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ABSTRACT

Anatomical study of the secondary xylem in Malvales plants, including four families, five genera
and ten species grown in Korea, was carried out to elucidate relationship among genera or families
in the order.

Wood of Elaeocarpus is diffuse porous and shows angular vessels in radial multiples of 2-14
cells and a few apotracheal or paratracheal parenchyma. Tiliaceous genera have diffuse porous
wood, vessels in solitary distribution and apotracheal parenchyma of sinuous scalariform uniseriate
band. In the family, T#4a shows angular vessel, noded and tile-like cell in ray and storied tissue
but Grewiaz has circular vessel. Hibiscus shows ring porous wood, circular solitary vessel and bise-
riate band of apotracheal and paratracheal parenchyma. Firmiana shows ring porous wood, circular
solitary vessel and confluent parenchyma. Many starch grains appear in ray and axial parenchyma.

Judging from arrangement, shape, length and diameter of vessel element and angle of end wall
to vessel axis, and arrangement and shape of axial parenchyma, the lines of specialization in these
genera are from primitive Elaeocarpaceae through less primitive Tiliaceae and less advanced Mal-
vaceae to advanced Sterculiaceae.
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Table 1. List of materials examined
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sen, 1940). 89 U8 HH L Jeffreydoll whe &)w) A4
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Family Genus Species Habit Locality
Elaeocarpaceae Elaeocarpus E. silvestris var. ellipticus (Thunb.) Hara =g ET Jejudo
Tiliaceae Tilia T. rufa Nakai ) DT Mt. Seolak

T. amurensis Rupr. ki p -4 DT Mt. Seolak

T. taquetii Schneider. Bolah 5 DT Mt. Jiri

T. mandshurica Rupr. el Max. g DT Mt. Jiri

T. megaphylla Nak. qFTE DST Mt. Seolak

T. kiusiana Makino et Shirasawa, T DT Mt. Hongneung

Grewia G. biloba var. paviflora (Bunge)
Handel Mazzetli ARl s DS Bogildo
Malvaceae Hibiscus H syriacus L. FFE DS Chonju
Sterculiaceae Firmiana E. platanifolia Schott et Endl. Ho= DT Chonju
ET, Evergreen Tree; DT, Deciduous Tree: DST, Deciduous Small Tree; DS, Deciduous Shrub.
Table 2. Anatomical characteristics on vessel element in Korean Malvales
. Angle of Tangential Volumetric
Species perforation plate (°) diameter (um) Length (um) LD composition(%)
Elaeocarpus silvestris 258 b4.0x 56 5149+ 69.9 9.5 329
var. ellipticus
Tilia rufa 40.0 415 6.1 3879+ 239 9.3 17.1
Tilia amurensis 42.5 492+ 70 449.6+ 28.7 9.1 249
Tila taquetii 43.0 531t 54 4206 30.3 7.9 17.6
Tilia mandshurica 41.0 409+ 50 4209+ 35.4 10.3 24.5
Tilia megaphylla 43.0 43.0L 6.1 332.0£ 312 7.7 2.5
Tilia Etusiana 47.0 395+ 53 319.2+ 26.2 8.1 222
Grewia biloba 46.5 84.9+ 16.1 3775+ 29.6 44 124
var. paviflora

Hibiscus syriacus 58.6 849+ 122 264.5+ 20.7 31 24.7
Firmiana platazifolia 65.9 197.2+ 179 3144+ 535 1.6 5.6
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(Fig. 1C). EEERe Zolx 5149 umolx I {fIEEEET
lod e AR HEes vebde, dabde) RS B
ZFlelx 2 e 258°c|ci(Table 2). T HEE
F9 Suf Bl RIFIR/E ST viebdol(Table 4). &= 2o
8428 um, =7 175um 2|7 BEEE 24um=4A B
KRS 42.7%c]H, MiEEEE BEARIRHE T4
o] glr}(Table 3). WAl 2L £ 354 um(14 AZ2F),
o] 9799 um= HAEHEEL- 16.0%°] 1 FHKGRE= 27.6
22 7ieq 7] dhakxeAdg v e, B [ = 113
(Fig. 1R, T). FERFAMS BT 84% 24 whabat
o2 cheduldgl B W TR} VebdeH(Fig. 10).

