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Abstract
The present study attempts to explain a mass culture protocol for large scale multiple shoot bud regeneration
from nodal explants of Citrullus colocynthis L. The highest shoot bud induction (94.9%) without attaining callus
was observed in Murashige and Skoog’s (MS) medium supplemented with benzyl amino purine (BA)in which the
combination of benzyl amino purine BAP (1.0 mg/l), kinetin (0.5 mg/l), gibberellic acid (1.5 mg/l) produced more
shoots/explants. This study strongly suggests that the pre-eminence of BA and other cytokinins in combination
with GA3 was found to be essential for a swift multiple shoot bud induction as well as an enhanced rate of shoot
proliferation in C. colocynthis. A full-strength MS medium, supplemented with indole 3 butyric acid IBA (1.5 mg/l)
combined with BA (1.5 mg/l), had the maximum rooting response and the regenerated plantlets were successfully
established in the field with an 80% survival rate.
Key words: nodal explants, surface sterilization, mercuric chloride, shoot bud, BA, multiple shoot, IBA, GA3,
rooting

Introduction
The plant Citrullus colocynthis (Cucurbitaceae), indigenous to India, Pakistan, and Sri Lanka has a variety of
biological properties, including anticancer, antidiabetic,
anti-inflammatory, cytotoxic, antioxidant, insecticidal, antilipidemic, antimicrobial, powerful cathartic and abortifacient properties, and ethnomedical claims (da Silva and
Hussain, 2017; Hussain et al, 2014; Afifi et al, 1999) and
can also be used in the treatment of amenorrhea, (Atta-UrRahman et al, 1973). The fruit extracts of C. colocynthis
have been shown to possess cytotoxic, antitumor, and
cardiac depressant properties, and are a smooth muscle
relaxant (Meena et al., 2010; Gallily et al., 1962) facilitating easy maternal delivery in humans, for which the

root base is mixed with cow’s milk and applied over the
hypogastrium (Yadav et al., 2006). The Cucurbitaceae
family mostly includes prostrate or climbing herbaceous
annuals comprising about 125 genera and 960 species,
including melons, and gourds like cucumbers. The family
is predominantly distributed around the tropics, mostly
as edible fruits. The miscellany of cucurbitacin properties, especially antibacterial, cytotoxic, and antifeedant
properties, is good basis for further investigations (Elrofaei et al., 2018; Miró, 1995; Lavie and Glotter, 1971).
Cucurbitaceae members grow under a wide range of
agroclimatic and soil conditions, but diseases and pests
significantly affect the yield of this important crop.
There is a serious pharmaceutical demand for speedy

* Corresponding author: P.G. and Research department of Botany, Jamal Mohamed College (Autonomous), Post Box No. 808,
#7, Race course road, Khaja nagar, Tiruchirappalli – 620020, Tamil Nadu, India; e-mail: prabhujmc@gmail.com: +91 9994112073

264

P. Thangavel, S. Natarajan, V. Shanmugam et al.

production of these plants (Vengadesan et al., 2005; Grozeva and Velkov, 2014; Venkatachalam et al., 2018). Importantly, overexploitation and deteriorating environmental conditions are critical threats to wild Cucurbitaceae members. Because of their versatile applications,
there is rising interest world over in increasing the productivity of Cucurbitacins using commercial and conventional cultivation methods (Zhao et al., 2018).
Conventional tissue culture methods like plant tissue
culture produce a large number of plants within a short
period of time and may alter the genetic setup of plants;
therefore, they are recommended for overcoming yield
losses due to biotic and abiotic factors. They can produce disease resistant, drought resistant, and stress resistant plants in a small space (Kumar et al., 2015; Venkatachalam et al., 2018). For effective large scale production and ensuring productivity, a stable and fast
growing perpetual explant source is required. Cucurbitaceae have developed a regeneration system through
complete organogenesis using various explant sources
such as nodal segments (Ahmad and Anis, 2005; Kontas
and Kintzios, 2003), embryonal axis (Vasudevan et al.,
2007), cotyledons (Gambley and Dodd, 1990; Selvaraj
et al., 2007), shoot tips (Vasudevan et al., 2004) and
hypocotyls (Selvaraj et al., 2006).
The present research focused on developing an efficient and rapid propagation protocol for C. colocynthis
to fulfill the market demand of the medicinal and pharmaceutical industries. This is the first attempt to study
the effect of different growth regulators on the in vitro
organogenesis of C. colocynthis using mature nodal explant sources. The improved method of plant regeneration in C. colocynthis that has been established could be
applied in large scale propagation and also to ensure
a continuous supply of plants produced in limited time
and space through ex vitro rooting for the production of
vital compounds. It may be useful in commercial (pharmaceutical) industries too.
Materials and methods
Plant material

