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Establishment of Massive In vitro Propagation Protocol for Asparagus racemosus Willd. From Cultured Nodal Segments

Abstract 
Asparagus racemosus (Shatavari), a fellow of the Asparagaceae family, grasps a distinct place in Ayurveda medicine owing to its adaptableness in averting and healing a wide range of illnesses. Operative actions prerequisite to be executed to protection of A. racemosus from additional exhaustion and to encourage its supportable growth to encounter both medicinal demands and ecological safeguarding. During present investigation, a protocol was standardized to regenerate plantlets through indirect and direct in vitro organogenesis from nodal segment explants excised from one-year-old plants grown in greenhouse. The treatment of (Bavistin + Streptomycin + Kanamycin) + HgCl2 + Ethanol at the concentration of (2.5+0.25+0.25) +0.1+70% for {(30 min.) +1.0min. +1.5min.} showed the highest response in respect to percent survival rate (85%) with the least contamination (15%). Nodal segments obtained aseptically were inoculated on MS medium supplemented with different concentrations and combinations of auxins and cytokinins. MS medium containing 2.0 mgl-1 2,4-D and 3.0mgl-1NAA induced callus in higher frequencies (74-77 %) after 4 weeks of incubation period. Maximum callus weight (14.88g) was evident on MS medium amended with 2.0 mgl-1TDZ in combination with 1.0 mgl-1NAA. While maximum shoot proliferating efficiency (12.16) with higher shoot length (10.88 cm) was observed on MS medium supplemented with 1.5 mgl-1 BAP in association with 2.0 mgl-1 Kin.  Whereas utmost rooting efficiency (84%) with higher root length (6.20±0.08 cm) were evident on ½ strength MS medium fortified with 1.0 mgl-1 IBA after 45 days of transfer. Maximum survival (85%) was recorded in potting mixture comprehending sphagnum peat moss and perlite (1:1) under greenhouse conditions after five weeks of hardening. The in vitro raised regenerants were acclimatized and established successfully in the field. Although the traits were not scored quantitatively, regenerated plantlets appeared phenotypically normal and true- to- type.
Keywords: Asparagus racemosus, massive in vitro propagation, nodal segment culture, organogenesis and plantlet regeneration. 
Abbreviations: MS-Murashige and Skoog medium; BA-6-benzylaminopurine; TDZ- Thidiazuron; Kn-Kinetin; NAA-α-Naphthalene acetic acid; 2,4-D-2,4-dichlorophenoxyacetic acid; IBA-Indole-3-butyric acid; GA3: Gibberellic acid 
1. Introduction 
[bookmark: _Hlk207291598]Asparagus racemosus (Shatavari), a member of the Asparagaceae family, holds a special position in Ayurveda medicine because of its adaptability in preventing and healing a wide range of ailments (Akhtar et al., 2024). In various vernacular languages, it is also reckoned as Satawar, Satamuli, Satavari (Pise et al., 2011). The plant generally cultivated at low altitudes across India (Thakur et al., 2015). It is popular among all therapeutic plants due to the presence of various bioactive chemicals such as steroidal glycosides, saponins (primarily Shatavarins I, II, III, and IV), polyphenols, flavonoids, alkaloids (racemosol), and vitamins (Yavuz& Çömlekçioğlu, 2022). Data repository on different extracts of shatavari plant-roots, leaves, blossoms and stems have illustrated their phytopharmaceutical effects that alleviate issues related to female reproductive system and a variety of ailments such as dyspepsia, neurological disorders, cough bronchitis, throat infections, TB, COVID-19 and so on (O’Leary et al., 2021). Several medications based on shatavari extracts are commercially available as nutraceutical and consumed by mass of people (Esmaeili et al., 2016). 
Asparagus racemosus, found in low altitudes throughout India (Rani et al., 2023). It can be found in tropical Africa, Java, Australia, Sri Lanka, Southern China and India, although it is predominantly cultivated in India (Rafiq et al., 2023). It is an extensively scandent spinous, branched under-shrub (Ulukapi et al., 2014). Leaves are reduced to small, and roots are numerous and fusiform succulent and it looms in clusters from the basal end of the stem and has a tuberous shape with a diameter ranging from 0.5 to 1.5 cm. (Bopana and Saxena, 2008; Jain & Kumar, 2013). It is the well-documented adaptogen cited in the ancient texts viz., Ayurvedic, Greek and Chinese medicine system (Singh et al., 2023). It is one of the widely used Ayurvedic Rasayana and for its wide array of aliments it is rightly called “Queen of Herbs” (Thakur et al., 2021). 
The demand for this plant has shown a notable increase, with an annual growth rate of 15.1% (NMPB, 2002). However, A. racemosus is currently regarded as threatened in its natural habitat due to the excessive harvesting of its roots, which contain its primary medicinal benefits (Kohli, 2023). The native populations of this species have significantly decreased as a result of the spike in demand (Prabha, 2011). The National Medicinal Plants Board (NMPB, 2002) was alerted to the potential threat to its survival. NMPB (2002) has listed A. racemosus among the 32 prioritized medicinal plants for conservation and development. Given the circumstances, the conservation of this species has become of utmost importance and requires urgent attention. Effective measures need to be implemented to safeguard A. racemosus from further depletion and to promote its sustainable growth to meet both medicinal demands and ecological preservation.
Productivity varies greatly around the world and is tied to the climatic conditions of the production area, production approaches and harvest techniques (Prabha, 2011). An average yield in Asia was recorded 5,344 kgha−1 (FAOSTAT, 2022) Which is not up to the mark. The tissue culture technique offers a promising opportunity to regenerate numerous plantlets of A. racemosus (Wild.) efficiently and rapidly, ensuring a year-round availability of this essential medicinal plant. Tissue culture has substantially expanded the possibilities and potential of micropropagation by harnessing the inherent regenerative abilities of selected horticultural and agricultural plants, including those of medicinal significance (Ahuja et al., 2016; Jhankare et al., 2011; Uikey et al., 2016; Tiwari et al., 2021; Tripathi et al., 2021a). In vitro propagation methods hold the promise of increasing the availability of plant resources for commercial utilization. Tissue culture technique enables the rapid multiplication and genetic enhancement of desirable genotypes through the use of biotechnological tools and processes (Tripathi et al., 2022a; Tripathi et al., 2022b).
 In Asparagus, plant regeneration has been reported from applying diverse explants such as nodal segment (Sharan, 2011; Patel & Patel, 2015; Preeti et al., 2016; Kumari et al., 2020; Sulava et al., 2020), shoot apex (Sharan, 2011; Stajner, 2023; Pant & Joshi,2017), axillary buds(Afroz et al., 2010; Pindal, 2017), callus culture (Pontaroli & Camadro, 2005; Azad & Amin, 2017) and somatic embryo (Mousavizadeh et al., 2017; Chaudhary & Dantu, 2019) with varying degree of success.
In vitro morphogenesis, however, appears to be dependent on the genotype, explant source and culture medium, and thus, itis necessary to develop specific regeneration protocols for each explant (Tripathi et al., 2019; Tripathi et al., 2022c). Hence, the current study aimed to establish a comprehensive system for the extensive propagation of A. racemosus employing nodal segments as an explant by computing optimum concentrations and combinations of plant growth regulators to be supplemented in a nutrient medium exhibiting higher in vitro morphogenesis followed by an efficient plant regeneration of elite cultivar (s).
2. Material & Methods 
2.1 Explant material 
