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ABSTRACT 
Cola belongs to the family Sterculiaceae and the 

name was given by Schott and Endl in 1832. Most of 

the Cola species are trees and grow in moist 

environments. They bear flowers that may be 

grouped into panicles of cyme or appears as fascicles 

on branches or trunks. Their leaves may be entire, 

pinnately nerved or digitally divided. The plants are 

used for different medicinal purposes. Some of their 

seeds are used as currency, to suppress hunger and 

for flavoring in Cola drinks. The materials (leaves) 

for the study were collected mostly from the southern 

part of the country. The fresh leaves were collected in 

black polythene bags from the field and stored in 

50% alcohol. The leaves were later cut into 2cm
2
 and 

put on a labelled petri-dishes. Concentrated nitric 

acid was added to cover the leaves. The epidermides 

were separated from the mesophyll using forceps and 

camel hair brush. The peels were stained in safranin, 

rinsed in water and mounted in glycerol on glass 

slides. They were covered with cover slips and the 

edges sealed with hair vanish to prevent dehydration. 

Observations and measurements of the epidermal 

characters were made using CX31 photomicroscope 

and micrometer eye piece. The epidermal cells were 

either irregular or polygonal in shape while the 

stomata were anomocytic, anisocytic or paracytic in 

nature. Trichome bases were observed in most of the 

epidermides. Stellate and peltate trichomes were 

observed in Cola gigantea and Cola heterophylla 

respectively. The characters observed were of great 

importance taxonomically and can be used to identify 

some of the taxa even at the species level. The 

similarities and overlapping of some of the characters 

symbolize their closeness. 

KEYWORDS:  Significance, Leaf, Epidermis, 

Taxonomy, Cola  

 

I. INTRODUCTION 
The genus ColaSchott. and Endl. belongs to 

the family Sterculiaceae and the name was given by 

Schott and Endlicher in 1832 (Burkill, 2000). Before 

that year, a few Cola species were known under the 

generic name sterculia linn (Opeke, 1982). 

In 1805 Palisot de Beauvois published an 

account of specimens that he had collected during a 

visit in 1786 to parts of what is now Nigeria (Tachie-

Obeng and Brown, 2001). Among the species 

collected by Beavois was the local Cola tree, named 

by him as sterculia acuminata (Russel, 1955). The 

genus Cola is the largest in the family Sterculiaceae 

(Cheek, 2002) and it is indigenous to Africa (Airy-

Shaw, 1985). Members are trees which grow in moist 

environments (Nyananyo, 2006). According to 

Russel (1955), the systematics of Cola species was in 

a state of “indescribable confusion” by the beginning 

of the twentieth century as a result of profusion of 

new species named on the basis of very meager 

evidences.  

Literature is very sparse on Cola and most of 

the work done on the genus have been on the 

chemical constituents and these have been 

concentrated on very few species (Niemenk et al., 

2008). Sonibere (2009) showed that the presence of 

alkaloids, saponins, tannin and cardenolides in Cola 

acuminata, Cola nitida, and Cola gigantea indicates 

their closeness taxonomically. Kola nuts are highly 
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esteemed by the people throughout tropical west 

Africa as charms and remedies, as amulets and 

aphrodisia. White or light-colored nuts effect love 

magic while red has the opposite effects. Dried fruits 

have also been used as currency and are given as 

tokens of friendship (Ratsch, 1992). 

Kolanutsreputation for suppressing fatigue and 

promoting endurance is legendary and Russel (1955) 

claimed that the British consul at Bachia, Brazil 

wrote a letter in 1890 suggesting that this powerful 

commodity should be brought to the attention of her 

Majesty’s war office (Cousins and Hoffman, 2002). 

The powdered back of Cola gigantea A. 

chev. is applied to sores and ulcers and the decoction 

taken internally as a remedy for pile (Irvine, 1961). 

Burkill (2000) noted that Cola acuminata has impacts 

0n various aspects of life. Some people plant it to 

commemorate a social event, births, marriage etc. 

Yoruba’s invoke it in an “Odu” incantations 

to enable someone wage a successful fight.  

According to Irvine (1961), the beaten back 

of Cola digitata forms a foamy mass which is used to 

cure baldness in Liberia. 

