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A morphological survey of foliar trichomes of Croton L. (Euphorbiaceae) in Thailand

CHADAPORN SENAKUN' & PRANOM CHANTARANOTHAI?

ABSTRACT. The morphology of foliar trichomes of 23 species of Croton in Thailand was studied by scanning electron microscopy
and by light microscopy. Seven main trichome types characterized by their morphology were found, namely, stellate, fasciculate,
multiradiate-rosulate, dendritic, lepidote, glandular and simple types. Some trichome subtypes are useful for species identification,
particularly stellate rotate trichomes with a central porrect ray are found only in C. tiglium, appressed stellate trichomes in C.
griffithii and glandular trichomes are restricted to C. caudatus, C. crassifolius and C. hirtus.
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INTRODUCTION

Croton L. is one of the largest genera in the
family Euphorbiaceae with ca 1,300 species, dis-
tributed mainly in tropical and subtropical regions.
Several studies of Croton using morphological,
anatomical and molecular characters have been
published (Berry et al., 2005; Esser, 2005; Webster,
1993; Webster et al., 1996).

Thirty-one species of Croton have been
enumerated for Thailand, including two unde-
scribed species (Esser, 2005). The genus in Thailand
is monoecious, with many foliar trichome types.
Inflorescences are usually bisexual with pistillate
flowers at the lower part and staminate flowers at
the upper one. Leaves have glands at the base next
to the petiole. Stamens are inflexed in bud, a char-
acter not found in any other genera in the inapertu-
rate pollen clade of the Crotonoideae (Smith,
2002). The genus has various medicinal uses, par-
ticularly, in Thailand, the leaves of C. stellatopilo-
sus Ohba are used as a source of anti-ulcer drug
(Plaunotol). Stem and bark of C. roxburghii
N.P.Balakr. are antidiarrhoeal and normalize men-
struation (Esser, 2005; Smith, 2002).

Trichomes have several important charac-
ters that can be studied with the microscope and
can be useful for comparative systematics. Variation
in trichome types can provide insight into evolution

and relationships within and among species (Payne,
1978; Theobald et al., 1979). In many plant groups,
trichomes are frequently present, easily observ-
able, and often possess variation patterns.
Taxonomic characters of particular types of
trichomes have been investigated in many groups,
particularly ferns and flowering plants such as
Cornus (Cornaceae) (Hardin and Murrell, 1997),
Cuphea (Lythraceae) (Amarasinghe et al., 1991),
Quercus (Fagaceae) (Bussotti and Grossoni, 1997)
and Tilia (Tiliaceae) (Hardin, 1990).

Webster et al. (1996) standardized the ter-
minology of trichome morphology in Croton, and
characterized the variation in foliar trichomes
within 36 of the 40 sections of the genus. Their
study shows great trichome variation within Croton
including stellate, fasciculate, multiradiate-rosu-
late, dendritic, lepidote, papillate and glandular. In
addition, Webster et al. (1996) discussed possible
transformational series with three possibilities for
which stellate or fasciculate hair are primitive. The
first one is branched stellate or fasciculate hairs
being reduced to simple hairs. The second one is
transitional from stellate or fasiculate hairs being
altered to multiradiate to dendritic, and the third
possibility is stellate hairs being transitionally
changed to lepidote ones.

The aim of this study was to observe the
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morphological types of trichome in Thai Croton by
scanning electron microscopy (SEM) and by light
microscopy.

MATERIALS AND METHODS

Leaf samples were collected from natural
populations of 23 species of Croton (Table 1).
Terminology follows Webster et al. (1996). For
light microscopy, trichomes were isolated from dry
leaves then put on a glass slide, fixed in water or
10% glycerine, then sealed with a glass cover slide
and examined with an Axio Star plus (Zeiss) micro-
scope. For SEM, pieces of dry leaves, 10 x 10 mm
were mounted on aluminium stubs with single-
sided adhesive tape and air-dried. The stubs were
then sputter-coated with pure gold and examined
with a JSM-6460LV SEM operated at 10kV. The
slides prepared and the herbarium specimens are
kept at Walai Rukhavej Research Institute,
Mahasarakham University, Thailand.

RESULTS

The seven trichome types found in the spe-
cies examined are described in detail below and
summarized in Table 1.

L. Stellate type (Figs. 1, 2, 5, 6). This type
is characterized by star-shaped trichomes in one
plane which are usually flattened onto the lamina
with 1224 radii, 0.2—0.5 mm diam. and 0-30 %
webbing. The type is divided into two subtypes
according to the absence or presence of porrect
radii. Subtype Ia, stellate rotate and one porrect
radius occurs only in C. tiglium, with 12—15 radii,
0.3-0.5 mm diam. and 0-15 % webbing. Subtype
Ib, appressed stellate is flattened and found only on
the lower leaf surface in C. griffithii, C. kerrii and
C. aff. longissimus. It has 18-24 radii, 0.2-0.4 mm
diam. and is 15-30 % webbed. In addition, C.
delpyi exhibits appressed stellate trichomes on both
leaf surfaces, clearly showing transitional forms
from appressed stellate to rosulate and to multira-
diate (Fig. 6)

I1. Fasciculate type (Fig. 9). In this type
the radii are ascending rather than in one plane and
never flattened onto the lamina, with 2—13 radii,
sometimes stalked stipitate and with 0—15 % web-
bing. This type occurs in C. caudatus, C. crassifo-
lius, C. hirtus and C. stellatopilosus, in all of which
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fasciculate hairs are sparse on the upper leaf sur-
face and very dense on the lower one.

