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Abstract

Epidermal studies and Stomatal ontogeny of four Senna species in Zaria were studied. These include
Senna alata (L.) Roxb, Senna hirsuta (L.) Irwin and Barneby, Senna obtusifolia (L), Senna
occidentalis (L.). Aim is to evaluate the leaf epidermal studies and stomatal ontogeny in the study
area. Leaves of four species of Senna were collected from different areas in Zaria. Strips of epidermal
layers were gotten from the adaxial and abaxial surfaces of the leaves and viewed under the
microscope. The number and length of the stomata and epidermal cells were taken for both adaxial and
abaxial surfaces. The data obtained were subjected to one way Analysis of Variance (ANOVA). For
ontogenical study, Young rudimentary leaves were peeled, following 2% lactophenol staining,
mounted on microscope slides and observed under Olympus photomicroscope for stomata ontogeny
and developmental stages. The epidermal cell type of the species were polygonal, sinuous and
irreqular. Non glandular trichomes were observed on the abaxial and adaxial surface of the leaves of S.
hirsuta, S. alata, S. obtusfiolia but was absent in S. occidentalis. S. hirsuta (560.92+21.13um) has the
highest length and the least was recorded in S. alata (186.59+7.89um) on the abaxial surface, Stomata
was amphistomatic (stomata on both surfaces), Anisocytic and paracytic type type of stomata was
observed with the highest number in S. alata (30) and the least in S. obtusifolia (15). The ontogeny of
paracytic stomata is mesogenous in S. occidentalis and S. hirsuta. It is however hemimesogeous in S.
obtusifolia and S. alata showing a paracytic and anisocytic stomata type. A dichotomous key was
constructed to aid the identification of the species. Conclusion: The species can be distinguished by the
type of stomata and variation in stomatal length, there were similarities based on stomata
development between the four species. It is recommended that studies should be carried out to
integrate these anatomical features at molecular level as this will provide a pathway for establishing
relationships between the members of the genus.
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INTRODUCTION

Senna is a flowering plant in the legume family Fabaceae, the subfamily Caesalpinoideae
and the tribe Cassieae (Azani et al., 2017). This diverse genus is native throughout the
tropics, with a small number of species in temperate regions. The number of species is
estimated to be from about 260 to 350 (Nuru et al., 2018). In West Africa, the genus contains
about 22 indigenous species apart from those introduced or cultivated (Hutchinson and
Daziel, 1958; Nuru et al., 2018). Mike et al. (2010) reported about 19 species in West African
floristic region with the whole 19 species in Nigeria (Soladoye and Lewis, 2003), at least 8
species in South Western Nigeria especially in Oyo and Ogun States and at least 7 species in
Northern Nigeria especially in Zaria, Kaduna (Nuru et al., 2018).They are characterized by
presence of extra-floral nectaries, ebracteolate pedicels, straight or simply incurved
filaments, flattened or cylindrical, irregularly dehiscent pods and areolate seeds.
Economically, Senna species have ornamental and natural medicine purposes, wood
production, degraded area restoration, weeds and food for man and also vegetable sources
(Kissmann and Groth, 1992; Nuru et al., 2018). Senna is also important since their bark and
oil extract are used for flavouring purposes and in soaps, candy and perfumery (Rahman et
al., 2013). S. alata, have been reported to be used in the treatment of skin infections and for
regulating menstrual flow. Also, the plant can be used as insect repellent (Aworinde and
Fawibe, 2014). However, In Nigeria, the seeds, leaves, and roots of S. obtusifolia possess
laxatives effects. Despite its usefulness, other botanical approaches remain fragmentary,
because plants are classified based on external morphological structures such as flowers and
fruits. These structures are not always available on plants because they are seasonal in
production. However, other means of classification need to be involved; one of which is
epidermal and ontogenical studies especially of leaves which will provide a variety of
anatomical features that can be employed as useful taxonomic characters.

MATERIALS AND METHODS

The research was conducted in Zaria which is located between latitude 11°, 11' N and
longitude 7°, 73' E in the Northern Guinea savannah zone of Nigeria. The area is
characterized by a distinct wet and dry seasons with an elevation of 613m above sea level.
An average annual temperature range of 15.3- 36.25°C and receives an average of 1050 mm
of rainfall annually. Leaves of plant species were collected from the wild and preserved.

