
Abstract: Tulip propagation in vitro from vegeta-
tive bud explants. In this study, authors attempted 
to regenerate tulip plants through organogenesis 
from vegetative bud explants – isolated from un-
chilled bulbs. For this purpose, apical buds were 
excised from bulbs in the vegetative stage in July, 
and axillary buds were excised from bulbs in the 
generative stage in September. Before the isola-
tion of the buds in July, half of the bulbs were 
subjected to a preparatory treatment at 34°C for 
one week, while the remaining bulbs were kept at 
20°C. The buds were cultured on a full-strength 
MS medium containing: 5 M -naphthaleneace-
tic acid (NAA) and 5 M thidiazuron (TDZ). To 
obtain adventitious bud regeneration, the shoots 
developed from the apical and axillary buds were 
then cut into slices of a thickness of 2–3 mm and 
subcultured on the same medium for 12 weeks at 
20°C. The cultures were also chilled at 5°C for 
another 12 weeks. Some of the apical and axillary 
shoot explants incubated at 20°C were exposed 
to gibberelin (2.89 M GA3). Regardless of the 
bulb-treatment temperature, the  rst adventitious 
shoot-regeneration was signi  cantly more ef  -
cient in the case of the apical buds (isolated in 
July) compared with the axillary buds (excised 
in September) – even though only 23.4–26.4% 
of the explants formed shoots. Following the 
treatment at 5°C, the maximum percentage of ex-
plants forming adventitious shoots was 38.8% for 
the apical buds, which had  rst been treated at 
20°C and then at 5°C. 

Key words: Tulipa, organogenesis, buds, TDZ, 
NAA

INTRODUCTION

The tulip is an important worldwide cut 
 ower and bedding plant [Taghi et al., 

2007]. It is commercially propagated 
through asexual reproduction by using 
bulbs, but the ef  ciency of this process 
is low [Le Nard and De Hertogh, 1993]. 
Research using in vitro methods to in-
vestigate ef  cient multiplication rates in 
the tulip has been in progress for many 
years. Unfortunately, the laboratory tech-
niques employed in its propagation con-
tinue to produce low yields [Wilmink et 
al., 1995, Podwyszy ska and Marasek, 
2003, Ptak and Bach, 2007, Ma lanka 
and Bach, 2010].

Organogenesis is a type of plant re-
generation that can be used in clonal 
propagation. In bulbous plants this mi-
cropropagation method results in the 
formation of adventitious shoots or 
bulbs [Hulscher et al., 1992, Wilmink 
et al., 1995, Podwyszy ska and Mar-
asek, 2003, Ghaffor et al., 2004]. The 
organs are formed directly on explants 
or indirectly via callus tissue [Taghi et 
al., 2007, Liu and Yang, 2012]. Among 
geophytes, organogenesis can occur on 
various explants, including on buds [Sen 
and Sen, 1995, Arumugan and Gopi-
nath, 2012, Ghaffor et al., 2004]. In vitro 
cultures of the tulip have been initiated 

Annals of Warsaw University of Life Sciences – SGGW
Horticulture and Landscape Architecture No 34, 2013: 21–26
(Ann. Warsaw Univ. Life Sci. – SGGW, Horticult. Landsc. Architect. 34, 2013)

Tulip propagation in vitro from vegetative bud explants
MA GORZATA MA LANKA*, ANNA BACH
Department of Ornamental Plants, University of Agriculture in Kraków

                                   
* tel. +4812 662 52 49, fax +4812 662 52 66,
e-mail: m.maslanka@ogr.ur.krakow.pl



22    M. Ma lanka, A. Bach

mainly from chilled bulbs; though some 
experiments have used non-chilled plant 
material [Ptak and Bach, 2007]. Cyto-
kinins, which are known to affect cell 
division and cell differentiation [Mok 
and Mok, 2001], are necessary to induce 
organogenesis. Thidiazuron, which is 
a cytokinin-like substance [Mok et al., 
1982, Chin-Yi, 1993], is a highly effec-
tive growth regulator in tissue cultures 
[Murthy et al., 1998]. To induce organo-
genesis, culture media are also supple-
mented with auxins. In presented study, 
authors attempted to regenerate tulip 
plants through organogenesis from veg-
etative bud explants (apical and axillary 
buds), isolated from non-chilled bulbs.

