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Abstract. Tomato (Solanum lycopersicum L.) is a widely cultivat-
ed horticultural crop valued for its phytochemical and nutritional 
content. The increasing demand for high-quality seedlings has 
promoted the use of in vitro propagation, which offers greater 
efficiency in labor and land use, uniform seedling production, and 
independence from climate compared to conventional methods. This 
study aimed to investigate the effect of different concentrations of 
Plant Growth Regulators (PGRs) and coconut water as an alternative 
or supplement on the organogenesis of tomato hypocotyl explants. 
Tomato hypocotyl explants were cultured on Murashige and Skoog 
(MS) medium supplemented with different concentrations of BAP (0.5, 
1.0, and 1.5 ppm), IAA (0.1, 0.3, and 0.5 ppm), and coconut water 
(10%, 20%, and 30%). The experiment was arranged in a Complete-
ly Randomized Design (CRD) with four replications, consisting of a 
control, single-factor treatments, and combination treatments of BAP, 
IAA, and coconut water. Observations included the percentage and 
intensity of root, shoot, and callus formation, as well as shoot height. 
Data were analyzed using the non-parametric Kruskal–Wallis test, 
followed by Dunn’s test. The results showed that roots, shoots, and 
callus successfully developed in treatments supplemented with 6-ben-
zylaminopurine (BAP), indole-3-acetic acid (IAA), and coconut water. 
The highest shoot growth, with a percentage of 87.7% and an average 
height of 5.75 cm, was observed in treatment K20, while the highest 
callus formation occurred in treatment K30. The best shoot and callus 
intensities were resulted in media with coconut water alone at con-
centrations of 10%, 20%, and 30%, whereas the highest root intensity 
was obtained in the BAP+IAA treatment without coconut water. The 
results indicate that coconut water is effective in supporting organo-
genesis, both directly through the formation of shoots and roots, and 
indirectly through callus formation that can subsequently develop into 
shoots and roots.
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INTRODUCTION

Tomato (Solanum lycopersicum 
L.) is one of the most widely cultivated 
horticultural commodities in the world due 
to its nutritional and phytochemical content, 
such as lycopene, vitamin C, beta-carotene, 
and phenolic compounds (Motlhalamme et al., 
2025; Collins et al., 2022). In Indonesia, to-
mato demand continues to increase, with total 
production reaching 1,020,333 tons in 2019; 
however, production decreased by 2.14% 
between 2022 and 2023 (Kementerian Per-
tanian, 2024). Conventional cultivation faces 
several challenges, including limited agricul-
tural land, climate change, pest and disease 
attacks, and declining soil fertility (Sunaryanti 
& Dwiyana, 2020; Sumberg & Giller, 2022).

In vitro culture offers an effective al-
ternative for tomato propagation because it 
can produce high-quality seedlings in a short-
er time, independent of climatic conditions, 
and with more efficient use of land and labor 
(Thakur et al., 2024; Hartmann et al., 2011). 
This technique involves growing plant cells, 
tissues, or organs under sterile and controlled 
conditions on nutrient media containing 
plant growth regulators (PGRs) (Norouzi et 
al., 2022; Vidyagina et al., 2021). In in vitro 
culture, selecting the appropriate explant is a 
crucial initial step to support optimal regener-
ation. Explants with active meristems, such as 
hypocotyls, have high cell division capability, 
enabling rapid and efficient proliferation, while 
also having the potential to produce patho-
gen-free plants (Alavijeh et al., 2025). The use 
of hypocotyls from seeds also opens opportu-
nities for the emergence of new superior traits 
resulting from unique genetic interactions, 
which can be selected as prospective superi-
or parent plants (Setyowidianto et al., 2017).

