
Abstract: The effect of the bulb-cooling period 
on the quality of cut tulip  owers. Six cultivars 
of tulips were evaluated for their usefulness for 
forcing. The research focused on the ‘Bronze 
Brigitta’, ‘Liberstar’, ‘Pulse’ and ‘Tivoli Dream’ 
cultivars from the Triumph group, on the ‘Li-
bretto Parrot’ cultivar from the Parrot group and 
on the Grieg tulip cultivar ‘Portland’. Following 
planting, the bulbs were cooled for 12 and 14 
weeks at a temperature of +9°C. Extending the 
cooling period from 12 to 14 weeks shortened the 
forcing period in a greenhouse in the case of all 
of the cultivars examined by an average of  ve 
days. After 14 weeks of cooling, the earliest com-
mercial maturity was reached by the tulips of the 
‘Portland’, ‘Liberstar’ and ‘Bronze Brigitta’ cul-
tivars (25.2–25.9 days). Following cooling for 12 
weeks the tulips of the ‘Pulse’ cultivar  owered 
the latest (35.2 days). The best quality and dura-
bility was noted in the tulips of the ‘Liberstar’, 
‘Librettto Parrot’, ‘Pulse’ and ‘Tivoli Dream’ cul-
tivars obtained from bulbs cooled for 14 weeks. 
The ‘Bronze Brigitta’ and ‘Portland’ cultivars 
produced longer and better quality  owers when 
the bulbs were cooled for 12 weeks. The ‘Port-
land’ cultivar can be recommended for pot culti-
vation as well as for forcing cut  owers.
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INTRODUCTION

The bulbs of tulips, which are amongst 
the most economically important bul-
bous plants, are reproduced mainly with 
the aim of forcing for cut  owers [Wró-
blewska, 2009]. Despite the large number 
of cultivars that are produced, only
a limited number are used for forcing on 
a commercial scale. The most important 
factors for successful commercial forc-
ing are the choice of the right cultivar, 
and the quality of the bulbs and the con-
ditions during their rooting and cooling; 
but important roles are also played by 
temperature and humidity during plant 
growth in the greenhouse [Le Nard, 1993, 
Krause and Zygmunt, 2000, Rietveld et 
al., 2000]. A period of 12 to 16 weeks of 
low temperature, which occurs in win-
ter under natural conditions, is decisive 
for the induction of stem growth and 
the  owering of tulips [Saniewski and 
Kawa-Miszczak, 1992]. Depending on 
the cultivar and forcing date, bulb-cool-
ing should last 13–20 weeks and can be 
extended to 22 weeks [Krause, 2006]. To 
achieve early  owering in a greenhouse, 
the bulbs need to be cooled for a mini-
mum of 12 weeks. Tulips that are cooled 
for too long grow too fast, produce thin 
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and easy-to-break stems and have short 
tepals [Krause, 2000, 2006]. Because 
they are very long-lasting and possess 
a wide range of colours, the dominant 
tulip cultivars produced for cut  owers 
are currently those of the Triumph group 
[Krause, 2000]. It is worth adding new 
cultivars to the selection of cultivars used 
for forcing – not just from the Triumph 
group – but also from the very durable 
and beautiful cultivars of Parrot tulips. 

The purpose of the study was to de-
termine the effect of cooling periods on 
the forcing process and on the quality 
of cut  owers of selected tulip cultivars 
from a variety of functionality groups. 

MATERIAL AND METHODS

The study was conducted in the 2009–
–2010 and 2010–2011 seasons. The tu-
lip cultivars used in the experiment were 
drawn mainly from the Triumph group: 
‘Bronze Brigitta’, ‘Liberstar’, ‘Pulse’, 
and ‘Tivoli Dream’, with the addition of  
‘Libretto Parrot’ from the Parrot group 
and ‘Portland’ from the Grieg group 
(Table 1). Bulbs with circumference of 

above 12 cm were planted on 27 Oc-
tober in plastic containers with the di-
mensions 22.5 × 10 × 12 cm, with  ve 
bulbs in each. The soil used in the ex-
periment was collected from a  eld and 
had few nutrients. The containers with 
the planted bulbs were placed in a room 
that had been prepared for bulb-cooling 
at a temperature of +9°C. Once cooling 
had been completed, the containers with 
the tulips were moved into a greenhouse 
on 28 January (after 12 weeks) and on 11 
February (after 14 weeks). The tempera-
ture in the greenhouse was maintained 
at a level of 18–19°C during forcing. 
Next, the number of days until  owering 
(commercial maturity) was determined. 
The  ower stems were cut above the 
bulbs at the stage when the tepals had 
taken on colour. The following para-
meters were measured following cutting: 
stem length, tepal length,  nal internode 
length, the fresh weight of the stems and 
the length and width of the largest leaf 
blade (the product of these values was 
taken as the largest leaf area index).

