
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/236462271

O. T. Ogundipe and A. B. Kadiri (2012): Comparative foliar epidermal

morphology of the West African Species of Amaranthaceae Juss. Feddes

Repertorium. 123 (2): 97-116.

Article · December 2012

CITATIONS

0
READS

195

2 authors:

Some of the authors of this publication are also working on these related projects:

Systematics of African Sapindaceae View project

Bryophytes of Eastern Nigerian Highlands View project

Oluwatoyin Temitayo Ogundipe

University of Lagos

97 PUBLICATIONS   386 CITATIONS   

SEE PROFILE

Akeem Kadiri

University of Lagos

31 PUBLICATIONS   182 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Oluwatoyin Temitayo Ogundipe on 19 July 2016.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/236462271_O_T_Ogundipe_and_A_B_Kadiri_2012_Comparative_foliar_epidermal_morphology_of_the_West_African_Species_of_Amaranthaceae_Juss_Feddes_Repertorium_123_2_97-116?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/236462271_O_T_Ogundipe_and_A_B_Kadiri_2012_Comparative_foliar_epidermal_morphology_of_the_West_African_Species_of_Amaranthaceae_Juss_Feddes_Repertorium_123_2_97-116?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Systematics-of-African-Sapindaceae?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Bryophytes-of-Eastern-Nigerian-Highlands?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Oluwatoyin_Ogundipe?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Oluwatoyin_Ogundipe?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Oluwatoyin_Ogundipe?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Akeem_Kadiri2?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Akeem_Kadiri2?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Lagos?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Akeem_Kadiri2?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Oluwatoyin_Ogundipe?enrichId=rgreq-850db3215d523066ffb509ba277f7380-XXX&enrichSource=Y292ZXJQYWdlOzIzNjQ2MjI3MTtBUzozODUzOTY3OTUwMzU2NTJAMTQ2ODg5NzE2NDA5Ng%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Feddes Repertorium 123 (2012) 2, 97–116   

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 0014-8962/12/203-0097 

Research Paper 

Comparative foliar epidermal morphology of the West African species 
of Amaranthaceae JUSS. 

OGUNDIPE, O. T. and KADIRI, A. B.*  

Department of Botany, University of Lagos, Akoka Lagos, Nigeria 

Keywords: Leaf epidermis, taxonomy, Amaranthaceae 

! Corresponding author: Faculty of Science, University of Lagos, Lagos, Lagos 100213, Nigeria, 
 E-mail: abkadiri2001@yahoo.com 

Accepted for publication: October 29th, 2012. 

DOI 10.1002/fedr.201100003 

Abst rac t  

The species are generally amphistomatic except 
Pandiaka heudelotii that is hypostomatic. Anomocy-
tic and paracytic stomatal types were mostly found 
but cyclocytic and diacytic types may accompany, 
especially in Cyathula spp. The anticlinal wall pat-
tern varies from undulate to curved and curved-
straight in the family. Other useful epidermal fea-
tures are peltate scales, trichomes of different types 
such as candelabra type, unicellular and multicellular 
conical types, long acicular glandular forms that may 
be tuberculate or non-tuberculate and the filiform 
type; all can be employed at species level for delimi-
tation purpose. Sub-familial grouping of the genera 
is supported while monophyly and polyphyly sug-
gested in Gomphrenoideae and Amarantheae respec-
tively can be inferred from the extent of character 
variations in the species. An indented dichotomous 
key is presented for species delimitation.  

Introduction  

The Amaranthaceae comprises about 65 genera 
and 900 species of herbs and shrubs with a few 
climbers distributed in the tropical Africa and 
America, and subtropical areas of warm tem-
perate regions (HEYWOOD, 1978; TOWNSEND, 
1993; WILLIS, 1966). The family is made up of 
several well-known species of medicinal, nutri-

tional and horticultural importance. The classi-
fication of the family has witnessed changes in 
taxonomic opinions at one time or the other and 
this has led to grouping ang re-grouping of taxa 
(MARTIUS, 1825; SCHNIZ, 1934; TOWNSEND, 
1993). The West African taxa are distributed 
within the two subfamilies and three of the four 
tribes recognized in the family (TOWNSEND, 
1993). Tribe Amaranthoideae is better repre-
sented in the sub-region than Gomphrenoideae 
that is more common in the New World (MUL-
LER & BORSCH, 2005). The West African spe-
cies have been adequately described macro-
morphologically with features of the flowers 
and leaves (HUTCHINSON & DALZIEL, 1954) 
but there is dearth of information on micro-
morphology (EDEOGA & OTOIDE, 2001; 
OGUNDIPE, 1996). In the general anatomical 
accounts, METCALFE & CHALK (1950, 1979), 
SOLEREDER (1908) reported capitate with 
uniseriate stalk, unicellular or uniseriate, 2-
many armed multicellular, stellate and candela-
bra trichomes in the family. Other characters 
that have been accounted for in the family are 
amphistomatic leaf and presence of crystal 
sands, raphoids and styloids as cell inclusions 
in many species (METCALFE & CHALK, 1979).  
In the present work, we document many taxo-
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nomically useful features of the leaf epidermis 
occurring in the West African species and also 
discuss the features in relation to the recent 
classification of the family. In the recent stud-
ies from Brazil, ROCIO & CARMO (2004) and 
SUZANE et al. (2010) noted that features of the 
epidermis are useful for distinguishing taxa in 
the family.  

Material and methods       

The specimens used for the study were obtained 
from field and herbarium. We visually examined all 
the herbarium specimens for outstanding morpho-
logical variations and 1–5 representative specimens 
whose exsiccate data appear in Table 1 were consid-
ered for the study and 25 microscope fields were 
examined per sample. Abbreviations of the herbaria 
follow HOLMGREN et al., 1981. For light microscopy, 
epidermal preparations were obtained by either 
macerating materials with Jeffrey’s solution or soak-
ed in concentrated nitric acid depending on sample’s 
response to treatment, according to the approaches 
of KADIRI & AYODELE, 2003; KADIRI et al., 2007a, 
b., KHATIJAH et al., 1996; OGUNDIPE, 1996; OGUN-
DIPE & WUJEK, 2004, STACE, 1965). The approaches 
involved soaking leaf samples in the solutions for 
1–6 hours. The leaf samples were removed as soon 
as we noticed air bubbles on the samples and the 
epidermal layers were separated in Petri dish con-
taining water. The epidermal surfaces were washed 
in several changes of water with soft camel hair 
brush for removal of tissue debris, dragged onto the 
glass slides with outer surfaces facing up using 
mounting needle and few drops of 95% ethyl alcohol 
were added to harden the cells. The cleaned epider-
mises were stained using 3% aqueous solution of 
Safranin O, washed in 2–3 drops of 50% ethanol to 
remove excess stain before adding glycerine. Each 
mounted sample was covered with cover-slip and the 
edges were ringed with nail varnish to prevent de-
hydration. The epidermal features were assessed 
under Olympus light microscope and their characte-
ristics were depicted using camera lucida drawing 
apparatus carried out in the postgraduate laboratory 
of the Department of Botany, University of Lagos, 
Nigeria. For electron microscopy, small pieces 
(7 mm2) of the leaf material were fixed on SEM 
stubs with double-sided tape and sputter coated with 
gold. Specimens were examined and photographed 
in a Jeol JSM 35 scanning electron microscope in the 
Department of Biology, Central Michigan Universi-
ty, USA. Our stomatal descriptions follow STACE 
(1965) while SEM terminologies are as used by 
OGUNDIPE & WUJEK (2004), RADFORD et al. (1974), 
STACE, 1991, SUZANE,  et al. (2010).    

