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Abstract: The impact of air temperature on the formation of generative organs of the European
hazel (Corylus avellana L.) and the onsets of related phenophases during the years 1987–2009
in Central Slovakia (the Zvolen basin) are analyzed in this paper. The analyses are based on
the records of 10% and full onset of catkins lenghtening, inflorescence emergence and flowering.
Catkins lengthening was observed on February 7th and lasted 10 days on average, inflorescence
emergence on February 20th and 8 days and flowering on March 2nd and 6 days. The earliest
dates of phenophases onsets were observed in 2007, while the latest in 1987 and 2005. A large
variability of daily mean air temperatures in different years resulted also in a high variability of
phenophases onsets (sx% 27.3–35.3). The onsets of spring phenophases earlier by 2.5–5.5 days
were recorded at the end of the evaluated period of years as compared with the beginning.
The concentration of pollen grains captured with a Burkard volumetric rotate pollen trap
culminated approximately 10 days after flowering. The peak pollen grain concentration varied in
a range of 50–500 pollen grains per m3. The peaks of pollen grains concentrations in the Zvolen
Basin were influenced, apart from the flowering of the European hazel also by the transport of
pollen grains from higher mountainous habitats especially in the late pollen season.
Key words: phenology, European hazel (Corylus avellana L.), air temperature, snow cover, pollen
analyses, Central Slovakia
Słowa kluczowe: fenologia, leszczyna pospolita (Corylus avellana L.), temperatura powietrza,
pokrywa śnieżna, analizy pyłkowe, środkowa Słowacja
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Introduction
Apart from climatologists, the present phenology is also in the center of
interest of scientists focused on pollen allergies all over the world. A knowledge of
the relations between climatic processes and the phenological response of plants
as well as a knowledge of the driving atmospheric forces that influence those relations
on a regional scale is the main reason for this interest. Phenological observations are
a valuable source of information on the duration of pollen seasons in regions (Larcher
1988). The onset of generative phenophases depends on the course of meteorological
factors and a knowledge of this dependence can be consequently used for spatial
forecasts of flowering and pollen loads.
Today pollinosis belongs among the most frequent allergic diseases and almost
one third of the population suffer from them. People aged 15–30 years belong to
the most risky category of population (Lafférsová et al. 2008).
The knowledge on pollen allergens release is essential for correct diagnoses of
pollinosis, timing of preventive treatment and modification of daily regime of patients.
Regional Offices of Public Health are responsible for monitoring of pollen grains and
spreading the information on pollen loads in Slovakia. The course of pollen season is
significantly influenced by the weather conditions (especially air temperature, precipitation,
and atmospheric circulation) during the growing seasons of plants (Križo et. al. 2004).
Plants and especially woody plants are very variable both on individual and
population levels. Apart from genetic and evolutional reasons this variability is
influenced also by the environmental aspect. Changes in phenological patterns,
reproductive cycles, as well as in the structure of ecosystems are frequently observed
phenomena as the consequences of climate change in Central Europe. Therefore
phenological observations have also become an important bioindicator for the prognoses
of the future spread and vitality of these plants (Bagar, Nekovář 2006; Piotrowicz,
Myszkowska 2006; Škvareninová 2009).
The aim of this paper is to evaluate the generative phenophases of the European
hazel (Corylus avellana L.) in relation to temperature variability and the consequent
pollen spread in the Zvolen Basin – Central Slovakia.

