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Abstract. Abaca banana (Musa textilis Nee.) is one of the economic fiber
plants. The Abaca banana plantation can contribute to agricultural
sustainability by efficiently managing inputs like soil, water, chemicals, and
seedlings and adopting good practices for harvesting and postharvest
activities. The lack of abaca banana supply has encouraged the expansion
of abaca banana plantations. To support the availability of plant material,
propagation by tissue culture technique becomes a reasonable alternative
for mass production. This research aimed to study the responses of shoot
production of abaca banana as a result of the effect of types of various
charcoal and saccharose at Murashige and Skoog medium through in vitro
method. Results showed that the addition of 2 g/l norit and 30 g/l
saccharose significantly increased the number of leaves, the length of the
planlet, and the number and length of the roots.
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1 Introduction

The Abaca plant is a species of banana with high product value and general uses, such as
being used as a textile material and a material for papers for important documents. Abaca is
an emerging commodity with limited availability to meet the market demand, necessitating
extensive cultivation [1,2,3]. The economic value of the Abaca plant lies in its stem, which
contains fibers as the raw materials of textiles and papers. The fibers have a strong physique
and are resistant to humidity and saltwater, making them suitable to be utilized as the raw
material of durable, quality paper (such as money, document paper, cheque paper), filter
paper, tea bags, clothes, underwater cable wrapper, and ropes [2]. Due to its multipurpose
fibers and promising potential, the Abaca plant has garnered attention from stakeholders,
including the private sector, state-owned enterprises, cooperatives, and farmers.

The key aspect of cultivating the Abaca banana plant lies in its contribution to
agricultural sustainability by efficiently managing inputs like soil, water, chemicals, and
seedlings and adopting good practices for harvesting and postharvest activities. Sustainable
agriculture aims to maximize the use of natural resources for human needs while protecting
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the environment and minimizing reliance on external inputs. Moreover, it empowers
farmers to enhance their knowledge and skills for more efficient practices [4].

The multiplication in the propagation using shoots is extremely low, and the planting
materials are prone to damage during transportation, making them less durable and
requiring significant space, resulting in high transportation costs. One of the alternatives to
provide healthy seeds in large amounts and a fast manner is using seeds produced by tissue
culture [5]. The tissue culture of banana plants is usually done using a medium that is
supplemented with activated charcoal or carbon. These additives serve multiple functions,
including absorbing toxic compounds in the medium and inhibitory substances secreted by
the plantlet, stabilizing the medium's pH, promoting root growth by reducing light
exposure, preventing or minimizing callus formation, and stimulating morphogenesis [6,7].

Activated charcoal can indirectly promote root growth by creating an environment that
reduces light penetration into the media, thereby preventing the degradation of auxin
required for root formation [8-11]. As activated charcoal accumulates more auxin in the
medium, the frequency of root initiation increases, resulting in a greater number of roots
formed. The addition of 2 g/l pro analysis and 2 g/l norit can boost the height of the
plantlet, the size of the leaves, and the number of roots formed in the plantlet Oncidium
[8,12].

Carbohydrates are vital components in the growth medium, providing the necessary
nutrients for tissue culture development [13]. A carbon source is crucial since the explant
being grown cannot perform photosynthesis independently. The plants can utilize some
carbohydrates, such as monosaccharides (glucose, fructose, galactose, mannose, arabinose,
ribose, and xylose), disaccharides (sucrose, maltose, lactose, cellobiose, and trehalose),
trisaccharides (raffinose) and sugar alcohols (sorbitol, mannitol, and glycerol). The primary
carbohydrate commonly utilized in tissue culture is saccharose [13,14]. Saccharose is a
disaccharide that undergoes hydrolysis, splitting into two molecules of monosaccharides,
namely glucose, and fructose. Based on this consideration, the effort to improve the growth
of banana roots in this research was made by adding various types of activated charcoal and
saccharose into the medium.

2 Research method

This research was conducted in the Biotechnology Laboratory, Faculty of Agriculture,
Universitas Pembangunan Nasional Veteran Yogyakarta, which was arranged following a
two-factor completely randomized design. The first factor was the type of activated
charcoal (coconut shell, norit, and pro analysis activated charcoals) with a concentration of
2 g/l, while the second factor was the saccharose concentration (20, 30, and 40 g/1). Each
treatment was replicated five times, and each culture bottle contained one explant. The
plantlets used in the experiment were produced through irradiation using Gamma 10 Grey
rays, and the Murashige and Skoog medium was employed. The growth of the plants was
manually assessed, considering the number and length of roots (in cm), the number of
leaves, and the height of the plantlets (in cm). The data were presented as mean values, and
the significance of differences was determined using one-way ANOVA, with differences at p
< 0.05 considered significant.

3 Results and discussion

Plantlets obtained from the multiplication process typically exhibit a limited number of
roots [6,7]. To facilitate the acclimatization process, root induction was carried out for four
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weeks following the completion of the multiplication stage. Figure 1 illustrates the tissue
culture of the Abaca banana with activated charcoal and saccharose treatments.

Fig.1. Root induction of Abaca banana plant with activated charcoal and saccharose treatment (S1:
coconut shell, S2: norit, S3: activated charcoal, Al: 20 g/l saccharose, A2: 30 g/l saccharose, A3: 40
g/l saccharose).

For the plants to produce roots, the roots of explants obtained from the multiplication
stage were separated, and the plants were planted in a medium that contained activated
charcoal and saccharose [10-12,15]. Roots would grow after the plantlets produced shoots
and new leaves. The shoot and new leaves were expected to be able to produce endogenous
auxin, translocate it to basal, and induce the formation of roots [12,15]. The observation
results revealed a significant interaction (mutual synergism) in all parameters, particularly
in the treatment combination of 2 g/ norit and 30 g/l saccharose, which exhibited the
highest number of roots and leaves, the longest roots, and the tallest plantlet (Table 1).

