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ABSTRACT

Cymbidium bicolor is a highly hunted and traded orchid, leading to a decline in its wild population. Orchid
conservation can be achieved through tissue culture, particularly via somatic embryogenesis. Thidiazuron
(TDZ) is a growth regulator used to induce somatic embryogenesis. This study aimed to determine the optimal
TDZ concentration for somatic embryo formation. Stem explants of C. bicolor were cultured on Murashige
Skoog (MS) medium with TDZ concentrations of 0, 1, 2, and 3 ppm. Observations were conducted weekly
for two months using a stereo microscope and OptiLab. Variables observed included the percentage of green
explants, somatic embryo formation time, the number of explants forming somatic embryos, and the number
and morphology of somatic embryos. The study was arranged in a Completely Randomized Design (CRD) with
14 replications. Results showed that TDZ addition influenced somatic embryo formation and maintained the
green color of explants. Media with TDZ promoted faster growth and larger embryo size compared to media
without TDZ. The optimal concentration was 1 ppm TDZ, which produced the highest number of embryos
(172) and the fastest formation time compared to other concentrations (TDZ 0: 27, TDZ 2 ppm: 60, TDZ 3
ppm: 39).
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INTRODUCTION
Indonesia is well-known to have a high diversity of orchids (Dewi et al., 2024). One of the orchids

utterly popular in Indonesia is Cymbidium bicolor, whose flower characteristic resembles a boat
(Pratama et al., 2021). The beauty of the C. bicolor flower causes this flower to be hunted from the
forest so it can be traded, and its number in nature has begun to decrease. Yudaputra et al. (2024)

state that the existence of orchids in the wild continues to decline, caused by habitat destruction and
overexploitation.
Practical propagation efforts are needed to preserve C. bicolor orchid (Pratama et al., 2021).

Conventional orchid propagation methods take a long time and a large area (Syamsiah et al., 2020).
In addition, the natural propagation of orchids requires a suitable pollinator, even with the help of
humans. Therefore, plant tissue culture was chosen as an effective method of propagation. Plant
propagation through tissue culture can be done in three ways: adventitious shoot formation, lateral
shoot proliferation, and somatic embryogenesis (Pardede et al., 2021). Propagation through somatic
embryogenesis aims to form embryos from genetically identical somatic tissue (Kong et al., 2020).
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The success of regeneration through somatic embryogenesis is influenced by various factors,
including the composition of the media and growth regulators (Ardiyani et al., 2020). The medium
used in this study was Murashige Skoog (MS). This medium is often used because most plant cultures

that use this medium produce an optimal response. Nutrients contained in MS media are thought
to be able to optimize explants that have the potential for the formation of cell competence to form
somatic embryos that occur when plant tissue is injured (Lopez et al., 2022).

PGR types and their concentrations in tissue culture depend on the desired goal or direction of
plant growth (Murgayanti et al., 2020). One type of PGR widely used for somatic embryo induction
is Thidiazuron (TDZ). This hormone is not structurally similar to other natural cytokinins, especially
those based on purines. Furthermore, the action of TDZ to induce somatic embryogenesis sets it
apart from other purine-based cytokinins (Pardede et al., 2021). The chemical structure of TDZ is
stable, its degradation is slower than BAP, and its biological activity is higher to stimulate better
embryogenesis growth (Rostiana, 2020). Pardede et al. (2021) stated that TDZ alone had been found
to replace the role of auxin and other cytokinins in influencing the somatic embryogenesis process

because TDZ can fulfill substantial prerequisites for inducing somatic embryos.

Thidiazuron controls many gene expressions, chloroplast development, secondary metabolite
synthesis, cell specification, dedifferentiation, and differentiation. Growth in somatic embryos is
triggered by TDZ activity during cell differentiation (Restanto et al., 2023). Pyati (2022) research
on Dendrobium ovatum showed that 1 ppm TDZ combined with 0.5 ppm NAA resulted in the op-
timum somatic embryos. Thidiazuron with a concentration of 3 ppm combined with 1 ppm NAA

showed the highest number of somatic embryos in Phalaenopsis amabilis cultured (Mose et al.

2020). Ghahremani et al. (2021) research on Phalaenopsis amabilis cv. Jihan cultured on medium
supplemented with 3 ppm TDZ produced the highest number of somatic embryos. Mahendran & Bai
(2012) conducted a study on the induction of somatic embryos in C. bicolor using explant sources
in the form of Protocorm Like Bodies (PLB), where the best response was obtained at 1 ppm BAP
and 2,4-D 2 ppm, which formed somatic embryos to the globular phase.

