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Abstract. Banana has a high economic value and is in great demand by consumers, but efforts to increase banana production 

require large quantities of healthy and uniform seeds. Generative propagation of bananas is not possible because they do not produce 
seeds, while vegetative propagation using sucker is hampered by the limited availability of plant materials. Therefore, we studied an 
alternative technology for propagating banana seeds by tissue culture technique. This study aimed to obtain an effective 
concentration of growth regulator (Benzylamino Purine) and photoperiod to encourage in vitro shoot multiplication in ‘Barangan’ 
banana. Plant materials used were in vitro shoots of ‘Barangan’ banana cultured on MS basal medium. The concentration of 
Benzylamino Purine tested were 0 (control); 2.5 mg·L-1, 5.0 mg·L-1, 7.5 mg·L-1, and 10.0 mg·L-1; and photoperiod of 16 hours per 
day, 24 hours per day and total darkness. The trial used a factorial completely randomized design with 4 replications, and each 
experimental unit consisted of 4 cultures. The results showed that both Benzylamino Purine concentrations and photoperiods had a 
significant effect on the time of shoot initiation, number of shoots, number of leaves, number of roots and the longest root length. 
Benzylamino Purine concentration of 10.0 mg·L-1 and a photoperiod of 16 hours per day was the best combination to support shoot 
multiplication in ‘Barangan’ banana explants in an in vitro system. To obtain more optimal results and determining the efficiency of 
the multiplication rate, this study needs to be continued by testing BAP concentration beyond 10.0 mg·L-1 and 16-hours 
photoperiod. 
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INTRODUCTION 

 

Banana (Musa acuminata) is one of the 
horticultural crops with good economic prospects in 
Indonesia. Bananas are in great demand by domestic 
and foreign consumers, either as table fruit or in the 
form of processed products. Apart from its sweet and 
refreshing taste, bananas also contain high and 
complete nutrition, such as sugar, protein, fat, fiber, 
starch, tannic acid, vitamin A, vitamin B, vitamin C, 
vitamin D, calcium, phosphorus, iron, sodium, 
potassium, magnesium, and zinc [24]. 

One type of banana that has high market demand 
and has the opportunity to be developed is the 
‘Barangan’ banana. ‘Barangan’ bananas have a 
distinctive, sweet taste and fragrant aroma, and have 
many benefits, especially for providing balanced 
nutrition. In 100 g of ‘Barangan’ banana there are 110 
calories, 25.8 g of carbohydrates, 1.2 g of protein, 3 g 
of vitamin C and potassium [45]. 

The high market demand for ‘Barangan’ bananas 
either in Jambi Province and or in Indonesia has 
resulted in the need to expand the planting area. This 
effort requires the availability of seeds of uniform size, 
healthy and in large quantities. These things are the 
main limiting factors in the intensification and 
extensification of banana cultivation [42].  

Conventional vegetative propagation of bananas 
takes time and the number of seeds produced is limited. 
In addition, the use of vegetative propagules allows the 
spread of pathogens from one generation to the next. 
Besides, the non-uniform age of the offspring causes 
an increase in production costs. Therefore, 
technological breakthrough is needed to provide 
quality and healthy banana seeds in large quantities and 

in a short time. The appropriate technology to 
overcome this obstacle is vegetative propagation 
through tissue culture techniques [14, 21, 44, 45]. 

One of the determining factors for the success of 
plant propagation using tissue culture technique is the 
use of plant growth regulator (PGR) [27, 28, 47]. The 
type and concentration of PGR depends on the purpose 
and culture stage. Apart from that, the conditions of the 
culture environment, especially lighting, also influence 
the development of cultured explants [12, 18, 32, 33]. 

Cytokinin is a growth regulator that is needed in 
tissue culture media and is applied in concentrations 
adjusted to the desired growth [3]. Cytokinin plays a 
role in cell division, callus proliferation, shoot 
formation, morphogenesis, organogenesis, and 
embryogenesis. One of the cytokinins, namely 
Benzylamino Purine (BAP), is a type of cytokinin that 
is commonly used in tissue culture [46]. It is a first 
generation cytokinin influencing plant growth and 
development. Study on the use of BAP in banana tissue 
culture has been widely carried out [20, 22, 23, 29]. 
However, to our knowledge reports on the use of BAP 
in ‘Barangan’ banana tissue culture are still limited in 
number. 

Apart from growth regulators, light especially 
photoperiod, is also very important for plant growth 
and morphogenesis during in vitro culture. The 
importance of light in tissue culture lies in its effect on 
photomorphogenesis, not photosynthesis [16]. 
However, the mechanism by which light affects culture 
growth is not yet fully understood [36]. Allegedly, the 
light received by phytochrome pigments is translated 
into hormone metabolism. Galston [15] claimed that 
the presence of blue light receptor known as riboflavin 
in culture medium might inhibit tissue growth in the 
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presence of light but not in the absence of light. This 
inhibition, however, could be reversed by the addition 
of auxin. This has been proven in root formation in 
micro-cuttings of Eucalyptus ficifolia [17] and Malus 

pumila [40]. 
Present investigation was carried out with the 

objectives: 1) to determine the effect of BAP on the 
growth and development of ‘Barangan’ banana shoot 
explants in an in vitro system under different 
photoperiod conditions, and 2) to obtain BAP 
concentrations and photoperiod duration that can 
stimulate shoot proliferation and root formation on 
‘Barangan’ banana shoots in an in vitro system. 
 
