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Abstract

A two-year study on the influence of temperature on
broccoli head initiation was carried out at the “Marcelin” expe-
rimental station of the Poznan University of Life Sciences.

In each year of the study, plants were planted in the field
at four dates. The evaluation of the developmental phase of the
broccoli shoot apex was based on the analysis of microscope
slides. The date of head initiation was assumed as the day on
which the first of the examined apices were found to be at the
early generative phase. The plant characteristics (number of le-
aves, leaf area and stem diameter) on the date of initiation were
also determined.

Variation in length of the period from planting to head
initiation was found both between dates of planting and between
experimental years. The shortest period from planting to initia-
tion was when the plants were planted in April and June (17-18
days) in the first year and the longest one for planting in April
in the first year of the study (29 days). The length of the pe-
riod from planting to head initiation depended on mean daily air
temperature. The higher the temperature was, the shorter was
the period.

Key words: Brassica oleracea var. italica, head initiation,
temperature

INTRODUCTION

The transition from the vegetative to the ge-
nerative phase in plants is a complex morphogenetic
process. It occurs as a result of induction of flowering,
which may be caused by light, temperature, water
availability or chemical agents such as hormones and
growth regulators (Kopcewicz and Centkow-
ska, 1980). The environmental factors are perceived
by different parts of the plant. Photoperiod and irra-

diance are perceived mainly by mature leaves in intact
plants. Temperature is perceived by all plant parts, al-
though low temperature (vernalisation) is often perce-
ived mainly by the shoot apex. Water availability is
perceived by the root system (Bernier et al. 1993).
Flower induction follows immediately after the juve-
nile phase in which the plant shows no sensitivity to
stimuli of flowering (Kozumplik and Christe,
1972). The length of the juvenile phase is specific to
species and variety (Wiebe, 1994).

According to Miller et. al (1985)and Wurr
et al. (1995), the main factor for the transition from the
vegetative to the generative phase of broccoli plants
is the temperature. According Mourdo and Brito
(2000), at 21.5°C initiation occurred in broccoli after
32 days, and at 9°C after 88 days after planting. Fel-
lows (1997) reported that at temperatures of 5, 10,
15, 20°C initiation occurred successively after 96, 51,
36 and 64 days. Fujime et al. (1988) found that the
vernalisation effect of temperature also depends on the
length of the day. According to these authors, effecti-
veness of lower temperatures is higher at 16 hours of
the day than at 8 hours. The aim of this study was to
determine the effect of temperature on broccoli head
initiation when grown at four planting dates in two
consecutive years in the field. This paper is an exten-
sion of a previously published study of the first author
(Katuzewicz etal. 2002).

MATERIALS AND METHODS

The experiment was carried out in two succes-
sive years at the “Marcelin” Experimental Station of
the Poznan University of Life Sciences. The study
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comprised one cultivar of broccoli — ‘Fiesta’. Trans-
plants were planted out in the field at four dates
(21 April, 10 May, 12 June, and 9 July in 1997 as well
as 8 April, 12 May, 19 June, and 21 July in 1998). The
trial was established in a randomised block design
with four replications. In each plot, one hundred trans-
plants were planted at the 4-leaf stage at a spacing of
0.5%0.5 m.

The experiment was established on podzo-
lic soil; the plough layer was loamy sand underlying
sandy loam. The soil was tested before planting and
100 kgxha! of P,0s, 200-250 kgxha' of K,O and
60 kg-ha'! of nitrogen were applied before soil prepara-
tion. Additionally, nitrogen (150 kgxha') was applied
in three doses during the growing season. Plants were
watered when the soil water potential had exceeded
-0.04 MPa.

From the first week after planting until the time
when a head of about 1 mm in diameter was observed,
every 3-4 days, 4-8 apices were collected in order to
estimate their stage of development. The obtained
microscopic slides were subjected to histological as-
sessment. The date of head initiation was assumed as
the day on which the first of the examined apices were
found to be at the early generative phase. The date of
initiation was determined for each date of planting. A
description of the developmental phases of broccoli
apices was presented in the previous publication (K a -
tuzewicz etal. 2002).

