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Key message  Tissue cultures are the only effective way to proliferate this valuable species (Daphne mezereum). These 
researches may help in solving the problem of reproduction of other woody plants.
Abstract  Daphne mezereum L. commonly known as February daphne or mezereon is a decorative shrub from the family 
Thymelaeaceae. It is a valuable nursery plant due to its high ornamental values, but its propagation by traditional methods 
is ineffective, therefore, little profitable. Micropropagation may be a good alternative way to produce this ornamental shrub. 
The experiment aimed to examine the effect of cytokinins (meta-Topolin, benzyladenine, and zeatin) and other growth regula-
tors (gibberellic acid GA3 and auxin 1-naphthalene acetic acid NAA) added to the Murashige and Skoog (MS) and Woody 
Plant Medium (WPM) nutrients on regeneration of explants of D. mezereum ‘Alba’. In the all treatments containing plant 
growth regulators (PGR), 100% regeneration of explants has been observed. The highest number of shoots, after 6 weeks of 
culture, was produced on MS medium with 1 mg·L−1 BA and 0.1 mg·L−1 NAA. The longest shoots were produced on MS 
medium with 0.1 mg·L−1 of gibberellic acid (GA3) and 1 mg·L−1 of meta-Topolin (mT). Generally, the type and concentra-
tion of plant growth regulators had an essential effect on regeneration and growth of shoots of Daphne mezereum ‘Alba’ in 
the in vitro culture.
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Abbreviations
mT	� Meta-Topolin
BA	� Benzyladenine
GA3	� Gibberellic acid
NAA	� 1-Naphthalene acetic acid
MS	� Murashige and Skoog (1962) medium
WPM	� Woody plant medium (1980)
PGR	� Plant growth regulator
TDZ	� Thidiazuron
Zea	� Zeatin

1  Introduction

February daphne Daphne mezereum L. belonging to the 
family Thymelaeaceae is legally protected in Poland. It 
needs to be preserved as its habitat, i.e., deciduous for-
ests are being replaced by conifers, the shrub flowering 
branches are torn away and plants are dug out of natural 
stands and transferred into gardens (Piekos-Mirkowa and 
Mirek 2006). Apart from flowers which appear very early 
in spring plants produce ornamental red berries of 1 cm 
in diameter which ripen at the end of June. The shrub 
is mainly used in private gardens, on flower beds and 
in rock gardens. The cultivar ‘Alba’ with white flowers 
and yellow fruits is often produced in nurseries (Piekos-
Mirkowa and Mirek 2006; Dirr 2009). February daphne 
is difficult to propagate: its stem cuttings root poorly even 
under optimal conditions, so this propagation method is 
not commercially used as it is inefficient. Other propaga-
tion methods of this valuable species are now being sought 
and one of the solutions may be tissue culture. According 
to Marks (1997), trials concentrate mainly on two spe-
cies: D. × burkwoodii and D. odora, but due to the grow-
ing interest in other ornamental daphne species, the tissue 
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cultures have been studied as well for: D. cneorum, D. 
laureola, D. mezereum, D. pontica, D. retusa and D. tan-
gutica. Generally, the culture medium used for propagation 
of woody plants is WPM (Woody Plant Medium) which 
differs from the most popular MS (Murashige and Skoog) 
by a lower nitrogen content and a higher sulphur concen-
tration (Murashige and Skoog 1962; Lloyd and McCown 
1980).

Apart from the composition of macro- and microele-
ments in a culture medium, the presence and concentra-
tion of the appropriate growth regulators are one of the 
important factors used to control growth and development 
of plants in tissue cultures. Auxins and cytokinins play 
a fundamental role in many aspects of plant develop-
ment. Their interaction controls significant morphologi-
cal processes, such as for example meristem appearance 
and development. During the stage of plant multiplication 
in vitro, the auxins are used in low concentrations, and 
accompanied by high concentrations of cytokinins which 
stimulate shoot proliferation (Su et al. 2011). Auxins have 
a broad spectrum of action in plants. Their most important 
effects in the in vitro cultures are enhancement of root 
and shoot production, stimulation of callus cell divisions, 
differentiation of conductive tissues, cell elongation, and 
inducing apical domination (Singh et al. 2016). This is 
confirmed by the results of research on the micropropaga-
tion of Althaea officinalis L. The optimum results of regen-
eration were observed on the MS medium with (7.5 µM) 
BA and (0.5 µM) NAA. On this combination, 95% explants 
regenerated, and on average, 26 shoots per explant was 
obtained (Naz et al. 2015).

