
Site 6 Range 6~13 345~98.0 18.6~594 1.3~8.5 Obovate Acute.  Acute. green green orange red
Standard 136 031 i3 13 form. group  group  group  group
deviation : . : . 146A  146C 163A 179B

“Different letter indicate Duncan’s multiple range test (significant at P<0.05).
YRHS Color chart group and code.

Table 5. Flower characteristics of P. villosa (Thunb.) Decne. var. villosa

Quantitative characteristics

Population Flower 17 Flower 18 Flower 19 Flower 20 Flower 21 Flower 22 Flower 23 Flower 24 Flower 25
(ca) (ca) (ca) (ca) (mm) (mm) (ea) (mm) (mm)
Average 3.00 16.90d” 5.03b 5.00 7.74b 12.92ab  29.68c 31.9d 50.53¢
. Range 3 12~22 5~6 5 54~10.1 5.7~277 11~60 20.0~59.7 28.6~91.8
Site 1 Standard
.. 0.00 2.14 0.18 0.00 0.80 4.05 9.83 5.52 9.85
deviation
Average 3.00 15.05ab 5.00a 5.00 10.6d 14.81c 19.79b 42.14e 58.75d
. Range 3 11~17 5 5 10.0~11.6 5.4~29.0 5~41 23.0~68.7 15.6~87.0
Site 2 Standard
L. 0.00 1.67 0.00 0.00 0.34 498 7.67 9.39 14.88
deviation
Average 3.00 15.60bc 5.00a 5.00 10.75b 14.57¢ 14.96a 36.74b  46.29
. Range 3 11~19 5 5 9.7~11.9 7.2~237 10~30 27.1~48.2 38.1~59.7
Site 3 Standard
.. 0.00 1.71 0.00 0.00 0.41 4.19 2.32 4.11 4.44
deviation

-30 -



Table 5. Continued
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Quantitative characteristics

Population Flower 17 Flower 18 Flower 19 Flower 20 Flower 21 Flower 22 Flower 23 Flower 24 Flower 25
(ca) (ca) (ca) (ca) (mm) (mm) (ca) (mm) (mm)
Average 3.00 15.37a 5.00a 5.00 10.73a 14.61c 15.28a  36.04a  45.98b
. Range 3 11~20 5 5 10.0~11.9 5.4~332 10~21 22.7~47.0 32.7~58.2
Site 4 Standard
. 0.00 1.49 0.00 0.00 0.40 431 2.48 4.39 5.05
deviation
Average 3.00 14.51a 5.00a 5.00 11.27¢c 11.92a 14.71a  3335d  43.70a
. Range 3 7~20 5 5 9.7~14.1 4.1~214 4~34 11.2~49.7 14.3~72.1
Site 3 Standard
. 0.00 2.70 0.00 0.00 0.70 434 4.50 6.84 7.75
deviation
Average 2.98 16.25cd  5.00a 5.00 11.73b 13.15b 1442a  29.95¢c  45.24ab
. Range 2~3 11~19 5~6 5 7.5~172 3.7~254  4~30 16.9~48.0 22.9~67.6
Site 6 Standard
. 0.15 1.92 0.07 0.00 1.33 4.52 4.95 5.83 9.23
deviation
“Different letter indicate Duncan’s multiple range test (significant at P < 0.05).
Table 6. Fruit & Seed characteristics of P. villosa (Thunb.) Decne. var. villosa
Quantitative Qualitative Quantitative Qualitative
Ponulation characteristics characteristics characteristics characteristics
Py Fruit 26 Fruit 27  Fruit 28 . Seed 30  Seed 31
Fruit 29 Seed 32
(mm) (mm) (ca) (mm) (mm)
Average 8.07¢” 6.23c 1.49b 4.42b 2.52b Greved orance
. Range  6.2~10.7 4.8~8.3 1~4 Red group 2.5~5.9 1.7~3.2 4 g
Site 1 iandard 2A Eroup
. 0.85 0.70 0.67 0.47 0.30 166A
deviation
Average 7.37ab 6.23c 1.09a 5.27d 2.74b Greved orance
. Range 5.2~9 4.6~8 1~3 Orange red group 2.3~6.4 1.4~4.0 y &
Stte 2 Siandard 34A group
o 0.74 0.63 0.32 0.51 0.50 NI170A
deviation
Average 7.81bc 6.81d 1.33ab 5.29d 2.53b Greved orance
. Range 6.7~9 5.8~8.8 1~3 Orange red group 4.4~6.1 1.9~3.5 4 g
Site 3 Siandard N34A group
. 0.70 0.80 0.69 0.47 0.47 165A
deviation
Average 7.15a 4.92a 1.1a 3.58a 2.24a Greved orance
. Range  6~8.3 46 12 Red group 264 1926 Y g
Site 4 Standard 46B group
. 0.69 0.48 0.31 0.33 0.20 165A
deviation
Average 9.23d 5.68b 1.33ab 3.74a 2.24a Grev brown
. Range 7.9~12 4.5~6.3 1~3 Red group 3.1~4.6 1.9~2.6 Y
Site 5 Standard 45A group
. 1.48 0.76 0.71 0.52 0.21 N199B
deviation
Average 9.97e 7.52¢ 1.26ab 4.94c 2.71b Greved orance
. Range 8.2~12.9 5.6~9.4 1~3 Red group 3.1~6 1.9~3.4 4 g
Site 6 Standard 2A group
. 0.95 0.68 0.48 0.49 0.33 166A
deviation

