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Optimization the sterilization and acclimatization 

protocol for micropropagation of commercial cultivar 

chrysanthemum ‘Maghi White’ 
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Laishram, Arvinder Singh, Subash Kashyap and Ali Haider Shah 

 
Abstract 
The present investigation utilized different explants namely shoot tips, nodal segments and internodal 

segments of chrysanthemum cv. “Maghi White” for sterilization with different concentrations of 

mercuric chloride with respect to variations in time durations. It revealed that treatment with 0.1% 

mercuric chloride for 1 minute duration for shoot tip explants and that for 3 minutes duration for nodal 

and internodal segments was found best for maximum survival of the explants. For rooting, MS medium 

supplemented with IBA (1.00 mg/l) exhibited best results. And earliest root emergence (11.28 days), root 

length (5.53 cm) and percent rooting (85.18) were obtained on this medium. Potting mixture containing 

75% Cocopeat + 25% Perlite was found most suitable for hardening of in vitro raised plantlets. 

 

Keywords: Chrysanthemum morifolium, micro propagation, shoot regeneration, rooting and hardening 

 

Introduction 

Chrysanthemum (Chrysanthemum morifolium Ramat) a member of family Asteraceae, is an 

economically important ornamental plant in the global floriculture industry both as cut flower 

and as pot plant. It stands world second most economically important floricultural crop 

following rose with 35 percent share in the total cut flower production. The technique of year 

round blooming based upon scientific research in the field of photoperiodism and genetics has 

lead to immense increase in the utility and popularity of chrysanthemum worldwide.  

Chrysanthemum can be propagated by seeds, suckers and stem cuttings. Its multiplication by 

seed is very rare because plants raised from seeds are not true to type and in addition to this, 

growth and development of plantlets is very slow, weak and poor. Multiplication through root 

suckers is limited as the numbers of suckers produced are very less and also take long time to 

flower. Moreover, a chance of diseases transfer from the mother plant to the suckers is very 

high (Waseem et al., 2008) [42]. Also, non-uniform performance of the plants is of major 

concern since the suckers are not of the same age. In commercial propagation of 

chrysanthemum through stem cuttings, the cuttings are taken repeatedly from the same mother 

plant which results into a very high chance of viral infection in the propagating material, 

thereby increasing production costs. Non availability of quality planting material in adequate 

quantity is one of the challenges faced by the floricultural industry. Thus to have virus free 

true to type planting material in a relatively shorter period within a small space and making it 

available throughout the year, micro propagation is the most viable option 

Chrysanthemum has the capability of regeneration from leaf, shoot tip, node, inter-node, petal 

etc. through tissue culture techniques (Kumari and Varghese, 2003; Waseem et al., 2011) [17, 

41]. Therefore, the present study focused for optimization of cultivar chrysanthemum “Maghi 

White for micro propagation 

 

Materials and Methods 

The present investigation on “Micropropagation studies in chrysanthemum (Chrysanthemum 

morifolium Ramat)” was conducted by the Division of Vegetable Science and Floriculture, at 

Tissue Culture Laboratory, School of Biotechnology, Sher-e-Kashmir University of 

Agricultural Sciences and Technology of Jammu, Faculty of Agriculture, Chatha Jammu 

during the year 2014-15 where as the mother stock of selected “Maghi White” grown at 

Experimental Area-I, Division of Vegetable Science and Floriculture, Faculty of Agriculture, 

Chatha. 
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Preparation of Explants material 

The explants (shoot tips, nodal segments and internodal 

segments) of chrysanthemum cv “Maghi White” were 

thoroughly washed under running tap water for 30 minutes 

and then after washing the explants were treated with 

fungicides (Bavistin @ 0.1% + Dithane M - 45 @ 0.2%) for 

10 minutes and then rinsed with distilled water and treated 

with 70% ethanol for 20 seconds. 

 

Standardization of Surface sterilization of explants  

The explants were treated with most effective surface 

sterilization method of mercuric chloride under aseptic 

conditions with different concentrations (0.05 and 0.1 

percent) as well as different durations (1-5 minutes) and 

rinsed thrice with sterilized distilled water. The explants were 

then inoculated on test tubes and flasks containing culture 

medium (MS medium supplemented with different growth 

regulators and incubated at 25±2 ºC temperature in 16 hours 

continuous fluorescent light (3500 lux) followed by dark 

periods of 8 hours. 

