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Abstract.

Leaf epidermal morphology of seven species of Lannea in the family Anacardiaceae were studied, namely: L.
kerstingii, L. welwitschii, L. schimperii, L. egregia, L. acida, L. microcarpa, and L. fruticosa. The study revealed
that several interesting characters, such as anticlinal cell wall pattern (ACWP), epidermal cell wall shape
(ECWS), epidermal cell size (ECS), stomatal complex type (SCT), stomatal density (SD), stomatal size (SS),
stomatal index (SI), and trichomes are constant and variable within and between some genera. ACWPs are
straight, curved, round and undulate in the studied species. ECWS are found to be polygonal on both leaf
surfaces, except in L. fruticosa. Stomata occur only on the abaxial leaf surface in all studied species; cyclocytic
and anomocytic stomatal complex types are the only two types found, the anomocytic type occurring in five
species: Lannea kerstingii, L. welwitschii, L. schimperii, L. egregia, and L. acida. Stomata are smaller in size in
all species. Another important fact is that SD and SI vary from species to species. Out of the seven Lannea
species, only three possess trichomes, namely L. kerstingii, L. schimperii and L. fruticosa. Thus the abovementioned leaf features are of great taxonomic significance.
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Introduction
Plant taxonomy as a concept denotes classification,
naming and identification of numerous plants species.
Therefore, plant taxonomy employs many methods in
achieving this aim, namely morphology, chemistry,
DNA markers, and anatomy. Leaf epidermis anatomy has been used repeatedly to classify and reclassify
plants. Epidermal cells, such as trichomes, stomatal features and anticlinal cell wall patterns, are used. The epidermal cells and other appendages are less subjected
to modification, so they serve as good taxonomic characters. Several taxonomists have used these epidermal
features to delimit plants within genera and families
(AbdulRahaman & Oladele 2003; Watson 2006; Van
Wyk & al. 2008; Ren & al. 2007; Hardie 2009; AbdulRahaman & Oladele 2010a; Saheed & Illoh 2010).

Species of Lannea A. Rich. in Guillem are native
to tropical Africa. Some Lannea species yield timber
that is used locally; others are employed for a variety of purposes in indigenous medicine. The roots and
bark are recorded to be used against diarrhea and for
treatment of rachitic children and strained muscles.
In the Côte d’Ivoire, the bark is used for treatment of
diarrhea, oedema, paralysis, epilepsy, and insanity. In
Mali, L. velutina is used in treatments of chest pain,
gastric ulcer, wounds, skin diseases, respiratory tract
diseases, and fever (Paulsen & Malterud 2014).
Some species of the genus Lannea in the family Anacardiaceae are selected for anatomical studies of their
leaves. Anacardiaceae, the cashew family, includes approximately 800 species in 82 genera (Mitchell & Mori
1987). A family with such a large number of species
should be subjected to rigorous taxonomic studies, so
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as to ascertain their proper classification into groups
and to avoid adulteration of samples. Members of the
family are cultivated for their fresh leaves, seeds and
fruits which are of tremendous importance.
Leaves of seven species of genus Lannea in the
family Anacardiaceae were studied anatomically to
elucidate their taxonomic potential by using such
features like stomata, epidermal cells and trichomes
to delimit the species within the genus and genera in
the family.

Material and methods
Leaves of seven species of genus Lannea (Table 1)
were collected for anatomical study. The plants were
identified and deposited at the Herbarium of the Department of Plant Biology, University of Ilorin, Ilorin, Nigeria. Leaf cuticles were macerated in concentrated nitric acid or trioxonitrate (v) acid, rinsed in
distilled water, stained in 1 % aqueous safranin solution and mounted in diluted glycerine (Dutta 2003).
Parameters of the determined stomata were stomatal density, stomatal index and stomatal size (Franco 1939; Dilcher 1974), and frequency of each complex type was given as percentage occurrence of such
complex type based on all occurrences (Obiremi &
Oladele 2001). The epidermal cell size was determined as product of length and width of the cell on
the basis of sample size of 35 samples. The index of
similarity of the leaf surface followed the formula of
Philips (1959). Statistical analysis of the data consisted of Analysis of Variance and Duncan Multiple
Range Test (Bailey 1976; Duncan 1955).
Table 1. List of the studied plant species in the family Anacardiaceae.
Species
Lannea kerstingii Engl. & K.
Krause
Lannea welwitschii (Hiem)
Engl.
Lannea schimperi (Hochst ex
A. Rich) Engl.
Lannea egregia Engl. & K.
Krause
Lannea acida A. Rich.
Lannea microcarpa Engl. & K.
Krause
Lannea fruticosa (Hochst ex A.
Rich) Engl.