The wood of Cola laurifolia is used for 

making bows and firewood and the seeds used for 

treatment of dysentery and diarrhea (Irvine, 1961). 

Caffeine, a constituent of kola excites the 

central nervours system at several levels and is a 

mental, skeletal muscles, respiratory and cardiac 

stimulant (Hutchinson and Dalziel, 1958). Kola nuts 

seeds are exported to be used in the preparation of 

soft drinks. Commercially, its use is limited to 

flavouring in Cola drinks and in the manufacture of 

pharmaceuticals (Tendall, 1997). 

This study is very important from the 

standpoint of the difficulties experienced in 

identification of some of the Cola species because of 

their similarities morphologically. In addition, the 

Cola species have severalmedicinal uses but they 

may be difficult to differentiate from oneanother 

whether in terms of leaf morphology or fruits. The 

anatomical characteristics are then useful to solve 

these problems to avoid adulteration. 

Data generated from leaf epidermal 

characters were used in resolving taxonomic 

problems or in the identification of some species 

(Gul, et al., 2019. Ashtaq et al., 2019., Rashid et al., 

2019., Atalay, 2016., James et al., 2021., Ayodele 

and Olowokudejo, 2006., Das, 2002 and Ahmed et 

al., 2019).  

 

 

II. MATERIALS AND METHODS 
Fresh leaves of the twenty-oneCola species 

were collected from the field in black polythene bags. 

The areas of collection were Cross River, River, Edo, 

Ondo, Oyo, and Niger states. The Cola species 

studied are as found in tables 1, 2 and 3. 

 

Epidermal preparation  

Fresh leaves of each specimen were 

preserved in 50% ethanol. The preserved leaves were 

rinsed in ordinary water. About 2cm
2
was cut from the 

standard median portion of each of the Cola species. 

Three to five specimens were used for each species 

except for those that were collected from a single 

location. Each specimen was put in a labeled petri-

dish and concentrated nitric acid was added so that 

the leaves were covered with the acid. These were 

left in the sun outside the laboratory to hasten the 

action of the acid. Formation of air bubbles in the 

leaves indicated the separation of the upper and lower 

epidermides from the mesophyll. The specimens 

were transferred into new labeled petri-dishes and 

rinsed three times in water. 

The epidermides were separated with a pair 

of forceps and cleaned with camel hair brush by 

removing the residuals mesophyll layer. The peels 

were stained in safranin for about 30 minutes, rinsed 

in water and mounted in 25% glycerol on clean glass 

slides and covered with cover slips. The edges of the 

cover slips were sealed with nail vanish to prevent 

dehydration. Observations and measurements were 

made using the micrometer eye piece. Twenty-five 

measurements of each character were randomly made 

from each specimenand the mean and standard error 

calculated. 

The stomatal index was calculated using the 

formular of Salisbury (1927). 

S. I =  
S

S + E
x100% 

Where S.I is the stomatal index, S is the number of 

stomata per area of view and E is the number of 

epidermal cells per the same area of view. 

Characters were described based on Stace (1965), 

Olowokudidejo (1993) and Dilcher (1974). 

Photomicrographs of the specimens were taken using 

Olympus CX31 photomicroscope. 

 

III. RESULT 
The epidermal cells were either irregular or 

polygonal on both surfaces of Cola acuminata, C. 

digitata, Cola lateritia and C. laurifolia (table 1, plates 

1A and 1B, 1E and 1F, 2H and 2I, 3A and 3B). 
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The cell shape on the abaxial surface may be 

different from that of the adaxial surface of the same 

leaf as in C. flaviflora, C. gigantea, C. nitida, C. 

pachycarpa and C. rostrata (Table 1, plates 1I and 

2A, 2B and 2C, 3I and 4A, 4C and 4D, 4E and 4F). 

