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Abstract An efficient protocol was developed for short-
term storage and conservation of a woody medicinal climber,
Decalepis hamiltonii, using encapsulated nodal segments.
The encapsulation of nodal segments was significantly
affected by the concentrations of sodium alginate (Na-algi-
nate) and calcium chloride (CaCl,-2H,0). A gelling matrix
of 4 % Na-alginate and 100 mM CaCl,-2H,O was found
most suitable for the production of ideal Ca-alginate beads.
Maximum shoot re-growth (77.00 &+ 2.09 %) was recorded
on Murashige and Skoog (MS) basal medium supplemented
with 5.0 uM 6-benzyladenine (BA), 0.5 pM indole-3-acetic
acid (IAA) and 30.0 pM adenine-sulphate (ADS). Micro-
shoots, recovered from encapsulated nodal segments (cap-
sule) were best rooted on half-strength MS medium
containing 2.5 puM a-naphthalene acetic acid (NAA). Com-
plete plantlets (with shoot and root) were successfully
acclimatized and established in field where they grew well
without any detectable variation.
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Introduction

Encapsulation technology represents a new and powerful
tool in the plant nursery field as well as in approaches to
germplasm conservation and exchange of plant materials
between laboratories (Standardi and Piccioni 1998; Mallon
et al. 2007; Rai et al. 2009; Srivastava et al. 2009; Germana
etal. 2011; Rihan et al. 2011; Mishra et al. 2011; Hung and
Trueman 2011, 2012a, b). Previously, synthetic seed or
artificial seed (or synseed), described as “artificially encap-
sulated somatic embryos (bipolar structure) which can be
used for sowing under in vitro or ex vitro conditions” (Ait-
ken-Christie et al. 1995). But due to low success and high
cost of somatic embryo production, shoot tips, nodes, bulbs
or other meristematic tissue (unipolar structures) that can
produce a whole plant may also be encapsulated which are
also considered as synthetic seeds (Pond and Cameron
2003). A wide range of woody plants has been re-grown from
encapsulated shoot tips or nodes (Chand and Singh 2004; Rai
et al. 2009; Ahmad and Anis 2010; Germana et al. 2011;
Hung and Trueman 2011, 2012a, b).

Decalepis hamiltonii Wight and Arn., commonly called
as ‘swallow root’, is an endangered monogeneric woody
medicinal climber of Asclepiadaceae (Anonymous 2003).
It is native of the Deccan peninsula and forest areas of
Western Ghats of India. The roots of D. hamiltonii are used
as a flavoring principle (Murti and Seshadri 1941) and a
blood purifier (Jacob 1937). Recently, Naveen and Khanum
(2010) suggested that root extract could be used not only as
food preservative (to replace for the toxic butylated hydoxy
anisole and butylated hydoxy toluene currently under use)
but also can be used in the preparation of nutraceuticals and
pharmaceutical products. Moreover, antidiabetic, hepato-
protective and antiatherosclerotic properties of root extract
of D. hamiltonii have been evaluated in rats (Naveen and

@ Springer



192

Plant Cell Tiss Organ Cult (2012) 111:191-198

Khanum 2010; Harish and Shivanandappa 2010). The
highly aromatic roots have been subjected to overexploi-
tation by destructive harvesting that affects the survival of
this plant in its wild habitat (see Giridhar et al. 2005).
Extended flowering pattern, self-incompatibility, pollinator
limitation, absence of seed dormancy, abortion of a con-
siderable percentage of seedlings prior to establishment are
contributing factors for the regulation of its population size
(Raju 2010). Moreover, the absence of any organized
cultivation of this plant calls for immediate conservation
measures (Reddy et al. 2002). However, during the past
years, considerable efforts have been made for micro-
propagation of this endangered plant species through direct
(Anitha and Pullaiah 2002; Giridhar et al. 2003, 2005) or
indirect organogenesis (George et al. 2000) and somatic
embryogenesis (Giridhar et al. 2004). So far, there is no
report on synthetic seed production and their conversion
into plantlets, using either somatic embryos or non-
embryogenic vegetative propagules in D. hamiltonii.
Encapsulation technology could provide a simpler and
more efficient tool for short-term germplasm conservation
and distribution of this valuable medicinal climber.