The present investigation was carried out at the Plant Tissue Culture & Genetic Transformation Laboratory, Department of Plant Molecular Biology and Biotechnology, Rajmata Vijayaraje Scindia Agricultural University, Gwalior M.P., India during the year 2021 to 2023. The nodal segments explants were collected from one-year-old plants, grown at greenhouse (26°13’5.8332” N 78°10’58.1916” E) of the department, which were shifted from the Tapovan Nursery in the year 2021. 
2.2 Culture media 
[bookmark: _GoBack]To begin with a preliminary experiment, two different fortifications of basal media viz., MS (Murashige and Skoog, 1962) and B5 (Gamborg et al., 1968) were venerated to find out better in vitro response. During the preliminary investigation, MS basal medium was found more receptive than B5 media (data not presented); hence, for later experimentations basal MS medium was employed throughout experiment. All initial culture media were made employing readymade basal MS medium (HiMidiaTM) and supplemented with three different sets of plant growth regulators to fortify MS basal media. In first set: two different auxins, viz., 2, 4-D and NAA (alone), in second set: a cytokinin TDZ in association with an auxin NAA in varying concentrations and combinations and in third set: two diverse cytokinins i.e., BAP and Kn (as sole as well as in combination) to attain the best in vitro response. Apart from MS basal macro and micro salts, vitamins, all initial media was amended with 30.0 gl-1 sucrose and the final volume was made to 1000 ml and pH was adjusted to 5.8 ± 0.1 with 1N KOH solution. After adjusting the pH, agar powder @ 7.5 gl-1 was added to the media as a semi-solidifying agent. Warm culture media, still in liquid state was poured into baby food bottles (50-60 ml / bottle) and culture tubes (15-20 ml/ tube) followed by autoclaving at 121oC under 15 psi pressures for 25 minutes. Readymade basal media, plant growth regulators and other ingredients were procured from Hi-media Laboratories, Mumbai, India. 
2.3 Surface sterilization of donor plant 
The nodal segment/section (1-2 cm) of semi-hard meristematic regions of the plants were employed as explants for induction for callus cultures and shoot proliferation. These were collected from the elite plants. The explant was excised as single node segments, removing shoot tips and leaves. The node segments (1-2 cm) were cleaned gently employing a paintbrush, 3.0 mll-1 tween 20 followed with double distilled water with gentle agitation. The explants were then washed with double distilled water and again dipped in 1.5 to 2.5% w/v solution of Bavistin® (BASF, Germany) a fungicide along with the antibiotics viz., streptomycin sulphate and Kanamycin acid sulphate in different concentration and combinations and kept in a rotatory shaker for 15-35 min with initial vacuum of 100 psi and then thoroughly washed with double distilled water. Further steps of surface sterilization were carried out in the Laminar Airflow Cabinet where they were surface sterilized with 0.1% (w/v) aqueous solution of mercuric chloride (HgCl2) for 0.5 to 1.0 min and washed with double distilled water four to five times. The explants were again treated with 70% (v/v) ethanol for 0.5 to 1.5 min and then washed with autoclaved sterilized double distilled water four to five times. The surface sterilized nodal explants were then trimmed at cut ends with a surgical blade and nodal portion were inoculated on different culture media. 
2.4 Nodal segment excision and plating technique 
The nodal segment was excised measuring 1-2 cm in length and dipped vertically with node side up in baby food bottles/culture tubes containing nutrient medium. 
2.5 Culture conditions 
Baby food bottles/culture tubes comprising cultures sealed with Lab film (Parafilm®) were incubated under complete darkness at 25±2°C for one week. Later in vitro inoculated nodal segments were subjected to photoperiod regime of 16 hours light/8 hours dark cycle at an intensity of 2000-lux luminance provided by combinations of fluorescent tubes and Photosynthetically Active Radiation lamps at 25±2 0C and 70% relative humidity. 
2.6 Subculture 
The responding explants were transferred routinely every 15 days into fresh media with the similar composition of the initial medium. 
2.7 Regeneration of plantlets 
After 4-5 weeks of initial culturing, nodal segments followed either direct plant regeneration i.e., via auxiliary bud proliferation or indirect organogenesis via callus formation. Shootlets obtained from direct proliferation were transferred to MS elongation medium supplemented with 1.0 mgl-1 GA3, 20.0 gl-1 sucrose and 7.5 gl-1 agar. For regeneration, reduced level of sucrose was applied on the basis of work conducted by different researchers as well as experiences of our laboratory (Tiwari et al., 2007; Mishra et al., 2021; Shyam et al., 2021a; Bhatt et al., 2022; Sharde et al., 2023). However, calli obtained from indirect organogenesis were subcultured again on the initial medium after four weeks of culture. Cultures were subjected to 25±2oC temperature and photoperiod regimes of 60 molm2s-1 luminance provided by cool fluorescent tubes for 16 hr.
2.8 In vitro rooting of regenerants 
When root formation was not obtained on regeneration medium, plantlets were subsequently transferred to full as well as half-strength MS medium amended with different concentrations of IBA and NAA, 15.0 gl-1 sucrose and 7.5 gl-1 agar. For rooting, reduced level of sucrose was applied on the basis of work conducted by various scientists as well as preliminary experiences of this laboratory (Shyam et al., 2021b; Tripathi et al., 2021b; Tripathi et al., 2023a; Tripathi et al., 2024a; Tripathi et al., 2025a). 
2.9 Acclimatization of regenerants 
After differentiation and regeneration of plantlets through successive culturing stages, the rooted healthy plants were carefully removed from the culture vessels and thoroughly washed with distilled water to remove traces of agar. Before being planted in plastic pro-trays filled with different potting mixtures including sand, soil, perlite, FYM, Sphagnum peat moss and vermicompost in different ratios and combinations, the plantlets underwent fungicide treatment by submerging them in 0.25 percent Bavistin for 2 minutes. Root trainers with transplanted plants were transferred under 30±2oC and 60 ± 5% relative humidity for 25-30 days in greenhouse for primary hardening. Latter these regenerants were transferred to the nethouse for 30-35 days for secondary hardening. Followed by primary and secondary hardening in different potting mixtures, the hardened plantlets were then placed under direct sunlight under field conditions.
2.10 Experimental design and analysis of data 
All experiments were conducted in a Completely Randomized Design (CRD) with two replications. Each treatment and each replication contained 50-100 explants. Visual observations of the cultures were made every week and data related to callus induction %, callus weight, texture, colour, shoot proliferating competence, numbers of shootlets, root proliferating efficiency, numbers of roots and root length were recorded in different time intervals. Data were analysed using Duncan’s Multiple 35-Range Test (DMRT). Mean with different letters in the same column differed significantly at p = 0.05. The programme used was SPSS version 23.0. Whereas the survival and contamination percentages were analysed by employing arc-sine transformation since data were in percentage. The data were analysed for means and standard error in accordance with Snedecor and Cochran's (1997) guidelines. Following the value transformation for the number of shoot and root inductions from explants, the standard error was computed.
Results and Discussion
The purpose of the present investigation was to develop reliable protocol for plant regeneration in higher frequencies from nodal segments derived cultures in order to use them for massive in vitro propagation raising embryogenic cell suspension cultures, production of useful secondary metabolites and genetic transformation experiments. It is well known fact that in vitro regeneration of an explant is influenced by several internal and external factors such as nature and hormonal composition of culture medium, species, genotype, explants and various other culture conditions (Tripathi et al., 2023b).
