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ABSTRACT: Terminalia arjuna is an important multipurpose tree species. It is one of the major trees of
sericulture industry to rear cocoon of tasar silkworm. The bioactive component present in this tree make it
highly valuable tree in pharma industries. But, due to unscientific method of harvesting, poor seed
germination and limits of conventional propagation method, its population is facing the threat of being
endangered species. To replenish its loss, fulfill the need of therapeutic agents in short time and conserved
such plant species, some alternate propagation methods for mass production of T. arjuna have been
developed. The present review was done with the aim to highlight such non-conventional propagation
methods. The literature described the different methods of propagation with different types of explants
and potential of plant growth regulators in development of in vitro callus, somatic embryo, shoot and root
system. The collective information on tissue culture methods of T. arjuna will be helpful in conservation of
such tree species.
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INTRODUCTION

Trees represent the majority of terrestrial biomass
production and the forestry. India, Russian Federation,
Brazil, Canada, United States of America, China,
Democratic Republic of the Congo, Australia,
Indonesia and Sudan are ten most forest-rich countries
of the world which account for 67 percent of total forest
area of the world. We get a large number of important
ecological, economic, medicinal and social benefits
from forest. The social benefits lie in the communities
that live off the forest and in their intrinsic aesthetic
value. The economic importance lies in the usefulness
of the wood for fuel, construction and communication.
The ecological benefits of forests lie in their
biodiversity, erosion control, soil improvement, carbon
sequestration and improved air, which have long been
recognized. The role of forest in socio- economic and
rural development is of paramount importance,
particularly in a developing country like India where a
considerable part of population lives in abject poverty.
The medicinal benefits of forest lie in usefulness of
plant secondary metabolites in therapeutic use. Out of
many tree species used in drug preparation, Terminalia
arjuna is one of the trees with multipurpose uses.

A. Terminalia arjuna common name and distribution in
India
Terminalia arjuna belongs to flowering plant family
combretaceae. The genus Terminalia is derived from
Latin word terminus which means the tip of shoot
occupied with leaves. It is a valuable multipurpose tree

commonly known as Arjuna, Koha, Kahu, Arjan, White
Marudah, White Murdh, Arjuna Myrobalan, Orjun,
Yerramaddi, Sadada, Sadaru and many more (Ahmad et
al., 1983). This tree has different Sanskrit Names due to
its characteristic feature. These names of Arjuna are
Dhaval (whitish or grey bark), Kakubha (a large tree),
Indradu (covering a large area) and Viravriksha (hard
woody nature).
The tropical region of the world has around 250 species
of Terminalia (Chouhan et al., 2008) and
approximately 12 species of Terminalia are native to
India. Some major related species of T. arjuna are T.
bellerica, T. chebula, and T. ciliate. In Indian
subcontinent, it is most commonly found in indo sub-
Himalayan tracts, Bihar, Jharkhand, Delhi, Orissa,
Assam, Gujarat, Maharashtra, Madhya Pradesh, Uttar
Pradesh, Tamil Nadu, West Bengal and Deccan region.
It is found in plenty along riverside, riverlets and ponds.
It is a cultivated tree in Punjab and main species of Gir
forests of Gujarat.

B. Botanical description
Arjuna is a large, evergreen and perennial tree of
tropical and sub-tropical forests. Generally, it has 20-
26 m height and about 3 m girth. The stem of the tree is
mostly long, buttressed and straight. The wood is
brown, hard and do not have any characteristic odor and
taste. The wood of Arjuna is heavier, harder and
stronger in shock resistance than teak.
Fresh bark is light, spongy and green, grey or pinkish
grey in colour. The bark started exfoliating in large
irregular sheet when it attains thickness up to 9 cm.
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Growth of bark occurs in rainy season and each Arjuna
tree yields 9 to 45 kgs bark.
Leaves are long (10-15 cm) and sub opposite. Leaflets
are 10-15 cm long, 8-10 cm wide and tongue shaped.
Small nodes are present at the top of the petioles
immediately below the leaves (Ali, 1994).
The flowers are borne on pendulous terminal and
axillary spikes. Each spike consists of 45±3.5 flowers.
Flowers are small and pale yellow in colour, bracteates,
hermaphrodite, actinomorphic, epigynous and has one
whorl of gamopetalous perianth (Chouhan et al., 2008).
Flowers appear from April to July.
Tree starts fruiting at the age of 6-7 years. Fruit is 2.5 -
3.5 cm long, fibrous woody and glabrous with 5-7 hard
wings (Gupta et al., 2018). Unripen fruits are green turn
brownish- black at maturity. Fruiting starts in the first
week of June and the fruits mature within three months.
These fruits do not detach from the tree and remain
attached until the next fruiting season reach. Dispersion
take place by wind and birds (Sedgley and Griffin,
1989).
Arjun seeds are photoblastic in nature. Seed
germination starts in rainy season. Partially buried
seeds germinate successfully than the seeds directly
exposed to sun light. Seed germination is epigeous and
germination capacity is 50-60%.
Arjun tree grow luxuriantly in its natural habitat, mostly
in moist cool areas on a variety of soil but prefers fertile
alluvial loam and deep sandy well drained soil (Handa
and Kaul, 1996). The tree is a moderate shade bearer
and does not tolerate dense overhead shade. The growth
of arjun is quite well in sunlight on favourable
conditions and adequate availability of moisture on the
ground. The absolute maximum shade temperature
varies from 35°C to 45°C and absolute minimum
temperature ranges between 0° to 15°C.  The tree
pollards well and also produce root suckers. Tree can be
coppiced and coppicing power is satisfactory upto 76
cm girth.

