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ABSTRACT  
A rapid and efficient protocol for the large-scale propagation of a potential medicinal plant, Plumbago zeylanica L., through in vitro 

culture of nodal explants is described. High frequency multiple shoots were induced on Murashige and Skoog's basal medium 

supplemented with 3.0 mg/l kinetin (KIN) and 0.5 mg/l 6-benzyl amino purine (BAP).  The in vitro developed shoots were rooted best 

on half-strength MS medium fortified with 1.0 mg/l indole-3-acetic acid (IAA) and 0.5 mg/l 1-naphtalene acetic acid (NAA). The 

developed micropropagation protocol can be successfully used for large-scale multiplication and conservation of P. zeylanica. 
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Introduction 

Plumbago zeylanica L., (family: Plumbaginaceae) is an 

important medicinal plant which has traditionally been used 

in Indian and Chinese systems of medicine for the treatment 

of various types of diseases such as dyspepsia, piles, 

diarrhoea, scabies and ulcers, leprosy and rheumatism (Rout 

et al., 1999; Olagunju et al., 2006). Leaves and roots of P. 

zeylanica contain a naphtoquinone, called plumbagin (5-

hydroxy-2-methyl-1, 4-naphthoquinone), which has earlier 

been reported to inhibit intestinal carcinogenesis (Sugie 

et al., 1998), non-small cell lung cancer ( Hsu et al., 2006), 

breast cancer (Kuo et al., 2006), melanoma (Wang et al., 

2008), cerebral ischemia (Son et al., 2010), breast and 

gastric cancer (Manu et al., 2011) and ovarian cancer cells in 

vivo (Sinha et al., 2013).  

Unfortunately, due to the indiscriminate and ruthless 

collection of the roots, the plant population in the natural 

habitats has declined drastically in recent years. 

Conventional propagation methods of the plant are rather 

difficult and insufficient to meet the growing demand of the 

pharmaceutical companies. Therefore, the present study 

was carried out to develop and efficient and reproducible in 

vitro method for mass propagation of P. zeylanica. 

 

Materials and Methods 

 

Plant material and surface sterilization 

Young tender twigs, collected from three years old P. 

zeylanica plants growing in the plant nursery at the Jaipur 

National University, Jaipur (India), were thoroughly washed 

under running tap water to eliminate dust particles for 30 min 

and then with 5% teepol for 5 minutes with constant stirring 

followed by 3-4 rinses in sterile distilled water. Then, the 

twigs were treated with an antifungal agent (Bavistin) for 1 

hour and again rinsed three times with sterile distilled water. 

These all steps were carried out outside the laminar air flow 

chamber. Thereafter, under a laminar flow chamber, the 

twigs were surface sterilized in a 0.1% HgCl2 solution for 4 - 
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6 min followed by thorough washing with sterile distilled 

water. Finally, the twigs were dissected into 1–1.5 cm nodal 

segments.   

 

Culture medium and growth conditions 

The sterilized nodal explants were cultured on MS Medium 

(Murashige and Skoog, 1962) supplemented with various 

concentrations of auxins and cytokinins, either singly or in 

combination, for shoot multiplication. The pH of the medium 

was adjusted 5.8 before autoclaving for 15 min at 121 °C. 

Cultures after inoculation were incubated at 25 ± 2 °C and 65 

- 70% relative humidity with photoperiod of 16/8 h at 3000 

lux intensity by florescent tubes. 

 

Acclimatization and field transfer 

Well rooted shoots were washed in sterile distilled water and 

transferred to plastic cups (10 cm × 8 cm) containing 

sterilized mixture of sand and garden soil (1:1 v/v) covered 

with plastic cover. The cups were incubated at 25 ±2ºC 

under cool white fluorescent light (70 μmol m-2s-1) with 16 h 

photoperiod. The fully acclimatized plants were finally 

transferred to the greenhouse. 

 

Results and Discussion 

 

The morphogenetic responses of nodal explants to 

cytokinins (BAP and KIN) are represented in the table (Table 

1).  In the present investigation indicates synergistic effect of 

BAP and KIN on multiple shoot induction from nodal explants 

of P. zeylanica. When KIN alone was used in the medium at 

a high concentration (3.0 mg/l) it yielded 2.57 shoots per 

explants, while at low concentration (0.5 mg/l) it yielded a 

maximum of 1.67 shoots (Fig. 1 A, B). In the same manner, 

the BAP used in the medium at lower concentration (0.5 

mg/l) yielded less shoots while at the highest concentration 

(3.0 mg/l) it yielded maximum 2.67 shoots (Fig. 1 C). High 

frequency development of multiple shoots was obtained on 

medium containing 3.0 mg/l KIN and 0.5 mg/l BAP (Fig. 1 D). 

The multiple shoots elongated well on the same medium.  

Other concentrations of BAP and KIN yielded in reduced 

number of multiple shoots. 

 

Table 1: Effect of KIN and BAP singly or in combination on shoot multiplication in P. zeylanica 

                                                                       

 Concentration (mg/l) Response (%) No. of shoots per explant 

 

 

KIN 

0.0 0.0 00 

0.5 19±2.14 1.67±0.44 

1.0 42±3.82 1.51±0.36 

3.0 58±1.72 2.57±0.67 

5.0 29±4.67 1.73±0.36 

 

 

BAP 

0.0 00 00 

0.5 41±4.23 1.67±0.76 

1.0 55±2.44 2.31±0.42 

3.0 51±1.77 2.67±0.76 

5.0 33±4.17 1.84±0.29 

 

 

KIN + BAP 

0.5 + 5.0 12±3.41 1.76±0.88 

1.0 + 3.0 31±3.36 2.87±0.49 

3.0 + 1.0 71±5.96 5.77±0.97 

3.0 + 0.5 89±4.39 8.36±0.72 

5.0 + 0.5 69±2.24 3.53±0.93 

 

         Values are Mean±SD of 30 explants per treatment of 3 replications. 
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Similarly, synergistic effect of BAP and KIN on multiple shoot 

induction was reported in Solanum surattense (Seetharam et 

al., 2003) and Gossypium hirsutum L. cv Narashima (Pathi 

and Tuteja, 2013). 

In order to develop rhizogenesis, the healthy elongated 

shoots were transferred aseptically to root induction medium. 

Rhizogenesis was achieved when excised shoots were 

cultured on ½ MS medium containing 1.0 mg/l IAA (Fig. 1 E). 

High frequency root induction was observed when NAA was 

incorporated along with IAA (Fig. 1 F). The percentage of 

rooting was 85 –95% on ½ MS medium containing 1.0 mg/l 

IAA and 0.5 mg/l NAA. On the other hand, Lubaina et al., 

(2011) reported best root induction on MS medium enriched 

with IBA and NAA. After hardening, the in vitro developed 

plantlets with well-developed shoot and roots were 

acclimatized successfully and grown in greenhouse (Fig. 1 

G). The established plants did not show any variation in 

morphological or growth characteristics when compared to 

the mother plant. The developed in vitro protocol can be 

useful for ex-situ conservation, commercial propagation and 

genetic improvement of P. zeylanica.  
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