The mature nodal explants of wild-grown C. colocynthis L. were collected from 2–3-month-old plants and
washed in running tap water followed by washing with
water with a few drops of 10% (v/v) Tween-20 to remove
exterior dust particles and microbes. Afterwards, the

surface was sterilized with 0.1% (w/v) mercuric chloride
solution for 1.5–2 min followed by rinsing five times with
sterile double-distilled water.
Culture media conditions

Sterilized nodal explants (10 mm) were inoculated
onto Murashige and Skoog’s (1962) solid medium containing 3% (w/v) sucrose with different concentrations of
growth regulators used for shoot and multiple-shoot induction. The hormonal composition was selected on the basis
of earlier reports (Vivekanandan et al., 2014; Sheik Mohamed et al., 2017). The pH of the medium was adjusted to
5.6 with 0.1 N sodium hydroxide (NaOH) or hydrochloric
acid (HCl) before adding agar (0.8% (w/v)). The media
(15 ml) were dispersed into 25 mm × 150 mm culture
tubes (Borosil, Mumbai), and autoclaved (20 min at
121EC; 1.4 × 104 kg @ m!2). All the cultures were incubated
at 25 ± 2EC, with a 16 h photoperiod (50 μmol @ m!2s!1).
Influence of plant growth regulators on shoot
and multiple-shoot proliferation
The individual nodal explants were placed vertically
in each culture tube. The hormonal concentration was
selected based on earlier reports (Meena et al., 2010);
each tube contained MS medium supplemented with
different concentrations (0.2–2.5 mg/l) of 2-benzyl amino
purine (BA) and kinetin (KIN) (Table 1). After four
weeks of culture initiation, the efficacy of cytokinins on
shoot proliferation was recorded as: A) the rate of recurrence of primary explants developing per shoot and
B) the total number of shoots per explant. A multipleshoot induction was observed from the cut shoot apex
after 15 days of culture initiation (Singh et al., 2012).
Shoot bud elongation and multiplication

The explants with shoot clusters, after four weeks of
culture on plant growth regulator (PGR) fortified media,
were subcultured on full or half strength MS basal medium without PGR or supplemented with varied concentrations (0.05–2.0 mg/l) of Gibberellic acid (GA3)
(Table 2) to allow for the elongation of the shoot buds.
The frequency of elongation, the mean shoot length and
the mean number of nodes per shoot were recorded after
four weeks of culture (Singh et al, 2012). To attain shoot
bud multiplication and elongation, two experiments were
conducted. In the first experiment, the in vitro derived
shoot buds were cultured on MS medium fortified with
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Table 1. Effect of different concentrations of two cytokinins on the initiation of shoot buds
from mature axillary node explants of Citrullus colocynthis
Cytokinin
concentration
[mg/l]

Percentage
of shoot bud initiation
(mean ± SE)

Number
of shoots/explants
(mean ± SE)

Shoot length
[cm]
(mean ± SE)