3.1 Establishment of Aseptic Culture 
Explants excised from mother plants grown in a greenhouse are brimming with various microorganisms that need to be gotten rid of before being inoculated into the culture media. Contamination spreads to the cultures from the nodal section even if the majority of bacteria are eliminated (Tripathi et al., 2019; Tripathi et al., 2021a). Therefore, one of the most crucial actions in the development of an aseptic culture is standardizing the explant surface sterilization method. The most popular surface sterilant in plant tissue culture are streptomycin sulphate, kanamycin acid sulphate, Bavistin (fungicide), mercuric chloride (HgCl2), and 70% (v/v) ethyl alcohol (Tripathi et al., 2022a). Different surface sterilant, their levels and duration of exposure are well known to affect the in vitro culture establishment (Vibhute et al.,2022).
[bookmark: _Hlk147342378]There were highly significant (p<0.05) differences among the response of different surface sterilizing, anti-bacterial and antifungal agents were evident. The data shown in Table 1 and Fig.1 represents that for cultured nodal segment explant, the treatment of (Bavistin + Streptomycin + Kanamycin) + HgCl2 + Ethanol at the concentration of (2.5+0.25+0.25) +0.1+70% for {(30 min.) +1.0min. +1.5min.} respectively showed the highest response in respect to percent survival rate (85%) with the least contamination (15%). This was followed by treatment with (Bavistin + Streptomycin + Kanamycin) + HgCl2 + Ethanol at the concentration of (2.5+0.25+0.25) +0.1+70% for {(35 min.) +1.0min. +1.5min.} correspondingly with a 75% survival rate. While the lowest response (15%) with maximum contamination (85%) was recorded in treatment with (Bavistin + Ethanol) at the concentration of 1.5+70% for {(15min.+0.30min)} respectively. Surface sterilization procedure for Asparagus racemosus have also been outlined by many workers in the past including Jain et al. (2012), Chaudhary and Dantu (2019) and Nabi et al. (2020).
 Furthermore, Nodal segment excised from top 1-10 nodes could not induce higher bud break, which may be due to tender nature of buds (Kurmi et al., 2011). The exposure of explants with sterilants/antioxidants may exterminate these soft buds (Sharma et al., 2010). Maximum bud break was observed from 10-20 nodes, probably due to juvenile status and competence to resist the toxic effect of surface sterilizing agents (Tripathi et al., 2022d). These results are in accordance to the findings of Tripathi et al. (2024b) and Tripathi et al. (2025b) who found higher morphogenic comeback followed by plantlet regeneration that appears to be highly dependent on position of explant in different crop plants. Studies have also revealed that lower or mid portion of the branch are easier to establish in vitro than upper part of the branch (Vibhute et al., 2022).
3.2 In Vitro Morphogenesis
[bookmark: _Hlk207186036]In current investigation, three different sets of plant growth regulators were added to fortify MS basal media for inoculating nodal segment. Depending upon the nature of different culture media combinations, inoculated nodal segments followed either indirect or direct pathway of plant regeneration. In indirect mode, plantlets were originated via callus formation (indirect organogenesis); while in direct approach, plantlets were regenerated on explant surface directly without callus formation (via auxiliary bud proliferation). In indirect pathway, plantlets were regenerated via organogenesis on the callus surface (Fig. 2: A-G). The first response of cultured explants was similar after 4 -7 days and mostly independent from explant and culture media (Fig.2: A). All explants became swollen and no callus proliferation was evident during first few days. Callus proliferation generally started from the portion in contact with the medium and spread upward after a week of culture (Fig. 2: B-D). Initiated callus tissue developed distinct phenotypes. These pheno-variants were rough, hard, dense and glossy reflecting different developmental potentials (Fig. 2: C-D). Plantlet regeneration occurred routinely (Fig. 2: E-G) after sub culturing of these organogenic calli. While in direct mode of regeneration, shootlets were developed directly from the meristematic zones of cultured nodal segments (Fig.2: H-J). Shoot formation from cultured nodal segments started approximately 7-15 days from initial culturing and proliferated 1-12 shoots (Fig. 2: H-J). Initiation of root started after 10- 15 days of transferring of shootlets in rooting medium (Fig. 2: K-N). Regenerated plantlets (Fig. 2: O) were subjected to green house for primary hardening followed by nethouse (Fig. 2 :P) for secondary hardening before transferring under field (Fig. 2 :Q) conditions. 
3.3 Standardization of Plant Growth Regulators Types, Concentrations and Combinations for In Vitro Callus Induction 
Auxins, an external source of plant growth regulators, were employed to initiate callus from various explants. In the current investigation, explant nodal section failed to begin callus or bud break when grown in a media devoid of plant growth regulators (Table 2). After addition of plant growth regulators in to basal MS medium, depending upon the concentration of plant growth regulators like auxin (NAA and 2,4-D) and cytokinin (TDZ), callus induction may take place and varied significantly (Table 2; Table 3).
When NAA supplemented in to MS basal medium as sole, maximum callus proliferation (74.4%) with fresh weight (12.84g) was recorded at the concentration of 3.0 mgl-1 after 60 days of inoculation. Whereas, intermediate callusing was observed with 59.34 percent frequency on media comprehending 2.0 mgl-1NAA. Increasing levels of NAA >3.0 mgl-1 decreased callus proliferation competence subsequently. While minimum callus proliferation was evident with supplementation of 0.5 mgl-1 NAA with 2.94g fresh weight (Table2). 
[bookmark: _Hlk164280952]Addition of 2,4-D as alone in to the medium produced a friable, semi-compact, and compact callus that ranged in colour from yellowish green to green callus and from light brown to dark brown. The initiation of callus was observed after an average of 18–22 days. Initially, the cut surface of the explants showed signs of callus induction. Dark brown callus and green friable callus were recorded. Average initiation days were 19.24 when media supplemented with 2.0 mgl-1 of 2, 4-D with 76.61 percent callus proliferation competence and the average fresh weight of callus was observed 13.26 g.  Further, increasing concentration of 2, 4- D (>3.0 mgl-1) showed a decline in callus proliferation from nodal section explant. However, medium callusing was observed with application of 1.0 mgl-1 and 4.0 mgl-1 and slight callusing at the 0.5 mgl-1 and 5.0 mgl-1 levels of 2, 4-D application (Table 2). 
Although, callus proliferation was seen with application of both NAA and 2,4-D, the best results were found with 2,4-D. Furthermore, highest fresh callus weight (14.88g) was evident on medium amended with 1.0mgl-1NAA in combination with 2.0mgl-1TDZ (Table 4). Salman (2021) found the highest fresh weight (13.26g) of callus with friable texture on MS medium supplemented with 2.0 mgl-1 NAA in combination with 1.0 mgl-1 2.4-D and 0.5 mgl-1 BA. Kim et al. (2021) obtained 85% callus induction from the leaf segments within 4–5 weeks of culture when inoculated on MS medium supplemented with 1.0 mgl-1BAP in association with 0.5 mgl-1NAA. Yadav et al. (2010) reported that calluses grew more rapidly on MS medium amended with 0.4 mgl-1 TDZ as compared to the same medium supplemented with low (0.2 mgl-1) concentration or high (1.0 mgl-1) concentration of TDZ. Azad and Amin (2017), Mani and Yadav (2018), Rasad et al. (2019) Chaudhary and Dantu (2019), Kumari et al. (2020), Nabi et al. (2020), Banharn and Kongthong (2023) and Tripathi et al. (2023c) also obtained similar findings where combination an auxin with a cytokinin promoted callus proliferation competence and fresh weight.
