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Abstract 
Microcos Linn. (Malvaceae s.l) is a genus made up of about 60 spp. distributed in Asia and Tropical 
Africa. In West Africa, 8 species have been recorded of which six species have been documented 
for Nigeria to occur in lowland rainforest. This study is designed to carry out preliminary foliar 
epidermal and pollen morphological studies with a view to advance the understanding of the taxo- 
nomic relationship between and among species in the genus using the Nigerian taxa. The foliar 
epidermal and pollen characters were investigated by light microscopy. The epidermises are 
composed of isodiametric, polygonal or irregular cells. Anticlinal walls are straight, curved or un-
dulate. All taxa are hypostomatic with anisocytic, paracytic and staurocytic stomata types. The 
mean stomatal size varies from 13.8 × 13.5 µm in M. barombiensis to 16.0 × 18.0 µm in M. coriacea. 
The dense distribution of stellate trichomes on the abaxial surface of M. malacocarpa and the ab-
sence of crystals in M. oligoneura are diagnostic for these taxa. The pollen grains are small in size 
(10 - 25 µm), tricolporate with short colpi, subprolate or prolate. Mean colpi length varies from 
15.7 µm in M. iodocarpa to 17.5 µm in M. malacocarpa. The ora size varies from 5.4 µm in M. ba-
rombiensis to 12.5 µm in M. malacocarpa. The ambient and ora size are significant in the delimita-
tion of the studied taxa. The two groups obtained from epidermal and pollen characters correlate 
with those earlier obtained from morphological data. 
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1. Introduction 
Microcos Linn. is a genus of woody climbers and small trees characterized by undivided leaves. The leaf is not 
always recognized as Malvaceous because of the short and apparently unswollen leaf stalk. The flowers are 
small, numerous and hermaphroditic with growing panicles composed of large numbers of three flower cymes 
[1] [2]. The genus is made up of about 60 to 80 species in the Indo-Malaysia and Africa [3]-[6]. In Tropical Af-
rica, about 18 species are known of which 6 species occur in Nigeria [6] and [7]. Among the Nigerian species, 
only Microcos coriacea is a tree, while the other species are shrubs and woody climbers. Microcos coriacea and 
M. malacocarpa are the most abundant of the Nigerian taxa. Recently, [1] [3] [8]-[10] and [2] reported that 
based on the morphological, leaf epidermal, pollen morphological, wood anatomical characters and plastid atpB 
and rbcL DNA sequences, Microcos and Grewia should be treated as two distinct genera. Reference [6] sug-
gested the need for a critical revision of the taxonomy of the genus to reflect the present state of its knowledge 
since the last revision of the group in Africa was reported by [11]. In the Nigerian flora (Flora of West Tropical 
Africa), species of the genus Microcos were lumped together as a section in the genus Grewia Lin. [7]. However, 
they were distinguished by their panicle inflorescence and small flower size from the cymose species of Grewia 
[7]. 

The taxonomic importance of pollen and leaf anatomical characters is well documented in botanical literature 
[12]-[14]. Nevertheless, Taxonomists depend to a large extent on morphological characters both for classifica-
tion and diagnostic purposes. The morphological and anatomical characters of leaves are the most widely con-
sidered of all the non-reproductive organ characters. The increased attention paid to them now is primarily 
aimed at investigating whether their micro characters are more conservative and better taxonomic indicators 
than the macro characters [15]. The value of pollen morphology in the delimitation and classification of plants 
has been studied by several workers who have used it in their taxonomic treatments at different levels [16]. 
Though, recent studies of the temperate species of the genus Microcos have yielded useful data concerning intra 
and inter specific variation patterns as well as geographical relationship of some taxa [5], the dearth of knowl-
edge on the tropical taxa has made identification difficult and contributed to the lack of understanding of the in-
tricate pattern of variation within and among the species in the genus. However, an attempt is made at advancing 
the understanding of the taxonomic relationship between and among species in the genus using the Nigerian taxa. 
The present study therefore aimed at carrying out a preliminary foliar epidermal and pollen morphological stud-
ies on the six Nigeria species vis: M. africana (HooK.f.) Burret., Microcos barombiensis K. Schum, M. coriacea 
(Mast.) Burret., M. iodocarpa Burret., M. malacocarpa (Mast.) Burret. and M. oligoneura (Sprague) Burret. 
with a view to broadening the scope of knowledge of this genus in this part of the world.  

