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Abstract: Realizing the immense potential of Terminalia arjuna as a source of valuable medicine and considering its ever-
increasing demand the present study was taken up to highlight the most crucial step of any micropropagation protocol i. e. in
vitro shoot multiplication as it determines the availability of shoot stock for rooting or complete plantlet formation. With
increase in shoot multiplication fold, success of micropropagation also increases. Thus, to maximize in vitro shoot
multiplication many factors, in addition to plant growth hormone, are also important. Present study concluded that propagule
size for subculture, type of growth medium, medium strength, carbohydrate source and subculture duration also affect shoot
multiplication. Propagule with three shoots were cultured on modified MS medium (MMS) fortified with 4.44 uM BAP +
0.54 yM NAA + additives and 3% sucrose gave 3.7 fold shoot multiplication after 4 weeks.
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INTRODUCTION

erminalia arjuna is commonly known as Arjun

which is a large, evergreen, perennial and
hardwood tree. It is an economically and medicinally
important tree belongs to family combretaceae. It is
abundantly found in the Deccan region, Myanmar
and Sri Lanka. In India, Bihar, Orissa, Madhya
Pradesh, Gujarat, Maharashtra, Tamil Nadu, West
Bengal and Punjab regions have its natural forest. It
is a characteristic tree of dry tropical forests and
riparian fringing forests and is one of the
predominant species of Gir forests of Gujarat. The
tree is extensively planted in the country for shade
along roads and in parks. Each part of this tree
(leaves, bark, gum, flowers and fruits) is very useful.
T. arjuna has antioxidant, anti-inflammatory, anti-
carcinogenic and gastro-protective effects (Verma
and Singh, 2013). The bark of this tree is acrid and
sweet and rich in specific medicinally active
constituents (Singh and Chouhan, 2013) and is
widely used to treat heart diseases, prevents fibrosis,
protects against ischemia reperfusion injury and has
anti-hypotensive  effects  (Maulik, et al,
2016, Meghwani, et al., 2017). The ash of the plant is
prescribed for snake bites and bark for scorpion
sting. The juice of fresh leaves is used to heal the
wounds. Leaves are used as feeding material for tasar
silk worm to rear cocoon. The timber is used to make
boat, house, agricultural implements, electric poles
and plywood. It is important tannin yielding trees.
Recently there has been much interest in natural
medicines obtained mainly from plants. Due to its
multipurpose uses, it is a highly demandable tree in
medicinal,  sericulture and  wood industry.
Pharmaceutical companies mainly rely on raw
materials procured from naturally occurring stocks
that are being rapidly depleted due to over
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exploitation. Deforestation, poor seed germination
and lack of conventional propagation methods has
also accelerated the loss of T. arjuna wealth, such
that this valuable medicinal tree are under the threat
of extinction. To replenish its lost population and to
meet its industrial requirement, in vitro propagation
offers an excellent avenue for the mass propagation.
The optimization of different factors that directly
affect in vitro shoot multiplication is necessary to
obtained maximum number of plantlets. Present
study was aimed to optimize such factors to
regenerate large number of in vitro shoots. Previous
studies on micropropagation of T. arjuna reported
only influence of plant growth regulator on in vitro
shoot multiplication (Pandey and Jaiswal, 2002,
Pandey, et al., 2006, Gupta, et al., 2014). Choudhary,
et al. (2015, 2018, 2020) reported complete
micropropagation of T. arjuna and studied the factors
affecting culture establishment and ex vitro rooting.
Present work is further study of it that focused on
effect of propagule size, basal media, medium
strength, carbohydrates source and subculture period
on shoot multiplication.

MATERIALS AND METHODS

Present study was initiated with 2.0 - 2.5 cm nodal
explants containing axllary buds collected from
green, healthy, looped mature tree of Terminalia
arjuna situated at Ummaid garden, Jodhpur. These
explants were disinfected with Bavistin and
streptomycin and surface sterilized with 0.1% HgCl.
to obtain axillary bud break and shoot proliferation
on MMS (Modified MS) medium supplemented with
8.88 uM BAP + additives (100 mg/l of ascorbic acid,
50 mg/l of citric acid, 50 mg/l of adenine sulphate
and 25 mg/l PVP). These in vitro proliferated shoots
were further subculture on fresh medium enriched
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with 4.44 uM BAP + 0.54 uM NAA + additives for
multiplication. In vitro shoot multiplication was
further improved by optimizing the medium
conditions, propagule size and subculture period.

