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Abstract

The growth regulators in media have the potential to significantly influence the process
of in vitro plant regeneration. The response of explants in forming shoots also depends
on the type and the combination of growth regulators. This research aimed to identify the
most optimal type and concentration of cytokinin for the multiplication of in vitro porang
shoots. Additionally, it determined whether the addition of cytokinins should be
accompanied by auxin/IAA for porang shoot multiplication. To achieve these objectives,
a completely randomized design with six replications was employed, followed by a 5%
LSD. The tested treatments consisted of various combinations of growth regulators.
Several observations were recorded, including the speed of explants forming prospective
shoots/shoots (days), the age of the explants forming prospective shoots/shoots, the
number of prospective shoots and shoots produced per explant, and shoot height (cm).
The results showed that 1) Tdz 2 and IAA 0.5 mg.1-1 formed the highest shoots candidates
and shoots in porang multiplication in vitro, and 2) the addition of BAP and Tdz 2 mg.l-
1 should be combined with IAA 0.5 mg.I-1, while BAP and Tdz 3 mg.I-1 did not require
IAA.
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1 Introduction

Porang (Amorphophallus muelleri Blume), also recognized as iles-iles, is one of
the three varieties of tubers cultivated for commercial purposes, improving significant
economic value [1]. According to [2], the tuber has a high selling price due to its main
compound, glucomannan [3], functioning as a cholesterol-lowering agent [4], anti-

diabetic [5], anti-colorectal cancer [6], and anti-inflammatory [7].
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According to [8], the propagation of porang plants can be accomplished
generatively or vegetatively. Furthermore, the seeds are not always available [9] and
planting with corms or bulbils takes a long time due to dormancy in the bulbs. To
support the availability of seedlings, the propagation is obtained using tissue culture
methods since it can produce uniform plantlets in large quantities within a relatively
short time and free from diseases [10].

The response of plant tissues/parts cultured in vitro shoot formation depends on
the type of media [11]. As stated by [12] the response depends on the combination of
growth regulators, including auxin [13], cytokinin [14], and the genotype (type and
cultivar) of the plant [15]. Several research [16-18] stated that the highest number of
shoots produced in porang multiplication was achieved using MS media with the
addition of BAP without auxin. According to [19] showed that there was an interaction
between IAA and kinetin (Kin) in shoot multiplication and the best combination was
obtained with 0 mg.I-1 1AA and 2 mg.l-1 Kin. The research conducted by [20] on
Prunus duicis Mill. (Almond) showed that thidiazuron (Tdz) was more effective than
the other cytokinins. Application of Tdz at a concentration of 1 mg.l-1 significantly
increased shoot proliferation. According to [21] on Rhododendron plants, the
frequency of shoot regeneration and the number per explant increase with the
concentration of Tdz. Therefore, this research aimed to determine the effect of
cytokinin types (with or without combination with 1AA) and their concentrations in

promoting axillary shoot growth, particularly in the shoot multiplication stage.

2 Material and Methods

This research was conducted between May and October 2022 at the Tissue
Culture Laboratory of Lampung State Polytechnic. The materials used consisted of
propagules obtained from the previous year's initiation, along with Murashige and
Skoog [22] basal media. This was supplemented with vitamins (thiamine-HClI,
pyridoxine-HCI, nicotinic acid), and myo-inositol, as well as growth cytokinin (BAP,
Kin, and Tdz), and auxin (IAA). Additionally, HCI and NaOH, agar, sugar, rubber,
plastic, and aluminum foil were employed. The tools also used encompassed an
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autoclave, laminar air flow cabinet, hand sprayer, and dissection equipment (forceps,
scalpel, petri dish).

The experiment was conducted using a completely randomized design (CRD).
The treatments tested were BAP 2 mg.l-1 + 0 mg.I-1 IAA (P1), BAP 2 mg.I-1 + 0.5
mg.l-1 IAA (P2), BAP 3 mg.l-1 + 0 mg.I-1 IAA (P3), BAP 3 mg.l-1 + 0.5 mg.I-1 IAA
(P4), Kin 2 mg.I-1 + 0 mg.I-1 IAA (P5), Kin 2 mg.l-1 + 0.5 mg.I-1 IAA (P6), Kin 3
mg.l-1 + 0 mg.l-1 IAA (P7), Kin 3 mg.l-1 + 0.5 mg.l-1 IAA (P8), Tdz 2 mg.l-1 + 0
mg.I-1 IAA (P9), Tdz 2 mg.lI-1 + 0.5 mg.l-1 IAA (P10), Tdz 3 mg.I-1 + 0 mg.I-1 IAA
(P11), and Tdz 3 mg.l-1 + 0.5 mg.I-1 IAA (P12). The data were subjected to analysis
of variance, and differences between treatments were tested using the LSD test at the
5% level.

