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Abstract       This study was conducted to evaluate the effect of plant growth 
regulators on in vitro vitrification of carnation cultivar. Axillary buds were 
cultured on MS medium  added with different levels of growth regulators and 
vitrification rate were tested. Given the unilateral effects of hormones is 
observed that there are statistically assured differences between them 
regarding plantlets vitrification. Thus, the highest values were recorded when 
applying in the culture medium of cytokinins: KIN and BAP while auxins led to 
a reduction the vitrification process.   
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Carnation is an important floricultural crop 

with high commercial interest worldwide. The 

importance of this  ornamental flower is due to its 

beauty, diversity of colors, excellent keeping quality, 

and wide range of  different forms. Application of 

biotechnology in plant breeding programs requires 

efficient in vitro regeneration procedures (1, 2). 

Propagation of Dianthus is not easy in vivo and a huge 

forex is spent on the import of both ornamental plants. 

Therefore, keeping these considerations in mind, in 

vitro regeneration of Dianthus plants is conducted. 

Vitrification, a physiological and 

morphological disorder in regenerated plants, is one of 

the most drastic problems during micropropagation of 

carnation (3, 4). This abnormality affects the 

production at commercial level (5). In vitrified 

plantlets, leaves have large vaculated mesophyll cells, 

fewer stomata and less photosynthetic capacity. Their 

stem and leaves are often rigid, thick and breakable (6, 

7). During acclimatization, they have shown 

difficulties and the ability of vitrified plants to grow 

normally reduced (5). The results of previous studies 

showed that different factors affect the 

micropropagation, vitrification and rooting of carnation 

cultivars and one of the most important factors is the 

type of growth regulators and their concentration (8). 

The objective of this study was to evaluate the effect of 

different types of growth regulators and their 

concentrations on vitrification 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 

caryophyllus. 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 (9) for seedlings formation and elongation. 

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 

auxin/cytokinin respectively auxine/gibberelline 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 

 
Based on the results in table 1 observed that 

growth regulators had significant distinct influences 

upon vitrification of carnation plantlets. The combined 

effect of phytohormones and concentrations slightly 

influenced vitrification seedlings of this species. It is 

also noted that there were no significant differences 

between the explants to a repetition to the next.
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Table 1 

Variance analysis for the effect of phytohormones and concentrations on plantlets vitrification 

in Dianthus caryophyllus using MS  medium 

Variability source SS DF MS
2 

F Test 

Total 697,19 104   

Repetitions 2,42 2 1,21 F = 0,52 

Phytohormones 476,22 6 79,37 F = 34,37** 

Concentrations 11,92 4 2,98 F = 1,29 

Phytohormones x 

Concentrations 
49,59 24 2,07 F = 0,89 

Error 157,04 68 2,31  

 
Considering the unilateral effect of hormones 

it observed that there are statistically assured 

differences between them in terms of seedlings 

vitrification. The highest values were recorded when 

adding of KIN and BAP in the culture medium, while 

the lowest values were obtained in the case of using 

auxins. The amplitude of variation was 6.44%, with the 

range from 3.68% for ANA to 10.12% for Kin. Thus, it 

is noted that the effect of auxin on the vitrification 

were significantly lower than that of cytokinin or 

gibberellic acid. 

  

Table 2 

 

Comparison of different phytohormones  according their effect on plantlets vitrification in 

 Dianthus caryophyllus using MS  medium 

Phytohormones 
Plantlets  

vitrification rate 

Relative  

values (%) 

Difference/  

Signifficance 

2,4 D - ANA 4,69 3,68 127,45 1,01 

AIA - ANA 4,65 3,68 126,36 0,97 

AIB - ANA 5,08 3,68 138,04 1,40* 

BA - ANA 8,26 3,68 224,46 4,58*** 

KIN - ANA 10,12 3,68 275,00 6,44*** 

GA3 - ANA 6,37 3,68 173,10 2,69*** 

AIA – 2,4D 4,65 4,69 99,15 -0,04 

AIB - 2,4D 5,08 4,69 108,32 0,39 

BA - 2,4D 8,26 4,69 176,12 3,57*** 

KIN - 2,4D 10,12 4,69 215,78 5,43*** 

GA3 - 2,4D 6,37 4,69 135,82 1,68** 

AIB - AIA 5,08 4,65 109,25 0,43 

BA - AIA 8,26 4,65 177,63 3,61*** 

KIN - AIA 10,12 4,65 217,63 5,47*** 

GA3 - AIA 6,37 4,65 136,99 1,72** 

BA - AIB 8,26 5,08 162,60 3,18*** 

KIN - AIB 10,12 5,08 199,21 5,04*** 

GA3 - AIB 6,37 5,08 125,39 1,29* 

KIN - BA 10,12 8,26 122,52 1,86** 

GA3 - BA 6,37 8,26 77,12 -1,89
00 

GA3 - KIN 6,37 10,12 62,94 -3,75
000 

ANA - MS 3,68 6,20 59,35 -2,52
000 

2,4 D- MS 4,69 6,20 75,65 -1,51
00 

AIA- MS 4,65 6,20 75,00 -1,55
00 

AIB- MS 5,08 6,20 81,94 -1,12
0 

BA- MS 8,26 6,20 133,23 2,06*** 

KIN- MS 10,12 6,20 163,23 3,92*** 

GA3- MS 6,37 6,20 102,74 0,17 
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Compared with the MS0 is observed that the 