 

Percent survival of explants 

The percent survival of explants was calculated after 1 week 

of inoculation to find the cultures response to different 

mercuric chloride concentrations and durations. The percent 

survival was calculated by the following formula: 

 
Number of cultures survived

Total number of cultures inoculated
× 100  

 

Standardization of shoot regeneration medium 

These study already carried by the Dogra S et al. in which the 

sterilized explants of size 1.5 cm cultured on basal MS 

medium performed well upto the establishment of aseptic 

cultures. 

 

Standardization of rooting medium 

For rooting, we standardized the multiplied shoots were 

cultured on ½ MS medium supplemented with different 

concentrations of NAA and IBA and various parameter of 

observations recorded such as days taken to root emergence, 

Percent rooting, Number of roots and Length of root as 

discussed in the result section. 

 

Standardization of hardening medium 

In order to acclimatize the in vitro raised chrysanthemum 

plantlets, a study on different hardening treatment was carried 

out. Uniformly rooted plantlets were taken from the culture 

vessels with the help of forceps. The agar medium from roots 

was washed gently under running tap water and after removal 

of adhering media; the plantlets were transplanted, 4 weeks 

after root initiation, into pots containing media of cocopeat 

and perlite. The data on percent survival of explants was 

calculated after 6 weeks of hardening into different growing 

media. 

 
Number of plants hardened

Total number of plants taken for hardening
× 100 

 

Results 

The results of the present investigation with regard to 

sterilization and acclimatization protocol have been carried 

out in chrysanthemum “Maghi Whitecrop” ornamental crop. 

 

Surface sterilization of Explants 

a. Nodal explants 
The data depicted in Table 1 statistically significant variations 

for percent survival of the nodal explants. The highest 

survival (63.64%) in the nodal explants was recorded, when 

they were exposed to mercuric chloride for 3 minutes (T3) 

where as the minimum survival (30.17%) was obtained when 

exposed to mercuric chloride for 1 min. (T1). Interaction 

among concentrations and durations showed that 3 minute 

exposure (T3 ) to 0.1% concentration of Hgcl2 resulted in 

highest survival (82.66%) with nodal explants in 

chrysanthemum where as minimum survival (20.33%) was 

obtained at 1 minute exposure (T1) to 0.05% mercuric 

chloride. 

 
Table 1: Effect of surface sterilization treatments on percent survival 

of nodal explant in chrysanthemum (Chrysanthemum morifolium 

Ramat) cv. Maghi White 
 

Notation 

Duration of 

exposure 

(Minutes) 

Concentration of 

mercuric chloride (%) 
Mean 

  0.05 0.1  

T1 1.0 20.33 (26.79) 40.00 (39.21) 30.17 (33.00) 

T2 2.0 24.63 (29.68) 51.03 (45.57) 37.83 (37.62) 

T3 3.0 44.62 (41.89) 82.66 (65.37) 63.64 (53.63) 

T4 4.0 50.27 (45.13) 46.39 (42.91) 48.33 (44.02) 

T5 5.0 56.05 (48.45) 35.55 (36.58) 45.80 (42.51) 

 Mean 39.18 (38.39) 51.12(45.93)  

 

b. Shoot tip explants 

The data presented in showed statistically significant 

variations for percent survival of shoot tip explants. The data 

revealed the highest survival (61.59%) in the shoot tip 

explants on exposure to mercuric chloride for 1 minute (T1) 

where as the minimum survival (31.63%) was obtained at 5 

minute exposure (T5) in the Table 2. When explants were 

treated with different concentrations of HgCl2 percent survival 

was found to be higher with 0.1% HgCl2 than 0.05%. Among 

interactions 1 minute exposure (T1) to 0.1% concentration 

resulted in highest survival (72.62%) of explants in 

chrysanthemum where as minimum survival (30.18%) was 

obtained at 5 minute exposure (T5) to 0.05% mercuric 

chloride.  

 
Table 2: Effect of surface sterilization treatments on percent survival 

of shoot tip explant in chrysanthemum (Chrysanthemum morifolium 

Ramat) cv. Maghi White. 
 