2. Materials and Methods 
2.1. Source of Plant Materials 
The foliar and pollen materials of the six species were procured from dried herbarium specimens from the For-
estry Herbarium Ibadan (FHI) and University of Ibadan Herbarium (UIH). Table 1 gives the list of specimens 
studied. 

2.2. Micromorphology 
Preparation of Epidermal Peel 
The dried herbarium leaf specimens were first rehydrated by soaking in boiling or boiled water for about 20 
minutes before use. Leaves of the specimens cut at the median portions were soaked in concentrated Trioxoni-
trate (VI) acid for about 8 hrs depending on the texture of the leaves according to the procedure described by 
[17]. The appearance of air bubbles indicated the readiness of the epidermises to be separated. The samples were 
then transferred to Petri dishes containing water and with the use of fine forceps and dissecting needle the upper 
and lower epidermises were separated [18]. These were cleared with camel hair brush in water to remove resid-
ual mesophyll layers. The peels were stained with toluidine for 3 to 5 minutes, rinsed in water and mounted in 
glycerol on clean glass slide. The slides were observed and studied using the light microscope. Photomicro-
graphs were taken using Leica CME with Digital Microscope Eyepiece attachment and Photo Explorer 8.0 SE 
basic software. 
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Table 1. List of Microcos specimens studied.                                                                  

S/n Taxa Locality Names of collectors Voucher  
numbers Date 

1. M. barombiensis 

Cross river, Nigeria 
Abeokuta, Ogun, Nigeria 

Ilaro, Ogun, Nigeria 
Ikom, Edo, Nigeria 

Ondo, Nigeria 

Emwiogbon & Osanyinlusi 
P. Wit & B. O. Daramola 

P. P. C. Van Meer 
J. C. Okafor & M. G. Latilo 

C. F. A. Onochie 

FHI 86982 
64882 
22220 
57257 
33418 

4-10-77 
28-12-71 
14-8-68 
21-9-65 
29-7-73 

2. M. iodocarpa 

Ondo, Nigeria 
Oyo, Nigeria 

Lagos, Nigeria 
Ondo, Nigeria 

A. P. D. Jones 
R. W. J. Keay & A. P. D. Jones 

A. H. Batten Poole 
Oyeachusim, Onijamowo & Ibhanesebhor 

FHI 3591 
42020 
13296 

9-5-43 
4-11-45 

1946 

3. M. coriacea 

Portharcort, Nigeria 
Delta, Nigeria 
Ondo, Nigeria 
Benin, Nigeria 
Ogun, Nigeria 

J4, Ogun, Nigeria 

J. A. Emwiogbon 
J. A. Emwiogbon  
J. A. Emwiogbon 

J. Lowe 
J. Lowe 

Shokefun & Odewo 

FHI 60333 
89348 
56805 

UIH 21623 
20583 

SEO 012 

12-8-66 
8-11-76 
26-7-65 
8-3-91 

17-12-84 
10-06-09 

4. M. africana Ijebu, Ogun, Nigeria C. Onochie & Others FHI 20675 26-1-47 

5. M. malacocarpa 

Owo, Ondo, Nigeria 
Abeokuta, Ogun, Nigeria 

Iwo, Osun, Nigeria 
Ishan, Edo, Nigeria 

Calabar, Nigeria 
Ibadan, Oyo, Nigeria 

Enugu, Nigeria 
Delta, Nigeria 

J. P. D. Jones 
P. Wit & C. Geerling 

J. K. Adebusuyi 
Ibhanesebhor, Odewo & Oguntayo 

Edwin Ujor 
ILae Elderry 

J. A. Emwiogbon 
J. A. Emwiogbon 

FHI 3465 
64989 
18239 
91141 
31643 
8202 
60363 
61108 

17-4-43 
11-3-72 
15-4-59 
19-5-79 
18-7-52 
4-1-45 
4-8-66 

20-3-68 

6. M. oligoneura Ikom, Edo, Nigeria A. P. D. Jones & C. F. Onochie FHI 5806 14-5-46 

 
Twenty five measurements of each of the characters were taken at random using a micrometer eyepiece 

graticule and the mean and standard error calculated. Terminologies are based on [13] [19] and [20].  
The Stomata Index (SI) was calculated using the formula of [21]. 

SSI 100%
S EX

= ×
+

 

where S = No. of stomata per unit area; E = No. of epidermal cells in the same unit area. 

