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Abstract
This research aims to determine the appropriate media and the best concentration of growth
regulators. Furthermore, the method used was a completely randomized design with two factors,
namely the type of media (Murashige & Skoog, Media B5, and ½ MS + vitamin B5) and NAA (0.5;
1.0; 1.5 ppm) as well as BA (1; 2; 3 ppm. ). The data obtained were analyzed for diversity and
further evaluation using Duncan Multiple Range Test (DMRT) at a 5% level. Furthermore, the
result showed that Murashige & Skoog media interacts with NAA 1 ppm + BAP 2 ppm on root
length parameters. Considering this result, media B5 is the best for plantlet roots number and dry
weight parameters, while NAA 1.5 ppm and BA 3 ppm were the best plantlets dry weight
concentrations.
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I.INTRODUCTION
Indonesia has a high level of biodiversity. Therefore it is called a country with mega biodiversity.
One of the plants with a high level of biodiversity is the banana, which is a tropical plant
originating from Southeast Asia, including Indonesia (3). The Ministry of Agriculture stated that
banana cultivation in Indonesia contributes to the state revenue. Furthermore, according to the
Central Statistics Agency (BPS), banana production in 2018 was 30,373 tons, an increase of 67
percent compared to 2017 of 18,192 tons (4). Therefore, Indonesia is one of the banana producing
countries with more than 200 types, one of which is the Kepok Unti Sayang banana.
Kepok Unti Sayang banana has a high economic value due to its good and sweet taste with a sugar
content of 300 Brix (12), and it is cultivated in the South Sulawesi area. Based on the Decree of
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Minister of Agriculture no. 2084/Kpts/SR.120/5/2010, Kepok "Unti Sayang" is a superior national
banana originating from South Sulawesi.
The technique of conventional banana propagation is becoming a problem that farmers have to
face. The propagation using a hump or plant saplings takes a relatively long time of about 10-18
with a limited amount of production, namely in 1 (one) banana clump. It only produces 5-10 plant
seeds per year (14). Furthermore, the propagation method is considered inefficient because it is
time-consuming, is not economical, and the resulting seeds are not free from pests and diseases (1).
Therefore, to overcome this problem, It is necessary to develop in vitro banana propagation
techniques, especially in providing banana seeds quickly.

II.LITERATURE REVIEW
Tissue culture is an appropriate alternative to conserve endangered plants or to reproduce plants in
large numbers and in a short time. Through this method, the plant propagation is performed in bulk
with a relatively short time, and the seeds produced are free from pests and diseases with the same
properties as the parent(2).
MS, Gamborg, and VW media are basic media widely used in the propagation of vitro plants. (6) It
was reported that the use of MS media supplemented with 1 mg IBA + 2 mg BAP supports the best
growth of vanilla plantlets. (9) Meanwhile, the plantlets are obtained using a modified MS medium
with the addition of 1.0 mg NAA + 2 mg BAP.
In MS media with vitamin B5 containing 10 times more thiamin than vitamins, the content of
nicotinic acid and pyridoxine hydrochloride in vitamin B5 was also 2 times higher. Thiamin is an
essential vitamin for almost all plant tissue cultures because it affects the growth and development
of the cell.
The common form of auxin and cytokinin growth regulators used are NAA and BA. NAA is a ZPT
of auxin group that functions to initiate root and stem at certain concentrations (11). BA is a ZPT of
cytokines group that functions to stimulates cell division and shoot multiplication at certain
concentrations (15). Therefore, the interaction of various media and ZPT in the form of NAA and
BA is expected to support the growth and development of banana plantlets in vitro.
Therefore, the main problem that becomes the urgency (priority) of conducting this research is a
complete study of various aspects of the Kepok Unti Sayang banana in vitro propagation technique
that is capable of producing large amounts of plantlets. It is propagated in the laboratory with ZPT
treatment on various media and needs to be acclimatized in future studies.