MATERIALS AND METHODS 

 
Plant material used in this study was in vitro shoots 

of ‘Barangan’ banana (Musa acuminata) resulting from 
previous in vitro culture. The media used was the 
composition of Murashige and Skoog (MS) [35]. The 
variables that will be tested was BAP at various 
concentrations and different photoperiod regimes. 

The equipment used in this trial were culture flasks, 
Erlenmeyer glasses, Beaker glasses, measuring flasks, 
pipettes, analytical balance, pH meter, autoclave, 
magnifying glass, oven, laminar air flow cabinets, hot 
plates with magnetic stirrer, spirit lamp, and dissecting 
kits (tweezers, scalpel handle and scalpel knife). Apart 
from that, in culture room equipment were also needed 
such as a room thermometer and hygrometer as well as 
a photoperiod control timer. Light source came from a 
white fluorescent light of Tube Luminescent (TL) lamp 
with an intensity of approximately 50 µmol‧m-2‧s-1 
which was installed on the culture racks. 

The culture media and equipment were sterilized by 
autoclaving for approximately 20 minutes at 121 oC 
and 1 atmosphere [5, 13]. Meanwhile, the explants 
were surface sterilized following laboratory protocol 
[4] prior to inoculation. 

The experiment used a Completely Randomized 
Design with BAP and photoperiod as tested variables. 
The BAP concentrations tested were 0.0 mg‧L-1, 2.5 
mg‧L-1, 5.0 mg‧L-1, 7.5 mg‧L-1, and 10.0 mg‧L-1. The 
photoperiods under which explants grown were 16-
hours per day, 24-hours per day and continuous dark. 
Thus, there are 15 treatment combinations. Each 
treatment was repeated 3 times, so that there were 45 
experimental units. Each experimental unit consisted of 
4 culture flasks, so in total there were 180 cultures. 

The variables observed are: 1) shoot formation and 
development which includes the time the shoots 
emergence, the number of shoots, and the number of 
leaves, 2) root formation and development which 
includes the number of roots and the length of the 
longest root. 

Data collected during the trial were analyzed 
statistically using Analysis of Variance by the aid of 
Microsoft Excel Spreadsheet [31], and continued with 
the Least Significant Difference test to see differences 
among treatment means [9]. 
 
RESULTS  

 
Analysis of variance showed that there was a 

significant effect of BAP and photoperiod on the time 
of shoot emergence (P-value = 0.00). The differences 
in the effect of various BAP concentrations and 
different photoperiod duration on the time of shoot 
emergence are presented in Tables 1, 2 and 3. 

 

 

Table 1. The effect of various BAP concentrations on the time of shoot emergence in ‘Barangan’ banana explants cultured in vitro under different 
photoperiod conditions (days after culture). 

 

Photoperiods 
BAP Concentrations 

16-hours per day 24-hours per day Continuous dark 

0.0 mg·L-1 32.11 ± 2.12 b 61.67 ± 0.96 a 32.11 ± 2.12 b 
 A A BC 

2.5 mg·L-1 26.67 ± 0.51 c 63.11 ± 1.37 a 38.33 ± 0.96 b 
 B A A 

5.0 mg·L-1 26.44 ± 0.11 c 61.44 ± 0.68 a 39.00 ± 2.52 b 
 B A A 

7.5 mg·L-1 21.67 ± 1.73 c 48.67 ± 1.53 a 35.11 ± 1.13 b 
 C B AB 

10.0 mg·L-1 16.00 ± 0.69 b 36.56 ± 0.29 a 38.00 ± 2.46 a 
 D B A 

 

Notes: values followed by the same lowercases in the same rows and the same uppercases in the same columns are not significantly different (LSD0.05 = 4.28). 
 
 
Table 2. The effect of various BAP concentrations on the time of 

shoot emergence in ‘Barangan’ banana explants (days 
after culture). 

 

BAP Concentrations Time to shoot emergence 

10.0 mg·L-1  30.19 ± 3.63  a 
7.5 mg·L-1  35.15 ± 3.97    b 
0.0 mg·L-1  41.96 ± 5.01      c 
5.0 mg·L-1  42.30 ± 5.17     c 
2.5 mg·L-1  42.70 ± 5.40     c 

 

Notes: values followed by the same letters are not significantly different 
(LSD0.05 = 1.92). 

 

Table 3. The effect of different photoperiods on the time of shoot 
emergence in ‘Barangan’ banana explants (days after 
culture). 

 

Photoperiods Time to shoot emergence 

16-hours per day  24.58 ± 1.53 a 
Continuously dark  36.51 ± 1.01   b 
24-hours per day  54.29 ± 2.78     c 

 

Notes: values followed by the same letters are not significantly different 
(LSD0.05 = 2.47). 
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On the number of shoots parameter, analysis of 
variance showed that there was a highly significant 
effect of BAP (P-value = 0.00). However, neither 
photoperiod nor its interaction with BAP showed a 
significant effect (P-values were 0.48 and 0.10 
respectively). The differences in the effects of BAP 
concentrations and length of photoperiods on the 
number of shoot formation are presented in Tables 4, 5 
and 6. 

