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A B S T R A C T 
To develop an efficient method for fast callus induction and micropropagation of Wedelia chinensis (Osbeck) Merr. 
Surface sterilization of the explants was performed using varied concentrations of HgCl2 and Tween20. Leaf and nodal 
explants of the species were used for callus and shoot induction respectively and the explants were reared on MS media 
augmented with various plant growth regulators (PGR) – auxin (1-Naphthaleneacetic acid (NAA) and Indole-3-butyric 
acid (IBA)) and cytokinin (6-Benzylaminopurine (BAP)). Sterilants (0.5% HgCl2 + 0.1% Tween20) for 8 and 2 minutes 
respectively gave optimum results with 100% asepsis and the highest survival rate.  Good results of induction of callus 
from leaf explants were found in MS media fortified with IBA (1 mg/l) + BAP (2 mg/l) which gave a quick response of 
callus initiation and also the escalated growth of the callus (1.092±0.08 g) within 60 days was more compared to other 
concentrations. Following an investigation, it was established that nodal explants when cultured on MS media 
augmented with IBA (1 mg/l) + BAP (2 mg/l) gave optimal multiple-shoot induction (10.9±0.18) and shoot growth 
(6.94±12 cm). For rooting of the well-established shoots, optimum results (7.4±15) were obtained when reared on half-
strength MS media augmented with 2mg/l IBA. The well-established plantlets were weaned successfully in earthen pots 
with a 95% survival rate and the plants were phenotypically alike to the parent plant. The results signified that this 
protocol might be utilized for fast callus induction and successful plant regeneration from leaf and nodal explants 
respectively. 

 
Key words: Wedelia chinensis (Osbeck) Merr., Nodal explants, 6-Benzylaminopurine (BAP), Indole-3-butyric acid 
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Wedelia chinensis (Osbeck) Merr. (Synonym 

Sphagneticola calendulacea (L.) Pruski is a member of the 

Asteraceae family and is often called as Birimagari in Sanskrit 

and Pilabhangra in Hindi [1]. It is a procumbent perennial herb 

with an unpleasant odour and the whole plant has a colossal 

medicinal value which is used in Unani, Siddha and ayurvedic 

systems of medicine [2]. It is considered to be highly 

antihepatotoxic and has several pharmacological activities such 

as hepatoprotective activities, antimicrobial activities, 

antioxidant activities, anticancer activities, androgen 

suppressing activities, wound healing activities, antiulcerogenic 

activities etc., [2]. The powdered form of root is used as a black 

dye, dying grey hair; tattooing and the leaves are useful in 

treating cough, cephalalgia and skin disorders [3]. The 

components  isolated from this plant showed strong  activity 

against damaged liver caused by biochemicals [4-5]. 

Furthermore, extracts of W. chinensis may have potential 

against anticonvulsant activity [6]. Also, bioactive compounds 

extracted from this plant demonstrated strong potential against 

prostate cancer cells [7]. Owing to the immense goodness of 

this species and therefore overexploitation from its wild habitat 

by some traditional practitioners, W. chinensis and other 

Wedelia species such as W. calendulacea, W. trilobata etc. are 

becoming rear medicinal herbs [8]. It is to be  noted that by 

vegetative stem cutting  and  seeds  germination,  those  herbs  

can  be  propagated  but  due  to  cross-pollination  the  species  

may  induce  some  undesirable  phytochemicals  and  characters  

[9]. So, the in-vitro culture of this type of herbal medicinal plant 

is very imperative to micro-propagate artificially. This is 

because in-vitro propagation using the technique of tissue 

culture, we would be able to produce precisely similar copies of 

plants, unalloyed metabolites needed and ineradicable 

preservation of the plant [10]. So, the sole purpose of our 

investigation was to establish an effective protocol for rapid 
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callus induction and micropropagation of W.  chinensis 

(Osbeck) Merr. 

 

MATERIALS AND METHODS 

 

For the investigation, 4-5 cm long apical parts of the 

shoot of W. chinensis were bought from the wild habitat inside 

the campus of the University of Science and Technology, 

Meghalaya. Running tap water was used for thoroughly 

washing the tips of the shoot (2-3 times) followed by repeated 

washing with distilled water. They were then treated with 0.1% 

Tween20 for 2-3 minutes followed by the transferring to a 

laminar air flow hood where further surface sterilization was 

done with diverse concentrations (0.1%-0.5%) of mercuric 

chloride for 5-8 minutes followed by rinsing several times with 

autoclaved distilled water to remove any micro amount of 

sterilizing agent. Aseptically and carefully, the nodal segment 

and the leaves were then dissected out and cut into proper pieces 

(1-1.5 cm) with a sterile surgical blade and utilized as explants. 