This study aimed to optimize (1) the concentration of
Na-alginate and CaCl,-2H,O for ideal bead formation in
respect to shape, rigidity and transparency; (2) suitable
culture medium for shoot re-growth from Ca-alginate
beads; (3) suitable NAA concentration for in vitro root
induction of microshoots; (4) possible duration of short-
term storage of encapsulated nodal segments (with MS
nutrient and DDW gel matrix) and compared it with non-
encapsulated nodal segments.

Materials and methods
Plant materials and culture conditions

The seeds of D. hamiltonii were collected from Central
Food Technological Research Institute (CFTRI), Mysore
(Karnataka). They were washed under running tap water
for 30 min to remove any adherent particles. The seeds
were kept in 1 % (w/v) Bavistin (Carbendazim Powder,
BASEF India Ltd.), a broad spectrum fungicide, for 20 min
and then washed in 5 % (v/v) Teepol (Qualigens, India), a
liquid detergent for 15 min. The treated seeds were agi-
tated in sterilized double distilled water (DDW) to remove
the chemicals for 10 min. The seeds were surface sterilized
with 70 % (v/v) ethanol and 2-3 drops (v/v) of Tween-20
(Qualigens) for 30 s followed by immersion in an aqueous
solution of 0.1 % (w/v) HgCl, (Qualigens) for 3 min under
aseptic conditions. Then seeds were washed 5-6 times with
sterilized DDW to remove all the traces of sterilants. The
surface sterilized seeds were inoculated (two seeds per
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culture tube) aseptically in the culture tubes (25 x 150 mm,
Borosil, India) containing 20 ml of MS medium (Murashige
and Skoog 1962) supplemented with 2.5 pM gibberellic acid
(GA3). All the culture media used throughout the experiment
were gelled with 0.8 % (w/v) bacteriological grade agar
(Qualigens) and pH was adjusted to 5.8 before being auto-
claved at 1.06 kg cm™2 (121 °C) for 15 min. The cultures
were maintained in a culture room at 25 = 2 °C under a
16-h photoperiod with 50 pmol m™2 s™' photosynthetic
photon flux density (PPFD), provided by cool white fluo-
rescent tubes (40 W, Philips, India) with 55 & 5 % of rel-
ative humidity. Nodal segments (2-3 from the terminal bud,
approximately 3—4 mm in size) were excised aseptically
from 3 week-old in vitro raised seedlings and used as
explant for encapsulation.

Encapsulation

Different concentrations of Na-alginate (Central Drug
House, India) viz., 1, 2, 3, 4 and 5 % (w/v) were prepared
using either liquid MS medium or DDW, both supplemented
with 3 % sucrose. For complexation 25, 50, 75, 100 and
200 mM CaCl,-2H,0 (Qualigens) solutions were prepared
in liquid MS medium. Both, the gel matrix and complexing
agent were sterilized by autoclaving at 1.06 kg cm™>
(121 °C) for 15 min after adjusting the pH to 5.8.

Droplets of Na-alginate, each containing one nodal
segment, were then collected using a sterile glass pipette
(10 mm diameter) and dropped immediately into auto-
claves CaCl,-2H,0 solution for 20-25 min for polymeri-
zation and formation of capsules. Ca-alginate beads or
capsules were then collected, rinsed with sterile liquid MS
medium for 10 min and transferred to sterilized filter paper
placed in Petri-dishes for 5 min under the laminar airflow
hood to absorb the excess of MS medium.

Shoot re-growth from capsules

For shoot re-growth, capsules were cultured in 100 ml
wide mouth flask (Borosil) containing 20 ml of semi-solid
MS nutrient medium supplemented with or without various
concentrations and combinations of different plant growth
regulators (PGRs) viz., 5.0 uM 6-benzyladenine (BA),
0.5 uM o-naphthalene acetic acid (NAA), 0.5 uM indole-
3-acetic acid (IAA) and growth additive viz., 30 uM ade-
nine-sulphate (ADS). All the PGRs were purchased from
Duchefa, the Netherlands. The flasks, each containing six
capsules (six replicates) were placed in a well maintained
culture room as mentioned above in “Plant materials and
culture conditions”, for 6 weeks to determine the per-
centage with shoot re-growth. Four flasks per treatment
were maintained in culture room, thus there were 24
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replicates per treatment (6 x 1 x 4 = 24). A separate
experiment was performed for in vitro root induction in the
microshoots recovered from capsules. The regenerated
microshoots (3.0-4.0 cm) with fully expanded leaves were
removed from the capsule gel matrix and re-cultured in
semi-solid half-strength MS medium supplemented with
various concentrations of NAA (1.0, 2.5 and 5.0 uM).

