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Abstract

The constant supply of broccoli heads for a vegetable market can be kept by the differentiation of sowing time and the age of seedlings. 
Dark-chilling of young seedlings can also modify the time of transplanting, subsequent plant development, yield and inflorescence quality. 
The aim of the present study was to analyze the influence of seedling dark-chilling on the inflorescence initiation and the morphological 
quality of broccoli heads. The experiment was carried out at the University of Agriculture in Krakow (South Poland) in the years 2009 
and 2010, with broccoli (Brassica oleracea L. var. italica Plenck) medium late cultivar ‘Monaco’ F1. The examined factors were the age of 
seedlings (4-, 6-, 8-, and 10-week-old) and dark-chilling (2°C/2 weeks and non-chilled control). Microscopic analysis of the apex sections 
was performed to determine the time of the inflorescence differentiation in chilled and non-chilled seedlings of different age. Chosen 
morphological features of the mature heads were also described as depended on age and chilling of seedlings. The inflorescence initiation 
was observed between 4 and 6 week of the plant ontogeny. Especially 4-week-old seedlings, chilled by two weeks, were more advanced in 
the generative development in comparison to non-chilled control. Low temperature applied in the seedling stage did not cause the head 
buttoning. Inflorescences developed by broccoli planted from 4 and 6-week-old seedlings, both chilled and control, were characterized 
by the best visual quality, determined by a convex head shape, tight branching angle, small and uniform size and regular form of flower 
buds. Chilling of oldest, 8- and 10-week-old seedlings negatively affected the inflorescence quality, through planed and spread shape of 
heads and non-uniform shape of flower buds. 
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Introduction

The requirements of the fresh vegetable market as well 
as the processing industry increase continuously with re-
spect to the quality, diversity and continuity of product 
supply. Environmental conditions in Poland enable to grow 
broccoli in the field from spring to autumn. The continu-
ity of broccoli supply for the fresh market and processing 
industry is possible by differentiation of the date of sowing 
and age of seedlings. Latest investigations of Grabowska 
et al. (2007a, b) allow concluding that seedlings can be 
subjected to dark-chilling in order to modify the time of 
transplanting, yield level and inflorescence quality.

The inflorescence initiation is the most important 
phase of the broccoli ontogeny. The exact determination 
of the vegetative stage beginning allows to precise apply 
of cultivation practices and leads to optimization of the 
yield and its quality. Grevsen (1998) found that the ini-
tiation of the broccoli head followed a stage of least seven 
visible leaves or a total of 14 leaves were formed. Björk-
man and Pearson (1998) compared the external appear-

ance of broccoli shoot tip with the microscopic appear-
ance of the meristem during the reproductive transition. 
They found that the shoot tip remains 4-5 mm across 
during the vegetative stage and the increase of its mea-
surement to 6 mm together with change of the youngest 
leaves’ shape is associated with the transition to the gen-
erative stage. Grevsen and Olesen (1999) found that the 
transition to the generative phase and the curd formation 
in broccoli take place in the temperature between 9.9 and 
22.3°C, with optimum of 16.1°C. They defined the head 
initiation as the time when the apex diameter reaches 
0.6 mm, although Kałużewicz et al. (2002) observed the 
initial generative phase at apex diameter of 375 µm. The 
length of the vegetative phase depended on a cultivar and 
term of cultivation, and temperature was specified as the 
main environmental factor affecting the beginning of in-
florescence initiation (Fujime, 1988; Grevsen and Olesen, 
1999; Kałużewicz et al., 2002, 2010; Mourao and Brito, 
2000; Tan et al., 2000). Low temperature is a common 
factor determining the plant transition from the vegeta-
tive to generative stage of growth. Miller et al. (1985) in-
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perimental field in spacing 67.5×40 cm. The agronomic 
treatments were applied in accordance with the require-
ments of the species.