C. Medicinal and Economic importance
According to WHO approximately 80% of the
developing world’s populations are using traditional
medicine as a primary healthcare due to lesser side
effects (Kamboj, 2000). In India, Ayurvedic, Unani
and Siddhi medicine systems are existed. The ancient
Indian science of Ayurveda is plant based and
significant as a preventive & curative medicine system.
Himalayan region of India is rich in medicinal flora and
traditional medicine knowledge. Medicinal plants are
drawing attention due to its contribution in large scale
therapeutic phytochemicals which are used in
development of novel drugs. Therefore, the evaluation
of rich heritage of traditional medicine is essential
(Padmaa et al., 2008).
T. arjuna is one of the such plant with greater
prospective in medicine industry. It is an important tree
of both Ayurvedic and Yunani Systems of medicine and
widely used to prepare important ayurvedic
formulations like Kashaya, ksheerpaka, arjunaishtam,
Cintamanirasam, Laksagugula (Chatha et al., 2014;
Bishnoi and Ahlawat, 2015).

The leaves, bark, gum, flowers and fruits of T. arjuna
are mainly used in herbal product formation (Kumar
and prabhakar, 1987). It has hypolipidemic, anti-
carcinogenic (Nagpal et al.,2000), gastro-protective
effects (Verma and Singh, 2013), antibacterial (Singh et
al., 2008), antioxidant (Gupta et al., 2001), anti-
inflammatory effects, anti-hypotensive effects (Maulik,
et al., 2016; Meghwani, et al., 2017) and protects
against ischemia reperfusion injury. The bark of this
tree is acrid, sweet and rich in specific medicinally
active constituents like tannins, cardenolide,
triterpenoid saponins (arjunic acid, arjunolic acid,
arjungenin, arjun glycosides), flavonoids (arjunone,
arjunolone, luteolin), gallic acid, ellagic acid,
oligomeric proantho cyanidins (OPCs), phytosterols,
calcium, magnesium, zinc, and copper (Akhter et al.,
2012). These natural ingredients are useful in heart
disease (Gauthaman and Mishra, 2004). Clinical studies
on of its natural ingredients suggested that it can be of
benefit in the treatment of coronary artery disease, heart
failure and possibly hypercholesterolemia. It has also
been found to be antiviral and antimutagenic. Bark is
also useful in fracture, ulcers, blood disease,
intoxications, urinary discharge, excessive perspiration,
asthma, tumours, leucoderma and false presentation of
foetus. The ash of the plant is prescribed for snake bites
and bark for scorpion sting. Fruit is used as tonic and
deobstruent (Paarakh, 2010). The juice of fresh leaves
is used in earache and healing the wounds. A brownish
clean golden coloured, transparent gum is obtained
from bark of the tree. The edible gum is very nutritive
and energetic for heart. The leaves contain 10.10%
crude protein, 7.78% crude fibre, 4.30% reducing sugar,
5.75% total sugar, 11.09% starch and 7.00% minerals.
Apart from being the source of medicinal constituents,
Arjuna plays an important role in the sericulture
industry (Orwa et al., 2009) and wood industry. The
leaves are used as a food for the Tasar
silkworm Antheraea mylitta (Dutta et al., 1995; Jolly et.
al., 1968). India ranks second in tasar silk production,
which provide employment for many Indian villagers.
Hence, it is necessary to propagate T. arjuna to improve
the feeding material for the silk worm and thus improve
the quality of the silk product. Timber of Arjuna is
locally used for making carts, agricultural implements,
water troughs, traps, boat building, house building,
electric poles, tool-handles, jetty-piles and plywood.
Arjuna wood is used as firewood and in the production
of charcoal. These trees are recommended for
reclamation of saline, alkaline soils and deep ravines. It
is also used for agro forestry, social forestry
programmes, soil conservation and wasteland
afforestations.
Arjuna is one of the sacred trees of India. It has
acquired the social and religious sanctity with the
passage of time. It is said that Arjuna has been born of
the two sons of Kubair after saint Narada cursed him.
The leaves and flowers of this tree are offered to the
Lord Vishnu and Lord Ganpati on the several religious
occasions.
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Table 1: Detail of tissue culture work done on T. arjuna.

Sr. No.
Authors and

year
Mode of propagation

Type of explant
used

PGR used Observations and results

1. Rajan, (1996)
Direct and indirect

organogenesis, somatic
embryogenesis

Nodal explant and
leaves

In vitro shoot proliferation: BAP, Kn, GA3, 2,4-D,
IBA

Shoot multiplication: BAP, Kn, NAA
callus initiation: BAP, Kn, NAA, 2, 4-D

Shoot differentiation from Callus: lAA, NAA, 2,4-
D, BAP, GA3

Rooting: BAP, NAA, IBA
Direct somatic embryo: (globular stage): 2,4-D, Kn,

BAP

Shoot initiation: 63.1% on MS + 4.44 µM BAP + 0.04 µM Kn.
Shoot multiplication: 4.6 shoots per explant on MS medium + 8.86 µM BAP + 4.65 µM Kn.

callus initiation: 73.6% on MS+ 13.57 µM 2,4-D+ 0.44 µM BAP + 9.29 µM Kn.
Shoot differentiation from Callus: MS medium supplemented with 4.44 µM BAP +0.05 µM NAA produced 13.3%

shoots.
Rooting: 33.6% rooting obtained on half strength MS + 0.004 µM BAP + 5.37 µM NAA and 9.84 µM IBA.

