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ABSTRACT 

 

 Wedelia calendulacea (Family Asteraceae) is a rare medicinal herb, used in Asian countries including Bangladesh that serves in 

traditional medicine and contains varied pharmacological properties including hepatoprotective, cytotoxicity, antibacterial, 

neuroprotective, and antiosteoporotic activity; importantly demethylwedelolactone and wedelolactone, reported to have anti-cancer 
potency. Our objective was to study the effect of phytohormones on mass propagation of this species in vitro. Young shoot tips and nodes 

were cultured onto MS (Murashige and Skoog) medium fortified with different concentrations of phytohormones alone or in 

combinations, sucrose and agar, following surface sterilization with 0.1% HgCl2. Good result was found in MS + 6-benzyleaminopurine 

[0.5 mg/l] where shoots regenerated up to 1.11±0.04 cm  at 6th week. During synergism of cytokinins, highest multiplication 

(33.50±6.50 shoots/explant) was resulted as clumps at 6th week in MS + 6-benzyleaminopurine [1.5 mg/l] + Kinetin [1.0 mg/l]. The best 

root induction (18.90±2.47 roots/shoot) was seen when micro-shoots were implanted in MS + indole-3-butyric acid [1.0 mg/l]. After 
hardening and acclimatization into soil, 90% plantlets were survived after three weeks with no morphological variation with donors. This 

study could play a significant role for plantlets regeneration in vitro to meet commercial demands and as well as for conservation of this 

species. 

 

Key words: Wedelia calendulacea; Wedelolactone; anti-cancer; hepatoprotective; plant growth regulators; clonal propagation; 

conservation 

 

 

INTRODUCTION 

 

 Wedelia calendulacea Less. (family Asteraceae) 

is a medicinal herb, locally known as ―Moha 

vringoraj‖ in Bengali, with diverse uses in traditional 

medicine of Asian and South American countries for 

the treatment of septic shock, liver diseases, viral 

infections, and snake bites [27,38]. This plant has 

been reported to show hepatoprotective [43], 

cytotoxicity and antibacterial [33], neuroprotective 

[39], and cerebroprotective activities [40]; possess 

antiosteoporotic activity [2], and found to be a 

remarkable chemopreventive agent [22]. Isolated 

constituents from this plant are coumestans 

[9,20,53,14], saponins [19] and ent-kauren diterpenes 

[21]. Demethylwedelolactone and wedelolactone 

(WEL) are naturally occurring coumestans reported 

from this species [53]. Among them, WEL exhibit a 

wide range of biological effects, including the 

inhibition of IKK kinase, Na
+
, K

+
-ATPase activity, 

hepatitis virus C RNA-polymerase, and 

phospholipase A2 [27,38,25,12]. Recent research has 

highlighted the antitumor and anti-cancer effects of 

WEL, like inhibiting the growth of pituitary adenoma 

cells and mammary carcinosarcomas in vitro [51,23]; 

suppress cellular growth and to induce apoptosis of 

androgen receptor-negative MDA-MB-231 breast 

cancer cells, and also growth suppressor 

independently of NFB and androgen receptors [7]. 

Demethylwedelolactone and its derivatives 

reportedly showed anti-cancer activity [29]. 

 In vitro plant propagation method serves the way 

for producing true to type plants and benefits in 

large-scale plantation and as well as in vitro 

conservation for commercially and endangered 

important plants. Pharmaceutical industries have 
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demand for plantlets for regular harvesting of plants 

from cultivated lands. Plant tissue culture is one of 

the best ways to serve their necessity. This 

propagation is carried out through culturing the plant 

parts in artificial medium with exogenous application 

of plant growth regulators (PGRs) which promote 

plant growth in vitro [3]. This technique has been 

widely used by different authors previously for the in 

vitro propagation of important and rare medicinal 

herbs like Aloe vera L. [46], Clitoria ternatea L. 

[48], Lippia junelliana [24], Stevia rebaudiana (Bert) 

[42,49], Scoparia dulcis L. [41], and Wedelia 

chinensis [1]. 

 Due to over harvesting from natural habitat like 

forests and rural bushes by traditional practitioners 

and herbal industries, few plants, such W. 

calendulaceae becoming rare medicinal herb [10]. 

