


In-vitro mass propagation of Cymbidium eburneum Lindl. from immature seed pods
Abstract
Cymbidium eburneum Lindl. is a rare and threaten species of the family Orchidaceae. Its vivid, lively and fragrant flowers are of high demand in the commercial market. Due to mass exploitation and slow rate of natural germination, the orchid’s population is declining and is in need of conservation. The study develops a protocol for invitro mass propagation of Cymbidium eburneum from immature seed pods using MS (Murashige and Skoog) basal media enhanced with or deprived of PGRs (plant growth regulators) – GA3 (Gibberellic acid), KIN (Kinetin), IBA (Indole-3-butyric acid) and NAA (Naphthalene acetic acid) in different combinations and proportions. Cultures treated with combination of MS + GA3 (0.2mgl-1) + 0.3mgl-1 KIN showed the optimum result for parameters such as seed germination, PLB formation, shoot proliferation and developments, breadth of leaves, etc. Plant height, leaves length measured best in culture supplemented with 0.2mg/l GA3 to MS media. Further root initiation and development were best seen in the cultures when transferred to MS basal media enhanced with 0.2mgl-1 GA3 +0.3mg/l IBA. The length of root measured longest when MS media was enhanced with 0.2mg/l NAA and diameter when MS basal medium was enhanced with 0.3mgl-1 IBA. For hardening the well rooted plants, Vermiculite and Perlite were better options.	Comment by Shahad: It is preferable to delete this paragraph.
Keywords: Cymbidium eburneum, in-vitro, immature seed pods, GA3 (Gibberellic acid), KIN (Kinetin), IBA (Indole-3-butyric acid), NAA (Naphthalene acetic acid).
Introductions
Cymbidium eburneum Lindl. commonly called the ‘Ivory-colored Cymbidium’ is a very rare and valued orchid of the Orchidaceae family endemic to the North Eastern India and Eastern Himalayan regions. Belonging to the sub family Epidendroideae, Cymbidium eburneum is an epiphytic plant growing at elevations of 1000m-1500m above sea level. The plant can grow up to a height of 1.65 inches. The fragrant flowers of this species usually bloom around February-April exhibiting its beautiful and lively pure white petals. It has very high value in the market of ornamental plants for which it faces commercial exploitation leading to decline in its population. It also has uses as traditional medicine owing to its antimycotic and anti-inflammatory properties. 
Orchid’s seed are non-endospermous and minute. Their germination rate is very low in nature. They also need association with a fungus for natural germination (Deb and Pongener, 2011). For the given reasons, there is a need to develop a technique for mass propagation for conservation of orchid. Tissue culture serves as a method to overcome the problem. In tissue culture, the need for mycorrhizal interaction is replaced by using a nutrient medium (Pant et al., 2011). Rapid in-vitro germination of seed and growth can be established in a controlled environment. This needs no fungal and bacterial competition. The current study has been conducted to establish an in-vitro procedure, keeping view of the need to conserve and propagate the rare Cymbidium eburneum orchid species.
Methodology 
The experiment was performed at the research laboratory for Plant Tissue Culture, Manipur International University, Ghari for two successive years from 2022 to 2024. The orchid seeds were collected from State Orchidarium, Khonghampat and maintained for further use at a well-structured protected area of the Department. 
Explants
For this study, immature pods of Cymbidium eburneum were taken as the explants. The seed pods were first carefully washed under running tap water for a time period of half hour using 2-3 drops of Tween-20. Then, it was treated with Carbendazim 50 W.P. at the rate of 1gL-1 of water for half-hour succeeded by tetracycline HCl (1%) + Streptomycin SO4 (9%) at the rate of 1gL-1 for another half-hour. The pods were then taken to the laminar air flow chamber and repeatedly rinsed using sterilized double distilled water. Sequentially, surface sterilization was again carried out with 70% ethyl alcohol for a minute, 0.1% Mercuric Chloride (HgCl2) solution for 3 minutes. Finally, these were rinsed 5-6 times using disinfected distilled water. The disinfected capsules were then cut in a horizontal manner using sterilized surgical blade. Inoculation was carried out at the rate of 180 mg seeds per culture vessel.
Culture medium and incubation
For the study, Murashige and Skoog (MS) medium in full strength was taken for in-vitro seed germination, seedling growth and determination of parameters related to plant height, no. of shoots and leaves per plantlet, etc. The MS media was enhanced with PGRs either kinetin (0.1-0.3 mgl-1) or GA3 (0.1-0.3mg/L) alone or in combination of both in different proportions or in some case deprived of the PGRs. Basal medium was strengthen using 30g/L sucrose with or without GA3 and kinetin.  For parameters related to root development, different compounds which includes NAA and IBA are employed in varying proportions for the preparation of culture medium. NAA and IBA were either used alone or in combination with GA3. 0.8% w/v of agar was used for gelling the medium. The pH was fixed at 5.8 using 0.1 N NaOH. The mixture was boiled to dissolve the agar. Culture jars were filled up to 100ml each with the prepared mixture and then autoclaved for 20 minutes at 1210 C at a pressure of 1.05 Kg/cm2. The cultures were maintained under 250C (230C-270C) and 340-500 lux illumination for a light/dark phase of 16/8 photoperiod. This was done using white fluorescent tube lights.
Seeds inoculation
Sterilized petri dish containing sterilized blotting paper were prepared to which the immature green pods which were surface sterilized were transferred. Excess moisture from the pods were absorbed by the blotting paper. Using surface sterilized surgical blade, the pods were cut longitudinally. From the cut pods, immature seeds were scraped out using a disinfected spatula. Then, the seeds were scattered over the medium’s surface (prepared in culture jars). Sub culturing of the cultures was done using newly prepared medium once for every 8 weeks, these were replicated 3 times for each treatment. Data of various parameters including initiation of seed germination and the germination rate were noted every week. The whole of the experiment was done in sterile condition using the laminar air flow cabinet for prevention of infections with microbes.
Data Analysis
For the present study, 12 culture jars were used for each treatment. Every treatment was replicated 3 times for every parameter studied like germination of seed, seedlings growth and development, acclimatization, etc. The data obtained were laid out and ran in ANOVA. Required calculations of the various parameters measured in the two -year experimental study was worked out.	Comment by Shahad: This paragraph should be included in the methodology 	Comment by Shahad: This paragraph should be included within the data analysis section.	Comment by Shahad: This paragraph should be included in the methodology
Table 1. Effect of different plant growth regulators on seed germination and seedling development Cymbidium eburneum Lindl. in-vitro.	Comment by Shahad: Please include the tables (all tables) under the (Results and Discussion) section and discuss the results for each table.
	
