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In Vitro Morphogenesis and Plantlet Regeneration in Tinospora cordifolia (Willd.) Miers ex Hook. F. & Thoms from Cultured Leaf discs

Abstract
[bookmark: _Hlk218946663]Tinospora cordifolia (Willd.) Miers ex Hook. F. & Thoms is one of the significant medicinal plants used in traditional ayurvedic treatment. In current study, an effectual and reproducible plant regeneration system was established via indirect organogenesis from inoculated leaf discs excised from one-year-old greenhouse-established plant. During the shoot multiplication, leaching of phenolics was evident commonly and to elude this, two adjuvants namely: ascorbic acid and activated charcoal were used. Supplementation of 100 mgl-1 ascorbic acid in amalgamation with 5.0 gL-1 activated charcoal with appropriate plant growth regulators to MS medium abridged phenol secretion eventually leading to enhanced plantlet regeneration and diminished leaf defoliation. An average (11-12) initiation days was observed for callus initiation on MS medium amended with 3.0 mg L-1 2, 4-D with 100 % callus induction aptitude with a mean fresh weight of 13.20g. Maximum shoot proliferation (84.34%), shoot numbers (5.12±0.24) with bigger length (5.84±0.29 cm) and leaf numbers (6.12±028) were attained on MS medium supplemented with 1.5 mg L-1 BAP in association with 2.0 mg L-1 Kn after 40 days of culture. The highest (82.82%) response of root initiation, number of roots (4.12±0.24) with greater length (5.14±0.28 cm) was recorded on 1/2 MS medium amended with 1.0 mg L-1 IBA after 45 days of transferring of shootlets in rooting medium. Among different potting mixtures, maximum survival (75%) with highest plant height (16.12±0.42cm) was evident in amalgamation of cocopeat: vermiculite (1:1) under greenhouse circumstances after 45 days of hardening. Plants after acclimatization established well in nature. Though the characters were not counted quantitatively, regenerants seemed phenotypically normal and true-to-the types.
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Abbreviations: B5-Gamborg’s medium, BAP-6-benzylaminopurine; 2,4-D: 2,4-dichlorophenoxyacetic acid; IBA-Indole-3-butyric acid; GA3: Gibberellic acid; Kn- Kinetin, MS-Murashige and Skoog’s medium; NAA-α-Naphthalene acetic acid; TDZ- Thidiazuron.