Thidiazuron diffuses into plants, and cellularly, it will act as a signal to increase the number of
purines and convert adenine to adenosine. Adenosine will be converted into ribonucleotides (Pardede
et al., 2021). Ribonucleotide activity will affect the synthesis of proteins that will act as enzymes
isopentenyl transferase (IPT), nucleoside 5S-monophosphate phosphoribohydrolase (LOG), and dehy-
drogenase (CKX), which are involved in the synthesis of cytokinins (Zhao et al., 2024). Nucleoside
5-monophosphate phosphoribohydrolase (LOG) is a regulator and second messenger that will affect
cell division (Chen et al., 2022). In cell division, cytokinins (TDZ) signal to restructure the develop-

ment towards the embryogenic pathway. This signal will trigger the embryogenic developmental path
that leads to the formation of somatic embryos, where cells that initially do not have competence
become embryonic competence due to the restructured pathway (Zhao et al., 2024).

In addition to adding TDZ to the culture media, it can also be supported by vitamins such as pep-
tone, which is rich in nitrogen and amino acids. According to Carnelos et al. (2022), the presence of

nitrogen is positively correlated with the concentration of cytokinins. Peptone is an additional supple-
ment in tissue culture media (Krisdianto et al., 2020). Adding peptone can affect the composition of




organic nutrients in the media. Therefore, the induction of somatic embryos of C. bicolor orchids on
MS media was carried out with various concentrations of TDZ to accelerate the induction response
of somatic embryos to obtain a higher somatic embryo phase compared to somatic embryo studies
with C. bicolor (Mahendran & Bai, 2012).

In this study, results were obtained in the form of intact plants, in contrast to Mahendran & Bai
(2012) research, which had just reached the globular phase, which means that TDZ could spur the
formation of Somatic Embryo to the coleoptile phase, exceeding the ability of BAP in Mahendran
& Bai (2012) research, which only reached the globular phase.

MATERIALS AND METHODS
Research Design

The research was conducted in January - May 2021 at the Tissue Culture Laboratory, Diponegoro
University, Semarang. The research was arranged in a single-factor, completely randomized design
(CRD), consisting of four treatments with fourteen replications, totaling 56 experimental units. The
treatments were Thidiazuron with concentrations of O ppm (TO0), 1 ppm (T1), 2 ppm (T2), and 3 ppm
(T3). Murasige Skoog, with the addition of 1 g/L peptone, was used as basal media for all treatments.

Sterilization

Culture glassware, pipette, and scalpel were immersed in 5% natrium hypochlorite solution for
+ 15 — 30 minutes, then sterilized in an autoclave at 121°C with a pressure of 15 Psi or 2 atm for 15
minutes.

Media Preparation

A 100 ppm TDZ stock solution was prepared by weighing 10 mg of TDZ and adding 3-4 drops
of HCI. Then, it was shaken and dissolved with 100 ml of distilled water until evenly distributed.
Ready-to-use MS media, sucrose, agar, and peptone were weighted according to their respective
dosages on the analytical balance. 50 mL of distilled water was put into a beaker and heated on a hot
plate. MS media of 4.43 g/L was put into a beaker and homogenized. 1 g/L peptone was put into a
beaker and homogenized on a hot plate using a magnetic stirrer at 200-300 rpm. Sucrose 30 g/L was
added, and the solution was left until homogeneous. 8 g/L. agar powder was added. The concentra-
tions of growth regulators used were TDZ 0 ppm, 1 ppm, 2 ppm, and 3 ppm. Thidiazuron hormone
with various concentrations was added by taking several ml using a syringe, and the solution was
allowed to boil. The distilled water was added until the volume reached 100 mL. Then, the media
were poured into the Erlenmeyer, covered with aluminum foil, and the middle was pressed and
sealed using plastic wrap. The media were sterilized by autoclaving for 15 minutes at 121°C with a
pressure of 15 Psi or 2 atm. After sterilization, sterile media were poured into Petri dishes in LAF,
then covered with plastic wrap and stored on a culture rack.

Somatic Embryo Induction
The explants used in this research were stems from the C. bicolor orchid, which grew from plant-
lets. The stems were cut into 2 c¢m; in the middle of the stems, they were given a shallow wound
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using a scalpel and placed horizontally on a petri dish containing MS+1 g/L peptone media with 4
TDZ treatments. Explants were planted under sterile conditions in the LAF.

