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Abstract. This study aimed to investigate embryonic callus formation in
four Arabica coffee varieties (Andungsari 1, Orange Bourbon, Gayo, and
Lini S-795), conducted at Politeknik Negeri Jember in two stages. The first
stage is the induction of primary callus from leaf explants of four Arabica
varieties in four combination concentratrion of 2,4-D and Kinetin using 1/2
MS+Vitamin B5 (Gamborg) as the base medium. The observed variables
included: time of primary callus formation; fresh weight; texture and callus
color. The next experiment was to test four Arabica varieties for their
regeneration capacity for embryonic callus formation. This study used a non-
factorial completely randomized design, with four treatments and five
replications. For this test, the primary callus were cultured using medium
supplemented with 2,4D and BAP. Observation variables included the time
of embryonic callus formation; callus texture; percentage of embryonic
callus formation; percentage of proembryo formation. The conclusion of the
study was that each variety showed a different response to the added PGRs
formulation, in addition, the use of 2,4-D 2 ppm + 1 ppm kinetin was able
to stimulate primary callus formation from leaf explants. Gayo and Orange
Burbon varieties showed the development of embryonic callus towards the
proembryo phase.

1 Introduction

Arabica coffee (Coffea arabica L.) is one of the most economically important plantation
commodities worldwide, including in Indonesia. Conventional coffee plant propagation has
limitations, making in vitro tissue culture techniques an effective alternative method for
producing high-quality coffee plants in large quantities. One crucial step in tissue culture is
the induction of embryogenic callus, which can open up opportunities for plant regeneration
through somatic embryogenesis [1].
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Embryogenic callus induction is influenced by the type and concentration of plant growth
regulators (PGRs), particularly auxins and cytokinins. Synthetic auxins such as 2,4-
dichlorophenoxyacetic acid (2,4-D) are often used in certain concentrations to induce callus
formation from Arabica coffee leaf explants, while cytokinins such as Kinetin and
Benzylaminopurine (BAP) play a role in the differentiation and formation of embryonic
callus [2], [3]. The right combination of 2,4-D, Kinetin, and BAP can improve the efficiency
of callus induction and the quality of the resulting callus [4].

Several studies have shown that the interaction between Arabica coffee varieties and
media formulations with different combinations of plant growth regulators significantly
influences the rate of callus emergence, color, area, type, and weight of the callus formed [5].
However, information regarding the most optimal and specific plant growth regulators (PGRs)
formulations for sequentially inducing primary and embryogenic callus in these four
genetically diverse Arabica coffee varieties remains uncomprehensively tested. The need for
variety-specific tissue culture protocols is crucial, given the differing physiological responses
of each genotype to auxin and cytokinin concentrations. Specifically, there is no clear data
on which combination of PGRs is most effective in shifting primary callus from Andungsari
1, Orange Burbon, Gayo, and Lini S-795 varieties to the embryogenic and proembryo phases.

Therefore, this study aims to examine the effect of various formulations of PGRs
combinations on the induction of primary callus and embryogenic callus in several Arabica
coffee varieties, namely Andungsari 1, Orange Burbon, Gayo, and Lini S-795. This study is
expected to contribute to the development of optimal tissue culture techniques for Arabica
coffee with diverse genetic variations, as well as support the mass propagation program of
quality coffee through in vitro tissue culture.

2 Materials and Methods

The research was conducted at the Plant Tissue Culture Laboratory of Politeknik Negeri
Jember, and was carried out with two experimental stages. The first experiment of primary
callus induction from leaf explants for three months. The sterilization and initiation method
begins with selecting healthy young leaves, soak the leaves in 2 ml/L liquid detergent for 10
minutes, rinse, and then continue soaking and shaking in a solution of bactericide, fungicide
2 g/L, and erythromycin 4 g/L for 20 minutes. Rinse again and continue soaking in 70%
alcohol for 3 seconds, then in 10% and 20% NaOCl solutions for 10 minutes each. Afterward,
rinse again and cut the leaves into 1-1.5 cm? squares and plant them in the treatment medium.
The methods as in previous studies [6].

