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Novelty statement
This is the first report on in vitro propagation of tohiti rattan through secondary somatic embryogenesis. The research highlights the optimal concentration of 3.0 mgL-1 BA for inducing secondary somatic embryos. At the same time, the application of 0.3 mgL-1 IBA during the rooting stage increased the average number of roots and fostered visually appealing and robust plantlet growth. These discoveries offer valuable insights for the large-scale in vitro production of tohiti rattan, advancing the development of more efficient propagation and ex situ conservation techniques.

Abstract
This is the first report on the successful propagation of the Tohiti rattan, a highly economic value, through the development of secondary somatic embryogenesis (SSE). The research focused on assessing the effect of benzyl-adenine (BA) on the formation of SSE and plantlets, utilizing primary somatic embryos as explants. The study comprised three stages: secondary somatic embryo induction, rooting, and plantlet acclimatization. BA treatments at concentrations ranging from 0.75 mgL-1 to 4.0 mgL-1 during the induction stage revealed that 3.0 mg l-1 BA was the most effective for SSE induction. At 13 weeks, the average number of globular stage SSE was 8.6 embryos, while scutellar and coleoptilar stage SSE were 5.0 and 3.0 at 25 weeks. Additionally, 0.3 mgL-1 indole-3-butyric acid (IBA) treatment during the rooting stage resulted in the highest average number of roots (5.33 at 13 weeks). Acclimatization of plantlets at a 1:1 ratio of soil and sand growing medium produced visually vigorous plantlet growth with green leaves. The most successful plantlet growth, with a 66.6% success rate at 20 weeks, was achieved with the 0.3 mgL-1 IBA treatment. The finding of the most effective BA concentration for secondary somatic embryo induction and the optimal IBA treatment during the rooting stage resulted in a higher average number of roots. It produced visually robust plantlet growth. This provides valuable insights into the cultivation and large-scale production of Tohiti rattan, contributing to the development of more efficient propagation and ex-situ conservation techniques.
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Introduction
Rattan are unique climbing palms with high economic value (Joshi et al. 2017, Kalima and Jasni, 2010, Hemanthakumar et al. 2013). Rattan is a climbing palm that grows in the tropics (Myers 2015) and naturally grows in primary and secondary forests (Loiwatu 2018). Rattan is one of the non-timber forest products (NFTPs) that has the potential to be developed as a commodity (Jumiati et al. 2012), with its existence used as a livelihood for the community (Ranglaut et al. 2021).

Indonesia produces some of the world's highest-grade rattan canes (Myers 2015). According to Arisandi et al. (2016), there are 9 genera with 297 species rattan and 50 species of them have high economic value in Indonesia. As one of the world's largest rattan-producing countries, 85% comes from Indonesia (Pribadi 2014). Ninety percent of Indonesian rattan is harvested from natural forests (Kalima and Jasni, 2015), while limited varieties are cultivated.

Tohiti rattan (Calamus inops Becc ex Heyne) is also called tungka rattan, ronti rattan, and samole rattan, belongs to the Calamus genus, which is one of the genera with the highest selling price, apart from the Daemonorops genus (Loiwatu 2018). The members of Calamus of Arecaceae, known as canes, are categorized under rattan and 12 other genera (Tejavathi et al. 2018).
Most of the tohiti rattan grows naturally in the Dolago Tanggunung Forest Area, Donggala Regency, namely in the Dolago Tanggunung Production Forest Management Unit (KPHP) forest area, Nupabomba Village, Tanantovea District and in Poso Regency, Central Sulawesi. Tohiti rattan is also endemic to the Central Sulawesi dan Southeast Sulawesi (Sugiarto 2012; Rustiami 2011) and is one of the four types of local mainstay (JAS) rattan in Central Sulawesi province (Kalima and Prameswari, 2017).

