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Abstract
The Stereospermum suaveolens DC. is one of the important medicinal tree species and also one of the important constituents of
Dashmoolarisht. Owing to its importance an attempt was made to perform in vitro regeneration from nodal explants. Cultures were
established by placing the nodal explants on Murashige and Skoog’s (MS) and Woody Plant media fortified with different combinations
of cytokinins. The in vitro shoots developed were excised into single in vitro nodes and then utilised for multiplication of shoots. Among
the various combinations tested in both of the media, the MS medium fortified with benzylaminopurine (8 µM) + thidiazuron (0.2 µM)
proved to be effective in inducing a maximum of 10.2 number of shoots by the end of the fifth subculture. In vitro rooting of shoots was
best achieved in ½ MS liquid medium fortified with indolebutyric acid (2.5µM), with the highest number of roots (9.3) in 100% cultures.
Well rooted in vitro plantlets were successfully hardened under greenhouse conditions, resulting in 100% survival of plants after four
weeks of transfer to cocopeat/soil substrate.
Key words: cytokinins, cocopeat, in vitro, Murashige and Skoog’s medium, nodal explant, Stereospermum suaveolens, Woody Plant
Medium.
Abbreviations: AC, activated charcoal; BAP, 6-benzylaminopurine; IBA, indolebutyric acid; KN, kinetin; MS, Murashige and Skoog’s
medium; NAA, napthaleneacetic acid; TDZ, thidiazuron; WPM, Woody Plant Medium.

Introduction
Trees are known to be slow-growing, have a longlife span, and they are sexually self-incompatible and
highly heterozygous plants (Singh et al. 2002; Giri et al.
2004). Increasing demands of humankind are forcing
indiscriminate harvest of forest trees for their various parts.
However, tree propagation by conventional techniques is
time-consuming, labour-intensive, and season-specific,
thus making the availability of a large number of plants
for plantation or afforestation a complex and challenging
task (Dhawan, Saxena 2004). Hence, to cope with this
alarming situation, tissue culture technology has become a
boon and opened extensive research areas for biodiversity
conservation (Sharma et al.2010).
In vitro propagation is commonly used to conserve trees,
and it depends on various factors like explant, medium,
and plant growth regulators. The type of explant is one of
the essential factors in optimising regeneration protocol.
Various explants are utilised for regeneration, but axillary
shoot proliferation directly through the nodal explant is
a reliable and preferred method for clonal propagation of
forest tree species for the production of true-to-type plants.

