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Effects of Plant Growth Regulators and Organic Additives on In Vitro Propagation of Selected Myanmar Royal Orchid, Thazin (Bulbophyllum auricomum) from Seed Culture Derived Shoot Explant
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ABSTRACT 

	Bulbophyllum auricomum is a royal orchid of Myanmar people due to its remarkable value and sweet fragrance. The growth and propagation are notably limited. Due to over exploitation and habitat destruction, it becomes now an endangered species (Aung et al., 2022). Seeds of B. auricomum are extremely minute and lack of endosperm. The aim for this study was to develop an effective in vitro propagation and regeneration medium for B. auricomum. The research was conducted at tissue culture laboratory of Htone Bo Farm, DAR, Taunggyi, Shan State, Myanmar. The 3 months old seed capsules of Kayin, Dawei and Rakhine cultivars were used as the plant materials for in vitro seed germination. The experimental design for shoot regeneration and explants development experiment was two factors factorial arrangement in RCB design and factor A was different levels of 6-benzyl amino purine (BAP) and Kinetin (Kin) (1,3 mg L-1) in combination with 0.50 mg L-1NAA, and organic additives of potato, rice, banana each 100 g L-1. Factor B was 0.5-1.0 cm shoot explants derived from initial embryo culture of Kayin, Dawei and Rakhine cultivars. The organic additives fortified treatments shown the superior effects on shoot regeneration to rooting of selected B. auricomum. The medium each fortified with 100g L-1 banana gave maximum number of shoots per explant and followed by 100 g L-1 rice 15.33 shoots per explant and 13.00 on 100 g L-1 potato. Twenty weeks after inoculation roots and bulbs were well developed.  100g L-1 potato supplement medium produced the maximum number of roots per shoot (8.33) and (7.58) on 100 g L-1 rice fortified medium, followed by that of banana accomplish medium (5.66). For adaption of in vitro plantlets, coconut coir mat was used as substrate and got 100 % survival rate after 2 months. The incorporation of organic additives into culture media significantly enhanced embryo germination and subsequent growth of B. auricomum, demonstrating its potential for commercial production. 
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1. INTRODUCTION 
Orchids belong to the largest and one of the highly evolved families of angiosperms called Orchidaceae with more than 763 genera and 2800 species (Christenhusz et al., 2016). Orchids are highly valued for their beautiful flowers of exquisite beauty, diverse shape, color, fragrance and long shelf life. They are sold as cut flowers and potted plants and contributing more than USD $302.5 million in 2024, globally (Mali, S. 2025). Orchids are the most fascinating group of plants among the angiosperms. Beautiful flowers made them a treasured species among the ornamental plants. Orchids are especially vulnerable to illegal trafficking due to their beauty and popularity in wide applications, which led them to the verge of extinction. In addition to their ornamental value, orchids are also used to prepare rejuvenating tonic like chayavanprash (Ayurvedic herbal jam), perfumes, cosmetics and in the traditional system of medicine to cure a number of diseases including arthritis, epilepsy, headache, hepatitis, inflammations, jaundice, muscular pain, paralysis, rheumatism, tetanus, tuberculosis etc. (Hossain, 2011; Kant et al., 2012; Hossain et al., 2013).
 Among the orchids, Bulbophyllum, is one of the largest genera in the Orchidaceae family with about (2,200) species and sympodial epiphytic, deciduous orchid. Between the Bulbophyllum species, Bulbophyllum auricomum, a sympodial epiphytic orchid, locally known as Thazin has a very important role among Myanmar people due to its remarkable value, beautiful cream colour flower raceme and sweet fragrance. It is native to Myanmar and also found in Thailand and Sumatra to Java, blooms once a year (November-February) (Aung et al., 2022). Naturally, they can be widely found in Rakhine State, the Rakhine Yoma mountain range, the Tanintharyi Region, Kayin State, and Mon State (Hundley et al., 1987; Siegerist, 2001), but now they are commercially produced in the cities especially Yangon due to its popularity and market demand. 
The fragrance of B. auricomum is traditionally believed to enhance mental clarity and provide a refreshing effect, thereby contributing to holistic well-being. Owing to its epiphytic growth habit on tall trees within dense forest ecosystems, its relative rarity, and its distinctive, pervasive fragrance, Thazin was historically regarded from the reign of ancient Myanmar kings as a noble and sacred flower, commonly known as Thant Sin Pan referred to as a “pure” or “royal” flower. Over time, this designation evolved, and the species became widely known by its present vernacular name, Thazin.Thazin flowers are highly valued in Myanmar culture for their pleasant fragrance, which is traditionally believed to refresh the mind and enhance mental well-being. Myanmar women adorn their hair with these flowers during important cultural and ceremonial events. In addition, as part of Buddhist religious practice, Thazin flowers are respectfully offered to the Buddha. 