1. Introduction 
Tinospora cordifolia (Willd.) Miers ex Hook. F. & Thoms (Family: Menispermaceae), usually known as heart-leaved Moonseed plant in English and Giloy in Hindi, is one of the momentous medicinal plants of pharmaceutical reputation (Krishna et al., 2008; Patel et al., 2025). It is a climbing shrub found in tropical regions of India, China, Sri Lanka and Bangladesh (Raghu et al., 2006; Bhalerao et al., 2013; Singh et al., 2019). It is a comical foundation of several natural chemical ingredients, viz., tinosporin, berberine, magnoflorine, cordifolioside, isocolumbin, palmetine, cordifolioside, tinocordiside, syringing etc. (Priti and Sulekha, 2019; Adithya & Narasimhan, 2020; Kumar et al., 2020; Vikram et al., 2021; Prasad et al., 2023). These natural products skilled this plant to therapy of an array of ailments like viral infections, cancer, diabetes, inflammation, neurological disorders, psychiatric problems, microbial infection, hypertension and HIV (Choudhury& Handique, 2013; Singh & Chaudhuri, 2017; Sharma et al., 2021; Azeem et al., 2023; Upadhya, 2023).
Due to its shortage in natural habitats, T. cordifolia has been granted preference by National Medicinal Plant Board (NMPB) to include for biotechnological studies (Sultana & Handique, 2013; Sivakumar et al., 2014; Datta et al., 2015; Sinha & Sharma, 2015; Chatterjee & Ghosh, 2023). It is also among the 178 species of medicinal plants that has high value in market as stated by the NMPB (Mittal et al., 2014; Mittal et al., 2017; Mridula et al., 2017; Khan et al., 2019). According to NMPB in New Delhi, T. cordifolia is one of 29 highly priority medicinal plants in India's agroclimatic zone 8 (Rajasthan, Uttar Pradesh, and Madhya Pradesh). At the present yearly demand for plant stems is thought to be between 1000 and 2000 MT. The WHO guesstimates that 60% people internationally utilizing herbal medicine and that in underdeveloped countries, 80% of people trust completely on it for their basic medical necessities (Sheema Dharmapal et al., 2017; Trivedi & Vegda, 2017; Gedam et al., 2019; Malik & Arya, 2019). Around $100 billion is shared by the herbal business internationally, and it has sensible development potential. WHO also recommended the market in herbal pharmaceuticals, raw materials, and therapeutic plants as it is increasing at a pace of around 15% each year (Khan, 2019).
Owing to its substantial therapeutic profits, pharmaceutical companies and individuals looking for conservative therapies have overused it, which has led to a main deficiency of plants wanted to meet present demand. Stem cuttings are the conventional method for propagating the plant due to its poor seed set and a low (57.5%) germination percentage are both   existing (Warrier et al., 2008; Priti & Sulekha, 2019). In vitro propagation methods grasp the potential of enhancing the obtainability of plant resources for commercial utilization (Tripathi et al., 2021a; Tripathi et al., 2022a). This tactic empowers  the speedy multiplication and genetic improvement of required genotypes by employing biotechnological interventions (Baghel et al., 2008; Tripathi et al., 2022b). This process supports   the double target of easing basic cellular, genetic, and biochemical study along with direct applications in commercial endeavors (Tripathi et al., 2022c). Tissue culture has considerably extended the promises and competence of micropropagation by connecting the inherent regenerative abilities of designated horticultural and agricultural crop plants, including those of medicinal importance (Jhankare et al., 2011; Ahuja et al., 2016; Uikey et al., 2016; Tripathi et al., 2019; Tiwari et al., 2021). 
 In Tinospora, plant regeneration has been described from utilizing several explants including  nodal segment (Shankar et al., 2020; Sudan et al., 2020; Deshmukh, 2022; Patel and Pandya, 2022; Pandey et al., 2023), leaf (Datta  et al., 2015; Gedam et al., 2019), shoot tip (Sharma & Vashistha, 2014; Sharma et al., 2015; Mridula et al., 2019) callus culture (Samarth et al., 2019; Pillai & Siril, 2019) and  encapsulated nodal segment (Singh et al., 2021; Singh et al., 2022) with variable degree of accomplishment.
In vitro morphogenesis, however, appears to be dependent up on the genotype, explant source and culture medium, and thus, it is important to develop precise regeneration schemes for each explant (Tripathi et al., 2021b; Tripathi et al., 2022d; More et al., 2025). Henceforward, the current investigation predestined to establish a comprehensive system for the widespread propagation of Tinospora cordifolia employing leaf discs as an explant by computing optimum concentrations and combinations of plant growth regulators to be supplemented in a nutrient medium displaying 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 July, 2021 to October, 2023. The leaf discs explants were acquired 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 2020. 
2.2 Culture media 
To start with an initial study, two different basal media viz., MS (Murashige and Skoog, 1962) and B5 (Gamborg et al., 1968) were venerated to find out better in vitro response. In the initial investigation, MS medium was verified more receptive than B5 media (data not presented); henceforward, for advanced investigations basal MS medium was employed for experimentation. All nutrient media were made using readymade basal MS medium (HiMidiaTM) and supplemented with three different groups of plant growth regulators to MS basal media. In first set: two different auxins, namely, 2, 4-D and NAA (as alone), in second set: two diverse cytokinins viz., BAP and Kn as sole and in third set: two cytokinins i.e., BAP and Kn in variable concentrations and combinations to attain the best in vitro response. Besides MS basal macro and micro salts, vitamins, all nutrient media was augmented with 30.0 g L-1 sucrose and the final volume was made to 1000 ml and pH was adjusted to 5.8 ± 0.1 with 1N KOH. After attuning the pH, agar powder @ 7.5 g L-1 was added to the media as a semi-solidifying agent. Warm culture media, still in liquid state was dispensed into culture bottles (50-60 ml / bottle) and culture tubes (15-20 ml/ tube) followed by autoclaving at 121oC under 15 psi pressures for 25 min. Readymade basal media, plant growth regulators and other components were acquired from Hi-media Laboratories, Mumbai, India. 
2.3 Surface sterilization of explant 
[bookmark: _Hlk218954281]Leaf discs were collected from the elite plants. To obtain leaf disc explant, first and second leaves of tender shoots were cut into small square pieces with sharp edged scalpel and then were cleaned gently using a paintbrush and dipped in tween 20 (3.0 ml L-1) solution followed by washing with double distilled water with mild agitation. The explants were once more dipped in a fungicide:  bavistin (1.5 -3.0% w/v) solution in consort with the antibiotics viz., streptomycin sulfate and kanamycin acid sulfate in various concentrations and combinations in 100 ml distilled                                                water and kept in a rotatory shaker for 20-45 min and then meticulously splashed with double distilled water. Later steps of surface sterilization were carried inside the Laminar Air Flow Cabinet where they were treated with 0.1% -0.2 % (w/v) aqueous solution of mercuric chloride (HgCl2) for 1.0 to 2.0 min following washing with distilled water four to five times. Leaf discs were again treated with 7 0% (v/v) ethyl alcohol for different durations and then washed with autoclaved sterile double distilled water four to five times. 
In order to check the phenol leaching from cut surface of explant, media were fortified with different antioxidants/ phenol binding agents i.e., ascorbic acid and activated charcoal in varying concentrations and combinations subsequently.
2.4 Leaf disc excision and plating technique 
The surface sterilized leaf discs were trimmed and leaf disc measuring 5-8 mm in length were inoculated on culture media.
2.5 Culture conditions 
Culture bottles/ tubes comprehending cultures shielded with Lab film (Parafilm®) were incubated under complete darkness at 25±2°C for one week. Later in vitro inoculated leaf discs were exposed to photoperiod regime of 12 hours light/12 hours dark sequences at an intensity of 1200-lux luminance provided by combinations of fluorescent tubes and Photosynthetically Active Radiation lamps at 25±20C and 70% relative humidity. 
2.6 Subculture 
The responding leaf discs were transferred repeatedly every 15 days into fresh media with the similar composition of the initial medium. 
2.7 Regeneration of plantlets 
After 3-4 weeks of initial inoculation, nodal segments followed mostly indirect organogenesis via callus formation. Calli obtained from indirect proliferation were transferred to MS medium supplemented with different concentrations of BAP and Kn as sole as well as in combinations, 20.0 g L-1 sucrose and 7.5 L-1agar. For regeneration, abridged dose of sucrose was employed based on previous work conducted by different scientists (Sharma et al., 2003; Tiwari et al., 2004; Mishra et al., 2021; Shyam et al., 2021; Sharde et al., 2023). Cultures were subjected to 25±2oC temperature and photoperiod regimes of 60  mol m2 s-1 luminance facilitated by while cool fluorescent tubes for 16 hr.
