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Abstract: The use of morphological markers to assess variations between and within cultivated and non-cultivated provenances of

Moringa oleifera Lam. from selected coastal regions of Tanzania was studied. A descriptors list of 15 selected morphological

characters was used to generate a character state matrix. Cluster analysis using NTSY S-pc and UPGMA program produced six clusters
with similarity ranging from 66% to 100%. The majority cultivated and non-cultivated clusters with similarity ranging from 86-100%
and 97-100% respectively reflected a clustering pattern based on the status of individuals whether cultivated or non-cultivated. Most

individuals from same population clustered differently indicating high morphological variations within populations than between

populations. The present results suggest that selection and conservation of elite germplasm could be achieved by considering

individuals from both cultivated and non-cultivated plants.
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1. Introduction

Moringa oleifera is a multipurpose tree belonging to
a monogeneric family of trees and shrubs, the
Moringaceae [1]. Although the species is indigenous to
northwest India, it is now cultivated throughout the
Middle East, and in almost the whole tropical belt [2].
In Tanzania, M. oleifera was introduced by Indian and
Arab traders in the 1900s as a source of vegetable and
medicine in the restricted Indian community [3]. It
used to be planted along the Coast and main railway
line and around homes for demarcation of individual
plots. Most individuals of M. oleifera introduced
during this time were left to grow naturally and some
escaped to the wild through seed dispersal. Currently,
M. oleifera is cultivated mainly for seed and leaf
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production at a commercial scale in most regions of
Tanzania including Shinyanga, Dodoma, Singida,
Arusha, Moshi Mbeya, Iringa and along the Coastal
strip which runs from Tanga in the north to Mtwara in
the south [3].

M. oleifera is one of the world’s most useful trees, as
almost every part of the tree can be used for food, or
has some other beneficial properties [4-6]. Various
parts of M. oleifera such as leaves, seeds pods, barks
and roots are used for various purposes including
human consumption, medicinal and industrial uses [7].
M. oleifera is also the most nutritionally food crop as it
is rich in proteins, vitamins and minerals thus a good
source of nutritious vegetable [8-10]. However, the
diverse morphological variability of this species
probably due to high out-crossing nature and/ or a wide
range of its geographical occurrence provide a
limitation towards improving cultivated M. oleifera
A wide

products. range of wvariability of its
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characteristics and character states such as pod length,
size and number of seeds per pod, leaf size and shape
and flower parts has been documented [4, 7, 11]. A
study had revealed considerable morphological
variability among M. oleifera accessions from different
locations [12]. However, no study has been conducted
so far to investigate morphological variability of M.
oleifera provenances found in Tanzania. It is also not
known whether there is morphological variability
between non-cultivated (escapees) individuals and
currently cultivated M. oleifera in Tanzania. Such
information would facilitate improvement of M.
oleifera products by selecting seed materials from
individuals with superior qualities. It is on the basis of
phenotype that certain groups of plants are considered
to be of good quality and therefore preferentially
selected. Therefore, selection based on the qualities of
products is essentially important not only for

improvement of cultivated individuals but also for

conservation purposes. This study was therefore
undertaken to assess morphological variations between
and within cultivated and non-cultivated provenances
of M. oleifera from selected coastal regions of
Tanzania.

2. Materials and Methods

This study was conducted from six selected sites that
were randomly selected from three selected coastal
regions namely Tanga, Coast and Lindi. Three sites
among the six consisted of only cultivated populations
and the other three were sites consisting of
non-cultivated populations (Table 1). Morphological
data were collected from 20 individual plants randomly
selected from each cultivated population and 10
individual plants from non-cultivated populations.
Morphological data were collected using a descriptors
list of 15 characters (Table 2). Selection of these
characteristics was based on the description of the genus

Table 1 Location and population status where morphological data were collected.

Site Geographical coordinates Region Status No. of individuals
1. Pajaroya 0429011/9415992 Tanga Cultivated 20
2. Hale 0461934/9420190 Tanga Cultivated 20
3.Ubena-Chalinze 0411502/9278086 Coast Cultivated 20
4. Horohoro 0517044/9470182 Tanga Non-cultivated 10
5. Bagamoyo 0488904/9287160 Coast Non-cultivated 10
6. Kilwa 0556543/9013414 Lindi Non-cultivated 10

Table 2 Descriptors list of morphological characteristics used in the study.

