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Analysis of Morphological Characteristics and Variation among Six
Populations of Zelkova serrata Makino in Korea

Jae Ik Nam, Go Eun Choe, Myung Gil Choe and Jae In Park*
Department of Forest Science, Chungbuk National University, Cheongju 361-763, Korea

Abstract - This study was conducted to examine variations of 35 morphological characteristics of 6 natural populations of
Zelkova serrata in Korea. On the basis of the results of the ANOVA tests, the populations were significantly different in 16
of the 20 quantitative morphological characteristics that were tested. In particular, the ‘Cheongju-si Gutdae Mountain’
population showed larger values in 9 of the 20 quantitative characteristics that were examined. In the results of principal
component analysis of the characteristics, examined characteristics were not suitable for the variation of 6 natural
populations. According to the results of cluster analysis, ‘Namhae-gun Mijori Evergreen Forest” population was grouped
with ‘Yangpyeon-gun Yongmun Mountain’ population to the nearest group, and then ‘Cheongju-si Gutdae Mountain’
population, ‘Boeun-gun Sokri Mountain’ population, ‘Daegu metropolitan city Palgong Mountain’ population, and
‘Hamyang-gun Sang Forest’ population were grouped in regular sequence.

Key words - ANOVA, Cluster analysis, Principal component analysis, Sawleaf zelkova
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Table 1. General description of selected Z. serrata populations

Fig. 1. The collection site of Z. serrata populations in Korea.
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Site Locality Latitude/longitude Altitude (m)

. . 37° 34 8

1 Gyeonggi-do Yangpyeong-gun Yongmun Mountain 127° 30° 37 370
o . 36° 39’ 47

2 Chungcheongbuk-do Cheongju-si Gutdae Mountain 17° 30 3 480
. . 36° 32° 117

3 Chungcheongbuk-do Boeun-gun Sokri Mountain 127° 49> 17 374

4 Daegu Metropolitan city Palgong Mountain 37° 32707 171
gu p ty g g u 1270 30’ 13”
35° 31’ 297

5 Gyeongsangnam-do Hamyang-gun Sang Forest 127° 43> 7 185
4° 42’ 497

6 Gyeongsangnam-do Namhae-gun Mijori Evergreen Forest ?28° 2 33,, 7
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Table 2. List of 35 morphological characteristics for phenetic
analysis in Z. serrata

Part of Characteristics
characteristics
1 Height (QN)*
2 Crown form (QL)’
3 Crown diameter (QN)
4 Crown length (QN)
Growth 5 Angle of lateral branch (QL)
traits 6 Stem form (QL)
7 Clear length (QN)
8 Number of stem ramification (QN)
9 Lenticel shape (QL)
10 Bark color (QL)
11 Leaf shape (fruit bearing branch) (QL)
12 Leaf shape (branch) (QL)
13 Leaf apex shape (fiuit bearing branch) (QL)
14 Leaf apex shape (branch) (QL)
15 Leaf base shape (fruit bearing branch)
(QL)
16 Leaf base shape (branch) (QL)
17 Leaf length (fruit bearing branch) (QN)
18 Leaf length (branch) (QN)
Leaf 19 Leaf width (fruit bearing branch) (QN)
20 Leaf width (branch) (QN)
21 Petiole length (fruit bearing branch) (QN)
22 Petiole length (branch) (QN)
27 Number of serra in 1 inch
(fruit bearing branch) (QN)
24 Number of serra in 1 inch (branch) (QN)
25 Leaf color of upper side (QL)
26 Leaf color of lower side (QL)
27  Autumn color of upper side (QL)
28  Autumn color of lower side (QL)
29 Male flower length (QN)
30 Male flower width (QN)
31 Female flower length (QN)
Flower 32 Female flower width (QN)

33 Number of male flower (QN)

34  Number of female flower (QN)

35 Number of stamen (QN)

“QN: Quantitative characteristics
YQL: Qualitative characteristics

S e 67Re] ey S ol

AV Rltho] “4231(Growth
trait 1), ‘A|8}3(Growth trait 7)°, ‘“B-2]29] 4=(Growth trait
8), ‘4%—? E(Flower 30) 5 971 F=oll A HX|E HEf
%AtHTable 4), o]=3H¥o]7F Hek 7 —4 Atolof| 2J5k=2] 2} 7H
H7k0] Wo|91A| 2 BAF IR} Rk WAL tAko 2 BALE
& XI5 23 16717 ) 159) ol 05 21
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Table 3. Frequency of qualitative morphological characteristics of 6 populations of Z. serrata