Plant growth regulators (PGRs) play 

an important role in regulating regeneration, 
including callus induction, shoot forma-
tion, and rooting (Wulandari, 2018). In this 
study, BAP, IAA, and coconut water were 
used. BAP stimulates cell division and shoot 
formation, while IAA promotes cell elonga-
tion, division, tissue differentiation, and root 
development (Pratiwi et al., 2024; Pudjiwati 
& Rindiani, 2022). The balance ratio between 
the two plays a crucial role in determining 
the direction of explant growth; therefore, 
selecting the appropriate combination is 
key to achieving optimal regeneration. For 
example, Andriani et al. (2023) reported that 
the use of BAP can increase the number of 
shoots as the explant ages. The cytokinin type 
BAP has several advantages, including stabil-
ity, lower cost compared to other cytokinins, 
resistance to oxidation, and effectiveness in 
stimulating shoot formation (Agustina et al., 
2020). Unlike synthetic PGRs, coconut water 
contains a complex mixture of natural phy-
tohormones such as cytokinins (zeatin, kine-
tin, zeatin riboside), auxins, gibberellins, and 
abscisic acid, as well as minerals and vitamins 
that work synergistically to regulate explant 
growth (Prando et al., 2014; Mardhikasari et 
al., 2019). The addition of coconut water as 
a natural source of phytohormones such as 
cytokinins, auxins, and gibberellins, as well 
as vitamins and amino acids, can enhance 
growth responses due to its ability to act 
synergistically with synthetic PGRs. More-
over, the use of coconut water offers added 
value in terms of cost efficiency and sustain-
ability, given its abundance and environmen-
tally friendly nature. Several previous studies 
have investigated in vitro tomato regeneration 
using various types of explants and combina-
tions of synthetic and natural PGRs. Research 
by Septiawati et al. (2021) on potato plants, 
which belong to the same family as tomato, 
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using shoot tip meristem explants, showed 
that the addition of coconut water could 
promote faster, longer, and more abundant 
root formation. However, to date there is 
no study has combined 6-benzylamino-
purine (BAP), indole-3-acetic acid (IAA), 
and coconut water as sources of PGRs in in 
vitro tomato culture using hypocotyl explants. 
This research highlights an opportunity to 
explore the effectiveness of this combination in 
supporting both direct and indirect organogen-
esis in tomato. According to previous research 
by Bello et al. (2024), supplementing the bas-
al medium with 15% coconut water promoted 
multiple shoot induction in cotyledon explants of 
Hibiscus sabdariffa. Meanwhile, 5% coconut 
water effectively stimulated root formation in 
hypocotyl and cotyledonary node explants, as 
well as leaf formation in cotyledonary nodes. 
Furthermore, different concentrations of 
coconut water used in in vitro culture also 
induced callus formation. This study is im-
portant because the combination of BAP, 
IAA, and coconut water has not been widely 
explored in tomato in vitro culture, particu-
larly using hypocotyl explants. Optimizing 
this combination has the potential to pro-
duce a more effective medium that supports 
balanced shoot and root formation. In 
addition, the use of coconut water as a 
natural source of phytohormones offers an 
environmentally friendly and cost-effective 
alternative to the exclusive use of 
synthetic plant growth regulators. 
Considering that tomato is one of the most im-
portant horticultural crops with high econom-
ic value, the development of an efficient and 
sustainable medium formulation is expected 
to support the propagation of superior plant-
lets and further applications of tissue culture 
in research and production.

MATERIALS AND METHODS

Materials
	 The materials used were divided 
into biological and chemical components.
Biological materials included young coconut 
water and tomato seeds obtained from PT. 
East-West Seed Indonesia. Chemical materials 
consisted of Murashige and Skoog (MS) 
medium (Conner et al., 2025), sucrose, Indole-
3-acetic acid (IAA), 6-Benzylaminopurine 
(BAP), distilled water, commercial agar, pH 
buffer solutions (HCl or NaOH), 30% bleach 
solution containing 5.5% (w/v) sodium 
hypochlorite, and 70% ethanol. The equipment 
used included an autoclave (Hirayama 
Manufacturing Corporation, Tokyo, Japan), 
oven (Memmert), laminar air flow cabinet 
(Labolytic), litmus paper (Mquant®), 
analytical balance (AND Electronic Balance), 
magnetic stirrer (Labinco), measuring 
cylinders (Herma), Erlenmeyer flasks 
(Pyrex), glass funnels, beakers (Iwaki), Petri 
dishes (Normax), graduated pipettes (HBG), 
micropipettes (Socorex Acura Micropipette 
Adjustable) with blue tips, stove (Maspion), 
culture bottles, filter paper, aluminum foil, 
plastic wrap, cotton (Onemed), rubber bands, 
umbrella paper, dropper pipettes, forceps, 
scalpels, nitrile gloves, hairnets, masks, 
Bunsen burner, matches, and labeling paper 
(Debnath et al., 2018).

