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Abstract 
Hormonal combinations and concentrations were examined for optimization of callus induction and 
regeneration efficiency, using petal explants of carnation varieties Master and Domingo. Callus induction 
and regeneration response varied with explants. In ‘Master’, enhanced callusing was obtained with 
Murashige and Skoog, 1962 medium (MS) + 2,4 Dichlorophenoxyacetic acid (2,4-D) 1.5 mg l-1 + α-
Naphthaleneacetic acid (NAA) 0.5 mg l-1 whereas in ‘Domingo’, MS + 2,4-D 1.0 mg l-1 + NAA 0.5 mg l-

1 was found superior. Petal callus in ‘Master’ regenerated best with MS + 6-benzyl amino purine (BAP) 
2.0 mg l-1 + NAA 0.1 mg l-1 only when pH was reduced to 5.6. In ‘Domingo’, enhanced regeneration was 
obtained with MS + BAP 2.0 mg l-1 + NAA 0.2 mg l-1. Callus regenerants induced roots with half 
strength MS medium or ½ MS + Indole-3-butyric acid (IBA) 0.5 mg l-1 for ‘Master’ and ½ MS + IBA 1.5 
mg l-1 for ‘Domingo’ with 2% sucrose. 
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1. Introduction 
Carnation (Dianthus caryophyllus L.) is one of the most popular commercial cut flowers and 
highly valued in the world floriculture market. Breeders have long sought to improve existing 
carnation varieties and to create novel variants having unique floral traits, pest or herbicide 
resistance, flower longevity, etc. Heterozygous nature of this flower crop sets limitations for 
conventional breeding [1] and hence, improvement by plant tissue culture as well as genetic 
transformation techniques is very promising [2, 3]. 
The success of any in vitro culture and genetic manipulation technique depends on the 
response of plants to in vitro plant regeneration. A prime requirement for revealing tissue 
culture induced variability is an efficient regeneration technique for the variety of concern, by 
combining a competent explant with appropriate culture conditions. The establishment of 
efficient in vitro regeneration systems is also the first step for developing genetic 
transformation protocols to introduce novel traits or to study regulation of gene expression as 
well as plant physiology in vitro. Earlier reports of carnation for callus-mediated shoot 
organogenesis used various sources of explants like leaf, [3] internode, [4] shoot tips, [5] however 
use of petals for callus induced regeneration resulted in flowering shoots. [6] De novo 
regeneration of shoots from petal callus could open new avenues for further breeding research 
in carnation. Use of petals could be advantageous particularly for somaclonal variation studies, 
as older and/or more specialized the explant, the greater are the chances that variation would 
be recovered in the regenerated plants. [7] Hence, exploitation of petal callus might become a 
source of new cultivars and would be of much interest to horticulture breeders. In this 
communication, callus induction and subsequent shoot regeneration from petal explants of 
carnation varieties is reported. 
 
2. Materials and methods 
2.1 Plant material and preparation of explant 
Two varieties of carnation (Dianthus caryophyllus L.), Master and Domingo were studied for 
callus induction and shoot regeneration using petal explants. Flower buds were obtained from 
greenhouse grown plants by giving a cut below the calyx. The stage of flower bud was very 
important for induction of callus to petal explants. Mature buds which would open the next 
day were selected. The buds were surface sterilized with 0.1% mercuric chloride (w/v) 
solution with constant shaking for 5 min, followed by three rinses with sterile double distilled 
water. For inoculation of petal explants, calyx and upper half portion of the bud was discarded. 
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Petals were separated, cut into small pieces and inoculated 
(Fig. 1a).  
 
2.2 Culture medium 
For induction of callus, MS medium, 3% sucrose in 
combination with 2,4-D (0.5, 1, 1.5 mg l-1) and NAA (0.25 
and 0.5 mg l-1) was used. Callus was induced over a period of 
four weeks. 
The callus regeneration medium contained basal MS medium 
supplemented with hormones kinetin (KIN) (0.5, 1, 2, 3, 4 mg 
l-1), BAP (0.5, 1, 2, 3, 4 mg l-1), NAA (0.1, 0.2 mg l-1) and 
sucrose 3%. Callus from different treatments were sub–
cultured to fresh regeneration medium having the same 
hormonal combination after every four weeks of culture in 
regeneration medium, till shoots regenerated.  
Media were solidified with bacteriological grade agar, 8 g l-1 
and pH was adjusted to 5.8 prior to addition of agar. For 
callus regeneration in var. Master, pH of the medium was 5.6. 
All media were autoclaved at 121 oC for 20 min. 
 