Anticlinal wall pattern may be straight 

curved or undulate (table 1). The anticlinal cell walls 

were curved and straight on both surfaces of 

C.chlamydantha, C.ficifolia and C.pachycarpa. (table 

1. Plates1C and 1D, 1G and 1H, 4C and 4D) 

Undulation of the anticlinal cell wall was 

more pronounced on the abaxial surface in 

C.chlamydantha, C.ficifolia, C.flaviflora, C. glabra, 

and C.nigerica (table1, plates 1C, 1G, 1I, 2D, 3G ) 

while they were straight in C. acuminata, C. digitata, 

C.lateritia, C. laurifolia and C. nitida (plates 1A, 1E, 

2H, 3A, 4A) and curved in C. heterophylla, 

C.pachycarpa and C. rostrata (plates 2F, 4C, 4E). 

The number of epidermal cells per field of 

view (X400) in the genus ranged from 90 in C. 

heterophyllaon the adaxial surface while on the 

abaxial surface the range was from 99 in C. 

flaviflora, C. heterophyllaandC. nitida (table 2). The 

mean epidermal cell width ranged from 15.6µm in 

C.lepidota to 58.9µm in C.ficifolia on the adaxial 

surfaces and from 21µm to 71µm on the abaxial 

surfaces of C. laurifolia and C.ficifolia respectively 

(table 2). Mean cell wall thickness varied from 2.4µm 

in C.flaviflora and C. glabra to 5.1µm in C.acuminata 

on the adaxial surfaces while on the abaxial surfaces 

it was between 2.4µm in C.ficifolia to 5.0µm in 

C.nigerica (table 2). 

There were more epidermal cells on the 

adaxial surface except in C. ficifolia. 

Epidermal cells per field of view (X400) in 

the genus was from 90 in C. heterophylla to 676 in C. 

nitida on the abaxial surface (table 2). 

Stomatal types were anomocytic in the 

genus but anisocytic in C. digitata and C. lepidota 

(table 3, plate 1E, and 3C) and paracytic in C. 

ficifolia, and C. flaviflora. (table 3, plates 1G and 1I). 

All the species were hypostomatic except for C. 

nitida where it wasamphistomatic (Plate 4B).  The 

range of the number of stomata per field of view 

(X400) was from 7 in C. megalophylla to 105 in C. 

laurifolia. Stomata were found along the veins on the 

adaxial surface of C. nitida (table 3, plate4B). 

Stomatal index ranged from 0.02% in C. 

acuminata to 0.06% in C. nitida on the adaxial 

surfaces while it ranged from 6.5% in C. nitida to 

29.7% in C. gigantea on the abaxial surfaces (table 3) 

trichomes were absent on the epidermal surfaces 

except in C. gigantea and C. heterophylla where they 

were stellate and peltaterespectively (table 3, plates 

2B and 2G). however, circular and star-shape 

trochome bases were recorded on most of the either 

surface of the epidermides. 
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Plate 1: Photomicrographs of the Leaf Epidermal Characters of Cola Species 

 
 

A. Cola acuminata: abaxial surface showing 

polygonal cells, straight anticlinal walls, 

anomocytic stomata and circular trichome bases. 

B. Cola acuminata: adaxial surface showing 

polygonal cells, straight anticlinal walls and 

circular trichome bases. 

C. Cola chlamydantha: abaxial surface showing 

irregular cells with undulating anticlinal cell 

walls, anisocytic stomata and pocket-shaped 

glandular trichomes. 

D. Cola chlamydantha: adaxial surface showing 

irregular cells with undulating anticlinal cell 

walls and star-shaped trichome bases. 

E. Cola digitata: abaxial surface showing polygonal 

and irregular cells with straight and curved 

anticlinal cell walls, aninocytic stomata and star 

shape trichome bases. 

F. Cola digitata: adaxial surface showing polygonal 

and irregular and irregular cells with straight and 

curved anticlinal cell walls and circular trichome 

bases. 

G. Cola facifolia: abaxial surface showing 

polygonal cells, undulating anticlinal cell walls, 

paracytic stomata and pocket shaped glandular 

trichome bases    

H. Cola facifolia: abaxial surface showing 

polygonal cells with curved and straight 

anticlinal cell walls and star-shaped trichome 

bases. 

I. Cola flaviflora: abaxial surface showing irregular 

cells with undulating anticlinal cell walls, 

paracytic stomata and circular trichome bases.  
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Plate 2: Photomicrographs of the Leaf Epidermal Characters of Cola Species 

 
 

 

A. Cola flaviflora: adaxial surface showing 

polygonal cells and circular trichome bases 

B. Cola gigantea: abaxial surface showing irregular 

cells with curved anticlinal cell walls, 

anomocytic stomata, pocket-shaped glandular 

and stellate trichomes. 