3.4 Standardization of Plant Growth Regulators Types, Concentrations and Combinations for In Vitro Shoot Initiation and Massive Propagations
Cytokinins are commonly added to tissue culture media to promote the initiation of axillary or adventitious shoots. The function of cytokinin in tissue culture is well understood, and the synergistic action of suitable cytokinin and their combination can result in the greatest morphogenetic response (Tripathi et al., 2023a; Tripathi et al., 2023b). Effects of cytokinins viz., BAP and Kn solitary or in combination in shooting and their proliferation were studied in present investigation. Enrichment of MS medium with different levels of BAP and Kn significantly increased the average number of shoots, leaf number per shoot and shoot length over control. The nodal section explants started to grow within 12-15 days of inoculation. After 24-26 days of inoculation, multiple shooting and new leaves were observed with addition of different levels of BAP. Best multiple shooting (10.16±0.14), with higher shoot length (9.05±0.01cm) were observed on media supplemented with 2.0 mgl-1 BAP (Table 4)). When Kn was added solely in the medium in similar concentration, the nodal section explants started to grow within 13-17 days of inoculation. After 24-26 days of inoculation, the best multiple shooting (8.50±0.14) with shoot length (8.83±0.08) was evident (Table 4). 
When the two cytokinins were compared for mass proliferation, we noticed that shoot proliferation competence was better on media supplemented with BAP than Kn. Paudel et al. (2018) found that shoot multiplication was best on MS + 0.5 mgl-1 BAP and MS + NAA 0.5 mgl-1 + 1.0 mgl-1kinetin. Over them, the MS +0.01 mgl-1 NAA + 1.0 mgl-1 BAP along with MS + 0.5 mgl-1 NAA +1.5 mgl-1 kinetin is effective for the development of shoot in Asparagus racemosus. Sulava et al. (2020) also suggested that minimum of 3-4 days was required for bud breaking at the concentration of 1.0 mgl-1 BAP whereas maximally 10-11 days were required for bud breaking at the concentration of 0.1 mgl-1 BAP of the explants. Multiplication of shoot was highest on MS + 1.0 mgl-1BAP medium composition. However, elevated levels of cytokinin in combination with 2.0 to 3.0 mgl-1 significantly decreased the rate of multiplication.
The combination of 1.5mgl-1 BAP with 2.0 mgl-1 Kn added in MS medium resulted in the maximum shoot length (10.88±0.04) with significant higher shoot number (12.16±0.13) after 40 days of inoculation (Table 5). However, any further increase in the concentration of BAP and Kn in combination resulted in drastic reduction in number of shoots and led to callus formation at the basal ends of the explants. Pant & Joshi (2017), Pant (2018), Mani and Yadav (2018), Rasad et al. (2019), Kumari et al. (2020), Nabi et al. (2020), Salman (2021) and Tripathi et al. (2023d) have previously shown that addition of cytokinins in combinations have a positive impact on the start of the shoot meristem, axillary bud bursting and multiple shoot development in Asparagus racemosus. 
3.5 Standardization of Plant Growth Regulators for root Initiation from Micro Shoots 
One of the main endogenous plant growth hormones recognized for encouraging the adventitious rooting process is an auxin (Tripathi et al., 2023c; Tripathi et al., 2023d). Auxins aid in the mobilization of reserve food resources, the extension of meristematic cells and the differentiation of cambial initials into root origins, which may account for the rise in the proportion of rooting on auxin-rich medium (Trripathi et al., 2022c; Tripathi et al., 2023e). In general, a higher rooting efficiency is frequently linked to low auxin concentration at the start of the rooting phase (Tripathi et al., 2022d). It was discovered that Asparagus racemosus shoots can stimulate the formation of roots by providing additional plant growth regulators. Moreover, presence of an auxin causes more root induction than real root development (Tripathi et al., 2021a; Tripathi et al., 2021b). As a result, the utilization of auxins, especially IBA and NAA, is crucial for the induction of functional and quality roots (Tripathi et al., 2024a; Tripathi et al., 2025a).
In the current investigation, we observed significant improvement in rooting on fortification of rooting media with various levels of auxins viz., IBA and NAA (Table 6). As for initiation of rooting from in vitro developed micro shoots optimum external plant growth regulators and media concentration were required, hence the concentration of sucrose was decreased from 30.0 gl-1 to 15gl-1 and MS medium strength was reduced by half. ½ (Table 7). We observed early induction of good quality roots along with the maximum numbers of roots per micro shoot on ½ strength basal MS media fortified with 1.0 mgl-1 IBA. The micro shoots transferred on ½ MS medium amended with 1.0 mgl-1 IBA were induced early and longer roots with better root characteristics. In comparison to NAA, IBA produced better results when the two auxins were used to create consistent, well-shaped roots. IBA was the most effective than any other synthetic auxins in most of the cases, apparently because it is not destroyed by IAA oxidase or other enzymes and therefore persists longer. The effectiveness of IBA in inducing quality roots has earlier been proved by Afroz et al. (2010), Azad and Amin (2017), Mani and Yadav (2018), Maung (2018), Rasad et al. (2019), Chaudhary and Dantu (2019), Kumari et al. (2020), Nabi et al. (2020), Sulava et al. (2020), Kim et al. (2021), Salman (2021), Banharn and Kongthong (2023) and Tripathi et al. (2023e). Afroz et al. (2010) found that shoots were rooted best on half MS medium supplemented with 0.05 mgl-1 BAP and 1.0 mgl-1 IBA and Sulava et al. (2020) observed that higher concentration of auxin NAA (2.0 mgl-1) supported root elongation. 
3.6 Standardization of Hardening Potential Employing Different Potting Mixtures 
The survival of tissue cultivated plants in the greenhouse or field, determines the eventual success of any commercial tissue culture operation (Bhatt at al., 2022). In the current investigation, it has been standardized how well in vitro hardening increased plant survival and decreased plant mortality of in vitro grown plantlets. 
The high risk of plantlet death is recorded when in vitro grown regenerants transplanted to an in vivo environment. This is mostly caused by weak root systems and the need for newly grown plantlets to adapt to a variety of abnormalities present in in vivo conditions, including high levels of radiation, low relative humidity, a lack of water, etc. Among various treatments, maximum survival (85%) was recorded in combination of sphagnum peat moss and perlite (1:1) which was significantly higher than cocopeat: vermiculite (1:1). Also, potting mixture combination vermiculite + soil+ FYM in 1:1:1 ratio had good survival percentage (75%). The maximum plant height (17.16±0.13cm) was recorded in potting mixture containing cocopeat: vermiculite in ratio of 1:1(Table 8). Similar results have earlier been reported by Sharan et al. (2011), Azad and Amin (2017) and Sulava et al. (2020).
Conclusion 
In conclusion, the present results substantiate the fact that nodal segments is an excellent explant source and are available throughout the year. The current study showed that nodal segment explants of Asparagus racemosus carry a high potential for rapid multiple shoot regeneration and subsequent massive in vitro propagation. Utilizing our regeneration system in Asparagus racemosus could provide an additional strategy for the enhancement of elite cultivar along with raising embryogenic cell suspension cultures which may be used further for production of secondary metabolites of pharmaceutical significance. 
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Table 1 Effects of different surface sterilizing, antifungal and antibacterial agents on aseptic culture establishment
	S. No
	Treatment
 
