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ABSTRACT

Callus induction is an important step in indirect somatic embryogenesis. The aim of this study
was to obtain an optimal medium for the callus formation of plantain bananas (cv. Kepok).
The research was conducted from May to August 2022 at the Tissue Culture Laboratory of
PT. ITCI Kartika Utama, Penajam Paser Utara District, East Kalimantan. The explant used
an immature male flower of plantain banana (cv. Kepok). The experiment used a completely
randomized design with two factors concentration of 2,4-D (1,2 and 4 ppm) and BAP (5, 10,
and 15 ppm). The appearance of callus was monitored daily until it developed explants. On
the final observation day, the percentage of explants with callus, as well as the color and

Edited by: texture of the callus, were assessed. The research findings suggest that the optimal medium
Maryati Sari for inducing callus in male banana flower explants was MS medium supplemented with 2
IPB University ppm 2,4-D and 5 ppm BAP. This medium resulted in calluses that exhibited a yellowish-white
color and a compact texture.
Received:
jiﬁgtjim Keywords.: czflllus morphology; genetic improvement; plant growth regulator; tissue
28 March 2024 culture; triploid banana
Published online:
27 May 2024 INTRODUCTION
Citation: Banana is an important fruit plant in the world. More than 400 million people in
Ardhani, D. N, tropical and subtropical countries consume bananas as a staple food (Kennedy et al,,
Maharijaya, A, & Rahayu, 2019). Banana production in Indonesia is increasing every year. In 2020, banana
M. S. (2024). Callus production in Indonesia increased by 12.39% from 2019, reaching 8.18 tons (BPS, 2021).
formation response from Bananas have a good taste and are affordable; the nutritional content of bananas also
immature male flower varies, including complex carbohydrates, fiber, protein, vitamins (4, C, and B6), iron, folate,
explant of plantain magnesium, potassium, as well as various types of antioxidants such as flavonoids,
banana (Musa acuminata saponins, lutein, and beta-carotene (USDA, 2018; Cafasso, 2020). The benefits of
x Musa balbisiana cv. consuming bananas are to improve the digestive system, maintain heart health, prevent
Kepok) treated by 2,4-D anemia, control blood sugar, counteract the effects of free radicals, and overcome nausea
and BAP. Jurnal Agronomi  and vomiting in pregnant women, obstetrics complex carbohydrates are also beneficial for
Indonesia (Indonesian weight loss (Ratih & Qomariah, 2017; Costa et al.,, 2019; Oguntibeju et al.,, 2019). The
Journal of Agronomy),

various nutritional content and benefits of bananas make this plant have great potential
to continue to be developed, including to maintain national food security and as an export
fruit product from Indonesia.

52(1),101-109

April 2024 101


https://dx.doi.org/10.24831/jai.v52i1.49008

Ardhani et al. / Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 52(1), 101-109 102

Genetic improvement in cultivated bananas with a triploid genome, such as the kepok
banana, is almost impossible to do conventionally due to pollen sterility and
parthenocarpic fruit constraints. Conventional propagation can only produce a small
number of seeds and a high chance of transmitting pathogens from the parent tree. The
biotechnology approach through tissue culture can solve several problems of
conventional banana breeding, such as sterility, long regeneration period, and limited
genetic diversity (Ortiz & Swennen, 2014). Here are several ways in which tissue culture
propagated materials might eliminate issues associated with conventional propagation:
rapid multiplication, production of disease-free plants throughout the year, genetic
uniformity, customization, and genetic modification. Tissue culture propagation methods
on bananas have been widely used, such as for rapid multiplication (Fitramala et al., 2016;
Imelda et al.,, 2018; Rai et al,, 2019; Sadat et al., 2018), embryogenesis somatic (Natarajan
etal.,, 2020), and anther culture (Gogoi et al., 2020; Kumar et al.,, 2017).

Plant regeneration through somatic embryogenesis is useful in genetically
manipulating plants derived from somatic embryos. Plants propagated by somatic
embryogenesis show a high level of genetic uniformity in several research results on
various plants based on molecular markers, for example, in banana plants (Nandhakumar
et al., 2018). Research on plant development through somatic embryos has been carried
out on several types of banana explants, such as shoots, zygotic embryos, meristem organs,
and female and male flowers. Of the several explants, the male flower obtained from the
banana bud was the most responsive in regenerating somatic embryos, especially at the
callus induction stage (Dwiyani et al., 2018; Morais-Lino et al,, 2016; Natarajan et al,,
2020).

