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Abstract. Meristem culture and/or thermotherapy were used to eliminate viruses from 
ornamental Dianthus gratianopolitanus Vill. (‘Spotti’ and ‘Frosty Fire’) mother plants. 
Shoot tip, leaf, node, and ovary explants collected from greenhouse-maintained, virus-free 
plants were cultured in vitro for shoot initiation on Murashige and Skoog (MS) medium 
containing BAP, kinetin, or 2-iP with or without IAA or NAA. Culture of shoot tips in 
MS with 0.57 µM IAA and node explants in MS with 2.46 µM 2-iP is recommended for 
‘Spotti’ cultivar. In ‘Frosty Fire’, optimum number of axillary shoots was obtained from 
shoot tip and node explants in MS without plant regulators. Leaves and ovaries were not 
adequate explants for D. gratianopolitanus micropropagation because none or only a low 
percentage of explants regenerated shoots. High levels of cytokinins increased the number 
of shoots per explant but also increased the production of aberrant phenotypes and induced 
hyperhydricity. Adventitious shoots rooted in vitro with auxins, but maximum rooting 
was 97% ex vitro without auxins. This study demonstrated that D. gratianopolitanus can 
be successfully micropropagated. Chemical names used: 6-benzyladenine (BAP); kinetin 
(KIN); 6-(γ,γ-dimethylallylamino)-purine (2iP); indole-acetic acid (IAA); indole-3-butyric 
acid (IBA); α-naphthaleneacetic acid (NAA); gibberellic acid (GA3).

Plants within the genus Dianthus are 
popular with all gardeners. Cultivars of D. gra-
tionapolitanus, with their dense sea-green or 
blue-green foliage, make excellent groundcov-
ers for beds and borders (Jelitto and Schacht, 
1990). They are commercially produced in 
both North America and Europe using shoot 
tip cuttings. This is a slow, season-bound pro-
cess for the multiplication of new cultivars or 
elite material. There is a need for new releases 
of this species since D. grationapolitanus is 
susceptible to Pythium, Alternaria, and viral 
infections, including carnation latent carlavirus 
(CLV), carnation mottle carmovirus (CarMV), 
and carnation vein mottle potyvirus (CVMV) 
(Pallás et al., 1999; Sánchez-Navarro et al., 
1999). Cucumber mosaic cucumovirus (CMV) 
has also been reported in Dianthus (Lovisolo 
et al., 1968). 

Hyperhydricity is a common problem as-
sociated with micropropagation in D. caryo-

phyllus (Leshem, 1983; Leshem and Shalev, 
1988). Nevertheless, micropropagation of D. 
caryophyllus has been achieved using explants 
from shoot tips (Earle and Langhans, 1975; 
Johnson, 1980), stem segments (Roest and 
Bokelmann, 1981; Watad et al., 1996), leaves 
(Van Altvorst et al., 1992, 1994), axillary buds 
(Miller et al., 1991), nodes (Van Altvorst et al., 
1995), ovules (Demmink et al., 1987; Sato et 
al., 2000), and petals (Kakehi, 1979; Nakano 
et al., 1994). Shoot regeneration was also 
induced from leaf segments of D. chinensis 
(Jethwani and Kothari, 1996) and mesophyll 
protoplasts of D. superbus (Kim and Lee, 
1996). However, there are no reports describ-
ing micropropagation of D. gratianopolitanus. 
The objective of this study was to establish a 
rapid micropropagation system for commercial 
cultivars of D. gratianopolitanus.

Materials and Methods

Plant material and virus elimination. Plants 
of D. gratianopolitanus ‘Spotti’ and ‘Frosty 
Fire’ were purchased from a local nursery and 
maintained under greenhouse conditions at 20 ± 
4 °C day/16 ± 4 °C night. Plants exhibited viral 
symptoms (e.g., basal necrosis and leaf mottle) 
and 40 plants of each cultivar were analyzed 
for CMV, CarMV, CLV, TMV, tospoviruses 
(subgroups I, II, and III), and potyviruses 
with a direct antibody sandwich ELISA using 

commercially produced antibodies (AGDIA, 
Elkhart, Ind.).