Each culture passage results in the formation of many
propagules from a single explant (Batra et al. 2000). In vitro
growth of plants is also affected by the composition of the
culture medium. Murashige and Skoog’s (MS) medium is
widely used for the regeneration of many tree species like
Magnolia sirindhorniae (Cui et al. 2019), Punica granatum
(Murkute et al. 2004), and Bauhinia racemose (Sharma et
al. 2017). Woody Plant Medium (WPM) is also equally
effective for shoot regeneration and multiple shoot
formation in trees like Terminalia bellerica (Rathore et al.
2008), Shorea robusta (Singh et al.2014), Pongamia pinnata
(Tan et al. 2018) and Semecarpus anacardium (Panda et al.
2016) etc. Plant growth regulators are equally important for
the shoot proliferation (Van Staden et al. 2008). Cytokinins
are known to overcome apical dominance and stimulate
lateral bud to develop into shoot (Mahadevappa et al. 2014).
Especially 6-benzylaminopurine (BAP) and thidiazuron
(TDZ) are the mostly used cytokinins for multiplication of
shoots (Girgzde, Samsone 2017).
In the present study Stereospermum suaveolens was
selected for its in vitro propagation. It is a deciduous forest
tree belonging to the family Bignoniaceae. The plant is
known for its various medicinal properties and is widely
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used in Ayurvedic preparations like Dashmoolarisht and
Chyawanprash. The whole tree is uprooted for the collection
of roots and other parts. The continued destructive
harvesting of the species has caused a gradual reduction
of its population in natural conditions (Behera et al.2019).
Thus, it has been placed under the threatened category
(Yashoda et al.2004). Even the natural propagation of the
plant through seed is tedious, as fruit capsules of this tree
species contain large membranous winged seeds, which
are easily carried away by winds and hence seed collection
becomes difficult, and it also has a low percentage of seed
germination (Baul 2006). Thus initially, seed germination
studies were carried out to determine a suitable substrate
in which many seedlings can be developed (Trivedi, Joshi
2014a). Utilising seedling (cotyledonary node) explants
and nodal explants, preliminary studies on effect of a single
cytokinin on in vitro regeneration from these explants had
been carried out (Trivedi, Joshi 2014b). Therefore, further
studies to evaluate the synergistic effect of cytokinins on
the nodal explants was necessary, to develop a complete
protocol for the in vitro propagation of this important
species.
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Materials and methods
Explant preparation
Stereospermum suaveolens saplings (1 to 2 years old)
were procured from Rajpipla Forest Division, Gujarat,
India. The young in vivo shoots (Fig. 1A) were collected
as primary explants to initiate in vitro cultures. The shoots
were washed thoroughly under running tap water for 2
h, treated with 1 to 2 drops of labolene soap solution for
5 min followed by rinsing with distilled water. Under
aseptic conditions, the shoots were pre-treated with 100
mg L–1 polyvinylpolypyrrolidone for 3 min to prevent
phenolic exudation. After that, bavistin (500 mg L–1) and
streptomycin (500 mg L–1) treatment were given, separately
for 5 min. Explants were surface sterilised with 0.1% HgCl2
for 5 min and after each treatment they were rinsed three
times with sterile water to remove the traces of sterilant.
Establishment of shoot culture and culture conditions
The shoots were excised aseptically into single nodal (1.5
cm) explants, which are with two opposite axillary buds.
The explants were cultured vertically in culture tubes (25 ×
150 mm), containing MS and WPM basal medium, which
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Fig. 1. In vitro propagation in S. suaveolens. A, young nodal explant. B, shoot induction in MS + BAP (4μM) + KN (4 μM) after four
weeks. C, shoot induction in WPM + BAP (2 μM) +KN (2 μM) after four weeks. D, multiple shoot formation in MS + BAP (8 µM)
+TDZ (0.2 µM) from in vitro nodes after fifth subculture. E, root induction in ½ MS liquid + IBA (2.5 μM) after four weeks. F, plantlet
transferred to cocopeat/soil filled cups. G, increase in shoot and root growth with emergence of new leaves after four weeks of transfer.
H, plant growth in plastic pot filled with soil after eight weeks. I, well-developed plant ready to be transferred in garden pots.
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served as the control. These media were also fortified
with different concentrations of BAP or kinetin (KN) (2,
4, 8 µM) and TDZ (0.1, 0.2, 0.25 µM) in combinations for
establishment of cultures. pH of each media was adjusted
to 5.8 and solidified with 0.8% agar (SRL, India) before
autoclaving at 103 kPa and 121 °C for 25 min. Data were
recorded for percent response, number of shoots and
number of in vitro nodes after every four weeks. All of the
cultures were incubated at 25 ± 2 °C under a 16/8 h (light/
dark) photoperiod in the culture room.

growth.
Statistical analysis
The mean ± standard error was calculated for each
combination and the data were analysed using one way
analysis of variance followed by mean separation using the
Duncan’s multiple range test at a 5% level of significance (p
≤ 0.05). Six replicates were used and a single explant was a
replicate and the experiments were repeated twice.

Shoot multiplication and in vitro rooting of shoots
In vitro shoots that developed were excised into single nodal
segments and these in vitro nodes were used as propagules
to multiply shoots. They were subcultured and transferred
in the same combinations of media for shoot multiplication.
Data for percent response and shoot number were recorded
after every eight weeks of subculture.
Healthy elongated in vitro shoots (4 to 6 cm) were
selected and placed in rooting media. Initially, the leaves
from the lower two nodes were excised, and then the shoots
were placed in sterile water and after that dipped in bavistin
(100 mg L–1) solution for one minute. After this, the in vitro
shoots were transferred to half and full-strength MS (liquid
and static) media fortified with different concentrations of
indolebutyric acid (IBA) or napthaleneacetic acid (NAA)
(0, 1, 2, 2.5,5 µM) for in vitro root induction. Data for
percent response, number of roots and root length were
recorded after four weeks.

