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Introduction

Brahmi ( L. Pennell), an ancient,

renowned and important medicinal herb belongs to the family

(2n = 64). It is classified in medhya

rasayana as a drug counteracting the effects of mental stress

and improving intelligence and memory function of ' '

(Intellect), including ' ' (perception), ' i '

(concentration) and ' (memory), . (Roodenrys

Bacopa monniera

Scrophulariaceae

medha

Dhi Dhrit

Smriti' etc et al.,

2002; Rathore and Singh, 2013). Brahmi is rich source of

medically active substances and natural compounds,

including alkaloids (nicotine, herpestine), sapogenins,

flavonoids, triterpenoid, saponins (hersaponin, betulic acid,

bacosides A, B, C, and D) and other chemicals like bsitosterol

and stigmasterol (Sivaramkrishna ., 2005; Ramesh .,

2006; Muthiah ., 2013). These natural compounds act as

nootropic agents, and are used primarily as a nerve tonic to

treat insomnia and nervous tension (Russo and Borrelli,

et al et al

et al
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Leaf, node and internode explants of Brahmi L. were cultured on growth

regulators free (GR free) MS basal medium to assess the effect of an antibiotic (Trimethoprim-

TMP) and an antifungal agent (Bavistin-BVN). Direct shoot regeneration without callus

formation was induced by culturing different explants on GR free MS medium at lower

concentration of TMP. TMP (antibiotic agent) at 50 mg l was found optimum for shoot

regeneration from leaf explants, while higher concentration of TMP did not show any

improvement on more than 50 mg l for shoot regeneration in node explants. BVN (antifungal

agent) at 100 mg l had the optimum effect on regeneration from inter-node and leaf explants, but

node explants showed better regeneration on 150 mg l BVN. The adventitious shoot regenerated

from vertically placed nodes on medium containing 150 mg l BVN and horizontally placed node

segments showed regeneration at 100 mg l . Increasing upto 200 mg l TMP concentration

significantly promoted adventitious shoot bud regeneration in inter-modal explants. The

combination of TMP and BVN significantly suppressed root regeneration at higher concentration

in internodes and leaf explants, while TMP at lower concentration showed better root regeneration

as compared to culture grown on GR-free MS-medium. Trimethoprim and Bavistin exhibited

cytokinin-like activity as they promoted axillary shoots from node and adventitious shoot buds

regeneration on the surface of all explants.
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2005; Banerjee and Shrivastava, 2008; Yamada ., 2011;

Muthiah 2013). Brahmi may regulate antibody

production by augmenting both Th1 and Th2 cytokine

production and regular use of Brahmi along with other herbs

has been suggested to stimulate body immune system against

AIDS and generalized weakness (Stough ., 2001;

Yamada ., 2011) and also prevents the rate of depletion of

blood acetylcholine in aged people and induced lipid

peroxidation (Russo and Borrelli, 2005; Rajani, 2008).

In India, various plant parts of brahmi e.g. roots

(29.6%), leaves (5.8%), bark (13.5%), wood (2.8%), whole

plant (16.3%) and rhizome (4%) are used in Ayurvedic

industries (Tiwari 2006). Now –a- days medicinal

plants are important to the global economy, as approximately

80 % of traditional medicine preparations involve the use of

plants or plant extracts (Dhyani and Kala, 2005). Foreign

exchange earned by India from exports of medicinal and

aromatic plants is estimated to be over US$ 4500 million per

annum (NMPB, 2009; Sharma 2010). According to the

report of NMPB (2009), annual demand of Brahmi during the

year 2004-2005 was 6621.8 tonnes with annual growth rate

of 7 %. In a recent study, Brahmi was considerate as one of

the most important Indian medicinal plants due to medicinal

importance, commercial value and potential for further

research and development (Mohapatra and Rath 2005;

Sharma 2007; Praveen ., 2009; Sharma 2010;

Muthiah 2013; Elkington ., 2014). Pharmaceutical

companies largely depend upon material procured from

naturally occurring stands which are being depleted rapidly.

Thus, over exploitation concerns about possible extinction of

the species, provide significant justification for development

of propagation techniques for this crop.

