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       ABSTRACT
Bacopa  monnieri (L.) Wettst. an emergent macrophyte, fast proliferating wetland species has
attracted considerable attention in recent years owing to its capability of absorbing toxic heavy
metals from the aquatic environment. As such plant species having dual importance need to be
conserved and propagated on priority basis. A protocol was developed for regeneration from
encapsulated nodal segments collected from in vitro propagated shoots of Bacopa monnieri. The
best gel composition was achieved using 2.5% sodium alginate and 100 mM CaCl2.2H2O. The maximum
percentage response (86.67) for conservation of encapsulated nodal segments into plantlets was
achieved on Murashige and Skoog’s medium supplemented with 1.0 mg  -1 BAP  after 6-8 weeks. Well
developed regenerated plantlets were hardened, acclimatized and established under net house
conditions, where they grew well without any detectable variation. The regeneration ability of
encapsulated nodal segments was affected by the concentration of sodium alginate and calcium
chloride.
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INTRODUCTION
Industrialization and urbanization has led to heavy
metal pollution that is the most hazardous
contaminant present in aquatic environment. In
recent years, public concern relating to ecological
threats caused by heavy metals has led to intensive
research in developing new remediation
technologies. Conventional ecological, micro-
biological and engineering remediation methods
are costly to install and operate.1The rapid increase
in population coupled with rapid industrial growth
has caused serious environmental problems, such
as contamination of water bodies with high heavy
metal amounts, including the production and
release of considerable amounts of toxic waste
material into the aquatic environment. 2

The economic aspects and side effects of

engineering remediation technologies has paved
way for the utilization of aquatic macrophytes in
wetlands that offer a reliable, cost effective and
ecofriendly   technology   for   wastewater
treatment. 3 Thus,   identification   and conservation
of novel plant species with high biomass yield
coupled with ability to tolerate and  accumulate
multiple  metals  has  become  an  important
aspect  of  phytoremediation research.
Accumulation of mercury in the roots and shoots
of plants of Bacopa monnieri growing in
wetlands in the vicinity of the chloralkali industry
have been reported. 4,5  Luxurious growth of plants
of B. monnieri in polluted waters and their
significant accumulation of metals under
laboratory conditions and industrial wastewater
has been extensively analyzed. 6,7 In view of their
high tolerance, B. monnieri may be considered
as suitable candidate plants for the amelioration
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of industrially polluted wetlands experiencing
regular flushing of wastewaters. Bacopa
monnieri (L.) Wettst.  (Scrophulariaceae)
commonly known in India as Brahmi or Nirbrahmi
is considered to be a rejuvenating herb for nerve
and brain cells and therefore, has also played a
very important role in Ayurvedic therapies for the
treatment of cognitive disorders of aging.8,9 The
demand for the herb is rising rapidly in view of
the popularity of drugs based on this herb, whose
need is met solely from the natural populations
leading to its gradual depletion. Vegetative
propagation is slow and further hampered by
specific habitat requirements and poor
performance of propagules. Additionally, field
cultivation  is  time  consuming,  labour  intensive,
season  dependent  and  leaves  the material
vulnerable to natural calamities. In view of these
facts, it is important to develop alternative, viable
in vitro approaches like micropropagation and
synthetic seed preparation followed  by plant
conversion  for the  availability of  an  adequate
supply of the  selected germplasm.
Considerable efforts have been made for in vitro
plantlet regeneration of B. monnieri utilizing shoot
tips, nodal and internodal segments. 10-12  Recently,
the effect of fungicide bavistin on encapsulation
and regeneration of encapsulated uninodal
microcuttings obtained from in vitro
micropropagated B. monnieri for  exsitu
conservation have been reported.13 However
optimization with respect to concentration of
encapsulation matrix and hardening solution has
not been reported for in vitro shoot explants as a
mean for their conservation and propagation.

AIMS    AND  OBJECTIVES
Optimization of the concentration of encapsulation
matrix and hardening solution, based upon the
percentage of germination to produce ideal
synseeds of Bacopa monnieri.
Developing an efficient regeneration schedule for
B. monnieri, through encapsulation of nodal
segments in the form of sodium alginate beads
known as synseeds.
To verify the possibility to achieve complete
plantlet conversion and acclimatization of the

synseeds for  mass propagation and also
germplasm conservation of this medicinally
important plant species.

