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Abstract: A reliable and reproducible protocol for contamination free plant recovery system from alginated encapsulated uninodal microcuttings

of micropropagated Bacopa monnieri L.have been developed after storage at 18oC for 45 days. Node segments excised from freshly

micropropagated plants were encapsulated as single explant beads with 3.0 % sodium alginate and 80 mM CaCl
2
 2 H

2
O. To find out the

optimal concentration of fungicide bavistin for efficient plant recovery, different concentrations of bavistin (1.0 - 15 mg l-1) were incorporated

in to the encapsulation medium. 3.0 mg l-1 bavistin showed no reduction in plant conversion and generated maximum number of shoots (45.6

± 1.69) at high frequency with out any contamination after storage up to 45 days at 18oC. At high concentrations (13 and 15 mg l-1), rupturing

of calcium alginate coats after 8 - 9 days and gradual decline in the number of shoots indicates the toxic effect of bavistin on plant

conversion. Encapsulated node cuttings stored up to 45 days regenerated shoots (5.2) and multiple shoots (45.6) in MS basal and hormone

medium respectively. Maximum shoot length (8.2  ± 0.37 cm) was observed from encapsulsted node cuttings incorporated with 3.0 mg l-1

bavistin on MS basal medium. 90 % of the recovered plantlets were hardened off and successfully established in soil.
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Introduction

Bacopa monnieri (L.) is a sprawling succulent ayurvedic
tropical herb of the family Scrophulariaceae found in fresh and

brackish waters, wet and marshy lands (Anonymous, 1988). In
India it is commonly known as ‘Brahmi’ with high economic and scientific
values. It is medicinally very important as it contains alkaloids (nicotine,

brahmine, herpestine), saponins (hersaponin, betulic acid, bacosides
A, B, C and D) and other chemicals like stigmastanol, b- sitosterol and
stigmasterol (Bose and Bose, 1931; Fransworth, 1966). Indians knew

the drug value of Brahmi since ancient days and now used in both
ayurvedic and unani system of medicine. The release of brahmi based
‘Memory Plus’ drug in the market and subsequent unscrupulous

exploitation by industries and local practitioners may lead to rapid
exploitation of the plant and at one point of time it may become extinct
due to overexploitation of available natural populations.

Improvement of this ayurvedic important ancient medicinal
plant requires development of reproducible protocols for the production

of uniform plantlets through ex situ conservation methods like
micropropagation and synthetic seed preparation followed by plant
conversion. Synthetic seed technology has been suggested as one of

the exciting and powerful plant biotechnology tool applied for mass
propagation of medicinal plants. The authors (Ramesh et al., 2006)
recently reported the role of auxins and cytokinins on multiple shoot

and root induction for nodal explants of Bacopa monnieri. Analysis of
fungicide effect on preventing contamination during encapsulation and
subsequent plant conversion could be used to produce thousands

and thousands of quality plants at a required point of time. Knowledge
regarding the optimum concentration of fungicide in preventing
contamination from tissue culture derived plants from synthetic seed is

lacking. We have also made attempts for direct transfer of the

encapsulated node cuttings to ex vitro condition. Studies on synthetic
seed production using node cuttings have been reported in Dalbergia

sisso Roxb., a timber yielding leguminous tree species (Chand and
Singh, 2004), tropical forest trees like Cedrela odorata L., Guazama
crinita and Jacaranda mimosaefolia (Maruyama et al.,1997) and

Plumbago zeylanica (Rout et al., 2001).The main objective of the
present study is to optimize the concentration of fungicide bavistin on
contamination free high frequency plant conversion from stored

encapsulated uninodal microcuttings obtained from in vitro
micropropagated Bacopa monnieri for ex situ conservation.

Materials and Methods

In-vitro micropropagation: Node explants of Bacopa monnieri
excised aseptically from in vitro maintained cultures on MS (Murashige
and Skoog, 1962) basal medium were micropropagated on MS

medium supplemented with 1.5 mg l-1 BAP and 1.0 mg l-1 NAA as
reported earlier from our group (Ramesh et al., 2006). Node cuttings
were excised from freshly micropropagated plantlets (Fig. 1A) and

encapsulated with different concentrations of bavistin.

