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Studies of  the wood anatomy of  three species of  Ocimum L. and a variety viz :  Ocimum basilicum, L,. O. gratissimum, 
L., O. canum Sims. and the variety O. basilicum var. purpurascens Benth. were carried out  in search of  wood 
anatomical characters of  taxonomic and diagnostic importance in the delimitation of  the members of  the genus 
using light microscopy. Small blocks (1cm x 1 cm x 1cm) were collected from matured stem of  the individual 
plants. Transverse section (TS), Tangential Longitudinal Sections (TLS) and Radial Longitudinal Section (RLS) 
were made using sliding microtome. Small blocks of  the wood were also macerated. Qualitative as well as 
quantitative characters were observed and recorded while quantitative data were further subjected to one way 
Analysis of  Variance with mean separation. Results revealed that generic wood anatomical characters of  note in 
the taxa include: diffuse porous wood, simple vessel perforation and  homocellular uniseriate vascular ray cells. 
Apotracheal parenchyma,  multiseriate ray cells and opposite intervascular pittings delimit O. gratissimum from 
the rest of  the taxa. Wood anatomy of  the genus suggests   greater evolutionary relationship between O. basilicum 
var. purpurascens   and O. gratissimum as  previously  reported.
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INTRODUCTION
The genus Ocimum is a member of  the family 
Lamiaceae (syn: Labiatae) otherwise known as 
`mint family'. It is a large cosmopolitan family of  
predominantly annual or perennial herbs or under 
shrubs. The family consists of  200 genera and 
about 5000 species (Riley, 1963) or 170 genera and 
about 3000 species (Metcalfe and Chalk, 1972) 
with a very wide range of  morphological diversity, 
which is widespread in both warm and temperate 
parts of  the world.  The genus also occurs 
naturally in continents like America, Africa and 
Asia (Nahak et al., 2011). The family members are 
known for possessing certain chemical 
compounds called monoterpenes which give 
distinctive odours and flavours to the foliage of  
the many known species (Abdualrahaman, 2005).   

The subfamily Nepetoideae to which the genus 
Ocimum belongs consist of  taxa which are strongly 
aromatic due to the presence of  essential oils like 
phenylpropanoids (Nahak et al. 2011). The 
modern circumscription of  Lamiaceae includes 
many genera which were formerly placed in the 
Verbenaceae (Cantino et al. 1992).  Paton (1992) 
reported that the genus is delimited into three 
sections namely- section Ocimum, section 
Hierocymum and section Gymnocymum.

The genus Ocimum is cultivated for its remarkable 
essential oil, herbs, perfume, herbal toiletries and 
aromatherapy agents (Singh, 2012). Orafidiya et. 
al. (2000) reported that the oil of  O. gratissimum is 
active against several species of  bacteria like 
Escherichia coli.

Though members of  the genus Ocimum have 
important economic and medicinal properties, 
the taxonomy of  the genus has been problematic 
and indeed in a muddle (Nahak et al., 2011). For 
instance, there is confusion on the species 
distribution globally. Paton (1992) as well as 
Pushpangadan and Bradu (1995) reported 
between 30 and 160 species respectively. 
Pushpangadan and Bradu (1995) also reported 
problems in their infrageneric classification.  The 
problem of  the taxonomy of  the genus as well as 
the difficulty in understanding  the genetic 
relationship have been  traced to the interspecific 
hybridization and  polyploidy  which are of  
common occurrence in the genus (Harley and 
Heywood, 1992).   The taxonomy of  Ocimum is 
somewhat confused, with some Indian literature 
(e.g. Khosla 1993) providing detailed information 
on cytology and phytochemistry using a different 
infrageneric classification from that used in 
previous taxonomic literature. Though extensive 
work has been done on the morphology (Khosla 
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1993), cytogenetics (Grayer et al., 1996), 
electrophoresis and cytotaxonomy of  the genus.  
Rudall (1980) observed that very few studies on 
the family Labiatae have included the description 
of  the wood anatomy of  the taxa inspite of  the 
significance of  wood anatomy in tracing the 
evolutionary history of  plant species. The use of  
wood anatomy in relation to taxonomy is by no 
means new or recent (Sivaraja, 1991). Sivaraja 
(1991) observed that the type and arrangement of  
vascular bundles, type of  secondary growth in 
thickness, and the various characters of  xylem and 
phloem elements have all been used in elucidating 
phylogenetic relationship of  woody species. A 
search in the literature shows that there is paucity 
of  information about the wood anatomy of  the 
genus Ocimum, therefore the objective of  the study 
are to - (a) investigate the wood anatomy of  the 
species in search of  characters that may be of  
diagnostic importance in identification and 
classification of  the member of  the genus and (b) 
determine whether the variations in the wood 
anatomical characters of  the members of  the taxa 
reflect on the current circumscription of  the taxa.

