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Abstract
Background and Objective: The members of the genera Alchornea, Mallotus  and Macaranga from Euphorbiaceae are closely related
and difficult to differentiate. The leaf anatomy of these genera was studied to determine the interspecific and inter-generic variation
among these taxa. Materials and Methods: Epidermal peels of the leaves were made with forceps. The petiole and midribs were fixed
in FAA, dehydrated, sectioned, stained, observed and photo-micrographs taken with a trinocular research microscope (Amscope T340B)
fitted with Amscope digital camera. Results: These genera share some similar characteristics such as paracytic stomata, trichome types,
vascular bundle type and arrangement, petiole and midrib outlines, layers of palisade and spongy mesophylls, crystal (druses) distribution,
etc., in common. Although some of these characteristics overlap among these taxa some of them such as trichome type, stomata type
and distribution, crystal (druses) distribution, midrib and petiole vascular bundle pattern, etc., could be diagnostic at species and generic
levels. We observed  the  peltate  glandular  hairs only on the adaxial surface of Mallotus oppositifolius   and  Mallotus  subulatus  but not
in the other genera (Alchornea and Macaranga) studied. This character made this genus distinct from Alchornea and Macaranga.
Conclusion: Trichome types, stomata types, petiole and  midrib  vascular  bundle  patterns and crystal  (druses) distribution were
diagnostic at species and generic levels and could be used to differentiate these taxa.
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INTRODUCTION

Euphorbiaceae is a large, diverse and complex
angiosperm   family   with   334-340   genera1,2   and   over
8,000-9,000 species2,3, found mainly in the tropical regions of
the  world2.  The  presence  of  Hevea  brasiliensis  (Willd.   ex
A. Juss.) Muell. Arg. and Manihot esculenta  Crantz in this
family made it one of the world’s important plant families4.

The taxonomy of Euphorbiaceae has been investigated
and documented4-8, while The Angiosperm Phylogeny Group9

divided the family into four groups namely: Euphorbiaceae
Sensu stricto, comprising the subfamilies with uniovulate
ovary  locules  (Euphorbiaceae,  Crotonoideae  and
Acalyphoideae),   Phyllanthaceae,   including   the
Phyllanthoideae (biovulateovary locules), Picrodendraceae,
including the Oldfieldioideae (biovulate ovary locules) and
Putranjivaceae (biovulate ovary locules, comprising Drypetes
Vahl and Putranjiva Wall.). Beyond these studies, other
phylogenetically taxonomic changes have been made using
molecular data2,3,10,11. These changes gave rise to subfamilies
and differed from the traditional classification and revision
proposed by Webster1. The efforts of these researchers based
on economic botany, anatomy, phytochemistry and molecular
systematic, catalyzed the splitting of the family into four to five
subfamilies1,2,9-12. Despite these efforts, there are still
considerable gaps in the knowledge of this family, especially
the morphology7, therefore13, highlighted that comprehensive
morphological and anatomical studies involving many genera
in Euphorbiaceae are needed to come up with a better
classification for this family.

Macaranga Thouars consists of about 200 species
worldwide, 24 in Malaysia13 and nine in Nigeria8. Members of
this genus have a symbiotic relationship with ants14-16 and are
mainly distributed in the primary lowland forest8,14,17. Based on
leaf morphological characters, the genus has been divided
into six to eight sections18,19. Macaranga species are often
confused with Mallotus, because they are closely related and
are referred to as sister genera10,13,20 and share some leaf
anatomical features in common4. Although these taxa are
closely related, Norfaizal13 stated that some authors have
distinguished  Macaranga  from  Mallotus  using the presence
of red latex and its association with ants and these
characteristics are not observed on herbarium specimens and
necessitated the need for other means of identifying them4.
Also, Wurdack et al.10  based  on  the  molecular phylogenetic
study of Euphorbiaceae Sensu stricto (s.s.) demonstrated that
Macaranga,  Mallotus  and Trewia  form a well-supported
clade.  In  tropical  Africa  and Madagascar, Mallotus species
are  represented  by  two  species   namely:   M.  oppositifolius

(Geiseler)  Müll.   Arg.   (M.   oppositifolius   var.   glabratus 
Müll. Arg. and  M.  oppositifolius  var.   pubescens   Pax.)  and
M. subulatus Müll. Arg.6,8,21. Kadiri et al.8 used epidermal
characteristics to identify these two Mallotus  species.