2.8 In vitro rooting of regenerants 
If root formation was not seen in regenerants, plantlets were shifted to full as well as half-strength MS medium supplemented with diverse concentrations of IBA and NAA, 15.0 g L-1 sucrose and 7.5 g L-1 agar afterward. For rooting, abridged level of sucrose was added based on work carried out by different researchers (Tiwari & Tripathi, 2005; Tiwari et al., 2007; Tripathi et al., 2023a; Tripathi et al., 2024a; Tripathi et al., 2025a). 
2.9 Acclimatization of regenerants 
Regenerated plantlets obtained from successive subculturing; the rooted healthy plantlets were carefully detached from the culture vessels and methodically washed with distilled water to eliminate traces of agar. Prior to planting in plastic pro-trays filled with various potting mixtures viz., sand, soil, FYM, vermiculite, cocopeat and vermicompost in different proportions and amalgamations, the regenerants treated with fungicide by immersing them in 0.25 percent bavistin solution for 2 min. Root trainers with transplanted plantlets were then shifted under 30±2oC temperature and 60±5% relative humidity for 40-45 days in greenhouse/polyhouse for hardening. After that these plantlets were subjected to the field.
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 50-60 leaf discs. Phenotypic observations of the cultures were made every week and data interrelated to callus induction %, callus weight, texture, colour, shoot proliferating competence, numbers of shootlets, numbers of leaves, root proliferating efficiency, numbers of roots and root length were documented at different time intervals. Data were analysed using Duncan’s Multiple 35-Range Test (DMRT). Mean represented with different letters in the same column differed significantly at p = 0.05. The SPSS version 23.0 programme was employed. While the survival and contamination percentages were analysed by utilizing arc-sine transformation since data were in percentage. The data were analysed for means and standard error in accordance to Snedecor and Cochran's (1997) recommendations.
Results and Discussion
3.1 Establishment of Aseptic Culture 
In present investigation, leaf discs were used for culture establishment. So that, an appropriate surface sterilization is indispensable for establishment of an aseptic culture. Leaf discs excised from greenhouse grown mother plants seaside an array of microorganisms that should be eliminated prior inoculation. Contamination may blowout from leaf discs to the cultures even if most of the microorganisms are eliminated (Sharma et al., 2010; Kurmi et al., 2011; Tripathi et al., 2023b; Tripathi et al., 2023c). Hence, one of the most critical activities in the establishment of an aseptic culture is regimenting the leaf disc surface sterilization. The most frequently utilized surface sterilant in plant tissue culture are bavistin (fungicide), mercuric chloride (HgCl2), 70% (v/v) ethanol and antibiotics i.e., streptomycin sulphate and kanamycin acid sulphate (Tripathi et al., 2023d; Tripathi et al., 2024b; Sharma et al., 2025). Various surface sterilants, their concentrations and exposure times are well defined to affect the in vitro culture establishment up to a great level (Vibhute et al., 2022).
Surface sterilization process for Tinospora cordifolia has been described by several researchers earlier including Raghu et al. (2006), Bhalerao et al. (2013), Sharma and Vashistha (2014), Sivakumar et al. (2014), Sharma et al. (2015), Tupe and Pandhure (2015), Sinha and Sharma (2015), Sheema Dharmapal et al. (2017), Deshmukh (2022), Pandey et al. (2023) and Patel et al. (2025). Nevertheless, contingent to the tissue or explant type used, a different sterilizing technique desires to be established.
[bookmark: _Hlk147342378]In the current study, there were exceedingly significant (p<0.05) differences were observed among the responses to different surface sterilizing, anti-bacterial and antifungal agents. The data accessible in Table 1 exhibited that for leaf discs a noteworthy decrease in microbial contamination was evident when leaf discs were treated with a combination of (bavistin+ streptomycin+ kanamycin) + HgCl2 + ethanol (3.0+0.1+0.1) +0.1+70% for 30 min +1min +1min respectively, resultant in survival rate (85%) with the minimum contamination (15%). Previously, Patel et al. (2025) obtained similar results for nodal segment explants cultures in Tinospora cordifolia. Pandey et al. (2023) have displayed the effectiveness of 0.1% HgCl2 for 5 min in the case of nodal section and Deshmukh (2022) was found more effective when treated with 1.0 % bavistin (w/v) for 5 min followed by 3 times washing with autoclaved double distilled water then with 0.1% HgCl2 for 6 min tracked by 4 or 5 times washing with sterile double distilled water. While, in the investigation of Sheema Dharmapal et al. (2017), treatment of 70% ethanol and 0.1% mercuric chloride for 5 min, were evident more effective for aseptic culture establishment.  
3.2 Control of Phenol Exudation
To control phenolic leaching from cut ends of leaf discs, two phenol controlling agents viz., ascorbic acid and activated charcoal were employed. Data presented in Table 2 revealed that addition of 100 mg L-1 ascorbic acid in combination with 5.0 g L-1 activated charcoal reduced phenol exudation ultimately leading to much healthier plant and decreased leaf loss. The reason may be attributed to complete blockage of outlet for phenolic compounds and thereby the establishment of an explant on the media. The nutrients have been absorbed by the cut ends of leaf discs. Similar results have also been reported by Patidar et al. (2010) in aonla, Mridula et al. (2019), Patel and Pandya (2022) and Patel et al. (2025) in Tinospora cordifolia. Mridula et al. (2019) attained the higher shoot proliferating competence (98.3%) with higher number (16) of shoots/explants on a medium fortified with 100m L-1 ascorbic acid in combination with 10.0 g L-1activated charcoal. In the experiments of Patel and Pandya (2022) and Patel et al. (2025), culture media amended with ascorbic acid and activated charcoal also encouraged morphogenic competence.
3.3 In Vitro Morphogenesis
[bookmark: _Hlk207186036]In present investigations, most of the cultures preferred indirect mode of regeneration: indirect organogenesis. The first response of all cultured leaf discs was similar after 3-7 days of inoculation and was independent from culture media combinations. All explants became swollen and no callus proliferation was evident during first few days. After 7-10 days of inoculation, callus formation was generally evident from the cut edges (Fig.1. A). Initiated callus tissue developed discrete phenotypes (Fig. 1: A-E) depending up on the types and concentrations of plant growth regulators supplemented in nutrient medium. These pheno-variants were rough, hard, dense and glossy reflecting different developmental potentials (Fig. 1: A-E). Shootlets shaped from the protuberances or nodular structures arising on the surface of the callus (Fig. 1 F) after 10 days of subculturing. Root initiation was started after 20- 25 days of transferring shootlets to the rooting medium (Fig.1: G-H). Regenerated plantlets were transferred to green house (Fig. 1: I-J) conditions.
3.4 In Vitro Callus Induction
Auxins, as an external source of plant growth regulators, were added to initiate callus from an array of explants. In the current investigation, leaf disc explant failed to initiate callus when inoculated on a media in absence of plant growth regulators. After supplementation of plant growth regulators in to basal medium, contingent to the types and relative concentrations of auxins including NAA and 2,4-D, callus initiation has been started and speckled substantially (Table 3).
When leaf discs explants were inoculated on MS basal medium amended with NAA at the concentrations of 0.5-5.0 mg L-1, light brown to yellow-green callus formation where evident. Sometimes yellowish friable / compact or greenish yellow compact calli were also initiated. The texture of callus was compact, semi-compact and friable. Application of NAA in diverse concentrations exhibited callus proliferation percentage in range of 67 to 100%. Hundred percent callus proliferation was attained with fresh weight of 7.53±0.24g after 40 days of inoculation with supplementation of NAA at the concentration of 3.0 mg L-1. Average days taken for callus initiation were more frequent (9.66 days). Whereas, medium callusing (84%) was observed with 2.0 mg L-1 NAA. While at the concentration of more than 3.0 mg L-1 lead to a progressive decline in callus proliferation competence. The lowest response was evident at 5.0 mg L-1NAA, producing callus of only 2.35±0.11g fresh weight (Table 3). Patel et al. (2025) have also been obtained similar results with nodal segments explants cultures. Pillai and Siril (2019) found the best results in terms of callus fresh weight (2531 mg) on medium supplemented with 5 μM NAA. 