Plant growth regulators (PGR) are factors supporting success in tissue culture.
PGRs are essential tools in tissue culture as they enable the manipulation of plant growth
and development, leading to successful propagation and regeneration of plants in a
controlled environment. The nutritional needs of plant tissue in vitro culture have been
fulfilled with basic media, but the addition of PGR can affect the further development of
explants (Philips & Garda, 2019; Rademacher, 2015). PGR types and concentrations in
tissue culture media must be appropriate to the desired direction of plant development.
The most common PGRs added to media for embryogenic callus induction are 2,4-
dichloro phenoxy acetic acid (2,4-D) and Benzyl Amino Purine (BAP). Based on Dwiyani
et al. (2018), adding 2 ppm of 2,4-D to MS media induced callus from banana flower
explants at 4.83 days after planting, with a percentage of explants forming callus of 67%.
Callus induction from banana leaf explants has also been reported by Latunra etal. (2017),
the results of this study showed that the best medium for callus induction on Barangan
Merah banana leaves was MS which was added 2,4-D 2 ppm and BAP 3 ppm with a green
callus color and a compact texture. Research on callus formation response of male kepok
flower explants to growth regulators 2,4-D and BAP has never been reported. The
selection of banana male flowers as explants in tissue culture is a strategic choice that
combines the embryogenic potential of the floral meristem, high multiplication rates,
genetic uniformity, disease-free propagation, ease of handling, and suitability for large-
scale commercial production. This study aimed to study the response of banana callus
formation on callus induction media to the addition of 2,4-D and BAP. It was designed to
obtain optimal growth media information for callus induction from male flowers of kepok
bananas.

MATERIALS AND METHODS

This research was conducted from May 2022 to August 2022 at the Tissue Culture
Laboratory of PT. ITCI Kartika Utama, Penajam Paser Utara, East Kalimantan. The explants
used male flowers of yellow kepok banana. The medium used Murashige and Skoog (MS)
with 2,4-dichloro phenoxy acetic acid (2,4-D) and benzyl amino purine (BAP) addition.

Collecting, sterilization, and explants planting

The male banana bud flower was collected from the parent tree, which is about one
year aged and bears fruit at the site of PT. ITCI Kartika Utama. Flowers were separated
from the banana bunch, washed with detergent, and rinsed with water. Sheath of five male
buds was removed in a laminar airflow cabinet then sprayed with 96% alcohol and
sterilized with a bunsen burner. The flower was released from the petals, and then
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carefully separated one by one. Incised ovaries sized +8 mm were prepared as explants,
and planted in culture bottles containing MS medium with plant growth regulator (PGR)
according to treatment for callus induction.

The experiment used a completely randomized design with two PGR factors
concentration of 2,4-dichloro phenoxy acetic acid (2,4-D) and benzyl amino purine (BAP).
The 2,4-D consisted of three concentration levels (1, 2, and 4 ppm), and the BAP consisted
of three concentration levels (5, 10, and 15 ppm). Thus, there were nine treatment
combinations plus control media without PGR. Each treatment consisted of 4 bottles, each
containing 3 explants per bottle. Explants observed in each treatment were 12 explants.
Observations were made for 30 days after planting. The time callus appeared was
observed every day until the explants had a callus. The percentage of explants with callus,
as well as color and texture of callus, were observed on the last day of observation.

Data analysis

Qualitative data (callus color and texture) were presented as a description, while the
quantitative data (time of callus appearance and percentage of explant with callus) were
subjected to analysis of variance (ANOVA). If the results of the ANOVA show that the
treatment has a significant effect, the differences between treatment means were studied
using Tukey’s honestly significant difference (HSD) test at the 5% level.

RESULTS AND DISCUSSION
Morphology of flower

Banana flowers shape inflorescence that is commonly known as banana heart or
‘jantung pisang' in Indonesia; male flower is located at the upper part and lower part
known as fingers of ovaries (Jones & Daniells, 2015; Wenas, 2017). This study used
unopen male flowers which were located on the inside of the banana heart and still
covered by bracts (Figures 1a and 1b). Each hand of the banana kepok consisted of 18-20
fingers. Figure 1c shows a finger with opened flower attached, and Figure 1d fingers with
closed flower. According to Vezina et al. (2020), banana flower organs consist of stamens,
flower petals, stylus and stigma, nectar, and reduced ovary. The explant used in this study
was the reduced ovary which had been cut off at the base of the fruit as high as + 8 mm
(Figure 1e). Based on several studies that have been conducted, banana flower organs
obtained from banana heart are responsive explants in callus induction (Dwiyani et al,,
2018; Marlin et al., 2012; Morais-Lino et al., 2016).

