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Abstract

In the present investigation the role of different plant growth regulators (PGRs) on direct regeneration
from various explants, cotyledon, hypocotyl and leaf was studied to find out the regeneration potentiality
of the explant and also role of PGRs in Turkey berry/pea egg plant, S. torvum. The explants such as
hypocotyl (0.4-0.8 cm long), cotyledon (0.6-0.8 cm?) from 3 week old and leaves (1.0 cm?) from 6 week
old in vitro grown seedlings were excised and cultured on MS medium with various concentrations of
BAP/KIN alone and also in combination with 0.5-1.0 mg/L IAA showed the direct shoots regeneration.
All the explants have shown the maximum percentage of response (>90%) and highest number of
direct induction of multiple shoots per explant (55+0.15 cotyledon, 52+0.13 leaf and 31+0.17 hypocotyl
explants) was found at 0.5 mg/L 1AA+2.5 mg/L BAP in comparison to different concentrations of
cytokinins alone used and as well as in combination with IAA. Thus, it is clear that cotyledon explants
were found to be more potential in producing high frequency number of shoots per explant among all
other explants tested in the present investigations. Cytokinnes BAP/KIN alone or in combination with IAA
was found more effective in inducing shoot regeneration in all the explants of S. torvum. However, 2.5
mg/L BAP/KIN with 0.5 mg/L IAA combination induced highest number of shoots. At 3.5 and 4.0 mg/L
BAP in combination with 1.0 mg/L IAA, shoots were formed along with the callus. For in vitro rooting the
elongated microshoots were transferred on to root induction medium (RIM) fortified with 0.25-2.0 mg/L
NAA/IAA. Maximum percentage of response (92%), average number of roots (20.3+0.03) per micro
shoot with highest length of roots (9.6+0.09) was observed at 1.0 mg/L IAA. In vitro rooted plantlets were
transferred in to sterile vermiculate and soil (1:1) mix and subsequently these were acclimatized in the
green house. The in vitro rooted plantlets were transferred into field. The survival percentage was found
to be 90% and the plantlets were normal in morphology, flowering and fruiting. Thus, the regeneration
protocol developed in the present investigation can be used for conservation and genetic transformation
experiments in S. torvum, not only a medicinal plant but also a model plant.
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INTRODUCTION

Solanum torvum Sw (Turkey Berry/Pea egg plant) is an
ethnobotanical species growing wild in India. it is closely
related to eggplant (S. melongena L.). Different parts of this
plant are used in the treatment of various diseases. Fume
of the burning seeds is inhaled for toothache (Bhakuni et
al., 1969). In addition, the plant is reported to be a common

ingredient in Thai cuisine (Arthan et al., 2002). The species
contains steroidal alkaloids, viz., solasonine, torvogenin,
torvoside and torvanol (lida et al., 2005; Smith et al.,
2008). It also possesses an antioxidants, antibacterial and
antidiabetic activities (Agrawal et al., 2010). Fruits of S.
torvum are generally consumed by local tribal community
as vegetable and infrequently available in the local markets
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(Choudhury et al., 2008, 2010; Deb et al., 2013). Fruits
are effective in treatment of cough, cold, liver and spleen
enlargement (Priyanaka et al., 2014).

Though in vitro regeneration systems have been
successfully established in many varieties of Solanum
species including eggplant, potato and tomato, no report
is available on S. torvum. The purpose of this study was
therefore to develop an efficient and reproducible in
vitro regeneration protocol from different explants
of S. torvum as a necessary first step for subsequent
biotechnological studies and applications.

In vitro plant regeneration plays an important role in
conservation and multiplication of an endangered,
medicinal plant and also in genetic transformation and
transgenic plants production. In vitro direct regeneration
was reported from different types of explants in various
medicinal plants (Swartz et al., 1990; Desai & Mehta, 1990;
Rajani & Urs, 1996; Jeong et al., 2001; Rama Swamy et al.,
2005; Sharada et al., 2019).

Hence, the present study was conducted to find out the
suitable plant growth regulators (PGRs) for efficient in vitro
morphogenesis and direct regeneration from hypocotyl,
cotyledon and leaf explants of S. torvum. This is also aimed
at establishing an efficient reproducible regeneration
protocol for future conservation, sustainable production of
elite clones and transformation of S. torvum.

MATERIALS AND METHODS

Plant Material

Seeds of S. torvum were soaked for 24 hrs in sterile distilled
water. The seeds were surface sterilized with 70% (v/v)
alcohol for 2 minutes followed by two rinses in sterile
distilled water. Later these were sterilized with 0.1% (w/v)
HgCl, for 2-3 minutes and washed 3 times with sterile

distilled water. These sterilized seeds were inoculated on
MS (Murashige & Skoog's, 1962) medium without plant
growth regulators (PGRs).

Culture Media and Culture Conditions

The explants viz., hypocotyl (0.4-0.8 cm long), cotyledon
(0.6-0.8 cmz) from 3 week old seedlings and leaves (1.0
cmz) from 6 week old in vitro grown seedlings were excised
and cultured on MS medium containing 3% (w/v) sucrose
fortified with various concentrations of BAP/KIN alone and
also in combination with 0.5-1.0 mg/L IAA (Tables 1-3). The
pH of medium was adjusted to 5.8 with either 0.1 N HCl or
0.1 N NaOH, solidified with 0.8% (w/v) Difco-bacto agar and
autoclaved at 121°C under 15 psi for 15-20 minutes. Single
explant was inoculated in each culture tube and incubated
at 25°C under white-fluorescent light of 40-60 p mol m”s™
intensity for 16 hr. The cultures were transferred to fresh
medium after an interval of 4 weeks.

