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Abstract

A highly efficient and repeatable in vitro protocol has been developed for rapid and mass
scale propagation of Physalis minima L. Fresh nodal segments from field grown plants
were aseptically cultured on MS medium alone or in combination with different PGRs.
The nodal segments showed direct organogenesis and produced the highest number of
multiple shoot buds (MSBs) (4.87 + 0.12) per explant when cultured on MS medium
supplemented with 2.0 mg/l BAP + 0.5 mg/l NAA. Nodal and leaf segments from in vitro
grown shoots were further cultured on MS medium containing different concentrations
and combinations of PGRs. Among the different combinations, MS + 2.0 mg/l BAP + 1.0
mg/l IAA was found to be the best for induction of maximum number of shoot buds (4.13
+ 0.11) per nodal explant with the highest percentage (95%) of shoot bud formation
within 15-18 days of culture. Nodal segments proved to be better than leaf explants for
callus induction. Maximum 86% of nodal segments produced brownish compact calli on
MS medium fortified with 1.0 mg/l 2, 4-D + 0.5 mg/l Kn. It was noticed that the brownish
friable calli did not undergo any kind of differentiation. The highest increase in length
(cm) of shoot bud (3.60 + 0.11cm) was noted on MS medium augmented with 1.0 mgy/l
BAP + 0.5 mg/l NAA. The elongated multiple shoot buds were individually transferred to
rooting media. Maximum numbers of roots (5.87 + 0.17) per micro shoot was recorded in
half-strength MS medium supplemented with 1.0 mg/l IBA. The stout rooted plantlets
were hardened in pots at 75% survival rate. Both micro propagated plants were stable
and showed uniform morphological and growth characteristic following their
establishment.

Introduction

Physalis minima is commonly known as wild gooseberry, is an important medicinal plant
belongs to the family Solanaceae (Sheeba et al. 2010). It is frequently found in organic
matter-rich waste as well as agrarian land, distributed around the tropical and subtropical
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regions of Asia (Chothani and Vaghasiya 2012). This species is used as tonic, diuretic,
laxative, anti-inflammatory, Splenomegaly, and bladder ulcers (Mungole et al. 2011). Its
fruit is edible (Cribb and JW 1976). Crushed leaves and fruits are applied over snakebite
(Karthikeyani and Janardhanan 2003). Extracts of the plant have anticancer activity
(Duke and Ayensu 1985) and extracts of leaves have antimicrobial activity (Nayeemulla
et al. 2006). Mixture of mustard oil and water along with leaf extracts of ~ P. minima has
been used as a remedy for earache (Chopra et al. 1986). Pietro et al. (2000) reported that
extract of Physalis containing physalins display anti-mycobacterial activity against
Mycobacterium tuberculosis, M. avium, M. kansii, M. malmoense and M. intracellulare.

Despite the plant has enormous therapeutic potential, over-exploitation and ongoing
environmental pollution are putting it in risk of extinction. Consequently, it is essential to
develop conservation strategies for enhancing its survival. Micropropagation offers a
significant opportunity for the preservation and large-scale multiplication of beneficial
species (Usman et al. 2008, Afroz et al. 2009). However, there are very few reports in the
current literature have been found about P. minima micropropagation experiments. Thus,
the main objective of the present investigation was to develop an effective reproducible in
vitro protocol for mass scale propagation and sustainable supply of this plant in future
drug discovery.

Materials and Methods

The plant materials used in this experiment were collected from the botanical garden,
University of Chittagong, Chattogram. The nodal segments were washed thoroughly
under running tap water and later soaked them in 1% Savlon (ACI Ltd., Bangladesh) for
about 10-15 min, washed 3-4 times again by running tap water and three to four times by
distilled water. The nodal segments were surface sterilized by dipping them with 0.1%
(w/v) mercuric chloride for 2 min, followed by 3-4 rinses with sterile double distilled
water in a laminar air flow cabinet. They were then surface sterilized with 70% (v/v)
ethanol for 1 min. and washed them 4-5 times with sterile double distilled water. The
surface sterilized explants were sized to 1.0-1.5 cm in length containing a single node
with an axillary bud. The explants were inoculated in agar gelled MS basal media
supplemented with auxin and cytokinins at different concentrations for shoot induction
and proliferation. Shoots induced from the in vitro cultures were further used as explants
for adventitious shoot proliferation. For in vitro rooting, individual shoots (3-5 cm) were
excised from the proliferated shoot cultures and implanted on half strength MS media
with different concentrations and combinations of IBA, IAA and NAA. All the media
were supplemented with 3% (w/v) sucrose and 0.8% (w/v) agar. The pH of each medium
was adjusted to 5.80 before autoclaving at 121°C for 20 min and the medium was
dispensed into 25 x 150 mm culture tubes or 250 ml conical flasks. The cultures were
incubated for 14 h photoperiod at 25 + 2°C under fluorescent light (Intensity: 2000-3000
lux).
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For acclimatization of the in vitro developed plantlets in outside environment, the
culture vessels were kept outside the culture room with gradual increasing the time up to
three days. Finally, the plantlets were taken out of the culture vessels and washed with
running tap water for removal of agar attached to the roots. Then the plantlets were
transplanted to small plastic pots containing garden soil and compost in the ratio of 1:1
and kept in room temperature for 3-5 days. The soil was treated with 0.1% agrosan
(fungicide) solution. After gradual acclimatization, plantlets were finally transferred to
large pots and kept in outside natural environment. Each treatment was repeated thrice.
The graphs and mean values of parameters were compared by analysis of variance using
SPSS (Ver. 26) software.