Low temperature storage

This experiment compared the shoot re-growth ability of
encapsulated (having gel matrix of either MS or DDW) and
non-encapsulated nodal segments after short-term storage.
After encapsulation, capsules were transferred to sterilized
100 ml beakers moistened with 2 ml of sterile DDW and
tightly sealed with two layers of Para Film to prevent
desiccation and stored in a laboratory refrigerator at 4 °C
for 0, 1, 2, 4, 6 and 8 weeks. After each storage period,
encapsulated and non-encapsulated nodal segments were
placed on to semi-solid MS medium supplemented with
5.0 uM BA, 0.5 uM TAA and 30.0 uM ADS and main-
tained for 6 weeks in culture room conditions as mentioned
above. Thereafter, recovered microshoots were transferred
to rooting medium for 4 weeks, as described above.

Acclimatization

Complete plantlets (with well-developed shoot and roots)
were removed from the rooting medium (before and after
storage followed by root induction) and after gentle
washing of the roots under running tap water, to remove the
adhering medium, the plantlets were immersed in 1 %
(w/v) Bavistin for half an hour, then transferred to ther-
mocol cups (expanded polystyrene) containing autoclaved
Soilrite™ (75 % Irish peat moss and 25 % horticulture
grade expanded perlite) (Keltech Energies Ltd., India). The
substratum was irrigated with tap water as per requirement.
The plantlets were covered with transparent polythene
membrane to ensure high humidity (90 %) for initial
2 weeks and then opened gradually in order to acclimatize
plantlets to field conditions. After 4 weeks, successfully
acclimatized plantlets were transferred to pots filled with
normal garden soil and green manure (2:1). The potted
plantlets were initially maintained inside the culture room
conditions (4 weeks) and then transferred to greenhouse
(4 weeks). Afterwards, the plantlets were transferred to
field under full sun for further growth and development.

Statistical analysis
The frequency of shoot re-growth was calculated as the

percent of encapsulated nodal segments showing well
developed shoots of total number of nodal segments

encapsulated. For each experiment 24 replicates were used
and each experiment was repeated thrice. The data were
analyzed by one-way ANOVA using SPSS version 16
(SPSS Inc., Chicago, IL, USA). The significance of dif-
ferences among means was analyzed using Tukey’s test at
5 % level of significance and data represented as
mean = standard error (SE).

Results and discussion
Encapsulation

In the present study, only juvenile nodal segments, excised
from aseptic seedlings were used for encapsulation
(Fig. 1a). The morphology of Ca-alginate beads with
respect to shape, texture, transparency and rigidity varied
with different concentrations of Na-alginate and CaCl,-
2H,0O (Tables 1, 2). A 4 % Na-alginate with 100 mM
CaCl,-2H,0O was found to be the best combination for
hydrogel complexion which produced firm, clear and iso-
diametric beads or capsules (Fig. 1b). Lower concentra-
tions of Na-alginate (1, 2 and 3 %) and CaCl,-2H,0 (25,
50 and 75 mM) were not suitable because beads were
fragile and difficult to handle during transfer to re-growth
media. The reduction in the gelling ability of lower con-
centrations of Na-alginate after exposure to high tempera-
ture during autoclaving has already been reported by
Larkin et al. (1998). On the contrary, higher concentrations
of both the encapsulating chemicals resulted in too hard
beads and showed considerable delay in sprouting. This
corroborates with the findings of Kavyashree et al. (2006),
Swamy et al. (2009), Sundararaj et al. (2010) who reported
4 % Na-alginate as a critical concentration for bead for-
mation in Morus alba, Pogostemon cablin and Zingiber
officinale respectively. However, in most of the reports
3 % sodium alginate with 100 mM calcium chloride was
proved as the best combination for an ideal bead formation
(Ahmad and Anis 2010; Tabassum et al. 2010; Ozudogru
et al. 2011; Mishra et al. 2011; Hung and Trueman 2011,
2012a, b). This variation in Na-alginate concentration for
alginate bead formation in different plant species might be
due to the variation in commercial source from which the
chemicals were purchased as reported earlier by Mandal
et al. (2000) in Ocimum species and Sharma et al. (2009b)
in Spilanthes acmella.