C. Cola gigantea: adaxial surface with polygonal 

cells, straight anticlinal cell walls and pocket-

shaped glandular trichomes  

D. Cola glabra: adaxial surface showing polygonal 

cells with sinulate anticlinal cell walls, 

anomocytic stomata and star-shaped trichome 

bases. 

E. Cola glabra: adaxial surface showing polygonal 

cells with straight anticlinal cell walls and star-

shaped trichome bases. 

F. Cola heterophylla: abaxial surface showing 

irregular cells with curved and straight cell walls, 

anomocytic stomata and pocket-shaped glandular 

trichomes 

G. Cola heterophylla: adaxial surface showing 

polygonal cells with curved and straight 

anticlinal cell walls, peltate trichomes and 

pocket-shaped glandular trichomes. 

H. Colalateritia: abaxial surface showing polygonal 

cells, straight anticlinal walls, anomocytic 

stomata and pocket-shaped glandular trichomes. 

I. Cola lateritia:adaxial surface showing polygonal 

cells with straight anticlinal cell walls and 

pocket-shaped glandular trichomes.  
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Plate 3: Photomicrographs of the Leaf Epidermal Characters of Cola Species 

 
 

A. Cola laurifolia: abaxial surface showing 

polygonal cells with straight anticlinal cell walls, 

anomocytic stomata and star-shaped trichome 

bases. 

B. Cola laurifolia: adaxial surface showing irregular 

cells with straight anticlinal cell walls and 

pocket-shaped trichomes. 

C. Cola lepidota: abaxial surface showing irregular 

cells with straight and curved anticlinal cell 

walls, anisocytic stomata and star-shaped 

trichome bases. 

D. Cola lepidota: adaxial surface showing 

polygonal cells with straight anticlinal cell walls 

and star-shaped trichome bases. 

E. Cola megalophylla: abaxial surface showing 

polygonal cells with straight and curved 

anticlinal cell walls and circular trichome bases. 

F. Cola megalophylla: adaxial surface showing 

hexagonal cells with straight anticlinal cell walls 

and circular trichome bases. 

G. Cola nigerica: abaxial surface showing irregular 

cell with sinulate anticlinal cell walls, 

anomocytic stomata and star-shaped trichome 

bases. 

H. Cola nigerica: adaxial surface showing irregular 

cells with sinulate anticlinal cell walls. 

I. Cola nitida: abaxial surface showing anomocytic 

stomata, polygonal cells with straight anticlinal 

cell walls and pocket-shaped glandular 

trichomes.  
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Plate 4: Photomicrographs of the Leaf Epidermal Characters of Cola Species 

 
 

A. Cola nitida: abaxial surface showing polygonal 

cells with straight anticlinal cell walls. 

B. Cola nitida: adaxial surface showing stomata 

along the main vein. 

C. Cola pachycarpa: abaxial surface showing 

irregular cells with curved anticlinal cell walls, 

anomocytic stomata almost covered with 

papillate and have circular trichome bases. 

D. Cola pachycarpa: adaxial surface showing 

irregular and polygonal cells with straight and 

curved anticlinal cell walls and circular trichome 

bases. 

E. Cola rostrata: abaxial surface showing irregualar 

and polygonal cells with curved and straight 

anticlinal cell walls. 

F. Cola rostrata: adaxial surface showing irregular 

and polygonal cells with curved and straight 

anticlinal cell walls and amonocytic stomata. 

G. Cola verticilata: abaxial surface showing 

polygonal cells with straight and curved 

anticlinal cell walls, anomocytic stomata and 

circular trichome bases 

H. Cola verticilata: adaxial surface showing 

irregular cells with straight and curved anticlinal 

walls, circular trichomes bases and crystal sands.  
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Table 1: Qualitative leaf epidermal characters of genus Cola in Nigeria 

 
 

Table 2: Quantitative leaf epidermal characters of genus Cola in Nigeria 
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Table 3: Quantitative leaf epidermal characters of genus Cola in Nigeria 

 
 

IV. DISCUSSION 
The leaf epidermal characters investigated in 

this study include the cell shape, stomata, anticlinal 

wall patterns, trichomes, number of cells per area of 

view, epidermal cell width, cell wall thickness, 

stomatal length, width, density and index. 

