Annals of Agricultural and Environmental Medicine 2022, Vol 29, No 4, 502–512

ORIGINAL ARTICLE

www.aaem.pl

Influence of meteorological factors on the
dynamics of hazel, alder, birch and poplar
pollenin the 2021 season in Kielce, Poland
Joanna Ślusarczyk1,A,C-F

, Anna Kopacz-Bednarska2,A-E , Joanna Posłowska1,B



Department of Environmental Biology, Institute of Biology, Jan Kochanowski University, Kielce, Poland
Department of Medical Biology, Institute of Biology, Jan Kochanowski University, Kielce, Poland
A – Research concept and design, B – Collection and/or assembly of data, C – Data analysis and interpretation,
D – Writing the article, E – Critical revision of the article, F – Final approval of the article
1
2

Ślusarczyk J, Kopacz-Bednarska A, Posłowska J. Influence of meteorological factors on the dynamics of hazel, alder, birch and poplar pollen
in the 2021 season in Kielce, Poland. Ann Agric Environ Med. 2022; 29(4): 502–512. doi: 10.26444/aaem/152837

Abstract

Introduction and Objective. Hazel, alder, birch, and poplar pollen allergens are a common cause of pollen allergies. In a
temperate climate, wind-pollinated plants are characterized by a seasonal pollen release cycle associated with the seasons of
the year and weather conditions. Therefore, the aim of the present study was to assess the course of pollen seasons of some
allergenic plants and to determine the effect of meteorological factors on the content of pollen grains in the bioaerosol in
2021 in Kielce, Poland. 
Materials and method. In relation to selected meteorological parameters, the length of the total and main pollen season,
the sum of daily pollen grain concentrations in the season, the peak pollen concentration, and the number of days with
values exceeding the species-specific threshold concentrations, were determined. 
Results. Hazel and alder pollen were the first to appear in the air of Kielce. The longest pollen season was observed for
birch, while hazel was characterized by the shortest season. The alder pollen release was intense, with the highest maximum
concentration of pollen grains. The study revealed a significant influence of the maximum air temperature on the dynamics
of hazel, alder and poplar pollen release. Birch pollen release was significantly correlated with the average air humidity. The
concentration of alder and birch pollen grains also depended on rainfall intensity. The wind force had a significant impact
on the pollen season of plants.
Conclusions. There were various relationships between the meteorological factors and the content of pollen grains in the
air. The wind speed and temperature had the greatest impact on plant pollen release, with birch and alder being particularly
sensitive to weather conditions.
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INTRODUCTION
Hazel, alder, birch, and poplar pollen allergens are the
most common causes of pollen allergy in Poland and affect
many inhabitants of northern and central Europe [1]. In
the conditions of the Polish climate, hazel pollen grains are
the first to appear in the air. The onset of its flowering is
regarded as the beginning of botanical early spring [2–4].
The concentration of hazel pollen at measurement stations
located in large urban agglomerations does not reach very
high values. Due to the shorter outdoor stay during the
pollen season (January-March), the exposure of patients to
hazel pollen allergens is limited. Additionally, the low air
temperature and methods for saving heating energy (closed
windows) minimize the penetration of hazel pollen allergens
into the interior of residential and office buildings. To date,
several types of hazel pollen allergens have been isolated
and relatively well investigated. Cor a 1 with a mass of 17
kDa, which is a homologue of the Bet v 1 birch allergen, has
been identified as the main hazel allergen. Four isoforms
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of the allergen have been described in the literature (Cor
a 1.0401–1.0404) [5, 6]. Hazel pollen allergens are highly
important in allergology, as they can cross-react with alder
and birch pollen allergens and with certain food allergens,
e.g. hazelnuts. Specific IgE antibodies cannot discriminate
between antigens with identical or very similar epitopes. With
the protein sequence homology of 70%, the cross-reaction
is considered highly probable. In turn, cross-reactions at
an up to a 50% homology level are considered rare. Protein
homology may involve both related and unrelated plant
species [5, 6].
