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R AU fddAlE A EX w2 5 45 UepA] ke, 433 f3 g 4%
B A3} A4FAAE7A7E FEE0] el 100%E AWEIth Al1FAdES] 71988 41.8%= FAZ A
A FaAo]l YW QAE0IYL, A2FAEL] 79SS 3RI%E WolEAoIon, A3FAE] 79SS 16.3%
2 AZEAGo] iUF I fddAe % JRE FE Q00 F YT

~~
[O8)
N
==
N
N
o
o
[
o
o

Abstract: Ulmus davidiana var. japonica is a deciduous tree species used for traditional medicine. This study
was conducted to investigate the variation of samara, seed, germination and growth characteristics among
populations and among individuals within five natural populations of U. davidiana var. japonica distributed in
Korea. The ten characteristics of samara and seed, the three germination behaviors as well as the two growth
traits were studied in samaras collected from total 32 trees. Statistical analysis of all characteristics showed that
there were significant differences among populations as well as among individuals within populations. In this
study, the mean characteristics of this species were 13.0 mm in samara length, 9.7 mm in samara width, 1.37
in samara index, 0.015 g in samara weight, 3.07 mm in samara stalk length, 3.85 seed length, 2.66 mm in seed
width, 1.46 in seed index, 1.29 mm seed thickness, 0.0062 g in seed weigh, 34.8% in germination percentage,
8.6 days in mean germination time, 3.5 ea./day in gemination rate, 37.7 cm in height and 4.90 mm in root collar
diameter. Especially, coefficients of variations in samara weight, germination percentage, germination rate, height
and root collar diameter were relatively high (>30.0%) compared to other traits. There was no significant
relationship between population association and geographical distribution. The results of principal component
analysis for 15 characteristics showed that primary four principal components (PC's) explained 100% of the total
variation. The first PC accounted for 41.8% of the variability which correlated with morphological traits, the
second PC accounted for 32.9% of the variability which correlated with germination behaviors and the third PC
accounted for 16.3% of the variability which correlated with growth traits.
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CE5UF-S(Ulmus L) A &S F2 5abre] )9 oF
20%0] BEFL 9lom, vt 63 1MFe] 9
(19 =, 1996). °1F =FYWF[Ulmus davidiana var.
Jjaponica(Rehder) Nakail= $-2]u2ke} dEolgt HEsh=
SRERAEOR FEF o th(Park, 2007). =il =
dfetrtel MRS AL Ek AL 100~1,000 m H 92
2Wle B AREAT] AR ] ERTEC] Bom i
7t e FEY mAEGEANAN F2 A S oL
m F3LA7 70 em7HA] AT EAE FEH, 2007).

A8 5~6Qol A&k F EESE =FUES
FolA AL 2 Y7 71 ddste Fegrieh
HE, 53 54, 43 A7 FE 2 99 {7, AlZ
oA FAH] 1A Fol et =EHTE FEES ERE
the] 9 &, 1996; Park, 2007).

LR A58z 27144 e T dRa ), 3
PAE S I ERIRL), GrlE FAdRES)oIZI L F
2m A3 A 9] ASA Tl wizke] A=A vkt 3
Bl = ARE-Elo] Sheh (Y=, 1999). 22y} 0|23k =& oF
$4 T E AF7HA] G FRFEe] TR A3
2 QA AMBA FH 7F w9 A Zhgh AEjel] o] 24 9l
o} Egk “E U slkete] Al o|2= 717k #
I SAIYD Wol| Hatol] o] 27] wiiZel] FAFE o] o]
W, &3] o] ml$- #2 AP @ E A (Recalcitrant
seed)0] B2 ALY HE 3B o] &5 9J3|A = AA e oF
AA REWT o} #8418 S8 §FA vk
o] gk A o] th(BH-2] 5, 2006; S 3, 2010).