Presently, B. auricomum are disappearing from the nature due to their illegal collection, trading, urbanization, climate change and other anthropogenic activities. Considering their present status, the whole family Orchidaceae has been included in the Appendix-II of Convention on International Trade in Endangered Species of Wild Flora and Fauna (CITES) (Chugh et al., 2009; Reed et al., 2011). 
Moreover, under natural environmental conditions, its growth and propagation are notably limited. Generally, Thazin is an orchid with specific environmental needs. It typically grows to a height of 8–10 cm, featuring ovoid to oblong pseudobulbs that bear 1–2 leaves at the top. The inflorescence emerges from the base of the pseudobulb and develops into a single flower stalk. This species flowers only once per year, producing a solitary inflorescence each time. In conventional propagation, one or two new shoots can be produced by one mother pseudobulb per year. Among the various propagules available, plantlet development via in vitro seed culture is regarded as a practical and highly suitable method for orchid propagation (Van Waes & Debergh, 1986b; Bektas et al., 2013; Acemi & Özen, 2019). Furthermore, seed culture is particularly valuable for orchid species facing severe survival threats at national and international levels, where urgent conservation measures are required (Dutra et al., 2008; Zeng et al., 2011). 
In orchids, seeds are very small (0.05-6.0 mm long and 0.01- 0.9 mm in diameter), without endosperm and produced in very large number (50- 4000000 seeds) per capsule (Arditti & Ghani, 2000). In the nature, the dust like orchids seeds require the association of mycorrhizal fungi for germination. That fungus provides necessary nutrients required for the seed germination, development of protocorms, seedlings and plantlets. Unfortunately, only very few seeds get germinated in the nature. 
But in the in vitro conditions, maximum seed germination can provide with the aid of suitable nutrient medium, PGRs, natural additives, carbon source, light conditions and temperature depending upon the requirement of a species (Knudson, 1921). Therefore, in vitro asymbiotic seed germination of orchids has been frequently used for the production of commercially important orchids and shown to be an efficient tool for the production of orchids for conservation and rehabilitation (Kauth et al. 2006). These techniques enable the rapid mass production of genetically uniform plants from very limited quantities of starting material, including seeds, axillary buds, shoots, nodes, inflorescence segments, floral stalks, leaves, leaf peels, pseudobulbs, rhizomes, tubers, roots, and protoplasts (Pedroza-Manrique & Micán-Gutiérrez, 2006). This approach can substantially reduce collection pressure on wild populations (Zeng et al., 2011; Mohanty et al., 2012). 
Previous studies on B. auricomum utilized Murashige and Skoog (MS) medium supplemented with various plant growth regulators (PGRs) and natural additives, such as coconut water, banana, and potato, using various explant sources (Myo Ma Ma Than et al., 2009; Khin Myo Myint et al., 2008; Thet & Aye, 2018; Wint Theingi Aung et al., 2022). Building upon these findings, the present study incorporates organic additives—specifically coconut water, banana, potato, and rice—to develop an effective protocol for the in vitro propagation of B. auricomum. The ultimate goal is to support the conservation and restoration of this endangered orchid in Myanmar. However, plant tissue culture remains costly due to the high price of synthetic hormones and specialized media. Therefore, it is essential to develop cost-effective tissue culture methods without compromising the quality of in vitro plantlets. For these reasons, this study was designed to evaluate the effects of PGRs and organic additives on the regeneration and micropropagation of selected B. auricomum cultivars.
2. material and methods 
2.1 Experimental site
This research was carried out in the Plant Tissue Culture Laboratory of Htone Bo Agricultural Research Farm, Taunggyi, under Department of Agricultural Research, Ministry of Agriculture, Livestock and Irrigation, Taunggyi, Southern Shan State, Myanmar from April 2024 to 2025 November.
2.2 Plant materials and explants preparation 
The selected cultivars of Myanmar Royal orchids, B. auricomum were collected from different geographic area of Myanmar, namely, Kayin, Dawei and Rakhine. Three-month-old mature capsule of B. auricomum after self-pollination were collected and subjected to surface sterilization. The seed capsules were washed with tap water containing few drops of liquid soap solution for 1-2 minutes and washed under running tap water for few minutes. The capsule was submersed in 95% ethanol and flamed for a few seconds under sterile conditions. One seed capsule of B. auricomum was cut longitudinally and aseptically cultured randomly for four culture bottles and each bottle contained 40 ml of media were poured into 200 ml culture bottle.  Half strength Morashige and Skoog (MS) medium was used as control and half strength MS medium fortified with 100 g L-1of potato extract and 100 g L-1 of banana extract, 200 ml L-1of coconut   water, 2 g L-1of agar, 30 g L-1of sucrose were added to every treatment medium. Germinated seedlings of B. auricomum were propagated and maintained on half-strength MS medium were used as explants for multiple shoot induction.
