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The present study was designed to understand seed germination barriers and to develop an efficient
micropropagation system in Drypetes roxburghii. Fresh seeds with coats removed, cultured on MS
medium supplemented with + 1.4 uM gibberellic acid (GA;) + 0.01% activated charcoal (AC) resulted in
maximum (83.30 £ 0.63%) seed germination with healthy seedling development. Cotyledonary nodal
explants showed best shoot proliferation on Murashige and Skoog (MS) medium supplemented with 1
MM 6-benzylaminopurine (BAP) with maximum number of shoots (1.80 + 0.24) and shoot length (4.10 +
0.34 cm). The combination of hormones did not show any significant effect compared with the
individual cytokinins tested. The maximum number of shoots (1.70 + 0.26) with shoot length 3.44 * 0.22
cm was observed on MS medium supplemented with 1 yM BAP + 2 pM kinetin (Kn). In encapsulation
experiments, the nodal explants encapsulated with liquid MS medium + 2 yM BAP + 3% sucrose + 3%
sodium alginate showed maximum shoot sprouting (1.70 + 0.33) on MS medium supplemented with 1
MM BAP + 3% sucrose. The in vitro derived shoots were best rooted on MS medium supplemented with
2 uM IBA with maximum number of roots (2.10 + 0.34) and root length (6.21 + 0.24 cm) per shoot. The
plantlets developed in vitro were successfully established under field conditions with 90% survival rate.

Key words: Seed germination, micropropagation, phytohormones, synthetic seeds.

INTRODUCTION
Drypetes roxburghii (Wall.) Hurusawa (Euphorbiaceae), Wall., is an important medicinal plant and native tree of
which was previously well known as Putranjiva roxburghii India and popularly known as Kudrajuvi, Patravanti,

*Corresponding author. E-mail: drksrmurthy@yahoo.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution
License 4.0 International License




Jivputrak and Nageia. Roxburgh (1832) explains the
name of the tree “Pootranjeeva, the Sanskrit name
Pootra signifies a son and Jeeva means life. It is a
moderately-sized, deciduous, evergreen tree, up to 25 m
height. This plant is widely used in the traditional system
of Indian medicine for treating azoospermia, diuretic,
catarrh, ophthalmopathy and for constipation (Varma et
al., 2010). D. roxburghii is one of the constituents of “Y-
spur”, an Ayurvedic formulation prepared by Vilco
laboratories, which is found to be very effective in male
infertility (Badole et al., 2011).

A number of phytochemical compounds were isolated
in pure form from various parts of D. roxburghii.
Triterpenoids, namely putranjivanonol, putranjic acid,
friedelin, putranjivadione, friedelanol, roxburgholone
(Sengupta and Mukherjee, 1968), putric acid (Chopra et
al., 1970), putranjivandione (Sengupta et al., 1968) were
isolated from stem bark, and other compounds namely
methyl putranjivate, putranjivic acid, putrone | a and
putrol | b (Chopra et al., 1968) were isolated from leaf
extracts. Chopra and Et (1970) evaluated the chemical
composition of leaves and root bark of D. roxburghii and
found that the leaf extract contains polyphenolic
compounds in addition to triterpenoids, and this extract
yielded ellagic acid, gallic acid, gallocatechin, ellagi and
gallo-tannins and saponins. The main components of the
root bark were triterpenoids, friedelin, putranjivadione,
roxburgholone, methyl putrate and saponins derived from
oleanolic acid.

Due to the presence of a number of phytochemicals,
the plant has a large number of pharmacological proper-
ties, namely antibacterial, antifungal, antinociceptive,
antipyretic, anti-inflammatory (Reanmongkol et al., 2009),
antioxidant, analgesic, anthelmintic, cytotoxic,
hypoglycemic, insecticidal and larvicidal activities. Along
with the medicinal properties, this plant has great
commercial importance because of its valued wood and
seed oil. However, recently, the plant in its natural
population has become rare due to large scale
destruction of trees for its wood and due to short viability
of seeds and low seed germination. It is therefore
important to conserve these trees because of their
biological and economic importance. Conventional
propagation methods cannot replace the depleting
population because the seeds show a low percentage
germination and vegetative propagation methods are
unsuccessful. Development of standardized
micropropagation technique for the improvement of
native species, mainly forest tree species, is an important
issue for preserving biodiversity (Ishii and Kambou,
2007). Reinforcement of wild plant populations using
individuals raised ex situ is considered a valid means of
reducing the risk of threatened species (Bowes, 1999). In
vitro culture can be a valuable technique for clonal mass
propagation and conservation of this tree within a short
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period of time.

Recently, there has been increased interest in using in
vitro techniques for propagation of trees using different
explants because this is a valuable technique for faster
ex situ conservation of plants by using minimum amount
of explant material. Rescue of an endangered forest tree,
Givotia rottleriformis, by using in vitro techniques was
well documented by Rambabu et al. (2005). The present
communication demonstrates the in vifro seed
germination studies and an effective high frequency
shoot regeneration method for producing a large number
of plants from Cotyledonary node explants of D.
roxburghii.

MATERIALS AND METHODS
Collection of plant material

The freshly-ripened fruits of D. roxburghii were collected from dry
deciduous forests of Rangareddy district, Andhra Pradesh and
Madurai Kamaraj University, Madurai, Tamil Nadu in the month of
January, 2011 and 2012. The collected fruits were dried in the
shade at room temperature in the laboratory and the hard seed coat
removed from seeds. The seeds with coats removed were used for
the present study.

Surface sterilization and in vitro seed germination

The seeds were surface sterilized by directly dipping in 0.1% (w/v)
HgCl, for 5 min and then rinsed thoroughly (4 to 5 washes) with
sterilized double distilled water under aseptic conditions. The seeds
were then tested for germination under both sterile and non-sterile
conditions. In non-sterile germination tests, seeds were placed on
wet blotting papers in Petri dishes. Seeds were incubated in a
culture room under the following conditions: 16/8 h light/dark cycle
at 25 + 2°C. Petri dishes were randomized every two days (Yang et
al.,, 1999). Seeds showing radicle emergence were recorded as
germinated. In every replicate, germination percentage after 45
days was recorded.

