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An efficient protocol devised for rapid callus induction and plantlet regeneration from young 
leaves, internodal explants of Solanum nigrum was described.  For in vitro callus induction 
auxins such as 2, 4-D, IAA and NAA in combination with cytokinin BAP were used. High 
frequency of green compact callus was obtained in leaf explants cultured on MS medium 
supplemented with 3.0 mg/l NAA+0.5 mg/l BAP. The present study also describes successful 
plant regeneration from in vitro derived callus of young leaves. BAP or Kn alone or in 
combination with NAA and IAA was used for regeneration of plantlets from callus culture. 
High frequency and maximum number of multiple shoots were induced on MS medium 
supplemented with 3.0 mg/l BAP + 0.5 mg/l NAA. All the in vitro raised shoots with a length 
of 3-5 cm were transferred to rooting medium supplemented with different concentrations of 
IBA (0.25 – 1.0 mg/l). The best rooting response was observed on 0.5mg/l IBA. The well 
rooted plantlets were transferred to polybags containing soil + vermiculite in 1: 1 ratio for 
hardening. Finally the hardened plantlets were transferred to field conditions for maximum 
survivability. 
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Introduction 

Solanacae family comprises a number of plants widely 
known for the presence of variety of natural products of 
medicinal significance mainly steroidal lactones, glycosides, 
alkaloids and flavanoids. Solanum nigrum L. (Black night 
shade) a member of the solanacae, has a wide range of 
medicinal values. The herb is antiseptic, antidysentric and 
antidiuretic used in the treatment of cardiac, skin disease, 
psoriasis, herpivirus and inflammation of kidney. The fruits and 
leaves have been traditionally used against various nerve 
disorders [19]. It has very important gastric ulcerogenic 
activities [2] Berries are bitter, pungent and are useful in heart 
diseases, piles, dysentery [11]. Solanum nigrum presently 
grown as a homestead plant, it is often cultivated in homestead 
gardens as pot plants. The plant has been considered 
ethonobotanically important due to its use in traditional and 
health care system for curing severe ulcers, gastritis and 
stomachache. Most prominent medicinal properties are the 
presence of alkaloids, solamargin and solasonine which yield 
solasodine as glycone has great demand in pharmaceutical 
industries. Solasodine has embryogenic, teratonic as well as 
antifungal and antiviral activities [10]. Recent studies describe 
solasodine production from in vitro grown callus cultures of 
Solanum nigrum [28]. Although callus has proved better for the 
synthesis of alkaloids in several cases [4].  

Considering the high economical and pharmacological 
importance of secondary metabolites, industries are deeply 

interested in utilizing plant tissue culture technology for large 
scale production of these substances [15].  Hence present 
investigation was undertaken to study callus induction, multiple 
shoot regeneration using young leaf, internodal explants of 
Solanum nigrum.   

Materials and methods 
Collection of Plant material 

Young leaf and inter nodal explants of Solanum rigrum 
(L.) were collected from two month old seed germinated field 
grown plants growing in biotechnology garden, S.V.University, 
Tirupati A.P. India. 

Surface sterilization 
Explants were washed thoroughly under running tap 

water to remove the traces of dust etc. followed by treatment 
with 10% teepol/tween-20 for 5 minutes. Then the explants 
were sterilized in 70% ethanol for a minute, and finally with 
0.01% Hgcl2 for 1-2 minutes and washed 3-4 times with sterile 
double distilled water. 

Culture medium 
Young leaf and inter nodal explants (1-2 cms) were 

inoculated on MS medium [16] containing 3% sucrose and 
gelled with 0.8% agar supplemented with various concentration 
of auxins such as 2,4 –D, IAA and NAA in combination with 
cytokinin BAP. The pH of the medium was adjusted to 5.8 
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before gelling with agar and autoclaved for 20 minutes at 
1210C for 15 lbs pressure. 
Sub culturing 

The cultures were maintained by regular subculture at 4 
week intervals on fresh MS medium.   
Culture conditions 

The growth room conditions maintained for in vitro 
cultures were 26 ± 20C and 60-70% relative humidity, light 
intensity was 3000 lux with a photoperiod of 18 hrs day light 
and 6 hrs dark. Each experiment was conducted at least thrice 
with 20 replicates per treatment. 

Results 
Young leaf and internodal explants of Solanum nigrum 

were cultured on MS medium supplemented with different 
concentrations of auxins 2, 4-D, IAA and NAA in combination 
with cytokinin BAP. Callus tissue was initiated from both leaf 
and inter nodal explants after two weeks of inoculation.  