I11. Multiradiate-rosulate type (Figs. 3, 4,
5, 6, 7). This type is different from the fasciculate
type by having more than 8 radii. Rosulate hairs are
regarded as a subset of the multiradiate type with
shorter radii (0.12—0.27 mm) (Webster, 1996). This
type has 13-53 radii, 0.2-0.4 mm diam., 0-30 %
webbing, and is divided into two subtypes. Subtype
[I1a, appressed-rosulate trichomes, are found in C.
acutifolius, C. bonplandianus, C. columnaris, C.
decavatus, C. aft. longissimus and C. robustus.
Subtype Illb, rosulate trichomes, is found in C.
krabas, C. delpyi, C. hutchinsonianus, C. stellato-
pilosus and C. aff. thorelii.

IV. Dendritic type (Figs. 10, 12). This is
characterized by the radii being inserted at different
levels on an axis. It has 13-27 radii, 0.3—1 mm
diam. and 0-30 % webbing and occurs in C. caudatus,
C. crassifolius, C. hirtus and C. stellatopilosus.

V. Lepidote type (Fig. 8). This trichome
type is usually flattened and more or less shield-
like and scaly with the radii connected by webbing.
This type has 31-70 radii, 0.2—-0.6 mm diam. and
50-100 % webbing. It is divided into two subtypes
based on a complete continuum in the degree of
webbing. Subtype Va, lepidote-subentire trichome,
has 80-100 % webbing, 0.3-0.6 mm diam. and
more radii. This subtype occurs in C. cascaril-
loides, C. kongensis, C. poilanei, C. roxburghii and
C. sepalinus. Subtype Vb, dentate lepidote
trichome, has 50-80 % webbing and occurs in C.
poomae which has a dense indumentum on the
lower leaf surface but rarely on the upper one.

VI. Glandular type (Fig. 9, 10). This is
present on the leaf and along the leaf margins of C.
caudatus, C. crassifolius and C. hirtus. The glan-
dular trichome has a bulbous expanded base and a
narrowly elongated neck. The trichome is 0.4-0.6
mm long and 0.1-0.3 mm diam. at the base.

VII. Simple type (Fig. 11). This trichome
type is stiffly erect, directed upward from an inclined
base (Payne, 1978). This type is found only in
young leaves of C. hirtus, and trichomes are 0.4-0.8
mm long. This type shows distinct transitional states
from simple to 2—5-radiate porrect to fasciculate,
multiradiate and dendritic (Fig. 11 and 12).
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Figures. 1-12. Foliar trichome types in Croton: 1. C. tiglium, stellate rotate with central porrect ray; 2. C. griffthii, appressed stellate;
3. C. columnaris, appressed rosulate; 4. C. hutchinsonianus, rosulate; 5. C. aff. longissimus transitional types from appressed stellate
to rosulate; 6. C. delpyi, transitional types from appressed stellate to rosulate and to multiradiate; 7. C. stellatopilosus, transitional
types from multiradiate porrect to dendritic; 8. C. kongensis, lepidote-subentire; 9. C. crassifolius, fasciculate and glandular; 10. C.
crassifolius, dendritic and glandular; 11. C. hirtus, transitional from simple to 2-3-radiate porrect; 12. C. hirtus, dendritic.



THAI FOREST BULLETIN (BOTANY) 38

170

Je[[a1s passaxdde 1 9dAL, meys AILy 11442y )
€-60 unyvusg 0€-¢1 9161 ¥0-¢€0
e oje[nsol 111 2dAL SHossoH
[-¥0 uepuag 0e=¢1 0¥—LC L0-S0 snubiuosuryony
Ie[npug[3 ‘OnLpudp
91e[norose; joari0d ITA
L-€0 umypuag S1-0 €1-¢ 1-80 erper g—g ‘dduns - TA ‘AT T1 2dAL TOHT sy D
bT-y0 unypuag 0€=S1 bT-81 $T0-T0 aye[[os passaidde [9dAL FN00H uypffiis
SjeIpean N
0} pue 9Je[NSOI
03 91e[[9)s passardde
81-v0 unyvuag 0€—S1 056 9°0-€0 woly suonisuen I ‘T 2dAL, ‘dougen 1djap D
L1-v0 unyouag SI—0 S¢—7C ¥'0-20 ojensol passardde 11 2dAT, I0SSH SmIpAJIAP )
MBYS
L-¥0 unyouag 0€-S1 0Z—L1 91°0-90°0 ojensoa passaxdde 111 °dA, KILY S1DUWNIOD *)
Ienpue[3
8-€() unypuag S1-0 €1-01 80-90 ‘onupup ‘ajenotose)  [A Al ‘I12dAL  19[aSIOD) snijofissv.Lo )
Ienpue[3
[-€0 unypuag SI-0 L~V §0—¢0 ‘onuIpuap ‘aje[norosey A ‘Al 1 9dAL I9esIen) STppnnI )
qosnoey
Cl-y0 unypusg 001-08 0L—S¢ §0-¢0 amuaqns-oj0pIdal ARdAL $oPpI0J[LIDISDI ")
7-€0 unyvuag SI-0 611 7'0—€0 ojensoa passaxdde I 9dAL  [req snuvipuvjduoq )
OI)LIPUSP 0} eI
-BINNW WOIJ SUOTISUBI)
€-10 UnyPuag 0€-S1 Ge—¢€¢ €0-20 ‘oyensour passardde 111 °dAT, 19SsH sn1jofiinov )
uowroods (9661 121599 1pel () $9JBIS B
ISTONOA Aq pauyap Jo 1aquuinu Io)owelp  -uonisuen; pue sedAiqng 2dAy dwioyory satoads
U se) urqqom Jo 9 : i