Treatment
	Days to seed gemination (Days)
	Days to PLB formation after germination (Days)	Comment by Shahad: What do you mean ?

	
	Year 1
	Year 2
	Pooled
	Year 1
	Year 2
	Pooled

	T1- MS0	Comment by Shahad: What do you mean ? Please include the information for each abbreviation at the end of the table wherever it is found.
	105.30
	102.23
	105.30
	29.54
	24.14
	23.18

	T2 –MS+ 0.1 mgl-1 GA3
	67.61
	71.29
	67.61
	18.70
	19.47
	18.49

	T3 –MS+ 0.2 mgl-1 GA3
	57.13
	57.74
	57.13
	18.22
	15.91
	16.12

	T4 –MS+ 0.1 mgl-1 KIN
	92.04
	87.32
	92.04
	16.47
	15.36
	15.28

	T5 –MS+ 0.2 mgl-1 KIN
	89.49
	86.86
	89.49
	15.09
	13.45
	12.75

	T6 –MS+ 0.3 mgl-1 KIN
	86.54
	84.47
	86.54
	13.83
	12.82
	11.68

	T7 –MS+ 0.1 mgl-1 GA3 + 0.1 mgl-1 KIN
	81.95
	79.87
	81.95
	14.45
	13.93
	12.95

	T8 – MS+ 0.1 mgl-1 GA3 + 0.2 mgl-1 KIN
	77.83
	77.18
	77.83
	14.22
	11.22
	11.24

	T9 –MS+ 0.1 mgl-1 GA3 + 0.3 mgl-1 KIN
	73.89
	76.16
	73.89
	13.53
	10.34
	9.59

	T10 –MS+ 0.2 mgl-1 GA3 + 0.1 mgl-1 KIN
	57.60
	58.82
	57.60
	13.14
	11.48
	10.49

	T11–MS+ 0.2 mgl-1 GA3 + 0.2 mgl-1 KIN
	45.95
	43.48
	45.95
	11.53
	10.17
	9.15

	T12–MS+ 0.2 mgl-1 GA3 + 0.3 mgl-1 KIN
	48.55
	45.90
	48.55
	10.84
	7.87
	7.66

	S.E(m)±	Comment by Shahad: What do you mean ? Please include the information for each abbreviation at the end of the table wherever it is found.
	1.28
	2.45
	1.28
	0.52
	1.03
	0.78

	C.D. (5%)	Comment by Shahad: What do you mean ? Please include the information for each abbreviation at the end of the table wherever it is found.
	3.73
	7.16
	3.73
	1.51
	3.00
	2.27



Table 2. Effect of different plant growth regulators enhanced MS media on vegetative growth of Cymbidium eburneum Lindl. in-vitro.
	