Also, Alchornea Sw., is a sister genus to Mallotus and
comprised four species (A. cordifolia (Schum. and Thonn.)
Müll.  Arg.,  A.  floribunda  Müll.  Arg.  A.   hirtella   Benth.  and
A. laxiflora (Benth.) Pax and K. Hoffman) in West Africa and
three (A. cordifolia (Schum. and Thonn.) Müll. Arg., A.
floribunda Müll. Arg. and A. laxiflora (Benth.) Pax and K.
Hoffman) in Nigeria17. Taxonomic studies have been carried
out on Alchornea and its relative genera however, the generic
limit is somewhat ambiguous and has made some species be
removed from Alchornea 21 or moved into this genus22. These
species are  morphologically  similar and are difficult to
identify and the presence of lignans and tannins in the genus
may be of chemotaxonomic value23. Due to this morphological 
similarity,  some  authors  such  as  Sam et al.24 have
misidentified Alchornea laxiflora for Mallotus species. Also,
most of the works on African and Nigerian species of
Alchornea, Mallotus and Macaranga have been on the
individual genera and not comparing these genera.

There are scanty works mainly on the leaf anatomy and
micro-morphology of Alchornea  and  Macaranga.  Based  on
the close relationship among these genera, this work aims to
compare the anatomical characteristics of the leaves of
Alchornea, Mallotus and Macaranga  species found in some
parts of Nigeria to understand the intergeneric similarities and
variations among these species, which will contribute to the
systematics of these taxa.

MATERIALS AND METHODS

Study area/plant materials: The plant materials were
collected from some parts of Rivers State, Abia State, Delta
State and Anambara State (Table 1). They were authenticated
by the Curator in the Department of Plant Science and
Biotechnology Herbarium (UPH), processed and voucher
specimens were deposited in the Herbarium for reference
purposes. Fresh leaves were removed from the plants, washed
with distilled water and used for anatomical and micro-
morphological analysis. This research was conducted in the
Plant Taxonomy and Biosystematics Research laboratory,
Department of Plant Science and Biotechnology, University of
Port Harcourt between March, 2019-December, 2021.

Microscopic analysis: Fresh leaves and petioles were
harvested and fixed in FAA (1:1:3) of formalin (40%), acetic
acid   (30%)    and     ethanol     (70%).     Fixation,    embedding,
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Table 1: List of voucher specimens studied
Species name Locality Date of collection Collector (s) name Herbarium numbers
Mallotus subulatus Omambara, Anambara State 11/03/2018 Ekeke, C. and others UPH/V/1022
Macaranga hurifolia Ebendo Flowstation, Delta State 28/04/2018 Ekeke, C. and others UPH/V/1031
Alchornea cordifolia Agric farm, University of Port Harcourt, Rivers State 10/08/2019 Ekeke, C. and Ogazie, C.A. UPH/V/1041
Alchornea laxiflora IITA station Onne, Rivers State 25/08/2021 Ekeke, C. and others UPH/V/1056
Mallotus oppositifolius Obiga-Asa, Abia State 10/12/2014 Ekeke, C. UPH/V/0910
Macaranga monandra IITA station Onne, Rivers State 30/05/2019 Ekeke, C. and Ogazie, C.A. UPH/V/0923
Macaranga heudelotii Botanic Garden, Uniport, Rivers State 29/05/2019 Ekeke, C. and Ogazie, C.A. UPH/V/0912
Macaranga barteri IITA station Onne, Rivers State 29/05/2019 Ekeke, C. and others UPH/V/0935

sectioning, epidermal  mechanical  scraping  and staining
were done according to the procedures with suitable
modification25. The petioles (basal parts) were hand sectioned
and stained in 1% Safranin O and counter in 1% Alcian blue.
The slides were then mounted in glycerogelatin and sealed
with transparent nail polish25. Twenty good sections were
selected and observed using a research microscope and clear
photo-micrographs taken with a trinocular research
microscope (T340B) fitted with an Amscope digital camera.
The images were processed using the Analysis Document
Software imaging system. The vascular bundle arrangement
in the petiole and midrib was classified according to Ekeke and
Ogazie26.