This research started by preparing the treatment media and the chemical
materials of Murashige and Skoog basal media were prepared as stock solutions. The
media were prepared by pipetting each stock solution and adding the growth regulators
according to the treatments. Subsequently, 30 g.I-1 of sugar and distilled water were
added, and the pH was adjusted to 5.7 by adding HCI 1 N or NaOH 1 N. The media
were sterilized at a temperature of 121°C for 20 minutes, then incubated for 3-5 days.
Apart from the treatment media, MS0O media (media without growth regulators) were
also prepared to grow to shoot candidates into shoots used as explants. The planted
explants were maintained in a room with a temperature of 25°C - 27°C, with 16 and 8
hours of light and darkness. The observations were made on the following variables 1)
the speed of explant forming shoot candidates/shoots (days), 2) the age of explants
forming shoot candidates/shoots, 3) the number of shoot candidates produced per
explant, and 4) shoot height (cm).

3 Results and Discussions

The shoot candidates were grown into shoots by subculturing the propagules on
Murashige and Skoog media until proliferation occurred, which were used as explants
in the multiplication stage (Fig. 1).

Shoot proliferation for the explants occurred 3-5 weeks after subculturing. The
shoots, which had reached a size of 1 cm, were isolated and planted on the treatment
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media. Generally, the explants showed a response in multiplication with a speed of
forming shoot candidates/shoots ranging from 10 to 20 days after being subcultured
on the treatment media. Meanwhile, the number of shoots on the explants ranged from
1-2 shoots per explant with a shoot height of 0.6-0.8 cm, as shown in Table 1.

The analysis of variance showed that the treatment of cytokinin with or without
auxin significantly influenced the number of shoot candidates produced on the
explants. According to [23], shoot meristem formation requires an increase in
cytokinin and auxin levels. Furthermore, cytokinin and auxin are needed for cell
division and play a role in meristem formation and activity. Cytokinin also plays a
crucial role in shoot organogenesis when the ratio to auxin increases.

Explants planted on treatment media showed different rates of forming shoot
candidates. The LSD test at a 5% significance level showed that explants cultured on
media with the addition of BAP 2 1AA 0,5 mg.I-1, BAP 3 IAA 0 mg.l-1, Tdz 2 IAA
0,5 mg.l-1, and Tdz 3 IAA 0 mg.I-1+ exhibited the fastest growth response in shoot
candidate and took 10-10.2 days (Table 2). Meanwhile, explants cultured on media
with the addition of BAP 3 IAA 0.5 mg.l-1, Kin 2 IAA 0.5 mg.l-1, and Kin 3 IAA 0.5
mg.l-1 showed the slowest growth response in shoot candidate and formation, taking
19.7-20.2 days. The LSD test at a 5% significance level showed that the explants
cultured on media with the addition of Tdz 2 IAA 0.5 mg.I-1 (P10) produced the
highest number of shoot candidates and shoots (31.33), followed by the treatment of
BAP 3 IAA 0 mg.l-1 (P3) at 22.00 (Table 2). The lowest number of shoot candidates
and shoots were obtained from the explants cultured on media with the addition of Kin
31AA 0.5 mg.l-1 (P8) at 6.33 (Fig. 2).
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Porang shoot explants
Figure 1. The stage of preparing shoot explants for multiplication

Tdz 2 IAA 0.5 mg.I* (P10) BAP 3 IAA 0 m g.I'* (P3)
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Kin 3 IAA 0.5 (P8)

Figure 2. Growth of prospective shoots and shoots on explants cultured on treatment
media

The research [16-18] on porang showed that the use of a single cytokinin can
increase the number of formed shoots. Furthermore, [19,24] stated that the
combination of cytokinin with low auxin can improve the percentage of shoot
formation and multiplication. According to [25], the response of plants to the use of
specific types and concentrations of auxin and cytokinin in organ regeneration is
species-specific, depending on the genotype of the cultured plant. [26] stated that the
use of Tdz combined with IAA has been widely reported to promote shoot regeneration
in many plant species. The combination of these two growth regulators with a lower
concentration of 1AA plays a crucial role in morphogenesis, such as inducing and

proliferating axillary shoots.