The commonly used cytokinins in micropropagation are 
benzyladenine (BA) and meta-Topolin (mT). They are used 
during the stage of multiplication to obtain a maximum 
number of axillary shoots, i.e., new microcuttings. Con-
trary to auxins, they inhibit the root growth so they are not 
present in the culture media in the stage of rooting (Teixeira 
da Silva 2012). Recently, mT (meta-Topolin) has become 
the more common cytokinin in the in vitro plant production 
(Gentile et al. 2014; Koszeghi et al. 2014). Topolins are now 
alternative cytokinins for BA or TDZ (Thidiazuron) which 
have been most popular in micropropagation of many plants. 
Their application allows to avoid many problems such as 
poor regeneration, lower rooting ability resulting from a 
cytokinin application and dying of plants during acclima-
tization to the ex vitro conditions (Tarkowská et al. 2003; 
Aremu et al. 2012; Amoo and Van Staden 2013; Amoo et al. 
2015). Zeatin is another cytokinin, often used during culture 
initiation because of a positive impact on shoot regenera-
tion during the multiplication stage (Reed and Abdelnour 
1991; Wang et al. 2002). Other important growth regulators 
are gibberellins. The most active and the most frequently 
used is gibberellic acid (GA3) which stimulates internode 

elongation as well as differentiation of wood and cambium 
(Zhang et al. 2008).

The aim of this work was to determine the effect of 
selected growth regulators on the shoot regeneration in 
Daphne mezereum ‘Alba’ during micropropagation.

2 � Materials and methods

The experiments were carried out in the laboratory of tissue 
cultures of the Dept. of Ornamental Plants at the Faculty 
of Horticulture, Biotechnology and Landscape Architecture 
of Warsaw University of Life Sciences (SGGW) in War-
saw. The cultivar ‘Alba’ of February mezereum (Daphne 
mezereum L.) was the experimental plant. The material for 
the initiation of cultures was young 5–8 cm fragments of 
shoots that came from 3-year-old mother shrubs from nurs-
ery. Before decontamination, they were divided into smaller 
fragments, and one- or two-node fragments of shoots were 
laid on the medium. The initial material used in the stage 
of multiplication was obtained from the 8–10-week-old 
in vitro cultures growing on the MS medium supplemented 
with 2.5 mg·L−1 BA and 0.1 mg·L−1 NAA. The composi-
tion of culture media was prepared according to Murashige 
and Skoog (1962) and Lloyd and McCown (1980). Sucrose 
and myo-inositol were added to the medium as carbohydrate 
sources. Vitamins, macro- and micronutrients were added in 
a form of solutions prepared earlier and stored at 4 °C while 
the medium pH was adjusted to 5.7 with HCl and NaOH. 
The solidifying factor was Bacto Agar. The medium was 
portioned (50 ml) to 450 jars which were covered with trans-
parent screw caps and subjected to autoclaving at 121 °C and 
under pressure of 1.2 kg·cm−2 (110 kPa) for 20 min.

2.1 � Type and concentration of selected cytokinins

In the first experiment, the effect of cytokinin type and con-
centration on shoot regeneration in D. mezereum ‘Alba’ was 
evaluated. The following cytokinins were added to MS or 
WPM medium: meta-Topolin, zeatin and benzyladenine, 
each in concentration of 0, 0.5, 1, 2 and 3 mg L−1 (Table 1). 
Each treatment included 10 replicates with 6 explants (in 
total 60 explants per treatment).