Establishment and multiplication of shoots
When the nodal explants were cultured in MS and WPM
basal medium (control) and fortified with cytokinins,
significant differences were observed. The explants failed to
form shoots in MS basal medium, whereas in WPM basal
medium only 50% of explants responded after four weeks.
To improve the morphogenic response, both media were
fortified with a combination of two different cytokinins.
The presence of cytokinins had a significant effect on
percent shoot formation. Among all the combinations tried,
100% explants responded with an average of 1.5 shoots per
explant (Fig. 1A) in MS medium supplemented with BAP (4
µM) + KN (4 µM) and BAP (2µM) + TDZ (0.2 µM). Shoots
elongated with a maximum of 3.3 in vitro nodes in MS
medium containing BAP (8 µM) + TDZ (0.2 µM) after four
weeks (Table 1). Similarly, WPM medium supplemented
with BAP and KN combinations were effective for shoot
induction where BAP (4 µM) + KN (8 µM) resulted in 1.3
shoots per explant, which was comparatively less than MS
medium combinations. However, maximum in vitro nodes
(4.3) were observed in WPM medium supplemented with
BAP 2µM + KN 2 µM (Fig. 1C) (Table 1).
To achieve multiplication, in vitro shoots were excised
into a single in vitro node and placed in only those
combinations for which there was a 50% response (after
four weeks). Observations after eight weeks revealed
MS medium to be more effective than WPM medium
(Fig. 2). The in vitro nodes placed in MS supplemented
with BAP (4 μM) + KN (2 and 4 μM) failed to enhance
the shoot number and the axillary bud proliferated into
a shoot in only 33% of cultures. MS medium containing
the synergistic combination of BAP (4 µM) + KN (8 µM)
proved to be effective in enhancing the percent response
up to 67%, with a slight increase in number of shoots (1.5),
whereas BAP (8μM) + KN (2 μM) resulted in poor response.
When BAP (8 µM) was combined with TDZ (0.2 µM)
and supplemented in MS medium, it enhanced the shoot
number to 2.2 (Fig. 2). Similarly, there was an increase in
number with an average of 2.0 shoots in presence of KN (8
μM) and TDZ (0.2 μM).
The WPM medium fortified with the KN (2 μM) and
TDZ (0.2, 0.25 μM) combination resulted in poor response
with only single shoot formation (Fig. 2).
By the end of the second subculture there was no

Hardening of plantlets
Plantlets that were developed under laboratory conditions
were placed under greenhouse conditions for hardening.
These in vitro plantlets were removed from media, the
roots were washed with sterile water and then transferred
to planting substrates. Different substrates like cocopeat,
sand, soil were utilised individually or in combinations like
cocopeat/soil (1:1), cocopeat/sand (1:1), cocopeat/sand/soil
(1:1:1). Each substrate (80 g) was filled in thermocol cups
and then the plantlets were placed in it and covered with
perforated polythene bags to ensure humidity. The plantlets
were watered every alternate day till one month. The initial
growth data were assessed for the following parameters:
shoot length, root length and plant height. After four
weeks, percentage survival and the growth parameters like
final shoot and root length, plant height, number of new
leaves and their length were recorded.
The plants from the respective substrate were
transferred to plastic pots containing soil for their further
growth and development and then kept in the greenhouse.
These pots were initially covered with polythene bags to
maintain humidity and after five days they were removed.
The plants were irrigated, monitored for growth and then
placed in pots filled with garden soil for two months and
later transferred to natural sunlight conditions for further

Results
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Table 1. Effect of cyokinins on shoot induction from nodal explants of S. suaveolens after four weeks. *Values represent mean ± S.E of six
replicates in each experiment. Means values followed by different superscript letters within a column are significantly different at p≤0.05
according to Duncan’s Multiple range test.
Cytokinin (µM)
BAP KN TDZ

0
2
2
2
4
4
4
8
8
8
2
2
2
4
4
4
8
8
8
–
–
–
–
–
–
–

0
2
4
8
2
4
8
2
4
8
–
–
–
–
–
–
–
–
–
2
2
2
4
4
4
8
8
8

0
–
–
–
–
–
–
–
–
–
0.1
0.2
0.25
0.1
0.2
0.25
0.1
0.2
0.25
0.1
0.2
0.25
0.1
0.2
0.25
0.1
0.2
0.25

Responding
explants (%)
0
100
67
67
83
100
100
100
0
67
33
100
66
83
83
67
83
83
67
83
67
67
33
67
100
33
50
50

MS medium
Number of
shoots per
explant
0.0
1.0 ± 0.0 cde
0.7 ±0.2 bcd
0.7 ± 0.2 bcd
0.8 ± 0.2 bcd
1.5 ± 0.3 e
1.3 ± 0.2 de
1.3 ± 0.2 de
0.0 ± 0.0 a
0.7 ± 0.2 bcd
0.7 ± 0.4 bcd
1.5 ± 0.2 e
0.7 ± 0.2 bcd
0.8 ± 0.2 bcd
0.8 ± 0.2 bcd
0.7 ± 0.2 bcd
1.0 ± 0.3 cde
0.8 ± 0.2 bcd
0.7 ± 0.2 bcd
0.8 ± 0.2 bcd
0.7 ± 0.2 bcd
0.7 ± 0.2 bcd
0.3 ± 0.2 ab
0.7 ± 0.2 bcd
1.0 ± 0.0 cde
0.3 ± 0.2 ab
0.5 ± 0.2 abc
0.5 ± 0.2 abc

