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Abstract 

The aim of this study was to observe the effect of different explants viz. apical shoot, nodal stem and leaf 

of Solanum indicum and the concentration of phytohormones on tissue culture responses during the in 

vitro regeneration and development of micropropagation protocol. For primary establishment of explants, 

0.1% HgCl2 solution for 5 minutes was found to be most effective for surface sterilization and Murashige 

and Skoog (MS) medium having 3 mg/l kinetin and 3 mg/l 6-benzylaminopurine was found to be the best 

for all the explants. Among all three explants, leaf explants showed the best primary establishment. The 

explants showed callus formation after 10 to 12 days of culture. The frequency of callus formation was 

higher on MS medium supplemented with 3 mg/l 3-indoleacetic acid and 5 mg/l 6-benzylaminopurine by 

the leaf explant. The highest frequency of shooting was recorded on MS medium with 3 mg/l kinetin and 

2mg/l 6-benzylaminopurine. Apical shoot showed higher potential of shooting than nodal stem and leaf 

explants. The in vitro regenerated elongated shoots were then excised from shoot clumps and transferred 

to rooting medium containing Indole butyric acid at 1.5 mg/l. The in vitro regenerated plantlets were 

shifted to the polycups having mixture of sterilized soil and farm yard manure in 1:1 ratio. Initially, these 

plants were kept under high humidity and progressively acclimatized to reduced humidity for their 

hardening and acclimatization. Plantlets, thus developed, were successfully established and finally 

transferred to a greenhouse. 
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Introduction 

Solanum indicum, a medicinally important weed, largely used as traditional and folk medicine 

worldwide. It belongs to the genus Solanum of the family Solanaceae, which is one of the 

largest and complex genera with cosmopolitan distribution. S. indicum is commonly known as 

Poison Berry, Indian night shed, Vrihati, Badi Kantakari, Vanbhantaa etc. It is a bushy herb 

containing prickles and spines on the stem and grows throughout India and all over the tropical 

and subtropical regions of the world [1]. The fruits and roots of this plant are used for treatment 

of many diseases such as loss of appetite, blood disorders, rhinitis, cough, asthma, sore throat 

and hiccup, abdominal pain, worm infestation, sexual disorders, fever, inflammation, 

insomnia, urinary complications, cardiac weakness and anti-obesity [2-3]. Fruits and roots of 

this plant also contain wax, fatty acids and alkaloids solanine, solanidine, disogenin, 

lanosterol, β-sitosterol, solasornine, solmargine and solaidine etc. [2, 4]. In Arunachal Pradesh, 

fruits and leaves of S. indicum are used in treatment against round and tape worms, leaves are 

also used as common growth supplements for preparation of fermentation starter cultures 

containing brewer's yeast [5]. It is also used as a component of traditional medicines like 

Dashamoolarista recommended for post-natal care to avoid secondary complications [6] and 

Chyavanprasha [7]. 

It grows as wild plant in many parts of India and due to lack of knowledge, destruction of 

natural habitat and overexploitation of these medicinal plants in ayurvedic industry as it forms 

basis of many polyherbal preparation their reserves are diminishing and facing danger of 

extinction. Hence, conservation of genetic diversity of medicinal plants resources are 

necessary, which can be accomplished by adopting alternative methods for rapid in-vitro 

multiplication through tissue culture technique. Micropropagation of these plants is a good 

way to conserve and multiply these amazing plant species. Though an extensive work has been 

done to explore the biochemical constitution and medicinal importance of these plants [1, 2, 8], 

not much effort has been made for micropropagation of these plants. Thus, there is an 

immense need for development of micropropagation protocol. 
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Materials and Methods 

The tissue culture studies included selection, collection and 

preparation of explants, selection as well as preparation of 

medium, inoculation of the explants, incubation and 

multiplication of propagule, rooting and regeneration of 

plantlets, acclimatization of regenerated plantlet and finally 

observations of all the responses and their statistical analysis.  

The plant parts viz. shoot apices, nodes and leaves of S. 

indicum were collected from the branches brought from field 

to be used as source of explants. The explants were excised 

from branches of plants and were cut to a size of about 1-2 cm 

initially with the help of sharp blade. These explants were 

washed under running tap water for few minutes to reduce the 

dust and then shifted in another flask containing distilled 

water added with 5-6 drops of tween 20 and a few drops of 

savlon (chlorhexidinegluconate plus cetrimide). Surface 

disinfection was done inside the laminar air flow cabinet with 

0.1% HgCl2 solution by shaking gently for five minutes and 

rinsed 3 times with sterile distilled water. The surface 

sterilized explants were treated with 70% ethanol for 30 

seconds. After that the explants were washed many times with 

double distilled water to remove traces of sterilant. 