0.5

33.33 ± 0.57

2.83 ± 0.57

1.90 ± 1.00

1.0

61.11 ± 0.58

4.50 ± 0.57

3.12 ± 1.16

1.5

77.77 ± 0.58

6.10 ± 0.58

4.56 ± 1.00

2.0

94.44 ± 0.54

7.96 ± 1.15

6.92 ± 1.53

2.5

66.66 ±1.52

4.88 ± 0.57

5.12 ± 1.00

3.0

50 ± 1.52

4.10 ± 1.00

4.33 ± 1.00

0.5

44.44 ± 0.57

3.61 ± 0.58

1.30 ± 1.00

1.0

72.22 ± 0.58

4.72 ± 1.00

2.43 ± 0.58

1.5

88.88 ± 0.58

5.83 ± 1.16

4.88 ± 1.15

2.0

66.66 ± 1.00

5.11 ± 1.15

3.01 ± 0.58

2.5

38.88 ± 1.15

3.13 ± 0.57

2.11 ± 0.52

3.0

22.22 ± 0.58

2.82 ± 0.57

1.63 ± 0.58

BAP

KIN

SE – standard error, KIN – Kinetin, BAP – benzyl amino purine

Table 2. Effect of different concentrations of GA3 and various concentrations of BAP (0.5–3.0 mg/l)
in combination with 0.5 mg/l KIN and 1.0 mg/l GA3 for multiple shoot-bud induction
as well as shoot-bud elongation of C. colocynthis
Hormone
concentration
[mg/l]
BAP

KIN

Percentage
of response
(mean ± SE)

Number
of shoots/culture
(mean ± SE)

Shoot length
[cm]
(mean ± SE)

0.5

38.88 ± 1.53

2.81 ± 0.58

3.92 ± 1.53

1.0

55.5 ± 1.53

3.44 ± 1.00

4.56 ± 0.58

1.5

72.22 ± 0.58

4.56 ± 1.53

5.98 ± 1.00

2.0

83.33 ± 0.99

5.92 ± 0.58

7.01 ± 1.15

2.5

61.11 ± 1.16

3.22 ± 1.00

6.10 ± 2.00

GA3

0.5

0.5

1.0

55.55 ± 1.15

10.11 ± 0.58

3.01 ± 1.00

1.0

0.5

1.0

88.88 ± 1.00

13.96 ± 0.58

7.56 ± 1.53

1.5

0.5

1.0

72.22 ± 1.53

11.32 ± 0.99

6.11 ± 1.53

2.0

0.5

1.0

50 ± 1.52

10.01 ± 1.00

5.01 ± 1.15

2.5

0.5

1.0

38.88 ± 1.53

8.62 ± 0.57

4.31 ± 1.00

3.0

0.5

1.0

27.77 ± 1.15

7.32 ± 1.15

3.86 ± 1.00

SE – standard error; GA3, – gibberellic acid; KIN – kinetin, BAP – benzyl amino purine

various concentrations of GA3 (0.5–2.0 mg/l) alone for
shoot bud elongation. In the other experiment for shoot
bud multiplication and elongation, the shoot buds were

cultured on a medium containing various concentrations
of BA (0.5–3.0 mg/l) in combination with 0.5 mg/l KIN
and 1.0 mg/l GA3.
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Table 3. Effect of different concentrations and combinations of auxins and cytokinins on root induction
from mature axillary nodal explants of C. colocynthis
Hormone concentration
[mg/l]
BAP

IBA

NAA

IAA

KIN

Percentage of root
development
(mean ± SE)

Number
of roots/explant
(mean ± SE)

Root length
[cm]
(mean ± SE)