LEUREl e 7S AR A} o) (1989)
9k 87} vl FL A9 g At
A, A, #, Al T IR 57 &3
54 13% 2HEo R QAo =
AAE BEHA Fetsr] AsiA e EAAY
AFSFATHATEL, 1996). BF$-2] 5(2006)
AR 9] HES 9% a 84 FHE 3]
P2 9 ol 54 Wl AR AF
123tk Nomiya(2010)E & &2ol 33}
U, 5o 9O dE U o
| w2 F7 dolEAd o wsle} ot
star A 2A 2] (47t FHEtTtel] 237 =3
b odtt FH2oll= Akt ArF s o]
FolA ol aztel kst 9 gtAo] Erhe A A
o] RuE rh(YE<, 2010; Kim er al, 2010;
Zheng et al., 2010).
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1. SAX=E

LEURE gkste] AAe) o]2&% 7|7ko] Bl T
o Hol] Hate] o]27] wijZe] Al AHF #7190 20106 5
4 T ETA F, 2006)00 AL=] FUQ3), FTA),
A7), B3O B FHEE] L) T s8] 3271
MAFANA A HE A FH 8ke] ARS8
2. Az, BXt, Lot & MESH ZA

AFE Ak Je T AAER 2094 o= st
of AlZe] Zo|, &, A|F(Ho)/F) B A, TRk Ao,
Z, AFHol/E), 7 L FAS A3 Aol 54E 247t
ZAFSIATE B3k WolsAS AN Slal = FAb
E 724 A SEAAH0.2 mY)ol] S ERZ Fejo)
E, ZIE 4 10 (viviv)E B AR Add )
AERE 5094 29H 9Faigint. W5 Aks I
2 oty FAke] -5 ZA1s810] Scott ef al.(1984)2] W
© 2 "ol&(GP=Germination Percentage), ¥ dolAQ
U= (MGT=Mean Germination Time) % ¥o}& % (GR=
Germination Rate)E 27} 4F&3lth AFEAL AME
Sl ol HE-2 69 ol Al@xA ) Jad 7HAE
2 m™3 3624 bl o] ul X (Completely randomized
design) &2 o]2]3li T}, o] kg d 1Yo =19 2
AL JEd MM E A5 ZAFSII T

Aozl AE = AR (Anova analysis)yS &3l S
Aol Jezk 9 AT o5 EA s en 7t FA 9

WMol RS stetelaA Wol A5 g Masigic, £¢ 3
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7ol 528 ZAE S8l AdE4] (Simple correlation
analysis), J&7Fe] F-ABAI= 7754 (Average, Centroid,
Complete, Single, Ward cluster analysis), 32 +3
o] T3t FA7F 71 E FAEEA (Principal component
analysisyS 712t 2]-8-3FATHSAS Institute Inc., 1996).

A FE-S FeF Aol B 102 mm, A A 5=
B Ee] 1.55, AlFHFA L FAA T Ao 7}
2 0018 g 151, 37370), AT R FARAE F
FFto] 717 342 mm, 1.41 mm 2 0.0079 g = 713
51— E/\'LQ— ]J—H—WE]— 7_}— 3317“—_:—'- -]oﬂ EHB‘]- tﬂo]ﬁ]’“ 7k

O
I

ii

2 83~41.9% W E vi-¢ IS WolF S e
Zdut gl nE AlFFANA 37.5%, EAFA 21.2%, EAHFAL 20.7%,

2R guis 523 $1E s Aodds Al

2 Aesim ds o ¥, Zaks Yo A

H7370] 20.0% wOE T ol Z-L viehd ubd, A3}

10]}:_ 93%% )J—;Hx% oz 7].7(]- 5}2 1340]74]/\ 71_ 1/}
BT 53], S daEA M e ATV A8 A
ojet FAH ] 5A30A 27k A o] FaAAE UehlA

[
A5-A AL "ol gle Aol EAolth. =5 sy on,
A ZHE 107 FA9 FHEAAS AHEH, Algdol=
13.0 mm, A|ZE 9.7 mm, A 33454 1.37, Al 5FA 0.015
g, 73 70] 3.07 mm, A2 0] 3.85mm, A 2.66 mm, S|
FAA G 1.46, FARFA 1.29 mm, SARFA 0.0062 gO 2 7
742} YEFSHTH(Table 1). 53], Al#Hdo], $x44do] ¥ &

AHZo AR Ge] 2+ 140 mm, 4.17 mm 2 2.85 mm,

A ZA b A, Al o) 9} FARFA] 5ol A
= 717 F-o] A=A EAE JERITH(Table 2).