BAP concentrations and photoperiod had 
significant effect on leaf number, both singly (P-value 
= 0.01) and in their interaction (P-value = 0.01). The 
differences in the influence of BAP concentrations and 

photoperiod duration on leaf number are presented in 
Tables 7, 8 and 9 respectively. 

BAP and photoperiod showed significant effect on 
the number of roots, both singly (P-value = 0.01) and 
their interaction (P-value = 0.01). The differences in 
the effect of BAP concentrations and length of 
photoperiods on the number of roots are presented in 
Tables 10, 11 and 12. 

The longest root length was significantly influenced 
by BAP (P-value = 0.00), photoperiod (P-value = 0.01) 
and the interaction of the two (P-value = 0.00). The 
differences in the influence of BAP concentrations and 
length of photoperiod on the longest root length based 
on the LSD test are presented in Tables 13, 14 and 15. 

 

 

Table 4. The effect of various BAP concentrations on the number of shoot formation in ‘Barangan’ banana explants cultured in vitro under different 
photoperiod conditions. 

 

Photoperiods 
BAP Concentrations 

16-hours per day 24-hours per day Continuous dark 

0.0 mg‧L-1 1.78 ± 0.40 1.33 ± 0.00 1.33 ± 0.00 
2.5 mg‧L-1 1.67 ± 0.19 1.00 ± 0.00 1.33 ± 0.19 
5.0 mg‧L-1 1.00 ± 0.00 1.11 ± 0.11 1.67 ± 0.19 
7.5 mg‧L-1 2.11 ± 0.40 2.22 ± 0.11 1.78 ± 0.22 

10.0 mg‧L-1 1.66 ± 0.22 2.33 ± 0.19 2.00 ± 0.33 
 
 
Table 5. The effect of various BAP concentrations on the number of 

shoot formation in ‘Barangan’ banana explants. 
 

BAP Concentrations Number of shoot formation 

10.0 mg‧L-1  2.19 ± 0.14 a 
7.5 mg‧L-1  2.04 ± 0.15 ab 
2.5 mg‧L-1  1.48 ± 0.12    c 
5.0 mg‧L-1  1.33 ± 0.12    c 
0.0 mg‧L-1  1.26 ± 0.14    c 

 

Notes: values followed by the same letters are not significantly different 
(LSD0.05 = 0.28). 

Table 6. The effect of different photoperiods on the number of shoot 
formation in ‘Barangan’ banana explants. 

 

Photoperiods Number of shoot formation 

24-hours per day 2.22 ± 0.16 
Continuously dark 2.33 ± 0.11 
16-hours per day 2.00 ± 0.11 

 

 

 

Table 7. The effect of various BAP concentrations on the number of leaf formation in ‘Barangan’ banana explants cultured in vitro under different 
photoperiod conditions. 

 

Photoperiods 
BAP Concentrations 

16-hours per day 24-hours per day Continuous dark 

0.0 mg‧L-1 2.00 ± 0.33 a 2.11 ± 0.29 a 1.44 ± 0.11 b 
 C B A 

2.5 mg‧L-1 2.67 ± 0.33 a 1.89 ± 0.29 b 1.56 ± 0.11 b 
 C B A 

5.0 mg‧L-1 1.89 ± 0.48 a 2.00 ± 0.00 a 1.67 ± 0.19 a 
 C B A 

7.5 mg‧L-1 4.44 ± 0.97 a 3.11 ± 0.48 b 2.00 ± 0.19 b 
 B B A 

10.0 mg‧L-1 6.33 ± 1.26 a 5.78 ± 0.68 b 1.78 ± 0.48 b 
 A A A 

 

Notes: values followed by the same lowercases in the same rows and the same uppercases in the same columns are not significantly different (LSD0.05 = 1.53). 
 
 
Table 8. The effect of various BAP concentrations on the number of 

leaf formation in ‘Barangan’ banana explants. 
 

BAP Concentrations Number of leaf formation 

10.0 mg‧L-1  4.63 ± 0.84 a 
7.5 mg‧L-1  3.19 ± 0.48   b 
2.5 mg‧L-1  2.04 ± 0.21     c 
0.0 mg‧L-1  1.85 ± 0.17     c 
5.0 mg‧L-1  1.85 ± 0.16     c 

 

Notes: values followed by the same letters are not significantly different 
(LSD0.05 = 0.68). 

Table 9. The effect of different photoperiods on the number of leaf 
formation in ‘Barangan’ banana explants. 

 

Photoperiods Number of leaf formation 

16-hours per day  3.47 ± 0.54 a 
24-hours per day  2.98 ± 0.42 a 
Continuously dark  1.69 ± 0.11   b 

 

Notes: values followed by the same letters are not significantly different 
(LSD0.05 = 0.88). 
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Table 10. The effect of various BAP concentrations on the number of root formation in ‘Barangan’ banana explants cultured in vitro under different 
photoperiod conditions. 