2.3. Pollen Morphology 
The dried flower and floral buds from herbarium specimens were assessed for pollen morphology using acetoly-
sis method according to the procedures described by [22] [23] and modified by [24]. The floral buds were 
crushed with a glass rod in centrifuge tube. Three milliliter of freshly prepared acetolysis mixture (9 parts acetic 
anhydride to 1 part concentrated Tetraoxosulphate VI acid) was added to the content in the tubes. The content 
was heated in a water bath from 70˚C to boiling point and stirred occasionally. The centrifuge tubes and content 
were left in boiling water for 3 minutes and then centrifuged at 4000 r.p.m. for 5 minutes while still hot. The 
supernatant was decanted into acetolysis waste bottle before the addition of some water to the sediments in the 
tubes, and was shaken vigorously using a whirl mixer. Few drops of methylated spirit were added to remove the 
foam formed and centrifuged again. The supernatant was decanted, washed with water, and centrifuged repeat-
edly four times. Fifty percent glycerin was added and left standing for two hours. The tubes were shaken vigor-
ously using a whirl mixer and centrifuged at 4000 r.p.m. for 10 minutes. The supernatant was finally decanted 
off, and the tube was inverted over filter paper and left overnight. One hundred percent glycerol was added to 
the tubes, shaken and poured into labeled storage vials. The pollen grains were mounted in unstained glycerin 
jelly. The slides were examined with a Fisher scientific illumination microscope under (E 40; 0.65), oil immer-
sion (E 100; 1.25) using 10× eye piece. The measurement was based on 20 readings from each specimen. Pho-
tomicrographs were taken using Leica CME with Digital Microscope Eyepiece attachment and Photo Explorer 
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8.0 SE basic software. Terminologies were based on [22] [25] and [26]. 

3. Results 
3.1. Micro Morphological Characters 
The epidermal cells were isodiametric to polygonal on both surfaces in M. oligoneura and the adaxial surface in 
M. malacocarpa (Plate 1 i, k and l). Anticlinal wall pattern may be straight to curve (M. oligoneura) or wavy to 
undulate in the other taxa (Table 2). The leaves are hypostomatic with staurocytic, paracytic and anisocytic 
stomata in all the species. Crystal was absent in M. coriacea and M. oligoneura (Table 2). The number of epi-
dermal cells/mm2 on the leaf adaxial surface was lowest in M. malacocarpa (184) and highest in M. oligoneura 
(761) on the adaxial surface. It was lowest in M. barombiensis and M. africana (189) but highest in M. coriacea 
(218) on the abaxial surfaces. The number of epidermal cells on the abaxial surface in M. malacocarpa could 
not be ascertained due to dense distribution of trichomes on the surface. The adaxial and abaxial epidermal cell 
widths were of the same size in M. africana and M. oligoneura while the rest of the species had wider epidermal 
cells on the adaxial surface. The largest cell width of 20.3 µm was recorded on the adaxial surface in M. iodo-
carpa and 16.3 µm on the abaxial surface in M. africana while the lowest cell width of 13.1 µm and 12.5 µm 
were recorded on both adaxial and abaxial surfaces in M. oligoneura. The highest number of stomata of 135 was 
recorded on the abaxial surface in M. oligoneura while the lowest of 70 was recorded in M. barombiensis 
(Table 3). The largest stomata size of 16 × 18.0 µm was recorded in M. coriacea, while the smallest of 13.8 × 
14.0 µm was recorded in M. barombiensis (Table 3). Stomatal index was highest (41.1%) in M. oligoneura and 
lowest (27.1%) in M. barombiensis. Cell wall thickness ranged from 2.5 - 5.0 on adaxial and 2.5 to 4.0 on the 
abaxial surface in the genus. Trichomes were glandular and non glandular in most taxa. However, only simple 
and glandular trichomes were recorded in M. oligoneura. Trichome bases were observed in most taxa but absent 
on the abaxial surface in M. coriacea and on both surfaces in M. africana (Table 2). Crystals were absent in M. 
coriacea and M. oligoneura (Table 2), but druses, prismatic and styloid crystals were recorded in other taxa. 