Table 1. Average age of explants forming shoot candidates/shoots, number of shoots,
and shoot height (cm)

Treatment Speed of Explants Number of Shoot
Forming Shoot Shoots Height (cm)
Candidates and
Shoots (days)
P1 (BAP 2 + IAA 0 mg.I-1) 15 1 0.6
P2 (BAP 2 + 1AA 0.5 mg.I-1) 10 1 0.7
P3 (BAP 3 + 1AA 0 mg.I-1) 10 1.2 0.8
P4 (BAP 3 + 1AA 0.5 mg.I-1) 20 1 0.6
P5 (Kin 2 + IAA 0 mg.I-1) 14.7 1 0.7
P6 (Kin 2 + IAA 0.5 mg.l-1) 19.7 1 0.7
P7 (Kin 3 + IAA 0 mg.I-1) 15 1 0.7
P8 (Kin 3 + IAA 0.5 mg.l-1) 20.2 1 0.8
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P9 (Tdz 2 + IAA 0 mg.I-1) 13.2 1 0.8
P10 (Tdz 2 + IAA 0.5 mg.I-1) 10 1 0.7
P11 (Tdz 3 + IAA 0 mg.I-1) 10.2 0.8 0.6
P12 (Tdz 3 + IAA 0.5 mg.I-1) 11 1 0.7

Table 2. LSD test at the 5% significance level for the variable of the speed of explant
forming shoot candidates and shoots, as well as the number of shoot candidates and
shoots formed on the explants

No. Treatment Average Speed of Explants Average of the Number
to Form Shoot Candidates of Shoot Candidates and
& Shoots (days) Shoots

1. P1 (BAP2+IAA0 mg.l?) 150 C 1333 E

2. P2 (BAP2+IAA 0.5 mg.l?) 100 A 2000 BC

3. P3 (BAP3+IAA0 mg.lI"?) 100 A 2200 B

4, P4 (BAP3+I1AA0.5 mg.l?) 200 D 1250 E

5. P5 (Kin2+IAA0 mg.I"?) 147 C 11.00 E

6. P6 (Kin2+IAA0.5 mg.l?) 19.7 D 1400 DE

7. P7 (Kin3+IAA0 mg.I?) 150 C 1767 CD

8. P8 (Kin3+IAA0.5 mg.l?) 202 D 6.33 F

9. P9 (Tdz2+IAAOQ0 mg.l?) 132 BC 1033 E

10. P10 (Tdz2+1AA 0.5 mg.l") 100 A 31.33 A

11. P11 (Tdz3+IAA0 mg.l?) 102 A 1850 C

12. P12 (Tdz3+I1AA 0.5 mg.l") 11.0 AB 1200 E

Even though the use of a single cytokinin was the primary factor for inducing
and proliferating shoots, this research showed that the addition of both auxin and
cytokinin to the shoot induction media resulted in a higher number of shoots. The
explants showed a faster ability to form shoots compared to the treatment with a single
cytokinin.

The effectiveness of Tdz as cytokinin in shoot induction and multiplication may
be due to its ability to stimulate endogenous cytokinin biosynthesis, which will alter
the metabolism of endogenous cytokinins. The compound is also highly resistant to
degradation by cytokinin oxidase enzymes in plants. Therefore, Tdz exhibits strong
cytokinin-like activity that surpasses other commonly used adenine types such as
benzylaminopurine or Kin [27].

IAA as auxin also affected on number of shoots. This may due of its activity on

cell division and cell differentiation that makes shoots proliferation higher. [28] stated
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that effectivity on cell division of IAA is more powerful than another auxin such as
NAA and IBA.

Based on the results, the response of porang shoot explants to growth regulators
in forming shoot candidates and shoots is best observed with Tdz (Tdz 2 IAA 0.5 mg.I-
1), which outperforms BAP and Kin. This was consistent with [21] in Sutsukui Azalea
(Rhododendron indicum), where Tdz optimally induced shoots compared to BA and
Kin. It also aligned with [20] that Tdz was more effective than the other cytokinins in
enhancing shoot proliferation. According to [29], the use of Tdz in Gymnocladus

assamicus resulted in higher shoot induction and proliferation compared to BA.