The common hazel (Corylus avellana L.) is a representative
of the family Corylaceae from the order Fagales. This order
includes the families Betulace (represented by birch and alder),
Corylaceae (e.g. hazel and hornbeam), and Fagaceae (e.g.
oak and beech) [2]. The families are closely related, and the
homology of their antigenic protein structure is sufficiently
high for cross-reactions to occur between representatives of
different families within the order Fagales. For instance, the
main antigen of hazel pollen Cor a 1 and the cross-reactive
antigens of Fagales trees show high similarity of the tertiary
structure, such as Bet v 1 (in birch), Aln g 1 (in alder), or
homologues present in vegetables and fruits: Mal d 1 (in
apples), Pru ar 1 (in cherries), Api g 1 (in celery), and Dau c
1 (in carrots). Hence, approximately 15–20% of patients who
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are allergic to hazel pollen allergens exhibit hypersensitivity
to some fruits (mainly apples, pears, peaches) and hazelnuts
[6–8]. Cross-reactivity may involve one group of allergens
or may involve different groups. The amino acid sequence
and the antigen protein sequence homology are responsible
for cross-reactivity. Thus, allergy to hazel pollen allergens
is usually accompanied by allergy to alder and birch pollen
allergens. The cross-reactions between some inhaled and food
allergens may evoke hypersensitivity to food allergens upon
patient’s contact with airborne allergens [6].
Alder pollen allergens appear in the atmosphere
immediately after hazel pollen allergens. Alder pollen
concentrations reach very high levels a t measurement stations
located in urban agglomerations and extremely high values
in suburban areas. The exposure to alder pollen allergens is
very high but partially limited, as in the case of hazel, due
to the shorter stay of patients outdoors (end of winter/early
spring). The main alder allergen is Aln g 1 with a molecular
weight of 17–20 kDa, pI=5.3, and over 90% reactivity. Alder
pollen allergens play an important role in allergology due to
their frequent cross-reactions with birch and hazel pollen
allergens [9, 10]. Approximately 10% of patients with alder
pollen allergy exhibit hypersensitivity to some fruits (mainly
apples, pears, and peaches), which may be a result of the
cross-reactions between alder pollen and fruit allergens. It
may also be a result of co-allergy to alder and birch pollen
allergens [11].
Birch pollen allergens are one of the main causes of
pollinosis in northern and central Europe. In Poland, after
grass pollen allergens, they are the most common cause of
symptoms of periodic allergic rhinitis and atopic asthma
in susceptible subjects [12]. Due to the cross-reactions,
allergic symptoms may appear in patients with birch pollen
allergy during the hazel and alder pollen seasons and after
consumption of certain fruits and vegetables, e.g. apples,
peaches, pears, cherries, hazelnuts, carrots, celery, and
soybeans. Current scientific reports show that birch pollen
contains 10 major molecular allergens and several tens of
isoforms, mainly of allergen Bet v 1 [13]. The complete amino
acid sequence of three birch pollen allergens has been fairly
well investigated. The most important allergen of silver birch,
i.e. Bet v 1, consists of 159 amino acids with a molecular
weight of 17 kDa, pI=5.2. It has been shown to cross-react
with the 17-kDa allergen in apples. Another major birch
allergen, i.e. Bet v 2, has 133 amino acids with a known
sequence similar to the group of proteins called profilins
(playing a key role in actin polymerization). The third birch
pollen allergen is the 20-kDa protein calmodulin, which is
an enzyme activator [14].
The poplar pollen season in Poland usually begins in midMarch and lasts until the end of April, depending on the
region. The peak pollen season is noted in April, as very
high concentrations of pollen grains are recorded during
this period [15]. Poplar pollen allergens have not been fully
described. Pop a from the white poplar (Populus alba L.),
Pop n from the black poplar (Populus nigra L.), and Pop t
from the aspen (Populus tremula L.) are regarded as the
most important allergens for allergological diagnostics [16].
Despite the high concentrations of airborne poplar pollen, the
hypersensitivity to the allergens of these trees in the Polish
population is relatively low [16]. There are only few literature
data confirming the role of poplar pollen in the etiology of
allergic rhinitis [17]. Cross-reactions between poplar pollen