Results   

The results are summarized in Tables 2–4; the 
line drawings under light microscope and SEM 
micrographs are presented in Figs. 1–10.  

Light Microscopy: Epidermal cell 

The anticlinal wall may be identical (undulate 
or curved) on both surfaces and either surface 
having different anticlinal wall pattern. More-
over, straight pattern was recorded on the ad-
axial surface of a few species (Figs. 1–6). The 
epidermal cells of most species can be irregu-
larly shaped on both surfaces and we also ob-
served polygonal shape on the adaxial surface 
and irregular shape on the abaxial surface of 
some species such as A. lanata, A. bettzichiana, 
C. globosa, Cyathula spp., P. heudelotii and 
P. sclerenthum (Table 2). Cell size varies 
among the species. A. brasiliana has the long-
est epidermal cell of 49.6(58.9 ± 5.0)74.4 !m 
on the adaxial surface while shortest cell of 
10.6(12.0 ± 1.8)16.0 !m was recorded in A. as-
pera on the abaxial surface (Table 3). Cell wall 
is thicker on the adaxial epidermis than the 
abaxial surface except in A. lanata, A. pungens, 
A. graecizans, C. argentea and C. trigyna. 
Whereas, cell wall thickness is identical on 
both surfaces of A. brasiliana, A. repens, 
A. pseudovirgata, A. spinosus and A. viridis 
(Table 3). The leaf surface can be glabrous or 
pubescent in the species (Table 2). 

Stomatal complex 

The species generally have anomocytic sto-
mata, but some species may have other accom-
panying types e.g. paracytic in Alternanthera 
spp., Cyathula spp., P. lappacea, A. pseudovir-
gata A. viridis and G. celosiodes (Figs. 1–6, 
Table 2). In addition, cyclocytic and diacytic 
types were observed in Cyathula spp. 
(Figs. 4G, H; 5B). All species are am-
phistomatic except P. heudelotii that is hy-
postomatic (Fig. 5E, F; Table 2). Stomatal size 
varies from 4.0(8.0 ± 1.4)10.0 !m ! 2.0(3.0 
± 0.8)5.5 !m in A. spinosus to 20.2(21.3 
± 1.3)25.2 !m ! 10.0(12.3 ± 1.0)13.4 !m in 
A. pungens (Table 4). Stomatal number is high-
er on the adaxial surface than abaxial surface in 
all species. 
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Table 1 
Provenances of the representative specimens studied 

S/N Name of species Name of collector Accession 
number 

Tribe: Amarantheae   
  1. Achyranthes bidentata BLUME J. LOWE UIH 1239 
  2. A. bidentata BLUME LATILO & OGUNTAYO FHI 70501 
  3. A. aspera LINN. OGUNDIPE & KADIRI LUH 001 
  4. A. aspera LINN. M. REEKMANS FHI 95086 
  5. A. aspera LINN. OGUNDIPE & KADIRI LUH 002 
  6. Aerva lanata (LINN.) JUSS. ex SCHULT. G. W. IVENS UIH 14770 
  7. A .lanata (L.) JUSS. ex SCHULT. OLORUNFEMI, BINUYO & BABAGBEMI FHI 96748 
  8. A. lanata (L.) JUSS. ex SCHULT. A. B. KADIRI LUH….. 
  9. Amaranthus dubius MART. ex THELL G. JACKSON – 
10. A. graecizans LINN. OGUNDIPE & KADIRI  LUH 007 
11. A. hybridus LINN. OGUNDIPE & KADIRI  LUH40 
12. A. pseudovirgata SCHINZ J. B. HALL UIH 18477 
13. A. spinosus LINN. OGUNDIPE & KADIRI  LUH 006 
14. A. viridis LINN OGUNDIPE & KADIRI  LUH 008 
15. Cyathula pedicellata C. B. CLARKE A. GLEEDHILL UIH 10534 
16. C. prostrata (LINN.) BLUME EKWUNO & others FHI 95876 
17. C. schimperiana SUSSENG S. TAMAJONG FHI 26896 
18. Pandiaka  heudelotii (MOQ.) HOOK. f.  I. F. LA CROIX UIH 6756 
19. P. heudelotii (MOQ.) HOOK. f. OLORUNFEMI, BINUYO & BABAGBEMI FHI 96481 
20. Psilotrichum scleranthum BLUME JEAN PAWEK FHI 97157 
21. Pupalia lappacea (LINN.) JUSS. SOLADOYE, DARAMOLA & IHE FHI 86252 
22. P. lappacea (LINN.) JUSS. OGUNDIPE & KADIRI  LUH 012 

Tribe: Celosieae   
23. Celosia argentea LINN. OGUNDIPE & KADIRI  LUH 009 
24. C. argentea LINN. OGUNDIPE & KADIRI  LUH 010 
25. C. argentea LINN. OGU FHI 52476 
26. C. globosa SCHINZ P. WIT & J. OLORUNFEMI FHI 66925 
27. C. laxa SCHUM & THONN J. LOWE UIH 1264 
28. C. trigyna LINN. I. F. LA CROIX UIH 6757 
29. C. trigyna LINN. OLORUNFEMI FHI 91878 

Tribe: Gomphreneae   
30. Alternanthera bettzichiana (REGEL) VOSS NIL UIH 20454 
31. A. brasiliana (LINN.) KUNTZE J. LOWE UIH 22235 
32. A. ficoidea (LINN.) P.BEAUV. J. LOWE UIH 19352 
33. A. pungens H. B. & K. OGUNDIPE & KADIRI LUH 005 
34. A. repens (LINN.) LINK. ENUM. SHARMA UIH 19071 
35. A. sessilis (LINN.) R. BR. ex BOTH-SCHINZ OGUNDIPE & KADIRI  LUH 003 
36. Gomphrena celosioides MART. OGUNDIPE & KADIRI  LUH 011 

Nomenclature is according to HUTCHINSON & DALZIEL (1954). 
 