The anticlinal cell wall patterns, shapes of 

the cells, sizes and densities varied among the Cola 

species. Foliar epidermal study is very important in 

identification of plants (kadiri, Olowokudejo and 

Ogundipe, 2006). The taxonomic value of epidermal 

morphology was also put forward by Adedeji (2004), 

kadiri (2006) and Khatihajh and Zaharina (1998).  

The epidermal cells in different plants may 

vary in the number of layers, shapes, structure, 

stomata, trichomes and occurance of specialized cells 

(Fahn, 1982).  

The wide range in the distribution of cells 

(121-950 on the adaxial and 177-562 on the abaxial 

surfaces) can be used to separate one taxon from the 

other. The heterogenus cell shapes are delimiting 

characters in the Cola species. 

The mostly hexagonal cells on the adaxial 

surface of C. megalophylla made it distinct from 

other taxa which may have polygonal or irregular 

cells. The use of epidermal cell characters was used 

to solve some taxonomic problems by Ogundipe and 

Olatunji (1991), Ayodele and Olowokudejo (1993), 

Das and Gbose (1993), Illoh (1995), Isawumi (1996), 

Croxdale (2000) and Ayodele and Olowokudejo 

(2006). 

The sinuate anticlinal cell walls in C. glabra 

and C. nigerica where it is found on the abaxial 

surface of the former and both surfaces of the later 

respectively are important diagnostic characters. 

Stace (1965) observed that the undulation of the cell 

wall is a mesomophic character which according to 

him is determined by environmental conditions such 

as humidity. This does not apply to the Cola species 

in this research because C. nigerica which has sinuate 

anticlinal walls on both surfaces was from the same 

ecological area with C megalophylla and C. digitata 

that have straight anticlinal walls.  

Based on the stomatal types, these Cola 

species can be grouped into three: viz those with 

anomocytic, paracytic and anisocytic stomata. The 

amphistomatic character shown by C. nitida is also of 

great taxanomic importance and can be used to 

separate it  from the other taxa. As elucidated by 

Krishnamurthy and Kannabiron, 1970, the number 

and arrangement of subsidiary cells, morphology and 

relationship of the stomata to neighboring cells have 

diagnostic importance in these taxa. Watson (1962) 

pointed out that the pattern of stomatal distribution 

and structure are important taxonomic criteria in 

Epacridaceae. 

Nyanayo (1986) maintained that the 

uniformity in subsidiary cells in each species 
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supports its naturalness. Akhil and Subhan (1997), 

Rejdali (1991), Singh and Dube (1993) and Kadiri 

and Adesina (2008) made it clear that the taxonomic 

significance of stomata has been variously reported 

and was evident in this work because different types 

of stomata were observed.  

Trichome bases of different types were 

observed on the epidermides but stellate and peltate 

trichomes occurred in C. gigantea and C. 

heterophylla respectively. These trichomes 

distinguished the two species from the rest. 

Trichomes have been used as one of the anatomical 

characters for systematic comparison and 

delimitation. 

 

V. CONCLUSION 
The epidermal characters in this study have 

proved to be useful in delimiting some of the Cola 

species from others. Although some may have similar 

stomatal types but they may differ in terms of 

subsidiary cells or the trichome bases. This showed 

that the characters when combined with other 

characters like phytochemicals can be conveniently 

used to distinguish one species from the other. The 

use of epidermal characters in plant taxonomy from 

what was observed in this study is well appreciated or 

accepted.  

 

REFERENCES 
[1]. Adedeji, O (2004). “leaf epidermal studies of 

Emilia cass (Asteraceae) in Nigeria” Botanica 

lithuuania 10 (2) 12-133. 

[2]. Airy-Shaw, H.K (1985) a dictionary of the 

flowering plants and ferns. 41
th

 – ed. 

Cambridge university press. Pp 46-102. 