o Typical characteristics Germplasm
Characteristics
Frequency (%) number
Parasol type Elliptical type Round headed type
Crown form 60
33(55) 15(25) 12(20)
110° over 80°~110° 80° below
Angle of lateral branch 60
29(48.3) 27(45.0) 4(6.7)
Erect type Half erect type Spread type
Stem form 60
19(31.7) 19(31.7) 22(36.7)
Horizontal type Lens type
Lenticel shape 60
28(46.7) 32(53.3)
Greyed green group 198b” Greyed green group 197c
Bark color 60
29(48.3) 31(51.7)
Leaf shape Lanceolate Ovate Elliptical 1200
(fruit bearing branch) 444(37) 591(49.25) 165(13.75)
Lanceolate Ovate Elliptical Oblanceolate
Leaf shape (branch) 1200
250(20.8) 305(25.4) 631(52.6) 14(1.2)
Leaf apex Shape Acute Acuminate
. . 1200
(fruit bearing branch) 691(57.58) 509(42.42)
Acute Acuminate
Leaf apex shape (branch) 1200
493(41.1) 707(58.9)
Leaf base shape Acute Truncate Cordate 1200
(fruit bearing branch) 103(8.58) 94(7.83) 1003(83.58)
Acute Truncate Cordate
Leaf base shape (branch) 1200
318(26.5) 336(28.0) 546(45.5)
Green group N137a  Yellow green group Yellow green group
Leaf color of upper side 148a 146a 60
48(80) 4(6.7) 8(13.3)
Green group N137a  Yellow green group Yellow green group
Leaf color of lower side 148a 146a 60
11(18.3) 40(66.7) 9(15.0)
Orange red group 33a Greyed orange group Yellow orange group
Autumn color of upper side 168a 22a 60
7(11.7) 19(31.7) 34(56.7)
Yellow orange group 18b Greyed orange group 165b
Autumn color of lower side ge romp Y 8¢ Sroup 60

34(56.7)

26(43.3)

“Royal Horticultural Society Color Chart group and code.
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Table 4. Mean value of quantitative morphological characteristics of 6 populations of Z. serrata

Population C”1 (m) C.3 (m) C4 (m) C.7 (m)
Site 1 10.6b° = 1.8 6.5b £ 1.9 54bc £ 1.3 58c £ 1.9
Site 2 12.7b + 2.7 6.4b = 2.0 59c + 0.9 7.8¢c + 2.7
Site 3 11.3b + 2.7 4.8ab + 1.7 53bc £ 1.7 3.8ab £ 1.1
Site 4 11.0b £ 2.5 10.4c + 3.2 4.1ab = 1.2 58c + 14
Site 5 13.2b + 2.4 7.3b £ 2.5 6.1c £ 1.5 49bc £+ 2.0
Site 6 58a £ 1.5 34a + 1.0 34a + 1.0 29a + 0.8
Mean. 10.7 6.4 5.0 5.1

Population C.8 (ea) C.17 (mm) C.18 (mm) C.19 (mm)
Site 1 22a £+ 1.0 48.3a = 11.3 83.1bc £+ 13.4 36.0b £ 6.5
Site 2 39b +£ 23 49.1b + 12.1 78.4b + 17.3 359b + 6.8
Site 3 l.4a £ 0.7 529a + 11.1 86.0bc + 18.2 38.1b £ 7.1
Site 4 22a £+ 0.6 47.1a + 11.1 97.5¢c + 18.2 41.2b + 8.6
Site 5 1.3a £ 0.6 534a £ 11.3 82.5bc + 22.1 36.6b + 10.3
Site 6 1.8a £ 1.4 56.6a = 18.7 59.7a £ 20.0 27.0a = 10.6
Mean. 2.1 51.2 81.2 35.83

Population C.20 (mm) C.21 (mm) C.22 (mm) C.23 (ea)
Site 1 21.9a + 4.7 2.5b + 09 8.1b + 5.8 5.0b £ 0.9
Site 2 23.6b = 5.6 33c £ 1.8 8.8b + 4.0 S5.6a = 1.1
Site 3 22.1a + 4.8 22a £ 1.0 6.6ab £ 1.7 5.0b = 0.9
Site 4 20.0a + 4.3 1.5a £ 0.8 7.4b + 3.0 5.6b + 1.1
Site 5 22.9a + 124 2.6b £ 2.2 6.5ab £ 2.7 55b + 1.3
Site 6 24.2a + 8.6 29¢c £ 1.3 4.1a £ 2.8 54b + 09
Mean. 224 2.5 6.9 54