The culture vessels were kept in culture room for 4
weeks at 25 + 2°C temperature and 16 hrs light
conditions.

Effect of propagule size

In order to assess the effect of propagule size on
multiplication of in vitro shoots, different number of
shoots were cultured. Number of shoots per
propagule varied from one to five. Propagules with
variable number of shoots were cultured on medium.
Effect of basal media

To assess the effect of basal media on in vitro shoot
multiplication, different basal media viz. MS
(Murashige and Skoog, 1962), Bs (Gamborg, et al.,
1968) and WPM (Lloyd and McCown, 1981) media
supplemented with 4.44 uM BAP + 0.54 pM NAA +
additives were used.

Effect of MS medium strength

Effect of basal medium strength on in vitro shoot
multiplication was also studied. For this purpose, in
vitro shoots were cultured on different strength of
MS medium (1/4x, 1/2x 1x, 2x, MMS). All media
were supplemented with 4.44 uM BAP + 0.54 uM
NAA + additives. Propagules of three shoots were
cultured in further experiments.

Effect of carbohydrates source

Carbohydrate added in the mediumis sole source of
carbon available and plays an important role in
growth and metabolism of in vitro cultured shoots.
To study the effect of carbon source on rate of in
vitro shoot multiplication, fructose, glucose and
sucrose were added in modified MS medium. These
carbon sources were added singly at 3.0%

concentration to modified MS medium supplemented
with 4.44 uM BAP + 0.54 uM NAA + additives.
Effect of subculture period

In order to assess the effect of subculture period on
in vitro shoot multiplication, shoots were subculture
at an interval of 1 to 5 weeks on modified MS
medium supplemented 4.44 uM BAP + 054 uM
NAA+ additives. During each subculturing, the
necrotic parts of the shoots were removed to
overwhelm the healthy shoots with toxic phenolics.
Statistical analysis

All the experiments were conducted with 15 replicate
per treatment. Each experiment was repeated three
times. Observations were recorded after 4 weeks.
The results are expressed as mean+SE of three
experiments. The data were analyzed statistically
using General liner Model (GLM) multi variance
factor analysis and one way analysis of variance
(ANOVA), and the significance difference between
means were assessed by Duncan’s multiple range test
(P <0.05).

RESULTS

Effect of propagule size

Shoot clusters (propagules) with different number of
in vitro shoots were tried for in vitro shoot
multiplication. Of those, cluster of three shoots gave
best 3.75 multiplication rate (Table 1). Single and
paired shoots were unable to multiply at a faster rate,
took longer time with reduced 244 and 3.06
multiplication rates, respectively. A cluster of four to
five shoots gave maximum yield in terms of number
of shoots but statistically the multiplication rate was
low (299 and 247 fold, respectively). Average
length of shoots was also less in the cluster of four
and five shoots.

Table 1. Effect of number of shoots ina propagule on in vitro shoot multiplication of T. arjuna.

No. of shoots in a Mean shoot number

Mean shoot length (cm) Multiplication rate

propagule

1 2.44+0.104 2.27+0.059 2.44
2 6.13+0.14¢ 2.61+0.03 3.06
3 11.25+0.24P 2.98+0.042 3.75
4 11.97+0.20? 2.50+0.05P¢ 2.99
5 12.36+0.15% 2.43+0.04¢ 2.47

Values within the column with similar superscript are
not significantly different at p<0.05 level as
determined using Duncun’s multiple range test. A
value represents mean + standard error.

Effect of basal media

Growth and development of cultures were directly
proportionate to the quantity/ quality and availability
of the micro and macro elements presented in the
basal medium. Different media viz. MS, Bs and

WPM were tried to optimize multiplication of in
vitro raised shoot (Table 2). Based on multiplication
potential and morphological characters of induced
shoots, MS medium was considered better for shoot
multiplication with 10.47 shoots developed from a
propagule of three shoots followed by WPM and Bs
medium. On WPM and Bs medium 8.42 shoots and
6.72 shoots per propagule, respectively was
developed.
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Table 2. Effect of types of basalmedia on in vitro shoot multiplication of T. arjuna.