Number of in
vitro nodes

Responding
explants (%)

0.0
1.5 ± 0.2 abcdef
2.2 ± 1.1 bcdef
1.7 ± 0.7 abcdef
3.0 ± 0.7 ef
2.8 ± 0.5 def
2.5 ± 0.7 cdef
2.5 ± 0.4 cdef
0.0 ± 0.0 a
0.7 ± 0.2 abc
0.5 ± 0.3 ab
1.2 ± 0.2 abcde
0.7 ± 0.2 abc
0.8 ± 0.2 abc
1.0 ± 0.3 abcd
0.7 ± 0.2 abc
2.3 ± 0.6 abc
3.3 ± 1.3 f
1.0 ± 0.4 abcd
0.8 ± 0.2 abc
0.7 ± 0.2 abc
0.7 ± 0.2 abc
0.5 ± 0.3 ab
1.0 ± 0.4 abcd
1.2 ± 0.2 abcde
0.8 ± 0.5 abc
2.0 ± 1.1 bcdef
1.0 ± 0.6 abcd

50
100
67
100
67
100
100
33
50
33
67
83
50
50
66
33
83
33
0
83
66
100
50
66
33
33
33
17

significant increase in the number of shoots for WPM
medium combinations and it failed to show any response in
further passages. However, enhancement in shoot number
was observed in a few combinations of the MS medium.
The combinations like MS medium supplemented with
BAP (4 μM) + KN (8 μM) and MS + BAP (8 μM) + TDZ
(0.1 μM) resulted in formation of healthy multiple shoots
with an increase in number after the second subculture,
but it reduced in subsequent passages. KN (8 μM) with
TDZ (0.2 μM) decreased the number of shoots per node
and it was lowest as compared to other combinations, but it
resulted in developing healthy long shoots. However, BAP
(8 µM) with TDZ (0.2 µM) resulted in a maximum number
of shoots among all the tested combinations, and there
was an increase in shoot number after each subculture.
A threefold increase in shoot number was observed after
second subculture reaching up to an average of 6.1 shoots.
The number of shoots reached 10.2 after the fifth subculture
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WPM medium
Number of
shoots per
explant
0.5 ± 0.3 abc
1.0 ± 0.0 cde
0.7 ± 0.2 abcde
1.3 ± 0.2 e
0.7 ± 0.2 abcde
1.3 ± 0.2 e
1.3 ± 0.2 e
0. ± 0.2 abcde
1.0 ± 0.5 cde
0.3 ± 0. 2abc
0.7 ± 0.2 abcde
0.8 ± 0.2 bcde
0.5 ± 0.2 abcd
0.5 ± 0.2 abcd
0.7 ± 0.2 abcde
0.3 ± 0.2 abc
1.0 ± 0.3 cde
0.3 ± 0.2 bc
0.0 ± 0.0 a
1.2 ± 0.3 de
0.7 ± 0.2 abcde
1.2 ± 0.2 de
0.5 ± 0.2 abcd
0.7 ± 0.2 abcde
0.3 ± 0.2 abc
0.3 ± 0.2 abc
0.3 ± 0.2 abc
0.2 ± 0.2 ab

Number of in
vitro nodes*
0.5 ± 0.3 a
4.3 ± 0.3 h
1.8 ± 0.6 abcdefg
2.8 ± 0.4 efgh
1.7 ± 0.7 abcdefg
1.3 ± 0.2 abcdef
3.3 ± 0.3 gh
0.5 ± 0.3 abc
1.2 ± 0.5 abcdef
2.2 ± 1.4 bcdefg
1.3 ± 0.5 abcdef
0.8 ± 0.2 abcde
1.3 ± 0.7 abcdef
0.8 ± 0.4 abcde
0.7 ± 0. 2abcd
0.3 ± 0.2 ab
1.6 ± 0.5 abcdefg
0.3 ± 0.2 ab
0.0 ± 0.0 a
3.1 ± 1.1 fgh
2.5 ± 0.8cdefgh
2.7 ± 0.7 defgh
1 ± 0.5 abcde
1.7 ± 0.8 abcdefg
1.5 ± 1.0 abcdefg
1.3 ± 1.0 abcdef
1.7 ± 1.1 abcdefg
0.2 ± 0.2 ab

