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Abstract 

Leaf epidermal morphology o f  5 spccics of Grcitlirr L. and 32 species of Microcns L. (including 
lheir type species) M>CI.C cxarninecl. C;reli'irr and Microc-11.5 hot11 have g land~~lnr  and non- 
$andular trichomes. Trichome characrers alone cannot he used lor delimitiny Gr~it. i l r  from 
,2lic~r.oc~).\ or lor distinguishin5 spccic.r within each genus. Five epidermal ch;iracters were 
useCul lor distinguishing the t u o  senera in Peninsular Malaysia and Borneo. Grcwirr species 
dil'i'er from 'Ilic.r.oc.o.\ slwcit.x in  ha\ ins txiiating cuticular striation ol epidermallsubsidiar~r 
cells. predominanll! anornocytic stomata. stomata elliptic lo broadly elliptic in outline wilh 
mean lenglh 18.6-22.0 ym and average len:rlh-widlh (LIW) ratios of 1.2-1.4. The A4icwro.s 
species were charact~rised b! lhe ahsencc oi radiating cuticular strialion oC epidermal1 
.;uhsidi;rr\ cells (except in ,\I. ioiiiorfosrr). prcdominmtl! parac! lic and aniwcytic stomata. 
stomata hroadly elliptic to oblate in outline with mean I c n ~ t h  12-16.4 pm and average LIW 
ratios of 0.9-1.1. 

Introduction 

The genus C ; ~ u i , i r r  consists of about 200 species of small trees and shrubs 
01- rarely scandcnt shrubs, distributed from tropical Africa northwards to 
the Himalayas, China and Taiwan. south castwards to India. Sri Lanka. 
Myanmar. Thailand. Indo-China. Malesia. Tonga. Samoa and the northern 
parts of Australia. In Malesian region about 30 spccics are known. of 
~vhich 4 occur in Peninsular Malaysia and Borneo. Microcos is a genus of 
about 80 species of trees and shrubs. occurring in tropical Africa. India. Sri 
Lanka. Myanmar, Indo-China, S China, Hainan. Thailand, and throughout 
Malcsia except for the Lesser Sunda Islands. In Malesia. some 42 species 
are known. of which 31 occur in Peninsular Malaysia and Bornco (Bocr 
and Soscf. 1998: Phengklai. 1998: Chung, 2001). For species in Peninsular 
Malaysia and Borneo, a total of 13 n~acromorphological characters havc 
hecn identified as diagnostic for distinguishing Microcos spccics from those 
ol' C;rwtl icr (Chung. 200 1 ). 

The taxonomic valuc of lcaf epidermal structures is well documented 
(Wilkinson. 1979: Theobald clr r r l . ,  1979). In the order Malvalcs. to which 



the Tiliaccac hclony. epiclemal characters. particularly the type and 
distribution of 11-ichomes and stomata. are reported useful for delimiting 
and/or  distinguishing taxa at subfamily levels (Metcalfe and Chalk. 1050: 
Inamdar and Cholian, 1969: Rao and Ramayya. 1977; 1083: Inanidal- cJt (11.. 
1983: Salma. 1909). 

Work on organography as well as taxonomic significance of leaf 
epidermal characters in the order  Malvalcs is meagre (Soleredel-. 1908: 
hlctcalfc and Chalk. 1950). In the Tiliaceae, studies on the taxonomic 
siynificmce of epidermal characters are very scanty and linlitcd to very 
few senera  from India. i.e. Hcrr-~,rr (Inanldal- et (11.. 1081: 1 species).  
C'or~hor-r{.s ( Rao  and Ramayya. 1981: 1984: 1987: Inamdar cJt (11.. 1983: Rao. 
1090: Sllarma. 1900: Singh and Dube,  1993: 8 species). Grcj\t,itr (Tiwari. 
1978: R a o  and Rama!:va. 1981: 1C)X-I: 1987: Inamdar et trl.. 1983: Sharnia. 
1990: 32 species). M i c n x n \  (Inamclar ot (11.. 1983: Sharma. 1990: 1 species). 
Trirrrr!fiml ( R a o  and Ramav\ra. . . 198 1 :  IW4: 1987: Inanidar ct rrl.. 1983: Rao. 
1900: Sharma. I 990: 5 species). 

Likewise. the significance of trichomcs in plant systeniatics has long 
been rccognised in the classification of angiosperms (Davis and Heywood. 
IC)63: Edmonds. 1982). Previous studies on the trichomc nlorphology and 
distribution in the Tiliaceae \ w r c  conduclcd by hletcalfe and  Chalk (1950). 
Kosternians ( 1972). h,lorawetz ( I08 I ). Rao  and  Ranla!,ya ( 1087). Rao  
( I WO). and Sharma ( 1990). 

The  aim 01' the present study is to invcsligale the niicl-on~orphological 
\,ariabilily of the leaf epidermis and to assess its taxonomic significance in 
the Peninsular Malaycian and Bornean Gr-e~t,irr and Mic~roc~).s. 

Materials and methods 

Most leaf material invesligalcd n a s  obtained from herbarium specimens 
a\.ailable at  the Forest Research Institute Malaysia (KEP) .  unless \tatcd 
othcr\\.isc (herbarium abbreviations as in Holnlgi-en c.t trl., 1990). The spccics 
and slxcinlens studied are listcd in lhc Appendix. 

Fully developed lcavcs were selected from dricd hcrl~irriuni specimens. 
For each Icaf. an area from the middle of the lamina, including midrib and 
Icaf margin. was taken. All malerial was reliydl-ated in w l c r  priol. lo  
cuticular maceration in . leffrqg's solution (a  mixlure of equal volumes of 
10% chromic acid and  concentrated nitric acid). stained in a solution of 
Sudan IV  in alcohol 70%, and mounted in glycerin-jelly. For scanning 
electron microscopy (SEM) ,  samples of dried leal specimens (adaxial and 
abaxial surfaces) were dircclly nmuntecl on stubs and coated wit11 gold 
and observed under n J O E L  ISM-(d00 scanning electron niicroscope. 









