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INTRODUCTION
Banana (Musa L.) is one of the common plants grown in the tropics and the subtropics which belong to the family Musaceae. Over 120 countries in five continents depend on this crop as food and essential commodity for marketing locally and internationally (Panis et al.,2009). Most of the banana varieties are parthenocarpic and thus a recognizable challenge for germplasm conservation.  Rare and wild varieties contain an important genetic pool for genetic modification and plant breeding (Agrawal et al.,2014). There is crucial neediness to preserve the biodiversity of banana species in their natural habitat (in-situ) and gene banks (ex-situ). In Sri Lanka, banana is mainly cultivated as a fruit crop while few varieties are under endangered, threatened due to human activities (IUCN, 2020). Vegetative propagules and disease-free plant materials are used for germplasm conservation and this conservation is crucial for plant breeding and crop improvement programs. Due to the disappearance of large wild areas for conservation, in-situ conservation has become impossible. Application of cryopreservation practice combine with in vitro techniques has new opportunities for long term conservation of genetic resources of numerous vegetative propagated crops (Engelmann et al., 2004). Serious limitations of in vitro propagation and traditional germplasm conservation are currently reduced by applying cryopreservation techniques. Conservation at ultra-low temperatures, commonly at -196°C, which is the temperature of liquid nitrogen (LN), allows the long-term and contamination-free storage of plant genetic resources (Helliot et al., 2002).

Plant Genetic Resources Centre (PGRC) of Sri Lanka has established the cryopreservation facilities for crop germplasm conservation. PGRC is currently developing a cryopreservation protocol for banana variety ‘Pulathisi’ which is an endangered species by vitrification technique. Furthermore, this study is aiming to investigate the physical and chemical cryopreservation conditions and to develop a better regeneration medium with a high recovery rate for ‘Pulathisi’ banana variety. The vitrification technique has more benefits than traditional conservation methods and thus obtained a high regrowth percentage after cryopreservation.
METHODOLOGY
The experiment was conducted at the in vitro conservation laboratory at PGRC, Gannoruwa, Peradeniya, Sri Lanka. The suckers (Musa AAxBB ‘Pulathisi’) were collected from the PGRC field gene-bank at Gannoruwa, Sri Lanka. These explants were subsequently used for establishing tissue culture and meristem cryopreservation.
All the glassware was washed with the detergent solution rinsed with distilled water and placed in a hot air-drying oven for 2 hours at 45°C. Metal tools were sterilized in a forced convection oven at 160°C for 3 hours.
Murashige and Skoog (MS) medium was supplemented with sucrose (30g/L) and Agar (8g/L) for in vitro plantlet establishment. The explants (‘Pulathisi Accession 28-3’) meristems were initially grown in the multiplication medium (Figure 1a). This contains MS medium supplemented with 30g/L sucrose, 4 mg/L 6-Benzylaminopurine (BAP) and solidified with 10g/L Agar. The pH was adjusted to 5.8 for all the 

cultures. Later, the shoots were transferred to liquid medium with the same amount of sucrose and BAP except for Agar. These were multiplied several times under fluorescent light (Philips, 36W/54 daylight, India) at a photoperiod of 16/8 h light/dark conditions for 4 weeks). After 4 weeks the plantlets were taken for meristem isolation. Multiplied plantlets of 5-8 mm in diameter were obtained for meristem excision under the dissecting microscope. Leaves were removed one by one until the apical dome is visible. Leaf bases were dissected until 1 mm diameter. Dissected meristems were osmo-protected in loading solution (2M glycerol+0.4M sucrose) for 20 min at room temperature and then these meristems were transferred to plant vitrification solution (PVS). PVS consisted of 30% (W/V) (3.26 M) glycerol, 15% (W/V) (2.42 M) ethylene glycol (EG), 15% W/V) (0.4 M) dimethyl sulphoxide (DMSO) and 0.4 M sucrose dissolved in MS medium (pH 5.8) (Hirai and Sakai, 2001). Under the PVS two desiccation times (30° C and 40° C) were tested.
Then the meristems were transferred into cryo vials (1.8 ml) with 0.5ml of PVS. The cryo vials containing meristems were immersed in LN for two days. These cryo vials were rapidly thawed in a water bath. Two different thawing temperatures (40°C, 42°C) and thawing times (1 and 2 min) were tested. These meristems were taken out under the laminar flow and immersed in unloading solution (1.2 M sucrose was dissolved in 100 ml of distilled water) for 15 min at room temperature. These unloaded meristems were placed in hormone free MS medium for another 2 days under in vitro conditions. Unloaded meristems were transferred into regeneration media. For the regeneration, one medium consisted of MS supplemented with 17.7 µM of BAP and the second consisted of MS supplemented with 10.2 µM of BAP and 10.2 µM of IAA (Indole-3-acetic acid) were prepared (Figure 1b). Altogether 16 treatment combinations were prepared, and experiment was not repeated due to the lack of time (Figure 2). 
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Figure 1: (a) Banana multiplication, (b) Meristems cultured on regeneration medium
Figure 2 illustrates the treatment combinations used in this research. Each treatment combinations consisted of five replicates (altogether 80 meristems were cultured) and the data were analysed using Analysis of Variance (ANOVA) and the significance level was set at 0.05. After 4 weeks of culture period contamination, survival (remained green after 4 weeks of culture period) and dead meristems were recorded, and percentages were calculated using following methods.  