RESULTS

Epidermal description: The result of the epidermal features
of  the  different  taxa  studied are presented in Fig. 1. The 
shape  of  the  adaxial  and  abaxial epidermal cells varied
slightly  among  the genera studied: Irregular in A. cordifolia,
A.    laxiflora ,    M.   barteri ,   M.  hurifolia ,  M.  monandra  and 
M.    heudelotii    (Fig.   1a-l),   rectangular   to   polygonal   in 
M.  oppositifolius  and  M.  subulatus  (Fig.  1m-p). The
anticlinal walls are wavy in A. cordifolia, A. laxiflora, M. barteri,
M.   hurifolia,   M.   monandra  and  M.  heudelotii  (Fig.  1a-l) 
but  straight  or  curved  in  M.  oppositifolius  and M. subulatus
(Fig. 1m-p, Table    2). Alchornea cordifolia,  M.  oppositifolius, 
M. subulatus,  M.  monandra  and M. heudelotii are
amphistomatic while A. laxiflora, M. barteri and  M. hurifolia
are hypostomatic. The dominant stomata type among the taxa
is paracytic stomata and was observed in all the species
studied. In addition, anisocytic stomata were observed in the
adaxial surface of A. cordifolia  and  M. oppositifolius,  abaxial
surface of  A. laxiflora and M. oppositifolius, anomocytic
stomata  on  the  abaxial surface of A. cordifolia and
contiguous stomata in the abaxial surface of M. monandra and
M. heudelotii.
In the taxa investigated,  the  stomatal  index  varied from

0-2.63 in the adaxial surface to 19.05-32.0 on the abaxial
surface.  The  mean  epidermal  size   (length×width)   on  the
adaxial epidermis varied from 46.07×28.32 µm in A. laxiflora

to 17.79×10.32 µm in A. cordifolia while in the abaxial
epidermis it varied from 38.38×18.70 µm in Macaranga
monandra  to  22.86×10.58  µm  in  Mallotus  subulatus 
(Table 2).

Trichome types: Generally, the different trichome types
observed in this include glandular and non-glandular types
(Fig. 2). These trichomes were classified into the non-glandular 
multibranched,      multiarmed      trichomes,    non-glandular
T-shaped and non-glandular cylindrical trichomes (Fig. 2a-c)
and the glandular peltate, disc-shaped multicellular trichomes
(Fig. 2c-d). The adaxial  leaf  surface  of  M.  oppositifolius  and
M. subulatus have glandular peltate trichomes, the abaxial
surface   of   M.   barteri,   M.   hurifolia   and   M.   heudelotii,
disc-shaped   multicellular   glandular   in   the   abaxial  surface
of M. oppositifolius  and M. subulatus.  Alchornea cordifolia
has non-glandular stellate, T-shaped and multiarmed
trichomes   (Fig.   2),   M.   oppositifolius,   M.   subulatus   and
M. heudelotii  non-glandular cylindrical trichomes (Table 2).