Notation 
Duration of 

exposure (Minutes) 

Concentration of 

mercuric chloride (%) 
Mean 

  0.05 0.1  

T1 1.0 
50.56 

(45.30) 

72.62 

(58.44) 

61.59 

(51.87) 

T2 2.0 51.17 (45.65) 
60.79 

(51.21) 

55.98 

(48.43) 

T3 3.0 55.55 (48.16) 
53.61 

(47.05) 

54.58 

(47.61) 

T4 4.0 44.09 (41.59) 
45.61 

(42.46) 

44.85 

(42.02) 

T5 5.0 30.18 (33.31) 
33.08 

(35.10) 

31.63 

(34.20) 

 Mean 46.31 (42.80) 
53.14 

(46.86) 
 

 

c. Internodal explants 

The data presented in the revealed statistically significant 
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variations for percent survival of internodal explants. The 

highest survival (52.41%) was recorded; when they were 

exposed to mercuric chloride for 3 minutes (T3) where as the 

minimum survival (30.25%) was obtained at 1 minute 

exposure (T1) to mercuric chloride in the Table 3. Among 

different concentrations, 0.1% mercuric chloride treatment 

resulted in maximum survival (45.64%). Interaction between 

various concentrations and durations of mercuric chloride 

exhibited highest survival (65.08%) of internodal explants at 

3 minute exposure (T3) to 0.1% Hgcl2 in chrysanthemum 

where as minimum survival (25.47%) was obtained at 1 

minute exposure (T1) to 0.05% mercuric chloride.  

 
Table 3: Effect of surface sterilization treatments on percent survival of internodal explant in chrysanthemum (Chrysanthemum morifolium 

Ramat) cv. Maghi White 
 

Notation Duration of exposure (Minutes) Concentration of mercuric chloride (%) Mean 

  0.05 0.1  

T1 1.0 25.47 (30.23) 35.04 (36.29) 30.25 (33.25) 

T2 2.0 31.22 (33.94) 40.59 (39.55) 35.90 (36.75) 

T3 3.0 39.73 (39.05) 65.08 (53.75) 52.41 (46.40) 

T4 4.0 42.48 (40.65) 46.99 (43.27) 44.74 (41.49) 

T5 5.0 40.85 (39.71) 40.48 (39.49) 40.67 (39.60) 

 Mean 35.95 (36.72) 45.64 (42.47)  

 

Rooting  

Effect of different rooting hormones on in vitro rooting of 

multiplied shoots has been given in Table 4.  

a. Days taken to root emergence: Table 4 depicted that the 

earliest root emergence (11.28 days) was recorded on ½ 

MS medium +1.00 mg/ l IBA (T9) followed by ½ MS 

medium + 0.50 mg/ l NAA (T3) 13.55 days while 

maximum number of days to root emergence were 

observed on ½ MS medium (T1) when no rooting 

hormone was used. 

b. Percent rooting: The data in the Table 4. revealed that 

highest rooting (85.18%) was observed in ½ strength 

medium + 0.75 mg/l NAA (T4) which was at par with ½ 

strength Ms. + 1.00 mg/l IBA (T9) 80.00%, ½ strength 

Ms. + 0.75 mg/l IBA (T8) 77.98% and ½ strength Ms. + 

1.00 mg/l NAA (T5) 77.92%. The minimum rooting 

(37.03%) was obtained with ½ MS medium (T1) when no 

rooting hormone was used.  

c. Number of roots: The highest number of roots (9.18) 

was obtained with ½ MS + 0.50 mg/ l NAA (T3) where as 

minimum numbers of roots (3.00) were obtained on ½ 

MS (T1) when no rooting hormone was used Table 4. 

d. Root length (cm): The longest root length (5.53 cm) was 

obtained when ½ strength MS medium was fortified with 

1.0 mg/l IBA (T9) while the shortest root was obtained 

when no rooting hormone was used (Table 4). 