Scanning electron microscopy 

All the species studied have irregular striae and 
the periclinal wall is either conspicuous or 
inconspicuous. Stomata may be sunken or 
raised; usually they have thin rims and narrow 
to slightly wide apertures (Figs. 7–10). Epicu-
ticular waxes may occur as flakes or evenly 

spread and trichomes are either restricted to the 
abaxial or adaxial surface or found on both 
surfaces of the leaf. Long trichomes which may 
unicellular or multicellular and smooth or  
tuberculed on the surface were recorded in  
some species of Amaranthus e.g. A. pseudovir- 
gata and A. spinosus, C. argentea, C. globosa, 
C. prostrata, C. schimperiana and P. lappacea



100 Feddes Repert., Weinheim 123 (2012) 2 

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.feddes-journal.com 

T
ab

le
 2

 
C

om
pa

ra
tiv

e 
qu

al
ita

tiv
e 

fo
lia

r e
pi

de
rm

al
 fe

at
ur

es
 o

f t
he

 s
pe

ci
es

 o
f W

es
t A

fr
ic

an
 A

m
ar

an
th

ac
ea

e 
 

S/
N

 
Sp

ec
ie

s 
Su

rf
ac

e 
A

nt
ic

lin
al

 w
al

l 
pa

tte
rn

 
C

el
l s

ha
pe

 
St

om
at

al
 ty

pe
s 

T
ri

ch
om

e 
ty

pe
s 

T
ri

be
: 

A
m

ar
an

th
ea

e 
 

 
 

 
 

  1
. 

A
ch

yr
an

th
es

 a
sp

er
a 

A
da

xi
al

 
C

ur
ve

d 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

/P
ar

ac
yt

ic
 

A
bs

en
t 

 
 

A
ba

xi
al

 
U

nd
ul

at
e 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
A

bs
en

t 
  2

. 
A

. b
id

en
ta

ta
 

A
da

xi
al

 
C

ur
ve

d 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

 
A

bs
en

t 
 

 
A

ba
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

 
U

ni
ce

llu
la

r/
C

on
ic

al
 

  3
. 

A
er

va
 la

na
ta

 
A

da
xi

al
 

St
ra

ig
ht

/C
ur

ve
d 

Po
ly

go
na

l 
A

no
m

oc
yt

ic
 

A
bs

en
t 

 
 

A
ba

xi
al

 
C

ur
ve

d 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

/P
ar

ac
yt

ic
 

M
ul

tic
el

lu
la

r/
C

on
ic

al
 

  4
. 

A
m

ar
an

th
us

 d
ub

iu
s 

A
da

xi
al

 
C

ur
ve

d 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

/P
ar

ac
yt

ic
 

M
ul

tic
el

lu
la

r 
 

 
A

ba
xi

al
 

C
u r

ve
d 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
M

ul
tic

el
lu

la
r  

   
   

   
 

  5
. 

A
. g

ra
ec

iz
an

s 
   

 
A

da
xi

al
 

C
ur

ve
d 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
  

A
bs

en
t 

 
 

A
ba

xi
al

 
U

nd
ul

at
e 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
  

M
ul

tic
el

lu
la

r 
  6

. 
A

. p
se

ud
ov

ir
ga

ta
   

A
da

xi
al

 
C

ur
ve

d 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

/P
ar

ac
yt

ic
 

A
bs

en
t 

 
 

A
ba

xi
al

 
U

nd
ul

at
e 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
A

bs
en

t 
  7

. 
A

. s
pi

no
su

s 
  

A
da

xi
al

 
C

ur
ve

d 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

  
A

bs
en

t 
 

 
A

ba
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

  
A

bs
en

t 
  8

. 
A

. v
ir

id
is

   
A

da
xi

al
 

C
ur

ve
d 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
A

bs
en

t 
 

 
A

ba
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

/P
ar

ac
yt

ic
 

A
bs

en
t 

  9
. 

C
ya

th
ul

a 
pe

di
ci

lla
ta

 
A

da
xi

al
 

St
ra

ig
ht

/C
ur

ve
d 

Po
ly

go
na

l 
A

no
m

oc
yt

ic
/C

yc
lo

cy
tic

/P
ar

ac
yt

ic
 

M
ul

tic
el

lu
la

r/
C

on
ic

al
 

 
 

A
ba

xi
al

 
U

nd
ul

at
e 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/D

ia
cy

tic
 

A
bs

en
t 

10
. 

C
. p

ro
st

ra
ta

 
A

da
xi

al
 

St
ra

ig
ht

/C
ur

ve
d 

Po
ly

go
na

l 
A

no
m

oc
yt

ic
/C

yc
lo

cy
tic

/P
ar

ac
yt

ic
 

A
bs

en
t 

 
 

A
ba

xi
al

 
U

nd
ul

at
e 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
A

bs
en

t 
11

. 
C

. s
ch

im
pe

ri
an

a 
   

A
da

xi
al

 
C

ur
ve

d 
Po

ly
go

na
l 

A
no

m
oc

yt
ic

/C
yc

lo
cy

tic
 

A
bs

en
t 

 
 

A
ba

xi
al

 
U

nd
ul

at
e 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/C

yc
lo

cy
tic

 
A

bs
en

t 
12

. 
P

an
di

ak
a 

he
ud

el
ot

ii 
A

da
xi

al
 

C
ur

ve
d 

Po
ly

go
na

l 
A

bs
en

t 
A

bs
en

t 
 

 
A

ba
xi

al
 

C
ur

ve
d 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
 

A
bs

en
t 

13
. 

P
si

lo
tr

ic
hu

m
 s

cl
er

an
th

um
 

A
da

xi
al

 
C

ur
ve

d 
Po

ly
go

na
l 

A
no

m
oc

yt
ic

 
A

bs
en

t 
 

 
A

ba
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

 
A

bs
en

t 
14

. 
P

up
al

ia
 la

pp
ac

ea
 

A
da

xi
al

 
C

ur
ve

d 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

/P
ar

ac
yt

ic
 

A
bs

en
t 

 
 

A
ba

xi
al

 
U

nd
ul

at
e 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
A

bs
en

t 
T

ri
be

: 
C

el
os

ie
ae

 
 

 
 

 
 

15
. 

C
el

os
ia

 a
rg

en
te

a 
A

da
xi

al
 

St
ra

ig
ht

/C
ur

ve
d 

Po
ly

go
na

l 
A

no
m

oc
yt

ic
 

A
bs

en
t 

 
 

A
ba

xi
al

 
U

nd
ul

at
e 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
  

U
ni

ce
llu

la
r 

16
. 

