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IN VITRO PROPAGATION OF POPULAR BANANA CULTIVAR
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Abstract
The present experiment was conducted to optimize protocols for in vitro
propagation of banana (Musa sp.) cv. ‘Patakpura’ (AAB), supplemented with
different growth regulators. Shoot tips obtained from sword suckers were
cultured aseptically on MS medium supplemented with different concentrations
of cytokinins like 6-Benzylaminopurine (BAP) and Kinetin (KN) for
multiplication of shootsand auxins such as indole acetic acid (IAA) and
naphthalene acetic acid (NAA) for induction of roots. The best result from the
initial culture was obtained from MS medium supplimented with 4 mg/l BAP +
0.5 mg/l IAA. The highest shoot fresh weight, shoot length and number of
shoots per explant were recorded from MS medium supplemented with 4 mg/l
BAP + 0.5 mg/l IAA + 0.25 mg/l NAA. Therefore, the MS medium
supplemented with 4 mg/l BAP + 0.5 mg/l IAA + 0.25 mg/l NAA was found to
be most effective and productive combination for shoot multiplication and
proliferation of the culture in vitro. IAA at a concentration of 1 mg/l was found
to be most suitable for rooting of the shoots.
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Introduction
Cultivated banana is derived from two diploid species of genus Musa acuminata
X Musa balbisiana. Banana and plantain approximately account for 21-22 % of
the fresh fruit production of the world and is one of the major economic crops. It
is world’s second largest fruit crop and fourth most important global food crop
which is produced over 100 million metric tons per year (Banana Market Review
and Banana Statistics 2012-2013, FAO, 2014). India, the largest banana producer
in the world, has been rapidly increasing cultivated area and volumes of
production over the past decade. Although India currently produces
predominantly for the domestic market, it also supplies bananas to other
countries. The ‘Patakpura’ variety of Odisha belongs to Musa pradisiaca (Musa
pradisiaca = hybrid between Musa acuminata and Musa balbisiana) having the
genotype of AAB and is among one of the most popular local banana cultivars of
Odisha which have a very high demand in the markets of many states of India.
Researchers have found that fruits of banana contain various antioxidants such as
vitamin C, vitamin E and β-carotene (Kanazawa and Sakakibara, 2000). It has
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been reported that the fruit has been used as anti-scorbutic, aphrodisiac and
diuretic (Salawu et al., 2010). It also contains dopamine, a powerful antioxidant,
and all the B group vitamins present in the plant kingdom [Banana inter
professional association (AIB), 2014]. Thus bananas contribute to the proper
functioning of energy metabolism and the nervous system and to maintain of
good digestive transit in human (Aprifel, 2015).
Banana species are normally propagated through vegetative parts (suckers)
because all the cultivated banana varieties are triploid and have sterile seeds
(Muhammad et al., 2013). Conventional vegetative means of banana propagation
was noted to have several negative impacts which include diseases transmission,
low production, very slow rate of multiplication of suckers and poor preservation
of original plant genetic material (Hussein, 2012).The cultivation of ‘Patakpura’
is mostly restricted to the coastal areas of Odisha. Mainly it is affected with
diseases like panama wilt and banana streak disease. In conventional method
adequate numbers of suckers are not available. Transfer of diseases through
suckers is also one of its major drawbacks. The disadvantages arising from
conventional propagation can be terminated by propagating banana through in
vitro propagation (tissue culture) which offers clean planting material by mass
propagation (Ali et al., 2011).
Previously many researchers reported rapid regeneration of Musa sp. through in
vitro propagation (Nauyen & Kozai, 2001; Krishnamoorthy et al., 2001; Roels et
al., 2005). Cytokinins and auxins play key role in in vitro culture as the later are
concerned with root formation, the former is mainly required for shoot formation
and growth of buds. Cytokinins such as benzyl aminopurine (BAP) and kinetin
are known to reduce the apical meristem dominance and induce both auxiliary
and adventitious shoot formation from meristematic explants in banana (Khalid,
2011).
The presences of BAP inhigher concentrations inhibit elongation of adventitious
meristems and developmentinto complete plants (Buising, 1994). Auxins and