Murashige and Skoog (1962) medium (MS) were the most 

favourable as well as widely accepted medium for the plant 

tissue culture study [9], it was selected as the basal medium 

throughout the study. For further experiment MS basal 

medium were supplemented with different combinations and 

concentrations of phytohormones to form MS modified 

medium. Total thirty four media having different 

combinations and concentrations of auxins (Indole butyric 

acid – IBA, 3-indoleacetic acid – IAA, α-naphthalene acetic 

acid – NAA) and cytokinins (kinetin – KIN, 6-

benzylaminopurine – BAP) were used for the present work. 

The explants were cultured on all the media and responses 

were observed. 

Before aseptic inoculation the pre-treated and surface 

sterilized explants were further trimmed to a size of approx 

0.5 cm by incinerated sterilized scalpel and forceps. The 

explants were than cautiously inoculated into the culture tubes 

containing medium over the flame of sprit lamp. The 

inoculated culture tubes were shifted to the tissue culture 

room having controlled environmental conditions such as 

temperature 25±2°C, relative humidity 50 to 80% and 

continuous fluorescent light of about 2 kilo lux was 

maintained. 

The established cultures were maintained under suitable 

environmental conditions for induction of multiple shoots. 

The established shoots were regularly transferred every 5-6 

weeks by splitting shoot clusters with a sterilized scalpel on 

the most responsive medium, for further increase of multiple 

shoots. The callus was also shifted to shoot differentiation 

medium for multiple shoot formation. For sub culturing, the 

outer dead tissues from the base of explant were removed. 

The differentiated multiple shoots were separated into groups 

of 2-4 shoots and inoculated into separate culture tubes. The 

differentiated shoots were then shifted to root induction 

medium for root formation. The cultures were retained for 

three to four weeks on these media to regenerate plantlets. 

When regenerated plantlets with well-developed root system 

attained 5-8 cm height with few leaves were removed from 

the culture vessels. Roots were washed gently and thoroughly 

under running tap water to remove traces of media and were 

transferred into polycups having sterilized sand and farm yard 

manure (1:1 ratio). They were initially kept under high humid 

conditions and progressively acclimatized to reduced 

humidity for their hardening and acclimatization in 

acclimatization chamber. The acclimatized plantlets were 

transferred to the field.  

The frequencies of establishment of aseptic cultures, callus 

formation, differentiation of shoots and roots were the main 

responses observed during the study. The experiments were 

set up in completely randomized block design (CRD) with 70 

tubes per treatment. All the data were analysed by running 

two way analysis of variance (two way ANOVA) using 

OPSTAT and Microsoft Excel 2013, to test the significance of 

the observed results. The means were compared using 

Duncan’s multiple range test (Duncan, 1955) to find the 

difference at 5% (P<0.05) level [10]. The results were 

expressed as a mean ± SE of three replications. 

The experiments were carried out at the Central Tissue 

Culture Laboratory, College of Basic Sciences and 

Humanities, RPCAU, Pusa, Bihar. 

 

Results and Discussion  

All the three explants shoot apices, nodal stem and leaves of 

S. indicum were cultured on the thirty media. The results of 

the experiment were evaluated for various tissue culture 

responses at regular intervals. The main responses were 

observed with respect to the frequencies of establishment of 

aseptic cultures, callus formation, differentiation of shoots 

and roots. The results for these observations were significant 

and dependent on the type of explant and composition of the 

medium used for the culture, as revealed by two way 

ANOVA. The establishment of cultured explants was 

evaluated with respect to the effect of the medium and type of 

explants (Table 1). Out of the 30 media, M28 (MS + 3 mg/l 

KIN + 3 mg/l BAP) showed the best establishment followed 

by M30 (MS + 4 mg/l KIN + 3 mg/l BAP) and M19 (MS + 1 

mg/l NAA + 4 mg/l BAP) and the least was observed on M1 

(MS basal). Among explants, leaf showed the best 

establishment followed by nodal stem and shoot apices 

(Figure 1 a-c). The establishment of explants was an index to 

show the frequency of cultures remaining sterile and viable as 

well as it was the first requirement of any tissue culture 

experiment. It depended upon the pre-treatment and surface 

sterilization of explants.  
 