MATERIAL   AND   METHODS
Plant material and explants
In vitro cultures of the Bacopa monnieri were
initiated from plant material (accession RRL-
01BM) grown at Indian Institute of Integrative
Medicine, (formerly RRL-CSIR) Jammu. In
cultivated soil beds. Shoot tip explants collected
from field grown plants (0.7 – 1.2 cm long) were
washed thoroughly under running tap water and
subsequently by adding a few drops of detergent
(Tween-20). They were then aseptically surface
sterilized with 0.1% (w/v) mercuric chloride for 5
min followed by rinsing 3 to 4 times with sterile
double distilled water and cultured  on  MS14,15

medium  supplemented  with  1.0  mg  -1   BAP  +
IBA  each  as  earlier reported.16  Periodic
subculturing  at an interval  of 28 days interval
was carried  out to maintain the proliferative
shoot cultures. These cultures were utilized for
further experimentation.
Encapsulation of nodal explants
Nodal  explants  (0.3   -   0.5  cm)  were  excised
from  in  vitro  proliferated  multiple  shoots
aseptically,  blot  dried  using  sterile  filter  papers
and  encapsulated  by  mixing  the  freshly excised
individual node microcuttings in var ious
concentrations of sodium alginate solution (1 -3%
w/v). The encapsulated  explants were then
subsequently dropped in varying concentrations
of complexing solution, calcium chloride
(CaCl2.2H2O 50 - 100 mM) using cut micropipette
tips of 0.5 cm diameter. Each beaded drop
containing single nodes were left in CaCl2.2H2O
solution for 30 min. The CaCl2.2H2O solution was
carefully decanted off and the encapsulated
beads were washed  3-4 times with sterile
distilled  water, blotted dry on sterilized filter paper
and cultured on MS nutrient medium fortified with
1.0 mg  -1  BAP to induce organogenesis and
rhizogenesis for 6-8 weeks. Each experiment
comprised of fifteen replicates and repeated
thrice.
Culture conditions
All  culture  media  utilized  were  solidified  with
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0.7 % agar  and  pH  adjusted  to  5.8. The cultures
were maintained in culture tubes and kept in the
culture room at a temperature  of 24+2°C,
Relative  Humidity (RH)  of  60-70%  and  at  a
photoperiodic  regime  of  16/8  hr light/dark
periods provided by cool white fluorescent tubes
(Philips) of intensity 4000-5000 lux cm-3.
Regenerated  multiple shoots  having well
developed roots were harvested  from the culture
tubes, washed under running tap water to remove
adhering agar and transferred to plastic cups
containing autoclaved sand. Initially, the plastic
cups were covered with thin polythene bags with
minute holes to maintain humidity and incubated
at 24±2°C.  After two weeks, plantlets were
transferred under net house conditions and
maintained for further growth.

RESULTS   AND   DISCUSSION
Synthetic seed germination
Sodium  alginate  beads  with  encapsulated  nodal
segments  differed  morphologically  with respect

to texture, shape and transparency with different
concentrations  of sodium alginate and
CaCl2.2H2O (Table 1). Among the different
concentrations of sodium alginate (1 - 3.0%) and
CaCl2.2H2O (50-100 mM) used in the study, a
combination of 2.5 % sodium alginate and 100
mM  CaCl2.2H2O  was  found  to  be  the  best
gel  complexation  medium  with  a mean
germination % of 86.67+0.27 and was suitable
for the formation of firm quality beads which could
be  easily  handled  Fig. 1(a).  Conversion  of
encapsulated  nodal  segments  into plantlets was
successfully  accomplished Fig. 1(b)  and Fig. 1(c).
Higher concentration  of sodium alginate (3%)
inhibited the conversion of encapsulated nodal
explants whereas lower concentrations resulted
in the formation of fragile encapsulated beads that
were difficult to handle.
The beads, which were formed using 2.5%
sodium alginate solution were of uniform size,
isodiametric, clear, solid and were ideal for the
present study. Higher germination frequency has

