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Abstract 
Direct plant regeneration from shoot tips and nodal explants of Wedelia calendulacea Less. 
was carried out in MS with different concentrations and combinations of BAP, Kn and 
NAA.  Of the two explants nodal segments showed the best response towards the 
formation of multiple shoots in MS containing BAP (2.0 mg/l), Kn (1.0 mg/l) and NAA 
(0.5 mg/l). In this combination, the maximum number of shoots/explant obtained was 
18.33 ± 0.72 from shoot tips and 26.64 ± 0.47 from nodal explants.  Cent per cent root 
formation was obtained in MS with IBA (0.2 mg/l) within three weeks. The in vitro 
regenerated plantlets were successfully transplanted to soil for further growth and 
development.     
 

Introduction 
Wedelia calendulacea Less. is a creepy, perennial herb with camphor-like odor belongs to   
Asteraceae (Sharmin et al. 2014).  It is a traditional Ayurvedic herbal medicinal plant and 
grows plentifully in the tropical and sub-tropical regions of the world (Baki et al. 2002). 
In Bangladesh it is commonly known as “Mohabhringaraj”. Wedelia calendulacea is a 
profusely branched tree with fleshy leaves spreading like a carpet making a dense cover. 
The tree blooms abundantly with yellow flowers. This plant is commonly grown by the 
road sides and national highways.  
 Wedelia calendulacea Less., is widely used in Ayurvedic practices, modern pharma-
ceutical industries and local preparations for liver diseasess, snake bites, skin disease and  
septic shock and in several other diseases like hepatic and splenic enlargement (Kobori et 
al. 2004, Pocas et al. 2006). The alcoholic extract of leaves, roots and areal parts of W. 
calendulacea are reported to show the defensive activity against liver damage and 
stimulates liver secretory capacity (Varsha et al. 2011).         
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 In recent years, most of the pharmaceutical and Ayurvedic industries harvest 
medicinal plants on a large scale from their natural habitats and thereby reduce its local 
population.  The seeds of Wedelia sp. show very low span of viability and is inadequate 
for the preservation of the seed materials for commercial cultivation (Martin et al. 2003). 
A few reports on the in vitro regeneration of Wedelia calendulacea are available (Lisa et al. 
2014 and Sharmin et al. 2014). Considering the importance of this valuable plant species 
for its use in drug attempt was made for the development of rapid and efficient in vitro 
method for propagation of Wedelia calendulacea. 
 

Materials and Methods 
This study was conducted in the Plant Biotechnology Division of National Institute of 
Biotechnology of Bangladesh. Plant material of Wedelia calendulacea Less. was collected 
from the medicinal plant garden of National Institute of Biotechnology campus. The 
nodal segments and shoot tips were used as explants. For in vitro organogenesis, nodal 
segments (1.5 - 2.0 cm) and shoot tips (2.0 - 4.0 mm) were excised from naturally grown 
plants. Both the explants were surface sterilized (Yesmin 2019) using 0.3% antifungal 
bavistin for 10 min and 0.1% aqueous solution (w/v) of HgCl2 for four min.  Then the 
explants were cultured on MS containing 3% sucrose and BAP and Kn (1.0 - 5.0 mg/l) 
singly or in combination with NAA (0.5 - 1.0 mg/l). The pH was adjusted 5.8 before 
autoclaving. After inoculation, all the cultures were maintained at 25 ± 2ºC and 16/8 hrs 
(light/dark) photoperiod.  After two - three weeks the explants were sub-cultured at a 
regular interval of 10 - 15 days.  
 For root induction, 3 - 4 cm long shoots were separated and transferred to half and 
full-strength MS with (0.2 - 0.5 mg/l) IBA, IAA and NAA alone. The plantlets with well 
developed roots were transferred in small plastic pots containing autoclaved soil. In 
order to keep a high moisture, the pots were then covered with transparent polythene 
bags and acclimatized in the growth room condition (25 ± 2ºC) for 2 - 3 weeks. Finally, 
these hardened plantlets were transferred to the natural condition for their further 
growth and development. 
 

