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Abstract: Foliar epidermal micro-morphology and venation patterns of eleven
species representing four genera in the family Combretaceae revealed stable foliar
anatomical characters that are diagnostic and are important in separating the taxa.
Distinguishing characters of taxonomic significance in the cells and tissues structures
of the species include epidermal cell shape, stomata type, stomata frequency, stomata
index, trichome micro-morphology and frequency, areolation shape, vein micro-
morphology as well as distribution of druses within areoles. Numerous epidermal
striations on the abaxial surface of lamina are diagnostic for Combretum zenkeri while
C. platypterum is distinctly separated from other taxa by the possession of staurocytic
stomata in addition to the prominent anomocytic and/or anisocytic stomata. The sim-
ple unicellular non-glandular trichomes in the genus Combretum indicate a generic
attribute classificatory for members of the genus. Druses within the areoles classify C.
platypterum, Terminalia catappa, T. superba and Quisqualis indica within and across
the genera studied. This study which is in line with most previous studies revealed
that characters of epidermal micromorphology and venation patterns are important in
the identification and separation of the taxa discussed, and that the placement of the
species in each of their respective genus should be maintained.

Keywords: classification, Combretaceae, diagnostic, epidermal micromorphology,
spot character, systematic, venation pattern

Izvle¢ek: Mikromorfologija listne povrhnjice in vzorec Zilnatosti listov pri enajstih
vrstah iz §tirih rodov druzine Combretaceae je pokazala, da anatomske lastnosti listov
stabilne in pomembne za loevanje taksonov. Taksonomsko pomembni razlikovalni
znaki so oblika epidermalnih celic, tip in pogostost listnih rez, stomatalni indeks,
mikromorfologija in pogostost trihomov, oblika areol, mikromorfologija Zil, razpore-
ditev drusov v areolah. Za vrsto Combretum zenkeri so znadilne $tevilne epidermalne
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proge na abaksialno stran listne ploskve. Vrsta C. platypterum ima poleg anomocit-
nega in/ali anizocitnega tipa Se staurocitni tip rez in se jasno loci od ostalih taksonov.
Za rod Combretum so znacilni enoceli¢ni nezlezni trihomi. Druse v areolah imajo
C. platypterum, Terminalia catappa, T. superba and Quisqualis indica. Raziskava pri-
kazuje pomen mikromorfologije povrhnjice in Zilnatosti za identifikacijo in loevanje
preucevanih taksonov in podpira uvrstitev v ustrezne rodove.

Kljuéne besede: Combretaceae, diagnostika, klasifikacija, mikromorfologija
povrhnjice, pegavost, sistematika, Zilnatost

Introduction

The family Combretaceae belongs to the an-
giosperm order Myrtales. Gill (1988) reported that
the genus consists of 20 genera and 600 species.
Stace (2007) put the number of genera in the family
at 23. Mabberley (2008) described the family as
comprising trees, shrubs, lianas and mangroves
largely distributed in tropical and subtropical
Africa. The family is also wide spread in central
and south America, southern Asia and northern
Australia (Thiombiano et al. 2006). However, Gere
et al. (2015) reported that Old world has the bulk
of'the species richness of the family. Gere (2013)
also reported that the genus Combretum Loefl. is
the only infrageneric taxon. In West Africa, the
family is represented by 9 genera with 72 species
with the genus Combretum being the largest with
49 species (Gill 1988). Keay (1989) reported 25
species in the genus Combretum which are mainly
straggling shrubs or lianas in Nigeria. Hutchinson
and Dalziel (1958) showed that a number of species
are indeterminate and occur in the south-eastern
Nigeria. The family stands out economically for
its ornamental value, with some species com-
mercialized by florists worldwide. Others are
cited in the literature as having pharmacological
potential and being widely used as popular diuret-
ics or antipyretics. A number of species exhibit
antimicrobial, anti-haemorrhagic and antiulcer
activities. The ethno-pharmacological importance
of Combretaceae which include anti-inflammatory,
anthelmintic, anti-bilharzias (anti-schistosomal),
treatment of malaria, pain, dermatitis, diarrhea,
Pneumonia, gonorrhoea, syphilis, hypertension
and cancer have been reported (Baba-Moussa et
al. 1999, Fyhrquist et al. 2002, Simon et al. 2003,
Martini et al. 2004, Batawila et al. 2005, Coulidiati

etal. 2009). Some members of this family produce
useful construction timber, such as idigho from
Terminalia ivorensis A. Chev. A comprehensive
vegetative and reproductive morphological descrip-
tion of the eleven species considered in this study
has previously been documented by Akinsulire et
al. (2018a), while the wood anatomy of the eleven
taxa has also been investigated by Oladipo et al.
(2016). Other researchers (Carlquist 1988, Kishore
et al. 1999, Tilney 2002, Jayeola et al. 2009,
Jordaan et al. 2011, Ekeke et al. 2014, Akinsulire
et al. 2018b) had also investigated the family but
the family Combretaceae is a rather complex
one. According to Jayeola et al. (2009), scientific
diagnosis calls for a very sound knowledge of
anatomical structures. There has been a call for
the review of the present taxonomic status of
the family Combretaceae. Though Oladipo et al.
(2016) and Akinsulire et al. (2018a) reported on the
wood anatomy and the vegetative and reproductive
morphology respectively of the eleven species in
this family, as well as Akinsulire et al. (2018b)
on the leaf and petiole anatomy of the genus
Terminalia L., one of the genera investigated in
this paper, there are still gaps to be filled in our
knowledge of the family. The taxonomy of the
family Combretaceae is unresolved (Ekeke et al.
2015). A lot of conflicting identities exists in the
Nigerian species with great morphological signs
of introgression (Oladipo et al. 2016). The objec-
tive of this study therefore serves to increase our
knowledge of the family Combretaceae, identify
patterns of variation in the foliar epidermal char-
acteristics and venation patterns of the species and
assess their taxonomic value in delimiting members
of the family, as well as serving as a follow-up
research to those investigations of Oladipo et al.
(2016) and Akinsulire et al. (2018a, b).