(Fig. 1D), and healthy multiple shoots with well-developed
leaves had formed (Fig. 3). In the same combination ie.
BAP (8 µM) with TDZ (0.2 µM) the multiplication rate
was checked from the first subculture. The number of
shoots formed per subculture for a node was counted and
the number of new nodes formed for per in vitro shoot. It
was observed that a single node resulted in developing 2
to 6 shoots with 8 to 11 nodes. Thus, the average of total
number of shoots and nodes formed per node in the first
subculture was 2.2 shoots and 6.8 nodes and in the second
subculture it increased to 3.1 shoots and 10.9 nodes. This
indicated that the number of shoots and nodes increased at
each subculture, but with a slow multiplication rate. After
the fifth subculture, the shoots were harvested and placed
in rooting media.
In vitro rooting
Since MS medium was effective for forming the maximum
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Fig. 2. Effect of cytokinins on shoot number from in vitro nodes of S. suaveolens in MS and WPM medium after first subculture. Mean
values followed by different superscript letters are significantly different at p ≤ 0.05 according to Duncan’s Multiple range test with six
replicates in each experiment.

shoot number, it was utilised for in vitro rooting of shoots.
Single elongated shoots when placed in plant growth
regulator-free half and full-strength MS medium for
rooting resulted in poor response (Table 2). However, when
MS medium was fortified with different concentrations of
IBA and NAA the response differed. In half-strength MS
liquid medium fortified with IBA (2.5 µM), 100% rooting
frequency with a maximum number (9.3) of roots per
shoot (Fig. 1E) was observed. When the static medium was
fortified with IBA (1 µM), a maximum number of roots
(8.8) was induced with 66% rooting, which was significantly
lower compared to liquid medium. The addition of NAA
in half-strength medium (liquid and static) resulted in

Fig. 3. Synergistic effect of MS + BAP (8 µM) + TDZ (0. 2 µM)
on shoot number after second, third, fourth and fifth subculture.
Means values followed by different superscript letters within a
column are significantly different at p ≤ 0.05 according to Duncan’s
Multiple range test with 10 replicates in each experiment.

an increase in the rooting frequency and root length, but
the number of forming roots was less (Table 2). When
the regenerated shoots were placed in full strength MS
medium, the percent rooting frequency was significantly
higher in liquid medium fortified with IBA compared to
static medium (Table 2), as the latter produced less roots
with reduced length. Incorporating NAA in liquid full
strength medium, the rooting frequency dropped slightly,
on the other hand in static medium at 2 µM it increased to
100% (Table 2), but the number of roots formed was lower.
Thus for S. suaveolens, liquid medium was found superior
to static in terms of the number of roots formation, and
also half strength was superior compared to full strength
MS medium.
Hardening of plantlets
The well-developed plantlets were transferred to
different natural planting substrates for hardening under
greenhouse conditions. Before transferring of plantlets to
each substrate, data for shoot and root length, plant height
was initially recorded. The percent survival and different
growth parameters were recorded in each substrate after
four weeks of transfer. A significant increase in growth was
observed in plants, but the response in terms of growth
varied among substrates. The maximum percent survival
(100%) was observed in cocopeat/soil (Fig. 1F), which was
maximum among all the other substrates tried, followed
by cocopeat/sand/soil with 75% response. In cocopeat/soil
substrate, a maximum shoot length of 8.2 cm was observed
(Fig. 1G), whereas maximum root length was observed
in cocopeat:sand substrate. The overall plant height was
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Table 2. Effect of half and full strength MS medium fortified with IBA and NAA on root induction of S. suaveolens after four weeks.
Values represent mean ± S.E of six replicates in each experiment. Means values followed by different superscript letters within a column
are significantly different at p ≤ 0.05 according to Duncan’s Multiple range test
Medium

Half
strength

Full
strength

Auxin
(µM)
IBA
0
1
2
2.5
5

0
1
2
2.5
5

Rooting (%)