Ten plants from each treatment were 
selected for longevity evaluation. Tu-
lips were placed in vases with water in 
a room at a temperature of 18–20°C. 
The longevity of the  owers (counted 
in days) was determined by when a plant 
had lost its decorative value – for example 
when the edges of the petals had dried or 
had changed colour. Measurements were 
taken of increments of stem length, of the 
top internode and of the tepals.

The experiment was set up with 
a completely randomized block design. 
Each treatment contained 25 plants, 
with one plant used as repetition. The 

TABLE 1. Characteristics of tulip cultivars used 
for forcing

Cultivar Classi  -
cation 

Colour of 
 owers

Height
(cm)

‘Bronze 
Brigitta’ Triumph orange 50

‘Liberstar’ Triumph rose/mauve 45–60
‘Libretto 
Parrot’ Triumph pink and 

cream 45

‘Portland’ Grieg red 30
‘Pulse’ Triumph purple 50
‘Tivoli 
Dream’ Parrot red/yellow 50
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results were statistically veri  ed with 
a two-factor analysis of variance. Mul-
tiple Tukey con  dence intervals were 
used to identify means that were statis-
tically different from each other at the 
signi  cance level of  = 0.05.

RESULTS AND DISCUSSION

The cooling period of tulip bulbs had 
a signi  cant effect on the length of the 
forcing period in a greenhouse (Table 2). 
When the cooling period was prolonged 
from 12 to 14 weeks the forcing period 

was shortened by an average of  ve 
days. The shortest forcing time, of 25 
days, was noted in the ‘Portland’ cultivar 
when the bulbs had been cooled for 14 
weeks. The latest  owers to appear (35 
days) were in the ‘Pulse’ tulips, which 
had been cooled for 12 weeks. The re-
sults obtained in this study con  rmed the 
research conducted on tulips by Krause 

[1998], by Inamoto et al. [2000], by 
Krause and Zygmunt [2000], and by 
Sprz czka and Laskowska [2007], as 
well as the research conducted on hya-
cinths by Krzymi ska [2008]. 

The length of cut tulip stems depended 
on the period of bulb cooling. The longest 
stems were noted in the ‘Bronze Brigitta’ 
and ‘Liberstar’ tulips, which were grown 
from bulbs that had been cooled for 12 
weeks, and in the ‘Pulse’ cultivar, which 
were grown from bulbs that had been 
cooled for 12 weeks and 14 weeks. The 
examined cultivars differed signi  cantly 
concerning the length of  ower stems 
(Table 3). The longest stems were noted 
in the ‘Pulse’ (39.1 cm), ‘Bronze Brigit-
ta’ (38.6 cm) and ‘Liberstar’ (38 cm) cul-
tivars and the shortest in the ‘Portland’ 
cultivar (29.3 cm).

A number of studies have indicated 
that lengthening of the cooling period 
can lead to the production of shorter te-
pals [Krause, 1998, Krause and Zygmunt, 
2000, Inamoto et al., 2000, Sprz czka 
and Laskowska, 2007]. The present study 
found that the length of tepals depended 
mainly on the cultivar (Table 3). The 
‘Portland’, ‘Libretto Parrot’ and ‘Pulse’ 
cultivars had the longest tepals, while 
the ‘Liberstar’ and ‘Bronze Brigitta’ had 
the shortest. Of the six cultivars exam-
ined, only the ‘Portland’ cultivar pro-
duced signi  cantly longer tepals when 
the cooling period was prolonged from 
12 to 14 weeks (Table 3).

