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ABSTRACT 

Barangan banana (Musa acuminata L.) is a plant that has the biggest contribution to national fruit production. 
The increasing demand for the banana requires the availability of seedlings, while conventional cultivation is 
unable to produce healthy, disease-free seedlings in a short time and large amount. In vitro culture is considered 
to be able to handle the constraints of the conventional seed supply.  The purpose of this study was to determine 
the effect of foliar fertilizers on in vitro multiplication of barangan bananas. The method used was a single factor 
of Completely Randomized Design (CRD), the addition of leaf fertilizer consisting of five levels of media treatment, 
media MS (control), and 0.50 ml L-1 (p1); 0.75 ml L-1 (p2); 1.00 ml L-1 (p3); 1.25 ml L-1 (p4); 1.50 ml L-1 (p5) of leaf 
fertilizer media repeated five times. The data were analyzed with Analysis Variance then followed by Duncan 
Multiple Ranged Test of 5%. The results showed MS media still gave the best results compared to other leaf 
fertilizer media. Meanwhile, the leaf fertilizer media used in this study still gave good results on the initial time 
of buds appearance (p3 treatment), the number of shoots and the number of leaves in the p5 treatment, as well 
as the height of the plant in the p4 and p5 treatments. Therefore, the leaf fertilizer can be used to substitute MS 
media. 
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1. Introduction 

Banana is served as a staple food by millions of 
people around the world. It is rich in carbohydrate 
sources with a calorific value of 67/100 g of banana 
flesh. In addition, banana contains various vitamins 
and is used for various medicinal purposes 
(Maharana et al. 2017). Especially for Barangan 
banana, its demand is always increasing, especially 
in big cities, because of the superior and nutritious 
fruit. That’s why Barangan banana is one of the 
banana plants with great potential and opportunity 
to be developed (Zebua et al. 2015). It is one of the 
specific fruits from North Sumatra which people 
highly favor because of its advantages over other 
bananas. Barangan banana tastes sweeter; its skin 
color is yellow with black spots when ripe; the flesh 
color is reddish, dry and has good smells (Balai 
Pengkajian Teknologi Pertanian Indonesia, 2009). 
Barangan banana is rich in dietary fibre, protein, 

minerals such as sodium and potassium, fat, and 
yeast and produces sugar (Shankar et al. 2017). 
Therefore, it becomes a commercially superior 
commodity with increasing demand. Besides, it is 
known as red bananas that is widely cultivated in 
Southeast Asia.  

The increasing demand for Barangan banana 
requires the availability of seedlings, but the 
conventional banana plant seedlings 
(macropropagation) cannot to produce a number of 
healthy and disease-free ones. Parida et al. (2017) 
state that traditional cultivation production costs 
for banana breeding spend high value. Addition of 
quality bananas needs to be initiated from the 
available provision of superior banana plant 
seedlings, so it is necessary to supply banana plant 
seedlings with in vitro multiplication techniques to 
address problems in conventional Barangan banana 
multiplication. 
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The growing environment in tissue culture 
provides conditions optimized for the desired 
formation of organs or plantlets (Teixeira da Silva et 
al. 2019). The tissue culture technique has been 
widely exploited for large-scale propagation. Plant 
micropropagation has become a significant and 
informative technique for producing and 
maintaining plant availability. Banana 
micropropagation has been of interest in recent 
years because it produces profits and uniformity of 
plants and is free from disease. It also makes plants 
provide the best results and can be conducted in 
large quantities. However, tissue culture requires 
good quality planting material to produce good 
plants (Maharana et al. 2017). Generally, an explant 
originating from young tissue is the best explant 
because the tissue is still active in division like 
meristem tissue (Chaidir et al. 2018). 

