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Abstract
Begonia malabarica Lam. is an ornamental species. It occupies a prominent place in indoor landscaping programms. 

These plants are pharmacologically useful due to their anti inflammatory, anti hepatotoxic, antioxidant and antiseptic activi-
ties, which have been attributed by anthocyanin. Generally, B. malabarica is propagated through seeds. The propagation of 
this species from seeds is particularly challenging because of dormancy of seeds and also lose their viability within a short 
span of time. In addition, propagation from seeds often leads in a high variability among the progeny. In this juncture, the 
aim of the present study was in vitro seed germination by breaking dormancy and determination of the optimal parameters 
for germination to propagate this plant on a large scale. Seeds were standardized with different surface sterilization protocols 
and inoculated on different basal media without growth regulators. Various culture media, its strengths, the type and concen-
tration of carbon source were investigated. Responses to germination varied with the culture conditions also. Seeds in half 
strength MS medium germinated quickly and expressed remarkable germination rate. Similarly, the in vitro growth perfor-
mances of plantlets varied with the basal medium composition. The optimal growth performances of plants were displayed 
on half strength MS basal medium. Further, 3% sucrose in the culture medium was more optimal for maximum growth of 
plantlets. B. malabarica is a source of anthocyanin. So, future studies are planned to induce callus, cell line culture from 
these in vitro germinated seedlings to extract, purify and fractionate the pigments.
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Introduction
Indoor landscaping plants are produced worldwide for their 

aesthetic importance. Creation of novel variation in terms of quali-
tative characters like leaf nature, color of the flower, its fragrance, 
longevity, shape and architectural feature are the major economic 
objectives for the horticulture industries. Further, production of su-
perior quality saplings through genetic modifications requires basic 
information regarding in vitro seed culture protocols [1]. In some 
ornamental genotypes shows non flowering or low production of 
seeds or often associated with irregular germination. Diseases also 
often accumulate in the saplings resulting in infected plants and 
low yields. Challenges with the vegetative multiplications include 
high perishability, handling and transportation labour costs and in-
convenient weight and bulk of the samples [2].

Further, immature embryo, difficulty to obtain samples in 

all seasons of the year, poor germination rate, failure in seedling 
emergence and growth were the other hurdles associated with tra-
ditional cultivation techniques. Seed size has a special role in crop 
production. Small seed size indicates a low protein synthesizing 
ability, which is normally attributed to less availability of substrate, 
energy, active enzymes and machinery for protein synthesis [3]. 

Mass multiplication of ornamental species is labour oriented, 
and for that reason, in vitro multiplication of plants is an efficient 
system and used by many commercial nurseries and institutes 
globally for rapid plant propagation, germ plasm conservation, 
pathogen elimination, genetic manipulations, and for phytochemi-
cal production [4].

Begonia of Begoniaceae comprises approximately 1000 spe-
cies and many of these are ideal indoor ornamentals and medicinal 
herbals. Begonia is herbaceous species with attractive foliage and 
can be utilized for horticultural purposes.  Many begonias respond 
best to warm, moist conditions. Further, they prefer well drained 
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soil rich in compost or organic matter and shade [5]. Generally the 
seeds are very small with poor germination rate and time. The B. 
malabarica is commonly used by the locals for curing many skin 
borne disorders and also as an antioxidant herbal tonic. Ramesh et 
al. [6] reported the claim of the usefulness of the plant in respira-
tory tract infections and also suggests its use in diarrhoea and skin 
diseases caused by pathogenic bacteria. The plants are reported for 
its rich anthocyanin content. In this scenerio, the objectives of the 
present study were to design a protocol for mass multiplication of 
the plants via the in vitro seeds culture. This includes initiation of 
aseptic cultures, surface sterilization, inoculation, effect of differ-
ent media, MS medium strength, effect of carbohydrate source and 
germination % and growth parameters.

