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ABSTRACT

The effects of TDZ and paclobutrazol on the primary regeneration on tulip flower stalk explants of six culti-
vars and subsequent shoot multiplication were examined. Explants, flower stalk slices, were excised from cooled
and subsequently forced bulbs. The explants were incubated for two months in darkness on medium containing
NAA and cytokinins, 2iP and BAP, as control, or TDZ (0.5-4 mg I'!) and paclobutrazol (0.05-0.4 mg 1'!). Then,
the regenerating explants were subcultured on medium with TDZ and NAA applied at low concentrations. Diffe-
rent regeneration capabilities were found depending on cultivar and growth regulators. The percentage of explants
forming leaf-like structures ranged, on the control medium, from 80% in ‘Blue Parrot’ and ‘Prominence’ to below
30% in ‘Apeldoorn’ and ‘Mirjoran’. TDZ, applied at optimum for each cultivar concentration, greatly increased
the regeneration potential up to 70-100%. Paclobutrazol, added to the TDZ-containing medium, significantly
enhanced the response of explants, resulting in high numbers of leaf-like structures formed per explant (13.7-
-22.8). The structures developed gradually into characteristic forms: the growing up cotyledonary leaf, the proba-
ble root primordium formed at its base, the growing downwards stolon and the shoot meristem developed finely
on its tip. It is suggested that such primary regeneration may have a nature of somatic embryogenesis. Then, the
adventitious shoots developed and formed clusters, which were divided into 2-3 smaller ones every two months.
The growth regulators, used at initial stage, markedly influenced subsequent shoot multiplication. Thus, the most
intensive shoot formation was noted with TDZ at concentrations of 0.5-2 mg 1! and paclobutrazol of 0.05-0.1 mg 11
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bryogenesis.

INTRODUCTION

The natural rate of a tulip vegetative propagation is in-
sufficient for modern breeding. It takes about 25 years
from the crossing to the commercial release of a new tulip
cultivar. Traditional breeding has been the most important
method hitherto, however it is a lengthy process. Breeding
works can be intensified by the use of in vitro techniques.
Therefore, several studies on tulip regeneration, multiplica-
tion and selection have been undertaken. Development of

Abbreviations:

BAP — 6-benzylaminopurine, kinetin — 6-furfurylaminopurine, 2iP — 6-
-(v,y-dimethylallylamino)purine, NAA — a-naphthaleneacetic acid, TDZ
— N-phenyl-N’-1,2,3-thiadiazol-5-ylurea (thidiazuron), paclobutrazol —
(2-RS, 3-RS)-1-(4-chlorophenyl)-4,4-dimethyl-2-(1,2,4-triazol-1-yl)-pen-
tan-3-ol, flurprimidol — o-(1-methylethyl-[c-4-(trifluromethyloxy) phe-
nyl]-5-pyrimidinemethanol

