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Rapid Micropropagation of Nodal Explants of (Bacopa monnieri): An Endangered Medicinally Important Plant


Abstract : 
This study evaluated an in vitro micropropagation protocol for Bacopa monnieri using nodal explants. Healthy nodal segments were collected from nursery-grown plants, surface sterilized, and cultured on Murashige and Skoog medium supplemented with different plant growth regulators. The sterilization sequence consisted of 1% Bavistin for 10 min, 70% ethanol for 30 s, and 0.01% mercuric chloride for 5 min, followed by repeated rinsing with sterile distilled water. For shoot initiation, nodal explants were cultured on MS medium containing different concentrations of 6-benzylaminopurine. Among the tested treatments, MS medium supplemented with 3.0 mg/L BAP showed the strongest shoot initiation response, with bud break observed within 7–10 days. For shoot multiplication, the best response was obtained on MS medium supplemented with 4.0 mg/L BAP and 0.5 mg/L NAA. Elongated shoots were transferred to half-strength MS medium containing IBA at 0.1–0.4 mg/L for root induction, and the highest rooting response was observed at 0.4 mg/L IBA. Rooted plantlets were subsequently acclimatized through primary and secondary hardening before transfer to soil conditions. The study indicates that nodal explants can be used for rapid in vitro propagation of B. monnieri, although further validation with larger replication and statistical analysis is required.
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Introduction

Bacopa monnieri (L.) Pennell, commonly known as Brahmi or Nirbrahmi is a premier, semi-aquatic perennial herb belonging to the family Scrophulariaceae (Dixit & Thakur, 2017).It is one of the most valued medicinal plants in the Ayurvedic system of medicine and has been recognized as a Medhya Rasayana (memory enhancer) for over 3,000 years, this nootropic herb is widely used to treat nervous disorders, anxiety, epilepsy, and cognitive decline (Behera et al., 2015). Pharmacological studies attribute these properties to a complex mixture of triterpenoid saponins primarily bacosides which facilitate neuroprotection, neuron repair, and synaptic restoration (Shrivastava & Ranjani, 1999; Saha et al., 2020). Beyond cognitive health, B. monnieri exhibits powerful immune-modulating, anti-inflammatory, and adaptogenic properties (Yamada et al., 2011). Naturally distributed across tropical and subtropical wetlands, the commercial demand for B. monnieri has escalated exponentially, exceeding 100 million tonnes per year in high-trade markets (Faisal et al., 2018; Behera et al., 2015). Unfortunately, this demand is primarily met via indiscriminate wild harvesting, pushing the species into the threatened category in several regional ecosystems (Ved & Goraya, 2007; Ceaser et al., 2010). The species exhibit remarkable adaptability to waterlogged environment but demonstrates slow natural propagation due to its dependence on seasonal conditions and low seed germination rate (Tiwari, Singh, et al., 2001). Furthermore, field-grown crops suffer from heavy seasonal and geographical fluctuations in bacoside yields (Jain et al., 2013).