In sterile germination tests, the surface sterilized seeds were
transferred aseptically on to an agarified MS medium (Murashige
and Skoog, 1962) with 3% sucrose and 4.41 g/L MS salts (HiMedia
laboratories, India). Media was adjusted to pH 5.7 prior to
autoclaving at 121°C for 15 min. For every replicate, the
germination percentage was recorded after 45 days of culture.

To study the effect of strength of the medium and sucrose
concentration on in vitro seed germination of D. roxburghii, the
surface sterilized seeds were inoculated on full strength MS
medium with 3% sucrose, full strength MS medium with 1.5%
sucrose, half strength MS medium with 3% sucrose and % strength
MS with 1.5% sucrose. In all the media, 1.4 yM GA; and 0.01%
activated charcoal were added. In every replicate, percentage
germination was recorded at different intervals. The effect of
auxins, cytokinins and gibberellins on in vitro seed germination and
seedling morphology of D. roxburghii was studied. Length of the
radicle and hypocotyl length were recorded.

The effect of different storage time intervals on in vitro seed
germination was studied. The seeds collected were stored at room
temperature for one week to one year and the stored seeds were
inoculated periodically on to the MS medium supplemented with 3%
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sucrose, 1.4 pM GA; and 0.01% activated charcoal. The
percentage seed germination and fresh weight of the seedlings,
root and shoot individually, were recorded to determine seed
viability and seedling vigour. In all the experiments, 100 seeds per
replicate were inoculated and the experiments were conducted in
three replicates.

Culture initiation and shoot proliferation

In the primary experiment, one month old aseptic seedlings raised
in vitro were used for culture initiation. Different seedling-derived
explants were inoculated on MS medium supplemented with
various concentrations of plant growth regulators (BAP and 2,4-D)
to observe the morphogenetic response. In the second experiment,
the best explant for shoot proliferation was selected and cultured on
medium containing individual cytokinins or containing combinations
of cytokinins and auxins. In all the experiments the medium was
supplemented with 3% (w/v) analytical grade sucrose and solidified
with 0.8% (w/v) agar agar (HiMedia laboratories, India). The
cultures were maintained under controlled conditions with 25 + 2°C
temperatures and with 16 h light and 8.0 h dark with the help of cool
white fluorescent lights (Philips, India — 40 wattage).

Synthetic seeds

The shoot tips, nodal and cotyledonary nodes excised from the in
vitro grown cultures were used for encapsulation to determine the
best explant for production of seed analogues. Sodium alginate
solution of different concentrations (1 to 5% w/v) were prepared by
mixing sodium alginate with calcium-free liquid MS medium
containing 3% sucrose and at the same time different
concentrations of calcium chloride (25 to 100 mM) solution were
also prepared. Then, the explants were suspended in sodium
alginate solution in the laminar air flow cabinet for 1 to 2 min and
dropped one by one through a modified 1000 ul micropipette into a
sterile aqueous solution of calcium chloride. Due to the exchange of
ions between sodium alginate and calcium chloride, calcium
alginate beads were formed within 20 to 30 min. The beads were
then collected by discarding the calcium chloride solution, washed
with sterilized double distilled water and surface dried by placing
them in sterilized Petri dishes containing blotting papers. Finally,
prepared beads were directly cultured on MS medium
supplemented with 2 yM BAP.

Rooting and acclimatization

Individual shoots of 3 to 4 cm obtained either from direct explants or
from synthetic seeds were separated and sub cultured on fresh MS
medium supplemented with different concentrations of individual
auxins (IAA, IBA, and NAA). After 3 to 4 weeks of root initiation the
complete plantlets developed in vitro were removed and washed
with sterile double distilled water to remove the traces of agar. The
plantlets were then potted in paper cups containing sterilized soil,
sand and vermicompost in 1:1:2. These plantlets were covered
initially with polythene bags and maintained under culture room
conditions to maintain relative humidity. The plantlets were irrigated
with half strength MS medium devoid of sucrose and plant growth
regulators. After 4 to 6 weeks the covers were removed and the
primary hardened plants were transferred to earthen pots and
irrigated with tap water and observed for further growth.

Experimental design and scoring of data

Each experiment was repeated at least three times and for each
experiment, twenty replicates were used. Data was recorded
periodically for shoot multiplication and rooting, respectively. Data
was subjected to analysis of variance (ANOVA) carried out by the
SPSS 20 (SPSS Inc. Chicago, IL, USA). Values with P < 0.05 were
considered to be statistically significant.

RESULTS
In vitro seed germination

In vitro seed germination was influenced by several
factors, of these, the first and most important step is the
standardization of the surface sterilizing agent
concentration and duration of exposure. Seed
germination at different concentrations of HgCl, (0.01 to
1.0%) were evaluated to determine the best
concentration for reducing contamination. All  the
treatments were effective for disinfecting the seeds.
However treatment with 0.1% HgCl, for 4 min was
effective for both disinfecting the seeds and to initiate the
healthy seedlings in vitro. In the non-sterile germination
test, the seed germination of D. roxburghii was initiated
within 7 to 8 days. The seeds that showed radicle
emergence were recorded as germinated. The
percentage germination was recorded as 73.3% in Petri
dishes containing wet blotting papers (Figure 1A).
However in sterile germination experiments, the initiation
of seed germination was observed 10 to 14 days after
culture. 80.0% of seeds sprouted within 45 days of
culture on % strength MS medium supplemented with 3%
sucrose (Figure 1B). After sprouting initially, radicle
elongation was observed followed by hypocotyl
elongation. After nearly one month of seed germination
the cotyledonary leaves opened and 10 to 15 days after
that, the first primordial leaves appeared on some
seedlings. It was observed that there was significant
variation in seed germination percentage with
manipulating the strength of medium and sucrose
concentration. The maximum seed germination
percentage (83.3 + 0.63) was noticed in full strength MS
medium supplemented with 3% sucrose. Whereas the
minimum seed germination (66.6 + 0.46%) was recorded
on % strength MS medium supplemented with 1.5%
sucrose (Table 1).