In vitro Rooting

For In vitro rooting, the micro shoots developed through
different explants consisting of 3-4 cm in height were
excised and cultured on % strength MSO and MSO media
without PGRs and MS medium augmented with various
concentrations of auxins NAA/IAA (0.25-2.0 mg/L) Table
4,

Plantlet Establishment

The plantlets were taken out and washed with sterile
distilled water under aseptic conditions to remove remains
of agar medium. They were shifted to plastic pots containing
sterile vermiculite: soil (1:1) mix, covered with polythene
bags, maintained 80-85% relative humidity (RH) and kept
in green house for 4 weeks. Later, they were transferred to
earthenware pots containing garden soil and maintained in
the research field.

Table 1: Effect of BAP / KIN on direct regeneration from hypocotyl, cotyledon and leaf explants of S. torvum.

Average no. of shoots / Explantt (SE)*

Average length of shoots (cms) + (SE)*

Concn. of % of cultures responding
PGRs (mg/L) Hypocotyl Cotyledon Leaf  Hypocotyl
0.5 50 53 55 08.0+0.08
1.0 54 62 62 11.4+0.09
1.5 66 71 65 13.2+0.43
2.0 71 82 70 16.4+0.13
2.5 88 92 79 22.0+0.11
3.0 72 79 91 19.0+0.17
35 63 64 74 15.5+0.16
4.0 53 56 51 11.6+0.05
0.5 40 44 50 06.0£0.15
1.0 42 52 55 09.3+0.14
1.5 43 59 60 10.7+0.03
2.0 56 71 72 13.6+0.18
2.5 62 80 81 14.5+0.15
3.0 73 75 75 16.5+0.16
35 64 62 66 13.1+0.09
4.0 50 51 52 08.7+0.15

*Mean + Standard Error ** Callus + Shoots

Cotyledon Leaf Hypocotyl Cotyledon Leaf
BAP
16.5+0.06  20+0.16 1.4+0.08 1.8+0.08 2.0+0.06
22.0+0.21  24+0.61 1.6+0.14 2.2+0.17 2.4+0.10
24.5+0.42  26%0.40 1.8+0.36 2.9+0.33 2.7+0.31
31.6+0.16 32+0.12 2.240.12 3.210.14 2.9+0.19
45.2+0.18 36+0.17 2.6x0.17 3.7+0.16 3.0+£0.15
30.4+0.15 38+0.16 2.3+0.14 3.1+0.14 3.21£0.17
26.1+0.13** 34+0.17 2.0+0.19 2.5+0.19 2.5+0.16
16.5+0.11** 26+0.29 1.6+0.05 1.9+0.02 2.3+0.08
KIN
13.8+0.12 16+0.18 1.1+0.03 1.4+0.06 1.7+0.01
15.6+0.19  22+0.14 1.3+0.36 1.6+0.32 1.9+0.33
17.2+0.06 26+0.09 1.5+0.01 2.0+0.07 2.0+0.04
25.6+0.17 28+0.77 1.8+0.18 2.4+0.14 2.2+0.16
30.0+£0.12 32+0.60 2.0+0.14 2.8+0.19 2.61£0.18
24.0+1.40 24+1.80 2.4+0.18 2.4+0.14 2.4+0.13
16.6+0.20** 20+0.25 2.1+0.65 2.2+0.63 2.2 +0.65
08.8+1.40** 17+0.25 1.5+0.26 1.9+0.20 1.9+0.25



Concn. of
PGRs (mg/L)

0.5+0.5
0.5+1.0
0.5+1.5
0.5+2.0
0.5+2.5
0.5+3.0
0.543.5
0.5+4.0
1.0+0.5
1.0+1.0
1.0+1.5
1.0+2.0
1.0+2.5
1.0+3.0
1.0+3.5
1.0+4.0
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Table 2: Effect of IAA + BAP on direct regeneration from hypocotyl, cotyledon and leaf explants of S. torvum.

% of cultures responding

Hypocotyl Cotyledon Leaf

80
69

71
67

*Mean + Standard Error ** Callus + Shoots

Concn. of
PGRs (mg/L)

IAA+KIN
0.5+0.5
0.5+1.0
0.5+1.5
0.5+2.0
0.5+2.5
0.5+3.0
0.5+3.5
0.5+4.0
1.0+0.5
1.0+1.5
1.0+1.0
1.0+2.0
1.0+2.5
1.0+3.0
1.0+3.5
1.0+4.0

Table 3: Effect of IAA+KIN on direct regeneration from hypocotyl, cotyledon and leaf explants of S. torvum.

% of cultures responding

89
81

Hypocotyl Cotyledon Leaf

44
49
56
64
85
72
54
52
42
54
50
73
86
90
82
71

48
56
64
72
88
76
61
54
48
64
53
71
79
86
72
66

55
62
74
86
91
81
69
60
50
66
52
72
84
93
79
64

*Mean + Standard Error ** Callus + Shoots

*Mean + Standard Error

Average no. of shoots / Explant+ (SE)*

Hypocotyl Cotyledon Leaf
IAA+BAP
09.2+0.09 22.6+0.15 28.0+0.15
12.0+£0.02 25.3+0.46 34.8+0.47
19.3+£0.40 36.7+0.91 40.1+0.96
26.1+0.16 44.2+0.17 45.8+0.15
31.0+0.17 55.0+0.15 52.0+0.13
19.4+0.16 42.6+0.13 41.5+0.17

