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ABSTRACT 

An efficient and reproducible protocol for in vitro regeneration and flowering of Stellaria media was 

established through nodal explants. Multiple shoot proliferation was observed on MS medium 

supplemented with 1.0 mg/L BAP. High frequency root induction was observed on half-strength MS 

medium augmented with 0.5 mg/L IBA. In vitro flowering was initiated on medium having BAP (2.5 

mg/L) and adenine sulfate (100 mg/L). The present investigation describes hormonal regulation of 

morphogenesis in vitro in nodal explants of S. media. The study has also laid a preliminary foundation for 

a further research to understand the complex mechanism of floral development. 
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INTRODUCTION 

The transition from vegetative stage to reproductive stage of growth is one of the most critical events in 

the life of a plant. Flowering is the most elusive and fascinating of all plant developmental processes. It is 

a complex process which is influenced by a multitude of environmental and physiological factors and its 

occurrence in vitro is of crucial importance as it provides a clear insight for studying flower initiation and 

development as well as provides an opportunity for conducting micro breeding. In vitro flowering bears 

immense importance in plant breeding where pollen can be used from rare stock, thus provide a platform 

for recombination of genetic material via in vitro fertilization in otherwise non hybridizable lines. In vitro 

flowering also facilitates the understanding of physiology of flowering and largely depends upon the level 

and interaction of exo-and endogenous phytohormones, sugars, minerals and phenolics. The ability to 

control flowering in vitro would be important for molecular and genetic studies aimed at elucidating the 

mechanisms of flower induction (Jaime et al., 2013). The application of cytokinins, photoperiod and 

subculture time to promote in vitro flowering is well documented in many plant species (Vu et al., 2006; 

Wang et al., 2002). Several successful attempts to induce in vitro flowering of several plant species have 

been reported, such as Rosa indica (Pratheesh and Kumar, 2012), Cleome viscosa (Rathore and 

Shekhawat, 2013), Ceropegia pusilla (Kalimuthu and Prabakaran, 2013), Swertia chirayita (Sharma et 

al., 2014), Blepharis maderaspatensis (Drisyadas et al., 2014), Dendrobium huoshanense (Lee and Chen, 

2014), Lens culinaris (Mobini et al., 2015), Vicia faba (Mobini et al., 2015) and Tridax procumbens 

(Kaur et al., 2017).  

Stellaria media L. (Caryophyllaceae; Fig. 1A) is an edible plant used in folk medicine as an antiviral drug 

(Slavokhotova et al., 2011; 2014). Adapted to diverse environments, S. media is supposed to be resistant 

to biotic and abiotic stress. The present investigation was undertaken to develop an efficient protocol for 

in vitro propagation of S. media through nodal explants. Efforts were also made to induce in vitro 

flowering in this medicinal plant species. 

 

MATERIALS AND METHODS  

Plant material and surface sterilization: Nodal explants were collected from healthy plants of S. media 

growing in the University College of Science, Udaipur (India). The excised nodal explants were washed 

thoroughly under running tap water for 30 min to eliminate dust particles and then with 5% teepol for 8 -

10 min and rinsed several times in sterile distilled water. Then, the explants were treated with an 

antifungal agent (Bavistin) for 1 hour and the rinsed three times with sterile distilled water. Thereafter, the 
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explants were surface sterilized in a laminar flow cabinet with aqueous solution of 0.1% HgCl2 for 3 min 

and finally washed with sterile distilled water for 2–3 times.  

Culture media and growth conditions: The sterilized nodal explants were cultured on MS Medium 

(Murashige and Skoog, 1962) supplemented with 3% (w/v) sucrose and various combinations/ 

concentrations of plant growth regulators to induce morphogenetic response. The pH of the media was 

adjusted 5.8 before autoclaving 121 
0
C for 15 min. All the cultures were maintained at 25 ± 2 

0
C and 65 - 

70% relative humidity with photoperiod of 16-h.  