Direct somatic embryo: 2,4-D (13.57 µM), Kn (13.57 µM), BAP (0.44 µM) and L- glutamine promoted embryo
induction.

Embryo maturation: Occurred on lower concentration of 2,4-D (0.045 µM) and BAP (4.44 µM) with 1.5% sucrose in
liquid MS medium.

2.
Kumari et al.

(1998)
Somatic Embryogenesis leaf 2,4-D, Kn, BAP, NAA, IBA, IAA

Callus induction: Maximum 58.57% callus were initiated on MS + 22.62 µM 2, 4-D + 0.05 µM Kn.
Somatic embryo formation: Globular embryo formation was observed on MS basal medium containing 2% sucrose.

Somatic embryo germination: Normal cotyledonary embryo germination was maximum (100%) on MS basal medium
supplemented with 3% sucrose.

Maximum 66.7% germination of fused cotyledonary embryos occurred on MS + 8.66 µM GA3 medium.

3.
Pandey and

Jaiswal
(2002)

Direct organogenesis Cotyledonary nodes
In vitro shoot proliferation: BAP

Shoot multiplication: BAP
In vitro rooting: IBA

In vitro shoot proliferation: MMS medium enriched with 2.22 µM BAP.
Shoot multiplication: Total 45-55 shoots obtained from single cotyledonary node on MMS medium + 2.22 µM BAP.
In vitro rooting: Pulse treatment of shoots with 4.92 µM IBA for 15 hrs in liquid MS medium followed by transferred

on MMS medium without hormone supported 88% rooting.

4.
Pandey et al.

(2006)
Direct organogenesis

Nodal segment from
mature tree

In vitro shoot proliferation multiplication: BAP,
Kn, TDZ, NAA, IBA

In vitro rooting: IBA, NAA

In vitro shoot proliferation and multiplication: Maximum bud break (86%) and multiplication was observed on
MMS medium fortified with 4.44 µM BAP +0.54 µM NAA.

In vitro rooting: Half strength MS medium supplemented with 4.92 µM IBA induced 44.5% rooting.

5.
Kumar et al.

(2010)
Direct organogenesis, callus

culture

shoot, apical bud and
leaf from 10-12 days

old seedling

In vitro shoot and callus initiation: BAP, Kn, NAA,
IBA, GA3, TDZ

In vitro shoot proliferation: MS medium containing 13.32 µM BAP + 2.69 µM NAA+ coconut water found effective
for shoot proliferation from seedling nodal and apical bud explant.

Callus induction: Maximum Callus induction obtained on 22.62 µM 2,4-D.
Upper hypocotyl with shoot apex was best explant for plant regeneration.

6.
Yadav and

Jaiswal,
(2011)

Somatic Embryogenesis leaf 2,4-D, BAP, Kn

Embryogenic callus and Somatic embryo induction: Somatic embryo formed indirectly.
2,4-D is essential PGR for embryogenic callus induction.

23.0 µM 2,4-D + 0.23 µM Kn developed maximum number of somatic embryos along with embryogenic callus.
Embryo development and germination: Further embryo development and germination observed on 0.11 µM and 0.22

µM BAP containing medium.
Germination frequency was 30%.

7.
Arumugam

and Gopinath,
(2011)

Indirect organogenesis

Cotyledon (C),
hypocotyls (H),

epicotyl (E), leaves
(L) from 10-12 days

old seedling

2,4-D, NAA, IAA, BAP

Callus induction: Maximum Callus induction: L > E > H > C
MS medium containing 13.57 µM 2,4-D induced maximum callus regeneration.

Organogenesis: Shoot and root development initiated in MS medium enriched with 22.62 µM 2,4-D +0.05 µM
Kinetin+ 2.89 µM GA3.

8.
Mushke et al.

(2014)
Direct organogenesis and
somatic embryogenesis

Nodal segments and
mature leaf

In vitro shoot proliferation: BAP, Kn, TDZ
In vitro rooting: IBA, NAA, IAA

Somatic embryogenesis: 2,4-D, Kn

In vitro shoot proliferation: Lower concentration of TDZ (0.22 µM) was effective in in vitro shoot proliferation.
In vitro rooting: Total 80 % regenerated shoots produced rooting on modified B5 medium (1/3 of the nitrogen

concentration) with 4.92 µM IBA.
Somatic embryogenesis: Combination of 2,4-D and Kn induced 68% somatic embryogenesis.

9.
Gupta et al.

(2014)
Direct organogenesis

Nodal segments
from lopped

branches of mature
tree

In vitro shoot proliferation: BAP, Kn, NAA
Shoot multiplication: BAP, NAA

Ex vitro rooting: IBA, NOA

In vitro shoot proliferation: 85% explants responded on MMS medium +13.32 µM BAP+ 0.54 µM NAA
Shoot multiplication: MMS medium enriched with 2.22 µM BAP +2.69 µM NAA produced maximum 11.2 shoots.

Ex vitro rooting: 1230.1 µM IBA and 1236.3 µM NOA induced 73.3% rooting.