0.5

0.5

44.44 ± 1.53

4.32 ± 1.53

3.13 ± 1.53

1.0

1.0

66.66 ± 1.53

5.12 ± 1.53

4.51 ± 1.53

1.5

1.5

88.88 ± 2.08

6.52 ± 1.53

5.86 ± 1.53

2.0

2.0

72.22 ± 1.53

5.01 ± 1.53

4.71 ± 1.53

3.0

2.5

55.55 ± 1.53

4.07 ± 1.53

3.63 ± 1.53

0.5

2.5

50 ± 2.51

5.61 ± 1.52

3.46 ± 1.53

1.0

2.0

72.22 ± 1.53

6.76 ± 1.53

4.88 ± 1.53

1.5

1.5

83.33 ± 1.53

7.96 ± 1.53

6.22 ± 1.15

2.0

1.0

66.66 ± 1.53

6.03 ± 1.53

5.03 ± 1.53

3.0

0.5

44.44 ± 1.53

4.11 ± 1.53

3.08 ± 1.53

0.5

0.5

61.11 ± 1.16

4.57 ± 1.52

2.96 ± 0.58

1.0

1.0

77.77 ± 1.53

5.32 ± 1.53

5.97 ± 1.53

1.5

1.5

88.88 ± 1.53

6.21 ± 1.53

6.01 ± 1.53

2.0

2.0

72.22 ± 1.53

5.10 ± 1.53

4.21 ± 1.53

3.0

2.5

38.88 ± 1.53

4.21 ± 1.53

3.12 ± 1.53

0.5

2.5

55.55 ± 1.53

7.13 ± 1.53

4.18 ± 1.53

1.0

2.0

77.77 ± 1.53

8.27 ± 1.53

5.33 ± 1.53

1.5

1.5

94.44 ± 1.53

9.53 ± 1.53

7.01 ± 1.53

2.0

1.0

66.66 ± 1.53

8.01 ± 1.53

6.59 ± 1.53

3.0

0.5

44.44 ± 0.88

6.14 ± 1.53

5.17 ± 1.53

SE – standard error; BAP – benzyl amino purine, IBA – indole-3-butyric acid, IAA – indole-3-acetic acid, KIN – kinetin

Rooting and acclimatization

The elongated shoots (4–5 cm) having 2 or 3 expanded leaves were excised and transferred to a root induction medium (Table 3). Well-elongated shoots were transferred to a full or half-strength MS medium without PGR
or fortified with IAA (0.5–2.5 mg/l), indole-3-butyric acid
(IBA) (0.5–2.5 mg/l), and naphthalene acetic acid (NAA)
(0.5–2.5 mg/l) – Table 3. Plantlets with well-developed
roots were excised from the culture tubes and, the roots
were washed gently under running tap water and then the
plantlets were cultured vertically on paper cups filled with
sterilized soilrite. The cups were covered with transparent polythene bags and irrigated daily with 1–2 ml of sterilized MS salt solution for six days, followed by irrigation
with sterilized distilled water. The plants were maintained in the culture room at 25 ± 2EC under 16 h/day illu-

mination of 50 μmol @ m!2s!1 provided by cool-white fluorescent tubes. After two weeks, the polythene bags were
gradually removed and the plants were kept in the culture room for another two weeks. Further, the plantlets
were transplanted into earthen pots containing garden
soil and kept in shade in a net house for another two
weeks before being transferred to field conditions.
Statistical analysis

Experiments were set up in a completely randomized
block design and each experiment usually had three replicates. There were 20 culture tubes containing a single
explant per replicate. The analysis of variance (ANOVA)
was carried out to detect the significance of differences
among the treatment means. Comparison among the
mean values of treatments was made using Duncan’s
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multiple range test at the 5% level of probability (Gomez
and Gomez, 1984).
Results and discussion
Plant material and multiple shoot induction