MATERIAL AND METHODS

The experiments were conducted with 
the tulip cultivar ‘Apeldoorn’. The start-
ing material for the initiation of cultures 
came from vegetative buds. For this 
purpose, buds were excised from bulbs 
in the vegetative stage in July and from 
bulbs in the generative stage in Septem-
ber. The buds isolated in July were api-
cal and those in September were axillary. 
Axillary vegetative buds were collected 
in September because apical vegetative 
buds differentiated into generative buds 
during the summer. Before the isolation 
of buds in July, half of the bulbs were 
subjected to a preparatory treatment at 
34°C for one week, while the remain-
ing bulbs were kept at 20°C. The excised 
buds were laid out in Petri dishes on a full 
strength MS medium [Murashige and 
Skoog, 1962] containing: 5 M NAA, 
5 M TDZ, 3% saccharose (pH 5.8), 
solidi  ed with a Biocorp gelling agent 

(0.5%). Regeneration took place in the 
dark at 20 C. After 12 weeks of culture 
the development of single shoots (api-
cal, axillary) was evaluated in terms of 
the percentage of explants developing 
shoots, and the length of the shoots.

The apical and axillary shoots thus 
obtained were subsequently cut into 
slices of a thickness of 2–3 mm and 
– to allow the formation of adventitious 
shoots – placed on the same medium as 
the apical and axillary shoot explants. 
After 12 weeks, the shoot explants were 
subcultured on a medium containing
5 M NAA and 5 M TDZ (control) or 
5 M NAA, 5 M TDZ and 2.89 M 
GA3, for a further 12 weeks. Some of the 
shoot explants in the control group were 
also chilled for 12 weeks at 5 C. During 
the experiment, an assessment was made 
of the degree of formation of adventi-
tious shoots and of the number of shoots 
per replication. 

The experiment was performed in 
 ve replications with  ve explants each. 

The results were subjected to an analysis 
of variance. With the aid of the Statis-
tica 9 software package, the mean val-
ues were compared using Tukey test at 
a con  dence level of  = 0.05. 

RESULTS AND DISCUSSION

Harvested tulip bulbs are usually stored 
at 20 C. In horticultural practice, bulbs 
are often prepared, that is, treated at 
34 C for one week to control  ower-
ing. Subsequently, the tulip bulbs need 
to be chilled for about 12 weeks at 5 C 
in the autumn [Le Nard and De Her-
togh, 1993]. 
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In presented experiment, all of the 
bud explants had begun to swell and en-
large their diameter within a few days 
of the initiation of the culture – after 
which the buds developed into apical 
and axillary shoots. The percentage of 
the bud explants developing shoots was 
within the range 94–100% (Table 1). It 
was found that, when applied to the tulip 
bulbs in the vegetative stage of the tu-
lip, a temperature of 34°C enhanced the 
development of the shoots. The highest 
shoot-length, 27.4 mm, was observed in 
the apical buds (isolated in July), fol-
lowing treatment at 34°C. These shoots 
were signi  cantly longer than the shoots 
derived from the other apical and axillary 
buds (isolated in September). According 
to Le Nard and De Hertogh [1993], pre-
paratory treatment at 34°C has a positive 
in  uence on leaf primordia forming in-
side the bulbs.

TABLE 1. The effect of the treatment tempera-
ture of tulip bulbs and the time of bud isolation on 
apical and axillary shoot development
Time 
of bud 
isolation

Treatment 
temperatu-

re (°C)

Explants 
developing 
shoots (%)

Length 
of shoots 

(mm)

July
34 100.0 b* 27.4 c
20 97.0 ab 19.2 b

September 20 94.0 a 5.6 a
* Means marked with the same letter within col-
umns do not differ signi  cantly at the signi  cance 
level of = 0.05.