Materials and Methods
Plant Material and Initiation of Aseptic Cultures

The fresh healthy plants of Begonia malabarica were col-
lected from the plant grown on wild habitat from Wayanad hills 
and Idukki district, Kerala and the voucher specimen was depos-
ited in the herbarium of University College, Trivandrum (UCB 
1207). Generally, due to the succulent and pubescent nature of 
Begonia, micropropagation seems to be laborious due to high rate 
of contamination. Thus, direct in vitro seed germination is an alter-
native and B. malabrica produces hundredths of dormant seeds in 
the capsule. So an attempt was made during the initial phase of the 
study using excised leaves, petioles, rhizomes and capsules (with 
seeds) as explants for in vitro micropropagation.  These explants 
were thoroughly washed in running tap water for 1 h and treated 
with 5% teepol (v/v) for 20 min with continuous agitation. Sub-
sequently, the teepol content from the explants were removed by 
repeated washing with double distilled sterile water. 

Surface Sterilization and Inoculation

Various surface sterilization protocols were adapted using 
sterilants such as mercuric chloride 0.01%-0.1% for 3-8 min, so-
dium hypochlorite - 5%-15% for 5-10 min or calcium chloride 10-
15% for 10 - 20 min for all the excised explants. Meanwhile, in 
the case of fully matured seeds that are about to burst out from the 
capsule were directly treated with mercuric chloride (0.1%) for 
3-5 min. Invariably, Tween 20, the poly ethoxylated sorbitan ester, 
an emulsifying, wetting, dispersant, hydrophilic and solubilizing 
agent was also added with all the treatments.

The disinfected explants were rinsed with sterile distilled 
water for several times and were dissected into small pieces of 
explants like excised leaves, petioles, rhizomes and capsules (with 
seeds). Subsequently, the leaves and rhizome measuring approxi-
mately 1cm2 and petiole about 1cm long were cultured on differ-
ent culture media such as MS medium [7], B5 [8], SH [9], MC 
[10],  Chu N6 [11]  and Whites medium with various combinations 

of hormones. The media were supplemented with 1-3% sucrose 
and gelled by 0.3%-0.7% agar. PH was adjusted to 5.8 ± 0.02 prior 
to autoclaving at a pressure of 1210 C for 20 min. The cultures 
were incubated at 25 ± 20C with 12/12. 8/16, 16/8 hours light/dark 
photoperiod through white fluorescent tubes (1000 lux). 

Seed Sources and Surface Sterilization
Subsequently, the mature capsules of B. malabarica were collect-
ed from the natural habitat. The capsules were stored in air tight 
containers at room temperature. Under a laminar airflow cabinet, 
the capsules or dissected seeds from the capsules were initially 
surface-sterilized with 70% (v/v) ethanol (60 sec.). Subsequently, 
the  capsules were treated with different sterilants such as 2.5, 5, 
7.5, 10% (w/v) calcium hypochlorite solution (5-30 min), 0.01-
0.1% mercuric chloride for 3-8 min, sodium hypochlorite - 5%-
15% for 5-10 min or calcium chloride 10%-15% for 10 - 20 min 
and finally rinsed thoroughly with three times sterile distilled wa-
ter. The treated capsules or seeds were soaked overnight in 100 mL 
beaker containing 50 mL of sterile distilled water (SDW). After 
soaking overnight, the water was discarded, the seeds were rinsed 
3-4 times with SDW, and the seeds were used for in vitro germina-
tion trials. 

Germination % and Growth Parameters
Germination was calculated as the appearance of 2 mm radi-

cal and was considered as physiological state of germination. Ger-
mination was monitored regularly for until no further germination 
was recorded and the mean germination time (mgt) was calculated 
using the formula given below [12]

mgt    = Σ (nd)
             Σn

where n is the number of seeds newly germinated at each 
day at 25°C; d represents days from the beginning of the germina-
tion test; Σn is  the total number of seeds germinated at the termi-
nation of the experiment [13]. Four weeks after sowing, seedling 
height, epicotyl and primary root length, and the number of leaves, 
branches, and secondary roots were recorded. The dry weights of 
aerial and root systems were obtained by drying them in an oven at 
65°C for 72 h until a constant dry weight.