Place of collection
Moro Local Government
Area, Kwara State, Nigeria
Moro Local Government
Area, Kwara State, Nigeria
Ila Orangun, Osun State,
Nigeria
Ila Orangun, Osun State,
Nigeria
Ila Orangun, Osun State,
Nigeria
Ila-Orangun, Osun State,
Nigeria
Ila-Orangun, Osun State,
Nigeria

Results
All seven studied species were hypostomatic. Two types
of stomatal complexes were observed in the studied species – cyclocytic and anomocytic – which occurred with
a frequency of 100. Anomocytic stomata were seen only in four species of Lannea, namely L. kerstingii, L. welwitschii, L. scimperii and L. acida. Stomatal density, stomatal index and stomatal size varied from one species
to the other in the seven species of Lannea. Anatomical analysis of the leaf epidermal features revealed that
ACWPs were round and straight in all studied Lannea
species. ECSs were polygonal in all Lannea species, except in L. fruticosa, where they were isodiametric. ECWS
also revealed certain variations between the Lannea species. The cells were smaller in the seven species. Trichomes occurred only in three Lannea species: L. kerstingii, L. schimperii and L. fruticosa (Tables 1 and 2; Fig. 1).
An indented dichotomous taxonomic key is provided
for the purpose of delimiting the seven studied species
on the basis of variations in their epidermal features:
1a Stomatal complex type cyclocytic ........................ 2
   2a Trichomes absent; epidermal cell wall shape
irregular or polygonal ..................................... 3
     3a Stomatal density 159.86 mm-2; stomatal
size 5.90 µm ................................ L. egragia
     3b Stomatal density 46.05 mm-2; stomatal
size 14.86 µm ....................... L. microcarpa
   2b Trichomes present; epidermal cell wall shape
isodiametric .................................... L. fruticosa
1b Stomatal complex types anomocytic ................... 7
  4a Trichomes present ........................................... 8
     5a Trichomes present on abaxial leaf surface
only; stomatal density 72.56 mm-2; stomatal size 12.00 µm; stomatal index 6.25 % .....
.........................................................L. kerstingii
     5b Trichome present on both abaxial and
adaxial leaf surfaces; stomatal density
114.60 mm-2; stomatal density 8.96 µm;
stomatal index 11.20 % ......... L. schimperii
  4b Trichomes absent ............................................. 6
     6a Stomatal density 127.56 mm-2; stomatal
size 62.00 µm ........................ L. welwitschii
     6b Stomatal density 121.78 mm-2; stomatal
size 9.20 µm .................................... L. acida

229

Phytol. Balcan. 20(2-3) • Sofia • 2014

Table 2: Stomatal features and trichomes in the studied species.
Species

Leaf surface

Type

Adaxial
Abaxial
Adaxial
Abaxial
Adaxial
Abaxial
Adaxial
Abaxial
Adaxial
Abaxial
Adaxial
Abaxial
Adaxial
Abaxial

–
Anomocytic
–
Anomocytic
–
Anomocytic
–
Cyclocytic
–
Anomocytic
–
Cyclocytic
–
Cyclocytic

Lannea kerstingii
Lannea welwitschii
Lannea schimperii
Lannea egragia
Lannea acida
Lannea microcarpa
Lannea fruticosa

Stomata
Frequency
Density
( %)
(mm-2)
–
–
100.00
72.56e
–
–
100.00
127.56c
–
–
100.00
114.60d
–
–
100.00
159.86a
–
–
100.00
121.78c
–
–
100.00
46.05f
–
–
100.00
148.09b

Size
(μm2)
–
12.00b
–
62.00a
–
8.96c
–
5.97d
–
9.20c
–
14.86b
–
9.16c

Index
( %)
–
6.25c
–
14.08a
–
11.20b
–
5.21c
–
12.00b
–
5.21c
–
13.19a

Trichome
Absent
Present
Absent
Absent
Present
Present
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Present

Mean values with the same letters do not differ significantly at p < 0.05.
Table 3: Leaf epidermal features in the studied species.
Species
Lannea kerstingii
Lannea welwitschii
Lannea schimperii
Lannea egragia
Lannea acida
Lannea microcarpa
Lannea fruticosa

Leaf surface
Adaxial
Abaxial
Adaxial
Abaxial
Adaxial
Abaxial
Adaxial
Abaxial
Adaxial
Abaxial
Adaxial
Abaxial
Adaxial
Abaxial

