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Summary

The characters of leaflet length, width, and hair density of winter bud are
important to recognize many taxa of Fraxinus. The systematic relationships
between F. rhynchophyila in Korea and F. japonica in Japan, and F. densata in
Korea and F. longucuspis in Japan were confused and were not clarified yet. One
hundred nineteen specimens of F. rhychophyila and F. densata were used to
evaluate the correlation between the length and width of leaflet, and
absence/presence of trichome in bud. From this study, the morphological
discontinuity between F. rhynchophylia and F. densata was partially present only in
the ratio of length and width of terminal leaflet, but other characters, such as hair
density on winter bud, bud shape, and the number of leaflet, were not useful for
delimitation. However, the ratio of length and width of terminal leaflet appeared to
show clinal variation with changes from north to south in Korea. In general, there
was a tendency toward more narrow leaflet in the area toward north of Korea.
Although the length of winter bud was longer in Gwangneung than those in other
area, there was no correlation between the morphology of terminal leaflet and hair
density of terminal leaflet and winter bud. The previous species, F. densata in
Korea were indistinguishable from the typical form of F. rhynchophylla on the basis
on vegetative characters, rejecting = continued recognition of this taxon as a
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distinctive species. The morphological differentiation between F. japonica and F.
longicuspis in Japan and F. rhynchophylla and F. densta in Korea was not
considered sufficient to warrant recognition of either specific or varietal status, but
should be further examined.

A 2

EFYUT-4 (Fraxinus L) & FotAlo} W BEu)§ FHOE FZ EBxbg Ao oF 704

%‘0] FEIH(Willis, 1985). T B2 tisire= oz A7xEel AF 71Ae ol o

o9 (synonym) H# T W]l 3F 1EFA 4F 3WFo] Budzm Juh(H,
1957, ©], 1966; °], 1996).

EFAHESE Mo AA e 2o Mo g8 A Al A(sect. Ornus, sect. Fraxinus,
sect. Dipetalae) 2 W0, OrnusEE 3A7F Qs EFT02ZH DAETOE 914
2 drh(Wallender ‘and Dahl, 2001a). Ornus@8L F2 £3%(18 EFH) S £40=2 3+
S Holrlo} xjdo)] B ¥ (Wei and Green, 1996), ITUjels= EFHuUFs 42+ 7t
v:i?f}‘:}(Lee 1980).

FYWFEF T (F. rhynchophylla complex)< 943 Auf|o] Ao Z78to] Zjofst A

Zo) AA¥o] v}t Nakai(1914) = REFH (F rhynchophylla var. glabrescens Nakai)
g ARFor @E3G oY o] 83 U (nomen nudum) S ZA A= AEHA g1
Poh{Lee, 1996). AT Fo] Fx 21 AL AR JEFYF rhychophylia var.
angusticarpa Nakai, 1940)7} Stlof] B¥3l= Aoz 4#HA o (Lee, 1996), F2E
FH(F. densata Nakai)= 292 Fo] F3 A7) AR WK F& TAR AFow
71AH Aok (Nakai, 1931). 22yt EF AT (F rhynchophyila) @) 29 A7)= FEF
Hol7b AM FFEFA(F. densata) 7t EFAUWT-(F. rhynchophylla) S ©]1% (synonym) 2.
Z 22 Y% 3ttt (Lee, 1966; Lee, 1996).

g4t EF U5 (Fraxinus L)E Nakal 5 4% 8hatel] o) 2 AAQH AlF,
Foll thel 273HEQl HE7E #5350 T3 Ao Exste ARF o Ao

A7 A& ARl EFTY A dig &AM Ayt
(Fraxinus L) o] AFFA F 449 & @ £ A3t = & 3§
Eﬂi ‘:H—’?““bf'“-f] %34. t&%&o] Hxﬁg}gﬁob} X‘]X]— z%akz—lo] B]jy_
o] AEAY T (Chung, 1957; Lee, 1980; Chang and Qiu, 1992; Ohwi, 1965;
Charkevicz, 199D 538 T2 AAYHE A2/t EEHE § BHgFoz EdAY
A A=l Qit

s gk, AE, divke] EFAVUFE (Fraxinus L) S A3 Nakaike(1972)= w&
EXF4(F. quadrijuga), AEHEF(F. sieboldiana var. trijuga) 5& BF 4 EE 9
ooz At
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F. sreboldiana F. Janugiosa