Akinsulire et al.: Leaf morfology of Nigerian Combretaceae 27

Materials and methods

Foliar epidermal micro-morphology and
venation patterns of 11 species representing four
genera in the family Combretaceae in Nigeria were
investigated using light microscopy since paucity
of information exists on the topological proper-
ties of the leaf venation patterns and epidermal
micro-morphology of the species and in relation
to their taxonomy, thus these traits were far from
being well understood. Similarly, the species were
selected based on their complexities and their
mistaken identities in their respective genus and
based their unresolved taxonomy (Akinsulire et
al. 2018), their large ecological distributions and
on their usefulness in pharmacopeia and other
great economic importance (Thiombiano 2005).
The species are: Combretum platypterum Hutch.
and Dals., Combretum racemosum P. Beauv,
Combretum zenkeri Engl. and Diels., Combretum
dolichopetalum Engl. and Diels., Terminalia
catappa L, Terminalia superba Engl. and Diels.,
Terminalia ivorensis A. Chev., Terminalia mantaly
H. Perr.,, Terminalia avicennioides Guill. and Perr.,
Anogeissus leiocarpus (DC.) Guill. and Perr. and
Quisqualis indica Linn.

In addition to these, 4. leiocarpus and Q. indica
were selected because the two taxa represent
the only West African monotypic genera in the
family Combretaceae with their epidermal micro-
morphology and venation patterns yet unstudied.
Three to five matured and healthy accessions
were collected for each of the 11 species while
eight to 10 matured leaves were investigated in
each of the accessions. All plants collected were
in sunlit environments and collections were done
during regular field trips to various parts of south-
western Nigeria (Fig. 1) and between April and
June. The fresh leaf materials were preserved in
formalin acetic-alcohol (FAA) (Formaldehyde
10%; Alcohol: 50%; Acetic acid: 5%; Water: 35%)
solution. Sizeable portions from the leaves of the
species were taken from standard median portion
from each species and portions were put into nitric
acid, in glass Petri-dishes, and kept in an oven
at 60°C for 20 minutes. Each sample was then
washed thoroughly in 4-5 changes of water. The
adaxial and the abaxial epidermises were separated
by means of fine forceps and dissecting needle.
The epidermides were then stained in safranin O

solution, and counter stained in Toluidine blue
for five minutes, washed with 4-5 changes of
water to remove excess stain and then mounted
in 25 % glycerol (containing thymol crystals to
prevent fungal attack) on a clean glass slide for
examination under a light microscope as previously
documented (Akinsulire et al. 2018b, Jainab and
Kensa 2018, Priya and Hari 2018, Shirsagar and
Vaikos 2013, Sonibare et al. 2014). Both qualita-
tive and quantitative characters of the epidermis
(including spot characters), which could enhance
the identification of the taxa were observed and
documented. Stomata index was estimated for
the two leaf surfaces using the formula below as
proposed by Wilkinson (1979):

Stomata index (I) =S /(S + E) *100

where S = number of stomata per unit area
and E = number of ordinary epidermal cell in
the same area.

The venation patterns of the species studied
were obtained from the median portion of the
leaf. The materials were decolourised by boiling
in 90 % ethyl alcohol at 20 °C for about 10 - 15
minutes, then washed in 3-4 changes of water to
remove all traces of alcohol. The portions were
then transferred into 5 % Sodium Hydroxide and
boiled for 20 minutes for further decolourization.
The partially cleared leaves were further cleared
in 5 % domestic bleach (sodium hypochlorate) for
20 - 30 minutes under the sunlight. The portions
were again washed in 3-4 changes of water, stained
in Safranin O solution and counter stained in Alcian
blue (to enhance contrast), rinsed with water (to
remove excess stain) before being mounted in 25
% glycerol containing thymol crystals to prevent
fungal attack on a clean glass slide for examination
under a light microscope (Akinsulire et al. 2018b,
Jainab and Kensa 2018 Priya and Hari 2018,
Sonibare et al. 2014). Qualitative assessments
and terminologies were documented following
Metcalfe and Chalk (1979) as well as Manual of
Leaf Architecture by the Leaf Architecture Working
Group (1999). All quantitative parameters were
measured (per field of view with Leica Galen 111
microscope) using ocular micrometre while the
measurements were converted to microns using the
stage micrometre with respect to ocular constant
and the objective with which the measurements
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Figure 1: Map of Nigeria showing the sites of collection of plant specimens in southwest (Oladipo et al. 2016)

Slika 1:

(readings) were taken. Quantitative data were
further subjected to One Way Analysis of Vari-
ance while means were separated using Duncan
Multiple Range Test to show the significant dif-
ferences within each groups or genera as well as
among members of the family.