One important factor in the multiplication of 
Barangan banana shoots is growing media. It is very 
influential on the success of in vitro culture because 
the growing media contains nutrients and sources 
of nutrition needed by the explants. The basic media 
commonly used in in vitro culture is MS (Murashige 
and Skoog) media, this is frequently used because it 
has complete nutrients needed by plants. MS media 
with or without growth regulators is effective for 
the germination or shoot formation process (Pant 
dan Swar 2012). The use of MS media in the 
propagation of in vitro culture has been widely 
applied, but it requires a more expensive cost. The 
relatively high price of MS media demands efforts to 
replace some of the MS media components using 
simpler and cheaper media such as leaf fertilizer. 

Leaf fertilizer is one type of fertilizer containing 
nutrients that are quite complete and considered 
able to provide a source of nutrition for seedling 
growth in in vitro culture. It is an option because it 
can provide nutrients for plants (Purwanto et al. 
2017). Leaf fertilizer contains three main nutrients, 
namely nitrogen (N), phosphorus (P), and 
potassium (K) for various plants and growth 
conditions. Nitrogen increases leaf growth and 
forms proteins and chlorophyll. Phosphorus has 
roles for the growth of roots, flowers, and fruit 
development. Nutritional deficiencies cause plants 
to experience physical abnormalities, such as lack of 
nitrogen causing plants to turn yellow, lack of 
phosphorus causing plants to turn brown, and lack 
of potassium causing the plant's leaves to dry up to 
burn (Pritts 2018). 

Application and modification of alternative 
media with leaf fertilizer in the production and 
propagation of high-quality Barangan banana plant 
seedlings is important to do. This relates to the 
efficiency of production costs that must be incurred. 
So in this study, leaf fertilizer media was an 

alternative for the propagation of in vitro Barangan 
banana plant seedlings, especially for the 
multiplication stage carried out in supplying in vitro 
banana plant seedlings. 

2. Material and Methods 

The study was conducted at Tissue Culture 
Laboratory, UIN Sunan Gunung Djati Bandung, from 
January to July 2019. Barangan banana explants 
used were one month old from Biotrop Bogor. This 
research used the experimental method in 
Completely Randomized Design (CRD), which 
consisted of 6 treatments and five replications, so 
there were 30 experiment samples.  

p0 = Control 
p1 = Leaf fertilizer 0.50 ml L-1 

p2 = Leaf fertilizer 0.75 ml L-1 

p3 = Leaf fertilizer 1 ml L-1 
p4 = Leaf fertilizer 1.25 ml L-1 
p5 = Leaf fertilizer 1.50 ml L-1  
 
Data obtained were processed with Analysis of 

Variance, then further tested with Duncan Multiple 
Ranged Test (DMRT) in 5% level. The parameters 
observed included the first time the shoots 
appearance, the number of roots, the number of 
leaves, and the height of plantlets. The observations 
were conducted once every two weeks except at 
parameters of the initial time of the shoot and root 
appeareances which were observed every day. 

3. Results 

The initial time of shoots appearance or forming 
is the easiest indicator to determine the success in 
doing tissue culture multiplication. The 
multiplication of Barangan banana generated 
different variations at the time of buds appearance, 
started on the 6th day after induction (DAI) up to 
the age of 14 DAI. Based on statistical analysis, any 
treatment applied did not significantly influence the 
initial time of bud appearance (Figure 1). In various 
levels of leaf fertilizer media used, the treatment of 
leaf fertilizer p3 (1 ml L-1) gave the fastest bud 
appearance time for six days after induction and in 
the treatment of leaf fertilizer p4 (1.25 ml L-1) gave 
the time of appearance of shoots at the latest on 
14.4 days. 

On observation, the number of shoots showed 
success in multiplication carried out. Shoots are 
very important in a study because as a support for 
other organs to grow and develop. Based on 
observations of the number of shoots on six 
treatments, the Analysis Variance (Anova) test 
results showed significant difference results. 
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Figure 1 The initial time of bud appearance 

 
In Table 1, the Anova result indicates influence 

on the number of shoots observation at eight weeks 
after induction, were control as the highest and p1 
(0.5 ml L-1) as the lowest. The same figure also 
happened on the number of leaf parameters, the 
highest result was control and p1 (0.5 ml L-1) was 
the lowest. This shows that the treatment of leaf 
fertilizer concentrations given had not been able to 
match the MS media (control) in the growth of the 
number of shoots in the explants of Barangan 
banana plants. 