Influence of auxin: cytokinin on callus induction  
Effect of 2, 4-D alone or in combination with BAP on callus 
induction 

Callus induction was observed on MS medium 
supplemented with different concentrations of 2, 4-D alone or 
in combination with BA.  Callus was initiated along the cut 
portions after 12-15 days of inoculation, initially leaf foldings 
and bulging of internodes were observed.  Depending on the 
concentration and combination of harmones used a wide range 
of variation in frequency of callus formation and nature of 

callus was observed.  At lower concentration of 2, 4-D light 
brown callus, where as at higher concentrations dark brown 
callus was formed.  After supplementing BAP to the culture 
medium colour complexity of callus turns from brown to light 
green.    From leaf explants light green, fragile callus was 
formed on 2, 4-D (1.0 mg/L) and BAP (0.5 mg/L) supplemented 
medium (Table-1).  

Effect of IAA, NAA in combination with BAP on callus 
induction 

Callus initiation was also observed on MS Medium 
supplemented with different auxins such as IAA, NAA in 
combinations with BAP. In BAP and IAA supplemented MS 
medium after two weeks of inoculation callus was initiated from 
young leaf and internodal explants, well profused callus was 
obtained after 4 weeks.  In the combination of IAA (3.0 mg/L) 
and BA (0.5 mg/L), profuse, green organogenic callus was 
obtained from leaf explants (Table-1; Figure-1).  In combination 
of BA and NAA callus was initiated from both the explants. Well 
profused, dark green organogenic callus was induced on MS 
medium supplemented with 3.0 mg/L NAA and 0.5 mg/L BA 
using leaf explants. In internodal explants, green organogenic 
callus was obtained on 3.0 mg/L NAA and 0.5 mg/L BA.  In lower 
concentrations of NAA (0.5 – 1.0 mg/L) and BA (0.5 mg/L) less 
amount of callus was formed in comparison to higher 
concentrations (Table-1).  Among the different combination of 
auxin: cytokinin tested, BA and NAA proved to be better in terms 
of inducing high frequency of greenish compact callus. 

  
Table-1: Effect of different concentrations of auxins such as IAA, NAA, 2, 4-D singly or in combination with cytokinin BA on induction of callus from 

young leaf and internodal explants of field grown Solanum nigrum plants. 
            MS+ 

Plant Growth Regulators 
(mg/L) 

Type of explant 
Leaf Internode 

2, 4-D 
Intensity of 
callus 
formation 

Nature of callus 
Intensity of 
callus 
formation 

Nature of callus 

0.5 - No callus formed - No callus formed 
1.0 + + Brown loose, fragile + Light brown, fragile 
1.5 + + Cremish brown, fragile + + Dark brown, fragile 
2.0 + + Dark brown, fragile + + Dark brown, fragile 
2,4-D BA     
0.5 0.5 + Light brownish green, fragile + + Whitish green, fragile 
1.0 0.5 + + Light green, fragile + + Light green, fragile 
2.0 0.5 + + Light brown, compact + + Light brown, compact 
IAA BA     
0.5 0.5 + Light brown, fragile + + Cremish , fragile 
1.0 0.5 + + + Light brownish white, fragile + + Yellowish green, fragile 
2.0 0.5 + + + Cremishgreen, compact, 

organogenic + + + Light green, nodular 

3.0 0.5 + + + Light green, compact, 
organogenic + + + Green, organogenic 

NAA BA     
0.5 0.5 + + Light brownish, fragile + Cremish brown, fragile 
1.0 0.5 + + Light yellowish green, compact + + Light brownish green, fragile 
2.0 0.5 + + + Light green, compact + + Green, nodular 
3.0 0.5 + + + Dark green, compact 

organogenic + + + Green, organogenic 

Intensity of callus: +, low; ++, moderate; +++, high. 
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Figure-1: Callus formation from internodal and leaf explants. 
A) MS + NAA (2.0 mg/L) + BAP (0.5 mg/L) (bar 1 cm = 0.8 cm); B) MS + NAA (3.0 mg/L) + BAP (0.5 mg/L) (bar 1 cm = 0.9 cm) Indirect shoot 

regeneration from leaf derived organogenic callus. Initiation of multiple shoots from callus; C) MS + BA (1.0 mg/L) + Kn (0.5 mg/L) + NAA (0.1 mg/L) 
(bar 1 cm = 0.9 cm); D) MS + BA (2.0 mg/L) + IAA (0.5 mg/L)  (bar 1 cm = 0.8 cm) Elongation of multiple shoots; E) MS + BA (3.0 mg/L) + IAA (0.5 

mg/L) (bar 1 cm = 1.1 cm); F) MS + BA (3.0 mg/L) + NAA (0.5 mg/L) (bar 1 cm = 1.0 cm) 