The purpose of our current in vitro study on PGRs 

was to develop a standardized and reproducible 

protocol with a high frequency of multiplication and 

subsequent plantlet regeneration system for this 

species. The objective was selection of medium 

composition for shoot regeneration, multiplication, 

root induction from micro-shoots and finally 

successful acclimatization of plantlets into soil. 

Although Emmanuel et al. [14] has examined the 

effect of phytohormones on this species in vitro for 

propagation, their method yielded low number of 

shoots and cannot be recommended for large-scale 

production and cultivation. Therefore, there is a need 

for improvement of protocol with intensive and 

elaborate study to observe the responses of PGRs. 

The objective of the present study was a detailed 

investigation on physiological responses of nodal 

explants of this species leading to a higher rate of 

multiplication through axillary bud proliferation and 

to shrink the length of propagation time to meet the 

commercial demand for plantlets and can also be 

used for ecological restoration.  

 

Materials and methods 

 

1.1. Explants source and preparation: 

 3-4 months old plantlets of W. calendulacea as 

donor plants were selected and grown in the Garden 

of Medicinal Plants at the Department of 

Biotechnology and Genetic Engineering, University 

of Development Alternative. 2-3 cm young shoots 

tips were collected as sources of nodal explants. 

First, the explants were washed for 30 minutes in 

running water, and then with Tween-20 (Merck, 

Germany) for 4 min, and finally rinsed with distilled 

water. Finally, they were surface sterilized with 0.1% 

HgCl2 (Merck, Germany) for 4-8 minutes and rinsed 

3 times in sterilized distilled water under laminar 

hood to maintain the sterilized condition. Trimmed 

explants were inoculated on to the medium for 

culture.  

 

1.2. Shoot proliferation stage: 

 All the explants were vertically inoculated on 

basal Murashige and Skoog (MS) [34] medium 

containing different concentrations of 6-

benzylaminopurine (BAP; Sigma, USA), sucrose 

(3%) and agar (0.7%) (BDH, UK) (Table 1). The pH 

of the medium was adjusted to 5.8 before autoclaving 

and media was sterilized by autoclaving for 20 min at 

121°C and 1.05 kg/cm
2
 during current and later 

phases of in vitro culture. Thereafter, they were 

maintained at 26±2°C with a photoperiod of 16/8 h 

under cool white fluorescence lamps (Philips, 

Holland) with a photon flux density of 3,000 lux.  

 

1.3. Multiplication stage: 

 Sterile explants found from the previous shoot 

development phase were cultured in MS medium 

fortified with different concentrations of Kinetin 

(Kn; Sigma, USA) or Gibberellic acid (GA3; 

PhytoTechnology Laboratories, USA) alone, and 

with combinations of (BAP + Kn), and (BAP + 

IAA). It was intended to examine the synergistic 

effects of cytokinins and auxin-cytokinin 

combinations (details in result section) for rapid 

increase of multiple shoots. 

 

1.4. Rooting stage: 

 For root induction, micro-shoots were cultured 

on ½ MS medium enriched with different 

concentrations (0.5, 1.0 and 1.5 mg/l) of Indole-3-

butyric acid (IBA; Sigma, USA). 

 

1.5. Establishment into soil: 

 In vitro derived plantlets were gradually 

hardened through gradual exposure to optimum 

relative humidity and sunlight for seven days and 

then transferred to net house. Rooted plantlets were 

taken out from the medium, washed carefully to 

remove any traces of agar and then each plantlet was 

transplanted into plastic pots containing garden soil 

and cow dung (2:1).  

 

1.6. Open Field Observation: 

 Acclimatized plants were observed for proper 

establishment in soil for fifteen days and data of 

survival was recorded at 3
rd

 week. 

 

1.7. Data assembly and scrutiny: 

 Completely randomized design was set for all 

the tested concentrations and repeated three times 

with 25 replicates per treatment and explants were 

cultured in test tubes and culture vessels. Weekly 

growth observations were made from 1
st
 to 6

th
 week 

of inoculation after setup of each treatment and 

experimental data were recorded at 4
th

 and 6
th

 week. 