Tohiti is a species of rattan that has high economic value. It is very resistant to dust and is classified as class 1 prime quality rattan, and is used as raw material for furniture (Jasni et al. 2012), handicraft materials, and various household products (Baharudin and Taskirawati 2009; Kumar et al. 2012; Ranglaut et al. 2021; and Fambayun and Kalima 2021). Therefore, Tohiti rattan is highly exploited as an essential raw material for the home industry, creating job vacancies (Kusnaedi and Pramudita 2013). With the fast development of the rattan industry, the increasing conversion of forests for plantations and settlements has caused the Tohiti rattan population to decrease over time to the point where it is feared that it will become extinct (Kalima and Prameswari, 2017).

Tohiti rattan grows singly and does not grow in clumps (Umar et al. 2014; Kalima and Prameswari 2017). This type is propagated generatively using seeds. Harvesting the stems can only be done once. Harvesting young rattan stems before they flower and fruit significantly affects seed production (Vidyasagaran et al. 2016; Tejavathi et al. 2018) and breaks the regeneration system, so it is necessary to look for alternative techniques for propagation.

In vitro propagation of rattan has been reported for several species of rattan. Kumar et al. (2012) reported in vitro propagation of the endangered rattan Calamus nagbettai, Hemanthakumar and Preetha (2013) on the Calamus thwaitessi rattan, Kouakou et al. (2015) on Laccosperma secundiflorum Wendl.  and Yelnititis (2018) on the Tohiti rattan. 

Somatic embryogenesis is a technique in tissue culture that is needed to solve the problem of plant propagation on a mass scale, which is very useful in a faster time (Naing et al. 2013; Ali et al. 2023). According to Avhad et al. (2023) and Mazri et al. (2017), somatic embryogenesis forms embryo-like structures from somatic tissue. Hazubska-Przybył, Bojarczuk (2016) stated that somatic embryogenesis can propagate selected high-value genotypes in several plant species. In vitro propagation via somatic embryogenesis can produce perfect plants from one embryo induced in induced cells (Maciel et al. 2010). Furthermore, Terzi and Loschiavo (1990) define somatic embryogenesis as a process of the emergence of bipolar structures through a series of development of one zygotic embryo and does not have a connection between vascular tissue and parent tissue. Embryogenesis can be carried out directly or indirectly. In direct somatic embryogenesis, somatic embryos are formed on the explant's surface. Meanwhile, the somatic embryo starts with callus formation in indirect somatic embryogenesis. Somatic embryos have a bipolar structure, and the resulting plants have a closed or perfect vascular tissue system (Naing et al. 2013).

Secondary somatic embryogenesis has an important role in mass-scale plant propagation, especially in economically important woody plants with long life cycles and low primary somatic embryo formation (Li et al. 2002). Inpuay and Te-chato (2012) stated that secondary somatic embryogenesis is a process in which new somatic embryos originate from primary somatic embryos. The secondary somatic embryogenesis method is more profitable than primary somatic embryogenesis because the multiplication rate is high, the resulting embryos are more uniform, and the process does not depend on the source of the initial explant (Naing et al. 2013).

This study investigates the propagation of Tohiti rattan through secondary somatic embryogenesis, marking the first-ever report on its in vitro propagation through this method. The research underscores the importance of the concentration of BA for inducing secondary somatic embryos and the application of IBA during the rooting stage, not only to increase the average number of roots but also to enhance visually appealing and robust plantlet growth.

The primary objective of this study is to assess the impact of the growth regulator BA on the formation of secondary somatic embryos and the subsequent development of plantlets. These findings provide valuable insights into the large-scale in vitro production of Tohiti rattan, contributing to the advancement of more efficient propagation and ex-situ conservation techniques.

Materials and Methods
Plant material: 

Tohiti rattan fruit was gathered from the Dolago Tanggunung Production Forest Management Unit (KPHP), Nupabomba Village, Tanantovea District, Poso Regency, Central Sulawesi Province, as a source of explants. Fruits were germinated in vitro on a hormone-free Murashige and Skoog (MS) basic media. Callus induction from sprouts was performed in 25 mL of media supplemented with 8 gL-1 agar, 30 grL-1 sucrose, and 1.0 mgL-1 Benzy Adenine (BA). Callus subculture was performed in the same manner as embryogenic callus propagation. The 1.0 mgL-1 BA treatment was used to induce primary somatic embryos. The created globular stage primary somatic embryos (Yelnititis 2018) were isolated one at a time and used as explants. 