EPIDERMAL STUDIES

The method of (Abdulrahman and Oladele, 2005, Nuru et al., 2018) were adopted. Fresh
matured leaves was collected from mature plants in the study area. The leaves were fixed
and preserved in formalin acetic alcohol (FAA) for 24 hours. A portion of the leaf was then
transferred into a small container of sodium hypochlorite solution which was left for
24hours to remove the chlorophyll content. The peels were rinsed in tap water and placed
on a microscope slide, stained with lactophenol cotton blue, covered with a clean cover slip
and observed under the microscope, measured and recorded using an Ocular eye piece
graticule and Stage micrometer at a x40 objective of the light microscope as described by
Baker and Silverton, (1982); Abubakar ef al. (2011); Nuru et al. (2018) using an average of 50
randomly selected stomata. The number of stomata per field and epidermal cells per field
was counted and the values were recorded. Photomicrographs was taken using a HD
camera model attached to a light microscope.

In ontogenic studies, young rudimentary leaves were peeled. Whole mounts of the young

leaves were made and mounted following 2% lactophenol staining. The type of stomatal
ontogeny observed during the study followed the terminologies used by Rasmussen (1981),
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Abubakar and Yunusa (1998), Jibril and Jakada (2016), Haruna and Ashir, (2017). Different
stages of the development of stomata were observed and traced using a camera lucida.

The stomatal index (SI) was calculated using the formula described by Munir et al. (2011);
Abdulrahman et al. (2016) and Bolarinwa et al. (2018) that is:

Where S denotes the number of stomata per unit area and E the number of epidermal cells in
the same unit area.

DATA ANALYSES

Numerical data obtained from parameters of macro and micro morphological characters of
the leaves were subjected to analysis of variance (ANOVA) to test for significance. The mean
and standard error for each measured character were also calculated at 5% level of
significance.

RESULTS AND DISCUSSIONS.

Four species of Senna were studied and the following result were obtained:

In S. alata, mature stomata are paracytic on both surfaces. S. occidentalis, S. obtusifolia, S.
hirsuta showed an aniso/paractytic type of stomata on the adaxial and abaxial surfaces and
are shown in plates 1-8. The stomatal length was highest in S. obtusifolia (32.30+1.64pm) and
least in S. alata (19.40+£0.54pm) on the abaxial surface, while S. hirsuta (28.18+0.44um)
recorded highest and least in S. occidentalis (24.01£0.44pm) on the adaxial surface. Stomata
index are shown in the table 1.

Epidermal Cells and Trichomes

In S. alata, epidermal cells on abaxial and adaxial surface are irregular/sinuous in shape. The
length was lower in S. occidentalis (27.97+1.07um) and highest in S. obtusifolia (38.92+1.74um)
on the abaxial surface, while on the adaxial surface, it was highest in S. alata (30.62+0.86pm)
and lowest in S. hirsuta (37.94+1.55um) on the adaxial surface.

While S. occidentalis, S. obtusifolia, S. hirsuta showed a polygonal epidermal cell on both
surfaces and a non gladular trichome. However, trichome was absent on S. occidentalis
leaves. The length of epidermal cell and trichome is recorded in table 2 and trichome plates
are represented in plates 9-14.

Table 1. Stomata characteristics of leaves of Senna species

Stomata Somata Stomata

Species surface Stomata type length(num) number index (%)
Ab Paracytic 19.40+0.54 30 51.63

S. alata
Ad Paracytic 24.44+0.56 18 33.92
5. obtusifolia Ab Anisocytic 32.30+1.64 16 40.37
Ad Paracytic 26.77+0.59 15 37.32
. . Ab Anisocytic 29.86+0.91 29 51.51
S. occidentalis

Ad Anisocytic/ paracytic 24.01+0.44 25 4424
S, hirsuta Ab Anisocytic/ paracytic 24.93+0.49 21 42.59
Ad Paracytic 28.18+0.44 22 38.66

Standard error =, micrometer = um, ab= abaxial, ad= adaxial, p <0.05

Ibrahim R.. DUJOPAS 7 (2a): 217-226 2021 219




Leaf Epidermal Studies and Stomatal Ontogeny of Some Species of Senna Found in Zaria.