Data and methods
The phenological data were observed in the Borova hora Arboretum –
the Botanical Garden of the Technical University in Zvolen. The onsets of phenological
phases of the European hazel (Corylus avellana L.) were recorded on the natural
range habitats in Central Slovakia (south-western part of the Zvolen Basin) during
the years 1987–2009. The northwestern exposure of habitats dominates in the area
(81%), southwest and western exposures are less frequent. The altitudinal profile of
the area ranged from 290 to 377 m a.s.l. (ϕ=48°35’N, λ=19°09’E). The meteorological
data used for the analyses were gathered at the Sliac meteorological station
(314 m a.s.l., ϕ=48°39’N, λ=19°09’E). The mean annual air temperature is 8.2°C, and
the mean annual precipitation totals 757 mm (Střelcová, Škvarenina 2007).
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The phenological phases of the European hazel were evaluated according to
the methodology of the Slovak Hydrometeorological Institute in Bratislava (SHMI).
This methodology is the standard one for the observation of woody plants in Slovakia
(SHMI 1984).
The dates of the 10% onset (phenophases were observed on 10% of plants) and
the full onset of phenophases (record of phenophases on each of the observed plants)
were recorded in order to determine the duration of phenophases. Consequently,
the dates were transformed into the days of the year (Julian days) that were used for
statistical analyses.
Generative phenological phases were observed as follow:
– Catkins lengthening – LA (solid catkins become elastic),
– Inflorescence emergence – IF (male flower swelling but without a release of pollen
grain),
– Flowering – FW (male flower pollen grains are recorded in air).
Apart from the phenological observations the relations between the daily mean
air temperature, the duration of snow cover and the records of airborne pollen grains
from the station in Banska Bystrica (363 m a.s.l., ϕ=48°44’N, λ=19°07’E) during
the years 2003–2009 were also analyzed. Air sampling was performed with a Burkard
7 day recording volumetric pollen and spore trap (Hirst 1952) located on the roof of
the building of the Regional Office of Public Health in Banska Bystrica at a height
of 12 m above the ground.

Results and discussion
The onset of the lengthening of catkins during the years 1987–2009 was recorded
on February 7th on average (Table 1). The earliest record on January 1st 2007 was evoked
by an unusually warm winter season with air mean temperatures exceeding 0°C.
The latest records – March 8th 1987 and March 17th 2005 were recorded after cold
winters with monthly mean air temperatures of the coldest months -7.4 or -7.5°C
respectively (Fig. 1). A dependence of the lengthening of catkins on the duration
Table 1. Statistics of the onset and duration of the generative phenophases of the European
hazel (1987–2009)
Tab. 1. Charakterystyki statystyczne początku i trwania generatywnych fenofaz leszczyny
pospolitej (1987–2009)

Explanations: Ø – arithmetical mean, Min. – earliest onset, Max. – latest onset, sx% – variation coefficient.
Objaśnienia: Ø – średnia arytmetyczna, Min. – najwcześniejszy początek, Max. – najpóźniejszy koniec,
sx% – odchylenie standardowe.
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Fig. 1. Mean air temperatures in January, February and March at the Sliac meteorological station (the Zvolen Basin) in the years 1987–2009
Ryc. 1. Średnia temperatura powietrza w styczniu, lutym i w marcu na stacji meteorologicznej
Sliac (Kotlina Zwoleńska) w latach 1987–2009

of snow cover was also found (Fig. 2, 3). These trends were not significant. When
the snow cover was recorded for a limited number of days or absent at all (1990, 1998,
2007 and 2008) the onset of the phenophase was observed in the last decade of January.
On the other hand, a lot of days with snow (1987, 1996, 2005, 2006) delayed the onset
of the phenophase into the first half of March. The high variability (sx=30.9%) of
the phenophase onset is caused by the variability of air temperatures from year to year.
The lengthening of catkins lasted 7–20 days with the average of 11 days. Solar radiation
also influenced the onset of the phenophases. A sunny, warm weather accelerated
the onset of the phenophases by 2.5 days according to the results of long trend
analyses (Škvareninova 2009) (Fig. 2).
The onset and duration of inflorescence emergence over years resulted from
the course of air temperature in the winter season (Fig. 2). The phenophase onset
was recorded on February 20th on average with a high variability of 35.3%. The latest
date (March 25th) was recorded in 2005, being the coldest year of the period with
the mean air temperature in February -5.8°C. The warm winter in 2006/2007
accelerated inflorescence emergence and the earliest onset of the phenophases
– January 8th was recorded in that year. Inflorescence emergence was shorter by
8 days as compared with the lengthening of catkins. According to trend analyses in
the period of 1987–2009 the onset by earlier 5.5 days was recorded at the end of the
period as compared with the beginning.
Flowering onsets in the Zvolen Basin were observed on March 2nd on average.
The earliest date was recorded on January 21st 2007, the latest on April 1st 1987.
Different dates have been published in literature. During the years 1987–2006
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Fig. 2. Course of the generative phenophases and their linear trends in the years 1987–2009
Ryc. 2. Przebieg generatywnych faz fenologicznych i ich trendy liniowe w latach 1987–2009