[bookmark: _Hlk217418057]2.3 Effects of basal half strength MS medium supplemented with different concentration and combination of PGRs and organic additives on shoot regeneration of B. auricomum from seed culture derived shoot explant
	In shoot regeneration experiment, shoots induced from seed culture derived Kayin, Dawei and Rakhine cultivars were used as source explants. Shoot multiplication media were composed of half strength MS medium supplemented with two different level of 6-benzyl aminopurine (BAP) and Kinetin (Kin) (1.00, 3.00 mg.L-1), 0.5 mg L-1 of 1-Napthalene acetic acid (NAA), 4 mg L-1 of agar, 200 ml L-1 of coconut water, 1.0 mg L-1of activated charcoal and 30 g L-1 of sugar were added to every synthetic plant growth regulator (PGRs) treatment. For the culture medium fortified with organic additives (OA), 100 g L-1 in weight of potato, rice and banana were added to half strength MS medium and the others constituents were the same as PGRs treatment except activated charcoal. 
The experimental design for this study was 2 factors factorial arrangement in RCB design. Factor A was different concentrations and combinations of PGRs and organic additives. Factor B was 0.7-1.0 cm shoot explants selected B. auricomum cultivars, Kayin, Dawei and Rakhine. 15 ml of treatments medium was poured into 100 ml culture bottle and each treatment contain 4 culture bottles and each treatment were repeated for four times. Each treatment contained five shoot explants. All of the culture bottles were maintained in culture room with temperature of 25±2°C with 16/8 hrs photoperiod and 30 µmolm-2s-1 fluorescent light intensity with 60% humidity. 
2.4 Acclimatization of in vitro plantlets
	About 150-160 days old complete plantlets of in vitro derived B. auricomum with pseudobulb and developed roots were removed from the culture media, washed gently with water to remove traces of agar and transplanted to well soaked coconut coir mat. 
2.5. Data analysis
	All data were subjected to analysis of variance (ANOVA) using Statistix version 8.0, and mean comparisons were performed using LSD at the 5% level.
3. Results and Discussion
3.1 Effects of culture media and cultivars on in vitro seed germination of B. auricomum cultivars
	In orchid micropropagation, several studies have reported the influence of different culture media on in vitro regeneration. Myint (2005) proved that half strength MS was the most suitable medium for direct shoot bud formation from leaf explants of Phalaenopsis. In this study, both the basal half strength medium supplement ed with each 100 g L-1 of potato and banana additives and the only half strength basal medium gave similar results.  On basal half strength MS medium supplemented with organic additives, the embryo germination and greening were found 20 days after seed inoculation and 19 days on that of basal half strength medium (Plate. 1). (Data do not show). Moreover, that of protocorm like bodies formation, leaf formation and shoot formation were not significance. ½ MS medium was found to be the most suitable medium for seed germination and subsequent differentiation, consistent with the findings of Han Su Yin Thet and Thandar Aye (2018), Myo Ma Ma Than (2009) in B. auricomum, Pant and Gurung (2005) in Aerides odorata. Similar results were also reported by Reddy, Prakash, and Rao (1992) in four species of South Indian tropical orchids. Likewise, Bhadra, Hossain, and Rahman (2005) observed that MS medium was most effective for germination and seedling production in Vanda tessellata. Between the selected B. auricomum cultivars, Rakhine cultivar showed the slowest for days to germination and that may be species specific and maturation of seed pods. The success of in vitro seed culture depends upon many factors like exact stage of embryo development, sterilization of seed pods, particular nutrient medium and its pH, plant growth regulators, additives, light, temperature, humidity etc.
 Batygina et al. (2003) stated that during seed culture, following inoculation onto a suitable nutrient medium, the embryo absorbs water and swells. The seed coat subsequently ruptures, allowing the undifferentiated embryo to emerge. As development proceeds, the embryo differentiates into a globular structure known as a spherule. With further growth, the spherule enlarges and develops into a rounded, oval, spherical, or spindle-shaped structure referred to as a protocorm.  According to initial seed culture result, the basal half strength MS medium with 20% coconut water is the most suitable for seed germination and seedling development of B. auricomum selected cultivars. Coconut water (CW) contains soluble sugars; inorganic ions such as phosphorus, potassium, calcium, magnesium, iron, and manganese; water-soluble vitamins including thiamine and riboflavin; amino acids; organic acids; enzymes; and plant growth regulators such as auxins and cytokinins. Owing to the presence of these essential components, CW has been proven to be an excellent growth promoter in plant tissue culture (Utami et al., 2015). 