 

Photoperiods 
BAP Concentrations 

16-hours per day 24-hours per day Continuous dark 

0.0 mg‧L-1 1.33 ± 0.19 a 1.44 ± 0.11 a 1.33 ± 0.00 a 
 DE CD A 

2.5 mg‧L-1 2.00 ± 0.67 a 1.56 ± 0.56 a 1.56 ± 0.11 a 
 CD BC A 

5.0 mg‧L-1 2.11 ± 0.29 a 1.11 ± 0.11 a 1.44 ± 0.11 a 
 BC DE A 

7.5 mg‧L-1 2.89 ± 1.06 a 2.67 ± 0.51 a 1.67 ± 0.00 a 
 B B A 

10.0 mg‧L-1 6.11 ± 1.13 a 6.11 ± 1.25 a 1.67 ± 0.33 b 
 A A A 

 

Notes: values followed by the same lowercases in the same rows and the same uppercases in the same columns are not significantly different (LSD0.05 = 1.71). 
 
 
Table 11. The effect of various BAP concentrations on the number 

of root formation in ‘Barangan’ banana explants. 
 

BAP Concentrations Number of root formation 

10.0 mg‧L-1  4.63 ± 0.89 a 
7.5 mg‧L-1  2.41 ± 0.39   b 
2.5 mg‧L-1  1.70 ± 0.26   bc 
5.0 mg‧L-1  1.56 ± 0.18     c 
0.0 mg‧L-1  1.37 ± 0.07     c 

 

Notes: values followed by the same letters are not significantly different 
(LSD0.05 = 0.76). 

Table 12. The effect of different photoperiods on the number of root 
formation in ‘Barangan’ banana explants. 

 

Photoperiods Number of root formation 

16-hours per day  2.89 ± 0.54 a 
24-hours per day  2.58 ± 0.55 a 
Continuous dark  1.53 ± 0.07   b 

 

Notes: values followed by the same letters are not significantly different 
(LSD0.05 = 0.99). 

 

 
 
Table 13. The effect of various BAP concentrations on the longest root length in ‘Barangan’ banana explants cultured in vitro under different 

photoperiod conditions (cm). 
 

Photoperiods 
BAP Concentrations 

16-hours per day 24-hours per day Continuous dark 

0.0 mg‧L-1 1.67 ± 0.33 a 1.78 ± 0.29 a 2.11 ± 0.11 a 
 C C A 

2.5 mg‧L-1 2.56 ± 0.59 a 1.67 ± 0.00 a 2.11 ± 0.29 a 
 C C A 

5.0 mg‧L-1 2.56 ± 0.73 a 1.89 ± 0.29 a 2.00 ± 0.51 a 
 C C A 

7.5 mg‧L-1 2.78 ± 0.40 ab 3.44 ± 0.78 a 1.89 ± 0.29 b 
 BC B A 

10.0 mg‧L-1 4.44 ± 0.40 b 7.78 ± 1.06 a 3.00 ± 0.51 b 
 A A A 

 

Notes: values followed by the same lowercases in the same rows and the same uppercases in the same columns are not significantly different (LSD0.05 = 1.48). 
 
 
Table 14. The effect of various BAP concentrations on the longest 

root length in ‘Barangan’ banana explants. 
 

BAP Concentrations Longest root length (cm) 

10.0 mg‧L-1  5.07 ± 0.79 a 
7.5 mg‧L-1  2.70 ± 0.35   bc 
5.0 mg‧L-1  2.15 ± 0.29     cd 
2.5 mg‧L-1  2.11 ± 0.23     cd 
0.0 mg‧L-1  1.85 ± 0.15       d 

 

Notes: values followed by the same letters are not significantly different 
(LSD0.05 = 0.66). 

Table 15. The effect of different photoperiods on the longest root 
length in ‘Barangan’ banana explants. 

 

Photoperiods Longest root length (cm) 

24-hours per day  3.31 ± 0.66 a 
16-hours per day  2.80 ± 0.31 a 
Continuous dark  2.22 ± 0.18   b 

 

Notes: values followed by the same letters are not significantly different 
(LSD0.05 = 0.85). 

 
 
 

DISCUSSION 

 
The response showed by explants cultured under in 

vitro system is not always the same one among 
another, and much depend upon the type of explants 
used, environmental conditions, medium composition, 
and the presence of plant growth regulators in culture 
medium. The combination of two or more of such 
factors often becoming critical factor and very crucial 
in inducing and promoting growth response from 
cultured explants. Laslo and Vicaș [26] suggested that 
the direction of explant growth and development was 
very much influenced by the ratio of endogenous 

against exogenous growth regulators. In addition, Zhao 

et al. [43] claimed that the incorporation of exogenous 
growth regulators into culture medium might affect the 
activity of those hormones already presence within 
cultured tissues. Therefore, it is important to pay 
serious attention to the types and concentrations of 
exogenous plant growth regulators applied to culture 
medium for inducing growth and development of 
explant to the desired direction. 

Environmental conditions such as photoperiod also 
plays important role in directing explant growth and 
development. The photoperiod desired by in vitro 
culture is a manifestation of in vivo plant growth and 
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development. Plants that normally respond to a certain 
photoperiod during in vivo growth will also respond to 
the same photoperiod during in vitro culture [34]. By 
considering the complete photomorphogenic response 
properties of plants, it can be predicted that short-day 
species such as Chrysanthemum will be more readily 
cultured in the vegetative phase under long 
photoperiods [25]. 