Inflorescence initiation assessment
The shoot tips of 10 plants from each experimental ob-

ject were collected on 27 June 2009, 18 June 2010 (shoot 
tips of 4, 6, 8 and 10-week-old seedlings - initial material), 
11 July 2009 and 1 July 2010 (shoot tips of 4, 6, 8 and 
10-week-old seedlings chilled during 2 weeks and non 
chilled control). The Björkman and Pearson (1998) modi-
fied method was used to determine the stage of apex devel-
opment on a base of its external appearance, as well as the 
size of shot tips. Analyzed shoot tips were divided into 4 
groups corresponding with 4 stages of reproductive transi-
tion: (a) vegetative stage, apex meristem with leaf primor-
dia, (b) beginning of the generative stage, straightened 
shoot tip, bract primordia with a flat spot at the incipient 
axillary meristem, (c) bowed stage, higher order meristems 
are now differentiated from branch to floral primordia, 
(d) headed stage, floral buds developing on floral stalks. 

Ten shoot tips from each treatment were fixed in Car-
noy’s solution (ethanol : acetic acid 3:1, v/v), dehydrated 
with 80% ethanol, than embedded in paraffin. Sections 
of 8 µm thickness were contrasted with iron-ammonium 
alum and observed with microscope Axioimager 2 (Carl 
Zeiss AG, Germany) to observe the stage of inflorescence 
initiation. 

Morphological quality assessment
The 10 inflorescences in a stage of harvest maturity 

were collected from each experimental object on 23 Au-
gust 2009 and 16 August 2010 (inflorescences developed 
by plants from 10-week-old seedlings); 27 August 2009 
and 23 August 2010 (8-week-old seedlings); 3 Septem-
ber 2009 and 30 August 2010 (6-week-old seedlings); 8 
September 2009 and 3 September 2010 (4-week-old seed-
lings). The inflorescence diameter along the head surface 
was measured. The inflorescence quality parameters were 
assessed according to the 5-point scale proposed by Tan et 
al. (1999): head shape ranged from convex (5) to concave 
(1); branching angle - tight (5) to spreading (1); and bud 
color - dark green (5) to pale green (1). Attribute ratings of 
1 were unmarketable, and of 5 - highly marketable.

The flower buds of each inflorescence were observed 
with a stereomicroscope SteREO Lumar V12 (Carl Zeiss 
AG, Germany) to determine its quality. The diameter 
and stalk length of successive flower buds on an oldest 
outward-facing whorl on the third branch were measured. 
According to Björkman and Pearson (1998), the size of 
these buds is consistent and representative of the quality 
of a whole curd. The measurements were made with a use 
of Image Tool for Windows 3.0 software, after registration 
of the image with a use of a SteREO LUMAR V12 micro-
scope (Carl Zeiss AG, Germany).

vestigated this phenomenon in broccoli. Authors stressed 
that 6 to 33-day-old seedlings exposed to -3, -5, +1 and 
+2°C during 7 to 34 days induced flowering earlier than 
untreated plants. In broccoli cultivation, chilling of seed-
lings found to be an important way to stimulate the inflo-
rescence initiation. Uncontrolled and too early action of 
low temperature can result in forming premature heads, so 
called buttoning, which significantly decreases the market-
able yield. Too little or too much hardening, cold weather 
for more than 10 days at 4 to 10°C, diseases, insects and 
micronutrient deficiencies have been reported to cause 
buttoning (Fritz et al., 2009). According to Masarirambi 
et al. (2011), minimization of transplant shock and maxi-
mization of conditions which favor vegetative growth can 
reduce the occurrence of this disorder. Chilling of the 
plants in the juvenile phase is a method to induce toler-
ance mechanisms against several abiotic stresses. It may 
lead to improve the yield level and its quality. Grabowska 
et al. (2007a) obtained a significantly higher yield of broc-
coli heads from seedlings dark-chilled at 2°C during two 
weeks as compared to non-chilled control. Chilling of 
broccoli seedlings also influenced the chemical composi-
tion of mature heads (Grabowska et al., 2007b). Therefore 
dark-chilling of seedlings can be conducted together with 
seedling storage in controlled conditions in market trans-
plant production. Described preliminary studies allow to 
form a question on the effect of dark-chilling during juve-
nile phase of growth on subsequent broccoli development 
and inflorescence morphology, which dependence have 
not been widely discussed in world literature yet.

The aim of the present investigations was the analysis 
of the influence of seedling dark-chilling on the generative 
development of broccoli plants and the visual quality of 
heads.