 
Table 4: Effect of different rooting hormones on in vitro rooting of multiplied shoots in chrysanthemum (Chrysanthemum morifolium Ramat) 

cv. Maghi white 
 

Notation Treatments Days taken to root emergence Percent rooting Number of roots Root length (cm) 

T1 ½ MS Medium 20.44 37.03 (37.45) 3.00 1.61 

T2 ½ MS medium + 0.25 mg/L NAA 14.19 46.57 (43.00) 4.25 3.27 

T3 ½ MS medium + 0.50 mg/L NAA 13.55 71.84 (57.98) 7.98 4.30 

T4 ½ MS medium + 0.75 mg/L NAA 14.43 85.18 (67.33) 7.53 4.02 

T5 ½ MS medium +1.00 mg/L NAA 15.04 77.92 (61.95) 5.51 3.52 

T6 ½ MS medium + 0.25 mg/L IBA 16.05 56.07 (48.48) 5.12 3.58 

T7 ½ MS medium + 0.50 mg/L IBA 16.91 60.00 (50.75) 6.11 4.04 

T8 ½ MS medium + 0.75 mg/L IBA 14.06 77.98 (61.98) 7.10 4.07 

T9 ½ MS medium +1.00 mg/L IBA 11.28 80.00 (63.43) 9.18 5.53 

 SE (m) ± 0.36 1.84 0.30 0.30 

 C.D ( P=0.05) 1.08 5.51 0.90 0.91 

 

Hardening 

Effect of different media composition on percent survival of 

the tissue culture raised plantlets of chrysanthemum has been 

given in Table 5 Among the growing media used for 

hardening of plantlets, percent survival was significantly 

highest (83.86%) in the media containing 75% cocopeat + 

25% Perlite (T5) followed by 70.66 percent survival in the 

media having 50% cocopeat + 50% perlite (T4) where as the 

lowest survival (34.41%) was recorded with 100% perlite (T1) 

alone. 

 
Table 5: Effect of different media composition on percent survival of the tissue culture raised plantlets of chrysanthemum (Chrysanthemum 

morifolium Ramat) cv. Maghi White 
 

Notation Treatments Percent survival 

T1 Cocopeat 39.99 (39.20) 

T2 Perlite 34.41 (35.86) 

T3 Cocopeat 25% + Perlite 75% 52.76 (46.51) 

T4 Cocopeat 50% + Perlite 50% 70.66 (57.40) 

T5 Cocopeat 75% + Perlite 25% 83.86 (66.33) 

 SE (m) ± 3.44 

 CD (P = 0.05) 11.00 
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Discussion 

The discussions of the present investigation with regard to 

sterilization and acclimatization protocol have been carried 

out in chrysanthemum “Maghi Whitecrop” ornamental crop 

are given in the following components. 
 

a) Sterilization of Explants 
In vitro propagation comprises of various stages viz., selection 

of explants, aseptic culture establishment, multiplication and 

acclimatization. But the most important and challenging is 

sterilization of explants for aseptic culture establishment. The 

problem is more exacerbated when the explants are sourced 

directly from field grown plants since surfaces of plant carry 

wide range of microbial contamination. To avoid these 

sources of infection, the explants are treated with different 

sterilants. In chrysanthemum cv. Maghi White, explants 

namely nodal segment, shoot tip and internodal segments 

were sterilized by exposing to different concentrations and 

durations of mercuric chloride.  

The data presented in Tables 1 and 2 showed significant 

variations for percent survival of nodal and internodal 

explants, respectively. Maximum survival in nodal segments 

(82.66%) as well as in internodal segments (52.41%) was 

obtained when treated with 0.1% HgCl2 for 3 minute 

durations (T3), while minimum survival (20.33% & 25.47%, 

respectively) was obtained when explants were exposed to 

0.05% concentration for 1 minute (T1). The lower 

concentration resulted in contamination due to presence of 

microbes. These results are in conformity with previous 

studies on chrysanthemum (Mandal et al., 2002; Datta et al., 

2005; Chitra et al., 2006 and Padmadevi et al., 2009) [7, 8, 6, 27].  