Results and Discussion

Various concentrations of BAP and Kn (1.0-2.0 mg/l) singly and in combination with
NAA and TAA were used in MS medium to observe their effects on the shoot
proliferation in nodal explants of P. minima. The nodal segments undergo direct
organogenesis producing multiple shoot buds within 18-30 days of culture. The highest
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Fig. 1(a-b). Effect of MS medium with different concentration and combination of PGRs on in vitro shoot
formation from nodal explants of Physalis minima: (a) percentage of proliferation, and (b) number of shoot
buds per culture after 18-22 days.
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number of nodal segments (93%) produced multiple shoot buds when cultured on MS
medium supplemented with 2.0 mg/l BAP + 0.5 mg/l NAA (Fig. 1a) and this medium also
produced maximum number of shoot buds (4.87 + 0.12) per nodal segment (Fig. 1b). It is
proved that higher amount of cytokinin in combination with lower amount of auxin
promoted direct organogenesis which was better in combination of BAP and NAA rather
than that of any other combination of PGRs. The importance of plant growth regulators
on shoot propagation was highlighted in various studies. Particularly, the synergistic
effect of BAP with NAA has been shown in many other medicinal plants like, Centella
asiatica (Hossain et al. 2000), Stemona tuberosa (Biswas et al. 2011), Aloe vera (Das and Rout
2018), Withania somnifera (Goswami et al. 2022), Leucas biflora (Paul and Biswas 2024),
Spilanthes acmella (Sana and Rani 2025), Actinidia deliciosa (Uddin et al. 2025).

For callus induction, leaf and nodal segments were cultured on MS medium
supplemented with different concentrations of auxin and cytokinin. The nodal explants
showed better response than leaf segments and produced brownish compact callus on
different PGRs supplemented medium. The maximum callus tissue (86%) produced from
nodal explants when cultured on MS medium containing 1.0 mg/l 2, 4-D + 0.5 mg/l Kn
(Fig. 2). The nature of callus in all the media compositions was brownish compact. It was
found that MS medium in combination with 2,4- D and Kn was better than the other
tested combination in terms of callus induction. Similar proliferation of callus tissue from
nodal segments was also noted in other medicinal plants including Mirabilis jalapa
(Ling et al. 2009), Camellia sinensis (Seran et al. 2007), Piper carinconnectivum (dos Santos
et al. 2015). In order to promote differentiation, the calli produced from P. minima were
further grown on a broad spectrum of PGRs supplemented MS medium. It was highly
noticed that the callus did not undergo any kind of differentiation and finally died.
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Fig. 2. Callus induction from nodal explants of Physalis minima.
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Table 1. Effects of different concentrations and combinations of auxins and cytokinins for the elongation of
micro-shoots in P. minima.

MS-PGRs combination (mg/1) Average* initial Average* length(cm) of Average* increase in
length (cm) of  individual shoot buds length(cm) of
individual shoot  after 30d of culture individual shoot buds
bud (mean + SE) (mean + SE) after 30d of culture
(mean + SE)

