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ABSTRACT 

 
The aim of this study was to establish an efficient protocol for the in vitro propagation of the endangered, endemic 

and decorative species Dianthus pinifolius Sibth. et Sm. The effects of different concentrations of 6-

benzylaminopurine (BAP) and naphtalenacetic acid (NAA), and different explant types (single-node cuttings, 

terminal buds and shoot cuttings) on shoot multiplication were examined on Murashige and Skoog (MS) and half-

strength MS media. The best results were obtained for shoot cuttings on the MS medium supplemented with 0.5 

mg/L BAP and 0.1 mg/L NAA, achieving a maximum rate of regeneration (100%) and a total of 15.4 newly-

developed shoots per explant. The highest rooting rate (96.7%) was obtained on MS medium containing 1 mg/L 

NAA, while the acclimatization of the microplants obtained to ex vitro conditions was successful (88.9%).   
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INTRODUCTION 

 
The endemic species of the southeastern Balkans 

(Tomović et al. 2003) Dianthus pinifolius Sibth. 

et Sm. (Caryophyllaceae) isincluded in category 

V (vulnerable taxa) in Serbia and protected by 

law asan endangered plant species (Law on 

Environmental Protection, Rulebook on 

protected species 2010). Although, D. pinifolius 

can be found at several localities in Serbia,it is 

present in small numbers, occurringin its natural 

habitats (Tomović et al. 2003).This species 

grows on dry, brushy and grassy siliceous stony 

ground, and blooms in summer withpurple or 

violet flowers (Gajić 1970; RanĊelović et al. 

2008).Thanks to its bluish-green leaves,D. 

pinifoliusis decorative throughout thevegetation 

period andparticularlywell-suited for cottage 

gardens. Due to its low-maintenance 

requirements, and the fact that it is a native 

species that fits in a natural environment without 

adverse impacts on the surrounding natural 

ecosystems, D. pinifolius is suitable for planting 

in Serbian mountain resorts, which is in 

accordance with the increasingly dominating 

trend of naturalistic garden design that involves 

wild plant species (Marković 2013).  

Population of D. pinifolius in Mt Kopaonik is 

situated in protected area which was protected as 

a National Park by the proclamation of the Law 

on the Protection of the National Park  Kopaonik 

(Official Gazette RS, 41/81, 44/93). To enable 

its ex situ and in situ conservation, we decided to 

propagate D. pinifolius. However, large amount 

of seeds could not be collected due to its 

threatened stratus.  

As the most suitable method for rapid 

propagation of endangered taxais 

micropropagation (Pence 1999), many studies 

have so far been published on the 

micropropagation of the endangered Dianthus 

species in the Balkans, mostly in Romania and 

Serbia. These studies includeD.petraeus Waldst. 

& Kit. ssp. noeanus (Boiss.) Tutin, D.giganteus 

d'Urv. ssp. croaticus (Borbás) Tutin, D. ciliatus 

Guss. ssp. dalmaticus (Ĉelak.) Hayek 

(Radojevićet al. 1997; 2006; 2010), and D. 

serotinus Waldst. et Kit. (Marković et al. 2007, 

2013a),which were investigated in Serbia. 

Several species such asD. callizonus Schott & 

Kotschy (Holobiuc andBlindu 2006), D. 

glacialis Haenke ssp. gelidus (Schott, Nym. et 

Kotschy) Tutin (Holobiucet al. 2010a), D. 

giganteusd'Urv. subsp. banaticus (Heuff. Ex 

Griseb. & Schenk) Tutin (Pop and Pamfil 2011), 

D.henteri Heuff. ex Griseb. & Schenk (Cristeaet  

al. 2010), D. petraeus Waldst. & Kit. ssp. 

simonkaianus (Péterfi) Tutin (Miclăuşet al. 

2003), D. pratensis M. Bieb. subsp. racovitzae 

(Prodan) Tutin (Cristea 2010), D.nardiformis 

Janka (Holobiucet al. 2009; 2010b) and D. 

spiculifolius Schur (Butiuc-Keul et al. 2001) 

were studied in Romania.  

The above studies havemainly investigated the 

optimum concentration of phytohormones added 

to culture media, which differed depending on 

the species. As therewere no published results 

regarding the micropropagation of D. pinifolius, 

the aim of this study was to establish a protocol 

for simple and rapid micropropagation of 

thisendangered, endemic and decorative species. 

