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Abstract:
The paper presents the characteristics of oak and hornbeam pollen seasons in Kielce in 2021. Aeropalinological measurements were carried out
with the use of the volumetric method. The main oak pollen season lasted 35 days. The maximum concentration of oak pollen, i.e. 227 grains in
1 m3 of air, was recorded on May 20th, and the seasonal pollen index was estimated at 1533. The hornbeam pollen season was longer, i.e. 56 days.
The peak hornbeam pollen release was recorded on April 28th, when 22 pollen grains in 1 m3 of air were noted, with the annual concentration sum
of 207. The study also determined the effect of some meteorological factors on the concentration of pollen grains of the analyzed plant taxa. The
meteorological parameters were found to exert the strongest effect on the dynamics of the hornbeam pollen season.
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Introduction
Allergic diseases are a serious health problem.
The number of patients affected by various types of
allergies and allergy-related diseases has been steadily increasing in recent years. Inhaled allergens, such as
plant pollen, currently have great clinical importance.
In Poland, pollen monitoring is carried out in various
regions, mainly in urban areas. The published pollen
data are an important source of information about airborne allergens for both allergic patients and allergists.
Pollen allergy is typically a seasonal disease, and its
course depends on the degree of exposure of the organism to the allergen [1]. Therefore, aerobiological data
help to take measures to prevent organism exposure to
high concentrations of pollen grains and to reduce the
clinical symptoms of allergy. An important role in the
profile of allergic diseases may be played by oak and
hornbeam pollen allergens.
The oak (Quercus) represents the family Fagaceae. It is widespread mainly in wet habitats of
Europe. It also occurs across Poland, mainly in mixed
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forests located in river valleys [2]. The pedunculate
oak (Quercus robur L.) and the sessile oak (Quercus
petraea Liebl.) are common species growing in Poland.
Two other species that can be found in Poland are the
pubescent oak (Quercus pubescens Willd.) growing in
Bielinek on the Odra River and the red oak (Quercus
rubra L.), i.e. a non-native species that is an increasingly frequent element of forests and parks [2–5]. Oaks
flower in spring, mainly in April and May, and the dates
of pollen seasons of pedunculate and sessile oaks do
not fully coincide [6]. There may be an approximately
2-week difference in the pollen seasons between these
oaks.
The oak is a monoecious and anemophilous
tree [7]. It is regarded as a mildly allergenic species
with moderate clinical importance [3]. The main oak
allergen is Que a 1 with a mass of 17 kDa [3]. There
are no precise data on the threshold concentration of
oak pollen [3, 8]. Clinical observations revealed that
patients experienced discomfort at exposure to a conReceived: 22.02.2022
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The aim of this study was to assess the dynamics of oak and hornbeam pollen seasons in Kielce in
2021. The study also determined the impact of some
meteorological factors on the concentration of pollen
grains produced by the analyzed plant taxa.
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Material and methods
The study was carried out in Kielce, i.e. a city
located in the Świętokrzyskie Mts region. The volumetric method with the use of a VPPS 2000 device
(Lanzoni) was employed for measurements of the concentration of pollen grains. The apparatus was placed
18 m above ground level on the terrace of the building
of the Institute of Biology, Jan Kochanowski University in Kielce. The device worked in a 7-day continuous cycle. The pollen collecting tape was changed once
a week. The pollen grains were stained with alkaline
fuchsin. The microscope slides were analyzed using
a Nikon optical microscope (× 300). The concentration of the pollen grains was expressed in 1 m3 of air
(P/m3). The following parameters were determined
in the study: the length of the total pollen season, the
length of the main pollen season, the total daily pollen
grain concentrations during the season (SPI), the peak
pollen concentration, and the dates of maximum pollen
concentrations. The number of days with concentrations exceeding the plant species-specific threshold
was calculated based on literature data [10]. The length
of the main pollen season was determined with the 98%
method, where days with 1% and 99% of the annual
pollen sum were regarded as the onset and end of the
season, respectively [22]. The plant pollen seasons
were analyzed relative to the following meteorological
factors: maximum temperature (Tmax [°C]), minimum
temperature (Tmin [°C]), mean temperature (Tmean [°C]),
mean wind speed (wind speed [m/s]), and daily insolation (insolation, [%]). The meteorological data were