Media Mean shoot number Mean shoot length (cm) Multiplication rate
MS 10.47+0.20? 2.57+0.052 3.49
Bs 6.72+0.22¢ 1.85+0.03¢ 2.24
WPM 8.42+0.25P 2.15+0.04b 2.80

Values within the column with similar superscript are
not significantly different at p<0.05 level as
determined using Duncun’s multiple range test. A
value represents mean + standard error.

Effect of strength of MS medium

To study more precisely the requirement of micro
and macro nutrients in the medium, effect of
different strength (one fourth, half, full, double and
modified MS) of MS salts in the mediumwas studied

on in vitro shoot multiplication. It was found that
maximum shoot multiplication (yielding sizeable
healthy shoots) was obtained on modified MS salts
(half strength of NH4NOz and KNOgz) in the MS
medium. The number of shoots on MMS medium
obtained was 11.22 from propagule of three shoots.
In all other cases decreased shoot multiplication was
obtained (Table 3).

Table 3. Effect of strength of MS medium on invitro shoot multiplication of T. arjuna.

MS Medium strength Mean shoot number

Mean shoot length (cm) Multiplication rate

2X 8.11+0.26°
1x 10.30+0.20°
Y2 x 6.91+0.17¢
Yax 4.80+0.15°
MMS 11.22+0.202

2.14+0.04° 2.70
2.51+0.05° 343
1.96+0.04¢ 2.30
1.77+0.07¢ 1.60
2.94+0.032 3.75

Values within the column with similar superscript are
not significantly different at p<0.05 level as
determined using Duncun’s multiple range test. A
value represents mean + standard error.

Effect of carbohydrate source

Three different carbohydrates i.e. Fructose, Glucose
or Sucrose were tested at 3.0% concentration in

MMS medium as a sole source of carbon. It was
observed that medium containing 3.0% sucrose gave
maximum  multiplication  response  with  the
development of 11.13 shoots followed by glucose
and fructose with the development of 8.25 and 6.86
shoots, respectively (Table 4).

Table 4. Effect of different carbohydrate source on invitro shoot multiplication of T. arjuna.

Source of carbohydrate Mean shoot number

Mean shoot length (cm)  Multiplication rate

Fructose 6.86+0.16¢
Glucose 8.25+0.23°
Sucrose 11.13+0.202

1.53+0.03° 2.28
2.22+0.04° 2.75
2.96+0.032 371

Values within the column with similar superscript are
not significantly different at p<0.05 level as
determined using Duncun’s multiple range test. A
value represents mean + standard error.

Effect of subculture period

It was observed that subculture duration played a
significant role on in vitro shoot multiplication as

well as on shoot length development. For optimal in
vitro shoot multiplication, propagules of three shoots
were cultured for 1-5 weeks on multiplication
medium. It was observed that subculture period of 4
weeks gave highest number of multiplied shoots and
on average 3.75 folds in vitro multiplication rate was
obtained, which was significantly higher than other
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subculture duration (Table 5). No significant increase
was found in cultures which were left without
subculture beyond 4 weeks and health of regenerates
after prolonged culture period (5 weeks) showed
browning of shoots with increase in leaf fall. A quick

subculture in every 2 weeks duration showed
decreased rate of shoot multiplication. One week old
cultures showed only few small regenerated new
shoots.

Table 5. Effect of subculturing period on in vitro shoot multiplication of T. arjuna.

Sub culture period Mean shoot number

Mean shoot length (cm)

Multiplication rate

1 week 4.25+0.14¢
2 weeks 5.72+0.17°
3 weeks 8.52+0.25°
4 weeks 11.27+0.24°
5 weeks 11.05+0.222

1.46+0.05¢ 141
1.85+0.04°¢ 1.90
2.53+0.05° 2.84
2.99+0.102 3.75
2.87+0.042 3.68

Values within the column with similar superscript are
not significantly different at p<0.05 level as
determined using Duncun’s multiple range test. A
value represents mean + standard error.

