


Effect of different strength of basal media, sucrose concentration and natural additive on in-vitro regeneration of Phalenopsis
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Abstract: 
The effect of different strength of MS media, various concentration of sucrose and natural additive in media on invitro regeneration of Phalaenopsis were studied. The explants were cultured on different strength of MS media (1/4, ¾, ½, and full) supplemented with 0.15, 30, 45 g L-1 sucrose with different natural additives yeast extract, tomato juice, potato extract and coconut water. After 15 weeks of culture, the results revealed that ½ strength of MS media supplanted with 30 g L-1 showed maximum percentage of explant sweeling (60.00 (54.71) ± 0.00a) and showed organogenesis (66.67 (54.71) ± 0.00a). However, the same media supplemented with ½ MS + BAP (2.5 mg/L) + NAA (0.1 mg/L) + Sucrose (30g/L) with 15% coconut water resulted maximum number of Shoots (5.22 ± 0.07), leaves (9.07 ± 0.07) and roots (3.60 ± 0.10) per explant after 30 weeks of culture. These results revealed that Phalaenopsis cultured on ½ MS media supplemented with 30 gL-1, 15% coconut water can be used for regeneration. 
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Introduction: 
Orchids are the most captivating and exquisite blooms in creation, constituting a distinct group of plants. These exquisitely beautiful flowers have gained popularity as 21st-century flowers due to their unique shapes, colours, and lifespan. With 600–800 genera and 25,000–35,000 species, it is a member of the single botanical family Orchidaceae, one of the most successful families of flowering plants and a pinnacle in the evolution of monocots (Chowdhery, 2001).
Orchids are found in all ecological contexts and many habitats (Singh et al., 2007, Zhang et al., 2022; Xue et al., 2023). The Himalayas are the natural home of orchids, which make up 10% of the world's orchid flora (Medhi and Chakrabarti, 2009). It has 158 genera and 1331 species that may reach elevations of up to 5000 meters in India (Chowdhery, 2009). Orchids are ranked sixth among the top ten cut flowers in international trade, whereas Cymbidium is ranked first among orchids. De et al. (2014) indicated that the global orchid industry is valued at US$ 504 million, with more than 40 countries engaged in exports and 60 in imports of orchids.
Phalaenopsis popularly referred to as the moth orchid, is highly esteemed for its exquisite blossoms. Due to their manageable cultural requirements, diverse sizes and shapes, range of bloom colours, year-round availability, fragility, and prolonged shelf life, Phalaenopsis orchids are regarded as the second most popular flower in both potted and cut forms (Sarmah et al., 2024).  The orchid species Phalaenopsis is monopodial, which means it doesn't branch or grow new shoots. Phalaenopsis orchids are growing with a single vertical stem that bears blooms on their lateral branches. The growth cycle of phalaenopsis orchids is two to three years. Phalaenopsis orchids are traditionally multiplied by dividing or division of offshoots. However, these methods are not suited for large-scale production since they have a limited rate of multiplication and restrict the growth of the mother plant. Their vegetative propagation is quite difficult, and their seedlings have different characteristics. The fact that it takes at least three years for Phalaenopsis orchids to flower in a greenhouse is one of the primary problems with commercial orchid cultivation.
This species has been rapidly and extensively propagated through the use of tissue culture techniques. However, different plant species, explant types, and culture mediums have different levels of micropropagation efficacy (Rittirat et al., 2012)  The presence of growth regulators and the nutrients provided in the medium have a major impact on how well plant tissue culture maximizes orchid vigour (Gnasekaran et. Al.,2010 and Murdad et al., 2010). Mineral salts, vitamins, growth regulators, and water are typically abundant in the medium used for orchid tissue culture (Zahara et al., 2017). Carbohydrates, or sugar, are another crucial carbon source. Simple or complex sugars can serve as carbon sources (Aktar et al., 2007), however the most popular carbohydrate and carbon source in plant tissue culture medium is sucrose (Al-Khateeb et al., 2001). Since sucrose is the most prevalent carbohydrate in phloem sap and is involved in regulating a number of developmental processes, it is regarded as a crucial carbon and energy source in plant tissue culture (Gibson et al.,2000). 
A small quantity of organic additive can be added to the orchid culture medium to enhance in vitro growth and regeneration (Molnar et al., 2011). Orchid media is frequently supplemented with a wide range of complex chemicals, including coconut water (CW), banana extract, peptone, tomato juice, beef extract, and potato extract (Murdad et al., 2010, Chugh et al., 2009) Many orchids rely on organic additions for germination, micropropagation, and development (Sinha and Jahan,2011, Sudipta et al., 2013). It has not been studied how Phalaenopsis explants affected by the combination of sucrose with CW supplemented with half-strength Murashige and Skoog (MS) medium. Thus, the current study was conducted to assess how culture media, sucrose, and natural additions affected the growth of Phalaenopsis plantlets.