Fig. 1. Terminal leaflet and apex bud of F. sieboldiana and F. lanuginosa

E3 dEe] BEshs HEFHS] ZAFQA F Januginosa Koidz.7b &= g4l
Xshs Zog Busigion Tud] E£¥ste EFAYUS (R rhynchophylla) 8 #3EF
(F. densata)& 5% QE] BE3= F japonicad] o3 oz A st

OrnusBolXe & 72 %o 299 524, 44 AW F9 F9e gd4s 9 Folo
GUAEE g4¢35l71e st duAQ oF, F sieboldiana®t F. lanuginosas A2
Zokolu} Folo] makoMi= 8 xolrt glol Bk a8y F osieboldianal 32~%3)
FRlo] wnlsly AW FAo] goj glom Folox "ol §itt. ol W& F Januginosat
29 FH GAXZE o RE FH do] EAjst Folox "o] WATHFig. D).

weta], B AFoE e Exsts EFYUTEFTE(F rhyachophylla complex) ¢
3l A7 Forel H# ﬁ’“"ﬂ gt B2 Axste] R el EAE FHE Ornus
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Aed F TR = He Aadd REd A A9 90 g dys, Fotel #
YT Ffjol —rEL_%} EF AV (F. rhynchophylla) 8¢ B3 EF 2 (F. densata) Arole]
M5 Qu7t Ade=rtE ARG £33, B BXsl= F japonicast F. longicuspis® ¥

FUU(F rhynchOPhy/Ia)ﬂ BeeFU(F densata)7} T3] 7EE + UsAE
golskich T3 o) BEslE= EFHUFERFT(F rAvnchophylla complex) ol QlojA]

Y9 A9F Wol/k A HESAL,

J}L ot m{u
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¥
x

2002 9g A 10873 74 A d, A71% 2T 9 FYA AAEER
A, Aegpgm WAk, AgEE Ev‘-’r’&, %%%E FYArhellA A et 27 (Fig. 2) A
SRR sHYEHRNNTY F5Y TER(FFIES, SNUA O &3d ZE8S 84 =
Abst Tt
FAGVF(F. rhynchophylia) e & 119041 GFEE A 10704, Z371% FHHAF 26
A, AAEE YA 214A, dzpds @At 21704, %‘13}—5’1“: g4t 24704, &3
ZE ’BLH” 1771%1] FSEFH(F densata) 8] B4E £ 33 (A71E 3okt 24
A, AN FZ 97ﬂxﬂ) ZAbELATH(Table 1). FEEF Eﬂ (F. densata)= H=ZE 7]
7 & Naka (1931) 9] Zl&el A= do] AAst A T F3 A7y 2 F38 1Y
ol AP MAE AR CH T o] AAeA AHE AAELE BF EFAUFE(E
rhynchophylia) & 73 3|A AT

Fig. 2. Distribution map of area samples
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Table 1. Subcategory of whole samples for species

Species number
F. rhynchophyila 119
F. densata 33
Total 152

Fe) PP <7 B0 (Olympus SZH-ILLB) & o]g8te] AAda FololAl 6
Mo Fo AEFAA FAHY FI Hol nlg W Fopd ZHF Zold HlEE ZARIA
th AAHH Fote] do] ¥ £ 30cm AE ol 88 Imm HHE FAEIEoH, 4
9l oo ° W 33yw] A (Olympus SZH-ILLB) S o] &8to] 1mm?® kelA ZAbst
At (Fig. 3, Table 2). dAo] tist 7|4l #oj= Lee(1980), Rehder(1940) ¥ Jones and
Luchsinger (1987) & with

4

Fig. 3. Shematic representation of plants of Fraxinus with indication of the measurement
of the characters of leaf and winter bud. Key to numbers is given in Table 2.

Table 2. Morphological characters of the leaf and the winter bud for analyses.

Number Code Morphological character
1 LL Length of terminal leaflet
2 WL Width of terminal leaflet
3 HL Hair density on terminal leaflet midvein
4 LB Length of apex bud
5 WB Width of apex bud
6 HB Hair density on apex bud
7 RL Length/Width ratio of terminal leaflet
8 RB Length/Width ratio of apex bud
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densata) ©l| thst A=
B EFH (88)109—133(186)mmi

442 24 4%

239tk (Fig. 4, 834 1).