In the present study, depending upon the hormones,
the seedlings showed different morphological response
as follows (Table 2). In control (MS basal medium with
3% sucrose) the seeds sprouted and showed normal
seedlings with elongated hypocotyls (66.6 + 0.43 cm).
Medium with 1.4 yM GA; induced healthy seedlings with
(7.70 £ 0.53 cm) radicles and (8.40 + 0.56 cm)
hypocotyls. Medium with 1.4 yM GA; and 0.01% AC
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Table 1. Effect of strength of the medium and sucrose concentration on percentage of seed germination in D. roxburghii on MS medium with 1.4 yM GA3 and 0.01% AC.

Strength of the MS medium + % of

Mean percentage of germinated

Mean percentage of abnormal

Mean percentage of non

sucrose seeds * SE germination £ SE germinated seeds * SE
Full + 3 83.3+0.63° 6.6 + 0.33° 10.0 + 0.30°

Full + 1.5 76.6 + 0.53" 10.0 £ 0.37° 13.3+0.28°

Half + 3 80.0 £ 0.73° 6.6 + 0.53° 13.3+0.14°

Half + 1.5 66.6 + 0.43° 13.3 +0.47° 20.0+0.17°

Data indicate mean + standard error of the 20 replicates per treatment in three repeated experiments. Mean followed by the same letter was not statistically significant at 0.05%

probability.

Table 2. Influence of different hormones on in vitro seed germination and seedlings morphology of D. roxburghii on MS medium.

Hormones Mean Length of the Mean Length of hypocotyls Nature of Nature of Cotyledonory leaf nature (size, shape
(MM) radicle (cm) +SE (cm) * SE radicle hypocotyls and colour)
Control 7.00 £ 0.42% 9.30 £ 0.36" Normal Normal Normal
1.4 GA3 7.70 £ 0.53% 8.40 + 0.56' Normal Normal Normal
1.4 GA; + 0.01% AC 8.80 + 0.61% 7.50 £ 0.63% Normal Normal Normal

4.44 BAP 6.40 + 0.30™ 2.20 + 0.38° Normal Short Un opened
4.56 KN 1.80 £0.38% 3.20 £ 0.64% Inhibited Short Small, wrinkled
5.77 I1AA 7.20 + 0.59™ 10.00 + 0.39" Normal Thin elongated Small, pale yellow
4.92 IBA 8.20 £ 0.53 8.00+0.49" Normal Normal Un opened

5.37 NAA 5.60 +0.73" 4.10 +0.65™ Bulged Short Large, pale yellow

4.52 2,4-D 4.60 + 0.83%° 5.20 * 1.02° Thin Short Wrinkled

Data indicate mean + standard error of the 20 replicates per treatment in three repeated experiments. Mean followed by the same letter was not statistically significant at 0.05 %

probability.

showed healthy seedlings with well developed
(8.80 £ 0.61 cm) radicle and (7.50 £ 0.63 cm)
hypocotyls. The formed seedlings were similar to
in vivo germinated seedlings and initiation of first
primordial leaves was observed. In medium with
4.44 uM BAP the hypocotyls got inhibited (2.20 +
0.38 cm) and cotyledonory leaves failed to open.
In medium with 4.56 yM Kn the radicle (1.80 +
0.38 cm) and hypocotyls (3.20 + 0.64 cm) got
inhibited and cotyledonory leaves were small and

wrinkled.

In medium with 5.77 yM IAA the radicle was
normal whereas the hypocotyls were thin and
elongated (10.00 £ 0.39 cm) and the cotyledonory
leaves were small, pale yellow in colour. Medium
with 4.92 uyM IBA showed normal radicle and
hypocotyls, whereas cotyledonory leaves failed to
open. Medium supplemented with 5.37 uM NAA
induced bulged radicles (5.60 + 0.73 cm) and
hypocotyls were short (4.10 £ 0.65 cm) whereas

cotyledonory leaves were large and pale yellow in
colour. Medium with 4.52 uM 2,4-D induced short,
thin radicles (4.60 + 0.83 cm), short hypocotyls
(5.20 £ 1.02 cm) and wrinkled cotyledonory
leaves. Seed storage time influence the percen-
tage of seed germination and fresh weight of the
seedlings strongly. The percentage of germination
increased significantly (83.3 % 0.63%) with
decrease in storage period. The fresh weight of
the seedlings was also more (0.94 + 0.01 mg)
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Table 3. Effect of different storage periods (one week to one year) on viability of D. roxburghii seeds.

Storage duration Mean percentage

Mean Fresh weight of

Mean fresh weight of Mean fresh weight of

in days of germination * SE seed lings * SE shoots t SE root * SE
7 83.3 +0.63° 0.94 +0.01° 0.42 + 0.00° 0.51 £ 0.00°
30 56.6 + 0.23° 0.93 +0.01¢ 0.41+0.01° 0.51 +0.01°
60 46.6 + 0.49° 0.79 + 0.01™ 0.32+0.01%° 0.45+0.01*
90 30.0 + 0.56° 0.78 +0.01% 0.33 + 0.00%° 0.44 +0.01*
180 16.6 + 0.65° 0.66 + 0.01° 0.29 + 0.00° 0.37 +0.01°
365 - - - -

Data indicate mean + standard error of the 20 replicates per treatment in three repeated experiments. Mean followed by the same letter was not

statistically significant at 0.05 % probability.

when the storage period was minimum (7 days) (Table
3), whereas at maximum storage period (1 year) the
seeds lost their viability and failed to germinate. Freshly
sown seeds showed maximum percentage of
germination.