shoots and bulbs from axillary buds isolated from tulip
bulbs was studied by Riviére and Muller (1976). However,
axillary buds revealed generally a low multiplication po-
tential (Hulscher et al. 1992). The direct formation of ad-
ventitious bulbs on tulip scales in vitro under the influence
of 2,4-D and kinetin was noted by Nishiuchi (1979, 1980).
Induction of buds on scale explants was also observed by
Rivieére and Muller (1979). However, positive effects for
scale explants were noted only in some genotypes. A rela-
tively high regeneration potential was found in the nodal
segments of flower stalks (isolated from bulbs stored at
17°C) incubated in light (16 photoperiod) in the presence
of NAA and BAP, both at the concentration of 1 mg I-!. Si-
gnificant progress in formation of the characteristic for tu-
lip leaf-like structures on flower stalk nodal segments was
achieved by Le Nard et al. (1987) who obtained a high per-
centage of regenerating explants (60-90%), due to their in-
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cubation in darkness and addition of 2iP (3-5 mg I'!) to the
medium containing NAA and BAP. The regeneration capa-
city of flower stalk explants has been influenced by several
factors. Among them, the physiological status of flower
stalk and explant position, with nodal segment possessing
the highest regeneration potential, have been considered as
the most important (Le Nard et al. 1987; Baker et al. 1990;
Alderson and Taeb 1990). Thus, the highest regeneration
capacity was found in immature and short floral stems iso-
lated in November or December from bulbs stored at
17°C rather then in higher temperatures of 20-23°C. On the
other hand, the potential for regeneration was also noted in
flower stalks isolated from bulbs subjected to the normal
cold treatment used for forcing (Hulscher et al. 1992). But
it was generally lower than that noted in explants derived
from non-cooled bulbs. Replacement of the most common-
ly used cytokinins (BAP and 2iP) with zeatin (I mg I'!)
enhanced regeneration capacity (Hulscher et al. 1992; Ku-
ijpers and Langens-Gerrits 1997). Moreover, the latter au-
thors found that application of methyljasmonate or paclo-
butrazol during the initial stage improved meristem forma-
tion in regenerants. The presence of such meristem at the
base of a leaf-like structure was found as a prerequisite for
further bulb formation, the process conditioning efficiency
of an in vitro tulip propagation (Hulscher et al. 1992; Taeb
and Alderson 1990; Podwyszyfiska and Ross 2003). Signi-
ficant progress in primary regeneration on flower stalk
explants was obtained in our preliminary study (Podwy-
szynska et al. 1997; Podwyszynska and Rojek 2000) by ap-
plication of thidiazuron instead of BAP and 2iP. That re-
sulted in nearly 100% of flower stalk slices forming more
than 10 leaf-like structures during 2-3 months. If TDZ or
NAA were applied separately, the development of embryo-
like structures was sporadic. The effect of light quality and
darkness on tulip primary regeneration was also studied
(Podwyszynska and Rojek 2000). Both red and white lights
strongly inhibited the initial formation of callus and leaf-li-
ke structures. These studies also showed that after primary
regeneration the adventitious shoots developed at the base
of leaf-like structures, called also embryo-like structures,
when transferred to a medium containing a lower level of
growth regulators. Furthermore, the study on factors influ-
encing multiplication showed that most intensive adventi-
tious shoot formation and growth was generally noted in
the presence of fructose and/or glucose, under white light,
whereas red light reduced shoot multiplication by 30%
(Podwyszynska and Rojek 2000; Podwyszynska 2001).
TDZ combined with 2,4-D was also used successfully in
the culture of tulip embryogenic callus (Podwyszynska et
al. 2001).

In our preliminary study, the effects of TDZ (0.5, 2.5 and
10 mg 1'") and growth retardants, paclobutrazol and flurpri-
midol (0.1 and 1 mg I'!), used at few extreme concentra-
tions were tested (Podwyszynska et. al 1997). The results
show that paclobutrazol combined with 2iP and BAP or
TDZ stimulated regeneration only in the case of some cul-
tivars, flurprimidol, however, caused generally deforma-
tion of the structures. In the present study, the effects of
TDZ and paclobutrazol used at a narrower spectrum of
concentrations on a primary regeneration in tulip flower
stalk explants and subsequently in an adventitious shoot
multiplication were examined. Morphological and histolo-
gical observations were also performed.

Podwyszynska M. et al.

