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Abstract: Cytokinins are growth regulators that play a crucial role in cell 
division and shoot growth. Thidiazuron, a potent cytokinin, was the focus 
of our research. The research aimed to determine the effect of several 
concentrations of Thidiazuron on the protocorm growth of 
Grammatophyllum stapeliiflorum and to identify the best concentration of 
Thidiazuron (mg/L) for the protocorm growth of G. stapeliflorum orchids in 
vitro. The research was conducted from January until March 2022 at the 
Plant Physiology Laboratory, Universitas Andalas, Padang. The research 
used a Completely Randomized Design (CRD) with 5 treatments and 5 
replications. Several concentrations of Thidiazuron were added to MS media 
with various concentrations: 0 mg L-1 (A), 0.50 mg L-1 (B), 1 mg L-1  (C), 1.50 
mg L-1(D), and 2 mg L-1  (E). The parameters in this research were the 
percentage of life explants, day of shoot appearance, number of shoots, shoot 
length, number of leaves, number of roots, and root length. The results 
showed that Thidiazuron significantly affected the protocorm growth of the 
G. stapeliiflorum orchid compared to the control treatment. Notably, 2 mg L-

1  Thidiazuron emerged as the best concentration for all growth parameters 
of protocorm G. stapeliiflorum, a finding that could significantly impact our 
understanding of orchid cultivation and plant physiology.  
 
Keywords: Grammatophyllum stapeliiflorum; In Vitro; MS Media; Protocorm; 

Thidiazuron  

  

Introduction  
 

Orchids are ornamental plants that have the 
potential to be developed because they have commercial 
value with various shapes, colors, sizes, distinctive 
aromas, and long-lasting flower qualities (Nurcahyani et 
al., 2017). Orchids have 25,000 species and 800 genera, 
some of which are difficult to find and are nearly extinct. 
The Grammatophyllum genus is an orchid that is 
threatened with extinction. There are 12 species in the 
genus Grammatophyllum worldwide, one of which is 
Grammatophyllum stapeliiflorum. The G. stapeliiflorum 
orchid is a type of orchid that is slowly becoming rare 
and difficult to find in its natural habitat due to illegal 
hunting and habitat destruction through deforestation 

and land conversion (Isda & Fatonah, 2014; Salsabila et 
al., 2022). The orchid G. stapeliiflorum is included in the 
Appendix II group, a list of species that are not 
necessarily threatened with extinction but in which 
trade must be controlled in order to avoid utilization 
incompatible with their survival (CITES, 2021). 

Regarding orchid conservation, in vitro 
propagation is an effective strategy to overcome 
poaching. Controlling illegal orchid poaching can be 
achieved through in vitro propagation, a technique that 
grows plant parts under sterile conditions. This method, 
which involves growing plant parts under aseptic 
conditions, was chosen for its numerous advantages: it 
requires minimal land, facilitates the propagation of 
plants that are difficult or slow to grow, allows for year-
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round cultivation, produces healthier and more uniform 
plants, and enables long-term storage of plant stock 
(Kapoor & Singh, 2014). Some  factors  contributing  to  
tissue culture  techniques  include  seed  maturity,  
genotype, media,  growth  regulators,  carbohydrates,  
and  explant type (Reddy et al., 2021).  Medium is an 
important thing in tissue culture. Medium generally 
contains macronutrients and micronutrients in the form 
of organic salts in certain levels and ratios, sources of 
carbohydrates, water, amino acids, vitamins, and 
growth regulators (Chen et al., 2015). 

Plant Growth Regulators (PGR) play a crucial role 
in the success of in vitro culture. When used in small 
amounts, these non-nutritive organic compounds can 
either support, inhibit, or alter physiological processes 
in plants. Their primary function is stimulating growth 
and morphogenesis in cell, tissue, and organ cultures 
(Sulichantini et al., 2020). The activities of PGRs are not 
only restricted to the longitudinal growth of plants, but 
they also affect a plethora of key processes including 
seed germination, defoliation, flowering, fruit formation 
and ripening and fruit drop, among others 
(Rademacher, 2015). In addition, PGRs are frequently 
employed in agriculture, horticulture and viticulture for 
various benefits, such as improving morphological 
structure, increasing resistance and tolerance against 
biotic and abiotic stresses, and for qualitatively and 
quantitatively enhancing yields (Naeem & Aftab, 2022).  