3.2 Effects of Plant growth regulators (PGRs) and organic additives on in vitro plantlet regeneration of selected B. auricomum cultivars 
3.2.1 Survival percent 
	Effects of different concentrations and combinations of PGRs and natural additives on explant survival of selective B. auricomum cultivars were statistically significant difference (P= 0.001) and the data were presented in (Table .1). Organic additives supplemented to basal half strength medium gave superior results than those of PGRs fortified medium. Basal medium supplemented with 100 g.L-1 potato gave (95.83 %) survival, followed by 100 g.L-1 rice (91.67 %) and that of banana produced (83.33%) survival. However, the basal half strength MS medium without supplemented with PGRs and organic additives showed the survival of explants (91.67 %). The least survival 20.83 was found in basal medium supplemented with 1.0 mg L-1 Kin and 0.5 mg L-1NAA combinations. Among the PGRs treatments 1.0 mg L-1 BAP and 0.5 mg L-1NAA produced (79.17%) survival. De Pauw et al., (1995), Stewart & Kane (2006) stated that very small quantities of auxins and cytokinins promoted germination in several orchid species, whereas higher concentrations had no effect or sometimes inhibited germination. Between the selected B. auricomum cultivars, the survival of explants on treatments were significantly difference at 1% level (P = 0.05) cultivars, 82.81% on Dawei and followed by Rakhine cultivars 71.13%. Kayin cultivar reveal only 54.69 % on survival.