provided by the Institute of Meteorology and Water
Management of the National Research Institute for the
Kielce-Suków station [23]. The effect of meteorological factors on the concentration of pollen grains was
assessed using the non-parametric Spearman correlation (STATISTICA 10.0, Statsoft, Poland). The level of
p < 0.05 was assumed as statistically significant.
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centration of approx. 80 grains in 1 m3 of air [3, 8, 9].
The first clinical symptoms in oak pollen sensitive patients are observed after exposure of the organism to
a pollen concentration equal to or exceeding the value
of 16 grains in 1 m3 of air. In turn, the concentration of
oak pollen grains exceeding 91 grains in 1 m3 of air is
considered the threshold value inducing clinical symptoms in most patients [10]. These data have also been
confirmed in the most recent publications [5, 7].
The hornbeam (Carpinus L.) is native to the
temperate climate. There are two species of hornbeam
in Europe: the common hornbeam (Carpinus betulus
L.) and the eastern hornbeam (Carpinus orientalis
Mill.) [11]. Only one species, i.e. the common hornbeam (Carpinus betulus L.), grows in Poland, mainly
in lowland areas and higher mountain zones [12, 13].
The tree is part of mixed forests and forms oak-hornbeam stands together with oaks and limes. In parks
and gardens, it is used in landscape plantings and as
a complementary element in tree stands. In horticulture, the hornbeam is planted in hedges and tree lanes.
The hornbeam is a monoecious tree with gonochorous
flowers produced together with leaves. Its anemophilous flowers usually bloom in April and May [4, 15].
Together with hazel, the common hornbeam represents
the family Corylaceae [16]. It is closely related to trees
from the family Betulacea represented by birch and
alder and to trees from the Fagaceae family represented by oak and beech. The homology of the structure of
the antigenic proteins in their pollen is therefore high
and there are cross-reactions between the members of
these families [17–19].
As reported in the literature, hornbeam pollen
is moderately allergenic [11]. Its importance in allergology is attributed to the potential strong cross-reactivity with allergens of other plants, e.g. alder and
birch, and with food allergens, e.g. apple, peach, nuts,
almonds, tomatoes, celery, and carrots. The hornbeam
pollen season generally coincides with the flowering
of birch, which may increase allergic reactions [11].
The main allergen in hornbeam pollen is 17-kDa Car
b 1 [12, 20]. As suggested by Gumowski et al. [21],
hornbeam pollen is an underappreciated inhaled allergen. It is usually not included in allergy screening
tests; however, simultaneous exposure of the organism
to hornbeam and birch pollen may impede recognition
of clinical symptoms caused by hornbeam pollen allergens [21]. The literature data show that the threshold
values of hornbeam pollen concentrations inducing
clinical symptoms are the same as for oak allergens
(≥ 16 and ≥ 91 in m3 of air) [10, 11].
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Results and discussion
The characteristics of the pollen seasons of
oak and hornbeam in Kielce in 2021 are shown in
table 1. The relationships between the meteorological
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recorded on only 3 days (tab. 1, fig. 1A, B). The presence of the last oak pollen grains in Kielce bioaerosol
was detected on June 12th (fig. 1A, B). The oak pollen
release is highly variable. Even during one season, the
intensity of pollen release by this plant differs between
the different regions of Poland. As shown by literature
data, the main oak pollen season in Kielce in 2021 was
delayed in comparison with the seasons in 2019 and
2020 in other Polish cities. The length of the pollen
season was comparable [2, 5]. It is possible that the
lower temperatures in the early spring may have contributed to the later onset of the oak pollen season. Literature data show that oak pollen is released abundantly, and the peak pollen season occurs immediately after
the appearance of the first pollen grains in the air [4].
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factors and the total and main oak and hornbeam pollen
seasons are presented in table 3. Figures 1A, B and 2A,
B show the dynamics of pollen release by the plant taxa
relative to the meteorological conditions described in
table 2.
In 2021, the first oak pollen grains in the air of
Kielce were recorded on April 29th. The main pollen
season, determined with the 98% method, began on
May 4th and ended on June 7th. The seasonal pollen
index (SPI) was estimated at 1533, and the maximum
concentration of oak pollen (227 P/m3 of air) was recorded on May 20th. During the total pollen season,
there were 25 days with pollen concentrations exceeding the first threshold value of 16 P/m3, and pollen
grain concentrations exceeding 91 P/m3 of air were