	Concentration
(%)
	Time
(In min.)
	Numbers of explant
inoculated
	Numbers of explant
survived*
	Contaminated
explant*
	Percentage
survival*
	Contamination* %
 

	1
	Bavistin + Ethanol
	1.5+70%
	15+0.30
	20
	3(9.97)
	17(24.35)
	15h (22.78)
	85a (67.21)

	2
	Bavistin + Ethanol
	2.0+70%
	15+0.45
	20
	5(12.92)
	15(22.78)
	25g (30.00)
	75b (60.00)

	3
	Bavistin + HgCl2 + Ethanol
	2.0+0.1+70%
	15+0.30+0.45
	20
	6(14.18)
	14(21.97)
	30f (33.21)
	70c (56.79)

	4
	(Bavistin + Kanamycin) + Ethanol
	(2.0+0.1) +70%
	(20) +1.0
	20
	7(15.34)
	13(21.13)
	35e (36.27)
	65d (53.73)

	5
	(Bavistin + Kanamycin) + HgCl2 + Ethanol
	(2.0+0.2) +0.1+70%
	(20) +0.45+1.0
	20
	9(17.56)
	11(19.37)
	45d (42.13)
	55e (47.86)

	6
	(Bavistin + Streptomycin) + HgCl2 + Ethanol
	(2.0+0.1) +0.1+70%
	(20) +1.0+1.0
	20
	10(18.43)
	10(18.43)
	50c (45.00)
	50f (45.00)

	7
	(Bavistin + Streptomycin) + HgCl2 + Ethanol
	(2.5+0.25) +0.1+70%
	(25) +1.0+1.0
	20
	10(18.43)
	10(18.43)
	50c (45.00)
	50f (45.00)

	8
	(Bavistin + Streptomycin + Kanamycin) + HgCl2 + Ethanol
	(2.5+0.25+0.25) +0.1+70%
	(30) +1.0+1.5
	20
	17(24.35)
	3(9.97)
	85a (67.21)
	15h (22.78)

	9
	Bavistin + Streptomycin + Kanamycin) + HgCl2 + Ethanol
	(2.5+0.25+0.25) +0.1+70%
	(35) +1.0 +1.5
	20
	15(22.78)
	5(12.92)
	75b (60.00)
	25g (30.00)

	Mean
	9.11
	10.88
	45.55
	54.44

	 CD0.05
	2.23
	2.54


* Figures in parenthesis are transformed values (Arc-sine transformation)
Mean values within the column followed by the different letters significantly differed by Duncan’s multiple range test (P>0.05)


Table 2 Effect of added NAA and 2,4-D in varying concentrations on callus formation from cultured nodal segments
	Culture media combination
	Plant growth regulators mgl-1
	Days taken for callus induction
	Fresh weight of callus (g)
	% of explants producing *CEC
	Texture and colour of callus

	
	NAA
	2,4-D
	
	
	
	

	MS0
	-
	-
	0.00
	0.00i±0.00
	0
	-

	MS.5N
	0.5
	-
	28.50
	2.94h±0.01
	28.36
	Compact green

	MSN
	1.0
	-
	26.56
	3.47f±0.02
	32.62
	Yellowish green

	MS2N 
	2.0
	-
	24.87
	5.82d±0.01
	59.34
	Greenish small nodular

	MS3N
	3.0
	-
	20.87
	12.84b±0.12
	74.4
	Fine-grained yellow, nodular

	MS4N
	4.0
	-
	27.66
	4.93e±0.03
	53.5
	Dark green

	MS5N
	5.0
	-
	29.88
	3.16g±0.04
	43 61.
	Yellowish green

	MS.5D
	-
	0.5
	30.26
	3.24g±0.01
	28.63
	Dark green

	MSD
	-
	1.0
	29.24
	4.93e±0.04
	55.42
	Compact green

	MS2D 
	-
	2.0
	19.24
	13.26a±0.06
	76.61
	Greenish nodular

	MS3D
	-
	3.0
	24.87
	6.82c±0.01
	59.34
	Greenish small nodular

	MS4D 
	-
	4.0
	28.66
	3.54f±0.04
	62.31
	Light green nodular

	MS5D
	-
	5.0
	26.88
	2.93h±0.02
	32.93
	Compact green

	CD 0.05
	0.691
	0.471
	
	