The nodal and leaf explants were then reared on MS basal 

medium containing sucrose (3% (w/v)) and the pH was 

maintained at 5.8±2 [11]. Agar powder (0.8% (w/v)) was used 

as a gelling agent and the complete MS media was sterilized by 

autoclaving for 15 minutes at 121°C at 15 lb pressure. The 

explants were inoculated in culture tubes containing 10ml of 

full-strength MS media boosted with varied concentrations and 

a combination of cytokinin (BAP) and auxin (IBA and NAA). 

Pre-sterilized glassware and instruments were used to carry out 

all the tasks. For each treatment, 10 replicates were used and the 

cultures were examined diurnally and the data and visual 

growth were noted and photographed and finally, the recorded 

data were put through statistical analysis for the computation of 

mean standard error (x̄ ±SE). For the study, MS basal media 

without any growth regulators were employed to produce 

control cultures. 

Leaf explants were utilized for the study of in-vitro callus 

induction whereas nodal explants were utilized for direct shoot 

regeneration. A variety of BAP, NAA and IAA concentrations 

and combinations was tested for optimal callusing and multiple 

shooting. The weight of the callus was recorded on the 30th day 

and the 60th day from the day of inoculation. The number of 

shoots in each explant and the height of the shoot were recorded 

after every 4-5 days interval. After 30 days of sub-culturing, 

individual shoots (3-5cm long) were subjected to in-vitro 

rooting after removal from the stock shoot culture. ½ MS basal 

media boosted with various concentrations and combinations of 

auxin (IBA and NAA) and activated charcoal were employed to 

test in-vitro rooting.  0.5g/l and 1.0g/l activated charcoal were 

also used to evaluate its effect on in-vitro rooting. The count of 

roots per explant was observed and recorded at every 2-3 days 

interval. All the in-vitro cultures were kept in the culture room 

under controlled conditions of temperature (26 ± 2°C) with cool 

white fluorescent tube light and provided with 16/8 hours 

light/dark photoperiod [12]. 

The complete plantlets obtained from nodal explants of 

W. chinensis with well-developed roots were taken out from the 

rooting media and washed with autoclaved distilled water; 

placed in plastic cups loaded with sand, peat and soil (1:1:1) 

and stored in a humid chamber for providing proper humidity. 

Finally, after adequate acclimatization, the established young 

plants were potted in earthen pots in natural environmental 

conditions with a 95% survival record. 

 

RESULTS AND DISCUSSION 
 

Surface sterilization of the explants used is one of the 

foremost and essential factors for the successful and 

contamination-free establishment of in-vitro cultures because 

the contamination reduces proliferation time and wastes re-

culture time and efforts.  The use of HgCl2 and Tween20 is very 

common for surface sterilization of most of the plants used [13-

15]. In the present investigation, the effects of a range of surface 

sterilants were evaluated for optimization of the contamination-

free establishment of cultures. Optimum results with 100% 

asepsis and the highest survival rate were obtained when 0.5% 

HgCl2 in combination with 0.1% tween20 for 8 minutes and 2 

minutes respectively was used for surface sterilizing the 

explants (Table 1). 

 
Table 1 Response to different surface sterilizing agents on leaf and nodal explants of W. chinensis 

Sterilizing agent 
Concentration 

(%) 

Time of surface sterilization 

(min) 

Observation 

(Percentage of contamination) 

HgCl₂ 0.1 8 100 

HgCl₂ 0.3 8 70 

HgCl₂ 0.5 8 10 

Tween 20 + HgCl₂ 0.1 + 0.3 2 + 8 30 

Tween 20 + HgCl₂ 0.1 + 0.5 2 + 8 0 

Table 2 Effect of IBA, NAA and BAP on callus induction from leaf explants of W. chinensis 

Hormones 
Concentration 

(mg/l) 

No. of days 

required for 

callus initiation 

Percentage of 

callus induction 

(%) 

Texture of 

callus 

Colour of 

callus 

Weight after 30 days 

from initiation 

(g) 

Weight after 60 

days from 

initiation (g) 