In the present study, we obtained the maximum number of shoots and multiple shoot induction from mature
nodal explants collected from wild-grown plants grown
on MS solid medium supplemented with 2.0 mg/l of BA
and 1.5 mg/l KN alone. Researchers have experimented
with diverse explants like cotyledons, single buds, shoot
tips, leaves, axillary buds, and nodes from a variety of
over-exploited medicinal plants using solid MS media for
mass production but nodal explants were produced efficiently in C. colocynthis (Sen and Sharma, 1991; Kulkarni et al., 1996, 2000; Furmanowa et al., 2001; Sivanandhan et al., 2011; Malayaman et al., 2017).
Influence of plant growth regulators on shoot
and multiple shoot proliferation
To determine the perfect conditions for producing
the maximum number of shoots and plantlets, the experiments were repeated thrice. The maximum number
of shoots and multiple shoots obtained is shown in Table 1 and Figure 1. Among the various cytokinins applied, MS medium fortified with only 2.0 mg/l BA was
the most efficient for shoot production and multiplication (94.44 ± 0.54 of shoots). Cytokinins used in our
study are known to eoxgenously improve the development of axillary meristems, enhance proliferation of
meristematic cells in axillary buds and augment the
number of bud primordia from the pre-existing meristems (Carmen et al., 2001).
In the present study, multiple shoot proliferation was
achieved due to the dependable contact with and increased amalgamation of BA by the shoots growing in MS
medium (Table 1). It was found that multiple shoot generation was synergistically increased by manipulating the
balance of cytokinins. Cytokinins play an important role
in shoot regeneration and multiplication due to the formation of de novo (and pre-existing) meristems from
nodal explants of medicinal plants in a solid system in
Withania somnifera (Sivanandhan et al., 2011) and Ammania baccifera (Sheik Mohamed et al., 2017). The superiority of BAP for shoot bud induction has also been
well-documented in Citrullus lanatus, where the number
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of shoots per explant was observed to be 5.22 ± 0.54b,
the shoot length recorded was 2.58 ± 0.37b (Pirinc et al.,
2003). Moreover, shooting response of 93% with 19.80
shoots per explant was recorded in C. lanatus by Ganesan and Huyop (2010), and in Cucumis sativus, shoot
bud regeneration recorded was up to 96.4% with 11.4
shoots/(explant) culture (Venkatachalam et al., 2018).
Ntui et al. (2009) stated that BAP alone enhanced shoot
bud induction and elongation in C. colocynthis up to
86.3%, with 1.5 ± 0.4bc number of shoots.
The present study involved inoculating the shoots
with a high concentration (results not shown) of individual cytokinins and was focused on altering the morphology of multiple shoots by, for example, the shortening
or lengthening the internode, differentiating between
smaller and bigger leaves, suppressing the shoots or reducing the proliferation rate. Therefore, the initiated
adventitious shoot buds were further subcultured onto
a fresh medium containing the same concentrations of
BAP alone and/or in combination with NAA/IBA for the
enhancement of a multiple shoot-bud regeneration. This
was supported by Venkatachalam et al. (2018) in C. sativus L and Kulkarni et al. (2000) in W. somnifera. Sen
and Sharma (1991) recorded 145 shoots/shoot tips and
120 shoots/shoot tips respectively on BA with IBA, and
BA with 2,4-D supplemented on a solid medium in
W. somnifera with 8 ± 2.1 number of shoots. Similarly,
120 shoots from a single bud in the Nitsch and Nitsch
(1969) solid medium fortified with BA and IBA were
obtained in W. somnifera by Furmanowa et al. (2001).
Ray and Jha (2001) obtained 37 microshoots/shoot tip
explants in MS liquid medium supplemented with BA
and coconut water. Likewise, it has been reported that
BA at the minimum concentration (0.5 mg/l to 1.5 mg/l)
was found to be optimal for a multiple shoot-bud initiation/induction from mature nodal explants of C. sativus
(Ahmad and Anis, 2005). However, the highest number
of multiple shoots in cucumber was attained in MS medium containing a combination of BA (3.0 mg/l) and IAA
(0.5 mg/l) by Ugandhar et al. (2011), with 70% shoot induction and 3.8 ± 0.36 shoots/explant in Cucumis sativum, by Grozeva and Velkov (2014) with 76.7% success
rate, by Jesmin and Mian (2016) with 73.05 ± 2.1% success rate and 96.4% with 11.4 shoots/explant in C. sativus by Venkatachalam et al. (2018). Most of the above
discussed results were not superior to our results with
94.44 ± 0.54 shoots/ explant.
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Fig. 1. Plant regeneration from mature nodal explant of Citrullus colocynthis L.: A) nodal explant of C. colocynthis; B) shoot initiation from nodal explant; C) shoot proliferation; D) multiple shoot proliferation; E) elongation of
shoot on full strength MS media; F) in vitro rooting of regenerated shoot;
G) complete plantlet and well developed root system; H) acclimatized plants
on sterile soil