Shoot induction and proliferation

The in vitro morphogenetic response of every plant
species depends on the type and physiological status of
the explant. Normally in trees, rejuvenation is the major
problem, so seedling derived explants were used to
develop successful micropropagation. In the present
experiment among all the explants (shoot tips, nodes and
cotyledonory nodes) tested for active proliferation of
shoot buds in D. roxburghii, cotyledonory nodes showed
the best response followed by shoot tips and nodes
(Figure 1C and D).

The cotyledonory nodes of D. roxburghii cultured on
MS medium, with or without hormonal supplements,
exhibited varied responses. The cotyledonory nodes
failed to induce morphogenetic response in the medium
devoid of plant growth regulators. Addition of plant growth
regulators specifically cytokinins (BAP and Kn) to the
medium showed positive effect on multiple shoots
induction. In the present study, both BAP and Kn favored
shoot bud initiation and proliferation. However, among
both the hormones tested, BAP was more effective than
the Kn in initiation and subsequent proliferation of
multiple shoots (Table 4). The first visible appearance of
shoot buds was noticed within 10 to 14 days after
inoculation. Initially, small protuberances were induced in
the cotyledonory nodes which later developed into shoot
buds and elongated into healthy shoots. The maximum
number of shoots (1.80 £ 0.24) with maximum shoot
length (410 * 0.34 cm) was noticed at lower
concentration (1.0 uM) of BAP (Figure 1E). Later, gradual
decrease in shoot number with increasing concentration

of BAP was observed. MS medium augmented with Kn
showed comparatively less response. The maximum
number of shoots (1.70 £ 0.21) with maximum shoot
length (4.05 + 0.35 cm) was noticed with 2.0 yM Kn.
Increase or decrease in the concentration of Kn beyond
or below 2 uM resulted in decrease of shoot number and
shoot length.

The combined effect of cytokinins was evaluated for
multiple shoot induction in D. roxburghii. The
cotyledonory nodal segments of D. roxburghii were
cultured on MS medium supplemented with various
concentrations and combinations of cytokinins. But the
combination of cytokinins did not show any significant
effect than the individual cytokinins tested. The maximum
number of shoots (1.70 £ 0.26) with shoot length (3.44 +
0.22 cm) was noticed on MS medium supplemented with
1.0 uM BAP + 2.0 yM Kn. However the shoots formed
are healthy with dark green leaves and are similar to the
in vivo growing shoots.

BAP (1.0 uM) along with different auxins (IAA, IBA and
NAA) were used to investigate their effect on induction of
multiple shoots. In IAA of the three concentrations tested,
BAP 1.0 uM + IAA 1.0 uM showed the best response with
high frequency of shoots (1.60 + 0.22) and shoot length
(2.71 £ 0.25 cm). Out of three concentrations of IBA
tested, the maximum number of shoots (1.70 £ 0.21) with
shoot length (3.11 + 0.19 cm) was recorded on MS
medium supplemented with BAP 1.0 uM + IBA 2.0 uM.
Among three concentrations of NAA tested, BAP 1.0 uM
+ NAA 1.0 uM showed the superior response with mean
number of shoots (1.70 + 0.26) and shoot length (2.98 +
0.26 cm). The cultures that grow on the medium
supplemented with cytokinins and auxins showed slight
narrow leaves with light green in colour.

Synthetic seeds

In D. roxburghii, of all the concentrations of sodium
alginate and calcium chloride tested, 3.0% (w/v) sodium
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and auxins (IAA, IBA and NAA) on multiple shoot induction and proliferation in D. roxburghii on MS medium.

BAP KN 1AA (UM) IBA NAA Mean Shoot Mean shoot length

(uM) (uM) (uM) (uM) number * SE (cm) £ SE

0.0 0.0 - - - 0.0 0.0
1 - - - - 1.80 + 0.24" 410 + 0.34.'.
2 - - - - 1.60 + 0.22°f 3.80 + 0.41"
3 - - - - 1.50 + 0.22°% 3.10 £ 0.45%"
4 - - - - 1.30 + 0.30° 2.72 + 0.35™
5 - - - - 1.09 £ 0.212 261+ o.30bf

1 - - - 1.60 + 0.22° 3.79+0.32"
- 2 - - - 1.70 + 0.21% 4.05 + 0.35%
- 3 - - - 1.50 + 0.22%% 3.69 + 0.25
4 - - - 1.40 + 0.22°¢ 3.17 +0.25%"

- 5 - - - 1.20 + 0.20%° 2.92 +0.29%
1 1 - - - 1.60 + 0.22° 3172022
1 2 - - - 1.70 + 0.26" 344 +0.22"
1 3 - - - 1.40 + 0.22° 3.23+0.2%
2 2 - - - 1.60 + 0.26° 3.03+0.29%
3 2 - - - 1.50 + 0.22°% 2.97 +0.21°
1 - 1 - - 1.60 + 0.22° 2.71 + 0.25™
1 - 2 - - 1.50 + 0.22°% 245+ 0.26%
1 - 3 - - 1.40 + 0.22°¢ 2.15 + 0.20°
1 - - 1 - 1.50 + 0.22°% 2.89 + 0.29"_e
1 - 2 1.70 + 0.21% 3.11+0.19
1 - - 3 - 1.40 + 0.22° 2.78 + 0.25™
1 - - - 1 1.70 + 0.26" 2.98 +0.26"
1 - - - 2 1.60 + 0.22° 2.96 + 0.26°
1 - - - 3 1.40 + 0.16° 2.79 + 0.30%

875

Data indicate mean + standard error of the 20 replicates per treatment in three repeated experiments. Mean followed by the

same letter was not statistically significant at 0.05 % probability.

alginate with 100 mM calcium chloride solution showed
best results by the formation of identical beads with both
the explants tested (Figure 1F). The lower concentrations
of sodium alginate (1.0 to 2.5% w/v) and calcium chloride
(25 to 75 mM) were not suitable for encapsulation
because the resulting beads were irregular in shape and
too soft to handle, whereas at higher concentrations of
sodium alginate (4 to 5% wi/v), the beads were too hard
and caused considerable delay in sprouting. In the
present experiment, shoot tips and nodes were used as
explants for encapsulation. Both the explants responded
well and sprouted within two weeks under in vitro
conditions, however among both the explants tested
nodal explants showed maximum shoot sprouting from
synthetic seeds than the shoot tips on culture medium
that is, MS + 1.0 yM BAP + 3% sucrose. Among all the
encapsulation mixtures tested, maximum shoot sprouting
(1.70 £ 0.33) was observed from the nodes encapsulated

with liquid MS medium fortified with 2.0 uM BAP + 3% su-
crose and 3% sodium alginate (Table 5 and Figure 1G).