PGR are exogenously supplied to positively 
modulate several biological processes in plants, such as 
cell division, transpiration, pho tosynthesis, ascorbate–
glutathione cycle, nitrogen metabolism and antioxidant 
activities in both normal and stressful environ ments 
(Hossain et al., 2022; Malek et al., 2022; Sytar et al., 2019; 
Tahaei et al., 2022). PGRs are being used as external 
supplements for medicinal plants to increase the 
production of secondary metabolites, thereby improving 
plant defense against stresses (Jamwal et al., 2018). The 
most commonly used PGR are auxins, cytokinins, and 
gibberellins (Antala et al., 2019; Arli et al., 2023; Deli et 
al., 2015; Shabi et al., 2018). Cytokinin, for instance, is a 
PGR that promotes cell division and shoot growth in 
tissue culture. It comes in various types, such as BAP, 
Kinetin, and Thidiazuron, each with its unique function.  

TDZ is one of the most widely used plant growth 
regulators for induction of de novo regeneration, shoot 
organogenesis, and somatic embryogenesis. In tissue 
culture systems, TDZ acts through the adenine-type 
cytokinin activity either by stimulating endogenous 
cytokinins or binding to cytokinin receptors. 
Thidiazuron, for example, is known for its ability to 
stimulate shoot formation (Restanto et al., 2018). In 
comparison to other PGRs, TDZ has been defined as the 
most effective and efficient on enhancing the levels of 

important metabolites in many medicinal plants 
(Kumari et al., 2017; Kumari et al., 2018). TDZ inhibits 
the leaf yellowing in different plants, such as the one 
occurring after pinching potted rose plants (Celikel et al., 
2021). TDZ has recently shown to enhance secondary 
metabolites production (Debnath et al., 2018). 

 Based on the research conducted by Karyanti 
(2017), it is evident that adding thidiazuron 0.5 mg L-1  
resulted in an average number of shoots formed, 
specifically 8 shoots planted in MS media on Vanda 
Douglas orchids. Similarly, the study by Widawati et al. 
(2020) showed that the addition of 2 mg L-1  thidiazuron 
resulted in the highest percentage of shoot formation 
compared to other treatments in Vanda tricolor orchids. 
These findings underscore the need for further research 
on the effect of thidiazuron on orchid growth.  

This research aims to determine the effect of 
different thidiazuron concentrations on the growth of G. 
stapeliiflorum protocorm in vitro, and to identify the 
optimal thidiazuron concentration (mg/l) for the in vitro 
growth of G. stapeliiflorum orchid protocorm. 

 

Method  
 
Location and Time  

The research was conducted from Januari 2022 to 
March 2022 at Laboratory of Plant Physiology, Faculty 
of Mathematics and Natural Sciences, Andalas 
University, Padang. 

 
Research Design 

The research used experimental method. The 
research design in this study was Completely 
Randomized Design (CRD) with 5 treatments and 5 
replications. Several concentrations of Thidiazuron were 
added to MS media with various concentration 0 mg L-1 
(A); 0.50 mg L-1 (B); 1 mg L-1 (C); 1.50 mg L-1 (D); and 2 
mg L-1 (E). The parameters in this research were the 
percentage of life explants, day of shoot appears, 
number of shoot, shoot length, number of leaves, 
number of root and root length 
 
Materials and Tools 

The materials used in this research was 
Grammatophyllum stapeliiflorum, protocorm, MS media, 
Thidiazuron, sugar, agar, alcohol 70%, spritus, HCl 0.1 
N and NaOH 0.1 N. The tools used in this research was 
culture bottles, autoclaves, measuring cups 100 ml, 
Beaker glass 500 ml, aluminum foil, Laminar Air Flow 
Cabinet (LAFC), hot plates, and magnetic stirres. 
 
Protocorm Growth Media 

The media used in this research was Murashige ang 
Skoog (MS). MS media is made 1 liter by adding sugar 
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30 grams and agars 7 grams and the addition of 
Thidiazuron according to the concentration of the 
treatment. The media sterilized using an autoclave at a 
pressure of 17.5 psi and a temperature of 121 °C. 
Subcultures   

Subculture of the protocorm of the orchid G. 
stapeliiflorum is carried out by transferring the protocorm 
into the treatment medium. Each bottle is filled with 4 
explants. Explants were incubated for 8 weeks at room 
temperature 24 °C  

 
Data Analysis 

Data were analyzed statistically using SPSS version 
20. If the effect of the treatments was significantly 
different, then it was continued with Duncan's New 
Multiple Range Test (DNMRT) with a level of 5%. 
 

Result and Discussion 
 
Percentage of explant survival (%) 

The result of the percentage of explant survival of 
protocorm Grammatophyllum stapeliiflorum with several 
concentrations of thidiazuron can be seen in Figure 1. 

 
Figure 1. Percentage of explant survival of Protocorm Orchid 

G. stapelliflorum after being given several concentrations of 

thidiazuron during 8 weeks of culture. 