Meteorological data were obtained from the
Meteorological Station located 2 kilometers from the
Experimental Station. The sum of day-degrees was
calculated from the base temperature of 0°C.

RESULTS AND DISCUSSION

In both years, of the study found large varia-
tions in length of the period from planting to brocco-
li head initiation between the dates of planting were
found (Table 1). These results are contrary to the re-
sults of our previous study (Katuzewicz et al
2002) in which the duration from planting to head ini-
tiation was the same at each date of planting.

The biggest differences between years in the
duration of the period from planting to head initiation
were in the case of the April date of planting, whi-
le this duration was the shortest for the May date of
planting.

The time to head initiation depended on mean
daily air temperature — the higher it was, the shorter
the time to head initiation was (Fig. 1). A remarkable
variety in the time from planting to head initiation
was also confirmed by Grevsen and Olesen
(1999). These authors conducted a field experiment in
which they used three cultivars with different growing

periods. The plants were planted in three consecutive
years and at four dates every year. Initiation time was
considered to be the day when the head diameter was
0.6 mm. For the earliest cultivar, the time from plan-
ting to initiation was from 14 to 43 days, for the latest
one — from 19 to 49 days. For all the cultivars, the lon-
gest time from planting to initiation was observed at
the earliest planting date.

In our study, the plants planted at the earliest
date had the lowest number of leaves as well as the
smallest leaf area and stem diameter on the date of
head initiation (Table 2). The later the date of planting
was, the higher the values of the above features were.
Significant correlation coefficients were observed
between the sum of day-degrees, mean daily tempe-
rature, number of leaves and leaf area on the day of
head initiation (Table 3). The correlation coefficient
between the sum of day—degrees and stem diameter
was also highly significant. However, the correlation
coefficient between mean daily temperature and stem
diameter was insignificant.

Moreover, it was observed in our study that
temperature sum during the time from planting to ini-
tiation was the lowest when the plants were planted in
April in the first year of the study and the highest when
they were planted in July in the first year of the study
(Table 4). Such a variation in temperature sum in the
time from planting to initiation may be related to the re-
action of broccoli to different temperature ranges. Ac-
cordingto Fellows etal. (1997), Wheeler etal.
(1995), Wurr etal. (1995)as wellas Grevsen and
Olesen (1999), the optimum temperature for head
initiation in broccoli is 15-16°C, whereas above 22°C
it does not occur and plants remain in the vegetative
development phase (Gauss and Taylor, 1969).
Effectiveness of initiation temperature depends on the
phase in which it is applied. According to Fontes et
al. (1967), broccoli head initiation did not occur when
low temperature (4.4°C) was used for three-week-old
plants. When four-week-old plants were cooled, initia-
tion was observed in 22-25 % of plants, depending on
the cultivar. Initiation occurred in all plants when low
temperature was applied to five-week-old plants. The
above-mentioned authors reported that devernalisation
could be observed in broccoli. Fontes et al. (1967)
proved that moving plants to temperature of 22-26°C
after exposure to low temperatures eliminated the ef-
fects of their application. This can explain the differen-
ces in the time from planting to initiation. Under field
conditions, there is considerable variation in tempera-
ture, especially between day and night. Therefore, it is
difficult to determine how long the plants must be sub-
jected to low temperatures for vernalisation to occur,
as well as how long high temperature must operate to
eliminate the effect.
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Broccoli is believed to have a juvenile phase
(Warne, 1961; Wiebe, 1989). During this period,
it is not possible to induce head initiation even under
optimum temperature conditions. It is very difficult to
determine the end of the juvenile phase, because so far
researchers have not found the growth features making
it possible to say that broccoli plants have finished

the juvenile phase. Some researchers have tried to de-
termine the end of the juvenile phase for cauliflower
but their results differed. According to Aditya and
Fordham (1995), the juvenile phase in cauliflower
may finish at the 7-9 leaf stage, while Wurr and
Fellows (2000) claim that it ends when plants have
10-22 leaves, depending on the cultivar.