Materials and Methods: 
Plant material and culture conditions: 
For experiments, inflorescence stalks were collected as explants from Phalaenopsis orchids (variety: P21-L-34-1033) that were displayed at the orchidarium, AICRP on floriculture, at Mondouri Farm, Bidhan Chandra Krishi Viswavidyalaya, West Bengal. These orchids have white flowers that suitable for both cut and potted plant. Inflorescence stalk explants were collected when the first flower bud emerged during the first bloom stage. Fresh, robust, healthy flower stems were swabbed with cotton dipped in 70% alcohol. The explant was divided into two-centimeter-long sections, each with a single node. After that, the segments were washed using teepol and distilled water. The sections were treated with fungicidal and antibiotic agents after the bracts were removed from the buds. After being cleaned with cotton dipped in 70% alcohol and dried with sterile blotting paper, the items were put in the sterile room (Long et al., 2022). 
Explants were cultured on different four strength of MS media (1/4, 2/3, ½, full) with four sucrose concentration (0, 15, 30, 45 g L-1) supplemented with four natural additives yeast extract (20%), tomato juice (15%), potato extract (15%) and coconut water (15%) and plant hormone BAP (2.5 mgL1) + NAA (0.1 mgL1). The pH of the medium was adjusted to 5.8 with 1 N NaOH prior to autoclaving for 15 minutes at 121°C. The media were filled in sterile vials (25 ml) prior to autoclaving. The cultures were maintained at 26 ± 2°C in a growth chamber with a 16-h light or 8-h dark photoperiod (Piątczak et al., 2015).
Preparation of natural additives: 
Carrots, potato and coconuts were bought from the neighborhood market. Young coconuts were used to extract coconut water, which was then filtered through Whatman filter paper No. 1 to get rid of any undesired particles (Gnasekaran et al., 2010). After being chosen for their freshness and smoothness, carrots and potato were cleaned, peeled, and sliced into little pieces to fit in the juice extractor. Fresh natural additives were made and added right away to half-strength MS as needed. 
Experimental design and data analysis: 
The experiments were laid out in a completely randomized design with 10 replications. Each treatment was conducted three times, with the mean ± standard error of the data replicated four times. Each experimental treatment combination consisted of two factors: sucrose concentration with natural additives concentration supplemented with half strength MS media. Results were evaluated 210 days after cultures were initiated. The parameters recorded  were swelling percentage of explant, number of explants turned blackened (%), survival percentage of explants, explants showed organogenesis (%), number of shoots per explant, number of leaves per explant, number of roots per explant. Version 7.5 of the SPSS (Statistical Package for Social Science) was used to statistically analyze quantitative data at the 5% level. 
Results and discussion: 
Effect of strength of MS basal media on organogenesis: 
To find out the suitable concentration of MS basal medium for organogenesis. Four different concentrations of MS medium fortified with BAP (2.0 mgL-1), NAA (0.5 mgL-1) and sucrose (30 gL-1) were taken into consideration. The highest percentage of explant (66.67%) that showed organogenesis in ½ MS media out of four distinct combinations was noticeably better than all other treatments. Organogenesis was lowest (33.33%) in full MS and highest (40.00%) in ¾ MS. Regarding the number of explants that turned black, there was no significant variation across the treatments. The highest percentage of explant swelling (60.00%) was seen in ½ MS, which was comparable to ¼ MS (Table.1).  This might be due to, in basic terms, a nutritious medium is made up of all the necessary major and minor elements, vitamins, plant growth regulators, and a source of carbohydrates, with additional organic compounds included as optional (Knudson, 1946).When compared to the other strength of basal medium, ½ MS was found to be more effective for organogenesis; this could be because of the medium's higher nitrate, sulphate, and significantly lower phosphate content. When subcultured on agar-gelled ½MS medium.  Tasy (2000) found that when A. formosanus was subcultured on agar-gelled ½MS medium with 2.0 mg/L BA+0.5 mg/L NAA, axillary shoots grew longer and rooted. Sinha and Roy (2003) discovered shoot regeneration from the protocrom of Vanda teres in ½MS media. Additionally, Akhter et al. (2008) found that ½ MS medium was optimal for Dendrobium orchid regeneration in vitro. 
Table 1. Effect of different strength of MS basal medium on organogenesis 
	Treatment
	Explants swelling (%)
	Number of explants turned blackened (%)
	Explants remained unchanged (%)
	Explants showed organogenesis (%)