other growth regulators such as gibberellins play important roles in the growth
and differentiation of cultured cells and tissues (Alexandrova, 1996). The present
study was undertaken for optimization of protocols for rapid multiplication of
‘Patakpura’ banana on using Murashige and Skoog medium supplimented with
different plant growth regulators.
Materials and Methods
The present study was conducted in Banana Tissue Culture laboratory, Regional
Plant Resource Centre, Bhubaneswar, Odisha, India. Sword suckers with an
average height of 30-45 cm and with of 3 cm of selected plants from eastern
coasts of Odisha was collected and the rhizomes were selected as explant.
Suckers for initial tissue culture were collected in the month of July, 2017 and it
took 8 months for completion of in vitro propagation of Patakpura. Explants were
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processed by cutting the corm portion of the suckers into cylindrical shape of 4-5
cm in height and 2 cm in diameter. Then the explants were washed with
detergent (Labolene) and treated with Bavistin for 45 mins. Surface sterilization
with 0.5% Sodium hypochloride for 30 mins was done followed bywashing
thrice in sterile distilled water in aseptic condition (under Laminar Air flow). The
explants were inoculated aseptically in MS Medium (Murashige and Skoog,
1962).
The growth regulators used for shoot culture studies were Benzyl Amino Purine
(BAP), Kinetin (KN), Indole-3-acetic acid (IAA) and Naphtalene acetic acid
(NAA). For the initial culture the concentration and combination of plant growth
regulators used with MS medium were as follows: 2 mg/l BAP + 0.5 mg/l IAA
(P1), 4 mg/l BAP + 0.5 mg/l IAA (P2), 8 mg/l BAP + 0.5 mg/l IAA (P3), 5 mg/l
KN + 0.5 mg/l IAA (P4) and 10 mg/l KN + 0.5 mg/l IAA (P5). Different
concentrations of growth regulators supplemented in MS medium during
multiplication culture of Musa spp. cv. ‘Patakpura’ explants were as follows: 2
mg/l BAP + 0.5 mg/l IAA (T1), 4 mg/l BAP + 0.5 mg/l IAA (T2), 2 mg/l BAP +
0.5 mg/l IAA + 0.25 mg/l NAA (T3), 4 mg/l BAP + 0.5 mg/l IAA + 0.25 mg/l
NAA (T4), 2 mg/l KN + 0.5 mg/l IAA + 0.25 mg/l NAA (T 5), 4 mg/l KN + 0.5
mg/l IAA + 0.25 mg/l NAA (T6), 1 mg/l BAP + 1 mg/l KN + 0.5 mg/l IAA +
0.25 mg/l NAA (T7) and 2 mg/l BAP + 2 mg/l KN + 0.5 mg/l IAA + 0.25 mg/l
NAA (T8). MS media supplimented with three concentration of IAA such as 0.5
mg/L (R1), 1.0 mg/L (R2) and 2.0 mg/L (R3) were used for root development.
At first the explants were grown on initial culture medium for 15 days. Then the
initial culture were transferred to multiplication culture stage. During
multiplication stage the explants were cultured up to six sub-cultures and in each
sub-culture the explants were grown on MS media for 21 days. After formation
of individual shoots the explants were the culture in rooting medium for root
development. All of the explants were cultured on MS media solidified with agar
(6.5 gm/L). After preparation of MS media the pH was adjusted to 5.75-5.8 by
using 1% NaOH or 1% HCl, which is suitable for the growth of cultured plantlets
during in vitro culture before autoclaving the media for 15-20 mins at 121ºC and
15 PSI. The culture bottles containing the explants were kept in culture rack. For
each treatment twenty explants were taken into consideration.
The culture room was maintained at 22ᵒC to 25ᵒC, 16 hr photo period of 3550μEm-2s-1 intensity provided by cool white fluorescent tubes. After the root
formation the banana plantlets were transferred to green house for primary
hardening. The plantlets were planted in soilrite inside the primary hardening
chamber and watered regularly. After primary hardening for 2-3 weeks the
plantlets were transferred to polybags in secondary hardening containing soil,
sand and FYM in the ratio 1:1:1.
The experiment was repeated thrice for confirmation of findings. The data
collected at different stages of the experiment were analysed in MS Excel to find
mean and standard error.
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Results and Discussion
The explants were inoculated on MS medium with different concentration and
combination of plant growth regulators (Auxins and Cytokinins). During the
initial stage the rate of contamination remained high (10 %) because the suckers
were obtained directly from soil. After 20-30 minutes of inoculation secretion of
phenolic compound was observed on the whitish portion of the explant as it
turned into light brown in colour. After 1 week of cultureall explants in initial
mediums became enlarged and changed to greenish in colour.