The parameters observed were: (I) percentage 

response (%); (II) average length of shoot in cm and 

number of leaves/shoot; (III) average number of 

multiple shoot/explants; (IV) average number of 

roots/shoot; and (V) average root length in cm. 
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 The total number of shoots as well as roots was 

recorded through visual observations. Recorded data 

were subjected to analysis of variance, and 

differences among means were tested by Least 

Significant Differences (LSD) at P<0.05. 

 

2. Results: 

2.1. Shoot initiation: 

 Explants surface sterilized with 0.1% HgCl2 for 

6 minutes showed 70% survival rate after inoculation 

in MS medium containing BAP (0.5 mg/l). 

Prolonged treatment with 0.1% HgCl2 caused 

blackish and dead plant parts, which was observed 

after one day of inoculation. Bud sprouting was 

detected from all the explants with BAP 

concentration of 0.5mg/l from the 1
st
 week of culture. 

Buds elongated up to 0.81±0.06 cm and 1.11 ±0.04 

cm at 4
th

 and 6
th
 week, respectively (Table 1; Figure 

A). Nodes of regenerated shoots from this phase 

were used in the later experiments. 

 
Table 1: Effect of different cytokinins (BAP, Kn) (alone, combinations) and auxin-cytokinin combinations (IAA-BAP) on W. calendulacea. 

MS + Hormone 

(mg/l) 

Percentage 

of response 

(%) 

Average multiple shoot/explant 

(Mean ±SE) 

Average shoot length (cm) 

(Mean ±SE) 

Average No. of leaf /explant 

(Mean ±SE) 

Growth 

in Vigor 

Callusing2 

BAP Kn IAA  4th Week 6th Week 4th Week 6th Week 4th Week 6th Week   

0.5 - - 100 6.50±0.70a 9.30±0.83a 0.81±0.06a 1.11±0.04a 28.10±2.26a 40.90±2.91a +++ * 

1.0 - - 90 3.77±0.61b 7.00±0.84a 0.77±0.02a 1.08±0.03a 11.55±2.29b 22.55±3.56b ++ ** 

1.5 - - 100 3.20±0.57b 6.30±1.55b 0.75±0.02a 0.92±0.02b 17.10±3.54b 29.30±5.75b ++ ** 

2.0 - - 100 2.20±0.24b 3.90±0.40b 0.83±0.05a 1.07±0.05a 11.90±1.03b 23.00±2.19b ++ * 

- 0.5 - 100 2.70±0.33a 3.80±0.48a 0.96±0.07a 1.24±0.10a 14.40±1.65a 18.00±2.19a ++ * 

- 1.0 - 100 3.10±0.67a 4.10±0.97a 1.11±0.07a 1.33±0.07a 15.50±2.51a 19.30±3.21a +++ ** 

- 1.5 - 100 2.90±0.64a 3.20±0.67a 0.97±0.09a 1.29±0.10a 15.40±2.40a 19.20±3.07a ++ * 

- 2.0 - 100 1.33±0.33ab 1.77±0.46ab 0.98±0.04a 1.16±0.06a 9.88±1.36a 11.66±1.74a + * 

0.5 0.5 - 100 4.00±0.44a 4.70±0.57a 1.02±0.12a 1.41±0.15a 20.90±3.28a 28.80±3.69a + * 

0.5 1.0 - 100 5.20±0.78a 5.80±0.72a 1.05±0.08a 1.56±0.06a 22.30±2.79a 30.30±3.18a + * 

0.5 1.5 - 100 7.30±0.89a 10.20±1.06a 1.17±0.10a 1.41±0.10a 31.00±2.71a 41.70±3.65a ++ * 

MS + Hormone 

(mg/l) 

Percentage 

of response 

(%) 

Average multiple shoot/explant 

(Mean ±SE) 

Average shoot length (cm) 

(Mean ±SE) 

Average No. of leaf /explant 

(Mean ±SE) 

Growth 

in Vigor 

Callusing2 

BAP Kn IAA  4th Week 6th Week 4th Week 6th Week 4th Week 6th Week   

1.0 0.5 - 90 6.66±0.47a 10.22±0.70a 1.13±0.12a 1.54±0.13a 31.11±4.55a 40.66±5.40a ++ * 

1.0 1.0 - 90 7.33±0.55a 12.55±1.14ab 1.32±0.09b 1.80±0.08ab 48.00±6.60b 70.11±10.20ab ++ ** 