MATERIALS AND METHODS

The experiments were performed with six tulip (Tulipa
gesneriana L.) cultivars: ‘Apeldoorn’, ‘Blenda’, ‘Blue Par-
rot’, ‘Lustige Witwe’, ‘Mirjoran’ and ‘Prominence’. Initial
explants — flower stalk slices were isolated from bulbs coo-
led at 5°C from September for 16 weeks and then forced in
darkness at 10°C until the obtainment of the 2-5 cm long
flower stalks (7-10 days). Bulbs were surface-disinfected
with 3% Chloramine T and 0.1% HgCl, and rinsed in steri-
le water. The 15-20 initial explants — stalk slices at a thick-
ness of 2 mm were cut from the middle part of stalk, the 2-
4 mm basal and upper (proximal) stalk fragments were re-
moved. The explants were placed on the medium contai-
ning Murashige and Skoog (1962) macro- and microele-
ments and Nishiuchi (1979) organic components, solidified
with 0.7% Agar-Agar (Sigma-Aldrich, Co. Poland) and
supplemented with NAA at concentration of 1 mg I'! and
cytokinins, 5 mg I'! 2iP and 1 mgl! BAP, as the control or
TDZ and growth retardant, paclobutrazol, applied at diffe-
rent concentrations. All treatments contained five replica-
tions, each consisting of 3-6 initial explants placed in a 100
ml Erlenmeyer flask containing 25 ml of a medium.
Explants were incubated in darkness for 10 weeks. Then
the percentage of the explants regenerating leaf-like-struc-
tures and the number of such structures per explant were
noted. Subsequently, all regenerating explants were trans-
ferred on a medium supplemented with TDZ and NAA,
both at 0.1 mg I'! and cultured at a temperature of
23°C under 16-h photoperiod provided by warm, white flu-
orescent light (Philips TLD 36W/95; photosynthetic pho-
ton flux density of 40 pmol m=2s!). In such conditions the
developing adventitious shoots formed clusters, which we-
re divided into smaller ones and subcultured onto the fresh
medium every two months. The after effect of the growth
regulators, used in the initial stage, on shoot multiplication
was evaluated 8 months later (after four the two-month-
subcultures). The total numbers of adventitious shoots ob-
tained from one flower stalk (one bulb) in each primary
treatment were counted.

For histological analyses, the regenerating structures we-
re fixed in CrAF for 48 h, dehydrated through alcohol se-
ries, embedded in paraffin and sectioned to 15 pm on a ro-
tary microtome, stained with safranine — fast green, moun-
ted in Canada balsam and examined by conventional light
microscopy.

Data concerning the numbers of leaf-like structures were
subjected to analysis of variance and the means compared
by Duncan’s test at P<0.05. The standard errors of the dif-
ference of the mean (SE) from each analysis are presented
in Table 1 and 2.

RESULTS AND DISCUSSION

Different regeneration capability was found, depending
on the tulip cultivar and applied growth regulators. On the
control medium containing 2iP and BAP, the highest rege-
neration potential was found for ‘Blue Parrot’ and ‘Promi-
nence’ (over 80% of stalk explants produced leaf-like
structures), then ‘Lustige Witwe’ and ‘Blenda’ (over 60%),
‘Mirjoran’ (28.6%), the poorest one was noted for ‘Apel-
doorn’ (14.3%) (Table 1). The results showed that applica-
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TABLE 1. Effect of TDZ on regeneration of leaf-like structures on the flower stalk explants of tulip. Control medium contained 5 mg 1'! of 2iP and 1 mg 1!

of BAP, all of the media contained 1 mg I'' NAA.

Growth Cultivar
regulators -
(mg 1) Apeldoorn Blenda Blue Parrot Luﬁhge Mirjoran Prominence
Witwe

% regenerating explants
Control 14.3 60.0 86.7 66.7 28.6 83.3
TDZ 0.5 93.3 333 73.7 100.0 75.0 100.0
TDZ 1 100.0 14.3 73.7 92.9 734 100.0
TDZ 2 87.5 93.3 60.0 100.0 71.4 100.0
TDZ 4 93.8 66.7 93.3 93.3 71.4 100.0

No. of leaf-like structures per initial explant

Control 00a 2.7b 43a 05a 04 a 11.1a
TDZ 0.5 0.9 ab 1.3 ab 35a 4.5bc 2.8 ab 17.6 b
TDZ 1 24b 02a 39a 5.1bc 50b 18.2b
TDZ 2 24b 7.0c¢ 2.6a 74c 49b 17.9b
TDZ 4 30b 56¢c 55a 35b 3.0ab 14.6 ab
SE 0.996 1.074 1.326 1.400 1.708 2.501

Means for each cultivar marked with the same letter do not differ significantly (P<0.05; Duncan’s multiple range test).

TABLE 2. Effect of paclobutrazol added to the media containing 1 mg I'' NAA and 1 mg 1! TDZ (control) on regeneration of leaf-like structures on the

flower stalk explants of tulip.