= ¥ 3%
SET

#7} (29)41-55(75)
gtk (Fig. 4, ¥4 2).

Fig. 4. Values for the most discriminating characters for leaf and winter bud of the

taxa in Fraxinus. Taxon acronyms are as follows. D, F. densata: R, F. rhychophylla.
A, length of terminal leaflet; B, width of terminal leaflet; C, hair density on terminal

leaflet midvein; D, length of apex bud; E, width of apex bud; F, hair density on

apex bud; G, length/width ratio of terminal leaflet; H,

bud.
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A2 Fo dg dojg w2 EFHUTIE (1.2)1.7-2.1@.0)0|% FFEFH7}
(0.72.0-2.9(4.3)2 4Yeht(Fig. 4, 82 7) EFGUTr} =39 == F2 @9
(obovate—narrow obovate, I/w 1.5-2.0:1)2 4<% whd, JFSETYE F& 5§Ud
(narrow elliptic, I/w 3:1) X3 =33 ¥ (oblanceolate, /'w 3:1) 4292 9% T3ty
o ALY HHEe F9 24 FE9 "€ UAREE EFHUEIT (007-27(45) Ao

FEEFUZE (010-29UDAZE & ZolE E & AT (Fig. 4, 3 3).

ote] Aol EFUUFY A (4)5-71DmmelA%, FEFEFU7} 4)6-8(11)mm=E
of & oz} #EEA d=th(Fig. 4, 2 4).

okl & EFHUFIE (3)5-7(11)mmolx FFEFHE (4)5-7(10)mme g e}
v Eotd] F oAl F AelE 4@ 4+ QdohFig 4, 3F 5 8 EFUVUR
(0.5)1-1.3(1.6) vs F5EF (0.6)1-1.3(1.8)].

Fotg ¥ uA ARs SFYUFUE (0)5-19U3)ld we] #ASEFHVL
(D7-24@H N Jeh) FEEFUY Fobo] Bty B "Ho] EA8t= ZAo g Kol A
A AA7E FHE F S0 Jolrt Jokne B 5 g (Fig. 4, 84 6). F2AA F
otell X HAs 87 YHEY vm ¥4 A7 F F& FEI}EY T80 HE A F4
de 3 FAAY F/Qold nHlEE & & Ut

a2y o] F 7ix] AL AAFes E u 1 wHolo o] A 43 FHHE Fiol ¥
S} (Fig. 5, 6). &b EFHNF(F rhynchophylla) & 2539 (F, densata) & +%
e V|FoEAME RAdsita wod

=z
s

oft = offt oft
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Width of terminal leafiet

Length of terminal leafelt

Fig. 5. Width of termian! leaflet depicted as a function of the length of
terminal leaflet of the taxa in Fraxinus. F. rhynchophylla (O); F. densata
(xX).
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Fig. 6. Frequency distribution of terminal leaflet length/width ratio of £
rhynchophylla and F. densata from Korea. F. rhynchophyila (O)); F. densata ()

T FY AAae Zel digk ol nl&d Foid ¥ %1*3 AEE vlag 27 A4aA
7F 0.398017 (Fig. 7), 444 Fo g ol vl&x A4g e 9 HdAE
Blask A3 A@AFrE 04272 v)¢ WokTH(Fig. 8). Fulol BXst:= EFH ]rfr’w‘i’—?r
(F. rhynchophylia complex) o= ¥ BX3t= F japonica®t F. longicuspisSy=
2 37 dUAE Afolo ATHAAZ AHA &k (Fig. 9).
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Fig. 7. Length/width of termianl leaflet depicted as a function of the hair density
on apex bud of the taxa in Fraxinus. F. rhynchophylia (O); F. densata (X).
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Fig. 8. Length/width of terminal leaflet depicted as a function of the hair density on
terminal leaflet midvein of the taxa in Fraxinus. F. rhynchophylla (O): F. densata (X).

P, A BES weld Bow wde ¥ Ay wslel W 24 945 g v
#4315t} (Table 3).