Micrographs were made of both tsichorncs and stomata. 
The pattern of stomata1 distr-ihulion was classified as random (i.c.. 

low density of stomata distributed randomly without regular pattern) or 
regular (i.e.. high density of stomata in n regular pattern). Stomata1 sizes 
wese rncasur$ directly using a calibrated linear eyepiece micrometer. 
Density riini w a s  counted from 25 unit areas on the abaxial surface and 
slomntal index \{,as dctcrn~ined using the formula adapted from Wilkinson 
(1970: 114). Trichomes were observed in epidcrnial peels as ~vell  as 
stereoscopic observations of herbarium specimens. The  descripti\,e 
tenuinology of epidermal features is based on Van C'otthem ( 1970): Kadford 
c.t (11. ( 1974): Wilkinson ( lO79): Theobald clt (11. ( 1 O79) and Barnnova ( 1987). 
Trichomc types are illustrated in Fig. 1 and leaf epidermal characters are 
summarised in Tahlc 1 .  

Results 

GKEWIA L. 
(Figure 1: Plates I and 2: Table 1 )  

Stornatal Comple\ 
Epirl~~rrrir11 ([ / I ( /  ,st~l~.si[li[~r~\~ L.CII.Y 

In tlie species investigated. the anticlinal walls of the cpidcnnal cells 
on both tlie leaf adaxial and nbaxial surfaces arc straight. This particular- 
charactel-. tlicrcl'orc. has 110 taxonomic value for distinguishing Grmr~irt 
species. 

Cuticular sti-iation occurs only o n  the epidcrnial cclls adjacent to the 
stom~rla. -Phc striae radiating from the external edges of guard cells arc 
eitht~r. long ((;. occ.irlc~r~trrlis. G. l~~~lttprrrtkrrlsis and G. rrlttltiflo/.c/) o r .  less 
frequentlv. short (G .  Irtc~t~igrttct and G. pol~grtrrlrt). 

Storllrttrt 
T h e  stomata a re  mostly susroundcd by a limited number ol' 

unspccialiscd cclls that are indistinguishable in size and shape from the 
epidermal cells. Ho\vever. a few stomata are occasionally accompanied on 
eitlies side bv one or more subsidiary cells parallel to the long axis of the 
pore and guard cclls. Hence, the majority of the stoniata are anomocytic 
or very rarely anisocytic and paracytic types. 

l 'hc stoniatal outline varies I'rom elliptic. broadly elliptic to rarely 
rounded (G. I~~t l t t~~c~r~r tkc~,~sis  and G. Irtc.t,igrttrt) to exclusively broadly elliptic 
(G. rrl~tl/i/lor~t) 01. hroadly elliptic to rarely rounded (G .  polj~gctr~il). The 
stomata are clc\xted slightly above the surrounding epidermal cells in G. 
pc)l\~grtrrlrt. hut positioned at the samc level in the other three species. 



The stomata are 15-27.2 pnl long and 12-22.4 ym wide with a mean 
length of 18.6 ym in G. polygatnrr, 19.5-19.8 pm in G. Izrrlr~prrrrkerz~i and 
C;. rtrrlltlflorcr, and 22.9 ym in G. laevigatn. Mean width ranges from 14.4- 
15.2 pm in G. lz~rlr~peraken.sis, G. m ~ ~ l t i f l o r a  and C;. po11,gtrrtrrr to 17 ym in 
G. lrlcc rgutrr. The range of length-width ralios (LIW) is ( I-)  1.2- 1.4(-1.7). 

Stolllflttr di.(.tl.ihr~ti~ti' 
Leaves are either hypostomatous (with stomata restricted to the 

abasial surface) in G .  I~rrlrryer~rkensis, G. lrrrvigrrtrr and G. nzi~ltiflora or 
amphistomatous (stomata on both sides) in G. po!\~grrr?lrr. In all four species, 
the stomata are randomly distributed. 

The slotnatal density ranges from 80 to 180 mm-', with mcans ranging 
from 95 to 157 mm-'. In C;. Irrc~l,igtrtll. the stomata1 density. (80-)95(-120). 
is slightly lower than thal o l  G. Izr~lr~prrakrr~sis.  G .  ~1111t i f lo~11  and G. 
pIj'gan1r1. (136-)147-157(-180). Stornatal index ranges between 11.3 and 
29. with a mean of 14.1 in G. I~revigrrtrr and 25.9-27.3 in G .  hr~lr~prrokerr.ris, 
G. rri~r/ti,f/orrl and G .  pIygr1r~r1. 

Trichomes 
N ~ ~ t ~ - ~ q / r ~ t ~ r l r ~ / r r r  t~~ id~or r rc s  

On the adaxial leaf surface, non-glandular trichomcs are sparse in G. 
Irrllrrl~c.rlrker~sis, and sparse to none in G. Irzevigata. G. t~~rlti f lorrr and G. 
poIj*~qmtrrr. On the abaxial sul-face. dense t o  moderately dense non-glandular 
trichomes occur in G. polygrrma, and sparse to none in C;. 1rrc1,igrrtrr. In G. 
11r~lrr~)crrrkeri.si.s and G .  m ~ ~ l t r f l o r a ,  the abaxial surlacc is modcratcly densely 
covered with non-glandular trichomes. 

In Grelvirr. four main types and nine subtypes of non-glandular 
trichomcs arc rccognised (Fig. 1). These are: (i) simple trichomes. which 
are long and tapered at the tip: (ii) tufted trichomes, which are either 2-. 3- 
or 4-armed: (iii) stellate trichomes. which arc cither 4-. 5- or 6-armed and 
without a central cushion: and (iv) cushioned stellate Lrichomcs, which are 
4-8-armed and with a central cushion. The cushioned stellate trichomes 
are formed by a multicellular hair base (Figure IL). 

These were observed on either the abaxial. adaxial. or both sides of 
the leaf (Tablc 1). Simple trichomes are present in G. Ilrrlrrperlrkcrlsis 
(sparse). G. rrrrrltiflorrr (dcnsc) and G. polygatnlr (sparse). but absent in G. 
Irre~tigrrrrr. The  2-4-tufted non-glandular trichomes arc dcnsc in C;. 
Irrrlrrperukeri.si.v, but are absent in the othcr species. Four-armed stellate 
trichomes are sparsely present in C;. occ-iderrralis (the type species) but 
absent in the othcr species, while the 5-6-armed stellate trichomcs are 
present in C;. lm1:iglrrlr b ~ t  absent in the others. The 4-8-armed cushioned 
stellare non-glandular trichomes occur in G. lrrcliiglrtrl and G .  polj:gtrt~rrr, 



hut are absent in the other  species . 