3.2. Pollen Morphological Characters 
The pollen grains of Microcos species studied were isopolar and radially symmetrical with polar axis ranging 
between 19.7 - 24.4 µm, the equatorial diameter 14.7 - 17.4 µm and the P/E ratio 125% - 142%. The pollen class 
 

 
Plate 1. Photomicrographs of leaf epidermal features of Microcos species. (a) M. barombiensis, abaxial surface 
showing 4 armed and 3 celled uniseriate glandular trichomes on veins; (b) Adaxial showing wavy anticlinal 
cell wall; (c) M. iodocarpa, abaxial surface showing stellate trichome on veins; (d) Adaxial showing wavy anti- 
clinal walls; (e) M. coriacea, abaxial surface showing anisocytic, staurocytic and paracytic stomata and 
multicellular glandular and stellate trichomes on veins; (f) Showing relatively thick undulate anticlinal wall.               
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Table 2. Qualitative leaf epidermal characters of the genus Microcos in Nigeria.                                      

S/n Taxa 
Cell shape Anticlinal 

wall pattern Type of stomata Type of trichome Crystal 
 

Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial Adaxial Abaxial  
1. 
 M. barombiensis Irregular Irregular Wavy Undulate Absent Para, Ani, 

Stau 4 celled mct, S  S, 2 - 4 armed, Ss, 
3 celled ust 

Styloid,  
druses 

2. M. iodocarpa Irregular Irregular Wavy Undulate Absent Para, Ani, 
Stau 

S & Ss, 2 armed, 
3 celled ust 

2 - 4 armed, Ss, S & 
3 - 4 celled ust & mct Druses 

3. M. coriacea Irregular Irregular Wavy Undulate Absent Para, Ani, 
Stau 3 - 4 celled mct 3 - 4 armed, Ss, 4 - 

5 celled ust & mct Absent 

4. M. africana Irregular Irregular Wavy Undulate Absent Para, Ani, 
Stau 

Ss, S, 3 - 4 celled 
ust & mct 

3 - 4 armed, Ss, S, 3 
celled ust 

Prismatic,  
styloid, druses 

5. M. malacocarpa Isodiametric/ 
polygonal Irregular Straight/ 

curve Undulate Absent N.A Ss, 3 - 4 celled 
mct Ss Prismatic,  

styloid, druses 

6. M. oligoneura Isodiametric Polygonal Straight Straight/ 
curve Absent Para, Ani, 

Stau S, 3 celled ust 3 celled mct Absent 

Key: Stau = staurocytic stomata, Ani = anisocytic stomata, Para = paracytic stomata, S = simple trichome, Ss = stellate trichome, mst = multiseriate 
glandular trichome, mct = multicellular glandular trichome, ust = uniseriate glandular trichome, 2 - 4 armed = 2 - 4 branched non glandular trichomes. 
 
Table 3. Quantitative epidermal and stomata characters of the genus Grewia in Nigeria.                                

  Number of  
epidermal 
cells (mm2) 

Cell width 
(µm) 

Cell wall  
thickness (µm) 

STOMATA 
S/
n Taxa Number 

(mm2) 
Length 
(µm) 

width 
( µm) 

Index 
(%) 

  

A
da

xi
al

 

A
ba

xi
al

 

A
da

xi
al

 

A
ba

xi
al

 

A
da

xi
al

 

A
ba

xi
al

 

A
da

xi
al

 

A
ba

xi
al

 

A
da

xi
al

 

A
ba

xi
al

 

A
da

xi
al

 

A
ba

xi
al

 

A
da

xi
al

 

A
ba

xi
al

 

1. M
.  

ba
ro

m
bi

en
si

s 

252 - 299 
276 ± 23.5 

180 - 200 
189 ± 6.88 

15.0 - 27.5 
19.8 ± 1.23 

10.0 - 25 
16.0 ± 1.46 

2.5 - 5.0 
3.0 ± 0.37 

2.5 
2.5 ± 0.00 A

bs
en

t 

69.0 - 72.0 
70.0 ± 1.00 A

bs
en

t 
12.5 - 15.0 
13.8 ± 0.35 A

bs
en

t 

12.5 - 15.0 
14.0 ± 0.37 A

bs
en

t 

27.1 

2. 

M
. i

od
oc

ar
pa

 

208 - 292 
260 ± 31.8 

179 - 210 
194 ± 10.2 

15.0 - 27.5 
20.3 ± 1.36 

10.0 - 15.0 
13.0 ± 0.65 

2.5 
2.5 ± 0.00 

2.5 
2.5 ± 0.00 A

bs
en

t 

93.0 - 114 
96.0 ± 7.12 A

bs
en

t 

12.5 - 15.0 
14.5 ± 0.37 A

bs
en

t 
12.5 - 15.0 
14.0 ± 0.32 A

bs
en

t 

33.6 

3. 