Studies conducted by Szlachetka 
[1996] indicated that extending bulb-
-cooling periods leads to the production 
of longer  ower stems in tulips. Howev-
er, numerous studies conducted on tulips 

TABLE 2. The effect of cooling duration of tulip 
bulbs on forcing period (days)

Cultivar
Cooling duration 

(weeks) Mean for 
cultivars

12 14
‘Bronze Bri-
gitta’ 30.3 c* 26.0 ef 28.1 b

‘Liberstar’ 30.9 c 25.6 f 28.2 b
‘Libretto 
Parrot’ 31.4 c 26.2 ef 28.8 b

‘Portland’ 27.9 d 25.2 f 26.6 c
‘Pulse’ 35.2 a 30.3 c 32.8 a
‘Tivoli 
Dream’ 32.9 b 27.2 de 30.1 b

Mean for cool-
ing duration 31.4 a 26.7 b X

* Means followed by the same letter do not differ 
signi  cantly at  = 0.05.
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have concluded that some cultivars re-
spond differently. Sochacki et al. [2005], 
for example, showed that only the ‘Leen 
van der Mark’ cultivar responded to an 
extended cooling period by producing 
longer stems – an outcome that was also 
related to the type of soil used for forc-
ing. In the case of the ‘Yokohama’ culti-
var, to take another example, the length 
of the  ower stems was comparable both 
at 10 weeks and at 13 weeks of cooling. 
The investigations conducted by Krause 
[1998] found that longer stems were 
produced by the ‘Concerto’ and ‘Inter-
mezzo’ cultivars when the cooling per-
iod was extended from 12 to 14 weeks. 
The opposite was true, that is, a longer 
cooling period led to less intense stem 
growth, in the case of the ‘Galata’ and 
‘Salut’ cultivars. In their research on the 
effect of cooling periods of between 12 
and 18 weeks on the growth of tulips in 
pot cultivation Sprz czka and Laskow-
ska [2007] demonstrated that the length 
of tulip stems grows in proportion with 
the prolongation of the cooling period. 
However, not all cultivars respond to this 
factor: the same study found that making 

the cooling period longer led to shorten-
ing of stem length in the ‘Bronze Brigitta’ 
cultivar, yet led to longer stems in the ‘Ti-
voli Dream’ cultivar (Table 3). Turning to 
the forcing of hyacinths, research done by 
Krzymi ska [2008] found that lengthen-
ing the bulb-cooling period from 12 to 
14 weeks led to the production of longer 
stems in only three of the  ve cultivars 
examined. 

Bulb-cooling periods of between 12 
and 14 weeks did not affect the length 
of the  nal internode in the tulips. The 
cultivars examined differed signi  cantly 
with regard to internode length: the short-
est were noted in ‘Portland’ tulips and 
the longest in ‘Pulse’ tulips (Table 4). 
The cultivars that were studied differed 
in the weight of stems obtained, which 
were greatest in the ‘Pulse’ and ‘Liber-
star’ cultivars and smallest in the ‘Tivoli 
Dream’ cultivar (Table 4). It was found 
that the length of the cooling period did 
not affect the weight of the stems after 
cutting. Studies conducted by Sochacki 
and Chojnowska [2005] found that this 
factor is most affected by the type of soil 
used for forcing, while Hetman et al. 

TABLE 3. The effect of cooling duration of tulip bulbs on length of  ower stem and length of tepals

Cultivar

Length of  ower stem (cm) Length of tepals (cm)
Cooling duration 

(weeks) Mean
Cooling duration 

(weeks) Mean
12 14 12 14

‘Bronze Brigitta’ 41.7 a* 35.6 cde 38.6 a 4.5 e 4.0 e 4.2 c
‘Liberstar’ 39.0 ab 36.9 bc 38.0 a 4.2 e 4.1 e 4.1 c
‘Libretto Parrot’ 36.4 bcd 34.0 de 35.2 b 5.6 bcd 5.6 bcd 6.1 a
‘Portland’ 30.0 fg 28.6 g 29.3 c 5.9 b 6.5 a 6.2 a
‘Pulse’ 39.2 ab 39.1 ab 39.1 a 5.8 bc 5.8 bc 5.8 a
‘Tivoli Dream’ 32.7 ef 35.1 cde 33.9 b 5.4 cd 5.3 d 5.3 b
Mean for cooling duration 36.5 a 34.9 b X 5.4 a 5.2 b X

* Means followed by the same letter do not differ signi  cantly at  = 0.05.
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[2000] demonstrated that fertilizing dur-
ing bulb reproduction, which in  uences 
their nutrient content, has a great effect on 
the weight of cut tulip  owers. In the case 
of forcing hyacinth, it was determined 
that a cooling period of 12 to 14 weeks 
had no in  uence on the weight of stems 
in three of the  ve cultivars examined. 
It should be noted that the ‘Jan Bos’ cul-
tivar produced stems of greater weight 
when the bulbs had been cooled for 14 
weeks and that the ‘Lady Derby’ cultivar 
produced stems of greater weight when 
the bulbs had been cooled for 12 weeks.