Results

Overall result of the qualitative and quanti-
tative leaf epidermal micro-morphological and
venational characters of the eleven species showed
that the characters examined vary significantly
(p < 0.05) among the taxa while great affinities
were also revealed (Tables 1 to 4). A list of the
qualitative features are given in Tables 1 and 3
while Tables 2 and 4 shows the dimensions of leaf
epidermis and venation in the eleven species as
Figs. 2-4 provide photomicrographs of characteris-
tic cells and tissues structures of the species. Spot

Zemljevid Nigerije z oznaenimi mesti vzoréenja na jugovzhodu (Oladipo et al. 2016)

characters, diagnostic characters as well as other
anatomical characters useful in the classification
and identification of the taxa and which are good
tools in the systematic assessment of members
of the family Combretaceae investigated were
all presented. Stomata in the family vary from
anomocytic to anisocytic or staurocytic. There
are variations in the sizes of stomata as well as
lengths and widths of epidermal cells. The group-
ings and delimitation of members of the family
agrees with most previous researches.

Combretum platypterum

Adaxial and abaxial leaf surfaces: On the
adaxial leaf surface, epidermal cells are polygonal
with straight anticlinal walls, size vary between
15.0-27.5 um long and 7.5-17.5 um wide, 180-221
cells per field of view, periclinal walls striated, sto-
mata absent. The leaf indumentum shows the pres-
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ence of simple unicellular uniseriate non-glandular
trichomes, sparsely distributed, frequency 0-4 per
field of view (Fig. 2A) while on the abaxial leaf
surface, epidermal cells are also polygonal but
anticlinal walls ranges between straight to sinuous,
size ranging between 12.50-30.00 pm long and
7.50-20.00 um wide, 100-128 cells per field of
view, periclinal walls striated, stomata anomocytic,
sometimes staurocytic. Stomatal frequency about
14-43 per field of view, mean stomatal size up to
20.754+0.34 um long and 14.50 + 0.29 pm wide,
mean stomatal index 19.98%, simple unicellular
uniseriate non-glandular trichomes are present,
sparsely distributed, frequency 0-1 per field of
view (Figs. 3A and A,).

Venation pattern: Venation is regular po-
lygonal reticulate with well-developed areoles
enclosing the veinlets. Areolar shape is triangular
to hexagonal (3 to 6 - sided); size ranges between
250.00-580.00 pm long and 180.00-400.00 um
wide, veinlet endings are simple linear, branched
or occasionally furcate, 0 - 2 per areole, druses
are present in the areoles (Fig. 4A).

Combretum zenkeri

Adaxial and abaxial leaf surfaces: Epidermal
cells are largely polygonal, anticlinal walls straight
to undulating on the adaxial leaf surface while
on the abaxial surface; the cells are irregular and
largely covered with epidermal striations with un-
dulating anticlinal walls. Cell size ranges between
10-30 pm long and 7.5-17.5 pm wide, 218-236
cells per field of view on the adaxial leaf surface
but 89-118 cells per field of view, 12.50-30.00
pum long and 10.00-20.00 pm wide on the abaxial
leaf surface. On the adaxial surface, periclinal
walls are not striated, stomata are absent, simple
unicellular non-glandular trichomes are present
and trichomes frequency about 0-5 per field
of view (Fig. 2B). However, on the abaxial leaf
surface, periclinal walls are striated, stomata are
anomocytic, stomatal frequency 19-36 per field
of view, mean stomatal size up to 14.25+0.26
pum long and 7.004+0.23 pm wide, mean stomatal
index is 21.83%, simple unicellular non-glandular
trichomes are present, frequency 0-6 per field of
view (Fig. 3B).

Venation pattern: Venation is regular polygo-
nal reticulate, areoles are moderately developed
and enclosing the veinlets, size ranging from
140.00-360.00 pm long to 120.00-280.00 um
wide, areolar shape triangular to hexagonal (3 to
6-sided), veinlet endings mostly simple linear, un-
branched, 0 to 1 per areole, druses absent (Fig. 4B).

Combretum racemosum

Adaxial and abaxial leaf surfaces: The
epidermal cells on adaxial surface are generally
polygonal-with straight to slightly undulating an-
ticlinal walls, size ranges between 12.5-35.0 um
long and 10.0-22.5 pm wide, cell number about
168-204 cells per field of view, periclinal walls
not striated, stomata are absent, simple unicellular
non-glandular trichomes present, frequency 0-1 per
field of view (Fig. 2C), whereas on the abaxial leaf
surface, epidermal cells are polygonal, anticlinal
walls straight to slightly undulating, size ranging
between 10.00-32.50 pm long and 7.50-20.00 pm
wide, 115-161 cells per field of view, periclinal
walls not striated, stomata anomocytic, stomata
frequency 18-31 per field of view, mean stomata
size up to 16.50+0.28 puM long and 9.38+0.25
um wide, mean stomata index 16.57%, simple
unicellular non-glandular trichomes are present,
trichome frequency 0-4 cells (Fig. 3C).

Venation pattern: Venation is regular po-
lygonal reticulate, areoles moderately developed,
shape triangular to hexagonal (3 to 6-sided),
and size varies from 450.00-840.00 pm long
and 150.00-630.0 0 pm wide. Veinlet endings
mostly linear occasionally branched or forked;
number range from 1-3 per areole, druses absent
(Fig. 4C).