The apical and axillary shoot explants, 
which were incubated on the same me-
dium, had formed adventitious shoots 
within four weeks of culture. At the end 
of culture, the maximum percentage of 
explants forming adventitious shoots 
was 26.4% (Table 2). Irrespective of the 

treatment temperature, the apical shoot 
explants proved to be more ef  cient 
(2.2–2.8 shoots) than the axillary shoot 
explants (0.3 shoots). Callus tissue had 
appeared on the surface of some axillary 
shoot explants (17.2%) derived from 
the buds isolated in September. Having 
been separated and laid out on the initial 
medium, the callus hardly proliferated, 
forming only single adventitious shoots 
(data not shown). 

The type of growth regulators and 
their concentration are responsible for 
the morphogenetic response of explants 
[Gaspar et al., 2003]. Although it is 
completely different from them chemi-
cally, TDZ can serve as a substitute for 
cytokinins, and even auxins [Singh et 
al., 2003, Guo et al., 2011]. It has also 
been found to increase the regeneration 
potential of the tulip [Podwyszy ska 
and Rojek, 2000, Podwyszy ska and 
Marasek, 2003] and of the garlic [My-
ers and Simon, 1999], and to be more 
ef  cient than BAP in the organogenesis 
of the gloriosa lily [Kozak, 2006]. NAA, 
meanwhile, has had a positive impact on 

TABLE 2. The post-treatment effect of the tem-
perature treatment and time of bud isolation on 
adventitious shoot formation from apical and ax-
illary shoot explants 

Time 
of bud 
isolation

Treatment 
tempera-
ture (°C)

Explants 
forming 

adventitio-
us shoots 

(%)

Number 
of adven-

titious 
shoots 
(pcs)

July
34 23.4 b* 2.8 b
20 26.4 b 2.2 b

September 20 4.5 a 0.3 a
* Means marked with the same letter within col-
umns do not differ signi  cantly at the signi  cance 
level = 0.05.
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the formation of shoots from the bud ex-
plants of tulip [Ghaffor et al., 2004] and 
has been used as a supplement in an op-
timum regeneration medium for axillary 
bud explants of Dianthus and Vanilla 
[Miller et al., 1991, George and Ravis-
hankar, 1997]. Finally, shoot multipli-
cation has been obtained in the gloriosa 
lily under the joint in  uence of NAA and 
BAP [Sayeed Hassan and Roy, 2005].

In presented study, as in other experi-
ments [Miller et al., 1991, Wilmink et al., 
1995], adventitious shoots appeared on 
the explants through direct organogene-
sis, although shoot differentiation via the 
callus tissue phase has also been observed 
[Arumugan and Gopinath, 2012].

Due to the low ef  ciency of the for-
mation of adventitious shoots, the apical 
and axillary shoot explants were chilled 
at 5 C or treated with 2.89 M GA3. 
Chilling is required for proper growth 
and  owering in tulips [Rietveld et al.,  
2000] and GA3 can be used as a partial 
substitute for cold treatment [Le Nard 
and De Hertogh, 1993].

Regardless of the temperature treat-
ment beforehand, the results obtained 
did not reveal any signi  cant in  uence 

on the formation of adventitious shoots 
between the control group, GA3 treat-
ment and chilling (Table 3). The time of 
bud isolation was found to be relevant 
only in the case of chilled apical and ax-
illary shoot explants. In this case 31.4% 
and 38.8% (treatment temperatures of 
34 C and 20 C respectively) of the api-
cal shoot explants formed adventitious 
shoots and 5.7% of the axillary shoot 

explants did the same. Similar obser-
vations were made with regard to the 
number of adventitious shoots. The larg-
est numbers of these (3.6 and 3.9) ap-
peared following chilling of apical shoot 
explants. Meanwhile, a signi  cantly 
lower result of 0.4 adventitious shoots 
was obtained following the chilling of 
axillary shoot explants. 