Fig. 3. Number of days with snow cover during winter (December-March) in 1987–2009
Ryc. 3. Liczba dni z pokrywą śnieżną w zimie (grudzień-marzec) w latach 1987–2009

the mean onset of this phenophase on the territory of Slovakia was observed on
March 15th on average (Remišová, Vinceová 2007). March 13th was found as the mean
onset of the phenophase in the Zvolen Basin in the period of 1930–1960 (Kurpelová
1972). When comparing different literature sources the earlier onsets of the phenophase
are recorded today. The late dates of flowering published for some habitats are affected
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by altitude. During the years 1991–2005 a very late mean date of flowering – April 4th
was recorded at an altitude of 625 m a.s.l. (Bednářová, Merklová 2006).
Flowering lasted 6 days on average. The shortest duration of the phenophase
(4 days) was observed after the winter season 1993/1994 with a long period of mean
air temperatures exceeding 0°C. The difference between the onsets of inflorescence
emergence and flowering was only 4 days that year (Fig. 2). The coefficient of variation
decreased to 27.3%. According to trend analyses in the period of 1987–2009 the onset
of flowering earlier by 5.5 days was found at the end of period as compared with the
beginning.
A later average date of the flowering onset has been published for the territory
of Slovakia according to analyses for the years 1987–2006 (Remišová,Vinceová 2007).
Taking into account the very different conditions of habitats in Slovakia those
results are reasonable. The flowering onset in Rzeszow (SE Poland) during the years
1999–2001 was observed in the second half of February (Kasprzyk 2003). These
dates are earlier by about 2–3 weeks as compared with dates from the Zvolen Basin
in Slovakia. This difference is probably influenced by altitude and also by a very
frequent occurrence of inversion weather situations with low temperatures during
winter in the Zvolen Basin (Fig. 4).
The interannual variability between flowering and airborne grain concentrations
of the European hazel is demonstrated for the years 2003, 2006, 2007, 2009 (Fig. 5).

Fig. 4. Maximum, minimum and mean air temperatures in the winter season (December-March)
at the Sliac meteorological station (the Zvolen Basin) in the years 1987–2009
Ryc. 4. Maksymalna, minimalna i średnia temperatura powietrza w zimie (grudzień-marzec) na
stacji meteorologicznej Sliac (Kotlina Zwoleńska) w latach 1987–2009
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Fig. 5. Flowering of the European hazel (left) and airborne grain concentrations (right) in 2003,
2006, 2007 and 2009
Ryc. 5. Kwitnienie leszczyny pospolitej (na lewo) i stężenie ziaren pyłku w powietrzu (na prawo)
w latach 2003, 2006, 2007 i 2009