EAHEA S Sall S Al 2 FAEA ] g ¥o
A I ZAHE 107H] BE EA S e
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Table 1. Means and coefficients of variation for samara and seed characteristics of Ulmus davidiana var. japonica populations.

Samara Samara Seed
Populations Length ~ Width  Length  Weight stalklength penoth  Width  Length Thickness Weight
(mm) (mm)  /Width @ (mm) (mm) (mm)  /Width  (mm) @
Cheonewon 14.0A** 94B 1.51A  0.013CD  2.87B 4.17A 2.85A 1.47AB 1.12C 0.0059B
ew (10.2) (13.9) (11.6) (372) (21.2) (14.9) (12.2) (12.3) (27.9) (23.1)
Jeoneseon 12.8BC 10.2A 1.27B 0.018A 3.29A 3.63C 2.47C 1.51A 1.30B  0.0067AB
& (12.5) (12.7) (11.9) 41.9) (16.2) (12.5) (15.6) (20.3) (16.7) (18.3)
Pveonechan 12.9B 8.6B 1.55A 0.015B 2.82B 3.87B 2.65B 1.47AB 1.29B 0.0055B
yeongehang (11.0) (16.6) (24.5) (38.9) (27.6) (15.8) (12.2) (14.8) (33.1) (30.2)
Yan 12.5C 10.2A 1.23B 0.012D 2.93B 3.81B 2.63B 1.45AB 1.32B 0.0052B
el (8.5) (8.3) (10.5)  (346)  (182) (144) (142 (11.8) (129  (223)
Yanevan 12.6BC 10.1A 1.30B  0.014BC  3.42A 3.78BC 2.72B 1.40B 1.41A  0.0079A
eyang (10.4) (14.6) (35.9) (35.1) (16.9) (11.3) (10.6) (14.0) (15.6) 9.8)
Mean 13.0 9.7 1.37 0.015 3.07 3.85 2.66 1.46 1.29 0.0062
(105)  (132) (18.9) (375  (20.0) (13.8) (12.9) (14.5) (212) (207
(' ): Coefficient of variation, **: Different letters indicate Duncan's multiple range tests (Significant at p<0.01).
Table 2. Simple correlation coefficients in samara and seed characters.
Samara
Source length SWD SLE SWE SSL SL SW SL ST
/SWD /SW
(SLE)
Samara Width (SWD) -0.415
SLE/SWD 0.678 -0.942%*
Samara Weight (SWE) -0.148 0.031 -0.062
Samara Stalk Length (SSL) -0.444 0.680 -0.627 0.448
Seed Length (SL) 0.858 -0.497 0.693 -0.604 -0.634
Seed Width (SW) 0.662 -0.340 0.537 -0.712 -0.347 0.904*
SL/SW 0.291 -0.161 0.162 0.597 -0.303 -0.094 0.496
Seed Thickness (ST) -0.928* 0.404 -0.604 0.159 0.649 -0.792 -0.478 -0.517
Seed Weight -0.192 0.425 -0.309 0.352 0.920*  -0.347 -0.023 -0.443 0.504

*: Significant at p<0.05.
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Ah o] 4l (1989 =FUFF-he] BFEH A7 A
HEARL =5 RS B=F U7 1.5 em o8, S=F
U9} S=F U7} 1.6 em o130 2 Bt vl Qi) g
2] 52006y =FUF9] 2 AFHA = A 2]
o} Ao) 4aE Yehl Z7)0lE Zol7t Fxo 2 el
3 o] p&rolx gt Az} Aol Z o] n)go] FAlEAHA

A)she] Zols} %, Fxpe] Qo]

m

d

<=

9} %% ZtzF 13.60 mm, 13.67 mm, 4.14 mm, 3.21
mm=E B gL =], o] Hls)] 2 A =g Al
Je= 2 ] oA FRR 7} 1.23~1.5124] EFAF o)

© 2 YERGTHTable 1).