Materials and methods

Experiment design
The experiment was carried out at the University of 

Agriculture in Krakow (South Poland) in the years 2009 
and 2010, with broccoli (Brassica oleracea L. var. italica 
Plenck) medium late cultivar ‘Monaco’ F1. The examined 
factors were the age of seedlings (4-, 6-, 8-, and 10-week-
old) and dark-chilling (2°C/2 weeks) while 2 weeks at 
optimal temperature was considered as the control. The 
experiment was set in the random block design in four 
replications. The seeds were sown to multipots PV 96, 
seedlings were grown in a greenhouse. Dates of seed sow-
ing were calculated to obtain seedlings of different age (4, 
6, 8, and 10-week-old), which were an initial material. On 
26 June 2009 and 18 June 2010 part of the initial material 
was placed in a cold room and treated with dark-chilling: 
2°C for 2 weeks, RH 95%, in darkness. The second part 
of initial material was the control, which was grown in a 
greenhouse for 2 weeks. On 11 July 2009 and 1 July 2010 
chilled and control seedlings were planted out in the ex-
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Results and discussion

The initiation of an inflorescence morphogenesis is an 
important phase of broccoli ontogeny, depending on the 
age of plants and environmental factors, mainly tempera-
ture (Fujime and Okuda, 1996). In the conditions of the 
presented experiment, the 4-week-old seedlings of initial 
material did not begin the generative phase development 
- all observed apexes were in a vegetative phase of growth 
(Fig. 1). 

This phase was characterized by small and pointed api-
cal meristem surrounded by leaf primordia. Such form of 
a shot tip is typical for vegetative stage of broccoli devel-
opment (Tan et al., 1998). After next two weeks of con-
trol and chilling conditions only 23 and 9% of seedlings, 
respectively, remained in the vegetative phase. The initia-
tion of the inflorescence morphogenesis was observed in 
6-week-old seedlings of initial material, where 15% of 
apexes were in the straightened stage, with wide leaf pri-
mordia and a flat spot at the incipient axillary meristem. 
After next two weeks of control or chilling conditions 
the apex was in a generative phase, characterized by the 
wide and flattered shape with initials of floral stalks and 
florets, surrounded by strongly bent cover leaves (Fig. 1 
and 2). Similarly formed broccoli apexes were described 
as a late developed stage by Kałużewicz et al. (2002). 8- 
and 10-week-old seedlings reached a generative phase of 
growth with a curd visible in a macroscopic scale before 
chilling (Fig. 3). 

In this stage, inflorescence development was slower in 
plants exposed to chilling as compared to non-chilled con-
trol. Fujime (1988) stressed that the response of broccoli 
seedlings to low temperature depended on a cultivar and 
phase of development. Based on the research on cauliflow-
er, Wurr et al. (1981) postulated that the phase of growth 
during which the curd-initiation period can be shortened 
by cold treatment (0°C for 15 days) is specific for a cultivar 
and a receptive phase occurs at higher leaf-numbers with 
cultivars which take longer to initiate curds. In the man-
ner proposed, chilling of 4-week-old seedlings increased 

Fig. 1. Percent of apexes in particular stage of development (a) 
vegetative stage, (b-d) successive stages of a generative phase: 
b - straightened stage, bract primordia with a flat spot at the 
incipient axillary meristem, c - bowed stage, higher order mer-
istems are now differentiated from branch to floral primordia, 
d - headed stage, floral buds developing on floral stalks

Fig. 2. The apex of 6-week-old seedlings before chilling (A) and after 2 weeks of chilling in 
2°C (B): lp-leaf primordium, fs-floral stalk, f-floret
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of the best quality were developed by plants from 4-week-
old seedlings, both chilled and control ones (Fig. 4 A-D). 

Curds developed from 6-week-old non chilled (con-
trol) seedlings were also characterized by uniform forma-
tion of flower buds from all inflorescence branches, curds 
were dense. Chilling of 8- and 10-week-old seedlings re-
sulted in worsening of curd quality. Curds were rough and 
scattered, flower buds were not uniform, bud stalks had 
differential length (Fig. 4 E-H). The analysis of visual qual-
ity attributes of broccoli head showed the interaction of 
seedling age and chilling in modeling of bud diameter and 
bud stalk length (Tab. 1). 

