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Abstract 
 
A comparative study of the leaf epidermis characters of three African species of Irvingia was undertaken 
using light microscopy with a view to provide additional taxonomic anatomical characters for 
distinguishing the species.   Until now, the distinction of the species was based on weak data from exo-
morphology, biochemistry and organoleptic features with their attendant taxonomic inadequacies. 
Majority of the variations were found in stomata number, cell number on adaxial surface and stomatal 
index of I. gabonensis, I. smithii and I. wombolu respectively, and they appear useful in differentiating 
the species but interstomatal epidermal cell number, paracytic stomatal type and hypostomata are 
generic constant. Amphibrachyparacytic stomata type, styloids and peltate scales are useful for 
distinguishing I. smithii from other species, while undulate epidermal cell shape and lack of crystals on 
the adaxial surface of the epidermis separate I. wombolu from I. gabonensis. New stomatal types are 
recorded for the genus. An artificial bracketed identification key is presented for delimiting the species.  
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INTRODUCTION 
Irvingia Hook.f. is a native genus of Africa and Southeast Asia in the family Irvingiaceae 
(Harris, 1994, 1996; Orwa, et al., 2009). It is commonly called wild mango, African mango 
or bush mango. The number of species in the family is about 7-12 with one variety worldwide 
(Tropicos, 2022; Harris, 1996). These taxa involved are I. australiana (F. Muell.) F. Muell., I. 
barteri Hook. f., I. barteri var. tenuifolia Oliv., I. excelsa Mildbr., I. gabonensis (Aubry-Lecomte ex 
O'Rorke) Baill., I. glaucescens Engl., I. grandifolia (Engl.) Engl., I. malayana Oliver ex Bennett, I. 
robur Mildbr., I. smithii Hook. f., I. tenuifolia Hook. f., I. tenuinucleata Tiegh. and I. wombolu 
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Vermoesen. Six of these (I. australiana, I. barteri, I. glaucescens, I. malayana, I. tenuifolia and I. 
barteri var. tenuifolia have not been included in the list for Africa (Mensier, 1957; Harris, 1996).  
The remaining six species purported to be African are confronted with problems of 
identification and synonymy hence it is difficult to establish the exact number of species for 
this region. For instance, I. robur was regarded as a synonym of I. gabonensis, and I. 
tenuinucleata as a synonym of I. wombolu (Mensier, 1957; Harris, 1996; Nzekwe et al., 2002; 
personal communication with the International Institute of Tropical Agriculture (IITA) Forest 
Centre, Nigeria). Furthermore, in another account (Hutchinson & Dalziel, 1972), I. gabonensis 
and I. wombolu are often confused as they have limited morphological differences hence, they 
are regarded as synonyms.  Harris (1996) pointed out that it is difficult to identify herbarium 
specimens of the two species and they do not have a clear difference in their biochemical 
properties Tchoundjeu and Atangana (2007). Meanwhile, a very slight distinction between 
them has been based on organoleptic characters (these are features acting on, or involving the 
use of sense organs, i.e. taste) (Harris, 1996), and this is supported by molecular markers (Lowe 
et al., 2000).  
 
The International Centre for Research in Agroforestry (ICRAF) refers to the plants as African 
bush mango trees (ABMTs). They have high medicinal and economic potentials in the local 
economy (Harris, 1994), due to their reliable source of income and as raw materials for certain 
culinary industries, in contemporary societies.  
 
Given the uncertainty surrounding the taxonomy of the genus and the need to provide 
additional identification criteria for the species, (Okafor, 1975; Harris, 1996; Atangana et al., 
2002), this work has focussed on the leaf cuticle of the three species and documented new 
taxonomic information for understanding them. 
 
MATERIALS AND METHODS 
The specimens of three African species of Irvingia: I. gabonensis, I. smithii, and I. wombolu were 
used for the study. The herbarium acronyms where samples were studied are according to 
Thiers (2016) while the plant samples examined in the study and them exsiccate data are 
arranged alphabetically. 
 