3.2.2 No. of shoot per explant
	Shoot regeneration from single shoot explants as affected by different combination and concentration of PGRs and organic additives were presented in (Table 1). Effect of culture medium on shoot produced were statistically significant difference between the treatments (P = 0.05). Number of shoots produced on basal half strength MS medium supplemented with organic additives ware 20 shoots per culture bottle on 100 mg L-1 banana supplemented medium, followed by rice medium 15.33 and 13.00 on potato medium. Among the PGRs treatments, 1 mg L-1BAP and 0.5 mg L-1 NAA supplemented medium gave suitable result of 11.67 shoots per treatment bottle. The lowest on 1.0 mg L-1 Kin and 0.5 mg L-1 NAA supplemented medium 1.33 and 3 mg L-1Kin in combination with 0.5 mg L-1NAA produced only 4.83 shoots per bottle. Adhikari, H., & Pant, B. (2019) stated that the highest seed germination response of Dendrobium primulinum Lindl., as evidenced by the development of the maximum number of seedlings, was obtained on media supplemented with 1.5 mg L⁻¹ BAP and with a combination of 2.0 mg L⁻¹ BAP + 0.5 mg L⁻¹ NAA, which were significantly more effective than the other treatments. A similar promotive effect of cytokinin alone or in combination with a low concentration of auxin on orchid seed germination and early seedling development has also been reported in several orchid species, highlighting the importance of an appropriate cytokinin–auxin balance for optimal in vitro regeneration. The similar result of Aung Htay Naing et al. (2010) proved that in corporation of NAA at a range from o.1 to 1.0 mg L-1 in to the medium showed better synergistic effect on shoot and root formation on Rhynchostylis retusa orchid. On the other hand, the MS media supplemented with 1.0 and 2.0 mg L-1 of BAP or the combination of 2.0 mg L-1 BAP with 0.5 mg L-1 NAA have taken maximum weeks for spherules formation. Sunitibala & Kishor (2009) reported the most effective shoot multiplication in Dendrobium transparens Lindl. using axenic pseudobulb segments cultured on half-strength MS basal medium supplemented with 2.0 mg L⁻¹ BAP and 1.0 mg L⁻¹ NAA. In B. lilacinum, best shoot elongation was found in the medium supplemented with 2 mg L⁻¹ of BAP (6-Ben zylaminopurine) and 1 mg L⁻¹ of IAA (indole-3-acetic acid) (Bhadra et al. 2004). Although medium supplemented with 1.5 mg L⁻¹ of kinetin was optimum for shoot multiplication in B. auricomum (Han Su Yin Thet and Thandar Aye 2018), the results from present research were not the same. In case of B. odoratis simum, the basal medium in combination with 4 mg L⁻¹ BA and 0.5 mg L⁻¹IBA (indole butyric acid) resulted in highest shoot length and shoot number after 12 weeks of explant culture (Prasad et al., 2021). There were no significant differences between the tested cultivars in shoot formation on medium (P = 0.25)
Table 1. Effects of PGRs and organic additives on survival and number of shoots per explant in shoot regeneration of selected B. auricomum cultivars from shoot explants 
	Factor
	Survival%
	No. of shoots/explant  