Results and Discussion 
There are a lot of reports in which shoot tips and nodal segments were used as explants 
in other medicinal and economically important plants (Biswas et at. 2009, Binita et al. 
2005, Kalimuthu et al. 2007, Hassan and Roy 2004, Sultana and Handique 2004, Jain et al. 
2003 and Chandramu et al. 2003). Between the two explants, nodal segment was found to 
be the most responsive in terms of percentage of shoot regeneration as well as the 
number of shoots per explant (Table 1). Shoot tips and nodal segments were cultured on 
MS with different concentrations of BAP (1.0 - 5.0 mg/l) and Kn (1.0 - 5.0 mg/l) singly and 
with different concentrations of NAA (0.5 - 1.0 mg/l) for multiple shoot formation. In case 
of BAP, the best result was obtained in MS with BAP (3.0 mg/l) from both the explants. In 



In vitro Regeneration of Wedelia calendulacea 279 

this concentration, initiation of shoot started within 8 - 10 days. Highest percentage (80 
and 87) of response showed in both the explants for shoot induction. The maximum 
mean number (5.00 ± 0.29 and 6.20 ± 0.55) of shoots/explant and the average mean length 
(1.02 ± 0.07 and 1.37 ± 0.10 cm) of shoots were recorded in this concentration by both the 
explants. Rahman and Bhadra (2011) stated that medium containing BAP (3.0 mg/l) 
showed best response for shoot formation (7.0 ± 0.29 shoots/explant) from nodal explants 
of W. chinensis (Osbeek) Merr. But they reported best response (3.5 ± 0.33) shoots/explants 
from shoot tip explants on MS with BAP (2.0 mg/l). On the other hand, in Kn the shoot 
tip explants showed highest percentage (73) of response, maximum number (3.80 ± 0.73) 
of shoots/explant with an average length of shoots (1.06 ± 0.10 cm) in MS with Kn (2.0 
mg/l).  Nodal explants showed highest percentage (67) of response and maximum 
number (4.60 ± 0.76) of shoots/explant with an average length of shoots (1.23 ± 0.11 cm) in 
MS with Kn (3.0 mg/l) (Table 1). 
 

Table 1. Effects of BAP, Kn and NAA on multiple shoot regeneration from shoot tips and nodal 
segments of Wedelia calendulacea. 

 

Growth 
regulators (mg/l) 

Shoot  
tips 

Nodal  
segments 

 
BAP 

 
Kn 

 
NAA 

% of 
responsive 

explants 

Mean no. of 
shoots/explant 

(± SE) 

Mean length 
of shoots   
(cm) ± SE 

% of 
responsive 

explants 

Mean no. of 
shoots/ 

explant (± SE) 

Mean length         
of shoots  
(cm) ± SE 

1.0 - - 53 2.27 ± 0.45 0.74 ± 0.06 60 3.36 ± 0.62 1.08 ± 0.08 
2.0 - - 67 3.53 ± 0.42 0.95 ± 0.06 73 4.46 ± 0.42 1.22 ± 0.10 
3.0 - - 87 5.00 ± 0.29 1.02 ± 0.07 80 6.20 ± 0.55 1.37 ± 0.10 
4.0 - - 73 3.60 ± 0.64 0.65 ± 0.05 67 3.53 ± 0.72 0.88 ± 0.05 
5.0 - - 47 1.73 ± 0.54 0.62 ± 0.05 60  2.06 ± 0.51 0.71 ± 0.04 

 1.0 - 47 2.00 ± 0.60 0.8 ± 0.04 53 2.60 ± 0.68 0.96 ± 0.08 

 2.0 - 73 3.80 ± 0.73 1.06 ± 0.10 67 4.00 ± 0.80 1.07 ± 0.07 
 3.0 - 53 2.80 ± 0.73 0.96 ± 0.06 80 4.60 ± 0.76 1.23 ± 0.11 
 4.0 - 53 2.73 ± 0.51 0.89 ± 0.08 60 2.78 ± 0.52 0.97 ± 0.09 

 5.0 - 40 1.53 ± 0.51 0.86 ± 0.07 47 2.06 ± 0.53 0.92 ± 0.07 
2.0 1.0 - 80 10.47 ± 1.40 1.52 ± 0.12 93 13.21 ± 0.65 1.87 ± 0.09 