Lamina: All the taxa studied have a 1-layer epidermis except
M. monandra with 1-2-layers of the epidermis (Fig. 3a-k).
Palisade mesophyll is 1-layer in A. laxiflora, M. oppositifolius
and M. heudelotii, 2-layers in A. cordifolia and M. barteri and
1-2-layers in M. subulatus, M. hurifolia and M. monandra.
Calcium oxalate crystals (druses) occurred between the upper
epidermis and palisade mesophyll in Mallotus subulatus and
Macaranga monandra, in the palisade and spongy mesophylls
of A. cordifolia, between the upper epidermis, palisade and
spongy mesophylls of M. oppositifolius, in the palisade
mesophyll of M. hurifolia, in the palisade and adaxial
epidermis   of    M.   monandra   but   absent   in   A.  laxiflora,
M.  heudelotii  and M. barteri. The spongy mesophylls
generally  have   1-6   layers   of   cells   in   the   taxa  studied.
A.  cordifolia, A. laxiflora and  M.  subulatus have 4-layer cells,
M. oppositifolius    3-6   layers,  M.  barteri  and  M. heudelotii
5-6 layers, M. monandra 3-4 layers and M. hurifolia 4-5 layers.
The spongy parenchyma cells are loosely packed and contain
a bundle sheath surrounded with thick-walled, interrupted
fibre in it.
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Fig. 1(a-p): Epidermal peels of the taxa studied, (a) A. cordifolia adaxial, (b) A. cordifolia abaxial surface, (c) A. laxiflora adaxial
surface,  (d)  A. laxiflora abaxial surface, (e) M. barteri adaxial surface, (f) M. barteri abaxial surface, (g) M. hurifolia
adaxial surface, (h) M. hurifolia  abaxial surface,  (i)  M.  monandra  adaxial  surface,  (j) M. monandra  abaxial surface,
(k) M. heudelotii  adaxial  surface  and  (l)  M.  heudelotii  abaxial   surface,   (m)   M.   oppositifolius   adaxial  surface,
(n) M. oppositifolius  abaxial surface, (o) M. subulatus  abaxial surface and (p) M. subulatus  abaxial surface 

Fig. 2(a-d): Glandular    and      non-glandular     trichomes,  (a)  Sg-non-glandular   multibranched   or   multiarmed  trichomes,
(b)  Tg-non-glandular    T-shaped    trichome    and   Sg-non-glandular   multibranched   or   multiarmed  trichomes,
(c)  Gt-glandular  peltate,  disc-shaped  multicellular   trichomes   and   Ng-non-glandular   cylindrical  trichome and
(d) Gt-glandular peltate and disc-shaped multicellular trichomes
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Fig. 3(a-k): Transverse section of the lamina of taxa studied, (a) A. cordifolia, (b) A. laxiflora, (c-d) M. oppositifolius glandular hair
in a crypt, (e) M. monandra  glandular  hair in a crypt, (f-g) M. barteri glandular hair in a crypt, (h-i) M. hurifolia
glandular hair in a crypt, (j) M. subulatus glandular hair in a crypt and druse in palisade cell and closely packed spongy
cells and (k) M. heudelotii  with loosely packed spongy cells
E: Epidermis, Dr: Druse, pm: Palisade mesophyll, le: Abaxial epidermis, sm: Spongy mesophyll, Pg: Peltate glandular trichome, Ar: Air space, Bs: Bundle
sheath, ue: Adaxial epidermis, Pp: Papillae and Gt: Glandular peltate tufted hair
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Fig. 4(a-d): Localization of secretory ducts in the plant tissues of the taxa studied, (a) Secretory ducts in the pith, (b) Secretory
ducts in the phloem cells, (c and d) Secretory ducts in the cortex parenchyma
Scl: Sclerenchymatous fibre and Lp: Lignified parenchyma

The lignified parenchymatous cells and sclerenchymatous
fibre  are found  in  the  midribs  of  M. barteri, M. monandra,
M. hurifolia and M. heudelotii (Fig. 4a-d). Patches of
sclerenchymatous  fibre  are  observed   in   M.   barteri  while
M. monandra,  M.  hurifolia  and   M.   heudelotii  have
continuous layers of sclerenchymatous fibre (Fig. 4d). These
features are absent in A. cordifolia, A. laxiflora, Mallotus
oppositifolius  and M. subulatus.

