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ABSTRACT
Moringa (Moringa oleifera L.) commonly known as “drumstick tree” belongs to the family
Moringaceae. It is now grown worldwide but its native region is India. It is a fast-growing
tree that responds to low inputs and has high regeneration potential after cutting. Its
nutritional value and capacity to grow economically in different soils and environmental
conditions makes it a wonder tree. It is highly nutritious and each part is being utilized in
various forms. It is widely cultivated for its young  pods, flowers and leaves for use as
traditional herbal medicine and vegetable. It is also used by indigenous people in the
tropics and sub-tropics as a source of remedies. The leaves are also used as a source of
fodder in many countries of the world as it can sustain green fodder availability round the
year without extra efforts. Various parts of this tree are good source of ascorbic acid,
calcium, iron, protein and antioxidant compounds. Hence, its remarkable properties help
to fight nutritional deficiency, human diseases and improve performance of livestock.
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INTRODUCTION
Moringa (Moringa oleifera L.) also known as ben
oil tree, benzolive tree, drumstick tree or horseradish
tree is the most versatile and comes under the
category of underutilized perennial plant species. All
parts of this plant i.e. leaves, roots, flowers, pods and
seeds have remarkable range of properties due to the
presence of essential nutrients like vitamins, minerals,
phytochemicals etc. Therefore, this plant can serve
as a highly nutritious food with medicinal properties
for human beings as well as fodder for livestock
(Nouman et al., 2014 and Masih et al., 2019).
Essential nutrients present in Moringa oleifera such
as vitamins, minerals, fatty acids and amino acids are
helpful in activating enzymes, hormones and osmotic
adjustment in the body. Hence, enhance growth, body
functions and maintenance of life processes (Anjorin
et al., 2010). Also, a wide range of antioxidants
available in leaves, make it a valuable source of
natural antioxidants, nutraceuticals and functional

components (Anwar et al., 2007). Therefore,
Moringa oleifera can serve as an effective remedy
for malnutrition particularly in the developing countries
of the world.

In the present scenario when the cultivatable area
for fodder production is decreasing day by day due
to the cultivation of cash crops; Moringa oleifera
can serve as an important source of quality fodder.
This plant can be used as livestock fodder, as a
supplement to enhance the dry matter intake (DMI)
and digestibility of fodder in livestock. It is helpful
in weight gain and enhances milk production in
livestock. Fodder quality can be improved by
mixing Moringa oleifera leaves with other fodder
crops which contributes towards better livestock
performance. Hence, Moringa oleifera can be
used as nutritional supplement for livestock due to
its nutritional value and good biomass production
(Sanchez et al., 2006).
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Due to several medicinal and therapeutic properties
of Moringa oleifera  traditionally, it has been used
to treat problems such as anemia, anxiety, asthma,
bronchitis, skin infections in different cultures of the
world. It also possesses anti-diabetic, anti-
hypertensive, anti-inflammatory, anti-spasmodic and
anti-tumor activities (Sharma et al., 2012). Therefore,
various bioactive compounds isolated from Moringa
oleifera are utilized in medicinal field at large scale
(Abalaka et al., 2009). Moringa oleifera being rich
in phytochemicals and nutrients as compared to
vegetables; helps to enhance immunity. Hence, its
consumption should be encouraged to strengthen
immunity and cope up with malnutrition.

The biochemical composition of different parts of
Moringa oleifera varies from location to location
(Anjorin et al., 2010). These variations in biochemical
composition may be due to cultivation methods,
environment and genetic background (Brisibe et al.,
2009). There is very scanty scientific information on
the potential of this species to alleviate nutritional
problems. There is lack of Moringa oleifera varieties
due to less information available on genetic
improvement programs for this tree (Padulosi et al.,
2013). Therefore, to solve the malnutrition problems
such as protein deficiency in the population of
developing countries of the world; further studies are
needed on breeding and genetic improvement of this
species. This information will be helpful in utilizing the
full potential of this nutrient rich and incredible tree
in various arenas of life.