3.0 1.0 - 73 5.14 ± 0.93 0.78 ± 0.08 80 7.64 ± 1.43 1.07 ± 0.09 

4.0 1.0 - 60 4.00 ± 0.96 0.76 ± 0.05 67 3.33 ± 0.68 0.89 ± 0.07 
2.0 1.0 0.5 93 18.33 ± 0.72 1.8 ± 0.11 100 26.64 ± 0.47 2.13 ± 0.14 
2.0 1.0 1.0 73 4.21 ± 0.71 0.8 ± 0.06 67 5.14 ± 0.64 1.15 ± 0.16 
3.0 1.0 0.5 80 4.46 ± 0.73 1.04 ± 0.10 80 4.00 ± 0.48 1.55 ± 0.18 
3.0 1.0 1.0 67 2.33 ± 0.55 0.85 ± 0.05 60 3.06 ± 0.62 0.99 ± 0.12 

 

 The combined effect of BAP and Kn in MS was tested to see their effect on direct 
multiple shoot regeneration from both the explants. When shoot tips and nodal segments 
were cultured on MS with BAP (2.0 mg/l) and Kn (1.0 mg/l) a considerable number of 
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explants responded to regeneration. The highest number of explants (80% in shoot tips 
and 93% in nodal segments) were found to response for regeneration in this combination. 
Initiation of shoot started within one week after inoculation of both the explants (Figs 
1a,b). In this combination the mean number of shoots from shoot tip explant were 10.47 ± 
1.40 shoot/explant with their average length 1.52 ± 0.12 cm. The mean of number shoots  
 

 
 

Fig. 1. Shoot proliferation of Wedelia calendulacea from shoot tip and nodal segments. (a) Induction of shoots 
from shoot tips explants on MS + 3.0 mg/l BAP, (b) initiation of multiple shoots from nodal segments on MS 
+ 2.0 mg/l BAP + 1.0 mg/l Kn, (c) initiation of multiple shoots from nodal explants on MS + 2.0 mg/l BAP + 
1.0 mg/l Kn+ 0.5 mg/l NAA, (d) development of small shoots from nodal explants in the  same regeneration 
medium after four weeks of culture, (e) multiplication of shoots from shoot tips explants in the  same 
regeneration medium, (f) same as Fig. e but in case of nodal explants, (g) elongation and proliferation of in 
vitro shoots on MS basal medium, (h) rooting of in vitro regenerated shoots on MS + 0.2 mg/l IBA,                         
(i) Transplantation of regenerated plantlets in small plastic pots containing sterilized soil.  
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from nodal explants were 13.21 ± 0.65 shoots/explant with their average length 1.87 ± 0.09 
cm (Table 1).  Martin et al. (2003) showed the combined effect of BA (8.87 μM) and Kn 
(2.32 μM) for the induction of multiple shoots from nodal explants in W. chinensis 
(Osbeek) Merr.,  Lisa et al. (2014) reported that MS with BAP  (0.5 mg/1) and Kn (1.5 
mg/1) proved superior for shoot initiation from nodal explants of W. calendulacea. A lower 
concentration of Kn and NAA and a slightly higher concentration of BAP produced best 
results in shoot formation. The percentage of response of explants, number of 
shoots/explants, length of shoots and their proliferation varied with the constituent of the 
medium. In the present study, among the four different media used the shoot tip and 
nodal explants in MS with BAP  (2.0 mg/l) , Kn (1.0 mg/l) and NAA (0.5 mg/l) grew 
vigorously and  started  producing  multiple shoots within 5 to 7 days (Fig. 1c). The 
highest percentage of responsive explants (93 and 100) were observed in MS + BAP (2.0 
mg/l) + Kn (1.0 mg/l) + NAA (0.5 mg/l). The maximum number (18.33 ± 0.72 and 26.64 ± 
0.47) of shoots per explants and shoot length (1.8 ± 0.11 and 2.13 ± 0.14 cm) were found in 
this medium in both explants, respectively.  Fig. 1d shows the formation of small shoots 
 

Table 2. Effects of growth regulators on in vitro root induction in regenerated shoots of Wedelia 
calendulacea on half and full-strength of MS. 