Petiole: The outline of the petioles is almost the same and
varied from circular to oval. The abaxial and adaxial outlines
varied slightly among the studied species: Concave-convex
outline in A. cordifolia (Fig. 5a),  M. barteri  (Fig. 5b) M. hurifolia
(Fig. 5c) M.  monandra  (Fig.  5d) and M. heudelotii (Fig. 5e)
and plano-convex in A. laxiflora (Fig. 5f), Mallotus
oppositifolius (Fig.  5g)  and  M.  subulatus (Fig. 5h). Most of
the species have lots of secretory cells which when stained

appeared blue or red (Fig. 5i). The petiole vascular bundle
number and orientation varied  among  the analyzed species:
A closed circle  of  13-14  vascular  bundles with a medullary
bundle in A.  cordifolia  (Fig.   5a),  a   partly open/closed  circle 
of 14-15   vascular   bundles   with   a   medullary   bundle   in
A. laxiflora (Fig. 5f), open  circle  of  12  vascular  bundles  with 
a  medullary  bundle  in  M.  oppositifolius  (Fig.  5g) open circle
of 16-18   vascular    bundles    with    a    medullary    bundle  
in M. subulatus (Fig. 5h), two open circles of 14 vascular
bundles with  a   medullary   in   M.   barteri   (Fig.  5b),  open 
circle  of  9  vascular  bundles  with two medullary bundles in
M. hurifolia (Fig. 5c)  and   M.  heudelotii  (Fig.  5e)  and  an
open  circle  of  8-9   vascular  bundles  with  a  medullary  in  
M.  monandra (Fig. 5d).
Calcium oxalate crystals (druses) and mucilage occur in

the  parenchymatous  cortex  and  pith in Macaranga barteri,
M.   monandra,     M.     heudelotii,    Mallotus    subulatus   and
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Fig. 5(a-i): Transverse  sections  petiole  of  the  taxa  studied,  (a)  A.  cordifolia,  (b)  M.  barteri,  (c) M. hurifolia, (d) M. monandra,
(e) M. heudelotii, (f) A. laxiflora, (g) M. oppositifolius, (h) M. subulatus and (i) M. barteri-arrows show secretory cavities

M.  oppositifolius,  druses  in  the  parenchymatous  cortex of
A. cordifolia but absent in A. laxiflora. Also, mucilage was
observed in the phloem cells in A. laxiflora. Fibre
(sclerenchymatous) cells were present or absent in the outer
regions of the vascular bundle, occurred in patches in
Macaranga barteri and M. heudelotii, formed a continuous
layer in Mallotus  subulatus  and  were  absent in the
remaining species.

Midrib: The shape of the midribs in the species investigated
are fairly the same with varying abaxial outlines (Fig. 6). A
convex  abaxial  outline  in  A. cordifolia (Fig. 6a) A. laxiflora
(Fig. 6b) Mallotus  oppositifolius  (Fig. 6c) and M. subulatus 

(Fig. 6d) and wavy in Macaranga monandra (Fig. 6e) M. barteri
(Fig. 6f) M. hurifolia  (Fig.  6g)  and   M.   heudelotii   (Fig.  6h).
M. bateri contains secretory cells in the parenchymatous
cortex and the pith (Fig. 6i). The vascular bundle formed 3/4
crescent  and  adaxial  plate  in M. hurifolia with 2-rib traces
and 2-medullary phloem in A. cordifolia, 1-medullary phloem
in M. monandra and 2-medullary phloems in M. heudelotii.
The vascular bundle formed 1/3 crescent: 2 co-joined adaxial
bundles and 2-rib traces in A. laxiflora and an adaxial plate
with   6-rib   traces   (3   on   each   side   of   the   crescent)  in
M. oppositifolius. The vascular bundle formed 1/2 crescent
with an adaxial plate and  6-rib traces (3 on each side of the
crescent)   in   M.   subulatus,   while   the   vascular   bundle  in
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Fig. 6(a-i): Transverse sections midrib of the taxa studied, (a) A. cordifolia, (b) A. laxiflora, (c) M. oppositifolius, (d) M. subulatus,
(e) M. monandra, (f) M. barteri, (g) M. hurifolia, (h) M. heudelotii  and (i) M. barteri