None of the plants were positive for CMV, 
TMV, or the tospovirus screen. However, all 
plants were infected with CarMV, CLV, and 
potyvirus. Meristems (0.3 mm) from infected 
shoot tips were initiated in MS medium without 
growth regulators for 3 months. Elongated 
shoots (3 cm) were screened as before and 
found to be free of CarMV but infected with 
CLV and potyvirus. Two hundred plants from 
each cultivar were then cultured at 37 °C for 
6 weeks. Meristems from the surviving plants 
were excised and some shoots were CLV-
free, but all shoots were still infected with 
potyvirus. Therefore, CLV-free plants were 
cultured at 39 °C for 6 weeks. After 3 months 
of meristem culture from the surviving plants, 
a new ELISA test determined which cultivar 
shoots obtained were potyvirus-free. Clean 
shoots were rooted ex vitro, acclimatized in 
the greenhouse, and used as explants for the 
following experiments.

Explants and surface sterilization. Shoot 
tips (3 mm), 1.5-cm basal young leaf seg-
ments, the fi rst seven primary single nodal 
segments (1 cm), and ovaries from virus-free 
plants grown in the greenhouse were used as 
explants. Ovaries were classifi ed as closed 
(8–10 mm) or open (11–16 mm), according 
to size. Explants were surface disinfected by 
immersion in a 0.7% sodium hypochlorite 
solution with 0.5% Tween 20 (Sigma) for 15 
to 20 min before three to fi ve rinses in sterile, 
double-distilled water. 

Tissue culture medium and conditions. Mu-
rashige-Skoog (MS, 1962) medium containing 
3% sucrose was used for tissue culture. The 
medium pH was adjusted to 5.75 before addi-
tion of 0.7% agar-agar (Copanor, S.L. Spain) 
and autoclaving at 121 °C for 20 min. Explants 
(fi ve/vessel) were cultured in 500-mL sterile 
glass vessels (V-580, Vicasa, Spain) containing 
120 mL of medium. Cultures were incubated 
under 40–50 µmol·m–2·s–1 and 16-h photoperiod 
provided by MazdaFluor cool-white lamps at 
24 ± 2 °C. All culture vessels were sealed with 
tape (W-101.300, Teixpac, S.A. Madrid).

Effects of plant growth regulators on shoot 
initiation and multiplication. The effects of 
three cytokinins [BAP (2.22 and 4.44 µM), 
kinetin (2.32 and 4.65 µM), 2iP (2.46 and 4.92 
µM)], and two auxins [NAA (0.54 µM) or IAA 
(0.57 µM)] on shoot formation were evaluated 
by adding fi lter-sterilized plant growth regula-
tors to autoclaved medium. Each experiment 
had three to fi ve replicate cultures of fi ve ex-
plants per treatment and was conducted three 
times. The number of nonhyperhydric shoots 
produced per explant, the number of nodes per 
shoot, the internode length, and the percentage 
of explants showing growth response were 
recorded after 3–5 weeks in culture for shoot 
tips and node explants and after 10–12 weeks 
in culture for fl ower ovary explants. 

Root initiation. To study the effect of auxins 
on root initiation from micropropagated shoots, 
fi lter-sterilized IBA (2.46 and 4.92 µM), IAA 
(2.85 and 5.70 µM), or NAA (2.68 and 5.37 
µM) were added to autoclaved medium with or 
without BAP (2.22 µM). Shoots with three nodes 
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(4–5 cm in length) were excised and transferred 
to root initiation medium. The percentage of 
shoots forming roots was quantifi ed, as well as 
the number of roots per rooted shoot, and the 
root length was measured after 2 weeks.

Transfer to greenhouse conditions. Rooted 
or unrooted shoots were rinsed in water to 
remove all agar and transplanted into com-
mercially available potting mix (Gramofl or, 
Holland) in B-28 plastic trays (Teku). Plantlets 
were acclimatized by placing them in a fog 
chamber set to 80% humidity with bottom 
heating at 21 °C for 2 weeks. Afterwards, 
plants were potted in M-11 (11 cm) plastic 
pots (I.P.S., Portugal) with the same potting 
mix and maintained at 20 ± 4 °C day/16 ± 4 
°C night in a greenhouse. 