( ~ I r ~ r ~ r l ~ ~ I r ~ r  r r i c . / z r~~~c~~s  
Glandular trichonies are present o n  both leaf surfaces. \.nrying froni 

sparse  t o  modera te ly  dense .  Each  glandular  t r ichome consists of a 
niulticcllular head which is either sessilc o r  with n short iinic~'1lul;lr stalk. 
T h e  outline of the ni~~lt icel lular  head can he elliptic as in C;. / i ~ ~ l ~ ~ / ~ c ~ r r ~ k ~ ~ ~ ~ s i . s  
and G. ~ l l ~ ~ l r i j h r . ( ~ .  o r  broadly elliptic as  in (;. /~rrlr~l,c~~.trkc~~.\i.\.  (;. Inc~t~igatt~ 
and G. 1n111riJlom. or  rounded as in (;. Inr~,igrlto, or  oblong as in G. po!\.grrr~la. 
All Gr.c~~~. i r l  species examined possess glandular trichomcs with short  
unicellular stalks. except (;. I ( ~ ~ ~ l ' i , q i ~ t r ~  which has sessile o r  short-stalked 
glandular trichomes. 

I <c~ /~~ ( / r / i . \  
Apart  from minor dil'l'erenccs. thc stomata1 characters and trichonle 

micromorpl~olog!' of these species conform to  those of C;. oc~c~ir1crlttlli.s ( t hc 
type specics ol' the y n u s  C;r.c)~~~ir l) .  

Tlic len\.es 01' G. r~r~irlrrrtt11i.v are glabrous on  both s~~ld'accs except 
thc. midi-il? and scconclar!~ \,tins. \\.hicll arc  sparsely covered lvith 4-6-a1med 
stcllntc tricliomcs. 

Rased o n  trichome micl-on101-pliology. the four  species can he 
scyrcgated into three hl-oad proups as follows: 
GI-oup I .  G. llrl l lr i l lorrl: Simple non-glandular trichonies only 
G I ~ I ~  2. (;. Ill11ll~~c~rc1kcrrsi.v: Simple and tufted 2-4-armed non-glandular 

trichonlcs 
I . (;. /nc,~.igr~t(r and G. polygrrrlrn: 4-8-armed stellate and101- 

cushioned stellate trichonies. 
'l'his \tucl! ~nostl!. confirms earlier investigations (Metcalfc and Chalk. 

1950: Inamclar or (11.. 1983: Kao and  Raniayya. 1987: Kao. 1000: Sharma. 
IWO). b ~ l t  with \ome clifl'erenccs. In G. po!\:,qnn~c~ from India. Sharma 
( I 090) olwl-\.eel trichomcs with short basal cell. peltate apical cell and 5- 
10-almrcl tufteel tl-ichonies. but these types were not  obscrved in (;. 

/ )O/J 'S~ I IU( I  t'rom Peninsular Malaysia. This is probaby the same as 4-S- 
armed stellate tl-ichonics as  defined by the author. Similar!?. R a o  also 
~ ~ e p o r t u l  simple unicellular and 5-10-armed tufted trichomes in G. ,qlr1111.c1 
B l ~ ~ n i c  (now G. ~ n l ~ / t i / l o l ~ r ) .  In  the present study. only the simple tl-ichomcs 
were ohserved in ROI-nean material.  T h e  simple unicellular I ' i l ifom 
tl-ichomes co rn~ i~on ly  found I?? 1nirmcia1- clf a l .  (1 983) in thc vcgetative m c l  
floral parts of G. u.sic~fir.(~ L. n,el-e not o k l - v e d  in the Peninsular Malaysian 
and Borncan Grcwtin species. Similarly. mucilaginous cells ohservcd hy 
R a o  and Raniayya ( 10S-4) in the irdaxinl surface of G. . s l ~ h i ~ ~ o c ~ q ~ ~ r ~ l i . v  DC. 
and G. f(lrrcl.\. (Forsk.)  Aschers. & Sch\\.f. were not encountered in any 



.\: (;, loc,r.ig~~icr (: l l~tl i~l .Sorrroc Xi/. lLhls ot a h a ~ i : ~ l  Ical'surlacc showing \traigli( i~nticlinal 
\ \ , ) I 1  ol cpitlcrmal cell\. - B: (;. o ( ~ c / ~ / o ~ r t t ~ I / . ~  ( ~ ~ 1 ~  spccic\. ~ ' ~ ~ I ~ I I I ~ ~ J ~ I I I I ~  4 S . ; ) .  Lbls 01' :~Ixnial  
I~>,r l  \u~.l;rcc \\ ill1 \toni;rl;r \ l i (~ \ \  ins stomata1 t! pc. stornatal sh:~pc in outline. :rnJ orient;~tion ol 
\Ir-i;rc o\ L.I- cpidc~-m;rl cell\. - C-F: Lbls (('-F.) a n d  SEMs (F )  ol ;rha\ial Icat su~.t:~cc sho\ \ i in~ 
\tom;rt;rl di\lrihuticrn. C: (;, oc.c.~ilcirritli.\ (Kclii/Irooirk 48.3): 1): (;. Itrcv./,ytril/ ( .  \1)11i11 .S~/lrltr/ 36.51: 
k;: 0'. I ~ ~ I / ~ I ~ ~ ~ ~ ~ ~ ~ I / , ~ ~ I I ~ I ~  ( T ~ I I . I I ( v .  94-94): F: G. rniiIrif101~1 (~Worl(,~. 240). - G: (;. I I L I / L I / ~ ( ~ I ~ ~ I / , ~ ~ I I . \ ~ . ~  
(NIII-Xi11 (C \ lo l~t l .  Il(~rtiffSI.:\' 12410). SEhI\  of  ;rhasial Icat surt:~cc wit11 stom,~l,r .;honing 
oriclatic~n 0 1  \trIac o \ c r  anomocytic epidermal cells.-  Bar equals I0 pm in B. b-G:.70 pm in 
A .  ( E .  



Peninsular Malaysian and Bornean material. 