Micropropagation techniques are aptly suited for

rapid propagation of Brahmi ( ) as seeds of

have proved to be poor propagules due to their

short viability of two months and early seedling death at two

leaved stages. Though, several studies have been carried out

on micro-propagation of Brahmi ( ) from

different explants (Tiwari ., 2006; Ramesh ., 2009;

Sharma 2010; Tanveer 2010; Rathore and Singh,

2013).

The explants with healthy young vegetative parts , nodes,

et al

et al.,

et al

et al

et al.,

et al.,

et al., et al et al.,

et al., et al

in-vitro

Bacopa sp. B.

monniera

B. monniera

et al et al

et al., et al.,

e.g.

Materials and Methods

Experimental site, collection and sterilization of explants:

Till date reports are meager on adventitious or direct

shoot regeneration in growth regulator free MS medium and/

or antibiotics (trimethoprim) and antifungal (bavistin) agents

act as growth regulators (Borrelli ., 1992; Tiwari

2006). In the present investigation, the effect of trimethoprim

and bavistin on direct shoot regeneration on GR free medium

was carried out. In addition, we also reported an economical

micropropagation protocol for Brahmi ( ) on

growth regulators free MS media.

et al et al.,

B. monniera

internodes, terminal shoots with 4-5 nodes and leaves of

Brahmi ) were taken from the 'Ayurvedic

garden' of Banaras Hindu University, Varanasi, India.

Explants were washed with running tap water for 8 to 10 min

and placed the explants in 1% (v/v) cetrimide solution (ICI

India, Madras, India) for 10 min subsequently explants were

washed again with running tap water for 4 to 5 min. Surface

sterilization of explants was done in laminar cabinet chamber

using 70 % ethanol (Hi Media, India) for few seconds.

Explants were washed properly with sterilized double

distilled water in petri-dishes to remove the traces of alcohol.

Sodium hypochlorite (NaOCl) solution (Hi-Media, India)

containing 0.5 % (v/v) available chlorine was used for double

surface sterilization of explants for 10 minutes, and washed

again with sterile doubled distilled water.

Surface sterilized

shoot explants were placed vertically on MS (Murashige and

Skoog, 1962) basal media in which 50 mg l Trimethoprim

(2, 4 di-amino-5-(3, 4, 5-trimethoxybenzyl) pyrimidine and

150 mg l Bavistin: (Methyl benzimidozole carbamate) was

added before autoclaving. Healthy node cuttings (0.7-0.8

cm), internodes (0.8-1.0 cm) and leaf (0.5-0.6 cm) explants

were excised from 4 week-old-shoots raised from axillary

buds of node explants cultures on growth regulator free (GR

free) MS medium using the protocol as reported by Tiwari

(1998 and 2006) and Sharma (2010) with few

modifications. Sucrose 3 % (w/v) was used as carbon source.

pH of the medium was adjusted to 5.8 and medium was

solidified with 0.8 % agar (w/v). The medium was distributed

in culture tubes and sterilized by autoclaving at 121 C and 15

psi (1.04 kg cm ) pressure for 20 min. The cultures were

incubated at 25±2 C under 16 hr white light (2500 lux) with

cool fluorescent tubes (Philips, Mumbai, India) of 50 μE m s

under irradiance and 8 hr dark photoperiod.

Subsequently, trimethoprim and bavistin (Hi-Media,

India) were added separately in growth regulator free (GR

free) MS medium in various concentrations (0, 50, 100, 150

and 200 mg l ). Brahmi ) node explants were

placed in two orientations, , vertically (with natural

polarity) and horizontally, while the explants of internodes

and leaves were placed in horizontal position, only. After

shoot regeneration from internode, node and other explants,

it was transfered to reduced MS medium for strengthen on

node cultures of Brahmi ). The shoots and roots,

sequentially appeared from left to right, were maintained by

using half, quarter and one-eight strength of salts, vitamins,

amino acids and sucrose constituents on MS medium

following the protocol of Tiwari . (2006). Thereafter,

acclimatized plantlets of Brahmi was transferred directly into

thermocoal cup containing soilrite for hardening.

The experiment was laid out according to three-factor

(

Standardization of culture conditions:

(

(

Statistical design, data collection and statistical analysis:

B. monniera

et

al., et al.,

B. monniera

e.g.