Cultivar
Paclobutrazol
(mg 1) »
Apeldoorn Blenda Blue Parrot Lu.btlge Mirjoran Prominence
Witwe

% regenerating explants
0.0 100.0 93.3 100.0 100.0 73.4 83.3
0.05 100.0 65.0 100.0 93.3 86.7 100.0
0.1 100.0 80.0 93.3 93.3 100.0 100.0
0.2 100.0 90.0 78.6 86.7 100.0 100.0
0.4 100.0 75.0 100.0 100.0 100.0 100.0

No. of leaf-like structures per initial explant

0.0 1.2a 8.5 ab 7.0a 2.8a 53a 16.1 a
0.05 1.3a 8.5 ab 14.1b 34a 8.8 a-c 174 a
0.1 1.5a 6.1a 12.8 ab 45a 13.1¢ 19.1a
0.2 3.8a 13.7b 10.3 ab 8.1 ab 12.1¢ 22.8a
0.4 1.8 a 73 a 11.6 ab 155b 6.3 ab 199a
SE 1.145 2.410 2.558 2.400 2.745 2.985

Means for each cultivar marked with the same letter do not differ significantly (P<0.05; Duncan’s multiple range test).

tion of TDZ greatly increased the regeneration potential of
the flower-stalk slices (Table 1). The percentage of
explants forming leaf-like structures increased, as early as
at 0.5 mg I'' of TDZ concentration, up to 75% in ‘Mirjo-
ran’, 93.3% in ‘Apeldoorn’ and 100% in ‘Lustige Witwe’
and ‘Prominence’. When TDZ was applied at concentra-
tion of 0.5-2 mg I'!, also a considerably higher number of
leaf-like structures per explant were noted, as compared
with the control. Such effects were observed in all the stu-
died cultivars except for ‘Blue Parrot’. In this cultivar TDZ
did not increase significantly the number of leaf-like struc-
tures per initial explant as compared with the control treat-
ment. It is worthy of notice, that the regeneration of leaf-
-like structures, in all cultivars, was observed not only on
the nodal segments, on which they were generally more
numerous, but also on the inter-nodal fragments (data not
presented). Such results correspond well with numerous

data showing that TDZ, the diphenylurea derivative, indu-
ces cytokinin-like effects much more stronger than amino
purine cytokinins (Huetteman and Preece 1993). The con-
centrations, at which TDZ is most effective are 10 to 1000
times lower than those of other plant growth regulators.
Such high cytokinin activity has been attributed to the ac-
cumulation and/or synthesis of purine cytokinins (Thomas,
Katterman, 1986; Hutchinson and Saxena 1996). This po-
werful agent has been often used for the in vitro establish-
ment and multiplication of difficult to propagate species,
significantly enhancing the formation of callus, adventitio-
us shoots and/or embryos (Huetteman and Preece 1993;
Hutchinson and Saxena 1996).

Our results showed that paclobutrazol strongly enhanced
the morphogenic effect of TDZ (Table 2, Fig. 1). Depen-
ding on the paclobutrazol concentrations and cultivars, the
highest numbers of leaf-like structures ranged from 13.7 in
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‘Blenda’ to 22.8 in ‘Prominence’, with an exception of
‘Apeldoorn’. In this cultivar, 3.8 leaf-like structures were
noted in the best case. The most regular structures were fo-
und at lower paclobutrazol concentrations (0.05-0.1 mg I
1. Such structures were also shorter, 2-20 mm in length,
whereas in the absence of growth retardant they were lon-
ger (20-80 mm). Paclobutrazol (a triazole derivate) reduces
gibberellins’ level by inhibiting kaurene oxidation in gib-
berellin biosynthesis (Rademacher 1991). Werbrouck and
Debergh (1997) showed that paclobutrazol boosted the
shoot inducing effect of cytokinin, BAP, in Spathiphyllum
sp. multiplied in vitro. Paclobutrazol, like other growth re-
tardants, ancymidol or flurprimidol, combined with cytoki-
nins induced strong shoot proliferation (Ziv 1990; Podwy-
szynska et al. 1998). Such effect of intensification of cyto-
kinin activity can result from the fact that growth retar-
dants increase the contents of endogenous cytokinins (Ra-
demacher 2000).