Statistical analysis. A completely random-
ized design was used in all experiments. In 
the regeneration experiment, the percentage 
of explants with shoots and percentage of 
hyperhydric explants were analyzed using a 
multinomial logistic regression analysis for 
the main effects and for their interactions. A 
Pearson correlation analysis was conducted 
between the number of hyperhydric shoots 
and treatment. Data on shoots/explants, nodes/
shoot, and internode length were subjected to 
analysis of variance (ANOVA) to determine the 
infl uence of explant type and growth regulator 
treatments on these variables. Mean roots/shoot 
and mean length/root were separated using 
Tukey’s least signifi cant difference (LSD) test 
at P ≤ 0.05, after ANOVA. All the statistical 
analyses were performed using SPSS 11.0 
(SPSS Inc., Chicago).

Results and Discussion

While there are abundant reports on D. 
caryophyllus in vitro production using a wide 
variety of explants, micropropagation of D. 
gratianopolitanus has not been reported.

Virus elimination. The initial plants were 
infected with CarMV, CLV, and potyviruses 
(ELISA test). CarMV elimination was achieved 
in 100% of the shoots by 3 months of meristem 
culture. CLV elimination required a 37 °C 
thermotherapy treatment (86% of ‘Spotti’ and 
65% of ‘Frosty Fire’ shoots survived) and an 
additional round of meristem culture where 
43% of ‘Frosty Fire’ and 31% of ‘Spotti’ shoots 
were CLV-free. In order to obtain potyvirus-
free shoots, further meristem culture from the 
plants surviving 39 °C thermotherapy (32% 
of ‘Spotti’ and 38% of ‘Frosty Fire’) was 
performed. Virus elimination was achieved 
in 92% and 88% of the ‘Frosty Fire’ and 
‘Spotti’ cultivars, respectively. Acclimatized 
clean plants were used in all micropropagation 
experiments.

Effects of cultivar and explant type on 
D. gratianopolitanus shoot initiation. Shoot 
tips and nodes from ‘Spotti’ and ‘Frosty Fire’ 
cultivars regenerated shoots in all 21 media 
tested (Tables 1 and 2). Differential response 
to growth regulators was observed among the 
different explant types. Between 100% and 
20% of shoot tip explants of both cultivars, 
with node explants ranging between 100% 
to 30% for ‘Frosty Fire’ and 90% to 50% for 

Table 1. Regeneration from shoot tip and node explants of Dianthus gratianopolitanus ‘Spotti’ after 3 
weeks of culture on MS medium with different concentrations of growth regulators.

 Shoot tip explants Node explants

Growth regulators %Explants %Vitreous  %Explants %Vitreous 
(µM) Phenotype with shoots   explants Phenotype with shoots explants

NAA  BAP

0  0 A 100 0 A 80 0
0  2.22 B 100 0 B 70 0
0  4.44 C 80 30 B 80 0
0.54 0 A 90 0 A 70 0
0.54 2.22 B 100 20 B 80 10 
0.54 4.44 B 60 40 C 60 10

IAA  BAP 

0.57 0 A 80 0 A 80 0
0.57 2.22 B 100 0 C 70 10
0.57 4.44 C 90 10 C 70 20

NAA  KIN

0  2.32 A 100 0 A 80 0
0  4.65 A 90 10 A 80 10
0.54 2.32 C 100 0 C 80 0
0.54 4.65 C 80 0 B 70 0

IAA  KIN 

0.57 2.32 C 70 10 C 70 0
0.57 4.65 B 90 20 C 80 0

NAA  2iP

0  2.46 C 70 10 A 80 0
0  4.92 B 90 40 C 70 10
0.54 2.46 C 80 0 C 70 0 
0.54 4.92 C 80 30 C 70 0

IAA  2iP 

0.57 2.46 A 90 40 A 90 0
0.57 4.92 C 60 40 C 80 0

   

Table 2. Regeneration from shoot tip and node explants of Dianthus gratianopolitanus ‘Frosty Fire’ 
after 5 weeks of culture on MS medium with different concentrations of growth regulators.