I LR Tiliaceae). B ogTe A Ak Be Fu
FB(Tilia)3 AT IEB(Grewia) o)tk ZgL X7

Table 3. Anatomical characteristics on wood fiber, ray and axial parenchyma of Korean Malvales

Wood fiber
Species
Length (pm) diameter (um)  Wall thickness (um) Vol. (%)

Elacocarpus silvestris 8428+ 84.9 175+ 0.3 2403 42.7

var. ellipticus
Tilia rufa 985.0+ 80.0 239+33 24+04 55.6
Tilia amurensis 12234+ 923 26.0+ 3.0 20%02 52.1
Tilia laquetit 1,3554+ 97.1 246+ 3.0 2603 63.9
Tilia mandshurica 1,108.7+ 1374 219% 25 28+04 555
Tilia megaphylla 938.6+ 75.6 210+ 4.3 2603 53.5
Tilia kiusiana 927.0% 110.3 192+ 3.7 2904 517
Grewia biloba 1,056.0+ 104.3 216+ 29 3.0£07 63.4

var. paviflora
Hibiscus syriacus 1,013.5+ 1189 128+ 19 23105 482
Fivmiana platanifolia 1,416.8+ 209.1 199+ 12 5205 56.4

Ray AP,
Species
Width (um) Height (um) Ray shape Vol. (%) Vol. (%)
(H/%V ratio

Elaeocarpus stlvesiris 354% 76 979.9% 201.9 276 16.0 84

var. ellipticus
Tilia rufa 371+ 69 583.2t 79.6 15.7 14.5 12.8
Tilia amurensis 254+ 36 1,240.0* 235.3 486 116 114
Tilia taquetit 451+ 8.0 1,446.8+ 192.0 320 11.1 74
Tilia mandshurica 331+ 54 1,109.6+ 1586 335 124 7.6
Tilia megaphylla 459+ 7.2 1,035.2+ 1722 225 19.2 14.8
Tilia kiusiana 40.0x 7.0 958.8+ 148.9 239 13.7 124
Grewia biloba 368+ 55 656.8+ 136.2 17.8 17.7 6.5

var. paviflova
Hibiscus syriacus 39.0% 14 981.3% 226.6 251 131 14.0
Firmiana platanifolia 236.9% 20.2 2,319.4+ 549.7 9.8 16.1 219

AP, Axial parenchyma; Vol.,

Volumetric composition
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Table 4. Anatomical characteristics in the wood of Korean Malvales

Species E T1 T2 T3 T4
Characters
" Arrangement D.P. D.P. D.P. D.P D.P.
= | Distribution R.(2-14) Solitary R.(2-14) Solitary Solitary
% Solitary R.(2-12) Solitary R.(2-4) Aggregate
T |Shape Angular Angular Angular Angular Angular
G |Perforation plate All simple perforation
é Pitting form All alternate pitting
Spiral thickening + + + + +
Composition He He He & Ho He & Ho He & Ho
Type Torll II II 11 u
£ |Noded ray - + + - +
e Tile cell - + + + +
Cell width 14 1-4 1-3 14 14
® Fiber tracheid + + + + ’ +
& (Libriform fiber + + + + +
B Storied arrangement — + + + +
— ¢ « |Apotracheal + + + + +
:% 5 E Paratracheal + o+ + + +
=2 Type Scanty SSUB SSUB SSUB SSUB
Others Ripple mark
Species T5 T6 G H F
Characters
" Arrangement D.P. D.P. DP RP. RP.
E Distribution Solitary Solitary Solitary Solitary Solitary
% R.(2-4) R.(2-5) R.(2-4)
@ | Shape Angular Angular Circular Circular Circular
g Perforation plate All simple perforation
:0;3 Pitting form Al alternate pitting
Spiral thickening + + + + +
Composition He & Ho He & Ho He He He
" Type I II ILorIl MTorl Aggregate III
% | Noded ray - + — — +
# | Tile cel + + - - +
Cell width 1-5 1-5 14 14 8-16
o Fiber tracheid + + + + +
& | Libriform fiber + + + + +
= Storted arrangement + + - + +
Lt Apotracheal + + -+ + +
© 8 £ | Paratracheal + + + + +
285 Type SSUB SSUB SSUB BSSB CP
Others Ripple mark Druse Grains