C
. g

lo
bo

sa
 

A
da

xi
al

 
C

ur
ve

d 
Po

ly
go

na
l 

A
no

m
oc

yt
ic

  
A

bs
en

t 
 

 
A

ba
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

  
A

bs
en

t 
17

. 
C

. t
ri

gy
na

 
A

da
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

  
A

bs
en

t 
 

 
A

ba
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

  
A

bs
en

t 

  



O. T. OGUNDIPE and A. B. KADIRI: Comparative foliar epidermal morphology of the West African species  101 

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.feddes-journal.com 

T
ri

be
: 

G
om

ph
re

ne
ae

 
 

 
 

 
 

18
. 

A
lte

rn
an

th
er

a 
be

ttz
ic

hi
an

a 
A

da
xi

al
 

C
ur

ve
d 

Po
ly

go
na

l 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
A

bs
en

t 
 

 
A

ba
xi

al
 

C
ur

ve
d 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
 

A
bs

en
t 

19
. 

A
. b

ra
si

lia
na

 
A

da
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

 
A

bs
en

t 
 

 
A

ba
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

 
A

bs
en

t 
20

. 
A

. f
ic

oi
de

a 
A

da
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

 
A

bs
en

t 
 

 
A

ba
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

/P
ar

ac
yt

ic
 

M
ul

tic
el

lu
la

r/
C

on
ic

al
 

21
. 

A
. p

un
ge

ns
 

A
da

xi
al

 
C

ur
ve

d 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

/P
ar

ac
yt

ic
 

A
bs

en
t 

 
 

A
ba

xi
al

 
U

nd
ul

at
e 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
A

bs
en

t 
22

. 
A

. r
ep

en
s 

   
   

   
A

da
xi

al
 

C
ur

ve
d 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/ P

ar
ac

yt
ic

 
A

bs
en

t 
 

 
A

ba
xi

al
 

C
ur

ve
d 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
A

bs
en

t 
23

. 
A

. s
es

si
lis

 
A

da
xi

al
 

U
nd

ul
at

e 
Ir

re
gu

la
r 

A
no

m
oc

yt
ic

/P
ar

ac
yt

ic
 

U
ni

ce
llu

la
r 

 
 

A
ba

xi
al

 
U

nd
ul

at
e 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
U

ni
ce

llu
la

r 
24

. 
G

om
ph

re
na

 c
el

os
io

id
es

 
A

da
xi

al
 

C
ur

ve
d 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
A

bs
en

t 
 

 
A

ba
xi

al
 

C
ur

ve
d 

Ir
re

gu
la

r 
A

no
m

oc
yt

ic
/P

ar
ac

yt
ic

 
M

ul
tic

el
lu

la
r/

C
on

ic
al

 

 

(Figs. 7E, G, H; 8G, 9A–D, G, H; 10A, H).  
Candelabra trichomes were encountered in 
C. trigyna and A. viridis (Figs. 8F, 10G). Fili-
form type was found in A. graecizans (Fig. 9E, 
F), and peltate scales were observed in A. psu-
dovirgata and A. spinosus (Figs. 7F and 10E).  

Discussion 

The present comparative work does not only 
conform to the existing reports on leaf epider-
mal features of some species of Amaranthaceae 
by previous workers especially, METCALFE & 
CHALK, 1950, 1979; OGUNDIPE, 1996; ROCIO 
& CARMO, 2004 and SUZANE et al., 2010 but 
also shed light on features which have implica-
tions on taxa delimitation in the family. Ano-
mocytic stomatal type, usually accompanied by 
paracytic type, undulate anticlinal wall pattern 
and irregular cell shape were observed among 
the species. Other stomatal types such as cyclo-
cytic and diacytic were found only in Cyathula 
pedicillata but only diacytic was recorded in 
Cyathula prostrata. Diacytic stomata have also 
been reported in the Brazilian Alternanthera 
brasiliana (ROCIO & CARMO, 2004) but MET-
CALFE & CHALK (1950, 1979) reported anomo-
cytic stomata as being typical for the family. 
The taxonomic relevance of stomata has been 
shown in many angiosperm families (AHMAD, 
1976; AKHIL & SUBHAN, 1997; BHANDARI & 
MUKHOPADHYAY, 1997; FORTENELLE, et al., 
1994; KADIRI & AYODELE, 2003; KHATIJAH  
et al., 1996; KOTRESHA & SEETHARAM, 1995; 
2000, OGUNDIPE, 1996; OGUNDIPE & WUJEK, 
2004; ROCIO & CARMO, 2004; SOLEREDER, 
1908; SUZANE et al., 2010). The variation re-
corded in the anticlinal wall pattern as noted by 
STACE (1965) may be under strict genetic con-
trol or influenced by environmental conditions. 
In Brazil, sinuous and straight walls were re-
corded in Gomphrena spp. while straight-
curved and deeply sinuous walls were reported 
for Alternanthera brasiliana (ROCIO & CARMO, 
2004; SUZANE et al., 2010). Generally, the 
anticlinal wall of the West African species of 
Amaranthaceae varies from curved to undu- 
late or sometimes straight-curved. Trichomes 
were also recorded to vary among the species, 
this observation agrees with the reports of  
METCALE & CHALK (1950, 1979), OGUNDIPE
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Table 3 
Comparative quantitative features of the foliar epidermal cells of the species of West African Amaranthaceae 

S/n Species Cell number Cell length (µm) Cell width (µm) Cell thick (µm) 