orduurs :[TA 2dA[, ‘owoyoLy senpueln) (JA odL7, oworory ajopidoT A odAT, ‘owoyoLn onupud(d A odA], owoyorn aensor — deiprInnA 1] 9dAT,
‘owoyoLn jenordse, [ 2dAT, owoyorn 9. | 2dA ‘parednsoAur sa10ads 107047 Tey ] Ay} JO SIWOYIL JBI[0] JO SOINJBdJ JNSLIORIRY)) ' J[qRL



A MORPHOLOGICAL SURVEY OF FOLIAR TRICHOMES OF CROTON L. (EUPHORBIACEAE) IN THAILAND (C. SENAKUN & P. CHANTARANOTHAI) 17 1

100110d
8-%( unypuag S1-0 SI-¢I $0-€0 Ppue 918101 91B[[)S 1 2dAL ] wny3n D
djerpennur o}
1-S0 unyvuag 0€—SI €5—0S G'0—€’(0 9Ie[NSOI WOIJ suonIsues 1 odAL,  -douSen 140y “ffp *H
ON)LIPUSp 0} eI
-BINNW WOIJ SUOT}ISUBI)
€-¢0 unyvuag 0¢-0 LTL I-¥0 ‘aje[nsor ‘djenorose) A III ‘[ RdAL  equQ snsojrdoinjjags -5
61-v0 unypusg 001-08 Pr—0¢ §0-¢0 amuaqns-ajopidal ARdAYL  meyg Ay snuijpdas )
‘Brefed'd'N
12-€0 unyvuag 001-08 0v-1€ 7'0-€0 amuoqns-joprdal A QdAL nysimqxod -y
¥1-€0 unyvuag 0€—S1 ¢—/¢ S0-€0 ojensol passaxdde 111 2dAT, ZINY] SNISNQoL *)
[1-€0 umypuag 08-0S [4amli’ 7'0—¢0 ajop1do] arejuop ARdAL Tossg avuood °)
9-€0 unmypuag 001-08 1S4 €0-C0 amuaqns-ajopidal A RdAL, "douSen rauvpiod )
dyensol
01 9Je[[d)S passaxdde meys
S1-p0 unyvusg 0¢=S1 TSL1 9'0-€°0 woy suonisuexn MIdAL  Aury snuissi3uo] jje D
djerpennu o}
01-€0 unyvuag SI-0 €781 G'0—€’0 9IBNSOI WOIJ suonIsuesn 111 °dAT, ‘douBen) svgv.y
6-€0 UnyvuUag 001-08 LS~ 9'0—+°0 amuoqns-9joprdo] A QdAT, ‘douSen) sisuaduoy
uowroads (9661 121599 1pes () S9JBIS B
IOUONOA Aq paugap Jo 1oquuinu Iojowelp  -uonisuen pue sodAiqng odfy swoyoLy sopoods
se) 3urqqam Jo o, : s

‘ponunuo) ‘1 A[qeL.



172 THAI FOREST BULLETIN (BOTANY) 38

DISCUSSION

Differentiation of Croton species using
characters of trichome type variation could be
useful for the distinction of the Thai taxa. For
example, stellate rotate trichomes with a central
porrect ray are found only in C. tiglium, appressed
stellate trichomes in C. griffithii and glandular
trichomes are restricted to the leaf and leaf margin
of C. caudatus, C. crassifolius and C. hirtus. Some
species show transitional forms or states. C.
stellatopilosus shows transitional states from mul-
tiradiate to dendritic types (Fig. 7); C. delpyi shows
distinct transitional states from appressed stellate
to rosulate and to multiradiate (Fig. 6); C. krabas,
C. aff. longissimus and C. aff. thorelii show transi-
tional states from appressed stellated to rosulate
(Fig. 5) and C. hirtus exhibits distinct transitional
states from simple to 2—5-radiate to fasciculate,
multiradiate and dendritic.

According to our findings in this study,
trichomes can be used for differentiating the species
of Croton in combination with other characters
such as leaf venation and margin, fruit size, num-
ber of stamens, size of inflorescences and growth
habit (herb, shrub and tree).
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