 
Plant regeneration from callus  
Effect of BAP on indirect shoot regeneration 

Well profused callus derived from young leaf explants was 
sub-cultured on fresh MS medium supplemented with different 
concentrations of BA alone or in combination with auxins 
IAA/NAA.  After two weeks of subculture, shoot buds were 
emerged on leaf derived callus surface.  In BAP supplemented MS 

medium at lower concentration of BAP (0.5 mg/L) the frequency of 
shoot initiation was low (50%), further increase in BAP 
concentrations (> 0.5 mg/L) enhances the frequency of shoot 
initiation. High frequency and maximum number (4.2 ± 0.18) of 
multiple shoots were induced on BA (3.0 mg/L) supplemented 
medium(Table-2).

   
 

Table-2: Effect of different cytokinins (BA / Kn) alone or in combination with IAA / NAA on multiple shoot regeneration from in vitro grown callus of 
Solanum nigrum 

              MS+ 
Plant Growth Regulator (mg/l) Regeneration 

frequency (%) 
Mean no. of shoots per 
callus 

Mean shoot length 
(cm) BA Kn IAA NAA 

0.5 - - - 50 1.4 ± 0.21 3.6± 0.21 
1.0 - - - 60 3.0 ± 0.28 3.2 ±0.17 
2.0 - - - 65 3.6 ±0.41 2.8 ±0.18 
3.0 - - - 70 4.2 ±0.18 2.0 ±0.18 
1.0 0.5 0.1 - 60 3.5±0.50 6.4±0.35 
2.0 0.5 0.1 - 75 4.0±0.18 5.2±0.34 
3.0 0.5 0.1 - 70 5.2±0.34 4.0±0.18 
1.0 - 0.5 - 70 6.2 ±0.19 5.4 ±0.34 
2.0 - 0.5 - 82 7.6 ±0.35 3.6 ±0.21 
3.0 - 0.5 - 90 10.4 ±0.21 3.0 ±0.28 
1.0 0.5 - 0.1 70 6.0±0.28 6.0±0.17 
2.0 0.5 - 0.1 80 7.4±0.34 5.0±0.28 
3.0 0.5 - 0.1 72 8.5±0.50 3.6±0.35 
1.0 - - 0.5 80 9 ±0.26 5.6 ±0.53 
2.0 - - 0.5 92 11.5 ±0.50 4.2 ±0.34 
3.0 - - 0.5 95 17.8 ±0.18 3.8 ±0.17 
Observation: After 4 weeks, values are mean ± S.E. of 20 independent determinants 
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Effect of BAP and NAA/IAA combination on indirect shoot 
regeneration 

The presence of cytokinin along with auxin is necessary 
for indirect adventitious shoot induction. Maximum number of 
shoots (17.8 ±0.18) was induced on MS medium 
supplemented with 3.0 mg/L BAP and 0.5 mg/L NAA, but  
maximum shoot length was observed on  1.0 mg/1 BAP and 
0.5 mg/L NAA (Table-2; Figure-1). In the present study MS 
medium supplemented with NAA in combination with cytokinin 
has shown to promote shoot bud differentiation. In IAA and BA 
supplemented MS medium maximum number of shoots (10.4 
± 0.21) was obtained on 3.0 mg/L BAP and 0.5 mg/L IAA. 
When two cytokinins such as BA (1.0-3.0 mg/L) and Kn (0.5 
mg/L) in combination with the NAA/ IAA (0.1 mg/L) 

supplemented, the explants showed reduced frequencies (60-
80%), less mean number of shoots (3.5-8.5).  But maximum 
mean shoot length (4.0-6.4 cms) was observed (Table-2).  

In vitro rooting 
Well developed shoots with a length of (3-5cm) were 

excised and transferred to MS medium supplemented with 
different concentrations of auxins such as NAA, IBA (0.25 – 
1.0mg/l). In IBA supplemented MS medium the number of 
roots, root length were high compare to NAA supplemented 
medium. High frequency and maximum number of roots were 
induced on MS medium supplemented with 0.5mg/l IBA 
(Table-3;Figure-2).