1.0 1.5 - 100 8.30±0.44ab 23.60±3.46b 1.25±0.04ac 1.70±0.08ab 66.80±4.61bc 120.80±9.88bc +++ ** 

1.0 2.0 - 80 9.87±0.69ab 25.62±3.70bc 1.03±0.05a 1.36±0.04ab 48.50±3.58b 106.87±19.18b +++ *** 

1.5 0.5 - 100 12.80±2.46b 24.00±5.26b 0.94±0.94ab 1.14±0.05bc 34.50±5.98b 82.80±17.39b +++ ** 

1.5 1.0 - 100 14.70±3.11b 33.50±6.50bc 1.00±0.05a 1.16±0.06abc 34.00±4.64b 82.60±19.58b +++ *** 

1.5 1.5 - 100 6.40±0.97a 13.20±2.27ab 0.97±0.04a 1.20±0.05abc 25.80±4.23a 51.90±11.56a ++ *** 

1.5 2.0 - 100 5.00±0.75a 8.25±1.34a 0.96±0.06a 1.17±0.06abc 17.75±2.67ab 29.62±5.10a + *** 

2.0 0.5 - 100 8.20±0.57bc 21.00±0.71ab 1.28±0.09bc 1.75±0.11ab 29.80±2.30a 102.10±9.41bc +++ *** 

2.0 1.0 - 80 5.87±0.63a 12.50±1.62a 1.10±0.10a 1.51±0.13a 22.25±2.96a 56.62±11.13a + *** 

2.0 1.5 - 100 6.90±0.64a 13.80±2.24ab 0.98±0.08a 1.16±0.08abc 20.30±4.51a 48.00±8.61a + ** 

2.0 2.0 - 80 4.37±0.37a 7.12±0.63a 1.01±0.11a 1.32±0.14a 22.00±3.79a 31.37±2.42a + ** 

MS + Hormone 

(mg/l) 

Percentage 

of response 

(%) 

Average multiple shoot/explant 

(Mean ±SE) 

Average shoot length (cm) 

(Mean ±SE) 

Average No. of leaf /explant 

(Mean ±SE) 

Growth 

in Vigor 

Callusing2 

BAP Kn IAA  4th Week 6th Week 4th Week 6th Week 4th Week 6th Week   

0.5 - 1.0 100 5.00± 0.71a 9.40± 1.49a 1.30±0.04b 1.76±0.07b 25.10± 2.80a 42.30± 4.55ab +++ * 

0.5 - 1.5 100 3.70±0.49ab 7.60± 0.87a 1.23±0.10ab 1.70±0.12b 21.30± 2.96a 34.40±3.82a +++ ** 

0.5 - 2.0 100 4.22±0.43ab 6.66± 0.70ab 1.08±0.04a 1.45±0.04a 22.55± 2.30a 34.44±3.46a +++ ** 

1.0 - 0.5 100 3.70±0.44ab 7.20± 0.55a 1.03±0.03a 1.41±0.05a 19.50± 2.64a 31.80± 3.39a +++ * 

1.0 - 1.0 80 3.12±0.35b 5.00±0.82ab 0.85±0.07a 0.97±0.06bc 14.00±1.06ab 22.62±1.89ab ++ * 

1.0 - 1.5 80 3.00±0.37b 5.75±0.77ab 0.91±0.07a 1.11±0.05a 11.50±2.01b 20.00±2.75abc ++ ** 

1.0 - 2.0 60 3.50±0.61ab 7.50±1.76a 0.85±0.05a 1.03±0.04a 13.50±2.27ab 26.33±4.87a ++ ** 

1.5 - 0.5 100 3.50±0.30ab 6.30±0.61ab 0.90±0.03a 1.07±0.05a 13.60±1.04b 22.40±2.28ab ++ * 

1.5 - 1.0 100 3.50±0.42ab 4.60±0.49b 0.75±0.04bc 0.88±0.04bc 15.10±1.85ab 21.60±2.40ab + ** 

1.5 - 1.5 90 4.11±0.65ab 5.22±0.81ab 0.93±0.04a 1.03±0.05bc 16.77±1.59ab 23.77±2.57ab ++ ** 

1.5 - 2.0 90 3.88±0.61ab 6.44± 1.02ab 0.78±0.05a 0.91±0.07bc 16.55±16.55ab 23.77±3.35ab ++ ** 
1+ = good, ++ = better, +++ = best;  2*=denotes as degree of callusing. 