Treatment
	Seedling development after PLB formation (Days)
	Plant Height (cm) 90 DAI	Comment by Shahad: What do you mean ? Please include the information for each abbreviation at the end of the table wherever it is found.

	
	Year 1
	Year 2
	Pooled
	Year 1
	Year 2
	Pooled

	T1- MS0
	27.82
	31.26
	29.54
	3.13
	3.81
	3.47

	T2 –MS+ 0.1 mgl-1 GA3
	18.00
	19.40
	18.70
	5.91
	5.69
	5.80

	T3 –MS+ 0.2 mgl-1 GA3
	17.07
	19.37
	18.22
	7.12
	7.24
	7.18

	T4 –MS+ 0.1 mgl-1 KIN
	16.30
	16.64
	16.47
	3.77
	4.26
	4.01

	T5 –MS+ 0.2 mgl-1 KIN
	14.38
	15.80
	15.09
	4.27
	4.45
	4.36

	T6 –MS+ 0.3 mgl-1 KIN
	14.11
	13.55
	13.83
	4.34
	4.72
	4.53

	T7 –MS+ 0.1 mgl-1 GA3 + 0.1 mgl-1 KIN
	15.12
	13.78
	14.45
	4.61
	5.81
	5.21

	T8 – MS+ 0.1 mgl-1 GA3 + 0.2 mgl-1 KIN
	15.08
	13.35
	14.22
	5.19
	5.84
	5.52

	T9 –MS+ 0.1 mgl-1 GA3 + 0.3 mgl-1 KIN
	14.14
	12.93
	13.53
	5.34
	6.17
	5.76

	T10 –MS+ 0.2 mgl-1 GA3 + 0.1 mgl-1 KIN
	13.40
	12.88
	13.14
	6.31
	6.40
	6.35

	T11–MS+ 0.2 mgl-1 GA3 + 0.2 mgl-1 KIN
	11.42
	11.64
	11.53
	6.40
	6.60
	6.50

	T12–MS+ 0.2 mgl-1 GA3 + 0.3 mgl-1 KIN
	11.10
	10.58
	10.84
	6.61
	6.82
	6.72

	S.E(m)±
	1.10
	1.03
	0.52
	0.27
	0.20
	0.17

	C.D. (5%)
	3.22
	3.00
	1.51
	0.79
	0.58
	0.49




Table 3. Effect of different plant growth regulators enhanced MS media on vegetative growth of Cymbidium eburneum Lindl. in-vitro.
	
Treatment
	No. of shoots/plant (90 DAI)
	No. of leaves/plant (90 DAI)