Research Design
	 This study was an experimental 
research designed using a Completely 
Randomized Design (CRD) with a factorial 
design, aimed at determining the effect of 
specific concentrations of IAA, BAP, and 
coconut water on the organogenesis of 
tomato (Solanum lycopersicum L.) hypocotyl 
explants. Each treatment was replicated four 
times.
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Treatment Combinations
	 The combinations of BAP, IAA, and 

coconut water at various concentrations are 
presented in the following table 1. 

Concentrations BAP & IAA (ppm) Concentrations coconut water (%)
0 10 20 30

0 (Control) K10 K20 K30
0.5+0.1 0.5+0.1 0.5+0.1 (K10) 0.5+0.1 (K20) 0.5+0.1 (K30)
1+0.3 1+0.3 1+0.3 (K10) 1+0.3 (K20) 1+0.3 (K30)

1.5+0.5 1.5+0.5 1.5+0.5 (K10) 1.5+0.5 (K20) 1.5+0.5 (K30)

Table 1. Combinations and concentrations of IAA, BAP, and coconut water

Procedure
	 Preparation of Murashige and Skoog 
(MS) medium and treatment media. The 
preparation of Murashige and Skoog (MS) 
medium was carried out for tomato seed 
germination. To prepare 200 mL of MS 
medium, 0.886 g of instant MS powder and 1.6 
g of sucrose were added into an Erlenmeyer 
flask. The mixture was dissolved in 200 mL 
of distilled water and homogenized using 
a magnetic stirrer. The pH of the medium 
was adjusted to a range of 5.7–5.8; if the pH 
exceeded this range, 1 N HCl was added, 
whereas if it was below the range, 1 N NaOH 
was added until the desired pH was achieved. 
The medium solution was then heated on 
a stove, and 1.6 g of agar was added while 
continuously stirring to prevent clumping. 
The medium was poured into culture bottles 
(200 mL per bottle) and immediately sealed 
with aluminum foil and parchment paper, 
tied securely, and labeled according to the 
treatment. The media were sterilized using 
an autoclave at 1 atm pressure and 121°C for 
15 minutes. For the preparation of treatment 
media, BAP, IAA, and coconut water were 
added, with the amount of distilled water 
adjusted according to each treatment to 
maintain a final medium volume of 200 mL. 
Coconut water was filtered before being added 
to the medium to avoid contamination by 
debris, and only young coconut water was used.

Sterilization of Tomato Seed Explants
	 Tomato seeds were obtained from 
PT. East-West Seed Indonesia Ltd. Seeds 
were germinated by soaking them in warm 
water for 5 minutes. The seeds were surface-
sterilized using 30% clorox containing 5.5% 
(w/v) sodium hypochlorite (NaOCl) for 5 
minutes, followed by rinsing three times 
with sterile distilled water for 1 minute each. 
Additional surface sterilization was carried 
out using 70% (v/v) ethanol for 1 minute, 
followed by another three rinses with sterile 
distilled water for 1 minute each. Sterilized 
seeds were then inoculated onto MS medium 
for germination and incubated for 10 days 
(Sivankalyani et al., 2014; Setiaji et al., 2020).

Inoculation of Hypocotyl Explants
	 In vitro-germinated tomato seedlings 
were aseptically removed using sterile 
forceps and placed in sterile petri dishes. 
The hypocotyl segment was cut into 1 
cm pieces using a sterile scalpel. Culture 
bottles containing the medium were briefly 
flamed at the mouth using a bunsen burner. 
The sterilized hypocotyl explants were 
transferred into the medium, then closed 
with aluminum foil, wrapped with plastic 
wrap, and labeled according to the treatment.
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Observation
	 Observations were conducted 
periodically for 6 weeks after inoculation 
of the explants into the culture medium. 
The observation period of six weeks was 
chosen because explants generally require 
this duration to exhibit clear morphological 
responses such as callus, shoot, or root 
formation. According to Yaroshko et al. 
(2023), in vitro tomato cultures showed 
complete shoot formation within 4–6 weeks 
after inoculation. Similarly, Nyamah et 
al. (2018) reported that tomato explants 
from three cultivars exhibited significant 
morphogenetic development after six weeks 
of incubation, indicating that this time frame 
is optimal for evaluating the effectiveness of 
treatments on plant regeneration. Parameters 
observed included the time of callus/shoot/
root formation, the number and morphology of 
shoots, roots, and callus formed, the number/
percentage of explants producing roots, 
shoots, or callus, and the number/percentage 
of surviving explants.