ORIGIN AND DISTRIBUTION
Moringa is a member of the family Moringaceae
which is comprised of thirteen species from various
geographical locations  (Shahzad et al., 2013). It is
commercially cultivated in parts of Africa and India.
Four species i.e. Moringa drouhardii (Madagascar),
M. ovalifolia (Namibia and southwest Angola), M.
hilderandtii (Madagascar) and M. stenopetala
(Kenya and Ethiopia) are characterized by
bloated water-storing trunks. Three species i.e.
M. peregrine, M. oleifera and M. concanesis are
known for their slender trees with juvenile stage being
tuberous. The remaining six species (M. arborea, M.
borziana, M. longituba, M. pygmaea, M. rivae and
M. peregrina) are tuberous in nature.  M. oleifera
is chiefly cultivated species of Moringa genus. It is
a softwood deciduous tree. It is indigenous to the

Himalayan foothills. It is widely cultivated in tropical
regions of South Asia from northern Pakistan to
northern Bengal state in India and northeastern
Bangladesh, Nepal, Afganistan, Sri Lanka, West Asia,
the Caribbean and sub-Saharan Africa, Latin America
and reported in Florida and the Pacific Islands (Sachan
et al., 2010).

TREE MORPHOLOGY
Moringa oleifera tree bears spreading, open crown
of drooping and fragile branches. The compound
tripinnate leaves alternately bear leaflets in opposite
pairs and leaf length ranges from 45-90 cm. The
leaflets are dark green with red tinged midveins, entire
margins and rounded at apex (Rollof et al., 2009).
The soft stem wood is light weight and bark is whitish-
grey, thick and corky. The deep tap root system and
spreading tuberous lateral roots provide support to the
tree. It may flower twice in a year or round the year.
The flowers have pleasant smell and these are
produced in 10-25 cm long loose axillary panicles. The
flowers are white or ceamy-white in colour,
zygomorphic and pentamerous (Sachan et al., 2010).
Calyx contains five sepals which are green, lobed and
tubular. Corolla comprises five narrowly spathelate,
veined and creamy-white petals. Androecium is
comprised of five fertile yellow stamens with
alternating five smaller sterile stamens (staminodes).
Gynoecium is represented by a single, stalked superior
ovary with slender style. Ovary is one celled with
double rows of ovules (10-25). Moringa fruit is called
as pod and looks like drumstick. Pods are large (10-
60 cm long) and turn brown at maturity. The seeds
are rounded, one cm in diameter, dark brown to black
in color with three papery wings.

TRADITIONAL VALUE
Each part of Moringa oleifera tree has immense
potential (Fig 1). It was documented in Indian Vedic
literature nearly 5000 years ago (Patwardhan, 2003).
In the tropical and sub-tropical regions, Moringa is
highly valued by local people because of its
pharmaceutical value and consumed as infusions and
decoctions. This tree has served as a remedy to cure
more than 300 diseases and can be regarded as a
panacea. The roots have a pungent odour resembling
with horseradish tree (Armoracia rusticana). It is
used as a flavoring agent and in cardiac & circulatory
problems (Mishra et al., 2011). Root-bark is used as
antiviral, anti-inflammatory, analgesic. The leaves are
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used as a remedial source for the treatment of various
ailments like influenza, malaria, typhoid, arthritis,
inflammations, skin problems, hypertension and
diabetes. The flowers are generally consumed as
cooked vegetable or salad. Stem-bark and flowers are
hypoglycemic. Pods are antipyretic and anthelmintic.
Seeds have 30-40% oil and it is called as Ben oil
which is resistant to rancidity and used in cooking (Yu
et al., 2005). It is also used for the treatment of
hysteria, scurvy, prostate problems and bladder
troubles (Fahey, 2005). Indian Ayurveda claims that
Moringa oil possesses antitumor, antiepileptic, anti-
inflammatory, antiulcer, antibacterial, antifungal
properties and it is utilized for the treatment of
different ailments in the indigenous system of
medicine.