Shoot re-growth from capsules
Ca-alginate beads or capsules obtained with 4 % Na-algi-
nate and 100 mM CaCl,-2H,O showed only 68.60 £

1.86 % sprouting (shoot re-growth) when placed on PGR-
free MS basal medium (control) for 6 weeks. Thus, to
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Fig. 1 Calcium-alginate bead formation and their sprouting. a Asep-
tic seedlings of D. hamiltonii. b Encapsulated nodal segments placed
on MS basal medium, 2 day-old culture. ¢, d Axillary bud sprouting
on MS medium supplemented with 5.0 uM BA, 0.5 pM IAA and

Table 1 Effect of sodium alginate concentration on shoot re-growth
(%) from encapsulated nodal segments of D. hamiltonii after 6 weeks
of culture on MS medium

30.0 uM ADS, 2 and 4 week-old cultures. e Root induction in capsule
derived microshoot on half-strength MS medium supplemented with
2.5 uM NAA, 4 week-old culture. f An acclimatized plantlet of
D. hamiltonii in Soilrite™

Table 2 Effect of calcium chloride concentration on shoot re-growth
(%) from encapsulated nodal segments of D. hamiltonii after 6 weeks
of culture on MS medium

Sodium alginate (% w/v) Shoot re-growth (%)

Calcium chloride (mM) Shoot re-growth (%)

1.0 Fragile beads
2.0 Fragile beads
3.0 64.40 £ 1.91% (but soft to handle)
4.0 68.60 + 1.86"
5.0 33.60 + 1.56"

25 Fragile beads
50 Fragile beads
75 42.00 + 0‘94b(but soft to handle)
100 68.60 + 1.86"
200 24.40 + 1.28°

Different concentrations of sodium alginate and 100 mM CaCl,-2H,0
were added to MS medium

Data represents Mean & SE of 24 replicates per treatment in three
repeated experiments

Mean value followed by the same letters are not significantly different
according to Tukey’s test at 5 % probability

further enhance sprouting frequency of capsules, PGRs
(cytokinin and auxin) and growth additive were added to
the MS basal medium (Table 3). On PGR supplemented
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Different concentrations of calcium chloride and 4 % sodium alginate
were added to MS medium

Data represents Mean &+ SE of 24 replicates per treatment in three
repeated experiments

Mean value followed by the same letters are not significantly different
according to Tukey’s test at 5 % probability

medium sprouting of capsule was possible within 2 weeks
of incubation. Maximum re-growth (77.00 £ 2.09 %) was
noticed on MS medium supplemented with 5.0 uM BA,
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Table 3 Effect of different treatments on shoot re-growth (%) from
encapsulated nodal segments of D. hamiltonii after 6 weeks of culture

Treatment (LM) Shoot re-growth (%)

MS 68.60 £ 1.86"
MS + BA (5.0) 70.60 & 1.80*°
MS + BA (5.0) + NAA (0.5) 71.80 & 1.85%
MS + BA (5.0) + IAA (0.5) 74.20 + 1.90°°
MS + BA (5.0) + NAA (0.5) + ADS (30.0) 74.80 + 1.77%
MS + BA (5.0) + IAA (0.5) + ADS (30.0)  77.00 & 2.09*

Beads prepared with 4 % (w/v) sodium alginate and 100 mM
CaCl,-2H,0

Data represents Mean & SE of 24 replicates per treatment in three
repeated experiments

Mean value followed by the same letters are not significantly different
according to Tukey’s test at 5 % probability

Table 4 Effect of different NAA concentrations supplemented to
half-strength MS basal medium on in vitro root induction in micro-
shoots recovered from encapsulated nodal segments of D. hamiltonii
after 4 weeks of incubation