Data Analysis
	 Data analysis was performed using R 
software. The initial stage included normality 
and homogeneity tests to determine the 
appropriate statistical test. If the data were 
normally distributed and homogeneous, 
analysis of variance (ANOVA) was conducted 
to determine the effect of treatments. If the data 
did not meet the homogeneity assumption, the 
non-parametric Kruskal–Wallis test was used 
as an alternative. Furthermore, if significant 
differences were detected, post hoc analysis 
was performed using Dunn’s test to identify 
treatment pairs that differed significantly.

 

RESULTS AND DISCUSSION

Effect of IAA, BAP, and Coconut Water 
Combinations on Tomato Organogenesis
	 In this study, the application of plant 
growth regulators IAA, BAP, and coconut 
water resulted in the formation of roots, 
shoots, and callus. Plant growth regulators 
(PGRs) function as organic compounds 
that play a significant role in regulating cell 
division, differentiation, and in vitro tissue 
growth (Mehbub et al., 2022). Indole-3-acetic 
acid (IAA) is an auxin hormone that stimulates 
the formation of adventitious roots and 
induces callus in plant explants. High auxin 
concentrations in the culture medium stimulate 
root formation in explants (Cavallaro et al., 
2022). Specifically, IAA acts through three 
main mechanisms: biosynthesis, transport, 
and signal transduction. IAA is synthesized 
from tryptophan via the TAA/YUC pathway 
and is transported in a polar manner by 
AUX/LAX (influx), PIN (efflux), and ABCB 
proteins, creating a concentration gradient that 
directs plant organ growth and differentiation. 
Within the cell, IAA binds to TIR1/AFB 
receptors, triggering the degradation of Aux/
IAA proteins, which allows ARF transcription 
factors to activate target genes such as SAUR 
and GH3 that regulate cell division, stem 
elongation, and root development (Zhang 
et al., 2022). As shown in Figure 1, the 
application of IAA in the culture medium 
induced the formation of shoots, callus, 
and roots in tomato hypocotyl explants. 
	 Cytokinins also play a critical role 
in explant growth and development by 
stimulating shoot formation, cell division, 
and callus proliferation. Specifically, 
benzylaminopurine (BAP) functions as a 
synthetic cytokinin that stimulates explant 
growth by activating cytokinin receptors in 
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the cell membrane, inducing the expression 
of genes such as CYCD3 and PCNA that 
promote cell division, and supporting 
cell differentiation through regulation of 
WUSCHEL and SHOOT MERISTEMLESS 
genes. At a high cytokinin-to-auxin ratio, 
BAP induces shoot formation, suppresses 
apical dominance, and enhances metabolic 
activity and protein synthesis essential for 
organ morphogenesis in plants (Mok et al., 
2000). 
	 Complex organic subtances such as 
coconut water also serves as an alternative 
source of growth-promoting substances 
because it is rich in metabolic precursors such 
as sugars, amino acids, and essential minerals 
that not only provide nutrition but also support 
hormone activity in the culture medium. 
Vitamin C functions as an antioxidant that 
protects cultured cells from oxidative stress, 
which is crucial in the in vitro plantlet 
regeneration process as it helps maintain cell 
stability and viability. In addition, components 

such as Ca, Na, Fe, K, P, and vitamin C act 
as growth regulators for explants, supporting 
development and enhancing the success of 
plant tissue culture. Moreover, coconut water 
contains natural phytohormones such as 
auxins (IAA), cytokinins (zeatin, kinetin), and 
gibberellins, which can stimulate cell division 
and tissue differentiation. The hormonal 
balance in coconut water plays a crucial role 
in determining growth direction; at an optimal 
concentration 10%, these natural hormones 
can induce active cell division without 
differentiation, leading to callus formation. 
The organic components in coconut water also 
enhance cellular metabolic activity, provide 
energy and biosynthetic precursors for cell 
proliferation, and stimulate gene expression 
related to cell division and callus formation. 
Therefore, coconut water functions not only as 
a nutrient source but also effectively supports 
cell proliferation and callus induction (Prando 
et al., 2014; Mardhikasari et al., 2019; 
Shayanthavi et al., 2025). 