  
Table-3: Effect of auxins IBA, NAA on root induction from in vitro regenerated shoots of Solanum nigrum 

Plant Growth 
Regulator (mg/l) Frequency of root initiation (%) Mean no. of roots Mean shoot length (cm) 

IBA    
0.25 80 11.0 ± 0.28 3.2 ± 0.18 
0.50 95 18.5 ± 0.17 4.5 ± 0.31 
0.75 90 15.4 ± 0.22 3.6 ± 0.35 
1.00 76 12.8 ± 0.31 2.8 ± 0.17 
NAA    
0.25 80 14.5 ± 0.34 3.0 ± 0.28 
0.50 90 16.8 ± 0.17 4.2 ± 0.18 
0.75 75 12.4 ± 0.22 2.8 ± 0.17 
1.00 65 10.6 ± 0.35 1.6 ± 0.35 

  Results are mean ± S.E of 20 replicates 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure-2: In vitro rooting and hardening of Solanum nigrum (L.) 
A) Initiation of in vitro roots on MS medium containing 0.5 mg/l IBA (bar 1cm = 0.72) 

B) Plantlet showing elongated root system 
C) Hardening of plantlet in poly bag containing soil and vermiculite in 1:1 ratio 

D) Plantlet in field conditions. 

 
Acclimatization and hardening 

Well rooted plantlets were separated from the culture 
tubes, washed and transferred to polybags containing soil + 
vermiculite in 1:1 ratio for hardening. Finally the hardened 

plantlets were transferred to field conditions for maximum 
survivability (Figure-2). 
Discussion 

Callus cultures represent clumps of unorganized 
parenchymatous tissues formed by vigorous proliferation by 
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the mitotic cell division from the small explants in culture 
showing no polarity.  Callus initiated from the cut portions of 
the explant, where cells at the cut ends undergo mitosis, which 
leads to callus formation. It may be due to wound reaction or 
effect of exogenous growth regulator. The texture of callus 
varied according to the nature of cytokinin and also on auxin: 
cytokinin ratio [14]. 

In 2, 4-D alone supplemented MS medium explants 
shows brown colour callus formation.  Brown colour of the 
callus showed sensitivity of plant tissues to 2, 4-D.  This is in 
agreement with the findings in Ipomea aquatica [17].  The 
colour is being mainly influenced by the location of phenolic 
secondary metabolites in cells.  If the accumulation of the 
phenolics in the cytoplasm, it undergoes oxidation and 
polymerization and oxidized products appear brown [12]. 2, 4-
D in combination with BAP supplemented medium light green 
callus was formed. 2, 4-D along with BA was noted to be a 
potent hormonal combination for stimulating callus induction.  
Similar results were reported in Biophytum sensitivum [13] 
using leaf explants, where 2, 4-D in combination with BA 
induced green compact callus. 

Callus initiation was also observed on MS medium 
supplemented with different auxin such as IAA, NAA in 
combination with BAP.  Where green nodular to organogenic 
callus was formed.  Similar callusing response was noted in 
Holostemma adakoidein [14], Justicia gendarussa [1] and 
Erythrina variegate [25].  Lower concentration of NAA and BA 
induced less amount of callus formation compare to higher 
concentration. Similar observations were reported in 
Asperagus [23], Biophytum sensitivum [13]. Among the 
different combination of auxin: cytokinin tested, BA and NAA 
proved to be better interms of inducing high frequency of 
greenish compact callus formation.  

Plant propagation through callus required the induction of 
organogenic callus. The source of explant origin and its 
physiological state are critical factors for organogenic callus 
induction [7]. Callus induction is a prerequisite for adventitious 
improvement including induction of somaclonal variations and 
embryoids. In BAP alone supplemented MS medium high 
frequency of shoot initiation was observed. These results are 
similar to the findings reported in Vigna radiate [27] and Piper 
longum [4]. The presence of cytokinin along with auxin is 
necessary for indirect shoot induction as noted by Skoog and 
Miller [26]. In the present study addition of auxins such as 
IAA/NAA to the culture medium in combination with cytokinin, 
BA enhances the frequency of shoot initiation and shoot 
number.  These results are in agreement with those in 
Rawolfia tetraphylla [6] and Withania somnifera [9], where NAA 
in combination with cytokinin has shown to promote shoot bud 
differentiation. Enhanced multiple shoot induction by addition 
of IAA was also reported in Solanum trilobatum [3].  Among the 
auxins tried (IBA, NAA and IAA) for in vitro rooting, the best 
rooting response was observed on IBA (0.5 mg/l) 
supplemented medium.  Similar in vitro rooting response was 
reported in Anisochilus carnosus [8], Coleus blumei [21] and 
Quisqualis indica [20]. 

In the present study BA in combination with NAA 
exhibited better morphogenesis.  These results are in line with 
previous reports in Asteracantha longifolia [18]. 
 

Conclusion 
 Vegetative plant parts especially leaves are desirable 

explants for in vitro improvement because of regeneration from 
these explants would preserve the genetic homozygosity of the 
parent genotype.  Callus culture system offer many 
advantages as a model system for several biological 
investigations. Hence in the present investigation a 
standardized protocol has been devised for in vitro callus 
induction and regeneration of Solanum nigrum from young leaf 
explants 
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