2.2 � Addition of auxin and gibberellin

In the second experiment, the effect of auxin or gibberel-
lin presence in the culture medium was evaluated on shoot 
regeneration (Table 2). The plantlets were placed on MS or 
WPM with the following combinations of growth regulators.
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2.3 � Collecting results and data analysis

Three and 6 weeks after the culture initiation, the follow-
ing parameters of the multiplication stage were evaluated: a 
percentage of regenerating explants, a number of shoots per 
explant and shoot length. The results were statistically evalu-
ated and subjected to the one-way analysis of variance by the 
Statgraphics Plus 4.1. program. To compare the means, the 
Duncan’s test was used at α = 0.05.

3 � Results

3.1 � Type and concentration of selected cytokinins

A one-way analysis of variance showed a highly significant 
effect of the nutrient composition on the regeneration of 
explants. The effect of type and concentration of selected 
CKs on shoot proliferation is presented in Table 3.

In both, after 3 and 6 weeks of culture, 100% regenera-
tion occurred in all the treatments besides MS 0. Only on 
this medium—devoid of growth regulators—the explants 
were dying during culture and on the second counting 
date, the percentage of dead explants reached 12% of the 
initial plantlet number.

The most abundant proliferation on the first count-
ing date was observed on MS supplemented with 
0.5–2 mg·L−1 BA, or 0.5 and 1 mg·L−1 Zea as well as 
on WPM supplemented with 2 mg·L−1 mT. The lowest 
number of new shoots (only 1.28–1.45 per explant) was 
produced by explants cultured on control media (0) with-
out cytokinins (Fig. 1a) while on the best media approx. 
three times more shoots were obtained. In addition, dur-
ing the second evaluation (after 6 weeks of culture), the 
lowest regeneration rate was found on explants cultured 
without cytokinins. The highest numbers of new shoots 
were produced on explants regenerating on MS in the pres-
ence of 0.5–2 mg·L−1, mT in concentration 1 mg·L−1, Zea 
3 mg·L−1 as well as on WPM supplemented with 2 mg·L−1 
mT. According to the visual observations, the WPM 
composition is suitable for regeneration of D. mezereum 
‘Alba’ during the long-term culture and only in combina-
tion with meta-Topolin. Plantlets from these treatments 
looked the best, i.e., they had well developed stems and 
leaves without any traces of mineral deficiency (Fig. 1b, 
c). Regeneration of new shoots was limited by a too high 
cytokinin concentration. After 3 weeks, it was evident on 
MS supplemented with Zea and mT, where in treatments 
with the cytokinin concentrations 2 mg·L−1 and more, the 
shoot number was decreasing. In addition, on WPM, the 
highest mT concentration resulted in a decreased shoot 
number relative to that obtained by the lower cytokinin 
concentrations. During the second evaluation date, the 
negative effect of the higher concentrations of BA and 
mT was also evident.

The longest shoots after 3 weeks of culture were pro-
duced on MS supplemented with 2 mg·L−1 BA and 1 or 
3 mg·L−1 Zea. At that moment, the shoot length means 
were uniform and the longest shoots differed from the 
shortest ones (obtained on WPM 0) only by 0.3 cm. After 
successive 3 weeks, the medium MS 2 BA gave the best 
results and produced shoots approx. 3 times longer than 
those on WPM 0. The negative effect of the higher BA 

Table 1   Treatments in the first experiment: type and concentration of 
cytokinins

Type of medium Cytokinin Cytokinin 
concentration 
(mg·L−1)

MS/WPM mT 0
0.5
1
2
3

MS/WPM BA 0
0.5
1
2
3

MS/WPM Zea 0
0.5
1
2
3

Table 2   Treatments in the second experiment: addition of auxin and 
gibberellin

Medium Growth regulators 
added (mg·L−1)

Medium Growth 
regulators added 
(mg·L−1)