Rooting and acclimatization

The shoots developed from direct inoculated explants
and encapsulated explants were taken out from the test
tubes and were inoculated on root induction medium to
develop complete plantlets. In the present study, MS
medium supplemented with different concentrations of
auxins (IAA, IBA and NAA) were used as root induction
medium. Among different concentrations of hormones
tested, IBA at lower concentrations favored root induction
in D. roxburghii. The maximum root induction (2.10 +
0.34) with root length (6.21 £ 0.24 cm) was noticed on
MS medium supplemented with 2.0 yM IBA (Table 6 and
Figure 1H). Rooted plantlets were transferred to the
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Table 5. Influence of synthetic endosperm on shoot sprouting percentage, germination time (days) and on shoot number
formation from encapsulated explants (shoot tips and nodes) of D. roxburghii.

Mean percentage of

Explants BAP (uM) KN (uM) Germination period in days sprouting + SE Mean Shoot number + SE
Shoot tips 1.0 - 10-15 90 + 0.57° 1.20 + 0.20°
Shoot tips 2.0 - 08-12 100° 1.50 + 0.22
Shoot tips 3.0 - 12-16 85 + 0.85™ 1.00 + 0.21°
Shoot tips - 1.0 11-15 90 + 0.53° 1.00 +0.21°
Shoot tips - 2.0 13-16 80+ 0.58° 1.40+0.22°
Shoot tips - 3.0 15-18 75 + 0.67° 1.30 + 0.26°
Nodes 1.0 - 08-14 95 + 0.54% 1.30 + 0.26°
Nodes 2.0 - 08-12 100° 1.70 + 0.33"
Nodes 3.0 - 12-16 75 + 0.39° 1.30 + 0.26°
Nodes - 1.0 10-14 95 + 0.43% 1.10 £ 0.27%
Nodes - 2.0 12-16 80 + 0.44° 1.60 + 0.26°
Nodes - 3.0 14-18 80 +0.57° 1.50 + 0.22

Data indicate mean + standard error of the 20 replicates per treatment in three repeated experiments. Mean followed by the same letter
was not statistically significant at 0.05 % probability.

Table 6. Effect of different concentrations of individual auxins such as IBA, NAA and IAA on in vitro
root regeneration from shoots of D. roxburghii on MS medium under controlled conditions

IBA (M) NAA (pM) 1AA (uUM) Mean root number * SE  Mean root length (cm) * SE
1.0 - - 1.60 + 0.22% 6.08 + 0.19°
2.0 - - 2.10 £ 0.34" 6.21 + 0.24°"
3.0 - - 1.90 + 0.34% 5.39 + 0.20%
4.0 - - 1.40 + 0.32 4.97 +0.19™
5.0 - - 110+ 0.17%° 3.83 +0.50%°

- 1.0 - 1.40 + 0.26™ 4.28 + 0.25™
- 2.0 - 1.60 % 0.30% 4.82 + 057>
- 3.0 - 2.00 + 0.33¢ 6.07 + 0.20°
- 4.0 - 1.00 £ 0.21%° 3.71+0.67*
- 5.0 - 0.90 + 0.23° 3.63 + 0.84°
- - 1.0 1.90 + 0.34% 5.82 + 0.26%
- - 2.0 1.70 £ 0.33° 5.31 £ 0.29%
- - 3.0 1.60 + 0.22° 4.98 +0.25™
- - 4.0 1.20 + 0.24"° 4.05 + 0.52
- - 5.0 1.10 £ 0.27%° 3.90 + 0.68%°

Data indicate mean + standard error of the 20 replicates per treatment in three repeated experiments. Mean

followed by the same letter was not statistically significant at 0.05 % probability.

MS medium supplemented with 2.0 uM IBA (Table 6 and
Figure 1H). Rooted plantlets were transferred to the
paper cups containing soil, sand and vermicompost in
1:1:2 ratios and irrigated with liquid "2 strength MS
medium devoid of sucrose and plant growth regulators
(Figure 11). It was noticed that the plantlets growing in a

plastic caps got hardened by the formation of new leaves.
After 4 weeks, the plantlets were transferred to the
earthen pots, irrigated with normal tap water and
maintained under shade conditions. Later the hardened
plants were directly transferred to the field conditions with
90% survival.
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Figure 1. in vitro seed germination and micropropagation of Drypetes roxburghii. (A) In vitro non sterile seed
germination of D. roxburghii seeds in petri dish containing wet blotting papers; (B) In vitro sterile germination of
D. roxburghii seeds on ' strength Murashige and Skoog (MS) medium supplemented with 3% sucrose and 0.8
% agar; (C) Shoot initiation from cotyledonory nodes of D. roxburghii on Murashige and Skoog (MS) medium
supplemented with 1.0 yM BAP; (D) Initiation of shoots from shoot tip explants of D. roxburghii on Murashige
and Skoog (MS) medium supplemented with 1.0 yM BAP; (E) Multiple shoot induction in D. roxburghii; (F)
Synthetic seeds of D. roxburghii formed by the encapsulation of explants with 3% sodium alginate and 100 mM
calcium chloride; (G) Shoot sprouting from nodes encapsulated with calcium free MS liquid medium
supplemented with 2.0 yM BAP + 3% sucrose + 3% sodium alginate; (H) /n vitro rooting of D. roxburghii shoots
when cultured on Murashige and Skoog (MS) medium supplemented with 2.0 uM IBA and (I) Primary hardened
plantlets of D. roxburghii ready to transfer into field conditions.
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DISCUSSION

In the Euphorbiaceae, seed germination is more difficult
in most of the tree species. It is usually due to the
presence of hard seed coat (Reddy et al., 2001). So, it is
important to study the in vitro seed germination by using
various methods. Under natural conditions, the transit of
seeds through intestines of wild animals and birds breaks
the tegument dormancy and favors the imbibitions
phenomenon, resulting in the rapid and homogeneous
germination of seeds (Ishii and Kambou, 2007). However,
in vitro seed germination can be favored by various
treatments like acid treatment (Samuel et al., 2009;
Sambe et al., 2010), cold and hot water treatment
(Thokozani et al., 2011), hormonal treatment (Maridass
and Thangavel, 2008), breaking the hard seed coat etc.