2.3 Culture conditions 
For induction of callus, cultures were maintained under dark 
conditions over a period of four weeks. However, for 
regeneration, the callus was exposed to light conditions. After 
commencement of regeneration, photo regime of 16 h light 
and 8 h dark was maintained. For all cultures, the temperature 
was maintained at 25+2 oC and relative humidity at 55+5%. 
During callus induction procedure, following observations 
were recorded. 
 
Fresh weight of callus  
The culture bottle was weighed before and after inoculation 
and the latter was subtracted from the previous weight. The 
remainder was the weight of the inoculated explant. After 30 
days of inoculation, the callus formed was removed and 
weighed. Difference between weight of explant after 30 days 
of inoculation and weight of the explant just after inoculation 
gave fresh weight of callus. 
 
Dry weight of callus  
After taking the fresh weight, the callus was placed on 
aluminium foil and kept in hot air oven at 70 oC for 3 h. 
Weight of this oven-dried callus gave dry weight of callus. 
 
2.4 Rooting and ex vitro transfer 
Callus regenerants were rooted with ½ MS or ½ MS fortified 
with IBA 0.5 mg l-1 for Master and ½ MS+ IBA 1.5 mg l-1 for 
Domingo. Sucrose concentration was reduced to 2%. Plantlets 
were rooted for four weeks. Completely developed plantlets 
having good shoot-root system were washed to remove all 
adhering medium and planted in plastic cups having cocopeat. 
The hardening substrate was autoclaved prior to use. These 
cups were then watered with approximately 10 ml of Bavistin 
(0.1%) solution as a preventive measure against root rot and 
covered with plastic film to maintain humidity. Photo regime 
of 16 h light (at low intensity) and 8 h dark and temperature 

of 25+2 oC was maintained for one week before transferring 
the plantlets to polyhouse. The callus regenerants were 
successfully transferred ex vitro with 70-80% survival 
percent.  
 
2.5 Statistical analysis 
For recording observations on various parameters included in 
the study, 5 test tubes were used in each treatment 
combination. Data was analyzed using analysis of variance 
technique (ANOVA). 
 
3. Results  
3.1 Callus induction 
Callus initiation started after about 2 weeks of culture, from 
the cut edges. Explants failed to induce callus with treatment 
without 2,4-D (CIM0). In variety (var.) Master, the petal 
explants showed stimulated rapid proliferation of callus (Fig. 
1b) with treatment CIM6 (Table 1), giving maximum fresh 
weight (511.60 mg), dry weight (47.00 mg) and 100% 
callusing. The increasing concentrations of 2,4-D in the 
medium showed a marked positive influence on fresh and dry 
weight of callus. For petal explants of var. Domingo, CIM4 
was found to be superior, where maximum explants could 
induce callus (90%) and maximum fresh and dry weight 
(334.80 and 33.40 respectively) was obtained. 
 
3.2 Callus regeneration  
The petal callus of var. Master was able to regenerate in the 
treatments having BAP levels in the range of 0.5-3 mg l-1 
(Table 2, Fig. 1c), only when pH of the medium was reduced 
to 5.6. The treatments could not significantly influence the 
days required for organogenesis, which was obtained only 
after 122 days of culturing. The shoot number decreased when 
BAP concentration was increased from 2 mg l-1 to 3 mg l-1. 
After culturing the petal callus of var. Domingo to different 
regeneration treatments, it was found that the callus was able 
to regenerate only in the media having BAP in the range of 
0.5-2 mg l-1. The treatments found to have a non-significant 
effect on number of days required for callus regeneration, 
which ranged from 89.80-105.80 with different treatments. 
The number of multiples went on increasing with increasing 
concentration of BAP to 2 mg l-1, but showed no regeneration 
with further increase. Maximum multiples (5.2) were obtained 
with CRM16, and thus proved to be the best treatment.  
  