B. monniera

et al
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(trimethoprim, bavistin and combined treatments of

trimethoprim and bavistin) nested design with two

replications and each replicate consisting of ten to twenty

culture tubes. For each treatment, experiment was done with

20 culture tubes. Observations (data) were recorded after 4

weeks of culture initiation of 10 randomly selected culture

tubes based on the frequency of explants showing shoot and

root regeneration, mean number of adventitious shoot buds,

roots per explants, mean length of axillary shoots and roots.

The mean data of each treatment of 10 culture tubes were

calculated according to Duncan's multiple range test

(DMRT) and means were compared at 5 % probability level.

Data were analyzed for ANOVA followed by Duncan's

multiple range test (DMRT) according to Gomez and

Gomez (1984) using statistical software SPSS ver. 16 (SPSS

Inc. 2007).

Among the explants of Brahmi ( ),

after adding the antibiotic at 50 mg l trimethoprim and at 150

mg l bavistin in the MS medium, node explants exhibited

induction of several adventitious shoot buds either placed

vertically or horizontally. Antimicrobial agents (antibiotics

and fungicides) are generally added to plant tissue culture

media to control or eliminate contamination present either in

original explant or arise as manual error. Experimental

results showed that addition of trimethoprim and bavistin

induced adventitious shoot buds in Brahmi which is in

Results and Discussion

Bacopa monniera
-1

-1

acceptance with Ramesh (2009) who reported that

bavistin significantly promoted shoot regeneration from

encapsulated beads and simultaneously Tiwari . (2012)

reported formation of adventitious shoot buds from all

explants in Brahmi cultures.

The frequency of responding explants revealed

significant effects (P < 0.01) of explant followed by additive

within explant and additive concentration of bavistin and

trimethoprim within additive effect within explants (Table 1).

Further, splitting of explants mean sum of squares revealed

that for shoot regeneration,

The frequency of shoot regeneration from leaf

explants was significantly higher than those of internodes and

node explants (Table 2). Minimum response was observed in

vertically-placed node explants. The result showed that

leaves appeared to be the best explants for adventitious shoot

bud regeneration, which is in agreement with the findings of

Shrivastava and Rajani (1999). However, in contrast, the

frequency of root regeneration was highest in case of node

explants, either placed vertically or horizontally followed by

leaves and internode explants.

et al.

et al

the effect of additives

concentration of bavistin and trimethoprim within leaf was

non-significant. Whereas, trimethoprim concentration did

not showed the differences significantly within vertically and

horizontally-placed node explants for shoot as well as root

regeneration.

Effect of trimethoprim and bavistin in Brahmi

Table 1 :

Characters/Source of variation Degree of Mean squares

freedom Number of explants Mean number/explant Mean length (cm)

(d.f.) showing regeneration of

Adventitious Roots Adventitious Roots Axillary Roots

shoot buds shoot buds shoots

Analysis of variance for the effect of trimethoprim and bavistin on the frequencies and numbers of adventitious shoot buds and roots produced,

and on lengths of axillary shoots and roots regenerated from node, internode and leaf explants of Brahmi

Explants 3 355.48** 286.41** 652.84** 30.55** 48.42** 15.50**

Additive within explants 4 51.28** 30.03** 297.89** 10.27** 7.08** 17.71**

Additive within vertically-placed node explant 1 36.45** 0.36* 53.46** 20.20** 10.66** 21.73**

Additive within horizontally-placed node explant 1 168.20** 0.36* 415.87** 10.95** 17.67** 21.43**

Additive within internode explant 1 0.45* 3.20** 267.18** 0.83** 0.00 4.80**

Additive within leaf explant 1 0.00 115.21** 455.06** 9.11** 0.00 22.90**

Additive concentration within additive within explants 32 11.20** 9.91** 68.33** 1.84** 0.55** 1.97**

Within TMP within vertical placed node 4 0.00 0.00 0.00 2.24** 0.32* 0.72**

Within BVN within vertical placed node 4 27.40** 0.64** 40.37** 1.11** 1.13** 2.15**

Within TMP within horizontal placed node 4 0.00 0.00 0.00 0.70** 0.17** 0.11*

Within BVN within horizontal placed node 4 56.40** 0.65** 183.66** 5.70** 2.27** 3.85**