Table 1. Characteristics of oak and hornbeam pollen seasons in Kielce in 2021.
Peak
value
[P/m3]

Duration of pollen season

Taxon

Peak date
(day of
year)

Number of days with concentration
above threshold

Seasonal
pollen
index (SPI)

≥ 91 P/m3

≥ 16 P/m3

Start (day of year)

End (day of year)

Oak (Quercus)

4.05 (124)

7.06 (158)

227

20.05 (140)

1533

25

3

Hornbeam (Carpinus)

10.04 (100)

4.06 (155)

22

28.04 (118)

207

3

0

Table 2. Characteristics of meteorological factors during the total and main oak and hornbeam pollen seasons
in Kielce in 2021.
Meteorological factors

Tmax

Tmean

Tmin

Wind speed

Insolation

max

Oak (Quercus)

Hornbeam (Carpinus)

Total pollen season (n = 45)

Main pollen season (n = 35)

Total pollen season (n = 78)

Main pollen season (n = 56)

27.2 (11.05)

27.2 (11.05)

27.2 (11.05)

27.2 (11.05)

min

8.3 (3.05)

12.3 (7.05)

3.0 (14.04)

3.0 (14.04)

mean

19.19

18.96

15.98

15.75

SD

4.31

3.77

5.97

5.34

max

20.1 (11.05)

20.1 (11.05)

20.1 (11.05)

20.1 (11.05)

min

5.2 (3.05)

7.0 (8.05)

-1.1 (7.04)

0.9 (14.04)

mean

13.21

13.04

9.97

10.07

SD

3.55

3.11

5.23

4.35

max

12.8 (9.06)

12.6 (5.06)

12.8 (9.06)

11.3 (14.05)

min

-2.6 (4.05)

-2.6 (4.05)

-6.0 (7.04)

-3.9 (26.04)

mean

6.87

6.77

4.12

4.48

SD

3.41

3.53

4.60

4.02

max

5.1 (2.05)

4.6 (11.05)

5.1 (2.05)

5.1 (2.05)

min

0.9 (1.06)

0.9 (1.06)

0.9 (1.06)

0.9 (1.06)

mean

2.63

2.61

2.59

2.75

SD

0.90

0.88

0.87

0.86

max

14.2 (9.05)

14.2 (9.05)

14.2 (9.05)

14.2 (9.05)

min

0 (2 days)

0 (2 days)

0.0 (7 days)

0.0 (7 days)

mean

7.41

7.53

6.57

6.38

SD

4.20

4.06

4.27

4.38

SD – standard deviation.

A. Kopacz-Bednarska, J. Posłowska, J. Ślusarczyk: Oak and hornbeam pollen season in Kielce in 2021

Alergoprofil
2022, Vol. 18, Nr 1, 21-28

© Medical Education. For private and non-commercial use only. Downloaded from
https://www.journalsmededu.pl/index.php/alergoprofil: 03.07.2022; 19:25,55

23

MEDICAL AEROBIOLOGY

on

ly

hornbeam pollen season was observed on April 28th,
when 22 pollen grains in 1 m3 of air were recorded,
with the annual sum of 207. Literature data indicate
that the hornbeam pollen season is typically short with
variable amounts of pollen released into the atmosphere
[11]. The study conducted in Kielce in 2021 showed
that, although the annual sum and maximum concentrations of hornbeam pollen grains were not high, the
pollen season of this plant was substantially longer
than in other regions of Poland in previous years [11].
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The oak pollen season in Kielce in 2021 had a compact
character. The aerobiological analysis revealed that
there were only two days with the highest pollen concentrations (over 200 P/m3) (fig. 1A, B). The oak and
hornbeam pollen seasons overlapped.
The hornbeam pollen season was longer than
in the case of oak (fig. 1A–2B). It started on the last
decade of March and ended in the first half of June, as
in the case of oak (fig. 2A, B). The main pollen season
lasted 56 days, i.e. from April 10th to June 4th. The peak
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Figure 1. Oak (Quercus) pollen count in Kielce in 2021 in relation to selected meteorological factors: maximum
(tmax), minimum (tmin), and mean temperature (tmean) (A), insolation, and wind speed (B).
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Figure 2. Hornbeam (Carpinus) pollen count in Kielce in 2021 in relation to meteorological factors: maximum
(tmax), minimum (tmin), and mean temperature (tmean) (A), insolation, and wind speed (B).