The flowering onset in 2003 (Fig. 5) was recorded on March 1st and the full
flowering was observed on March 23rd. The first record of pollen grains was noted on
March 11th and the peak concentration – 201 pollen grains per m3 was recorded on
March 25th. The pollen season lasted until April 1st.
A late flowering and pollen release after a long winter was observed in 2006
(Fig. 5). The total number of pollen grains was low with the peak concentration
of only 67 grains per m3. A very early first record of pollen grains recorded with
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a Burkard trap was found in 2007 (Fig. 5). The record of pollen grains before flowering
(after January 1st) was very probably caused by the flowering of the European hazel
in a city with warmer microclimatic conditions as compared with the observation of
habitats in the Zvolen Basin. The first peak (59 grains per m3) recorded on January 1st
corresponds with the observation of 50–100% flowering. The second peak (51 grains
per m3) recorded at the end of February was probably evoked by the transport from
higher altitudes due to a specific circulation situation.
The highest pollen concentration was found in 2009. The peak concentration
(498 grains per m3) was recorded after the end of 100% flowering (Fig. 5). Two peaks
were probably again influenced by pollen transport from higher altitudes. Apart
from Slovakia, a high interannual variability of the onset and duration of the pollen
season was also found in Krakow (S Poland) (Myszkowska et al. 2004; Myszkowska,
et al. 2007; Myszkowska, Piotrowicz 2009; Piotrowicz, Myszkowska 2006; Piotrowicz
2010). Very early beginning of pollen seasons (in January) was recorded in years 1994,
2006, 2007.

Conclusions
The European hazel (Corylus avellana L.) is a representative forest as well as
landscape phenological bioindicator. A high variability in the onsets and duration of
the spring phenophases comprising catkins lengthening, inflorescence emergence
and flowering was observed during the years 1987–2009. Apart from air temperature,
the snow cover plays an important role for the onsets of phenological phases during
the winter season. A small tendency to earlier onsets of phenophases was found during
the evaluated period of years.
Relations between the flowering of the European hazel and airborne pollen
concentrations were evaluated in the years 2003–2009. The variability of peak
concentrations ranged between 50–500 pollen grains per m3. These peaks were
recorded 10 days after the flowering onset on average. Apart from the flowering
of the European hazel, these peaks in the Zvolen Basin were also influenced by
the transport of pollen grains from higher mountainous habitats especially in the late
season. Monitoring of the European hazel flowering can play an important role in
pollen loads forecasting.
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Wpływ elementów meteorologicznych na zmienność
wiosennych fenofaz oraz występowanie ziaren pyłku
leszczyny pospolitej (Corylus avellana L.) w Kotlinie Zwoleńskiej
(Słowacja)
Streszczenie
W pracy przeanalizowano wyniki obserwacji fenologicznych leszczyny pospolitej
(Corylus avellana L.) w powiązaniu z temperaturą powietrza. Obserwacje wykonywano
w latach 1987–2009 w środkowej Słowacji (Kotlina Zwoleńska). Dotyczyły one 10%
początku faz fenologicznych: wydłużanie kotek, butonizacja i kwitnienie. Wydłużanie
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kotek przebiegało w danym okresie średnio od 7 lutego i trwało 10 dni. Butonizacja
rozpoczynała się 20 lutego ze średnią długością trwania 8 dni. Fenofaza kwitnienia
rozpoczynała się w omawianym okresie średnio 2 marca i trwała 6 dni. Początki faz
fenologicznych rozpoczynały się najwcześniej w latach 2007 i 2005. Fenofazy charakteryzowały się dużą zmiennością (sx% 27,3–35,3) pod wpływem znacznych wahań
dobowej temperatury powietrza w poszczególnych latach. Początki wiosennych faz
fenologicznych rozpoczynały się wcześniej o 2,5–5,5 dnia. Najwyższe stężenie ziaren pyłku, wychwytywanych za pomocą rotacyjnego pochłaniacza objętościowego
(Burkard), występowało około 10 dni po rozpoczęciu fenologicznej fazy kwitnienia.
Zróżnicowanie maksymalnej liczby ziaren pyłku zmieniało się w zakresie od 50 do
500 na m3. Występowanie kilku maksimów stężenia ziaren pyłku jest związane z jednej
strony z kwitnieniem leszczyny w Kotlinie Zwoleńskiej, a z drugiej strony bardzo późne
wysokie notowania są spowodowane przenoszeniem ziaren pyłku przez przepływające
powietrze z wyższych obszarów górskich.
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