Tribe Amarantheae     
  1. Achyranthes  aspera 48(60 ± 3)75 15.6(18.5 ± 2.0)28.0   6.0(9.9 ± 2.0)12.4 1.5(1.0 ± 0.3)2.0 
  35(40 ± 5)51 10.6(12.0 ± 1.8)16.0   5.0(7.5 ± 1.8)8.6 0.8(1.0 ± 0.2)1.0 
  2. A. bidentata 58(68 ± 5)85 25.6(28.5 ± 2.2)32.0   8.0(10.9 ± 2.0)14.4 1.6(1.7 ± 0.3)2.0 
  56(60 ± 5)65 25.6(32.0 ± 2.3)36.0   5.6(7.7 ± 2.0)9.6 0.8(1.1 ± 0.2)1.2 
  3. Aerva lanata 58(63 ± 8)68 32.0(38.9 ± 3.0)44.8 12.8(14.4 ± 2.2)16.0 1.2(1.5 ± 0.2)1.6 
  25(30 ± 3)50 18.0(28.8 ± 3.2)26.0 16.0(18.7 ± 2.0)22.4 2(2.3 ± 0.2)2.4 
  4. Amaranthus dubius 75(80 ± 7)85 14.4(16.8 ± 2.4)20.0   8.0(9.9 ± 2.0)12.0 1.2(1.6 ± 0.2)2.0 
  86(92 ± 5)98 16.0(22.7 ± 2.2)28.0 12.0(14.1 ± 2.0)16.0 2.0(2.1 ± 0.3)2.4 
  5. A. graecizans 89(77 ± 7)98 16.0(23.5 ± 3.6)35.2   8.0(10.7 ± 2.0)13.6 1.2(1.5 ± 0.3)1.6 
  26(29 ± 3)32 32.0(36.0 ± 2.5)40.0 14.4(16.8 ± 2.0)20.0 1.6(1.9 ± 0.2)2.4 
  6. A. pseudovirgata 15(12 ± 3)20 22.4(26.1 ± 2.0)24.0   8.0(11.5 ± 2.0)16.0 1.2(1.3 ± 0.3)1.6 
  78(84 ± 9)90 20.0(22.1 ± 2.3)24.0   6.4(8.0 ± 1.3)9.6 1.2(1.3 ± 0.2)1.6 
  7. A. spinosus 12(15 ± 3)20 20.4(24.1 ± 2.0)20.0   7.0(10.5 ± 2.0)15.0 1.0(1.3 ± 0.3)1.5 
  68(80 ± 9)90 20.0(22.1 ± 2.3)22.0   6.0(9.0 ± 1.3)10.6 1.0(1.1 ± 0.2)1.5 
  8. A. viridis 13(15 ± 3)22 21.4(24.1 ± 2.0)28.0   8.0(10.5 ± 2.0)16.0 1.0(1.3 ± 0.3)1.5 
  70(82 ± 9)94 25.0(27.1 ± 2.3)32.0   8.5(9.0 ± 1.3)10.8 1.0(1.1 ± 0.2)1.5 
  9. Cyathula pedicillata 20(25 ± 3)30 28.0(48.0 ± 3.2)56.0 16.0(20.0 ± 2.2)26.4 1.2(1.5 ± 0.1)1.6 
  38(41 ± 5)45 20.0(24.0 ± 3.0)28.0   6.4(8.8 ± 2.1)12.0 0.8(1.1 ± 0.3)1.2 
10. C. prostrata 58(63 ± 8)68 32.0(38.9 ± 3.0)44.8 12.8(14.4 ± 2.2)16.0 1.2(1.5 ± 0.2)1.6 
  40(47 ± 5)52 32.8(36.5 ± 3.0)40.0   8.0(13.9 ± 1.6)17.6 0.8(0.9 ± 0.2)1.2 
11. C. schimperiana 60(68 ± 8)75 16.0(22.7 ± 2.0)28.0 11.2(13.6 ± 2.0)16.0 2.0(2.1 ± 0.2)2.4 
  28(31 ± 4)35 14.4(16.8 ± 3.4)20.0   8.0(14.4 ± 2.0)24.4 1.2(1.5 ± 0.1)1.6 
12. Pandiaka heudelotii 30(36 ± 5)42 25.6(40 ± 5.5)51.2 20.0(23.2 ± 2.0)25.6 2(2.3 ± 0.1)2.4 
  22(26 ± 3)30 20.0(25.9 ± 3.0)32.0   8.0(11.5 ± 2.1)14.4 0.8(1.2 ± 0.2)1.6 
13. Psilotrichum scleranthum 25(30 ± 3)50 18.0(28.8 ± 3.2)26.0 16.0(18.7 ± 2.0)22.4 2(2.3 ± 0.2)2.4 
  24(30 ± 4)35 24.0(31.7 ± 3.0)36.0   8.0(19.9 ± 2.0)25.0 1.2(1.5 ± 0.3)1.6 
14. Pupalia lappacea 14(16 ± 3)18 32.0(44.8 ± 5.0)56.0 22.4(25.3 ± 1.8)29.6 2.4(2.7 ± 0.5)2.8 
  12(16 ± 3)22 32.0(41.9 ± 3.0)58.4 12.8(14.4 ± 2.0)16.0 1.6(1.9 ± 0.5)2.4 

Tribe: Celosieae     
15. Celosia argentea 28(31 ± 5)35 34.4(42.1 ± 4.1)48.0 17.6(20.5 ± 2.0)24.0 1.6(2.0 ± 0.1)2.4 
  20(22 ± 3)25 30.4(37.6 ± 2.3)37.6 14.4(20.2 ± 1.7)24.8 1.6(1.7 ± 0.7)3.1 
16. C. globosa 27(31 ± 5)35 25.6(35.7 ± 5)49.6 20.8(25.1 ± 2.0)30.4 1.6(2.0 ± 0.4)2.4 
  28(30 ± 5)32 38.4(48 ± 5)57.6 12.0(14.1 ± 2.0)16.0 1.2(1.5 ± 0.2)1.6 
17. C. trigyna 28(32 ± 3)35 30.4(36.3 ± 3.0)42.4 18.4(22.9 ± 2.0)26.4 0.8(1.2 ± 0.3)1.6 
  36(46 ± 4)54 20.8(26.9 ± 2.8)36.0 12.8(14.9 ± 2.0)16.0 1.6(1.7 ± 0.3)2.0 

Tribe: Gomphreneae     
18. Alternanthera bettzichiana 32(38 ± 3)48 32.0(35.7 ± 3.0)40.0 16(23.2 ± 2.2)29.6 1.6(1.7 ± 0.1)2.0 
  35(38 ± 3)42 21.6(26.4 ± 2.3)25.6   8(10.4 ± 1.5)13.6 0.8(1.1 ± 0.1)1.2 
19. A. brasiliana 10(12 ± 2)15 49.6(58.9 ± 5.0)74.4 17.6(20 ± 2.0)22.4 2.0(2.4 ± 0.3)2.8 
  12(15 ± 2)18 32.0(35.2 ± 3.0)40.0 14.4(16 ± 2.0)17.6 2.0(2.4 ± 0.3)2.8 
20. A. ficoidea 25(35 ± 3)50 18.4(21.6 ± 1.9)24.0   4.0(7.2 ± 2.0)9.6 1.2(1.3 ± 0.2)2.0 
  36(40 ± 3)45 20.0(26.1 ± 2.4)32.0   9.6(12.2 ± 1.8)14.4 1.6(1.7 ± 0.2)2.0 
21. A.pungens   9(10 ± 2)13 46.6(54.9 ± 5.0)70.4 15.6(18 ± 2.0)20.4 2.0(2.2 ± 0.3)2.5 
  12(15 ± 2)17 30.0(33.2 ± 3.0)45.0 13.4(16 ± 2.0)18.6 2.0(2.2 ± 0.3)2.6 
22. A. repens 22(25 ± 3)28 34.4(44.8 ± 3.1)56.0 20.0(25.9 ± 2.0)25.6 1.6(2.0 ± 0.1)2.4 
  18(21 ± 2)25 25.6(38.1 ± 3.3)37.6 14.4(18.7 ± 2.0)21.6 1.6(2.0 ± 0.2)2.4 
23. A. sessilis 40(47 ± 2)52 19.2(22.1 ± 2.4)25.6   9.6(13.3 ± 1.5)16.0 1.2(1.6 ± 0.1)2.0 
  65(75 ± 6)85 16.8(21.1 ± 2.7)24   8.0(10.7 ± 2.0)14.4 0.8(1.2 ± 0.1)1.6 
24. Gomphrena celosioides 28(30 ± 4)32 32.0(38.7 ± 3.2)44.0 10.4(10.9 ± 2.1)14.4 0.8(1.2 ± 0.3)1.6 
  40(45)54 27.2(36.8 ± 5.0)48.0 10.4(19.4 ± 1.7)28.0 1.2(1.5 ± 0.1)1.6 