	
	Year 1
	Year 2
	Pooled
	Year 1
	Year 2
	Pooled

	T1- MS0
	2.32
	1.97
	2.14
	3.10
	3.43
	3.27

	T2 –MS+ 0.1 mgl-1 GA3
	2.68
	2.89
	2.78
	3.36
	3.93
	3.65

	T3 –MS+ 0.2 mgl-1 GA3
	2.87
	2.91
	2.89
	3.36
	3.92
	3.64

	T4 –MS+ 0.1 mgl-1 KIN
	4.68
	4.46
	4.57
	5.05
	5.78
	5.42

	T5 –MS+ 0.2 mgl-1 KIN
	5.93
	4.95
	5.44
	5.51
	6.14
	5.82

	T6 –MS+ 0.3 mgl-1 KIN
	6.77
	6.86
	6.81
	7.01
	7.16
	7.09

	T7 –MS+ 0.1 mgl-1 GA3 + 0.1 mgl-1 KIN
	5.76
	5.19
	5.48
	5.84
	5.79
	5.82

	T8 – MS+ 0.1 mgl-1 GA3 + 0.2 mgl-1 KIN
	5.84
	6.03
	5.94
	6.10
	6.24
	6.17

	T9 –MS+ 0.1 mgl-1 GA3 + 0.3 mgl-1 KIN
	6.18
	6.75
	6.46
	6.56
	7.06
	6.81

	T10 –MS+ 0.2 mgl-1 GA3 + 0.1 mgl-1 KIN
	5.71
	6.00
	5.85
	5.92
	6.12
	6.02

	T11–MS+ 0.2 mgl-1 GA3 + 0.2 mgl-1 KIN
	6.39
	6.76
	6.58
	6.70
	7.18
	6.94

	T12–MS+ 0.2 mgl-1 GA3 + 0.3 mgl-1 KIN
	7.17
	7.08
	7.13
	7.43
	7.77
	7.60

	S.E(m)±
	0.23
	0.18
	0.14
	0.23
	0.21
	0.13

	C.D. (5%)
	0.68
	0.52
	0.42
	0.68
	0.62
	0.38



Table 4. Effect of different plant growth regulators enhanced MS media on vegetative growth of Cymbidium eburneum Lindl. in-vitro.
	
Treatment
	Length of leaves/plantlet (cm)
	Breadth of leaves/plantlet (cm)

	
	Year 1
	Year 2
	Pooled
	Year 1
	Year 2
	Pooled

	T1- MS0
	2.12
	3.36
	2.74
	0.14
	0.18
	0.16

	T2 –MS+ 0.1 mgl-1 GA3
	5.30
	4.91
	5.11
	0.32
	0.36
	0.34

	T3 –MS+ 0.2 mgl-1 GA3
	6.30
	6.52
	6.41
	0.39
	0.41
	0.40

	T4 –MS+ 0.1 mgl-1 KIN
	3.32
	3.73
	3.53
	0.22
	0.23
	0.23

	T5 –MS+ 0.2 mgl-1 KIN
	3.45
	3.90
	3.67
	0.23
	0.28
	0.25

	T6 –MS+ 0.3 mgl-1 KIN
	3.94
	4.17
	4.05
	0.27
	0.32
	0.30

	T7 –MS+ 0.1 mgl-1 GA3 + 0.1 mgl-1 KIN
	4.53
	5.42
	4.98
	0.32
	0.42
	0.37

	T8 – MS+ 0.1 mgl-1 GA3 + 0.2 mgl-1 KIN
	4.58
	5.26
	4.92
	0.36
	0.45
	0.41

	T9 –MS+ 0.1 mgl-1 GA3 + 0.3 mgl-1 KIN
	5.52
	5.48
	5.50
	0.45
	0.48
	0.47

	T10 –MS+ 0.2 mgl-1 GA3 + 0.1 mgl-1 KIN
	5.75
	5.74
	5.74
	0.37
	0.44
	0.40

	T11–MS+ 0.2 mgl-1 GA3 + 0.2 mgl-1 KIN
	5.96
	6.03
	6.00
	0.39
	0.46
	0.42

	T12–MS+ 0.2 mgl-1 GA3 + 0.3 mgl-1 KIN
	6.06
	6.24
	6.15
	0.51
	0.54
	0.53

	S.E(m)±
	0.32
	0.24
	0.18
	0.02
	0.02
	0.12

	C.D. (5%)
	0.93
	0.69
	0.54
	0.05
	0.07
	0.04






Table 5. Effect of different plant growth regulators enhanced MS media on root development of Cymbidium eburneum Lindl. in-vitro.
	
Treatment
	No. of roots/plantlet (90 DAI)
	Length of roots/plantlet (cm)