Contamination percentage = No. of contaminated samples/no. of meristems cultured*100

Recovery percentage/ survival percentage = No. of meristems survived/no. of meristems cultured*100

Dead percentage = no of meristems blackened or browned/ no. of meristems cultured*100
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Figure 2: Treatment combination of the experiment - PVS desiccation time 30 min (PVS1) and 40 min (PVS2), Thawing temperature:40 ºC (T1), 42 ºC (T2), Thawing time:1 minute (Th1), 2 min (Th2), Regeneration medium: MS medium + 17.7 µM BAP (R1), MS medium+ 10.2 µM of BAP + 10.2 µM of IAA (R2).
RESULTS AND DISCUSSION
The 40 meristems treated with PVS solution with 30 min desiccation time shrank and later died (blackened) at the end of the culture period. Therefore, that was not included in the statistical analysis.
Table 1: Significance of variables
	SOURCE
	p value

	PVS (40 minutes desiccation time)
	0.049

	Thawing temperature
	0.454

	Thawing time
	0.515

	Regeneration medium
	0.038

	PVS* Thawing temperature
	0.908

	PVS*Thawing time
	0.802

	PVS*Regeneration Medium
	0.162

	Thawing temperature*Thawing time
	0.699

	Thawing temperature*Regeneration medium
	0.603

	Thawing time*Regeneration medium
	0.908

	PVS*Thawing temperature*Thawing time
	0.603

	PVS*Thawing temperature*Regeneration medium
	0.699

	PVS*Thawing time*Regeneration medium
	0.077

	Thawing temperature*Thawing time*Regeneration medium
	0.376

	PVS*Thawing temperature*Thawing time*Regeneration medium
	0.802


Except for PVS solution with 40 min desiccation time (p = 0.049) and the regeneration medium (p = 0.0308) other variables were not significant (Table 1). According to the Table 1 the main effects: thawing temperature and thawing time are not significant. Further, two-way interactions, three-way interactions are also not significant as p values are higher than 0.05. Under the PVS desiccation time 40 min, 40 meristems were cultured out of that 22 (55%) meristems were survived, 10 (25%) meristems were dead and 8 (10%) were contaminated.
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*Regeneration medium 01:MS medium + 17.7 µM BAP, regeneration medium, 2:MS medium+ 10.2 µM of BAP + 10.2 µM of IAA
Figure 3: Survival percentage of meristems in regeneration medium
The Figure 3 represents the survival percentage of the regeneration media. The highest survival percentage (85%) was obtained by the regeneration medium 01 which consisted of MS supplemented with 17.7 µM BAP. Only 22% of meristems survived in the regeneration medium 02. Due to the various physical, chemical and physiological stresses and exposing to poisonous vitrification solutions caused cryo injuries which ultimately result low survival percentages of meristems. The injurious effects caused by PVS2 solution were reduced by performing the treatment at 0oC and led to high levels of recovery with tropical biological specimens. Significant differences were observed in 40 min desiccation time for survival percentage which should be maintained to prevent injury by toxicity or excessive osmotic stress (Sakai et al., 1990). The PVS exposure time and temperature are the most important for regeneration. Desiccation time of 40 min showed the positive effects of survival for cryopreserved meristems. Embryonic callus of Zhi Mu (Anemarrhena asphodeloides) was cryopreserved by 40 min in PVS which resulted in a 60% regrowth rate (Heringer et al., 2013). Various kinds of physical, chemical and physiological stresses can cause cryo injury. Exposing to PVS causes physical and metabolic stresses which can cause a low survival percentage.
In this study, many meristems survived but were unable to form regeneration shoots. Low regrowth is due to the low-quality donor plants either tips are damaged or not in the correct stage and effect of direct contact with LN (Panis et al., 2002). In this study, higher contamination percentage was reported which can be due to the endogenous bacteria (Figure 4). The white color bacteria were observed after transferring to in vitro conditions which affect the growth of the meristem.


Figure 4: Bacteria contamination of meristems
In this study, treated meristems were obtained from in vitro banana collection in PGRC. The shoots were cultured in banana multiplication medium and meristems were seriously damaged when exposed to sudden cryo chemicals. The adaptability of cryo chemicals should be practiced from the initiation stage. Cryoprotectants can be used for initiation and culture medium and plants will perform better when exposing to cryo chemicals. In this study the no. of dead meristems was 25% which was higher than the previous studies related to cryopreservation. It is proven that survival percentage is genotype dependent. According to Panis et al., 2002 B-genome survives more than with A-genome. Phenolic activation of B-genome is higher than A-genome. 
CONCLUSIONS
The main objective of this study was to develop a verification protocol for banana variety ‘Pulathisi’ based on desiccation time, thawing time, thawing temperature, and regeneration medium. According to the results, thawing temperature, thawing time were not significant at 0.05 level. PVS with desiccation time of 40 min had a meristem survival percentage of 55%. Regeneration medium MS supplemented with 17.7µM BAP had a survival percentage of 85% for ‘Pulathisi’ meristems. The main limitation of this study was dead meristems and they were unable to form regeneration shoots. Low growth may be due to the low-quality meristems (tips were damaged or not in correct stage) and the direct contact of liquid nitrogen with plant materials. Further studies are necessary to improve the protocol of cryopreservation for ‘Pulathisi’ meristems under vitrification techniques.
RECOMMENDATIONS / SUGGESTIONS
Following suggestions are to be made to increase the survival rate of the meristems:
· Dehydration time should be increased.
· Pre-culture should be practiced before testing the liquid nitrogen preservation and regeneration.
· The optimum moisture content of meristems should be determined before vitrification technique.
· Cryopreservation method should be selected according to the genotype.

· Repetition of the experiment without liquid nitrogen as a control should be done to compare the results of this experiment.
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