T A= EA Y T E A (recalcitrant seed)Z
d oliF EA|stH o] 7o) FAHEE AF
SA] 9t FALYS 2ASIATHTable 3). =5
5F o] wolEA e F Tt Be XolE Hlon, ﬁé
FORE-2 34.8%, F ot 86%‘_ ﬁﬂﬁﬂbkﬁt
NLZ et 53] SR
A =gron Hawoldr
Sl W olE R 6.
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Table 3. Means and coefficients of variation for seed germination
behaviors of Ulmus davidiana var. japonica populations

Table 4. Simple correlation coefficients in seed germination
behaviors characters.

Germination Mean germination
Source .
percentage time
Mean germination time -0.840
Germination rate 0.963** -0.802

**: Significant at p<0.01.
Sd0] & AP Fazk § AR wolSA ) Be

$43, 2010). T3 o=
I} ol ol Mut 22 A o] AFAAAE ERATH Table 4).
2 520060y =FHre 83 YEE flgH
FAre] AFA7)= 59 2 (RS 89.5%)°01H A
Al71e] wpet B xfo| 7} UThAL 315 %Eﬂ, 2 Ards
A E R G7k] B x}o]E Hol:= Ao AlgHT) &
3+ Nomiya(2010)E =F U5 £ wole= ¥H-2(20-
30°C)9] Fx271oNA 99%°] =& Wolg-S Bk tix
791 23°C LEZHANME 80% AL B Uehie
FFUT= 23.8%, GEIVUT-E 652% A= €88 Y
E}LH FEE B Zo|7t EAflehe AR Bl
et al(2010)> F=FHTF TAo 95 FNE -
Ae]# el v AXZ EC, Mg™, A&, 714 2
g v} 9lo] “EUF-RE o] 7HA] Yl ©
Fole] gl A& o] x}fo]7} Uil ALRHT

§

\

o o 30 7

mn‘l mlo rlr

*JQE%;

EU s 1dA L E 29 Aol tiE
AR A 2 Az 2 A 7] BAH R IEe] f
o]l 27t 1 H ATK(Table 5). B 5L L
37.7 cm, 297 4.90 mmE UEREOH, A5 Tho] 421
o 2973 *J}ZPOM 747} 47.1 cm®}F 539 mm= 7 5
T3 548 veRith A5 tigh vl Al e
3L 322%, 973 33.6%= Ml w2 3hS UETH F
Ag =T 00tk AolA 9] 1948 ALt
297 A2 vEUF 242 319 cm9} 4.40 mm, 9=

Table 5. Means and coefficients of variation for growth traits
by Ulmus davidiana var. japonica population.

Germination Mean Germination

Populations percentage germination rate . . Root collar

(%) time (days) (ea./day) Populations Height (cm) diameter (mm)
Cheongwon 247C (82.6)**  7.1B(21.0)  2.3B(95.8) Cheongwon 38.1B (33.4)** 4.13BC (32.1)
Jeongseon 14.0CD (158.5) 11.9A (22.3) 0.8B(174.1) Jeongseon 47.1A (23.5) 5.39A (26.1)
Pyeongchang 6.0D (78.9) 11.0A 21.2) 04B (113.5) Pyeongchang 29.9C (29.0) 4.76B (34.4)
Yanggu 58.3B (34.8) 73B (384) 7.5A(108.9) Yanggu 32.0C(33.4) 4.13C (32.1)
Yangyang 71.0A (19.5) 58B(4.94) 6.5A(18.7) Yangyang 41.1B (41.4) 5.37A (39.7)
Mean 34.8(74.9) 8.6 (21.6) 3.5(102.2) Mean 37.7(32.2) 4.90 (33.6)

(' ): Coefficient of variation, **: Different letters indicate Dun-
can's multiple range tests (Significant at p<0.01).