M
. c

or
ia

ce
a 

390 - 405 
397 ± 4.94 

188 - 240 
218 ± 23.5 

10.0 - 17.5 
14.3 ± 0.72 

10.0 - 17.5 
12.8 ± 0.75 

5.0 
5.0 ± 0.00 

2.5 - 5.0 
3.5 ± 0.37 A

bs
en

t 

86.0 - 101 
97.0 ± 5.42 A

bs
en

t 

15.0 - 17.5 
16.0 ± 0.32 A

bs
en

t 

15.0 - 20.0 
18.0 ± 0.65 A

bs
en

t 

30.4 

4. 

M
. a

fr
ic

an
a 

262 - 280 
272 ± 5.39 

133 - 235 
189 ± 38.0 

12.5 - 20.0 
16.8 ± 0.72 

10.0 - 20.0 
16.3 ± 1.32 

2.5 
2.5 ± 0.00 

2.5 
2.5 ± 0.00 A

bs
en

t 

80.0 - 89.0 
86.0 ± 0.55 A

bs
en

t 

15.0 - 17.5 
17.0 ± 0.37 A

bs
en

t 

15.0 - 20.0 
16.5 ± 0.70 A

bs
en

t 

31.2 

5. M
.  

m
al

ac
oc

ar
pa

 

179 - 181 
184 ± 4.13 N.A 15.0 - 25.0 

20.0 ± 1.00 N.A 2.5 - 5.0 
3.0 ± 0.37 N.A 

A
bs

en
t 

95.0 - 130 
107 ± 5.44 A

bs
en

t 

12.5 - 15.0 
14.5 ± 0.37 A

bs
en

t 

12.5 - 15.0 
14.0 ± 0.32 A

bs
en

t 

N.A 

6. 

M
. o

lig
on

eu
ra

 

735 - 788 
761 ± 26.5 

181 - 200 
195 ± 7.93 

10.0 - 15.0 
13.3 ± 0.48 

10.0 - 15.0 
12.5 ± 0.63 

2.5 - 5.0 
3.0 ± 0.32 

2.5 - 5.0 
4.0 ± 0.23 A

bs
en

t 

131 - 139 
135 ± 0.67 A

bs
en

t 

15.0 
15.0 ± 0.00 A

bs
en

t 

12.5 - 15.0 
14.0 ± 0.35 A

bs
en

t 

41.4 
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was prolate to subprolate, ambient round to trilobed (M. africana). The pollen grains were tricolporate with nar-
row, short colpi 15.7 µm to 17.7 µm long and lalongate ora, 5.4 - 12.5 µm broad. The exine was 0.61 - 1.32 µm 
thick, sexine thicker than nexine and the exine sculpture was finely reticulate. The muri ridge was entire with 
round-angular to elongated round lumina shape (Table 4; Plate 2). 
 
Table 4. Qualitative and quantitative pollen morphological characters of Grewia species in Nigeria.                      

 Taxa Exine 
pattern 

lumina  
shape Amb Colpi 

ends 
Pollen 
class 

Pollen 
size (µm) 

Polar  
axis  
(µm) 

Equator 
diameter 

(µm) 

Exine  
(µm) 

Colpus  
length  
(µm) 

Ora 
size 

(µm) 