 

MATERIAL AND METHODS 

 
The seed capsules of D. pinifolius were collected 

from different plants randomly, on Mt. 

Kopaonik. The seeds were taken from capsules 

in the laboratory and surface disinfected by 

immersion in 4% NaOCl supplemented with 3 - 

4 drops of the Tween 20 (Sigma) for 20 min. 

After rinsing three timesin sterile distilled water, 

they were used forgerminationon hormone-free 

MS medium (Murashige and Skoog 1962). In all 

the experiments, the media used wereMS basal 

medium and half-strength MS basal medium 

supplemented with 3% (w/v) sucrose and 0.8% 

(w/v) agar, and the pH was adjusted to 5.8 

before autoclaving at 121°C for 20 min. The 

effects of plant growth regulators on shoot 

initiation and multiplication were studied at the 

multiplication stage. The culturing of explants 

(single-node cuttings, terminal buds and shoot 

cuttingswith one node) was performed in 200 

mL glass vessels (five explants/vessel) 

containing 25 mL of the medium (MS, or half-

strength MS) supplemented with 0.1, 0.5, or 1.0 

mg/Lof BAP and 0.1, or 0.5 mg/Lof NAA, while 

each experiment had threereplications including 

20 explants in eachtreatment. After 25 days in 

culture, both the number of shoots and nodes 

produced per explant and shoot and internode 

lengths were recorded.Basal MS or half strength 

MS media supplemented with NAA (0.05, 0.1, 
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0.5 mg/L) or without growth regulators were 

used to induce rooting.At the rooting stage,the 

shoots (10-35 mm long) were cultured in 720 

mL glass vessels (15 explants/vessel), 

containing 100 mL of the medium. Thirty 

explants were cultured in each treatment, which 

wasreplicated three times. The percentage of 

shoots forming roots was quantified, as well as 

the number of roots per rooted shoot; root length 

was measured after 15 days. After the cultures 

were grown at 24 ± 2°C, under a 16/8 h 

photoperiod and light intensity of 50 µmоl/m
2
s 

provided by fluorescent tubes (“Tesla” – 

Panĉevo).The 90 uniformly rooted plantlets 

were acclimatized in a 1: 1 mixture of peat and 

sand, treated with a 1.5% solution of Previcur-N 

fungicide before use. During the first 15 days of 

acclimatization,the plants were covered with 

perforated plastic wrap to maintain high relative 

humidity, while ventilation was applied once 

daily for 5-10 min. Following the removal of the 

plastic wrap, the plants were grown for 10 more 

days before recording their survival rate. 

The program Statgraphics, version 5.0 (STSC 

Inc. and Statistical Graphics Corporation, 1994-

2000, USA) was used to statistically analyze the 

data, whereas the significance of differences 

between the mean values was determined by the 

analysis of variance (ANOVA, p <0.05) and the 

method of least significant difference (LSD). 

 

RESULTS AND DISCUSSION 

 
Results showed that the in vitro culture was 

successfully established from the seeds, since 

the obtained germination rate of 92% was high 

compared to the values recorded forsome other 

Dianthus species, includingD. deltoides-58% 

(Popović et al. 2008),  D. ciliatus ssp. 

dalmaticus - 70%, D. giganteus ssp. croaticus - 

42% (Radojević et al. 2010) and D. henteri - 

75% (Cristea et al. 2010). Similarly, a high 

germination percentage was also recorded for D. 

giganteiformis ssp. kladovanus - 88%  

(Marković et al. 2006) andD. serotinus - 97% 

(Marković et al. 2007). Besides being affected 

by the species, germination ratecan also be 

influenced by thesterilizing agent and duration 

of the treatment. The most commonly 

usedNaOCl and H2O2are oxidizing agents, 

whichhave also been reported to have a 

stimulatory effect on seed germination in some 

species. This is reflected in the partial 

degradation of the seed coat and solubilization 

and oxidation of the inhibitorsof seed 

germination(Frank and Larson 1970; Miyoshi 

and Mii 1995; 1998; Lee et al. 2007). The 

germination of some Dianthus species couldalso 

be affected by light conditions, asMarcu et al. 

(2006) found that D. pyrenaicus germinated 

better in light - 90% than in darkness - 70%.  