A B C

Coconut water 10% Coconut water 10% BAP 0.5 + IAA 0.1

Figure 1. A) plantlets, B) callus, C) roots of tomatos (Solanum lycopersicum L.)



Jurnal Biodjati 10(2): 393-409, November 2025 399

Jurnal Biodjati 10(2): 393–409, November 2025

http://journal.uinsgd.ac.id/index.php/biodjati

Effect of PGRs on Shoot Height
	 Observation of plantlet height was 
carried out as it reflects the growth activity and 
organ development, serving as an indicator 
of organogenesis. Measurements were taken 
at the same explant age by measuring the 
plantlet height from the base to the tip of the 
leaf. 
	 Figure 2 shows that the single coconut 
water treatments K10 and K20 outperformed 
the other treatments, with mean shoot heights 
of 4.75 cm and 5.75 cm, respectively. K20 
exhibited smaller variation, as indicated 
by the shorter error bars. Similarly, in other 
treatments, higher error bars reflected greater 
variation in plant height among replicates. 
The higher explant growth observed in K20 
might be attributed to the function of coconut 
water as a plant growth regulator due to its 
zeatin content, a type of cytokinin. This 
compound supports various plant growth 

processes, including seed germination, 
tissue differentiation, cell division, and shoot 
growth stimulation. In addition, coconut 
water contains inositol, reduced nitrogen 
compounds, and amino acids, all of which 
contribute to shoot elongation (Ng et al., 
2020). A balanced ratio between auxin and 
cytokinin can stimulate both cell division 
and differentiation. Cytokinins promote cell 
division by enhancing protein synthesis, 
whereas auxins promote cell elongation, 
leading to stem elongation. Auxins regulate 
cell elongation by activating specific proteins 
in the cell plasma membrane, enabling H+ ions 
to enter the cell wall, causing cell expansion 
through osmosis. Following elongation, cells 
continue to enlarge through the resynthesis 
of cell wall and cytoplasmic components, 
underscoring the crucial role of auxins in the 
division of meristematic cells in developing 
tissues (Melianawati et al., 2025).
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Table 3. Significance of shoot height based on 
	 Dunn’s test results

Treatment p-value
B1.5+I0.5 K10 - K20 0.05
B1.5+I0.5 K30 - K20 0.05
B1+I0.3 K10 - K20 0.05
B1+I0.3 K20 - K20 0.05
B1+I0.3 K30 - K20 0.05

As shown in Table 3, based on Dunn’s test 
results, treatment K20 showed a significant 
difference (P = 0.05) compared to treatments 
B1.5+I0.5 K10, B1.5+I0.5 K30, B1+I0.3 
K10, B1+I0.3 K20, and B1+10.3 K30. This 
indicates that the application of 20% coconut 
water alone had a more significant effect on 
shoot growth compared to the combinations 
of coconut water with BAP and IAA. At the 
physiological level, this suggests that 20% 
coconut water provides a natural hormonal 
balance that promotes apical dominance and 
the differentiation of meristematic cells into 
new shoot tissues. The bioactive compounds 
and hormone precursors contained in coconut 
water at this concentration may also enhance 
enzymatic activity related to protein synthesis 
and the development of young tissues (shoot 
primordia), leading to faster and more efficient 
shoot initiation and elongation. Therefore, 
treatment K20 not only exhibited statistically 
significant results but also demonstrated an 
optimal physiological response for shoot 
formation and development. 