[bookmark: _Hlk164280952]The inoculation of the leaf discs on 2, 4-D amended media produced a friable, and semi-compact callus that arrayed in color from light brown to dark brown. The initiation of callus was taken an average of 11.65-18.50 days. Minimum (11.65) initiation days was observed when medium was fortified with 3.0 mg L-1 2, 4-D with 100 percent efficiency and mean fresh weight of 13.20±0.25 g. Further, increasing the levels of 2, 4- D                                                         (beyond 3.0 mg L-1) displayed a decline in callus proliferation competence. While intermediate callusing was observed at 1.0 mg L-1, 2.0 mg L-1and 4.0 mg L-1and slight callusing at 0.5 mg L-1and 5.0 mg L-1levels. Patel et al. (2025) have also been found similar results with nodal segments explants cultures.  In the research conducted by Datta et al. (2015) numbers of days taken was 5±0.28 for callus induction from inoculated nodal segments on similar medium. Organogenic creamy brown friable callus was initiated. Sheema Dharmpal et al. (2017) reported that application of 1.0 mg L-12,4-D proved the best for callus induction from inoculated leaf disc. Although, callus proliferation was seen with application of NAA and 2,4-D, the best      results in respect to callus weight were obtained with 2,4-D.
3.5 In Vitro Shooting Response
Cytokinins are generally supplemented to tissue culture media to encourage the proliferation of axillary and/or adventitious shootlets. The role of cytokinin in tissue culture is well documented, and the synergistic act of appropriate cytokinin and their amalgamation can result in the utmost morphogenetic response (Tripathi et al., 2023a; Tripathi et al., 2023b). Possessions of cytokinins viz., BAP and Kn lonely or in amalgamation in shooting and their proliferation were investigated in current research. Augmentation of MS medium with diverse levels of BAP and Kn meaningly improved the average number of shoots, leaf number per shoot and shoot length over control. 
Amalgamation of MS medium with different concentrations of BAP and Kn remarkably boosted the shoot proliferating competence, average number of shoots, shoot length and leaf number over the control. The leaf discs explants started to grow within 10-12 days of inoculation on media containing BAP. After 25-28 days of inoculation, shoot formation and new leaves were evident on media amended with diverse levels of BAP. The best shoot proliferating efficiency (82.32%), number of shootlets (5.14±0.24) with higher length (4.98±0.24) and number of leaves (4.78±0.19) were evident with supplementation of 2.0 mg L-1BAP after 40 days of culture (Table 4). Amongst diverse levels of Kn, the leaf discs explants started to initiate shootlets after 12-14 days of culture. The best multiple shoot proliferation (73.92%), numbers of shoots (4.46±0.22) with bigger length (4.78±0.22) and numbers of leaves (4.28±0.18) were evident at 2.0 mg L-1 (Table 4). 
When cytokinins BAP and Kn were compared for shoot proliferation, it was apparent that shoot proliferating efficiency, numbers of shoots, leaf number and shoot length were better on BAP added medium than                              Kn.  Sahu et al. (2020) and Patel et al. (2025) also found that BAP was more operative than Kn among the cytokinins tested for shoot formation. Mean multiplication rate of 6.3 shoots per explant was attained on MS medium amended with 8.87 µM BAP as sole. Patel and Pandya (2022) also                                     attained the best results on BAP encompassing medium. Pandey et al. (2023) also found the best results on MS +2.0 mgL-1 BAP medium. Shoot initiation was started after 7 days of inoculation. However, increased levels of cytokinin beyond      3.0 mg L-1pointedly diminished the rate of multiplication.
To attain a higher in vitro response, the basal medium was also supplemented with two cytokinins i.e., BAP and Kn in association. The maximum shoot proliferation (84.36%), shoot numbers (5.12±0.24) with greater length (5.84±0.29cm), and leaf number (6.12±028) were recorded on MS medium amended with 1.5 mg L-1BAP in combination with  2.0 mg L-1Kn. Remarkable increment in the numbers of shoots was recorded at the concentration of 2.0 mg L-1 each of BAP and Kn; however,  any further augmentation was not noted, with increased concentrations of BAP and Kn in combination and resulted in drastic reduction in numbers of shoots and led to callus formation at  the cut ends of the leaf discs (Table 5). Abundant studies conducted by Sahu et al. (2020), Deshmukh (2022), Patel and Pandya (2022), Pandey et al. (2023) and Patel et al. (2025) have also been demonstrated that cytokinins have a positive influence on the          adventitious and multiple shoot formation in Tinospora cordifolia. 
3.6 In Vitro Rooting 
The prime endogenous plant growth regulators recognized for encouraging the adventitious root development is an auxin (Tripathi et al., 2023c; Tripathi et al., 2023d). Auxins support in the armament of reserve food resources, the elongation of meristematic cells and the differentiation of cambial initials into root primordia, which may account for the increase in the proportion of rooting on auxin-enrich medium (Tripathi et al., 2022c; Tripathi et al., 2023e). Generally, a higher rooting competence is commonly allied to low auxin concentration during the initial phase of rooting (Tripathi et al., 2022d). It was observed that Tinospora shoots can induce the formation of roots by supplementing an additional plant growth regulator. Furthermore, the presence of an auxin persuades more root initiation than actual root elongation (Tripathi et al., 2021a; Tripathi et al., 2021b). As a moment, the addition of auxins, primarily IBA and NAA, is vital for the induction of functional and quality rootlets (Tripathi et al., 2024a; Tripathi et al., 2025a; Tripathi et al., 2025b).
In present investigation, substantial enhancement was recorded in rooting with the addition of rooting media with different concentrations of auxins viz., IBA and NAA (Table 6; Table 7). Initial induction of good quality roots along with the maximum proliferation competence (82.88%), numbers of roots per shoot (4.12±0.24) with bigger length (5.14±0.28cm) was recorded on half-strength MS media supplemented with 1.0 mg L-1 IBA after 45 days of shifting shootlets to rooting media (Table 7). In comparison to NAA, IBA initiated better roots when the two auxins were used to induce steady, well-shaped roots. IBA was found to be the most operative than any other synthetic auxins in most of the studies, perhaps since it is not demolished by IAA oxidase or other enzymes and thus persists longer (Sharma et al., 2025). The efficacy of IBA in inducing quality roots has previous been verified by Sultana and Handique (2013), Sharma et al. (2015), Mittal                                                                 and Sharma (2017), Mridula et al. (2017), Pandey et al. (2023) and Patel et al. (2025). Sharma et al. (2015) were found good rooting response with length of 2-3 cm on media added with 1.0 mg L-1 IAA and IBA. Mittal and Sharma (2017) also found 89% root proliferation with 8.3 ± 0.46 cm length                                           with application of 0.5 mg L-1 IBA. Mridula et al. (2017) demonstrated that half-strength MS medium supplemented with 0.5 mg L-1IBA and 0.5 mg L-1 NAA evidenced the best for inducing in vitro rooting. Pandey et al. (2023) also found the best rooting response when shoots were transferred on MS medium amended with 0.5 mg L-1 IBA.
3.7 Standardization of In Vivo Hardening 
The survival of tissue culture raised plantlets in the greenhouse/polyhouse or under field circumstances, decides the eventual accomplishment of any profitable tissue culture progression (Bhatt et al., 2022). In the present investigation, the efficacy of in vitro hardening in enhancing plant survival and reducing mortality of in vitro regenerated plantlets was standardized.
The high danger of plantlet death is evident when in vitro regenerated regenerants are transplanted to an in vivo environment. This is mainly instigated by weak root systems and the necessity for newly raised regenerants to acclimatize to an array of abnormalities that exist in in vivo condition, including high levels of radiation, low relative humidity, a lack of water, etc. Among diverse potting mixture combinations, maximum survival (75%) with higher plant height (16.12±0.42cm) was attained in present study, in cocopeat in association of vermiculite (1:1) (Table 8). Similar results have also been previously reported by Sivakumar et al. (2014), Mittal and Sharma (2017), Choudhary et al. (2024) and Patel et al. (2025).
Conclusion 
The present investigation highlights that under appropriate conditions, leaf disc culture of Tinospora cordifolia is more amenable in contradiction of other hardy species. Higher morphogenic competence, regeneration frequency numbers of shoots with bigger length have been achieved in this study compared to the earlier findings. Commissioning our regeneration system in Tinospora cordifolia could deliver an added tactic for the enhancement of elite cultivar along with raising embryogenic cell suspension cultures which may be further used for production of useful secondary metabolites of pharmaceutical importance. 
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Table 1 Effects of different surface sterilizing, antifungal and antibacterial agents on aseptic culture establishment