 

MS   
strength 

IBA IAA NAA Rooted 
shoots (%) 

Initiation of 
roots (days) 

Mean no. of roots/ 
shoot (± SE) 

Mean length of 
roots (cm)(± SE) 

½ MS - -  50 12-14 2.60 ± 0.22 3.52 ± 0.16 

½ MS 0.2   70 12-13 4.10 ± 0.38 3.98 ± 0.16 
½ MS 0.5   55 13-14 3.50 ± 0.45 4.41 ± 0.23 
½ MS  0.2  45 11-12 2.50 ± 0.22 3.91 ± 0.26 
½ MS  0.5  40 12-13 2.90 ± 0.38 3.65 ± 0.17 
½ MS   0.2 40 11-12 3.50 ± 0.40 3.89 ± 0.18 
½ MS   0.5 35 12-13 2.50 ± 0.17 3.51 ± 0.20 
MS - - - 60 10-11 5.30 ± 0.52 4.10 ± 0.34 
MS 0.2   100 7 - 8 9.40 ± 0.69 5.60 ± 0.32 
MS 0.5   70 10 - 12 4.20 ± 0.33 4.01 ± 0.17 
MS  0.2  75 10-11 4.70 ± 0.42 4.35 ± 0.31 
MS  0.5  50 12-13 4.00 ± 0.33 3.91 ± 0.21 
MS   0.2 50 12-14 4.10 ± 0.43 4.23 ± 0.25 
MS   0.5 40 13-15 2.90 ± 0.46 3.51 ± 0.17 

 

regenerated from nodal explants after four weeks. The in vitro regenerated shoots were 
cut into pieces with a single node and subcultured in the same regeneration medium for 
further multiplication. Rahman and Bhadra (2011) also reported that MS  with BAP (2.0 
mg/l) and NAA (0.5 mg/l) was most effective for shoot induction in W. chinensis (Osbeek) 
Merr. In the present study it was observed that explants with small shoots subcultured in 
the same medium produced increased number of multiple shoots but the shoot length 
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was found to decrease.  Repeated subcultures in the same medium at 8 - 10 days intervals 
resulted increased number of shoots (Figs 1e,f). For shoot elongation and proliferation, 
the regenerated small multiple shoots were transferred to MS without PGRs (Fig. 1g). 
These shoots were maintained in the same medium for further their multiplication. 
 Individual elongated shoots (3 - 4 cm long) were excised from shoot clumps and 
transferred to root induction medium. For rooting half and full strength of MS with 
different concentrations (0.1 - 1.00 mg/l) of IBA, IAA and NAA were used (Table 2). The 
efficient root formation and growth was obtained in full strength MS with IBA (0.2 mg/l). 
Initiation of roots was observed within seven days and sufficiently developed roots were 
found after three weeks of inoculation. The maximum percentage (100) of development 
of roots, maximum number of roots (9.40 ± 0.69) and their highest length (5.60 ± 0.32 cm) 
were recorded in full strength MS with IBA (0.2 mg/l) (Fig. 1h).   Earlier reports (Lisa et 
al. 2014, Rahman and Bhadra 2011) stated root formation in Wedelia by using high 
concentrations of IBA in half strength MS or MS.  Agarwala et al. (2010) reported auto-
rooting in Wedelia chinensis on MS with BAP (1.5 mg/l) + GA3 (0.5 g/l). Martin et al. (2003) 
also reported ex vitro rooting in Wedelia chinensis.  
 After sufficient development of roots the in vitro regenerated plantlets were 
successfully transplanted into small plastic pots containing sterilized soil (Fig. 1i). After 
two to three weeks of transplantation when the plantlets completely acclimatized in soil 
they were transferred to large earthen pots for further growth and development. In here, 
97% of transplanted plantlets survived.  On the basis of the above discussion it may be 
concluded that the in vitro regeneration protocol developed in the present study can be 
successfully exploited for large scale clonal propagation and conservation of this valuable 
and endangered medicinal plant species.  
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