4 Conclusions

Based on the research on the effects of cytokinin and 1AA treatments in media,
the following conclusions were drawn:
1. The application of Tdz 2 + IAA 0.5 mg.I"! resulted in the highest formation of
shoot candidates and shoots in in vitro multiplication of porang shoots.
2. The addition of BAP and Tdz 2 mg.I" should be combined with IAA 0.5 mg.I7,
while BAP and Tdz 3 mg.I"! did not require IAA.

Acknowledgements

The authors would like to acknowledge the Lampung State Polytechnic,

Indonesia, for its financial support.

References

[1] E. Pranita, (2021). 7 Cara Menanam Porang dari Tanah hingga Panen agar Hasil
Berkualitas. Putri, G.S. (Ed.).
https://www.kompas.com/sains/read/2021/04/15/170100423/7-cara-menanam-
porang-dari-tanah-hingga-panen-agar-hasil-berkualitas. [1 November 2022]

[2] Y. Meo, H. Tanto, and D. Novita, Pengaruh Pemberian Tepung Porang
(Amorphophallus muelleri Blume) Terhadap Kadar Ureum pada Tikus (Rattus
novergicus) Strain Wistar DM Tipe 2. Nursing News, 2(2):665-677, 2017.

132



[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Erfa et.al., IJASST, Volume 06, Issue 01, 2024

C. U. Wirawati, and D. E. Nirmagustina, Suplementation of Konjac
(Amorphophallus oncophillus) Glucomannan Hydrolisate in Synbiotic Product.
Jurnal Penelitian Pertanian Terapan, 22(1), pp.37-44, 2022.

M. Zhang, S. Lin, Z. Wencui, P. Xiaoxia, L. Fugiang, W. Yanping, B. Yajing,
Z. Hengbi, and Z. Yifa, Cholesteryl-Modification of a Glucomannan from
Bletilla striata and Its Hydrogel Properties. Molecule, 1(9), pp.9089-9100, 2014.
CH. P. Kumar, T. Lokesh, M. Gobinath, B. Kumar, and D. Saravanan, Anti-
Diabetic and Anti-Hyperlipidemic Activities of Glucomannan Isolated from
Araucaria cunninghamii Seeds. Journal of Chemical and Pharmaceutical
Sciences, 6(3), pp.204-209, 2013.

Pranita, E. (2021). Perbedaan Porang, lles-iles, Suweg, dan Walur, dari Ciri
hingga Manfaatnya. Dewi, B.K. (Ed.). https://www.kompas.com/sains
/read/2021/04/21/163000623/  perbedaan-porang-iles-iles-suweg-dan-walur-
dari-ciri-hingga-manfaatnya?page=all. [1 November 2022]

Q. Zheng, L. Wenfeng, L. Shan, Z. Heng, Y. Hui, L. Min, and Z. Yan, Effects
of Ultrasonic Treatment on the Moleculer Weight and Anti-Inflamantory
Activity of Oxidized Konjac Glucomannan. Journal of Food, 17(1), pp.1-10,
2019.

Sumarwoto. lles-iles (Amorphophallus muelleri Blume), deskripsi dan sifat-
sifat lainnya. Biodiversitas, 6(3), pp.185-190, 2015.

M. M. Aziz, R. Evie, and S. R. Yuni, Induksi Kalus Umbi Iles-lles
(Amorphophallus muelleri) dengan Kombinasi Konsentrasi 2,4-D dan BAP
Secara In Vitro. LenteraBio, 3(2), pp.109-114, 2014.

E. Sulistiani, and S. A. Yani, Produksi Bibit Tanaman dengan Menggunakan
Teknik Kultur Jaringan. SEAMEO BIOTROP. Southeast Asian Regional
Centre for Tropical Biology. Bogor. 147 Hal, 2012.

Widiyanto, S. Mikropropagasi dalam Sains dan Bioteknologi Tumbuhan.
Makalah Pidato IImiah Guru Besar Institut Teknologi Bandung. Bandung, 2011.
K. M. Tabori, J. D. Anszki, J. A. Teixeira da Silva, S. M. Bulley, and I. Hudak,
The role of cytokinins in shoot organogenesis in apple. Plant Cell, Tissue and
Organ Culture, 101(3), pp.251-267, 2010.

133



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Erfa et.al., IJASST, Volume 06, Issue 01, 2024

E. Firoozabady, and Y. Moy, Regeneration of pineapple plants via somatic
embryogenesis and organogenesis. In Vitro Cell Dev. Biol. Plant, 40, pp. 67—
74, 2004,

S. Sripaoraya, R. Marchant, J. B. Power, and M. R. Davey, Plant regeneration
via somatic embryogenesis and organogenesis of commercial pineapple (Ananas
comosus L.)’. In Vitro CellDev. Biol. Plant, 39, pp. 450-454, 2003.