Table 1: Establishment percentage of cultured explants of S. indicum with respect to the effect of different media and type of explants 
 

Media Composition Shoot apex Nodal stem Leaf Mean SE 

M1 MS Basal 90±2.89 91.67±1.67 93.34±1.93 91.67 0.97 

M2 MS+0.1mg/l IAA 91.67±1.67 93.34±1.67 92.23±2.94 92.41 0.49 

M3 MS+0.2mg/l IAA 90±2.89 95±2.89 91.12±2.94 92.04 1.52 

M4 MS+0.1mg/l KIN 96.67±1.67 95±2.89 94.45±2.94 95.37 0.67 

M5 MS+0.2mg/l KIN 95±2.89 91.67±3.34 95.56±1.12 94.07 1.22 

M6 MS+1mg/l KIN 93.34±3.34 95±2.89 95.56±2.94 94.63 0.67 

M7 MS+2mg/l KIN 95±2.89 91.67±1.67 96.67±1.93 94.44 1.47 

M8 MS+3mg/l KIN 90±2.89 93.34±1.67 97.78±1.12 93.70 2.26 

M9 MS+4mg/l KIN 93.34±3.34 91.67±1.67 95.56±2.23 93.52 1.13 
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M10 MS+5mg/l KIN 95±2.89 96.67±1.67 94.45±2.94 95.37 0.67 

M11 MS+0.1mg/l BAP 91.67±4.41 96.67±3.34 93.34±3.34 93.89 1.47 

M12 MS+0.2mg/l BAP 93.34±1.67 95±2.89 90±1.93 92.78 1.47 

M13 MS+0.5mg/l BAP 91.67±3.34 96.67±1.67 93.34±1.93 93.89 1.47 

M14 MS+1mg/l BAP 95±2.89 95±2.89 96.67±1.93 95.56 0.56 

M15 MS+2mg/l BAP 93.34±3.34 93.34±1.67 95.56±2.94 94.07 0.75 

M16 MS+5mg/l BAP 93.34±3.34 91.67±1.67 94.45±2.94 93.15 0.81 

M17 MS+0.5mg/l IAA+5mg/l BAP 90±2.89 93.34±3.34 94.45±2.23 92.59 1.34 

M18 MS+3mg/l IAA+5mg/l BAP 93.34±1.67 90±2.89 92.23±1.12 91.85 0.98 

M19 MS+1mg/l NAA+4mg/l BAP 96.67±1.67 95±2.89 95.56±2.23 95.74 0.5 

M20 MS+1mg/l NAA+5mg/l BAP 95±2.89 96.67±1.67 96.67±1.93 96.11 0.56 

M21 MS+1mg/l IAA+5mg/l KIN 90±2.89 93.34±1.67 95.56±2.94 92.96 1.62 

M22 MS+0.5mg/l NAA+2mg/l KIN 91.67±1.67 93.34±1.67 97.78±1.12 94.26 1.83 

M23 MS+1mg/l NAA+3mg/l KIN 93.34±1.67 96.67±1.67 95.56±2.23 95.18 0.98 

M24 MS+1.5mg/l KIN+2mg/l BAP 90±2.89 93.34±3.34 92.23±1.12 91.85 0.98 

M25 MS+2mg/l KIN+1mg/l BAP 96.67±1.67 95±2.89 94.45±1.12 95.37 0.67 

M26 MS+2.5mg/l KIN+2.5mg/l BAP 93.34±3.34 91.67±1.67 95.56±1.12 93.52 1.13 

M27 MS+3mg/l KIN+2mg/l BAP 95±2.89 93.34±3.34 95.56±2.23 94.63 0.67 

M28 MS+3mg/l KIN+3mg/l BAP 98.34±1.67 96.67±1.67 96.67±1.93 97.22 0.56 

M29 MS+4mg/l KIN+2mg/l BAP 95±2.89 93.34±3.34 96.67±1.93 95.00 0.97 

M30 MS+4mg/l KIN+3mg/l BAP 96.67±1.67 95±2.89 97.78±1.12 96.48 0.81 

Mean 93.444 94 94.889   

SE 0.437 0.345 0.360   

Factors C.D. SE(d) SE(m)   

Factor(A) N/A 2.019 1.427   

Factor(B) N/A 0.638 0.451   

Factor (AxB) N/A 3.496 2.472   

Values are expressed as mean (n=3)±SE 

 