NAA
0

1
2
2.5
5
0

1
2
2.5
5

33
50
100
100
50
100
100
66
100
0
33
33
100
100
66
66
66
50

Number of
roots per
shoot
Liquid
0.5 ± 0.3 a
1.5 ± 0.8 ab
5.5 ± 1.7 bc
9.3 ± 0.8 d
4.0 ± 1.8 ab
2.8 ± 0.5 ab
3.0 ± 0.5 ab
2.2 ± 1.1 ab
4.5 ± 0.8 ab
0.0 ± 0.0 a
1.2 ± 0.7 ab
0.3 ± 0.2 a
6.3 ± 1.1 cd
6.8 ± 1.3 d
2.3 ± 0.9 ab
3.7 ± 1.8 bc
1.0 ± 0.4 ab
2.0 ± 1.1 ab

maximum in cocopeat/sand with 17.6 cm followed by
cocopeat/soil with 14.0 cm after 4 weeks of transfer (Table
3).
Cocopeat substrate resulted in a slight increase in shoot
length from 3.2 to 3.6 cm, while the root length reached
from 3.3cm to 4.3 cm (Table 3). The rooted plants were also
transferred to a thermocol cup filled with individual sand
and soil substrate, but these substrates resulted in poor
response in terms of percent survival and growth. Another
parameter i.e., the emergence of new leaves at the plant’s
apex, was observed in all of the substrates within two weeks.
The leaf number was nearly the same in each substrate but
there was variation in leaf length. The maximum of 3.6 cm

Root length
(cm)

Rooting (%)

0.9 ± 0.6 ab
1.1 ± 0.5 ab
4.1 ± 0.9 ef
0.8 ± 0.1 ab
0.7 ± 0.1 ab
4.3 ± 0.6 f
1.4 ± 0.4 abc
3.9 ± 1.3 def
2.7 ± 0.3 cde
0.0 ± 0.0 a
1.0 ± 0.7 abcde
0.2 ± 0.2 ab
4.2 ± 0.8 f
2.5 ± 0.7 ef
2.3 ± 0.9 de
1.8 ± 0.8 bcde
2.0 ± 0.9 cde
1.1 ± 0.6 abcde

50
66
50
33
50
100
100
66
66
33
0
50
66
66
66
100
50
0

Number of
roots per
shoot
Static
2.0 ± 0.9 ab
8.8 ± 3.8 cd
1.0 ± 0.4 a
1.2 ± 0.7 ab
1.0 ± 0.4 a
2.3 ± 0.4 ab
3.2 ± 0.4 ab
2.2 ± 0.7 ab
2.5 ± 1.0 ab
0.3 ± 0.2 a
0.0 ± 0.0 a
0.7 ± 0.3 a
2.0 ± 0.9 ab
1.3 ± 0.5 ab
2.2 ± 0.7 ab
2.0 ± 0.5 ab
2.0 ± 1.1 ab
0.0 ± 0.0 a

Root length
(cm)

0.8 ± 0.4 ab
1.0 ± 0.4 ab
0.6 ± 0.2 a
0.2 ± 0.1 a
0.2 ± 0.1 a
2.3 ± 0.5 bcd
0.8 ± 0.2 ab
1.2 ± 0.5 ab
0.9 ± 0.4 ab
0.3 ± 0.2 abc
0.0 ± 0.0 a
0.5 ± 0.4 abc
1.1 ± 0.4 abcd
1.2 ± 0.7 abcd
0.6 ± 0.2 abcd
1.6 ± 0.4 abcd
0.4 ± 0.2 abc
0.0 ± 0.0 a

leaf length was observed in cocopeat/soil substrate (Table
3).
After one month, the plants from each substrate were
transferred in plastic pots filled with garden soil for further
growth under greenhouse conditions. These pots were
covered with polythene bags initially for 4 to 5 days and
then removed. Within a week, plants failed to grow except
the ones that were initially kept in cocopeat/soil substrate,
as they were able to resume healthy growth. There was
development of new secondary roots by the end of eight
weeks. The leaves matured and there was a marked increase
in shoot and root length of plants, ie., 7.4 and 11.9 cm,
whereas plant height reached 19.2 cm (Fig. 1H). The plants

Table 3. Hardening of S. suaveolens in different substrates. Initial measurements were performed before transfer, and final measurements
were performed four weeks after transfer. Values represent mean ± SE of eight replicates in each experiment. Means values followed by
different superscript letters within a column are significantly different at p ≤ 0.05 according to Duncan’s Multiple range test
Substrate

Initial
shoot
length (cm)
Cocopeat
3.2 ± 0.4 ab
Sand
2.2 ± 0.6 a
Soil
5.4 ± 0.7 bc
Cocopeat/soil
7.7 ± 0.8 d
Cocopeat/sand 5.7 ± 0.8 cd
Cocopeat/
4.4 ± 0.8 abc
sand/soil
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Initial root
length
(cm)
3.3 ± 0.5 ab
4.8 ± 0.6 b
2.2 ± 0.6 a
3.0 ± 0.6 ab
2.2 ± 0.6 a
2.4 ± 0.5 a