Atthe multiplication stage, the percentage of 

shoot regeneration (Table 1) was high on all the 

media tested, ranging between 91.7 and 100%, 

whereas the best results were obtained on the 

medium with 0.1 mg/L BAP and 0.1 mg/L NAA 

(100% - for all explant types). There were no 

records of vitrification, whereas the 

concentration of MS salts (MS or half-strength 

MS) did not affect the frequency of shoot 

regeneration. However, in some other Dianthus 

species, such as D. serotinus, theconcentration 

of MS salts significantly affected shoot 

regeneration, showing better results on half-

strength MS media (Marković et al. 2013a). 

 

 

Table 1- Shoot regeneration on MS and half strength MS (1/2 MS) medium 

BAP 

mg/L 

NAA 

mg/L 

single node cuttings (%) terminal buds (%) shoot cuttings (%) 

1/2MS MS 1/2MS MS 1/2MS MS 

1.0 0.5 91.7
b
 93.3

b
 95.0

ab
 95.0

a
 93.3

b
 95.0

a
 

1.0 0.1 95.0
ab

 96.7
ab

 93.3
ab

 96.7
a
 95.0

ab
 95.0

a
 

0.5 0.5 95.0
ab

 98.3
ab

 95.0
ab

 96.7
a
 93.3

b
 96.7

a
 

0.5 0.1 96.7
ab

 96.7
ab

 100.0
a
 100.0

a
 100.0

a
 100.0

a
 

0.1 0.1 100.0
a
 100.0

a
 100.0

a
 100.0

a
 100.0

a
 100.0

a
 

Note: The values followed by different letters are significantly different at the P < 0.05 level according to the LSD test.  

 

Contrary to that, in this studythe concentration 

of MS salts did not influence shoot regeneration, 

but it had an impact onthe mean number of 

shoots and nodes per explant and better results 

were achieved on MS media (Table 2), like in 

the case of the micropropagation of D. Serotinus 

(Marković et al. 2013a). Differences among 

explant types were also observed, and the shoot 
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cuttings had the highest number of newly 

developed shoots (15.4) and nodes (9.7) on the 

MS medium containing 0.5 mg/L BAP and 0.1 

mg/L NAA. The concentration of BAP affected 

the mean number of shoots per explant,in the 

most cases causing better results on the media 

with 0.5 mg/L BAP than on the ones with 1.0 or 

0.1 mg/L BAP. However, statistically significant 

difference was recorded only forshoot 

cuttings,and for terminal buds on MS medium. 

Similarly, a stastistically significant influence of 

BAP concentration on the number of shoots was 

recorded for some other Dianthus species, 

includingD. deltoides, D. gratianopolitanus,D. 

giganteus banaticus, D. spiculifolius, andD. 

henteri (Fraga et al. 2004; Marković et al.2013b; 

Pop and Pamfil 2011). However,itsoptimum 

concentration differed depending on the species. 

Fraga et al. (2004) found that cytokinin 

concentration significantly affected the mean 

number of nodes inD. gratianopolitanus, 

althoughthat was not the case in this research, as 

themean number of nodes did notchange 

significantly with different BAP concentrations 

(Table 2) added to the media. Similarly, during 

the micropropagation of Nepeta rtanjensis, 

themean number of nodes did notchange 

significantly,when BAP concentration was 

increased from 0.05 mg/L to 1.0mg/L (Mišić et 

al. 2005).  

 

 

Table 2- The average number of shoots and nodes developed at the multiplication stage 

BAP 

mg/L 

NAA 

mg/L 

single node cuttings  terminal buds  shoot cuttings  

1/2MS MS 1/2MS MS 1/2MS MS 

No. of shoots per explant 

1.0 0.5 2.7
bc

 6.5
a
 5.3

ab
 6.5

ab
 7.1

abc
 9.1

abc
 

1.0 0.1 2.5
bc

 5.9
ab

 4.8
bc

 6.3
ab

 6.7
bc

 8.3
bc

 