	S.No.
	Treatment
	Concentration (%)
	Duration (in
min)
	Number of explants inocula ted
	Number of explants survived*
	Contaminated explant*
	Percentage survival*
	Contamination* (%)

	1
	Bavistin + Ethanol
	1.5+70%
	15+0.30
	20
	5 (12.92)
	15 (22.78)
	25 (30.00
	75(60.00)

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

	3
	Bavistin + HgCl2 + Ethanol
	2.5+0.1+70%
	15+0.30+1.0
	20
	6 (14.18)
	14 (21.97)
	30 (33.21)
	70 (56.79)

	4
	(Bavistin + Kanamycin)
+ Ethanol
	(2.5+0.2) +70%
	(20) +1
	20
	7 (15.34)
	13 (21.13)
	35 (36.27)
	65 (53.73)

	5
	(Bavistin+ Kanamycin) + HgCl2 +Ethanol
	(3.0+0.1) +0.2+70%
	20+0.45+1
	20
	9 (17.56)
	11 (19.37)
	45 (42.1 3)
	55 (47.86)

	6
	(Bavistin +Streptomycin)
+HgCl2+Ethanol
	(3.0+0.1) +0.2+70%
	20+1+1
	20
	10 (18.43)
	10 (18.43)
	50 (45.00)
	50 (45.00)

	7
	(Bavistin+ Streptomycin)
+ HgCl2 +Ethanol
	(3.0+0.3) +0.1+70%
	(25) +1.0+1.0
	20
	10 (18.43)
	10 (18.43)
	50 (45.00)
	50 (45.00)

	8
	(Bavistin+ Streptomycin+ Kanamycin) +HgCl2
+Ethanol
	(3.0+0.1+0.1) +0.1+70%
	(30) +1+1
	20
	17 (24.35)
	3 (9.97)
	85(67.21)
	15 (22.78)

	9
	(Bavistin+ Streptomycin+ Kanamycin) +HgCl2+Ethanol
	(2.5+0.1+0.1) +0.1+70%
	(30) +1.5+1.5
	20
	15 (22.78)
	5 (12.92)
	75(60.00)
	25 (30.00)

	Mean
	9.33
	10.67
	46.66
	53.33


* 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 different antioxidants and absorbents on control of phenol   exudation added in culture media
	Phenol controlling additives


	Concentration



	Phenol exudation response

	
	
	
After 15 days
	
After 25                    days
	
After 40     days

	Ascorbic acid (mg L-1)
	50.00
	-
	-
	-

	
	75.00
	+
	+
	+

	
	100.00
	++
	++
	++

	Activated charcoal (g L-1)
	2.0
	-
	-
	-

	
	3.0
	+
	+
	+

	
	5.0
	++
	++
	++

	Ascorbic acid (mgl-1)
+ Activated charcoal (g L-1)
	 (100+5.0)
	++
	+++
	++++


Response: (++++): Excellent, (++): Moderate, (+): Less, (-): Very less








Table 3 Effect of added NAA and 2,4-D in varying concentrations on callus formation from cultured leaf discs
	Culture media combinations
	Plant growth regulators (mg L-1)
	Days taken for callus induction
	
Fresh weight of callus (in grams)
	Visual growth
	
Colour
	Response
(%)

	
	NAA
	2,4-D
	
	20 days
	30 days
	40 days
	
	
	

	MS0
	-
	-
	0.00i±0.00
	0.00k±0.00
	0.00i±0.00
	0.00i±0.00
	-
	-
	0.00a

	MS.5N
	0.5
	-
	16.50b±0.09
	0.55i±0.04
	0.94h±0.06
	2.50gh±0.12
	+
	Yellowish  green
	67.00b

	MSN
	1.0
	-
	14.50d±0.08
	0.95f±0.06
	1.47f±0.08
	3.07f±0.14
	+
	Brown
	67.00b

	MS2N
	2.0
	-
	11.00g±0.07
	1.25d±0.07
	3.82c±0.12
	7.08c±0.22
	+++
	Light brown
	84.00c

	MS3N
	3.0
	-
	9.66h±0.06
	1.72b±0.08
	4.84b±0.18
	7.53b±0.24
	+++
	Brown
	100.00d

	MS4N
	4.0
	-
	11.00g±0.07
	0.67h±0.04
	1.93e±0.08
	3.45e±0.12
	++
	Yellowish
	67.00b

	MS5N
	5.0
	-
	16.00bc±0.09
	0.44j±0.03
	1.16g±0.07
	2.35h±0.11
	+
	Brown
	67.00b

	MS.5D
	-
	0.5
	14.16de±0.08
	0.84g±0.4
	1.24g±0.07
	2.48gh±0.09
	+
	Brown
	67.00b

	MSD
	-
	1.0
	13.50e±0.07
	1.17d±0.06
	1.96e±0.08
	4.45d±0.14
	++
	Brown
	84.00c

	MS2D
	-
	2.0
	12.16f±0.06
	2.13b±0.11
	3.43d±0.16
	7.25bc±0.23
	+++
	Brown
	84.00c

	MS3D
	-
	3.0
	11.65g±0.06
	2.76a±0.12
	6.07a±0.22
	13.20a±0.25
	++++
	Light brown
	100.00d