A significant variation for percent survival of shoot tip 

explants was recorded when treated with HgCl2 at different 

concentrations and durations (Table 2). In shoot tip explants, 

0.1% concentration of mercuric chloride with the shortest 

duration of 1 minute (T1) was found to be the most efficient 

sterilizing protocol as it gave (72.62%) contamination free 

explants. However, 0.5% HgCl2 for 5 minute duration (T5) 

showed the lowest survival (30.18%). There are many reports 

of surface sterilization in plant tissue culture using HgCl2 

(Anburaj et al., 2011; Preeti et al., 2011 and Sen et al., 2013) 

[3, 30, 45]. However there are reports that exposure to mercuric 

chloride may have negative effects on survival rate of 

explants (Danso et al., 2011). A large period of exposure with 

mercuric chloride can also lead to burning and death of 

explants. The present results showing deleterious effects of 

HgCl2 at higher concentration /durations and these are in 

agreement with other reports (Jhonson et al., 2005; Wesely et 

al., 2011 and Sen et al., 2013) [15, 43, 45]. 
 

b) Rooting  

The process of rooting on micro shoots in chrysanthemum is 

strongly affected by the type and concentration of growth 

regulators utilized in MS medium. In most species, efficient 

rooting was observed on medium containing auxins. 

Naphthalene acetic acid and Indole Butyric acid are most 

commonly used hormones for root induction. In the present 

studies, effect of different concentrations of NAA and IBA 

when supplemented in half strength MS medium for rooting 

of multiplied shoots showed a statistically significant 

behaviour for all the parameters (Table 2). 
 

b.1) Days taken to root emergence 

1.00 mg/l IBA (T9) concentration proved to be best for earliest 

root formation while maximum number of days taken to root 

formation (20.44) was observed in ½ strength MS medium 

with no rooting hormone. In earliest root formation, the 

highest concentration of IBA had radically did better and 

proved its superiority over all the other treatments. Similar 

results have been obtained by Minas (2008) [22] in 

chrysanthemum. 

 

b.21) Percent rooting 

The data in the Table 2 revealed very high and encouraging 

results with respect to percent rooting. Highest rooting 

(85.18%) was observed in ½ strength medium + 0.75 mg/l 

NAA (T4) which was at par with ½ strength Ms + 1.00 mg/l 

IBA (80.00%), ½ strength MS medium + 0.75 mg/l IBA 

(77.98%) and ½ strength MS medium + 1.00 mg/l NAA 

(77.92%). Maximum percent rooting was also achieved by 

Rashid et al., 2009 [32] and Waseem et al., (2011) [41] in 

chrysanthemum at higher concentrations of IBA and NAA. 

 

b.3) Number of roots  

Maximum numbers of roots (9.18) were produced using 1.00 

mg/l IBA on ½ strength MS medium (Table 2). Waseem et al. 

(2011) [41] also found that IBA is a better rooting hormone 

than NAA with respect to number of roots.  

 

b.4) Root length (cm)  

The longest root length (5.53 cm) (Fig 4.4d) was obtained 

when ½ strength MS medium was fortified with 1.0 mg/l IBA 

(T9). IBA is considered as the most effective auxin in root 

induction. Our results are conformity with findings of Rashid 

et al., 2009 [32] and Waseem et al., 2011 [41], who suggested 

IBA as the best auxin for root induction and development.  

 

c) Hardening 

Use of suitable growing media is essential for hardening of 

tissue culture raised plants. It directly affects the 

development. A good growing medium provides sufficient 

anchorage or support to the plant, serves as reservoir for 

nutrient, water, allows oxygen diffusion to the roots and 

permit gaseous exchange between the roots and atmosphere 

outside the root substrate.  

Cocopeat a soilless substrate, is considered as a good growing 

media component with acceptable pH, electrical conductivity 

and other chemical attributes. However, cocopeat has been 

recognized to have high water holding capacity which causes 

poor air-water relationship, leading to low aeration within the 

medium, thus affecting the oxygen diffusion to the roots. 

Incorporation of coarser materials into cocopeat could 

improve the aeration status of the media. Perlite is among the 

possible coarser materials could be used to improve the air-

water relationship of cocopeat. It is very useful for increasing 

aeration and drainage within the container because of its 

uniformity and lightness. The possibility of combining perlite 

with cocopeat to be used as growing media was examined in 

this study.  

The data presented in the table 3, showed significant 

variations for percent survival. The highest survival of the 

tissue culture raised plants (83.86%) was recorded in the 

hardening media composed of cocopeat 75% + perlite 25% 

(T5) followed by 50% cocopeat +50% perlite media (70.66%). 