PA/ED 
% 

1. M.  
barombiensis Reticulate Round- 

angular Round 
Acute/ 
round/ 
open 

Sub- 
prolate 10 - 25 21.0 - 27.5 

24.4 ± 0.59 
15.0 - 20.0 
17.1 ± 0.46 

0.50 - 0.75 
0.61 ± 0.03 

15.5 - 18.2 
16.9 ± 0.28 5.4 142 

2. M. iodocarpa Reticulate Round  
elongated Round Acute/ 

round Prolate 10 - 25 19.2 - 20.0 
19.7 ± 0.17 

12.8 - 17.0 
14.8 ± 0.21 

0.75 - 1.25 
1.00 ± 0.01 

15.0 - 16.5 
15.7 ± 0.16 8.5 134 

3. M. coriacea Reticulate Round  
elongated Round 

Acute/ 
round/ 
open 

Prolate 10 - 25 20.0 - 23.7 
21.8 ± 2.35 

15.0 - 17.5 
16.2 ± 1.25 

1.25 - 1.50 
1.32 ± 0.04 

15.7 - 18.0 
16.4 ± 1.79 10.0 134 

4. M. africana Reticulate Round- 
angular Trilobed Acute/ 

round Prolate 10 - 25 17.5 - 20.3 
19.8 ± 1.15 

10.0 - 15.0 
14.7 ± 0.86 

1.00 - 1.25 
1.21 ± 0.06 

17.5 - 17.7 
17.5 ± 0.81 7.5 134 

5. M.  
malacocarpa Reticulate Round-  

angular Round 
Acute/ 
round/ 
open 

Sub- 
prolate 10 - 25 18.7 - 25.0 

21.8 ± 1.11 
16.2 - 18.7 
17.4 ± 0.78 

0.75 - 1.00 
0.86 ± 0.06 

17.5 - 18.0 
17.7 ± 0.72 12.5 125 

6. M. oligoneura N.A N.A N.A N.A N.A N.A N.A N.A N.A N.A N.A N.A 

N.A = not available. 
 

 
Plate 2. Photomicrographs of pollen grains of Microcos. (a)-(b) M. africana 
equatorial and polar view showing trilobed Amb; (c)-(d) M. barombiensis 
equatorial view; (e)-(f) M. coriacea equatorial and polar view; (g) M. iodo- 
carpa equatorial view; (h)-(i) M. malacocarpa equatorial and polar view. Bc: 
broad colpi, Nc: narrow colpi, Ce: Colpi end, C: colpi, O: Ora, L: lumina.           
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4. Discussion 
The results obtained from this study conform to the classification of the African species of the genus Microcos 
based on morphological characters by [11] and shows that foliar epidermal and pollen morphological features 
are useful for identification of the six species of Microcos studied. Two groups are recognized based on the epi-
dermal cell shape, cell wall pattern and number of cells in the glandular trichomes. The first group consists of M. 
barombiensis, M. iodocarpa and M. africana with irregular epidermal cell shape, undulate walls on both sur-
faces and 3 to 4 celled head glandular trichomes. The second but diverse group consists of M. coriacea, M. ma-
lacocarpa and M. oligoneura which have different combinations of epidermal cell shapes, cell wall pattern, 
number of stomata, presence and absence of crystals and number of cells in glandular trichomes. Epidermal cells 
are larger on the adaxial surface than the abaxial surfaces in most taxa but of the same size in M. africana and 
M. oligoneura. Reference [27] was of the opinion that adaxial epidermal cells are larger than abaxial epidermal 
cells and can be diagnostic in some groups. The hypostomatic nature of all studied species is probably an adap-
tation to water as it is expected to confer an ecological advantage on them to survive as perennial plants [28]. 
Reference [20] and [29], reported tetracytic and anomocytic stomata types for Microcos in the family Tiliaceae. 
In the present study anisocytic, paracytic and staurocytic stomata types were encountered in all the species stud-
ied with anisocytic stomata being the most predominant. This is an unexpected deviation which may be related 
to species studied by them. The importance of stomatal complex especially in the identification of small leaf 
fragments has been noted by [13] and [30]. The relative abundance and variation of the trichomes is of taxo-
nomic importance in the species studied. Reference [20] noted that trichome frequency and sizes are environ-
mentally controlled while [13] opined that hairs are constant in a species when present and showed a constant 
range of form and distribution useful in diagnosis. Dense distribution of stellate trichomes on the abaxial surface 
of M. malacocarpa distinguished it from other taxa with sparse distribution of trichomes on the abaxial surfaces 
(Plate 3(c)). The presence of 4 to 5 celled head glandular trichomes in M. coriacea and presence of only 3 celled 
head glandular trichomes in M. oligoneura are diagnostic for the species (Table 1). Absence of crystals in the 
epidermal cells of M. coriacea and M. oligoneura is also diagnostic for them. 

Palynological evidence shows that the genus Microcos is stenopalynous with subprolate to prolate, small tri-
colporate grains. However, [26] considered medium and tricolporate grains to be basic pollen type in the genus. 
 