BAP Kn BAP+NAA BAP+IAA KntNAA Kn+IAA

1.0 - - - - - 1.33 +0.03b¢ 3.93 +0.10%" 2.60 + 0.072bf
2.0 - - - - - 1.27 +0.13% 3.74 £ 0.09bdf 247 +0.168
- 1.0 - - - - 1.07 +0.17* 2.74 +0.14¢s 1.67 £0.21f
- 2.0 - - - - 1.13+0.102 2.86 £ 0.12b<¢ 1.73 +0.02h
- - 1.0+0.5 - - - 1.67 +0.11¢ 5.27 +0.052d 3.60 £0.11f
- - 20+05 - - - 1.40 +0.154¢ 4.87 £0.072 3.47 £ 0.05bdh
- - - 1.0+0.5 - - 1.23 +0.12% 3.36 £ 0.17bf 2.13 £ 0.14b<d
- - - 20+05 - - 1.20 + 0.08d 3.13 £ 0.195h 1.93 £0.10
- - - - 1.0+0.5 - 1.60 + 0.100 4.80+0.13¢n 3.20 £ 0.1505h
- - - - 20+05 - 1.33 £ 0.042d 3.66 = 0.08f 2.33 +0.09<ds
- - - - - 1.0+0.5  1.80+0.072 5.30 £ 0.15¢¢8 3.50 + 0.17%s
- - - - - 20+05 1.25+0.174 3.58 +0.10Psh 2.33 £0.14<

d = days. *values are the means of five replicates with 15 explants. All test values with different superscripts in
the same column are significantly different at p <0.05.

For promoting rapid elongation, the in vitro grown shoot buds of P. minima that
developed directly from nodal segments were further cultured on elongation media. MS
medium supplemented with different concentrations and combinations of PGRs were
used for this purpose. The highest increase of shoot buds (3.60 + 0.11cm) was recorded in
MS medium containing 1.0 mg/l BAP + 0.5 mg/l NAA (Table 1, Fig. 4D). The combination
of auxin and cytokinin stimulates cell division and affect the path of differentiation
(Thomas and Chaturvedi 2008). The effect of BAP in combination with NAA has been
noticed in many other medicinal plant species such as Plumbago indica (Bhadra et al.
2004), Vitex negundo (Hiregoudar et al. 2006), Gynura procumbens (Keng et al. 2009), and
Lilium lancifolium (Sun et al. 2013).

Finally, in order to get complete plantlets the elongated shoot buds were individually
grown on rooting media. The rooting media were prepared by half-strength MS medium
with or without low concentrations of auxin (IBA, IAA and NAA). Among the different
combinations and concentrations of PGRs, half-strength MS medium fortified with 1.0
mg/l IBA gave better response in induction and development of root. The highest
percentage was 93% in term of maximum number of roots (5.87 + 0.17) per shoot (Fig. 3a)
and the highest increase in root length (3.07 + 0.12) (Fig. 3b) after 30 days of culture (Fig.
4E). In this study, the application of IBA demonstrated strong rooting efficiency similar to
some previously reported cases. The effeciency of IBA for in vitro root induction in
Withania coagulans has been reported by Valizadeh and Valizadeh (2011), Physalis
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peruviana (Otroshy et al. 2013), Bacopa monnieri (Jain et al. 2014), Satureja punctate
(Teshome et al. 2016). The present results are different from these reports in terms of
early root induction, large number of roots, vigorous growth. Generally, IBA has widely
been used as rooting substance to propagate various plants. IBA acts as a slow-releasing
hormone, enabling its effects to remain longer in the culture medium and resulting in the
constant promotion of roots (Epstein and Ludwig-Miiller 1993). Sivanesan and Jeong
(2009) demonstrated that half-strength MS medium supplemented with 2.0 mg/l IBA
promoted better rooting in Sphagneticola trilobata which supports the present observation.
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Fig. 3(a-b). Effect of ¥2MS with different auxins on root development of P. minima: (a) numbers of roots and
(b) length of roots.

After establishment of well profuse rooted plantlets the in vitro raised complete
seedlings with healthy root system were transferred to outside environment and planted
in earthen pot through successive phase of acclimatization described in Materials and
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Fig. 4(A-F). In vitro propagation of Physalis minima through direct organogenesis: (A) initiation of shoot buds in
nodal segments, (B) maximum proliferation of shoot buds on MS medium supplemented with 2.0 mg/l
BAP + 0.5 mg/l NAA, (C) initiation of brownish friable callus in nodal segments, (D) maximum elongation
of shoot buds on MS + 2.0 mg/l BAP and 1.0 mg/l NAA, (E) highest number of roots per micro shoot in
half-strength MS + 1.0 mg/l IBA, and (F) establishment of in vitro raised plantlets in plastic pots.

Methods. Hardening of in vitro grown plantlets for adjustment to natural environment is
a difficult aspect of plant tissue culture. These plantlets of P. minima were developed
through in vitro culture technique were at last transferred to earthen pots in outside
environment (Fig. 4F). Ultimately 75% of the plantlets survived and established showing
normal growth.
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