These findings are in accordance with the findings of 

Trifunovic et al. (2006) [14] and Tymosuzuk et al. (2014) [39]. 
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Conclusion 

It can be concluded from the present studies that 0.1% 

concentration of mercuric chloride found optimum for 

maximum survival of nodal explants when exposed for 3 min 

duration. For shoot regeneration, nodal explants performed 

better than shoot tip when cultured on MS medium fortified 

with 2.0 mg/ l BAP+ 0.5 mg/l NAA. Mutliplication rate of 

regenerated shoots was found higher on the standardized 

regeneration media. Better results for rooting were obtained 

on ½ strength MS medium containing 1.0 mg/l BAP. The in 

vitro raised plantlest grew well in the hardening media 

composed of 75% cocopeat and 25% perlite. Thus, the 

protocol standardized for micropropagation of 

chrysanthemum cv. Maghi White can be utilized for mass 

multiplication and for further studies. 

 

References 

1. Afshar MH, Kermani MJ, Khalighi A, Habashi A, 

Mohammadi A. Direct shoot regeneration in three 

cultivars of Rosa hybrida using five explants types and 

different hormone concentrations. American-Eurasian 

Journal of Agriculture and Environmental Science. 

2011;10(6):962-967. 

2. Ali A, Munawar A, Naz S. An in vitro study on 

micropropagation of Caladium bicolor. International 

Journal of Agriculture and Biology. 2007;9(5):731-735. 

3. Anburaj J, Ravider Singh C, Kuberan T, 

Sundaravadivelan C, Kumar P. Effects of plant growth 

regulators on callus induction from leaf explants of 

Cleome viscose. Research Journal of Pharmaceutical, 

Biological and Chemical Sciences. 2011;2:576. 

4. Belarmino MM, Gabon CF. Low- cost micropropagation 

of chrysanthemum (Chrysanthemum morifolium L.) 

through tissue culture. Philippine Journal of Science. 

1999;128(2):125-143. 

5. Chen CC, Chen SJ, Sagare AP, Tsay HS. Adventitious 

shoot regeneration from stem internode explants of 

Adenophora triphylla Thunb. A. DC. (Campanulaceae). 

An important medicinal herb. Botanical Bulletin of 

Academia Sinica. 2001;42:1-7. 

6. Chitra R, Arulmozhiyan M, Jawaharlal M, Indhumathi K, 

Vadivel E. Rapid multiplication of chrysanthemum 

(Dendranthema grandiflora Tzvelev) through in vitro 

culture. Journal of ornamental Horticulture. 

2006;9(1):58-60. 

7. Datta SK, Misra P, Mandal AKA, Chakrabarty D. Direct 

shoot organogenesis from different explants of 

chrysanthemum, marigold, and tuberose. Israel Journal of 

Plant Sciences. 2002;50(4):287-291. 

8. Datta SK, Misra P, Mandal AKA. In vitro mutagenesis -a 

quick method for establishment of solid mutant in 

chrysanthemum. Current Science. 2005;88(1):155-158. 

9. Haq IU, Khan J, Alam M, Khattak MS. In vitro culture of 

chrysanthemum. Sarhad Journal of Agriculture. 

1998;14(3):211-213. 

10. Hodson de Jaramillo E, Forero A, Cancino G, Moreno 

AM, Monsalve LE, Acero W. In vitro regeneration of 

three chrysanthemum (Dendranthema grandiflora) 

varieties "via" organogenesis and somatic embryogenesis. 

Universitas Scientiarum. 2008;13(2):118-127.  

11. Hodson DJE, Ferero A, Cancina G, Morena AM, 

Monslave LE, Acero W. In vitro regeneration of three 

Chrysanthemum (Dendranthema grandiflora) -varieties 

Via. Organogensis and somatic embryogenesis. 

Universitas Scientiarum. 2008;13(2):118-127.  

12. Hussain I, Muhammad A, Chaudhury Z, Asghar R, Naqui 

SMS, Rashid H. Morphogenic response of three potato 

(Solanum tuberosum L.) cultivars from diverse explants, 

a prerequisite in genetic manipulation. Pakistan Journal 

of Botany. 2005;37(4):889-898. 