It is worth noting, that at higher concentrations of TDZ
(2-4 mg I'!) and paclobutrazol (0.2-0.4 mg I'!), fasciated le-
af-like structures occurred (Fig. 2e). That is a relatively
common phenomenon associated with a too high concen-
tration of TDZ or its long-term use (Huetteman and Preece
1993). But shoot fasciation is usually considered as a trans-
ient trait.

In our study, after primary regeneration in darkness, the
explants with developing leaf-like structures were placed in
light on the fresh medium containing a lower level of TDZ
and NAA. The regenerating structures developed gradually

Podwyszynska M. et al.

Fig. 1. Regeneration of leaf-like structures on flower stalk explants of
the five tulip cultivars (from the top: ‘Blue Parrot’, ‘Mirjoran’,
‘Lustige Witwe’, ‘Blenda’ and ‘Prominence’) after 10 weeks on the
induction medium containing (from the left): (mg I'') 5 2iP + 1 BAP +
NAA (control), 1 TDZ + 1 NAA + paclobutrazol: 0, 0.05, 0.1, 0.2, 0.4.

into characteristic forms (Fig. 2, 3). That can be regarded
as a four-step process: 1) development of the growing up
cotyledonary leaf; 2) then, formation of a probable root pri-
mordium at the base of cotyledonary leaf, as an axis, oppo-
site to the initial explant (these two steps proceeded during
the first two months in darkness); 3) and finally, the deve-
lopment of the very short or longer stolon growing down-
wards to the medium; 4) followed by the shoot meristem
development on its tip (stolons and shoot buds developed
in 3" and 4™ month of initial culture). Histological analysis
showed that leaf-like structures dedifferentiated from the
epidermal layers of stalk explants and did not show a clear
vascular connection between the regenerants and maternal
tissue. The further development of a primary root was never
observed in any combination. The apical meristem develo-
ped, depending on the combination of growth regulators, in
the empty cavity at the base of leaf-like structure (Fig. 3c)
or inside of the stolon (in the presence of BAP and 2iP or
TDZ at low concentration) or outside of it (usually in the
presence of paclobutrazol) (Fig. 3d). Sometimes, especially
at higher levels of TDZ or paclobutrazol, more stolons de-
veloped simultaneously at the base of one leaf-like structu-
re (Fig. 2e) and/or more buds formed on the stolon apex
(Fig. 2d). It is worth pointing that the formation of regular
structures, consisting of cotyledonary leaf and stolon, was
similar to the development of tulip seedling, except of the
radicle development. It can indicate that structures obse-
rved in our study could be in fact the somatic embryos,
which, however, develop under culture conditions unlike
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Fig. 2. Structures, similar to somatic embryos (poorly connected with maternal tissue) developing characteristic forms: growing upwards colyledonary leaf
with clear basal parts often forming stolon, on its extremity developing shoots, next to the shoot bud the place of presumable undeveloped radical: a, b)
‘Prominence’ and c, d) ‘Blue Parrot’ after transfer from induction medium containing TDZ and NAA, both at 1 mg I'! and subsequent 8-week exposure to
TDZ and NAA at low concentration (0.1 mg 1'); e) deformed structure of ‘Apeldoorn’ with fasciated cotyledonary leaves and stolons developed on induc-

tion medium under influence of supra-optimal level of TDZ, 4 mg 1!,

the seedlings. Niimi (1978, 1980) reported that in tulip seeds
naturally dispersed from the capsule, the embryo is imma-
ture because the vegetative apex is not fully developed.
The low temperature treatment is required both to break
dormancy of embryo and for further embryo development
(apical bud formation). The author found, in the study on
the tulip seed germination in vitro, that radicle emerged 40
days after chilling at 4°C and a vegetative apex began to
form 70 days after low temperature treatment. Moreover,
the embryo of a not chilled seed had the typical construc-