10.
Ravi et al.

(2014)
Direct organogenesis

Seedling nodal
segments

In vitro shoot proliferation: BAP, Kn, NAA, IAA
Shoot multiplication: BAP, Kn, NAA, IAA

In vitro rooting: IAA, NAA, IBA

In vitro shoot proliferation: MS medium enriched with 6.65 µM BAP supported 9.0 shoots with 1.70 cm shoot length.
Shoot multiplication: maximum on 6.65 µM BAP.

In vitro rooting: 60% rooting on 0.49 µM IBA.

11.
Choudhary et

al. (2015) Direct organogenesis

Nodal segments
from lopped

branches of mature
tree

In vitro shoot proliferation: BAP, NAA, IAA
Shoot multiplication: BAP, NAA, IAA

In vitro rooting: NAA, IBA

In vitro shoot proliferation: 100% bud break response on MMS medium + 8.86 µM BAP.
Shoot multiplication: 11.38 shoots obtained on MMS medium + 4.44 µM BAP +0.54 µM NAA.

In vitro rooting: Maximum 80.0 % rooting recorded after pulse treatment with 984 µM IBA for 10 min and then
transferred on half strength MS medium containing 0.1% activated charcoal.

12. Salim, (2018) Callus culture
young leaves, leaf

petioles and
internodes

2, 4-D Best explant for callus induction and proliferation on 13.57 µM 2, 4-D was internodes.
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ROLE OF TISSUE CULTURE IN T. arjuna

Presently, medicinal plants play a very important role in
modern economy. Today, this rich biodiversity of
medicinal plants is facing a serious threat due to the
increasing demand of some specific plant-based drugs
resulted in overexploitation of such plant species from
wild (Srivastava, 2018). To protect these plants, several
policy measures have been taken but despite of all these
measures, the existing plants are decline rapidly due to
unsustainable harvesting and extensive illegal
collection of medicinal plants to gain financial profit
(Sharma et al., 2012). Since the beginning of this
century, more than half of the world’s tropical forest
area has been destroyed.
Thus, it is important to conserve such plant species by
applying suitable conventional as well as non-
conventional propagation techniques. In T. arjuna,
sexual propagation through seeds or vegetative
propagation by cuttings and air layering are the main
conventional propagation techniques. But again, these
methods have some drawback which limit their
application for conservation programme. Conventional
propagation methods of T. arjuna are not satisfactory
due to poor seed germination and seedling viability as
well as inefficiency in rooting by cuttings and air-
layering methods (Pandey et al., 2006). Also, T. arjuna
is liable to get infected and damaged by many casual
organisms, pathogens and insect pests at various stages
of growth i.e. seedling, nursery and plantation. Nearly
18 insect pests are damaging Arjuna in different parts
of India. Major insect pests of Arjuna are Trioza
fletchari, Antheraea paphia and Lymantria Mathura.
So, other non-conventional propagation method should
be adopted to conserve the germplasm and for
propagation of T. arjuna for sustainable utilization.
Plant biotechnology, having tissue culture, is an
important tool for mass production of any plant species
from a single individual in a relatively short time.
Present review highlighted the tissue culture work done
by different researcher on T. arjuna.

A. Direct organogenesis
Development of adventitious shoots direct from
Somatic tissue of plants under in vitro conditions is
known as direct organogenesis.
(i) Culture media for direct organogenesis. The
media and its constituents on which explants grow and
multiplied played crucial role in plant growth and
development. The explants were cultured on MS
(Murashige and Skoog, 1962), B5 (Gamborg, et al.,
1968) and WPM (Lloyd and McCown, 1981) medium.
In most of the T. arjuna studies, MS medium showed
superiority over other media (Ravi et al., 2014). Slight
modification in MS medium (MMS) salt concentration
(half strength of NH4NO3 and KNO3 salts) improved
regeneration capacity and the health of newly
regenerated shoots (Pandey and Jaiswal, 2002; Pandey
et al., 2006; Gupta et al., 2014; Choudhary et al.,
2015).
(ii) Explant collection and preparation. Direct
organogenesis of T. arjuna were reported with
cotyledonary nodes (Pandey and Jaiswal, 2002),