In general, the photoperiod required for in vitro 
culture ranges from 14-hours to 16-hours per day. 
However, certain plants are responsive to a shorter 
photoperiod of 8-hours per day, for example Alocasia 

amazonica [19]. Meanwhile, other plants require 
continuous periods of light or dark to produce a certain 
response. For example, 5.0 µM BAP under dark 
condition was essential for organogenesis in Phaseolus 

angilaris [33]. In addition, dark preconditioning of 
shoot explants of Habenaria radiata before culture 
increased survival rates of explants and bud formation 
[32]. Darkness significantly speed up the conversion of 
somatic embryos into plantlets in Phoenix dactylifera, 
reduced the duration from 24 to 12 weeks [2]. On the 
other hand, plant regeneration from nodal segment of 
Nicotiana tabacum was much better in light rather than 
dark condition [38]. 

Our results revealed that, in general the application 
of BAP at various concentrations on shoot explants 
cultured under different photoperiods resulted in 
significant effect on time to shoot emergence, number 
of shoots, number of leaves, number of roots and 
length of longest root. However, number of 
proliferated shoots did not significantly affected by 
photoperiod (P-value = 0.48) nor its combination with 
BAP (P-value = 0.10). Moreover, among BAP 
concentrations tested, the application of 10.0 mg‧L-1 
resulted in the shortest time to shoot emergence, largest 
number of shoots, leaves and roots, and the longest 
roots. This BAP 10.0 mg‧L-1 is significantly different to 
other levels. Meanwhile, among photoperiods tested, 
the application of 16-hours photoperiod produced the 
shortest time to shoot emergence, and the largest 
number of leaves and roots. However, there is no 
different effect of obtained on the number of shoots. In 
addition, photoperiod of 24-hours per day produced the 
longest root length. Visually, the effect of various BAP 
concentrations and different photoperiod in tissue 
culture of banana ‘Barangan’ is presented in Figure 1. 

Figure 1 shows that shoot proliferation much 
depended upon the concentration of BAP in culture 
medium and photoperiod condition. The application of 
BAP up to 10.0 mg·L-1 produced more shoot growth 
under photoperiod of 16-hours per day. Furthermore, 
under photoperiod of 24-hours per day, the use of BAP 
of 7.5 mg·L-1 produced more shoot proliferation. 
However, when BAP concentration was raised to 10.0 
mg·L-1 the shoots grew abnormally, indicated by leaves 
that have long, and separated leaf sheath and they did 
not form pseudostem. This results coincided with 

report of Abbas et al. [1] on tissue culture of ginger 
(Zingiber offinale ), where the application of 9 mg.L-1 
BAP was the best conditions for microrhizomes 
induction under 16-hours photoperiod. A photoperiod 
of 16-hours light was used effectively in tissue culture 
of Viola wittrockiana, Sequoia sempervirens, Stevia 

rebaudiana, and Nymphaea lotus thermalis [6-8]. 
George and Sherrington [16] and Zulkarnain et al. 

[48] stated that successful shoot formation requires 
media and growth regulators in the form of cytokinins 
with or without auxin. In connection with this, 
Kalimuthu et al. [20] suggested that the best shoot 
proliferation on ‘Cavendish’ banana was found in the 
treatment of BAP 3.0 mg·L-1 + NAA 0.2 mg·L-1, 
followed by the combination of BAP 4.0 mg·L-1 + 
NAA 0.2 mg·L-1. Meanwhile, Utami et al. [39] claimed 
that shoot growth was fastest after culture initiation and 
the highest average number of leaves was obtained 
when BAP 2.5 mg L-1 and NAA 0.5 mg L-1 were used 
in tissue culture of ‘Ambon Hijau’ banana. Further, 
Saputri et al. [37] reported that BAP concentration of 
6.0 mg·L-1 was able to induce the fastest shoot growth 
with the highest number of shoots in ‘Barangan’ 
banana tissue culture. Budi [10] also reported the 
formation of highest shoot number in banana explants 
by the application of 1.5 mg·L-1 BAP.  

Concerning artificial light, Cavallaro et al. [11] 
reported that in general plants require photoperiod of 
16-hours per day such as Nicotiana tabacum, Solanum 

lycopersicum, Cymbidium finlaysonianum, Euphorbia 

milii, and Gerbera jamesonii. Other species grew best 
under 12-hours photoperiod such as Lilium oriental, 

Brassica napus and Oryza sativa, while some varieties 
of Vitis vinifera and Solanum tuberosum grew best 
under 10-hours photoperiod. In addition to this, the 16-
hours photoperiod was also proven to be the best for 
micropropagation of Cunninghamia lanceolata [41] It 
was reported that plantlets subjected to photoperiod 16-
hours had longer root, higher height, rooting rate, root 
number, and the higher levels of chlorophyll content. 
However, in Vaccinium floribundum the best growth of 
seedlings was found under 24-hours of photoperiod as 
reported by Meneses et al. [30]. Our study revealed 
that 16-hours or 24-hours per day photoperiods were 
appropriate for proliferation and growth of ‘Barangan’ 
banana plantlets under in vitro condition, but 16-hours 
photoperiod is preferable. Growth inhibition in 
cultured tissues could be related to the activity of 
phytochrome pigment. In vitro investigation by 
Galston [15] confirmed that application of small 
amount of riboflavin, a blue light receptor pigment, 
resulted in marked growth inhibition if peas tissue were 
exposed to light. In contrast, there was no such 
inhibition occurred in the absence of light. This 
inhibition could be partially reversed by the addition of 
relatively large quantities of IAA. Thus, it appeared 
possible that riboflavin in some way caused the photo-
inactivation of auxins. 
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Continuous 

dark 

 