This study used a factorial completely randomized design, with four Arabica coffee
varieties as the first factor and four combinations of plant growth regulators from the auxin
and cytokinin groups as the second factor. The treatment used a basic medium of 'z
Murashige & Skoog + Vitamin B5 (Gamborg). Thus, there were 16 treatments, each
replicated four times. The treatment combinations were as follows:

Table 1. Combination of primary callus induction treatments
PGRs Formulation
F1=1 ppm 2,4 D F2=2ppm 2,4 F3=1ppm 24 F4= 2 ppm

Arabica Varieties

+ 0,5 ppm D + 0.5 ppm D+1ppmKIN 24D+1
Kinetin KIN ppm KIN
Al= Gayo AIF1 AIF2 AIF3 AIF4
A2= Andungsari 1 A2F1 A2F2 A2F3 A2F4
A3=Lini S-792 A3F1 A3F2 A3F3 A3F4
A4= Orange Burbon A4F1 A4F2 A4F3 A4F4
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Observations were carried out for 3 months. The variables observed included: 1) Time of
primary callus formation (DAP); 2) Fresh weight of primary callus; 3) Callus texture is
friable; Intermediate; and compact; 4) Callus color (white; yellowish white; yellowish) [7].
Friable callus is characterized by its brittle texture, easily crumbling or separating, like
crumbs. This type of callus leads to the formation of embryonic callus. Intermediate callus
has a partially compact and friable texture. Compact callus has a hard, dense, and difficult-
to-disintegrate texture (non-friable).

The next experiment was to test four Arabica varieties (Gayo, Andungsari 1, Lini S-795,
Orange Burbon) for their regeneration capacity for embryonic callus formation. This study
used a non-factorial completely randomized design, with four treatments and five
replications. For this test, the four varieties were cultured using Embryonic Callus Induction
medium [8] supplemented with 0.22 ppm 2,4D and 6 ppm BAP. The following table shows
the treatment combinations in the second stage.

Table 2. Test treatment of four Arabica varieties for embryonic callus regeneration ability

No Treatment
Arabica Varieties PGRs Formulation
1 Gayo 0.22 ppm 2,4D + 6 ppm BAP
2 Andungsari 1 0.22 ppm 2,4D + 6 ppm BAP
3 Lini S-795 0.22 ppm 2,4D + 6 ppm BAP
4 Orange Burbon 0.22 ppm 2,4D + 6 ppm BAP

Observations were carried out for 3 months with observation variables including: 1) Time
of embryonic callus formation (DAP); 2) Callus texture; 3) Percentage of embryonic callus
formation (%); 4) Percentage of proembryo formation (%). Data were analyzed using
ANOVA and if there was significance, a further DMRT (Duncan's Multiple Range Test) was
carried out at a 0.05 level.

3 Results and Discussion

3.1 Primary callus formation

Table 3. Results of primary callus formation from combinations of several Arabica coffee varieties
with the PGR Kinetin and 2,4-D

Primary Fresh
Tvpe of callus weight of Primary Primary
ype PGRs Formulation emergence 18 callus Callus
Arabica . primary
time texture  Color
(DAP) callus (gr)
Al1=Gayo F1=1ppm24D+0.5 15.00 0.40 ¢ Compact White
ppm KIN
F2=2ppm24D+0.5 16.80 ¢ 0.99 °fe Friable =~ White
ppm KIN
F3=1ppm24D+1ppm  20.209% 0.28 abe Friable =~ White
KIN
F4=2ppm24D+1ppm 19.40< 1.17 f Friable  Yellowish
KIN white
A2=Andungsari F1=1ppm24D+0.5 17.80 bed 1.05 °f2 Compact  Yellowish
1 ppm KIN
F2=2ppm24D+0.5 20.80 d 1.22¢ Friable White
ppm KIN
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Primary
Fresh . .
Tvpe of callus weight of Primary Primary
ype PGRs Formulation emergence 18 callus Callus
Arabica time primary texture  Color
(DAP) callus (gr)

F3=1ppm24D+1ppm  17.80b« 1.16 % Compact  Yellowish
KIN white
FA=2ppm24D+1ppm 14.20? 1.27¢ Friable Yellowish
KIN

A3=LiniS-792 Fl1=1ppm24D+0.5 20.80 d 0.43 be Friable  Yellowish
ppm KIN
F2=2ppm24D+0.5 17.60 bed 0.84 def Compact  Yellowish
ppm KIN White
F3=1ppm24D+1ppm  23.20°¢ 0.52 Compact White
KIN
F4=2ppm24D+1ppm 20.60 % 0.80 de Friable  Yellowish
KIN

A4=Orange Fl1=1ppm24D+0.5 24.40°F 0.12# Friable Yellowish

Burbon ppm KIN
F2=2ppm24D+0.5 17.60 bed 0.152 Friable Yellowish
ppm KIN White
F3=1ppm24D+1ppm  23.00 ¢ 0.14 % Friable  Yellowish
KIN White
FA=2ppm24D+1ppm 14.00? 0.182 Friable White
KIN

The number followed by the same letter are not significantly different at (p<0.05) level of DMRT test.