“Different letter indicate Duncan’s multiple rang test (significant at P < 0.05).
YRHS Color chart group and code.
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o) G i F0) EA EL O SHOR SIS FE  AE Adstel /b 2 BARS Uil AR AT
o] FEE|QIT}, =& A7 BT e o =E A FHA z oA UrehA] k24 = Qlek. o
7k0) A 0.2 A3 R Qg A IOITOWJ- 2 e duEs U ol 3} g3
A} R ee] S-S UehiA "o, o]2igh 542 45 9 o Qlshd = e Tt AFHKang, 2005).
E& 7110l AA o] Foi2]7] iizof FAo] g Aol ot Cho et al, (2009)- AFE7]¢] Oé‘% ol-g]F & 24
QIs}e] 8%o] o] §7HX)7} ek, £ A7 AT ShelEl Uk Bk 2ol “Ga1e] Zof, Fuak A1\ 7F, ‘9]
7HA BolA Q] B3 A & FleE| U] S 9 o8] 4 FHA Fo 53"‘01 A 2o Iﬂr% #e Wols
ol aEAQ AL 71ssHA & Ao ® ALRE, <=l 719 =7t & SHLom, Hwang et al. (2010)
9 B chele] 2 9 3 5, ‘sl 4, s
FHERY 2ol ‘Stfel 4 5 FEE ol ciefoh
FHR B chigo R o|Ro ARERE B chfe] PRI} chfure) fATH 59
Table 7. Eigenvector association to eigenvalue obtained from principal component
Principle 1 Principle 2 Principle 3 Principle 4 Principle 5 Principle 6
Stem 1 115 -401 317 331 -.514 -263
Stem 2 .012 .023 =371 .663 =312 -.028
Stem 3 159 .360 -.490 525 -.190 -.061
Stem 4 288 236 -322 420 .012 .398
Leaf 6 -.186 .834 .031 .039 -.138 -.017
Leaf 7 -.256 335 157 478 -.133 .072
Leaf 8 156 A11 411 .072 .058 121
Leaf 9 =747 -279 -.149 131 264 .014
Leaf 10 .260 292 753 .037 -.338 -.078
Leaf 11 401 .643 422 -.046 -.264 .089
Leaf 16 764 268 -.003 -.136 -.068 -.003
Flower 17 .387 -.566 .360 214 .045 318
Flower 18 221 321 .104 -.114 .001 =275
Flower 19 -.680 .632 -111 .001 .026 .050
Flower 20 218 .006 -313 -442 -.335 .046
Flower 21 -.076 -.255 .104 .065 -.082 433
Flower 22 .324 .194 -.057 -.205 443 453
Flower 23 .645 -.570 207 253 .160 -.194
Flower 24 .555 405 -207 .079 490 -257
Flower 25 .603 .080 .088 485 492 -.187
Fruit 26 -.659 -.173 441 250 272 -.008
Fruit 27 -481 .200 .679 .160 179 -.079
Fruit 29 178 =512 148 =257 -.073 -230
Seed 30 216 .647 235 -.224 .000 -.085
Seed 31 -.022 397 266 -.007 281 -420
Eigenvalue 4.422 4.039 2.694 2.072 1.712 1.650
Proportion 0.176 0.168 0.112 0.086 0.071 0.069
Cumulative (%) 17.58 3441 45.64 54.27 61.41 68.28
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‘o] 1ol (0.764)7F 7HE o ATIAE BYoH, 1 9
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22 '9jA)9) =¥ (0.72) o
)

,]
o
A0] 42 LRl 0.2 SH15I9IeHTable 1),

N
IS
'
rlo

greeluiel 2574 e A ol 83k AR 24 2
3} A e 40) F4s0] AeEl 402 Hop i o)A
Ak - TSI ek HASS AR HAYIHS o]
83 AR Zav} ofel@ Ao AR} E3t, 7 e
2 TioR Fuo] %2 A4S Uehyglon £5 9
740] 2 7aP0] LERIAIE: SI9LO B ZAE ZAES ol
83 A2 S AEAoIA] S A0 BRI}
2384

o
-~

ol ARBtaL Q= et e E T AT ek
oA o] 7HA S E QLo et SAY Jd 7l
T HEAY Ao, ARA] BHEH 0E o] she] ATES
o] F31chFig. 2).

AR A ] A Fe U] 28 fay
QNERAY o] AR =, o]t A2 ARl Uglo] 3 Y
o]AA] o & o]ojZ] A o7 AZIEICHElIstrand, 1992; Kim and
Kim, 2011), §F 2|22 0.2 7P 717k A of] 9123t gl
o A Aeh} el vz el gy e 49 A
7k ALt ZJolof| Al 2= w]7| 50 FFo =z Aolet FHFS
Uepdlon 2 dtol Ao gEA At o2 gl £319
CHCrawford, 1990).
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Siol FEshs Feeluo] FEjE] ST} HolE 24
7] 913ke] 6310] Sl S tld o2 ddE st
AL}, Tkt AT 2171 AR 9 1871 F
A R Zhol] ol Afol & Hehle Ao 2 SRIFH i 74
4] A}, 6711 9] Fdao] A Eatell tisto] 68.28%°]
A 2l Aoz elEe Ardes

764), M2T/d "] T (0.834), A3 U
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Fig. 2. Dendrogram for cluster analysis of six populations in P. villosa (Thunb.) Decne. var. villosa.
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