16-hrs 

photoperiod 

 

24-hrs 

photoperiod 

 

 
  No BAP BAP 2.5 mg‧L-1 BAP 5.0 mg‧L-1 BAP 7.5 mg‧L-1 BAP 10.0 mg‧L-1 

 

Figure 1. The effect of various BAP concentrations and different photoperiods on the in vitro culture of banana ‘Barangan’ shoot explants (90 days 
after culture).  

 
It can be concluded that the acquisition of shoot 

multiplication via tissue culture of Musa acuminata 
‘Barangan’ was related to the raise of BAP 
concentration in culture medium and length 
photoperiod under which explants were maintained. 
Although shoot number was not photoperiod 
dependent, the morphogenesis was undoubtedly much 
depended upon the presence of BAP in culture medium 
along with maintaining the cultures under 16-hours 
photoperiod. The best performance shoot 
multiplication was acquired when explants were 
cultured on medium supplemented with BAP 10.0 
mg·L-1 with light condition of 16-hours per day 
photoperiod. In addition, BAP 10.0 mg·L-1 and 16-
hours photoperiod also support rooting but not root 
length.  

To obtain more optimal results and determining the 
efficiency of the multiplication rate, this study needs to 
be continued by testing BAP concentration beyond 
10.0 mg·L-1 and 16-hours photoperiod. 
 

Acknowledgement. The authors would like to thank the Rector, 
Dean of Faculty of Agriculture, and Head of Research and 
Community Service Institute University of Jambi, for their support of 
this research. This research was funded by University of Jambi 

Internal Research Grant, Contract Number: 21/UN21.11/PT01.05/ 
SPK/2024, 14 June 2024. 

Conflict of interest. There is no actual or potential conflict of 
interest in relation to this article. 
 
REFERENCES 

 
[1] Abbas, M., Aly, U., Taha, H., Gaber, E.-S., (2014): In 

vitro production of microrhizomes in ginger (Zingiber 

officinale Rosco). Journal of Microbiology, 
Biotechnology and Food Sciences, 4: 142-148. 

[2] Abohatem, M., Al-Qubati, Y., Abohatem, H., (2023): 
Effect of dark incubation in germination of indirect date 
palm somatic embryos and conversion into plantlets. 
Journal of Plant Biotechnology, 50: 267-274. 

[3] Ali, K.S., ELhassan, A.A., Ehiweris, S.O., Maki, H.E., 
(2007): Embryogenesis dan plantlet regeneration via 
immature male flower culture of banana (Musa sp.) cv. 
Grand Nain. Journal of Forest Products & Indutries, 2: 
48-52. 

[4] Blidar, C.F., Chis, R.S., Bota, S.R., Serban, G., Stanasel, 
O.D., (2021): Effect of light quality on in vitro 

germination, seedling growth and photosynthetic 
pigments production in wheat (Triticum aestivum L.). 
African Journal of Biotechnology, 20: 300-307. 

[5] Blidar, C.F., Egyed, I., Tomulescu, I.M., Tripon, I.M., 
Gostin, I.N., (2023): Physical nature substrate influence 



Analele Universităţii din Oradea, Fascicula Biologie                        Original Paper                             2025, Tom. XXXII, Issue: 1, pp. 59-66 

65 

on in vitro germination of Ipomoea tricolor Cav. Analele 
Universităţii din Oradea, Fascicula Biologie, 30: 166-
172. 

[6] Blidar, C.F., Ilea, C., Tripon, I.M., (2016): The use of 
filter paper bridges for initiating in vitro culture of Viola 

wittrockiana F1 Matrix ‘Blue Blotch’. Romanian 
Biotechnological Letters, 22: 12088-12096. 

[7] Blidar, C.F., Pop, I.F., Fenesi, B., (2019): In vitro 
allelopathy at Sequoia sempervirens (D. Don) Endl. and 
Stevia rebaudiana Bertoni. Romanian Biotechnological 
Letters, 24: 154-167. 

[8] Blidar, C.F., Tripon, I.M., Ilea, C., (2019): In vitro 
conservation of genetic resources of Nymphaea lotus var. 
thermalis (DC.) Tuzs., an endangered plant species. 
Romanian Biotechnological Letters, 24: 448-457. 

[9] Bliss, C.I., (1967): Statistics in biology: Statistical 
methods for research in natural science. McGraw-Hill 
Book Company, New York, 1197 p. 

[10] Budi, R.S., (2020): In vitro study of the effect of growth 
regulator composition on the growth of 'Barangan' 
banana (Musa paradisiaca L.) explants on MS medium. 
Journal of Biology Education, Science and Technology, 
3: 2614 – 8064 [in Indonesian language]. 