15.2+0.15** 33.5+0.17**

10.5+£0.07** 26.2+0.06**
07.6+0.13 13.6+0.14
09.3+0.19 14.0+0.12
11.6+0.04 16.0+0.09
14.2+0.16 17.6+0.17
16.7+0.18 25.3+0.16
24.6+0.15 30.5+0.15
17.3+0.14**

11.0+0.20** 16.5+0.11**

Average no. of shoots / Explant+ (SE)*

Hypocotyl

10.0+0.03
12.6+0.04
15.4+0.51
16.3+0.12
19.0+0.19
17.4+0.16
15.3+0.13
11.0+0.07
08.3+0.14
12.5+0.03
10.0+0.19
15.5+0.18
18.4+0.14
22.3+0.16
19.4+0.11**
14.5+0.34**

Average length of shoots (cms) + (SE)*
Cotyledon Leaf

Hypocotyl

1.6+0.18
1.8+0.15
2.0+0.33
2.8+0.14
3.2+0.16
2.6+0.13

33.4+0.16** 2.0+0.17
26.3+0.08** 1.8+0.04

18.5+0.12
20.0+0.17
22.4+0.06
25.9+0.19
28.6x0.14
30.0+0.18

21.3+0.40** 27.5+0.6**

24.6+0.84**

Cotyledon Leaf
13.7+0.12 20.4+0.72
18.5+0.49 26.6+0.45
24.9+0.91 30.2+0.99
27.6+0.16 35.6+0.16
35.0+0.18 39.0+0.17
26.4+0.15 32.4+0.14*
22.8+0.13 29.0+£0.12
20.0+0.06 22.3+0.06
11.0+0.14 19.4+0.17
17.3+0.07 24.4+0.09
13.6+0.19 21.0+0.15
21.6+0.16 30.7+£0.17
24.5+0.18 36.3+0.18
22.2+0.16 40.2+0.16
17.5+0.8**  33.010.84**
12.6+0.17** 21.3+0.35**

1.3+0.06
1.4+0.35
1.5+0.01
1.9+0.19
2.2+0.18
2.8+£0.14
2.1+0.12
1.9+0.23

Hypocotyl

1.1+0.11
1.4+0.15
1.7+0.36
2.0+0.18
2.4+0.17
2.1+0.14
1.6+0.12
1.3+0.04
1.2+0.09
1.3+0.33
1.6+£0.04
1.9+0.16
2.1+0.15
2.5+0.24
2.1+0.34
1.8+0.22

Table 4: Effect of different types of auxins on in vitro rooting in S. torvum.

Concn. of

PGRs (mg/L)

¥%MSO

MSO

0.25
0.50
0.75
1.0
15
2.0

0.25
0.50
0.75
1.0
1.5
2.0

** Callusing with roots

% of cultures Average No. of
with rooting  shoots/Explant+(SE)* shoots

16

67
90
63
56
45
42

67
75
87
92
56
45

(4 -6) feebl
NAA

Average length of

e

09.0+0.04
18.8+0.05
14.2+0.08
12.4+0.09**
12.0+0.19**
10.0+0.10**

I1AA
08.2+0.22
14.5+0.14
16.8+0.12
20.3+0.03
11.2+0.15
10.0+0.07

(cms)x(SE)*
3.60.16

4.5+0.06
4.1+0.09
6.6+0.16
5.8+0.18
4.4+0.23
2.6+0.14

7.0+0.09
6.8 +£0.08
8.3+0.13
9.6 £0.09
6.2+0.14
5.7+0.02

2.0+0.13
2.4+0.19
3.1+0.36
3.6x0.17
4.2+0.19
3.30.14
2.9+0.16
2.5+0.08
1.6+0.06
1.8+0.37
2.0+0.03
2.2+0.19
2.6x0.14
2.9+£0.23
2.4+0.36
1.9+0.25

Cotyledon

1.6+0.11
1.8+0.16
2.1+0.35
2.5+0.12
3.0+0.16
2.8+0.17
2.2+0.19
1.9+0.08
1.8+0.06
1.9+0.34
2.3+0.03
2.7+0.19
3.2+0.17
2.9+0.24
2.4+0.38
2.0+0.26

2.4+0.16
2.8+0.15
3.2+0.37
3.5+£0.19
4.0+0.12
3.320.14
2.8+0.18
2.5+0.06
1.7+0.04
1.9+0.30
2.1+0.06
2.2#0.12
2.5+0.17
2.8+0.29
2.7+0.36
2.2+0.75

Average length of shoots (cms) + (SE)*

Leaf

1.7+£0.15
1.9+0.16
2.1+0.34
2.4+0.13
3.2+0.18
2.8+0.16
2.5+0.14
1.9+0.06
1.4+0.09
1.6+0.37
1.7+0.03
2.0£0.12
2.2+0.15
2.8+0.27
2.3+0.36
1.9+0.24
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Data Analysis

A minimum of 20 replicates were maintained for each
treatment. Each experiment was repeated at least twice
and data were recorded after 4 weeks of culture.

RESULTS

The present investigations have been undertaken to
find out the efficiency of the explant and also the PGRs
concentration and combinations for direct regeneration
in S. torvum. The explants such as cotyledon, hypocotyl
and leaf were cultured on MS medium augmented with
different concentrations of cytokinins BAP/KIN single and
also in combination with IAA (Tables 1-4). These explants
were enlarged 3-4 fold after 10 days of culture. The shoot
primordia were directly initiated in many numbers after

7.
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-~

2 weeks of culture from the cut ends of the explants viz.,
hypocotyl, cotyledon and leaf in contact with the medium
in all the concentrations and combinations of PGRs used
(Figure 1). Whereas the organogenesis was totally inhibited
on MSO medium.