Within TMP within internode explant 4 2.40** 14.41** 49.27** 2.35** 0.00 4.22**

Within BVN within internode explant 4 2.10** 16.00** 151.25** 1.87** 0.00 1.32**

Within TMP within leaf explant 4 0.90** 7.65** 2.56** 0.22* 0.00 0.49**

Within BVN within leaf explant 4 0.40** 40.00** 119.55** 0.53** 0.00 2.92**

Error 40 0.10 0.075 0.025 0.007 0.004 0.007

*,**, P at 0.05 and 0.01% level, respectively
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Table 3 :

Additive Number of explants Number of Number of Number of Mean length Mean length

forming explants adventitious roots/ of axillary of roots

Adventitious forming shoot buds/ explant shoots (cm) (cm)

shoot buds roots explant

Comparison by DMRT on the effect of different additives on frequency, number and mean length of shoots and roots regenerated from different

explants of Brahmi cultured on MS medium supplemented with different concentration of trimethoprim and bavistin

Vertically-placed node TMP 0.0 10.0 0.0 3.9 3.2 3.7

BVN 2.7 9.6 3.2 1.9 1.7 1.6

Horizontally-placed node TMP 0.0 10.0 0.0 3.9 3.8 3.9

BVN 5.8 9.6 9.1 2.4 1.9 1.8

Internode TMP 8.8 2.8 11.0 1.1 0 1.5

BVN 9.1 2.0 18.4 0.6 0 0.5

Leaf TMP 9.7 6.8 4.2 1.5 0 2.6

BVN 9.7 2.0 13.7 0.2 0 0.5

Each mean is based on two replicates, each of which consisted of 50 culture tubes (culture age: 4 weeks) and different letters in the superscript indicate

significant difference between means (P<0.05)

a** b a* b b b

b a b a a a

a b a b b b

b a b a a a

a b a b b

b a b a a

b a b b

a b a a

Table 2 :

Explant Number of explants forming* Number of Number of roots/ Mean length of Mean length of

Adventitious Roots adventitious shoot explant axillary shoots (cm) roots (cm)

shoot buds buds/explant

Comparison by DMRT among different explants of Brahmi cultured on MS medium supplemented with different concentration of trimethoprim

and bavistin. Each mean is based on two replicates, each of which consisted of 100 culture tubes (culture age 4 weeks)

Vertically-placed node 1.3 9.8 1.6 2.9 2.4 2.6

Horizontally-placed node 2.9 9.8 4.6 3.1 2.8 2.9

Internode 8.9 2.4 14.8 0.9 0.0 1.0

Leaf 9.7 4.4 9.0 0.9 0.0 1.6

* Each mean is expressed on 10 culture tubes; ** Different letters in the superscript indicate significance difference between means (P<0.05)

a** c a* b b c

b c b c c d

c a d a a a

d b c a a b

The frequency of explants responding for

adventitious shoot bud formation was significantly higher in

bavistin than in trimethoprim containing medium (Table 3).

Vertically or horizontally placed node explants exhibited

shoot bud regeneration on MS medium containing bavistin

whereas trimethoprim containing medium did not show any

shoot bud regeneration. In contrast, trimethoprim was

significantly superior to bavistin in induction of roots from all

the explants used in this study. However, Praveen

(2009) observed maximum shoot regeneration in Brahmi

from leaf explants cultured on MS medium containing 2 mg l

BAP or Kn or thidiazuron (TDZ) growth regulator in 4

weeks of culture. Tiwari (2006) improved the previous

reported protocol by adding bavistin in the medium on the

place of growth regulator. Bavistin is a systemic fungicide

that belongs to benzimidazole family. Benzimidazoles are

group of organic fungicides with systemic action. It's

molecular structure reveals resembles with cytokinins and

showed cytokinin-like activity in Soy and Radish (Skene,

1972; Thomas, 1974) and Brahmi (Tiwari and Singh, 2010;

Tiwari 2012) that helps in shoot regeneration, which is

evident from more number of shoot regeneration from leaf

explants in this medium. It needs more investigation in future

to explain the mechanism by which bavistin triggers shoot

et al.

et al.

et al.,

-

1

regeneration in Brahmi cultures.