	
	Year 1
	Year 2
	Pooled
	Year 1
	Year 2
	Pooled

	T1- MS0
	1.93
	2.07
	2.00
	1.34
	1.64
	1.49

	T2 –MS+ 0.1 mgl-1 NAA
	2.80
	2.53
	2.67
	3.18
	3.46
	3.32

	T3 –MS+ 0.2 mgl-1 NAA
	3.20
	2.93
	3.07
	4.71
	4.23
	4.47

	T4 –MS+ 0.1 mgl-1 IBA
	3.40
	3.33
	3.37
	1.76
	2.31
	2.04

	T5 –MS+ 0.2 mgl-1 IBA
	4.87
	5.07
	4.97
	2.12
	2.48
	2.30

	T6 –MS+ 0.3 mgl-1 IBA
	6.00
	6.73
	6.37
	2.65
	2.61
	2.63

	T7 –MS+ 0.1 mgl-1 GA3 + 0.1 mgl-1 NAA
	5.20
	5.53
	4.52
	2.37
	3.06
	2.72

	T8 – MS+ 0.1 mgl-1 GA3 + 0.2 mgl-1 NAA
	5.67
	5.93
	5.80
	2.44
	2.62
	2.53

	T9 –MS+ 0.1 mgl-1 GA3 + 0.3 mgl-1 NAA
	6.87
	6.73
	6.80
	2.58
	3.02
	2.80

	T10 –MS+ 0.2 mgl-1 GA3 + 0.1 mgl-1 IBA
	5.87
	5.87
	5.87
	2.88
	2.99
	2.94

	T11–MS+ 0.2 mgl-1 GA3 + 0.2 mgl-1 IBA
	6.27
	6.60
	6.43
	3.03
	3.27
	3.15

	T12–MS+ 0.2 mgl-1 GA3 + 0.3 mgl-1 IBA
	6.73
	7.07
	6.90
	3.18
	3.66
	3.42

	S.E(m)±
	0.02
	0.02
	0.28
	0.18
	0.25
	0.15

	C.D. (5%)
	0.05
	0.07
	0.81
	0.53
	0.73
	0.43



Table 6. Effect of different plant growth regulators enhanced MS media on root development of Cymbidium eburneum Lindl. in-vitro.
	

Treatment
	Diameter of roots/plantlet (mm)

	
	Year 1
	Year 2
	Pooled

	T1- MS0
	0.475
	0.556
	0.516

	T2 –MS+ 0.1 mgl-1 NAA
	0.645
	0.627
	0.636

	T3 –MS+ 0.2 mgl-1 NAA
	0.706
	0.666
	0.686

	T4 –MS+ 0.1 mgl-1 IBA
	0.804
	0.743
	0.774

	T5 –MS+ 0.2 mgl-1 IBA
	1.083
	0.859
	0.971

	T6 –MS+ 0.3 mgl-1 IBA
	1.139
	1.043
	1.091

	T7 –MS+ 0.1 mgl-1 GA3 + 0.1 mgl-1 NAA
	0.781
	0.721
	0.751

	T8 – MS+ 0.1 mgl-1 GA3 + 0.2 mgl-1 NAA
	0.819
	0.864
	0.842

	T9 –MS+ 0.1 mgl-1 GA3 + 0.3 mgl-1 NAA
	0.964
	0.972
	0.968

	T10 –MS+ 0.2 mgl-1 GA3 + 0.1 mgl-1 IBA
	0.891
	0.804
	0.848

	T11–MS+ 0.2 mgl-1 GA3 + 0.2 mgl-1 IBA
	1.009
	0.997
	1.003

	T12–MS+ 0.2 mgl-1 GA3 + 0.3 mgl-1 IBA
	1.020
	1.037
	1.028

	S.E(m)±
	0.062
	0.058
	0.034

	C.D. (5%)
	0.180
	0.170
	0.099




[bookmark: _GoBack]Table 7. Effect of different hardening media on per cent survival of in-vitro seedlings ex-vitro
	Per cent Survival (%)

	Treatment
	Year 1
	Year 2
	Pooled

	H1 - Coco chips
	66.24
	67.45
	66.84

	H2 - Cocopeat
	78.77
	73.49
	76.13

	H3 - Vermiculite
	93.49
	94.09
	93.79

	H4 - Perlite
	88.89
	91.86
	90.37

	H5 - Broken brick pieces
	49.18
	51.22
	50.20

	H6 - Charcoal
	55.88
	54.80
	55.34

	S.E(m)±
	1.70
	1.44
	1.28

	C.D. (5%)
	5.04
	4.29
	3.81
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	Fig. 4 in-vitro seedling development
	Fig 5. Shoot multiplication
	Fig. 6 Hardened plantlet