 Shoot tip explants Node explants

Growth regulators %Explants %Vitreous  %Explants %Vitreous 
(µM) Phenotype with shoots   explants Phenotype with shoots explants

NAA  BAP

0  0 A 100 0 A 100 0
0  2.22 B 30 0 B 40 10
0  4.44 B 20 10 B 10 30
0.54 0 B 70 0 B 70 10
0.54 2.22 B 70 0 B 40 20
0.54 4.44 B 40 0 B 60 40

IAA  BAP 

0.57 0 A 90 0 A 100 0
0.57 2.22 B 40 0 B 60 0
0.57 4.44 B 60 0 B 30 10

NAA  KIN

0  2.32 A 80 0 B 80 0
0  4.65 B 100 0 B 50 0
0.54 2.32 B 70 10 A 50 10
0.54 4.65 B 50 20 B 30 10

IAA  KIN 

0.57 2.32 B 10 20 B 70 0
0.57 4.65 B 60 20 B 50 10

NAA  2iP

0  2.46 B 60 0 B 40 20
0  4.92 B 70 10 B 40 20
0.54 2.46 A 40 0 A 90 0
0.54 4.92 B 60 0 A 90 0

IAA  2iP 

0.57 2.46 A 60 10 B 50 0
0.57 4.92 B 80 0 B 60 0

   

‘Spotti’, produced multiple shoots. Regenera-
tion from shoot tips and nodes was slower in 
‘Frosty Fire’ than in ‘Spotti’, requiring two 
additional weeks in culture.

Leaf explants from either cultivar failed 
to regenerate in any of the 21 media. When 
open ovaries were used as explants, shoot 
regeneration was observed only for ‘Spotti’ 
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in the presence of 2.46 µM 2iP or a combina-
tion of 4.92 µM 2-iP and 0.57 µM IAA after 
10 weeks of culture. On the other hand, for 
‘Frosty Fire’, even though initial callus for-
mation was observed with closed and open 
ovary explants after 12 weeks in media with 
0.54 µM NAA, no shoots were obtained. Leaf 
and ovary regeneration protocols have been 
described for other Dianthus species (Dem-
mink et al., 1987; Jain et al., 2001; Jethwani 
and Kothari, 1996; Miller et al., 1991; Roest 
and Bokelmann, 1981). However, our results 
showed that these explants were not suitable for 
D. gratianopolitanus micropropagation.

Phenotypic variation and hyperhydricity. 
Variation among the phenotypes was observed 
in the regenerated shoots when nodes and 
shoot tips were used as explants (Fig. 1). Out 
of the 21 media tested, only seven for ‘Spotti’ 
(Table 1) and fi ve for ‘Frosty Fire’ (Table 2) 
allowed the regeneration of normal phenotype 
A shoots, with mean internode distance ranging 

from 9–13 mm (Fig. 1A) and 4–6 mm (Fig. 
1D), respectively. Abnormal phenotypes were 
observed with all of the other growth regulator 
combinations. In ‘Spotti’, shoots with short 
internodes (mean internode distance, 2–7 mm) 
belonged to phenotype B (Fig 1B). Shoots 
assigned to phenotype C exhibited chlorosis 
and/or necrosis independently of the internode 
distance (Fig 1C), and they eventually dried 
and died. On the other hand, in ‘Frosty Fire’ 
only phenotype B shoots (internode mean 
distance, 1–3 mm) were observed (Fig.1E). 
For both cultivars, phenotype B shoots became 
less vigorous after several transfers, and failed 
to recover normal type A phenotype even if 
transferred to other media. These results clearly 
indicated that choice of medium was a key step 
in the regeneration of normal phenotype. Both 
phenotype B and C shoots were unable to root. 
Furthermore, from the media rendering phe-
notype A shoots, only two (MS and IAA 0.57 
µM) were common for both cultivars (Tables 

1 and 2). These results suggest that growth 
regulator requirements in D. gratianopolitanus 
are cultivar dependent and should be adjusted 
for each cultivar. 