GROWTH CONDITIONS AND
PLANTATION

Moringa oleifera grows very fast and it can adapt
to variable ecosystems and farming systems with a
temperature range of 25-35 0C. It is tolerant to
drought and can be grown in sandy or loamy soils.
The soils which are waterlogged or poorly drained are
not suitable because it may cause rotting. The soil with

a slightly acidic to slightly alkaline pH is suitable for
it. An annual rainfall of 250-3000 mm is essential for
its proper growth. During germination phase, it can
withstand up to 3 dS m–1 electrical conductivity (EC).
However, its resistance to salinity increases during
later stages of growth. The antioxidant system of
Moringa oleifera is responsible to tolerate moderate
salinity with a mild effect on its mineral composition
(Nouman et al., 2012). Therefore, it can be grown
in diverse environments i.e. hot, humid and dry with
well drained soils. Although this plant can grow in
versatile environments, yet the nutrient content and
strength of the plant is ensured by the soil condition.
Soil fertility, application of different doses and
combinations of fertilizers; cause variations in nutrient
composition of plant/plant parts (Dania et al., 2014).

Moringa plantation can be done from seeds, cuttings
or nursery saplings. However, direct cultivation
through seeds is utilized when seed is sufficient in
quantity. This method has high seed germination rate
and takes 5-12 days for germination (Leone et al.,
2015). It can be grown to full-sized trees to get leaves,
flowers, pods and seeds as economic parts. It can also
be grown as a bush and intensively planted to get
leaves as the economic part (Fig. 2). The best sowing
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Fig. 1: Moringa (Moringa olefera L.) at different growth and development stages: (A) seed, (B) direct seeded sapling
in field, (C) nursery raised sapling, (D) harvesting stage for fodder, (E) flowering stage, (F) fruiting stage
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is the beginning of the rainy season. It ensures enough
water to the growing tree during its first growing
season to become well-established.  After that, much
water is not required. Planting method depends on
available space and which economic part is to be

subsequent cuttings. Cultivation for the pod or seed
purpose requires 20 kg farmyard manure per pit at
the time of sowing and then application of chemical
fertilizers i.e., 100 g each of urea, super phosphate
and muriate of potash per plant for getting higher yield
(Kader and Shanmugavelu, 1982). The application of
7.5 kg farmyard manure and 0.37 kg ammonium
sulfate per tree can increase yield up to three folds
(Morton, 1991). For proper weed control weeding
should be done at regular intervals whenever required.
Irrigation requirement in Moringa depends on the
rainfall. First irrigation should be given just after
sowing. During early stages of development,
irrigations should be managed properly for the
establishment of plant. Then in later stages it should
be given as per need. For the management of insect
pests like hairy caterpillar; bio-pesticide like neem seed
kernel extract (5 % solution) should be sprayed on
the crop during infestation.

POST HARVEST MANAGEMENT AND
VALUE ADDITION

Moringa plant parts can be used directly as a fresh
harvest or these can be processed and value added
through various methods for utilization in diverse
forms. Leaves and flowers are generally shade
dried and ground to a fine powder for utilization
as tea or food additive. Moringa leaf dry matter in
the form of powder or pellets is also utilized as a
value-added product for livestock. The roots from
young plants are dried after removing root bark
and powdered for use as a hot seasoning base. In
many countries, the use of Moringa as a food
fortificant is increasing rapidly. Different parts of
this tree are used in making soups (Babayeju et al.,
2014), weaning foods (Arise et al., 2014), herbal
biscuits (Alam et al., 2014), bread (Chinma et al.,
2014), cake (Kolawole et al., 2013) and yoghurt
(Hekmat et al., 2015). Hence, different parts of
the tree put value to diversity of food items by
enhancing their nutritional potential. Also, the Ben
oil obtained from seeds after cold pressing or
solvent ex traction has been used in skin
preparations and ointments since Egyptian times.
The oil is used in making cosmetic products and
perfumes. The oil cake is a byproduct of oil extraction
and useful as an organic fertilizer. In this way,
processing and value addition of Moringa leads to
increase in its value and it can serve as a good source
of income for small land holding farmers.
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Fig. 2: Potential utilities of different parts of Moringa
(Moringa oleifera L.)