MATERIALS AND METHODS
This description is based on three species and a 
variety of  one of  the species. Small blocks 1cm x 1 
cm x 1cm were collected from matured stem of  
the individual plants. The blocks were boiled in 
water for about two hours to soften the tissues. 
Transverse Section (TS), Tangential and Radial 
Longitudinal Sections of  the stem (TLS and RLS) 
were made with the aid of  a Reichert sliding 
microtome at a thickness of  10 microns and were 
preserved in 50% ethanol. The sections were 
stained for three minutes in Safranin O rinsed in 
water and counter stained for another three 
minutes in Alcian blue. The counter stained 
sections were rinsed in water before treatment in 
series of  ethanol 50, 70, 80, 90 and 100%. The 
dehydrated and differentiated sections were 
transferred into absolute xylene in two series to 
remove any remaining trace of  water and ethanol. 
These made the sections clear and prevented 
cloudiness of  the slides and also facilitated the 
drying of  the slides. The sections were mounted  
in glycerine. Each of  the samples of  stem of  
Ocimum species was sliced into small pieces and 
macerated using Schulz's fluid obtained by mixing 
equal volume of  10% chromic acid (dissolve 1gm 

Potassium nitrate in 50ml conc. nitric acid) and 
10% nitric acid following the method of  Akinloye 
et al. (2012)). The maceration was carried out in 
beaker kept in the oven for 8 hours. The 
macerated wood specimens were washed in five 
changes of  water and preserved in 50% ethanol. 
The macerates were then stained first with 
Safranin O for 3 minutes and then counterstained 
with Alcian blue for another 3 minutes. The 
macerates were washed/ rinsed in water before 
treatment in series of  ethanol to remove water 
molecules and excess stain.

Microscope observation of  each slide especially 
of  the general outline of  the sections, the 
distribution of  the tissues, type and structure of  
the cells of  the secondary xylem were made and 
recorded. Photomicrographs of  each slide were 
made using Olympus microscope with attached 
Amscope digital camera. Tissue and cell 
identification and description were done 
according to Fahn (1997). Data from quantitative 
wood anatomical characters like vessel diameter 
and length, fibre lenght, and length of  uniseriate 
and biseriate rays cells were used in plotting a 
dendrogram. All microscope measurements were 
made using ocular and stage micrometers. 
Quantitative data from the secondary xylem of  
the species were subjected to one way Analysis of  
Variance with Duncan multiple range test for 
mean separation. For the macerates, fifty 
individual cells were measured for each taxon. 

RESULTS
The results of  the wood anatomical study of  the 
species of  the genus Ocimum and a variety are 
given below. Also summary of  both the qualitative 
and quantitative wood characters are presented in 
Tables 1and 2.

Ocimum basilicum Linn. (Plates 1a-d)
Transverse section (TS) (Plate 1a)
Wood diffuse porous, vessels are  oval to 
polygonal in cross section with thick walls in 
transverse plane, solitary vessels 88.4 - 94.9%, also 
in radial multiples of  2  3 and pore cluster 
consisting of  3 pores.  Mean vessel diameter up to 
256.15µm. Axial parenchyma paratracheal, 
vasicentric type.    

Tangential Longitudinal Section (TLS) (Plate 

Oladipo and Oyaniran: Taxonomic Study of  the Wood Anatomy of  the Genus Ocimum 



297

1b)Vessel perforation simple, intervascular pitting 
alternate, bordered, end wall mostly oblique. Mean 
vessel length about 449.23µm.  Vascular rays 
uniseriate or biseriate (Plate 1b), mean ray height 
up to 445.00±0.48 µm. Libriform fibres thick 
walled, aseptate, non-storied, average length up to 
37.31±1.62 µm. Macerates show the presence of  
vessel about 256.15µm wide (Plate 1d)
Radial Longitudinal Section (RLS) (Plates 1c) 
 Rays are predominantly homocellular consisting 
upright cells. (Plate 1c) 
Ocimum canum Sims. (Plates 2a-d)
Transverse Section (TS) (Plate 2a)Wood diffuse 
porous, vessel oval, elliptic or polygonal. Solitary 
vessel 82.9 - 89.7% and in radial multiple of  3- 4, 
pore clusters 2-5. Mean vessel diameter up to 
52.3µm. Axial parenchyma paratracheal aliform 
type.

Tangential Longitudinal Section (TLS) (Plate 2b )   
Vessel perforation simple with oblique end wall, 
intervascular pitting alternate (Plate 2b), mean 
vessel length up to 250.00 ±1.14 µm (Table 2), ray 
cells largely uniseriate, occasionally biseriate (Plate 
2b), mean length  up to 42.50 ± 0.48 µm (Table 2). 
Libriform fibre present, thick walled, aseptate and 
non-storied (Plate 2b). Mean length up to 
420.77±1.38 µm. Macerates show presence of  
vessel with and without tail as well as libriform 
fibres (Plates 2d). 