The initiation of callogenesis took place after 10 to 12 days of 

culture. Callus generally developed from the cut end of the 

explants that was in contact with the medium and gradually 

extended over entire surface of the explants as a result of cell 

division in epidermal and sub epidermal regions. The callus 

formation was influenced by the composition of the medium 

and explant type. Only 15 media showed callus formation out 

of the 30 (Table 2). The frequency of callus formation was 

significantly higher on M18 (MS + 3 mg/l IAA + 5 mg/l 

BAP) followed by M19 (MS + 1mg/l NAA + 4mg/l BAP) and 

M23 (MS + 1 mg/l NAA + 3 mg/l KIN), whereas the least on 

M13 (MS + 0.5 mg/l BAP). Leaf explants showed high 

percentage of callus formation than nodal stem and shoot 

apex respectively (Figure 1 d-f). Similar successful induction 

of callus from S. nigrum L. on MS basal medium 

supplemented with IAA and BAP were also observed [11]. Ray 

et al. (2011) observed the highest callusing on medium MS + 

2.0 mg/l BAP and 0.5 mg/l NAA during in vitro cultivation 

and regeneration of S. melongena [12]. Alim et al. (2014) used 

the MS medium supplemented with different concentrations 

of auxin (2,4-D) and cytokinin (BAP) to assess the callus 

inducing potentiality of leaf explants of Brinjal [13].  
 

Table 2: Callogenesis percentage of cultured explants of S. indicum with respect to the effect of different media and type of explants 
 

Media composition Shoot Apex Nodal Stem Leaf Mean SE 

M1 MS Basal 16.71d
z±0.54 18.13e

y±1.47 29.75e
x±0.72 21.526 4.13 

M2 MS+0.1mg/l IAA 21.84c
z±0.39 24.96d

y±1.37 34.94d
x±0.4 27.24 3.96 

M3 MS+0.2mg/l IAA 22.27c
z±0.72 29.79c

y±1.11 37.08c
x±0.8 29.708 4.28 

M4 MS+0.1mg/l KIN 12.02fg
y±1.5 12.22g

y±1.41 23.24g
x±0.56 15.821 3.71 

M5 MS+0.2mg/l KIN 10.55g
y±0.33 10.94gh

y±0.42 22.09g
x±1.05 14.524 3.79 

M11 MS+0.1mg/l BAP 14.48e
z±1.44 15.56f

y±0.56 25.07f
x±0.93 18.367 3.37 

M12 MS+0.2mg/l BAP 12.48f
z±1.67 13.97f

y±1.45 24.67fg
x±0.84 17.038 3.85 

M13 MS+0.5mg/l BAP 8.98g
z±1.55 10.36h

y±0.18 22.6g
x±0.81 13.977 4.33 

M17 MS+0.5mg/l IAA+5mg/l BAP 24.03b
z±1.21 33.89a

y±0.56 38.79b
x±1.33 32.231 4.35 

M18 MS+3mg/l IAA+5mg/l BAP 26.81a
z±0.49 35.16a

y ±1.02 45.77a
x±0.67 35.909 5.49 

M19 MS+1mg/l NAA+4mg/l BAP 25.88ab
z±0.44 35.06a

y ±1.02 39.53b
x±0.24 33.488 4.02 

M20 MS+1mg/l NAA+5mg/l BAP 24.52b
z±1.21 34.48a

y ±1.55 39.08b
x±0.61 32.687 4.3 

M21 MS+1mg/l IAA+5mg/l KIN 24.03b
z±1.21 33.92a

y ±1.55 38.45bc
x±1.21 32.129 4.26 

M22 MS+0.5mg/l NAA+2mg/l KIN 23.59bc
z±1.37 32.17b

y±0.59 38.63b
x±0.69 31.457 4.36 

M23 MS+1mg/l NAA+3mg/l KIN 24.96b
z±1.37 34.48a

y ±1.55 39.53b
x±0.24 32.984 4.28 

Mean 19.539 25.002 33.276   

SE 1.62 2.63 2.03   

Factors C.D. SE(d) SE(m)   