utilized. For good seed production, 2-3 seeds per hole
are planted 2-3 cm deep with 2-5 meter spacing
between trees depending of the annual or perennial
types. For good leaf production, dense planting should
be done i.e., 30 cm x 10 cm spacing.  When the trees
reach about 1.5 m tall, prune them down to 15 cm.
The pruned rows grow back with a greater number
of branches and leaves.  It gives a continuous supply
of leaves. Plantation can be done from cuttings having
diameter 4-5 cm and length 100 cm; by digging a hole,
adding manure and mounding the soil (Peter, 1978).  
The sprouting takes variable time depending on various
factors like genotype, length of cuttings and growth
conditions. However, plants grown from cuttings are
sensitive to winds and drought due to lack of strong
root system. It can also be cultivated through nursery
raised saplings. The saplings are grown in plastic bags
having sandy or loamy soils. Saplings have tender
roots and hence transplanted carefully when attain the
height of about 30 cm.

AGRONOMIC MANAGEMENT
Field preparation for cultivation is done by adding
farmyard manure (10 MT/ha) and chemical fertilizers.
The application of chemical fertilizers depends on the
soil condition. Generally, Moringa oleifera cultivation
for fodder purpose needs 150 kg nitrogen, 60 kg
phosphorus, 40 kg potash, 30 kg sulphur and 10 kg
zinc sulphate for one hectare. Nitrogen is given in split
doses; 30 kg at the time of filed preparation and later
equal split doses i.e. after 45 days of sowing and after
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NUTRITIONAL POTENTIAL OF MORINGA
Moringa oleifera is used to fight malnutrition among
infants and nursing mothers especially promising in the
tropics because it can provide leaves as a source of
food and fodder even in dry period when other sources
are typically scanty (Folkard and Sutherland, 1996).
Moringa has enormous potential as it is helpful in
improving human health, weight gain and milk
production in livestock.
As a food sensere care
There should be sustainability and stability in quality
food supply for raising any stable community. Cereals,
pulses, vegetables, fruits, meat and milk are the
sources of food which fulfill our nutritional
requirements. However, many of these food items are
not affordable by a large population, especially those
living below the poverty line. In developing countries,
the diet is devoid of proteins, vitamins and minerals.
Therefore, for these people; plants that are particularly
nutritious represent a valuable option to fulfill such
needs. Moringa oleifera has the potential to fulfill
many of such needs Due to the multitudes of
properties which are harbored by this tree species.
Moringa leaves have plentiful of nutritional
components. The leaves can be taken fresh, cooked
or in the form of dry powder. The dry powder retains
its nutritional value for many months without
refrigeration. The leaves and pods are generally used
in common food items. Moringa leaves are rich in
vitamin A, C and E (Hekmat et al., 2015). Dry leaves
contain ten times more vitamin A than carrot and
seven times more vitamin C than orange. Minerals i.e.,
iron (25 times than spinach), potassium (15 times than
bananas) and calcium (17 times than milk) are also
in abundance in dry powder of Moringa (Rockwood
et al., 2013). Moringa leaves also contain large
amount of magnesium, manganese, copper, zinc and
iron (Hekmat et al., 2015).
Moringa leaves are rich in protein and this is cited in
various studies (Thurber and Fahey, 2009). The
studies also reveal that average crude protein in
animal milk is much less in comparison to fresh and
dry moringa leaves (Stelwagen, 2003; Chandan, 2006).
Moringa leaves possess higher amino acids content
than those recommended by Food and Agriculture
Organization (Mendieta-Araica et al., 2011). Moringa
seed meal contains large number of amino acids,
except for valine, lysine, and threonine (Oliveira et al.,
1999). Moringa dry leaves and fresh pods contain