 
Plate 3. Photomicrographs of leaf epidermal features of Microcos species. (a) M. africana, abaxial surface showing 
multicellular glandular trichome on the vein and anisocytic, staurocytic and paracytic stomata; (b) Adaxial showing wavy 
anticlinal cell wall; (c) M. malacocarpa, abaxial surface showing dense distribution of stellate trichome and 2 celled head 
uniseriate glandular trichomes; (d) Adaxial showing straight anticlinal walls; (e) M. oligoneura, abaxial surface showing 
anisocytic, staurocytic and paracytic stomata and polygonal epidermal cells; (f) Adaxial showing relatively thick straight to 
curved anticlinal wall and a cluster of 3 celled head uniseriate glandular trichomes.                                    
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Apart from the small grains, finely reticulate exine sculpture, round to angular or elongated round lumina shape 
and short colpi length contrast [26] who reported grains with long colpi, perforate and coarse reticulate exine 
sculpture for the genus Microcos. Reference [31] had reported small pollen grains, short colpi and finely reticu-
late exine sculpture without bacules for the genus. The round to trilobed Ambient in M. hookerana is character-
istic of the species. The Ambient and ora size can be used to separate the genus into two groups correlating with 
the grouping earlier obtained based on foliar epidermal characters in this study. Pollen data have been used ef-
fectively at the generic, subgeneric and sectional levels [32] and [33]. At specific level, pollen can often be 
helpful in suggesting relationship as observed in the genus Dioscorea Lin. [16]. The uniformity of pollen mor-
phological features observed in this study point to the close inter-relationship among the species in the genus. 
Nevertheless, the shape of pollen grain is less useful taxonomically because it can vary considerably within one 
species and the variation may be caused by choice of extracting methods and embedding media [34] and [35].  

This work has provided basic information on foliar epidermal and pollen characters which could be employed 
in the identification of Microcos species in Nigeria. Based on the features observed with the light microscopy, 
an indented dichotomous key to the species of Microcos in Nigeria is presented. 

Key to the Species of Microcos 
1. Pollen ora size 5.4 µm to 8.4 µm; hypostomatic, stomata 70 to 96; Amb round or trilobed; glandular  
trichome 3 to 4 celled…..........................................................................................................................................2 

2. Mean no. of epidermal cells on abaxial surface 189; stomata index 27.1% to 31.2%; pollen subprolate to 
prolate………………………………...…………………………………………………………………………3 
  3. Stomata width 13 µm, stomata index 27.1%; Amb round, pollen subprolate; adaxial and abaxial cell  
  width 19.8 by 16.0 µm………..………………………………………………….....Microcos barombiensis 

3. Stomata width 16.5 µm; stomata index 31.2%; Amb trilobed; pollen prolate; abaxial and adaxial cell  
width 16.8 by 16.3 µm…………………………………………………………….…....….Microcos africana 

2. Mean no. of epidermal cells on abaxial surface 196; stomata index 33.6%; pollen prolate……………… 
…………………….…………………………………………..……………………...…….Microcos iodocarpa 

1. Pollen ora size 10 µm to 12.5 µm; hypostomatic, stomata 97 to 135; Amb round; glandular trichomes 3 to 5 
celled……………………………………………………………………………...………………………………..4 

4. Adaxial cell wall straight to curve; glandular trichome 3 - 4 celled; pollen subprolate………….......5 
        5. Non glandular trichomes present, abaxial surface densely covered by stellate trichomes; crystal  

present; stomata index absent….…...................................................................Microcos malacocarpa  
        5. Non glandular trichomes absent; adaxial surface pilose with glandular and simple trichomes; 

glandular trichome 3 celled; crystal absent; stomata index 41.4%....................Microcos oligoneura  
4. Adaxial cell wall undulate; glandular trichomes 4 - 5 celled; pollen prolate…….Microcos coriacea 

5. Conclusion 
In conclusion, the foliar epidermal and pollen character of Nigeria Microcos has informative characters for spe-
cies delimitation and it is useful for identification of morphologically closely related species even at fragmentary 
state. Further evaluation of the species in the genus for phytochemical properties, anatomical features and phy-
logenetic study is required to confirm the trend seen here in Nigeria accession. Nevertheless, the present inves-
tigation indicates that the foliar epidermal and pollen characters which are apparently significant for species de-
limitation are epidermal cell shape, cell wall pattern, number of cells in glandular trichomes, shape of the ambi-
ent and the pollen ora size. The grouping based on foliar epidermal and pollen characters corresponds with the 
group based on morphological characters. 
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