Factor(A) 1.682 0.845 0.598   

Factor(B) 0.752 0.378 0.267   

Factor (A X B) 2.913 1.464 1.035   

Values are expressed as mean±SE. Mean value (n=3) in columns and rows bearing same letter (subscript and superscript respectively) are not 

significantly different at 5% level 
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Multiple shoot formation was also affected by the medium 

and explant. It was observed after 8 weeks of culture and both 

callus mediated and direct differentiation of shoots were 

obtained. Medium and explant played an important role in 

multiple shoot formation (Table 3). Out of 30 media, only 22 

showed multiple shoot formation. The significantly highest 

frequency of shooting was recorded on M27 (MS + 3 mg/l 

KIN + 2 mg/l BAP) followed by M26 (MS + 2.5 mg/l KIN + 

2.5mg/l BAP) and M28 (MS + 3 mg/l KIN + 3 mg/l BAP) 

and the least on M16 (MS + 5mg/l BAP). Due to the best 

performance of shoot regeneration, M27 was used for the 

entire experiment and afterwards during subculture. Apical 

shoot showed high potential of shooting then nodal stem and 

leaf respectively (Figure 1 g-i) for in vitro organogenesis. 

Shivaraj and Rao (2011) obtained the highest number of 

shoots on MS medium containing 2.0 mg/l BAP + 0.5 mg/L 

KIN, during the development of high frequency and rapid 

regeneration protocol of eggplant [14]. The highest frequency 

of shoot induction was observed on MS medium 

supplemented with 10-15 µM KIN and BAP by Padmapria et 

al. (2011) during development of efficient protocol for in 

vitro propagation of S. nigrum [15]. Bardhan et al (2012), 

during the study, to develop an efficient protocol for 

establishment of in vitro plant regeneration of eggplant (S. 

melongena L.) reported the higher shoot regeneration 

(77.46%) on MS medium containing 2.5 mg/l KIN and 0.4 

mg/l IAA [16]. The highest regeneration was observed on 

medium MS +2.0 mg/l BAP and 0.5 mg/l NAA from stem 

and leaf explant during in vitro cultivation and regeneration of 

S. melongena [12]. 

 
Table 3: Caulogenesis percentage of cultured explants of S. indicum with respect to the effect of different media and genotypes 

 