L. W. Gunawan, Teknik Kultur Jaringan Tumbuhan. Bogor: IPB Press, 1992.
R. Wardana, Jumiatun and E. Rosdiana, Multipikasi Tanaman lles — lles
(Amorphophallus Mulleri Blume) Secara In Vitro Sebagai Upaya Peningkatan
Produksi Pangan Lokal. Seminar Nasional Hasil Penelitian (him. 353-357). 08
Februari 2018. Jember: Polije, 2018.

D. Suheriyanto, Romaidi, and R. S. Resmisari, Pengembangan Bibit Unggul
Porang (Amarphopallus Oncophilus) melalui Teknik Kultur In Vitro untuk
Mendukung Ketahanan Pangan Nasional. El-Hayah, 3(1), pp.16-23, 2012.
Ferziana, L. Erfa, D. Maulida, R. M. Sari, and F. Yuniardi, In vitro regeneration
of porang (Amorphophallus muelleri Blume) at several concentrations of BAP
(benzyl amino purine). International Conference on Agriculture and Applied
Science (hIm. 76-83). 19 November 2021. Lampung: Polinela.

K. Zakiyah, Multiplikasi Tunas Porang (Amorphophallus muelleri Blume)
Dengan Penambahan IAA (Indole Acetic Acid) Dan Kinetin Secara In vitro
(Skripsi). Fakultas Sains dan Teknologi. UIN Maulana Malik Ibrahim. Malang,
2021.

S. Kodad, R. Melhaoui, C. Hano, M. Addi, N. Sahib, A. Elamrani, M. Abid, and
A. Mihamou, Effect of culture media and plant growth regulators on shoot
proliferation and rooting of internode explants from Moroccan native almond
(Prunus dulcis Mill.) genotypes. Hindawi International Journal of Agronomy,
pp.1-10, 2021.

S. Rahimi, R. Naderib, S. A. Ghaemaghami, S. Kalatejari, and B. Farham, Study
on effects of different Plant Growth Regulators types in shoot regeneration and
node formation of Sutsuki Azalea (Rhododendron indicum): a commercially

important bonsai. Procedia Engineering, 59, pp.240-246, 2013.

134



[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Erfa et.al., IJASST, Volume 06, Issue 01, 2024

T. Murashige, and F. Skoog, A revised medium for rapid growth and bioassays
with tobacco tissue cultures. Physiologia Plantarum, 15, pp.473-497, 1962.

K. Hill, and G. E. Schaller, Enhancing Plant Regeneration in Tissue culture.
Plant Signal Behav, 8(10), pp.1-5, 2013.

M. Imelda, A. Wulansari, and Y. S. Poerba, (2008). Regenerasi Tunas dari
Kultur Tangkai Daun lles-iles (Amorphophallus muelleri Blume). Biodiversitas,
9(3), pp.173-176, 2008.

Y. Yusnita, E. Danial, D. Hapsoro, In Vitro Shoot Regeneration of Indonesian
Bananas (Musa spp.) cv. Ambon Kuning and Raja Bulu, Plantlet
Acclimatizationand Field Performance. Agrivita, 37, pp.51-58, 2015.

B. Guo, B. H. Abbasi, A. Zeb, L. L. Xu, and Y. H. Wei, Thidiazuron: A multi-
dimensional plant growth regulator. African Journal of Biotechnology, 10(45),
pp. 8984-9000, 2011.

Z.D. Dalila, J. Hafsah, Z. Rokiah, K. Rodziah, and M. N. Madihah, Thidiazuron
Induces High Frequency Direct Somatic Embryogenesis Growth from
Cotyledon Culture of Eurycoma longifolia. Sains Malaysiana, 44(7), pp.913—
920, 2015.

D. Hapsoro, and Yusnita. 2018. Kultur Jaringan “Teori dan Praktik”. Andi.
Yogyakarta. 167 him.

S. Gupta, A. A. Mao, and S. Sarm, Effects of Thidiazuron (TDZ) on Direct Shoot
Organogenesis of Gymnocladus assamicus: A Threatened and Critically
Endangered Species from Northeast India. The National Academy of Sciences,
43, pp.85-91, 2019.

135



Erfa et.al., IJASST, Volume 06, Issue 01, 2024

This page intentionally left blank

136