4. Discussion  
Auxin 2, 4-D stimulates the quiescent cells to divide and the 
absence of this auxin in treatment CIM0, caused non-
formation of callus. Petal explants of var. Master gave best 
performance with treatment CIM6, indicating rapid 
proliferation of callus due to higher rate of de-differentiation 
resulting in more biomass production. Fresh and dry weight of 
callus went on increasing with increasing concentration of 
2,4-D in CIM, as reported previously [8] and indicates the 
important role of this auxin regarding callus formation.  

 
Table 1: Induction of callus from petal explants of carnation var. Master and Domingo on MS medium supplemented with different auxin 

combinations for 30 days period 
 

Treatment Treatment details 
Master Domingo 

Callusinga

(%) 
Fresh weight 

(mg) 
Dry weight 

(mg) 
Callusinga 

(%) 
Fresh weight 

(mg) 
Dry weight 

(mg) 
CIM0 MS without growth regulators 0 - - 0 - - 
CIM1 MS + 2,4-D 0.5 mg l-1 + NAA 0.25 mg l-1 60 131.80 20.40 60 124.00 16.60 
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CIM2 MS + 2,4-D 0.5 mg l-1 + NAA 0.5 mg l-1 60 199.20 24.00 60 184.80 20.80 
CIM3 MS + 2,4-D 1.0 mg l-1 + NAA 0.25 mg l-1 70 256.00 29.40 80 249.60 24.60 
CIM4 MS + 2,4-D 1.0 mg l-1 + NAA 0.5 mg l-1 80 316.20 33.60 90 334.80 33.40 
CIM5 MS + 2,4-D 1.5 mg l-1+ NAA 0.25 mg l-1 90 448.60 40.20 80 303.40 27.20 
CIM6 MS + 2,4-D 1.5 mg l-1 + NAA 0.5 mg l-1 100 511.60 47.00 70 298.20 25.20 

S.E.(m) +  - 13.31* 2.03* - 9.87* 1.74* 
C.D. at 5%  - 39.55 6.05 - 29.32 5.17 

aUn–replicated data of percent callusing recorded after 15 days of culturing 
*Significant value 
CD-Critical difference 

 

  
A.       B. 

 

  
C.       D. 

 

Fig. 1 (A) Inoculated petal explants for callus induction (B) Induction of callus to petal explants (C) Regeneration of shoots from petal callus (D) 
Induction of roots to petal callus regenerants of carnation. 

 
Petal explants of var. Domingo showed drying symptoms 
with treatments having 2,4-D concentration above 1.0 mg l-1, 
resulting in reduced fresh and dry weight of callus. High 
concentration of the auxin presumably proved toxic to the 
petals. Domingo variety was found to be less intensive 
regarding callus induction and further growth of the callus, as 
compared to the variety Master. Differential varietal response 
regarding callus induction and callus properties has been 
reported earlier [5, 9]. 
In the present experiment, when callus was cultured on callus 

regeneration medium, the usually cream colored callus first 
turned green as reported earlier by Mubarack et al. [9] the 
formation of green areas on colorless callus is the first sign of 
commencement of morphogenesis. [10] Green coloration is 
associated with chloroplast development. Auxins generally 
inhibit chlorophyll synthesis; hence de-differentiated cells 
often contain no chloroplasts but only plastids containing 
starch grains. [11] Exposure to light illumination favors 
chlorophyll synthesis [12]. 

 

Table 2: Regeneration of callus obtained from petal explants of carnation var. ‘Master’ and ‘Domingo’ on MS medium supplemented with 
different auxin/cytokinin combinations 

 

