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Abstract       This study was conducted to evaluate the effect of plant growth 
regulators on in vitro shoot multiplication, vitrification and rooting of chinese 
carnation cultivar. Isolated axillary buds were cultured on MS medium 
supplemented with different levels of growth regulators and shoot 
multiplication and vitrification rate were tested. The phytohormones show 
significant influence on the process of plantlets neoformation, occurring 
differences statistically assured. Thus, the highest values were recorded 
when applying the culture medium of auxines: ANA, 2,4-D and AIA, while the 
lowest values were obtained for the use of GA3 and KIN. Regarding  
phytohormones influence on proliferative capacity, citokinines (BA, KIN) 
showed the highest values of number of sprouts/seedlings, showing strong 
differences statisticly provided from the results obtained using auxines (2,4-D, 
AIA, ANA, AIB). Given the unilateral effects of hormones is observed that 
statistically assured there are differences between them regarding plantlets 
vitrification. Thus, the highest values were recorded when applying the culture 
medium of citokinines: KIN and BAP while auxinele led to a reduction in the 
vitrification process.   
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Many species and more than 100 hybrids of the 

genus Dianthus are used as ornamental plants of rocky 

gardens, owing to its remarkably beautiful fragrant 

blossoms that appear during the spring and summer, and 

of en deep into the autumn. Besides carnation plants are 

of end used as cut-flowers, and given that flower colour 

of dry plants is retained they are useful for pressed 

flower crafts and arrangements. For flower 

industry/horticulture of particular significance are 

species having beautiful, large flowers, of different 

shades of  pink to red, which are distinguished by long 

blossoming period, thriving on poor, acid soils and 

drought resistance (8). Such species and hybrids are 

common in parks, especially in rocky gardens, as floral 

edges of seedbeds, or as covers of barren sites in 

settlements (9).  

 Dianthus chinensis L. (chinese carnation) is a 

glabra specie, originating from China, with highly 

branched stems, vigorous and knotty, with components 

which reach up to 40 cm high. The specie is used for cut 

flowers, for planting in parks and gardens and as potted 

plants for the interior decoration or ornamental. 

 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 (4, 2, 7). The 

commonly used explants were axillary buds and shoot 

tips (10).  Regenerated shoots from axillary buds and 

shoot tips are true to type because in their regeneration 

process there is no callus phase (1).  
 Vitrification, a physiological and morphological 

disorder in regenerated plants, is one of the most drastic 

problems during micropropagation of carnation (6, 13). 

This abnormality affects the production at commercial 

level (12). 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 (11, 5). During acclimatization, 

they have shown difficulties and the ability of vitrified 

plants to grow normally reduced (12).  
 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 (3).  

 The objective of this study was to evaluate the 

effect of different types of  growth regulators and their 

concentrations on micropropagation, vitrification and 

rooting of chinese 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 chinensis. 

The seeds were washed with plenty of running water 

and then immersed in 20 % commercial bleach for 20 
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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, 

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

ANA/GA3. For each combination auxine/citokinine 

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 

 
 In Dianthus chinensis phytohormones had 

distinct significant influence on the plantlets 

neoformation percentage, while the effect of 

concentrations was small and insignificant. 

 

 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 77,70a 83,63a 91,63a 92,07a 95,53a 

2 2,4 D 82,90a 82,80a 84,33ab 86,83ab 89,83a 

3 AIA 75,93ab 72,30ab 75,20b 77,10bc 71,50b 

4 AIB 60,03c 70,67ab 67,13c 66,70d 62,57b 

5 BA 68,27abc 64,97bc 68,13c 71,83cd 70,93b 

6 KIN 61,40bc 66,40b 64,10c 63,40de 66,70b 

7 GA3 56,23c 51,43c 45,17d 49,87e 40,97c 

     DL5%=14,64    DL1%=19,59     DL0,1%=25,94 

 