* CEC: Compact embryogenic callus
[bookmark: _Hlk164280758]Mean values within the column followed by the different letters significantly differed by Duncan’s multiple range test (P>0.05)


Table 3 Combined effect of added TDZ and NAA in varying concentrations and combinations on callus weight from cultured nodal segments
	Culture media combination
	Plant growth regulators mgl-1
	Weight of callus (Mean ± SE) (gm) 

	
	TDZ
	NAA
	

	MS0
	0.0
	0.0
	0.48h±0.027

	MS.5Td.5N
	0.5
	0.5
	3.30i±0.04

	MSTd.5N
	1.0
	0.5
	6.88ef±0.04

	MS1.5Td.5N
	1.5
	0.5
	7.06de±0.09

	MS2Td.5N
	2.0
	0.5
	11.82b±0.27

	MS.5TdN
	0.5
	1.0
	3.41i±0.42

	MSTdN
	1.0
	1.0
	2.25j±0.04

	MS1.5TdN
	1.5
	1.0
	4.72ef±0.04

	MS2TdN
	2.0
	1.0
	14.88a±0.01

	MS.5Td1.5N
	0.5
	1.5
	8.41cd±0.01

	MSTd1.5N
	1.0
	1.5
	3.53i±0.09

	MS1.5Td1.5N
	1.5
	1.5
	2.35j±0.27

	MS2Td1.5N
	2.0
	1.5
	4.78ef±0.01

	MS.5Td2N
	0.5
	2.0
	10.53bc±0.04

	MSTd2N
	1.0
	2.0
	4.71ef±0.01

	MS1.5Td2N
	1.5
	2.0
	4.56fg±0.27

	MS2Td2N
	2.0
	2.0
	4.25gh±0.04

	CD0.05
	0.451


Mean values within the column followed by the different letters significantly differed by Duncan’s multiple range test (P>0.05)

	Culture 
media
combination
	Plant growth regulators mgl-1
	Shoot proliferating explant (%)
	Number of shoots per explant
	Shoot length (cm)

	
	BAP
	Kin
	
	20
	30
	40
	20
	30
	40

	MS0
	-
	-
	0.00
	0.00e±0.00
	0.00i±0.00
	0.00i±0.00
	0.00e±0.00
	0.00g±0.00
	0.00l±0.00

	MS.1B
	0.1
	-
	33.30
	2.33de±0.13
	3.67h±0.13
	4.00g±0.13
	0.42d±0.01
	1.66f±0.02
	1.92k±0.01

	MS.5B
	0.5
	-
	50.00
	3.50d±0.14
	3.87h±0.14
	5.16g±0.14
	1.98c±0.01
	2.45e±0.01
	3.18j±0.04

	MSB
	1.0
	-
	58.30
	4.84b±0.00
	5.50c±0.14
	[bookmark: _Hlk146827954]7.16b±0.14
	2.05c±0.01
	4.67cd±0.00
	7.40c±0.03

	[bookmark: _Hlk163457431]MS2B
	2.0
	-
	84.00
	5.84a±0.14
	7.84a±0.14
	10.16a±0.14
	5.46a±0.03
	7.48a±0.07
	9.05a±0.01

	MS3B
	3.0
	-
	66.60
	2.33c±0.00
	5.16cd±0.14
	7.00bc±0.27
	3.32b±0.04
	4.02b±0.09
	7.06d±0.02

	MS4B
	4.0
	-
	50.00
	2.00c±0.13
	4.50ef±0.14
	6.26de±0.14
	3.06c±0.03
	3.58de±0.01
	4.33hi±0.03

	MS5B
	5.0
	--
	33.30
	2.50c±0.13
	3.16fg±0.14
	5.16f±0.14
	2.88c±0.04
	2.75c±0.01
	4.25ij±0.07

	MS.1Kn
	-
	0.1
	33.30
	2.50d±0.14
	2.67h±0.13
	3.16g±0.14
	2.98c±0.03
	1.01f±0.01
	1.84k±0.03

	MS.5Kn
	-
	0.5
	50.00
	2.30d±0.14
	3.84gh±0.14
	5.50g±0.14
	2.88c±0.01
	2.45e±0.01
	4.23ij±0.05

	MSKn
	-
	1.0
	66.60
	3.00b±0.00
	4.50ef±0.14
	6.16de±0.14
	3.05c±0.01
	3.67cd±0.00
	6.02f±0.04

	[bookmark: _Hlk163458318]MS2Kn
	-
	2.0
	75.00
	4.16b±0.14
	6.96b±0.14
	[bookmark: _Hlk163458292]8.50b±0.14
	4.44a±0.050
	6.48a±0.06
	[bookmark: _Hlk146828694]8.83b±0.08

	MS3Kn
	-
	3.0
	66.60
	2.65c±0.14
	4.84de±0.14
	[bookmark: _Hlk146828869]6.50cd±0.14
	3.93b±0.04
	4.02b±0.09
	6.88e±0.06

	MS4Kn
	-
	4.0
	50.00
	2.00c±0.00
	3.90ef±0.14
	5.96de±0.14
	2.76c±0.030
	3.58de±0.01
	4.73g±0.27

	MS5Kn
	-
	5.0
	33.30
	0.50e±0.14
	3.16fg±0.14
	4.84e±0.14
	2.68c±0.040
	2.75c±0.01
	3.48h±0.01

	CD 0.05
	0.337
	0.631
	0.417
	0.312
	0.664
	0.454


      Table 4 Effect of added different cytokinins as alone in varying concentrations on in vitro response of cultured nodal segments

Mean values within column followed by the different letters significantly differed by Duncan’s multiple range test (P>0.05)

Table 5 Combined effect of added BAP and Kn in varying concentrations and combinations on in vitro response of cultured nodal segments
	Culture 
media combination
	Plant growth regulators mgl-1
	Shoot proliferating 
explant
	Numbers of shoots per explant
	Shoot length (cm)

	
	BAP
	Kin
	%
	20
	30
	40
	20
	30
	40

	MS0
	0.0
	0.0
	0.00
	0.00g±0.00
	0.00k±0.00
	0.00k±0.00
	0.00k±0.00
	0.00n±0.00
	0.00k±0.00