MS 0 MS 0
0.1 NAA 1 GA3

0.1 NAA + 1 BA 1 GA3 + 0.1 NAA
0.1 NAA + 1 mT 1 GA3 + 1 mT
0.1 NAA + 1 GA3 1 GA3 + 1 BA

WPM 0 WPM 0
0.1 NAA 1 GA3

0.1 NAA + 1 BA 1 GA3 + 0.1 NAA
0.1 NAA + 1 mT 1 GA3 + 1 mT
0.1 NAA + 1 GA3 1 GA3 + 1 BA
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(WPM) and mT (MS) concentrations on shoot elongation 
was confirmed: the shoots were shorter than those on the 
best media by 0.40 cm and 0.79 cm, respectively, for MS 
supplemented with mT and WPM with BA.

3.2 � Addition of auxin and gibberellin

The one-way analysis of variance showed the highly signifi-
cant effect of medium composition on shoot regeneration 
(Table 4). In the case of the MS medium, this effect was seen 
when the naphthalene acetic acid (NAA) was used jointly 
with another growth regulator. During the first observation 
(after 3 weeks), the highest shoot number (6 per explant) was 
obtained on MS supplemented with NAA and BA. The shoot 

number doubled between the first and the second observa-
tion dates on following media: MS with NAA and BA, MS 
with NAA, and mT and WPM with NAA and BA.

The positive effect on shoot length was evident in MS 
supplemented with NAA and GA3 where shoots attained 
1  cm, being 35% longer than on MS 0. Shoot length 
increased during culture in all the treatments except those 
without growth regulators. On the second date, the longest 
shoots were on WPM with NAA and GA3, being three times 
longer than on WPM 0 (Table 4).

Gibberellin addition to both media (WPM and MS) was 
favorable for regeneration and growth of shoots only in the 
presence of other growth regulators (Table 5). On MS, the 
best regeneration occurred on treatments with GA3 and 

Table 3   Effect of type and concentration of cytokinins on regeneration and growth of Daphne mezereum ‘Alba’ after 3 and 6 weeks of culture

*Means in a column followed by the same letter do not differ significantly at p = 0.05
**The data at particular term should be considered separated

Medium Type of 
cytokinin

Growth regulators 
added (mg·L−1)

Regeneration rate (%) No. of shoots Shoot length (cm)

After 3 weeks After 6 weeks After 3 weeks After 6 weeks After 3 weeks After 6 weeks

MS mT 0 93.2a* 88.4a** 1.28a 1.33a 0.66fghi 0.63ab
0.5 100a 100a 1.60abc 4.18cd 0.68ghij 0.92efgh
1 100a 100a 2.50defg 7.08i 0.63defgh 1.11ij
2 100a 100a 1.81bc 4.03cd 0.55abc 0.85def
3 100a 100a 2.10cd 3.17b 0.61cdefg 0.71bc

WPM 0 100a 100a 1.41ab 1.46a 0.50ab 0.51a
0.5 100a 100a 2.46def 3.93cd 0.53abc 0.80cdef
1 100a 100a 2.33de 3.53bc 0.53abc 0.79cde
2 100a 100a 3.84ij 5.39fg 0.58bcdef 0.84cdef
3 100a 100a 2.88fgh 3.99cd 0.53abc 0.75bcd

MS BA 0 93.2a 88.4a 1.37ab 1.43a 0.69ghij 0.78cd
0.5 100a 100a 3.76ij 6.22h 0.76jkl 1.10ij
1 100a 100a 3.86ij 5.84gh 0.74ijkl 1.31k
2 100a 100a 3.80ij 6.09gh 0.79klm 1.65m
3 100a 100a 2.90fgh 4.22cd 0.56abcde 0.99ghi

WPM 0 100a 100a 1.45ab 1.46a 0.49a 0.52a
0.5 100a 100a 2.68efg 5.77gh 0.68fghij 0.74bcd
1 100a 100a 2.66efg 4.58de 0.65efghi 1.50l
2 100a 100a 2.55defg 4.15cd 0.63defgh 1.17j
3 100a 100a 3.00gh 4.49de 0.65efghi 0.71bc