NAA % Response Mean no. of roots/ Mean root length
(uM) shoot (cm)

1.0 82.40 + 1.86° 2.20 + 0.20° 490 £ 0.11*

25 90.20 & 1.80* 4.60 + 0.50" 5.26 + 0.08"

5.0 79.20 + 1.01° 1.60 + 0.24° 400 £+ 0.17°

Beads prepared with 4 % (w/v) sodium alginate and 100 mM
CaCl,-2H,0

Data represents Mean & SE of 24 replicates per treatment in three
repeated experiments

Mean value followed by the same letters are not significantly different
according to Tukey’s test at 5 % probability

0.5 uM TAA and 30.0 uM ADS after 6 weeks of culture
(Fig. 1c, d). Although capsules failed to induce rooting on
re-growth media, therefore an additional experiment was
required to induce rooting in microshoots. The best rooting
was achieved on half-strength MS medium comprising
2.5 uM NAA where root primordia was visible after
1 week of transfer and a maximum of 4.60 £ 0.50 roots
per microshoot with 5.26 + 0.08 cm root length were
induced in 90.20 £ 1.80 % of cultures after 4 weeks of
transfer (Table 4; Fig. 1e). Similarly, shoots that developed
from encapsulated buds of Morus australis, Morus cath-
yana and Morus nigra failed to root on any planting media
tested. Rooting was induced from the regenerated shoots of
M. australis and M. cathyana on half-strength MS medium
containing 5.7 pM TAA, 4.9 uM indole-3-butyric acid
(IBA) and 5.3 uM IPA (indole-3-propionic acid), while
that of M. nigra required only 4.9 uM IBA (Pattnailk and
Chand 2000). Gangopadhyay et al. (2005) devised a two

step method to achieve maximum recovery of complete
plantlets from Ca-alginate beads in Ananus comosus;
firstly, shoots were retrieved from capsules and in the
second step, microshoots were rooted in liquid medium
(supplemented with IBA and Kn) supported with Luffa-
sponge. Bekheet (2006) and Lata et al. (2009) achieved
rooting in Allium sativum and Cannabis sativa on MS
medium containing IAA and IBA respectively. In contrast,
Swamy et al. (2009) reported rooting on PGR-free half-
strength MS basal medium in microshoots retrieved from
encapsulated nodal segments of P. cablin.

Low temperature storage

Encapsulation technology also acts as a tool of germplasm
exchange between countries. For this purpose alginate bead
storage is a critical factor which determines their successful
sprouting (capsule) or conversion (synthetic seed) after
transportation abroad. During cold storage, alginate beads
require no transfer to fresh medium, thus reduces the cost of
maintaining germplasm cultures (West et al. 2006). There-
fore, appropriate storage conditions and definite storage
period are prerequisites to maintain the viability of capsules
or synthetic seeds during transportation that leads to suc-
cessful commercialization of encapsulation technology.

In the present study, two types of encapsulated (one with
MS gel matrix and other with DDW matrix) and non-
encapsulated nodal segments were stored at low tempera-
ture (4 °C) to see the effect of storage on tissue viability
(Table 5). Na-alginate combined with MS nutrients dem-
onstrated significant superiority over DDW with respect to
shoot re-growth. With an increase in storage time up to
4 weeks, sprouting frequency decreased gradually, there-
after a drastic loss in sprouting was noticed for capsules
having encapsulation matrix of MS medium. Decline in
sprouting frequency could be attributed to inhibition of
tissue respiration by the alginate matrix or a loss of
moisture due to partial desiccation during storage as
reported earlier (Danso and Ford-Llyod 2003; Faisal and
Anis 2007). After 4 weeks of storage 47.00 £ 1.54 %
sprouting was noticed for capsules prepared with MS gel
matrix. On the other hand, capsules prepared with DDW
failed to store. These findings suggest that the MS nutrients
are essential ingredients of Na-alginate matrix for plantlet
conversion.