Table 2. Epidermal and trichome characteristics of leaves of Senna species

Epidermal Epidermal Trichome Trichome
Species Surface length(um) number length(um) number
S alat Ab 30.08+0.68 28 186.59+7.89 15
. alata
Ad 30.6240.86 35 161.41+8.35 12
Ab 38.9241.74 23 408.92+24.08 16
5. obtusifolia Ad 36914137 27 321.15+16.06 14
o Ab 27.97+1.07 27 0
5. occidentalis Ad 33.33+0.96 32 0 0
. Ab 36.64+1.37 27 560.92+21.13 10
S. hirsuta
Ad 37.94+1.55 34 598.44+23.31 16

+ = Standard error, pm = microns, ab= abaxial, ad= adaxial, p<0.05

Plate 1: S. alata showing sinuous epidermis, plate 2: S. alata showing sinuous epidermis,

Anisocytic stomata. Abaxial x400 Anisocytic stomata. Adaxial x400

"."P B ' (Y

Plate 3: . hirsuta showing plyonal epidermis plate 4: S. hirsuta showing polygonal
and paracytic stomata abaxial*400 epidermis and paracytic stomata adaxialx400
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Plate 5: S. otustfolia showin irregular plate 6: S. obtusifolia showing virregular-
Epidermis and anisocytic stomata abaxial x400 epidermis and anisocytic stomata
adaxial x400

Plate 7: S. occidentalis showing irrlar ate 8: S. occidentalis showing irreglar epidermis

and paracytic stomata abaxialx400 and epidermis paracytic stomata adaxial
%400

Plate 9: S. obtusifoliu showing a nonglandular plate 10: S. obtusifolia showing a non
Trichome abaxial x400 glandular trichome. Adaxial x400
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Plate 11: S. hirsuta showing a non glandular plate 12: S. hirsuta showing a non glandular
Trichome abaxial x400 trichome adaxial x400
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Plate 13: S. alata non glandular trichome plate 14: S. alata non glandular
adaxial x400 trichome abaxial*400

STOMATAL ONTOGENY

Developmental stages in stomatal complexes always starts with a meristemoid, which is
characterised by a conspicuous nucleus and a dense cytoplasm. The meristemoid were
identified by their small sizes, double wall and deeply stained nature, it divides unequally to
give rise to a mesogene cell and the other functions as a guard cell mother cell. These were
randomly distributed on the leaf surface and sometimes occurred between mature stomata
being mostly spherical or oval shaped (plate 15- 18). Also some of them were observed to be
triangular or rectangular in shape.

The development of Paracytic stomata in S. hirsuta and S. occidentalis is mesogenous. The
meristemoid divides unequally and the guard cell mother cell increases in size, then divides
equally by a vertical wall to form the paracytic stomata (plate 15 a- ¢, plate 18a-d).

Paracytic stomata in S. obtusifolin followed a hemimesogenous development. The
meristemoid divides unequally to give rise to a mesogene cell and the other functions as a
guard cell mother cell (plate 16a- d).
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Anisocytic stomata: The development of anisocytic stomata in S. alata is hemimesogenous.
The meristemoids (plate xvii a-b) enlarges and divides unequally into two cells. The larger
part of the cells develops to form the first subsidiary cell, S1 (plate 17 c) while the smaller
cell forms the Guard Mother Cell, it grows bigger and divides equally to form the guard
cells (plate 17 d). During this stomatal development, a single subsidiary cell is produced
from the meristemoid and the subsidiary cell does not grow as big thereby resulting to
anisocytic stomata.

Plate 15: Epidermal peel of S. hirsuta showing ontogenic pathways; (a) meristemoid and one mesogene cells. (b)
Meristemoid and a paracytic stomata (c) young paracytic stomata.

T =

Plate 16: Epidermal peel of S. obtusifolin showing ontogenic pathways; (a) meristemoid (b) meristemoid giving
rise to a mesogene cell (c) young paracytic stomata (d) young Anisocytic stomata.
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Plate 17: Epidermal peel of S. alata showing ontogenic pathways; (a) meristemoid (b) adjacent perigene cell (c)
guard cell mother cell giving rise to one mesogene cell (d) young anisocytic stomata.

e s

= Parcty e
d

Plate 18: Epidermal peel of S. occidentalis showing ontogenic pathways; (a) meristemoid (b) guard cell mother cell
giving rise to one mesogene cell (c) guard cell mother cell divides equally to form a paracytic stomata (d) a young
paracytic stomata.