	¼ MS
	60.00 (50.82) ± 3.89a
	31.43 (33.04) ± 4.57a
	20.00 (33.40) ± 8.63a
	53.33 (46.92) ±4.76ab

	½ MS
	60.00 (54.71) ± 0.00a
	31.43 (33.04) ± 4.57a
	13.33 (29.67) ± 8.63a
	66.67 (54.71) ± 0.00a

	¾ MS
	53.33 (46.92) ± 4.79a
	37.14 (37.14) ± 3.73a
	20.00 (33.40) ± 8.63a
	40.00 (39.14) ±3.89bc

	Full MS
	33.33 (35.24) ± 0.00b
	48.57 (44.23) ± 3.35a
	26.67 (37.14) ± 7.05a
	33.33 (35.24) ± 0.00c

	SE (±)
	3.078
	4.09
	8.266
	3.078

	LSD (0.05)
	9.308
	NS
	NS
	9.308


Medium: BAP (2.0 mg/L) + NAA (0.5 mg/L) + Sucrose (30g/L), Culture period: 15 week Values represent means of five replications± SE, Data with same alphabet indicate not significantly different at P<0.05 by Duncan Multiple Range Test,          NS – Not significant, *Significant at P<0.05

Effect different concentrations of sucrose on culture medium:
Four different concentrations of sucrose in ½ MS medium fortified with BAP 2.0 mg/L and NAA 0.5 mg/L were studied for organogenesis of phalaenopsis (Table. 2). Among the different concentrations of sucrose, 30 gL-1 showed 100% of explant swelling followed by 15 gL1 (76.00%), whereas control resulted 44.00%. sucrose30 gL-1 also showed 92.00% organogenesis and the same treatment recorded minimum (20.00%) blackening. These findings imply that the concentration of sucrose in the medium affects monopodial orchid growth, and that the ideal sucrose content varies per species. Due of the low CO2 concentration and lack of light energy in in vitro settings, carbon sources are added to the culture medium. In vitro plant cultures frequently exhibit inadequate autotrophy and a low rate of photosynthetic activity (Faria et al., 2004). In the induction medium, sugar serves as both an osmotic regulator and a source of carbon and energy. Tissue culture mediums frequently contain sucrose. According to Jawan et al. (2010), sucrose was the most preferred sugar, followed by glucose and fructose. Due to its ability to influence growth and biomass accumulation, sucrose is regarded as a crucial carbon and energy source in plant cell and tissue culture (Desjardins et al., 1995). Conversely, increased sucrose levels can slow down the growth of cultured cells (Wu et al., 2006) by stopping the cell cycle when nutrients are scarce (Gould et al., 1981).
Table. 2 Effect of different concentrations of sucrose in culture medium on organogenesis
	Treatment

	Explants swelling 
No. (%)
	Explants turned blackened 
No. (%)
	Explants showed organogenesis 
No. (%)

	Sucrose (g/L)
	
	
	