Characters Character states

1. Habit (1) Tree (2) Shrub (3) Sub-shrub
2. Flower colour (1) White (2) Yellow (3) Red

3. Flower symmetry (1) Regular (2) Nearly regular (3) Irregular
4. Petals (1) Equal (2) Unequal

5. Anthers (1) Yellow (2) Orange

6. Sepals (1) Equal (2) Unequal

7. Sepals fusion (1) Fused (2) Unfused

8. Leaves (1) 2 pinnate (2) 3 pinnate (3) 4 pinnate
9. Seeds (1) Winged (2) Nearly- unwinged (3) Unwinged
10. Seed cover (1) Hard (2) Membranous

11. Bark (1) Smooth (2) Rugose (3) Corky

12. Bark colour (1) White (2) Grey (3) Pale buff
13. Pod length (cm) (1) 0-30 (2) 30-60 (3) 60-90

14. Receptacle (1) Long-tubular (2) Intermediate (3) Short-cuplike
15. Leaflets shape (1) Elliptic (2) Obovate
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Moringa in Flora of Tropical East Africa [11]. Each
character state from each individual was observed and

recorded as present or absent.
3. Data Analysis

All morphological data collected were coded as
binary whereby (1) indicated the presence of a
character, (0) indicated the absence of a character and
(999) indicated missing data [13]. A character state
matrix created was used to generate similarity matrix
using Dice similarity coefficient [14]. Cluster analysis
was performed from
Unweighted Pair Group Method with Arithmetic
Averages (UPGMA) program. A dendrogram was

similarity matrix using

generated using the SAHN clustering program. All
analyses were done using Numerical Taxonomy
System (NTSYS-pc) version 2.10 software [15].

4. Results and Discussion

Cluster analysis produced a dendrogram with a total
of 6 clusters (I-VI) with similarity ranging from
66-100% (Fig. 1). Similarities within clusters ranged
from 90% to 100% with majority individuals within
provenances being morphologically similar at 100%.
Clustering pattern mainly reflected the status of
individuals whether cultivated or non-cultivated
regardless of their geographic origin. As depicted in the
dendrogram, cluster I comprised majority of
individuals (31) from cultivated populations (MCI)
from Pajaroya, Hale and Ubena-Chalinze and seven (7)
non-cultivated individuals from Horohoro and Kilwa
were the exception. Cluster II was made up of the
majority non-cultivated individuals (MNCI) (22)
regardless of their geographical sources i.e. Kilwa,
Bagamoyo and Horohoro and 3 individuals from the
cultivated population of Ubena-Chalinze were the
exception. The majority cultivated (MCI) and the
majority non-cultivated (MNCI) clusters i.e. cluster I
and II were 80% morphologically similar while the
distance within the majority cultivated ranged from

86% to 100% and within majority non-cultivated

ranged from 97% to 100%. Clusters III, IV and V
grouped all individuals from cultivated populations (CI)
i.e. Pajaroya and Hale and Ubena-Chalinze. Cluster VI
was made up of individuals from both cultivated and
non-cultivated populations (BCNI). Three outliers
labeled a, b and ¢ did not fall in any of the clusters. The
results also showed that, individuals from closer
locations like those from Pajaroya, Hale and Horohoro
clustered together first before they clustered with
individuals from distant locations e.g. Kilwa and
Bagamoyo.

Generally, morphological data recorded for all
individuals showed that some characteristics such as
flower colour and symmetry, colour of the anther, seed
cover, seed wings, sepal fusion and leaf characteristics
exhibited similar character states. Flowers in all
populations were white in color, irregular with five
unequal numbers of petals. Leaf shape was 3-pinnate
with elliptic or obovate terminal leaflets and all seeds
were winged and membranous. However, some
characteristics such as growth form/habit, bark texture,
bark color and pod length varied between individuals
and between provenances. Bark colour exhibited 3
states i.e. white, grey or pale buff. Similarly, while
some individuals had corky texture others had rugose
or smooth texture. Pod length ranged from 30 to 60 cm.

In the present study morphological characters have
been used to assess diversity within and between
cultivated and non-cultivated populations of M.
oleifera from six selected sites from Coastal regions of
Tanzania. Total separation between cultivated and
non-cultivated escapees from cultivation would have
indicated a considerable level of variation between
cultivated and non-cultivated individuals which would
have been attributed to different selection pressure
experienced in different habitats i.e. in cultivation and
populations in the wild. Since natural selection is
expected to act more in the natural habitat rather than
on cultivation, these variations would have shown
a change on phenotype. Similarly, it was expected

that individuals from different populations would have
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Fig. 1 Phenetic dendrogram based on morphological variation of individuals from cultivated and non-cultivated populations

of M. oleifera.