Results and Discussions 
[bookmark: _Hlk207365474]Seed germination of Cymbidium eburneum showed variable rate in hormone deprived MS basal medium and that enhanced with GA3 and KIN in varying concentrations. Quickest seed germination in both experimental years was seen in MS media enhanced with 0.2 mgl-1 GA3 in combination with 0.2 mgl-1 KIN with 45.95 & 43.98 days respectively in the 1st & 2nd year while the longest time was taken by those treated in hormone free MS basal medium. According to Kucera et al. (2005), GA₃ helps release growth-inhibiting substances like abscisic acid (ABA) and promotes the expression of genes associated with germination. In similar studies with other Cymbidium species, GA₃ has been found to significantly reduce germination time by enhancing metabolic activity and promoting radicle emergence (Arditti and Ernst, 1993). Cytokinins like KIN stimulate the synthesis of proteins involved in cellular division and differentiation, which supports faster seedling establishment (George et al., 2008). Orchid seeds, being tiny and devoid of endosperm, rely heavily on exogenous nutrients and hormonal cues for germination (Arditti, 1992) which causes a delayed germination in hormone free media.
The variation in protocorm-like body (PLB) formation time in Cymbidium eburneum can be attributed to the regulatory effects of gibberellic acid (GA₃) and kinetin (KIN) on cellular processes. The quickest PLB formation observed in MS medium supplemented with 0.2 mgl-1 GA₃ and 0.3 mgl-1 KIN. It took 10.84 days in the 1st first and even a shorter time of 7.87 days in the case of 2nd year compared to hormone-free MS medium (29.54&24.14 days respectively) reflects the combined influence of these growth regulators in promoting cellular differentiation and morphogenesis. GA₃ enhances the synthesis of hydrolytic enzymes like amylases, which mobilize starch reserves to provide energy for the developing PLBs (Kucera et al., 2005). Studies on other Cymbidium species have reported improved PLB formation with low concentrations of GA₃ due to its positive effect on cell elongation and morphogenesis (Arditti and Ernst, 1993). PLB formation showed further development into seedling in 7.87 days in the 1st year in MS media fortified with 0.2mg/l GA3 in addition to 0.3 mgl-1 KIN. However, it took a longer duration of 10.58 days in the 2nd year in the same treatment. A pooled data of 29.54 days was obtained in basal medium of MS media only and was the slowest as compared to the other hormone supplemented treatments.
The increase in plant height in Cymbidium eburneum when cultured in MS medium supplemented with 0.2 mgl-1 GA₃ in both cases compared to the reduced height in hormone-free MS medium, can be attributed to the well-documented role of gibberellic acid (GA₃) in promoting stem elongation, cell division, and tissue expansion. GA₃ enhances cell elongation by loosening the plant cell wall through the activation of expansins and the modification of cell wall polysaccharides (Taiz and Zeiger, 2010). It promotes the synthesis of enzymes like xyloglucan endotransglucosylase/hydrolase (XTH), which facilitates cell wall expansion, contributing to the increased height in micropropagated plantlets. GA₃ induces the expression of growth genes that are involved in promoting stem elongation and shoot development (Sun and Gubler, 2004). 
According to Vanstraelen & Benkova (2012), the addition of GA₃ not only directly influences height but also interacts with endogenous cytokinins and auxins to regulate overall plant architecture. The antagonistic interactions between these hormones play a crucial role in directing resources toward stem elongation versus lateral growth.
The observed enhancement in shoot proliferation and leaf number in Cymbidium eburneum when cultured in MS medium supplemented with 0.2 mgl-1 gibberellic acid (GA₃) and 0.3 mgl-1 kinetin (KIN) can be attributed to the synergistic effects of these plant growth regulators (PGRs) on cell division, elongation, and organogenesis. In orchid species, including, GA₃ has been shown to accelerate shoot initiation by modulating auxin transport and enhancing metabolic activity (Arditti, 1992). Cytokinins stimulate the activity of shoot meristematic cells by activating genes like WUSCHEL (WUS) and SHOOT MERISTEMLESS (STM), which are critical for shoot apical meristem maintenance (Werner et al., 2003). Cytokinins promote chloroplast development, leaf primordia initiation, and the subsequent increase in leaf count (George et al., 2008).
The maximum leaf length of 6.30cm and 6.52 in each year respectively giving a pooled data of 6.41 cm observed in MS medium with 0.2 mgl-1 GA₃ can be attributed to gibberellic acid's well-established role in promoting cell elongation. In Cymbidium species, GA₃ supplementation has been reported to significantly increase leaf length due to its role in elongating parenchyma cells and promoting apical growth (Arditti, 1992). GA₃ application also increased leaf length in other orchid species like Dendrobium Sonia ‘Earsakul and Phalaenopsis (Kumar and Jasmine, 2020; Cardoso et al., 2012). In Cymbidium hybrids, kinetin has been shown to significantly influence leaf width compared to hormone-free media (Chang and Chang, 1998). While GA₃ elongates cells, KIN ensures sufficient lateral expansion through increased mitotic activity (Werner et al., 2003).