Control - - - - - - - 

IBA 1 26 10 Friable Yellow Browning & dead - 

IBA 2 29 10 Friable Yellow Browning & dead - 

IBA 3 30 30 Friable Yellow Browning & dead - 

BAP + IBA 2+1 18 100 Friable Yellow 0.061±0.056 1.092±0.08 

BAP + IBA 2+2 27 60 Friable Yellow 0.042±0.0052 0.073±0.0045 

BAP + IBA 2+3 21 100 Friable Yellow 0.032±0.02 0.025±0.17 

Callus was induced from leaf explants of W. chinensis 

(Fig 1) on MS media fortified with various concentrations of 

IBA alone or in combination with BAP. Callogenic response 

was initiated within 3-4 weeks of inoculation in all the treatment 

concentrations excluding the treatment where MS media 

contained no growth hormone (Table 2). In the PGR free MS 
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media, the explants initially showed swelling, however, then 

turned brown and then died within 15-20 days of culture. Best 

results were observed with a maximum of 100% callus response 

and intended induction of callus within 18 days when the 

medium was fortified with IBA (1 mg/l) + BAP (2 mg/l). The 

calli obtained were yellowish in colour and friable in texture. 

All the cultures were maintained for about 60 days where the 

growth and weight of the calli were noted at 30 days and 60 

days intervals. 

The fresh weight of the callus in the media supplemented 

with IBA (1 mg/l) + BAP (2 mg/l) was 0.061±0.05 g after 30 

days of callus induction which increased to 1.092±0.08 g after 

60 days of culture. MS media boosted with IBA (3 mg/l) and 

BAP (2 mg/l) gave good results with 100% callus response and 

0.032±0.02 g of callus after 30 days, however, the weight of the 

callus reduced to 0.025±0.07 after 60 days of culture. MS media 

containing only IBA gave 10-30% callus response within 26-30 

days but then turned brown and subsequently died within 5-6 

weeks of culture. Thus, in the present study, the combination of 

IBA and BAP was assessed to be best preferable for callus 

induction from leaf explants of W. chinensis. The synergetic 

effect of auxin and cytokinin for callus formation was also 

reported in Achyranthes aspera L. [16], broccoli [17], Ziziphora 

tenuior L. [18], and Celosia argentea (Var.) Cristata [19]. 

 

 

Fig 1 Different steps of callus induction from leaf explants of Wedelia chinensis 
A = Habit, B = Shoot tips, C = Leaf explants, D = Inoculated explant, E = Callus induction at 30th day, F = Callus induction at 60th day 

Table 3 Effect of IBA, NAA and BAP on in-vitro shooting from nodal explants of W. chinensis 

Hormone 
Concentration 

(mg/l) 

No.  of days required 

for shoot initiation 

Percentage of shoot 

induction (%) 

Mean no. of 

shoot/explant (x̄ ±SE) 

Mean length of 

shoot (cm) (x̄ ±SE) 

Control - - - - - 

NAA 1 8-10 65 2.2±0.41 2.64±20 

NAA 2 8-10 55 1.2±0.31 1.86±27 

NAA 3 8-15 65 1.0±0.12 2.9±16 

IBA 1 9-10 72 2.2±0.23 1.54±11 

IBA 2 10-15 65 1.5±0.31 3.54±28 

IBA 3 8-10 72 2.1±0.18 3.54±18 

BAP 2 8-10 50 3.6±0.12 6.94±12 

NAA+BAP 1+2 9-10 75 4.5±0.25 4.32±24 

NAA+BAP 2+2 8-10 75 3.5±0.22 5.38±15 

NAA+BAP 3+2 8-10 78 3.6±0.23 2.36±11 

IBA+BAP 1+2 6-10 85 10.9±0.18 6.24±16 

IBA+BAP 2+2 9-10 85 3.8±0.21 5.76±23 

IBA+BAP 3+2 10-21 75 2.3±0.32 3.16±20 

Multiple shooting was observed using nodal explants of 

W. chinensis without the intervention of the callus phase (Fig 

2A-E). It is known that  multiple  shoot  buds  develop  

effectively  when  both  auxin  and  cytokinin  is  provided  in  

the  growth  (MS)  media  [20-21].  In this study, multiple shoots 

were developed directly from the nodal explants on full strength 
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MS media fortified with different concentrations and a 