Encapsulation:  3.0 (w/v) sodium alginate (Himedia, Mumbai) was

added in MS medium supplemented with 1.5 mg l-1 BAP and 1.0 mg l-1

NAA and the pH was adjusted to 5.75 before sterilization. Similarly 80
mM CaCl

2
. 2H

2
O was prepared in MS medium without any hormones.

Both solutions were sterilized by autoclaving at a pressure of 1.06 kg cm
–2 for 18 min. Encapsulation was done by mixing freshly excised individual
node microcuttings (1.5 - 2.0 mm) in 3.0 % sodium alginate and

complexes with 80 mM CaCl
2
. 2H

2
O. Each node with alginate containing

medium was quickly dropped into 100 ml of CaCl
2
. 2H

2
O using cut tips of

0.5 cm diameter. Each beaded drops (0.7 cm) containing single node

were kept in calcium chloride solution for 30 min for proper setting.
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Plant conversion and hardening: After 30 minutes of hardening,
beads were washed three times with sterile distilled water in order to

remove residual CaCl
2
. 2H

2
O (Onishi et al., 1994). Encapsulated

node segments were stored for 45 days at 18oC and cultured on
both MS basal and medium supplemented with 1.5 mg l-1 BAP and

1.0 mg l-1 NAA as hormones for shoot and root induction. Non-
encapsulated node cuttings stored at 18oC were used as control.
Percentage of contamination was calculated during storage and

after transfer to plant conversion medium. After 24 days of culture
initiation, well developed shoots from MS basal and multiple shoots
from MS hormone were removed from the medium and transferred

to plastic culture boxes (Catalog No. 4928, Sigma, USA) containing
autoclaved mixture of compost and red soil (1:1). Initially the boxes
were covered with thin polythene bags with minute holes to maintain

humidity and stored at 24 ± 2oC. After two weeks, plantlets were
transferred to the nursery and maintained for further growth.

Effect of bavistin on plant conversion: In order to find out the
optimum concentration of fungicide on plant recovery without
contamination, different concentrations of    bavistin (1.0, 3.0, 5.0, 7.0,

9.0,11,13 and 15 mg l-1) were incorporated in to encapsulation medium
and used for bead preparation. For each treatment a set of 20-25
beads were stored in dark at 18oC in sterile petri-dishes sealed with

parafilm. Beads without bavistin were treated as control and stored at
18oC.  After 45 days of storage, the performance of bavistin-
incorporated synthetic seeds on rupturing (germination) and plant

conversion without contamination was compared with control synthetic
seeds with out bavistin on both MS basal and MS hormone medium.
Plant conversion frequency was calculated on the basis of number of

encapsulated node cuttings differentiated into shoots and roots without
contamination. For each treatment, experiment was done with 20
replicates and for analysis five randomly selected replicates were

taken and the means with standard error were calculated according to
Duncan’s multiple range test at the p< 0.05 level of probability. The
data were analyzed for variance by Duncan’s multiple range test

(DMRT) using the SAS program (SAS Institute, Cary, NC, USA).

Results and Discussion

Encapsulated uninodal microcuttings with 3.0% sodium alginate
and 80 mM CaCl

2
.2H

2
O developed beads with uniform shape, size,

and texure but with frequent contamination after storage at 18oC for 45

days. Development of this kind of synthetic seed technology through
encapsulated uninodal microcuttings and successful plant conversion

after storage at low temperature ensure ex situ conservation through
micropropagation. Standardi and Piccioni (1998) reported the potential

uses of vegetative propagules other than somatic embryos on the
development of synthetic seeds. Bapat et al. (1987) reported the
successful use of in vitro derived propagules different from somatic

embryos in Morus indica.  Among the different combinations of sodium
alginate (3.0-5.0%) and CaCl

2
 .2H

2
O (20-100 mM) tried in the lab,

only 3.0 % sodium alginate and 80 mM CaCl
2.
 .2H

2
O was found best

gel complexation medium and ideal for the formation of quality firm (not
too hard and too soft) beads with easy handling (Fig. 1B).  It was
observed that 3.0% sodium alginate as hydrogel and 80 mM CaCl

2

.2H
2
O as complexing agant were efficient in the emergence of shoots

at a frequency of 76% in control with 20 - 30% contamination during
storage at 18oC. Freshly encapsulated node cuttings direcly transferred

to plant conversion medium showed rupturing (germination) within 4
days of inoculation (Fig. 1C) and complete plant conversion with
single to two shoots and multiple shoots after 24 - 26 days of culture on

MS basal and MS hormone medium respectively (Fig. 1D).