Leaf pieces of 2-3 cm2, obtained from a standardized median portion of the leaf lamina (Stace, 
1965; Ogundipe & Kadiri, 2012; Kadiri & Olowokudejo, 2016) were first boiled in water so that 
the cells could hydrate to their maximum size before they were soaked in 100% HNO3 (nitric 
acid) in capped specimen bottles for 3 to 5 hours until only the epidermal cuticle and adhering 
cells remained. The samples were transferred into Petri dishes containing distilled water and 
the cuticular layers were teased off and rinsed in distilled water; adhering tissues were 
brushed off using a soft artist’s brush. The clean transparent cuticles were then placed on glass 
slides and adaxial and abaxial epidermal surfaces were mounted separately and a few drops 
of ethyl alcohol 50%, 70%, 75% and 100% were added in series: The mounted samples were 
stained with Safranin O in 5% ethanol for about 5 minutes before adding 50% glycerin. All 
prepared samples were protected with cover slips and then sealed with nail polish to prevent 
dehydration. All slides were labelled appropriately and examined with an XSZ-170BN 
Olympus (Tokyo, Japan) compound light microscope, and images were captured with a 
UCMOS08000KPA-U-NA-N-M-CY-NA version of ToupView 3.7 camera. Our description of 
the studied leaf micro-morphological features follows the terminologies of Stace (1965, 1991). 
 
RESULTS 
Particulars of all samples can be found in Table 1. Variations within the studied epidermis 
characters were observed. For instance, the epidermal cell shape appeared either irregular, 
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polygonal or a combination of both, anticlinal wall patterns were straight, curved or undulate 
(Table 2, Fig. 1A-F), and three common stomatal types, viz, paracytic (stomata with one or 
more subsidiary cells parallel to the opening between the guard cells), brachyparacytic (two 
cells flanking the sides of the guard cells but not completely enclosing them) and 
hemiparacytic (stoma is accompanied by a single subsidiary cell, which is placed parallel to 
the long axis of the guard cells) were found in all three species, but the amphibrachyparacytic 
type was restricted to I. smithii (Table 2); a condition whereby the stoma has four subsidiary 
cells flanking the lateral sides of the guard cells with two cells to each lateral side. These 
subsidiary cells did not completely enclose the guard cells and were oriented parallel to the 
long axis of the guard cells (Fig. 1D). The leaves were hypostomatic in all species (Table 2). 
Some other epidermal appendages such as crystals, peltate scales and styloids were either 
present or absent. Where present, their distribution was on both surfaces of the epidermis or 
restricted to one layer (Fig. 1, Table 2). The quantitative data (Table 3) obtained for the three 
species only overlapped among individuals of the same species to reflect the existing affinities 
among the specimens of the species. Overall, the mean values have a standard error that 
ranged between 1 and 4 (Table 3). The mean number of stomata per square millimeter varied 
from 32 (±2) in I. gabonensis and 82 (±2) in I. wombolu respectively, and the epidermal cell 
number in the same area of the epidermis on the abaxial surface was higher in I. smithii (82±2) 
than in the other species (I. gabonensis: 73±3, I. wombolu: 54±2), while the number of anticlinal 
wall curves of the same species was lower (4±2) than the other two species (I. gabonensis: 7±3, 
I. wombolu: 10±4) (Table 3).  
 
DISCUSSION 
Before now, the taxonomic usefulness of leaf epidermis characters has been shown to assist in 
solving taxonomic intricacies in many angiosperm families, e.g., within Combretaceae, 
Amaranthaceae, Cucurbitaceae, Plantanaceae (Metcalfe & Chalk, 1950,1979, Stace, 1965, 
Carpenter et al., 2005; Ogundipe & Kadiri, 2012; Kadiri & Olowokudejo, 2016) and in the 
characterization of T. wallichiana Zucc. complex in combination with many vegetative features 
(Möller et al., 2007). Thus, this has been similarly portrayed by the data obtained in this study; 
and reasonable support has been offered to the distinctness of each of the three studied species 
of Irvingia in Africa. Three new stomatal types such as brachyparacytic, hemiparacytic and 
amphibrachyparacytic are added to the existing information about the genus, and they appear 
useful in distinguishing the species. Stomata are known to be poorly plastic as they are under 
strict genetic control (Stace, 1965; Carpenter et al., 2005); though other epidermal features 
studied here may be under the influence of some environmental factors, but their taxonomic 
value does not diminish as pointed out that trait expression in species can be constant in the 
face of environmental challenges (Davis & Heywood, 1963, Stace 1965, 1991).  
 