Combretum dolichopetalum

Adaxial and abaxial leaf surfaces: On
the adaxial lamina, epidermal cells are gener-
ally polygonal, anticlinal walls wavy to sinuous,
size ranging between 20.0 — 35.0 um long and
10.0 — 22.5 pm wide, 208 - 281 cells per field
of view, periclinal walls not striated, stomata
present, stomata anomocytic, stomata frequency
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0 — 2, mean stomatal size 12.88+2.42 um long
and 7.754+1.48 pm wide, mean stomata index
is 0.38%, simple unicellular non-glandular
trichomes present, few or sparsely distributed,
frequency 0 — 6 per field of view (Fig. 2D).
Whereas on the abaxial lamina, epidermal cells
are generally polygonal with sinuous anticlinal
walls (sometimes straight), size ranging between
10.00—-32.50 um long and7.50 — 15.00 pm wide,
206 — 245 cells per field of view, periclinal walls
striated, stomata anomocytic, stomata frequency
7 — 66 per field of view, mean stomatal size is
18.64+0.29 um long and 11.00+0.28 um wide,
mean stomata index is 13.01 %, simple unicellular
non-glandular trichomes present and are uniformly
distributed, frequency 4 — 28 per field of view
(Fig. 3D).

Venation pattern: Venation is regular
polygonal reticulate, areoles moderately de-
veloped or fairly pixilate and random in ar-
rangement, triangular to pentagonal in shape
(3 to 5-sided), size ranges between 180.00—410.00
pum long and 120.00 — 310.00 pm wide, veinlet
endings are mostly linear, occasionally branched,
0 to 3 per areole (Fig. 4D).

Terminalia catappa

Adaxial and abaxial leaf surfaces: On the
adaxial lamina surface, epidermal cells are polygo-
nal (triangular to pentagonal), sometimes irregular,
anticlinal walls are straight to wavy, periclinal
walls not striated, size ranges between 17.50-30.00
pum long and 12.50-20.00 pm wide, 186-226 cells
per field of view, periclinal walls not striated,
stomata anisocytic, stomata frequency 0—62 per
field of view, mean stomata size up t010.25+2.15
pum long and 6.25+1.31 pm wide, mean stomata
index is 3.54% (Fig. 2E). On the abaxial leaf
surface, epidermal cells are polygonal to irregular,
size variable, ranging from 10.00-30.00 pm long
and 7.50-12.50 um wide, 196-305 cells per field
of view, anticlinal walls largely wavy, sometimes
sinuous, stomata anisocytic, 18—66 cells per field
of view, mean stomatal size is 17.50+0.48 pm long
and 8.50+0.28 pm wide, mean stomatal index is
11.06 % (Fig. 3E).

Venation pattern: Venation in this taxa is
dichotomous, areoles well developed and ori-
ented in arrangement, size variable, ranging from
240.00-730.00 pm long and 150.00-370.00 um
wide, areolation shape triangular to pentagonal
(3 to 3-sided). Veinlet endings are simple linear
and branched or forked; 0-5 per areole, druses
present in the areolar region, sparsely distributed
(Fig. 4E).

Terminalia superba

Adaxial and abaxial leaf surfaces: On the
adaxial, epidermal cells are irregular on with vari-
able sizes ranging between 15.00-25.00 um long
and 5.00 - 17.50 pm wide, 116-248 cells per field
of view, anticlinal walls straight to undulating,
periclinal walls not striated stomata absent (Fig.
2F). On the abaxial, epidermal cells are irregular,
anticlinal walls wavy to sinuous, cells variable
in size, ranging from 12.50-32.50 pm long and
7.50-15.00 um wide, 110-228 cells per field of
view, stomata anomocytic, stomata frequency 18-
52 per field of view, mean stomatal size 17.88+0.42
pum long and 9.63+0.38 um wide, mean stomata
index is 16.61% (Fig. 3F).

Venation pattern: Venation is regular po-
lygonal reticulate, areoles well developed with
occasional incompletely closed meshes, areole
size variable, ranging from 240.00-600.00 pm
long and 200.00-290.00 pm wide, triangular
to hexagonal areolation shape. Veinlet endings
largely linear or simple, occasionally branched
or forked, 1 to 3 per areole, druses present in the
areole but scanty (Fig. 4F).

Terminalia ivorensis

Adaxial and abaxial leaf surfaces: Epidermal
cells are largely irregular on the adaxial surface,
anticlinal walls sinuous, periclinal walls not
striated, size ranges between 10.00-25.00 pm
long and 7.50-15.00 um wide, 206292 cells
per field of view, stomata absent (Fig. 2G).
On the abaxial surface, the epidermal cells largely
irregular, size ranges between 10.00-30.00 um
long and 7.50-20.0 pm wide, 201-289 cells per
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field of view, anticlinal walls sinuous, periclinal
walls not striated, stomata anomocytic, stomatal
frequency 34—56 per field of view, mean stomatal
size up to 17.75+£0.31 pum long and 10.25+0.48
pm wide, mean stomatal index is 16.37%, sim-
ple unicellular non-glandular trichomes present,
trichomes few or sparsely distributed, frequency
0-1 cell per field of view, trichomes occur only
on the main vein epidermis (Fig. 3G)

Venation pattern: Venation in 7. ivorensis is
regular polygonal reticulate, areoles moderately
developed and variable in size; ranges between
130.00-420.00 um long and 100.00-350.00
um wide, pentagonal to hexagonal in shape (4
to 6-sided), veinlet endings simple, linear, or
occasionally branched, 0 to 2 per areole, druses
absent (Fig. 4G).