Somatic Embryo Observation

Visual observations of the somatic embryo of C. bicolor were made weekly for two months us-
ing OptiLab and a stereo microscope. First, the petri dish containing the explant was put in the base
of the stage plate of a stereo microscope and was observed with 4x10 magnification. The variables
observed were the percentage of green explants, the formation time of somatic embryos, the number
of explants that formed somatic embryos, somatic embryos, and somatic embryo morphologies.

Statical Analysis

All data were analyzed using IBM SPSS Statistics 25 software and Microsoft Excel. Variance

(ANOVA) was analyzed on the somatic embryo percentage and continued with the Duncan Multiple
Range Test (DMRT) at the 5% level.

RESULTS AND DISCUSSION
Explant’s Response

This study showed that adding growth regulators (PGR) in the form of thidiazuron affected the
explants to remain green. Browning often occurs in the tissue culture process, inhibiting vitro re-

generation. Browning reduces growth rate, shoot, and root differentiation (Bariyyah & Putri, 2021)
and can even cause death (Permadi et al., 2023).
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Figure 1. Percentage of green explants of Cymbidium bicolor orchid stems planted with TDZ

treatment (0, 1, 2, 3 ppm) 8 weeks after planting (WAP) with fourteen replications. Values

represent the percentage + standard deviation. Values followed by the same letters are not
significantly different according to the Duncan Test at a 0.05 significance level.

Based on the percentage of green explants (Figure 1), the addition of thidiazuron (TDZ) affected
the greenness of the explants. The percentage of green explants indicated a tendency that with the
addition of TDZ concentration, the browning of C. bicolor explants decreased (Figure 1). The per-
centage of green explants showed that the administration of TDZ increased the chlorophyll content
produced by C. bicolor explants. Yuniati & Isda (2024) stated that TDZ could affect the formation/




synthesis of chlorophyll, increasing the amount of chlorophyll in explants. This statement is sup-
ported by Mihovilovic et al. (2020), showing that administering TDZ with the right concentration

could increase the chlorophyll content in Amelanchier alnifolia.

According to Sumihar et al. (2021), explant color is one of the live indicators of explants in tissue
culture propagation. In addition, the color of the explants also indicates maximum growth. The green
color of the explants indicates that the plant cells are actively photosynthesizing and dividing, but if
the explants are brown, it indicates that the explants are starting to become inactive and the cells are
less viable or dying (Figure 2; A, C, E, G). Many factors affect brownings, including plant type and
genotype, explant damage, media composition, and culture conditions (Amente & Chimdessa, 2021).

Figure 2. Explants of Cymbidium bicolor orchids that remained green (B, D, F, H) and those
that experienced browning (A, C, E, G). A-B=TDZ 0, C-D=TDZ 1 ppm, F-E=TDZ 2 ppm,
G-H=TDZ 3 ppm

The explants turned brown (Figure 2; A, C, E, G) due to the inhibition of nutrient absorption in
the media, so it could be seen that the growth of the explants was disturbed (Figure 2; A, C, E, G).
Growth and morphogenesis were not inhibited in explants that did not experience browning (Figure
2; B, D, F, H). According to Jaiswal et al. (2021), the browning condition of explants may also re-

sult from nutrient depletion, which halts their growth and necessitates periodic transfers to a fresh
growing media. Browning can also occur due to stress caused by cutting and the release of phenol,
which is then oxidized. Zhao et al. (2021) stated that the wound caused by cutting encouraged the

release of phenol that will be oxidized to quinone by the Polyphenol Oxidase (PPO) enzyme. This
irreversible growth inhibition occurs when the phenol is oxidized to the enzyme quinone, polymer-
izing and oxidizing the protein to an increasing amount of melanic compounds. Phenol that causes
explants to brown and dry out can eventually lead to the death of the explants (Punja et al., 2019).
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The growth and morphogenesis of explants in vitro are controlled by the balance and interaction
of endogenous and exogenous PGRs. Genetic or endogenous traits originating from within the plant
include the ability of cells to absorb nutrients available in the media. Meanwhile, exogenous proper-
ties can be in the form of technical influences on the implementation of culturing and the addition
of PGR to the media.

The presence of TDZ in the media can stimulate the development of chloroplasts in explants
(Rineksane et al., 2021). Thidiazuron can affect the color of explants to remain green. The use of

TDZ at the right concentration can inhibit leaf discoloration (Bariyyah & Putri, 2021), maintain leaf

functionality (Erland et al., 2020), reduce post-harvest browning of lychee fruit pericarp (Fahima et
al., 2019), and inhibit leaf senescence (Wang et al., 2019b).