Effect of MS strength and GA3 concentration
on shoot elongation
Shoot elongation in regenerated plantlets is a crucial
step of culturing in vitro which requires alteration in
media composition (Malik and Saxena, 1992; Prakash

et al., 1994), plant growth regulator substitution (Mohamed et al., 1991), change in light conditions etc. In the
present study, multiple shoots developed on BA-containing media failed to elongate in the same medium. This
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result additionally suggested that genotype is considered
as one of the main factors influencing the shoot bud regeneration rate and various genotypes needed different
growth regulator combinations for plantlet development
(Wang et al., 2015).
The number of multiple shoots was enhanced in
a medium supplemented with BA alone and/or in combination with a lower dose of auxins to the highest value of
94%. Similarly, the maximum amount (above 2.5 mg/l) of
BA over other cytokinins has been reported for Psoralea
corylifolia and Withania coagulans shoot regeneration
for the maximum production of shoot regeneration (Siva
et al., 2015; Rathore et al., 2016). BA has frequently
been reported to initiate shoot proliferation while inhibiting shoot elongation (Figueiredo et al., 2001; Brassard et al., 1996). Multiple shoots were developed on
BA-fortified media and were further transferred to PGRfree full-strength and half-strength MS media to observe
its impact on shoot elongation in C. colocynthis. For
shoot elongation, a full-strength MS medium was found
to be better than a half-strength MS medium. The desire
shoot elongation rate, the length of shoots and the number of nodes per shoot were not achieved on a PGR-free
medium.
It was crucial to choose the proper media for the
elongation of shoots. GA3 at 0–2 mg/l (Table 2) was used
in attempts to enhance shoot elongation. An addition of
1.0 mg/l GA3 to the full-strength MS medium was found
to be optimal for shoot longation (Fig. 1). ANOVA had
showed the considerable effect on the shoot length and
the number of nodes per shoot. The best shoot growth,
in the form of shoot length (7.56 ± 1.53 cm) and number
(13.96 ± 0.58) of nodes per shoot, was achieved in MS
medium fortified with 1.0 mg/l GA3, along with cytokinins BA (1.0 mg/l) and KIN (0.5mg/l). It was further
suggested by Caldas et al. (2009) that GA3 alone or in
combination with cytokinin promotes shoot elongation
in several plants. Likewise, Prem Kumar et al. (2016)
showed that BA had a greater effect on multiple shoot
bud regeneration as well as shoot elongation in cotton
when compared to KIN.