	0
	44.00 (41.07) ± 5.29c
	76.00 (66.44) ± 9.61a
	36.00 (36.23) ± 5.92b

	15
	76.00 (66.44) ± 9.61b
	44.00 (41.07) ± 5.92b
	76.00 (66.44) ± 9.61a

	30
	100.00 (90.00) ± 0.00a
	20.00 (26.55) ± 0.00c
	92.00 (82.15) ± 7.85a

	45
	52.00  (45.90) ± 4.83c
	68.00 (58.59) ± 7.85a
	20.00 (26.55) ± 0.00b

	SE (±)
	6.144
	6.877
	6.877

	LSD (0.05)
	18.577*
	20.796*
	20.796*


Medium: ½ MS + BAP (2.0 mg/L) + NAA (0.5 mg/L) + Sucrose, Culture period: 15 weeks
Values represent means of five replications ±SE, Data with same alphabet indicate not significantly different at P<0.05 by Duncan Multiple Range Test, *Significant at P<0.05 
Researchers have suggested that adding a high concentration of sucrose to culture media may inhibit the uptake of nutrients by reducing the medium's water potential (Shim et al., 2003) or that plantlets preferentially absorb sucrose as a source of carbohydrates, which prevents photosynthetic activity (Kozai and Sekimoto, 1988). According to Baque et al. (2011), plantlets of the "Chunkwang" × "Hyesung" hybrid of Calanthe were shown to grow best in vitro at a concentration of 30 g/L sucrose. On the other hand, Vanda dearie protocorms grew and developed best with 0.2% (w/v) sucrose (Jawan et al., 2010). According to Lim and Choong (2014), the ideal concentration of sucrose for Phalaenopsis deliciosa seedling growth was found to be 20 g/L.
Effect of natural additives on the induction of multiple shoots: 
For induction of multiple shoots, nodal explants were cultured on half strength Murashig and Skoog (MS) basal media supplemented with BAP (2.0 mgL-1) + NAA (0.5 mgL-1) + Sucrose (30gL-1) added with four natural additives yeast extract (20%) , tomato juice (15%), potato extract (15%), and coconut water (15%) (Table.3 and Fig. 1 ). Among all the natural additives, coconut water resulted maximum number of shoots (5.22), leaves (9.07) and roots (3.60) and was found significantly superior to all other treatments followed by potato extract which recorded 4.50, 7.52 and 3.00 number of shoots, leaves and roots, respectively. It might because of coconut water is a cost-effective method for micropropagating essential orchid species (Peixe et al., 2007). Higher concentrations of zeatin, zeatin ribosides, 1,3-diphenylurea (which has cytokinin-like activity), auxins, nitrogenous compounds, inorganic elements, organic acids, sugars and their alcohols, peptides, vitamins, amino acids, and numerous other unidentified components make up this natural growth promoter (Tokuhara and Mii, 2001). 
Table 3: Effect of undefined medium supplements on the induction of multiple shoots
	Treatment (%)
	Number of shoots/ explant
	Number of leaves/ explant
	Number of roots/ explant

	Control (0)
	4.15 ± 0.08c
	7.00 ± 0.00d
	2.85 ± 0.08c

	Yeast extract (20)
	4.60 ± 0.10b
	8.00 ± 0.00b
	3.22 ± 0.07b

	Tomato juice (15)
	4.40 ± 0.10bc
	7.77 ± 0.75bc
	3.07 ± 0.07bc

	Potato extracts (15)
	4.50 ± 0.11b
	7.52 ± 0.17c
	3.00 ± 0.00bc

	Coconut water (15)
	5.22 ± 0.07a
	9.07 ± 0.07a
	3.60 ± 0.10a

	SE (±)
	0.096
	0.092
	0.076

	LSD (0.05)
	0.293
	0.278
	0.231


Medium: ½ MS + BAP (2.5 mg/L) + NAA (1.0 mg/L) + Sucrose (30 g/L),  Culture period: 30 weeks 
Values represent mean of four replications ±SE, Data with same alphabet indicate not significantly different at P<0.05 by Duncan’s Multiple Range Test
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According to George et al. (2008), physiologically active compounds found in coconut water stimulate cell division, which in turn increases shoot multiplication. Coconut water includes 9-β-D-ribo-furanosylzeatin (a-cytokinin) (Pierik, 1987), and its inclusion (5–15% v/v) in the culture medium promotes propagule growth and proliferation, particularly in orchid cultivation (Park et al., 2002; Sinha et al., 2003), most likely because of the extra cytokinin. According to Sinha and Janhan (2011), 100% of explants on ½ MS medium supplemented with 10% (v/v) CW grew into plantlets with roots in eight weeks. A
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Fig. 1: Effect of coconut water on Shoot and Root induction (A) At initiation stage, 
(B) At development stage 

Conclusion: 
Among all the treatments, the combination of 30 g L⁻¹ sucrose with half-strength MS medium supplemented with BAP (2.0 mg L⁻¹) and NAA (0.5 mg L⁻¹) produced superior results for most regeneration parameters in Phalaenopsis. Of all the natural additives evaluated, coconut water produced the most shoots, leaves, and roots per explant, demonstrating a very strong positive effect. Its intricate blend of growth-promoting chemicals, vitamins, and amino acids probably helped to boost the physiological reactions seen during regeneration. Altogether, this study showed that Phalaenopsis cultured on the combination of sucrose (30 g L–1) and coconut water (15% [v/v]) supplemented with half-strength MS media can be used for regeneration of this genus. This combination provides an optimised environment for regeneration and can be recommended as an efficient protocol for micropropagation of Phalenopsis.  
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