In the present study, the hard seed coat was removed
to get the maximum percentage of seed germination. Non
sterile and sterile germination tests were conducted to
compare the germination percentage in D. roxburghii.
Sterile and non sterile seed germination tests in
Physoplexis comosa and Primula glaucescens was
conducted to conserve these endangered species
(Cerabolini et al., 2004). They found that conservation of
P. comosa required more stringent requirements like
sterile environment and phytohormones supply. Whereas
for P. glaucescens non sterile conditions without
phytohormones allowed wide spread propagation.
However in D. roxburghii the germination percentage was
more in sterile environment when compared to non sterile
conditions.

The present study confirms that the medium strength
and sucrose concentration played a significant role on in
vitro seed germination of D. roxburghii. In an earlier work,
Rambabu et al. (2006) described that the zygotic
embryos of Givotia rottleriformis germinated with 100%
on full strength MS medium. However, conversely to the
present findings, Pickens et al. (2003) found that there
was no effect of sucrose on seed germination or seedling
growth in Tillandsia eizii.

Supplying of phytohormones to the medium favors in vitro
seed germination (Miller et al., 1992; Maridass and
Thangavel, 2008; Samuel et al., 2009). Addition of GA;
and activated charcoal to the medium enhanced the seed
germination and favored the production of healthy
seedlings in D. roxburghii. Addition of GA; to the medium
favored seed germination and seedling survival was
reported in some other species like P. comosa
(Cerabolini et al., 2004), Strawberry (Miller et al., 1992)
etc. In contradiction to the present findings, Ishii and
Kambou (2007) found that BAP favours the in vitro seed
germination in A. digitata. Whereas, Pickens et al. (2003)
found that addition of NAA to the medium inhibited the
seedling growth but not the germination in Tillandsia cizii.
In Thamnocalamus spathiflorus, improvement of seed

germination with quite often callus formation from
embryogenic axis with incorporation of BAP 2,4-D, and
GA; to the medium was reported by Bag et al. (2000).
Addition of activated charcoal to the medium favored
further enhancement of in vifro seed germination in
Pterocarpus santalinus reported by Chaturani et al.
(2006).

This study confirms that the increasing of storage
period of the seeds of D. roxburghii results in gradual
decrease of the percentage of germination. The similar
observations was also reported in few other species like
A. malaccensis (Shankar, 2012) and Pterocarpus
santalinus (Chaturani et al., 2006). It is proved that
storing seeds in cool conditions such as in a refrigerator
may prolong viability (Ahmed and Gogoi, 2000).

The present study provides an efficient method for
shoot regeneration from cotyledonory nodes of D.
roxburghii. Frequency of shoot bud formation and further
development were greatly influenced by the type of
cytokinin and its concentration present in the medium.
Among different concentrations of cytokinins present in
the medium, 1.0 uM BAP was found to be more effective
to induce multiple shoots in D. roxburghii. Similar type of
results that is, BAP induced axillary shoot proliferation
from cotyledonory nodes reported in Aegle marmelos
(Arumugam and Rao, 1996), Sterculia urens (Purohit and
Dave, 1996), Dalbergia sissoo (Pradhan et al., 1998) and
Quercus floribunda (Purohit et al., 2002). Contradictory to
the present findings, Husain et al. (2007) reported the
efficient shoot regeneration from cotyledonory nodes of
Pterocarpus marsupium on MS medium supplemented
with TDZ.

The significant role of the combinations of cytokinins,
cytokinins and auxins on in vitro shoot proliferation was
reported previously in Dlabergia Siss00
(Thirunavoukkarasu et al., 2010). The combinations of
cytokinins did not play much role in D. roxburghii when
compared with individual cytokinins. However the shoots
formed in combinations are healthy with dark green
leaves. Vengadesan et al. (2002) reported that in Acacia
sinuate, maximum number of shoots are induced from
cotyledonary node explants on MS medium
supplemented with 6.66 yM BAP and 4.65 uM Kn.
Ajithkumar and Seeni (1998) obtained enhanced shoot
production from nodal segments of Aegle marmelos
when they were cultured in the medium augmented with
BA + IAA, rather than on medium supplemented with
BAP or Kn alone. Danthu et al. (2003) reported that
addition of 0.26 pM IBA as a supplement with BAP
improved the production of shoots in Khaya
senegalensis. Maximum response from Acacia senegal
nodal cultures were noticed when BAP and NAA were
added to the culture medium (Kaur et al., 1998). Wasel
(2000) reported that multiple shoot formation was better
in Acacia seyal when the culture medium was



supplemented with NAA.

In D. roxburghii among different concentrations of
sodium alginate and calcium chloride tested for
production of artificial seeds, 3.0% sodium alginate and
100 mM calcium chloride formed identical beads. The
present findings was similar with the Castillo et al. (1998)
who reported that 2.5% sodium alginate solution was
optimum for maximum synthetic seed germination (77.5
%) in Carica papaya. Among both the explants tested for
synthetic seed formation, nodal explants encapsulated
with liquid MS medium fortified with 2.0 yM BAP + 3%
sucrose and 3% sodium alginate showed good shoot
sprouting. Efficient plantlet regeneration from different
encapsulated explants was reported in a number of forest
trees (Reddy et al., 2012). In vitro conservation of
Cederla fissilis via encapsulation of shoot tips;
cotyledonory and epicotyl nodal segments were reported
by Nunes et al. (2003).