The cooling period did not affect leaf 
area, in which large differences were 
noted among the cultivars examined. 
The smallest leaves were produced by 
tulips of the ‘Tivoli Dream’ cultivar, 
while a small leaf area was also char-
acteristic of the ‘Portland’ and ‘Libretto 
Parrot’ cultivars. Leaves were also pro-
duced by tulips of the ‘Bronze Brigitta’ 
and ‘Pulse’ cultivars. Tulips of the ‘Port-
land’ cultivar obtained from bulbs that 
had been cooled for 12 weeks produced 
signi  cantly smaller leaves when com-

pared to those obtained from bulbs that 
had been cooled for 14 weeks (Table 4).

An evaluation of the vase life of 
 owers in the cultivars examined indi-

cated that extending the cooling period 
of bulbs from 12 to 14 weeks signi  -
cantly improved the vase life of tulips 
from the ‘Liberstar’ cultivar (Table 5). 
Regardless of the length of the cooling 
period, the longest vase life was noted 
in  owers from the ‘Pulse’ cultivar and 
the shortest in those from the ‘Portland’ 
cultivar.

Extending the cooling period to 14 
weeks led to an increase in the stem-length 
of cut tulips in water in the ‘Bronze 
Brigitta’, ‘Liberstar’ and ‘Pulse’ cul-
tivars. The cultivars in the study dis-
played a great variety with regard to 
the stem-length increases. In this re-
gard it was the stems of the high culti-
vars, ‘Liberstar’ and ‘Bronze Brigitta’, 
which grew the most in the vase, while 
the stems of the ‘Pulse’ cultivar grew 
the least in the vase.

Differences were also noted in in-
creases in internode-length for the 

TABLE 4. The effect of cooling duration of tulip bulbs on upper internode length and fresh weight

Cultivar

Upper internode length (cm) Fresh weight (g)
Cooling duration 

(weeks) Mean
Cooling duration 

(weeks) Mean
12 14 12 14

‘Bronze Brigitta’ 8.1 a* 7.4 a 7.7 bc 31.3 bcd 27.4 def 29.4 b
‘Liberstar’ 7.7 a 6.7 a 7.2 c 34.9 ab 34.1 abc 34.5 a
‘Libretto Parrot’ 8.2 a 7.4 a 7.8 bc 29.0 de 27.3 def 28.2 b
‘Portland’ 5.4 a 5.4 a 5.4 d 27.1 def 30.6 cde 28.8 b
‘Pulse’ 12.9 a 12.8 a 12.8 a 35.9 a 34.4 abc 35.1 a
‘Tivoli Dream’ 8.4 a 8.8 a 8.6 b 24.5 f 26.4 ef 25.4 c
Mean for cooling 
duration 8.5 a 8.1 a X 30.4 a 30.1 a X

* Means followed by the same letter do not differ signi  cantly at  = 0.05
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cultivars examined. Both when bulbs 
had been cooled for 12 weeks and for 14 
weeks, the internodes of the cut tulips of 
the ‘Liberstar’ and ‘Portland’ cultivars 
grew the longest (Table 6), while the 
smallest internode-length increase was 
recorded in the ‘Pulse’ cultivar.

Irrespective of the bulb-cooling per-
iod, the tepal-length increase was com-
parable in the ‘Bronze Brigitta’ and ‘Ti-
voli Dream’ cultivars. However, extend-
ing the bulb-cooling period to 14 weeks 
led to a greater tepal-length increase in 
the ‘Liberstar’ and ‘Libretto Parrot’ cul-
tivars. In the case of the ‘Portland’ cul-
tivar, the tepals were longer when the 
bulbs had been cooled for 12 weeks.