higher contents of arginine, valine and leucine.
However, some amino acids (serine, glutamate,
aspartate, proline, glycine and alanine) have not been
identified in dry leaves and fresh pods (Fuglie, 2000).
The phytonutrients (carotenoids, tocopherols and
ascorbic acid) have also been reported in Moringa
leaves which help in free radical scavenging (Dan
Malam et al., 2001; Saini et al., 2014a; Saini et al.,
2014b). Moringa flowers and pods also contain
appreciable amounts of carotenoids. Therefore,
moringa is the best food supplement for children and
infants to combat malnutrition.
The whole seeds of moringa can be eaten as such,
roasted or used in powdered form. Moringa seeds
have sweet to bitter taste and are consumed mostly
after frying (Makkar and Becker, 1996). Moringa seed
oil (Ben oil) is used for cooking and salad dressing.
Ben oil in seeds is about 30-40% which is rich in
unsaturated fatty acids (82%)  (Ferrao and Mendez,
1970). The fatty acids present in oil are; linolenic acid,
linoleic acid, oleic acid, palmitic, stearic, and behenic
acid. The seeds also contain fibre, minerals, proteins,
vitamins and amino acids (Kasolo et al., 2010).
As animal feed and fodder
Various tree species are utilized as a fodder for
livestock or  supplement low qua lity fodder
especially in the dry period (Otsyina and Dzowela,
1995). M. oleifera has the potential to supplement
low-quality livestock fodders thereby increasing dry
matter intake (DMI) and digestibility. It serves as
the best example of quality fodder for increasing
milk and meat production along with its environment
friendly nature and low input requirements. The
green fodder  as well as dry matter  (DM)
production depends on the fertilizer, genetic make-
up, season and ecological conditions (Palada et al.,
2007).  Macronutr ients which are present in
abundance in Moringa play important roles like
tissue building, physiological, metabolic, and
biochemical processes in livestock. Magnesium
(Mg) and Potassium (K) are important for lactating
animals. The lactating cows require 0.17–0.20%
Mg in dry matter (NRC, 1996). Magnesium (Mg)
deficiency during lactating period results in low
blood Mg which causes low milk yield. Similarly,
beef cows require 0.70% K in dry matter. Besides
essential nutrients and multivitamins, Moringa
leaves also possess crude protein (21.8%), acid
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detergent fibre (22.8%), and neutral detergent fibre
(30.8%).   The crude fat  (412.0 g kg–1) ,
carbohydrates (211.2 g kg–1) and ash (44.3 g kg–

1) have also been reported in Moringa leaves
(Oliveira et al., 1999). All these compounds are
important in increasing livestock production. Hence,
Moringa leaves which are rich source of these
nutrients; fulfill the nutritional requirements of
livestock in the best possible way.
Different plant parts (leaves, twigs or branches etc.)
of this tree have variable concentration of nutrients.
Hence, the fodder mixtures containing different
proportions of Moringa plant parts provide an array
of nutrition. For example, mixing of Moringa leaves
with soft twigs in fodder provides lower CP and higher
NDF contents, whereas mixing Moringa leaves with
seed cake in fodder provides higher CP contents
(Murro et al., 2003 and Fujihara et al., 2005).
Depending upon the nutritional requirement of an
animal; specific combination of Moringa plant parts
can be given to the animal so that it can utilize the
fodder in a best way. As for an example, moringa
leaves with twigs having low crude protein can be
given to dry cows, requiring low nutrient fodders.