Regeneration from Hypocotyl Explants

Hypocotyl explants of S.torvum were cultured on MSO and
MS medium supplemented with different concentrations of
BAP/KIN alone and also in combination with 0.5/1.0 mg/L
IAA (Tables 1-3). High percentage (92%) of responding
cultures was found at 0.5 mg/L IAA+2.5 mg/L BAP in
comparison to all other concentrations of BAP/KIN alone
and [AA+KIN. More number of adventitious shoots
formation was also observed in all the concentrations of
BAP alone (Table 1) and combined with IAA. When 0.5 mg/L

Figure 1: Direct regeneration and plantlet establishment of S. torvum.

a-c) hypocotyl explants: a) Adventitious shoot buds formation on MS+ 2.5 mg/L BAP+0.5 mg/L IAA (After 10 days of culture); b) Multiple
shoots induction on MS+ 2.0 mg/L BAP+0.5 mg/L IAA after 3 weeks (Note the proliferation of shoot buds); c) Multiple shoots development and
elongation on MS + 0.5mg/L IAA + 2.5mg/L BAP after 4 weeks of culture; d-f) Cotyledon explants: d) Adventitious shoot buds formation on
MS+ 2.5 mg/L BAP (After 10 days of culture); e) Multiple shoots induction on the same medium after 3 weeks (Note the proliferation of shoot
buds); f) Multiple shoots development on MS + 0.5mg/L IAA + 2.5mg/L BAP after 4 weeks of culture; g-i) Leaf explants: g) Proliferation of shoot
buds from the cut ends on MS+ 3.0 mg/L BAP (after 10 days); h) Shoot buds formation on MS+0.5 mg/L IAA + 2.5 mg/L BAP after 2 weeks
of culture; i) Multiple shoots proliferation and elongation on MS + 0.5 mg/L IAA + 3.0 mg/L BAP after 4 weeks of culture; j-m) In vitro rooting
and plantlet establishment: j) Profuse rhizogenesis on MS + 1.0 mg/L 1AA after 3 weeks of culture; k) Showing profuse rhizogenesis with well
developed roots on MS + 1.0 mg/L IAA after 4 weeks (Note the healthy roots); |) Acclimatized plants growing in a pot; m) Acclimatized plants

transferred to field (Note the plants similar to donor plants).



IAA added to the medium the percentage of responding
cultures was increased along with the enhanced number of
shoots per explant (Table 2). Maximum frequency number
of shoots (31+0.17) was induced at 0.5 mg/L IAA + 2.5 mg/L
BAP followed by 1.0 mg/L IAA + 3.0 mg/L BAP (24+0.15)
(Figure 1a-c). At 3.5/4.0 mg/L BAP in combination with
1.0 mg/L 1AA, shoots were formed along with the callus.
Hypocotyl explants were also cultured on MS medium
supplemented with different concentrations of KIN (0.5-
4.0 mg/L) in combination with 0.5-1.0 mg/L IAA (Table 3).
As the concentration of KIN increased in combination with
0.5-1.0 mg/L IAA, the enhancement (less than IAA+BAP
combination) in the percentage of cultures response and
as well as shoots formation per explant was recorded.
Maximum frequency number of shoots formation was
found at 1.0 mg/L IAA+3.0 mg/L KIN. The induction of
multiple shoot buds from the explant with callus found at
1.0 mg/L IAA + 3.5-4.0 mg/L KIN.

Regeneration from Cotyledon Explants

Cotyledon explants were cultured on MSO and MS medium
supplemented with different concentrations of BAP/KIN
and also in combination with 0.5-1.0 mg/L IAA (Tables 1-3,
Figure 1d-f). Adventitious shoots were induced from cut
ends of the explants in all the concentrations used. Highest
(96%) percentage of response was noted at 0.5 mg/L IAA+2.5
mg/L BAP followed by 2.0 mg/L BAP (92%) (Tables 1-2). The
percentage of response and also average number of shoots
per explant was found to be more in all the concentrations
of BAP than KIN (Figure 1d-f). Cotyledon explants were
also cultured on MS medium fortified with 0.5/1.0 mg/L
IAA+0.5-4.0 mg/L BAP/KIN (Tables 1-3). The morphogenetic
response in shoots formation was enhanced in all the
concentrations of BAP/KIN in combination with 0.5-1.0
mg/L IAA. But, the auxin-cytokinin combination |IAA+BAP,
induced more number of shoots than that of IAA+KIN (Table
3). Maximum number of shoots formation (55.0+0.15) was
recorded at 0.5 mg/L IAA+2.5 mg/L BAP by showing its
superiority (Figure 1d-f). Whereas at high concentrations
(3.5/4.0 mg/L) of BAP/KIN induced the formation of both
callus and shoots.

Regeneration from Leaf Explants

The results on multiple shoots formation from leaf
explants of S. torvum on MS medium supplemented with
different concentration of BAP/KIN singly and also in
combination with 0.5-1.0 mg/L IAA are presented in Tables
1-3. Organogenesis was totally inhibited on MSO medium
without PGRs. Maximum percentage of response was found
at 0.5 mg/L IAA+2.5 mg/L BAP, and also showed maximum
frequency number of shoots formation in comparison to
KIN alone (Table 1, Figure 1g-i). At higher concentrations of
BAP/KIN, less number of shoots was formed.