CONCLUSIONS

The results indicated that the time of bud 
isolation had a signi  cant in  uence on 
the development of both apical and axil-
lary buds, as well as on the formation of 
the  rst adventitious shoots. The lowest 
number of adventitious shoots (0.3) ap-
peared in the case of axillary shoot ex-
plants and the highest (2.2 and 2.8) in 

TABLE 3. The effect of GA3 and chilling on adventitious shoot formation from apical and 
axillary shoot explants, depending on the temperature of the prior treatment and the time of 
bud isolation
Time of 
bud isola-
tion

Treatment 
tempera-
ture (°C)

Explants forming adventitious shoots 
(%)

Number of adventitious shoots
(pcs)

Control GA3 Chilling Control GA3 Chilling

July
34 35.1 b* 28.2 ab 31.4 b 2.9 ab 2.7 ab 3.9 b
20 27.5 ab 20.0 ab 38.8 b 2.9 ab 2.4 ab 3.6 b

September 20 17.7 ab 14.6 ab   5.7 a 1.2 ab 1.0 ab 0.4 a
* Means marked with the same letter within columns and rows do not differ signi  cantly at the signi  -
cance level = 0.05.
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apical shoot explants. After subjecting 
the shoot explants to chilling, the dif-
ferences between the results for origins 
of the buds were also very distinct: the 
number of adventitious shoots obtained 
from the axillary shoot explants (0.4) 
was almost ten times lower when com-
pared with that of the apical shoot ex-
plants (3.6 and 3.9). The application of 
GA3 did not produce signi  cant effects 
on shoot formation. Presented results 
demonstrate that there remains a need 
for further investigation of the culture 
conditions that will best enhance tulip 
proliferation and shoot formation.
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Streszczenie: Rozmna anie tulipana in vitro z p -
ków wegetatywnych. W niniejszej pracy opisano 
prób  mikrorozmna ania tulipana drog  organo-
genezy z p ków wegetatywnych, wyizolowanych 
z niech odzonych cebul. W tym celu pobierano 
p ki wierzcho kowe w lipcu – z cebul w fazie we-
getatywnej, oraz p ki boczne we wrze niu – z ce-
bul w fazie generatywnej. Przed izolacj  p ków 
w lipcu, po ow  cebul poddano zabiegowi prepa-
rowania – dzia aniu temperatury 34°C przez jeden 
tydzie . Pozosta e cebule przechowywane by y 
w 20°C. P ki wy o ono do szalek Petriego na po-
ywki MS zawieraj ce 5 M NAA i 5 M TDZ. 

W celu regeneracji p ków przybyszowych, otrzy-
mane z p ków wierzcho kowych i bocznych p dy 
zosta y poci te na 2–3-milimetrowe  fragmenty 
i wy o one na t  sam  po ywk , na 12 tygodni 
w 20°C. Kultury by y tak e poddane ch odzeniu 
przez kolejne 12 tygodni. Cz  wierzcho kowych 
i bocznych eksplantatów p dowych z 20°C pod-
dano dzia aniu gibereliny (2.89 M GA3). Nieza-
le nie od dzia aj cej na cebule temperatury, istot-
nie wi cej p dów przybyszowych formowa y p ki 
wierzcho kowe izolowane w lipcu, w porównaniu 
z p kami bocznymi, izolowanymi we wrze niu, 
chocia  obserwowano je tylko u 23,4–26,4% 
eksplantatów. Po zastosowaniu 5°C, maksy-
malny procent eksplantatów formuj cych p dy 
przybyszowe wyniós  38,8% p ków wierzcho -
kowych, poddanych najpierw dzia aniu 20°C, 
a nast pnie 5°C.