 

Table 1. The Effect of Leaf Fertilizer on Number of 
Shoots and Number of leaves 

Treatment Number of 
Shoot/s  

Number of Leaf 
/ves  

6 DAI 8DAI 6 DAI 8 DAI 
Kontrol 1.4 b 2.0 c 3.0 b 4.0 c 

p1 (0.5 mL 
L-1) 

0.4 a 0.4 a 0.0 a 0.0 a 

p2 (0.75 mL 
L-1) 

1.0 b 1.0 ab 0.0 a 0.0 a 

p3 (1 mL L-

1) 
1.0 b 1.0 ab 0.0 a 0.6 a 

p4 (1.25 mL 
L-1) 

1.0 b 1.0 ab 1.0 a 2.4 b 

p5 (1.50 mL 
L-1) 

1.2 a 1.2 b 1.2 a 2.8 b 

Note: numbers followed by same letter show non-
significant difference based on Duncan Multiple 
Ranged Test of 5% level  

 
From Figure 3, it can be seen that the growth of 

the best shoot was on banana explant in the media 
MS. At the age of 2 weeks, the explant began to rise 
to the buds and rose the leaf at the age of 4 weeks 
and became a complete planlet at the age of 8 
weeks.  

MS media was the best media that can grow the 
number of shoots of Barangan banana planlet 

explant in in vitro culture, so that presume the 
nutrients contained in the treatment of leaf 
fertilizer had not been able to replace the nutrients 
contained in the MS media. Nitrogen nutrients in the 
MS media have a very important role in growing the 
number of shoots. 

Based on observations, the shoots of Barangan 
banana planlets showed different results between 
control and leaf fertilizer media on various 
treatments. 

 

 
a   b 

 

 
                c    d 

Figure 3. The growth of Barangan Banana shoot 
explant on MS media. (a) age 2 week after 
culture (WAC), (b) age 4 WAC, (c) age 6 
WAC, (d) age 8 WAC. 

 

Table 2. Influence of Leaf Fertilizer Media on 
Plantlet Height of Barangan Banana 
Explants 

Treatments Plantlet height (cm) 

 2 DAI 4 DAI 6 DAI 8 DAI 

Control 0.28 a 0.60 a 1.70 b 2.58 b 
p1 (0.5 mL L-1) 0.20 a 0.22 a 0.32 a 0.45 a 

p2 (0.75 mL L-1) 0.14 a 0.14 a 0.14 a 0.14 a 
p3 (1 mL L-1) 0.10 a 0.26 a 0.38 a 0.50 a 

p4 (1.25 mL L-1) 0.13 a 0.22 a 1.22 b 1.78 b 
p5 (1.50 mL L-1) 0.10 a 0.38 a 1.54 b 2.10 b 
Note: numbers followed by same letter show non 

significant difference based on Duncan Multiple 
Ranged Test of 5% level  

Different concentrations of leaf fertilizer did not 
exert a different influence on 2 weeks after 

   a 
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induction and four weeks after induction 
observations. In the control treatment, p4 (1.25 ml 
L-1) and p5 treatment (1.50 ml L-1) gave different 
effects than other treatments (Table 2). 

4. Discussion 

The best shoots initiation appearance was 
known in p3 (1 ml L-1) treatment, which could grow 
shoots simultaneously at the age of 6 DAI (Figure 1). 
This was presumed by the availability of main 
macronutrients (Nitrogen (N), Phosphorus (P), 
Potassium (K)) in the leaf fertilizers that are able to 
meet the needs of young plants whose cells are still 
actively dividing. N and P elements are nutrients 
needed by plants in large quantities (Nofrianinda et 
al. 2017). The element of N has an important role in 
plant growth, including shoots initiation 
appearance. Nitrogen is a nutrient needed by young 
plants, especially in the formation of amino acids, 
protein, and nucleic acid.  