Population C.24 (ea) C.29 (mm) C.30 (mm) C.31 (mm)
Site 1 53b £ 1.2 23 £ 04 26 £ 04 22b £ 0.3
Site 2 39a + 0.8 23+ 03 29 + 05 22a £ 0.3
Site 3 4.0a = 0.8 32+ 04 25+ 04 3.1c £ 0.5
Site 4 3.7a £ 0.9 25 +03 2.6 £ 0.2 23b £ 0.3
Site 5 4.1a £ 0.9 27 £03 23 £ 0.1 2.3b + 0.2
Site 6 53b £ 1.2 2.1 £ 0.1 2.6 £ 0.1 1.8b + 0.1
Mean. 44412 2.5 2.6 2.3

Population C.32 (mm) C.33 (ea) C.34 (ca) C.35 (ea)
Site 1 l.6a = 0.3 18.8 + 3.6 4.1bc + 1.0 5.6 + 0.6
Site 2 1.5a £ 04 179 + 43 4.8c £ 0.9 57 £ 0.6
Site 3 2.0b = 0.3 12.6 + 3.6 44bc = 14 53 £0.7
Site 4 31c £ 03 135 £ 1.8 33a + 0.6 55 +£0.5
Site 5 1.6a £ 0.3 148 + 1.9 4.0d + 1.0 53 +08
Site 6 1.56 = 0.1 142 £ 1.2 3.8ab £ 0.8 56 £ 06
Mean. 1.96 15.3 4.1 5.5

’C: Characteristics
"Different letters indicate Duncans multiple range tests(significant at p<0.01).
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Table 5. Analysis of variance component for significant morphological characteristics (1% level) of Z. serrata

Source of variation d.f. cA C3 C4 C.7 C38 C.17 C.18 C.19
Among pop. 5 69.56 5638 1117 2963 895  1273.68 1524.08 32036
%‘1’1‘1‘5 ;l)il.' 59 5.62 4.83 1.80 3.23 167 11057 17449  22.08

F 12.39 11.67 6.20 918 536 1157 874 1451

Source of variation  d.f. C.20 c2l c22 C23 C24 C31 C32  C33
Among pop. 5 22267 7199 26.65 384 499 408 156 190.74
%‘1’1‘1‘5 ;l)il.' 59 39.57 3.37 630 0549 072 005 009 043

F 5.63 21.40 423 701 692 7991 1814  447.88

“C: Characteristics.
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7O 2 3t FYAZA ek 7He] Zpol 7k A= Gl o, ofof —0,3499)" 52 Fo] AS UrEPH ek A3/ 7]ok&
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2 A7) ‘319 Zo|(Growth trait, 4 = —0,3677)", ‘AAIA] 92] Zo]

(Leaf, 7 =—0,3647) 5-& Fo] A VeI ATHTable 6).
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o] A5 71 Aol Lhehubizel Ha Zlolal Fatol 3 ElLpo) ek 7k FAAS ANSIe 1 2, el o
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Table 6. Result of principal component analysis for 30 morphological characteristics in Z. serrata (Eigenvalue > 1.0)

Prin. 1  Prin. 2 Prin. 3 Prin. 4 Prin. 5 Prin. 6 Prin. 7 Prin. 8 Prin. 9 Prin. 10 Prin. 11