Values are arranged adaxial/abaxial. Measurements: Minimum value (Mean ± Standard Deviation) Maximum 
value. 
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Table 4 
Comparative quantitative features of the stomata of the species of West African Amaranthaceae 

S/n Species Stomatal number Stomatal length (µm) Stomatal width (µm) 

Tribe: Amarantheae    
1. Achyranthes aspera 10(13 ± 2)20   4.4(7.0 ± 1.3)8.6   2.0(4.0 ± 1.0)4.1 
  20(18 ± 2)30   5.6(8.0 ± 1.5)9.0   3.2(4.2 ± 1.0)4.9 
2. A. bidentata 15(18 ± 3)20   5.4(7.0 ± 1.9)8.6   2.4(3.0 ± 1.0)4.0 
  25(28 ± 2)30   6.4(8.0 ± 1.9)9.6   3.2(4.0 ± 1.0)4.8 
3. Aerva lanata   2(4 ± 1)6 10.4(12.3 ± 1.6)14.4   9.6(10.7 ± 1.0)12.0 
    5(8 ± 2)10   6.4(7.0 ± 1.0)8.6   6.1(8.0 ± 1.0)10.0 
4. Amaranthus dubius 35(38 ± 3)40   4.8(6.4 ± 1.3)8.0   3.2(4.0 ± 1.2)4.8 
  50(55 ± 2)60   8.0(9.9 ± 2)12.0   4.0(5.1 ± 1.2)6.4 
5. A. graecizans 15(18 ± 4)20 12(16.8 ± 2.4)20.8   9.6(11.7 ± 1.5)13.6 
  18(21 ± 3)25 12.8(14.4 ± 1.8)16.0   8.0(11.5 ± 1.2)14.4 
6. A. pseudovirgata 26(33 ± 3)45   5.4(7.5 ± 1.0)15.0   2.1(3.2 ± 0.8)5.0 
  30(36 ± 2)45   4.4(8.3 ± 1.4)10.0   2.0(3.0 ± 0.8)4.5 
7. A. spinosus 20(30 ± 3)38   5.0(7.0 ± 1.0)13.0   2.0(3.0 ± 0.8)6.0 
  26(32 ± 2)43   4.0(8.0 ± 1.4)10.0   2.0(3.0 ± 0.8)5.5 
8. A. viridis 25(30 ± 3)38   6.0(7.0 ± 1.4)10.0   2.3(3.0 ± 0.8)6.1 
  29(32 ± 2)47   5.0(8.0 ± 1.4)12.0   2.5(3.0 ± 0.8)5.6 
9. Cyathula pedicillata 10(17 ± 2)20 10(14.4 ± 1.2)15.6   3.50(6.1 ± 1.9)7.0 
  16(19 ± 2)24 12(14.4 ± 1.3)17.6   4.0(6.1 ± 1.1)8.0 
10. C. prostrata   2(4 ± 1)6 10.4(12.3 ± 1.6)14.4   9.6(10.7 ± 1.0)12.0 
  16(17 ± 2)19 12.0(14.1 ± 1.2)16.0   8.0(9.9 ± 1.4)12.0 
11. C. schimperiana 20(26 ± 2)30   6.0(8.1 ± 2.1)10.8   3.0(5.0 ± 1.0)6.4 
  25(31 ± 2)32   8.0(10.1 ± 2.1)12.8   4.0(5.3 ± 1.3)7.2 
12. Pandiaka heudelotii Absent Absent Absent 
  28(31 ± 2)35   5.6(9.1 ± 2.1)10.5   3.2(5.1 ± 1.2)7.2 
13. Psilotrichum scleranthum   5(8 ± 2)10   4.4(6.0 ± 1.0)7.6   3.1(4.0 ± 1.0)5.0 
  10(12 ± 2)15   6.4(8.0 ± 1.0)9.6   4.0(4.8 ± 1.0)5.6 
14. Pupalia lappacea   9(10 ± 2)12   9.6(13.3 ± 2.0)16.0   6.4(8.0 ± 1.0)9.6 
  15(18 ± 2)20 14.4(16 ± 2.0)17.6   6.4(8.0 ± 1.0)9.6 

Tribe Celosieae    
15. Celosia argentea   5(6 ± 2)7 18.4(20 ± 1.2)21.6 14.4(14.9 ± 1.1)16.0 
  18(21 ± 2)25 14.4(16.0 ± 1.6)17.6   9.6(11.5 ± 1.0)12.8 
16. C. globosa   8(10 ± 3)15 14.0(16.1 ± 1.1)18.0   4.5(5.0 ± 1.0)7.0 
  10(14 ± 3)18 12.0(14.1 ± 1.5)16.0   4.8(5.6 ± 1.0)6.4 
17. C. trigyna   5(8 ± 2)10   6.4(8.0 ± 1.4)9.6   2.4(3.2 ± 1.0)4.8 
  18(21 ± 3)24   4.8(7.7 ± 1.6)10.4   2.4(4.0 ± 0.8)5.6 