13. Ilahi I, Jabeen M, Sadaf NS. Rapid clonal propagation of 

chrysanthemum through Embryogenic callus formation. 

Pakistan journal of Biotechnology. 2007;39(6):1945-

1952. 

14. Jevermovic S, Trifnovic M, Nikolic M, Subotic A, 

Radojevic L. Clonal fidelity of chrysanthemum 

regenerated from long term cultures. Genetika. 

2006;38(3):243-249. 

15. Johnson M, Berhanu A, Mulugeta K, Eyayu M, 

Manickam VS. Regeneration from callus cultures of 

Rhinacanthus nasutus L. Kurtz. Ethnomed Journal of 

Science and Technology. 2005;3:17-24. 

16. Kazeroonian R, Moulvi A, Kalatejari S, Tohidfar M. In 

vitro regeneration of two chrysanthemum 

(Chrysanthemum morifolium Ramat.) cultivars through 

organogenesis from petal explants. International Journal 

of Biosciences. 2014;5:76-81. 

17. Kumari M, Varghese TM. A Effect of different growth 

regulators on fresh and dry weight of callus and 

regeneration in chrysanthemum cultivars Miss Universe 

and Snow Ball. Journal of Ornamental Horticulture New 

Series. 2003;6(3):188-194. 

18. Lindiro C, Kahia J, Asiimwe T, Mushimyimana I, 

Waweru B, Kouassi M, et al. In vitro regeneration of 

pyrethrum (Chrysanthemum cinerariaefolium) plantlets 

from nodal explants of in vitro raised plantlets. 

International Journal of Application or Innovation in 

Engineering & management. 2013;2(7):207-213.  

19. Maheshwaramma S, Reddy L. In vitro studies on 

regeneration of Chrysanthemum cv. Snow Cem. 

International Journal of Plant Sciences. 2008;3:432-434. 

20. Malik SK, Chadhury R, Kalia RK. Rapid in vitro 

multiplication and conservation of Garcinia indica: A 

tropical medicinal tree species. Scientia Horticulturae. 

2005;106:539-553. 

21. Mani T, Senthil K. Multiplication of chrysanthemum 

through somatic embryogenesis. Asian Journal of 

Pharamacy and Technology. 2011;1:13-16. 

22. Minas GJ. Sanitation and in vitro mass micropropagation 

of chrysanthemum. Acta Horticulturae; c2008. p. 755. 

23. Misra P, Datta SK. Standardization of in vitro protocol in 

chrysanthemum cv. Madam E Roger for development of 

quality planting material and to induce genetic variability 

using g–radiation. Indian Journal of Biotechnology. 

2007;6:121-124. 

24. Nahid JS, Shyamali S, Kazumi H. High frequency shoot 

regeneration from petal explant of chrysanthemum 

(chrysanthemum morifolium Ramat) In vitro. Pakistan 

Journal of Biological Sciences. 2007;10(19):3356-3361. 

25. Naing AH, Park KI, Lim SH, Kim CK. Appropriate 

choice of antibiotics for plant regeneration and 

optimization of selective agents to be used in genetic 

transformation of chrysanthemum. Plant Omics Journal. 

2014b;7(4):237-243. 

26. Niranjan MH, Borzabad RK, Sudarshana MS. In vitro 

plant regeneration from Leaf Explants of Artemisia 

https://www.thepharmajournal.com/


 
 

~ 908 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
vulgaris L. A Medicinal Herb. Morden Applied Sciences. 

2010;4(9):130-134. 

27. Padmadevi K, Jawaharlal M, Kannan M, Ganga M. 

Standardization of protocol for in vitro plant regeneration 

from ray florets of chrysanthemum (Chrysanthemum 

grandiflora Tzelev). Journal of ornamental Horticulture. 

2009;12(4):239-244. 

28. Park SH, Kim YH, Jeong BR. High frequency shoot 

regeneration from leaf explants of some chrysanthemum 

cultivars. A Symposium: Stress and quality in vitro 

culture. XXVIth International Horticultural Congress; 

c2002. p. 77.  

29. Parveen F, Khatun M, Islam A. Micropropagation of 

environmental stress tolerant local potato (Solanum 

tuberosum L.) varieties of Bangladesh. Plant Tissue 

Culture and Biotechnology. 2014;24(1):101-109. 