M. barteri  are five in an open circle with disjoined invaginated
ends with 5 medullary phloem cells. The vessels in the midrib
occurred in radial multiples of 2-7 and partly in tangential
pairs (Table 3).
The layers  of   the   parenchymatous   cortex  varied

among the taxa: The adaxial has 6-11-layers in Alchornea
cordifolia and A. laxiflora, 3-8-layers in Mallotus subulatus,
Macaranga hurifolia and M. heudelotii, 12-16-layers in
Mallotus oppositifolius, 9-13-layers in Macaranga barteri 
(Table 3).  The abaxial cortex has 6-14-layers in A. cordifolia,
10-14-layers in M. oppositifolius, 4-8-layers in  A.  laxiflora  and 
M. heudelotii,  7-10-layers  in  M.  barteri   and  M. monandra,
9-18-layers in Mallotus subulatus  and 2-4-layers in Macaranga
hurifolia.

Cortical characteristic: Adaxial cortex among the taxa varied
from 6-11 layers in A. cordifolia and A. laxiflora, 3-8 layers in
Mallotus  subulatus,  Macaranga  hurifolia,  M. monandra and
M.  heudelotii,  12-16  layers   in  Mallotus  oppositifolius  and
9-13 layers in Macaranga barteri  (Table 3). The abaxial cortex
has 6-14 layers in A. cordifolia, 10-14 layers in M. oppositifolius,
4-8  layers  in  A.  laxiflora  and  M.  heudelotii,  7-10  layers  in
M. barteri  and M. monandra, 9-18 layers in  M.  subulatus  and
2-4 layers M. hurifolia.

DISCUSSION

Generally, these genera we studied share some similar
characteristics  such  as   paracytic   stomata,   trichome  types,
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vascular bundle type and arrangement, petiole and midrib
outlines, layers of palisade and spongy mesophylls, crystal
(druses) distribution, etc., in common. Although some of these
characteristics overlap among the taxa some of them such as
trichome  type,  stomata  type  and distribution, crystal
(druses) distribution, etc., could be diagnostic at species and
generic levels. Generally, the findings of our work greatly
agreed with previous works conducted on, Macaranga12,13,27,
Mallotus4-6,8,28,29 and Alchornea21,30-32.

Existing reports showed that Alchornea, Mallotus and
Macaranga have different hair (trichome) types such as short
and long simple unicellular trichomes, peltate non-glandular
hairs, peltate-stellate hairs with central glandular cell, globular
to disc-shaped glandular hairs, stellate hairs with multicellular
stalk and stellate tufted hairs4,8. The tufted hairs are more
regular in Mallotus but are absent in Macaranga. They can
occur as star-shaped (stellately tufted) or non-stellate hairs4.
We observed the peltate glandular hairs only on the adaxial
surface of Mallotus  oppositifolius  and  Mallotus  subulatus
but not in the other genera (Alchornea and Macaranga)
studied. A previous study noted glandular hairs as the most
informative character among Mallotus, Blumeodendron and
Hancea4. In the same way, our study showed that the peltate
glandular hair could be used to distinguish Mallotus from
Alchornea and Macaranga. In some members of these genera,
the abundance of the capitate hairs vary and could be
sometimes covered by the tufted hairs8. We did not observe
capitate hairs in Mallotus. This character made this genus
distinct  from  Alchornea  and  Macaranga  and  is in line with
the report of Pe…nikar et al.4, who investigated Mallotus,
Blumeodendron and Hancea and stated that capitate
glandular hairs are restricted to the genus Hancea and not
observed in Mallotus. The glandular peltate hairs are common
among the Macaranga and Mallotus4,8. This hair type was not
observed in Alchornea species we studied and further
confirms the closeness of Macaranga and Mallotus as
previously stated10,13,22. This character could be used to
delimitate Alchornea from these two genera studied.
The epidermal cells in Macaranga species varied from