[3]. Akhil, B. and Subhan, C.N (1997) Foliar 

epidermal characters in twelve species of 

Cinnamomum schaeffer (Lauraceae) from 

Northern India. Phytomophology 47 (2): 127-

134. 

[4]. Ashtaq, S., Ahmed, M., Zafar, M., Sultana, S., 

Ullah, F. and Nazish, M. (2019). Foliar 

micromorphology of convolvulaceous on 

trichome diversity from the arid zone of 

Pakistan. Flora, 255:110-124. 

[5]. Atalay, Z., Celep, F., Bara, F., and Dogan, M. 

(2016). Systematic significance of anatomy 

and trichome morphology in Lamium 

(Lamioideae, Lamiaceae). Flora, 225 (1) 60-

75. 

[6]. Ayodele, A.E and Olowokudejo, J.D (2006) 

The family of Polygonaceae in west Africa. 

Taxonomic significance of leaf epidermal 

characters. South Africa J. Bot. 72: 442-459. 

[7]. Burkill, H.M. (2000). Useful plants of west 

tropical Africa. Vol. 5: 2
nd

-ed. Royal botanical 

garden, Kew. Pp 139-156. 

[8]. Cheek, M. (2002).Three new species of Cola 

(Sterculiaceae) from Western Cameroon Kew 

Bulletin. 

http//www.bio.uaic.ro/publicatii/anale_bioche

mie/2007-viii-fl/2007 

[9]. Cousins, D. and Hoffman, M.A. 

(2002).Medicinal properties in the diet of 

Gorilla: an ethnopharmacological evaluation. 

African studies monographs, 23 (2): 65-68.  

[10]. Croxadale, J.L. (2000).Stomatal patterning in 

angiospernis. AM J. Bot. 87: 1069-1080. 

[11]. Das, S. (2002). On the ontogeny of stomata 

and glandular hairs in some Indian mangrove. 

Acta Botanica Coratica, 61: 199-205 

[12]. Das, S. and Gbose, M (1993). Morphology of 

stomata and leaf hairs of some halophytes 

from Sundarbans, West Bengal. 

Phytomorphology, 43: 59-70. 

[13]. Fahn, A (1982). Plant anatomy, 3
rd

 ed. 

Fergaman press. Pp 208-218 

[14]. Gul, S., Ahmed, M., Zafar, M., Bahadur, S., 

Celep, F., begum, N. Hanif, U., Zaman, W., 

Shuaib, M., Ayaz, A. and Sultana, S., (2019). 

Taxonomic significance of Foliar epidermal 

morphorlogy in Lamiaceae from Pakistan. 

Microscope research and technique. Volume 

82, issue 9: 1507-1528 

[15]. Hutchinson, J. and Dalziel, J.M. (1954). Floral 

of west tropical Africa. Vol. I; part 3. The 

crown agent for colonies, London. Pp 310-

311. 

[16]. Illoh, H.C (1995). Foliar epidermis and leaf 

anatomy of four species of Celosia L. in 

Nigeria. Feddes Reppertarum, 106: 15-23. 

[17]. Irvine, F.R. (1961).Woody plants of Ghana. 

Oxford University Press London pp. 125-130. 

[18]. James, O.E., Green, B.O., Ajuru, M.G. and 

Wilson, V. (2021). Internal Journal of 

Frontiers in Life Science Research, 2021, 01 

(01), 048-055.           

[19]. Kadiri A.B, and Adesina, A.V. (2009) folair 

epidermal morphology of two west African 

genera of Haloragaceae R. Br (saxifragales). 

Journ. Sci. res. Dev. Vol. 11: 84-91. 

[20]. Kadiri, A.B (2006) “comparative foliar 

micromophorlogical characters of the species 



 

     

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 4, Issue 2 Feb 2022,   pp: 1675-1685  www.ijaem.net    ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-040216751685   Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal   Page 1685 

of portolacaceae in Nigeria” bulleting of pure 

and applied science. Vol. 25 B, 1: 21-26. 

[21]. Kadiri, A.B., Olowokudeju, J.D, and 

Ogundipe, O.T (2006).Some aspects of foliar 

epidermal morphology of 

cylicodiscusgabunesis (Taublharms 

(mimosaceae). Journ. Sci. res. Dev. Vol. 10: 

33-34. 