Radial Longitudinal Section (RLS) (Plate 2c)
Vascular ray cell homogenous consisting of  
upright cell (Plate 2c).

Ocimum gratissimum Linn. (Plates 3a-b)
Transverse Section (TS) (Plate 3a) Wood diffuse 
porous, vessel element diffuse, round or oval to 
elliptic, solitary vessels numerous, between 86.8-
91.2%, also in radial multiples of  2 - 3 pores, pore 
cluster rare, mean vessel diameter up to 52.69 ± 
0.23µm (Table 2). Axial parenchyma apotracheal, 
vasicentric. (Plate 3a)

Tangential Longitudinal Section (TLS) (Plate 
3b)Vessel perforation simple, inter vascular pitting 

 

opposite, mean vessel length about 258.08±1.14 
µm. Ray cells predominantly uniseriate or 
multiseriate, sometimes biseriate with length up to  
445.0 ± 0.54µm. Libriform fiber thick walled, non 
storied, non septate (Plate 3b), mean length up to 
420.77±1.42µm. The macerate shows libriform  
fibre and narrow vessel without tail (Plate 3d)
Radial Longitudinal Section (RLS) (Plate 3c). Ray 
cells homogenous consisting largely upright and 
square cells.

Ocimum basilicum var purpurascens Benth. (Plates 
4a-d)
Transverse Section (TS) (Plate 4a)Wood diffuse 
porous, vessel element fairly diffuse, mostly oval 
or elliptic in cross section. Solitary vessel about 
85.7 - 94.1%,  also in  radial multiple of  3 - 6 pores, 
pore cluster 2 - 3, vessel diameter around 
58.85±0.18µm (Table 1). Axial parenchyma 
paratracheal, scanty.  

Tangential Longitudinal Section (TLS) (Plate 
4b)Vessel perforation simple with oblique end 
wall. Mean vessel length up to 333.60±0.59 µm. 
Intervascular pitting opposite, ray cells largely 
uniseriate and biseriate, Libriform fibre thick 
walled with large lumen, non septate and non 
storied.  Mean fibre length up to 383.40 µm 
.Wood macerates show the presence of  vessel 
without tail (Plate 4d).

Radial Longitudinal Section (RLS) (Plate 
4c)Ray cells homocellular, consisting upright cells. 
The Single linkage Cluster dendrogram (Fig.1) 
based on the quantitative wood anatomical 
characters shows that the variety (Ocimum basilicum 
var. purpurascens) in subcluster 1 is  clearly 
separated from the rest of  the taxa in subcluster 2. 
The dendrogram further reveals that O. basilicum 
var.purpurascens and O. gratissimum are closely 
related interms of  the quantitative wood 
anatomical characters. The result of  the 
quantitative wood characters in this genus shows 
overall significance at p<0.05 (Table 2)
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Plate 1a-d: wood anatomy of  Ocimum basilicum
Scale bar- 1mm= 175µm
Legend-  A= Transverse Section, B= Tangential 
Longitudinal Section, C= Radial Longitudinal 
Section, D= Macerate

Plate 2a-d: wood anatomy of  Ocimum canum
Scale bar- A-C, 1mm= 100µm, D- 1mm = 172 µm
Legend-  A= Transverse Section, B= Tangential 
Longitudinal Section, C= Radial Longitudinal 
Section, D= Macerate

Plate 3a-d: wood anatomy of  Ocimum gratissimum
Scale bar-  A-C, 1mm= 100µm, D- 1mm = 156 µm
Legend-  A= Transverse Section, B= Tangential 
Longitudinal Section, C= Radial Longitudinal 
Section, D= Macerate

Plate 4a-d: wood anatomy of   Ocimum basilicum var 
purpurascens
Scale bar- A-D, 1mm= 100µm, 
Legend- A= Transverse Section, B= Tangential 
Longitudinal Section, C= Radial Longitudinal 
Section, D= Macerate
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Table 1: Summary of  Qualitative Wood Anatomical Characters of  Some Members of  the Genus 
    Ocimum

Species Porosity 
Vascular ray 

type 
Axial 

Parenchyma 
Vessel  

perforation 
Intervascular 

pitting 

O. basilicum 
Diffuse 
porous 

Homocellular, 
uniseriate & 
biseriate 

Paratracheal 
vasicentric 

Simple alternate 

O. gratissimum 
Diffuse 
porous 

Homocellular, 
uniseriate, 
multiseriate & 
sometimes 
biseriate 

Apotracheal Simple 
opposite 

 
 