Table 3. Subcategory of whole samples for area

Area Latitude Number of samples
Baegun—san N 35° 05 21
Deockyu—san N 35° 52 24
South . .
o Naeyeon—san N 36° 16 21
Kwangdeok—san N 36° 42 17
Hwaya—san N 37° 40 24
&
©4p
North Kwangneung N 37 6 9
Kwangdeok—san N 38° 06’ 26
Goseong N 38 19 i0
Total - 152
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Fig. 9. Terminal leaflet and apex bud of F. japonica (A), F. longicuspis (B), F.
rhynchophylla (C) and F. densata (D).
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4 A%, 49 dolx BE Al 91-141mmel o] R £} &
Aol wE Zolg) YT Wak P e FvhFig. 10, FA 1), B2 e
JNESF FRES AT AECE O AAdA AEA FolRel B2 o Fo] ol
A B4 2 5 9008, 37018 AGIHE 957 Eobde] wet 329 Zo) Yol
A A FAY 5 ok Tt 50-68mmt BE Relolx FAHH, SRt Aol
o Aoe] Hs Zo] F PAWE 2= AL ¢ 5 ArhFig 10, 3 2).

g Bol gE QoY HE] QoNE  Bopt AT AR FHY Frde
e} 1 o199 AddE BT Sopiurt B dHe U 2t o et Fig
10, ¥4 7).

SECEIE RS

FERRAe g AAEE A7 olrt YYeH (7-307) HE
o] B% PR dEe WE @3l Fol7t AYTHEig. 10, B4 3). Foke] Zole] glo]
NE 3% AAEC] B Ado] wa AA UYEtor (Fig. 10, 84 4), Solo] e mE
Ao wl&ah} 1A AAEC] ta Zo] F& RAo= UehdchFig. 10, 372 5). mabA
Folo] Zof izt Zol9] Bl&L FE AMEo] & Nejof vla tha 71 Pl Fore 2
£ Ao BelthFig. 10, 34 8). Fotd PUARE RE XodoA 5-257)7F HEE
gejoz W@ Aolrt g Ao HAHAT(Fig. 10, B2 6). watd ZAR 8 3%
Az 959 W] Be d%Hel Wo] S Holk AL ok

A2Ao® HAY NANES EFAVT(F rhynchophylia) 8¢ FEEFH (F. densata) &
TR BAPoY T & FEsHEY o] A4S ey €] dAAE, Fotd 9
o] AT Zolrt G EI|, 5 Fe 2 5”3:_]‘:94 ol Zo] A% FHIAT FF

o] Lo} B L& ZF0Z QAT V| AT(RALHA Z, 2002)2 AXsr) wx B2
¥ (F. densata) NAE F2 4¥7} Nakairl 7] KéE}H 485 7} A} ol EFYY
S(F. rhynchophylla)d) =A<l Wolg fddt) wekA 3 & % EFYUFERF

F(F. rhynchophylla complex) WX OrnusZBAd A9 ?ﬂEHL} A9 o] gl
I, Bolo "ddAzel o3t F FEo] FEA gr)

wst YRo) BIS= F japonica®t F. longicuspis®t @3 U EFHUF(E
rhynchophylla) 8¢ F2EFd (F. densata) AreloldE 483 Fold EURE Alolo] A#
AA} = 7;19_E T

2% JdBo| BXE3E= £ japonica$h F. longicuspisel thal 4383 Folo] HYATE &
Qg &, U BT (F rhynchophylla) & =9 F. chinensis Ato]19] 4% AaA
of T3t vlm AU 2LE Ziow AR
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10. Values for the most discriminating characters for leaf and winter bud of

taxa in Fraxinus. Population acronyms are as follows.

C, Naeyeon—san;

D, Kwangdeok—san

(Chungcheongnam—do);

A, Baegun--san; B,
E,

Hwaya—san; F, Kwangneung; G, Kwangdeok—san (Gyeonggi—do); H, Goseong.