	MS.5BKn
	0.5
	1.0
	33.30
	0.90f±0.14
	3.67j±0.01
	4.26j±0.13
	1.98h±0.02
	2.45k±0.02
	4.18i±0.04

	MSBKn
	1.0
	1.0
	50.00
	2.16d±0.14
	4.40efg±0.14
	5.50ghi±0.13
	2.05gh±0.02
	2.67j±0.01
	4.30i±0.03

	MS1.5BKn
	1.5
	1.0
	58.30
	2.00de±0.01
	4.50efg±0.13
	5.33hi±0.01
	2.88d±0.01
	2.68gh±0.04
	6.88ef±0.09

	MS2BKn
	2.0
	1.0
	66.60
	3.16d±0.13
	4.83cde±0.13
	6.67gh±0.01
	3.02c±0.01
	4.65ef±0.06
	8.06de±0.02

	[bookmark: _Hlk146834535]MS2.5BKn
	2.5
	1.0
	75.00
	5.16b±0.13
	6.83a±0.13
	9.84b±0.13
	4.32b±0.04
	6.83b±0.01
	[bookmark: _Hlk146834588]9.82b±0.04

	MS3BKn
	3.0
	1.0
	50,00
	1.50f±0.13
	3.16ghi±0.13
	5.16i±0.13
	2.08gh±0.04
	2.75j±0.01
	4.41i±0.01

	MS.5B2Kn
	0.5
	2.0
	33.30
	1.67ef±0.01
	3.00hij±0.00
	4.16j±0.13
	1.46j±0.03
	1.78m±0.01
	4.25j±0.04

	MSB2Kn
	1.0
	2.0
	33.30
	1.83def±0.13
	3.84cde±0.13
	7.33f±0.13
	2.03gh±0.03
	2.68j±0.02
	6.72ef±0.04

	[bookmark: _Hlk146833818]MS1.5B2Kn
	1.5
	2.0
	84.00
	5.84a±0.13
	7.16a±0.13
	12.16a±0.13
	4.58a±0.01
	6.98a±0.04
	[bookmark: _Hlk146833789]10.88a±0.04

	MS2B2Kn
	2.0
	2.0
	66.60
	2.18d±0.13
	4.16bc±0.13
	7.16cd±0.13
	2.46f±0.03
	5.13c±0.05
	8.41cd±0.01

	MS2.5B2Kn
	2.5
	2.0
	50.00
	1.83def±0.13
	3.67def±0.01
	5.50ghi±0.01
	2.12g±0.01
	2.93i±0.27
	4.53i±0.01

	MS3B2Kn
	3.0
	2.0
	50.00
	1.50f±0.13
	2.84ij±0.13
	4.19j±0.13
	1.61i±0.01
	2.02l±0.04
	2.35j±0.04

	MS.5B3Kn
	0.5
	3.0
	33.30
	2.00de±0.01
	3.00bcd±0.01
	8.10d±0.27
	1.12h±0.08
	2.69j±0.10
	6.78ef±0.01

	[bookmark: _Hlk146834611]MSB3Kn
	1.0
	3.0
	75.00
	2.67c±0.01
	4.33b±0.01
	7.50bc±0.13
	4.12c±0.04
	6.23bc±0.05
	8.53bc±.27

	MS1.5B3Kn
	1.5
	3.0
	66.60
	2.16d±0.13
	4.16bc±0.13
	6.83de±0.13
	3.86d±0.05
	4.81d±0.06
	6.71ef±0.09

	MS2B3Kn
	2.0
	3.0
	50.00
	2.00de±.01
	3.23b±0.01
	6.50ef±0.13
	2.78de±0.01
	4.72de±0.01
	6.56fg±0.03

	MS2.5B3Kn
	2.5
	3.0
	50.00
	1.33def±0.13
	2.33fgh±0.27
	4.83g±0.13
	2.20e±0.06
	4.55fg±0.01
	6.25gh±0.01

	MS3B3Kn
	3.0
	3.0
	58.30
	0.80f±0.13
	2.00hij±.00
	4.50ghi±0.13
	1.11f±0.01
	3.33h±0.03
	6.08h±0.42

	CD 0.05
	0.408
	0.423
	0.47
	0.113
	0.153
	0.390


       Mean values within column followed by the different letters significantly differed by Duncan’s multiple range test (P>0.05)
[bookmark: _Hlk148343112]

Table 6 Effects of auxins IBA and NAA supplemented in full strength MS medium for inducing in vitro rooting
	Culture media combination
	Plant growth regulators mgl-1
	Rooting
	Numbers of roots initiated
	Length of root (cm)

	
	IBA
	NAA
	Response%
	25
	35
	45
	25
	35
	45

	MS0
	0
	0
	0.00
	0.00h±0.00
	0.00g±0.00
	0.00g±0.00
	0.00h±0.00
	0.00j±0.00
	0.00h±0.00

	MS.5IB
	0.5
	-
	33.30
	2.16bcde±0.01
	2.50cde±0.01
	3.83d±0.13
	2.60bcd±0.10
	3.26ef±.05
	4.05def±0.04

	MSIB
	1.0
	-
	84.00
	2.84a±0.13
	3.84a±0.13
	[bookmark: _Hlk163461948]5.50a±0.13
	3.15a±0.04
	4.15a±0.06
	[bookmark: _Hlk163461879]5.48a±0.04

	MS1.5IB
	1.5
	-
	66.60
	2.50abcd±0.13
	3.33ab±0.13
	4.57bc±0.01
	2.75bc±0.04
	3.76bc ±0.01
	4.83b±0.12

	MS2IB
	2.0
	-
	50.00
	2.00cdef±0.01
	2.33def±0.01
	3.66de±0.01
	2.50bcde±0.05
	3.00fg±0.05
	3.98ef±0.04

	MS2.5IB
	2.5
	-
	33.30
	1.83defg±0.01
	2.33def±0.04
	3.16ef±0.01
	2.10fg±0.00
	2.68h±0.04
	3.76fg±0.03

	MS3IB
	3.0
	-
	33.30
	1.33gh±0.01
	2.16def±0.04
	2.83f±0.04
	2.96g±0.05
	2.25i±0.01
	3.65g±0.04

	MS.5N
	-
	0.5
	33.30
	2.33abcd±0.13
	2.83bcd±0.13
	4.00d±0.13
	2.58bcd±0.04
	3.68bcd±0.01
	4.68b±0.01

	MSN
	-
	1.0
	50.00
	2.50abc±0.04
	3.33ab±0.01
	4.67bc±0.13
	2.68bcd±0.04
	3.51cde±0.03
	4.35cd±0.27