(b) (c) (d) (e)

Figure 1. Morphology of flower in Kepok banana. (a) banana bud covered by bracts, (b) banana bud when bracts
are opened, (c) banana male flower organs (Vezina et al., 2020), (d) finger-shaped male flowers, and (e)
reduced ovary which had been cut off at the base of the fruit as high as + 8 mm.

Callus formation by 2,4-D and BAP

Figure 2 shows the effect of PGR addition to induction media on forming the explant
callus of male banana flowers explant. Callus did not form on media without PGR, whereas
on media added with 2,4-D and BAP, explants were able to form calluses 14 days after
induction.
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Figure 2. Time of callus formation of kepok banana from different PGR treatments.

The emergence of the callus of banana kepok flower explants in this study was
initiated by the swelling and discoloration of the explants. At the beginning of planting, the
explants were white (Figure 3a), and then at the first WAP (weeks after planting), the
explants began to swell, and the color changed to green (Figure 3b). Subsequently, the
explants started to develop to form a callus at 2 until 8 weeks after planting (Figure 3c).
Callus formation consists of several stages, including induction, cell division, and
differentiation. Waryastuti et al. (2017) revealed that callus induction is characterized by
swelling or the appearance of clear white tissue-like water spots on the incision marks on
the surface and then developing into small spheres and fine aggregates.

(@) (b) (c)

Figure 3. Growth and development of callus. (a) at the day of planting (bar: 10 mm), (b)
1 week after planting (bar: 10 mm), (c) 2 week after planting (bar: 10 mm).

The addition of 2,4-D combined with BAP in the induction medium affected the
formation of the banana male flower explant callus. The results of ANOVA showed that the
combination treatment of 2,4-D and BAP added to the media did not affect the time callus
was formed but the percentage of explants with callus (Table 1). The explants started to
form callus as soon as 12 days after induction on MS medium which was added 2 ppm 2,4-
D and 10 ppm BAP. The highest percentage of explants with callus was produced on MS
medium with the addition of 2 ppm 2,4-D and 5 ppm BAP, 79.17% of the explants formed
callus. The use of a combination of auxin and cytokinin hormones can have a good effect
on the growth and development of callus from banana flower explants. The research
results of Dwiyani et al. (2018) revealed that MS media without 2,4-D could not induce
callus from banana flower explants, while the addition of 2 ppm 2,4- D to MS media could
induce banana flower callus at 4.83 days with a percentage of explants forming calluses
by 67%.

The auxin group growth regulator often used to stimulate callus formation is 2,4-D.
Generally, auxin plays a role in increasing cell division, cell elongation, and the formation
of adventitious roots; adding auxin to the culture medium is also needed to increase
somatic embryogenesis in cell suspension cultures (Marlin et al, 2012). Auxin 2,4-
dichloro phenoxy acid (2,4-D) is often used in in vitro cultures because it is stable and not
easily damaged by light or heat during sterilization (Indria et al. 2017). The addition of
2,4-D in the growth medium plays a significant role in inducing callus. Meneses et al.
(2005) revealed that 2,4-D has a role in stimulating DNA hypermethylation which can



Ardhani et al. / Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 52(1), 101-109 105

keep cells always in the mitotic phase; this causes callus formation to be optimal because
cells are actively dividing.

Table 1. Combination effect of 2,4-D and BAP on kepok banana callus formation

Treatments Time of callus Percentage of explant
2,4-D (ppm) BAP (ppm) appearance (days) with callus (%)
5 15.0 33.33e
1 10 15.0 69.17b
15 17.5 56.94cd
5 13.0 79.17a
2 10 12.0 71.67ab
15 17.5 70.83ab
5 14.0 66.67b
4 10 14.0 54.17d
15 14.0 65.15bc
2,4-D x BAP ns *
CV (%) 19.91 21.11

Note: Numbers followed by the same letter are not significantly different based on the HSD at the
level of a=5%.

BAP is a hormone from the cytokinin group which is relatively stable and plays an
active role in cell division. The cytokinin hormone BAP plays a role in spurring cell
division, cells which divide will then form a mass of unspecialized cells called calluses
(Fitri & Armaini, 2019). Syahid et al. (2010) revealed that the addition of cytokinins could
increase cell division in the process of cytokinesis, especially during RNA synthesis, so that
the protein will stimulate auxin activity in cell division and form callus.