Leaf explants were also cultured on MS medium
supplemented with different concentrations of BAP/KIN
in combination with 0.5-1.0 mg/L IAA (Tables 1-3). Many
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adventitious shoots proliferation was observed at 0.5 mg/L
IAA + 2.5 mg/L BAP. More number of shoots formations
was observed when 0.5-1.0 mg/L IAA added to MS medium
along with BAP/KIN. Percentage of response and average
number of shoots formation per explant were found
to be more in all the concentrations of BAP than KIN in
combination with IAA .

Profuse rhizogenesis was also found from shoots developed
on MS+2.5/3.0 mg/L BAP in combination with 0.5/1.0 mg/L
IAA after 6 weeks of 1% subculture. Feeble rooting was also
recorded from the shoots developed directly from leaf
explants on MS+0.5 mg/L IAA+2.5 mg/L KIN.

In vitro Rooting

The shoots developed through hypocotyl, cotyledon and
leaf cultures were transferred onto % strength MSO, MSO
and MS medium augmented with different concentrations
(0.25-2.0 mg/L) of auxins NAA/IAA (Table 4).

In vitro rooting was absent on half-strength MS medium
without PGRs in S. torvum. Poor and moderate rooting was
observed on MSO medium. The percentage of response
was also very less (10%) with 4-6 feeble roots on MS basal
medium.

Effect of NAA on Rooting

Roots formation was initiated after 10 days of culture. As
the concentration of NAA increased, the percentage of
response was also enhanced upto 0.50 mg/L NAA. Profuse
rhizogenesis along with the formation of shoots was also
observed at 0.50 mg/L NAA in comparison to rest of the
concentrations used. Lengthy roots were also found at the
same concentration of NAA. As the concentration of NAA
increased beyond 0.75 mg/L, gradual enhancement in the
callus induction was observed along with the induction of
roots.

Effect of IAA on Rooting

Roots were induced after 08 days of culture and without any
callus induction in all the concentrations of IAA used. Less
percentage of response with low number of roots formation
was observed at 0.25 mg/L IAA. At 1.0 mg/L IAA, maximum
percentage of response and also highest frequency number
of roots were developed (Figure 1j-k).

Plantlet Establishment

The in vitro rooted plantlets from different explants were
hardened to plastic pots containing sterile vermiculate: soil
(1:1) mix. The maximum percentage of plant survival rate
was observed from hypocotyl culture followed by cotyledon
and leaf culture (Figure 1).

After one month, polythene bags were removed
and plantlets were shifted from walk-in-chamber to
earthenware pots containing garden soil. These plantlets
were maintained under shady conditions in the research

5



6 Int. Res. J. Plant. Sci.

field. After one month, these plants were shifted into field
(Figure 1m). These, acclimatized plants were healthy with
normal morphological features, flowering and fruiting as
that of donor plants .

DISCUSSION

In the present investigation the role of different PGRs
on direct regeneration of various explants, cotyledon,
hypocotyl and leaf was studied to findout the regeneration
potentiality of the explant and also importance of cytokinins
and auxin-cytokinin combinations in S. torvum. The
explants such as cotyledon, hypocotyl and leaf cultured on
MS medium fortified with different concentrations of BAP/
KIN alone and also in combination with 0.5/1.0 mg/L IAA
showed the direct shoots regeneration. Whereas at 0.5/1.0
mg/L IAA+2.5 mg/L BAP/3.0 mg/L KIN induced the shoots
along with rhizogenesis only in leaf explants.

Maximum number of shoots per explant was directly
developed from the cut ends of the explants at 3.0 mg/L
BAP/KIN as a sole growth regulator in all the explants
studied (Figure 1). When 0.5/1.0 mg/L IAA added to the MS
medium containing BAP/KIN showed the enhanced shoot
buds proliferation in all the explants used (Tables 1-3). But,
the induction of shoot buds proliferation was decreased
when the concentration of IAA was increased to 1.0 mg/L
in all the explants and concentrations of BAP/KIN tested.
High frequency of shoots was induced on MS medium
supplemented with 0.5 mg/L IAA+2.5-3.0 mg/L BAP.
Maximum number of shoots was developed per explant in
leaf explants followed by cotyledon and hypocotyl explants.
Less number of shoot buds proliferation was observed in
hypocotyl explants. Thus, from the foregoing, it is evident
that BAP showed superiority over KIN in inducing direct
organogenesis from all the explants used in S. torvum (see
Figure 1).

Similarly, the combination of IAA+BAP was found to be
more efficient in inducing maximum number of shoots
from different types of explants in Solanum melongena
(Sadanandam & Farooqui, 1991; Sharma & Rajam, 1995),
Physalis spp (Bapat & Rao, 1977), S. lycopersicum (Praveen
& Rama Swamy, 2011), S. surattense (Rama Swamy et al.,
2004, 2005) S. nigrum (Sharada et al., 2019) and S. torvum
(Ghan singh et al., 2021).

Highest number of shoots per explant was developed
on MS medium containing 0.5 mg/L IAA+2.5 mg/L BAP
in leaf explants of Solanum sisymbrifolium (Rao et al.,
1997) compared to all other concentrations of BAP alone
and also in combination with 1.0 mg/L IAA. When IAA
concentration was increased to 1.0 mg/L, the shoot bud
induction efficiency was reduced in S. sisymbrifolium similar
to the present findings in S. torvum. Tejavathi & Bhuvana
(1998) have observed the maximum shoot regeneration on
IAA+BAP/2-ip and superiority of BAP over KIN in S. viarum
similar to the present observations.

Leaf explants showed the efficiency in inducing high
frequency of direct regeneration compared to cotyledon
and hypocotyl explants in S. torvum. Whereas Ugandhar et
al. (2006) had observed that the cotyledon explants were
superior to hypocotyl and leaf explants in S. surattense.