Treatment Treatment details 
Mastera Domingo 

Regeneration (days) No. of shoots Regeneration (days) No. of shoots 
CRM1 MS + KIN 0.5 mg l-1 + NAA 0.1 mg l-1 NR 0 NR 0 
CRM2 MS + KIN 0.5 mg l-1 + NAA 0.2 mg l-1 NR 0 NR 0 
CRM3 MS + KIN 1.0 mg l-1 + NAA 0.1 mg l-1 NR 0 NR 0 
CRM4 MS + KIN 1.0 mg l-1 + NAA 0.2 mg l-1 NR 0 NR 0 
CRM5 MS + KIN 2.0 mg l-1 + NAA 0.1 mg l-1 NR 0 NR 0 
CRM6 MS + KIN 2.0 mg l-1 + NAA 0.2 mg l-1 NR 0 NR 0 
CRM7 MS + KIN 3.0 mg l-1 + NAA 0.1 mg l-1 NR 0 NR 0 
CRM8 MS + KIN 3.0 mg l-1 + NAA 0.2 mg l-1 NR 0 NR 0
CRM9 MS + KIN 4.0 mg l-1 + NAA 0.1 mg l-1 NR 0 NR 0 
CRM10 MS + KIN 4.0 mg l-1 + NAA 0.2 mg l-1 NR 0 NR 0 
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CRM11 MS + BAP 0.5 mg l-1 + NAA 0.1 mg l-1 125.40 1.40 105.80 1.80 
CRM12 MS + BAP 0.5 mg l-1 + NAA 0.2 mg l-1 131.20 1.60 95.40 2.00 
CRM13 MS + BAP 1.0 mg l-1 + NAA 0.1 mg l-1 126.80 3.20 99.40 2.20 
CRM14 MS + BAP 1.0 mg l-1 + NAA 0.2 mg l-1 122.00 3.20 101.80 2.80 
CRM15 MS + BAP 2.0 mg l-1 + NAA 0.1 mg l-1 125.60 5.80 91.20 3.00 
CRM16 MS + BAP 2.0 mg l-1 + NAA 0.2 mg l-1 130.20 4.00 89.80 5.20 
CRM17 MS + BAP 3.0 mg l-1 + NAA 0.1 mg l-1 134.00 3.80 NR 0 
CRM18 MS + BAP 3.0 mg l-1 + NAA 0.2 mg l-1 138.20 2.80 NR 0 
CRM19 MS + BAP 4.0 mg l-1 + NAA 0.1 mg l-1 NR 0 NR 0 
CRM20 MS + BAP 4.0 mg l-1 + NAA 0.2 mg l-1 NR 0 NR 0 

S.E.(m) +  7.52 0.51* 8.64 0.50* 
C.D. at 5%  - 1.53 - 1.51 

CRM Callus regeneration medium 
NR No response (Not included in statistical analysis) 
apH of the medium 5.6 
*Significant value 

 
The petal callus of var. Master regenerated when pH was 
reduced to 5.6 and suggests that pH of the media influences 
the availability of various nutrients and their uptake by plant 
tissues. [13] Physical condition of the media along with its 
chemical composition affects the in vitro growth and 
development of a tissue. [14] Shoots regenerated after prolong 
culturing and has been reported by Mubarack et al. [9] in 
carnation. Shoot number decreased, with increased BAP 
concentration above 2 mg l-1 as reported earlier by Palai et al. 
[15] Auxin-cytokinin balance is known to regulate the process 
of organogenesis [16] and hence high BAP levels probably 
proved detrimental.  
Petal callus of var. Domingo showed limited regeneration as 
reported previously by many workers [5, 9, 12] in carnation. 
High cytokinin/auxin ratio was essential for obtaining 
maximum number of shoots, and both auxin as well as 
cytokinin decided the regeneration rate. This result contradicts 
the findings of Palai et al. [15] who concluded that regeneration 
rates were mainly dependent on the presence of cytokinin and 
to a lesser extent on auxin in the culture medium. However, in 
this experiment an increase in NAA concentration 
significantly increased the number of shoots. Cytokinins are 
known to be necessary for organ differentiation, while growth 
is regulated by the interplay of auxins and cytokinins. [17] 
All the regenerants were able to induce roots even in the 
absence of exogenous application of auxins, thus indicating 
the presence of high endogenous auxin levels. Carnation is 
reported to be auxin autonomous or auxin habituated. [18-20]  
 
5. Conclusions 
Thus, it can be concluded that petal explants could be used for 
somaclonal variation studies in carnation, along with other 
sources of explant. Organogenic callus produced with the 
above mentioned hormonal combinations could provide the 
target material for genetic manipulation studies and would 
also be useful for protoplast isolation, somatic hybridization 
and mutation breeding studies. De novo organogenesis would 
provide an opportunity to learn more about the unique 
capacity of plant cells for de- and redifferentiation and the 
complex pathway of plant morphogenesis. 
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