MS Zea 0 93.2a 88.4a 1.36ab 1.62a 0.52ab 0.71bc
0.5 100a 100a 3.93j 4.96ef 0.71hijk 0.92efgh
1 100a 100a 3.92j 4.53de 0.89m 0.91efgh
2 100a 100a 3.37hi 5.47fg 0.68ghij 0.85def
3 100a 100a 2.67efg 7.39i 0.82lm 1.02hij

WPM 0 100a 100a 1.37ab 1.38a 0.52ab 0.55a
0.5 100a 100a 2.84efg 6.04gh 0.64defgh 0.92efgh
1 100a 100a 2.63efg 5.55fgh 0.64defgh 0.92efgh
2 100a 100a 2.48def 5.93gh 0.63defgh 0.93fgh
3 100a 100a 2.39def 5.67fgh 0.61cdefg 0.86defg
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NAA or GA3 and mT. After 6 weeks of culture supple-
mentation with gibberellin and meta-Topolin resulted in 
the highest regeneration rate—almost 6 shoots per explant. 
On WPM, on both observation dates, the best regeneration 
resulted from addition of GA3 and NAA. Supplementation 
of WPM with GA3 and mT gave a low regeneration rate 
on the first date but after 6 weeks, the result was 5 shoots 
per explant, similarly as in the treatment with gibberellin 
and auxin. Generally, the best regeneration at the begin-
ning of the experiment was observed in explants on WPM 
with GA3 and NAA, while later this treatment and that on 

MS supplemented with GA3 and mT produced 5 shoots 
per explant.

In treatments where MS was used together with growth 
regulators, the shoots were longer than in the control treat-
ment MS 0. Both, after 3 and 6 weeks, the longest shoots 
were on MS with GA3 and mT, being 0.3 cm and nearly 
1.0 cm longer, respectively, than on MS 0. On WPM, growth 
regulators increased shoot length relative to WPM 0 in all 
the treatments, except when gibberellin was used alone. The 
longest shoots were on WPM with GA3 and NAA (Fig. 1d), 
where they attained 1.08 cm on the average. The increase in 

Fig. 1   a The weakest regen-
eration of D. mezereum ‘Alba’ 
shoots on the MS 0 medium 
(6 weeks). b Regeneration of 
D. mezereum ‘Alba’ shoots 
on the WPM medium with 2 
mTs (6 weeks). c The nutri-
tional deficiencies seen on the 
leaves of regenerating shoots 
on the MS medium with 1 Zea 
(6 weeks). d Visibly elongat-
ing internodes on the WPM 
medium with 1 GA3 (6 weeks)

Table 4   The effect of auxin addition to MS and WPM medium

*Means in a column followed by the same letter do not differ significantly at p = 0.05
**The data at particular term should be considered separated

Type of medium Growth regulators 
added (mg·L−1)

Regeneration rate (%) No. of shoots Shoot length (cm)

After 3 weeks After 6 weeks After 3 weeks After 6 weeks After 3 weeks After 6 weeks

MS 0 93.2a* 88.4a** 1.5a 1.6a 0.71cd 0.71b
0.1 NAA 100a 100a 1.6a 1.7a 0.57ab 0.74b
0.1 NAA + 1 BA 100a 100a 6.0d 11.6f 0.75d 1.03cd
0.1 NAA + 1 mT 100a 100a 2.5b 5.4d 0.55ab 0.85de
0.1 NAA + 1 GA3 100a 100a 2.6b 3.1b 0.97f 1.21e

WPM 0 100a 100a 1.4a 1.4a 0.50a 0.50a
0.1 NAA 100a 100a 5.0c 6.5e 0.83e 1.15de
0.1 NAA + 1 BA 100a 100a 2.7b 5.6d 0.78de 1.01cd
0.1 NAA + 1 mT 100a 100a 2.4b 4.2c 0.64bc 0.98c
0.1 NAA + 1 GA3 100a 100a 5.2c 5.6d 1.09g 1.48f



202	 Rendiconti Lincei. Scienze Fisiche e Naturali (2019) 30:197–205

1 3

shoot length relative to the control medium without growth 
regulators occurred in all the treatments except that with 
GA3 and BA.