[11] Cavallaro, V., Pellegrino, A., Muleo, R., Forgione, I., 
(2022): Light and plant growth regulators on in vitro 
proliferation. Plants (Basel), 11: 844. 

[12] Chee, R., Pool, B.M., (1983): In vitro vegetative 
propagation of Vitis: application of previously defined 
culture condition to a selection of genotypes. Vitis, 22: 
363-374. 

[13] Chimdessa, E., (2020): Composition and preparation of 
plant tissue culture medium. Journal of Tissue Culture 
and Bioengineering, 3: 1-10. 

[14] Eliyanti, E., Zulkarnain, Z., Kartika, E., Ichwan, B., 
(2023): The success of banana planlets acclimatization 
by the application of trichoderma-based compost and 
arbuscular mycorrhizae fungi in growing media. Analele 
Universităţii din Oradea, Fascicula Biologie, 30: 39-44. 

[15] Galston, A.W., (1949): Riboflavin-sensitized photo-
oxidation of Indoleacetic Acid and related compounds. 
Proceedings of National Academy of Sciences, 35: 10-
17. 

[16] George, E.F., Sherrington, P.D., (1984): Plant 
propagation by tissue culture. Exegetics Limited, 
England, 709 p. 

[17] Gorst, J.R., Slaytor, M., Fossard, R.A.d., (1983): The 
effect of indole-3-butyric acid and riboflavin on the 
morphogenesis of adventitious roots of Eucalyptus 

ficifolia F. Muell. grown in vitro. Journal of 
Experimental Botany, 34: 1503-1515. 

[18] Gunawan, L.W., (1987): Tissue culture technique. Pusat 
Antar Universitas Institut Pertanian Bogor, Bogor [in 
Indonesian language], 252 p. 

[19] Jo, E.-A., Tewari, R.K., Hahn, E.-J., Paek, K.-Y., (2008): 
Effect of photoperiod and light intensity on in vitro 
propagation of Alocasia amazonica. Plant Biotechnology 
Reports, 2: 207-212. 

[20] Kalimuthu, K., Saravanakumar, M., Senthilkumar, R., 
(2007): In vitro micropropagation of Musa sapientum L. 
(Cavendish dwarf). African Journal of Biotechnology, 6: 
1106-1109. 

[21] Kelta, A., Hajare, S.T., Banjaw, A., (2018): Studies on in 

vitro micropropagation in banana. International Journal 
of Current Microbiology and Applied Sciences, 7: 3366-
3375. 

[22] Khatun, F., Hoque, M.E., Huq, H., Adil, M., Ashraf-Uz-
Zaman, K., Rabin, M.H., (2017): Effect of BAP and IBA 

on in vitro regeneration of local banana variety of Sabri. 
Biotechnology Journal International, 18: 1-10. 

[23] Kiruwa, F.H., Mlinga, E.E., Aloyce, A.A., Shimwela, 
M.M., (2024): Best practices for initiation of banana and 
plantain (Musa spp.) cultures. Journal of Plant 
Biotechnology, 51: 55-62. 

[24] Kuntarsih, S., (2012): Guidelines for post-harvest 
handling of bananas. Direktorat Budidaya dan 
Pascapanen Buah Kementerian Pertanian RI, Jakarta [in 
Indonesian language], 93 p. 

[25] Kurilčik, A., Miklušytė-Čanova, R., Dapkūnienė, S., 
Žilinskaitė, S., Kurilčik, G., Tamulaitis, G., Duchovskis, 
P., Žukauskas, A., (2008): Effect of the photoperiod 
duration on the growth of Chrysanthemum plantlet in 

vitro. Central European Journal of Biology, 3: 161–167. 
[26] Laslo, V., Vicaș, S., (2008): The influence of certain 

phytohormons on organogenesis process for in vitro 
culture of apricot (Armeniaca vulgaris). Analele 
Universităţii din Oradea, Fascicula Protecţia Mediului, 
13: 200-205. 

[27] Lizawati, L., Zulkarnain, Z., Neliyati, N., (2020): The 
effect of 2,4-D and 2-iP on callus proliferation and 
development on immature leaf explants of liberica coffee 
(Coffea liberica L.). Analele Universităţii din Oradea, 
Fascicula Biologie, 27: 39-42. 

[28] Lizawati, L., Zulkarnain, Z., Neliyati, N., (2020): In vitro 
callus development on immature leaf explants of 
Liberica coffee (Coffea liberica L. cv. Liberika Tungkal 
Komposit) by the application of 2.4-D and BAP. 
Biogenesis: Jurnal Ilmiah Biologi, 8: 111-118. 

[29] Manurung, B.Y., Dewi, P.S., Dwiati, M., (2021): Effects 
of BAP and lighting duration on banana (Musa 

paradisiaca cv. Raja Bulu) micropropagation. 
Biosaintifika, 13: 284-289. 

[30] Meneses, L.S., Morillo, L.E., Vásquez-Castillo, W., 
(2022): In vitro propagation of Vaccinium floribundum 
Kunth from seeds: promissory technology for mortino 
accelerated production. Canadian Journal of Plant 
Science, 102: 216-224. 