MCI = Majority Cultivated Individuals; MNCI = Majority Non-cultivated Individuals; CI = Cultivated Individuals; BCNI = Both

Cultivated and Non-cultivated individual; a, b and ¢ = outliers.

clustered differently or in sub-clusters to indicate

differences in phenotypes due to habitat or
environmental variations [16]. It was also expected that
individuals from the same population would cluster
together first before they clustered with individuals

from different populations but this was not the case.

Most individuals neither fell into clusters to reflect
the separation between cultivated and non-cultivated
individuals nor clustered according to their geographic
origin. As depicted in the dendrogram, three (3)
clusters with the majority individuals were comprised

of a mixture of cultivated and non-cultivated
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individuals while the other three (3) clusters with fewer
individuals were made up of only -cultivated

individuals indicating that some non-cultivated
individuals were no longer similar to cultivated
individuals. This view is in line with the fact that two of
the mixed clusters had more non-cultivated individuals
than cultivated ones and/or more cultivated individuals
than non-cultivated ones. In the majority cultivated
cluster (MCI) with 31 individuals only seven (7)
individuals were from non-cultivated populations
while in the majority non-cultivated cluster (MNCI)
with 22 individuals only three (3) were from cultivated
Although VI (BCNI) had

comparative number of cultivated and non-cultivated

populations. cluster
individuals of M. oleifera, the two groups with majority
individuals described above suggest that escapees from
cultivation can be separated from cultivated individuals
based on morphology. The three clusters made of only
cultivated individuals CI (III, IV and V) support this
observation. However, it is not clear whether the
morphological characteristics that differentiate the two
groups are genetically fixed.

The study also revealed that most individuals from
the same population clustered differently. For instance,
individuals from Pajaroya were distributed in almost
five different clusters. The observed trend suggests
considerable levels of morphological variations within
populations which may be caused by environmental
heterogeneity as experienced by naturally occurring
populations and/or genotypic plasticity of the species
[17]. Different micro-environments generate different
selection pressures that may lead to genetic

heterogeneity, thus producing the observed
morphological differences. Similarly, environmental
heterogeneity such as elevation and moisture
availability often generate significant barriers to gene
flow and thus enhances genetic differentiation among
semi-isolated or isolated populations [18].
Nevertheless, the interactions between environmental
conditions and genotypes may also have a significant

impact on the observed morphological variations [17].

The morphological variations within population
observed under this study could also be due to
differences in genotypes which may be caused by the
use of different seed sources and/or breeding systems
of the species. Different genotypes are known to have
different degrees of responses to a given environment
and some may produce a wider range of phenotypes
[17]. However, high levels of cross-pollination (74%)
in M. oleifera [19] increases heterogeneity of the
genotype, thus may have contributed to phenotype
variability within populations. On the other hand, lack
of separation based on their geographical origin
probably suggests that these individuals originated
from a narrow genetic pool which is common in most
cultivated crops. Narrow genetic pool could also be
attributed to the use of cuttings for vegetative
propagation. Furthermore, clustering of individuals
from close locations like Hale and Pajaroya may be
attributed to the close proximity of the sites which may

suggests the use of common seed source.
5. Conclusions

Based on the clustering pattern observed, it can be

concluded that some cultivated individuals are

morphologically  different from non-cultivated
individuals. The two groups with majority individuals
suggest that escapees from cultivation can be separated
from cultivated individuals based on morphology.
From this information, one can easily select and
conserve from both cultivated and non-cultivated
populations. Considerable morphological differences
between cultivated and non-cultivated populations of
M. oleifera observed in this study indicate the potential
and usefulness of morphological data as a tool for
selection and conservation of elite germplam as
revealed by other similar studies [12, 20-22]. However,
since morphological characteristics are more easily
influenced by environmental factors often resulting in
genetic plasticity, they may fail to provide the correct
information to base selection or conservation as they do
not reveal whether such morphological characters are
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genetically fixed or not. Morphological variability
revealed under this study provides baseline information
for further studies. The study was limited to the use of
only morphological data, so there remains a need for
further studies to assess genetic diversity using
molecular markers in order to determine whether the
characters used to cluster individuals based on
morphology are genetically fixed or not. Genetic based
markers are highly recommended as they provide an
efficient and unbiased estimate, free of environment

effects.
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