The present observation and report are in line with the reports of Van welzen & Baas (1984) 
on the role of leaf anatomical characters on plant  classification , especially the family Linaceae 
, Carpenter et al.(2005) on taxonomic relationship between Platanaceae and Proteaceae based 
on the leaf cuticles, Ogundipe & Kadiri (2012) on the value of comparative morphology of leaf 
epidermis for distinguishing the West African species of Amaranthaceae and Kadiri & 
Olowokudejo (2016) who used combined leaf epidermis and exo-morphology for 
differentiating some species of the West African Cucurbitaceae.  
 
Therefore, an artificial bracketed dichotomous key which was based on the studied leaf 
epidermis characters has been prepared for identifying the three African species of Irvingia 
even when the leaves available for study are fragmentary.   
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Taxonomically, two of the three species (I. gabonensis and I. wombolu) were formerly either 
treated as a single species or as a synonym of the other or even another species especially I. 
tenuinucleata which was not documented in the African Flora and herbaria visited (Nzekwe et 
al., 2002, Harris, 1996, Mensier, 1957). They have very limited macro-morphological 
differences (Hutchinson & Dalziel, 1972) and there is absence of clear distinction in their 
biochemical properties (Tchoundjeu & Atangana, 2007; Etebu, 2013). Nonetheless, the species 
can be distinguished based on characters such as greater stomatal number per square 
millimeter, higher stomatal index, greater anticlinal wall curves and absence of crystals of 
calcium oxalate on the adaxial surface of I. wombolu. The two species share a suite of features 
such as paracytic, brachyparacytic and hemiparacytic stomatal types, absence of peltate scales 
and irregular cells on the abaxial surface. This observation corroborates the view that I. 
wombolu and I. gabonensis are distinguishable based on fruit taste (Harris, 1996) and some 
molecular datasets (Lowe et al., 2000). Inter-stomatal cell number which on the average is 2, 
and higher number of epidermal cells per square millimeter on the adaxial surface of the 
epidermis as well as paracytic stomatal type are generic constant. Paracytic stomata have been 
reported present across the family (Metcalfe and Chalk, 1950, 1979). van Welzen & Baas (1984) 
and Obembe (2015) also documented parallelocytic type  in addition to the paracytic stomata 
type across the family but parallelocytic stomata were not encountered in any of our species;  
thus, the presence of multiple stomata types in the genus is not new. Stomatal characters have 
been shown to offer assistance in defining the plant taxa (Daudu et al., 2020; Kadiri & 
Olowokudejo, 2016, Obembe, 2015, Ogundipe & Kadiri, 2012, Camargo & Marenco, 2011, 
Watson & Dallwitz, 1992, Stace, 1991, van Welzen & Baas, 1984; Okafor, 1975) who 
investigated a range of plant taxa in angiosperms from the tropics.  
 
The third species, I. smithii, is also distinct from other two species. Its distinction can be hinged 
on the presence of amphibrachyparacytic stomata, presence of some specialized epidermal 
appendages such as peltate scales and styloids on the adaxial surface and possession of similar 
epidermal cell shape on both surfaces of the epidermis.  
 
Moreover, the copious presence or absence of crystals and rare occurrence of specialized 
styloids are also good for separating the three species. Quantitative features of the epidermis 
of Irvingia were either previously documented poorly or unavailable but we found them to 
offer additional data for distinguishing the species. There were polygonal cell shape on both 
surfaces of I. smithii, polygonal to irregular on both surfaces of the leaf epidermis in I. 
gabonensis and I wombolu; straight to curved anticlinal walls pattern in I gabonensis, straight 
walls on both surfaces in I. smithii and undulate walls on both surfaces in I. wombolu. This 
qualitative information complement our other quantitative data and the resolution in the 
current study agreed with the observation of van Welzen & Baas (1984) who distinguished 
the Linaceae complex, a group of several families that include Irvingiaceae with the leaf 
epidermis features.  
 
Therefore, an artificial bracketed dichotomous key which was based on the studied leaf 
epidermis characters has been prepared for identifying the three African species of Irvingia 
even when the leaves available for study are fragmentary. 
 