application of cytokinin, caused very significant 

increases in the percentage of vitrified plantlets (table 

2). Supplementation of culture medium with the four 

auxins caused a significant reduction in terms of 

vitrified plantlets. Introduction to the culture media of 

gibberellic acid, did not significantly affect the 

percentage vitrified plantlets. 

Regarding the combined effect of 

phytohormones and their concentrations on  plantlets 

vitrification in Dianthus caryophyllus, the results 

showed a amplitude of 7,43% with limits ranging from 

3,07% for the combination 1,0 mg/l ANA to 11,50% 

for the combination 1,0 mg/l KIN (table 3).

Table 3 

Effect of phytohormones and concentrations on plantlets vitrification 

 in Dianthus caryophyllus using  MS  medium 

Nr. 
Phytohormones 

Concentration (mg/l) 

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

1 ANA 3,57c 3,07d 3,37c 4,10c 4,30d 

2 2,4 D 3,63c 4,50cd 4,73bc 4,83bc 5,77cd 

3 AIA 5,53bc 4,77cd 4,90bc 4,17c 3,87d 

4 AIB 4,87bc 4,30cd 5,50bc 4,77bc 5,97cd 

5 BA 6,50b 8,00b 8,70a 9,60a 8,50ab 

6 KIN 9,93a 11,50a 8,37a 10,90a 9,90a 

7 GA3 5,00bc 6,20bc 6,60ab 6,90b 7,13bc 

     DL5%=2,47    DL1%=3,28     DL0,1%=4,26 
Given the effect of phytohormones at various 

concentrations, there is a significantly higher 

percentage of vitrified plantlets in favour of kinetine to 

other hormones, in the event of concentrations between 

0,5 and 1,0 mg/l. Also, for concentrations of 1,5, 2,0 

and 2,5 mg/l cytokinin had the greatest influence on 

plantlets vitrification. 

 Given the cumulative effect of phytohormones 

and concentrations of different combinations, the 

percentage of plantlets vitrification in D. caryophyllus, 

showed values between 3,27 for the combination 

ANA/GA3 at a cumulative concentration of 3,5 mg/l 

and 8,07% for combination 2,4-D/BA at the total 

concentration of 5 mg/l, at a 4,80% amplitude (table 4).

 

Table 4 

Effect of phytohormones combinations and concentrations on plantlets vitrification 

 in Dianthus caryophyllus using  MS  medium 

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 5,67 5,33ab 6,20ab 4,70ab 5,97ab 

2 ANA/KIN 4,50 4,73b 4,80b 4,60ab 6,10ab 

3 2,4 D/BA 5,87 6,67ab 7,70a 6,90a 8,07ab 

4 2,4 D/KIN 5,17 7,33a 6,97ab 6,60a 8,33a 

5 ANA/GA3 4,40 5,30ab 5,90ab 3,27b 5,60b 

     DL5%=2,53    DL1%=3,38     DL0,1%=4,41 

 
Regarding the effect of culture medium 

composition on the percentage of vitrified plantlets at a 

total concentration of 1 mg/l, is noted no significant 

differences between combinations of phytohormones. 

If the cumulative concentration of  2,0 mg/l 

combination 2,4-D/KIN, plantlets vitrification recorded 

values significantly higher than the combination 

ANA/KIN, indicating that in this case 2,4 D has a 

plantlets vitrification effect significantly higher than 

ANA. 

 

Conclusions 

 
Considering the unilateral effect of hormones 

it observed that there are statistically assured 

differences between them in terms of seedlings 

vitrification. Compared with the simple MS, it is 

observed that the application cytokinins, caused very 

significant increases in the percentage of vitrified 

plantlets. The highest values were recorded when 

adding of KIN and BAP in the culture medium, while 

the lowest values were obtained in the case of using 

auxins.  

Regarding the effect of different 

concentrations upon  vitrification seedlings, observed 

that increasing the concentration of phytohormones in 

the culture medium caused a proportional increase in 

the percentage of vitrified plantlets. 

Supplementing MS medium with 

phytohormones, regardless of the concentration used in 

the process caused an increase in the vitrified plantlets. 

Regarding the combined effect of plant 

hormones and their concentrations upon vitrification 

seedlings, the use of ANA at concentrations 0.5-1.5 mg 
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/l  had the smallest influence on this phenomenon to D. 

Caryophyllus. 
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