E, Elaeocarpus silvestris var. ellipticus; T1, Tilia rufa; T2, T. amurensis; T3, T. taquetii; T4, T. mandshurica:
T5, T. megaphylla; T6, T. kiusiana; G, Grewia bilobg var. pevifiora; H, Hibiscus syriacus; F, Firmiana Dlatanifolia.
D.P., Diffuse porous; R.P, Ring porous; R ), Radial cell number; He, heterogenous; Ho, Homogenous; -+, Present:
—., absent; SSUB, Sinuous scalariform uniseriate band; BSS3B, Biseriate short band; CP, Confluent parenchyma,
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Figs. 1-5. Photomicrographs of anatomical structure in the stem woods by the typical species of genera examined.
C, Cross section; R, Radial section; T, Tangential section.

Fig. 1. Elaeocarpus silvestris var. ellipticus (CR.T., X 81). V, Radial row of vessel; Arrow, Axial parenchyma;
R, Ray; S, Simple perporation; AP, Alternated pitting.

Fig. 2. Tilia mandshurica (CRT. X 81). NR, Noded ray; Arrow, Uniseriate parenchyma; R, Ray; V, Solitary
vessel; ST, Spiral thickening; S, Storied arrangement.

Fig. 3. Grewia biloba var. paviflora (C., X 33; R.T,, X 81). V, Solitary vessel; Arrow, Axial parenchyma; R, Ray;
AP, Alternated pitting.

Fig. 4. Hibiscus syiacus (CR.T., X 81). V, Vessel; Arrow, Biseriate parenchyma bend; R, Ray; S, Storied arrange-
ment.

Fig. 5. Firmiana platanifolia (C., X 33, RT., X 81). V, Vessel; P, Confluent parenchyma; NR, Noded ray; §,
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Storied arrangement; TR, Traumatic parenchyma; CR, Compound ray.

=y FHel A B 2e] A4 olale] iR {FLH o).
RS BHEILE Holv(Fig 11), Eq23e] #Hiye
ZEo|th WatmA-L 1.5 AELTo| 3, efdA 7} e}
e (Fig. 7) 2 Eif [He]w F2FALE BF| BE
2 AR HEitelck S MsEREE ) BIEARMES
TFA=e] glth BRI Fo 542 o2 ok
HUVEB(Tilia) | B BHe FEvatd g4 & xy
Hoy Aakn 9le 11 3 6 ul4o 2 steich(Table
1). B netd 52 FigEfsr £9% 8ot
(Fig.2C). x3e) Hixdze FHa}ReA 395 umE.
1A 33w wolE 3Tl 531 ymE 7R 23 thele g
TE BE Ze 214 AErF whaba sl vERye, B
Ay 125%(GF ) N 249%(Fh ) o] BEERH:
=L ¥ aldk(Fig. 2C). EEEFRS Zelx 3193 um(FF
Jup)ell A 449.6 um () 9] Weje)nr, webde) H
FEL A Feln, 7 AxE 41°(Z ) el A 47°(F
~F L) 8] W ejelci(Table 2). 3)n EEEFKS 54
Bl WgHEIRESL viehdcl(Table 4; Figs. 2R, 2T, 7, 11).
fEgs el 9270 pm(FFF) A A 1,3550 um (B
HAE), FA 192 um(FFEH ) oA 260 um 2@
BIREE 20 um(F )&l A 29 pm(FEau-) =2 B
TS 5L7%(FFH ) ol 4] 63.9%(BAIF) H
A2 vebiddh ey B A4 s B gloH,