III. RESEARCH METHODOLOGY
Materials and tools used include a 3-month-old plantlet of Kepok "Unti Sayang" banana, 96%
alcohol, methylated spirits, aluminum foil, MS media, B5, thiamin, NAA, BA, analytical scales,
LAF, tweezers, scalpel, camera, and label.
The research was conducted at Biotechnology Laboratory, UPN "Veteran" Yogyakarta, and the test
was prepared using a completely randomized design with 2 factors, namely the type of media
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(Murashige & Skoog, Media B5, and ½ MS + vitamin B5) and the concentration of NAA (0.5, 1.0,
1.5 ppm) as well as BA (1, 2, 3ppm). Furthermore, the medium was sterilized by autoclaving at a
pressure of 20 psi with a temperature of 1210C for 30 minutes. Each culture bottle was planted with
one explant by removing a bunch of banana plantlets from the bottle, then separated one after
another, and it was further planted on the media according to the treatment, as well as the plantlets
were placed in the incubation room for 10 weeks at 220C.

IV.FINDING AND DISCUSSION
The treatment with NAA and BA concentration on various media showed an interaction with the
root length parameter (cm). Furthermore, the combination of various media treatments with NAA
and BA concentrations showed that M1Z2 treatment (MS medium and NAA 1 ppm + BA 2 ppm)
had significantly longer roots compared to other treatments. These results showed that the
combination of treatment is the most appropriate to stimulate root elongation, and there is a
synergistic interaction between the MS medium and NAA as well as BA. MS medium (M1) has the
highest nutritional content compared to B5 media and ½ MS medium + vitamin B5 and it also has
the highest macro N (Nitrogen) nutrients content compared to others. N element plays an important
role in supporting the vegetative growth of plants including in root growth and elongation. It is also
one of the macronutrients that make up amino acids that is important in the metabolic process of
plant growth. Therefore, MS media added with ZPT at the appropriate concentration facilitated root
elongation.
Root formation is related to the endogenous auxin and cytokinin content in plant tissue, followed
by the process of cell lengthening and enlargement. Besides the effects of endogenous auxins and
cytokinins, the root formation is also influenced by light intensity. Meanwhile, low light intensity
stimulates endogenous ZPT to work more actively in the process of root growth and development.
According to (13), light conditions have a significant effect on improving the plantlet regeneration
ability. Also, auxins in plant tissues work actively even in the dark. However, its synthesis occurs
in light conditions. The increase in root length is due to the cell division process in the root tip
meristem, followed by the process of cell elongation and enlargement. Therefore, auxin causes the
expansion of the cortex, phloem, and cambium tissue thereby damaging sclerenchyma cells, spur
the roots out and, cause root cells to elongate.

Table 1. The average length of banana roots in various media treatments and concentrations of
NAA and BA (days)
The Concentration of NAA and BA
Media Types
NAA 0,5+BA 1 NAA 1+BA 2 NAA 1,5+BA 3 Average
ppm (Z1)
ppm (Z2)
ppm (Z3)
Media MS (M1)
9,07 b
10,52 a
8,76 bc
9,45
Media B5 (M2)
8,53 c
7,41 d
6,78 f
7,57
Media ½ MS+vit
6,92
B5 (M3)
6,35 g
7,13 e
7,30 e
Average
7,98
8,35
6,52
(+)
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Description: The average followed by the same letter notation shows no significant difference at
the 5% level of DMRT. (+) indicates an interaction.
The percentage parameter forming roots (%) showed no interaction, and there was no significant
difference in the treatment of various media or the concentration of NAA and BA. This shows that
the power of the banana plantlet has sufficient endogenous auxin in the media; therefore, the
percentage of root formation remains high. All the concentrations of NAA and BA were not
significantly different in affecting the percentage banana root formation, and it is assumed that the
growth response of cultured explants depends on the interaction and balance between the
endogenous growth regulators present in the explants and the exogenous added to the media.
According to (7), an endogenous growth regulator is a factor that stimulates the growth process and
morphogenesis of plants. Therefore, it is also inseparable from the nutrients available in the media
needed by the explants to grow in sufficient and balanced conditions.
Table 2. Average Percentage of root formation, Total Roots and Dry Weight of Banana plantlets on
various media treatments and concentrations of NAA and BA