Effect of Different Basal Media
The capsules or seeds were cultured on six basal media such 

as MS [7], B5 [8], SH [9], MC [10] and Chu N6 [11] (CHU) and 
Whites medium. Different types of sugars were added to these 
basal media without growth regulators. The pH of the culture me-
dia was adjusted to 5.8 before adding 0.6% (w/v) agar. Culture 
medium without any fortification of nutrients was considered as 
control.

Effect of MS Medium Strength
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To optimize germination of surface sterilized seeds and the 
in vitro development of plantlets, the seeds were inoculated on 
three strengths of MS medium, namely, full strength MS salts, half 
strength MS salts (½ MS), and quarter strength MS salts (¼ MS).

Effect of Carbohydrate Sources
The best culture medium from the previous experiment was 

selected for testing dif¬ferent sources of carbohydrate. Thus, in 
this germination medium contain different doses of sugars such as 
1-3% of sucrose or glucose or fructose have been added to analyze 
their effectiveness in promoting the germination and subsequent 
growth of the seedling.

Statistical Analysis of Data
The whole experiment was completed out in a completely 

randomized design. 50 seeds were used for each of the following 
experiments. Germination days, % of germination, plant height, 
number of leaves, root length and biomass variables were analyzed 
against the media such as MS, B5, SH, MC, Chu N6, Whites and 
control. Subsequently, the plant height, number of leaves, root 
length and biomass variables were analyzed with different strength 
MS media such as full strength, half strength, and quarter strength 
MS salts. Half strength MS medium was supplemented with differ-
ent carbon sources like glucose, fructose, sucrose vs plant height, 
number of leaves, root length and biomass variables were evalu-
ated. Finally, the half strength MS medium against different con-
centrations of sucrose (1, 2 and 3%) were also analyzed in terms of 
plant height, number of leaves, root length and biomass.

Each experiment was repeated for six times. The data were 
subjected to normality test using descriptive data analysis. It was 
found that skewness for the above parameters were nearly zero 
and kurtosis was almost 3. Test also for the chi-square in terms 
for goodness of fit was analyzed. p - value > 0.05 was considered 
as probability level of significance. All these were carried using 
statistical software program Statistical version 7.

Results and Discussion
Initiation of Aseptic Cultures, Surface Sterilization and 
Inoculation

Standardization to develop aseptic in vitro cultures as per the 
pre-treatment protocols with mercuric chloride or calcium chloride 
or sodium hypochlorite with the selected explants resulted in high 
rate of contamination. This may be due to the abundance of epider-
mal trichomes and succulent nature. Thus, a protocol was designed 
to generate aseptic cultures of B.malabarica through in vitro seed 
germination.

Seed Sources and Surface Sterilization
Generally, in vitro responses in plants varied greatly based on 

the medium, explants, hormonal combinations and culture mainte-
nance conditions. HgCl2 sterilant yielded the optimal results with 
seeds when compared to other sterilants. Direct pre-treatment of 
capsule with 0.1% HgCl2 for 5 min was effective when compared 
to direct treatment of seeds (i.e., it leads to dormancy, retarded 
growth with chlorosis with the germinated seedlings) (Figure 1).

Figure 1: Directly pretreated seeds with 0.1% mercuric chloride showing 
nitrification and seed dormancy.

While the seeds from the pre-treated excised capsule with 
HgCl2 0.1% for 5 min inoculated on various medium showed opti-
mal seed germination with negligible rate of contamination. Sen et 
al. [14] evaluated the effect of sterilizing substances like ethanol, 
mercuric chloride, flugal, nystatin, and sodium hypochlorite on 
germination and development of explants of Achyranthes aspera. 
The percentage of contamination and germination, as well as seed 
color, growth pattern, and shoot let development varied depending 
on the sterilants.