Media Culture
MS basal medium was used for growth, which was enriched with group B vitamins, 30 gL-1 sucrose, 8.0 gL-1 agar, and BA in five concentrations (0.75 mgL-1, 1.0 mgL-1, 2.0 mgL-1, 3.0 mgL-1, and 4.0 mgL-1). By adding 1 N NaOH or 1 N HCl, the pH of the medium is raised to 5.8. A 25 mL of growing media is placed in a bottle, covered with aluminum foil, and sterilized in an autoclave at 121o C and 15 lbs of pressure for 20 minutes. The sterile media was kept in a clean room. All cultures were kept in a room with light for 16 hours each day at a temperature of 25 – 27oC.

Induction of secondary somatic embryo

Primary somatic embryos at the globular stage separated by one were grown on MS basic media supplemented with the growth regulator BA at a concentration of 0.75, 1.0, 2.0, 3.0, and 4.0 mgL-1. There were 10 bottles for each treatment, each containing one globular stage primary somatic embryo explant. The culture was kept in a room with light for 16 hours per day and a temperature of 18 - 27o C. The research was performed using a Completely Randomized Design (CRD). The first observation was carried out after 7 days of culture, and subsequent observations were carried out every 2 weeks for 25 weeks. Observation parameters were carried out on the average number of secondary somatic embryos at the globular stage aged 13 weeks, the number of scutellar and coleoptilar somatic embryos, and the visual appearance of cultures aged 25 weeks.

Rooting 

The rooting stage activities were carried out to stimulate the formation of roots from secondary somatic embryos at the coleoptilar stage so that plantlets were produced. Secondary somatic embryos at the coleoptilar stage with a 2.0 – 3.0 cm height were separated and used as explants for the rooting stage. Explants were grown on MS media with IBA at concentrations of 0.0, 0.1, 0.3, 0.5 and 0.7 mg L-1. Each treatment consisted of 6 bottles, and each bottle contained one explant. The research was designed using a Completely Randomized Design (CRD). Observations were carried out every 2 weeks for 20 weeks. The parameters observed were the average number of explants that formed roots, visual roots, and plantlets produced.

Acclmatization of plantlet

Acclimatization was carried out on the plantlets produced from the previous rooting stage activities. Plantlets obtained at the rooting stage were acclimatized in a growing medium of soil mixed with sand in a 1:1 ratio. Observations were made on the plantlet growth response until 17 weeks. Observation parameters were carried out on the condition of the plants visually and the percentage of plantlet growth at the age of 17 weeks using the formula:

                                                                      Number of growth plantlets

      Percentage of growth plantlets (%) =   -------------------------------------------  x 100 %
                                                                      Total numbers of acclimatization plantlets

Statistical analysis
Results
      Secondary somatic embryo induction.

All BA treatments used stimulated primary somatic embryo explants to form secondary somatic embryos at the globular stage (Table 1). The first response observed in primary somatic embryo explants is the growth and elongation of the explant towards the tip of the shoot, which develops into a secondary somatic embryos at the scutellar and then the coleoptilar stage (Figure 1).
Secondary somatic embryos are formed at the base of primary somatic embryo explants, characterized by clear white and milky white globular structures (Figure 1a-g). The result were the same as research by Kouakou et al. (2015) on Laccosperma secundiflorum Wendl and Eremospatha macrocarpa Wendl rattans where at the base of the explant around secondary somatic embryo was formed, which grew elongated. Ali et al. (2023) also reported that the formation of secondary somatic embryos in cork oak plants occurred at the base of the primary somatic embryo explant. Observation on the development of somatic embryos in primary somatic embryogenesis (Yelnititis, 2018) and secondary somatic embryogenesis of Tohiti rattan follow the stages of somatic embryos in monocot plant in general. According to Guan et al. (2016), the stage of somatic embryo development in monocot plants consist of the globular stage, scutellar stage and coleoptilar stage.
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Figure 1. Secondary somatic embryo (SSE) growth, g. globular, s. scutelar and c. coleoptilar.