wavy to sinuous. They have mainly paracytic stomata but
staurocytic stomata have been reported in Macaranga
javanica  (Blume)  Müll.  Arg.  Also,  members  of  this  genus
(M. gigantea and M. hypoleuca) have simple and unicellular
glandular trichomes on the abaxial leaf surface. In the lamina
of this genus, the palisade mesophyll has a layer of the cell of
varying sizes with poorly developed hypodermis13. Papillae are
found in the adaxial surface of M. hulletii and the abaxial
surface of M. javanica13. Furthermore, these papilla holes or
crypts  contain glandular trichomes in M. javanica  and could

be a diagnostic  character to distinguish M. javanica from
other members of this genus13.  In  the  taxa that we studied,
we observed some differences and similarities. For instance,
crypts  without  papillose  but  having  glandular  trichome
was  observed  in  Mallotus  oppositifolius  while  M. subulatus,
Macaranga   barteri,     M.      hurifolia,      M.    monandra   and
M.   heudelotii    have    crypts    with    papillae.    In  contrast,
A. cordifolia and A. laxiflora did not have crypts. All the species
studied have bundle sheaths embedded in the mesophyll but
with sclerenchymatous fibre occurring only in Macaranga
monandra, M. barteri, M. hurifolia and Mallotus subulatus.
These features confirm the inter-generic relationship among
these taxa as reported by the previous authors10,13,20,23,29. The
adaxial outline of the transverse section of midribs in
Macaranga species is U-shaped or circular while the abaxial
outline is semi-circular or flat. Also, the vascular bundle tissues
in the midrib are closed in M. javanica, M. tanarius, M. gigantea
and M. hypoleuca but open in M. hulletii. The bundle sheaths
are sclerenchymatous with strands of fibres incompletely
encircling the complex. The petiolar outline in the genus is
circular  in  the  majority  of  the  species however, it is oval in
M. tanarius13. The vascular bundles formed closed rings with
medullary bundle  sheaths  at  the  centre while crystals
(druses) occur in the parenchyma and phloem tissues of
midribs and petioles.  Ghazalli et al.13 observed these crystals
in M. javanica,  M.  tanarius,  M.  gigantea and M. hulletii  but
not M. hypoleuca. Although Ghazalli et al.13 reported paracytic
stomata  as  the  dominant  stomata  type in Macaranga and
the  tribe  Acalypha  however,  staurocytic stomata occur in M.
javanica13 and anomocytic type is more common in
Euphorbiaceae species13,27.

In our study, all the Mallotus species investigated are
amphistomatic and we recorded paracytic and anisocytic
stomata   in    the    abaxial    and    adaxial    leaf   surfaces  of
M. oppositifolius while M. subulatus has only paracytic
stomata. Also, the stomatal index on both surfaces was higher
in M. subulatus. Previously, in the genus Mallotus, some
authors have studied and described them using their leaf
characteristics4,6,8. The majority of the species in this genus
have paracytic stomata and amphistomatic with stomata on
the adaxial surface being restricted to the midribs and big
veins6,8 while few are hypostomatic4. Furthermore, the
epidermal cells on both surfaces of the leaf are irregularly
shaped with straight to curved anticlinal walls8. Kadiri et al.8

and Sierra and Welzen29 used the presence of brachyparacytic
stomata and abaxially restricted disc-shaped multicellular
glandular trichomes to distinguish M. oppositifolius var.
glabratus from M. oppositifolius var. pubescens and the
presence   of     hemibranch  paracytic  stomata   and  cuticular
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striations to differentiate M. subulatus from M. oppositifolius.
This suggests that the stomatal complex could be used to
differentiate Mallotus species. Globose to disc-shaped
glandular hairs are mostly restricted to the lower leaf surface
and the inflorescences5 and the presence of extrafloral
nectaries in other parts of the plants6. The occurrence of
glandular hairs in depressions or crypts surrounded or partly
covered by papillae is a major characteristic of Mallotus4-6.
Similar observation was also made on the Mallotus species
studied.
The palisade mesophyll has 1-2 layers in Mallotus apetala