&

&
r‘

r Y o

b datrel G RedE fEelar) dehed
(Tables 3, 4; Fig. 2T), #pAbz =l & 254 ym(1-3 4| )
ol #u}Ro)) A 45.9 pm(1-5 A EE) Q) JFLE, o] 583.2
um (G T) o 1,446.8 um () o) 51, fERiER
< 111%(Z2 A ol A 19.2% (DT ) H Lo,
R 15.7(B ) ol A 48.6(HR) Hel= 7len
7l F&E RAtHTable 3). %3 wWazze R we
FEE NF (Fig, 2T) o]z Z3] FEhgE Fifel A §{t(noded)
el oleow(Fig 2C) MEMHEAmEIA wWalzs ateld] 7}
ot Axes el 427 S (Fig 7). TEFAG
& BRHE T4% (B A6 14.8%(FF YT |
H2A Be gaddelm, #E B ETTAR) S (Fig. 2
C).

AT (Grewia) © 2 B Sejdedel ] Basks
PR 12 4oz stich(Table 1), HEimEel A
dEo] FHE #ilbelr Zwe 477 849 umal €
93oz OF FE3T HeluAn 124%9) WRHES
2 adi(Fig 3C). EEE#XS Zol: 377.5umelx, 1 {f
EEBET|, Aot ubabR A HUFEEFL S = AR ko] v (Figs.
3T, 8,12) wehs o) IS BEEfle]ly I 4t 465°
o)THTables 2,4). #ikEx Ze) 1,056.0 um, A7 21.6 um
=) 3 BEARME 3.0 pmEA] HEARHEEE-E 42.7%¢<™, MR
sl BIEASMER TAdsle] vk (Tables 3,4). W
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Fig. 6. Axial parenchyma of Firmiana platanifolia shows c
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onfluent, paratracheal parenchyma (CP). X 81. NR,

Noded ray; TP, Traumatic parenchyma in the boundary of annual ring; V, Vessel.
Fig. 7. Wood of Tilia mandshurica shows tile cell (arrow) of ray and spiral thickening (ST) on the lateral wall

of vessel. X} 323.

Fig. 8. Vessel element of Grewia biloba var. paviflora shows alternate pitting (AP) in surface view. X 323.

Ak e B 368 pm(l4 A EF) £o] 6568 um= Y
R 17.7%°) 3, FRGEE 17824 7lsx 7 =
olw, B I 9 [1H 4] 5718 H.altH(Tables 3, 4; Figs. 3R,
3T). FEEMRS BEUHERS] 65%0)x wrddiden
T 9 g e d(Fig 30).

oFE#(Malvaceae). B #o L= pe HF-%
ZiAo|ng, EEAMQ FE3 1EE 97 daes s
Grh(Table 1). HEEE) S FEHERE F98ln BfH
o]} (Fig. 4C). =3-& HAA 74 849 umel Y32 e
FE EE 24 AX7) vhalgE s aemAg kAt
e 24.7%e1c). BEERS Zols 2645 pmelxm, 2
RIEEERH, wldE AZEike]™, odHe) TR BT
o2 75 586°0]t}(Table, 2), T2 E&HEEs] &
Yol BEEREE YT el (Table 4; Fig 4C) =32
#7)(Druse) o] Hehdn}(Fig 10). i< Qo] 1,013.5 pm,
7 128 um 22| BEE 2.3 pmE A HEARHERS 482
%olm, MHAEEET Y BEASMER >4 9w (Tab-
les 3,4). Btz E 300 um(l-4 A £Z) o 9813
pm2  HEAREEERE 131%™, il 2518 s
71 Fzeoln FE Bk 182 ehfch(Figs. 4R, 4T). =
BAAS TARE 140%0 T 2-398] AR R (L
=T BEERel= (Fig 4C). #EEEIA A3y wde
ghoh(Fig. AT).