4 � Discussion

February daphne (Daphne mezereum L.) is an ornamental 
shrub legally protected in Poland in its natural habitats. Its 
cuttings root difficultly and shoots regenerate poorly when 
cut or damaged and plants lack an ability to branch, there-
fore, a suitable method to propagate the species needs to 
be developed. One of the solutions may be tissue cultures. 
The experiments described here concentrated on one of the 
micropropagation stages, i.e., the multiplication process. 
Three parameters showing the efficiency of propagation have 
been evaluated: the percentage of regenerating explants, the 
average number of shoots per explant and the mean shoot 
length.

A culture medium composition is one of the most 
important aspects during propagation, being fundamental 
for proper morphogenesis and propagation rate of a given 
taxon. During last several dozen years, numerous media 
have been elaborated for different plant groups or even spe-
cies. The most often used is that developed by Murashige 
and Skoog (MS) (1962) which is regarded as a universal 
medium for most herbaceous plants. As compared to other 
media, it has a high ion concentration, especially that of 
nitrogen, potassium, zinc and chlorine (Leifert et al. 1995). 
For woody plants, usually the more diluted media are used 
such as Woody Plant Medium (WPM) with lower concentra-
tions of nitrogen and potassium salts (Lloyd and McCown 
1980). These experiments proved that the WPM composition 
is suitable for shoot regeneration in D. mezereum ‘Alba’, 
especially in the long-term cultures. Shoots were intensively 

green, without any leaf discolorations and both stems and 
leaves were well formed. In turn, on MS, without growth 
regulators plantlets were dying, especially at the end of 
culture, probably due to senescence processes. Such a phe-
nomenon did not occur in plantlets on WPM, probably due 
to a lower content of macroelements resulting in a slower 
maturing and aging of explants.

The smallest numbers of new shoots were obtained from 
explants regenerating on control media without growth 
regulators (0). This could be expected as PGR control plant 
growth and development and their content in a multiplica-
tion medium is fundamental for an effective culture growth. 
Two basic groups of PGR are used in tissue cultures: auxins 
and cytokinins (Shahzad et al. 2017). Cytokinins are respon-
sible for stimulation of cell divisions, initiate bud growth 
and proliferation (Van Staden et al. 2008). The cytokinin 
commonly used in the phase of multiplication is benzy-
ladenine (BA) (Teixeira da Silva 2012). The percentage of 
daphne explant regeneration on media containing BA was 
100%. In fact, such good results were obtained in all the 
treatments, except in those on MS without growth regula-
tors. Similar results were reported by Eng et al. (2015) who 
were propagating Citrus hystrix and Rasheed (2013) on 
Cestrum nocturnum. Supplementing 1.5 mg·L−1 BA to one 
of the treatments increased the percentage of regenerating 
explants from 40% without cytokinin to 100%. Kulpa and 
Kubus (2010) studied the effect of MS and WPM media 
enriched with different cytokinins on shoot regeneration in 
Calycanthus fertilis. Shoot proliferation on WPM with BA 
was better than in the control medium without growth regu-
lator. Enrichment of the medium with 0.5 and 1 mg·L−1 BA 
resulted in the increased shoot number per explant. How-
ever, using 2.5 mg·L−1 BA did not improve regeneration and 
decreased shoot length. Similar tendency was observed in 
these experiments on February daphne. In most cases, the 

Table 5   The effect of gibberellin addition to MS and WPM medium

*Means in a column followed by the same letter do not differ significantly at p = 0.05
**The data at particular term should be considered separated

Type of medium Growth regulators 
added (mg·L−1)

Regeneration rate (%) No. of shoots Shoot length (cm)

After 3 weeks After 6 weeks After 3 weeks After 6 weeks After 3 weeks After 6 weeks