Tribe Gomphreneae    
18. Alternanthera bettzichiana 13(15 ± 2)18 10.0(12.1 ± 1.5)20.0   5.0(4.0 ± 1.0)8.5 
  25(28 ± 2)32 20.0(22.1 ± 1.7)24.0   8.0(8.0 ± 1.0)9.6 
19. A. brasiliana   2(4 ± 2)5 19.2(21.3 ± 1.5)23.2 12.0(13.3 ± 1.0)14.4 
    5(6 ± 2)8 12.8(14.4 ± 1.8)16.0   8.0(10.7 ± 1.0)14.4 
20. A. ficoidea 14(17 ± 4)20   6.4(8.0 ± 2.0)9.6   1.6(2.4 ± 1.1)3.2 
  28(31 ± 3)35   6.4(8.0 ± 2.0)9.6   2.4(3.2 ± 1.3)4.0 
21. A.pungens   3(4 ± 2)6 20.2(21.3 ± 1.3)25.2 10.0(12.3 ± 1.0)13.4 
    8(6 ± 2)10 15.8(13.4 ± 1.5)18.0   8.0(11.7 ± 1.0)15.5 
22. A. repens   8(9 ± 2)10 13.6(15.5 ± 1.3)18.4   6.4(7.7 ± 1.4)9.6 
  13(15 ± 2)17   8.0(9.9 ± 1.5)12.0   6.4(7.2 ± 1.0)8.0 
23. A. sessilis 10(13 ± 2)18   9.6(11.5 ± 1.3)13.6   6.4(8.0 ± 2.0)9.6 
  28(31 ± 3)35   9.6(12 ± 1.4)14.4   6.4(8.0 ± 1.0)9.6 
24. Gomphrena celosioides 15(16 ± 2)17 13.6(14.7 ± 2.1)16.0 10.4(11.7 ± 1.1)12.8 
    4(20 ± 5)25 14.4(16.0 ± 2.2)17.6 12(13.1 ± 1.0)14.4 

Values are arranged adaxial/abaxial. Measurements: Minimum value (Mean ± Standard Deviation) Maximum 
value.  
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Fig. 1 
Foliar epidermal characteristics of some West African species of Amaranthaceae.                           
A, C, E, and G: Adaxial surface. B, D, F and H: Abaxial surface. A, B: A. bidentata; C, D: A. aspera; E, F: A. repens;  
G, H: A. ficoidea. Anticlinal wall pattern is curved to undulate. Note the degree of curvature. From left in B, 1st arrow 
points at a typical paracytic stoma while right arrow shows anomocytic stoma. Scale bar is 50 µm 
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Fig. 2 
Foliar epidermal characteristics of some West African species of Amaranthaceae                                 
A, C, E, and G: Adaxial surface. B, D, F and H: Abaxial surface. A, B: A. bettzichiana; C, D: A. pungens; E, F: A. sessilis; 
G, H: A. brasiliana. Anticlinal wall pattern is curved to undulate. Note the degree of curvature. Scale bar is 50 µm 
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Fig. 3 
Foliar epidermal characteristics of some West African species of Amaranthaceae                           
A, C, E, and G: Adaxial surface. B, D, F and H: Abaxial surface. A, B: A. dubius; C, D: A. graecizans; E, F: A. pseudovir-
gata; G, H: A. spinosus. Anticlinal wall pattern is curved to undulate. Note the degree of wall curvature in all species.  
Multicellular glandular trichome represented by a solid drawing and trichome scar were found in A. graecizans. Scale bar is 
50 µm 
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Fig. 4 
Foliar epidermal characteristics of some West African species of Amaranthaceae                           
A, C, E, and G: Adaxial surface. B, D, F and H: Abaxial surface. A, B: A. viridis; C, D: C. argentea; E, F: C. trigyna;  
G, H: C. pedicillata. Anticlinal wall pattern is curved to undulate. Note the degree of wall curvature in the species. In G, the 
arrow points at cyclocytic stoma while 4H arrow shows diacytic stoma. Multicellular glandular trichomes with thick outline 
were found in D and G. Scale bar is 50 µm 
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Fig. 5 
Foliar epidermal characteristics of some West African species of Amaranthaceae 
A, C, E, and G: Adaxial surface. B, D, F and H: Abaxial surface. A, B: C. prostrata; C, D: G. celosiodes; E, F: P. heudelo-
tii G, H: P. scleranthum. Anticlinal wall pattern is curved to undulate and straight. Note the degree of wall curvature in the 
species. In B, the upper arrow points at anomocytic stoma while the lower arrow points at diacytic stoma. Stoma is absent 
on the adaxial surface of E. Scale bar is 50 µm  
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Fig. 6 
Foliar epidermal characteristics of some West African species of Amaranthaceae                                  
A and C: Adaxial surface. B and D: Abaxial surface. A, B: P. lappacea; C, D: A. lanata. Anticlinal wall pattern is curved to 
undulate and straight. Note the degree of wall curvature in the species. Scale bar is 50 µm 
 
(1996), ROCIO & CARMO (2004) and SUZANE 
et al. (2010). We observed long acicular type 
which may be unicellular or multicellular, 
candelabra and filiform trichomes in some 
species belonging to a tribe in the family and a 
few of the types belonging to some species in 
other tribes. Trichomes have been shown to 
assist in distinguishing taxa in angiosperms 
(INAMDHAR & GANGDHARA, 1977; OGUNDIPE, 
1996; RADFORD et al., 1978; STACE, 1965).  
The stomatal rims and apertures are thin and 
narrow respectively in the family and the sto-
matal orientation varies from raised to sunken 
both inter- and intra-generically. A combina-
tion of these features can be used to distinguish 
the taxa from one another as presented thus: in 