Based on observations, all cultured Arabica varieties were able to form primary callus, the
initial callus formed from leaf explants. The appearance begins from the area of injury or
incision (Fig 1). As presented in Table 3, the fastest callus emergence, namely at 14 DAP
(Days After Planting), was seen in the Orange Burbon and Andungsari 1 varieties.
Specifically, the Orange Burbon and Andungsari 1 varieties may have physiological and
genetic characteristics that support a positive response to the hormone treatment, thus
accelerating callus initiation and growth compared to other varieties.

The fastest callus emergence in these two varieties at 14 DAP indicates that the
combination of 2 ppm 2,4-D and 1 ppm kinetin is the optimal concentration to stimulate
callus formation in leaf explant tissue. The proper interaction of auxin and cytokinin is crucial
for the success and speed of callus induction in various plant varieties, including coffee
(Coffea spp.) [7]. This is also in line with findings showing that concentrations of around 1-
2 ppm 2,4-D combined with 0.5-1 ppm kinetin can stimulate callus formation in a short time
and good callus quality, such as color, texture, and optimal water content to support the
regeneration of coffee somatic embryos [4], [9], [10].

Fresh callus weight data showed that the formulation of 2 ppm 2,4-D and 1 ppm kinetin
produced the heaviest callus, namely 1.27 gr in Andungsari 1, and 1.17 gr in the Gayo variety.
Heavier fresh callus weight reflects good callus quality, with actively developing cells and
sufficient water storage. The physiological and genetic responses of the Andungsari 1 and
Gayo varieties support the performance of the PGR combination in increasing primary callus
cell biomass. The use of 2 ppm Kinetin with the addition of 1 ppm BA also appeared to be
able to stimulate the fresh weight of coffee callus [7]. Another study also showed that 2 ppm
2,4-D + 1 ppm kinetin produced the greatest fresh callus weight in cinnamon leaf explants
[11].

The friable, white or yellowish-white texture of primary callus (Fig 1) in most cultured
Arabica coffee varieties indicates the onset of embryonic callus formation [4]. This is
consistent with previous researchers' statements that embryonic callus in Arabica coffee is
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characterized by friable, yellow tissue consisting of small, isodiametric cells with dense
cytoplasm and clear nuclei [12], [13]. For further development, this friable primary callus is
regenerated on a new medium to be directed into embryonic callus to form a proembryo, the
initial phase of the coffee somatic embryo.

Fig. 1. a) Apearance of Callus from leaf explant; b) Friable callus with yellowish white color;
¢) Compat callus and white color.

3.2 Regeneration of embryonic callus

Embryonic callus regeneration is the process of forming new callus that grows from primary
callus generated in a previous treatment. All primary calli from the four types of Arabica
were grown on media with the same PGR, namely 0.22 ppm 2.4D and 6 ppm BAP. This
process is crucial in tissue culture because embryonic callus has the potential to develop into
whole plants through somatic embryogenesis. Embryonic callus typically has a friable and
nodular texture, characteristic of callus with high regenerative capacity [7], [10].

Observations of embryonic callus included the time of embryonic callus emergence, the
percentage of embryonic callus formation, its texture, and proembryo formation percentage.
ANOVA analysis showed that the Arabica variety tested had a very significant influence on
the observed variables. The results of the analysis were further tested using DMRT at the
0.05 level and are presented in the following table.

Table 4. Results of embryonic callus and proembryo formation from single factors of Arabica coffee

varieties
Embryonic Percentage of Proembryo
Type of Arabica Callus Embryonic Callus Texture formation
Appearance Callus o
Time (DAP) Formation (%) percentage (%)
Gayo 33.002 100.0 © friable nodules 87.50¢
Orange Burbon 40.00 * 100.0 © friable nodules ~ 65.50 ¢
Lini S-795 58.20° 50.02 compact 27.50?
Andungsari 1 47.25° 75.0° compact 50.00®

The number followed by the same letter are not significantly different at (p<0.05) level of DMRT test.