M l C R O C O S  L. 
(Figure I : Plates 3 and 4: Table 1 )  

Stomata1 Complex 
Epi~Ic~rt11~11 ~~rrrl ~i(hsir1irir-v ~ ~ 1 1 s  

In most species of Micrrxns investigated. the anticlinal walls of the 
epidermal cells on the adaxial surface of the leaf are straight or curved. In 
.24. rllilitc~nsis. M .  ,fi'hroc~nr-pa, M .  gr-rrcilis, M .  tnlrlri~~rrrln. M .  pcarsotzii. M .  
~ ~ ~ r i c ~ l l ~ r t r r ,  and M. sr(rnntr-atla, however, these cell walls are usually undulate. 
On the abaxial surface. the anticlinal epidermal cell walls are straight to 
curved as in M.  urrtidrswr~[olia (var. otztirlesrrri,foli~r and var. I~ir:,irt~r). M.  
hor-trertrsis. M .  c i r r r r ~ i ~ ~ ~ n n ~ i , f o l i c ~ ,  M .  clr-ythr-oc,rrrlxi. M .  fihr-oc.rr/.pa. M .  
glohr~lifc~r-rr. M .  I?c)n~.ici var. acllf~z.  M.  kinah~zlrlensis. M.  Iritic~c~olrrtrr. M .  
Irrtistipr~lrrta var. 1ati.stiprilato. M. larrr-~folia. M .  nretr~hranifblia. At .  rn.sclrr.  M .  
r-iprr-i~r, M .  . ~ r ~ ~ I o ~ r ~ r - ~ ~ o i r / e s .  M. s~rb t~ptrr l r~ .  M .  totnrritosa. and M .  rr-iflorrr 
(vai-. tr-rflor-~r and var. lorlgipr~riolata). or undulate as in M.  crrrssifolirr. M. 
t l r~ l i t e~~s i s .  M.  gr-rrc,ili.s, M.  Iri/:suta. M.  Irrt~folirr, M .  t?ialavana, M.  O I I L I ( Y I .  M .  
prrcJr~pl~yllu. ill. pctursonii, M .  plirrrler-otieriru. M.  rrticulata, M.  srihcor-tlr[oli~i. 
and M. sr(r11rrrr-rrrrrr. Cuticular striation of epidermal or subsidiary cells is 
absent in niost spccics. but short striae are frequently present in M. 
torrleritostr. 

.J'torriata 
Stomata of Microcos species found in Peninsular Malaysia and Borneo 

arc mainly paracytic and anisocytic or occasionally anomocytic. The outline 
of the stomata varies from broadly elliptic. rounded lo oblate in most 
species of Micr-ocws but broadly elliptic to rounded in M. sr~loc~irpoi t les .  

Slomatal size varies from 10 x 9 ym to 18 x 18 ym. Mean stomata1 
length ranges from 12 ym in M. prarsor7ii to 16.4 pm in M. rlr~litc~tzsis. and 
width from 12 pm in M. srihcordifolici to 16.1 ym in M. h o n ~ e c ~ r ~ s i s .  The 
stomata1 length-width ratios (LIW) range from 0.8 to 1.5 with mean length- 
width ratios of 0.9 in ,M. kir7c~brilr~r~r~si.s. Al. mnlrryanrr and M. tornrntosrr, I .  I 
in M .  ar~titlc~.sr?~ifhliu var. 1rir:srrttl. Al. fi 'hr~ourrpa, M.  glohiilifer-a. M.  gr-acilis. 
M .  Iiir-.cr(trr, M.  pl~riric~r-orrcvrl-rr, M .  /.ipri/.irl. M. stvlocarpoitles, M.  .s~~hcy>etalrr. 
and M. tr-if'lor-LI var. rr-i,fl~r-~i. and equal to 1 in the other species. 

In M. rlr(lite~lsis. M. t~rrrlrr~rinrr. M .  p1liitzc.r-onerlra. and M. torr i~ t~ toxr~ .  
the stomata arc raised above the level of the epidermal cells, but in the 
other spccics the stomata are at the same level with the epidermal cells. 



A-B: S E M s  ol' n t ~ a s i d  leaf surface showing non-glandular trichorne~; dislriburion. A: G. 
loc~.igortr (,l.\il, .S,\.V /1.?17/). \passe: B: (;. pol\~gtrrrltr (Socptrtlriro cP ,Ll~rlr~irrril ES 1.?/9), clcnw. 
- C-F: SEhl s  of aha \ i ;~ l  leal' silt-l',~cc s l i o ~ i n g  main types nn~1 suh~!pcs of non-$anclulat- 
(I-icliomcs. C: C;. rr~lrlriflortr (.\lorlc.\ -740). simple trichomes: I): C;. Irrrhrl~o~~Xcrr.\i\ (/lc~rl,ill cC 

.Li'tl. 1fii11iff.SF.Y 12410). tul'tccl trichomes 01'2- o r  3- :~rmcti  form: E: C;. liic>~.igirrtr ( . \ lo l~t l .  .\'rrr 

.Sf.-\'.?2906). 5-:~rrnccl stcllatc trichomes: E: G. laci,i,ytrrtr (Aljnrl SA.Y 49/97) .  cushioned slcll;~tc 
rrichomes of 7-:u-mccl form. - Bas equals 10 pm in E-F;: 100 ym in A-I). 



Sforurr frrl rli.sfrihrrfior 1 

In M. r i~ i t i r l c~~s~~~~fo l i r i  var. lrirsrifrr. M.  grricilis. M.  /rifi[o/iri. M.  s ~ ~ / ) c ~ p ~ t ( r l ( i .  
M .  sirr~~rifrrir~rr, and ,91. forrrcrrfosrr. stomata occur on both surlaccs of the 
leaf. but in the other species they are confined to the abaxial susface. The 
stomatal distribution pattern in Microcos varies from random to rqu la r .  
The random distribution pattern is predominant in M i c w c o s  species. while 
the regular type occurs in only a few species, such as M. glohi~lif irrr,  M.  
l~ir~rr/~olrrc~~l.si.~. M .  paclljphylla. M .  r i p r i a .  M.  .srrhq,crulu. and M. forriclr~fo.srr. 

The stomata1 density varies from 84 m n l  in M. rnrilrq~ririri to 316 
mm in :\I. ripariri, while the mean stornatal density ranges from 92 mm 
in M. rrlrrlrq~rrna to 291 mm in M. glohuliforrr and M. ripcirirr. The stomata1 
index ranges from 15.5 in M .  Dorrlerr~.sis to 30.6 in M. l ) e r i r so~~i i .  while the 
mean stomata1 index ranges from 17 in M .  oyacu to 28.4 in M. glohirlifora. 

Trichon~es 
Norl-glrir~rliilrrr trichornc~.v 

Non-glandular trichomes are absent on both the adaxial and abaxial 
leaf surfaces (including thc midrib and veins) of M. rrrltidrsmifolitr var. 
rir~fitlrsr~ri,fhlirr. M. c~rrr.s.si,fi)licr. M .  kirlrrhaluensis, M .  1rrti.stiprrlafrr var. 
Irrtisfiprrlrrfc~. M .  p a c h j ~ y l ~ j ~ l l r r ,  and M .  tri,flor.a (var. triflorrr and var. 
l o / i g i ~ ) ~ ~ f i o / ~ t r i ) .  