Moreover, the peak hornbeam pollen season in Kielce
recorded on April 28th coincided with the maximum
concentration of maple pollen grains [24]. During the
entire hornbeam pollen season in Kielce, the threshold
value of the concentration of pollen grains (16 P/m3)
was exceeded on only 3 days. No values exceeding 91
P/m3 were recorded during the study (tab. 1, fig. 2A,
B), which may indicate a low risk of intensification
of allergic symptoms in allergic subjects. The hornbeam pollen season exhibited high dynamics, with four

periods of more intense pollen release between the end
of April and the end of May (fig. 2A, B).
As reported by Ianovici and Bîrsan [25], the
concentration of airborne pollen grains may increase
with increasing temperature. Hence, the impact of the
maximum, minimum, and mean temperature on the
oak and hornbeam pollen concentration in the air was
analyzed in the present study. During the oak and hornbeam pollen seasons, the highest values of maximum
temperature (Tmax) (27.2°C) and mean temperature
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main hornbeam pollen season. The analyses showed no
correlation between the hornbeam pollen concentration
and the minimum air temperature in the total and main
pollen seasons (tab. 3).
The length and date of the onset of the plant
pollen season as well as the pollen season dynamics
may depend on many factors. The impact of meteorological factors on the course of the pollen season in
many plant species is indisputable as well. Majeed et
al. [27] reported a significant influence of meteorological factors on the dynamics of plant pollen release. The
air temperature, in particular the maximum and mean
temperature, and insolation were the main meteorological variables exerting the greatest impact on the release
or increase in pollen grain concentrations during the
pollen season [27], which was also confirmed in our
study. Currently, great importance is attached to research focused on determination of the relationship
between the pollen count and meteorological variables.
This facilitates prediction of pollen seasons and the
preparation of pollen calendars for a given region. The
present aerobiological study will help to determine the
seasonality of pollen in allergenic plants and to prepare
multiyear pollen calendars for Kielce.
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Tmean (20.1°C) were recorded on May 11th. In turn, the
highest value of the minimum air temperature (Tmin)
(12.8°C) was noted on June 9th during the total oak
and hornbeam pollen seasons. The highest minimum
temperature (Tmin) (12.6°C) was recorded on June 5th
during the main oak pollen season and on May 14th
during the main hornbeam pollen season (11.3°C). The
highest wind speed (5.1 m/s) was recorded on May 2nd
during the total oak pollen season and the total and
main hornbeam pollen seasons. The maximum wind
value of 4.6 m/s was recorded on May 11th during
the main oak pollen season. The maximum insolation
(14.2%) was noted on May 9th during the total and
main oak and hornbeam pollen seasons (tab. 2).
Literature data show a significant impact of
meteorological factors on the intensity of plant pollen
release [24–27]. The present study demonstrated that
not all meteorological factors exerted a significant
effect on the pollen seasons of the analyzed plant taxa.
Despite the similar or the same values (especially the
maximum values) of most of the meteorological parameters during the oak and hornbeam pollen seasons,
the correlation coefficients exhibited large differences
(tab. 3). The statistical analyses revealed that the con-

Table 3. Spearman’s correlation coefficients between oak and hornbeam pollen counts and meteorological factors
during the total and main pollen seasons in Kielce in 2021.
Meteorological factors

Oak (Quercus)

Hornbeam (Carpinus)

Total pollen season (n = 45)

Main pollen season (n = 35)

Total pollen season (n = 78)

Main pollen season (n = 56)

Tmax

-0.0889

-0.0755

0.3568**

0.5642***

Tmean

0.0431

0.0754

0.3492**

0.4634***

Tmin

0.1814

0.2243

0.1755

0.1083

Wind speed

0.1202

0.2347

0.2493*

0.0888

Insolation

-0.0036

-0.0697

0.3299**

0.5298***

*p < 0.05, **p < 0.01, ***p < 0.001.

centration of oak pollen grains in the air of Kielce was
not significantly correlated with the meteorological
parameters (tab. 3). However, the weather conditions
exerted a significant effect on the hornbeam pollen
concentration. A statistically significant positive correlation was found between the number of hornbeam
pollen grains and the maximum air temperature (Tmax)
during the total (at p ˂ 0.01) and main (at p ˂ 0.001)
pollen seasons. A similar correlation was confirmed
for the mean air temperature and the insolation degree
(tab. 3). The present study also revealed a significant
correlation between the mean wind speed and the total
hornbeam pollen season (at p ˂ 0.05). However, the
wind speed did not exert any significant effect on the
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Conclusions
1. In the 2021 season, the first hornbeam pollen grains
were recorded in the bioaeroplankton in Kielce
on the last days of March and the onset of the oak
pollen season was noted on the last days of April.
Oak and hornbeam pollen persisted in the atmosphere until the second ten days of June.
2. The main oak pollen season was compact with
intense pollen release recorded on the second ten
days of May. The hornbeam pollen season was
dynamic with four peaks of more intense pollen
release recorded between the end of April and the
end of May.
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