seedling nodal explants (Ravi et al., 2014) and nodal
explants from tree (Pandey et al., 2006; Gupta et al.,
2014; Choudhary et al., 2015). It is well known that
older shoots may contain inhibitory substances and
hidden microbes that can inhibit the plant growth and
later deteriorate the explants. The explants were also
collected from lopped and unlopped branches (Gupta et
al., 2014; Choudhary et al., 2015; Choudhary et al.,
2020b) of Terminalia arjuna. The month of explant
collection also affect the in vitro response. Explants
collected in April- May months was highly responsive
in terms of shoot proliferation. Explants were initially
treated with 2% (v/v) cetrimide or tween -20 to remove
dust particles. Surface sterilization was done with
Sodium hypochlorite [4% (w/v) available chlorine] or
0.05-0.1% HgCl2. Sometimes dipping the nodal
explants in 70% alcohol for 30 second also helped in
removal of contaminants. The browning of culture
medium was main problem in T. arjuna which caused
additional risk of microbial contamination and necrosis
in explants. The problem of phenolic exudation during
culture establishment was overcome by agitating the
explants in pre chilled solution of Ascorbic acid, citric
acid and PVPP (Gupta et al., 2014; Choudhary et al.,
2015; Choudhary et al., 2020b) or addition of Ascorbic
acid and PVP into the medium with activated charcoal
(Rajan, 1996).
(iii) In vitro shoot proliferation. The hormonal
requirement of any plant species depends on the
endogenous level of hormone. Different plant growth
regulators like cytokinin [BAP (6- Benzylaminopurine),
Kinetin (Kn), Thidiazuron (TDZ)] and auxins
[Naphthaleneacetic Acid (NAA), Indole-3-butyric acid
(IBA), Indole acetic acid (IAA)] affected the in vitro
shoot proliferation. Among all these PGRs, 8.86 µM
BAP was found to be a best plant growth regulator for
bud break response (Ravi et al., 2014; Choudhary et al.,
2015). The cytokinin and auxin interaction also
stimulate bud break in some plants. In Arjuna, BAP
with little concentration of NAA supported 85-86% of
shoot bud induction (Pandey et al., 2006; Gupta et al.,
2014). Combination of BAP with Kn also had
synergistic effect on shoot initiation (Rajan, 1996).
Mushke (2014) reported the effectiveness of TDZ in
early bud break. In case of cotyledonary explant, low
concentration of BAP (2.22 µM) was found to be
sufficient for optimum 86.11% in vitro shoot
proliferation (Pandey and Jaiswal, 2002).
(iv) In vitro shoot multiplication. Many different
methods were applied to achieve improved in vitro
multiplication. A repeated transfer of mother explant
having newly emerged shoot clump or shoot clump
without mother explant were done to minimize or
remove apical dominance and promote lateral bud
growth (Gupta et al., 2014). Shoot proliferated from
nursery nodal explant showed better multiplication on
6.65 µM BAP (Ravi et al., 2014). Pandey et al. (2006),
Gupta et al. (2014) and Choudhary et al. (2015)
reported the synergetic effect of cytokinin and auxin on
in vitro shoot multiplication and confirmed that low
concentration of auxin was the prerequisite for
multiplication in this plant species. Choudhary et al.
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(2015) reported 11.38 shoots from propagule of three
shoots on 4.44 µM BAP with 0.54 µM NAA. Rajan
(1996) noticed the synergistic effect of BAP and
Kinetin on shoot multiplication and observed maximum
shoot elongation on half strength MS medium. Pandey
and Jaiswal (2002) obtained 45-55 shoots from single
cotyledonary node after 60 days of culture initiation on
MMS medium supplemented with 2.22 µM BAP.
(v) In vitro and ex vitro rooting. Rooting is an
important step in micropropagation as the complete
plant formation depends on successful transfer of plant
from lab to land conditions. Plants with good root
system survived better during hardening,
acclimatization and ultimately in field conditions. Both
in vitro and ex vitro rooting reported in T. arjuna. In
vitro rooting can be done by either incorporate the best
rooting hormone into the MS medium (Pandey et al.,
2006) or pulse treated the shoots with optimum
concentration of hormone and then transferred these
shoots on half strength MS medium containing 0.1%
activated charcoal (Choudhary et al., 2015).
Incorporation of 4.92 µM IBA into the medium induced
only 44.5 % root initiation (Pandey et al., 2006)
whereas pulse treated shoot with 984 µM IBA for 10
min produced 80% rooting (Choudhary et al., 2015).
But, according to Mushke et al., (2014) modified B5
medium (one third of the nitrogen concentration) is
better than MS medium which developed roots in 80 %
in vitro regenerated shoots.
The ex vitro rooting has many advantages over in vitro
rooting as both rooting and acclimatization step
performed simultaneously which shorten the
propagation protocol and plants can rapidly adapt the
field conditions with less casualty. Gupta et al. (2014)
achieved 73.3% rooting when pulse treated the shoot in
solution of 1230.1 µM IBA and 1236.3 µM NOA. In
addition to auxins, other factors like rooting mixture
and incubation conditions also affect the ex vitro
rooting in T. arjuna (Choudhary et al., 2018; 2020a).
(vi) Hardening and acclimatization and field
transfer. The in vitro and ex vitro rooted plantlets were
transferred in autoclaved bottle having soilrite (Gupta et
al., 2014) or vermiculite (Choudhary et al., 2015) for
hardening and acclimatization under greenhouse
conditions. During this period a strong root and shoot
system developed. The 90% plants were successfully
hardened which showed 100% survival rate after field
transfer (Choudhary et al., 2015). Pandey and Jaiswal
(2002) reported 70% survival of field transferred plants.

B. Indirect organogenesis
Plant organ can also regenerate from the somatic tissue
after intervening callus phase i.e. through indirect
organogenesis.
(i) Explant collection and preparation. A variety of
explants i.e. cotyledon, hypocotyl, epicotyl and leaves
were used in indirect organogenesis. These explants
were washed with liquid soap and surface sterilized
with 70% ethanol for 1 min. followed by 0.1% HgCl2

for 5 min. The explants were cut into pieces and
cultured on MS medium having nicotinic acid,
pyridoxine HCl, thymine HCl, glycine, myoinositol, 3%