For further root setting, the seedlings were transferred to another culture media using PGRs – NAA, IBA and GA3. In the MS basal culture media was enhanced with 0.1 mgl-1 GA3 + 0.3 mgl-1 NAA highest rate of root proliferation of 6.87 roots/plantlet was obtained but in the 2nd year the highest rate of 7.07 roots/plantlet was obtained in 0.2 mgl-1 GA3 + 0.3 mgl-1 IBA i.e. in a different treatment. The pool data obtained also favoured the later treatment. Least proliferation was obtained in PGRs deprived Ms basal media. Root length was found highest in MS + 0.2 mgl-1 NAA in all cases while the root diameter was found highest in MS+0.3 mgl-1 IBA in each case. Least for all was observed in the control media.
Gibberellic acid (GA₃) is known for promoting cell elongation, breaking dormancy, and enhancing enzymatic activities in plant tissues (Iqbal et al., 2017). However, its role in root development is complex and often depends on interactions with other hormones. When used in combination with auxins like IBA, GA₃ can enhance root initiation by increasing the mobilization of nutrients and promoting cell elongation at the root primordia (Kumar et al., 2021). effect. GA₃ improved cell elongation, while IBA promoted cell division and root differentiation. This synergy has been reported in several micropropagation studies of orchids and other plant species (Shekhawat et al., 2015). In contrast, PGR-free MS basal medium lacks hormonal stimulation. Without auxins, root formation depends solely on endogenous hormone levels, which may not be sufficient for rapid root differentiation (Husen and Pal, 2007).
GA₃ is known to promote cell elongation rather than lateral thickening, leading to the formation of longer but thinner roots (Sachs, 2005). The thickest roots observed in plantlets grown in MS medium with 0.3 mgl-1 IBA alone, suggest that IBA promotes both root proliferation and radial expansion. Auxins are known to enhance root girth by stimulating lateral cell division and increasing xylem differentiation (De Klerk et al., 1999). 	Comment by Shahad: Please do not write any abbreviation at the beginning of each sentence.
After the in-vitro well rooting of seedlings, they were later taken out from the culture jars and repeatedly washed in running tap water. This removes the bits of semisolid agar medium adhered to the roots. The plantlets were then treated with Carbendazin 50W.P., a fungicide at the rate of 1g/l for half-hour. This was succeeded by Plantomycin, a bactericide, at the rate of 1g/l for another 30 minutes. Plastic containers were prepared with different well sterilized growing medium. These consist of coco chips, cocopeat, vermiculite, perlite, broken brick pieces and charcoal. The seedlings were then moved to these plastic containers prepared with different hardening media. Vermiculite turns out to be most suitable hardening media for growth of Cymbidium eburneum. The survival rate was as high as 93.49% in 1st year and 94.09% in 2nd year in this media. Vermiculite has a high water-holding capacity, which ensures a steady moisture supply to the developing roots. Unlike conventional soil, it prevents sudden dehydration while still allowing for sufficient aeration (Zhou et al., 2020). Another media that favoured the seedling growth was Perlite with a pooled survival rate of 90.37%. These seedlings were maintained inside the growth chamber at a temperature of about 250C. A relatively higher percentage of around 80% relative humidity and 4000lux density of light was also maintained. One of the key reasons Perlite supports a high survival rate is its ability to retain moisture while ensuring proper drainage. This prevents both waterlogging (which leads to root rot) and excessive drying (Chen et al., 2018). In Cymbidium eburneum, where roots require a delicate balance of moisture and air, perlite acts as an ideal substrate to sustain healthy root growth.
Conclusion
From the above results it can be seen that the current study is an efficient and easy to follow protocol for in-vitro development of seedlings of Cymbidium eburneum from immature seeds as explant. Using growth regulators GA3 (0.1-0.2mg/L) and kinetin (0.1-0.3mg/L) as supplements to MS basal medium enhances seed germination, protocorm and seedling development. Shoot proliferation and development of leaves were also best seen in this hormone treated MS basal medium. For root proliferation the hormone NAA and IBA along with GA3 were better option for supplementation to MS basal medium. The in-vitro well rooted plantlets also had high survival rate in ex-vitro hardening using Vermiculite and Perlite. These easy protocols can help in mass propagation and also in ex-situ conservation of these rare, valued orchids.
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