Effect of Different Basal Media
After incubation on the cul¬ture media, seeds became swol-

len quickly and germination occurred within the four weeks of 
culture (Figure 2a & b). The mean germination time (mgt) and the 
mean germination % of the seed on different culture media after 
a 6-week incubation period are tabulated. Highest germination % 
and mean germination days was shown by MS medium i.e., 90 and 
20 respectively. Mean growth % was not significantly influenced 
by the different culture media tested.

	 Fig: 2a				    Fig: 2b
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	 Fig: 2c				    Fig: 2d
Figure 2a, b, c, d: Germinated seedlings on ½ MS medium with 0.5% 
agar and 3% sucrose.

The mean values of growth parameters of plantlets obtained 
from the explants on different basal media after culturing for four 
weeks were presented in Table 1. Significant differences in perfor-
mance/ development was observed. Furthermore, among the six 
culture media tested, the highest size of the seedling (5.6 ± 0.84 
cm ) and root length (3.5 ± 0.43 cm ) were observed with the plants 
developed from seeds on MS basal medium (Table 2). All tested 
media contain mineral salts that vary not only in their concentra-
tions but also in their available forms.

Control MS McCown B5 SH CHU Whites
Mean

52 20 58 45 60 61 45Germination 
days

Germination 
(%) 36 96 55 77 60 63 60

Table1: Mean germination time and germination % of B. malabarica 
seeds incubation on different basal media.

Media 
culture

Plantlets 
height (cm)

Number of 
leaves

Root length 
(cm) Biomass (g)

Control 3.76 ± 0.08 2.40 ± 0.24 2.07 ± 0.04 0.12 ± 
0.001

MS 5.6 ± 0.84 8.76 ± 0.52 3.5 ± 0.43 0.51 ± 0.01
B5 4.10 ± 1.39 6.14 ± 1.57 2.65 ± 3.44 0.25 ± 0.03

McCown 3.99 ± 0.77 5.25 ± 0.98 2.98 ± 4.59 0.25 ± 0.02

SH 3.08 ± 0.60 4.82 ± 0.59 2.68 ± 3.29 0.22 ± 
0.004

CHU 4.20 ± 1.48 4.43 ± 0.39 2.81 ± 3.12 0.21 ± 0.02
Whites 5.08 ± 0.60 4.55 ± 0.39 2.81 ± 3.12 0.21 ± 0.02

Table 2: Growth performance of B. malabarica in vitro plantlets derived 
from different basal media after four weeks of cultivation.

The media used in the present analysis varied from one an-
other in their chemical composition. The remarkable feature of the 
MS inorganic salts is their high level of nitrate, potassium, and am-
monium in comparison to other media formulations. MS medium 
is highly enriched with macro- and microelements and the inor-
ganic salts in this medium were enough to support the maximum 
growth of the plant. The concentration and the quality of nitrogen 
in MS medium may be the reality of prolific growth obtained with 
plant derived seed types incubated on this medium. Indeed, nitro-
gen is supplied to medium in inorganic form as NO3- anion or the 
NH4+ cation. 

Kone et al. [15]  reported that the ammoniated form of ni-
trogen was more appropriate than the nitrate form yielded the 
fastest growth of Bambara groundnut seedlings at 50-100 mg-L-1 
NH4NO3. Further, Chen and Chang [16] noticed that an optimal 
concentration of organic and inorganic nitrogen components can 
induce the growth of explants. In addition, better plant growth 
from embryonic axis was observed on MS medium compared to 
other basal media in Juglans regia [17].

Effect of MS Medium Strengths on the Growth of Seed-
lings Developed from the Seeds 

Among the different strengths of MS basal medium em-
ployed, a remarkable difference was recorded for growth param-
eters when comparing the plantlets derived from seeds (Table 2). 
Full and ¼ strengths of MS medium, plantlet height, root length, 
and the biomass were similar. Significant difference was seen be-
tween the half strength MS basal medium with others in terms of 
leaf number, length of root and plantlets biomass derived from 
seeds. But a significant reduction in plantlet height was observed 
on 1/4 MS (Table 3). Thus, the result suggests that a low profile 
of macro- and micronutrients is not effective for plantlet growth. 
Half strength of MS produce optimal results for Begonia seedling 
development suggesting that an adjustment can be carried from 
the full composition of MS basal medium without any significant 
reduction in plantlet growth (Fig. 2c). Thus, half MS was selected 
as the culture medium for the subsequent assessment of carbohy-
drate sources.