	MS4D
	-
	4.0
	15.50c±0.09
	1.05e±0.05
	1.54f±0.08
	3.03f±0.12
	+
	Brown
	67.00b

	MS5D
	-
	5.0
	18.50a±0.12
	0.64hi±0.06
	0.93h±0.06
	2.66g±0.11
	+
	Brown
	67.00b

	CD0.05
	0.691
	0.085
	0.171
	0.276
	-
	-
	3.23


In vitro response: (+): very less, (++): less, (+++): average, (++++): maximum callus proliferating efficiency 
Mean values within the column followed by the different letters significantly differed by Duncan’s multiple range test (P>0.05)





Table 4 Effect of added different cytokinins as alone in varying concentrations on in vitro response of cultured leaf discs
	Culture media combination
	

Plant growth regulator s
(mg L-1)
	Shoot proliferat-i ng
explant (%)
 
	

Numbers of shoots per explant
	

Numbers of leaf /shoot
	

Shoot length (cm)

	
	BA P
	Kn
	
	
20 days
	
30 days
	
40 days
	
20 days
	
30 days
	
40 days
	
20 days
	
30 days
	
40 days

	MS0
	-
	-
	0.00a
	0.00d±0.00
	0.00i±0.00
	0.00i±0.00
	0.00h±0.00
	0.00h±0.00
	0.00i±0.00
	0.00e±0.00
	0.00g±0.00
	0.00l±0.00

	MS.1B
	0.1
	--
	31.33b
	0.31de±0.09
	0.63h±0.06
	0.98g±0.09
	0.65g±0.08
	1.14fg±0.11
	1.46h±0.13
	0.44d±0.06
	0.64f±0.08
	0.88k±0.11

	MS.5B
	0.5
	-
	48.42c
	0.48d±0.11
	0.82h±0.09
	1.12g±0.12
	0.64g±0.09
	0.82g±0.13
	1.82gh±0.15
	0.94c±0.11
	1.42e±0.12
	2.14j±0.15

	MSB
	1.0
	-
	57.34d
	1.78b±0.14
	2.44c±0.18
	4.12b±0.22
	1.28cde±0.12
	2.18cd±0.15
	3.16b±0.17
	1.02c±0.12
	1.64cd±0.15
	4.38c±0.21

	MS2B
	2.0
	-
	82.32g
	2.82a±0.18
	3.84a±0.22
	5.14a±0.24
	2.28a±0.14
	3.14a±0.19
	4.78a±0.19
	2.44a±0.16
	3.52a±0.19
	4.98±0.24

	MS3B
	3.0
	-
	65.58e
	1.29c±0.12
	2.12cd±0.16
	4.24bc±0.23
	1.64bc±0.14
	1.96cde±0.19
	3.46cd±0.18
	2.28b±0.14
	3.12b±0.17
	4.02d±0.19

	MS4B
	4.0
	-
	49.56c
	1.12c±0.11
	1.48ef±0.14
	3.22de±0.18
	1.12efg±0.11
	1.46ef±0.13
	2.96e±0.16
	1.08c±0.09
	1.62de±0.14
	2.29hi±0.13

	MS5B
	5.0
	-
	32.20b
	0.44c±0.0.9
	1.12fg±0.12
	2.12f±0.14
	1.08bcd±0.08
	1.82de±0.15
	2.82e±015
	1.10c±0.08
	1.78c±0.15
	2.21ij±0.18

	MS.1Kn
	-
	0.1
	31.56b
	0.46d±0.08
	0.64h±0.08
	1.22g±0.11
	0.79fg±0.12
	1.12fg±0.12
	1.46h±0.11
	0.94c±0.08
	0.64f±0.09
	0.82k±0.13

	MS.5Kn
	-
	0.5
	49.32c
	0. 52d±0.11
	0.78gh±0.09
	1.46g±0.12
	1.12def±0.12
	1.46ef±0.15
	2.12fg±0.14
	0.96c±0.09
	1.48e±0.12
	2.18ij±015

	MSKn
	-
	1.0
	65.50e
	0.98b±0.12
	1.46ef±0.14
	3.12de±0.18
	1.46cd±0.14
	2.46bc±0.16
	3.22de±0.17
	1.03c±0.11
	1.64cd±0.14
	2.98±0.18

	MS2Kn
	-
	2.0
	73.92f
	2.12b±0.18
	3.12b±0.18
	4.46b±0.22
	1.96a±0.18
	2.82ab±0.17
	4.28b±0.18
	2.38a±0.15
	3.44a±0.18
	4.78b±0.22

	MS3Kn
	-
	3.0
	64.96e
	1.62c±0.16
	1.82de±0.16
	3.46cd±0.18
	1.64bc±12
	2.65ab±0.16
	3.64c±0.16
	2.25b±0.14
	2.98b±0.16
	3.84e±0.19

	MS4Kn
	-
	4.0
	49.88c
	0.98c±0.12
	1.48ef±0.14
	3.16de±0.14
	1.62def±0.14
	2.22cd±0.15
	2.82e±0.15
	1.08c±0.09
	1.54de±0.11
	2.68g±0.17

	MS5Kn
	-
	5.0
	32.90b
	0.46d±0.09
	1.12fg±0.12
	2.82e±0.14
	1.12def±0.11
	1.64de±0.14
	2.29f±0.12
	1.12c±0.12
	1.72c±0.12
	2.44h±0.14

	CD 0.05
	3.06
	0.388
	0.429
	0.514
	0.464
	0.498
	0.412
	0.124
	0.162
	0.168



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 leaf discs


	

Culture medium combination
	
Plant growth regulators (mg L-1)
	Shoot proliferating
explant (%)
	

Numbers of shoots per explant
	

Numbers of leaf shoot
	

Shoot length (cm)

	
	BAP
	Kn
	
	20 days
	30 days
	40 days
	20 days
	30 days
	40 days
	20 days
	30 days
	40 days

	MS0
	0.0
	0.0
	0.00a
	0.00g±0.00
	0.00k±0.00
	0.00k±0.00
	0.00h±0.00
	0.00m±0.00
	0.00l±0.00
	0.00k±0.00
	0.00n±0.00
	0.00k±0.00

	MS.5BKn
	0.5
	1.0
	26.36b
	0.48f±0.14
	0.65j±0.08
	1.24±0.13
	0.46g±0.10
	0.80kl±0.13
	1.48k±0.13
	0.96h±0.12
	1.43k±0.12
	2.14i±018

	MSBKn
	1.0
	1.0
	36.12cd
	1.14d±0.14
	1.38efg±0.14
	2.46ghi±0.19
	0.65fg±0.11
	1.62jk±0.19
	1.79ijk±0.19
	1.03gh±0.14
	1.63j±0.17
	2.24i±0.19