The flower buds of a greatest diameter were found in in-
florescences developed from 4-week-old seedlings regard-
less of chilling, control 6-week-old seedlings and chilled 
10-week-old seedlings. Small and uniform flower buds in 
the inflorescence are the most desirable on a market. The 
head shape, bud color and bud diameter depended sig-
nificantly only on the age of seedlings. The experimental 
factors did not affect the head diameter. The best market 
value characterized inflorescences developed from 4- and 
6-week-old seedlings, because of convex head shape, tight 
branching angle, and dark green bud color. Basing on the 
presented results we recommended, that control chilling 
(2ºC/2 weeks) can be applied to 4 to 6-week-old broccoli 
seedlings to enhance the visual quality of heads. 

the percent of plants in a generative phase as compared 
to non-chilled control, whereas Kałużewicz et al. (2002) 
observed the initiation of a generative phase in broccoli 
‘Fiesta’ F1 on 47 to 61 day from sowing, depending on the 
time of cultivation. It is possible that initiation of genera-
tive phase on a genetic and physiological level happened 
earlier during the ontogenesis and temperature of 2°C did 
not inhibit this process. Results of Diputado and Nichols 
(1989) confirm this observation. According to cited au-
thors, the time to broccoli curd initiation appeared to be 
dependent on a heat unit summation above a base tem-
perature of 1°C while the rate of curd growth was related 
best to a heat unit summation above 3°C.

In a stage of harvest maturity, broccoli inflorescence 
consists of flower buds. Uniform size and shape of flower 
buds is one of the most important determinant of high 
market quality of curds (Björkman and Pearson, 1998; 
Dufault, 1996; Kałużewicz et al., 2009). Chilling temper-
ature action in a seedling stage can affect the broccoli in-
florescence development in different ways. When applied 
in early phase of growth, it can result in buttoning (Hadley 
and Pearson, 1998; Miller et al., 1985). In the conditions 
of presented experiment, dark-chilling of 4- to 10-week-
old seedlings with 2ºC for two weeks did not cased but-
toning, but low temperature action on youngest seedlings 
positively influenced the inflorescence morphology. Curds 

Fig. 3. Inflorescence formation in 10-week-old seedlings before chilling (A) and after 2 weeks of chilling in 
2°C (B) and after two weeks of control temperature (C)

Fig. 4. The effect of seedling age and dark-chilling on flower buds formation in broccoli head: flower buds 
on the inflorescence developed by plant from 4-week-old control seedling (A, B), 4-week-old chilled seed-
ling (C, D), 10-week-old control seedling (E, F), 10-week-old chilled seedling (G, H)
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and cultivar on the maturity characteristics of broccoli 
(Brassica oleracea var. italica). Acta Hort 247:59-66.

Dufault RJ (1996). Dynamic relationships between field tem-
peratures and broccoli head quality. J Amer Soc Hort Sci 
121(4):705-710.

Fritz VA, Rosen CJ, Grabowski MA, Hutchison WD, Becker 
RL, Tong CBS, Wright JA, Nennich TT (2009). Growing 
broccoli, cabbage and cauliflower in Minnesota. University 
of Minnesota Extension Bulletin:1-15.

Fujime Y (1988). A difference of response to low temperature 
between cauliflower and broccoli. Acta Hort 218:141-152.

Fujime Y, Okuda N (1996). The physiology of flowering in Bras-
sicas, especially about cauliflower and broccoli. Acta Hort 
407:247-254.

Grabowska A, Kunicki E, Libik A (2007a). Effects of age and 
cold storage of transplants on the growth and quality of 
broccoli yield. Veg Crops Res Bull 66:31-38.

Grabowska A, Kunicki E, Libik A (2007b). The effect of trans-
plants age and storage time in a cold room on chemical com-
position of broccoli heads. Folia Hort 19(2):11-22.

Grevsen K (1998). Effects of temperature on head growth of 
broccoli (Brassica oleracea L. var. italica): Parameter estimates 
for a predictive model. J Hort Sci Biotechnol 73(2):235-
244.

Conclusions

The inflorescence initiation was observed between 4 
and 6 week of the broccoli plant ontogeny. Chilling of 4- 
and 6-week-old seedlings increased the percent of plants 
in next stages of a generative phase. Inflorescences devel-
oped by plants produced from 4- and 6-week-old seed-
lings, chilled and control, were characterized by the best 
visual quality, determined by a convex head shape, tight 
branching angle, small and uniform size and regular form 
of flower buds. Chilling of the oldest, 8- and 10-week-
old seedlings negatively affected the quality of the heads, 
through planed and spread shape, and not uniform form 
of flower buds. 
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