30. Preethi D, Sridhar TM, Naidu CV. Efficient protocol for 

indirect shoot regeneration from leaf explants of Stevia 

rebaudiana (Bert.) – an important calorie free 

biosweetner. Journal of Phytology. 2011;3:56-60. 

31. Punyarani K, Sharma GJ. Micropropagation of (Costus 

speciosus Koen) using nodal segment culture. Notulae 

Scientia Biologica. 2010;2(1):58-62. 

32. Rashid MH, Khalekuzzaman M, Hasan MF, Das R, 

Hossain MS, Mahabbat-E Khoda S. Establishment of an 

efficient method for micropropagation of an important 

medicinal Herb (Scoparia dulcis L.) from shoot tips and 

nodal segments. International Journal of Sustaintainable 

Crop Production. 2009;4(1):5-9. 

33. Sivanesan I, Jeong BR. Direct shoot regeneration from 

nodal explants of Sida cordifolia Linn. In vitro Cellular 

and Developmental- Pl. 2007;43:436-441. 

34. Smith EF, Robens AV, Mottley L. The preparation in 

vitro of chrysanthemum for transplantation to soil. 3. 

Improved resistance to desiccation conferred by reduced 

humidity. Plant Cell Tissue Organ Culture. 1990;21:141-

145. 

35. Song JY, Mattson NS, Jeong BR. Efficiency of shoot 

regeneration from leaf, stem, petiole and petal explants of 

six cultivars of Chrysanthemum morifolium. Plant Cell 

Tissue and Organ Culture. 2011;107:295-304. 

36. Song JY, Sivanesan I, Jeong BR. Use of petal explants 

for successful transformation of Dendranthema × 

grandiflorum Kitamura 'Orlando' mediated by 

Agrobacterium tumefaciens. African Journal of 

Biotechnology. 2012;11(37):9141-9148. 

37. Sunil B, Abdullah JO, Sreeramanan S, Karuthan C. 

Shoots induction from Hibiscus rosa-sinensis nodal 

explant using N6-benzylaminopurine (BAP). Research 

Journal of Agriculture and Biological Sciences. 

2009;5(4):403-410. 

38. Teixeira da Silva JA. Chrysanthemum: advances in tissue 

culture, postharvest technology, genetics and transgenic 

biotechnology. Biotechnology Advances. 2003;21:715-

766. 

39. Tymosuzuk A, Zalewska M. In vitro adventitious shoots 

regeneration from ligulate florets in the aspect of 

application in chrysanthemum breeding. Acta 

Scientiarum Cultus. 2014;13(2):45-58. 

40. Vantu S. Organogenesis in Chrysanthemum morifolium 

Ramat (cv. Romica) Callus cultures; c2006. 

41. Waseem K, Jilani MS, Jaskani MJ, Khan MS, Kiran M, 

Khan GU. Significance of different plant growth 

regulators on the regeneration of chrysanthemum 

plantlets (Dendranthema morifolium L.) through shoot tip 

culture. Pakistan Journal of Botany. 2011;43(4):1843-

1848. 

42. Waseem K, Khan MS, Jilani MS, Khan MS. Effect of 

different auxins on regeneration of Chrysanthemum 

(Dendranthema morifolium L.) through nodal segments 

explants. Pakistani Journal of Agricultural Research. 

2008;21:1-4.  

43. Wesely EG, Johnson M, Kavitha MS, Selvan N. 

Micropropagation of (Alternanthera sessilis L.) using 

shoot tip and nodal segments. Iranian Journal of 

Biotechnology. 2011;9:206-212. 

44. Zalewska M, Lema-Rumińska J, Miler N, Gruszka M, 

Dąbal W. Induction of adventitious shoot regeneration in 

chrysanthemum as affected by the season. in vitro 

Cellular and Developmental Biology – Plant. 

2011;47:375378.  

45. Sen A, Dimlich DN, Guruharsha KG, Kankel MW, Hori 

K, Yokokura T, et al. Dataset S1. Exelixis strains that 

modify Smn-dependent lethality. Proc. Natl. Acad. Sci. 

U.S.A. 2013;110(26):2371-2380. 

https://www.thepharmajournal.com/