The shoots initiation appearance was influenced 
by several factors, one of which was food 
availability. Food needed by Barangan banana 
plants was available on the media used to grow 
banana plants in the in vitro culture. Carbohydrates 
have a fundamental role in the process of shoot 
proliferation and affect the shoot growth and 
survival. The presence of sucrose in culture media 
in this study greatly influenced shoot growth 
(Chaidir et al. 2019). The response of buds initiation 
appearance was marked by the appearance of a 
bulge or swelling of explants to produce shoots 
formation finally. The buds initiation appearance in 
this study was known to vary for each treatment. 
The responses were fast and slow and even did not 
emerge buds. This is because each explant has 
different abilities in absorbing nutrients in the 
media (Elma et al, 2017). 

The shoots growth was also influenced by other 
factors such as the media containing enough 
nutrients for explants growth. Hendrayono & 
Wijayani (1994) explain that the growth medium of 
in vitro culture greatly influences the explant’s 
growth and development in the supply of plant 
seedlings.  

In the treatment of p1 in this study, the 
availability of nutrients given was too low 
compared to other treatments, it can be said that the 
available nutrients did not meet the explants’ needs, 
so that the growth of the shoots was inhibited. 
Lakitan (1996) explains that a plant will grow 
optimally if the nutrients needed are available in 
sufficient quantities and in a suitable form so that 
plants can absorb it. 

On the observation of the number of Barangan 
banana leaves, media control (MS) gave maximum 

results compared to the other treatments (Table 1). 
Hence, it can be said that the nutrients contained in 
the treatment of leaf fertilizer media had not been 
able to totally replace the nutrients contained in MS 
media, especially for the element of N in growing 
the number of shoots. Besides that, N is essential in 
the growth and development of all-important plant 
tissues because it is a supporting organ for other 
organs to keep growing and developing. Each 
concentration of media given was different in result, 
it can be seen that the more concentration of leaf 
fertilizer was given, the greater the element content 
of N. The large concentrate of N generally has a 
higher number of leaves (Lakitan 1996). Garner 
(1991) said that the N element is very influential 
compared to other minerals on plant growth.  

On the observation of Barangan banana planlet 
height, the best result was still given by media 
control (MS) compared to other leaf fertilizer media 
(Figure 2). Plantlet height was also influenced by 
nutrients of N, P, and K, which were interrelated in 
the growth and multiplication of shoots, meaning 
that in this study, the nutrients needed by plants did 
not experience shortages. The nutrient of N, P, and 
K in the treatments of p4 and p5 could be interpreted 
as able to increase plantlet height growth better 
than the media p0 (control). Other nutrients such as 
Ca (Calcium) could also influence plant growth in 
the formation of cell walls. Besides that, the 
nutrients of Na, I, Cu, Cl, Co, and so forth contained 
in leaf fertilizers are also likely to affect overall cell 
metabolism (Srilestari dan Sasmita 2015). 

Growth is characterized by changes in plant 
morphology in the form of elongation and 
enlargement of tissues (Karjadi dan Buchory 2008). 
In the narrow sense, growth means cell division, 
which increases the number and enlargement of 
cells. As a result, cell size increases and causes an 
increase in shoots height marked by an increase in 
explants size. The increased shoots height in 
explants shows growth and the ability to add new 
organs around the shoot organs that have specific 
functions and are important for plant needs.  

5. Conclusion 

The multiplication of Barangan banana in tissue 
culture or in vitro by using leaf fertilizer media 
could not exceed the results gave MS media 
(control). However, the influence of leaf fertilizer 
treatment on the multiplication of Barangan banana 
occurred with the higher concentration, which 
affected the number of shoots, number of leaves, 
and plantlet height. The concentration of 1 ml L-1 
leaf fertilizer treatment was able to emerge the best 
buds initiation, the concentration of 1.25 ml L-1 and 
1.50 ml L-1 were able to grow the best number of 
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leaves and plantlet height and able to increase the 
number of roots of Barangan banana plantlet.  
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