Somatic Embryo Formation
The induction of somatic embryogenesis in this study is direct embryogenesis, which is superior
in terms of time reduction because it does not go through the callus stage (Adri, 2019). There is no

dedifferentiation stage in direct embryogenesis, where there is little genetic reprogramming, and
embryonic cells are formed directly from the explant surface (Xu et al., 2019). Direct embryogenesis

minimizes the occurrence of genetic changes induced by tissue culture processes (Jayusman, 2021).

This study used Thidiazuron (TDZ) treatment because TDZ can induce somatic embryos (Restanto

2023). Thidiazuron is an effective growth regulator in inducing somatic embryos, and it must be used

at proper concentrations (Lizawati et al., 2023). The method used in this study was an induction of

somatic embryogenesis with various concentrations of TDZ (0, 1, 2, 3 ppm) for eight weeks.
Administration of TDZ at low concentrations induces somatic embryogenesis faster than at high

concentrations (Lizawati et al., 2023). Statistical analysis results on the formation of somatic embryos

showed that the TDZ concentration of 1 ppm significantly differed from the treatment with TDZ
0, 2, and 3 ppm in C. bicolor explants, where 1 ppm TDZ was the treatment with the most optimal
results. The results were obtained from the analysis of the number and percentage of somatic em-
bryos formed from the four TDZ treatments, as shown in Table 1, where the values are presented in
different letters (a/b) and have different significance at p < 0.05.

Table 1. Number and percentage of somatic embryos of Cymbidium bicolor Orchid explants

with Thidiazuron treatment at concentrations of 0-3 ppm in 0-8 weeks after planting
(WAP) with fourteen replications

Explants Forming Somatic Average Somatic Embryos per

TDZ Concentration (ppm) Total Somatic Embryos

Embryos (%) Explant
0 93 27 1.93+1.27°
1 100 172 12.29+7.55P
2 100 60 4,29+6.32°
3 93 39 2.79+2.55?

Remarks: Values represent means * standard deviations. Values followed by different letters show a significant difference based
on the 95% Duncan test.

The findings of this investigation showed that 93% of the explants grown in a medium containing
TDZ 0 and 3 ppm generated somatic embryos. All explants produced 100% somatic embryos when



cultivated on media treated with TDZ 1 and 2 ppm. The findings of this investigation showed that
93% of the explants grown in a medium containing TDZ 0 and 3 ppm generated somatic embryos.
All explants produced 100% somatic embryos when cultivated on media treated with TDZ 1 and
2 ppm. A total of 172 somatic embryos were created at 1 ppm TDZ, 60 somatic embryos at 2 ppm
TDZ, 39 somatic embryos at 3 ppm TDZ, and only 27 somatic embryos at 0 ppm TDZ (Table 1).
The treatments between TDZ 0, 2, and 3 ppm were not significantly different (Table 1), so it was
found that a concentration of 1 ppm TDZ induced the most optimal somatic embryos compared to
other treatments. This follows previous studies on the induction of somatic embryos of Dendrobium
ovatum by Pyati (2022), which found that 1 ppm TDZ was the most effective in increasing somatic
embryo induction.

Based on the observations that have been made, the administration of TDZ in tissue culture me-
dia greatly affected the response of C. bicolor orchid stem explants, as indicated by an increase in
the mean somatic embryos formed (Figure 3). At a concentration of 0 ppm, somatic embryos were
formed because the explants of C. bicolor had endogenous hormones capable of inducing somatic
embryos. The added thidiazuron can activate metabolic processes, such as carbohydrate metabo-
lism, ROS (Reactive Oxygen Species) metabolism, photosynthesis, and protein synthesis, which
are needed for the transformation process. This process causes somatic cells to dedifferentiate and
then become meristems that trigger the induction of somatic embryos (Erland et al., 2020; Ali et al.,
2022; Feher, 2019).

Figure 3. Average number of somatic embryos of Cymbidium bicolor formed after TDZ
treatment (0,1,2,3 ppm) from 0-8 weeks after planting (WAP).