but 2-layers in M. stewardii, M. barbatus and M. japonica.
Closely packed in M. apetala, M. barbatus  and M. japonica but
loosely packed with air spaces in  M. stewardii 4. In our study,
we observed a layer of palisade and 3-4 layers of spongy
parenchyma in M. oppositifolius  while M. subulatus 1-2 layers
of palisade and 4-layers of spongy parenchyma. The thickness
of palisade  parenchyma  (42.01±3.06 µm) in M. subulatus
was higher than that of M. oppositifolius (35.39±1.87 µm).
Furthermore, crystals (druses) were present in the palisade
mesophyll of M. subulatus but absent in M. oppositifolius.
Sierra and Welzen29 in their study on Mallotus from Southeast
Asia reported druses in the palisade and spongy mesophylls
layers including the ground (pith) tissues of members of this
genus. Also, Sierra et al.5 reported the presence of large and
minute druses in the mesophyll of M. blumeanus. Our findings
corroborate these previous reports.
In our study, the number and the orientation of the

vascular bundles in the transverse section in the petioles and
the midribs varied considerably. This character can be used to
differentiate these species at genus and species levels. The
petiole   of   Macaranga   hurifolia   and  M. heudelotii   have
two rib traces  while  the   species  viz.,  Alchornea  cordifolia,
A. laxiflora, Macaranga  barteri,  M.  monandra,  Mallotus
oppositifolius and M. subulatus have one rib trace on each
side of the petiole. Macaranga hurifolia  and M. heudelotii
have two medullary bundles while other species have only
one. Furthermore  in  the  midrib,  the  rib   traces   are   present 
in A.  cordifolia,  A. laxiflora, M. oppositifolius and M. subulatus
but absent in all the Macaranga species studied. The
Alchornea  species have one rib trace each on both sides of
the main vascular bundle while the Mallotus species have
three each on both sides of the vascular bundle arc. The
adaxial vascular  bundle  plate in Alchornea laxiflora has two
co-joined bundles. This kind of observation has been
previously documented to have contributed to the taxonomy
of  Asteraceae26,    Lauraceae33,    Myrtaceae34,   Smilacaceae35,

Lamiaceae36, Fabaceae37, Malvacea38 and Dipterocarpaceae39.
Petioles with separate vascular cylinders and two medullary
bundles and a few thin-walled fibre caps or without
supporting sclerenchymatous fibre are major characteristics of
Mallotus4-6. Also, their midrib could be flat or elevated
adaxially. The adaxial and abaxial arc could have some or a few
lateral bundles surrounded by a thin interrupted fibre sheath
in M. blumeanus4 and grooved adaxially with 9 separate
vascular cylinders supported by a continuous sheath of fibres
with medullary or central bundles in M. cauliflorus5.
In the present study, the most important diagnostics

features are the occurrence of different trichome types,
shaped epidermal cells, stomata types and distribution,
arrangement and number of vascular bundles in midrib and
petiole vascular pattern, sclerenchymatous ring in the cortex
and secretory ducts in the pith and parenchymatous cortex.
These feature are fairly different among the taxa and can be
used to differentiate the different members of Mallotus,
Alchornea and Macaranga studied. Though we worked on a
limited number of specimens, the trichome types, stomata
types, petiole and midrib vascular bundle patterns and crystal
(druses) distribution were diagnostic at species and generic
levels and could be used to differentiate these taxa.

CONCLUSION

This study investigated the importance of leaf anatomical
features of some members of Mallotus, Alchornea and
Macaranga and their taxonomic implications. From our
findings, the epidermal features such as trichome types and
distribution, stomata types, the number of vascular bundles
and arrangement in the petiole and midrib are important
diagnostic characteristics in Mallotus, Alchornea and
Macaranga.

SIGNIFICANCE STATEMENT

This study provided information on some leaf anatomical
features of some members of the genera: Alchornea and
Macaranga  from Nigeria which was lacking. It also compared
the generic relationship among Alchornea, Mallotus and
Macaranga based on these leaf characters and therefore,
bridges the gap that resulted in the misidentification of some
members of this species by other researchers. This study will
further enhance the use of leaf anatomical characters in the
identification of members of the Euphorbiaceae family
especially Alchornea, Macaranga  and Mallotus.
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