DICHOTOMOUS KEY
Based on the most reliable features that were reported in the present study, an indented
dichotomous key is thus presented to delimit the four species which were investigated in the

genus Senna.

la. Epidermal cells sinuous.......... 2a
1b. Epidermal cells polygonal/irregular .......... 3a
2a. Stomata anisocytic, Hemimesogenous development......... S. alata
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2b. Stomata paracytic, Mesogenous development............ 4a

3a. Trichome absent on all surfaces............. S. occidentalis

3b. Trichome present on all surfaces............ 4b

4a. Trichome with least number on abaxial surface............. S. hirsuta
4b. Trichome with highest number on abaxial surface........... S. obtusifolia

The presence of paracytic and anisocytic type of stomata is an indication of how closely
related the species are to each other and high stomata length may be an indication of
efficient gaseous exchange in the plant. Significant difference was observed in the stomata
number but was highest on the abaxial surface of the leaves. Abubakar et al. (2011) reported
that stomatal length in plant ensures efficient gaseous exchange that affects the efficiency of
photosynthesis of the plant species and such features ensure high adaptability to new
environment.

However, epidermal cell shape showed a sinuous to polygonal type. This changes could be
attributed to prevailing environmental conditions such as high wind speed and soil
moisture content which can increase the cellular turgidity and hence the waviness. Also, the
length and number of epidermal cell could vary as a result of climate change and
environmental modifications. The absence of trichome in S. occidentalis could be as a result of
age of the plant, position of the leaf on the plant and also genetic factor. The length of
trichome recorded was highest in S. hirsuta and least in S. alata. This could be as a result of
the effect of harsh environmental conditions such as relative humidity, high light intensity,
and wind speed of the area. This concords with Saheed and Illoh (2010) and Nuru et al.
(2018) who stated that presence or absence of trichome, length and types of trichomes
studied in the species of Senna in South western Nigeria and Northern Nigeria remains
inconsistent as the ecological variations especially in different seasons may affect the degree
of hairiness.

The stomatal index of the Senna species studies varied considerably on the adaxial and
abaxial surfaces of the species studied. The difference recorded in this case could be as a
result of the effect of environmental factors such as light intensity, temperature. Adedeji and
Jewoola (2008) reported that Stomatal index is more uniform on the abaxial surface than on
the adaxial surface as leaves exposed to high light intensity produce more stomata without a
adramatic change in patterning than those exposed to low light intensity. SI also helps in
determining the level of atmospheric CO.in the plant.

Stomatal ontogeny in the species of Senna showed a mesogenous and hemimesogenous
development. This study reveals that anisocytic stomata were developed through a
Hemimesogenous ontogenic pathway in S. alata and S. obtusifolia. While paracytic stomata
were developed through a mesogenous ontogeny in S. occidentalis and S. hirsuta. A
mesogenous ontogenical type refers to subsidiary cells that have a common origin with the
guard cell. i.e. the subsidiary cell and the two guard cell mother cell are derivative cells of
the same meristemoid. This concords with the study of Abubakar and Yunusa (1998), who
reported the assertions of Acacia develop through a hemimesogenous and eumesoperigeous
ontogenic pathway. Also, Jibril and Jakada (2016) confirmed that in all the species studied, a
mesogenous stomata development was observed in some members of the family
Cucurbitaceae. Noraini and Cutler (2009), highlighted the need to use anatomical evidence
together with morphological characteristics in species identification. On the other hand, Van
Cotthem (1970) stated that stomatal types (a kind of anatomical character) are valuable
diagnostic characters in taxonomy but that any conclusion of affinities should be confirmed
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by ontogenic evidence. The different stomatal types and their ontogenic pathways in the
four species of Senna have been confined by this study, and have shown to be of valuable
diagnostic characters.

CONCLUSION

Based on leaf epidermal features the species studied can be distinguished from one another
by stomata types. The presence of various stomata is of taxonomic interest in this study
which can be used to distinguish the species; Based on stomata ontogeny, the species
showed two types of development which are mesogenous and hemimesogenous.
Similarities were observed based on development of stomata.
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