Hyperhydricity is another limiting step in 
plant tissue culture and is often severe among 
species in Caryophyllaceae (Cassells and 
Walsh, 1994; Mii et al., 1990). Logistic regres-
sion analysis for ‘Spotti’ (Table 3) indicated 
that the effect of explant type is signifi cantly 
infl uenced by hyperhydricity. In this cultivar, 
hyperhydric shoots were less frequent when 
nodes were used as explant source (Table 1). 
On the other hand, the effect of cytokinins on 
shoot hyperhydricity was signifi cant for both 
cultivars (Tables 3 and 4). Furthermore, our 
results showed that there was a positive cor-
relation between the number of hyperhydric 
shoots and cytokinins BAP (Pearson correla-
tion coeffi cient = 0.204) and 2-iP (Pearson cor-
relation coeffi cient = 0.093) concentration. Jain 
et al. (2001) also reported that BAP promoted 

Fig. 1. Different phenotypes found in Dianthus grationapolitanus shoot tip regeneration: ‘Spotti’ after 3 weeks of culture: (A) Phenotype A, with green-greyish 
leaves and normal internode distance; (B) Phenotype B, with green-grayish leaves but short internode distance; and (C) Phenotype C, with yellowish leaves 
and/or necrotic shoots; and ‘Frosty Fire’ after 3 weeks of culture: (D) Phenotype A, with normal internode distance; and (E) Phenotype B, with short internode 
distance. ‘Spotti’ cultivar fl ower ovary regeneration: (F) after 3 weeks of culture and (G) after 10 weeks of culture. (bar = 1cm).
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Table 5. Rooting of Dianthus gratianopolitanus ‘Spotti and ‘Frosty Fire’ after 2 weeks of culture on MS 
medium with different concentrations of growth regulators.

 ‘Spotti’ ‘Frosty Fire’

Growth regulators Mean no. roots/ Mean length/ Mean no. roots/ Mean length/
(µM) Phenotype rooted shootz rootz (cm) Phenotype rooted shootz rootz (cm)

NAA  BAP 

0  0 A 3.9 a–c 1.8 e A 3.3 a–c 1.9 d
2.68 0 A 6.0 bc 1.1 b–d A 3.9 ab 0.3 a
2.68 2.22 B 1.5 a–c 0.2 a–c B 1.5 ab 0.9 a–d
5.37 0 A 2.2 a 0.7 ab A 4.3 a–c 0.4 ab
5.37 2.22 B 1.2 a–c 0.3 a–d B 3.4 ab 0.5 ab

IAA  BAP 

2.85 0 A 3.3 ab 0.8 a–c A 6.6 c 0.7 b
2.85 2.22 B --- --- A --- ---
5.70 0 A 5.1 a–c 1.3 de B 4.0 a–c 1.1 c
5.70 2.22 C --- --- B --- ---

IBA  BAP 

2.46 0 A 3.5 a–c 1.6 de A 4.3 a–c 1.7 d
2.46 2.22 B --- --- B 1.3 a 0.3 ab
4.92 0 A 6.8 c 1.2 c–e A 5.3 bc 0.7 a–c
4.92 2.22 B 1.5 a–c 0.2 a B 1.0 ab 0.6 b
zMeans in columns with the same letter are not signifi cantly different according to LSD at P ≤ 0.05.

hyperhydricity of D. caryophyllus organo-
genic callus and shoots even when combined 
with GA3 and bactopeptone. On the contrary, 
Leshem (1986) reported that 5.37 µM NAA 
enhanced the propagation of D. caryophyllus 
shoot tips that developed into hyperhydric 
plantlets, while BAP had an opposite effect. 
In D. gratianopolitanus micropropagation, 
the addition of BAP to the medium increased 
hyperhydricity and stimulated the production 
of aberrant B and C phenotypes (Tables 1 
and 2). Nevertheless, for both cultivars and 
explant types, treatments were found that re-
sulted in normal shoots (phenotype A) without 
hyperhydricity. 