Regarding the combined effect of phytohormones and 

their concentrations on the plantlets neoformation, the 

results showed a wide amplitude of 54,56% with 

variation between 40,97%, limits for the combination 

2,5 mg/l GA3 to 95,53% for combination of 2,5 mg/l 

ANA. For all concentrations, it appears that there were 

no significant differences in  plantlets neoformated 

percentage from the application of phytohormones : 

AIA, AIB and BA. Best results for plantlets 

neoformation of this species were recorded by using 

auxine ANA and 2,4-D. Unilateral effects of 

combinations and concentrations of phytohormones 

had a real influence, distinct significant on the formed 

neoplantlets percentage at Dianthus chinensis species. 

Also the interaction between the two factors had a 

significant influence on plantlets neoformation. Given 

the cumulative effect of phytohormones and 

concentrations of different combinations, neoformation 

of plantlets percentage in D. chinensis showed values 

ranging from 77,43 for the combination ANA/GA3 at a 

cumulative concentration of 1mg/l and 94,97% for 

combination ANA/BA to total concentration of 3,5 

mg/l, at a 17,54% amplitude. 

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  78,43 86,53 91,63 94,97a 93,80a 

2 ANA/KIN  82,30 89,83 84,53 81,17b 84,37ab 

3 2,4 D/BA  82,70 83,33 88,00 91,23a 92,03a 

4 2,4 D/KIN  84,60 82,60 87,67 90,77a 88,90ab 

5 ANA/GA3  77,43 80,50 82,70 80,47b 81,47b 

     DL5%=9,74    DL1%=13,00     DL0,1%=16,99 

 

For Dianthus chinensis all sources of variation, 

respectively phytohormones, their concentrations and 

their combined effect has a distinct significant  

influence on proliferative capacity,and a small and 

insignificant influence of variability for the explants 

used. Regarding the interaction between 

phytohormones and concentrations, the average 

number of shoots / plantlet showed values between 
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0,50 to 2,4-D 0,5 mg/l and 6,00 for KIN 2,5 mg/l, at a 

high amplitude of 5,50. For alpha naftilacetic acid 

concentration  of 2,5 mg/l leads to a significantly 

higher proliferative capacity compared to values 

recorded at concentrations of 0,5 and 1,5 mg/l. 

Whatever the concentration used, it is noted that the 

use of kinetine allowed to obtain a proliferative 

capacity of plantlets to D. chinensis, semnificative 

superior to other hormones. 

Table 3 

Effect of phytohormones and concentrations on proliferative potential 

Nr. 
Phytohormones 

Concentration(mg/l) 

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

1 ANA 1,17e 1,50c 1,03d 1,43c 1,83c 

2 2,4 D 0,50f 0,83d 1,30d 1,70c 0,93d 

3 AIA 2,13d 1,70c 2,17c 1,97c 2,49c 

4 AIB 0,60f 0,87d 1,43d 1,53c 1,07d 

5 BA 4,53b 3,93b 3,87b 4,00b 4,47b 

6 KIN 5,47a 4,83a 4,83a 5,10a 6,00a 

7 GA3 2,80c 2,03c 1,43d 1,53c 2,07c 

     DL5%=0,63    DL1%=0,84     DL0,1%=1,10 

 

Regarding the effect of combinations of 

phytohormones and their concentrations, the average 

number of shoots / plantlets from Dianthus chinensis, 

based on significant F values are observed that 

statistically are assured only real differences between 

unilateral effects of phytohormones, while the variation 

due to explants was very low. 