	MS1.5BKn
	1.5
	1.0
	39.16d
	1.12de±0.11
	1.47efg±0.13
	2.30hi±021
	1.46cd±0.16
	1.79ghi±0.21
	3.15efg±0.23
	1.84d±0.18
	1.64gh±0.18
	3.84ef±0.25

	MS2BKn
	2.0
	1.0
	44.32e
	1.14d±0.13
	1.80cde±0.15
	2.63gh±0.22
	1.67cd±0.18
	2.64d±0.23
	4.12cd±0.25
	2.12c±0.22
	2.63ef±0.22
	4.12de±0.27

	MS2.5BKn
	2.5
	1.0
	73.12g
	2.12b±0.18
	2.80a±0.20
	4.78ab±0.24
	2.30b±0.20
	3.59b±0.25
	5.29b±0.27
	2.28b±0.24
	3.79b±0.24
	4.76b±0.29

	MS3BKn
	3.0
	1.0
	37.33d
	0.46f±0.13
	1.12ghi±0.13
	2.12i±0.18
	1.31de±0.15
	2.10efg±0.18
	3.12fgh±0.22
	1.14gh±0.14
	1.73j±0.13
	2.39i±0.17

	MS.5B2Kn
	0.5
	2.0
	28.30b
	0.64ef±0.12
	1.12hij±0.11
	1.12j±0.10
	0.65fg±0.10
	1.48ij±0.15
	2.46ghi±0.19
	0.44j±0.09
	0.76m±0.08
	1.23j±0.11

	MSB2Kn
	1.0
	2.0
	29.30b
	0.80def±0.13
	1.80cde±0.13
	3.29f±0.18
	0.80fg±0.13
	2.12fgh±.19
	3.12fgh±0.23
	1.05gh±0.13
	1.64j±0.16
	3.68ef±0.24

	MS1.5B2Kn
	1.5
	2.0
	84.36h
	2.80a±0.14
	3.10a±0.22
	5.12a±0.24
	2.80a±0.21
	4.14a±0.26
	6.12a±028
	2.54a±0.22
	3.74a±0.24
	5.84a±0.29

	MS2B2Kn
	2.0
	2.0
	44.60e
	1.16d±0.12
	2.12bc±0.18
	4.12cd±0.19
	1.81c±0.19
	2.48de±0.19
	3.14efg±0.23
	1.42f±016
	3.15c±0.22
	4.39cd±0.26

	MS2.5B2Kn
	2.5
	2.0
	36.00cd
	0.79def±0.10
	1.60def±014
	2.46ghi±0.12
	1.12ef±0.13
	1.98fgh±0.17
	3.16fgh±0.22
	1.16g±0.12
	1.89i±0.17
	2.49i±0.19

	MS3B2Kn
	3.0
	2.0
	38.32d
	0.47f±0.10
	0.80ij±0.13
	1.17j±0.10
	0.79fg±0.11
	1.48ij±0.15
	2.29hij±0.22
	0.63i±0.11
	1.12l±0.12
	1.33j±0.12

	MS.5B3Kn
	0.5
	3.0
	27.15b
	0.98de±0.11
	1.98bcd±0.16
	4.12d±0.21
	1.65cd±0.16
	2.35def±0.22
	3.44def±0.23
	0.99h±014
	1.71j±0.18
	3.74ef±024

	MSB3Kn
	1.0
	3.0
	50.00f
	1.64c±0.15
	2.30b±0.18
	4.46bc±0.22
	2.27b±0.19
	3.12c±0.23
	4.79bc±0.25
	2.16c±0.22
	3.21bc±0.21
	4.49bc±.27

	MS1.5B3Kn
	1.5
	3.0
	44.60e
	1.14d±0.13
	2.12bc±0.16
	3.79de±0.21
	1.63cd±0.14
	2.20efg±0.19
	3.79de±0.21
	1.82d±0.19
	2.77d±0.22
	3.67ef±0.24

	MS2B3Kn
	2.0
	3.0
	40.30d
	1.12de±.10
	2.18b±0.15
	3.46ef±0.19
	1.31de±0.17
	2.14fgh±0.18
	3.14efg±0.24
	1.74de±0.17
	2.68de±0.21
	3.52fg±0.23

	MS2.5B3Kn
	2.5
	3.0
	34.00c
	0.82def±0.13
	1.30fgh±0.14
	2.79g±0.18
	0.96ef±0.14
	1.63hi±0.18
	2.78fgh±0.19
	1.72e±0.16
	2.53fg±0.23
	3.23gh±0.22

	MS3B3Kn
	3.0
	3.0
	32.00c
	0.52f±0.10
	1.08hij±.10
	2.46ghi±0.17
	0.46g±0.10
	0.65l±0.12
	1.69jk±0.16
	1.39f±0.13
	2.29h±0.19
	3.12h±0.24

	CD0.05
	2.98
	0.418
	0.432
	0.480
	0.442
	0.488
	0.682
	0.124
	0.274
	0.342



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







Table 6 Effects of auxins IBA and NAA supplemented in full strength MS medium for inducing in vitro rooting
	
Rooting medium combination
	Plant growth regulators 
(mg L-1)
	Rooting response (%)
	Numbers of roots initiated
	Root length (cm)

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

	MS0
	0
	0
	0.00h
	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
	-
	31.20g
	1.14bcde±0.11
	1.46cde±0.14
	2.79d±0.15
	1.58bcd±0.12
	2.22ef±.14
	3.02def±0.18

	MSIB
	1.0
	-
	82.22a
	1.82a±0.13
	2.78a±0.16
	4.46a±0.22
	2.13a±0.16
	3.12a±0.18
	4.44a±0.24

	MS1.5IB
	1.5
	-
	65.40c
	1.48abcd±0.15
	2.29ab±0.14
	3.53bc±0.18
	1.73bc±0.14
	2.72bc ±0.14
	3.79b±0.19

	MS2IB
	2.0
	-
	48.24e
	1.12cdef±0.11
	1.29def±0.12
	2.62de±0.14
	1.46bcde±0.12
	2.12fg±0.12
	2.94ef±017

	MS2.5IB
	2.5
	-
	31.28g
	0.81defg±0.08
	1.31def±0.12
	2.12ef±0.12
	1.12fg±0.12
	1.64h±0.11
	2.74fg±0.15

	MS3IB
	3.0
	-
	30.33g
	0.31gh±0.06
	1.14def±0.11
	1.79f±0.11
	0.94g±0.08
	1.22i±0.11
	2.62g±0.14

	MS.5N
	-
	0.5
	31.40g
	1.31abcd±0.13
	1.79bcd±0.13
	2.98d±0.19
	1.54bcd±0.12
	2.64bcd±0.15
	3.64b±0.19