Based on the data, embryonic callus formation was most rapid in Gayo Arabica coffee, at
33 days after transplanting, and Orange Bourbon coffee, at 40 days after transplanting. Both
varieties produced 100% embryonic callus with a friable and nodular texture. Meanwhile,
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Lini S-795 and Andungsari 1 varieties produced only 50% and 75% embryonic callus, with
a compact texture.

Gayo Arabica coffee and Orange Bourbon coffee varieties produced callus on 33 and 40
days after transplanting, respectively. Both varieties demonstrated high regeneration
efficiency, with embryonic callus formation reaching 100%, demonstrating their adaptability
and positive response to the culture medium used. The resulting callus texture was friable
and nodular, consistent with the characteristics of embryonic callus ideal for embryogenesis
induction [14].

In contrast, the Lini S-795 and Andungsari 1 varieties showed lower embryonic callus
regeneration rates, at 50% and 75%, respectively, and had a more compact callus texture.
This indicates genetic differences between varieties that influence response to tissue culture
treatments and the potential of callus to develop into somatic embryos [15], [16]. Differences
in callus texture may also indicate variations in the level of cell differentiation and
proliferation during callus regeneration, with callus with a compact texture typically
exhibiting different meristematic activity than more embryogenic, friable callus [17].

During the observation period, the embryonic callus had developed and begun to enter
the globular phase. The Gayo and Orange Burbon varieties formed globules with success
rates of 87% and 65%, respectively. Globular callus is characterized by the presence of dense
nodules on the surface of the embryonic callus (Fig 2). The friable texture, having nodules
or spheres with a smooth surface [7] and dense callus tissue indicate the presence of early
division and differentiation at the cellular level, which leads to the proembryonic phase as
the first stage in the somatic embryogenesis process.

Fig. 2. Nodule formation in embryonic callus

4 Conclusion

The results of this study concluded that each variety showed a different response to the PGR
formulation added for primary callus induction and embryonic callus induction. The use of 2
ppm 2,4-D + 1 ppm kinetin was able to stimulate the formation of primary callus from leaf
explants. The Gayo and Orange Burbon varieties were more responsive to the use of the PGR
formulation, showing the development of embryonic callus towards the proembryo phase,
for the next stage of development to form somatic embryos.



BIO Web of Conferences 210, 02002 (2026) https://doi.org/10.1051/biocont/202621002002
ICoFA 2025

Acknowledgments

This research was funded by the Politeknik Negeri Jember PNBP Fund in accordance with Director's
Decree Number 0942/PL17.4/PG/2025

References

[1] C. M. Avila-Victor, V. M. Ordaz-Chaparro, E. de J. Arjona-Suéarez, L. Iracheta-
Donjuan, F. C. Gdmez-Merino, and A. Robledo-Paz, “In Vitro Mass Propagation of
Coffee Plants (Coffea arabica L. var. Colombia) through Indirect Somatic
Embryogenesis.,” Plants (Basel, Switzerland), vol. 12, no. 6, Mar. 2023, doi:
10.3390/plants12061237.

[2] W. I. Mwaniki, A. H. Lubabali, K. K. Asava, C. O. Agwanda, and S. E. Anami,
“Effects of genotype and plant growth regulators on callus induction in leaf cultures
of Coffea arabica L. F1 hybrid,” African J. Biotechnol., vol. 18, no. 31, pp. 1004—
1015, 2019.

[3] F. Ardiyani, E. S. W. Utami, and H. Purnobasuki, “Optimation of Auxin and
Cytokinin on Enhanced Quality and Weight of Coffea liberica Somatic Embryos,”
Pelita Perkeb., vol. 37, no. 1, pp. 1-12, 2021.

[4] P. L. Tarigan, S. Sukendah, F. D. Dewanti, N. Y. Pribadi, and S. N. Zulmi, “Somatic
Embryogenesis Induction in Coffea arabica L. by 2, 4-Dichlorophenoxyacetic acid
and 6-Furfurylaminopurine,” Agro Bali Agric. J., vol. 7, no. 3, pp. 731-738, 2024.