	PGRs and organic additives (PGRsOA)
	
	

	1 mg L-1BAP + 0.5 mg L-1NAA
	79.17 ab
	11.67 abc

	3 mg L-1BAP + 0.5 mg L-1NAA
	62.50 bc
	5.17 bc

	1 mg L-1Kin + 0.5 mg L-1NAA
	20.83 d
	1.33 c

	3 mg L-1Kin + 0.5 mg L-1NAA 
	50.00 c
	4.83 bc

	100 g L-1Potato extract
	95.83 a
	13.00 abc

	100 g L-1Rice extract
	91.67 a
	15.33 ab

	100 g L-1Banana extract
	83.33 ab
	20.00 a

	 Without PGRsOA
	91.67 a
	4.17 bc

	LSD(0.05)
	24.64
	12.45

	Cultivars (Cvs)
	
	

	Kayin
	54.69 b
	13.06 a

	Dawei
	82.81 a
	7.69 a

	Rakhine
	78.13 a
	7.56 a

	LSD(0.05)
	15.09
	7.63

	Pr>F(PGROA)
	<0.0001
	0.05

	Pr>F (Cvs)
	<0.001
	0.25

	Pr>F (PGRsOA * Cvs)
	0.68
	0.02

	CV%
	27.26
	110.48


*Means followed by the same letter in each column are not significantly different at 5% level.
Data were collected 20 weeks after culture.
3.3 Effects of PGRs and organic additives on explant development in shoot regeneration of selected B. auricomum cultivars from shoot explants 
3.3.1 Bulb diameter (cm) and Bulb height (cm)
	Effects of culture medium on pseudobulb formation, the diameter of pseudobulb (cm) was not significantly different between the treatments (P = 0.18). However, there was significant difference among the selected cultivars (P = 0.001). The data are presented in (Table 2). The shoot bulb formation on single shoot explants was slightly lower on basal ½ MS medium fortified with 1 mg L-1 Kin and 0.5 mg L-1NAA (0.25 cm) than the others. In bulb height (cm), basal treatment media presented the significantly differences (P < 0.003) and among the selected B. auricomum cultivars, bulb height was statistically significant difference (P <0.001).  Kong bangkerd et al., (2016) observed that the addition of CW (100 g L-1), potato extract (50 g L-1) and banana homogenate (50 g L-1) in the nutrient medium was beneficial for the shoot regeneration and plantlet devel opment in B. dhaninivatii. Basal ½ MS medium supplemented with rice gave the highest result (0.39 cm) per bulb, followed by potato additive medium (0.37 cm) and (0.36 cm) on basal ½ MS medium fortified with 1 mg L-1 BAP and 0.5 mg L-1NAA. There was found significant differences between the selected cultivars (P <0.001). The highest bulb produced by Rakhine cultivar (0.42 cm), followed by Dawei cultivars (0.33 cm). 
3.3.2 Plant height (cm)
	According to the results, there was no significant differences between the treatments on plant height (cm) produced by shoot explants (P = 0.07). However, the basal ½ MS medium complemented with 3 mg L-1BAP and 0.5 mg L-1NAA revealed the highest plant (1.83 cm) followed by basal medium supplemented with 3 mg L-1Kin and 0.5 mg L-1NAA. The response of the explants to different media formulation and the plant regeneration capability were very much dependent on the cultivars’ genotypes (Chen et al., 2002). However, basal nutrient medium fortified with organic additives of potato, rice and banana revealed the suitable results of plant height (1.58 cm), (1.41cm) and (1.41cm) respectively. Numerous investigations report the phytochemical compounds extracted from Bulbophyllum root, pseudobulb, and leaf, and their biological effect in traditional medicine treatments. Several phytochemical compounds of biological interest such as flavonoids, sterols-terpenoids, and phenolic acids have been reported in Bulbophyllum species. The longer in plant height and healthy plantlets with well develop pseudobulbs were more suitable for acclimatization.
Table 2. Effects of PGRs and organic additives on explant development in shoot regeneration of selected B. auricomum cultivars from shoot explants 
	Factor
	Bulb diameter
(cm)
	Bulb Height
(cm)
	Plant Height
(cm)

	PGRs and organic additives (PGRsO)
	
	
	

	1 mg.L-1BAP + 0.5 mg. L-1NAA
	0.36 a
	0.36 a
	1.18 ab

	3 mg.L-1BAP + 0.5 mg. L-1NAA
	0.35 a
	0.29 bc
	         1.83 a

	1 mg.L-1Kin + 0.5 mg. L-1NAA
	0.25 b
	0.23 c
	         1.08 c

	3 mg.L-1Kin + 0.5 mg. L-1NAA
	0.36 a
	0.34 ab
	1.66 ab

	100 g. L-1Potato extract
	0.36 a
	0.37 a
	1.58 ab

	100 g. L-1Rice extract
	0.38 a
	0.39 a
	 1.41 abc

	100 g. L-1Banana extract
	 0.31 ab
	 0.36 ab
	 1.41 abc

	Without PGRsO
	0.36 a
	0.34 ab
	1.18 bc

	LSD(0.05)
	0.094
	0.074
	0.485

	Cultivars (Cvs)
	
	
	