Media Types

The Concentration of NAA and BA
Dry
Root Percentage
Total Root Weight (g)
78,80 a
3,87 b
0,59 b
87,00 a
4,36 a
0,84 a

Media MS (M1)
Media B5 (M2)
Media ½ MS+vit B5
(M3)
88,67 a
3,42 b
0,55 b
The Concentration
of NAA and BAP
NAA 0.5 ppm+BA 1
87,40 p
3,84 p
0,64 q
ppm(Z1)
NAA 1 ppm+BA 2
86,37 p
3,76 p
0,60 q
ppm(Z2)
NAA 1.5 ppm+BA 3
86,60 p
4,04 p
0,83 p
ppm(Z3)
Interaction
(-)
(-)
(-)
Description: The average followed by the same letter notation shows no significant difference at
the 5% level of DMRT. (-) indicates no interaction.
In the parameter of the number of roots, the treatment on MS medium (M1) was significantly
different from that of B5 (M2) media and ½ MS medium + vitamin B5 (M3). Also, Banana
plantlets cultured on MS medium had significantly more roots than ½ MS medium + vitamin B5.
Vitamins have a catalytic function in the plant enzyme system and are required in small amounts.
Furthermore, the vitamins contained in MS media consist of glycine (2.0 mg/L), niacin (0.5 mg/L),
pyridoxine-HCl (0.5 mg/L), and thiamine-HCl (0.1 mg/L) (2). While in B5 media consist of niacin
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(1.0 mg/L), pyridoxine-HCl (1.0 mg/L), and thiamine-HCl (10.0 mg/L). The composition of
vitamins B5 and MS have similarities; however, the difference is the concentration, where vitamin
B5 is higher than MS. Therefore, the provision of niacin (nicotinic acid) and pyridoxine (vitamin
B6) increases the culture growth; in this case, it can also increase root growth in black orchids (8).
Treatment of NAA and BA concentrations showed no significant difference in the number of roots
parameters. Auxin has a broad effect on growth since it stimulates and accelerates the root growth,
as well as increases its quality and quantity. The more roots that are formed in the media added
with NAA have shown that auxin activates the enzymes that play a role in cell components;
therefore, when cell division begins, NAA stimulates the formation of cells quickly and
subsequently initiates root formation. Apart from the auxins, growth regulators that are often used
are the cytokinins, since it plays a role in increasing cell division and regulating the growth and
development of plants. Therefore, explants with shoots will form roots because endogenous auxins
are formed in plant shoots. In general, explants that have sprouted forms roots [5]
The dry weight parameter indicates no interaction. However, there was a significant difference
between the treatment of media types ½ MS + vitamin B5 (M3) and in media MS (M1), and B5
(M2) was important. Furthermore, the dry weight of banana plantlets cultured on MS and B5 media
was significantly higher than that of ½ MS media + vitamin B5. Dry weight is a description of the
accumulation of organic matter and minerals that play an important role in plantlet growth. It is
also the material weight after drying, as well as the accumulation of photosynthate (10). Therefore,
the main factors affecting the total dry weight are the absorbed irradiation and the efficiency of
energy utilization for CO2 fixation. Furthermore, it can also be caused by the ability of plants to
bind energy through the photosynthetic process, therefore, increases the dry weight of plantlets.

V.CONCLUSION AND FURTHER RESEARCH
There is an interaction on Murashige & Skoog media with NAA 1 ppm + BAP 2 ppm in root length
parameters. Therefore, media B5 is the best for the number of roots and dry weight of plantlets,
while NAA 1.5 ppm and BA 3 ppm are the best concentrations in plantlet dry weight.
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