From the foregoing discussion, it is evident that the
different explants cultured on the same concentration of
cytokinins and auxin-cytokinin combinations show varying
results in the same species/either through callus mediated
organogenesis/direct regeneration. Morphogenic response
of explants depends on many factors including balancing
of exo-and endogenous auxin-cytokinin levels (Rama
Swamy et al., 2004). Effect of these growth substances on
morphogenesis in vitro was well documented (Rao et al.,
1989). Endogenous hormones are triggered in explants by
exogenous supply which interacts with each other and leads
to the establishment of some sort of balance to achieve
regeneration (Vasil & Nitsch, 1975). Thus, the morphogenetic
expression in a particular direction is manifested as a
result of the cumulative effect of many factors viz., growth
substances, nutrient medium, temperature, humidity,
photoperiod etc. These are the important morphogenetic
tools which can control the internal milieu of the cell (Rama
Swamy, 2006).

In vitro rooting was successfully achieved in S.torvum.
The shoots regenerated from all the explants were rooted
on NAA/IAA. Profuse rhizogenesis was observed on MS
medium augmented with 1.0 mg/L IAA in comparison
to all other concentrations of auxins used in S.torvum.
Maximum percentage of responding cultures was also
observed at the same concentration of IAA. IAA showed
superiority in inducing in vitro rooting followed by NAA.
Whereas Komalavalli & Rao (2000) have observed the
efficacy of IBA compared to IAA/NAA in medicinal plant
Gymnema sylvestre. Recently, Rama Swamy et al. (2004)
have reported the best in vitro rooting on % strength MS
medium containing 1.0 mg/L IBA followed by 1.0 mg/L IAA
in S. surattense a medicinal herb.

Hardening/acclimatization technique mainly depends on
the physiological changes take place in a plant body to
withstand the natural environmental conditions. Little
is known about the physiological changes which occur
during acclimatization. Studies related to hardening/
acclimatization were most often limited to observations
on visual plant quality, rooting, histochemical changes
and plant survival (Van Huylenbroeck & Debergh, 1996).
During acclimatization an increase in enzymatic activity
of both catalase and superoxide dismutase was observed
in Spathiphyllum and Calathea (Van Huylenbroeck &
Debergh, 1996). They suggested that during acclimatization
the changes in humidity combined with light intensity can
generate activated oxygen species (AOS). The physiological
function of the observed changes can be considered as a
protective mechanism against AOS.



During acclimatization process, three important factors are
involved. They are: photosynthesis, carbon metabolism and
activity of enzymes related to oxidative stress. Light intensity
plays an important role in acclimatization. A sudden increase in
light intensity during acclimatization leads to photo inhibition
and severe stress (Van Huylenbroeck & De Riek, 1995).

CONCLUSION

Thus, it is clear that leaf explants were found to be more
potential in producing high frequency number of shoots
per explant among all other explants tested in the present
investigations. Cytokinins BAP/KIN alone or in combination
with IAA was found to be effective in inducing direct shoot
regeneration in all the explants of S. torvum. However, 2.5
mg/L BAP/KIN with 0.5 mg/L IAA/NAA combination induced
highest number of shoots per explant. Thus, the plants
regenerated in vitro by direct organogenesis may exhibit
greater genetic stability than those produced from callus.
Based on our observations on in vitro direct regeneration
reproducible protocol, the plant S. torvum can be used as
model system (organism) as like as tobacco and cress plants.
In the present investigation the regeneration protocol
developed from hypocotyl, cotyledon and leaf explants
can be used for mass-scale propagation of the species
and also for genetic transformation studies to introduce
agronomically important traits to enhance the secondary
metabolites production and also to develop resistance
against pests/insects.

Conflict of Interest

The authors declare that there is no conflict of interest.

Acknowledgements

We thank the University Grants Commission, New Delhi,
India for providing the financial assistance under Rajiv
Gandhi National Fellowship as JRF/SRF (Ref. No. F.14-2(SC/
ST)/2009)(SA-llI).

REFERENCES

Agrawal AD, Bajpei PS, Patil AA, & Bavaskar SR(2010). Solanum
torvum Sw. phytopharmacological review. Scholar Res Libr. 2(4):
403-407.

Arthan D, Svasti J, Kittakoop P, Pittayakhachonwut D,
Tanticharoen M, & Thebtaranonth Y(2002). Antiviral isoflavonoid
sulphate and steroidal glycosides from the fruits of Solanum
torvum. Phytoche. 59(40): 459-463.

Bapat UA, & Rao PS(1977). Experimental control of growth
and differentiation in organ cultures of Physalis minima Linn. Z.
Pflauzen. Physiol. 85: 403-416.

Bhakuni DS, Dhar ML, Dhar MM, Dhawan BN, & Mehrotra
BN(1969). Screening of Indian plants for biological activity: Part
Il. Ind J Experi Bio. 7: 250-262.

Choudhury R, Datta Choudhury M, De B, & Paul SB(2008).

Malothu GS, et al.

Choudhury R, Datta Choudhury M, De B, & Paul SB(2010).
Importance of certain tribal edible plants of Tripura. Ind J Traditi
Knowle. 9(2): 300-302.

Deb D, Sarkar A, Deb Barma B, Datta BK, & Majumda K(2013).
Wild edible plants and their utilization in traditional recipes of
Tripura, Northeast India. Adv in Biologi Res. 7(5): 203-211.

Desai HV, & Mehta AR(1990). Organogenesis in cultured leaf
discs of Passiflora sp. In: Hand book of plant tissue and cell
culture (eds) A.R. Mehta and P.N. Bhatt, Acad. Book Centre,
Ahmedabad, 28-30.