Animals like cattle, goat, sheep, rabbits as well as
pigs easily eat green leaves and stems of Moringa
(Mulugeta and Fekadu, 2014). It increases the
animal weight gain and protein intake (Aharwal,
2018).  Posit ive effects of different parts of
Moringa have been reported in the form of
increased milk yield in cows, growth rate in sheep
and feeding behavior in goat. Livestock feed
supplemented with Moringa leaves can increase up
to 32% of daily weight gain in livestock. Mixing of
fresh Moringa leaves (15 to 17 kg) in daily feed
of livestock can boost milk production by 43%.
The milk production can be increased further with
the supplementation of dry matter feed i.e., 58 and
65% increase by 2 kg and 3 kg dry matter feed,
respectively (Foidl et al., 2001). Moringa diet has
the highest  efficiency of protein & nitrogen
utilization and nutrient digestibility (Sultana et al.,
2015). Moringa Leaf Meal (MLM) can also be
included in poultry and fish meal. The MLM in
poultry feed can be particularly used by the small
farm holders as natural and healthy feed substitute
to synthetic feed supplements (Hermogenes et al.,
2014). Moringa leaves which are rich in protein
help in improving the microbial protein synthesis in

rumen of animals. Hence, it is a suitable alternate
of soybean and rapeseed meal and can be given
to ruminants (Soliva et al., 2005).

Anti-nutritional factors
Besides nutritional factors, antinutritional factors
are also reported in many food and fodder trees
and these exert negative effect on human and
animal health by interfer ing with var ious
physiological processes. Therefore, such trees are
not selected as priority for food and fodder. Some
trees belonging to genus Acacia, Albizia, Sesbania
are utilized for fodder purpose and these possess
antinutritional factors (Kumar, 1992). However,
Moringa oleifera represents unique property of
being rich in minerals and lower in antinutritional
factors. Moringa leaves possess tannins that range
from 13-20 g kg-1of dry leaves and it is very less
in compar ison to Sesbania  sesban ,  Acacia
angustissima, and Acacia cyanophylla leaves (31,
66 and 38 g kg–1, respectively). The concentration
of phytates is also low in Moringa and it ranges
from 25-31 g kg-1of the dry leaves  (Ahn et al.,
1989; Makkar and Becker, 1996; Salem et al.,
1999). Lectins, trypsin, and amylase inhibitors have
not been reported in Moringa leaves (Ferreira et
al., 2008). The glucosinolates and isothiocyanates
have been reported in Moringa leaves and roots
(Bennett et al.,  2003; Newton et al.,  2010).
However, their concentration depends upon the soil
type, climatic conditions, cultivar and its growth
stage. Moringa leaves possess saponins, which
impart a bitter taste. Saponins and isothiocyanates
do not always have harmful effects and hence can
be consumed by both livestock and human beings
(Foidl et al . ,  2001; Pr ice,  2000).  Other
antinutritional factors found in many fodder trees
are oxalates. However,  oxalates reported in
Moringa leaves are mainly insoluble oxalates and
hence do not cause harmful effect (Radek and
Savage, 2008). Hence, Moringa oleifera is having
better nutritional composition than other leafy
vegetables or fodders and can be utilized for food
as well as fodder purpose.