The response of induction of the first secondary somatic embryo can be observed on average 10 – 21 days after culture. Of the overal BA concentration used, the treatment with the addition of 3.0 mgL-1 BA to MS media provided the fastest secondary somatic embryo induction response compared to other treatments. The average induction of secondary somatic embryos in this treatment occurred 10 days after being cultured.
An increase in the concentration of the growth regulator BA from 0.75 mgL-1 to 3.0 mgL-1 was followed by an increase in the average number of secondary somatic embryos produced and conversely decreased with an increase in BA concentration to 4.0 mgL-1. The number of secondary somatic embryos produced from primary somatic embryo explants that respond is between 1 and 12 secondary somatic embryos (Table 1). In this study, the treatment with 3.0 mgL-1 BA was the best for secondary somatic embryo induction.      
Table 1: Number of secondary somatic embryo globular stage at 13 weeks

	Treatment (mgL-1)
	Number of SSE at globular stage
	Visual performance

	MS + BA 0.75                                         
	1.0c
	Globular, little, white

	MS + BA 1.0                                           
	1.0c
	Globular, little, white

	MS + BA 2.0                                           
	2.7b
	Globular, little, white

	MS + BA 3.0                                           
	8.6a
	Globular, little, white

	MS + BA 4.0                                           
	1.0c
	Globular, little, white


Note. Numbers followed by the same letter in a column are not significantly different at level 5 % DMR test.

   Besides forming the fastest secondary somatic embryo, the treatment of 3.0 mgL-1 BA was the best produced for the globular secondary somatic embryos compared the other treatments. The average number of secondary somatic embryos produced from this treatment was 8.6, significantly different from the other treatments (Table 1). This result is better than the research by Yelnititis (2018), which obtained 5.6 primary somatic embryos from BA treatment combined with 2,4-D. Meanwhile, the lowest number of secondary somatic embryos was obtained from the 0.75 mgL-1, 1.0 mgL-1 and 4.0 mgL-1 BA treatments, which is one embryo.
 Table 2: Average number of scutellar and coleoptilar secondary somatic embryos.

	Treatment (mgL-1)
	Number of SSE stage
	Visual Performance

	
	Scutellar
	Coleoptelar
	

	MS + BA 0.75
	1.0c
	1.0b
	Large, green

	MS + BA 1.0

	1.0c
	1.0b
	Large, green

	MS + BA 2.0          
	1.5b
	1.0b
	medium, greenish-white

	MS + BA 3.0
	5.0a
	3.0a
	medium, greenish-white

	MS + BA 4.0         
	1.0c
	1.0b
	medium, greenish-white


Note: Numbers followed by the same letter in a column are not significantly different according to Duncan multiple range test at 5%.

The observation results showed that the use of 3.0 mgL-1 BA was the best for the  growth of secondary somatic embryos from the globular stage to the scutellar stage and the coleoptilar stage (Table 2). The average number of somatic embryos at the scutellar stage (Figure 1d-s) and the coleoptilar stage (Figure 1d-c) produced from this treatment was 5.0 and 3.0.

      Rooting

The formation of the root system in tissue culture plantlets tends to be an essential stage in their survival when transplanting plantlets (da Silva et al, 2017). In general, auxin is used for root formation, and the concentration depends on the type of plant. This study induced the root system by adding growth regulators to secondary somatic embryos at the coleoptilar stage. The growth regulator that induced root formation was IBA with concentrations of 0.0, 0.1, 0.3, 0.5 and 0.7 mgL-1. IBA has been widely used for in vitro root induction in various types of plants, including sago (Tajuddin et al., 2015), apples and bananas (Shukla et al., 2019), Pyrus elaeagrifolia (Aygun and Dumanoglu, 2015), mangosteen (Harahap et al., 2014) and various other types of plants. According to Shekhawat and Manokari (2015), IBA is the best type of auxin for root induction compared to IAA and NOA.