	Kayin
	0.26 c
	0.25 c
	1.09 b

	Dawei
	0.35 b
	0.33 b
	1.68 a

	Rakhine
	0.41 a
	0.42 a
	1.63 a

	LSD(0.05)
	0.058
	0.045
	0.297

	Pr>F(PGRO)
	0.179
	0.003
	0.070

	Pr>F (Cvs)
	0.0001
	0.0000
	0.0006

	Pr>F (PGRsO * Cvs)
	0.05
	0.036
	0.073

	CV%
	23.22
	18.71
	27.69


*Means followed by the same letter in each column are not significantly different at 5% level.
Data were collected 20 weeks after culture.
4.4 Effects of PGRs and organic additives on root formation of single shoot explant in shoot regeneration of selected B. auricomum cultivars 
4.4.1Number of roots per shoot
	Number of roots produced by single shoot explants of selected B. auricomum cultivars are presented on (Table. 3). There was statistically significant differences between the treatment medium (P <0.001) and also significantly difference between the selected B. auricomum cultivars (P <0.001). Maximum number of roots per explant (8.33) was found on basal ½ MS medium supplemented with 100 mg L-1 potato, followed by (7.58) in 100 g.L-1rice fortified medium and (5.66) in 100 g L-1banana added treatment. Among the PGRs fortified medium, 1mg L-1BAP and 0.5 mg L-1NAA supplemented treatment produced suitable number of roots (5.28). Among the cultivars, Rakhine cultivar showed maximum number of roots per shoot (7.11). Similarly, Dawei cultivar produced suitable number of roots per shoot (5.01) and Kayin cultivar showed the least number of roots (3.23). These results were similar with the finding of Pakum et al. (2016) they stated that the medium supplemented with potato extract (75 g L-1) and CW (100 ml.L-1) was to be the most effective medium to proliferate plantlets of B. nipondhii from the pseudobulbs. Han Su Yin Thet and Thandar Aye (2018) mentioned that in B. auricomum, the medium supplemented with 0.75 mg L-1 of IBA resulted in the best rooting while the medium fortified with 1 mg L-1 of IAA was reported to result in the highest number of bulb formations.
4.4.2 Root length (cm)
	The longest root length (2.44 cm) was resulted from basal ½ MS medium supplemented with 100 mg.L-1of potato, followed by (2.12 cm) of root length in 100 g L-1rice and (1.75 cm) in 100 mg L-1banana. The data are showed with (Table 3). Successful rooting is necessary and a prerequisite for any in vitro culture for their establishment in nature. Nature and concentration of auxins play an important role in the in vitro rooting along with other factors such as light intensity, composition of the medium and plant genotype, etc. (Fogaça & Fett-Neto. 2005). Auxins in the form of IBA, IAA and NAA have been reported to be beneficial for root development in various species of Bulbophyllum. Organic additives when added in small amounts in culture medium can cause better growth and morphogenesis (George et al., 2008). Among various organic additives, coconut water (CW), potato extract (PE) and banana homogenate (BH) have been commonly used to propagate the species of Bulbophyllum. In this research rice extract was used as an alternative organic additive on regeneration of B. auricomum and produced the suitable result (Plate 2). 
4.4.3 Plant fresh weight (g)
	The plantlet fresh weight (g) as affected by various treatment medium are present with (Table.3). There was a significantly difference between different combinations and concentrations of PGRs and supplements of organic additives (P <0.001). Organic additives supplemented basal ½ MS medium gave the best results (0.72 g) in potato medium, (0.61 g) in rice medium and (0.54 g) in banana contained medium. Basal ½ MS medium supplemented with 1 mg L-1BAP and 0.5 mg L-1NAA produced (0.56 g) of plant fresh weight and 3 mg L-1BAP and 0.5 mg L-1NAA fortified medium gave (0.54 g) plant fresh weight.  Effects of culture media on rooting of selected B. auricomum cultivar, were statistically significant difference at 1% level (P <0.04). Among the tested cultivars, Dawei cultivars showed maximum plant fresh weight (0.51 g), followed by Rakhine cultivar (0.44 g) and Kayin cultivars for (0.30 g), respectively.
Table 3. Effects of PGRs and organic additives on root formation and plant fresh weight of three selected B. auricomum cultivars from seed culture derived shoot explants 
	Factor
	Number of roots shoot-1
	Root length
(cm)
	Plant fresh 
Weight (cm)