Table 1 shows that TDZ 2 and 3 ppm concentrations were less than optimal due to a decrease
in the yield of somatic embryos compared to TDZ 1 ppm because the concentrations were thought
to be too high. Thidiazuron concentrations that are too high can cause abnormalities and inhibit
somatic embryo growth. Thidiazuron is a herbicide that can kill tissue and cause deviations in plant
tissue development (Pardede et al., 2021). This is related to the absorption and transfer of nutrients

and the metabolism of TDZ. Suppose the concentration of TDZ given to plants is appropriate. In
that case, it will increase the overall absorption of sugar from the culture media, increase primary
metabolism, transfer terpene metabolism, and mediate stress metabolism through indoleamine and
phenylpropanoid metabolism (Erland et al., 2020).
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The average induction time in TDZ treatment of 0-3 ppm was 2 WAP (Figure 3). C. bicolor
explants grown on TDZ-added media showed a faster induction time (1 WAP) (Figure 3). This is
because the hormone spreads in the tissue quickly. Devireddy et al. (2020) stated that the spread of

the hormone could be through the intercellular space/cytoplasm, not necessarily through the vascular

system. Therefore, the induction of somatic embryos in C. bicolor orchids occurs rapidly.
Thidiazuron in tissue culture media at the right concentration will stimulate somatic embryogen-

esis (Budi, 2020). Figure 3 also shows that TDZ works at low concentrations; this is proved by the

response to the emergence of the most optimal somatic embryos shown in the 1 ppm TDZ treatment,
namely the emergence of somatic embryos in the first week after planting (WAP), and the mean
somatic embryos formed were more significant than other treatments. These results significantly dif-
fered from the treatment of 0, 2, and 3 ppm, which indicated that against C. bicolor explants, TDZ
worked at low concentrations.

Thidiazuron works at low concentrations, where the medium can quickly transfer and metabolize
TDZ because the higher the concentration, the more complex the distribution and metabolism process.
As a result, somatic embryo growth remains at an early, globular stage. In another sense, besides
being able to induce somatic embryogenesis, the TDZ hormone can also inhibit the regeneration of
somatic embryos, depending on its concentration and the type of plant being cultured (Pardede et
al., 2021). Budi (2020) also reinforces this statement, stating that the hormone concentration will

inhibit the plant’s growth if it is too high.

Table 1 shows that the endogenous hormones in the explants have a role in forming somatic
embryos. It is proven that somatic embryos were still formed even at 0 ppm TDZ treatment. Non-
specific tissues, such as meristematic tissue, produce endogenous hormones that can be produced
when stimulated (Hong et al., 2019). Stimuli that can affect hormone production are growth media

and environmental conditions (Hong et al., 2019). When the hormone has reached a specific con-

centration, the previously inactive gene will begin to express (Fadon et al., 2020).

Apart from endogenous hormones, somatic embryos can be induced at 0 ppm media because C.
bicolor already has cell competence to form somatic embryos. The media already contained nutrients
such as nitrogen, amino acids, and vitamins and was also supported by peptone added to the media,
which increased the nitrogen content (Krisdianto et al., 2020). MS media added with peptone and

supported by endogenous hormones, as well as other environmental factors such as the appropriate
temperature (+25°C) and sufficient light, worked synergistically in influencing and activating the
formation of a cell’s competence in forming somatic embryos.

The addition of exogenous PGR affects the activity of endogenous hormones. This activity is a
factor that stimulates further growth and development (Burgel et al., 2020). The interaction between

TDZ added to the media and endogenous hormones determines the direction of the development
of an explant (Rahmabh et al., 2020). This will trigger physiological changes and the formation of

somatic embryos because cells that initially do not have embryonic capabilities become embryonic
competencies. Narvdez et al. (2019) stated that some cells acquired embryogenic abilities after add-

ing TDZ hormone in culture media. This is proved by the study of Vallado et al. (2022), reporting
the success of increasing the induction rate of somatic embryos in Hippeastrum hybridum using low



concentrations of TDZ (0, 0.5, 1, 1.5, and 2 ppm), which in that study, the TDZ 0 ppm also produced
somatic embryos. However, with the addition of TDZ, even at low concentrations, the number of
somatic embryos increased. Low TDZ concentrations have affected the formation of somatic embryos
in C. bicolor orchids.

Morphology of Somatic Embryo of C. bicolor

The results of the qualitative analysis of this study were obtained by observing the morphologi-
cal structure formed on the explants of C. bicolor for eight weeks. The observation of the growth of
somatic embryos in vitro showed a growth pattern of somatic embryos directly from explant cells
without going through the callus phase (Figure 4). Somatic embryos were formed in the wounded
area of the C. bicolor explant. However, if the area was browning, somatic embryos were formed near
the wounded area (Figure 4). The incision wounds encourage the wounded explant cells to become
meristematic and then actively divide, allowing the previously differentiated explants to generate
totipotent somatic embryos (Wehbi et al., 2022). The wound causes TDZ to diffuse into plant tissues

more easily so that TDZ will stimulate and induce somatic embryogenesis.