The result showed that adding IBA to MS base media at a 0.0 – 0.7 mgL-1 concentration could stimulate root induction (Figure 2). The percentage of explants that produce roots reaches 100%.
Table 3: Number and visual performance of roots

	Treatment (mgL-1)
	Average number of roots
	Visual performance of roots

	MS + IBA 0.0
	1.00d
	small, short, medium, greenish-white

	MS + IBA 0.1
	1.00d
	small, medium, greenish-white

	MS + IBA 0.3
	5.33a
	medium, hairy roots, long 

	MS + IBA 0.5
	4.00b
	medium, hairy roots

	MS + IBA 0.7
	2.16c
	medium roots without hair


Note. Numbers followed by the same letter in the column are not significantly different at the 5% level of the DMR test.

The average number of roots produced from explants that responded was between 1.0 to 5.33 roots. The 0.3 mgL-1 IBA treatment was the best treatment for root induction. The average number of roots produced from this treatment was significantly different from the other treatments (Table 3). The ability of IBA to induce roots in different types of explants and plant species is also different.
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Figure 2. Rooting induction process a. secondary somatic embryo (sse) coleoptilar stage,  b – d. Plantlets at 10, 15, and 28 weeks old.
Although IBA was the most favored auksin for root induction in many plant species, it was not adequate for root induction of the C. huegelinuss  shoot (Tejavathi et al, 2018). In Artemisia absinthium plants, Shekhawat and Manokari (2015) obtained the highest average number of roots from IBA treatment with a higher concentration, namely 2.0 mgL-1 IBA. Meanwhile, Tajuddin et al. (2015) reported that most roots were obtained from 35 mgL-1 IBA treatment on sago plants. Root induction is best in the ornamental plant Spiraea betulifolia subsp. aemiliana from the Rosaceae family was produced from treatment with ½ MS + 0.1 µM IBA (Muraseva and Kostikova, 2020).


Judging from the visual appearance, the use of IBA with various concentration has an effect on the root performance obtained. The resulting roots have different sizes, from small to medium, and are white to brownish. For the observations, the higher the IBA concentration, the longer the roots produced. Apart from providing the highest number of roots, the 0.3 mgL-1 treatment provided root cultures with the best appearance (Table 3). The resulting roots are more extensive and have root hairs, so the area for nutrient uptake is wider. Root hairs function to help absorb nutrients from the growing medium. This study showed that 0.3 mgL-1 of IBA concentration was the optimum for the induction of roots for Tohiti rattan.
Acclimatization of plantlet.

Acclimatization of plantlets is the final stage in tissue culture and is the keys to success in in vitro plant propagation. According to Irsyadi (2021), acclimatization is the environmental adaptation of plantlets from tissue culture from heterotrophic to autotrophic conditions to obtain nutrition and adapt to environments with high light intensity and low humidity. Furthermore, Nasution et al. (2019) stated that acclimatization is a transition period for plantlets to adapt from controlled environmental conditions (in vitro) to natural environments (ex vitro) and is also defined as a critical point that determines the success of tissue culture. Several factors influencing plantlet growth during acclimatization include plantlet conditions, light intensity, humidity, and growing media.
Table 4: Plantlet survival at 20 weeks after acclimatization

	Treatment (mgL-1)
	% survival
	       Visual performance

	MS + IBA 0.0
	0.0
	Die

	MS + IBA 0.1
	0.0
	Die

	MS + IBA 0.3
	66.6
	Survive, green, vigorous

	MS + IBA 0.5
	16.6
	Survive, green, vigorous

	MS + IBA 0.7
	33.3
	Survive, green, vigorous 


The results showed that plantlets grown in soil mixed with the mixture in a ratio of 1:1 showed slow growth (Table 4). This is thought to be due to the physiological condition of Tohiti rattan, a type of slow-growing plant. At the age of 2 to 4 weeks, plantlets from the 0.0 and 0.1 mgL-1 IBA treatments showed symptoms of wilted, brown leaves and eventually died. This is thought to be due to the condition of the plantlets' roots, which only have one root and do not have root hairs, so they cannot absorb sufficient nutrients for growth. According to Irsyadi (2021), plantlets that thrive with a good root system can adapt to extreme temperatures and fluctuations in the external environment. Apart from that, plantlets' resistance level and ability to adapt during the transition phase varies depending on the type of culture and condition of the plantlet obtained.
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Figure 3. a. Acclimatization process a. plantlet acclimatization on 12 months and b. seedling from 33 weeks old acclimatization.