G.1 04364 0.6677 -0.2600 0.1192 -0.1104 -0.1804 -0.1060 0.0000 0.0433 -0.0209 0.2231
G2 -03582 -0.2212 0.3056 -0.1340 -0.0450 0.1221 0.4002 -0.0691 -0.2714 -0.0779 -0.0128
G3 04589 03004 0.1787 0.4041 -0.2031 0.3247 -0.0923 -0.0645 03291 0.1453  0.1834
G4 02130 05398 -0.3677 0.1739 -0.1006 -0.3466 0.1533 -0.1017 -0.0201 0.1332  0.2239
G5 -0.0867 -0.4066 -0.1647 0.4070 -0.3736 0.2293 -0.0458 03317 0.0634 03011  0.0339
G.6 -0.0138 0.3511 -0.3682 0.6079 0.0856 -0.0652 0.2357 02077 -0.2656 0.1011 -0.0103
G7 -0.0237 0.7556 0.0524 0.0747 0.0368 0.1798  0.0270 -0.2054 0.1045 -0.0701  0.2490
G.8 -0.3455 04148 02474 0.1455 -0.1401 02546 03434 0.1145 -0.3363 -0.1647 -0.0712
G9 0.0156 0.0722 0.0427 0.0188 0.3454 -0.2147 04960 -0.3397 0.2763 0.0792  0.2355
F.1 05362 -0.0366 -0.2801 -0.4880 -0.1403 -0.2563 -0.1311 0.2537 0.0786 0.0166  0.0329
F2 -02816 03150 0.3200 -0.2246 -0.1646 -0.1569 -0.2926 02947 0.0549 03598  0.0671
F3 04898 0.1275 -0.2005 -0.5474 -0.0846 -0.1336 0.1887 0.3413 -0.1122 0.0006  0.0084
F4 05620 -0.1497 05022 -0.1751 -0.2039 0.3631 -0.2356 -0.0304 0.0973 -0.0357 0.1147
F.5 -04551 03376 0.6683 -0.1697 0.1238 -0.2423 -0.0334 0.0949 0.1152 0.1382  -0.0554
F.6 02685 -0.0150 -0.7948 0.3907 0.1118 0.0415 -0.1338 0.0050 -0.0687 -0.1474 -0.0506
F.7 -04518 03325 03685 0.0994 0.1626 0.0500 0.0355 0.0066 -0.1772 02146  0.3969
L1 02366 03621 0.0086 0.1254 0.0202 0.6142  0.0227 -0.1987 0.2532 -0.1239 -0.2056
L2 02302 -0.0214 0.0755 0.0059 -0.2817 0.0502 0.6001 0.2355 0.3229 0.2773  -0.2996
L3 -04551 -0.0523 -0.1904 -0.0925 -0.1839 0.0694 0.2166 0.3507 0.5082 -0.2209  0.0600
L4 -04305 -0.0463 -0.2372 02065 04454 -0.1199 -0.0124 0.3428 0.2590 -0.2884  0.0313
L5 04649 0.1793 0.0052 -0.0923 0.6828 0.2889  0.0568 0.1722 -0.0595 0.2021  -0.1897
L6 04755 02105 0.0498 -0.0901 0.6990 0.1542 -0.0602 0.2217 -0.0849 0.2311 -0.1874
L7 -0.5287 04844 -03647 -0.3420 -0.1057 0.2369 -0.0927 0.1118 0.0595 -0.0848 0.0196
L8 07222 0.3694 03012 0.0848 -0.1215 -0.1253 0.0801 0.1152 0.0814 -0.2383  -0.0064
L9 -0.5495 0.5682 -0.3373 -0.2935 -0.0143 0.2507 -0.0293 0.0200 -0.0265 -0.0316 -0.0165
L.10 0.6379 04125 02696 0.0238 -0.0849 -0.1387 0.1107 0.1080 0.0512 -0.2738  -0.0659
L.11 -04006 0.7032 -0.1907 -0.0819 -0.2121 0.0285 -0.0100 -0.0737 -0.0926 0.1808 -0.1915
L12 02914 0.6523 0.1621 02014 -0.1707 -0.2766 0.0561 -0.1166 -0.0353 0.1441 -0.3106
L.13 03793 -0.6184 0.1075 0.3395 -0.0749 -0.1397 -0.0262 -0.1579 -0.0308 0.0499 -0.0792
L.14 -0.5375 -0.3499 -0.0797 0.0897 0.1236 -0.1493 0.1640 -0.1662 03017 0.1489 -0.1194
al) 55286 4.9698 32022 25805 2.0849 1.6546 1.4953 14450 1.3209 1.1941 1.0856
b2) 0.5588 1.7675 0.6217 0.4956 0.4303 0.1593 0.0503 0.1241 0.1269  0.1085  0.1383
c3) 0.1626  0.1461 0.0941 0.0758 0.0613 0.0486 0.0439 0.0425 0.0388 0.0351  0.0319
d4) 0.1626 03087 0.4029 04788 0.5401 0.5888 0.6328 0.6753 0.7141 0.7492  0.7812

1) Eigenvalue
2) Difference of Eigenvalue
3) Proportion
4) Cumulative
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Namhae-gun
Mijori evergreen Forest

Yangpveong—gun
Yongmun Mountain

Cheongju-si

Gutddae Mountain

Boeun—-gun

Sokri Mountain

Daegu Metropolitan city

Palgong Mountain

Hamvang-gun

Sang Forest

Fig. 2. Dendrogram of 6 populations in Z. serrata based on analysed morphological characteristics.
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