In vitro rhizogenesis and hardening: Obtained shoots were used for root induction on 

MS media supplemented with NAA, IAA, or 2,4-D respectively to determine an appropriate auxin for 

rooting. The shoots were cultured on MS supplemented with various auxins viz. IBA, IAA and NAA. 

Well rooted plantlets, derived from nodal explants, were gently washed in sterile water and transferred to 

plastic cups (10 cm × 8 cm) containing sterilized mixture of sterile soil, sand and coco peat (1:2:1). The 

plantlets covered in transparent polyethylene bags were kept for 4 weeks in growth chamber at 25 ± 2 
0
C 

with 16 h photoperiod. The plantlets were irrigated with tap water. The hardened plants were 

subsequently transferred to large pots containing normal garden soil and were maintained in an open 

greenhouse without environmental conditioning for 4 weeks.  

In vitro flowering: In order to inducing flowering, in vitro developed shoots were transferred on medium 

containing various combinations and concentrations of plant growth regulators. Each treatment was 

replicated 12 times and all experiments were repeated at least thrice. 

 

 
Figure 1: (A) Stellaria media, growing in natural habitat; (B) Nodal explant showing multiple shoot 

induction, (C) well developed shoots and roots, and (D-E) in vitro flowering. (F)- hardened plant. 

 

RESULTS  

In vitro establishment and multiplication 

Multiple shoots were recorded on all explants after 3 weeks of culture, on MS medium containing various 

concentrations of BA and kinetin. High frequency multiple shoot bud formation was achieved when nodal 

explants were cultured on medium augmented with 1.0 mg/L BAP(Fig. 1B). Higher concentration of BAP 

showed an inhibitory effect on multiple shoot induction in S. media. Similar, adverse effect of higher 

concentrations of BAP on in vitro shoot proliferation has been reported in Albizia chinesis (Sinha et al., 

2000), Pterocarpus marsupium (Anis et al., 2005), Arachis hypogaea (Banerjee et al., 2007), Doritis 
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pulcherrima (Mondal et al., 2013) and Salvia splendens (Sharma et al., 2014). Other plant growth 

regulators, singly or in combinations could not induce shoot proliferation in nodal explants of S. media.  

In vitro rhizogenesis: High frequency root induction was induced on half-strength MS medium 

augmented with 0.5 mg/L IBA (Fig. 1C). Similarly, the effect of IBA on rhizogenesisin vitro has been 

reported in Plectranthus bourneae (Thaniarasu et al., 2015), Passiflora foetida (Shekhawat et al., 2015), 

Morinda coreia (Shekhawat et al., 2015), Ceropegia evansii (Chavan et al., 2015).  

In vitro flowering: Flowering is considered to be a complex process regulated by both internal and 

external factors and its induction under in vitro culture is extensively rare. In the present study, in vitro 

flowering was observed on MS medium containing 2.5 mg/L BAP and adenine sulfate (100 mg/L). The 

flowers produced in vitro appeared morphologically normal, white in color. Four to six flower buds were 

produced for each in vitro cultured plantlets (Fig. 1D-E). Plantlets having well developed root-shoot 

system were successfully hardened for acclimatization in vivo (Fig. 1F). 

 

DISCUSSION 

In the present study, BAP at low concentration (1.0 mg/L) was found to be effective for multiple shoot 

proliferation from nodal explants of S. media. IBA at low concentration (0.5 mg/L) induced high 

frequency root induction. In the present study, BAP (2.5 mg/L) along with adenine sulfate (100 mg/L) 

initiated in vitro flowering in shoots regenerated from nodal explants of S. media. Other concentrations of 

BAP and adenine sulfate could not trigger floral development in vitro. BAP is widely used for in vitro 

flowering in a number of plant species (Lin et al., 2004, Taylor et al., 2005, Anitha and Kumari, 2006; 

Saritha and Naidu, 2007; Jana and Shekhawat, 2011). The developed in vitro protocol can be successfully 

used for large-scale multiplication of S. media. The study provides deeper insight into the complex 

mechanism of floral induction and has laid a preliminary foundation for a further research of in vitro 

flowering of S. media.  
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