Identification Key 
The following identification key which was based on both qualitative and quantitative 
characters of the leaf epidermis show that the three species are not identical and they can be 
identified with the aid of these characters.  
 1. Epidermal cells polygonal on abaxial surface; stomata amphibrachyparacytic,  
     epidermal cell no. per mm² on abaxial surface 73.0…………………………. I. smithii 
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1. Epidermal cells irregularly shaped on abaxial surface, stomata not amphibrachyparacytic  
     epidermal cell no. per mm² on abaxial surface less than 50.0 
2. Peltate scales present, anticlinal walls of epidermal cells undulate on abaxial surface 
     epidermal cell no. per mm² 44.0 on abaxial surface… I. wombolu 
2. Peltate scales absent, anticlinal walls of epidermal cells curved on abaxial surface, 

     epidermal cell no. per mm² on abaxial surface 42.0 … I. gabonensis 
 
CONCLUSION 
Species identity of the African Irvingiaceae is hereby aided by the studied leaf epidermis 
characteristics. Based on this, an artificial bracketed dichotomous key is prepared for 
separating the three species without ambiguity. This work will be helpful in checking 
adulteration in case of a mix-up in the leaf samples especially when they are to be used for 
medicinal purpose.  
 
ACKNOWLEDGEMENT 
The authors appreciate the staff of the National Centre for Genetic Resources and 
Biotechnology (NACGRAB), Ibadan, Nigeria and Miss Folarin-Coker Folakemi whose interest 
has now shifted from the Botanical Science for her interest in the project. 
 
REFERENCES 
Camargo, M. A. B. & Marenco, R. A.  (2011). Density, size and distribution of stomata in 35 

rainforest tree species in Central Amazonia. Acta Amazonica 41(2): 205–212. 
https://doi.org/10.1590/S0044-59672011000200004n 

Carpenter, R. J., Hill, R. S. & Jordan, G. J.  (2005). Leaf cuticular morphology links Platanaceae 
and Proteaceae. International Journal of Plant Science 166: 843–855. 
https://doi.org/10.1086/431806 

Daudu, S. M., Adeniji A. & Nuhu, J. O.  (2020). Epidermal studies of the leaves and 
 phytochemical analysis of the seeds of Irvingia gabonensis and Irvingia wombolu in Anyigba 
 Nigeria. International Journal of Innovations in Biological and Chemical Sciences 13: 59– 
70. 
Davis, P. H. & Heywood, V. H.  (1963). Principles of Angiosperm Taxonomy. Oliver & Boyd. Ltd., 

Edinburgh. 
Etebu E. (2013). Differences in fruit size, postharvest pathology and phytochemicals between 

Irvingia gabonensis and Irvingia wombolu. Sustainable Agriculture Research 2(1): 52–61 
https://doi.org/10.5539/sar.v2n1p52 

Harris, D. (1994). Taxonomy and use of the genus Irvingia in Africa. In: Ladipo D.O. & D.J. 
Boland (eds.), Bush mango (Irvingia gabonensis) and close relatives. Proceedings of a West 
African pre-germplasm collection workshop held in Ibadan, Nigeria.  

Harris, D. (1996). A revision of the Irvingiaceae in Africa. Bulletin du Jardin Botanique de Belgique 
65: 143–196. https://doi.org/10.2307/3668184 

Hutchinson J. & Dalziel, J. M.  (1972). Flora of West Tropical Africa. White Friars Press Ltd, 
London.  

Kadiri, A. B. & Olowokudejo, J. D.  (2016). Systematic significance of foliar epidermis and 
tendril morphology in three West African genera of Cucurbitaceae: Momordica L., Luffa 
Mill. and Trichosanthes L. Webbia 71(1): 91–105. 
https://doi.org/10.1080/00837792.2015.1108683 

Lowe, A. J., Gillies, A. C., Wilson, J. & Dawson, I. K.  (2000). Conservation genetics of bush 
mango from central/west Africa: implications from random amplified polymorphic 
DNA analysis. Molecular Ecology 9(7): 831–841. 

 https://doi.org/10.1046/j.1365-294x.2000.00936.x  
Mensier, P. H. (1957). Dictionnaire des huiles végétales. P. Lechevalier, California.   

https://doi.org/10.1086/431806
https://doi.org/10.1046/j.1365-294x.2000.00936.x
https://www.google.com.ng/search?tbo=p&tbm=bks&q=inauthor:%22Paul+H.+Mensier%22&source=gbs_metadata_r&cad=4


Taxonomic Relevance of Leaf Epidermis in the African Irvingia Hook. f. (Irvingiaceae)   

Kadiri A.B. et al, DUJOPAS 11 (3b): 314-322, 2025                                                                                         319 

 

Metcalfe, C. R. & Chalk, L.  (1950). Anatomy of the Dicotyledons. Oxford University Press, 
Oxford.  