tion: one of the cotyledonary procambial strands was direc-
ted to hypocotyle and the other was merged with vegetati-
ve apex. A similar arrangement of vascular tissue was ob-
served in our study (Fig. 3b, c¢). Another observations of
the in vitro germination of young tulip zygotic embryo, ba-
sed on thermoperiodicity, showed that such embryos deve-
loped in vitro similarly to those growing in nature (Custers
et al. 1992). Thus, during germination at low temperature
(5°C) given for 12 weeks, the embryo developed first the
cotyledon which grew upward and then bent down to the
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Fig 3. Histological analysis of the structures regenerated directly on the flower stalk explants: a) ‘Prominence’, structures at early stage of development
after 8 weeks on medium containing (mg 1'') 5 2iP + 1 BAP + 1 NAA, epidermal cells (E), procambium (P), meristematic cells with well visible nuclei
(M), bar = 50 pm; b, c, d) structures without vascular connection with maternal tissue revealing characteristic forms — cotyledonary leaf (C), shoot meris-
tem (S) and root apex (R) with visible vascular tissue (V) showing a typical arrangement — one strand is directed to the hypocotyle and the second one the
shoot meristem; b) ‘Prominence’, after 8 weeks on medium with 1 TDZ + 1 NAA + 1 paclobutrazol, bar = 50 pm; c¢) ‘Prominence’, after 12 weeks on
medium with 1 TDZ and 1 NAA, bar = 167 ym; d) ‘Blenda’, after 12 weeks on medium with 5 2iP + 1 BAP + 1 NAA + 0.1 paclobutrazol, bar = 167 pm.
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Fig. 4. Micropropagation stages of tulip: a) direct regeneration of leaf-like structures similar to somatic embryos, on flower stalk explants 10 weeks after
exposure to induction medium; b) subsequent development of leaf-like structures 8 weeks after transfer onto multiplication medium; c) stabilized shoot
cultures during multiplication stage; d) bulb formation in vitro on sucrose reach medium at 23°C in light, 8 weeks after bulb induction treatment (chilling

at 4°C for 12 weeks).

medium. Subsequently, two organs occurred, the root and
the stolon growing downward into the medium, followed
by the bulblet development at its tip after transfer to a su-
crose reach medium and temperature rise to 12-15°C. The
authors noted that, when the chilling period was too short,
several abnormalities in embryo development occurred: se-
edling breakdown and a cease of root development, forma-
tion of a swollen, irregular stolon and precocious plant
emergence. In our study, the further development of prima-
ry root was never observed and the shoot bud formed at the
tip of the stolon in place of a bulblet (bulblet is a form of

shoot transformed in the storage organ) was observed. Re-
garding the reports showing abnormalities in embryo deve-
lopment under an inadequate temperature treatment (Cu-
sters et al. 1992, 1995), it is suggested that primary regene-
ration of leaf-like structures on flower stalk explants has
a nature of somatic embryogenesis. That is a prolonged
(sustained) process starting from cotyledon formation as
the leaf-like structure, called also neoformation (Le Nard et
al. 1987) or shoot without meristem (Hulscher et al 1992),
followed by stolon and subsequent vegetative bud develop-
ment. A similar late development, at the 12% week of ini-
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tial regeneration, of a shoot meristem was also shown by
Rice et al. (1983). Such apex (shoot/bulb primordium) for-
mation was improved by prolonging the time of initial cul-
ture at 20°C from 8 to 12-16 weeks (Rice et al. 1983; Taeb
and Alderson 1990), enhancement of cytokinin level (Le
Nard et al. 1987) or application of more active cytokinin,
zeatin (Hulscher et al. 1992). All these authors did not call
such structures somatic embryos because they did not ob-
serve the growth of radicle. We suggest that the lack of ra-
dicle can result from the culture conditions, high tempera-
ture (20-23°C) maintained during the regeneration and the
presence of cytokinins that are known to retard the deve-
lopment of roots and stimulate the formation of shoots. The

Podwyszyniska M. et al.

inhibitory effect of TDZ on adventitious root formation
was noted by several authors, e.g. in Rhododendron (Pree-
ce and Imel 1991), Vitis rotundifolia (Gray and Benton
1991).