Plant tissue culture provides a valuable biotechnological strategy to overcome these ecological bottlenecks, offering alternative pathways for secondary metabolite production and germplasm conservation (Rahe et al., 2020). In vitro micropropagation can scale up production rates by nearly 10,000-fold compared to conventional methods, yielding uniform, true-to-type clones free from seasonal fluctuations (Raut et al., 2011; Chauhan & Shirkot, 2020). Successful in vitro morphogenesis relies heavily on the synchronized application of exogenous plant growth regulators specifically auxins and cytokinin’s simply balanced within a nutrient-dense basal medium like Murashige and Skoog (MS) salts supplemented with sucrose as a carbon source.the commercial urgency and conservation status of this valuable medicinal resource, the explicit objective of this study was to optimize and standardize a rapid, highly reproducible in vitro regeneration protocol for B. monnieri utilizing single-node explants.
Recent experimental studies indicate that in vitro systems for Bacopa monnieri can support rapid biomass multiplication and regeneration while reducing dependence on field collection, provided that culture conditions are optimized for the selected explant and regeneration pathway (Ali et al., 2021; Haque et al., 2017). Nodal and leaf explants show substantial morphogenic competence under cytokinin-auxin regimes, although the response varies with basal medium, explant source, regulator identity, and concentration (Viswanathan et al., 2022). Accordingly, protocol-specific optimization remains necessary before a regeneration system is applied for large-scale propagation or conservation.
Materials and Methods
Place and Duration of Study: The present study was conducted in the Department of Life Sciences and Biotechnology, Chhatrapati Shivaji Maharaj University, Panvel, Navi Mumbai, Maharashtra, India, from (Jan 2026 to Jun 2026).
Plant Material and Source of Explants
Healthy, disease-free mother plant of Bacopa monnieri were collected from local nursery. The botanical identity of the plant was authenticated, Active, semi-hardwood shoots containing distinct nodal regions were harvested in the morning, washed thoroughly under running tap water for 20 minutes to eliminate surface debris, and excised into small segments (approximately (1.5 to 2.0 cm) each containing a single node.
Optimization of Surface Sterilization
The sterilization workflow was executed inside a clean, certified Laminar Airflow Hood to preserve explant health while entirely eliminating fungal and bacterial pathogens. Explant were initially wash under running tap water for 10 minutes to remove surface debris. freshly trimmed nodal explants were first submerged in an aqueous solution of 1% (w/v) Bavistin (a broad-spectrum systemic fungicide) for 10 minutes under gentle agitation, followed by 3–4 rinses with sterile distilled water. The explants were then briefly immersed in 70% (v/v) ethanol for 30 seconds to rapidly disrupt microbial cell membranes, after which they were instantly rinsed with sterile water to prevent tissue dehydration injury. Subsequently, surface sterilization was achieved by treating the nodes with a 0.01% (w/v) mercuric chloride (HgCl2) solution for 5 minutes to eliminate stubborn surface-bound microbes. Finally, the chemical sterilant was decanted safely, and the nodal explants were subjected to 5–6 sequential rinse cycles with autoclaved, double-distilled water to completely eliminate all toxic chemical residues prior to culture inoculation.

Inoculation, Shoot Initiation, and Multiplication
Under aseptic conditions, the damaged edges of the sterilized nodal explants were trimmed and vertically inoculated into basal MS medium containing varying concentrations of 6-Benzylaminopurine (BAP: 1.0, 2.0, 3.0, 4.0 mg/L) for shoot bud induction.
Upon successful bud break, emerging micro shoots were sub cultured onto a multiplication medium containing a matrix of BAP (4.0 mg/L) paired with alpha-Naphthaleneacetic acid (NAA: 0.5mg/L). The percentage of responding cultures, number of shoots per explant were logged systematically.

Root Induction
Elongated, robust micro shoots (> 3cm) were excised from the clusters and transferred onto a root-induction matrix consisting of half-strength basal MS salts supplemented with varying concentrations of Indole-3-butyric acid (IBA: 0.1, 0.2, 0.3, 0.4 mg/L).
Data Collection and Hardening
The culture was observed periodically to record shoot initiation percentage, shoot multiplication, number of leaves and root initiation percentage. Plantlets were hardened before soil transfer.
Results and Discussion
Sterilization Optimization and Shoot Initiation
The sequential sterilization technique tested here (Bavistin, Ethanol, HgCl2) proved exceptionally efficient, yielding an uncompromised aseptic culture rate without inducing tissue necrosis.