Terminalia mantaly

Adaxial and abaxial leaf surfaces: The
adaxial surface has epidermal cells that are largely
polygonal with variable size, ranging between
20.00—40.00 um long and 10.00-22.50 pm wide,
202-228 cells per field of view, anticlinal walls
straight to undulating, periclinal walls not striated.
Stomata anisocytic, stomata frequency 4 -9 cells
per field of view with more or less isodiamtric,
18.7540.29 um long and 13.254+0.26 pm wide,
mean stomatal index up to 2.92% (Fig. 2H). On
the abaxial leaf surface, epidermal cells are mostly
polygonal with straight to undulating anticlinal
walls, size ranges between 15.00-37.50 pm
long and 7.50-17.50 pum wide, 201-260 cells
per field of view, periclinal walls not striated.
Stomata anisocytic, 2—10 cells per field of view,
size range ranges between 20.25+0.44 pm long
and 12.88+0.42 um wide, mean stomatal index
up to 2.41% (Fig. 3H)

Venation pattern: Venation is dichotomous,
areoles well developed, size ranges between
300.00-580.00 um long to 160.00-360.00 pm
wide, triangular to hexagonal (3 to 6-sided), veinlet
endings linear, branched or occasionally furcated,
1 to 3 per areole, druses absent (Fig. 4H).

Terminalia avicennioides

Adaxial and abaxial leaf surface: Epidermal
cells largely irregular to polygonal with varying
sizes ranging from 10.00-30.00 pm long and
7.50-20.00 pm wide, 125-225 cells per field of
view on the adaxial surface. Anticlinal walls are
wavy, sometimes undulating, periclinal walls not
striated. Stomata and trichomes are absent (Fig.
21). Whereas, on the abaxial surface, epidermal
cells are mostly polygonal with wavy anticlinal
walls, size ranges between 12.50-30.00 um long
and 7.50-20.00 pm wide, 90-112 cells per field
of view, periclinal walls not striated. Stomata
anomocytic, stomatal frequency 51-69 cells per
field of view, size ranges between 16.75+0.26
pum long and 8.00+0.23 pm wide, mean stomatal
index is 37.86%. Simple, unicellular non-glandular
trichomes present, sparsely distributed; trichome
frequency 0-8 cells per field of view (Fig. 31).

Venation pattern: Venation is regular polygo-
nal reticulate, areoles well developed, triangular to
haxagonal in shape (3 to 6-sided), and size ranges
between 190.00 — 430.00 pm long and110.00 —
350.00 pm wide. Veinlet endings mostly simple
and linear, sometimes branched, 0 to 3 per areole,
druses absent (Fig. 4I).

Anogeissus leiocarpus

Adaxial and abaxial leaf surfaces: Epidermal
cells on the adaxial surface are largely polygonal,
anticlinal walls undulating or wavy, size ranging
between 10.00-25.00 pm long and 5.00-12.50 pm
wide, 228-341 cells per field of view, periclinal
walls not striated. Stomata generally absent, sim-
ple unicellular non-glandular trichomes present,
abundant and uniformly distributed, trichomes
frequency 720 per field of view (Fig. 2J), mean-
while on the abaxial surface, epidermal cells are
generally polygonal, mostly hexagonal, anticlinal
walls sinuous, cells vary in size, from 20.00-30.00
pum long to 10.00-15.00 pm wide, 124—158 cells
per field of view, periclinal walls not striated,
stomata anomocytic, stomatal frequency 36-51
per field of view of view, mean stomatal size
14.13+0.27 pm long and 7.50+0.00 pm wide, mean
stomatal index is 22.84%, long simple unicellular
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non-glandular trichomes present, frequency 1-7
per field of view (Fig. 3J).

Venation pattern: Venation is alternate
percurrent or regular polygonal reticulate, areole
imperfectly formed, shape rectangular to hexagonal
(4 to 6-sided), size ranges between 270.00-650.00
pm long and 150.00-350.00 pm wide. Veinlet
endings mostly simple and linear, occassionally
branched, 0 to 2 per areole, druses absent (Fig. 4]).

Quisqualis indica

Adaxial and adaxial leaf surfaces: On the
adaxial surface, the epidermal cells are polygonal,
largely rectangular, anticlinal walls straight, rarely
undulating, size ranges between 20.00-32.50 um
long and 12.50-22.50 pm wide, 126-150 cells
per field of view, periclinal walls not striated.
Stomata absent, simple unicellular non-glandular
trichomes present, few or sparsely distributed and

occur only on the main veins, trichome frequency
0-2 per field of view (Fig. 2K) whereas epidermal
cells on the abaxial surface are largely polygonal,
anticlinal walls slightly sinuous or straight, size
ranges between 15.00-30.00 pm long and 12.50—
20.00 pm wide, 128—164 cells per field of view,
periclinal walls not striated. Stomata anomocytic,
stomatal frequency 40—48, mean stomatal size is
15.63£0.25 pm long and 8.25+0.26 um wide, mean
stomatal index up to 23.07%, simple unicellular
non-glandular trichomes present, frequency 0 —2
cells field. (Fig. 3K)