Table 4 

Effect of phytohormones combinations and concentrations on proliferative potential 

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  3,37a 4,03a 4,30a 4,20a 4,53a 

2 ANA/KIN  2,73ab 3,17b 3,33b 3,83ab 4,23a 

3 2,4 D/BA  2,83ab 2,83b 2,87b 3,03c 3,17b 

4 2,4 D/KIN  2,27bc 2,40b 2,57b 3,27bc 3,37b 

5 ANA/GA3  1,67c 1,40c 1,60c 2,00d 2,30c 

     DL5%=0,81    DL1%=1,09     DL0,1%=1,42 

 

Regarding to the interaction between phytohormones 

combinations and concentrations on the average 

number of shoots in Dianthus chinensis, were recorded 

values between 1,40 for version ANA/GA3 version - 

1,5/0,5 mg/l and 4,53 for version ANA / BA - 2,5/2,5 

mg / l at a 3,13 amplitude. If concentrations of 1,5/0,5 

and 2,0/1,0 combination ANA/BA was significantly 

superior to other combinations of phytohormones in 

terms of their effect on the proliferative capacity of 

plantlets of D. chinensis. Regarding the combined 

effect of phytohormones and their concentrations on 

the plantlets vitrification of D. chinensis , the results 

showed a wide amplitude of 6,14% with limits ranging 

from 4,63 for the combination 0,5 mg/l AIA to 10,77% 

for combination 2 mg/l KIN. In this regard it is noted 

that regardless of the type of phytohormones used, 

changing their concentration had no significant 

influence on the plantlets vitrification process. 

  

Table 5 

Effect of phytohormones and concentrations on plantlets vitrification  

Nr. 
Phytohormones 

Concentration(mg/l) 

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

1 ANA 6,77cd 7,33bc 6,43c 5,90bc 7,67bc 

2 2,4 D 4,93d 5,73c 5,57c 5,73bc 6,03c 

3 AIA 4,63d 7,27bc 5,63c 5,13c 5,50c 

4 AIB 7,37bc 6,60c 6,77bc 9,40a 9,97ab 

5 BA 9,83ab 9,40ab 10,53a 8,13a 8,83ab 

6 KIN 10,40a 10,70a 9,13ab 8,50a 10,77a 

7 GA3 6,63cd 6,37c 6,57c 7,17abc 7,30bc 

     DL5%=2,49    DL1%=3,31     DL0,1%=4,29 
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Taking  into account the effect of phytohormones at 

various concentrations, it is noted that for all doses, 

citokinine had a significant higher effect to 2,4-D acid 

and alpha indolilacetic acid in terms of percentage of 

vitrified plantlets. Given the cumulative effect of 

phytohormones and various centration of 

combinations, the percentage of vitrified plantlets in D. 

chinensis showed values ranging from 5,33 for the 

combination ANA/BA at a cumulative concentration of 

1mg/l and 10,13 for combination ANA/KIN the total 

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

Changing hormonal balance for the combinations of 

phytohormones had a major influence, significant on 

the plantlets vitrification process. 

 

Table 6 

Effect of phytohormones combinations and concentrations on plantlets vitrification 

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  5,33 6,40 6,67 6,87 7,27b 

2 ANA/KIN  7,57 5,80 7,63 6,53 10,13a 

3 2,4 D/BA  6,13 6,37 7,23 7,30 7,47b 

4 2,4 D/KIN  6,33 6,30 7,03 6,47 6,73b 

5 ANA/GA3  6,53 6,10 6,17 7,57 6,33b 

     DL5%=2,39    DL1%=3,16     DL0,1%=4,13 

 

Regarding the effect of culture medium composition on 

plantlets vitrification, it appears that any concentration 

used, there were no statistical differences between 

various combinations of phytohormones. A special 

case occurred at the maximum concentration of 5 mg/l 

where the association with alpha naphthalene acetic 

acid and kinetine had a significantly higher influence 

on this process compared with other combinations. 

Regarding the interaction between phytohormones and 

concentrations, the percentage of rooted plantlets in 

Dianthus chinensis showed values between 19,33 to 

kinetine 2 mg/l and 89,60% for gibberelic acid 2,0 mg/l 

at a high amplitude  of  70,27%. Only when used 

benzilaminopurine, increasing concentration from 0,5 

to 1,5-2,5 mg/l caused a significant reduction in the 

percentage of rooted plantlets. 