Anticlinal cell wall pattern Epidermal cell wall shape
(ACWP)
(ECWS)
Round
Polygonal
Round
Polygonal
Round
Polygonal
Straight
polygonal
Round
Polygonal
Round
Polygonal
Straight
Polygonal
Straight
Polygonal
Straight
Polygonal
Round
Polygonal
Straight
Polygonal
Round
Polygonal
Straight
Isodiametric
Straight
Isodiametric

Epidermal cell size (μm)
(ECS)
8.22b
5.36c
7.70bc
7.43bc
7.63bc
6.52c
9.23ab
8.65b
8.50b
10.65a
8.88b
8.53b
10.73a
9.69a

Mean values with the same letters do not differ significantly at p < 0.05.

a			

f		

b		

g

c

d			

e

Fig. 1: (a) Lannea acida with anomocytic stoma, (b) Lannea
egragia with cyclocytic stoma, (c) Lannea fruticosa with cyclocytic
stoma (d) Lannea kerstingii with anomocytic stoma, (e) Lannea
microcarpa with anomocytic stoma, (f) Lannea schimperii with
anomocytic stoma, and (g) Lannea welwitschii with anomocytic
stoma (× 600).
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Plant anatomy has been found to be very essential
in plant taxonomy; the purpose is to develop a system of plants classification in a way that all the differences and similarities are set out in an ordered manner (Olorode 1984). In spite of the fact that vegetative
and floral characters are markedly modified in relation to the habitat and pollination mechanisms, the
summaries of character variation in Tables 2 and 3 indicate that the taxonomic application of diversity of
epidermal morphology in the Lannea species cannot be overemphasized. The decision to choose epidermal characters for this study was prompted by the
earlier studies that these characters represented genetic variations and have been used to solve some taxonomic problems in some other plant groups by the
taxonomists (Srivastava 1978; Oladele 1990; Adegbite
1995; Nwockeocha 1996; Ogunkunle & Oladele 1997;
Ogunkunle & Oladele 2008; AbdulRahaman & Oladele 2010a,b).
The results showed that the leaves of the studied
species were hypostomatic (Figure 1). A similar phenomenon was observed earlier by AbdulRahaman
(2009) in E. milii. SCT is exclusively cyclocytic in six
species of Anacardiaceae, except in L. kerstingii, L. welwitschii, L. schimpertii, and L. acida, where it is anomocytic. Stomatal frequency varies from leaf to leaf and
that was observed among the species in the three studied families. The homogeneous nature of STC on the
leaves of some species of Anacardiaceae is responsible for 100 % occurrence of SCTs, where a single SCT
was present on a leaf surface. SD was found to vary
from one plant to another (Esau 1977). SD among the
ten studied species revealed a significant difference:
it was 46–148.09 mm2 in seven Lannea species, and
ranged from 177.63–320 mm2 in the other three species (Table 3). SD was generally found to be higher on
the abaxial surface of the leaves than on the adaxial.
This pattern is in agreement with some earlier works
(Oyeleke & al. 2004; AbdulRahaman 2009; AbdulRahaman & Oladele 2009; Saadu & al. 2009). According
to Esau (1965), the stomata index varied in different
parts of the leaves or in different leaves of same plants.
SI and SD were markedly lower (ranging from 5.21–
14.08 %) and smaller (ranging from 5.97–14.86µm in
the Lannea species, except in L. welwitschii, where it
was 62 µm), respectively (Table 3). Davies and Heywood (1963) considered stomatal size to be too variable as a diagnostic feature, while other researchers like
Wilkinson (1971) had a contrary view. The latter in-

dicated that stomatal size shows a much wider range
in some taxa than in others, and that occasionally it
could be useful as a diagnostic character, when dealing with taxa in which size ranges are restricted. The
present study is in agreement with this observation of
Wilkinson (1971).
Trichome is another significant taxonomic feature in the species of the genus Lannea. Trichomes
are found in some species and absent in others. They
are present in L. kerstingii and L. fruticosa only on the
abaxial surface, and in L. schimperii on both leaf surfaces.
The above leaf epidermal features could be said to
be taxonomically significant because of discontinuities that occurred within and between species and
genera, as shown in Tables 2 and 3 and Fig. 1. This
study clearly shows that micromorphological features
are useful for identification of plants. Leaf epidermal
features are of taxonomic significance in the species
of genus Lannea; therefore, the species within this genus can be separated and distinguished on the basis of
their stomata, epidermal cells and trichomes.
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