Metcalfe, C. R. & Chalk, L. (1979). Anatomy of the Dicotyledons. Oxford University Press, 
Oxford.  

Möller, M., Gao, L., Mill R. R., Hollingsworth, M. L. & Gibby, M.  (2007).  
 Morphometric analysis of the Taxus wallichiana complex (Taxaceae) based on 

herbarium 
material. Botanical Journal of the Linnean Society (155): 307–335. 
Nzekwe, U., Onyekwelu S. S. C. & Umeh, V. C.  (2002). Improving the germination of 
 Irvingia gabonensis var. excelsa seeds. Nigerian Journal of Horticultural Science 7: 58–61. 
 
Obembe, O. A. (2015). Structural variation of stomata in some dicotyledonous trees. Global 

Journal of Biology, Agriculture & Health Sciences 4(2): 173–181. 
Ogundipe, O. T. & Kadiri, A. B.  (2012). Comparative foliar epidermal morphology of the West 

African species of Amaranthaceae Juss. Feddes Repertorium 123(2): 97–116. 
https://doi.org/10.1002/fedr.201100003 

Okafor, J. C. (1975). Varietal delimination in Irvingia gabonensis (Irvingiaceae). Bulletin du Jardin 
Botanique National de Belgique 45(1-2): 211–221. https://doi.org/10.2307/3667601 

Orwa, C., Mutua, A., Kindt, R., Jamnadass, R. H. and Simons, A.  (2009). Agroforestree 
Database: A tree reference and selection guide. Version 4.0. Available at: 
http://apps.worldagroforestry.org/treedb2/ (Accessed on 03.12.2021). 

Stace, C.A. (1965). Cuticular studies as an aid to plant taxonomy. Bulletin of British Museum 
(Natural History) 4: 1–78. 

Stace, C.A. (1991). Plant Taxonomy and Biosystematics. Cambridge: Cambridge University 
Press, Cambridge. 

Tchoundjeu, Z. & Atangana, A. R.  (2007). Irvingia gabonensis (Aubry-Lecomte ex O’Rorke) 
Baill. In: Van der Vossen H.A.M. & G.S. Mkamilo (eds.), Plant resources of Tropical Africa 
14, Vegetable oils. Backhuys Publishers Kerwerve.  

Thiers, B. (2016). Index Herbariorum: A Global Directory of Public Herbaria and Associated 
Staff. New York Botanical Garden’s Virtual Herbarium. 
http://sweetgum.nybg.org/science/ih/ (Accessed on 28.03.2022). 
Tropicos (2022). Tropicos.org. Missouri Botanical Garden. https://tropicos.org (Accessed on 
 28.03.2022). 
Watson, L. & Dallwitz, M. J.  (1992). The families of flowering plants: descriptions, illustrations, 

identification, and information retrieval. Version: 14th December  2000. Available 
at: http://biodiversity.uno.edu/delta/ (Accessed on 03.12.2021). 

Van Welzen P. C. & Baas, P.  (1984). A leaf anatomical contribution to the classification of the 
Linaceae complex. Blumea 29: 453–479. 

 
 
 
 
 
 
 
 
 
 
 
 
 

http://apps.worldagroforestry.org/treedb2/
http://sweetgum.nybg.org/science/ih/
https://tropicos.org/
http://biodiversity.uno.edu/delta/


Taxonomic Relevance of Leaf Epidermis in the African Irvingia Hook. f. (Irvingiaceae)   

Kadiri A.B. et al, DUJOPAS 11 (3b): 314-322, 2025                                                                                         320 

 

Table 1. Provenances of the studied species of the African Irvingia  

Species and habitat description Collector Date of collection Herbarium No 

Irvingia gabonensis (Aubry-Lecomte ex 
O’Rorke) Baill.  