Table 1. The growth of the abaca banana plant in the rooting stage
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Treatment Number Length Number Height
of roots of roots (cm) of leaves of plantlets (cm)
Coconut shell and 20 g/ 74 5.83¢ 4bed 7.13%
saccharose
Coconut shell and 30 g/ 59 5.93¢ 34 7.53<
saccharose
Coconut shell and 40 g/l 59 5.43¢ 4bed 8.50°
saccharose
Norit and 20 g/ saccharose 12° 12.20° 6 14.13°
Norit and 30 g/l saccharose 16 15.63* 8* 16.33*
Norit and 40 g/ saccharose 6« 6.57° 5t 11.57°
Plant-derived activated charcoal 3de 5.03¢ 4bed 7.50%
and 20 g/l saccharose
Plant-derived activated charcoal 3de 5.77¢ 34 5.93%
and 30 g/l saccharose
Plant-derived activated charcoal 54 5.60¢ 34 4.03¢
and 40 g/l saccharose
Interaction (+) (+) (+) (+)

Notes: The figures in one column that are followed by the same letters show insignificant differences
in the 5% DMRT test.
(+) shows there was a positive interaction.

The positive effect of the activated charcoal on the ability of micro shoots to root can be
attributed to two factors. Firstly, it reduces the light intensity at the base of the shoots,
creating a suitable environment for the accumulation of auxin (a light-sensitive hormone)
and its co-factors [6,7,12]. Auxin serves as an internal factor that has an effect when the
roots come out [16,17]. Secondly, activated charcoal absorbs substances such as
polyphenols, which inhibit root formation. By absorbing polyphenol compounds produced
by the explants, activated charcoal alters the endogenous ratio between free polyphenol and
conjugated polyphenol, in which the amount of free polyphenol decreases and the amount
of non-active conjugated polyphenol increases, thereby enhancing the potential for root or
shoot organogenesis [10,11,18].

The external factor influencing the formation of roots was the environment of the
growing medium, such as light. Roots are negatively photoblastic, indicating that they thrive
in a light-free environment. Light can degrade auxins needed for the growth and
development of the roots. Consequently, activated charcoal can block light from entering
the medium, thus promoting root growth. This finding aligns with the research conducted
by Dumas and Monteuuis [12], which shows that light inhibits the formation of roots. The
percentage of rooting of bananas in a dark condition is higher (66.7 percent to 100 percent)
compared to the rooting when light is present (0 percent to 33.3 percent). Light hinders root
initiation in certain plant species by breaking down indole-3-acetic acid (IAA), a hormone
that supports root induction, and deactivating factors that drive rooting [5]. In the case of
apple plants, the growth of the roots was improved when grown in a dark condition [19].

Activated charcoal indirectly enhances the number of roots by creating a conducive
environment for root growth by reducing light penetration into the medium. This prevents
the degradation of auxin necessary for root formation. The more auxin accumulated by
adding activated charcoal into the medium, the more frequently the root initiation occurs.
Hence, the number of roots formed also increases. In addition, activated charcoal absorbs
substances inhibiting the formation of roots, such as phenolic conjugate [5,15,18]. The
research on Pisum sativum planted in the MS medium supplemented with 3 g/l activated
charcoal has demonstrated that the absence of light results in the highest number of roots
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In terms of root length, the treatment using activated charcoal norit showed significantly
longer roots than other kinds of activated charcoal because the activated charcoal in norit
could reduce the light coming into the growing medium. Notably, pro-analysis activated
charcoal and norit contained a higher percentage of activated charcoal, approximately 99
percent, while plant-derived activated charcoal contained 95-99 percent [1,8]. On the other
hand, activated charcoal derived from coconut shells showed better overall performance
than plant-derived activated charcoal, although it was still lower than norit. Activated
charcoal made of coconut shell using a chemical activation method has advantages because
it absorbs color/light or aroma [20,21]. The low intensity of light can stimulate endogenous
growing substances to work more actively in the root initiation process. Overall, the dark
condition stimulates more active cell division in the roots, improving root growth.

Saccharose comprises two monosaccharides, glucose and fructose, with covalent bonds.
When plants or their tissues are cultivated in vitro, they cannot be autotrophs since the
culture bottle environment does not support photosynthesis. Therefore, it is necessary to
add a carbon source, and saccharose is commonly used for this purpose [13,14]. Saccharose
is a disaccharide with molecular formula C,H,,0,,. Sugar exists in large amounts in sweet
fruits, stems, roots, tubers, and the sap of some higher plants, where saccharose is soluble in
water. Saccharose functions in the thickening of cell walls, while auxin is a catalyst in the
metabolism of carbohydrates and in regulating mitosis activity [1,18]. Wijayani and Muafi
[11] conducted studies on Chrysanthemum plant tissue culture using ¥2 MS medium, and 40
g/l saccharose showed faster growth. Similarly, research on peanut plants using MS medium
with various vitamin treatments and 40 g/l saccharose [6] indicated that the use of MS
medium with 40 g/l saccharose resulted in the highest number of roots (8.3) in the shortest
period (7.25 days).

4 Conclusion

The addition of active charcoal could significantly stimulate the tissue culture of Abaca.
The best combination in the treatment used 2 g/l Norit and 30 g/l saccharose produced the
highest number and the longest roots, the highest number of leaves, the highest plantlet, and
the dry weight of the plantlet. This finding holds promise for advancing sustainable
agriculture by optimizing input efficiency by applying activated charcoal and saccharose in
the tissue culture of Abaca banana plants. Furthermore, it proposes a potential approach to
achieving optimal acclimatization for the Abaca plant and other banana species in future
research.
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