Sodium alginate is widely preferred as most suitable
encapsulated agent for many vegetative propagules like protocorm
like bodies of Geodorum dennsiflorum  (Datta et al., 2001), and in

vitro derived buds of ‘Hayward ’kiwifruit (Adriani et al., 2000).  3.0%
sodium alginate and 70-80 mM CaCl

2
.2H

2
O in forming an insoluble

gel matrix of calcium alginate beads with high frequency plant

conversion was reported in plant systems like Hyoscymus muticus
L. (Pandey and Chand, 2005), and mulberry (Patnaik et al., 1995).
In general, 3.0-4.0% sodium alginate upon complexation with 75

mM calcium chloride gives optimum bead hardness and rigidity for
the production of viable seeds (Saiprasad, 2001).

Study of effect of fungicide concentration on encapsulated
beads with regenerable vegetative propagules was essential

prerequisite for plant conversion without contamination. Seeds
collected from wild were normally treated with systemic fungicide like
bavistin at a concentration of 0.2  to 1.0% in order to prevent possible

fungal contamination during the course of tissue culture experiments.
So far there is no report on utilizing vegetative propagules of Bacopa
monnieri as explants to produce synthetic seeds and to study the effect

of fungicide bavistin on checking the level of contamination. In order to
find out the optimum concentration of bavistin to facilitate contamination
free plant conversion with out compromising the viability for multiple

shoot and root induction, experiments were conducted with seven
different concentrations of bavistin from 1.0 - 15 mg l-1. In all the tested

Table - 1: Effect of different concentration of fungicide bavistin (mg l-1 ) on plant conversion from encapsulated uninodal microcutttings of Bacopa monnieri  L. after

storage at 18 oC for 45 days

Concentration                Mean number of shoots            Mean length of shoots (cm)

MS-basal MS-hormone MS-basal MS-hormone

0.0 3.6 ± 0.40abc 36.0 ± 1.87b 15.2 ± 0.80a 3.3 ± 0 .43ab

1.0 4.4 ±0 .40ab 36.0 ± 2.91b 6.4 ± 0.48c 3.3 ± 0 .53ab

3.0 5.2 ± 0.58a 45.6 ± 1.69a 8.2 ± 0 .37b 3.8 ± 0 .37a

5.0 3.6 ± 0.87abc 26.4 ± 1.56c 7.0 ± 0.70bc 2.4 ± 0 .18bc

7.0 3.0 ±0 .83bc 24.8 ± 1.06c 6.2 ± 0.58c 2.1 ± 0 .24c

9.0 3.0 ± 0.74bc 21.6 ± 0.748c 5.8 ± 0 .37c 1.8 ± 0.25c

13 2.4 ± 0.40bc 13.6 ± 1.36d 3.3 ± 0.37d 1.5 ±0 .27c

15 2.0 ± 0.54c 11.8 ± 1.35d 3.1 ± 0.45d 0.8 ± 0 .20d

Results are expressed as mean ± SE (n= 5). Means within a column followed by the same letters are not statistically significant at p<0.05 according to DMRT
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Bavistin effect on plant conversion from Bacopa nodes

Fig. 1: Effect of bavistin on in vitro plant conversion from encapsulated uninodal microcuttings of Bacopa monnieri (L.). (A) In vitro micropropagated Bacopa

monnieri L. culture, (B) Beads formed by the encapsulation of uninodal microcuttings of micropropagated culture of Bacopa monnieri L. using 3.0% sodium

alginate and 80 mM CaCl
2
 2H

2
O added to MS hormone medium, (C) Rupturing of shoots after 4 days of culture from encapsulated uninodal microcuttings on