Kadiri and Folarin-Coker  15.05.2016  LUH 7161 

All specimens used occur in  Ifesanwo A.B. 17.08.2017  FHI 111042 

the lowland rainforest 
Emwiogbon and 
Onyeachusim  

05.10.1972 FHI 65781 

 Emwiogbon, J.A. 13.01.1972 FHI 063130 
 Amshoff, G.J.H.  27.03.1965  FHI 68660 
 Johnstone, A.T.  31.08.1931  FHI 9838 
 Bos, J.J.  26.03.1970  FHI 97490 
 Okafor and Latilo  23.01.1966  FHI 57788   
 Latilo, M.G.  14.03.1959  FHI 41334 
 Onyeachusim, H.D. 14.02.1963  FHI 47201 
 Ariwaodo, J.O. 04.07.1982 FHI 97222 
 Jones, A.P.D.  01.02.1948  FHI 2684 
 Binuyo and Daramola,  23.02.1956  FHI 35566 

I. smithii Hook.f. Kadiri, A.B.  02.04.2011  LUH 7163 
 Bamps, P.  04.03.1960  FHI 23051 

 Eimunjeze and 
Adebusuyi 

12.05.1973  FHI 69995 

All specimens used occur in  Jones, A.P.D.  05.02.1943  FHI 7478 

the riparian zone of woodland 
savannah 

Ainslie, J.R.  05.01.1933  FHI 9076 

 Daramola and Binuyo   01.03.1968  FHI 61941 
 Geerling, O.  31.05.1971  FHI 3550 
 Oseni, A.M.  29.01.1970  FHI 23103 
 Ariwaodo, J.O.  21.02.1978  FHI 85361 
 Lowe, J.  29.03.1968  UIH 10785 
 Latilo M.G.  18.02.1981  FHI 99340 
 Lowe, J.  26.03.1977  UIH 17549 
 Latilo and Fagbemi  16.11.1973  FHI 62555 
 Latilo, M.G.  11.04.1969  FHI 62556 
 Daramola and Adebusiyi  23.10.1958  FHI 38401 
 Hall, J.B. 06.02.1974  UIH 16417 
    

I. wombolu Vermoesen Kadiri and Folarin-Coker  15.05.2016  LUH 7162 

All specimens used occur in  Kadiri and Folarin-Coker  15.05.2016  LUH 7163 

the lowland rainforest Kadiri and Folarin-Coker  15.05.2016  LUH 7164 
 Kadiri and Folarin-Coker  15.05.2016  LUH 7165 
 Kadiri and Folarin-Coker  15.05.2016  LUH 7166 
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Table 2. Qualitative leaf epidermis characters of three African species of Irvingia. 

Cells and stomata  Other epidermis appendages   

Species Epidermis cell shape 
Anticlinal wall 

pattern 
Stomatal type 

Crystals 
Peltate 
scales Styloids 

  Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial   

Irvingia 
gabonensis 

Polygonal 
to irregular 

Irregular 
Straight  
to curved 

Curved Absent 
Paracytic,  
brachyparacytic, 
hemiparacytic  

Crystals,  
copius 

Crystals,  
copius 

Absent Absent 

I. smithii Polygonal Polygonal Straight Straight Absent 

Paracytic,  
brachyparacytic, 
hemiparacytic,  
amphibrachypar
a-cytic  

Crystals,  
scanty 

Crystals,  
scanty 

Present  
adaxially  

Present  
adaxially  

I. wombolu Irregular Irregular Undulate Undulate Absent 
Paracytic,  
brachyparacytic,  
hemiparacytic  

No crystal 
Crystals,  
copius 

Absent Absent 

E. cell shape = Epidermal cell shape.   
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Fig. 1. Leaf epidermis characteristics of three African species of Irvingia. a-b. I. gabonensis 
(Aubry-Lecomte ex O’Rorke) Baill.: a-f. I. smithii Hook.f.; e-f. I. wombolu Vermoesen. Am  
=Amphibrachyparacytic, Br = Brachyparacytic, Hm = Hemiparacytic, Pr = Paracytic, 
St=Styloids, Cr = Crystals. Am and St: present only in I. smithii. Br Hm and Pr, present in I.  
gabonensis and I. wombolu.  Cr, present in the three species on both surfaces of the leaf 
epidermis except I. wombolu where it is restricted to the abaxial surface. Scale bar: 50µm. 
 

 
 