combination of cytokinin and auxin. Both frequency and 

magnitude of multiple shoot development and shoot elongation 

were greatly dependent on the concentration and combination 

of the auxin (IBA and NAA) and cytokinin (BAP) (Table 3). A 

maximal count of shoots per explant (10.9±0.18) was recorded 

when MS media was supplemented with IBA (1 mg/l) + BAP 

(2 mg/l) and multiple shoots were initiated within 6 days of 

culture with 85% of shoot induction.  However, MS media 

containing NAA (1 mg/l) + BAP (2 mg/l) also showed effective 

supplement for multiple shoot induction but, the count of shoot 

per explant was less (4.5±0.25) compared to the former 

hormone combination. Moreover, days required for shoot 

induction (9 days) and percentage of multiple shoots induced 

(75%) were also noted to be less. A minimum number of shoots 

(1.0±0.12) were observed when the nodal explants were 

cultured in MS media containing NAA (3 mg/l). Multiple 

shoots were cultured for about a month in the same media 

combinations and after 30 days, elongated shoot lengths were 

recorded. Maximum elongated shoots (6.94±12 cm) were 

recorded in MS media boosted with BAP (2 mg/l) whereas 

minimum elongation of the shoot (1.54±11 cm) was noted in 

MS media augmented with IBA (1 mg/l). From the recorded 

data, it has been found that the best combination and 

concentration of PGR for multiple shootings did not provide the 

best shoot elongation in W. chinensis. Similar findings were 

also disclosed in the same species by Rahman and Bhand [22]. 

For multiple shoot induction, BAP in combination with IBA 

showed superior results compared to BAP alone and BAP in 

combination with NAA. 

 
 

Fig 2 Different steps of micropropagation of W. chinensis 
A = Habit, B = Shoot tips, C = Nodal explants, D = Inoculated explant, E = Multiple shooting after 30 days of inoculation, F = In-vitro rooting, 

G = Hardening of W. chinensis plantlets, H = Weaned plants in earthen pots in natural environment 

Table 4 Effect of IBA, Activated charcoal and NAA supplemented media on rooting from in-vitro regenerated shoots of W.  

chinensis 

Hormone 
Concentration 

(mg/l) 

No. of days required 

for root initiation 

Percentage of root 

induction (%) 

Mean no. of roots/explant 

(x̄ ± SE) 

Control - - - - 

IBA 1.0 3-5 80 4.6±21 

IBA 1.5 3-5 100 5.6±18 

IBA 2.0 3-4 100 7.4±15 

Activated Charcoal 0.5 % (w/v) 5-6 80 3.8±24 

Activated Charcoal 1.0 % (w/v) 5-7 80 4.6±24 

NAA 1.0 3-6 60 3.2±19 

NAA 1.5 3-5 80 4.0±21 

NAA 2.0 3-5 100 4.6±18 

After about 30 days of culture, well-developed shoots (3-

4 cm long) were isolated and cultured for in-vitro rooting on 

half-strength MS media boosted with different concentrations 

of activated charcoal, IBA and NAA (Table 4) (Fig 2F). 

Initiation of roots was observed in all the treatments within 1-2 

weeks of subculture. Activated charcoal has been reported to 

have a positive effect on rooting in many plant species, e.g. 

Sequoiadendron giganteum [23], Daucus carota [24] and 

Cattleya bicolor [25]. Similarly, rooting was noticed on ½ MS 

media fortified with 0.5% and 1.0% activated charcoal, but was 

less effective than other PGR tested. Best results were obtained 

on ½ MS media augmented with IBA (2 mg/l) in which 

minimum time for root initiation (3-4 days) with 100% rooting 

response and having the maximum number of roots per explant 

(7.4±15) was observed. Conversely, the minimum count of roots 

(3.2±19) with 60% rooting response were obtained on ½ MS 

media when supplemented with NAA (1mg/l). Thus,  from the 

recorded data, IBA has been found to be most effective in  in-
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vitro  rooting  of  cultured  shoots  which  was  in  agreement  

with the reports of Rahman and Bhand [22] in the same species  

[22]. The use of IBA as an effective auxin for in-vitro root 

induction has also been revealed in several medicinal plants, 

e.g. Heracleum candicans [20], Solanum trilobatum [26], 

Plumbaga zeylanica [27], Tinospora cordifolia [28], Cassia  

alata [29] etc. 

Well-developed plantlets were obtained after about a 

month of subculture in the rooting medium. Before being 

transferred to the natural environment, these plantlets were 

taken out from the culture media, cleansed thoroughly and 

gently with distilled water. They were then cultivated in plastic 

cups filled with sand, soil and peat (1:1:1) and stored in a humid 

chamber for providing proper humidity and hardened through 

successive phases of acclimatization. The established plantlets 

were successfully transplanted in earthen pots and exposed to 

natural environmental conditions where the recorded survival 

rate was 95% (Fig 2 G-H). 