CONCLUSIONS

Extending the cooling period short-
ened the forcing time of tulips in the 
greenhouse and improved the vase 
life of tulip  owers.
The best quality and durability was 
noted in tulips of the ‘Liberstar’, 
‘Libretto Parrot’, ‘Pulse’ and ‘Tivoli 
Dream’ cultivars obtained from bulbs 
that had been cooled for 14 weeks.
The ‘Bronze Brigitta’ and ‘Portland’ 
cultivars produced longer and better-
-quality  owers when the bulbs had 
been cooled for 12 weeks.
The ‘Portland’ cultivar can be recom-
mended both for pot cultivation and 
for forcing cut  owers.

1.

2.

3.

4.

TABLE 5. The effect of cooling duration of tulip bulbs on area of biggest leaf and cut  ower longevity

Cultivar

Surface of the biggest leaf index (cm2) Cut  ower longevity (days)
Cooling duration 

(weeks) Mean
Cooling duration 

(weeks) Mean
12 14 12 14

‘Bronze Brigitta’ 194.4 a 172.8 ab 183.6 a 7.6 ab 7.6 ab 7.6 ab
‘Liberstar’ 163.0 bc 169.6 ab 166.3 bc 5.8 d 7.9 ab 6.9 b
‘Libretto Parrot’ 158.8 bc 156.0 bc 157.4 cd 6.6 bcd 8.0 ab 7.3 ab
‘Portland’ 142.2 c 170.0 ab 156.1 cd 6.6 bcd 6.0 cd 6.3 c
‘Pulse’ 190.4 a 170.4 ab 180.4 ab 7.5 abc 8.4 a 8.0 a
‘Tivoli Dream’ 143.3 c 141.1 c 142.2 d 6.9 abcd 7.5 abc 7.2 abc
Mean for cooling 
duration 165.3 a 163.3 a X 6.8 b 7.6 a X

* Means followed by the same letter do not differ signi  cantly at  = 0.05.

TABLE 6. The effect of cooling duration of tulip 
bulbs on elongation of shoots, upper internode 
and tepals

Cultivar
Cooling 
duration 
(weeks)

Shoot 
elongation 

during 
posthar-
vest (%)

Upper 
inter-
node 
elon-

gations 
(%)

Tepal 
elon-

gations 
(%)

‘Bronze 
Brigitta’

12 22   96 47
14 37 147 48

‘Liberstar’
12 36 150 33
14 51 209 48

‘Libretto 
Parrot’

12 30 100 38
14 28 100 48

‘Portland’
12 33 170 47
14 29 133 38

‘Pulse’
12 11   26 34
14 24   50 57

‘Tivoli 
Dream’

12 28   57 46
14 29   78   45
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Streszczenie: Wp yw d ugo ci okresu ch odzenia 
cebul na jako  kwiatów ci tych tulipanów. Oce-
niono przydatno  do p dzenia sze ciu odmian 
tulipana. Do bada  wykorzystano odmiany z gru-
py Triumph: ‘Bronze Brigitta’, ‘Liberstar’, ‘Pul-
se’ i ‘Tivoli Dream’, z grupy tulipanów papuzich 
‘Libretto Parrot’, z grupy tulipanów Griega od-
mian  ‘Portland’. Cebule ch odzono po posadze-
niu, przez 12 i 14 tygodni w temperaturze +9°C. 
Wyd u enie ch odzenia cebul z 12 do 14 tygodni 
skróci o okres p dzenia w szklarni u wszystkich 
badanych odmian rednio o 5 dni. Najszybciej 
dojrza o  handlow  po 14 tygodniach ch odzenia 
osi gn y tulipany odmiany ‘Portland’, ‘Liberstar’ 
i ‘Bronze Brigitta’ (25,2–25,9 dni). Najpó niej 
zakwit y tulipany odmiany ‘Pulse’ ch odzone 12 
tygodni (35,2 dni). Najlepsz  jako ci  i trwa o ci  
cechowa y si  tulipany odmiany ‘Liberstar’, ‘Li-
bretto Parrot’, ‘Pulse’ i ‘Tivoli Dream’ uzyskane 
z cebul ch odzonych 14 tygodni. Odmiany ‘Bron-
ze Brigitta’ i ‘Portland’ tworzy y d u sze i lepszej 
jako ci kwiaty z cebul ch odzonych 12 tygodni. 
Odmian  ‘Portland’ mo na poleci  do uprawy 
w doniczkach, a tak e do uprawy na kwiat ci ty.