0.5 0.5 3.0
bc

 6.9
a
 5.8

ab
 6.5

ab
 9.4

ab
 12.1

ab
 

0.5 0.1 5.1
a
 6.0

ab
 5.9

ab
 7.2

a
 10.3

a
 15.4

a
 

0.1 0.1 4.1
ab

 4.6
ab

 6.9
a
 4.7

bc
 6.0

bc
 7.0

bc
 

No. of nodes per explant 

1.0 0.5 2.5
ab

 7.1
a
 3.2

a
 6.8

ab
 2.7

a
 6.5

b
 

1.0 0.1 2.7
ab

 3.4
c
 1.5

b
 5.2

bc
 1.3

c
 6.2

b
 

0.5 0.5 3.0
a
 6.6

a
 1.2

b
 6.9

ab
 1.5

c
 9.5

a
 

0.5 0.1 1.0
c
 6.2

ab
 2.1

ab
 8.5

a
 1.3

c
 9.7

a
 

0.1 0.1 1.4
c
 6.0

ab
 1.1

b
 8.3

a
 1.6

bc
 8.2

ab
 

Note: The values followed by different letters are significantly different at the P < 0.05 level according to the LSD test.  

 

In contrast to the results obtained for D. 

gratianopolitanus, whose internode length was 

significantly influenced by the type of explant 

(shoot tip or node explants) (Fraga et al. 

2004),the average internode length in this 

studyranged from 2.0 to 4.2 mm and was 

unaffected by the explant type and the 

concentration of MS salts (Table 3). Although 

the impact of hormone concentration was not 

statistically significant in most cases, internodes 

were the longest on the medium supplemented 

with 0.1 mg/L BAP and 0.1 mg/L NAA (Table 

3). Contrary to that, phytohormone 

concentration significantly influenced internode 

length during the micropropagation of D. 

deltoides and D. gratianopolitanus (Fraga et al. 

2004; Marković et al. 2013b).  

Since their lengths were highly variable, the 

shoots were placed in threelength categories 

(less than 10 mm, 10-20 mm and more than 20 

mm), while the number of shoots belonging to a 

certain length category was expressed as a 

percentage of the total number of shoots (Fig. 1).  

Evidently the concentration of hormones 

affected shoot length, as with an increase in 

NAA concentration and a decrease in BAP 

concentration the percentage of shoots shorter 

than 10 mm decreased, whereas the percentage 

of shoots longer than 20 mm increased. A higher 

percentage of long shoots (>20 mm) was 

recorded on MS medium than on half-strength 

MS medium (Fig. 1), which was similar to the 

response observed during the micropropagation 

of D. deltoides, D. petraeus ssp. noeanus, D. 

superbus, and D. giganteiformis ssp. kladovanus 

(Radojević et al. 1997;Mikulík 1999; Marković 

et al. 2006; 2013b). 
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Figure 1- The effect of different concentrations of BAP and NAA on the length of shoots developed from 

single node cuttings (A), terminal buds (B) and shoot cuttings (C) on full-strength MS basal medium 

(MS) and half-strength MS basal medium (1/2MS). 
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However, the stimulatory effect of NAA on 

shoot elongation was missing in the case of the 

propagation ofD. henteri, D. giganteus 

banaticusand D. spiculifolius.In these species, 

thelongest shootsdeveloped on the media 

supplemented with 1.0 or 2.0mg/L BAP and 0.1 

NAA, whereas the shortest onesappeared onthe 

medium with 1.0 mg/L BAP and 0.5 mg/L NAA 

and in the control without plant hormones 

(Popand Pamfil 2011). It is known that different 

cytokinins can affect shoot length differently, 

and Marcu et al. (2006) revealedtwice as high 

shoot length inD. pyrenaicus onthe medium 

containing 1.0 mg/L BAP compared to the one 

obtained on the medium containing 1.0mg/L 

ofkinetin,with the addition of the same NAA 

concentration (0.5 mg/L) in both cases.  

 
 

Table 3- The average internode length of shoots developed at the multiplication stage 

BAP 

mg/L 

NAA 

mg/L 

single node cuttings (mm) terminal buds (mm) shoot cuttings (mm) 

1/2MS MS 1/2MS MS 1/2MS MS 

1.0 0.5 3.2
ab

 3.0
ab

 2.9
b
 3.3

ab
 3.1

b
 3.0

b
 

1.0 0.1 2.3
b
 2.2

b
 2.3

bc
 2.0

c
 2.5

bc
 2.2

bc
 

0.5 0.5 3.1
ab

 3.1
ab

 2.7
b
 2.9

ab
 2.7

bc
 3.2

b
 

0.5 0.1 2.5
b
 2.3

b
 2.4

bc
 2.6

b
 2.4

c
 2.4

bc
 

0.1 0.1 3.9
a
 4.2

a
 4.1

a
 3.8

a
 3.8

a
 4.0

a
 

Note: The values followed by different letters are significantly different at the P < 0.05 level according to the LSD test.   