On the adaxial leaf surface, non-glandular trichomes are moderately 
dense in M .  Irrfifolirr. M.  ph~uzeronerrrrr and M ,  reficiilafa. sparse in M .  
fi'hrocnrprr, M .  glohiil~fera. M .  gracilis, M .  srrbcordifolirr. and sparse or absent 
in ,\I. Itrr~c-cwlrifa and M .  forner7fosa. In M. a n f i d e s m ~ f o l i a  var. I~ir.sitfri. M.  
clrdifc~risis. M.  ervflzrocarpa, M.  hrrlrici var. rrcrua. M.  hirsufa.  M .  Ini~rifolirr, 
M. r r l r r / r r ) ~ r r r r r i ,  M .  rr~c~f f l /~rat l i fo / icr .  !v. oprrccr. M .  yc~rzrsorlii. and M .  
.sf~~loc~irpoitlc..v. the adaxial side of the lamina is glabrous, but the midrib 
and secondary veins are sparsely to densely covered with non-glandular 
trichomes. 

On  the abaxial lcaf surface. non-glandular trichomes are dense in .V. 
,frhroc.nrpo. M.  phrrureror~c~r~ra. M .  rc~ficirlata. and M. torr~t~r~tosrr. niodcra~cly 
dense in M. ~ ~ l r i t l ~ . s r r ~ i f o l i ~ i  var. I ? i r ~ i ~ f a .  M.  di~l i fensis .  M .  glohrrlifi.rrr. M. 
grncilis, M .  11ir.srrfrr. .\I. ~~rtrlciytrrlrr, M .  siihcorrlifolirr, and 121. .rrrlrlrrfrnrlu. and 
sparse to none in $1. Irc~ririei var. rici~fa.  M .  lar?ceolat~r. M.  ~71c~111hrrrrlifoliri. 
.\I. ril~trrirr. and M. stj~loc~rrr~/~oirlcs. In M .  hor t~err~s i s .  M. ci~rrrar~ror~~ifi~lirr.  .M. 
~~r~ \~ t /~rocr i r l~r i .  M.  lrififoliri, M.  Irzi~rifolin. M.  ossen. ill. ~ ~ c w / : s o t ~ i i .  and M. 
.srrhclwtuln. the abaxial surface of the lamina is glabrous. but non-glandular 
trichoines are present 011 the midrib andlor secondary veins. 

As in Grm!iri. four main types of non-glandular trichomes were 
observed in Microcos. i.e. simple. tufted. stellate, and cushioned stellate 
trichomes. The lcaf surface of M. clr~lirrn.sis. M. rrytlrroc.c~rprr. M.  ,ji 'l,roc.orl~. 





M. g / o l ~ r r / i / i ~ r ~ .  M .  /rr~i'/i~/iri. M. I T I ( ~ / ( ~ ~ ~ ( ~ I I ~ I .  and M. oprrcrr is co\,esed with 
sin~plc and 2-4-armed t ~ ~ f t e d  trichomes, whereas that of M. rrrlti(lc.sr~rifi)liri 
var. 1iir:si~lri and h1. rrtic~rrltrtrr is covered with simple. 2-4-armed tufted 
trichomes and 4-8-armed cushioned stellate trichonies. 

A cornhination of simple and 4-8-armed cushioned skllate trichomcs 
is found in :\I. hcririci var. rrcirtrr. M.  11ir.srrra. M. r~~c~tr~hrrrr~~fbliti .  and M .  
.srrhc~ordifi)lit~, while a combination of simple, 4-7-armed cushioned slcllate 
and 4-armed stellate trichomes is observed in M. ~~lrnrrr~ror~c~rrr-rr. The midrib 
and secondary veins o i  M. o.s.scJtr on the abaxial surface bear simplc and 5-  
asmed stellate trichomes. while those of M. p~'rrrsor~ii possess dense 5-  
ai-med stcllatc trichomes. Micr.oc.os bor~ie~t i s i s .  M. cirirrrrrl~orrri,lhlirr. M. 
gr~ic~ilis, M. Irrnccoltrtn. M.  Irrrrrifolirr. k l .  ripririrr, M. . s t ~ ~ / ~ c ~ ~ ~ r / ) o i t l c . . ~ .  M .  
.\rrhc~pc~f(rlrr. M. srir?rrrrrrir~r~. and M. torrrcwo.srr. on the other hand. h a w  4-S- 
armed cushioned stellate trichomes on the lamina or on the midrib a n d  
secondary \,tins. 

Rcrrirr/.l;s 
The characters of the stomata1 complex in the species examined match 

t hose of ,M. ,wrric.rilnln (the type species of I he genus Micr.ocos), except in 
the absence of cuticular striation on the epidermal cells in most of thc 
Peninsular Malaysian and Bornean species. 

In trichome micsomorpholoyy, they also match well with !M. 
~~(iriic.iilrtrtr. The len\.cs of !M. purri~~ilrirri are ylabsous on both surfaces. 



A: .\I. fi/~r.oc.trr.ptr ( I .c*\ I I I \  /.'1~1 .?.?OhJ). simple Lricho~~ics and 2-;11-1iicJ lul'lt'd Lrichomcz. - B: 
.\I. / O I ~ I ~ ~ I I / O . S O  (Spi~r.(, S1.-.V .?h24i). SEMs oC aha l i a l  Ic~rf SLII-face slio\\inp clcnw non-$and~~la r  
triclionlcs clislrihutio11. - C: hl. /~cwr.ic? var. i r c ~ r l f t r  (Ilitr\ S .ihi20). S - : I I - ~ L ~  cushioned stellatc 
tric1ic)mes. -- D: !\I. pa~ric~rrlir~tr ( type  spccics. C'rtr~i~c~r- 34O.i). X-i~rrnt'cl cushioned stellate 
trichomes. - E: .\.I. p t r~~ic~rr l r~/~r  (C'lc111o1.s 4 /22) .  S-armed \tellale t~.iclitrnics. - Bal- equals 100 
urn in A-E. 



except the midrib and secondary veins in the abaxial surface which arc 
sparsely co\.ercd with 8-armed stellate and cushioned stcllatc trichomcs. 

Based on trichome micromorpholq!', the Peninsular Malaysian and 
Bornean species of Microcos can bc separated into five broad groups: 
<;roup 1 .  .M. Itit~nhn/rrcr~.sis: Glandular and non-glandular trichomes 

absent. 
Group 2. M. c / r ~ f i t / c s r ~ l i ~ o / i r /  var. r / r ~ t i r / c s r ~ ~ i , f ; ~ l i r / .  M .  c.r~/s.sifo/ir/ ,  A.1. 

