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In vitro regeneration of Begonia rubrovenia var. meisneri C.B. Clarke—
A rare and endemic ornamental plant of Meghalaya, India
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In vitro plant regeneration from leaf and petiole explants of Begonia rubrovenia meisneri C.B. Clarke, an endemic and
rare plant of Meghalaya, has been established. Multiple shoots were induced on Murashige and Skoog (MS) medium
supplemented with various concentrations of 6-benzyl aminopurine (BAP) and thidiazuron (TDZ). In vitro produced leaf
and petiole sections (secondary explants) exhibited enhanced shoot proliferation in MS medium supplemented with either
BAP or TDZ in different concentrations (0.05-5.0 mg/L). A maximum, 65 shoots/petiole were formed on MS+0.1 mg/L
TDZ. The in vitro-raised shoots formed roots in MS medium containing 0.1 mg/L indole 3-acetic acid (IAA), with a
maximum of 13.8 roots/shoot. About 73.33% of the 500 plantlets transferred acclimatized successfully within 4 wk in a
glasshouse. On being transferred to the field, all the acclimatized plantlets survived after 8 wk.
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Introduction
The Northeastern region of India has a reservoir of
floristic diversity. Over-exploitation and habitat
destruction are serious threats to the biodiversity of
this region. In consequence, several species of the
region have been kept under the list of threatened
species by IUCN1. To facilitate the distribution,
conservation and storage in ‘In Vitro Gene Banks’ of
these threatened plant species, application of tissue
culture has been widely applied2-4. In India,
application of tissue culture in ex situ conservation
has been restricted to economically important plant
species4. However, attempts should be made to
conserve all the threatened plant species.
Genus Begonia (Family: Begoniaceae) comprises
of around 1000 species and many of these are
valuable ornamentals and important medicinal plants5.
Begonia rubrovenia meisneri C.B. Clarke is a
herbaceous, endemic, rare and threatened species of
Meghalaya, India1. The plant has attractive foliage
with small white flowers and can be utilized for
horticultural purposes. The tender shoots of this
species are also edible6. The shrinkage of forest cover,
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rapid changing ecosystems, natural calamities and
ruthless collection for ornamental purposes have led
to the depletion of this plant species. In vitro
regeneration and micropropagation of Begonia via
organogenesis, tissue culture and transverse thin cell
layer technology have been investigated by various
workes2,7-12. However, report on in vitro propagation
of
B. rubrovenia meisneri was not available despite its
commercial importance. Therefore, this paper deals
with the application of in vitro techniques for
multiplication of B. rubrovenia meisneri. The present
protocol provides high frequency of shoot
multiplication from petiole and leaf explants with
successful acclimatization in the greenhouse.
The protocol can also be used for conservation and
propagation of this plant species.
Materials and Methods
Plant Material and Initiation of Aseptic Cultures

The plants of B. rubrovenia meisneri were
collected from the forest area of Jarain (Meghalaya)
in April 2009 and were maintained in the glasshouse
of Plant Biotechnology Laboratory, Department of
Botany, North Eastern Hill University, Shillong,
India. Leaves and petioles, harvested from the plants
growing in the glasshouse, were used as explants.
These were thoroughly washed with water for 1 h,
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treated with 2% Labolene (v/v) for 10 min and finally
rinsed 4 to 5 times with sterile water. Then they were
surface sterilized with 10-15% sodium hypochlorite
(4% active chlorine content) for 10 min.
The disinfected plant materials were rinsed with
sterile water several times and then dissected out to
make explants of appropriate size. The leaf sections
measuring about 1.0 cm2 and petioles about 1.0 cm
long were cultured on MS medium13 containing
3% (w/v) sucrose supplemented singly with various
concentrations (0.01-0.1 mg/L) of 6-benzyl
aminopurine (BAP). Nutrient medium was gelled with
0.8% (w/v) agar and pH was adjusted to 5.8±0.02,
prior to autoclaving at 1.06 kg cm-2 pressure at 121°C
for 15 min. The cultures were incubated at 25±2˚C
and 12 h photoperiod with an irradiance of 60-62.2
µmoles m-2 s-1, provided by cool white fluorescent
tubes. MS medium containing 3% (w/v) sucrose
without any growth regulators was used as control.

percentage of plant survival was recorded after a
month. Then, the acclimatized and survived plants
were transferred to the field.
Results and Discussion
Culture Establishment and Production of Secondary Explants

The leaf and petiole explants collected from the
in vivo grown plants responded in cultures.
The explants exhibited swelling after 2 wk on MS
medium with different concentrations (0.01-0.1 mg/L)
of BAP. These differentiated into shoot buds in the
3rd wk of culture on MS+0.1 mg/L BAP. The
emerging shoot buds were used further and
transferred to fresh medium for amplification.
Initiation and multiplication of cultures from minimal
plant material is always preferred in case of
threatened plants for reducing the pressure on the wild
plants14. A large number of shoots could be obtained
within 70-80 d of culture and they were subsequently
used as secondary explants.