Shoot bud induction was observed specific to explants

and trimethoprim at 50 mg l and 200 mg l supported shoot

regeneration from leaf and inter-node explants, respectively

(Table 4). Concentration of trimethoprim above 50-200 mg l

had no effect on shoot regeneration in other explants. In

contrast, bavistin at 100 mg l in MS medium was found

optimum for shoot regeneration from internode and leaf

explants, whereas Bavistin at 150 mg l was observed most

favourable for shoot regeneration from node explants. In

addition, 150 mg l bavistin was lowest concentration that

could induce adventitious shoot buds regeneration from

vertically-placed node explants. These findings were in

agreement with the findings of Tiwari (2000 and 2006)

and Tiwari (2012).

Trimethoprim and bavistin more than 150 and 50 mg l

significantly suppressed root regeneration from internode and

leaf explants. Although, bavistin higher than 50 mg l

concentration inhibited root regeneration in leaf and internode

explants, it helped in regeneration of roots in node explant

(Table 5). Trimethoprim upto 150 mg l showed no

detrimental effect on root regeneration from node explants,

-1 -1

-1

-1

-1

-1

-1

-1

-1

et al.

et al.

V. Tiwari et al.386
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but this concentration inhibited root regeneration from leaf

and internode explants.

Addition of bavistin and trimethoprim had significant

promontory effect on the frequency of explants showing

shoot regeneration. The effects of these additives observed to

be explants-specific; Internodes and leaf explants were found

more responsive than node explants. Since these additives

support shoot regeneration and inhibits root regeneration, it

appears that both bavistin and trimethoprim have cytokinin-

like activity and bavistin seems to be more effective than

trimethoprim. Similar trends with slight modifications were

also reported Tiwari (2006) and Tiwari . (2012).

However, Tiwari and Singh (2010) supplemented MS

medium with trimethoprim and bavistin found direct shoot

bud induction from internode and leaf explants, bavistin

showed as cytokinin like activity.

However, trimethoprim concentration did

not affect significantly within vertically and horizontally-

placed node explants for number of adventitious shoot buds

regeneration per explant. Comparison among all the explants

in this experiment have revealed that internode explants

produced maximum number of adventitious shoot buds per

explants, followed by leaf and horizontally placed node

explants; while vertically-placed node explants showed

lowest number of adventitious shoot buds (Table 2). In

contrast, the number of roots produced per explant was

highest in case of horizontally-placed node explants,

followed by vertically-placed nodal, internode and leaf

explants. There was no significant difference in shoot buds

regeneration from leaf and internode explants. Root length

et al. et al

Additive concentration of bavistin and trimethoprim

in the media showed significant effects within all the explants

tested (Table 1).

was found highest in horizontally-placed node explants,

followed by vertically-placed nodal, leaf and internode

explants. The length of regenerated shoots was higher in

horizontally-placed node explants than vertically-placed

node explants.

Comparison of the effects of additive within explants

showed that bavistin induced significantly higher number of

adventitious shoot buds in all the explants than trimethoprim.

Interestingly, no adventitious shoot bud formation was found

in the presence of trimethoprim in node explants, irrespective

of explant orientation. However, bavistin was able to induce

shoot bud regeneration in node explants; the horizontally

placed explants were found more responsive than the

vertically placed node explants. Root regeneration, in

contrast, was significantly suppressed by bavistin as

compared to trimethoprim. Similarly, root length and length

of axillary shoots were lower in explants cultured on bavistin

as compared to trimethoprim. Adventitious shoot bud

regeneration was significantly promoted by increasing the

concentration of trimethoprim, the promontory effect was

more pronounced in internode than leaf explants. However,

in case of leaf explants, 200 mg l trimethoprim significantly

suppressed shoot bud regeneration (Table 1). Similarly,

bavistin concentration up to 200 mg l showed significant

promontory effect on shoot bud regeneration in all the

explants tested. A minimum concentration of 100 and 150 mg

l bavistin was found appropriate for induction of

adventitious shoot buds in horizontally- and vertically-

placed node explants, respectively.