Ghan Singh M, Rajinikanth M, & Rama Swamy N(2021). Effect of
plant growth regulators on somatic embryogenesis and plantlet
development of turkey berry (Solanum torvum SW). Europ J
Medic Plants. 32(7): 1-8.

lida Y, Yanai Y, Ono M, lkeda T, & Nohara T(2005). Three unusal
22-beta-0O-23- hydroxy (5 alpha)-spirostanol glycosides from the
fruits of Solanum torvum. Chemi and Pharmaceutical Bulletin
(Tokyo). 53(9): 1122-1125.

Jeong JH, Murthy HN, & Pack KY(2001). High frequency
adventitious shoot induction and plant regeneration from leaves
of statice. Plant Cell Tissue and Organ Culture. 65: 123-128.

Komalavalli N, & Rao MV(2000). In vitro micropropagation of
Gymnema sylvestre-a multipurpose medicinal plant. Plant Cell
Tissue and Organ Culture. 61: 97-105.

Murashige T, & Skoog F(1962). A revised medium for rapid growth
and bioassay with tobacco tissue culture. Physiologia
Plantarum. 159: 473-497.

Praveen M, & Rama Swamy N(2011). Effect of genotype, explant
source and medium on in vitro regeneration of tomato. Inter J
Genetics and Mol Bio. 3(3): 10-16.

Privanka A, Yogananth N, Ali MS, & Anuradha V(2014).
Antibacterial and antifungal activity of Solanum torvum Sw. An
ethnomedicinal plant. Inter J Comprehensive Res in Bio Sci.

1(3): 6-12.

Rajani MS, & Urs HGVG(1996). Multiple shoot induction from
cotyledonary explants of Tabebuia spp in vitro. Phytomorphol.
48: 207-213.

Rama Swamy N, Ugandhar T, Praveen M, Lakshman A, Rambabu
M, & Venkataiah P(2004). In vitro propagation of medicinally
important Solanum surattense. Phytomorphol. 54: 281-289.

Rama Swamy N, Ugandhar T, Praveen M, Venkataiah P,
Rambabu M, Upender M, & Subhash K(2005). Somatic
embryogenesis and plantlet regeneration from cotyledon and
leaf explants of Solanum surattense. Ind J Biotech. 4: 414-418.

Rama Swamy N(2006). Applications of Biotechnology for
improvement of Solanum surattense - A medicinal plant. Daya
Publishing House, New Delhi.

Rao GP, Reddy KRK, & Bir Bahudur(1989). In vitro
morphogenesis from hypocotyl and cotyledonary callus cultures
of Turnera subulata. J.E. Smith (Turneraceae). Advances in
Plant Sci. 2: 100-105.

Rao AV, Venu Ch, & Sadanandam A(1997). Selection of
streptomycin and kanamycin resistance using nitrosomethylurea
and Agrobacterium in Solanum sisymbrifolium. Ind J Experi Bio.
35:188-192.

Sadanandam A, & Farooqui MA(1991). Induction and selection of
lincomycin-resistant plants in Solanum melongena L. Plant Sci.
79: 237-239.

Sharada D, Sai Krishna P, & Rama Swamy N(2019). Plant

Phytochemical studies and analgesic activity of certain
ethnomedicinal plant of Tripura state, India. Asian J Che. 20(1):
741-744.

regeneration via somatic embryogenesis in Solanum nigrum L.
(Black nightshade) (Solanaceae). Biotech J Inter. 23(1): 1-9.