Figure 4. Development of Cymbidium bicolor Orchid Somatic Embryo with TDZ at
concentrations of 1 ppm (A-E); 3 ppm (F-J). a: Shoot Apical Meristem (SAM), b: Root Apical
Meristem (RAM), c: leaf, d: globular phase.

The development of somatic embryos of C. bicolor in vitro in the first week started with swell-
ing of the embryo and some color changes to become brighter. In the second week (Figure 3 G),
the embryo swelled and began to make a round shape, called the globular phase. The stages of the
formation of somatic embryogenesis start from cell division into a collection of cells that form
globular (Hernandez et al., 2019). TDZ treatment of 1 ppm at 2 WAP (Figure 4 B) formed a bipolar
structure characterized by the appearance of SAM and RAM at the heart phase stage. In the 3 ppm
TDZ treatment, SAM was formed first, then after 4 WAP, RAM began to appear. In Figure 4D, SAM
and RAM continue to grow lengthwise and enlarge; this is the torpedo phase. SAM then developed
into leaves at the coleoptile phase (Figure 4 E, J). Agustin et al. (2020) stated that SAM was formed
before leaf primordia and would develop into mature leaves. The development of somatic embryos
(Figure 4) corresponds to the development of P. amabilis orchid seeds that have been reported. In
the first phase, the embryo is yellow; then, it will turn green, forming a bipolar structure, then leaf

primordia, and the leaves will continue to form (Gulzar et al., 2020).
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The explants used in this study were stems of the C. bicolor orchid plantlet. Orchid stems were
chosen because they contain floral meristems (Wang et al., 2019a), which have high meristematic
abilities. Loyola-Vargas et al. (2022) also stated that cells with high meristematic ability showed

high regeneration potential and embryogenesis induction ability. Therefore, the induction of somatic
embryogenesis is easier on stem explants. Somatic embryos of C. bicolor orchids growing on media
containing TDZ experienced faster growth. Their size automatically became larger (Figure 5 B)
compared to somatic embryos grown on media without the addition of TDZ (Figure 5 A, C, D); the
number of somatic embryos produced was even higher (Figure 14 B, C, D). Thidiazuron can increase
the growth rate of somatic embryos because TDZ is one of the most active cytokinins that induces
more significant proliferation than other cytokinins. This hormone does more vigorous activity than
other types of cytokinins.

Figure 5. Morphology of Somatic Embryo of Cymbidium bicolor Orchid at 8 WAP with various
concentrations of TDZ: 0 ppm (A), 1 ppm (B), 2 ppm (C), 3 ppm (D), showing shoot with leaf
primordia (a), leaf primordia (b), and somatic embryo (c) (Scale bar = 5 mm)

Thidiazuron diffuses into plants and cellularly will act as a signal that will increase the number
of purines and convert adenine to adenosine, then adenosine will be converted into ribonucleotides
(Chandel, 2024; Erland et al., 2020). Ribonucleotide activity will affect the synthesis of proteins
that will act as enzymes isopentenyltransferase (IPT), nucleoside 5-monophosphate phosphoribohy-
drolase (LOG), and dehydrogenase (CKX), which are involved in the synthesis of cytokinins (Chen
et al., 2022). Nucleoside 5-monophosphate phosphoribohydrolase (LOG) is a regulator and second
messenger that will affect cell division (Zhao et al., 2024). In the process of cell division, cytokinins

(TDZ) signal to restructure development towards the embryogenic pathway. This will trigger the
embryogenic developmental pathway that leads to the formation of somatic embryos, where cells
that initially do not have competence become embryonic abilities due to the restructuring of the
pathway (Zhao et al., 2024).

Therefore, this study stated that TDZ at a concentration of 1 ppm successfully induced somatic
embryos in C. bicolor. The effectiveness of the research is highlighted by the ability to produce
somatic embryos with low TDZ concentrations, eliminating the need for higher concentrations.




CONCLUSION

Thidiazuron treatment stimulated the formation of somatic embryos. The optimal concentration
of TDZ to stimulate the induction of somatic embryos in C. bicolor was 1 ppm, which induced so-
matic embryos the fastest (one week after implantation) and produced the highest number of somatic
embryos.
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