(): Coefficient of variation, **: Different letters indicate Dun-
can's multiple range tests (Significant at p<0.01).
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Figure 1. Dendrogram by average linkage method using 15
characteristics for U. davidiana var. japonica.

EURE ol

Olﬂ

(2006)01] Jo}ﬂd b%— o 51} iH%lWMl

ol
%“J%o%i OU%—r31299cm J74 2.64mm7(§
E z

h=1]

=~

[e]
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mm= BELE vh vk duHE 0 8 QEF A= Tk T
o] T YFe7t 2 NALFE HolEdo] st 7]
AT 5 Ao 2 BRIFEIT S k(Khan et al., 1999;
Navarro and Guitian, 2003; 53 5, 2007) & A7 552
RS BHEAER F 59 A4S vErth

4. REEN

A2, T4, ol g AAFEA o A 1571 FAE o]&-
g =E R e RS A A A Jd
2 A 22522 WY A thFigure 1). Average, Centroid,
Complete, Single & Ward ®'Holl €3 &S A4
A B FAT A UEhilem, ©]F Average
Wil ojg fE4 AFvhE YERATE Euclidean
distance 034941 Ao Z 77hS- F7oF kR
o] ME FAFAV =2 & 21522 fFHEAeH,
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Table 6. Results of principal component analysis of 15
characteristics for Ulmus davidiana var. japonica.

Characteristics Prin 1 Prin 2 Prin 3 Prin 4
Samara length -2931 0.01225 0.3893  0.2581
Samara width 0.3145 -.0820 -.0077  0.5090
Samara length/width -3360 0.0630 0.1929  -3683
Samara weight 0.1250 04221 0.0822 -.0634
Samara stalk length 0.3658 0.0530 0.2442  -.0233
Seed length -3208  -.1901 0.2587  0.0945
Seed width -2066  -2994 03397 -.0702
Seed length/width -1373 03650 -.1193 0.3761
Seed thickness 0.3315 -.0468  -.1864  -.4007
Seed weight 0.2873  0.0125 0.4204 -.1901

Germination percentage 02362  -3621 0.0172  0.0341

Mean germination time ~ -.0514 04208  -2057  -.0611

Germination rate 0.1889  -3818 -.1235 0.1179
Height 0.2313  0.1995 0.3594 0.3386
Root of collar diameter  0.2200 02314 03870  -.2207
Eigenvalue 62726 49404 24506 1.3364
Difference 1.3322 24898 1.1141 1.3364
Proportion 04182 03294 0.1634 0.0890
Cumulative 04182 0.7475 09109 1.0000

Eigenvalue 1.0 o]+ o2 A E4ke tjsh dyge
100%31H(Table 6). A 157322] 7191 &2 41.8%= Al
FA, 3], FARFAIL] 7197} 0.315~0.366°2% =
gkow], WA A HE3} SR = E2 5o 7|9
ERiTh W A 1FAARS 2 FE 3 .E_HE_O]]/H H
oJAIF Fro] A FAZE FARA NN Tl #Ud
QAR o3 A s FEReE sidh B 94
Zh ATl Aol ek frel A ]l Aol dRe Bl
9 SAE L F] V1A EE, FATAS oY
e B Aol s A2 gk dde e g
AT FALEH M 597 L A FE e
A 272 E0] 71 & 32.9%R Hadotd <, o, W
OFEE, ANIFA, TAA ] 71T 2 AR e
U = WolEAdel osf dREe R
53], A oA doke Wolhee w2 Hod
& Boe AL 7RmdME HE E2 5] 7]
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