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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.
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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~
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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;c;e]:; 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;;;o 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 Mumg;e stem Greyd'f;eoi‘ group
Standard deviation 0.62 2.67 2.67
Average 3.4b 2.75 2.2ab
Site 5 Range 2-5 17 15 Curved type Greyd'f;zez group
Standard deviation 1.07 1.72 1.40
Average 3.32b 29 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.
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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¢ Yellow Yellow
Green Orange
. 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 Yellow Orange
. . Green Red
. Range 5~12 262~759 12.8~56.6 2.1~14.5 Ellipse Acumi- green  red
Site 4 form nate Acute. group group  group group
Standard . . 137B 39B
o 1.2 10.84 2 2.
deviation 7 08 7 09 152B N34A
Average 6.91c 60.27b 29.59a 4.85b Green Green 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 05 >8 ? 171A - 161B
Average 8.88e 65.81c 32.43c 34la 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 ) 56 931 5.13 R Ten e Son on
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 54~33.2 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
pu 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 2N 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
Sie 6 Standard 2A grotp
. 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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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 .058 721
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 34.41 45.64 54.27 61.41 68.28
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Namhae-gun Mijori
Evergreen Forest
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Sang Forest
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Geum Mountain

Jindo-gun
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Fig. 2. Dendrogram for cluster analysis of six populations in P. villosa (Thunb.) Decne. var. villosa.
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