Effect of BAP, IAA, and Coconut Water on 
Root, Shoot, and Callus Growth of Solanum 
lycopersicum L
	 The addition of BAP, IAA, and 
coconut water to MS medium influenced 
the formation of roots, shoots, and callus in 
hypocotyl explants of Solanum lycopersicum 
L. This study aimed to evaluate the effects 
of these treatments on enhancing the growth 

of the three organs. Observations of callus 
included several parameters, including the 
percentage of callus formation, as well as the 
morphological characteristics and intensity 
level of the callus formed. 
	 As shown in Table 4, the percentages 
of root, shoot, and callus formation in tomato 
hypocotyl explants varied depending on 
the combination of plant growth regulators 
(PGRs) and coconut water. The highest 
root formation (100%) occurred in both the 
control treatment and the combination of 
BAP 0.5 mg/L + IAA 0.1 mg/L. The strong 
root formation in the control indicates that 
tomato hypocotyls possess high natural 
regenerative capacity, supported by sufficient 
endogenous auxin reserves. Wounding during 
explant preparation also stimulates auxin 
synthesis and redistribution to the injured 
area, activating root-inducing molecular 
pathways involving ARF, LBD, and WOX 
gene families. Environmental cues such as 
light further modulate auxin responses. Thus, 
endogenous signaling and stress conditions 
are adequate to trigger root formation even 
without exogenous hormones (Olatunji et 
al., 2017). This aligns with Ziarani (2025), 
who reported root development in hypocotyl 
explants on hormone-free MS medium after 
21 days. The highest shoot formation was 
observed in the 20% coconut water treatment 
(K20) at 87.5%, followed by BAP 1 mg/L + 
IAA 0.3 mg/L and BAP 0.5 mg/L + IAA 0.1 
mg/L, each at 50%. Coconut water contains 
essential amino acids (lysine, cysteine, 
histidine, methionine), vitamins, and minerals 
such as potassium, calcium, and magnesium, 
and is also rich in sugars (Michael, 2011). 
These sugars serve as carbon sources and 
osmotic regulators for explants (Cosic et al., 
2020). Ario and Setiawan (2020) noted that 
high cytokinin concentrations can inhibit cell 
division or differentiation in tissue culture. 
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According to Singh et al. (2014), the optimal 
BAP concentration is 2 mg/L, and higher 
levels may reduce shoot production by 
inhibiting cell division. 
	 The growth and development of 
explants in in vitro culture are key indicators 
for evaluating the effectiveness of the applied 
treatments. The observations included growth 
intensity and the morphological characteristics 
of the roots, shoots, and callus. Callus intensity 
was assessed using standard scoring criteria, 
while its morphology was evaluated based 
on texture and color. All assessments were 
conducted on the 40th day after planting. The 
application of BAP, IAA, and coconut water 
resulted in varying intensities of root, shoot, 
and callus formation. Based on Table 4, the 
highest root growth (100%) was observed in 
the control and in the B0.5 + I0.1 treatment. 
The greatest shoot growth occurred in the 20% 
coconut water treatment (K20), whereas callus 

formation was highest in the K30 treatment. 
These percentages only indicate the number 
of explants that responded to the treatment; 
therefore, intensity assessment was required 
to determine the degree of differentiation.
	 As shown in Table 5, the highest 
callus growth percentages were found in the 
single coconut water treatments (K10, K20, 
and K30), with respective values of 50%, 
62.5%, and 75%. Qualitative observations 
in Table 5 also revealed high callus intensity 
in these treatments, characterized by larger 
callus volume and greater surface coverage 
on the explants. In contrast, although the 
B1 + I0.3 and B1.5 + I0.1 K20 treatments 
each reached 50% callus formation, their 
callus intensity was lower than that of the 
single coconut water treatments. This occurs 
because coconut water provides a more 
stable and supportive environment for tissue 
development. Its natural content of cytokinins, 