A, length of terminal leaflet; B, width of terminal leaflet; C, hair density on terminal

leaflet midvein; D, length of apex bud; E, width of apex bud; F, hair density on apex

bud; G, length/width ratio of terminal leaflet; H,
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=X UUFE (Fraxinus L) oM 299 Aojel vnl, Fotd] "ol YU Ul £ T
ol F2E FAolrh, Fufel EXEdE EFUUF(E raynchophylia) % €Y F
Japonica, ¥=9 FSEFYU (F. densata) ot UEC] F. Jongucuspis 7+ E73EQ B4
T Eo 3ottt & AFelAE A9 dolgk vnl, Botg d9 /FF £33 Y8t
o 119708 EFAUFS FSESFdUs BEZ ol&aict. 33 B4 Ax E¥FdUY
ob FEEFUE Fog dol FH9 ulEelA zolg BYoY, Fotd "ol Yre} Y,
=g st 2 08 FAolAE Aolg HolA ddth 2y @M BFN o
o2 AT 2949 Fo] FolRle BFE Hol vk EI FF9 7}?7'41501 B 29 9]
HASES Fotdl Ao/t A, A& Fedt Fotd 29 dxde JuaAst A4t
o @=olA el dols} £ wgo thh Apolzk qlont, HiFE T FHPH X FH
TEE olF F A2 F2o 34 /\}%0}7] ol A7 o g )

=

3 494 WMol gou FAYY S PEN BHoZ $USS FAL AL U3
Fols Yelt ¥ WYl B A%l 9 0 FoIE 2E AL teike, 2499

Sia= SV

Fejot A4 2 Fold d ULE vjud An AT ASRBAV EXER ¢
Z1#e 2 EFIE d9 Fog QAHYYW FIZEFYE EFLRe
Feu-o 35

©
olzle) Aoz Huyw AE F japonicas} F. longicuspis, =9 &
F FejEQl Aole] gloja] wolol thet FE3 ¢lalo] AU Foz AR AqL,
o e § &2 APt FYE ool dc}
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Appendix 1. Vouchers for morphological analysis of F. densata and F. rhychophylia
All vouchers are at SNUA.

F. densata Nakai 3523

Gveonggi—do: SNUA61620; SNUAG61621; SNUA61622; SNUA61623;, SNUA61624
SNUA61625; SNUA61626; SNUAG1627; SNUA61636; SNUA61637; SNUAG6500
SNUAE6502; SNUAG66503; SNUA66504; SNUA66505; SNUA66506; SNUA66507
SNUA66508; SNUA66509; SNUA66519; SNUA66523; SNUAG6524; SNIJA66525
SNUA61640; UKQ0951; UKO0952; UK0953; UK0954; UKO0955; UKO0956; UK0957
UK0958; UK0959

F. rhychophylia Hance &35

Chungcheongnam—do: JSH027; JSHO028; JSHO029; JSHO030; JSHO031; JSH032
JSHO033; JSHO34; JSHO035; JSH036; JSHO037; JSH038; JSH039; JSH040; JSH0O41
JSHO42; JSHO043, Gangwon—do: UK1057; UK1058; UK1059; UK1060; UK1061
UK1062; UK1063: UK1064; UK1065; UK1066, Gyeonggi—do: JSHOO1:; JSHO02
JSHO03; JSHO04; JSHOO5; JSHO06; JSH0Q7; ISHO008; JSH009; JSH010; JSHO11
JSHO12; JSHO13; JSHO14; JSHO15; JSHO16; JSHO17: JSHO18; JSHO019; JSH020
JSHO21; JSHO022; JSH023; ISHO024; JSH025; JSH026, Gyeongsangbuk—do: JSH093
JSHO094; JSHO095; JSHO96; JSH097; JSH098; JSH099; JSH100; JSH101; JSH102
JSH103; JSH104; JSH105; JSH106; JSH107; JSH108; JSH109; JSH110; JSH111
JSH112; JSH113, Jeollabuk—do: JSHO044; JSHO045; JSH046; JSHO47; JSH048
JSHO49; JSHO50; JSHO51; JSHO052; JSHO053; JSHO054; JSHO055; JSHO56; JSHO57
JSHO58; JSHO59; JSHO60; JSHO61; JSHO062; JSHO063;, JSHO064; JSHO065; JSHO66
JSHO67, Jeollanam—do: JSHO072; JSH073; JSHO74; JSHO75; JSHO76; JSHO77
JSHO78:; JSHO79; JSHO80; JSHORB1; JSHO82; JSHO083; JSHO84; JSHO85; JSH086

JSHO087; JSHO88; JSHO89; JSHO90; JSHO91; JSH092