sucrose and different concentration of 2, 4-D. Medium
was solidified with 0.7% agar- agar (Salim, 2018).
(ii) Callus induction. Callus induction efficiency
depends on the type of explants used. Callus can be
produced at wounded site from variety of explants but
mitotically active cells are good for callus induction. In
T. arjuna, cotyledon, hypocotyl, epicotyl and leaves
were used as explants. Among all these explants, leaves
were found to be most appropriated explant for callus
induction followed by epicotyl. Cotyledon explant was
least responsive for callus induction (Arumugam and
Gopinath, 2011; Rajan, 1996). Salim (2018) used young
leaves, leaf petiole and internodes as explants for callus
induction and found the internodes as best explant.
Incorporation of different hormones like 2, 4-D, NAA,
IAA, BAP, Kn into the medium suggested that 2, 4 -D
has maximum potential to de-differentiate the
differentiated tissue for callus induction (Arumugam
and Gopinath, 2011). The quality of these callus
improved by supplementing the other PGRs with 2,4-D
(Kumar et al., 2010). In T. arjuna, incorporation of 0.44
µM BAP and 9.29 µM Kn along with 13.57 µM 2,4-D
proved better for callus induction (Rajan, 1996).
(iii) Shoot differentiation. Similar to de differentiation,
re differentiation is also regulated by PGRs. Rajan
(1996) reported the withdrawal of 2,4-D and Kn from
callus induction medium and addition of NAA with
BAP promoted the shoot differentiation from callus.
GA3 had inhibitory effect on shoot differentiation. In
contrast, Arumugam and Gopinath (2011) reported the
shoot and root differentiation in the presence of 2,4-D
and Kn along with GA3 in the medium.
(iv) Root differentiation. Development of root mainly
depends on endogenous and externally supplied auxins.
IBA, NAA and IAA are key regulatory factors for root
differentiation from callus. Generally, IBA is
considered best for root induction. But, in T. arjuna
interaction of 9.84 µM IBA and 5.37 µM NAA with
lower concentration of BAP was found best for root
differentiation (Rajan, 1996).

C. Somatic embryogenesis
Somatic embryogenesis from non-gametic cells is an
alternative method for mass production, germplasm
conservation and genetic transformation of tree species.
Somatic embryos are developmentally analogue to
zygotic embryos. It can develop directly from the
explants or indirectly from callus. Somatic
embryogenesis has four important stages i.e. induction,
maintenance, embryo development or maturation and
germination. Somatic embryo maturation occurs
through four developmental stages i.e. globular, heart,
torpedo and cotyledonary stage.
(i) Explants for somatic embryogenesis. Somatic
embryo can be developed from hypocotyl, endosperm,
nucellus and leaf explants. In T. arjuna both direct
(Rajan, 1996; Mushke et al., 2014) and indirect
Somatic embryogenesis (Kumari et al., 1998; Yadav
and Jaiswal, 2011) was reported from leaf explant. Leaf
explants were surface sterilized with 70% ethanol for
30 seconds and with 0.05% HgCl2 for 5 min. leaf disc
were cut out from leaf and cultured on induction
medium (Kumari et al., 1998).
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(ii) Induction of embryogenic callus and somatic
embryo. In all studies, it was found that 2,4-D is
essential PGR for direct and indirect somatic
embryogenesis. The addition of low concentration of
Kn (0.047-2.32 µM) along with 2,4-D (13.57 -22.62
µM) maximized the number of somatic embryo and
embryogenic callus formation (Kumari et al., 1998;
Yadav and Jaiswal, 2011; Mushke et al., 2014). Rajan
(1996) reported direct differentiation of globular shaped
embryo from leaf disc on MS medium enriched with
13.57 µM 2,4-D, 9.29 µM Kn, 0.44 µM BAP and 1.5%
sucrose. The addition of L-glutamine in the medium
promoted the direct embryo formation and inhibited
embryogenic callus formation.
(iii) Embryo maturation. The development of globular
shaped embryo into heart shaped occurred on liquid MS
medium supplemented with 0.045 µM 2,4-D, 4.44 µM
BAP and 1.5% sucrose. Deletion of 2,4-D from the
medium promoted the conversion of heart shaped
embryo into torpedo shaped (Rajan, 1996). Yadav and
Jaiswal (2011) observed that instead of conversion of
globular shaped embryo into heart shaped embryo,
globular shaped embryo again formed callus which was
prevented by addition of activated charcoal into the
medium.
(iv) Germination of somatic embryo. Germination of
somatic embryo to form complete plantlet is critical
stage for tree species. In T. arjuna only 30% somatic
embryo germinated on 0.11 µM and 0.22 µM BAP
(Yadav and Jaiswal, 2011). Kumari et al. (1998)
obtained two types of somatic embryo i.e. normal
cotyledonary embryo and fused cotyledonary embryo.
The normal cotyledonary embryo showed 100%
germination on MS basal medium containing 3%
sucrose and addition of GA3 lower down the
germination. Whereas fused cotyledonary embryo
showed maximum 66.7% germination on 8.66 µM GA3

containing medium.

CONCLUSION AND FUTUTRE SCOPE

Medicinal plants like Terminalia arjuna have high
impact on medicine industry due to presence of many
natural therapeutic compounds. Due to certain
limitation of conventional propagation methods, today,
conservation of T. arjuna by rapid multiplication is
only possible through plant tissue culture method. The
mass production of T. arjuna through direct
organogenesis, indirect organogenesis and somatic
embryogenesis can help in conservation of Arjuna tree
and fulfil the demand of raw material of therapeutic
medicine. The finding of present study suggests that
there is need of further refinement of in vitro
propagation protocol through indirect organogenesis
and somatic embryogenesis methods to make it more
reproducible.