Trimethoprim at 50-100 mg l significantly

promoted root regeneration in all the explants as compared

to those cultured on GR-free MS medium, where as higher

-1

-1

-1

-1

Effect of trimethoprim and bavistin in Brahmi

Table 4 :

Additive Number of explants responding for Number of adventitious shoot buds/explant

concentration adventitious shoot buds

(mg l ) Vertically Horizontally Internode Leaf Vertically Horizontally Internode Leaf

placed node placed node placed node placed node

Comparison by DMRT on the effect of different trimethoprim and bavistin concentration on frequency and number of adventitious shoot buds

regenerated from different explants of Brahmi ( ). Each mean is based on two replicates, each of which consisted of 10 culture tubes 9

culture age: 4 weeks)

Trimethoprim 0 0.0 0.0 7.0 8.5 0.0 0.0 3.9 2.7

50 0.0 0.0 9.0 10.0 0.0 0.0 8.6 3.9

100 0.0 0.0 9.0 10.0 0.0 0.0 13.2 3.8

150 0.0 0.0 9.0 10.0 0.0 0.0 16.3 5.8

200 0.0 0.0 10.0 10.0 0.0 0.0 14.0 4.9

Bavistin 0 0.0 0.0 8.0 9.0 0.0 0.0 3.9 3.2

50 0.0 0.0 8.0 9.5 0.0 0.0 19.0 11.9

100 0.0 9.0 9.5 10.0 0.0 7.8 19.5 13.7

150 6.5 10.0 10.0 10.0 7.6 16.7 22.9 15.4

200 7.0 10.0 10.0 10.0 8.7 21.0 26.5 24.2

* Different letters in the superscript indicate significance between means (P<0.05)

Bacopa monniera

-1

a a a a

b b b b

b b c b

b b c d

c b d c

a a a a a a a a

a a a ab a a b b

a b b b a b b c

b c b b b c c d

b c b b c d d e
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concentrations of trimethoprim (above 150 mg l )

suppressed root regeneration. The concentration of

trimethoprim at 150-200 mg l completely suppressed root

regeneration in internode explants. Maximum root

regeneration was found at 50 mg l trimethoprim in

vertically-placed node explants. In contrast, bavistin at 50

mg l showed significant inhibitory effect on root

regeneration in leaf explants and it completely suppressed

root formation from leaf and internode explants at 100-200

mg l . Node explants exhibited significant reduction in root

regeneration at 100 mg l bavistin (Table 5). Root length

showed similar trend as root number per explant.

trimethoprim at lower concentrations significantly

promoted root growth in all the explants; however,

exceptionally the node explants exhibited increased root

growth up to 150 mg l trimethoprim. Similarly, 50-100 mg

l trimethoprim showed significant promontory effect on

root growth in leaf and internode explants. Bavistin even at

50 mg l had significant inhibitory effect on root growth in

all the explants; the degree of inhibition increased with

increase in bavistin concentration (Table 5). trimethoprim

up to 150 mg l concentration in medium significantly

promoted auxiliary shoot elongation in node explants and

above this concentration shoot elongation was inhibited.

bavistin had significant inhibitory effect on axillary shoot

elongation at 50 mg l ; the inhibitory effect increased with

the increase in bavistin concentration. The results obtained

from the present study indicated that both trimethoprim and

bavistin showed cytokinin-like activity as they promoted

adventitious shoot bud regeneration and simultaneously

inhibited root regeneration. Out of the two additives,

trimethoprim appeared to have much weaker cytokinin-like

activity than bavistin. This was evident from a promontory

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

effect of lower trimethoprim concentration on root

regeneration and elongation and on shoot elongation,

whereas bavistin 50 mg l had significantly suppressed root

and shoot elongation, after that the rooted shoots were

transferred into thermocol cup containing soilrite for

plantlet regeneration. A similar medium was earlier

reported for optimum rooting of elongated shoots in Brahmi

(Tiwari 1998). Tiwari and Singh (2010) reported that

trimethoprim and bavistin showed a stimulatory effect on

shoot bud induction from different explants and bavistin is

superior to trimethoprim in shoot induction from internode

explants.