An average of 14.00 £ 1.37 % capsules prepared with
MS nutrients remained viable even after 8§ weeks of cold-
dark storage while only 14.40 £ 1.69 % sprouting was
noticed for non-encapsulated nodal segments just within
2 weeks of storage, thereafter none of the naked nodal
segments survived. The observation with cold stored cap-
sules of this endangered species is in accordance with the
previous reports on other species (Tsvetkov et al. 2006;
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Table 5 Effect of different storage durations on shoot re-growth
ability of encapsulated and non-encapsulated nodal segments of D.

hamiltonii after 6 weeks of culture

Storage Shoot re-growth ~ Shoot re-growth ~ Shoot re-growth
duration  from from from non-
(weeks) encapsulated encapsulated encapsulated
nodal segments  nodal segments  nodal segments
(%) (%) (%)
(encapsulation (encapsulation
matrix prepared  matrix prepared
in MS basal in distilled
medium) water)
0 77.00 £ 2.09% 16.00 £ 1.37% 99.60 £ 0.40%
1 7320 £ 2.51*  00.00 & 0.00°  34.60 & 2.03"
2 63.80 = 1.35°  00.00 & 0.00°  14.40 & 1.69°
4 47.00 = 1.54°  00.00 = 0.00°  00.00 £ 0.00¢
6 25.00 &+ 1.84  00.00 & 0.00°  00.00 £ 0.00¢
8 14.00 + 1.37°  00.00 + 0.00°  00.00 % 0.00¢

Beads prepared with 4 % (w/v) sodium alginate and 100 mM
CaCl,-2H,0

Data represents Mean £ SE of 24 replicates per treatment in three
repeated experiments

Mean value followed by the same letters are not significantly different
according to Tukey’s test at 5 % probability

Faisal and Anis 2007; Ahmad and Anis 2010). However,
the temperature requirement for optimum viability varies
from plant to plant. Generally, 4 °C temperature is found to
be most suitable for alginate bead storage (Faisal and Anis
2007; Sharma et al. 2009a, b; Tabassum et al. 2010;
Ahmad and Anis 2010). Few investigations revealed the
requirement of higher temperature (25 °C) rather than low
temperature for amenable storage of alginate beads in
certain tropical and sub-tropical crops. Sundararaj et al.
(2010) observed 100 % re-growth ability for Z. officinale
encapsulated microshoots incubated at 25 °C while no
re-growth was observed for encapsulated microshoots
stored at 4 °C in dark. Encapsulated microshoots of
Cineraria maritima and Picrorhiza kurrooa could be stored
for 6 and 3 months, respectively at 25 4 2 °C (Srivastava
et al. 2009; Mishra et al. 2011). While, Hung and Trueman
(2012a, b) successfully stored encapsulated shoot tips of
Corymbia torelliana x Corymbia citriodora and Khaya
senegalensis up to 12 months storage under 14 °C and
zero-irradiance.

Acclimatization

During acclimatization plantlets have to adapt to the new
environment of greenhouse or field. The plantlets usually
need some weeks of acclimatization in shade with the
gradual lowering of air humidity (Pospisilova et al. 1998).
Fully developed D. hamiltonii plantlets with proper shoots
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and roots were removed from rooting media, transferred to
thermocol cups containing sterile Soilrite™ and acclima-
tized by adopting the standard procedure (Fig. 1f). Accli-
matized plants showed more than 80 % survival rate when
transferred to field and grew well.

Conclusion

In conclusion, the present study developed a simple and
preliminary experimentation for capsule formation, shoot
re-growth and short-term storage of encapsulated nodal
segments. Encapsulated nodal segments of D. hamiltonii
resumed growth immediately upon transfer to culture
medium. Preservation of encapsulated explants is also
simpler than cryopreservation and less labor-intensive than
conventional storage of non-encapsulated propagules under
minimal growth conditions (Rai et al. 2009). In the present
study, capsules of D. hamiltonii could be stored up to
8 weeks at low temperature (4 °C). Being small in size the
capsules, therefore, provide an effective tool for storage
and exchange of this endemic and endangered plant spe-
cies, potentially overcoming many of the difficulties
associated with long-distance transport of plant germplasm.
However, in the present study rooting was not possible in a
single step on re-growth media which calls for further
refinement in the established protocol in such a way that
rooting would be possible in a single step (on re-growth
medium).
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