Venation pattern: Venation is regular polygo-
nal reticulate, areoles imperfectly formed, variable
in shape, generally triangular to pentagonal (3 to
6-sided), size ranges between 200.00-550.00 pm
long and 130.00-370.00 um wide. Veinlet endings
are simple and linear, sometimes branched, 0 to 3
per areole, druses present within the areoles but
scanty (Fig. 4K)
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Figure 2: Leaf epidermal micro-morphology of the adaxial leaf surface of eleven species of Combretaceae.
(A) Combretum platypterum, (B) C. zenkeri, (C) C. racemosum, (D) C. dolichopetalum, (E) Terminalia
catappa, (F) T. superba, (G) T. ivorensis, (H) T. mantaly (1) T. avicennioides, (J) Anogeissus leiocarpus,
(K) Quisqualis indica. Abbreviations: ST — stomata, TB - trichome base, AST - anomocytic stomata;
EC - epidermal cell, TR — trichome, DR - druse.

Slika 2:  Mikromorfologija adaksialne listne povrhnjice pri enajstih vrstah iz druzine Combretaceae.
(A) Combretum platypterum, (B) C. zenkeri, (C) C. racemosum, (D) C. dolichopetalum, (E) Terminalia
catappa, (F) T. superba, (G) T. ivorensis, (H) T. mantaly (1) T. avicennioides, (J) Anogeissus leiocar-
pus, (K) Quisqualis indica. OkrajSave: ST — listna reza, TB — baza trihoma, AST — anomocitna reza;
EC — celica povrhnjice, TR — trihom, DR - drus.
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Figure 3: Leafepidermal micro-morphology of the abaxial leaf surface of eleven species of Combretaceae. (A and

Slika 3:

A,) Combretum platypterum, (B) C. zenkeri, (C) C. racemosum, (D) C. dolichopetalum, (E) Terminalia
catappa, (F) T superba, (G) T. ivorensis, (H) T. mantaly (1) T. avicennioides, (J) Anogeissus leiocarpus,
(K) Quisqualis indica. Abbreviations: ST — stomata, TB - trichome base, AST - anomocytic stomata;
EC - epidermal cell, TR — trichome, DR - druse.

Mikromorfologija abaksialne listne povrhnjice pri enajstih vrstah iz druzine Combretaceae. (A in A,)
Combretum platypterum, (B) C. zenkeri, (C) C. racemosum, (D) C. dolichopetalum, (E) Terminalia
catappa, (F) T. superba, (G) T ivorensis, (H) T. mantaly (1) T. avicennioides, (J) Anogeissus leiocar-
pus, (K) Quisqualis indica. Okrajsave: ST — listna reza, TB — baza trihoma, AST — anomocitna reza;
EC — celica povrhnjice, TR — trihom, DR - drus.
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Figure 4: Venation patterns of eleven species of Combretaceae. (A) Combretum platypterum, (B) C. zenkeri,
(C) C. racemosum, (D) C. dolichopetalum, (E) Terminalia catappa, (F) T. superba, (G) T. ivorensis,
(H) T mantaly (1) T. avicennioides, (J) Anogeissus leiocarpus, (K) Quisqualis indica. Abbreviations:
MV - main vein, VE - veinlet ending, AR — areole.

Slika 4:  Zilnatost listov pri enajstih vrstah iz druzine Combretaceae. (A) Combretum platypterum, (B) C. zenkeri,
(C) C. racemosum, (D) C. dolichopetalum, (E) Terminalia catappa, (F) T. superba, (G) T. ivorensis,
(H) T mantaly (1) T. avicennioides, (J) Anogeissus leiocarpus, (K) Quisqualis indica. Okrajsave:
MV - glavna zila, VE — konec Zile, AR - areola.
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Discussion

Carlquist (1961) cited in Illoh (1995) has
stated that leaf provides variety of anatomical
features that are of taxonomic importance. Metcalfe
(1968) pointed out that certain characters of the
epidermis such as shape of subsidiary cells of the
stomata, micro hairs, trichomes and prickles are of
systematic importance. Akinsulire et al. (2018b)
also stated that data recorded in leaf and petiole
studies are sufficient for the taxa to be distinguished
from one another taxonomically. In this study, the
shapes of epidermal cells are generally polygonal,
ranging from rectangular to octagonal except on
the abaxial leaf surface of C. zenkeri which has
irregular epidermal cells and possesses numerous
epidermal striations (Fig. 3B). This easily sepa-
rates the species from other taxa investigated in
the family. In the genus Combretum, C. dolicho-
petalum is demarcated from other species of the
genus by the possession of straight, undulating,
wavy or sinuous anticlinal walls on the adaxial
leaf surface (Fig. 2D). However, anticlinal walls
on the abaxial leaf surfaces were found to be
wavy or occasionally sinuous in C. platypterum
(Figs. 3A and 3A,), straight or occasionally un-
dulating in C. racemosum (Fig. 3C), sinuous in
C. dolichopetalum (Fig. 3D), while C. racemosum
is quite distinct on the abaxial lamina surface
view being a taxon without epidermal striations
(Fig. 3C). Sinuous anticlinal walls on both surfaces
of C. dolichopetalum and T. ivorensis (Figs. 2D
and 3D; 2G and 3G) separate the two species from
others in their respective genera and among other
members of the family Combretaceae studied.