Media culture Plantlets 
height (cm)

Number of 
leaves

Root length 
(cm) Biomass (g)

Full MS 4.4 ± 0.15 5.38 ± 0.52 2.99 ± 0.54 0.51 ± 0.05

Half MS 5.6 ± 0.84 8.76 ± 0.52 3.87 ± 0.43 0.67 ± 0.01

¼ MS 2.9 ± 0.04 6.11 ± 0.44 2.16 ± 0.1 0.38 ± 0.03

Table 3: Growth performance of B. malabarica in vitro plantlets derived 
from different strengths of Half MS basal medium after four weeks of 
culture.
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Effect of Carbohydrate Sources
Plants growing under in vitro culture conditions are semi 

autotrophic and leaves formed during in vitro growth may never 
attain photosynthetic competence fully [18]. Moreover, plantlets 
growing under in vitro conditions have limited accessibility to CO2 
inside the culture vessel [19]. Therefore, sugar was supplemented 
as carbon source to maintain an optimal usage of carbon source for 
in vitro multiplication and growth of plant cell, tissue, and organs 
or whole plantlets. Continuous supply of carbohydrates to plants 
cultured in vitro is essential because the photosynthetic activity of 
in vitro grown tissues is usually low. These compounds are also 
act as osmolytes in the culture media. Gibson [20] revealed that 
sugars have potential role on the physiology, growth, and differ-
entiation of cells. Therefore, the optimal carbon source needs to 
be consid¬ered. Thus, different sugars such as glucose, fructose, 
and sucrose at 3% (w/v) were incorporated into the 1/2 MS basal 
medium. After six weeks of growth, the plants were analyzed and 
presented in Table 4.

Media culture Plantlets 
height (cm)

Number of 
leaves

Root length 
(cm) Biomass (g)

Glucose 5.30 ± 0.21 4.90 ± 0.43 5.0 ± 0.18 0.03 ± 0.01

Sucrose 6.4 ± 0.33 10.6 ± 0.09 5.4 ± 1.49 0.025 ± 0.01

Fructose 5.94 ± 0.57 5.35 ± 0.18 4.4 ± 0.65a 0.04 ± 0.004

Table 4: Growth performance of B. malabarica in vitro plantlets growth 
on 1/2 MS containing glucose, sucrose, and fructose.

Plants grew effectively in the medium in the presence of sug-
ar. The type of sugar (sucrose, glucose, or fructose) seems to have 
significant effect on the leaf number, length of the root, and the 
plant biomass. Eckstein et al. [21] have also been reported a dis-
similar result in Arabidopsis thaliana (L.) Heynh. However, Smith 
[22] reviewed that among the three types of sugars, the significant 
plant height (7.94 cm) was observed on medium containing 3% 
sucrose. The positive effects of sucrose on growth of explants un-
der in vitro condition were linked with its high solubility in water, 
its electrical neutrality, and its lack of inhibitory effect on the ma-
jority of biochemical processes. These positive effects of sucrose 
resulted in its wide application in tissue culture as carbon source. 
Supplementation of sucrose in growth medium meets the energy 
demands for growth and physiological function of the plantlets.

Effect of Different Concentrations of Sucrose
Development of in vitro plantlets was further investigated 

to study the effect of different concentrations of sucrose, 1, 2, 3, 
4, 5 and 6% (w/v), on plant growth. The results obtained after six 
weeks of culture were recorded in Table 5. Increasing the sugar 
concentration from 1 to 3% has visually stronger influence on 
plant height and biomass production. But, above 3% concentration 
of sucrose, no significant difference was noticed (Figs. 2c & d). 