B @ EF(Sterculiaceae), £ Fl= =¥ BiEQ 9
2% 1S Aa= slgdct(Table 1). BEI@EA Sk
Rl BHe B elo(Fig. 5C). =de] g2 197.2
umg] Yd¥ez 27 tERFolm 7HE 27) 4 %7} 9
Abldelr| = s, dewAy FA6Ee 5.6%e)h &
EEFS dole 3144 umol| T, 7 {IEEEET, v e £H

ARelwd, FRE FHM-E BEEF)T, O ¥ 65.9%¢]c}
(Table 2). Z2|i TR 29 gheinE>]l et
wdr}(Table 4). #i#E= o] 14168 pm, 34 199um 1
2] BEIRE b2 um=A #EARHERS 56.4%)0) MFELE
BED BEIEATMMSE 2=, Asd ade 3+ (Fig,
5T). whalzale E 2369 um(8-16 A ZE) =o] 23104
pm BAHER-S 16.1%9] 3, FREEE 980tk 3§ &
AN EE e B TS S HetEkke) = (Figs. 5R, 5T),
FHFER Fslell whabzale] fifkE 9 (Fig 5C) =3,
FHEEA A A Es Jehieh 283 oFe] A=)
He EA94 94 2758 2o wdke gl Figs.
5C, 6). THATER-S M EC) 21.9% ] T, ME SLATH
T BOER HEFAMC Jehlz(Figs. 5C.6) A&t
wide sheh(Fig 5T). whalealsl TEdamel 8}
ol el Hehdri(Fig 9).

z ¥
BEE 1S B e wAH & M, 2o o
7 mE 9¥ez BRI TANT 3 WEEEe =
D& PR o, Parge T2 B =R N¥oln
&3] efAze} SFAAR Mol Ak o9 e
S B29) AN ST @ HEelA 2

Edioll 47032 £3tx70 2E(1984)v} Cronguist(1981),
Takhtajan(1980) =2 Thorne(1976)2] Hi#Z Huta
stAl R

ole}g Ngd BAZTL QA HE B A3E
g #akzslel f-Abslul(Chattaway, 1932, 1933; Metcalfe
and Chalk, 1950) fAl4d& Holx] ¢ke Exleg ] 3
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N1 11 ‘
Figs. 9-12. SEM photomicrographs of the radial section
in some Malvales plants. X 500.
Fig. 9. Ray and axial par=nchyma of Firmiana plalanifolia
show many starch grains.
Fig. 10. Vessel element of Hibiscus syriacus shows druse
(arrow).
Fig. 11. Vessel element of Tiliz amurensis shows simple
perforation (SP) and many spiral thickening (ST).
Fig. 12. Ray-vessel pitting in ithe vessel element of Gre-
wia biloba var. paviflora shows alternative characters (ar-
row) and rangeing from simple pit to bordered pit.

el 29 B Al \RIlMEr| 2ol Miay
X, He g AFAARY FM7L AtEe Lol F4
22 fzae] wdslyck E3) oyl #22L Harris
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oo digtels 2 WdvlY 5o HErL & o Bag
AR AEdnh a8T of%H e A fride
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wHA o= Huel oF 'h’—]—(CronquiSt 1981; Takhtajan,
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Lot & 1983, 1984) B ATl =R o %3
Aol #AFE 7 o] Emx sigir)

wm =R

WEE o} B i 48, 5B 10/ 23 Hx 9
e vz RS £ D BN Ame S48 A5
ATk

SRSH SEIBE AME HANEA 2 )
FE WAbld(214 AZE)olT BE D HERERC]

=2A ehdch BIMEA BERTuds Fziol
A 199 S Bel: SRE A% F shiEge =
Bol Zaelm, WAz ke shd ATt 2o
ATPIREe 99ERE vtk ol8E FTHBE
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