MS 0 93.2a* 88.4a** 1.4a 1.7a 0.71b 0.72a
1 GA3 100a 100a 1.6ab 1.6a 0.89cd 1.07cd
1 GA3 + 0.1 NAA 100a 100a 2.7c 2.9b 0.96de 1.29e
1 GA3 + 1 mT 100a 100a 2.9c 5.8e 1.04ef 1.68g
1 GA3 + 1 BA 100a 100a 1.9b 4.2c 0.75b 0.98c

WPM 0 100a 100a 1.4a 1.4a 0.75b 0.98c
1 GA3 100a 100a 1.5ab 1.6a 0.53a 0.74ab
1 GA3 + 0.1 NAA 100a 100a 5.1d 5.4de 1.08f 1.50f
1 GA3 + 1 mT 100a 100a 3.0c 4.9d 0.79bc 1.17de
1 GA3 + 1 BA 100a 100a 1.3a 4.2c 0.71b 0.71a
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too high cytokinin concentrations decreased regeneration, 
for example after 3 weeks of culture on MS supplemented 
with Zea or mT. Similarly, too high cytokinin concentra-
tion negatively affected shoot length: BA on WPM and 
mT on MS decreased shoot elongation. The similar results 
were obtained by Ahmad et al. (2013). After application 
of higher concentrations (10 or 20 μM) of the selected 
cytokines: 2iP and TDZ, during the regeneration of Cya-
mopsis tetragonoloba, obtained a less number of shoots and 
they were shorter compared to optimal concentrations.

Meta-Topolin is often used as BA replacement, because 
of the easier rooting of regenerants after its application 
(Werbrouck et al. 1996). Koszeghi et al. (2014) compared 
the effects of meta-Topolin and benzyladenine on regenera-
tion of Oicimum basilicum cultured on MS. Among five mT 
concentrations tested the range between 0.25 and 1 mg·L−1 
produced the highest shoot number and a further increase in 
concentration was ineffective. Similar results were obtained 
here with February daphne. After 6 weeks of culture, the 
highest shoot number was obtained on MS with 1 mg·L−1 
meta-Topolin where shoots were also the longest. On WPM, 
the best proliferation occurred in presence of 2 mg·L−1 mT.

Zeatin is another cytokinin often used in the stage of cul-
ture initiation though it also positively affects shoot regenera-
tion in the multiplication stage (Wang et al. 2002). Thomson 
and Deering (2011) used zeatin in concentrations between 
1.5 and 10 mg·L−1 while propagating hazelnut. Plantlets 
treated with the lowest zeatin concentration produced 0.2 
shoot per explant while with the increased cytokinin concen-
tration, this result reached the value of 1.0 and 1.1: the five-
fold increase in proliferation efficiency occurred due to the 
increased zeatin concentration—in the range from the lowest 
to the average. However, further doubling of the cytokinin 
content was inefficient. A similar tendency was seen in the 
present experiments where on MS medium supplemented 
with 1–3 mg·L−1 zeatin a gradual increase in shoot prolifera-
tion occurred, reaching 7 shoots per explant after 6 weeks 
of culture. Good proliferation was also observed on WPM 
where regardless of the zeatin concentration 6 shoots on the 
average were produced per explant. Hanus-Fajerska et al. 
(2012) studied micropropagation of three Daphne species. 
On MS medium supplemented with 1 mg·L−1 2-isopentylad-
enine and 0.1 mg·L−1 1-naphthalene acetic acid, only 1.5 and 
2.8 shoots per explant were produced in D. caucasica and 
D. jasminea, respectively. Here, in February daphne, shoot 
proliferation on explants cultured on comparable media was 
more abundant. Such a good result relative to other daphne 
species may be an indicator of a high regeneration potential 
of D. mezereum in vitro.

The successive experiments aimed to evaluate the effect 
of a joint supplementation of culture media with cytokinin, 
auxin and gibberellic acid.