Effects of plant growth regulators on D. 
grationapolitanus multiplication effi ciency. 

Taking into account the percentage of ex-
plants with shoots and the number of shoots 
per explant for each cultivar and explant type, 
the optimum regeneration media were selected. 
The addition of auxins was signifi cant in the 
regeneration of ‘Spotti’ (Table 3), where 
0.57µM IAA induced 3.6 shoots per explant 
in 80% of the shoot tip explants. Moreover, 
when nodes were used as explant source and 
cultured on 2.46 µM 2-iP medium, 2.3 shoots 
were regenerated in 80% of the explants with 
3.9 axilary nodes available per shoot. There-
fore, when the optimal media were used with 
each explant type and 10 initial virus-free 
plants, it was possible to regenerate after 
three multiplication transfers more than 240 
and 3440 axenic shoots from shoot tips and 
node explants, respectively, giving a total of 
more than 3690 shoots in 9 weeks. Regenera-
tion from shoot tip and node explants in MS 
without plant regulators is recommended for 
the multiplication of ‘Frosty Fire’. Although 
the shoot formation rates are only 2.4 and 
1.3 shoots/explant, respectively, 100% of the 
explants regenerated normal shoots. Consider-
ing that the number of nodes/shoot was 4.8 for 
node explants, with an analogous number of 
initial explants and multiplication transfers, 
more than 2400 shoots were regenerated, while 
only 130 shoots were obtained from shoot tip 
explants after 15 weeks.

The addition of cytokinins to the media 
increased the number of shoots per explant, 
but also promoted the production of aberrant 
phenotypes (Tables 1 and 2) with reduced in-
ternode length (Tables 3 and 4), making these 
shoots inadequate for D. gratianopolitanus 
micropropagation.

The interaction between cytokinins and 
auxins signifi cantly affected D. gratianopolita-
nus multiplication (Tables 3 and 4), but a useful 
combination could not be found. For example, 
phenotype A plant predominated (4.2 shoots/
explant in ‘Spotti’ and 4.3 in ‘Frosty Fire’) 
when media contained 2.46 µM 2iP and 0.57 µM 
IAA. However, the percentage of ‘Frosty Fire’ 
explants with shoots was very low (60%) and 
40% of ‘Spotti’ and 10% of ‘Frosty Fire’ shoot 
tip explants were hyperhydric. The maximum 
number of ‘Spotti’ shoots was obtained when 
explants were incubated in medium containing 
4.44 µM BAP and 0.54 µM NAA. Unfortunately, 
most shoots exhibited poor phenotype, and 
40% of shoots were hyperhydric. 

Rooting and acclimatization. Even though 
ex vitro rooting was slower, ≈97% rooting was 
observed within 4 weeks for both cultivars. 
Maximum in vitro rooting was 80% for ‘Spotti’ 
shoots treated with 2.85 or 5.7 µM IAA or 2.46 
µM IBA, and 70% for ‘Frosty Fire’ shoots 
treated with 2.46 µM IBA (Table 5). The mean 
number of roots per shoot was increased by 
IAA and IBA treatments. Statistical analysis 
indicated that there is a signifi cant difference 
between cultivars, since ‘Spotti’ in vitro rooting 
percentage was better (data not shown). These 
results indicated that in D. gratianopolitanus, 
rooting is genotype dependant as described 
for D. caryophyllus (Kallak et al., 1997). The 
addition of 2.22 µM BAP to root induction 
medium inhibited the production of roots and, 
interestingly, as in the D. gratianopolitanus 
multiplication experiment, also affected the 
phenotype of the rooted plants (Table 5). 

The survival rate of tissue-cultured rooted 
D. gratianopolitanus plants was >99% under 
greenhouse conditions. 

Six months after removal from tissue cul-
ture, plants appeared very uniform (Fig. 2) and 
fl owered more abundantly than the original vi-
rus-infected plants. The present study enabled 
the successful in vitro multiplication of two 
D. gratianopolitanus commercial cultivars, 
‘Spotti’ and ‘Frosty Fire’.
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