Initial
Sur- Final shoot Final root Final height
height
vival length (cm)
length
(cm)
(cm)
(%)
(cm)
5.9 ± 0.8 a
50 3.6 ± 0.6 abc 4.3 ± 1.1 a 11.0 ± 1.3 bc
7.9 ± 1.3 ab
0
0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a
8.0 ± 1.1 ab 13 2.2 ± 0.0 ab 0.8 ± 0.0 a 3.4 ± 0.0 ab
10.7 ± 1.1 b 100
8.2 ± 1.0 c 3.2 ± 0.7 a 14.0 ± 1.5 c
8.8 ± 1.4 ab 63
7.1 ± 0.7 c 10.4 ± 1.4 b 17.6 ± 2.4 c
7.1 ± 1.2 ab 75 6.2 ± 0.6 bc 3.4 ± 0.7 a 11.0 ± 1.3 bc

New leaf
number

Leaf length
(cm)

4.0 ± 0.6 a 2.4 ± 0.3 ab
0.0 ± 0.0 a 0.0 ± 0.0 a
4.0 ± 0.0 a 1.2 ± 0.0 ab
3.0 ± 0.3 a 3.6 ± 0.4 c
5.0 ± 0.6 a 1.9 ± 0.4 abc
4.0 ± 0.2 a 2.4 ± 0.3 bc
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were then transferred to garden pots (Fig. 1I) and kept in
a greenhouse for few days and finally in open sunlight.
Compared to individual substrates, combinations of these
substrates, i.e. cocopeat/sand, cocopeat/soil, cocopeat/
sand/soil responded better in terms of growth. However,
the cocopeat/soil (1:1) substrate proved beneficial in terms
of growth and survival of S. suaveolens plants.
Discussion
In the present study, establishment of S. suaveolens shoots
was done using young nodal explants and in vitro nodes
for shoot multiplication. Similarly, Embelia ribes nodal
explants collected from mature plants were used as the
primary source of explants and multiplication was achieved
from nodes of in vitro derived plantlets (Preetha et al.
2012). The type of cytokinin and its concentration depends
on plant species for micropropagation of woody plants
and they differ in their activity (Nikolic et al. 2006). S.
suaveolens nodal explants were placed in medium fortified
with different cytokinins in combinations and their effect
on shoot regeneration was evaluated. It was observed
that when BAP was added with KN/TDZ, the frequency
of shoot regeneration improved. BAP (8 µM) with KN
(4 µM) and BAP (2 µM) with TDZ (0.2 µM) resulted in
a maximum 100% response with 1.5 shoots. Similar
findings have been reported in rose cultivars (Saklani et
al. 2015) and Acacia catechu (Manisha et al. 2002), where
MS medium supplemented with BAP and KN resulted in
highest number of shoots and in Stevia rebaudiana (Ghauri
et al. 2013). BAP and TDZ combinations resulted in an
optimum response. Regarding in vitro nodes, a maximum
of 3.3 nodes was formed in BAP (8 µM) with TDZ (0.2
µM) after 4 weeks in S. suaveolens. A study on a similar
species, i.e. Stereospermum suaveolens (Shukla et al.2012),
obtained a maximum number of nodes per micro shoot
(3.6) in MS supplemented with 0.44 µM BAP and 100.0 mg
L–1 activated charcoal. In our study, when WPM medium
was tested in S. suaveolens the BAP and KN combination
was effective in terms of shoot regeneration, and BAP (4
µM) + KN (8 µM) resulted in a maximum shoot number.
These results are similar to tose found for Cinnamomum
camphora (Nirmal Babu et al. 2003) where WPM with BA
(13.32 μM) and KN (4.65 μM) resulted in maximum shoot
formation.
In the present work, the in vitro nodes from S. suaveolens
shoots were excised and subcultured for enhancing
shoot number in up to five passages. Similarly, the nodal
segments from in vitro axillary shoots were subcultured
for shoot multiplication in up to eight passages in Gmelina
arborea (Naik et al. 2003). The in vitro nodes formed long
and healthy shoots in combination of MS + BAP (8 µM)
with TDZ (0.2 µM) with significant increase in number of
shoots in each subculture passage. An increase of axillary
shoots in consecutive excision-subculture cycles was also