Interestingly, Tiwari and Singh (2010) also showed

effective organogenesis in Brahmi in different explants due

to bavistin and trimethoprim treatment. BAP exhibited more

stimulatory effect than other cytokinins for multiple shoot

formation from several medicinal plants (Wang ., 2004;

Espimosa ., 2006). Auxin like 2, 4-D (2, 4-dichloro

phenoxy acetic acid) at low concentration act as growth

regulator to stimulates cell enlargement and cell division in

most of the plant callus culture studies, whereas same

chemical inhibits enlargement or is even toxic to cell or act as

herbicide at higher concentration (Harms and Oplinger,

2012; Whipker, 2013). However, cefotaxime, carbenicillin

or Penicillin G effectively induced somatic embryos, when

germinated on the same medium and these antibiotics also act

as growth regulations. Nakano and Mii (1993); Gonzalez

. (2003). Simultaneously, Nakano and Mii (1993); Rao

(1995); Gonzalez . (2003) studied the mechanism of

stimulatory effect of antibiotics which might induce stress

that makes cell components to regenerate. Alternatively,

antibiotics may mimic plant growth regulators that promote

regeneration.
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Table 5 :

Additive Number of explants responding Number of roots/explant Mean length of axillary Mean length of roots (cm)

for root regeneration shoots (cm)

Node Node Inter- Leaf Node Node Inter- Leaf Node Node Inter- Leaf Node Node Inter- Leaf

(V) (H) node (V) (H) node (V) (H) node (V) (H) node

Comparison by DMRT on the effect of different trimethoprim and bavistin concentrations on frequency and number of root regeneration, mean

length of axillary shoots and roots from different explants of Brahmi. Each mean is based on two replicates, each of which consisted of 10 culture tubes

(culture age: 4 weeks).

Trimethoprim 0 10.0 10.0 6.0 8.5 2.8 4.0 1.6 1.3 2.8 3.5 2.5 1.2 2.6 3.9 1.9 2.8

50 10.0 10.0 4.0 8.0 5.2 4.7 2.3 1.9 3.6 4.3 1.8 4.3 4.1 4.1 2.8 3.0

100 10.0 10.0 4.0 7.0 4.6 3.9 1.8 1.8 3.6 3.8 2.2 2.8 4.0 4.0 2.9 3.0

150 10.0 10.0 0.0 7.0 4.0 3.7 0.0 1.6 3.1 3.7 4.6 0.0 3.9 4.0 0.0 2.6

200 10.0 10.0 0.0 3.5 2.8 3.1 0.0 1.1 2.8 3.6 0.0 4.2 3.7 3.5 0.0 1.8

Bavistin 0 10.0 10.0 6.0 10.0 2.7 3.8 1.8 1.1 2.9 3.6 1.4 3.6 2.9 3.6 1.8 2.7

50 10.0 10.0 4.0 0.0 2.6 4.6 1.6 0.0 1.8 2.6 3.2 1.8 2.5 2.9 0.9 0.0

100 10.0 10.0 0.0 0.0 1.6 1.5 0.0 0.0 1.6 1.4 2.1 1.9 0.9 1.6 0.0 0.0

150 9.0 9.0 0.0 0.0 1.4 1.1 0.0 0.0 1.3 1.0 1.7 1.4 0.8 0.7 0.0 0.0

200 9.0 9.0 0.0 0.0 1.1 1.0 0.0 0.0 0.9 0.9 1.5 1.0 0.7 0.4 0.0 0.0

* Different letters in the superscript indicate significant different between means (P<0.05); comparison by DMRT

concentration

(mg l )
-1

c* c a c b b a c a c a b b b

b c d d d d c c c b c c c c

b b c c c d c b b a c bc c c

a b b b a c b b b a c bc a b

a a a a a a a ab a d b a a a
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It can be concluded that trimethoprim at low

concentration (50 mg l ) along with bavistin at high

concentration (150 mg l or above) promoted high frequency

multiple adventitious shoot bud regeneration in Brahmi.

Whereas, trimethoprim at low concentration (50 mg l )

induced optimum shoots bud regeneration from leaf explants,

in contrary, high concentration of trimethoprim did not show

any improvement in shoot regeneration from all the explants.

This protocol was found economical which could help in

improvement programmes in terms of genetic transformation

and commercial micropropagation of Brahmi.
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