PHARMACEUTICAL POTENTIAL OF
MORINGA

The various parts of Moringa oleifera possess
antioxidative, anti-inflammatory, antitumor, antiulcer,
antibacterial and antifungal properties. Many bioactive
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compounds like glycosides, malonates and flavonoids
have been isolated from Moringa oleifera  (Bennett
et al.,  2003; Miean and Mohamed, 2001).
Isothiocyanates isolated from Moringa leaves possess
the capability to fight against human tumor cells. The
reason behind this activity may be its capability to
induce reactive oxygen species in cancerous cells
which is target specific (Tiloke  et al., 2013; Jung,
2014; Leelawat and Leelawat, 2014). Many of the
plant glycosides can be used in treatment of cancer
or chronic diseases (Chumark et al., 2008; Ghasi et
al., 2000; Murakami et al., 1998). Lipid peroxidation
plays an important part in artherogenesis, thrombosis
and cancer development. The flavonoids isolated from
Moringa leaves could modulate this process of lipid
peroxidation and hence can combat with these
diseases. The flavonoids also help in scavenging of
free radicals and inhibition of oxidative and hydrolytic
enzymes which are involved in several chronic
diseases (Rodrigo et al., 2011; Siddhuraju and Becker,
2003). Quercetin, which is a powerful antioxidant, also
helps in lowering blood pressure (Larson et al., 2012).
Moringa leaf powder also helps in reducing blood
sugar levels due to the presence of isothiocyanates
(Kushwaha et al., 2014; Waterman et al., 2015).

Moringa leaf, pod and seeds also possess anti-
inflammatory properties (Cheenpracha et al., 2010).
However, these results are based on lab and animal
studies and confirmation on human beings further
needs to be verified. Pods are helpful in treating eye
disorders, diarrhea, joint pain, liver and spleen
problems. The immature pods are used against
intestinal worms (Kasolo et al., 2010). Moringa seeds
help in treating many diseases like epilepsy, arthritis,
viral diseases etc  (Kasolo et al., 2010 and Sutalangka
et al., 2013) . The flowers of Moringa can cure
arthritis, cold, urinary and heart problems (Fuglie,
2005). The gum is used as an antiseptic (Rajangam
et al., 2001). The fresh root is used in case of
intermittent fever. It can also be applied externally as
a paste to treat inflammation, palsy, dropsy and animal
bites. The root infusion helps in treating asthma and
ascites. Root bark acts as an anti-ulcer, anti-
inflammatory and cardiac stimulatory agent (Mishra
et al., 2011 and Fahey, 2005).

CROP IMPROVEMENT
Moringa oleifera  is  a  cross-pollinated tree
species having diploid chromosome number equal

to 28.  Therefore,  high heterogeneity in
morphological, physiological and quantitative traits
is anticipated. This tree presents diversity of forms
i.e.,  annual to perennial types,  deciduous to
evergreen, semi-spreading to upright. Also, some
trees flower in two seasons and others flower
throughout the year (Raja et al., 2013). Hence, the
variability present in various characters can be a
source for genetic improvement. However, lack of
elite cultivars adapted to local environment and use
of open pollinated seed for crop cultivation may be
important factors that limit  its  productivity.
Moreover, the number of germplasm accessions and
active germplasm banks are incipient across the
world. Despite India, some other research centres
like AVDRC (Taiwan), Rural development initiative
(Zambia) and Moringa Philippines foundation
(Philippines); are also involved at the global level,
in moringa improvement. Many ecotypes viz.
Jaffna, Chavakacheri murungai, Chemmurungai,
Kadumurungai and Kodikkal murungai have been
reported in India (Kumar et al., 2014). Despite
huge variability in Moringa oleifera no institution
has database for cultivated or natural germplasm
accessions. There is great inconsistency between
the inherent genetic variability in this species and
reflected in available germplasm. Hence, priority
must be focused on the fixation of poor variability
in available germplasm in germplasm banks
because it may hinder with the progress of crop
improvement programs.

Any crop improvement program depends on the
available genetic diversity. There is much less
information available on genetic diversity of genus
Moringa. Some of the studies show a wide genetic
diversity present in Moringa (Ramachandran et al.,
1980; Shahzad et al., 2013; Suthanthirapandian et
al., 1989). These studies also emphasize on the
great potential for genetic improvement of this
species to enhance the use of this under-utilized
tree.  There is one downside also i.e.,  some
antinutritional factors in Moringa can reduce the
absorption of minerals and protein (Richter et al.,
2003; Teixeira et al.,  2014). Hence, different
strategies should be explored to harness the
available genetic diversity. The true understanding
of genetic diversity can be gained by the
characterization of both cultivated and natural
accessions present all over the world. Various
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breeding programs, including plant introduction,
evaluation, selection, hybridization and use of
biotechnological methods have been employed for the
development of varieties with dwarf stature, high
biomass production, high seed yield and oil content,
better quality, resistance to pest and diseases.

