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Abstract       The objective of this study was to evaluate the effect of different 
types of  growth regulators and their concentrations on micropropagation of 
carnation axillary bud explants under in vitro condition. The phytohormones 
show significant influence on the process of plantlets neoformation and 
rooting rate. Isolated axillary buds were cultured on MS medium 
supplemented with different levels of growth regulators and shoot 
multiplication rate were tested.   
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Ornamental plants are produced mainly for their 

aesthetic value; thus, the propagation and improvement 

of quality attributes such as leaf types, flower colour 

and fragrance, longevity and form, plant shape and 

architecture, and the creation of novel variation are 

important economic goals for the ornamental industry. 

Micropropagation of ornamental plants is labour-

oriented, and for that reason, outsourcing of plant 

multiplication activities is shifted to the countries 

having low labour cost. In spite of all these problems, 

in vitro propagation of plants is still an efficient system 

and is being used by many commercial laboratories and 

national institutes worldwide for rapid plant 

multiplication, germplasm conservation, pathogen 

elimination, genetic manipulations, and for secondary 

metabolite production.  

 Dianthus barbatus (turkish carnation) is a 

species of carnations originating in the mountains of 

southern Europe, with some varieties in north-eastern 

China and southern Russia. It is a herbaceous plant, 

biennial or perennial of short duration, 30-75 cm high. 

Flowers, slightly scented, are arranged in a dense group 

of up to 30 in number, in the upper stem.  

 Plant tissue culture technique has been used in 

this plant for virus elimination, commercial 

micropropagation, gene transformation and induction 

of somaclonal variation (1). Adventitious shoot 

regeneration in carnation was affected by culture 

environment, plant growth regulators and kind of 

explant (3,2,4). The commonly used explants were 

axillary buds and shoot tips (5).  Regenerated shoots 

from axillary buds and shoot tips are true to type 

because in their regeneration process there is no callus 

phase (1).  

  The objective of this study was to evaluate the 

effect of different types of  growth regulators and their 

concentrations on micropropagation, of carnation 

axillary bud explants under in vitro condition. 

 

Biological Material and Methods  

 
Seed germination and seedling formation. In vitro 

culture was initiated with seeds of Dianthus barbathus. 

The seeds were washed with plenty of running water 

and then immersed in 20 % commercial bleach for 20 

min, rinsed with sterile distilled water and cultivated in 

Petri dishes (10 seeds per dish) containing sterile filter 

paper with distilled water for germination under dark 

(10 days). Non-contaminated germinated seeds, freed 

from seed coat, were transferred in new Petri dishes 

containing the MS0 medium for seedlings formation 

and elongation. Biological material used in our 

experiences were represented by the microshoots 

harvested from chinese carnation seedlings obtained by 

in vitro culture of seeds. Microshoots explants 

harvested and inoculated on culture medium were 

apical and nodal segments. 

Culture media. Initial apical and nodal segments 

(about 3-4 mm  long) were cultivated on on the basic 

MS medium containing seven phytohormones: ANA , 

2,4 D, AIA, AIB, BA, KIN, GA3 (0,5; 1,0; 1,5; 2,0; 2,5 

mg/l) for shoot induction and formation. These shoots 

were subcultured on the same medium. Another factor 

has been experimentally studied: the combined effect 

of phytohormones on in vitro culture of carnation: 

ANA/BA; ANA/KIN; 2.4-D/BA; 2,4-D/KIN; 

ANA/GA3. For each combination auxins/citokinins 

respectively auxins/gibberellines were analyzed 

following concentrations of phytohormones: 0,5/0,5; 

1,5/0,5; 2,0/1,0; 2,5/1,0; 2,5/2,5. 

 

Results and Discussions 
 

At Dianthus barbatus and all sources of variation, 

phytohormones, respectively their concentrations and 

their combined effect has a significant influence on 

plantlets neoformation in this species.  
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 Regarding the interaction between 

phytohormones and concentrations, plantlets 

neoformation showed values between 41,90 to GA3 1 

mg/l and 89% for ANA 2,5 mg/l, at a high amplitude of 

48,10%. For alpha naphtaleneacetic acid concentration 

of 2,5 mg/l enable it to obtain a significantly higher 

percent of plantelets neoformation than the values 

recorded at the other concentrations. Use of 2,4-D acid, 

statistically assured there were differences only 

between results obtained at concentration of 2,5 and 

0,5 mg/l (table 1). 

 Table 1 

Effect of phytohormones and concentrations on plantlets neoformation rate 

Nr. 
Phytohormones 

Concentration (mg/l) 

crt 0,5 1,0 1,5 2,0 2,5 

1 ANA 72,53a 76,13a 74,70ab 82,40a 89,00a 

2 2,4 D 72,30a 73,70a 78,67a 82,03a 85,90a 

3 AIA 70,60a 68,80a 70,83ab 75,10a 76,90ab 

4 AIB 62,73a 68,40a 70,23a 58,53b 64,93b 

5 BA 66,53a 64,07a 62,87b 64,00b 68,07b 

6 KIN 67,27a 67,60a 69,10ab 67,20b 69,03b 

7 GA3 42,80b 41,90b 43,60c 42,40c 43,77c 

DL5%=12,22    DL1%=16,23     DL0,1%=21,05 

 

When using alpha indolilacetic acid, amino isobutyric 

acid, benzilaminopurine, kinetine and giberellic acid 

concentration did not influence significantly the 

percentage of shoots neoformation to D. barbatus. 

Regarding the effect of combinations of 

phytohormones and their concentrations on the shoots 

neoformation from Dianthus barbatus, is noted that 

statistically assured there are real differences between 

both unilateral effects of these factors combined, while 

the variation was very low due explants. 