In our study, after the two-month-culture in light, the
drying cotyledonary leaves were cut off and their bases
with stolons and the developing on their tips adventitious
shoots were placed upside down on a fresh medium. That
allowed the proper development of the shoots (Fig. 4).
From that moment, the stage of multiplication began (Fig.
4c). The adventitious shoots formed clusters which were
divided into 2-3 smaller ones every two months. The after-
-effects of growth regulators, used during the initial stage,
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on the further shoot growth and multiplication were noted.
When the regenerating explants were subcultured on a me-
dium containing BAP and 2iP, the adventitious shoots cea-
sed to develop on the stolons that formed irregular, drying
structures and sometimes bulblet-like forms (data not pre-
sented). The cyclic shoot multiplication was possible only
in the presence of TDZ. Data presented in figures 5 and 6
show the total number of shoots and buds obtained from
the explants derived from one tulip stalk after 10 months.
Thus, the application of TDZ in the induction medium at
a level optimal for each cultivar permitted to obtain marke-
dly more adventitious shoots and buds then in the case of
the control induction medium. The optimal level of TDZ in
the induction medium seems to be 0.5-1 mg I''for ‘Mirjo-
ran’, ‘Lustige Witwe’ and ‘Blue Parrot’, 0.5 mg 1! for
‘Apeldoorn’ and 2 mg I'! for ‘Prominence’ and ‘Blenda’.
Thus, the numbers of obtained shoots were twice or even
4-5 times higher as compared with the control. Among the
studied cultivars, ‘Apeldoorn’ had the lowest multiplica-
tion potential. In the best case, 163 shoots were noted after
10 months of the in vitro culture. In contrast, the highest
multiplication intensity was noted for ‘Blue Parrot’ which
produced 631 shoots.

The addition of paclobutrazol (0.05-0.1 mg 1) to the in-
duction medium containing 1 mg I'! of TDZ strongly sti-
mulated the subsequent shoot multiplication (Fig. 6). De-
pending on cultivar, the two- or even four times higher
numbers of shoots were noted when compared with the
control treatment (only TDZ). The differences between da-
ta concerning treatments with TDZ applied at 1 mg 1! pre-
sented in figures 5 and 6 result probably from the different
time of culture initiation. In the first case, the stalk explants
were isolated in January and the second one in February.

Several attempts were undertaken to explain the poor re-
generation capacity of tulip initial explants, especially tho-
se excised from scales. Van Rossum et al. (1997, 1998a, b)
suggested that the damage of epidermal cell membrane, re-
sulting from cutting the explants, might negatively affect
the regeneration potential of the tissue. Such tissue damage
and its low vitality were suggested due to a tulipaline relea-
se or activation of oxygen stress-related enzymes. But re-
sults of their studies did not confirm the assumption that
tulipalines or oxidative stress had a direct negative effect
on regeneration of tulip explants in vitro.

Thus, in the light of all these presented data it can be
suggested that high regenerative potential can result from
a high level of endogenously produced cytokinins under
the influence of TDZ, applied at the initial stage (at higher
concentrations), and during the whole multiplication pro-
cess (at lower concentrations). That can be confirmed by
the fact that ‘Blue Parrot’ revealing the highest multiplica-
tion rate (Fig. 1), responded negatively to TDZ or paclobu-
trazol treatment given at the initial stage, probably, due to
the supra-optimal endogenous cytokinin level induced by
those compounds in this cultivar. It was found that the le-
vels of endogenous cytokinins in the shoots of ‘Blue Parrot
cultured in vitro were significantly higher as compared
with those noted in ‘Prominence’ (Podwyszynska and Ross
2003).