Introduction
The variety, Jaffna is presumed to have been
introduced from Sri Lanka.  It is cultivated in Southern
India. Chavakacheri murungai is also an introduced
variety from Sri Lanka.

Selection (Mass and Pure line)
The selection of plants starts with open pollination. The
plants are selected based on production potential and
tested under various conditions and sites. Then, it is
followed by controlled pollination. The variety, PKM
1, has been developed through pure line selection. It
is annual type and best suited for tropical plains.

Hybridization and selection
It involves hybridization between diverse genotypes
followed by selection. The variety, PKM 2 is derived
from a cross involving MP31 and MP28 as parents.
It is annual type and gives 48% more yield over
PKM1. It is suitable for cultivation in tropical plains
of India.

Mutation breeding
It is also an important breeding method for creation
of variability or novel traits. However, this method is
not much utilized in Moringa.

Molecular breeding

Work on Moringa crop improvement based on
biotechnology or molecular breeding is very limited
and it is just at budding stage. It is obvious from
the nucleotide database (NCBI) which possess
very less sequence information (DNA and RNA).
Recently, due importance has been given to micro
propagation (Kantharajah and Dodd, 1991) and use
of molecular markers for characterization of
germplasm for crop improvement. Use of molecular
markers can enhance the genetic improvement as
it helps in identifying diverse genotypes. These
diverse genotypes can be utilized in hybridization
programs to produce recombinants with wide
variability.

Biotechnological studies in Moringa started with the
use of dominant markers. The amplified fragment
length polymorphism (AFLP) marker technique
was used to study diversity in natural populations
from India and introduced populations in Malawi
and Kenya (Muluvi et al., 1999). In this study it
was noticed that the population differentiation was
significant and genotypes separated according to
geographical origin. Further, randomly amplified
polymorphic DNA (RAPD) marker technique was
used by different researchers to study diversity
among cultivated and non-cultivated population of
Moringa (Mgendi et al., 2010; Abubakar et al.,
2011; Da Silva et al., 2012; Saini et al., 2013 and
Rufai et al . ,  2013).  In all these studies an
appreciable level of genetic diversity was reported
in natural populations with respect to cultivated
ones. Hence, less genetic diversity in cultivated
accessions indicates that  there is an utmost
requirement to widen the genetic base for crop
improvement programs. Later, with the advent of
co-dominant markers like simple sequence repeats
(SSRs), the molecular genetic diversity studies got
improved. Moringa accessions collected from
different countries (Pakistan, India, Tanzania,
Senegal, Mozambique, Zimbabwe, Florida, Mexico,
Haiti and Belize) have been evaluated earlier and
it has been reported that there was high genetic
diversity in wild Pakistan accessions, as compared
with other accessions (Shahzad et al., 2013). Both
morphological and molecular markers (SSRs) have
been used for characterization of 300 genotypes of
Moringa collected from different locations of India
and large diversity have been observed (Ganesan
et al., 2014). Both these markers have been used
later to screen 34 genotypes of Moringa collected
from different regions of Tamil Nadu (Natarajan
and Joshi, 2015). It has resulted in identification of
super ior  genotypes which can be utilized in
hybridization program to improve oil yield. In this
way, morphological markers along with molecular
markers can prove an authentic tool to enhance
and strengthen breeding programs of Moringa.

CONCLUSIONS AND FUTURE
PERSPECTIVES

Moringa oleifera has several strengths and potential
utilities. The usage and merits of Moringa as food,
livestock fodder and pharmaceutical have been
documented widely. Although Moringa plant has
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