Other taxonomically useful characters recorded
in this study include the stomatal distribution
which is largely hypostomatous though sometimes
amphistomatous as documented in C. dolicho-
petalum, T. catappa and T. mantaly (Plate 2 and
3). Anomocytic stomata are largely prevalent in
the family but anisocytic stomata also occur on
the adaxial lamina surface of T. catappa and
T. mantaly. The presence of epidermal striations
is also a good taxonomic tool in classifying
members of the genus Combretum and other
genera studied. This was prominently observed
on the abaxial leaf surface of C. platypterum,
C. zenkeri and C. dolichopetalum but absent in
other genera studied within the family and as

such a good character of systematic importance
that delimits the genus from other genera of the
family Combretaceae investigated. There are also
marked differences in the stomatal frequency in
all the species studied, although only three of
the species possess stomata on the adaxial leaf
surface. Stomatal frequency of 0 — 2 was reported
for C. dolichopetalum, 4 —9 for T. mantaly while
the highest stomata frequency on the adaxial leaf
surface was found in 7. catappa. However, it was
observed that the occurrence of several stomatal
number or frequency even in the same taxon has
been a subject of controversy and has subsequently
made the use of stomatal number a less reliable
character in taxonomic work (Esau 1962, Raju
and Rao 1977). Anisocytic stomata are restricted
to members of the genus Terminalia (T. catappa
and 7. mantaly are characterised by anisocytic
stomata on both surfaces of the leaf). The rest of
the species have anomocytic stomata. This implies
that members of the genus Terminalia (except
T. superba, T. ivorensis and T. avicennioides)
can be separated from other genera in the fam-
ily on account of the presence of anisocytic
stomata. This corroborates the classification and
grouping earlier documented by Akinsulire et
al. (2018b) in the genus Terminalia, as well as
Akinsulire et al. (2018a) in the family Com-
bretaceae. The presence of two types of stomata
on the epidermal surface can as well be useful
in the delimitation of the taxa studied. Among
all the species, C. platypterum is quite distinct
owing to the presence of staurocytic stomata in
addition to the prevalent anomocytic or aniso-
cytic stomata found in all the species (Table 1).
This is a spot character for the species and accord-
ing to Illoh (1998) cited in Chappet (1969), the
trend of possessing more than one stomata type
has been shown in Vicia faba. Patet and Inamdar
(1971) also reported such taxonomic character
in some Polemoniales as well as Akinsulire et al.
(2018c) in their investigation into some species
of Diospyros L. in Nigeria.
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The values of stomatal index are also important
in separating members of this family. Another char-
acter of identification and systematic significance
was found to be present on the abaxial leaf surfaces
of'the eleven taxa where stomatal occurrence and
indices were general. T avicennioides has the
highest stomata index (37.86%) while the least
was observed in 7. mantaly (2.41%) (Tab. 2). The
fact that stomatal index is constant for any taxon
delimits the taxa. The variability observed in the
stomatal index of members of this family aligns
with the work of Olatunji (1983) who posited that
stomatal index is constant for a given species and
as such, it is useful in delimiting species.

In this study, leaf indumentum on the adaxial
leaf surface reveal the preponderance of simple
unicellular non-glandular trichome in all the
genera studied except in the genus Terminalia
(Table 1 and 2). This indicates that the absence
of simple unicellular trichome on the adaxial leaf
surface is a generic feature for members of the
genus Terminalia and also delimits the genus,
thereby serving as a character of identification
useful in the taxonomy of the genus. However,
T. ivorensis and T. avicennioides are separated
from other species in the genus Terminalia and
among other genera studied by the possession of
simple unicellular non-glandular trichomes on
their abaxial leaf surfaces (Table land 2). This
grouping greatly agrees with recent investiga-
tions into the genus Terminalia by Akinsulire et
al. (2018b) who grouped T. avicennioides and
T. ivorensis based on a number of leaf and petiole
anatomical parameters. These findings also cor-
roborate Akinsulire et al. (2018a) who classified
the species using their vegetative and reproductive
morphological attributes. Meanwhile, Adedeji et
al. (2007) has earlier reported the importance of
trichome types in different organs of plant body in
the delimitation of genera and species within the
family Solanaceae. Rammaya and Rao (1976) as
well as Rao and Rammaya (1977) also emphasised
the taxonomic importance of trichomes. Therefore,
the result of this study aligns with that of Stace
(1981) who reported a significant influence of
trichomes in the classification of genera in the
family Combretaceae.