Visually, the appearance of plantlets from the 0.3 mgL-1 IBA treatment showed good growth until 20 weeks of acclimatization (Figure 3). The growth response was marked by the emergence of new leaves starting in the fourth week of plantlet acclimatization. The percentage of plantlet survival from this treatment reached 66.6% (Table 4) and was the highest compared to other treatments. Meanwhile, the lowest survival % was obtained from the 0.0 mgL-1 and 0.1 mgL-1 IBA treatments at 0 %. Aclimatization of plantlets from 0.3 mg/L-1 treatment on a mixture of soil : sand medium obtained  66.6 % survival.


Discussion
The tissue culture of Aracaceae shows that only a few reports have been able to do some tissue culture of a few species of rattan. The tissue culture of thousands of species of rattan has remained uninvestigated. These works have established that it is possible to propagate rattan through tissue culture.

Rattan has many genera commonly rereproduced by stem shoots and seeds that fall scattered. Calamus is a paleotropical genus with about 370 species distributed worldwide. Tohiti rattan is known as slow-growing rattan, and exploitation of this highly economical rattan is tremendously high, so there is concern about a shortage. Apart from that, conventional propagation of Tohiti rattan still has several problems due to the short, erratic fruiting season and a limited number of fruits. Therefore, an in vitro culture was used for alternative propagation methods for ex-situ conservation. 

The success of in vitro propagation of any plant species depends on the tissue used, media composition, and plant growth regulator. In vitro propagation of rattan has been mostly done through organogenesis. Although a few studies on somatic embryogenesis have been successfully reported in several species of rattan (Goh et al.,) But secondary somatic embryogenesis (SSE) method for propagation has never been reported, particularly on Tohiti rattan. SSE facilitates the efficient generation of clonal plants, ensuring genetic uniformity with the parent plant. This is pivotal for conserving desirable traits. 

In vitro cultures remain unaffected by seasonal variations, enabling uninterrupted plant production year-round. This is especially beneficial for crops with distinct growing seasons. While no reported pests or diseases affect Tohiti rattan, plants derived through SSE can be rendered pathogen-free, pest-resistant, and disease-free as they are cultivated in a controlled environment. This contributes to establishing a pristine plant stock for subsequent propagation.

Somatic embryos across various species generally exhibit low conversion frequencies into shoots; however, those induced by growth regulator-free or cytokinin-supplemented media typically encounter more significant challenges in shoot development compared to embryos induced by auxin-supplemented media (Raemakers et al., 1995). Secondary somatic embryogenesis is more profitable than primary somatic embryogenesis because of the high multiplication rate. The resulting embryos are more uniform, and the process does not depend on the source of the initial explant (Naing et al., 2013).

SSE can be coupled with genetic transformation techniques, enabling the introduction of specific genes for desired traits, such as resistance to pests, diseases, or environmental stresses. SSE can be employed for conserving and propagating endangered plant species where traditional propagation methods may be difficult or impractical. SSE can reduce the time required for plant maturation compared to traditional methods, leading to quicker crop turn around and faster breeding programs.

Despite efforts to maintain genetic fidelity, there is a risk of somatic mutations occurring during in vitro culture, leading to genetic variability among regenerated plants. The in vitro environment can induce plant epigenetic changes, potentially affecting regenerated plants' gene expression patterns and phenotypic traits.

Not all plant species respond equally well to SSE. Some species may respond poorly, making it difficult to regenerate through somatic embryogenesis, limiting the technique's applicability.   Achieving synchronized development of somatic embryos is crucial for mass propagation. Variability in the developmental stages of embryos may affect the success of the propagation process.