In conclusion, the first cyclic shoot multiplication obtai-
ned in our study, due to the application of TDZ, have a na-
ture of adventitious shoot formation, first on a stolon tip
and than on the meristematic tissue originating from the
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primary stolon. The remaining of such meristematic tissue
as the basis, on which the clusters of shoots and buds deve-
lop, has been the prerequisite for further success in tulip
propagation in vitro. Removing of such basal tissue and se-
paration of individual shoots markedly decreased the for-
mation of new shoots. In our study, the shoots were propa-
gated for three years and an efficient bulblet formation
(Fig. 4d) was obtained (Podwyszyniska and Ross 2003).
The bulblets were planted in soil and created new bulbs
(data not presented). Thus, the potential for usability of
TDZ in micropropagation of tulip was shown. However,
the further observations of the flowering plants derived
from such propagation system need further verification
whether TDZ does not cause a somaclonal variation over
the level countered in traditional tulip propagation. The
flowering-size bulbs derived from the in vitro propagation
under the influence of TDZ are expected next year.
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WPLYW TIDIAZURONU I PAKLOBUTRAZOLU
NA ZDOLNOSCI REGENERACYJNE EKSPLANTATOW INICJALNYCH
Z PEDU KWIATOWEGO TULIPANA ORAZ NASTEPCZO NA NAMNAZANIE PEDOW

STRESZCZENIE

Badano wptyw tidiazuronu (TDZ) i paklobutrazolu na regeneracje¢ struktur podobnych do lisci na fragmentach
pedu kwiatowego 6 odmian tulipana oraz nastgpczo na namnazanie pedéw. Eksplantaty pobierano z cebul chio-
dzonych a nastepnie pedzonych. Eksplantaty inkubowano przez dwa miesiace w ciemnosci na zmodyfikowanej
pozywce MS, uzupelionej NAA i cytokininami — 2iP i BAP (w kontroli) lub zastepczo TDZ (0,5-4 mg 1'!) i pa-
klobutrazolem (0,05-0,4 mg 1-"). Nastepnie regenerujace eksplantaty przeniesiono na pozywki zawierajace TDZ
i NAA w niskich stezeniach. Stwierdzono réznice w zdolnosciach regeneracyjnych w zaleznosci od odmiany
i uzytych regulatorow wzrostu. Procent eksplantatow regenerujacych struktury podobne do lisci w kombinacji
kontrolnej wahat si¢ od 80% u odm. Blue Parrot i Prominence do ponizej 30% u odm. Apeldoorn i Mirjoran. TDZ
zastosowany w stezeniu optymalnym dla danej odmiany zwiekszat procent regenerujacych eksplantatéw do 70%-
-100%. Paklobutrazol wzmacniat reakcje eksplantatéw, czego wynikiem byta wysoka liczba tworzacych sig struk-
tur podobnych do liSci — w zaleznosci od odmiany od 10 do 23 $rednio na jednym eksplantacie. Regenerujace
struktury, podobne do lisci, rozwijaty si¢ stopniowo w charakterystyczne formy: rosnacy do géry iS¢ zarodkowys;
u jego podstawy rozwijajacy si¢ prawdopodobny zawigzek korzenia, skierowany przeciwnie do Srodka eksplanta-
tu inicjalnego; nastgpnie na przeciwnym biegunie liscienia, w d6t do pozywki rozwijat si¢ skrécony lub dtuzszy
stolon, na ktérego wierzchotku formowat si¢ merystem wierzchotkowy pedu. Przypuszcza sie, ze regeneracja bez-
posrednia tych charakterystycznych struktur ma charakter embriogenezy somatycznej. Rozwijajace si¢ dalej pedy
przybyszowe tworzyly kepy, ktére cyklicznie (co dwa miesiace) dzielono na 2-3 mniejsze. Regulatory wzrostu
stosowane podczas stadium inicjalnego silnie wptywaty na dalsze namnazanie pgdéw. Najbardziej intensywne
tworzenie sie pedéw notowano, gdy zastosowano TDZ (0,5-2 mg I'!) i paklobutrazol (0,05-0,1 mg 1'1).

SLOWA KLUCZOWE: tulipan, regeneracja in vitro, mikrorozmnazanie, tidiazuron, paklobutrazol,

somatyczna embriogeneza.
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