The application of thidiazuron to the protocorm 
growth medium of G. stapeliiforum orchid showed no 
significant difference in the percentage of life explants. 
Adding thidiazuron 0.5 - 2.0 mg/L was not significantly 
different from the treatment without thidiazuron 
(Figure 1), this is because the concentration of 
thidiazuron given has not been able to significantly 
increase the percentage of explant survival. Eventhough 
the effect was not significantly different, the addition of 
thidiazuron with several concentrations better than 
control. This is related to the role of thidiazuron which 
can induce the growth and multiplication of protocorm. 
Cytokinin growth regulators can affect the percentage of 
explant survival. If the availability of cytokinins is very 
limited, cell division will be reduced and affected the 
explant survival (Li et al., 2022; Saifuddin, 2016). 

The percentage of explant survival indicates the 
ability of explants to survive and adapt to the medium. 
The percentage of explant survival influenced by the 
ability of explants to absorb nutrients and growth 
regulators contained in the growth media (Rineksane et 
al., 2015; Sudheer et al., 2022). The percentage of explant 
survival influenced by the growth regulator used. 
Explants can survive due to the positive reaction of the 
plant to growth regulator. In in vitro culture, explants 
are important factors in growth that must be considered 
for the sterility of the explants. Explants must have high 
vitality and be able to grow continuously so that 
explants can survive (Heriansyah, 2019).  

 

Time of Shoot Appearance (Days), Number of Shoots, Shoot 
Length (mm), and Number of Leaves 

The result of Time of Shoot Appearance (Days), 
Number of Shoots, Shoot Length (mm), and Number of 
Leaves of protocorm Grammatophyllum stapeliiflorum 
with several concentrations of thidiazuron can be seen in 
Table 1. 

 
Table 1. The average time of shoot appearance (days), number of shoots, shoot length (mm), and number of leaves 
of protocorm Grammatophyllum stapeliiflorum after being given several concentrations of thidiazuron during 8 weeks 
of culture 

Thidiazuron concentrations 
(mg/L) 

The average of time shoot 
appearance (days) 

The average of 
number of shoots 

The average of 
shoot length (mm) 

The average of 
number of leaves  

A. 0  20.75  c 0.90 a 8.15 a 2.55 a 
B. 0.5  19.90  c 1.10 a 9.40 a 2.65 a 
C. 1  15.10 b 1.25 a 11.90 b 4.35 b 
D. 1.5  12.60 b 1.30 a 12.55 b 4.85 b 
E. 2 9.40  a 1.80 b 15.00 c 7.80 c 

Notes: The different superscript letters after the mean values (a, b, c ) indicate statistically significant differences between variants at p < 0.05. 
 

The application of thidiazuron to the G. 
stapeliiforum protocorm yielded significantly different 
results in terms of the average time for shoot 

appearance, number of shoots, shoot length, and 
number of leaves. Notably, the treatment with 
thidiazuron at 2.0 mg/L emerged as the most effective 
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(Table 1). It's fascinating to note that the higher the 
thidiazuron concentration, the faster the plant growth, 
particularly at the 2.0 mg/L concentration. This finding 
opens up exciting possibilities for accelerating plant 
growth, including shoots and leaves, in horticultural 
practices. 

Thidiazuron, when used at the appropriate 
concentration, has a unique and impressive function. It 
accelerates the emergence of orchid plant shoots of G. 
stapeliiforum by encouraging the transformation of 
cytokinin ribonucleotides into more biologically active 
ribonucleosides. This unique function of thidiazuron, 
stimulating shoot formation faster than other types of 
cytokinins (Lyczko et al., 2022; Restanto et al., 2018). 
TDZ promotes plant organogenesis (shoot regeneration) 
and regeneration (Debnath et al., 2018). For   example, 
TDZ   induced regeneration in African violets  
Saintpaulia  ionantha) (Padmanabhan et al., 2014; 
Padmanabhan et al., 2015). 

Based on research conducted by Widawati et al. 
(2020) showed that 2.0 mg/L thidiazuron resulted in the 
highest percentage of shoot formation compared to 
other treatments on the Vanda tricolor orchid. According 
to Restanto et al. (2018), the high growth of shoots in 
explants is due to the proper interaction between 
endogenous and exogenous hormones. According to 
(Arli & Noli, 2024), thidiazuron   was   the   best cytokinin 
for in vitroshoot inductionof D. lasianthera. 

The optimum concentration of thidiazuron is very 
important because it can accelerate shoot formation, 
while a deficiency or excess can result in disrupted shoot 
growth (Sudiyanti et al., 2017). According to Karyanti 
(2017), cytokinins affect the processes of cell division, 
seed germination, shoot proliferation, and regulate 
auxin transport. Understanding these processes can 
inspire new strategies for plant growth and 
development, but it also requires careful attention to the 
details of the research. 