the tribe Amarantheae, the epidermal cells such 
as anticlinal wall pattern is usually curved on 
the adaxial surface and curved, curved-straight 
and undulate on the abaxial surface in all spe-
cies. The curved-straight pattern was usually 
recorded in Cyathula spp. The species all have 
anomocytic and paracytic stomata but presence 
of cyclocytic and diacytic types again distin-
guishes Cyathula from other species. Celosieae 
is only represented in West Africa by Celosia 
(HUTCHINSON & DALZIEL, 1958) but, the three 
species studied reflected all the three types of 
anticlinal walls found in Amarantheae and they 
have all the typical stomatal types: anomocytic 
and paracytic. Also, trichomes are widely var-
ied in the tribe. Gomphreneae represented by
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Fig. 7 
Scanning electron micrographs of leaf surfaces of some species of Amaranthaceae                          
All abaxial surfaces. A, B: A. aspera; C, D: A. lanata; E, F: A. pseudovirgata; G, H: A. spinosus. Note irregular striae and 
sunken stomata in all species, long acicular trichomes in E, G and H; and multicellular peltate scale in F. Scale bar is 
200 µm in G and 50 µm in others    
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Fig. 8 
Scanning electron micrographs of leaf surfaces of some species of Amaranthaceae 
Adaxial surface: A, C, E and G. Abaxial surface: B, D, F and H. A, B: A. viridis; C, D: C. globosa; E, F: C. trigyna; G, H: 
C. prostrata. Note irregular striae in all species, raised stomata in A –D, sunken stomata in E–H, multi-branched trichome 
in F and long acicular type in G. Scale bar is 200 µm in F and 50 µm in others    
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Fig. 9 
Scanning electron micrographs of leaf surfaces of some species of Amaranthaceae 
All abaxial surfaces except G. A, B: C. schimperiana; C, D: P. lappacea; E, F: A. graecizans; G, H: A. hybridus. Note 
irregular anticlinal wall in E,  irregular striae, thin stomatal rim, narrow aperture and sunken stomata in all species. Scale  
plates in D and H, tuberculate trichomes in A and B, flat unicellular trichome in E, F and multicelluar type in G, H. Scale 
bar is 100 µm in D and H, 30 µm in B and 50 µm in other species  
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Fig. 10 
Scanning electron micrographs of leaf surfaces of some species of Amaranthaceae                      
All adaxial surfaces except F and H. A, B: A. hybridus with acicular trichome; C– E: A. spinosus; C and D show smooth 
periclinal wall while E shows bicellular peltate scale. F is the lower surface of C. pedicillata. G, H: A. viridis, G shows 
candelabra trichome and H, tuberculate unicelluar trichome. Note the conspicuous periclinal wall and irregular striae in the 
species. Scale bar is 100 µm in A and G, and 50 µm in others  
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two genera Alternanthera and Gomphrena 
usually have uniform anticlinal wall patterns 
(curved and undulate) on both surfaces of the 
epidermis and they have the typical stomatal 
types for the family. These features are known 
to vary with environmental factors (METCALFE 
& CHALK, 1979; RADFORD et. al. 1974; STACE, 
1965) but their use in solving taxonomic prob-
lems have been proved in many angiosperms 
families (AHMAD, 1976; AKHIL & SUBHAN, 
1997; BHANDARI & MUKHOPADHYAY, 1997; 
FORTENELLE, et al., 1994; KADIRI & AYODELE, 
2003; KHATIJAH et al., 1996; KOTRESHA & 
SEETHARAM, 1995, 2000; OGUNDIPE, 1996; 
OGUNDIPE & WUJEK, 2004; ROCIO & CARMO, 
2004; SUZANE et al., 2010). 
 Therefore, we conclude that placement of 
the West African genera of Amaranthaceae into 
3 tribes is supported with characters of the leaf 
epidermis. The species of Gomphreneae have 

many characters in common than any other 
tribe and Celosieae has more common features 
than Amarantheae which has the largest taxa. 
In our opinion, Gomphrenoideae appears to be 
more natural than Amaranthoideae and charac-
ter affinities in  Celosieae are more than in 
Amarantheae. Hence, our findings agree with 
the suggestion that Gomphrenoideae is mono-
phyletic but our features of the epidermis sup-
port polyphyletic suggestion for Celosieae by 
OGUNDIPE & CHASE (2009) based on matK 
DNA sequence but do not support its mono-
phyly according to BORSCH (1998) and KAD-
EREIT et al. (2003) based on pollen characters 
and molecular analysis of rbcL. The apparent 
polyphyletic nature of Amarantheae observed 
by OGUNDIPE & CHASE (2009) is also supported 
because of wide variations in their epidermal 
characters. An indented dichotomous key for 
delimiting the species is presented below: 

 
1. Leaf hypostomatic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pandiaka heudelotii 
1. Leaf amphistomatic 
 2. Stomatal type anomocytic only  
  3. Anticlinal wall curved on adaxial surface/undulate on abaxial surface 
   4. Epidermal cell four times longer than wider on the abaxial surface 
    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Achyranthes bidentata        
   4. Epidermal cell two times longer than wider on the abaxial surface 
    5. Cell shape irregular on both surfaces  
     6. Peltate scale present, more cells on the adaxial surface . . Amaranthus graecizans 
     6. Peltate scale absent, more cells on the abaxial surface . . . . Amaranthus spinosus 
      7. Anticlinal wall undulate on both surfaces 
       8. Mean stomatal size on abaxial surface 14.4 ! 10.7 !m 
        . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Alternanthera brasiliana 
       8. Mean stomatal size on abaxial surface 7.7 ! 4.0 !m . . . . Celosia trigyna 
      7. Anticlinal wall straight on adaxial surface/curved on abaxial surface                          
    5. Cell shape polygonal on adaxial surface/irregular on abaxial surface 
        9. Stoma almost thrice as long as wide on both surfaces . . Celosia globosa 
        9. Stoma almost twice as long as wide on both surfaces 
       . . . . . . . . . . . . . . . . . . . . . . . . . . . . Psilotrichum scleranthum 
         10. Mean stomatal number not greater than 10 on abaxial surface 
          . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Aerva lanata 
         10. Mean stomatal number greater than 10 on abaxial surface 
          . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Celosia argentea  
  3. Anticlinal wall curved on both surfaces 
          11. Cell shape polygonal on adaxial surface/irregular on abaxial  
           surface, trichome absent . . . . . . . Alternanthera bettzichiana  
          11. Cell shape irregular on both surfaces, trichome present 
           . . . . . . . . . . . . . . . . . . . . . . . . . Gomphrena celosiodes 
 2. Stomatal type anomocytic with some other accompanying types     
           12. Cyclocytic present . . . . . . . . . . . . Cyathula pedicillata 
           12. Cyclocytic absent 
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            13. Stomata number not more than 20 . Cyathula prostrata 
            13. Stomata number more than 20 . . Cyathula schimperiana  
             14. Anticlinal wall pattern similar on both surfaces 
              15. Anticlinal wall undulate   
               16. Mean stomatal size on abaxial surface  
                8.0 ! 3.2 !m . . . . Alternanthera ficoidea 
               16. Mean stomatal size on abaxial surface  
                12.0 ! 8.0 !m . . . . Alternanthera sessilis 
              15. Anticlinal wall curved  
                17. Epidermal cell number 18–28 
               . . . . . . . . . . . Alternanthera repens 
                17. Epidermal cell number 75–98 
               . . . . . . . . . . . . Amaranthus dubius 
             14. Anticlinal wall pattern different on either  
              surface   
                 18. Stomata number not more  
                  than 30 . . . . Achyranthes aspera      
                 18. Stomata number more than 40               
                  19. Trichome absent 
                   . . . . . . Amaranthus viridis 
                  19. Trichome present 
                   . . Amaranthus pseudovirgata 
                   20. Stoma thrice longer  
                    than wider 
                  . . . . . Pupalia lappacea 
                   20. Stoma twice longer  
                    than wider 
                                                                                                               . . Alternanthera pungens 
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