1% Bavistin	0.01% HgCl2	70% Ethanol
Figure No.1: Surface sterilization treatments employed for explant preparation
Axillary bud break was observed within 7–10 days of inoculation. Among the single-PGR concentrations evaluated, MS medium fortified with 3.0 mg/L BAP demonstrated the peak shoot initiation response, achieving an optimal 99.9% bud break efficiency. Cytokinin’s like BAP are essential for driving cell division, and forcing axillary bud proliferation. Lower concentrations (1.0–2.0 mg/L) caused slower initiation timelines, whereas higher concentrations (4.0 mg/L) showed a marginal drop in initial bud break uniformity.
Previous studies on Bacopa monnieri have shown that Bavistin can suppress microbial contamination while also exerting cytokinin-like effects on shoot-bud formation; therefore, responses following its use may reflect both aseptic control and morphogenic stimulation (Tiwari et al., 2006; Tiwari et al., 2012). The strong response obtained with BAP is directionally consistent with the established cytokinin sensitivity of Bacopa explants, although published optima vary among explant types and culture systems (Tiwari, Tiwari, et al., 2001). Because only six explants were included in each treatment, the reported 99.9% frequency should be considered a treatment-level observation that requires confirmation through larger replication and inferential statistical analysis.
Table No. 1: Effect of Different PGR’s Concentrations on Shoot Initiation

	
Treatment
	PGR’s
Concentration
	No. of Explant inoculated
	
No. of leaves
	Shoot Induction Frequency

	T0
	PGR’s (00 mg/L)
	6
	0
	66.6 %

	T1
	BAP (1.0 mg/L)
	6
	5
	33.6 %

	T2
	BAP (1.5 mg/L)
	6
	3
	66.8 %

	T3
	BAP (2.0 mg/L)
	6
	4
	83.3%

	T4
	BAP (2.5 mg/L)
	6
	1
	16.6%

	T5
	BAP (3.0mg/L)
	6
	8
	99.9 %

	T6
	BAP (3.5 mg/L)
	6
	4
	83.3%

	T7
	BAP (4.0 mg/L)
	6
	3
	33.3 %



   


Figure No. 2: Shoot initiation on MS medium supplemented with BAP (1.0-4.0 mg/L) Shoot Multiplication and Shoot Proliferation
Although BAP alone effectively induced shoot initiation, transferring the clusters to a synergistic Cytokinin-Auxin matrix stimulated massive proliferation. The highest shoot multiplication rate (100%) occurred on MS medium supplemented with (4.0 mg/L) BAP and (0.5 mg/L) NAA
The advantage observed for the combined BAP and NAA treatment is biologically plausible because cytokinin-auxin balance regulates axillary and adventitious shoot development; however, the magnitude of the response depends on explant type, cytokinin identity, and concentration (Antony Ceasar et al., 2010; Viswanathan et al., 2022). High-frequency proliferation has also been reported in B. monnieri on BAP-containing media, including protocols in which additional supplements enhanced shoot multiplication (Haque et al., 2017). Thus, 4.0 mg/L BAP plus 0.5 mg/L NAA should be interpreted as the optimum within the tested range rather than as a universally optimal formulation.

Table No. 2: Different Concentration of BAP and NAA for Multiplication

	
Treatment
	
PGR’s Concentration
	No. of
Explant inoculated
	Shoot
Multiplication
	Shoot
multiplication Frequency (%)

	T0
	PGR’s (0 mg/L)
	


0.5
NAA
mg/L
	6
	1
	16.6

	T1
	BAP (1.0 mg/L)
	
	6
	2
	83.3

	T2
	BAP (1.5 mg/L)
	
	6
	3
	16.6

	T3
	BAP (2.0 mg/L)
	
	6
	2
	33.3

	T4
	BAP (2.5 mg/L)
	
	6
	2
	49.8

	T5
	BAP (3.0mg/L)
	
	6
	4
	83.3

	T6
	BAP (3.5 mg/L)
	
	6
	3
	66.6

	T7
	BAP (4.0 mg/L)
	