7


https://www.scholarsresearchlibrary.com/articles/solanum-torvum-sw--a-phytopharmacological-review.pdf
https://www.scholarsresearchlibrary.com/articles/solanum-torvum-sw--a-phytopharmacological-review.pdf
https://www.scholarsresearchlibrary.com/articles/solanum-torvum-sw--a-phytopharmacological-review.pdf
https://doi.org/10.1016/s0031-9422(01)00417-4
https://doi.org/10.1016/s0031-9422(01)00417-4
https://doi.org/10.1016/s0031-9422(01)00417-4
https://doi.org/10.1016/s0031-9422(01)00417-4
https://asianjournalofchemistry.co.in/User/ViewFreeArticle.aspx?ArticleID=20_1_109
https://asianjournalofchemistry.co.in/User/ViewFreeArticle.aspx?ArticleID=20_1_109
https://asianjournalofchemistry.co.in/User/ViewFreeArticle.aspx?ArticleID=20_1_109
https://asianjournalofchemistry.co.in/User/ViewFreeArticle.aspx?ArticleID=20_1_109
http://nopr.niscair.res.in/bitstream/123456789/8164/1/IJTK%209%282%29%20300-302.pdf
http://nopr.niscair.res.in/bitstream/123456789/8164/1/IJTK%209%282%29%20300-302.pdf
http://nopr.niscair.res.in/bitstream/123456789/8164/1/IJTK%209%282%29%20300-302.pdf
https://www.idosi.org/abr/7(5)13/14.pdf
https://www.idosi.org/abr/7(5)13/14.pdf
https://www.idosi.org/abr/7(5)13/14.pdf
https://www.interesjournals.org/articles/high-efficiency-direct-in-vitro-regeneration-from-different-explants-of-medicinal-plant-turkey-berry-solanum-torvum-sw.pdf
https://www.interesjournals.org/articles/high-efficiency-direct-in-vitro-regeneration-from-different-explants-of-medicinal-plant-turkey-berry-solanum-torvum-sw.pdf
https://www.interesjournals.org/articles/high-efficiency-direct-in-vitro-regeneration-from-different-explants-of-medicinal-plant-turkey-berry-solanum-torvum-sw.pdf
https://www.interesjournals.org/articles/high-efficiency-direct-in-vitro-regeneration-from-different-explants-of-medicinal-plant-turkey-berry-solanum-torvum-sw.pdf
http://dx.doi.org/10.1248/cpb.53.1122
http://dx.doi.org/10.1248/cpb.53.1122
http://dx.doi.org/10.1248/cpb.53.1122
http://dx.doi.org/10.1248/cpb.53.1122
https://doi.org/10.1023/A%3A1010697207189
https://doi.org/10.1023/A%3A1010697207189
https://doi.org/10.1023/A%3A1010697207189
https://link.springer.com/article/10.1023/A:1006421228598
https://link.springer.com/article/10.1023/A:1006421228598
https://link.springer.com/article/10.1023/A:1006421228598
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
http://www.academicjournals.org/ijgmb
http://www.academicjournals.org/ijgmb
http://www.academicjournals.org/ijgmb
https://www.researchgate.net/publication/339850122_Antibacterial_and_antifungal_activity_of_Solanum_torvum_Sw_An_Ethnomedicinal_Plant
https://www.researchgate.net/publication/339850122_Antibacterial_and_antifungal_activity_of_Solanum_torvum_Sw_An_Ethnomedicinal_Plant
https://www.researchgate.net/publication/339850122_Antibacterial_and_antifungal_activity_of_Solanum_torvum_Sw_An_Ethnomedicinal_Plant
https://www.researchgate.net/publication/339850122_Antibacterial_and_antifungal_activity_of_Solanum_torvum_Sw_An_Ethnomedicinal_Plant
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1061.5079&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1061.5079&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1061.5079&rep=rep1&type=pdf
http://dx.doi.org/10.13140/RG.2.1.3416.9040
http://dx.doi.org/10.13140/RG.2.1.3416.9040
http://dx.doi.org/10.13140/RG.2.1.3416.9040
http://dx.doi.org/10.13140/RG.2.1.3416.9040
https://www.bagchee.com/books/BB40712/biotechnological-applications-for-improvement-of-solanum-surattense-a-medicinal-plant
https://www.bagchee.com/books/BB40712/biotechnological-applications-for-improvement-of-solanum-surattense-a-medicinal-plant
https://www.bagchee.com/books/BB40712/biotechnological-applications-for-improvement-of-solanum-surattense-a-medicinal-plant
http://dx.doi.org/10.1007/s002990050335
http://dx.doi.org/10.1007/s002990050335
http://dx.doi.org/10.1007/s002990050335
http://dx.doi.org/10.1007/s002990050335
https://doi.org/10.9734/BJI%2F2019%2FV23I130070
https://doi.org/10.9734/BJI%2F2019%2FV23I130070
https://doi.org/10.9734/BJI%2F2019%2FV23I130070

8 Int. Res. J. Plant. Sci.

Sharma P, & Rajam MV(1995). Genotype, explant and position
effects on organogenesis and somatic embryogenesis in egg
plant (Solanum melongena L.). J Experim Bot. 46: 135-141.

Smith SW, Giesbrecht E, Thompson M, Nelson LS, & Hoffman
RS(2008). Solanaceous steroidal glycoalkaloids and poisoning
by Solanum torvum, the normally edible susumber berry.

Ugandhar T, Praveen M, Upender M, Rambabu M, Subhash K, &
Rama Swamy N(2006). In vitro multiple shoots induction from
cotyledon explants of Solanum surattense-A medicinal herb. In:
Recent Trends in Biotechnology, (eds) T. Pullaiah and N. Rama
Swamy, Regency Publications, New Delhi.

Van Huylenbroeck JM, & De Riek J(1995). Sugar and starch

Toxicon. 52(6): 667-676.

Swartz HJ, Bors R, Mohamed F & Naess SK(1990). The effect of in
vitro pretreatment on subsequent shoot organogenesis from
excised Rubus and Malus leaves. Plant Cell Tissue and Organ

accumulation during ex vitro rooting and acclimatization of
micropropagated Spathiphyllum ‘petite’ plantlets. Plant Sci. 111:
19-25.

Van Huylenbroeck JM, & Debergh PC (1996). Physiologicalaspects

Culture. 21: 179-184.

Tejavathi DH, & Bhuvana B(1998). In vitro morphogenetic studies in
Solanum viarum Dunal. The J Swamy Botanical Club.15: 27-30.

in_acclimatization of micropropagated plantlets. Plant Tissue
Culture and Biotech. 2: 136-141.

Vasil IK, & Nitsch C (1975). Experimental production of pollen
haploid and their uses. Pflanzen Physiol. 76: 191-212.


https://doi.org/10.1016/j.toxicon.2008.07.016
https://doi.org/10.1016/j.toxicon.2008.07.016
https://doi.org/10.1016/j.toxicon.2008.07.016
https://doi.org/10.1016/j.toxicon.2008.07.016
https://link.springer.com/article/10.1007/BF00034437
https://link.springer.com/article/10.1007/BF00034437
https://link.springer.com/article/10.1007/BF00034437
https://link.springer.com/article/10.1007/BF00034437
http://hdl.handle.net/1854/LU-195769
http://hdl.handle.net/1854/LU-195769
http://hdl.handle.net/1854/LU-195769
http://hdl.handle.net/1854/LU-195769
http://hdl.handle.net/1854/LU-266085
http://hdl.handle.net/1854/LU-266085
http://hdl.handle.net/1854/LU-266085