 

CONCLUSION 
 

From the results, it could be concluded that effectiveness 

of callus induction and in-vitro regeneration of W. chinensis 

depends on the concentrations and combinations of IBA and 

BAP. The protocol established could be an efficient method for 

micropropagation of W. chinensis. Furthermore, this protocol 

could also be employed for the genetic manipulation studies and 

improvement of Wedelia genotypes. Also, 1.092±0.08 g callus 

obtained within 8 weeks of culture suggests a fast callus growth 

which would be useful for metabolite production and extraction 

of pharmaceuticals from the callus without harvesting the plant 

from its natural habitat, thus, reducing its potential exploitation.  

 
Acknowledgement   

We are especially indebted to the University of Science 

and Technology, Meghalaya for providing material and 

laboratory support. This research did not receive any specific 

grant from funding agencies in the public, commercial, or not-

for-profit sectors.  

 
Conflicts of interest 

The authors declare that they have no known competing 

financial interest or personal relationships that could have 

appeared to influence the work reported in this paper. 

 

Ethics approval: Not applicable.

 
LITERATURE CITED 

1. Kundu S, Salma U, Ali MN, Mandal N. 2017.  Factors influencing large-scale micropropagation of Pheneticillin calendulacea 

(L.)  Prusik and clonality assessment using RAPD and ISSR markers.  In Vitro Cell Development Biol. Plant 53(3): 167-177. 

2. Nomani I, Mazumder A, Chakraborthy GS. 2013. Wedelia chinensis (Asteraceae)- An overview of a potent medicinal herb. Int. 

Jr. Pharmtech. Research 5(3): 957-4304. 

3. Meena AK, Rao MM, Meena RP, Panda P, Renu. 2011. Pharmacological and phytochemical evidences for the plants of Wedelia 

Genus- A review. Asian Jr. Pharm. Res. 1(1): 7-12. 

4. Martin KP, Beena MR, Joseph D. 2003. High frequency axillary bud multiplication and ex-vitro rooting of Wedelia chinensis 

(Osbeck) Merr., A medicinal plant. Indian Jr. Exp. Biology 41(3): 262-266. 

5. Kirtikar KR, Basu BD. 2006. Indian Medicinal Plants. 2nd Edition. International Book Distributor, Deharadun. 

6. Mishra G, Singh P, Garg VK, Parvez N, Yadav S, Hwisa N. 2011. Phytochemical screening and anticonvulsant activity of 

Wedelia chinensis. Int. Jr. Pharm. Sci. Research 2(1): 39-43. 

7. Lin F, Chen L, Lin E, Ke F, Chen H, Tsai M. 2007. Compounds from Wedelia chinensis synergistically suppress androgen 

activity and growth in prostate cancer cells. Jr. Carcinog. 28(12): 2521-2529. 

8. Bhattacharya PC, Muzumder R, Sarmah GCD. 1991. Rare medicinal plant of Assam. Anc. Sci. Life. 10(4): 234-238.   

9. Bipasha A, Safiul AFM, Afsana KM, Farhana R, Mohammed R. 2010. Simultaneous shoot regeneration and rhizogenesis of 

Wedelia chinensis for in vitro clonal propagation. Am-Eurasian Jr. Sustainable Agriculture 4(1): 65-69. 

10. Thangavel K, Ebbie MG, Ravichandran P. 2014. Biotechnology and in vitro conservation of medicinal plants. Ann. Plant 

Sciences 3(6): 734-744. 

11. Murashige T, Skoog F. 1962. A revised medium for rapid growth and bio assays with tobacco tissue cultures. Plant Physiology 

15: 473-497. 

12. Sen MK, Hassan MM, Nasrin S, Jamal MAHM, Mamun-Or-Rashid ANM, Dash BK. 2013. In vitro sterilization protocol for 

micropropagation o Achyranthes aspera L. node. Int. Res. Jr. Biotechnology 4(5): 89-93. 

13. Nair LG, Seeni S. 2003. In vitro multiplication of Calophyllum apetalum (Clusiaceae), an endemic medicinal tree of the Western 

Ghats. Plant Cell, Tissue and Organ Culture 78(2): 169-174. 

14. Oo KT, Oo KW, Mon YY. 2018. Establishment of efficient surface sterilization protocol on different types of fields grown 

strawberry explants (Fragaria x ananassa Duch.). Jr. Sci. Innovative Research 7(3): 70-74. 