Hung and Trueman (2011) studied the alginate encap-
sulation of shoot tips and nodes for short term storage of
Corymbia torelliana x Corymbia citriodora. They found
100% survival in nursery when pre-converted shoot tip
derived synthetic seeds were transferred on to an organic
compost substrate. Asmah et al. (2011) developed a
protocol for encapsulation of Acacia hybrid in vitro
derived shoots and axillary buds and found that the
germination rate was within 73.3 to 100% in the duration
of six to 20 days.

Induction of rooting is effected by several intrinsic and
extrinsic factors. The cloned shoots rooted in vitro on MS
medium containing root inducting auxins. It has been
found that in D. roxburghii maximum lateral root initiation
and primordial growth is promoted when micro shoots
cultured on MS medium supplemented with 2.0 uM IBA.
The positive roles of IBA on in vitro rooting of trees were
reported by many others.

Similar to the present findings, Rao et al. (1998)
reported that MS medium supplemented with 0.23 pM
IBA induced maximum rooting in Excoecaria agallocha.
In Garcinia indica maximum rooting (91.66%) occurred in
shoots cultured on half-strength  MS  medium
supplemented with 10 yM IBA (Malik et al., 2005).
Whereas in Pterocarpus marsupium, two-step culture
system was developed that is, pulse treatment and
subsequent transfer of treated shoots to a low
concentration of IBA along with phloroglucinol by Husain
et al. (2007).

ACKNOWLEDGEMENTS

We  gratefully acknowledge  University  Grants
Commission (UGC - F.39 - 390 / 2010-SR), New Delhi for
providing financial assistance in the form of major
research project grant to carry out this work.

Murthy and Reddy 879

ABBREVIATIONS

2,4,D, 2,4, dichlorophenoxyacetic acid; AC, activated
charcoal; BAP, 6-benzylaminopurine; GAg;, gibberellic
acid; HgCl,, mercuric chloride; IAA, indole-3-acetic acid;
IBA, indole-3-butyric acid; Kn, kinetin; MS, Murashige
and Skoog; NAA, a-naphthaleneacetic acid.

Conflict of interest

The authors report no declarations of interest.

REFERENCES

Ahmed M, Gogoi P (2000). Agar-history and scope of plantation a
perspective. All Assam agar traders and agar oil manufacturers
association, Nagaon, India.

Ajithkumar D, Seeni S (1998). Rapid clonal multiplication through in
vitro axillary shoot proliferation of Aegle marmelos (L.) Corr. a
medicinal tree. Plant Cell Rep. 17:422-426.

Arumugam A, Rao MV (1996). In vitro production of plants from
cotyledonary node cultures of Aegle marmelos (L.) Corr. Adv. Plant
Sci. 9:181-186.

Asmah HN, Hasnida HN, Zaimah NAN, Noraliza A, Salmi NN (2011).
Synthetic seed technology for encapsulation and regrowth of in vitro
derived Acacia hybrid shoot and axillary buds. Afr. J. Biotechnol.
10:7820-7824.

Badole M, Dighe V, Charegaonkar G (2011). Simultaneous
quantification of B-amyrin and stigmasterol in Putranjiva roxburghii
Wall. by High-performance thin-layer chromatography. Int. J.
Pharmacol. Biol. Sci. 2:346-352.

Bag N, Chandra S, Palni LMS, Nandi SK (2000). Micropropagation of
Dev-ringal (Thamnocalamus spathiflorus (Trin.) Munro) - a temperate
bamboo, and comparison between in vitro propagated plants and
seedlings. Plant Sci. 156:125-135

Bowes BG (1999). A Colour atlas of plant propagation and
conservation. Manson Publishing Ltd, London.

Castillo B, Smith MAL, Yadav UL (1998). Plant regeneration from
encapsulated somatic embryos of Carica papaya L. Plant Cell Rep.
17:172-176.

Cerabolini B, Andreis RD, Ceriani RM, Pierce S, Raimondi B (2004).
Seed germination and conservation of endangered species from the
Italian Alps: Physoplexis comosa and Primula glaucescens. Biol.
Conserv. 117:351-356.

Chaturani GDG, Subasinghe S, Jayatileke MP (2006). In vitro
establishment, germination and growth performance of Red Sandal
wood (Pterocarpus santalinus L.). Trop. Agric. Res. Ext. 9:116-130.

Chopra GR, Et AL (1970). Chemical components of the leaves and root-
bark of Putranjiva roxburghii. Indian J. Chem. 8:776-778.

Chopra GR, Jain AC, Seshadri TR (1968). Steroidal and triterpenoidal
components of the leaves of Putranjiva roxburgii. Curr. Sci. 37:301-
304.

Chopra GR, Jain AC, Seshadri TR (1970). Structure of putric acid, a
new seco-acid from the stem bark of Putranjiva roxburghii. Indian J.
Chem. 8:401-405.

Danthu P, Diaite-Sanogo D, Sagna M, Sagna P, Dia-Gassama YK
(2003). Micropropgation of Khaya senegalensis, an African
mahogany from dry tropical zones. J. Trop. For. Sci. 15:164-175.

Hung CD, Trueman SJ (2011). Alginate encapsulation of shoot tips and
nodal segments for short-term storage and distribution of the eucalypt
Corymbia torelliana x C. citriodora. Acta Physiol. Plant 34:117-128.

Husain M, Anis M, Shahzad A (2007). In vitro propagation of Indian
Kino (Pterocarpus marsupium Roxb.) using thidiazuron. In vitro Cell.



880 J. Med. Plants Res.

Dev. Biol. Plant 43:59-64.

Ishii K, Kambou S (2007). In vitro culture of an African multipurpose tree
species: Adansonia digitata L. Propag. Ornam. Plants 7:62-67.