[22]. Khatijah, H.H and Zaharina, M.S. (1998). 

“comaparative leaf anatomical studies of some 

Sterculia L. species (Sterculaiceae)” Botanical 

journ. of Linean society Vol. 127: 150-174. 

[23]. Krishnamurthy, K.H and Kannabiron, B 

(1970).Histomorphology of foliar epidermis 

and pharmacognosy on Asclepiadaceae. Journ. 

of Indian Botany, Gaz. 136: 372-379. 

[24]. Niemenk, N; Onomo, F.E.F; Lieberei, R 

&Ndoumou, D.O (2008). South African 

journal of Botany vol. 74 issue 4. 629-638. 

[25]. Nyananyo, B.L (1986). Taxonomic 

significance of stomatal complex in 

portulacaceae. Feddes Repertorum 97 (1998) 

11-12, 703-706. 

[26]. Nyananyo, B.L (2006). Plants from Niger 

Delta. Onyoma research publications 102 pp. 

[27]. Ogundipe, O.J and Olatunji, O.A. (1991). The 

leaf anatomy of the species of 

Cochlospermumkunth (Coclospermaceae in 

west Africa). Feddes repertorum, 103: 183-187 

[28]. Olowokudejo, J.D, (1993). Comaparatice leaf 

epidermal morphology of west African species 

of Jatropha (Euphobiaceae). Bot. J. Linean 

Soc. 3:139-154. 

[29]. Opeke, L.K (1965). Tropical tree crops. 

Spectrum books limited sunshine house. 

Ibadan, Nigeria  

[30]. Rashid, N., Zafar, M., Ahmed, M., Khan, M.J., 

Malik, K., Sultana, S., and Shah, N.S. (2018). 

Taxonomic significance of leaf epidermis in 

tribtrifolieae L. (Leguminosae; papilionoideae) 

National Journal Dealing with all aspects of 

plant Biology. Official journal of the Societa 

Botanica Italiana. Vol. 153, issue 3. 406-416 

[31]. Ratsch, C. (1998). The dictionary of sacred 

and margical plants. Prism press, Dorset. 

[32]. Rejdali, M. (1991). Leaf micromorphology 

and taxonomy of North African species of 

siderites L. (Lamiceae). Bot. journ. of the Lin. 

Soc. 107: 67-77. 

[33]. Russel, T.A (1955) the Cola of Nigeria and the 

Cameroon. Tropical agriculture, Trin. Vol. 32, 

(3): 210 – 240. 

[34]. Salisbury, E.J (1927). On the cause and 

ecological significance of the stomatal 

frequency, with special reference to the 

woodland flora. Phil. Trans. R. Soc. Lond. Ser. 

B. 126: 1-65. 

[35]. Singh, H.B. and Dube, V.P. (1993). 

Taxonomic importance of leaf epidermis in 

corchorus Linn. (Tiliaceae). Phytomorphology 

43 (3 and 4): 185-194. 

[36]. Sonibere, M.A; Soladoye, M.O; Esan, O.O 

&Sonibere, O.O (2009). Phytochemical and 

antimicrobial studies of four species of Cola 

Scott. And Endli. (sterculaiceae). African 

journal of traditional, complementaryand 

alternative medicine Vol. 6. No. (4) 518 – 522. 

[37]. Stace, A.C (1965) cuticular studies as an aid to 

plant taxonomy. The bulletin of the British 

Museum (national history) Vol. 4. No.1 of the 

Botany series pp. 37-40.  

[38]. Tachie-Obong E. and Brown, N., (2001). Cola 

nitida and Cola acuminata. A state of 

knowledge report undertaken for the central 

African regional prograµme for the 

environment. Oxford institute of forest 

department of plant sciences, university of 

oxford United Kingdom, United State DC 

Agency for international development. 

Biodiversity support program Washington. Pp 

1-5     

[39]. Tindall, R. (1997). The culture of Cola: social 

and economic aspects of a west Africa 

domesticate. Carbondale/Ethnobotanical 

leaflets/URL. Southern Illinois university. 

http//www.siu.edu/ebi/du updated 23. Dec. 

1997/edu 

 

 

 

 