/nri.sril)/r/nt~r var. Intisrip~~lntn. M.  p o c ~ l ~ \ ~ ~ ~ l l \ ~ l / ( ~ .  . . 111. trif/orn (var. 
tr~f/orrr ancl \'as. /otzgi,ut~tio/nrcl): Gland~ilar  trichomcs present: 
non-glandular trichomes absent. 

Group 3. IW. r/r~ri(/o.srr~ifi)/ir~ var. I~ir.sr~t(r. M. r /~~/ ir t~mi.s .  M.  ~~rj~r/~r.oc.r/r./)(r. 
M .  , f ihroc~rrp~r. M .  glohr~/lfcrc/. M .  llerlrici var. rrc.lrtn. M .  /lirs/rrtr. 
M.  / f / t;[o/iu,  M.  t ~ l ~ l / ~ l ~ ~ l / ~ l f l .  M.  / ~ l ( ~ ~ ~ ~ / ) r ( r ~ z ; f o / i ( r ,  M.  o / ) ( l~~r l .  .1!. 
o.s.scw, M .  ~)/~rr~zc~ror~c~r~r.rr. 111. wric.l~/iltrl, and M. sr~hc~~rr/ i f i ) l i rr:  
Glandular and non-glandular trichomes of simple. tufted. 
stellate and cushioned stellate hairs present. 

Group 4. M .  l~cnrsoni i :  Glandular and non-glandular trichomes of stellate 
hairs present. 

Group 5.  M.  /)orr~t~t~r~,\is.  M.  c ~ i r l r ~ ( ~ t r ~ r > t ~ ~ i f i > / i ( ~ ,  M. grrrc.i/is. .$I. /(rrzct~)/r~tr~. 
M.  /ar~rifb/itr. M. riprrrin. M.  sty/occllpoidr~,r. 111. . s ~ r h c ~ p ~ t r ~ / n .  M.  
slrrtzntrnrlrr. and ill. rt~rrzct~tosa: Glandular and  non-glandular of 
cushioned stellate trichomcs present. 

Results of previous studies on the trichomes ol M i c r m o s  (lnamdar or 
rd.. 1983: Sharma, 1090) differ slightly from those of the present stud\.. 
Sharmn (1000) rcpostcd the occurrence of 5-10-armed tufted stcllatc 
trichomcs ancl three-celled unequally 2-armed trichomes with short stallis 
in (;. rrlic,rvc,os L. (now M. pruzic/l/atrr). These two types of trichomes. 
however. \\ere not observed in any species investigated in the prcscnt 
study. 

Discussion 

The diffesences bct\vccn the leaf epidermal characters of G'rc~lt~irr and 
,Wicroc.o.\- species occurring in Peninsular Malaysia and Borneo are 
summarised in Tablc 2. In Grclt,ia. the anomocytic stomata a re  thc 
predominant type. whereas in ~l/lic~rocos the paracytic and anisocytic stomata 
are the pre\,alcnt type. Radiating cuticular striation is present on the 
epiclcrmal cells immediately adjacent to the guard cclls in Gr.c~u,ir/ species, 
but absent on the subsidiarv cells or epidermal cells adjacent to the guard 
cclls in .Ilicrvcos species. except in (21. rorrzcr~rosn. The stomntnl outline in 



Grc~~t in  species is mainly elliptic to broadly elliptic with average LIW ratios 
of 1 .?-I .4. whereas in Microc,os species i t  is mostly broadly elliptic. rounded 
lo oblate n.ith average LIW ratios of O.9-1.1. 

The lcavcs of Grc~wirr species arc either amphislomatic. e.g. G. 
or~c~itl~vlrrrlis. (;. polj~grrrrlc~. and G. ,srrhi11rrt~clrrrrli.s DC.  (Rao and Ramnyya. 
1981). or hypostomatic, e.g. G. Izrllrrl~cr~rkerlsis. G. Irrrvigntrr Vahl. G. 
rr~rllfiflorrr. and G. trr7rr.1- (Forsk.) Aschers. & Schwf. (Rao and Ramayya. 
1081). Likcwisc. the leaves o f  :Microcos species may he amphistomatic (M. 
rr~~ticlc~.s~r~i,foIitr \,as. hirsrrtrr, kl. grocilis. M. luti,foli~~, M. ,s1117epc~tr11~1. lV. 
.srrrrlrrtrnrlcr, and M. torrlcrito.scr), or hypostomatic (M. prrriicrrlrrtrr and other 
spccies from Peninsular  Malaysia and B o r n e o ) .  In the  Tiliaccae. 
nniphistomalic leaves have been reported in a few species of Corchol-1r.y L. 
and Trirrr~,fi.ttrr L. ( R a o  and Ramayya. 1981: Singh and Dube. 1993). For 
related families in the Malvales. Rao and Ramayya (1OS1) reported 
exclusively amphistonlatic leaves for Malvaceae. cxclusively hyposlomatic 
leaves for Elaeocarpaceae. and both amphistomatic and hypostomatic leaves 
for Bomhacaceae and Stcrculiaceae. 

Table 1. Llifferences bct\vccn the epidermal c l i a ~ x t c r s  o f  Grc~t,itr and .Ilic~roe~o.v 
in Peninsular Mala!,sia and Borneo. 

Genus  
Clial-actcrs 

A\rerage length ( p m )  

A\ erage LIW ratio 

absent (except in IM. 
lortlr~lfow) 

predominantly anomocytic mainly parac!.tic and 

anisocytic 

(occasionally pa raq t i c  (occasionall!, 
and anisocytic) anomocytic) 

elliptic. broadl! el l ip~ic broadly elliptic. rnunclecl. 