Moreover, the composition of the culture medium and the environmental conditions during the culture period can significantly influence the success of somatic embryogenesis. Optimizing these factors for a specific species like Tohiti rattan is a complex task. SSE used primary SE as an explant source; establishing a reliable and efficient protocol for somatic embryogenesis can be challenging in certain species of plants. Somatic embryos were able to develop (Yelnititis, 2018). In this research, the secondary somatic embryos in Tohiti rattan could be stimulated from the primary somatic embryo explants by adding cytokinin (BA). BA is more commonly used for bud induction and is not commonly used for somatic embryo induction (Ali et al. 2023). This result contradicts Ali et al. (2023), who stated that, in general, BA is not suitable for the induction of secondary somatic embryos.   Using BA with different concentrations influenced induction and the number of secondary somatic embryos formed.   It was suspected that Tohiti rattan has a high content of the endogenous hormone auxin. Hence, adding BA to the growth medium causes changes in the content of growth regulators in the somatic embryo explants used so that a balance is achieved to stimulate the induction of secondary somatic embryos. 

On the other hand, the embryogenic response to cytokinin growth regulators, in particular, depends on the species and genotype of the plant used as an explant. Naing et al. (2013) reported that somatic embryo induction occurred in combination with treating cytokinins (BA, kinetin, and thidiazuron) with 2,4-D. Furthermore, Mohd et al. (2017) reported that secondary somatic embryos were formed on MS media by adding auxin (IBA) combined with zeatin and thidiazuron.

In this study, the formation of secondary somatic embryos occurred at the base of primary somatic embryo explants. This result was similar to the research by Kouakou et al. (2015) that in Laccosperma secundiflorum Wendl and Eremospatha macrocarpa Wendl rattans, a round secondary somatic embryo was formed which grew elongated. Ali et al. (2023) also reported that the formation of secondary somatic embryos in cork oak plants occurs at the base of the primary somatic embryo explant.

The maturation of somatic embryos and their successful conversion into plantlets can be challenging. Some embryos may fail to develop into fully functional plants, leading to a lower success rate. Observations on the development of somatic embryos in the primary somatic embryogenesis (Yelnititis, 2018) and secondary somatic embryogenesis of Tohiti rattan followed the stages of somatic embryos in monocot plants. According to Guan et al. (2016), the stages of somatic embryo development in monocot plants consist of the globular stage, scutellar stage, and coleoptilar stage. 

Regenerated plant may face challenges during acclimatization when transitioning from in vitro conditions to the natural environment. This phase requires careful management to establish plants outside the culture vessels successfully. Furthermore, the success of plantlet development through the SSE method can be sensitive to environmental factors, including temperature, humidity, and light conditions. This sensitivity may limit the acclimatization success. Root induction and development are significant for tissue culture's success in determining plantlet acclimatization's survival.

The high percentage of plantlet survival resulting from the 0.3 mgL-1 IBA treatment during acclimatization (> 66 %) is thought to be caused by plantlet factors apart from media factors. The roots obtained from the 0.3 mgL-1 IBA treatment were longer and had many root hairs. According to Yan et al. (2010), the high level of plantlet resistance during acclimatization is due to lateral roots, root hairs, and root length. In contrast, only 40 % of survival was obtained from micropropagation of C. huegillianus, an endangered taxon of Indian rattan, using a mixture of soil: sand: manure at a 1:1:1 ratio (Tejavathi et al. 2018). In other species of rattan, the in vitro shoots were successfully rooted in 1⁄2 MS medium supplemented with IBA (1.5 mgL-1) and NAA (1 mg L-1 l) separately (Kumar et al., 2012).

The in vitro propagation of Tohiti rattan through secondary somatic embryogenesis offers several advantages in terms of rapid clonal propagation, genetic manipulation, and ex-situ conservation.
Conclusion
Plant propagation through secondary somatic embryogenesis from primary somatic embryo explants of Tohiti rattan has been successfully carried out. BA treatment 3.0 mgL-1 is the best treatment for the induction of secondary somatic embryos at the globular, scutellar, and coleoptilar stages. The average number of secondary somatic embryos produced at the globular stage was 8.6 at 13 weeks, 5 secondary somatic embryos at the scutellar stage and 3 secondary somatic embryos at the coleoptilar stage at 25 weeks. The 0.3 mgL-1 IBA treatment showed the best results for root number, root visuals, and plantlet success when acclimatized.  
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