Generally, benzyladenine is used during micropropaga-
tion of woody plants. It may be applied singly or together 
with NAA (Kobayashi et al. 2003; Costa et al. 2004; Zou 
et al. 2008). These two growth regulators have long been 
regarded as essential for plant growth and development. 
Cytokinins in high concentration with low contents of aux-
ins affect cell divisions and are responsible for the in vitro 
regeneration (Fatima et al. 2011). During multiplication 
stage NAA is added in low concentrations, together with 
a cytokinin. This principle was confirmed in these experi-
ments on February daphne. A positive effect was observed 
on MS medium supplemented with NAA and another growth 
regulator. During the first evaluation, the highest shoot num-
ber (6 per explant) was obtained on MS with NAA and BA 
and this combination was the best multiplication medium for 
D. mezereum ‘Alba’. A twofold increase in shoot number was 
observed on media where NAA was used jointly with BA 
or mT. A similar mutual enhancement of the effects exerted 
by growth regulators was reported by Yusuf et al. (2011) 
who studied the effects of benzylenine and 1-naphthalene 
acetic acid on regeneration in Chinese ginger (Boesenber-
gia rotunda). The best multiplication was obtained on the 
medium with 2 mg·L−1 BA and 0.5 mg·L−1 NAA while 
the higher auxin concentrations lowered shoot prolifera-
tion, probably due to inducing apical dominance. During 
shoot induction of Dianthus caryophyllus L. in in vitro cul-
ture, Lukatkin et al. (2017) showed that the combination of 
8.9 µM BA and 2.9 µM IAA improved the number of shoots/
explants obtained, their length and the number of internodes/
shoots.

Similarly as other PGR, gibberellins play an important 
role in plant development. For example during seed germina-
tion, shoot elongation, or inducing of flowering (Yamaguchi 
2008). Their ability to stimulate cell growth and elongation 
may be used to stimulate growth of microshoots of woody 
plants before the stage of rooting. Sometimes GA3 is added 
to a medium to stimulate callus development or to overcome 
dwarfness of microcuttings (Kumar et al. 2008). In Febru-
ary daphne, GA3 together with another PGR increased a 
mean shoot length as compared to control treatments (with-
out PGR). Using GA3 with meta-Topolin resulted in shoots 
1.2 cm long, i.e., longer than in the treatments where both 
growth regulators were used separately. A similar synergis-
tic effect of these growth regulators was observed by Hiti 
Bandaralage et al. (2015) in their studies on regeneration 
in Persea americana Mill. Somayeh et al. (2011) showed 
that in Rosa pulverulenta cultured on MS with BA in the 
concentration range 0–1.8 mg·L−1, addition of 1 mg·L−1 
of gibberellic acid resulted in the increased number and 
length of shoots. Here, the opposite tendency was observed. 
Both, on MS and WPM supplemented with 1 mg·L−1 of BA 
and GA3, the explants regenerated less shoots than in the 



204	 Rendiconti Lincei. Scienze Fisiche e Naturali (2019) 30:197–205

1 3

treatment with BA alone. Also, the shoot length measured 
after 6 weeks of culture was smaller on media with GA3.

5 � Conclusions

These experiments allowed evaluating the effects of type 
and concentrations of selected growth regulators on one of 
the micropropagation stages, i.e., multiplication. Double 
evaluation—after 3 and 6 weeks of culture—allowed for an 
exact verification of multiplication efficiency by measur-
ing the following parameters: rate of increase in percent-
age of regenerating explants, an average number of shoots 
per explant and shoot length attained during 6 weeks of 
culture. The best proliferation occurred on MS media sup-
plemented with BA and NAA but WPM enriched with mT 
gave shoots of better quality, i.e., more vividly colored. 
Synergistic action of auxins and cytokinins and gibberellic 
acid was evident: a joint application of different PGR gave 
better results than when the growth regulators were used 
singly. Such good results in the multiplication stage of D. 
mezereum ‘Alba’ may indicate a high regeneration potential 
of this species in tissue cultures. More studies are needed 
to develop a complete protocol of micropropagation of this 
valuable species which cannot be propagated effectively by 
conventional methods.
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