 

Table 2 

Effect of phytohormones combinations and concentrations on plantlets neoformation rate 

Nr. Phytohormones 

combination 

Concentration(mg/l) 

crt 0,5/0,5 1,5/0,5 2,0/1,0 2,5/1,0 2,5/2,5 

1 ANA/BA 80,47 83,23ab 91,87 93,13a 90,00 

2 ANA/KIN 82,97 85,53a 85,37 91,77ab 94,40 

3 2,4 D/BA 73,53 72,63b 83,73 81,37b 89,03 

4 2,4 D/KIN 77,10 84,17ab 87,77 91,70ab 91,53 

5 ANA/GA3 77,93 82,77ab 82,60 82,20ab 83,27 

DL5%=11,65    DL1%=15,55     DL0,1%=20,32 

 

Regarding the interaction between combinations and 

concentrations of phytohormones in Diantus barbatus  

shoots neoformation were recorded range from 72,63 

to version 2,4-D/BA - 0,5/0,5 mg/l and 93,13% for 

ANA/BA - 2,5/1,0 mg/l, at a 20,50% amplitude. At 

concentrations of 0,5/0,5; 2,0/1,0 and 2,5/2,5, no 

significant differences occurred between combinations 

of phytohormones in terms of their effect on shoots 

neoformation percentage (table 2). 

 Regarding the combined effect of 

phytohormones and their concentrations on plantlets 

rooting of D. barbatus, the results showed a wide 

amplitude of 2,77 with limits ranging from 25,83 for 

the combination 2,5 mg/l KIN to 89,17% the 

combination 2 mg/l GA3.  

 Taking  into account the effect of  

phytohormones at various concentrations, it appears 

that whatever the concentration used, citokinine had a 

significant lower effect than other hormones in terms 

of rate of plantlets rooting. Lowest variability between 

hormone concentration was recorded at 0,5 mg/l while 

the concentration of 2,0 mg/l occurred largest 

deviations between the effects of phytohormones on 

the process of rooting (table 3). 

Given the cumulative effect of phytohormones and 

concentrations of different combinations, plantlets 

rooting rate for D. barbatus showed values ranging 

from 36% for the combination 2,4-D/BA at a combined 

concentration of 1,5 mg/l and 96,60% for combination 

ANA/GA3 at the total concentration of 5 mg/l, at a 

very high amplitude of 60,60%. 
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Table 3 

Effect of phytohormones and concentrations on plantlets rooting rate 

Nr. 
Phytohormones 

Concentration (mg/l) 

crt 0,5 1,0 1,5 2,0 2,5 

1 ANA 85,70a 88,23a 84,93a 87,80a 88,73a 

2 2,4 D 77,93a 77,13ab 79,87ab 80,00ab 81,43ab 

3 AIA 74,83a 84,27a 56,73cd 82,40a 62,33bc 

4 AIB 44,47b 58,03bc 63,70bc 60,37b 60,40cd 

5 BA 50,60b 39,77c 40,87de 39,33c 42,07de 

6 KIN 38,37b 45,57c 29,90e 28,00c 25,83e 

7 GA3 79,90a 84,70a 82,43ab 89,17a 88,30a 

     DL5%=20,44    DL1%=27,17     DL0,1%=35,23 

 Table 4 

Effect of phytohormones combinations and concentrations on plantlets rooting rate 

Nr. Phytohormones 

combination 

Concentration (mg/l) 

crt 0,5/0,5 1,5/0,5 2,0/1,0 2,5/1,0 2,5/2,5 

1 ANA/BA  47,57c 57,63bc 58,97b 63,60b 74,23b 

2 ANA/KIN  69,53b 71,27b 61,90b 69,97b 65,77bc 

3 2,4 D/BA  40,30c 37,23d 36,00c 36,40c 41,47d 

4 2,4 D/KIN  43,67c 48,67cd 49,60bc 41,47c 47,17cd 

5 ANA/GA3  93,83a 92,30a 92,83a 95,40a 96,60a 

     DL5%=19,79    DL1%=26,40     DL0,1%=34,50 

Changing hormonal balance for the combinations of 

phytohormones had a major influence, significant on 

rooting process. The highest differences between 

combinations of phytohormones is observed at 

concentrations of 1 mg/l and the lowest deviations at 

the concentration of 5 mg/l (table 4). 

 

Conclusions 

 
 At Dianthus barbatus and all sources of 

variation, phytohormones, respectively their 

concentrations and their combined effect has a 

significant influence on plantlets neoformation in this 

species, occurring differences statistically assured. 

Regarding the interaction between phytohormones and 

concentrations, plantlets neoformation showed values 

between 41,90 to GA3 1 mg/l and 89% for ANA 2,5 

mg/l, at a high amplitude of 48,10%. Regarding the 

effect of combinations of phytohormones and their 

concentrations on the shoots neoformation from 

Dianthus barbatus, is noted that statistically assured 

there are real differences between both unilateral 

effects of these factors combined, while the variation 

was very low due explants. 

 Given the cumulative effect of phytohormones 

and concentrations of different combinations, plantlets 

rooting rate for D. barbatus showed values ranging 

from 36% for the combination 2,4-D/BA at a combined 

concentration of 1,5 mg/l and 96,60% for combination 

ANA/GA3 at the total concentration of 5 mg/l, at a 

very high amplitude of 60,60%. 

 Changing hormonal balance for the 

combinations of phytohormones had a major influence, 

significant on rooting process. The highest differences 

between combinations of phytohormones is observed at 

concentrations of 1 mg/l and the lowest deviations at 

the concentration of 5 mg/l. 
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