 Treatments in each group of hormonal treatment (BAP, Kn, BAP + Kn, BAP + IAA) denoted by the same letter in a column were not significantly different (P<0.05) using the LSD test. 

 

2.2. Effects of BAP and Kn: 

 The frequency of multiple shoot formation was 

highest at 6
th

 week in the initial medium (MS + BAP 

at 0.5 mg/l) among the tested concentrations of BAP, 

with 9.3±0.82 shoots/explant. When nodes from the 

initial phase were sub-cultured in higher 

concentrations of BAP (1.0, 1.5, 2.0 mg/l) they did 

not show any further improved growth and 

multiplication rates in the medium (Table 1). 

Callusing was obtained during the subcultures at the 

bases of explants in MS + BAP. 

 Sub-culturing of nodes in to MS medium 

containing Kn (0.5, 1.0, 1.5 and 2.0 mg/l) resulted in 

100% responses on regeneration of this species. 

Among them, direct shoot initiation was highest with 

an average of 3.1±0.67 and 4.1±0.97 shoots/explant 

at 4
th

 week and at 6
th

 week in MS + Kn (1.0 mg/l). 

Shoot lengths were  1.11±0.07 cm and 1.33±0.07 cm, 

respectively, at the 4
th

 and 6
th

 week in MS + Kn (1.0 

mg/l) (Figure B). Recorded data showed no 

significant differences of shoot length, multiple 

budding and foliations among the tested 

concentrations of Kn; however, increased 

concentrations of Kn reduced shoot growth (Table 1) 

with stunted leaves.  

 

2.3. Synergism of cytokinins: 

 Synergism of cytokinins resulted during the 

culture of the nodal explants on MS medium 

supplemented with different combinations of BAP 

(0.5, 1.0, 1.5 and 2.0 mg/l) and Kn ( 0.5, 1.0, 1.5 and 

2.0 mg/l) with an above 80% frequency of 

proliferation (Table 1). We found that low BAP to 

high Kn ratio showed a moderate shoot elongation, 
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but an increase of mutiple shoot rate and leaf 

numbers per explant as clumps with an average of 

7.30±0.89 and 10.20±1.06 multiple shoots/explant at 

4
th

 week and at 6
th

 week respectively, and which 

elongated upto 1.17 cm and 1.56 cm at 4
th

 and 6
th
 

week, resepctively in [MS + BAP (0.5 mg/l) + Kn 

(1.5 mg/l)]. In contrast, elevation of BAP but 

decreased level of Kn concentrations exhibited a 

moderate rate of multiplication and shoot 

proliferation, but increased the foliation of 

microshoots. We obtained an average of multiple 

shoots/node ( 8.20±0.57 and 21.00±0.71) and shoot 

length ( 1.28±0.09 cm and 1.75±0.11 cm) at 4
th

 and 

6
th

 week of culture, resepctively when the medium 

composition was [MS + BAP (2.0 mg/l)  + Kn (0.5 

mg/l)] with short leaves.  

 Among the various experimental concentrations 

of BAP and Kn, the increased rate of biomass and 

rate of multiplication was optimized when BAP and 

Kn was nearly in same concentrations tested. Best 

shoot amplification was noted  (14.7 ±3.11 

shoots/node at 4
th 

week and 33.5±6.50 shoots/node at 

6
th

 week) when MS was fortified with BAP (1.5 

mg/l) + Kn (1.0 mg/l) (Figure C) as clumps. 

Furthermore, tallest shoots ( 1.80±0.08 cm) were 

obtained in [MS + BAP (1.0 mg/l) + Kn (1.0 mg/l)] 

and highest rate of foliation ( 120.80±9.88) was seen 

when the nodes were culutred in MS medium having 

[BAP (1.0 mg/) + Kn (1.5 mg/l)].  

 Increased level of both BAP and Kn scaled down 

the growth of the cultures with reduced 

multiplication, shoot proliferation and leaf formation 

and showed high callusing at the tuft of explant`s 

bases. 