Acknowledgement. Authors are thankful to Council of
Scientific and Industrial Research (CSIR), New Delhi for
providing financial support to conduct the study.
Abbreviations. MMS: Modified Murashige and Skoog
medium; WPM: Woody Plant Medium; B5: Gamborg
medium; PGRs: Plant Growth Regulators; BAP: 6-
Benzylaminopurine; Kn: Kinetin; TDZ: Thidiazuron; 2,4-D:

2,4-Dichlorophenoxyacetic acid; NAA: Naphthaleneacetic
Acid; IBA: Indole-3-butyric acid; IAA: Indole acetic acid;
GA3: Gibberellic acid; NOA: 2- Naphthoxyacetic acid.

REFERENCES

Ahmad, M. U., Mullah, K. B., Norin, T. and Ulla, J. K.
(1983). Terminoic acid, a new trihydroxy triterpen
carboxylic acid from bark of Terminalia arjuna.
Indian Journal of Chemistry, 22: 738-740.

Akhter, S., Hossain, M. I., Haque, M. A., Shahriar, M. and
Bhuiyan, M. A. (2012). Phytochemical screening,
antibacterial, antioxidant and cytotoxic activity of the
bark extract of Terminalia arjuna. European Journal
of Scientific Research, 86(4): 543-552.

Ali, M. (1994). Text Book of Pharmacognosy (1st ed.), CBS
Publishers, New Delhi.

Arumugam, A. and Gopinath, K. (2011). In vitro callus
development of different explants used for different
medium of Terminalia arjuna. Asian Journal of
Biotechnology, 3(6): 564-572.

Bishnoi, S. and Ahlawat, S. S. (2015). Development of
buffalo meat rolls incorporated with aloe vera gel and
arjun tree bark extract. Haryana Veterinarian, 54(2):
174-177.

Chatha, S. A. S., Hussain, A. I., Majeed, R. A. M. and Aslam,
N. (2014). Bioactive Components and Antioxidant
Properties of Terminalia arjuna Leaf Extracts. Journal
of Food Processing Technology, 5(2): 1-5.

Chauhan, S., Sharma, S. B. and Chauhan, S. V. S. (2008).
Reproductive biology of Terminalia arjuna (Roxb.)
Wt. & Arn. Indian Forester, 134(11): 1468-1478.

Choudhary, M., Gehlot, A., Arya, I. D. and Arya, S. (2018).
Influence of different auxin treatment on ex vitro
rooting in in vitro regenerated micro shoots of
Terminalia arjuna (Arjun). Journal of Pharmacognosy
and Phytochemistry, 7: 3079-3082.

Choudhary, M., Arya, I. D. and Arya, S. (2020a). Factors
affecting ex vitro rooting in micro propagated shoots
from nodal explants of Terminalia arjuna. Current
Journal of Applied Science and Technology, 39: 92-
97.

Choudhary, M., Arya, I. D. and Arya, S. (2020b). Problems
encountered during in vitro culture establishment in
Terminalia arjuna. Annual Research & Review in
Biology, 35(12): 154-160.

Choudhary, M., Jaiswal, S., Singh, R., Arya, I. D. and Arya,
S. A. (2015). Micropropagation protocol for mass
multiplication of Terminalia arjuna – a valuable
medicinal tree. Advances in Forestry Science, 2: 1-6.

Dutta, R. K. (1995). An overview of research in sericulture
biotechnology. In: Proceedings of National Academy
of Sciences, India, 65: 203-216.

Gamborg, O. L., Miller, R. A. and Ojima, K. (1968). Nutrient
requirements of suspension cultures of soybean root
cells. Experimental Cell Research, 50: 151–158.

Gauthaman, K. and Mishra, L. C. (2004) Ischemic heart
diseases. Scientific basis for Ayurvedic Therapies
(Eds. Mishra, L.C.), CRC Press Inc., New York, p.
512-531.

Gupta, A. K., Harish, Rai, M. K., Phulwaria, M., Agarwal, T.
and Shekhawat, N. S. (2014). In vitro propagation,
encapsulation, and genetic fidelity analysis
of Terminalia arjuna: a cardioprotective medicinal
tree. Applied Biochemistry and Biotechnology,
173(6): 1481-1494.

Gupta, R., Singhal, S., Goyal, A. and Sharma, V. N. (2001).
Anti-oxidant and hypocholesterolaemic effects
of Terminalia arjuna tree-bark powder: a randomized



Choudhary & Arya Biological Forum – An International Journal 14(1): 495-501(2022) 501

placebo-controlled trail. Journal of the Association of
Physicians of India, 49231-49235.

Gupta, S., Bishnoi, J. P., Kumar, N., Kumar, H. and
Nidheesh, T. (2018). Terminalia arjuna (Roxb.) Wight
&Arn.: Competent source of bioactive components in
functional food and drugs. The pharma Innovation
Journal, 7(3): 223-231.

Handa, S. S. and Kaul, M. K. (1996). Supplement to
cultivation and utilization of medicinal plants. (Eds.
R.R.L., Handa S.S. and Kaul M.K.). CSIR publication,
Jammu Tawi, pp 334-348.

Jolly, M. S., Chaturvedi, S. N. and Prasad, S. (1968). A
survey of tasar crops in India. Indian Journal of
Sericulture, 7(1): 56-57.

Kamboj, V.P. (2000). Herbal medicine. Current Science,
78(1): 35-39.

Kumar, C., Singh, A. K. and Nehar, S. (2010). In vitro
propagation and callus formation from seedling of
Terminalia arjuna Roxb. The bioscan, 2: 423-429.