(occasionall!. rounded) oblate 

18.6-22.0 12-1 6.4 

1.2-1 .A 0.9-1.1 

Mctcalfe and Chalk (1950) stated that in the Tiliaccae. the stomata 
were cxclusively anomocytic (I-anunculaccous). but Kundu and Sen (1958). 
Sen and Pal11 ( 1961 ), and Singh and Dubc ( 1993) demonstrated the presence 
ol' anisocytic, parncytic and tctracytic stomata in Indian Corc1lorlr.s species. 
Likcwisc. the present study also discovered that the stomata of Grenlirl 



species in Peninsular Malaysia and Bcxnco were predominantly anomocytic 
and occasionall!. paracytic. and those of Mic.rocos spccics were mainly 
parac!,tic and occasionally anomocytic. For othcr laniilies in Malvales, 
Inamdar and Chohan (1969) reported the occurrence of anomocytic. 
anisoc!.tic and paracytic stomata in the Bombacaccac (,-ltltr~l.co~ri~r tligirurrr 
L. and Honrhar cc~ihc~ Bi1rm.f:) and the Malvaccac (Alrllrrc~rr rr).\cJt/ Cav.: 
Go.c.sj3pirt~~z Irc~rhtrc~c~rr~~r L.: Ni.shi.cc~r~.s /.o.str-si/le/l.si.r L.. Fl.  .sc~lri:o/~c~tolr~.\ 
Hook . j .  I l .  .s\~ritrc.rts L.: ,1Ir111.111.i.sc.lfi trrhorer~s Cav.: Sitltr trc.rrttr Bum.$.  S. 
olhtr Cav.: and 7'llc~.spc~.sic1 pop1111lr~r1 Sol. c.r Corr.Serr.).  Hussin and Sani 
( IC)0S). o n  the othcr  hand. reported that the stomata of 12 species of 
.Srclrc.rllio L. (Sterculiaccac) were exclusively anomoc\,tic. 

The occurrence ol' different types of stomatal apparatus in the leaves 
o f  a single taxon o r  in different spccies of a genus o r  diffcrent gcncra o f  a 
family has hccn noted by many authors (Metcalfe and Chalk. lC)50: Kunclu 
and Sen. 19M: Sen and Paul. 1061: Inamdar and Chohan. 19hC): Rao and 
Ramayya, l9S.3: Singh and Dubc.  1993). where usually a few stomata 01' 
onc typc occul- along with the predominant stomata of another t!.pe. Less 
~ I ' I C I I .  two 01- more stomatnl types occur tcyethcr as "codoniinants.' on thc 
same leaf andlor spccics. as  for example in the Convo l \~~ laceae  (Pant and 
Banc~j i .  IC)65). and Bombacaccac. Stcrculiaceae and Elacocarpaccac ( I iao  
and Kama!;!x 19S.3). 

The  prcscnt study o n  the Icaf trichonies of Peninsular Malaysian and 
Bornean Grcvi.itr and .\lic.rr)~.o.c species reaffirms earlier observations on 
'Tiliaccac spccies (Solereder. 19OS: Metcalfe and ChaIk. lC)50: T i w r i .  107S: 
Kao and Ramay!u, 1987: Sharnia. 1W)) as u ~ l l  as on  related families o f  
the order  Malvales (Ramayya and Rao. 1976: Rao and Raniay!*a. 1977. 
I1)S-3: Inamd;~r ct (11.. 1983: S;iI111il. 1990). nnmel!.. the existence o f  several 
different trichomes types. 

Based o n  the  t y c .  distribution and density of non-glandular  
trichomes. species of Grrtt~itc can be divided into three broad groups (i.c.. 
non-glandular trichomes exclusively o l  simple hairs: non-glandular trichomcs 
both siniplc and 2-4-armed tufted hairs: and 4-8-armed stellate anclior 
cushioned stellate trichomcs). Likewise. five broad groups of species in 
Mic.roc,os can be recognised (i.c.. glandular and non-glandular trichomes 
absent: glandular trichomes present but non-glandular trichomes absent: 
3landular and  non-glandular trichomes of simple. tufted. stellate and 
cushioned stellate hairs present: glandular and non-glandular trichomcs of 
stellate hairs present: and glandular and non-glnnclular cushioned stellate 
trichomes prcscnt). 



The  infraspecific variability may be due  to genetic variability o r  
ecological lactors (Baas. 1975). In M. tr~florrr, the two varieties dilfcr in 
the the bodylstalk of glandular trichonles (sessile in var. trillorrr; short 
unicellular in var. lo~~gil~ctiolrrtrr) and in M. rrntirlc.s~~rifolirr, the two varieties 
di l lcr  in the occurrence of non-glandular trichomes (absent  in var. 
a~rtitlc.~nrilolin: simple. tufted and cushioned stellate hairs in var. hirsrrtcr). 
Hmvever. this inlraspccilic variation could not be correlated with ecological 
data. as information fro111 the herbarium labels was insufficient. 

Conclusions 

O n  the basis of leaf epidermal characters, the gcnus Mic~.oco.s in Peninsular 
Malaysia and Rornco can be distinguished from (;~.otlirr by a combination 
o l  thc lollowing characters: stomata1 type. outline, mean length and LIW 
ratio. and the occurrence of cuticular striation 011 the epidermal cells 
immediately surrounding the guard cells. T o  some extent. this study supports 
Burrel's view (1926) for segregating Microcos from Grc.11,irr. However. 
ti-ichome n~ici-omorphological  charac ters  a lone  cannot  be used lo r  
distinguishing genera. and species within each gcnus. According to the 
ordinal classification defined by APG (IOW), stomata1 types and trichomes 
are just minor variations on a pattern common to most Malvaceae. which 
now includes Tiliaceae. 
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Appendix: Source of Materials Studied 

The \peclcs and  specimens \tudied arc gl\cn below in alphabetical ordcs: 
( 1  ) = maceration only: (2) = trichomes only 

Grewia occidentalis L. (type \pecle\): Mocc 3959 (BM): RrlrrlhooriL IS.? 
(L):  .h iook  hii.? (BM) - G. huluperaken4r 1.M.Tusner: Bllr-Xi11 tt Mri 
l/nlrlf/ SF,$ I2310 (SIN(;): Tlrr-r1c.r- 94-94 (SING) - G. laevigata L'ahl: 
A I I ( ~ I ~  LSAN 49197 (SAN): A h r I ~ ~ l  Sorr~nt 265 (KLLJ): Arr1111 d . lo<tl/)l~ 
.(;A I\/ 60068 (KEP): A c ~ h  S A N  1 I.?] 7 (KEP, 2 ) :  Zlolztl. Nllr SFN .129hh 
(KEP)  - G. niultitlora .~LI\\.:  B11mc~ 5.11 ( L  sheet no. 908.253.1458: L): 
Morlci 240 (K)  - G. yohgama Roub.: C'liu1 CSC' 183.2 (KEP, 2 ) :  C I I ~ I I I ~  
KC' I0 (KEP. 1): ktrrrlrrr.rltlrrl t Y  .llii\t~rpa FRI 32235 (KEP): Krdl SFY 
.i.i2S(, (KEP):  Socprrrirrlo R .Ifnlllrllrri ES 1219 (KEP).  