	MS1.5N
	-
	1.5
	75.00
	2.67ab±0.01
	3.66a±0.13
	5.16ab±0.04
	2.81ab±0.01
	3.84ab±0.19
	5.20ab±0.05

	MS2N
	-
	2.0
	66.60
	2.00cdef±0.04
	3.00bc±0.01
	4.16cd±0.13
	2.42cdef±0.01
	3.58bc±0.09
	4.54bc±0.10

	MS2.5N
	-
	2.5
	50.00
	1.66efg±0.13
	2.33def±0.04
	3.16ef±0.13
	2.35def±0.25
	3.35de±0.05
	4.21cde±0.23

	[bookmark: _Hlk163461919]MS3N
	-
	3.0
	33.30
	1.50fgh±0.13
	1.83f±0.01
	2.66f±0.13
	2.15efg±0.20
	2.85gh±0.17
	3.90efg±0.05

	CD 0.05
	0.501
	0.672
	0.543
	0.381
	0.528
	0.561


  Mean values within column followed by the different letters significantly differed by Duncan’s multiple range test (P>0.05) 




Table 7 Effects of auxins IBA and NAA supplemented in half-strength MS medium for inducing in vitro rooting

	Culture media 
combination
	Plant growth regulators 
mgl-1
	Rooting
response (%)
	Numbers of roots initiated
	Root length (cm)

	
	IBA
	NAA
	
	25days
	35 days
	45days
	25days
	35days
	45days

	MS.5IB
	0.5
	-
	33.3
	2.50bc±0.13
	2.84bc±0.13
	3.84c±0.13
	2.50def±0.05
	3.08ef±0.04
	3.68f±0.07

	MSIB
	1.0
	-
	84.00
	3.16a±0.13
	3.84a±0.13
	[bookmark: _Hlk163461821]5.16a±0.30
	3.45a±0.07
	4.25a±0.09
	[bookmark: _Hlk163461691]6.20a±0.08

	MS1.5IB
	1.5
	-
	66.60
	2.16cd±0.04
	2.67bcd±0.04
	3.67c±0.27
	2.88bc±0.04
	3.81bc±0.04
	4.30cd±0.05

	MS2IB
	2.0
	-
	50.00
	1.84de±0.00
	2.00ef±0.01
	2.50de±0.13
	2.65d±004
	3.58c±0.09
	4.25cd±0.07

	MS2.5IB
	2.5
	-
	33.30
	0.50ef±0.13
	1.04fg±0.13
	2.00ef±0.13
	2.40f±0.05
	2.96f±0.05
	3.68f±0.04

	MS3IB
	3.0
	-
	33.30
	0.33f±0.13
	66.00h±0.27
	2.50f±0.13
	2.35f±0.04
	3.00f±0.05
	3.90ef±0.03

	MS.5N
	-
	0.5
	33.30
	2.16cd±0.13
	3.00b±0.01
	4.50b±0.13
	2.70cd±0.05
	3.30de±0.05
	4.12de±0.07

	MSN
	-
	1.0
	75.00
	2.84ab±0.13
	3.50a±0.13
	4.83ab±0.13
	3.35a±0.09
	3.98b±0.07
	5.23b±0.08

	MS1.5N
	-
	1.5
	66.60
	1.16cd±0.13
	2.50cd±0.13
	2.83d±0.13
	2.92b±0.04
	3.86bc±0.05
	4.43c±0.05

	MS2N
	-
	2.0
	66.60
	0.76ef±0.04
	2.33de±0.01
	2.67d±0.27
	2.62de±0.04
	3.33d±0.08
	3.85f±0.01

	MS2.5N
	-
	2.5
	50.00
	0.64de±0.27
	1.83fg±0.13
	2.00ef±0.13
	2.42ef±0.04
	3.02f±0.04
	3.43g±0.08

	[bookmark: _Hlk163461756]MS3N
	-
	3.0
	33.30
	0.46ef±0.13
	1.00gh±0.13
	[bookmark: _Hlk163461724]1.50f±0.13
	1.75g±0.01
	2.08g±0.04
	3.15h±0.04

	CD0.05 
	
	
	
	0.563
	0.234
	0.801
	0.613
	0.428
	0.321


Mean values within column followed by the significantly different by Duncan’s multiple range test (P>0.05) 




Table 8 Effect of different potting mixtures on acclimatization of in vitro developed regenerants
	Potting mixture combination
	Mixture ratio
	Survival percentage *
	Plant height (in cm)

	
	
	
	20 days
	30 days
	50 days

	Soil: Sand
	01:01
	35 (22.79)
	5.50d±0.00
	7.66d±0.27
	10.66f±0.27

	Soil: Sand
	03:01
	45 (42.13))
	7.33b±0.27
	8.84c±0.13
	12.16c±0.13

	FYM: Soil
	01:01
	60 (45.00)
	7.66b±0.27
	10.16b±0.13
	13.00b±0.27

	Vermiculite: Soil
	01:01
	65 (53.73)
	7.83b±0.40
	10.33b±0.00
	15.33b±0.00

	[bookmark: _Hlk163398695]Sphagnum: Peat Moss and Perlite
	01:01
	85 (67.21)
	9.00a±0.27
	12.16a±0.13
	17.16a±0.13

	Sand: Vermicompost
	01:01
	80 (63.44))
	6.84bc±0.13
	9.33c±0.27
	14.16d±0.13

	[bookmark: _Hlk147062144]Vermiculite: Soil: FYM
	01:01:01
	75 (60.00)
	5.00cd±0.13
	8.00d±0.00
	12.33e±0.27

	Mean
	55.72
	
	
	

	CD 0.05
	1.011
	0.699
	0.814


* Figures in parenthesis are transformed values (Arc-sine transformation)
Mean values within column followed by the different letters significantly differed by Duncan’s multiple range test (P>0.05)


Fig. 1: Bar chart showing effects of surface sterilizing agents and their durations for aseptic culture establishment, percent survival and contamination for cultured nodal segments
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Fig. 2. Plantlet regeneration in Asparagus racemosus Willd. from cultured nodal segments: A. Cultured nodal segments after 4 days in culture; B. Cultured nodal segments after 7-10 days in culture; C. Proliferation of callus after 10-15 days in culture; D. Formation of callus after 15-25 days in culture; E-F. Initiation of single shoot via indirect organogenesis; G. Formation of multiple shootlets via indirect organogenesis; H-J. Formation of multiple shootlets via direct organogenesis; K-M. Initiation of in vitro rooting; N. Formation of well-developed roots in vitro; O. Regenerants transferred in greenhouse after 40-45 days for primary hardening; P. Regenerants transferred in nethouse after 55-60 days for secondary hardening; and Q. Regenerants transferred in field after 65-70 days.P
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