2.4. Effect of auxin-cytokinin combinations: 

 Incorporation of auxin (IAA) in MS medium 

with BAP showed a varied morphological response. 

In count, increased concentration of both BAP and 

IAA increased propagule response up to 100% for 

bud sprouting. BAP (0.5 mg/l) along with IAA (0.5 

and 1.0 mg/l) was more effective for shoot growth 

than BAP alone. The combination of BAP (0.5 mg/l) 

and IAA (1.0 mg/l) attained a growth of 1.76±0.07 

cm at 6
th

 week. Notably, in the present study, 

multiplication of nodal explants was observed when 

BAP was in MS medium combined with half of IAA 

level (Figure D).  

 

2.5. Effect of GA3:  

 Node buds did not show improved shoot 

proliferation when GA3 was supplemented in MS 

medium compared to cytokinin alone and cytokinin-

auxin combinations (Figure E). The only exception 

happened in medium composition of MS + GA3 (0.5 

mg/l) where direct rhizogenesis of micro-shoots was 

observed (Table 2).  

 

2.6. Root induction phase: 

 Each micro-shoot was separated from clumps 

and implanted in ½ MS medium enriched with IBA 

for checking the rhizogenic ability of phytohormone.  

The best root induction was obtained in ½ MS + IBA 

(1.0 mg/l) with an average of 18.90±2.47 roots/shoot, 

where root lengths were 2.71±0.17 cm within 2 week 

of culture (Table 3). The rooted shootlets were deep 

green and had expanded leaves till 3
rd

 week (Figure 

F).  

 

2.7. Harvesting, acclimatization and field 

observation: 

 Hardening of plantlets were done by gradual 

exposure to sunlight for seven days and then in vitro 

generated plantlets were transplanted in potted media 

and were kept in a net house for acclimatization. 

After 3 weeks of transplantation, a survival rate 

(90%) was observed (Figure G).  After 6 weeks of 

transplanting, the in vitro propagated plantlets 

resembled the general morphological characteristics 

of the mother plant. 

 
Table 2: Effect of GA3 on explants of W. calendulacea. 

MS + 

GA3 

(mg/l) 

Percentage 

of 

response 

(%) 

Average multiple 

shoot/explant (Mean ±SE) 

Roots/explant 

(Mean ±S.E) 

Average Shoot Length 

(cm) (Mean ±SE) 

Average No of leaf/explant 

(Mean ±SE) 

Growth 

in 

Vigor1 

Callusing 

 

 4th Week 6th Week 4th Week 6th Week 4th Week 6th Week 4th Week 6th Week   

0.5 95 2.00±0.31a 2.1±0.29a 1.00±0.34a 1.0±0.34a 1.57±0.06a 1.70±0.06a 12.15±1.31a 13.78±1.62a + None 

1.0 95 2.21±0.26a 2.3±0.25a 0.36±0.21b 0.36±0.21b 1.2±0.06b 1.40±0.05b 11.41±1.08a 13.21±1.42a ++ None 

1.5 100 3.00±0.27ab 3.4±0.33ab 0.10±0.07b 0.10±0.07b 1.7±0.11a 1.90±0.12a 11.84±1.20a 14.63±1.65a +++ None 

2.0 90 2.88±0.48a 3.11±0.51a 0.00±0.00 0.00±0.00 1.6±0.16a 1.88±0.20a 14.11±2.14a 16.55±2.48a +++ None 
1+ = good, ++ = better, +++ = best;  

Treatments in each group denoted by the same letter in a column were not significantly different (P<0.05) using the LSD test. 

 

Table 3: Effect of IBA on root induction in shootlets of W. calendulacea. 

½ MS 

+ IBA 

(mg/l) 

Percentage of 

response (%) 

Average 

multiple shoot 

(Mean ±SE) 

Average shoot 

length (cm) 

(Mean ±SE) 

Average No. of 

Leaf/explant 

(Mean ±SE) 

Average No 

of roots 

(Mean ±SE) 

Average length 

of roots (cm) 

(Mean ±SE) 

Growth in 

Vigor1 

0.5 100 1.90±0.17a 2.39±0.13a 16.30±1.12a 7.80±1.02a 3.83±0.18a ++ 

1.0 100 2.00±0.18a 2.78±0.09b 16.90±1.13a 18.90±2.47b 2.71±0.17b +++ 

1.5 100 1.0±0.00b 2.21±0.11a 15.60±0.49a 9.10±1.21a 2.53±0.16b ++ 
1+ = good, ++ = better, +++ = best. 