Growth regulators play an important role in 
determining the direction of cell differentiation. The 
faster the shoots are formed, the more nutrients 
absorbed by the explants will increase, accelerating the 
formation of new individual explants. Because all the 
explants are in the culture bottle, the only source of 
nutrition is in the agar medium. Available nutrients are 
the main factor in supporting the development of 
explants to form new plants (Ningrum et al., 2017).  

Thidiazuron with the optimum concentration can 
affect leaf growth. Giving Thidiazuron can stimulate cell 
division in explant and stimulate leaf growth. Adding 
Thidiazuron at the right concentration can regulate plant 
physiological processes to stimulate plant growth; this is 
related to the function of cytokinins, which can stimulate 
plant growth. According to Restanto et al. (2018), 

Thidiazuron is essential in stimulating cell division in 
explant tissue and the growth of shoots and leaves. The 
presence of cytokinin and auxin hormones in plants can 
increase plant growth (Ngadiani & Jayanti, 2021). 

 
Number of Roots and Roots Length (mm) 

The resulting number of roots and root length (mm) 
of protocorm G. stapeliiflorum with several 
concentrations of thidiazuron can be seen in Table 2. 

 
Table 2. The average number of roots and root length 
(mm) of Grammatophyllum stapeliiflorum protocorm after 
being given several concentrations of thidiazuron 
during 8 weeks of culture 

Thidiazuron 
concentrations (mg/l) 

The average of 
number of roots 

The average of 
root length (mm) 

0  3.75 a 16.30 a 
0.50 4.35a 17.50a 
1 5.80 a 17.65a 
1.50 6.00a 18.25a 
2 12.25 b 22.85 b 

Notes: The different superscript letters after the mean 
values (a,b) indicate statistically significant differences 
between variants at p < 0.05. 
 

Thidiazuron application to the G. stapeliiforum 
orchid protocorm showed significantly different results 
on the average number of roots and root length. Giving 
Thidiazuron 2.0 mg/L was the best treatment. The 
higher the concentration of Thidiazuron, the faster the 
growth of plants, including leaves and roots (2.0 mg/L 
concentration) (Table 2). 

The addition of Thidiazuron to the planting 
medium with the appropriate concentration can affect 
root growth. Giving Thidiazuron can stimulate cell 
division in explant tissue and stimulate root growth. 
According to Saifuddin (2016), the effect of growth 
regulators is closely related to their concentration. At the 
right concentration it can regulate plant physiological 
processes so that it can stimulate plant growth, including 
roots. 

According to Restanto et al. (2018), high root 
growth in explants is due to the proper interaction 
between endogenous hormones and exogenous 
hormones added. PGR can stimulate plant growth 
which affects root formation and root length which 
causes plants to absorb more water and nutrients for 
plant growth, especially auxin. Root formation is 
inseparable from the process of active tissue division 
and differentiation and is strengthened by organic and 
inorganic compounds contained in the media (Kurniati 
et al., 2020). 

Thidiazuron application to the G. stapeliiforum 
orchid protocorm showed significantly different results 
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on the average number of roots and root length. Giving 
Thidiazuron 2.0 mg/L was the best treatment. The 
higher the concentration of Thidiazuron, the faster the 
growth of plants, including leaves and roots (2.0 mg/L 
concentration) (Table 2). Adding Thidiazuron to the 
planting medium with the appropriate concentration 
can significantly affect root growth. This practical 
application of Thidiazuron can stimulate cell division in 
explant tissue and promote root growth. As Saifuddin 
(2016) notes, the effect of growth regulators is closely 
related to their concentration. At the right concentration, 
they can regulate plant physiological processes and 
stimulate plant growth, including roots.  

 

 
Figure 2. Effect of Several Concentrations of Thidiazuron on 
Protocorm Growth of Grammatophyllum stapeliiflorum  after 8 

weeks of culture (a) 0 mg L-1, b) 0.50 mg L-1, c) 1 mg L-1, d) 
1.50 mg L-1, and e) 2 mg L-1). 

 
As Restanto et al. (2018) point out, the high root 

growth in explants is a result of the intricate interplay 
between endogenous hormones and the exogenous 
hormones added. PGR, for instance, can stimulate plant 
growth and influence root formation and length. This, in 
turn, leads to increased water and nutrient absorption 
for plant growth, particularly of auxin. The process of 
root formation, which is closely tied to active tissue 
division and differentiation, is further bolstered by the 
organic and inorganic compounds present in the media 
(Kurniati et al., 2020). 

 
Conclusion  
 

The application of varying concentrations of 
thidiazuron had a significant impact on the growth of 
Grammatophyllum stapeliiflorum protocorms. Among the 
tested concentrations, 2 mg L⁻¹ thidiazuron proved to be 
the most effective in promoting optimal protocorm 
growth. 
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