basal parts of the shoots after 14 days of culture. The
maximum root induction (94%) was achieved in MS medium supplemented with 1.5 mg/l BA and 1.5 mg/l IBA
(Fig. 1, Table 3). Increasing concentrations of IBA and
IAA significantly increased the rooting percentage. Similar observations were made by Thiruvengadam and Jayabalan (2000), Arockiasamy et al. (2002), Raman and Jaiwal (2000) and Jeyakumar and Jayabalan (2002). The
rooting response was negatively correlated with NAA
concentrations and no root initiation was noted at
a higher concentration (2.0 mg/l) of NAA (Thiyagarajan
and Venkatachalam, 2013). The present results were
supported by the findings of earlier reports (Anitha and
Pullaiah, 2002) and (Thiyagarajan and Venkatachalam,
2012), where, auxin IBA was proven to be the superior
hormone for the rooting response in a broad series of
plant species including Melothria maderaspatana (Baskaran et al., 2009), Benincasa hispida (Thomas and
Sreejesh, 2004), and C. sativus (Venkatachalam et al.,
2018). It is interesting to point out that in our study, the
combination of IBA and BA in a medium resulted in
a higher rooting response when compared to IBA alone.
The stimulatory role of auxins in promoting the growth
of roots has been reported in a number of studies (Naz
and Anis, 2012; Aslam et al., 2013), and IBA in particular, has been broadly used to initiate/augment roots in
tissue culture-mediated plants (Dipti et al., 2014).
Most recently, Kher and coworkers (2016) reported
that a half strength MS medium fortified with 8.05 μM
α-naphthaleneacetic acid augmented the formation of inexhaustible roots in Clerodendrum phlomidis and Althaea officinalis as the addition of 1.0 mg/l α-naphthalene
acetic acid and IBA at 0.5 mg/l to the medium resulted
in the formation of the highest number of roots (Mujib
et al., 2017). Hence, in the study, IBA was found to be a
superior auxin for rooting in the cucurbitaceae member
followed by NAA. The same kind of observation was also
recorded in cultivated Cucumis species (Cucurbitaceae
member) (Compton et al., 2001; Selvaraj et al., 2002;
Venkatachalam et al., 2018).

Rooting

The rooted plantlets with matured leaves were successfully placed in poly cups containing sand and soil in
the ratio of 1:2 and covered with polythene bags to ensure high humidity. Initially, the plantlets were kept in
fully closed and controlled conditions for two weeks and

In vitro grown shoots were excised separately and
placed in MS medium supplemented with various concentrations of IAA, IBA, or NAA (0.5–2.5 mg/l) for root
induction. The initial roots emerged directly from the

Acclimatization
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the polybags were gradually discarded in order to acclimatize the plantlets to greenhouse conditions. Consequently, the plantlets were transferred to field conditions and the survival rate was 81% (Fig. 1). The in vitro
regenerated plants grew well and were phenotypically
similar to the parental stock. Similar results were achieved and reported by Venkatachalam et al. (2018) in
C. sativus, by Sheik Mohamed et al. (2017) in A. baccifera and by Kulkarni et al (2000) in W. somnifera.

Arockiasamy D., Muthukumar I.B., Natarajan E., Britto S.J.
(2002) Plant regeneration from nodal and internode explants of Solanum trilobatum L. Plant Tiss. Cult. 12: 93–97.
Aslam J., Mujib A., Sharma M.P. (2013) In vitro micropropaga-

Conclusions

In Vitro Cell. Dev. Biol. Plant. 43: 144–148.
Baskaran P., Velayutham P., Jayabalan N. (2009) In vitro rege-

Our study was designed to prepare a tissue culture
protocol for large scale multiple shoot-bud regeneration
from nodal explants of C. colocynthis. The highest shoot
bud induction (94.9%) without attaining callus was observed in MS medium supplemented with BA whereas,
the combination of plant growth regulators induced
more shoots/explant. The protocol for in vitro regeneration presented herein is different from that developed
for medicinal plants reported earlier. The results of our
study strongly suggest that the pre-eminence of BA and
other cytokinins in combination with GA3, is essential for
a swift multiple shoot-bud induction as well as an enhanced rate of shoot proliferation in C.colocynthis. A fullstrength MS medium, supplemented with 1.5 mg/l IBA
combined with 1.5 mg/l BA, was found to be the best for
a maximum rooting response, and the regenerated plantlets were successfully established in field conditions with
an 81% survival rate. The in vitro tissue culture protocol
standardized here can be used for commercial (pharmaceutical) scale plant production as well as conservation
of this important traditional medicinal plant from possible extinction in the near future.
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