Multiplication and Rooting of Shoots

For multiplication of shoots, the leaf sections and
petioles were excised from the in vitro raised
microshoots and further subcultured in MS
medium supplemented with different concentrations
(0.05-5.0 mg/L) of BAP and thidiazuron (TDZ).
Later, 2-3 cm long in vitro shoots were transferred on
MS medium supplemented with α-naphthalene acetic
acid (NAA), indole 3-acetic acid (IAA) or indole
3-butyric acid (IBA) in varying concentrations
(0.05-0.5 mg/L) for rooting purpose.
Data for organogenic response and shoot
multiplication were recorded after 30 (petiole) and 50
d (petiole & leaf) of culture inoculation. The number
and length of roots formed were recorded after 30 d
of microshoot transfer. At least 5 replicates were
taken for each treatment in an experiment
and each experiment was repeated thrice.
Statistical analysis was done using one-way
analysis of variance (ANOVA). The significant
differences among the means were assessed by
Tukey’s test at 5% probability level (PC version
Origin 7.0., Northampton, MA, USA).
Acclimatization and Transplantation

The in vitro rooted plantlets were washed
thoroughly and potted in small plastic glasses filled
with mixture of soil and farmyard manure (3:1). The
potted plants were kept inside the glasshouse
(25-30°C) and covered for 2-3 wk under polythene
bags. These were irrigated regularly and the

Adventitious Shoot Formation

Adventitious shoots multiplied directly from the
leaf and petiole sections (used as secondary explants),
and no callus formation was recorded. Only few
shoots emerged when both leaf and petiole sections
were cultured on growth regulator-free MS
medium. However, incorporation of BAP and TDZ
(0.05-5.0 mg/L) in the medium increased the rate of
shoot multiplication significantly (Table 1). Over all,
the rate of shoot multiplication was higher from
petiole explants as compared to the leaf explants
incase of both BAP and TDZ. Also, the growth of
petiole-derived shoots was faster than the leaf-derived
shoots. Further, the number of shoots formed from
petiole explants was higher in the medium containing
TDZ as compared to the medium containing BAP.
However, there was a reverse trend in case of leaf
explants (Table 1). Several workers have reported the
effectiveness of both cytokinins and auxins on shoot
regeneration5,11,15. In contrast, in the present
investigation, higher number of shoot multiplication
was observed in a medium supplemented with
cytokinin alone. A maximum of 65 shoots per petiole
section was recorded on MS+0.1 mg/L TDZ
(Table 1; Fig. 1a) after 50 d of culture, whereas 56
shoots per leaf section was recorded on MS+1.0 mg/L
BAP (Fig. 1b). The explants response and number of
plants produced were found to be increased with the
increase in the concentration of both BAP and TDZ;
while at higher concentrations, the number of plants
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Table 1—Effect of BAP and TDZ on multiple shoot bud induction from petiole and leaf explants of B. rubrovenia meisneri
PGRs
(mg/L)
BAP

Organogenic
response
(%)

Petiole
(mean shoot no.)

Organogenic
response
(%)

30 d
50 d
0.00
53.3±6.6b
6.5±0.95a
7.0±0.57a
26.6±6.6a
ab
b
b
0.05
80.0±11.5
10.8±0.60
15.0±0.57
33.3±6.6a
a
e
d
0.10
93.3±6.6
33.5±1.43
43.5±0.99
53.3±6.6ac
a
f
e
0.50
93.3±6.6
38.5±0.76
50.0±0.57
53.3±6.6ad
a
d
d
1.00
93.3±6.6
27.5±0.84
41.5±0.76
86.0±6.6b
ab
c
c
5.00
86.6±6.6
19.2±0.60
34.8±1.32
66.6±6.6bc
TDZ
0.00
53.3±6.6a
6.5±0.95a
7.0±0.57a
26.6±6.6a
0.05
86.6±6.6b
38.5±0.92c
42.16±1.40c
33.3±6.6a
b
f
f
0.10
93.3±6.6
58.8±1.13
65.0±0.77
33.3±6.6a
b
e
e
0.50
93.3±6.6
51.3±0.84
55.5±0.88
53.3±6.6b
b
d
d
1.00
93.3±6.6
41.5±1.33
47.5±1.38
66.6±6.6b
b
b
b
5.00
93.3±6.6
16.3±0.49
21.3±0.49
53.3±6.6ab
PGRs, Plant growth regulators
Values are mean±SE of 5 replicates and 3 experiments
Mean followed by the same letters are not significantly different by Turkey’s test at 5% probability level
Shoot formation from leaf explants occurred only after 50 d of culture