Media composition Shoot Apex Nodal Stem Leaf Mean SE 

M6 MS+1mg/l KIN 19.82n
x±2.41 19.24m

xy±1.33 18.63m
y±1.17 19.23 0.35 

M7 MS+2mg/l KIN 22.85m
x±1.85 21.84l

y±0.39 19.56m
z±1.23 21.42 0.98 

M8 MS+3mg/l KIN 27.84l
x±0.9 24.96k

y±1.37 23.87l
z±0.27 25.56 1.19 

M9 MS+4mg/l KIN 17.97n
x±2.19 16.38n

y±0.3 15.08n
z±0.8 16.48 0.84 

M10 MS+5mg/l KIN 13.97o
x±1.45 12.02o

y±1.5 11.72o
y±0.82 12.57 0.71 

M14 MS+1mg/l BAP 28.04l
x±1.08 26.37k

y±0.81 25.27l
z±0.75 26.56 0.81 

M15 MS+2mg/l BAP 32.23k
x±1.12 32.17j

x±0.59 30.31k
y±1.67 31.57 0.63 

M16 MS+5mg/l BAP 12.41o
x±1.3 10.92o

y±0.2 10.49o
y±0.33 11.27 0.59 

M17 MS+0.5mg/l IAA+5mg/l BAP 42.58j
x±0.98 41.12i

y±1.7 39.94j
z±1.45 41.21 0.77 

M18 MS+3mg/l IAA+5mg/l BAP 50.0i
x±1.52 48.15h

y±0.94 47.01i
z±0.58 48.39 0.88 

M19 MS+1mg/l NAA+4mg/l BAP 63.78f
x±0.62 63.09e

xy±1.13 62.78f
y±1.07 63.22 0.3 

M20 MS+1mg/l NAA+5mg/l BAP 56.16h
x±0.89 55.18g

y±1.53 54.03h
z±0.58 55.12 0.62 

M21 MS+1mg/l IAA+5mg/l KIN 59.28g
x±0.96 58.97f

x±1.08 56.95g
y±0.9 58.4 0.73 

M22 MS+0.5mg/l NAA+2mg/l KIN 63.65f
x±1.63 62.48e

y±0.69 61.38f
z±0.69 62.51 0.66 

M23 MS+1mg/l NAA+3mg/l KIN 67.84e
x±0.59 67.29d

x±1.15 66.27e
y±1.05 67.13 0.46 

M24 MS+1.5mg/l KIN+2mg/l BAP 81.55c
x±1.33 78.52c

y±0.75 78.31c
y±0.27 79.46 1.05 

M25 MS+2mg/l KIN+1mg/l BAP 82.81c
x±1.41 82.52b

x±1.29 81.2b
y±0.95 82.18 0.5 

M26 MS+2.5mg/l KIN+2.5mg/l BAP 85.75b
x±1.65 85.48a

xy±1.73 84.9a
y±1.08 85.37 0.26 

M27 MS+3mg/l KIN+2mg/l BAP 87.79a
x±1.41 85.75a

y±1.65 84.93a
z±0.8 86.15 0.86 

M28 MS+3mg/l KIN+3mg/l BAP 83.08c
x±1.56 82.81b

x±1.41 81.56b
y±1.51 82.48 0.47 

M29 MS+4mg/l KIN+2mg/l BAP 82.52c
x±1.29 82.23b

x±1.12 79.3c
y±0.42 81.35 1.03 

M30 MS+4mg/l KIN+3mg/l BAP 79.30d
x±0.36 77.25c

y±1.18 76.14d
z±0.27 77.56 0.93 

Mean B 52.777 51.574 50.434   

SE 5.73 5.77 5.76   

Factors C.D. SE(d) SE(m)   

Factor(A) 1.896 0.958 0.677   

Factor(B) 0.7 0.354 0.25   

Factor (A X B) N/A 1.659 1.173   

Values are expressed as mean±SE. Mean value (n=3) in columns and rows bearing same letter (subscript and superscript respectively) are not 

significantly different at 5% level 

 

After 20-25 days some plantlets of S. indicum were rooted 

(Figure 1k) and some others were needed to be subculture on 

fresh rooting medium for additional root development. Four 

medium containing IBA of different concentration (0.1, 0.5, 

1.0 and 1.5mg/l) with MS basal were used for rooting. Out of 

these four, medium containing 1.5mg/l IBA showed the 

highest percentage of rooting than the other three and was 

used for rooting during the entire experiment. Similarly, 

Taghipour et al. (2015) observed in case of eggplant that after 

three weeks some differentiated shoots were rooted and some 

others were needed to be subcultured on fresh rooting 

medium for additional root development [17]. The best rooting 

was obtained on MS medium containing 0.5 mg/l IBA in S. 

Nigrum culture [11]. In in vitro study of S. melongena, MS 

medium with 3.0 mg/l IBA gave the best result for root 

induction for average number and mean length of roots [18]. 
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Fig 1: In vitro plantlet regeneration through apical shoot, nodal stem and leaf culture of Solanum indicum. (a. established nodal stem culture, b. 

established apical shoot culture, c. established leaf culture, d. callus formation in nodal stem culture, e. callus formation in apical shoot culture, f. 

callus formation in leaf culture, g. initiation of multiple shoots in nodal stem culture, h. development of multiple shoots through apical shoot 

culture, i. Initiation of multiple shoots in leaf culture, j. multiple shoots ready for sub culturing, k. development of roots, & l. hardening and 

acclimatization) 

 

Rooted shoots were removed from the culture vessels. Roots 

were washed thoroughly but gently in running tap water and 

were transferred in polycups having sterilized soil and farm 

yard manure in 1:1 ratio (Figure 1l). These polycups were 

initially kept under high humid conditions and then plants 

were progressively acclimatized to reduced humidity for their 

hardening and acclimatization. Similarly, the regenerated 

plantlets with well-developed roots were transferred to plastic 

cups containing sand, soil and farmyard manure (1:1:1) and 

maintained in green house for acclimatization [19]. In vitro 
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rooted plantlets were planted in polar pots containing 1:2:1 

ratio of sterile sand, soil and compost and acclimatized [18]. 

Shivaraj and Rao (2011) transferred the rooted plantlets to 

polycups containing vermiculate, soil and sand in 1:2:2 ratios 
[14]. 

 

Conclusion 

The present experiment led to standardization of a highly 

efficient protocol for the micropropagation of S. indicum. 

Among different hormonal treatments MS medium 

supplemented with 3 mg/l IAA and 5mg/l BAP was found to 

be the best for callus formation from leaf explant and for 

multiple shoot formation MS medium having 3 mg/l KIN and 

2mg/l BAP was found to be the best. Explant shoot apex was 

found most suitable for multiple shooting. Indole butyric acid 

at 1.5 mg/l with MS medium was observed most effective for 

root formation. In addition, the type of method used for 

explant disinfections, was the right one, indicating a high 

survival rate. As well as the types of explant and nutrient 

medium used for the in vitro establishment and regeneration 

were giving satisfactory results. 
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