Moreover, among the different concentrations of sucrose tested, 
a non significant difference was recorded for the leaf number and 
the root length. From these results, 3% sucrose concentration in 
the basal medium seems to be effective for normal plant growth. 
Sucrose is the most widely used carbon source in most of the plant 
in vitro cultures, as it is the major sugar form translocated via the 
phloem.

Sucrose (%) Plantlets 
height (cm)

Number of 
leaves

Root length 
(cm) Biomass (g)

1 3.08 ± 0.45 3.63 ± 0.18 4.76 ± 0.86 0.013 ± 0.0

2 4.03 ± 0.34 6.14 ± 0.09 4.97 ± 1.21 0.023 ± 0.001

3 7.99 ± 0.18 11.47 ± 0.35 5.9 ± 0.50 0.061 ± 0.002

4 7.89 ± 0.28 10.56 ± 0.19 4.7 ± 0.24 0.056 ± 0.004

5 6.66 ± 0.30 7.56 ± 0.17 4.8 ± 0.34 0.066 ± 0.003

6 6.0 ± 0.27 6.76 ± 0.20 4.5 ± 0.27 0.056 ± 0.008

Table 5: Mean values of growth parameters of  B. malabarica plantlets on 
1/2 MS containing different concentrations of sucrose.

As a carbon source, sucrose supports growth of plant cells 
in culture. A sucrose concentration of 1-5% is generally used for 
in vitro tissue culture, since it is also synthesized naturally by the 
tissue. For tissue culture, researchers commonly use 3% sucrose 
in the medium as per recommendation. Besides serving as ener-
gy source, it also provides the carbon precursors for synthesis of 
structural and functional components.

Hoque et al. [23] analyzed seed dormancy status evaluated 
using different media with or without sugar (3%) in rice cultivars. 
Jhora cultivar showed strong seed dormancy than the wild and cul-
tivated rice genotypes.

Fruit plants were widely analyzed for their economic im-
portance and are cultivated mainly for fruit juice. To obtain a 
continuous source of material for screening of secondary metabo-
lites, zygotic embryo culture was attempted among 62 Passiflora 
species, starting from seeds mainly collected in the wild. 29 spe-
cies produced calli, which had different growth rates. Plants were 
successfully regenerated from calli of 13 different species [24]. 
Similarly, Hossain et al. [25] designed an efficient protocols for 
in vitro seed germination, neo-formation of secondary protocorms 
from primary protocorms and multiple shoot buds and protocorm-
like body induction from pseudo-stem segments of in vitro-raised 
seedlings of Cymbidium giganteum using four nutrient media, 
such as MS, Phytamax, Mitra, and Knudson ‘C’. Hassanein and 
Azooz [26] reported seed drying decreased both the percentage of 
seed germination and the number of seedling per seed. Germina-
tion of seeds was better on MS medium supplemented with 0.5 mg 
benzyl amino purine than in soil. Bae and Yoon [27] reported that 
soaking of seeds in GA3 solution remarkably promoted germina-
tion up to 60%, but the control (0 mg/L) was not effective (> 5%). 
Toma and Rsheed [28] analyzed in vitro propagation through seed 
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culture and regeneration of Asparagus densiflorus L. through cal-
lus cultures derived from hypocotyls.

Hardening of in vitro culture raised plants
Seed germinated and regenerated plantlets that are well de-

veloped were transplanted on sand medium and showed remark-
able acclimatization to the environment (95% survivability) (Fig-
ure 3). The acclimatized plantlets were successfully transferred 
in the field with 93% survivability. The field transferred plants 
showed absence of variability with respect to the in vivo generated 
plants. 

Figure 3: Hardening of tissue culture raised plants.

Conclusion
The overall objective of this investigation was to define the opti-
mal conditions for in vitro seed germination and plant growth of 
Begonia malabarica. The major results showed that the composi-
tion of the germination medium influence the germination capac-
ity of seeds used in B. malabarica. The best seedling growth was 
observed with the seeds on half MS medium containing 3% su-
crose. This established protocol would provide sufficient materials 
as source of explants for initiating different types of in vitro callus 
and cell culturing in the species. 
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