DISCUSSION

All the living cells within the plant body possess the
potential to regenerate the entire plant i.e. to express
their totipotency. Furthermore, manipulation of
culture conditions has maximized the adventitious
regeneration of plants from the explants.

In general, the individual shoots when subcultured in
Terminalia arjuna does not multiply. Single shoot
produced very few lateral shoots, giving a less
multiplication rate. On the other hand, dividing the
shoot clumps in groups of 3shoots yielded a more or
less constant multiplication rate. In the present
investigation, a propagule of 3 shoots gave optimal
multiplication rate of 3.75 folds. Arya and Arya
(1997) reported that shoot multiplication rate
declined sharply, if shoot propagule were less or
more than three shoots in Dendrocalamus asper.
Phulwaria, et al. (2012) also reported 2-3 shoots in a
propagule for a better multiplication rate in
Terminalia bellirica. Arya, et al. (2012) achieved
maximum in  vitro shoot multiplication in
Dendrocalamus hamiltonii when propagule of 3-5
shoots was cultured.

Different basal media have been designed by
different workers after much experimentation over a
period of time. These basal media differ in their
chemical composition depending on the plant species
used for experimental work. Growth and
development of different plant species in vitro
usually depends on their genetics, surrounding
environment and tissue culture medium. Different
plants species vary in their nutritional requirements,
therefore they respond differently to various basal

media. Similar variation was observed in our study,
where the shoot multiplication and shoot growth was
better on MS medium as compared to WPM and Bs
medium. These results are in agreement with the
findings of other workers who have also noted the
effectiveness of MS medium for optimum in vitro
shoot multiplication in Cassia angustifolia (Siddiue
and Anis, 2007) and Azadiracta indica (Arora, et al.,
2010).

Medium strength also influences the multiplication
rate of shoots. In the present investigation, out of the
various strengths of MS medium tried, best shoot
multiplication and maximum shoot length was
obtained on modified MS medium (half strength of
NHsNO3z and KNO3). This indicates that Terminalia
arjuna is sensitive to high salt concentration for in
vitro shoot multiplication. Similar results of
effectiveness of low salt concentration on in vitro
shoot multiplication were observed in Terminalia
arjuna (Pandey, et al., 2006, Gupta, et al., 2014) and
Melia azedarach (Husain and Anis, 2009).

Tissues that are initially green gradually lose their
green pigments in cultures if no external carbon
source is provided. During the present investigation,
it was found that shoots do not grow in the absence
of added carbohydrates in the medium. Carbohydrate
source play a vital role in growth of cultures by
supplying the nutrients and maintaining osmoticum
of the medium. Effect of three carbon source viz.
sucrose, glucose and fructose on shoot multiplication
was studied. The result indicated that the sucrose
supported better shoot multiplication compared to
glucose and fructose because sucrose is more readily
assimilated by the shoots. It is indispensable for cell
growth and the cultures are dependent on it till they
are ready for acclimatization (Bonga and \on
Aderkas, 1992). Superiority of Sucrose over other
sugar (dextrose, fructose, glucose, maltose and
xylose) has also been reported by Goyal and Arya
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(1984). Comparable response of sucrose and glucose
was reported by Tuskan, et al. (1990) in Pinus
ponderosa.

Subculture period is critical for in vitro shoot
multiplication. A subculture frequency of four weeks
was found to be most suitable for the yield of
maximum number of in vitro shoots and for the
growth of the cultures. Arya, et al. (2006) obtained 5
fold multiplication in Dendrocalamus giganteus after
every 4 weeks of subculturing. In the present
investigation, cultures which were left without
subculture beyond 4 weeks showed necrosis, older
shoots yellow-brown, brittle and eventually died.
Only few small green shoots survived that did not
elongate when cultured on fresh medium. Prutpongse
and Gavinlertvatana (1992) overcame browning of
shoots in bamboo by subculturing at intervals of 3-4
weeks.

CONCLUSION

Micropropagation of tree species are difficult than
herbs and shrubs due to its recalcitrant nature. From
the results of present study, it can be concluded that
optimization of the critical factors at shoot
multiplication stage can give mass production of
plantlets to conserve its germplasm.
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