declined and the explants response either declined or
remained the same. Moreover, the regenerated shoots
were smaller at higher concentration as compared to
those produced on lower concentration of growth
regulators. This is in consistent with the report of
Bowes and Curtis2 in different species of Begonia.
The leaf sections from the newly formed shoots could
also be used for multiplication of shoots. The shoots
obtained from the petiole and leaf explants were subcultured within 30 d for elongation on MS medium
containing 0.5 mg/L BAP (Fig. 1c). Occasionally,
flower bud formation from both petiole and leaf
explants was observed after 45 d (Fig. 1d).
The emergence of floral buds has been reported in
several other species of Begonia from leaf and floral
stalk but not from petiole segments16.
Rooting and Plant Acclimatization

About 93.3% shoots rooted with in 2 wk on
transfer to MS medium supplemented with either
NAA/IAA/IBA (0.05-0.5 mg/L). The highest number
(13.8/shoot) of roots was regenerated on the medium
supplemented with 0.1 mg/L IAA within 30 d of
culture (Table 2; Fig. 1e), while the maximum length
(2.5 cm) of roots was recorded with 0.1-0.25 mg/L of
IBA. Earlier workers17-19 had reported lesser number
of roots on half-strength MS medium containing IAA
and IBA. In the present study, profuse rooting was
observed on full strength MS medium supplemented
with IAA/IBA. This allowed the higher survivability

Leaf
(mean shoot no.)
50 d
4.0±0.0a
10.5±0.50ab
16.0±0.57b
38.0±1.52c
56.0±1.70e
41.2±1.54d
4.0±0.0a
10.5±1.0ab
12.5±0.05cb
16.0±0.57c
45.2±1.93e
39.0±0.57d

Fig. 1 (a-f)—a. Shoot bud induction from petiole explants on MS
medium supplemented with 0.1 mg/L TDZ; b. Shoot bud
induction from leaf explants in MS medium supplemented with
1.0 mg/L BAP; c. Elongation of in vitro shoots in MS medium
supplemented with 0.5 mg/L BAP within 30 d; d. In vitro
flowering of regenerated shoots after 45 d; e. Rooting of in vitro
regenerated shoots in MS medium supplemented with 0.1 mg/L
IAA after 30 d; & f. Regenerated hardened plantlet transferred to
earthen pot after 4 wk. (Bar a-e = 1 cm & f = 5 cm)

of the plantlets during their acclimatization.
In general, IBA has been documented for in vitro
rooting promotion attributes. The rooted shoots after
transplantation into potting mixture of soil and
farmyard manure (3:1) exhibited 73.3% survival and
grew normally in the glasshouse (Fig. 1f). These
acclimatized plants were then transferred to the field
after a month.
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Table 2— Effect of NAA, IAA and IBA on root formation in in
vitro raised shoots of B. rubrovenia meisneri
PGRs
(mg/L)

Rooting
(%)

Mean root no.

Mean root length
(cm)

1.5±0.65a
0.21±0.02a
Control
33.3±6.6a
0.00
NAA
0.05
93.3±6.6b
8.5±0.60cd
0.33±0.04a
b
c
0.10
93.3±6.6
6.8±1.23
0.64±0.12b
b
b
0.25
93.3±6.6
3.8±0.26
0.55±0.22a
b
0.50
93.3±6.6
CL
IAA
0.05
93.3±6.6b
4.5±0.72b
0.58±0.12ab
b
f
0.10
93.3±6.6
13.8±1.30
1.20±0.20c
b
d
0.25
93.3±6.6
9.6±1.20
1.55±0.44cd
b
a
0.50
93.3±6.6
1.5±1.00
0.67±0.14b
IBA
0.05
93.3±6.6b
6.5±0.52c
1.50±0.55c
b
cd
0.10
93.3±6.6
7.8±1.13
2.50±0.32de
0.25
93.3±6.6b
10.3±0.84e
1.80±0.24cd
0.50
93.3±6.6b
3.5±1.33b
0.72±0.34b
PGRs, Plant growth regulators; CL, Callus
Values are mean±SE of 5 replicates and 3 experiments
Data scored after 30 d of transfer of shoots to MS medium
supplemented with auxins for rooting
Mean followed by the same letters are not significantly different
by Turkey’s test at 5% probability level

The present study describes an efficient
multiplication system for B. rubrovenia meisneri
using in vitro techniques that can be successfully
applied for its in vitro conservation and large-scale
propagation.
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