15. Boruah J. 2020. Effect of 0.1% HgCl2 on surface sterilization of Som (Persea bombycina King) explant during tissue culture - 

A major host plant of Muga Silkworm. Int. Jr. Curr. Microbiology and Applied Science 9(7): 954-958. 

16. Sen MK, Nasrin S, Rahman S, Jamal AHM. 2014. In vitro callus induction and plantlet regeneration of Achyranthes aspera L., 

a high value medicinal plant. Asian Pac. Jr. Trop. Biomed. 4(1): 40-46. 

17. Hossain ABMS, Haq I, Ibrahim NA, Aleissa MS. 2015. Callus cell proliferation from broccoli leaf slice using IBA and BAP in 

vitro culture: Its biochemical and antioxidant properties. Data in Brief 6(2016): 214-220. 

18. Dakah A, Zaid S, Suleiman M, Abbas S, Wink M. 2014. In-vitro propagation of the medicinal plant Ziziphora tenuior L. and 

evaluation of its antioxidant activity. Saudi Jr. Biol. Sci. 21(4): 317-323. 

19. Bakar DA, Ahmed BA, Taha RM. 2014.  In vitro callus induction and plant regeneration of Celosia argentea- An important 

medicinal plant. Braz. Arch. Biol. Technology 57(6): 860-866. 

20. Wakhlu AK, Sharma RK. 1998. Micropropagation of Heracleum candicans Wall: a rare medicinal herb. In Vitro Cell Dev. Biol. 

Plant 35(1): 79-81. 

21. Martin G, Geetha SP, Raja SS, Raghu AV, Balachandran I, Ravindran PN. 2006. An efficient micropropagation system for 

Celastrus paniculatus Willd.: A vulnerable medicinal plant. Jr. For Research 11(6): 461-465. 

CARAS 

708                            Res. Jr. of Agril. Sci. (May-Jun) 13(3): 704–709 

https://academicjournals.org/article/article1380711914_Rahman%20and%20Bhadra.pdf
https://www.jstor.org/stable/4293164
https://www.baptcb.org/public/article/ptc14_2_02.pdf
https://doi.org/10.3329/ptcb.v16i2.1108
https://www.jstor.org/stable/24096816
https://www.researchgate.net/publication/274076409_MICROPROPAGATION_FROM_SHOOT_TIPS_AND_NODAL_EXPLANTS_OF_Cassia_alata


22. Rahaman MM, Bhadra SK. 2011. Development of protocol for in vitro culture and rapid propagation of Wedelia chinensis 

(Osbeek) Merr. Jr. Med. Plant Research 5(11): 2387-2392. 

23. Bon CM, Gendraud M, Franclet A. 1998. Roles of phenolic compounds on micropropagation of juvenile and mature clones of 

Sequoiadendron giganteum: Influence of activated charcoal. Sci. Hort. 34(3/4): 283-291. 

24. Pan M, van Staden J. 2002. The effect of activated charcoal and auxins on root formation by hypocotyl segments of Daucus 

carota. South African Journal of Botany 68(3): 349-356. 

25. Prizao EC, Goncalves LM, Gutierre MAM, Mangolin CA, Machado MFPSM. 2012. Activated charcoal and graphite for the 

micropropagation of Cattleya bicolor Lindl. and an orchid double-hybrid ‘BLC Pastoral Innocence’. Acta Sci. Agronomy 

34(2): 157-161. 

26. Jawahar M, Rebert GA, Jeyaseelan M. 2004. Rapid proliferation of multiple shoots in Solanum trilobatum L. Plant Tissue 

Culture 14(2): 107-112. 

27. Chaplot BB, Dave AM, Jasrai YT. 2006. A valued medicinal plant-Chitrak (Plumbaga zeylanica Linn.): Successful plant 

regeneration through various explants and field performance. Plant Tissue Culture Biotechnology 16(2): 77-84. 

28. Gururaj HB, Giridhar P, Ravishankar GA. 2007. Micropropagation of Tinospora cordifolia (Willd.) Miers ex Hook. F and 

Thoms-a multipurpose medicinal plant. Current Science 92(1): 23-26. 

29. Hasan MF, Das R, Rahman MS, Hossain MS, Rahman M. 2008.  Micropropagation from shoot tips and nodal segments of 

Cassia alata. Intl. Jr. Bio. Research 4(4): 70-74. 

CARAS 

Res. Jr. of Agril. Sci. (May-Jun) 13(3): 704–709                             709 