	6
	7
	100%





		
Figure No. 3: Shoot multiplication on MS medium supplemented with BAP (1.0-4.0 mg/L) and (0.5 mg/L) NAA
In vitro rooting
Root initiation was observed within 2-3 weeks after transferring elongated shoots to half strength MS medium supplemented with IBA (0.1-0.4 mg/L). IBA is highly stable and slowly metabolized by the plant, which encourages uniform, thick, adventitious root paths. Concentration 0.4 mg/L successfully produced robust, branching root structures covered with healthy root hairs, preparing the plantlets for upcoming soil transfer.
The progressive increase in rooting frequency across 0.1-0.4 mg/L IBA is consistent with earlier Bacopa protocols in which IBA-containing half-strength MS medium promoted adventitious rooting and subsequent establishment (Antony Ceasar et al., 2010; Tiwari, Tiwari, et al., 2001). Other regeneration systems have likewise obtained rooted plantlets after auxin-supported culture, although effective IBA levels differed among explant sources and regeneration pathways (Ali et al., 2021). Accordingly, 0.4 mg/L IBA appears optimal under the present conditions, while measurements of root number, root length, and root biomass would strengthen treatment comparisons.

Table No.3: Different concentration of IBA for root initiation

	Sr. No.
	Treatment
	Concentration of IBA (mg/L)
	Root Induction Frequency (%)

	1
	T0
	Control
	0

	2
	T1
	IBA (0.1mg/L)
	43.1%

	3
	T2
	IBA (0.2mg/L)
	65%

	4
	T3
	IBA (0.3mg/L)
	77.3%

	5
	T4
	IBA (0.4mg/L)
	89.7%





Figure No. 4: In vitro rooting on MS medium supplemented with IBA (0.1-0.4 mg/L) Hardening and acclimatization
After 5 weeks complete rooting medium, elongated and rooted plantlets were taken out from culture vessels and roots were carefully washed thoroughly with tap water to remove the agar. The plantlets were cultured on half-strength MS medium without organic components and incubated in the tissue culture room. The culture was sub-cultured twice a week over a two-week period. After two weeks they were transfer to pots soil-Sand manure (1:1:1) and maintained in greenhouse or polyhouse. In polyhouse is carefully monitored for growth, development and

water done as must require. Long and healthy plants transferred to the field condition open ground where 100% growth rate was measured.
Successful acclimatization requires gradual adjustment from high-humidity, sucrose-supported in vitro conditions to autotrophic growth under ex vitro conditions. Previous B. monnieri studies reported field survival ranging from approximately 85% to 100% after rooting and hardening, whereas molecular-marker studies have emphasized that survival alone does not establish clonal fidelity (Antony Ceasar et al., 2010; Ramesh et al., 2011; Tiwari et al., 2006). The reported 100% growth rate is encouraging, but the number of plantlets transferred, the observation period, and evidence of morphological or molecular uniformity should be documented to provide stronger support for acclimatization success.



Figure No. 5: In vitro regenerated plantlets and hardened plant of Bacopa monnieri
Conclusion
The present investigation successfully established a rapid and reproducible in vitro regeneration protocol for Bacopa monnieri using nodal explants. Among the different concentrations of BAP evaluated for shoot induction, MS medium supplemented with 3.0 mg/L BAP exhibited the highest shoot initiation frequency (99.9%) and promoted early axillary bud break within 7-10 days of inoculation. For shoot multiplication, the combination of 4.0 mg/L BAP and 0.5 mg/L NAA proved most effective, resulting in 100% shoot proliferation and producing a large number of healthy shoots. Rooting was successfully achieved on half-strength MS medium supplemented with IBA (0.1–0.4 mg/L), where vigorous root systems developed within two-three weeks of culture.
The optimized protocol developed in this study provides an efficient method for large-scale clonal propagation, conservation, and sustainable utilization of B. monnieri. This technique can help in the increasing commercial demand for this valuable medicinal herb while reducing pressure on natural populations and ensuring the production of uniform, disease-free planting material
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