Figure 1: Growth of Musa cv. ‘Patakpura’ explants during initial culture after 2
weeks of inoculation.

a
c

b
d

Fig. 2. a- Musa cv. ‘Patakpura’ explant on initial culture medium and b- Growth after
15 days of inoculation, c- ‘Patakpura’ explants cultured on medium containing
with 2 mg/l KN + 0.5 mg/l IAA + 0.25 mg/l NAA, d-Explants cultured on
medium containing with 4 mg/l BAP + 0.5 mg/l IAA + 0.25 mg/l NAA.
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Best response from the initial cultures was obtained on medium supplimented
with 4 mg/L BAP where explants showed better growth and proliferations in
comparison to other media. Cytokinins like benzylaminopurine (BAP) and
kinetin play significant role to reduce the apical meristem dominance and induce
both auxiliary and adventitious shoot formation from meristematic explants in
banana (Khalid, 2011). Highest final fresh weight (4.3 ± 0.18 gm)was observed
fromexplants in 4 mg/L BAP + 0.5 mg/L IAA medium (P2). Poor response was
observed in explants grown on medium with high Kinetin content (10 mg/L),
producing least final fresh weight (2.6 ± 0.18 gm) among all the explants
cultured on other media.Explants exhibited vigorous proliferation in lower
concentration of BAP in comparison to Kinetin. Venkatachalam et al., 2007 and
Farahani et al., 2008 reported the importance of BAP than other cytokinins in
inducing growth of shoot tip cultures in different cultivars of bananas. Rahman et
al., 2006 and Dhed’a et al., 1991 reported that BAP has a remarkable effect in
inducing the growth of axillary and adventitious buds and foliar development of
shoot tip cultures.During Multiplication stage growth and proliferation of
explants were seen after 6-7 days after inoculation in all the 8 different media
compositions.
Table 1. Effect of plant growth regulators on shoot proliferation of ‘Patakpura’.
Medium Code

Avg. Fresh Weight
(gm)

Avg. Shoot Length
(cm)

Avg. Number of
shoot

T1

5.29

2.9

6.9

T2

6.15

3.75

7.1

T3

6.81

3.17

9.37

T4

8.53

3.61

13.57

T5

4.78

2.89

5.8

T6

5.38

2.35

6.57

T7

5.77

3.1

8.7

T8

5.21

3.31

11.9

The lowest shoot buds number as well as percentage of response (50 %) was
marked in culture medium supplied with 2 mg/L KN. Media containing only
BAP and IAA were marked by inducing shoot proliferation. Better results
were obtained when explants cultured on medium containing BAP along with
IAA and NAA. The highest number of shoot (13) was observed in explants
cultured on medium supplied with 4 mg/l BAP + 0.5 mg/l IAA + 0.25 mg/l
NAA (T4).
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Table 2. Effect of plant growth regulators on root induction of ‘Patakpura’.
Parameters

Medium Code
R1

R2

R3

Average no. of roots per shoot

4

6

6

Average root length (cm)

4

5

3

Average shoot length (cm)

5

4

4

Average no. of leaves per shoot

3

4

4

Robert et al., (2013) reported that the highest multiple shoot induction was found
in MS + 5 mg/l BAP while MS + 1 mg/l NAA + 0.2 mg/l BAP gave the longest
regenerated shoots after 45 days of incubation. The developed shoots were
cultured in MS medium with different auxin concentrations for root induction
and growth. Previously Wong (1986) stated that by increasing the concentration
of BAP the production of shoots per explants was also increased. Devendrakumar
et al., 2013 studied that use of BAP at 20 µM/L showed better results in
comparison to its low and high concentrations for shoot induction and
proliferation.

a

b

Fig. 3. a- Root induction of ‘Patakpura’ shoots supplimented with IAA (1
mg/l); b- Tissue cultured ‘Patakpura’ plants in RPRC nursery.
The best response for root induction was observed in MS medium containing 1
mg/l IAA. In an average of 6 ± 0.95 roots per shoot was observed in 1 mg/L IAA
medium within 8 days of culture, and the average length of roots was 5 ± 1.61
cm. Auxins such as Indole -3-acetic acid (IAA) and Naphtalene acetic acid
(NAA) have been reported to promote plant rooting in vitro (Vuylsteke, 1989).
Auxins also play vital roles in the growth and differentiation of cultured cells and
tissues (Bohidar et al., 2008; Ngomuo et al., 2014).
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Conclusion
From the present study it was observed that the response of ‘Patakpura’ banana
explants was better when cultured in medium containing BAP in comparison to
Kinetin during initial as well as in the multiplication stages. It was observed that
auxins like IAA and NAA also play a vital role in shoot formation during
proliferation stages. The uses of auxins are very much essential during in vitro
culture of banana as they are involved in root formation and proliferation. The
optimum concentrations of growth regulators for initial and shoot multiplication
during in vitro culture of ‘Patakpura’ banana were 4 mg/l BAP + 0.5 mg/l IAA
and 4 mg/l BAP + 0.5 mg/l IAA + 0.25 mg/l NAA respectively.
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