Kaur K, Gupta P, Verma JK, Kant U (1998). In vitro propagation of
Acacia senegal (L.) Wild. from mature nodal explants. Adv. Plant Sci.
11:229-233;

Malik SK, Chaudhury R, Kalia RK (2005). Rapid in vitro multiplication
and conservation of Garcinia indica: A tropical medicinal tree species.
Sci. Hortic. 106:539-553.

Maridass N, Thangavel K (2008). Conservation efforts through in vitro
seed germination of a hepatoprotective plant - Phyllanthus beddomie
(Gamble) Mohanan. Ethnobot. Lett. 12:419-424.

Miller AR, Scheerens JC, Erb PS, Chandler CK (1992). Enhanced
strawberry seed germination through in vitro culture of cut achenes.
J. Am. Soc. Hortic. Sci, 117:313-316.

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

Nunes EDC, Benson EE, Oltramari AC, Araujo PS, Moser JR, Viana
AM (2003). In vitro conservation of Cedrela fissilis Vellozo
(Meliaceae), A native tree of the Brazilian Atlantic forest. Biodivers.
Conserv. 12:837-848.

Pickens KA, Affolter JM, Wetzstein HY, Wolf JHD (2003). Enhanced
seed germination and seedling growth of Tillandsia eizii in vitro.
HortScience 18:101-104.

Pradhan C, Kar S, Pattnaik S, Chand PK, (1998) Propagation of
Dalbergia sissoo Roxb. through in vitro shoot proliferation
from cotyledonary nodes. Plant Cell Rep. 18:122—-126.

Purohit SD, Dave A (1996). Micropropagation of Sterculia urens Roxb. -
an endangered tree species. Plant Cell Rep. 15:704-706.

Purohit VK, Palni LMS, Nandi SK, Rikhari HC (2002). In vitro
regeneration of Quercus floribunda Lindli. through cotyledonary
nodes: an important tree of Central Himalaya. Curr. Sci. 83:312-315.

Rambabu M, Ujjwala D, Ugandar T, Praveen M, Upender M, Swamy
NR (2006). Effect of GA; on enhancement of in vitro seed
germination on Gevotia rottleriformis (Euphorbiaceae) - an
endangered forest tree. Indian Forester 131:25-30.

Rambabu M, Upender M, Ujjwala D, Ugandhar T, Praveen M, Swamy
NR (2005). In vitro zygotic embryo culture of an endangered forest
tree Givotia rottleriformis and factors affecting its germination and
seedling growth. In Vitro Cell. Dev. Biol. Plant 42:418-421.

Rao CS, Eganathan P, Anand A, Balakrishna P, Reddy TP (1998).
Protocol for in vitro propagation of Excoecaria agallocha L., a
medicinally important mangrove species. Plant Cell Rep. 17:861-865.

Reanmongkol W, Noppapan T, Subhadhirasakul S (2009).
Antinociceptive, antipyretic, and anti-inflammatory activities of
Putranjiva roxburghii Wall. leaf extract in experimental animals. J.
Natural Med. 63:290-296.

Reddy MC, Murthy KSR, Pullaiah TS (2012). Synthetic seeds a review
in agriculture and forestry. Afr. J. Biotechnol. 11:14254-14275.

Reddy RA, Mastan M, Naidu C, Rao PS (2001). Seasonal variation in
rooting response of stem cuttings of Givotia rottleriformis Grift. Indian
J. For. 24:475-477.

Roxburgh W (1832). Flora of India. Serampore,W. Thacker & Co.,
Calcutta. 3:767.

Sambe MAN, Sagna M, Sy MO (2010). Seed germination and in vitro
plant regeneration of Parkia biglobosa (Jacq.) Benth. Afr. J.
Biotechnol. 9:3099-3108.

Samuel K, Debashish D, Madhumita B, Padmaja G, Prasad SR, Murthy
VBR, Rao PS (2009). In vitro germination and micropropagation of
Givotia rottleriformis Griff. In Vitro Cell. Dev. Biol. Plant 5:466-473.

Sengupta P, Chakraborty AK, Duffield AM, Durhan LJ, Dijerassi C
(1968). Investigations on Putranjiva roxburghii the structure of a new
triterpene, putranjivadione. Tetrahedron 24:1205-1213.

Sengupta P, Mukherjee J (1968). Terpenoids and related compounds-
XI The structure of roxburgholone, a new triterpenoid constituent of
Putranjiva roxburghonii. Tetrahedron 24:6259-6264.

Shankar U (2012). Effect of seed abortion and seed storage on
germination and seedling growth in Aquilaria malaccensis Lamk.
(Thymelaeaceae). Curr. Sci. 102:596-604.

Thirunavoukkarasu M, Panda PK, Nayak P, Behera PR Satpathy GB
(2010). Effect of media type and explant source on micropropagation
of Dalbergia sissoo Roxb. — An important multipurpose forest tree.
Int. Res. J. Plant Sci. 1:155-162.

Thokozani BLK, Zulu D, Sileshi GW, Teklehaimanot Z, Gondwe DSB,
Sarasan V, Stevenson P (2011). Seed germination and in vitro
regeneration of the African medicinal and pesticidal plant, Bobgunnia
madagascariensis. Afr. J. Biotechnol. 10:5959-5966.

Varma A, Jain SK, Alok S (2010). Hypoglycemic activity of Putranjiva
roxburghii Wall. in alloxan induced diabetic rats. Int. J. Pharmaceut.
Sci. Res. 1:174-178.

Vengadesan G, Ganapathi A, Prem AR, Ramesh AV (2002). In vitro
propagation of Acacia sinuata (Lour.) Merr. via cotyledonary nodes.
Agrofor. Syst. 55:9.

Wasel AS (2000). Micropropagation of Acacia seyal Del. in vitro. J.
Arid. Environ. 46:425-431.

Yang J, Lovett-Doust J, Lovett-Doust L (1999). Seed germination
patterns in green dragon (Arisaema dracontium, Araceae). Am. J.
Bot. 86:1160-1167.