been reported for Ocimum kilimandscharicum (Saha et al.
2010) and the results are also analogous to Arthrocarpus
communis (Mariska et al. 2004), where BAP with TDZ had
an effect on shoot growth. Thus, MS medium was shown to
be effective compared to WPM medium in terms of shoot
multiplication in S. suaveolens. Similarly, for Vaccinium
vitis-idaea, modified MS medium was better than WPM
medium for multiplication of shoots (Debnath, McRae
2001) and for G × N15 (hybrid almond × peach), MS
medium was superior to Quoirin and Lepoivre medium
(Arab et al. 2014).
Medium strength, type of auxins and their
concentrations are important factors for root induction. In
the present study, half and full-strength MS medium were
able to induce roots, but half strength medium was superior
to full strength medium, which was similar to the findings
reported for Gardenia latifolia (Reddy, Saritha 2013) and
Terminalia bellerica (Phulwaria et al. 2012). It is known
that IBA and NAA stimulates induction of adventitious
roots (Copes, Mandel 2000) and they have been utilised
for root induction in Rauwolfia serpentina (Pandey et al.
2010), sugarcane (Tolera 2016; Rahman et al. 2018), Tagetes
erecta (Ullah et al. 2013) and also tree species like Sterculia
urens (Hussain et al. 2008) and Balanites aegyptica (Mansor
et al.2003). In S. suaveolens, both of the auxins (IBA and
NAA) were able to induce roots, but compared to NAA,
IBA was effective in inducing the highest number of roots
(9.3) at 2.5 µM. Similarly, IBA was effective for in vitro root
induction in gerbera (Navya Swetha et al. 2018). Also, both
liquid and static MS medium were able to induce roots,
but liquid medium was significantly was superior to static
in terms of number of roots in S. suaveolens. There are
reports that rooting can be obtained in solid medium, but
better results are obtained in liquid media as observed in
blueberry (Zimmerman, Broome 1980). Secondly, in liquid
medium the uptake of nutrients is more effective through
whole surface and leads to enhanced shoot and root growth
(Sandal et al. 2001).
The final stage of micropropagation involves transferring
in vitro rooted plantlets from the aseptic environment to
soil media, to function as independently growing plantlets
(Dev et al. 2019). In S. suaveolens the growth and survival of
plants was successfully done under greenhouse conditions.
Similarly in Cassia sophera regenerated plantlets were
successfully transferred to greenhouse conditions with a
90% survival rate (Parveen, Shahzad 2010). Type of potting
mixture used during acclimatisation is one of the important
factors determining the survival percentage of the plants
(Kaur et al. 2011). It has been observed that hardening
medium greatly influenced growth parameters (Kashyap,
Dhiman 2011). There are different planting substrates
that have been employed for hardening of in vitro raised
plants by various workers. Soil/sand and farmyard manure
has been used for banana (Ahmed et al. 2014), cocopeat/
sand for Garcinia indica (Chabukswar, Deodhar 2005)
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and cocopeat/coconut husk for Dendrobium (Muna et al.
2016). Therefore in S. suaveolens, also different substrates
were utilised for hardening. There was an increase in plant
height, shoot and root length, number of leaves, and their
length in each substrate after one month. Similar growth
parameters were studied in Dendrobium (Muna et al.
2016) and growth was observed in terms plant height, leaf
number etc.
Several researchers have successfully hardened
plantlets in different substrates. In Santalum album (Singh
et al. 2016) the plantlets were hardened in plastic cups
containing cocopeat, sand and soil in the ratio of 1:1:1 in
the controlled environment under greenhouse conditions.
More than 80% plants survival was achieved when tissue
culture raised plantlets of Stereospermum personatum
(Shukla et al. 2009) were transferred to net pots containing
cocopeat in a greenhouse. In our study, the cocopeat/soil
proved to be optimum for hardening with 100% survival
of plants. Individual sand and soil substrate in S. suaveolens
resulted in poor response in terms of growth and survival.
Similarly, sand/soil proved to be a poor combination for
Gloxinia (Kashyap, Dhiman 2011) plants, as compaction of
roots was observed because of poor water holding capacity
that resulted in dry media.
Thus, it can be concluded that direct shoot regeneration
of S. suaveolens can be possible through nodal explants
and applying repeated excision and subculturing of in vitro
nodes proved to be effective in forming multiple shoots
in MS medium. The in vitro shoots were rooted in MS
medium and plantlets were successfully hardened under
greenhouse conditions. The present protocol can be used
for propagating and conserving this valuable medicinal
species.
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