Microcos paniculata L. (1b.p~ species): Rhtrrgrrl~c~ 1787 (L):  Clr~lrlc~lls 4122 
(Bh1): C'r-trlrlc~r 3303 ( L )  - M. antidesmifolia (King) Bursct var. 
antidesniifolia: .E~~c~r.rtt FKl 14342 (KEP): Killg's Collc~c~tor 4OS5 (L): .Storlr 
(t C~'/lill 1.?(\)5.1 (KLCJ): var. hirsuta (King) Burret: Crrrrgll s.rl. (K): L71rrlc~r- 

0 9 1  1 (SING): E11g,qol1 FMS 4X9M (KEP): Scar-tcc.lrirli s.ri. ( BO ) - M. 
borneensis Burrct: Aslltorl S. 179.56 (KEP): Srrlytllic~.s clcrl. S. 3H77 (KEP) 
- M. cinnamomifolia Burrct: s . ~ . .  F.'llS .74460 (KEP): Hcr~.iltultl 2-56 
(SAR): :Yic~llol.sorl ct? Pir~g S A N  17701 ( K E P )  - M. crassifolia Burrct: 
Alrlill ct? lAitlc~l1 S A N  70.341 (KEP):  Ar?riri c't (11. S A N  67317 (KEP. 1): 
Rtrrrros 1704 ( K )  - M .  dulitensis Airy Shaw: Pic~k1r.v S. .36S9 (SAK): 
liic.lltrrt1.s 1767 ( S I N G )  - M. erythrocarpa (Rid l . )  Airy Shaw: 
Kochlrrrlrrlcrl FKI 16317 (KEP): K~cl~lrrrlnl t~~l FRI 29.16.1 (KEP) - M. 
fibrocarpa (Mast.) Burrel: Kirrll SFIY .?5064 (KEP): Lr.srrl)* FKl 3.39h3 
( K E P )  - M. globulifera (Mast.) Burret: Clltrrr FKI 2.1806 (KEP): Ogoltr 
KEP 1050.ih (KEP) - M. gracilis Stapf c . . ~  Ridl.: Cllrri SAN2606fi (SAN): 
Yii c.1 (11. S. 377.i.2 (KEP) - M. henrici (Baker I : )  Burret var. acuta 
R.C.K.Chung. ( i ,r t4) .:  1litr.s S. .36S20 (KEP): Ilicr,s ,T: 43121 (KEP): Ltri cr 
ol. S. 7.7.1.59 (KEP) - M. hirsuta (Korth.) Burrel: Htrvilorrri 1371 (SING): 
Kor-lllols .s.ll. ( L  sheet  no .  944.36.122: L )  - M. kinabaluensis 
K.C.K.('hung. (irlc)rl.): Clrc.11. & Car-ricjr- RSNB 4216 (SAN): Clrc.~t cYc 
C,'orr~rr KSNI3 4994 (SAN) - M. lanceolata (Miq.) Burrct: Chcdlioll 
K E P  103621 (KEP):  l<ocli~~lr~lriel1 K E P  79086 (KEP) - M. latifolia 
Burrct: Il/llifnror.c' FKI (5'031: Worig W K M  1535 (SING) - M. latistipulata 
(Ridl.) Bul-ret var. latistipulata: Bllrkill SFN 78.26 (SING): C'lltii SAh' 



29741 (KEP) - M. laurifolia (Hook. 6j.u Mast.) Burrct: KocAlr~~l~~rcw FRI 
Ih.i.;S (KEP): Rtrcrrli 2800 (UKMB) - M. malayana R.C.K.C'hun9. 
(ilrcrl.): I-olr FRI 19249 (KEP): C'l~c~llir~l~ KEP I04372 (KEP): W1rir11ror.c. 
FRI 15.328 (KEP) - M. membranifolia R.C.K.Chung. (i~rclrl.): k'arlir R 
Jircrll SAIV A .3.167 (KEP): SillgI~ S A N  .?Oh72 (KEP) - M. opaca (Korlh.) 
Burrcl: Ilirls S. 39135 (KEP): Yii S. 41130 (KEP) - M. ossea Burrcl: 
C l c ~ ~ l o ~ s  21071 (SAR): Drr!'rrlrg A~t,rr & Ilirw S. 45hHY (KEP): Tollg S. 
.1S(Shh (KEP) - M. pachyphglla Merr.: E1nlc.r 21704 (SING): Srrlloll or rrl. 
BRUN 1.531.5 (KEP) - M. pearsonii (Merr.) Burret: Drwol R. Dollggop 
S A N  129474 (KEP) :  Mcjijcr cC Pt'rt)irrr S A N  47225 (SAN) - M. 
phaneroneura Burret: C'lrrli S. Sh I00 ( KEP): Htrllier 2868 (BO): 01rg 
OIIC' 716 (KEP. I ) - M. reticulata Ridl.: As l l ro~~  S. 17(W (KEP): C'rorrgh 
 XI^. (K. 2): Srrikt4 SAN 00.284 (SAN. 2): Woorl S A N  A 4788 (KEP) - 
M. riparia (Boerl. & Koord.) Burrcl: Hallier 1314 (BO): Ycoh F,VS .?/YO 
(KEP) - M. stylocarpoides B urrrt: Ha1lic.r 756 (BO): Hrr~'ilrr1lr1 16S.5 
(SAR) - M. subcordifolia R.C.K.Chung. (i~lrrl. ): Kirklip R T1ln1t1rr.s 
D K  727 (KEP): Nigrr N N  118 (KEP) - M. subepetala Stapf r.1- Ridl.: 
Hrr \.iln~rtl 18H5 (K) - M. sumatrana (Baker f :  ) Burret: Forhcs 2684 (L)  
- M. tomentosa Sm.: Ctrrrick 565 (KEP, I ): Chrrlrg RC' Y (KEP): E~.c)rt~ll 
FRI 13735 (KEP): Sprre  SFN 36243 (KEP): T ~ I C I I I I I ~  FAIS ,23227 (KEP, 
1 ) - M. triflora (Blanco) R.C.K.Chung var. triflora, (ilrc~tl. ): Foresrq 
S I I M ~ O I ~ ~  PNH 35.110 (KEP): Lnzo PNII 3.1406 (KEP): var. longipetiolata 
(Mcrr.)  R.C.K.Chung. ( i ~ ~ r t l . ) :  Ahrr11 cC Soitrili SA.V 66XY8 (SAN): 
Ht11.ilr11rtl 2.1.12 (SAR. 1): Wo11g W K M  1244 (KEP). 