Dwiyani (2015) stated that callus is formed in culture media containing auxin and
cytokinins in the same ratio or media containing 2,4-D. According to Waryastuti et al.
(2017), embryogenic callus requires high auxin and low cytokinin concentrations for its
growth. Research by Latunra et al. (2017) obtained a percentage of explants with callus of
77% on MS induction media added 2 ppm 2,4-D and 3 ppm BAP. The percentage of callus
formation is influenced by many factors, including the type and condition of the explants,
endogenous hormones in the explants, and the content of exogenous hormones or PGR
added to the media (Mellisa & Febliza, 2018). Meanwhile, the inhibition of the process of
callus formation from explants can be affected by an imbalance in the PGR concentration
given, where the PGR concentration is too low and unable to induce callus, whereas if the
concentration is too high, it will be toxic to explants (Khairan et al.,, 2021; Khaniyah et al,,
2012).

Callus morphology

The results of the observation of callus color, seen in Figure 4, show that the callus
color obtained in various treatments in this study was generally dominated by yellowish
white. It indicates that the resulting callus has embryogenic properties. However, other
indicators determine embryogenic properties, namely callus texture. The color and
texture of the callus can determine the quality of the callus produced in response to the
treatment used. Types of calluses based on their ability to regenerate are divided into
embryogenic and non-embryogenic calluses. Embryogenic callus has a good ability to
regenerate. An embryogenic callus is characterized by white or yellowish color, crumbly
texture, and nodular (Xu et al., 2008). The color of the callus formed can indicate the level
of development in the cell growth phase and determines the presence of cells that are still
actively dividing or have died (Fauzy et al., 2016; Lizawati, 2012). The color of the callus
can indicate whether or not the growth of the callus is good; a callus with white and yellow
pigments indicates that the growth is good (Mahadi et al., 2014). Embryogenic callus can
be seen from its color; a white or yellowish callus can potentially become a somatic
embryo because it is still actively dividing (Sorentina et al., 2013).

The texture of callus is divided into three types: friable, compact (non-friable), and
intermediate (Mahadi et al., 2016). The observation results can be seen in Figure 4; the
callus texture formed in all treatments generally has a compact texture. Somatic embryo
regeneration requires embryogenic callus, so the desired type of callus was not obtained
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Figure 4.

(a)

(0

in this study. Callus texture that tends to be compact does not characterize embryogenic
properties, whereas the characteristic of embryogenic callus has a friable texture.

(8) (h) 0 )

Callus texture and color from kepok banana. (a) MS without PGR, does not form callus; (b) MS + 1 ppm
2.4 + 5 ppm BAP, yellowish-white compact callus; (c) MS + 2 ppm 2.4 + 5 ppm BAP, yellowish-white
compact callus; (d) MS + 4 ppm 2.4 + 5 ppm BAP, yellowish-white compact callus rather watery; (e) MS
+1 ppm 2.4 + 10 ppm BAP, yellowish-white compact callus; (f) MS + 2ppm 2.4 + 10 ppm BAP, yellowish-
white compact callus; (g) MS + 4 ppm 2.4 + 10 ppm BAP, yellowish-white compact callus; (h) MS + 1 ppm
2.4 + 15 ppm BAP, yellowish-white compact callus; (i) MS + 2 ppm 2.4 + 15 ppm BAP, yellowish-white
compact callus; (j) MS + 4 ppm 2.4 + 15 ppm BAP, yellowish-white compact callus; (bar: 10 mm)

The compact callus has a dense texture, non-friable, and has the potential to grow
into organs such as roots or shoots (Wahyuni et al., 2014). In addition, the compact callus
texture, which is hard and dense, is also considered suitable for secondary metabolite
accumulation (Indah & Ermavitalini, 2013). Crumb callus has a lot of water content and is
easily separated into small parts, so it is suitable for tissue augmentation and can
potentially develop into somatic embryos (Sitorus et al,, 2011). Mahadi et al. (2016)
revealed that the formation of compact callus was caused by lignified callus, so it has a
hard texture influenced by the use of cytokinin hormones which play a role in nutrient
transport. In this study, a high concentration of the BAP cytokinin hormone (5-15 ppm)
was used, so this might have resulted in the callus that formed tending to have a compact
texture. In their research, Maulana et al. (2019) revealed that media added to high
concentrations of auxin 2,4-D (2-3 ppm) could produce crumb-textured callus. Callus
formation is an important step in banana tissue culture propagation, providing a
foundation for the subsequent development of shoots, roots, and whole plants. It enables
the efficient multiplication of plants, ensures genetic uniformity, and contributes to the
production of healthy, disease-free banana plants for commercial cultivation.

CONCLUSION

Application of 2,4-D and BAP had an effect on the formation of callus of kepok banana
flowers. Callus morphology showed yellowish-white in color and compact in texture. The
optimal medium for callus induction of banana flower explants was MS supplemented
with 2 ppm 2,4-D and 5 ppm BAP, with callus appearing time 13 days after induction and
callus percentage 79.17%.
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