	MSN
	-
	1.0
	52.44d
	1.52abc±0.14
	231ab±0.15
	363bc±0.21
	1.64bcd±0.14
	2.49cde±0.16
	3.32cd±0.17

	MS1.5N
	-
	1.5
	73.28b
	1.65ab±0.16
	2.64a±0.17
	4.12ab±0.24
	1.79ab±0.15
	2.82ab±0.19
	4.18ab±0.22

	MS2N
	-
	2.0
	65.40c
	1.14cdef±0.12
	1.98bc±0.14
	3.14cd±0.18
	1.38cdef±0.11
	2.54bc±0.16
	3.52bc±0.18

	MS2.5N
	-
	2.5
	48.80e
	0.68efg±0.08
	1.31def±0.12
	2.12ef±0.15
	1.31def±0.15
	2.33de±0.15
	3.19cde±0.19

	MS3N
	-
	3.0
	35.50f
	0.48fgh±0.08
	0.79f±0.11
	1.62f±0.13
	1.12efg±0.11
	1.83gh±0.14
	2.86efg±0.17

	CD0.05
	3.12
	0.611
	0.652
	0.622
	0.380
	0.316
	0.324


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
	Rooting medium combination
	Plant growth regulators (mg L-1)
	Rooting response (%)
	Numbers of roots initiated
	Root length (cm)

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

	MS0
	0.0
	0.0
	0.00f
	0.00h±0.00
	0.00h±0.00
	0.00h±0.00
	0.00h±0.00
	0.00h±0.00
	0.00h±0.00

	MS.5IB
	0.5
	-
	31.22e
	1.46bc±0.13
	1.82bc±0.15
	2.82±0.15
	1.46def±0.12
	2.12ef±0.18
	2.64f±0.17

	MSIB
	1.0
	-
	82.88a
	2.12a±0.16
	2.82a±0.22
	4.12a±0.24
	2.42a±0.16
	3.23a±0.22
	5.14a±0.28

	MS1.5IB
	1.5
	-
	64.42c
	1.14cd±0.11
	1.65bcd±0.14
	2.64c±0.22
	1.84bc±0.14
	2.77bc±0.16
	3.28cd±0.18

	MS2IB
	2.0
	-
	48.42d
	0.82de±0.08
	1.12ef±0.11
	1.48de±0.13
	1.63d±012
	2.54c±0.15
	3.22cd±0.17

	MS2.5IB
	2.5
	-
	31.24e
	0.48ef±0.06
	0.82fg±0.09
	1.14ef±0.11
	1.36f±0.11
	1.92f±0.14
	2.64f±0.14

	MS3IB
	3.0
	-
	32.42e
	0.31f±0.06
	0.31h±0.07
	0.48f±0.08
	1.33f±0.12
	1.96±0.15
	2.86ef±0.15

	MS.5N
	-
	0.5
	31.56e
	1.14cd±0.11
	1.98b±0.14
	3.48b±0.19
	1.68cd±0.12
	2.28de±0.16
	3.14de±0.17

	MSN
	-
	1.0
	74.76b
	1.82ab±0.15
	2.46a±0.17
	3.79ab±0.22
	2.33a±0.19
	2.944b±0.19
	4.17b±0.22

	MS1.5N
	-
	1.5
	65.38c
	1.12cd±0.11
	1.48cd±0.11
	1.79d±0.15
	1.88b±0.14
	2.84bc±0.15
	3.39c±0.17

	MS2N 
	-
	2.0
	64.58c
	0.65ef±0.08
	1.29de±0.11
	1.65d±0.17
	1.58de±0.12
	2.28d±0.14
	2.82f±0.14

	MS2.5N
	-
	2.5
	48.48d
	0.82de±0.09
	0.79fg±0.09
	0.98ef±0.11
	1.38ef±0.12
	2.14f±0.12
	2.38g±0.12

	MS3N
	-
	3.0
	32.28e
	0.46ef±0.08
	0.48gh±0.08
	0.48f±0.08
	0.73g±0.09
	1.12g±0.09
	2.12h±0.12

	CD0.05
	3.28
	0.466
	0.384
	0.512
	0.212
	0.239
	0.328



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 plants

	
Treatment
	Mixture
 ratio
	Survival percentage *
	Plant height (in cm)

	
	
	15 days
	25 days
	45 days
	15 days
	25 days
	45 days

	Soil: sand
	01:01
	35(36.27)
	30 (33.21)
	25a (30.00)
	4.46d±0.16
	6.62d±0.27
	9.62f±0.29

	Soil: sand
	03:01
	40(33.21)
	35(36.27)
	30b (33.21)
	6.28b±0.27
	7.76c±0.29
	13.12c±0.33

	 FYM: Soil
	01:01
	60(50.77)
	40 (33.21)
	40c (33.21)
	6.62b±0.28
	9.12b±0.34
	14.12b±0.34

	Vermiculite: Soil
	01:01
	65 (53.73)
	60 (50.77)
	60d (50.77)
	6.92b±0.32
	9.28b±0.36
	11.28e±0.28

	Cocopeat: Vermiculite
	01:01
	85(67.21)
	75(60.00)
	75f (60.00)
	8.12a±0.34
	11.12a±0.42
	16.12a±0.42

	Sand: Vermi compost
	01:01
	75(60.00)
	65 (53.73)
	65e (53.73)
	5.78bc±0.18
	8.28c±0.28
	12.18d±0.29

	Vermiculite: Soil: FYM
	01:01:01
	75(60.00)
	65 (53.73)
	65e (53.73)
	4.96cd±0.16
	6.94d±0.28
	14.28b±0.32

	Mean
	62.14
	52.85
	51.42
	
	
	

	CD0.05
	
	
	4.12
	1.12
	1.24
	1.28


* 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)
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Fig. 1. Plantlet regeneration in Tinospora cordifolia Willd. From inoculated leaf discs: A. Cultured leaf discs after 25 days in culture on media supplemented with 3.0mg L-12,4-D; B. Inoculated leaf discs after 25 days in culture on media amended with 3.0mg L-1NAA; C. Cultured leaf discs after 45 days in culture on media fortified with 3.0mg L-12,4-D; D. Inoculated leaf discs after 45 days in culture on media added with 3.0mg L-1 NAA; E. Cultured leaf discs after 60 days in culture on media amended with 3.0mg L-1NAA; F. Initiation of shootlet via indirect organogenesis; G.  Initiation of in vitro rooting after 25 days of transferring on rooting medium; H. Formation of well-developed roots after 35 days of transferring on rooting medium; I. Regenerants transferred in greenhouse/ polyhouse after 40-45 days for hardening; and J. Regenerants transferred in greenhouse/ polyhouse after 55-60 days for hardening. 
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