Treatment Total Explant
Root Shoot Callus

Total % Total % Total %
Control 8 8 100 1 12.5 0 0
K10 8 6 75 6 75 4 50
K20 8 7 87.5 7 87.5 5 62.5
K30 8 7 87.5 1 12.5 6 75
B0.5+I0.1 8 8 100 4 50 0 0
B1+I0.3 8 7 87.5 4 50 4 50
B1.5+I0.5 8 6 75 5 62.5 3 37.5
B0.5+I0.1 K10 8 7 87.5 3 37.5 3 37.5
B0.5+I0.1 K20 8 5 62.5 1 12.5 3 37.5
B0.5+I0.1 K30 8 4 50 0 0 0 0
B1+I0.3 K10 8 3 37.5 0 0 0 0
B1+I0.3 K20 8 4 50 0 0 1 12.5
B1+I0.3 K30 8 3 37.5 0 0 0 0
B1.5+I0.5 K10 8 3 37.5 0 0 3 37.5
B1.5+I0.5 K20 8 4 50 1 12.5 4 50
B1.5+I0.5 K30 8 5 62.5 0 0 3 37.5

Table 4. Number, percentage, intensity of roots, shoots, and calluses of tomato in six weeks
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along with vitamins, sugars, amino acids, and 
minerals, works synergistically to stimulate 
cell division.

BAP & IAA 
Concentration (ppm)

Coconut water concentration (%)
0 K10 K20 K30

0 

   
- +++ +++ +++

B0.5+I0.1

- ++ + -
B1+I0.3

++ - + -

B1.5+I0.5

 
+ + ++ +

Table 5. Intensity  of calluses Solanum lycopersicum L.
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BAP & IAA 
Concentration (ppm)

Coconut water concentration (%)
0 K10 K20 K30

0 

+ +++ +++ +
B0.5+I0.1

++ ++ + -
B1+I0.3

+++ - - -
B1.5+I0.5

+ - + -

Table 6. Intensity of Solanum lycopersicum L. shoots
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The intensity of shoot formation, as shown 
in Table 6, was highest in the K10 and K20 
treatments, consistent with their higher shoot 
growth percentages in Table 4. Coconut 
water contains bioactive compounds that 
activate endogenous hormonal pathways, 
especially cytokinins, which stimulate the 

transition of cells into active division and 
increase the expression of genes regulating 
shoot morphogenesis and apical meristem 
formation. In addition to coconut water 
treatments, the single treatment of B1 + I0.3 
also showed high shoot formation intensity. 

BAP & IAA 
Concentration (ppm)

Coconut water concentration (%)
0 K10 K20 K30

0

 ++
 

++ ++ +++
B0.5+I0.1

+++ +++ ++ +
B1+I0.3

 
+++ + + +

B1.5+I0.5

 
+++ + + ++

Table 7. Root intensity of Solanum lycopersicum L.
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Root intensity (Table 7) showed that although 
the control treatment produced 100% root 
growth, its root intensity was lower than 
the BAP + IAA treatments without coconut 
water. Higher root intensities were observed 
in K30, B0.5 + I0.1, B0.5 + I0.1 K10, B1+ 
I0.3, and B1.5 + I0.5. This enhancement is 
due to the synergistic effects of IAA, which 
promotes root initiation and elongation, and 
low concentrations of BAP, which support cell 
division without suppressing root formation. 
The balance between auxin and cytokinin 
ultimately determines whether explants form 
roots, shoots, or callus, depending on hormone 
ratios and tissue sensitivity. 

CONCLUSION 

The application of  0.5 ppm, 1 ppm, 
1.5 ppm BAP, 0.1 ppm, 0.3 ppm, 0.5 ppm 
IAA, and 10%, 20%, 30% coconut water at 
specific concentrations in tomato hypocotyl 
in vitro cultures successfully induced the 
formation of roots, shoots, and callus with 
varying responses. The highest response 
was root formation, followed by shoot, and 
the lowest was callus, indicating a tendency 
toward direct organogenesis. Based on the 
statistical analysis using Dunn’s test, the 
K20 treatment (20% coconut water) showed 
a significant difference (P = 0.05) compared 
to the treatments B1.5+I0.5 K10, B1.5+I0.5 
K30, B1+I0.3 K10, B1+I0.3 K20, and 
B1+I0.3 K30. This indicates that the single 
application of 20% coconut water resulted 
in a significantly higher mean shoot height 
compared to the combinations of coconut 
water with BAP and IAA. These results 
indicate that the 20% coconut water treatment 
optimizes the organogenesis process in in vitro 
tomato culture, primarily by enhancing the 
efficiency of shoot initiation and elongation 
compared to its combinations with BAP and 
IAA.
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