 

 Table 7 

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 84,30a 85,63ab 80,23a 84,80ab 85,70a 

2 2,4 D 69,67abc 71,33bc 73,53a 69,90b 78,40a 

3 AIA 66,63bcd 67,53c 71,50a 71,67b 73,60a 

4 AIB 58,10cd 46,10d 46,47b 40,03c 43,87b 

5 BA 51,23d 38,07de 29,30bc 27,00cd 28,63bc 

6 KIN 20,37e 21,03e 19,83c 19,33d 26,37c 

7 GA3 82,40ab 89,80a 87,60a 89,60a 84,97a 

     DL5%=17,40    DL1%=23,52     DL0,1%=30,50 

 

The high variability between phytohormones in terms 

of their influence on plantlets rooting was observed at 

concentrations of 2,0 mg/l and the lowest at a  

concentration of 0,5 mg/l. Regarding the effect on the 

interaction between phytohormones combinations and 

concentrations on the percentage of rooted plantlets in 

Dianthus chinensis, were recorded values between 

47,27% for version 2,4-D/KIN - 2,5/2,5 mg / l and 

97,70% for combination ANA/GA3 - 2,5/2,5 mg/l, at a 

50,43% amplitude. Based on comparison of different 

concentrations for each combination of phytohormones 

is noted that generally concentration does not 

significantly influence the plantlets rooting rate. Only 

when using the combination 2,4-D/KIN, changing the 

total concentration of 2 to 5 mg/l had a significant 

influence on the process of plantlets rooting. 
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Table 8 

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  73,10ab 75,20ab 71,87b 78,80ab 79,30ab 

2 ANA/KIN  73,07ab 71,00ab 68,30b 75,60b 75,40b 

3 2,4 D/BA  71,93ab 76,70ab 68,33b 72,60b 73,27b 

4 2,4 D/KIN  60,80b 68,93b 63,83b 53,00c 47,27c 

5 ANA/GA3  89,63a 88,47a 94,80a 97,03a 97,70a 

     DL5%=18,94    DL1%=25,27     DL0,1%=33,02 

 

For Dianthus chinensis the average number of shoots / 

plantlet presented and provided a statistically negative 

correlation with the other characters except plantlets 

neoformation where the value obtained does not reach 

the minimum level of significance. As such, the growth 

of shoots / plantlet leads to a reduction of both rooting 

ability and plantlet vigor as expressed by their height 

and number of internodes. It also notes the existence of 

significant positive correlation between plantlets 

rooting, their height and number of internodes, proving 

that good rooting of plantlets ensure their proper 

development and a significant reduction of the 

vitrification phenomenon. 

Conclusions 

 
 The phytohormones show significant 

influence on the process of plantlets neoformation, 

occurring differences statistically assured. Thus, the 

highest values were recorded when applying the culture 

medium of auxines: ANA, 2,4-D and AIA, while the 

lowest values were obtained for the use of GA3 and 

KIN. 

 Regarding  phytohormones influence on 

proliferative capacity, citokinines (BA, KIN) showed 

the highest values of number of sprouts/seedlings, 

showing strong differences statisticly provided from 

the results obtained using auxines (2,4-D, AIA, ANA, 

AIB). 

 Given the unilateral effects of hormones is 

observed that statistically assured there are differences 

between them regarding plantlets vitrification. Thus, 

the highest values were recorded when applying the 

culture medium of citokinines: KIN and BAP while 

auxinele led to a reduction in the vitrification process. 

Increasing concentrations of phytohormones in the 

culture medium caused a proportionate increase in the 

percentage of plantlets that have evolved towards 

vitrification. Supplementing  MS culture medium with 

phytohormones, regarding  of concentration used, 

determinated an increase in the vitrification process of 

plantlets. 

 Regarding the influence of phytohormones on 

plantlets rooting rate,it is observed that GA3 and ANA  

had the highest percentage of rooted plantlets values, 

showing strong statistically assured differences from 

results obtained with the citokinines (BA, KIN). 
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