Foliar venation, though an underutilised and
neglected character, has proven to be useful in

delimitation of species of Combretaceae investi-
gated. Studies such as of Levin (1986), Provance
and Sanders (2006), Akinsulire et al. (2018c)
have revealed the significance of foliar venation
characters in the delimitation of several plant
taxa. Regular polygonal reticulate venation and
triangular to pentagonal (3 to 5-sided, or 6-sided)
areolation seem to be generic for members of the
genus Combretum. This generic classification also
is in conformity with previous studies (Oladipo
et al. 2016, Akinsulire et al. 2018a, b) for which
this paper serves to be a follow-up and probably
a conclusion. Dichotomous venation groups
T’ catappa and T mantaly while alternate percur-
rent/regular polygonal reticulate venation as well
as imperfect areolation (Table 3 and Figs. 4J and
4K) can be used to classify A. leiocarpus and
Q. indica - the two West African monotypic genera
in the family Combretaceae investigated. Simple
linear or forked/branched veinlets dominate the
family except in C. zenkeri (Fig. 4B), which is a
spot character for the taxa. However, this study
has greatly supported the placement of each of the
species in their respective genera (Hutchinson and
Dalziel, 1958). Meanwhile, the general absence of
druses within the areoles except in C. platypterum,
T catappa, T. superba and Q. indica (Figs. 4A,
4E, 4F and 4K, respectively) placed the eleven
species into two groups. This is a spot character
that delimits each of the four species from oth-
ers in their respective genera and from all other
species studied within the family.

Critical examination of quantitative attributes
of venation pattern reveals significant intra- and
intergeneric differences among all the species
studied. In the genus Combretum, C. racemosum
has a significantly longer areole length, width and
more veinlet endings than other species within
the genus (Tab. 4), this also delimits the species.
Furthermore, the similarity observed in the num-
ber of veinlet endings can be used in grouping
C. zenkeri, C. platypterum and C. dolichopetalum
(Tab. 3). Longer areole and higher number of
veinlet endings were found in 7 mantaly while
T’ catappa had a wider areole (Tab. 2). However,
the occurrence of highest number of veinlet endings
separates 7. mantaly from all other species of the
family Combretacae studied (Tab. 3).



40

Acta Biologica Slovenica, 63 (1), 2020

Table 3:

Micro-morphological characters of veins of eleven species of Combretaceae.

Tabela 3: Mikromorfoloski znaki zilnatosti listov pri enajstih vrstah iz druzine Combretaceae.

Areole Vein
Species Venation development Shape/side Vein ending density Druses
C. platypterum RPR Well 3 -6sided Linear/forcated 0-2 +
C. zenkeri RPR Moderate 3 - 6sided Linear/unbranched 0 -1 -
C. racemosum RPR Moderate 3 - 6sided Linear/forcated 1-3 -
C. dolichopetalum RPR Moderate FP 3 -5sided Linear/branched 0-3 -
T. catappa D Well dev. 3 -5sided Linear/forcated 0-3 +
T. superba RPR Well dev. 3 -5sided Linear/forcated 1-3 +
T. ivorensis RPR Moderate 4 - 6sided Linear/branched 0-2 -
T. mantaly D Well 3 -6sided Linear/branched 1-3 -
T. avicennioides RPR Well 3 - 6sided Linear/forcated 0-3 -
A. leiocarpus AP/RPR  Imperfect 4 - 6 sided Linear/forcated 0-2 -
Q. indica PRP/AP  Imperfect 3 -6sided Linear/branched 0-3 +

Abbreviations: RPR - regular polygonal reticulate, D — dichotomizing, AP - alternate percurrent,
FP - fairly paxillate.

Table 4:

Analysis of quantitative features of the veins with Duncan’s multiple range test. Values are expressed

as mean * standard error (n = 30). Values in each column with different superscripts are significantly
different (p < 0.05).
Tabela 4: Analiza kvantitativnih znakov Zilnatosti listov (Duncanov test rangov). Prikazane so povpreéne vrednosti
+ standardna napaka (n = 30). Vrednosti v vsaki koloni z razli¢nimi ¢rkami v nadpisu so signifikantno
razliéne (p < 0,05).

Species Areole length Areole width Number of veinlet
(nm) (nm) endings

C. platypterum 417.00 + 21.52¢ 282.50 + 14.76f 0.60 +0.15°
C. zenkeri 241.00 + 12.71° 175.00 +£9.61° 0.55+0.11°
C. racemosum 658.50 &+ 23.94¢ 394.00 +25.07¢ 1.50 £ 0.20¢
C. dolichopetalum 278.50 + 14.75% 202.50 + 10.68* 0.55+0.11°
T. catappa 411.00 + 26.34¢ 276.00 + 13.56" 1.65+0.17¢
T. superba 369.00 + 23.12¢ 247.50 £ 5.61cf 1.35+£0.17«
T. ivorensis 321.50 £ 16.36™ 224.00 + 15.40% 1.15£0.17%
T. mantaly 429.50 + 18.01¢ 272.50 £ 11.14%¢ 2.10£0.12¢
T. avicennioides 328.00 + 15.90 236.00 £ 17.130% 1.25 +£0.16%¢
A. leiocarpus 393.50 +23.26¢ 264.50 + 9.42¢¢t 0.80 £ 0.12
Q. indica 329.50 £ 21.26% 229.00 £ 13.59b< 1.30 £ 0.22
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Conclusions

Investigations of leaf epidermal micro-
morphology and venation characters of members
of the family Combretaceae as carried out in
this study can successfully be employed in the
identification, classification and delimitation of
members of the family Combretaceae while the
evidences should be used as basis for taxonomy.
This research and previous investigations (Oladipo
etal. 2016, Akinsulire et al. 2018a, b) for which this
study serves as a follow-up, has revealed several
micro-morphological characters of taxonomic
delimitations and great affinities in the selected
members of the family. It is therefore concluded
that the placement of the 11 species in their re-
spective genera (Hutchinson and Dalziel 1958)
should be maintained.
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