O. canum 
Diffuse 
porous 

Homocellular, 
Largely 
uniseriate, 
occasionally 
biseriate 

Paratracheal 
aliform 

Simple alternate 

O. basilicum 
var. 

purpurascens 

Diffuse 
porous 

Homocellular, 
uniseriate & 
biseriate  

Paratracheal 
vasicentric 

Simple alternate 

Table 2: Mean Quantitative Wood Anatomical Characters of  Members of  the Genus Ocimum and a 
  Variety 

Taxa 
 

O. basilicum 
 

O. canum 
 

O. gratissimum 

 
O. basilicum 

var.purpurascens Wood characters  

256.15a 52.31b 52.69b 58.85b 

449.23a 250.00c 258.08c 333.60b 

445.00a 42.50b 445.00a 44.06b 

37.31b 420.77a 420.77a 383.40a 

31.00b 415.00a 42.50b 30.20b 

Vessel 
diameter(µm)

Length of  ray 
cells(µm)

Vessel length (µm)

Fibre length(µm)

Length of  biseriate 
rays(µm)

Note: Means with the same alphabet along a column are not significantly different at 
p< 0.05
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Figure 1: Dendrogram of  Four Ocimum Species Based on Five Quantitative Wood Anatomical Characters
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DISCUSSION
The gross similarity and consistency of  wood 
anatomical structures noticed in the taxa studied 
justifies their current generic placement. In this 
study, evidence of  common evolutionary origin in 
members of  the genus Ocimum is reported. Intra -
generic characters of  note in the wood anatomy of  
the genus include: diffuse porous wood, presence 
of  solitary vessels; diffuse vessel elements, 
presence of  uniseriate and biseriate rays and 
oblique vessel end walls. 

This study reveals that the members of  the genus 
have high level of  uniseriate and biseriate rays.  
However, in spite of  these intra- generic 
characters, some characters are classificatory and 
diagnostic. The presence of  solitary vessels in the 
genus indicates that the genus is primitive.   O. 
basilicum recorded the most solitary vessels 

compared to other species suggesting that it is the 
most primitive species.
The type of  axial parenchyma is classificatory and 
diagnostic in the genus; apotracheal parenchyma 
is diagnostic of  O. gratissimum and delimits it from 
the rest of  the species that have paratracheal 
parenchyma. However, aliform confluent 
parenchyma delimits O. canum from the other two 
taxa with vasicentric parenchyma. Metcalfe (1968) 
reported that aliform parenchyma is an advance 
character compared to vasicentric type. This tends 
to suggest that O. canum is the most recently 
evolved.

Baas (1976) as reported by Wickremasinghe and 
Herah (2006) as well as Metcalfe and Chalk (1989) 
reported that the length of  vessel elements and 
other micromorphological characters like 
perforation plates, types of  pits and length of  
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vessel elements only reflect phylogenetic 
specialization of  a taxon  rather than being 
diagnostic characters. Vessel length in this genus 
reflects phylogenetic specialization as observed by 
Metcalfe and Chalk (1989). Ocimum basilicum var 
purpurascens with a significantly longer vessel 
element is the least specialized while O. canum is the 
most specialised. Similarly, the occurrence of  
uniseriate rays in the members of  this genus shows 
it is   a generic character. This agrees with the 
observation of  Metcalfe and Chalk (1989). 
Metcalfe and Chalk (1989), asserted that uniseriate 
rays are diagnostically important because it is 
characteristic of  certain taxa that are 
phylogenetically advanced.  

The exclusive presence of  multiseriate rays in O. 
gratissimum is diagnostic of  the taxon and is a good 
tool in the identification of  the taxon.  Therefore 
ray type is not only classificatory in the genus, but 
it is also diagnostic. This further confirms the 
assertion of  Kribs (1935) reported by 
Wickremasinghe and Herah (2006) that the 
characteristic features of  wood ray tissues are of  
importance in depicting an evolutionary sequence 
of  specialization within angiosperms. Wood 
anatomical characters of  taxonomic and 
phylogenetic importance have been reported by 
Carlquist (1961). These are vessel distribution 
pattern, (whether solitary or multiples), diameter 
and frequency, presence of  tyloses as well as  
characters of  ray parenchyma like ray abundance 
and dimension.

The dendrogram shows considerable grouping of  
the taxa based on the quantitative wood 
anatomical characters. The closeness observed in 
O. basilicum var. purpurascens and O. gratissimum could 
be ascribed to similarities of  the taxa in their vessel 
diameter and fibre length. . This closeness has also 
been reported by Arogundade and Adedeji (2009) 
based on  their study of  pollen morphology and 
diversity in the Nigerian species of  the genus 
Ocimum.

From this study, it is evident that there is 
homogeneity of  wood anatomical characters in 
the species of  Ocimum with few diagnostic 
characters. Characters like axial parenchyma and 
intervascular pitting were classificatory characters 
in the wood of  members of  the genus.
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