Table 1.
Number of days from planting to head initiation in cv. ‘Fiesta’ broccoli planted at four planting dates in two successive years

Number of days from planting to head initiation

Year
April May June July
1997 17 18 26
1998 29 24 21
Table 2.
Characteristics of cv. ‘Fiesta’ broccoli plants at the day of head initiation
Date of planting
Character Year Mean
April May June July
Number of leaves 1997 7.0 d* 10.7b 10.1 be 124 a 10.1a
[pcs.] 1998 9.8 ¢ 9.8 ¢ 9.9 ¢ 9.6¢ 9.8a
Mean 84c¢ 11.3b 10.0b 11.0a
Stem di er [ | 1997 6.4d 79d 11.0 be 14.0a 98a
em dameter tmm 1998 7.6d 103 ¢ 143 a 119b 11.0b
Mean 7.0c¢ 9.1b 12.7 a 13.0a
1997 208.0e 961.0 cd 866.0 cd 1425.0b 865.0b
Leaf area [cm?]
1998 663.0d 2449.0 a 1083.0 ¢ 1016.0c 1302.8 b
Mean 435.5d 1705.0 a 974.5 ¢ 1220.5b

* — means followed by the same letter do not differ significantly at P=0.95

Table 3.
Correlation coefficients between temperature and some characteristics of cv. ‘Fiesta’ broccoli plants at the day of head initiation

Temperature [°C]

Character
Mean Sum of day-degrees
Number of leaves [pcs.] 0.78%** 0.75%*
Leaf area [cm?] 0.73%* 0.85%*
Stem diameter [mm] 0.56 0.88%*
** correlation coefficients (r) significant at P = 0.01
Table 4.

The sum of day-degrees from planting to head initiation in cv. ‘Fiesta’ broccoli planted
at four planting dates in two successive years

Sum of day-degrees from planting to head initiation

Year Mean
April May June July

1997 129 257 245 371 251

1998 217 336 300 332 296

Mean 173 297 273 352

* correlation coefficients (r) significant at P = 0.05
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Fig. 1. Relationship between mean air temperature and number of days from planting to head initiation of cv. ‘Fiesta’ broccoli

planted at four planting dates in two successive years

CONCLUSIONS

1. The time from planting to head initiation varied lar-
gely, even for the same date of planting.

2. During the initiation period, the plants varied in
number of leaves, leaf area and stem diameter. The-
refore, it is not possible to determine the phase of
plant development on the basis of plant morpholo-
gical characters.

3. The time from planting to broccoli head initiation
depended on mean daily air temperature; the higher
it was, the shorter the time was.
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Wurr

Inicjacja ré6z brokulu
(Brassica oleracea var. italica)
w warunkach polowych

Streszczenie

W Stacji Doswiadczalnej “Marcelin” Uniwer-
sytetu Przyrodniczego w Poznaniu wykonano 2-letnie
doswiadczenie, ktérego celem bylo okreslenie wptywu
temperatury na termin inicjacji r6z brokutu. W kazdym
roku rosliny byly wysadzone w pole w czterech ter-
minach. Ocene fazy rozwojowej wierzchotka wzrostu
pedu brokutu przeprowadzono na podstawie analizy
preparatéw mikroskopowych. Za termin inicjacji przy-
jeto dzien, w ktérym pierwszy wierzchotek wzrostu
znajdowal sie w fazie generatywnej wczesnej. Okre-
Slono réwniez cechy roslin w dniu inicjacji tj. liczbe
i powierzchnig lisci oraz srednice todygi.

Stwierdzono zréznicowanie w dlugosci okresu
od sadzenia do inicjacji rézy zaré6wno miedzy termi-
nami sadzenia, jak i migdzy latami w danym termi-
nie. Zanotowano najkrétszy okres od sadzenia do
inicjacji gdy posadzono rosliny w kwietniu i czerwcu
(17-18 dni) w pierwszym roku badan, a najdtuzszy
przy sadzeniu w kwietniu w drugim roku badan (29
dni). Dlugos¢ okresu do inicjacji rézy zalezata od sred-
niej dobowej temperatury powietrza. Im byta ona wyz-
sza, tym okres ten byt krétszy.
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