Kumar, D. S. and Prabhakar, Y. S. (1987). On the
ethnomedical significance of the Arjuna tree
Terminalia arjuna. Journal of Ethnopharmacology,
20: 173-190.

Kumari, N., Jaiswal, U. and Jaiswal, V. S. (1998). Induction
of somatic embryogenesis and plant regeneration from
leaf callus of Terminalia arjuna Bedd. Current
Science, 75: 1052-1055.

Lloyd, G. and McCown, B. H. (1981). Commercially-feasible
micropropagation of Mountain Laurel, Kalmia
latifolia, by shoot tip culture.  Combined Proceedings,
International Plant Propagators Society, 30: 421-427.

Maulik, S. K., Wilson, V., Seth, S., Bhargava, B., Dua, P.,
Ramakrishnan, S. and Katiyar, C. K. (2016). Clinical
efficacy of water extract of stem bark of Terminalia
arjuna (Roxb. ex DC.) Wight & Arn. in patients of
chronic heart failure: a double-blind, randomized
controlled trial. Phytomedicine, 23: 1211–1219.

Meghwani, H., Prabhakar, P., Mohammed, S. A., Seth, S.,
Hote, M. P., Banerjee, S. K., Arava, S., Roy, R. and
Maulik S. K. (2017). Beneficial effects of aqueous
extract of stem bark of Terminalia arjuna (Roxb.), an
ayurvedic drug in experimental pulmonary
hypertension. Journal of Ethnopharmacology, 197:
184–194.

Murashige, T. and Skoog, F. (1962). A revised medium for
rapid growth and bioassays with tobacco tissue
cultures. Physiologia Plantarum, 15: 473-497.

Mushke, R., Yarra, R., Kokkirala, V. R. and Abbagani, S.
(2014). Cell, Tissue Culture, and Gene Transfer
Techniques for Tasar (Wild) Sericulture Plants—
Introspect and Prospect. Journal of sustainable
Forestry, 33: 173-183.

Nagpal, A., Meena, L. S., Kaur, S., Grover, I. S., Wadhwa, R.
and Kaul S. C. (2000). Growth of suppression of

human transformed cells by treatment with bark
extracts from a medicinal plant Terminalia arjuna.  In
Vitro Cellular and Developmental Biology-
Animal, 36: 544-547.

Orwa, C., Mutua, A., Kindt, R., Jamnadass, R. and Simons,
A. (2009). Agroforestree database: A tree reference
and selection guide version, 4: 1-5.

Paarakh, P. M. (2010). Terminalia arjuna (Roxb.) Wt. and
Arn.: A Review. International Journal of
Pharmacology, 6(5): 515-534.

Padmaa, M. P., Leena, J. P. and Angelin (2008). Genius
Salacia.  A comprehensive review. Journal of Natural
Remedies, 8: 116-131.

Pandey, S. and Jaiswal, V. S. (2002). Micropropagation of
Terminalia arjuna Roxb. From cotyledonary nodes.
Indian Journal of Experimental Biology, 40: 950-953.

Pandey, S., Singh, M., Jaiswal, U. and Jaiswal, V. S. (2006).
Shoot initiation and multiplication from a mature tree
of Terminalia arjuna roxb. In Vitro Cellular and
Developmental Biology- Plant, 42: 389-393.

Rajan, R. P. (1996). Micropropagation, callus culture, somatic
embryogenesis and protoplast culture studies in
Terminalia arjuna (Roxb.) W. & A., Madhuca
longifolia (Koenig) macbr. and Mentha piperita lin.
Thesis, Bharathidasan University, Tamil nadu.

Ravi, M., Ramanjaneyulu, P. and Rao A. V. B. (2014).
Micropropagation of Terminalia arjuna Roxb.
from Nursery Plant Material. International Journal
of Emerging Trends in Science and Technology,
1(7): 997-1004.

Salim, S. A. (2018). In vitro induction of callus from different
explants of Terminalia arjuna (roxb.) Wight and Arn.
and detection of its active secondary metabolites using
GC-MS analysis. Plant Achieves, 18(2): 2519-2527.

Sedgley, M. and Griffin, A. R. (1989). Sexual reproduction in
tree crops. Academic press, London. pp.392

Sharma, V., Bhardwaj, U., Sharma, S. and Sharma, S. (2012).
Medicinal plants: need for sustainable exploitation
(with special reference to Himachal Pradesh). Journal
of Pharmacy Research, 5: 4313–4317.

Singh, D. V., Gupta, M. M., Kumar, T. R. S., Saikia, D. and
Khanuja, S. P. S. (2008). Antibacterial principles from
the bark of Terminalia arjuna. Current Science,
94(1): 27-29.

Srivatava, A. K. (2018). Significance of medicinal plants in
human life. Chaper-1 book: Synthesis of Medicinal
Agents from plants. Pp. 1-24.

Verma, A. and Singh, A. (2013). Optimization of ingredients
for a herbal beverage with medicinal attributes. Asian
Journal of Dairy and Food Research, 32(4): 318-322.

Yadav, U. and Jaiswal, V. S. (2011). In vitro morphogenetic
response of a tropical tree Terminalia arjuna L.
Indian Forester, 341- 346.

How to cite this article: Meena Choudhary and Inder Dev Arya (2022). A Complete Review on Tissue Culture of Terminalia
arjuna: A Medicinally and Economically Important Tree. Biological Forum – An International Journal, 14(1): 495-501.