	PGRs and organic additives (PGRsO)
	
	
	

	1 mg.L-1BAP + 0.5 mg. L-1NAA
	5.28 b
	0.34 d
	0.56 a

	3 mg.L-1BAP + 0.5 mg. L-1NAA
	3.78 c
	0.99 cd
	0.54 ab

	1 mg.L-1Kin + 0.5 mg. L-1NAA
	3.17 c
	0.11 d
	0.14 c

	3 mg.L-1Kin + 0.5 mg. L-1NAA
	3.21 c
	0.16 d
	0.24 c

	100 g. L-1Potato extract
	8.33 a
	2.44 a
	0.72 a

	100 g. L-1Rice extract
	7.58 a
	2.12 ab
	0.61 a

	100 g. L-1Banana extract
	5.66 b
	1.75 abc
	0.54 ab

	Without PGRsO
	3.93 c
	1.32 bc
	0.25 c

	LSD(0.05)
	1.31
	0.93
	0.26

	Cultivars (Cvs)
	
	
	

	Kayin
	3.23 c
	0.47 b
	0.30 b

	Dawei
	5.01 b
	1.56 a
	0.51 a

	Rakhine
	7.11 a
	1.43 a
	0.44 ab

	LSD(0.05)
	0.79
	0.57
	0.16

	Pr>F(PGRO)
	0.0000
	0.0001
	0.0008

	Pr>F (Cvs)
	0.0000
	0.0011
	0.0404

	Pr>F (PGRsO * Cvs)
	0.0007
	0.198
	0.4371

	CV%
	21.36
	67.55
	52.37


*Means followed by the same letter in each column are not significantly different at 5% level.
Data were collected 20 weeks after culture 
5. Conclusion
	For shoot multiplication, half-strength MS medium fortified with organic additives (potato, rice, and banana) proved to be the most effective. The incorporation of organic additives into culture media significantly enhanced embryo germination and subsequent growth of B. auricomum, demonstrating its potential for commercial orchid production. Furthermore, the use of organic additives offers a cost-effective and alternative to expensive plant growth regulators (PGRs), as they are easily accessible for in vitro propagation of selected B.auricomum cultivars.
For acclimatization, coconut coir mat was suitable for B. auricomum orchids due to uniform moisture and light assessment (Plate 3). In vitro propagation protocol developed in this study is effective, feasible and simple. Organic additives of potato, rice, banana and coconut water were found the alternative way to substitute the expensive synthetic plant growth regulators. Therefore, it has potential to be applicable for the large-scale multiplication and conservation of the endangered Myanmar royal orchid B. auricomum.
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Plate 1. Different development of B. auricomum from initial embryo germination 
(a) Three months old seed capsule of B. auricomum, (b) embryo of B. auricomum under 30 x stereo microscope (c) greening of embryo 20 days after inoculation (d) protocorm formation 30 days after inoculation (e) shoot formation 70 days after inoculation (f) development of shoots from initial embryo culture 90 days after inoculation on both organic additives potato and banana supplemented basal half-strength MS medium and potato and banana free half-strength MS medium
	
	= 0.10cm Scale bar
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Plate 2. Effects of different concentration and combination of PGRs and organic additives on regeneration of B. auricomum Dawei cultivar
	(a) 1 mgL-1 BAP + 0.5 mgL-1 NAA (b) 3 mgL-1 BAP + 0.5 mgL-1 NAA (c) 1 mgL-1 Kin + 0.5 mgL-1 NAA (d) 1 mgL-1 Kin + 0.5 mgL-1 NAA (e) 100 gL-1 potato (f) 100 gL-1 rice (g) 100 gL-1 banana (h) PGRs and organic additives free half-strength MS medium (i) explant development 20 weeks after culture
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     Plate 3. Adaption of in vitro B. auricomum plantlets and in vitro rooted plantlets
a    = fully developed plantlets from basal ½ MS medium fortified with 100 gL-1 potato 
b,c = plantlets transferred from in vitro after 10 weeks on coconut coir
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