MS hormone medium, (D) Plant conversion from bavistin incorporated encapsulated node cuttings after 24 days of culture on MS basal (left) and MS hormone

medium (right), (E) In vitro encapsulated (with bavistin) node-derived plant with multiple shoots and roots established in pot after 2 weeks, (F) Established

bavistin treated encapsulated node- derived Bacopa plants in ex vitro condition

concentrations, except 13 and 15 mg l-1, rupturing was observed with

in 4-5 days (Fig. 2). Bavistin at low concentrations (1.0 to 9.0 mg l-1)
showed no inhibitory effect on rupturing and plant conversion on both
MS basal and MS hormone medium. Increase in the time (8-9 days)

required for the rupturing of encapsulated beads with higher
concentration of bavistin (13 and 15 mg l-1) clearly showed its toxic
effect at concentration higher than 9 mg l-1.  Among the seven different

concentrations of bavistin tried for contamination free storage and plant

conversion, only encapsulated beads with 3.0 mg l-1 bavistin induced

an average of 5.2 shoots and 45.6 shoots per bead respectively on
MS basal and MS hormone medium (Table 1). Multiple shoots
emergence of encapsulated node cuttings was 10 -15 fold high in

hormone medium than that of basal medium with out hormones because
of low endogenous level of hormones in the node cuttings used for
encapsulation. In most of the calcium alginate beads incorporated with

3.0 mg l-1  bavistin and transferred to MS hormone medium for plant
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Fig. 2: Effect of bavistin on rupturing from encapsulated uninodal microcuttings

of Bacopa monnieri after storage at 18 oC for 45 days

Ramesh et al.

conversion, it was impossible to count the number of multiple shoots

under in vitro condition and showed 96% plant conversion. The
percentage plant conversion was calculated based on the number of
encapsulated beads regrown into plantlets (Redenbaugh, 1993).

Addition of higher concentrations of bavistin (11-15 mg l-1)

was not beneficial because it delays the days required for rupturing
and severely affect the number of shoots and its length on both basal
and hormone media. The gradual decrease in the number of multiple

shoots with increasing concentration of bavistin is another visual
indication of the toxic effects of bavistin. Node cuttings encapsulated in
sodium alginate and calcium chloride with out bavistin caused 20 -30

% contamination during storage. Between the two different media tried
for plant conversion, only hormone medium (1.5 mg l-1 BAP and 1.0
mg l-1 NAA) developed multiple shoots (45.6) and roots with very high
frequency in all the tested concentration (Table 1). Maximum shoot

length (8.2 ± 0.37 cm) was observed from encapsulsted node cuttings
incorporated with 3.0 mg l-1 bavistin and transferred to MS basal
medium for plant conversion. All the non-encapsulated node cuttings

failed to regenerate after storage at 18oC for 45 days. As expected,
none of the bavistin incorporated synthetic seeds developed fungal
contamination during the course of this experiment from storage to

plant conversion and hardening. Incorporation of bavistin at
concentration higher than 4.0 mg l-1 was found to be inhibitory to
protocorm like bodies (PLBs) of Geodorum densiflorum (Datta et al.,

2001). Encapsulated somatic embryos and vegetative propagules
cultured on hormone medium showing high percentage plant
conversion with multiple shoots and only single shoot emergence with

low percentage plant conversion was well observed in other systems
like Hyoscyamus muticus L. (Pandey and Chand, 2005), and Oryza
sativa (Arun Kumar et al., 2005). The retention of high frequency plant

conversion without fungal contamination is due to the availability of
nutrients and hormones along with fungicide bavistin in the gel matrix.
Plant conversion rate was satisfactory even beyond 45 days of storage

at 18oC. In most of the other plant systems, storage of encapsulated
beads with vegetative propagules with in 4 – 8 oC facilitates satisfactory
to high plant conversion (Gangopadhyay et al., 2005; Halmagyi et al.,

2004). Almost 90 % of the plantlets, with well developed multiple shoots
and roots transferred to plastic pots with sterile soil survived,
morphologically similar to mother plants maintained in the lab (Fig. 1E),

and were successfully established in ex vitro condition (Fig. 1F).

The development of synthetic seed technology reported here
will add new dimensions for ex situ conservation of desirable genotypes

like Bacopa monnieri. Our findings in this work will greatly reduce the

time and energy required for the regular culture and maintenance and
can be used as one of the cost-effective micropropagation method for
this medicinally important plant. In addition, the encapsulation procedure

in combination with micropropagation offers the possibility for efficient
germplasm conservation.
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