[5] R. Arimarsetiowati and F. Ardiyani, “Pengaruh penambahan auxin terhadap
pertunasan dan perakaran kopi arabika perbanyakan Somatic Embryogenesis (The
effects of shooting and rooting of arabica coffee propagation through Embryogenesis
Somatic auxin uses).,” Pelita Perkeb. (a Coffee Cocoa Res. Journal), vol. 28, no. 2,
pp- 82-90, 2012, doi: 10.22302/iccri.jur.pelitaperkebunan.v28i2.201.

[6] S. L. Asmono, R. Wardana, and Rahmawati, “Optimization of the sterilization
method for leaf explant Robusta BP 308 coffee in vitro,” IOP Conf. Ser. Earth
Environ. Sci., vol. 980, no. 1, p. 012001, 2022, doi: 10.1088/1755-
1315/980/1/012001.

[7] M. S. D. Ibrahim, R. S. Hartati, R. Rubiyo, A. Purwito, and S. Sudarsono, “Induksi
kalus embriogenik dan daya regenerasi kopi arabika menggunakan 2, 4-
Dichlorophenoxyacetic Acid dan 6-Benzyladenine,” J. Tanam. Ind. dan Penyegar,
vol. 4, no. 2, pp. 91-98, 2013.

[8] N. Samson et al., “Effect of primary culture medium composition on high frequency
somatic embryogenesis in different Coffea species,” Plant Cell. Tissue Organ Cult.,
vol. 86, pp. 37-45, 2006, doi: 10.1007/s11240-006-9094-2.

[9] A. Budiani, T. Chaidamsari, and S. Mawardi, “Transformation of Coffee arabica
using chitinase gene and regeneration of planlets from transformed-zygotic embryos
Transformasi Coffea arabica menggunakan gen kitinase dan regenerasi planlet dari
embrio zigotik-transforman,” Menara Perkeb., vol. 68, no. 2, 2000.

[10] A.I L. Yoas and E. Johannes, “Somatic embryogenesis of arabica coffee (Coffea
arabica var. Lini-S 795) from Toraja by in vitro with the additional of 2, 4-
Dichlorophenoxyacetid Acid (2, 4-D) and 6 Furfurylamino Purine (Kinetin),” Acad.
Res. Int., vol. 12, no. 1, pp. 78-83, 2021.

[11] M. T. Satria, N. Neliyati, and J. Jasminarni, “Pengaruh zat pengatur tumbuh 2, 4-D
(Dichlorophenoxyacetid-Acid) dan kinetin terhadap induksi kalus dari eksplan daun
kayu manis (Cinnamomun burmanii),” J. Agroecotania Publ. Nas. Ilmu Budid.
Pertan., vol. 2, no. 1, pp. 39-51, 2019.

[12] M. E. Aguilar, X. Wang, M. Escalona, L. Yan, and L. Huang, “Somatic



BIO Web of Conferences 210, 02002 (2026) https://doi.org/10.1051/biocont/202621002002
ICoFA 2025

embryogenesis of Arabica coffee in temporary immersion culture: Advances,
limitations, and perspectives for mass propagation of selected genotypes,” Front.
Plant Sci., vol. 13, 2022, doi: 10.3389/1pls.2022.994578.

[13] M. Padua, L. Paiva, L. Silva, K. Livramento, E. Alves, and A. Castro,
“Morphological characteristics and cell viability of coffee plants calli,” Ciéncia
Rural, vol. 44, Apr. 2014, doi: 10.1590/S0103-84782014000400014.

[14]  H. B. Jumin, Agronomi. Jakarta: PT Raja Grafindo Persada, 2002.

[15] F.Oktaviana, S. A., Budiani, and Sudarsono., “Embriogenesis somatik langsung dan
regenerasi planlet kopi arabika (Coffea arabica) dari berbagai eksplan,” Menara
Perkeb., vol. 71, no. 2, pp. 44-55, 2003.

[16]  P. Priyono, “Evaluation of somatic embryogenesis ability in robusta coffee (Coffea
canephora Pierre),” Pelita Perkeb., vol. 26, no. 2, p. 160115, 2010.

[17]  S.L. Asmono, R. Rahmawati, H. Husna, A. Sulala, S. Auliya, and E. H. Cahyono,
“Pembentukan Kalus pada Eksplan Daun Kopi Robusta dan Arabika pada Beberapa
Konsentrasi Media MS (Murashige and Skoog),” in Agropross: National Conference
Proceedings of Agriculture, 2024, pp. 574-581.