Concentration Concentration   No. of *Germination           Remarks
of CaCl

2
.2H

2
O of sodium explants    percentage

(m/M) alginae (%) responded
          50 1 0        0 Failed to coat

nodal  explants

         100 1 2 15.33 + 0.13 Malformed beads, very

fragile and soft to handle

         50 2 4 26.67 + 0.27 Poor bead formation

         100 2 2 18.0 + 0.13 Too soft and very fragile

         50 2.5 6 48.67 + 0.32 Rigid, solid texture

         100 2.5 13 86.67 + 0.27 Clear, firm, round

and uniform size

         50 3 7 40.0 + 0.27 Uniform size, solid

         100 3 5 38.0 + 0.32 Uniform size, solid and
sort tail at the surface

Table 1 : Effect of different concentrations of sodium alginate and calcium chloride on
beads formation and germination percentage from encapsulated nodal

explants on MS medium

*The experiment was repeated three times with 15 explants/treatment days to germination = 21 day, values are mean  S
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also been reported in Carica papaya by the use
of 2.5% sodium alginate,17 whereas, successful
germination  in Rhodiola  kirilowii  at 4% and
5% of sodium  alginate  has been possible18 In all
cases synthetic seed germination occured within
10-15 days of incubation primarily  by breaking
open the sodium  alginate  matrix resulting in the
emergence  of the shoot.  This  was  followed  by
the  gradual  emergence  of  multiple  shoots  with

Fig. 1 : Synseed production, regeneration and conservation in Bacopa monnieri (L.) Wettst  (a)  Encapsu-
lated  nodal  explants  in 2.5%  (w/v)  sodium  alginate  solution  (b,  c) Germination of encapsulated beads
(d) Multiple shoots with roots (e) Acclimatization and hardening of plants in autoclaved sand (f) Complete

plantlet formation (g) Plantlets adapted under net house conditions

Table 2 : Performance of the acclimatized plantlets

roots  when transferred to MS medium containing
BAP (1.0 mg  -1) after 6-8 week of culture
Fig. 1(d). Some of seeds failed to germinate and
encapsulated nodes turned brown within the
matrix.
Beads obtained from different concentrations  of
sodium alginate and CaCl2.2H2O  solution showed
variable percentage of germination after 21 days
(Table 1). Higher germination percentage in case

* Values represent mean  SE of ten plats taken randomly out of 30 accilimatized plants

a b c d

e f g

  Characterstics
*At the time of hardening *During transfer to net house
             (0 day)      conditions (after 21 days)

Shoot length (cm)           0.73 +  0.07              1.21 +  0.08

No. of shoots          1.37+  0.18              1.37 +  0.18

Root length(cm)           0.38 + 0.08              0.63 +  0.07

No. of nodes          1.62 +  0.26              2.75 +  0.24

No. of leaves          3.75+  0.58              5.37 +  0.41
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of synthetic seeds (without storage) could be due
to the matrix, which not only facilitated regular
nutrient supply but also protected delicate tissue
from any mechanical injury  while  handling  and
from  desiccation.  Plantlets  regenerated  from
the  encapsulated explants  of  B.  monnieri  were
hardened  off  and  were  successfully  transferred
to  pots containing non sterile 1:1 potting mix of
sand and soil irrigated with regular tap water. Plant
regeneration was observed within 3-4 weeks of
transfer Table 2, Fig. 1(e) and Fig. 1(f). The
acclimatized plants exhibited normal growth and
development.
The beads can potentially serve as a reservoir of
nutrients that may aid survival and speed up
growth as earlier reported19,20 The alginate matrix
containing nutrients reduced the viscosity and
ability of the gel to form solid beads. Propagation
through encapsulation of vegetative propagules
has been reported in number of medicinally
important plant species like Withania
somnifera21  and Tylophora indica.22

CONCLUSION
The present procedure reported herein for
production of synthetic seeds in B. monnieri by
encapsulating nodal segments in sodium alginate
and retrieving plants under both in vitro and
exvitro conditions provides a suitable protocol to
develop synthetic seeds. However, further
experimentations  are still in progress  to
standardize  the germplasm  storage conditions
of these synthetic seeds to utilize them for long
term storage of B. monnieri.
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Environment should be put in the
category of our national security.
Defense of our resources is just as
important as defense abroad.
Otherwise what will remain there to
defend?

Robert Redford