[31] Microsoft Corporation, (2024): Microsoft® Excel for 
Mac Version 16.90.2 (24102719). Microsoft 
Corporation, Redmond, Washington, United States. 

[32] Mitsukuri, K., Arita, T., Johkan, M., Yamasaki, S., 
Mishiba, K., Oda, M., (2009): Effects of type of explant 
and dark preconditioning on bud formation in Habenaria 

radiata (Thunb.) in vitro. HortScience, 44: 523-525. 
[33] Mohamed, S.V., Sung, J.-M., Jeng, T.-L., Wang, C.-S., 

(2006): Organogenesis of Phaseolus angularis L.: High 
efficiency of adventitious shoot regeneration from 
etiolated seedlings in the presence of N6-
benzylaminopurine and thidiazuron. Plant Cell Tissue 
and Organ Culture, 88: 187-199. 

[34] Murashige, T., (1974): Plant propagation through tissue 
cultures. Annual Review of Plant Physiology, 25: 135-
166. 

[35] Murashige, T., Skoog, F., (1962): A revised medium for 
rapid growth and bio assays with tobacco tissue cultures. 
Physiologia Plantarum, 15: 473-497. 

[36] Read, P.E., (1992): Environmental and hormonal effects 
in micropropagation, pp. 231-246. In Kurata, K., Kozai, 
T. (eds.): Transplant Production Systems. Kluwer 
Academic Press, The Netherlands. 

[37] Saputri, M., Rahmawati, M., Kesumawati, E., (2019): 
Growth of ‘Barangan’ banana shoots (Musa acuminata 
Colla.) due to in vitro application of Benzyl Amino 
Purine and activated charcoal. Jurnal Ilmiah Mahasiswa 
Pertanian, 4: 73-90. 



Zulkarnain, Z., Eliyanti, E., Ichwan, B., Neliyati, N., Jasminarni, J., Pratamayatno, D. - Enhancing shoot growth in banana tissue culture: The effect of Benzylamino Purine 
and photoperiods 

66 

[38] Siddique, A.B., Islam, S.M.S., (2015): Effect of light and 
dark on callus induction and regeneration in tobacco 
(Nicotiana tabacum L.). Bangladesh Journal of Botany, 
44: 643-651. 

[39] Utami, R.S., Atra, R., Marwanto, M., (2016): Shoot 
multiplication of Ambon Green Banana in some 
concentrations of BAP (6-Benzyl Amino Purine) and 
NAA (α-Naphthalene Acetic Acid). Akta Agrosia, 19: 
81-92. 

[40] van der Krieken, W.M., Breteler, H., Visser, M.H.M., 
Jordi, W., (1992): Effect of light and riboflavin on 
indolebutyric acid-induced root formation on apple in 

vitro. Physiologia Plantarum, 61: 497-504. 
[41] Xu, Y., Yang, M., Cheng, F., Liu, S., Liang, Y., (2020): 

Effects of LED photoperiods and light qualities on in 

vitro growth and chlorophyll fluorescence of 
Cunninghamia lanceolata. BMC Plant Biology, 20: 269. 

[42] Yusnita, Danial, E., Hapsoro, D., (2015): In vitro shoot 
regeneration of Indonesian bananas (Musa spp.) cv. 
Ambon Kuning and Raja Bulu, plantlet acclimatization 
and field performance. Agrivita, 37: 51-58. 

[43] Zhao, Y., Chen, Y., Jiang, C., Lu, M.-Z., Zhang, J., 
(2022): Exogenous hormones supplementation improve 
adventitious root formation in woody plants. Frontiers in 
Bioengineering and Biotechnology, 10: 1009531. 

[44] Zulkarnain, (2009): Plant tissue culture: Solutions for the 
propagation of cultivated plants. Bumi Aksara, Jakarta 
[in Indonesian language], 184 p. 

[45] Zulkarnain, (2017): Tropical fruit cultivation. 
Deepublish, Yogyakarta [in Indonesian language], 328 p. 

[46] Zulkarnain, Neliyati, (2017): The Effect of NAA and 
BAP on tissue culture of ‘Tangkit’ pineapple (Ananas 

comosus (L.) Merr. cv. Tangkit). Biospecies, 10: 1-10. 
[47] Zulkarnain, Z., (2018): Plantlets regeneration from 

crown bud slicing of pineapple (Ananas comosus). Jurnal 
Biosaintifika, 10: 245-251. 

[48] Zulkarnain, Z., Tapingkae, T., Taji, A., (2015): 
Applications of in vitro techniques in plant breeding, pp. 
293-328. In Al-Khayri, J.M., Jain, S.M., Johnson, D.V. 
(eds.): Advances in Plant Breeding Strategies: Breeding, 
Biotechnology and Molecular Tools (Volume 1). 
Springer International Publishing, Switzerland. 

 
 

Received: December 1, 2024 
Accepted: April 19, 2025 
Published Online: April 23, 2025 
Analele Universităţii din Oradea, Fascicula Biologie 
https://www.bioresearch.ro/revistaen.html 
Print-ISSN: 1224-5119 
e-ISSN: 1844-7589 
CD-ISSN: 1842-6433 
University of Oradea Publishing House 