Treatments in each group denoted by the same letter in a column were not significantly different (P<0.05) using the LSD test. 

 



22      Dr. Mohammed Rahmatullah et al, 2014 / American-Eurasian Journal of Sustainable Agriculture 8(5), April, Pages: 18-25 

 

 
A. Regeneration of shoot from bud sprouting in MS + BAP (0.5 mg/) at 4

th
 week of culture. 

B. Low shoot growth of explant in MS + Kn (1.0 mg/l) at 4
th

 week. 

C. Best multiplication of explants in MS + BAP (1.5 mg/l) + Kn (1.0 mg/l) at 6
th

 week. 

D. Multiple shoot formation in MS + BAP (0.5 mg/l) + IAA (1.0 mg/l) at 6
th

 week. 

E. Thin shoots grown in MS + GA3 (1.0 mg/l) with commencing roots. 

F. In vitro root induced in MS + IBA (1.0 mg/l) at 3
rd

 week. 

G. In vitro raised plantlets were established in soil, after 3 weeks. 

 

3. Discussion: 

 Martine et al. [30] in Wedelia chinensis, Ara et 

al. [3] in Lippia javanica, Singh et al. [48] in 

Jatropha curcas and Bermejo et al. [8] in Lens 

culinaris Medik. found BAP as a prominent bud 

inducer in MS medium same as the present authors 

observed good percentage in sprouting. Similarly, 

bud initiation and multiplications was also found best 

by Thiyagarajan and Venkatachalam [49] in Stevia 

rebaudiana (Bert), and with the increase of BAP, the 

frequency of shoot proliferation and multiple 

budding declined which is in agreement with our 

current results. However, an increased number of 

shoot multiplications in Baccopa monniera has been 

reported by Tiwari et al. [50] through the passage of 

such sub-culture, which was not in agreement with 

us. 

 In Pongamia pinnata, Kesari et al. [26] found 

that higher concentrations of cytokinin resulted in 

lower response towards growth parameters 

irrespective of BAP or Kn, which is similar to our 

findings. Best shoot multiplication by us was 

obtained from synegism of BAP and Kn which was 

even higher than the findings reported by Emmanuel 

et al. [14] on the same plant. Combinations of BAP 

and Kn was also found effective for multiple shoot 

induction in Stevia rebaudiana [11] and Musa spp. 

[5], Jatropha curcas [43]. 

 BAP-IAA combination was found to be effective 

for increase of shoot length by the present authors 

which was similar to the findings reported by Sharma 

et al. [44] with Jatropha curcas. Faisal et al. [16] 

showed that minimal auxin concentrations were 

necessary for enhanced axillary bud induction; 

because such minimal concentrations were necessary 

to break bud dormancy. Synergistic effect of 

cytokinin and auxins in axillary shoot induction has 

been also reported for rootstocks selections of 

Cymbidium [52], Wattakaka volubilis [36] and 

Excoecaria agallocha [4]. The results obtained in the 

present study agree with these afore-mentioned 

results. 

 The reasons behind for occurring rhizogenesis 

from micro-shoots in MS + GA3 were might be due 

to the presence of endogenous BAP as they were 

sub-cultured from medium containing BAP. 

Combination of BAP and GA3 can induce rooting in 

vitro which has been verified by Misra and 

Chakrabarty [31], and Agarwala et al. [1]. 
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 Rooting capability of IBA has also been found in 

different species [3,5,47] similar to findings of the 

present study. Successful transplantation of in vitro 

generated plantlets was also achieved by Kumar and 

Reddy [28] in Jatropha curcas as found by the 

current authors. 

 Taken together, we can conclude that 

phytohormones play a diverse role for organogenic 

responses on explants in vitro for this species. This 

has led to generation of an improved protocol for in 

vitro mass propagation of W. calendulacea that can 

meet industrial demand for large-scale plantation 

within a short time and further play a role on in vitro 

and ex situ conservation. 
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