 

Successful rooting, with a high 96.7% of rooted 

shoots,was recorded on the MS medium 

containing 1.0 mg/L NAA (Table 4). Similarly, 

a high rooting percentage has already been 

reported for other Dianthus species, includingD. 

superbus ssp. superbus - 100 %, D. mainensis - 

100%, D. deltoides - 100%, D. giganteiformis 

ssp. kladovanus - 94%, and D. petraeus ssp. 

noeanus - 91% (Radojević et al. 1997;Mikulik 

1999; Marković et al. 2006; 2013b;Erst et 

al.2014). However,it was much lower for some 

other species, i.e.D. gratianopolitanus 'Spotti' - 

80 %, D. gratianopolitanus 'Frosty Fire' - 70 % 

(Fraga et al. 2004) andD. caryophyllus (62 - 80 

%) (Radojević et al. 1990).The impact of the 

concentration of MS salts on rooting was 

obvious, since the rooting percentage was higher 

on MS media (88.3 - 96.7%) than on half-

strength MS media (78.4-85.0%). The addition 

of NAA to the medium also showeda stimulative 

effect on rooting by increasing the rooting 

percentage, but no effect on the number and 

length of roots (Table 4). The effect of the 

concentration of MS saltswas also recorded for 

D. mainensis (Erst et al. 2014),but in that case, 

the rooting was higher on the half-strength MS 

medium (100%) than on the MS medium (64%). 

Although during the micropropagation of D. 

serotinus, therooting rate was also higher on 

half-strength MS media, the mean number of 

roots per explant was higher on MS media 

(Marković et al. 2014). In thisstudy, neither 

NAA concentration nor the concentration of MS 

salts had an impact onthe mean number of roots, 

ranging from 9.8 to 16.8, which couldbe 

considered high compared to the mean number 

of rootsof up to eightinD. mainensis, D. petraeus 

ssp. noeanus, D. gratianopolitanus, D. ciliatus 

ssp. dalmaticus, D. giganteus ssp. croaticus 

(Radojević et al. 1997; 2010;Fraga et al. 2004; 

Erst et al. 2014).  

 
Table 4- The percentage of rooted shoots, the average number of roots and the mean length of the longest root per 

explant. 

NAA 

(mg/L) 
Medium Rooting percentage (%) 

No. of roots per 

explant 

Mean length of the longest 

root (mm) 

0.0 MS 88.3
ab

 14.3
a
 38.2

a
 

0.1 MS 86.7
ab

 15.6
a
 36.2

a
 

0.5 MS 95.0
a
 15.1

a
 31.5

a
 

1.0 MS 96.7
a
 16.8

a
 33.5

a
 

0.0 1/2MS 78.4
b
 10.3

ab
 22.1

b
 

0.1 1/2MS 78.4
b
 9.8

ab
 26.4

ab
 

0.5 1/2MS 83.4
b
 11.8

ab
 28.8

ab
 

1.0 1/2MS 85.0
ab

 12.5
a
 27.0

ab
 

Note: The values followed by different letters are significantly different at the P < 0.05 level according to the LSD test. 
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The obtained acclimatization rate of 88.9% can 

be regarded as satisfactory, beingsimilar to the 

onesrecorded for other Dianthus species, i.e.,D. 

mainensis - 83%, D. trifasciculatus ssp. 

parviflorus, D. arenarius ssp. bohemicus - 85%, 

D. gratianopolitanus - over 99%, D. petraeus 

ssp. noeanus - 100%, and D. deltoides - 100% 

(Kovác1995; Radojević et al. 1997; Fraga et al. 

2004; Marković and Popović 2012; Holobiuc et 

al. 2013). 
 

CONCLUSIONS 

 
From the results it was concluded that the 

endangered and decorative species D. pinifolius 

could be successfullypropagated using the 

protocol presented in this work. In the course of 

D. pinifolius micropropagation, MS medium 

should contain 0.5 mg/L BAP and 0.1 mg/L 

NAA, while the type of explant used should be 

shoot cuttings. In addition to that, MS medium 

supplemented with 0.1mg/L NAA should be 

used forin vitro rooting, followed by the 

acclimatization of the rooted plantlets, whichwas 

successful in a 1: 1 mixture of peat and sand.  
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