and willow pollen have been described [18]. However, there
are increasing numbers of reports on the clinical significance
of poplar pollen allergens in the international literature [19,
20, 21].
OBJECTIVE
The time of plant flowering as well as the amount of produced
pollen and its dispersal in the air depend, e.g., on weather
conditions, with winter and early spring temperature and
precipitation rates as important determinants of the presence
of airborne plant pollen [22, 23]. Hazel and alder pollen
grains are recorded already at the turn of winter and spring,
with birch and poplar pollen noted in spring, i.e. in a period
with changeable weather conditions. The onset and course
of pollen seasons of these taxa are characterized by high
variability [24, 25]. Basic diagnostics of pollen allergy should
be supplemented with information about local concentrations
of plant pollen. This may facilitate undertaking therapeutic
measures, formulation of preventive recommendations, and
prediction of the intensity of reactions after exposure of the
organism to allergens [26].
Therefore, the aim of the present study was to assess the
dynamics of pollen seasons in plant taxa that have been
classified as the most allergenic species and for a long time
have attracted allergists’ attention. The study also analyzes
the impact of meteorological factors on the concentration
of hazel, alder, birch, and poplar pollen grains in the air of
Kielce, Poland, in 2021.
MATERIALS AND METHODS
Study area and sampling methods. The study was carried out
in Kielce (50°52′N, 20°37′E), i.e. the capital of Świętokrzyskie
Province, located in south-eastern Poland. The concentration
of pollen grains was measured with the volumetric method
using a Lanzoni VPPS 2000 device. The apparatus was placed
18 m above ground level on the terrace of the building of
the Institute of Biology at the Jan Kochanowski University
in Kielce. According to the manufacturer‘s data, the VPPS
2000 device has a suction rate of 10 liters of air per minute,
i.e. 14.4 m3 of air per day. Pollen grains were collected in
a continuous mode. The collecting tape mounted on the
drum was changed once a week. The clock-driven drum
moved at a speed of 2 mm per hour. The air entering the
apparatus directed the pollen grains directly onto the tape,
which was then cut into sections corresponding to 24-hour
periods. The pollen grains were stained with alkaline fuchsin.
The microscope slides were analyzed using a Nikon optical
microscope at a magnification of ×300. The pollen grains were
counted with the method of horizontal stripes. Previously
prepared standards were used for the morphological pollen
analysis.
Quantitative analysis. The concentration of pollen grains of
the analyzed plant taxa was expressed in 1 m3 of air (P/m3).
The study determined the length of the total pollen season
(TPS) and the main pollen season (MPS), the total daily
pollen grain concentrations in the season (seasonal pollen
index SPI), the peak pollen concentration, and the dates of
maximum pollen concentrations. The number of days with
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concentrations exceeding the plant species-specific threshold
values were

also calculated. In accordance with literature
data, the MPS length was determined using 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 [27].
The values of meteorological parameters: maximum air
temperature (°C), average wind speed (m/s), average air
humidity (%), and daily precipitation sum (mm) were provided
by the Institute of Meteorology and Water Management of
the National Research Institute for the Kielce-Suków station
[28]. The meteorological factors were summarized for the
total pollen season (TPS) of the plants.

RESULTS
Hazel, alder, birch, and poplar pollen season analysis. The
characteristics of the pollen season of hazel, alder, birch, and
poplar in Kielce in 2021 are presented in Table 1. Fig. 1 shows
the dynamics of the total pollen season of the analyzed plant
taxa in 2021 in comparison with the 2020 season.
The hazel MPS began on 24 February and ended on 27
March. The seasonal pollen index (SPI) for hazel was 933. The
maximum pollen concentration of 264 P/m3 was recorded on
3 March. The TPS of the species in 2021 persisted for 45 days,
with 6 days characterized by a concentration of pollen grains
exceeding the threshold value of 35 P/m3, 3 days with values
higher than 80 P/m3, and only 1 day with the concentration
above 150 P/m3 (Tab. 1). In 2021, hazel pollen grains persisted
in the air of Kielce until 9 April, i.e. for a shorter time than
in 2020 (Fig. 1).
The alder MPS started on 25 February and lasted 42 days.
The maximum pollen concentration was 1,561 pollen grains
1 m3 of air, with the annual concentration sum of 7,050. The
alder TPS persisted for 74 days; the threshold value of 45 P/
m3 was exceeded on 24 days, concentrations higher than 85 P/
m3 were recorded on 16 days, and a concentration over 1,200
P/m3 was noted on only 1 day (Tab. 1). The total alder pollen
season in 2021 was more intense than in 2020. The last single
alder pollen grains were recorded in Kielce in 2021 on 28
April, which was comparable with the previous year (Fig. 1).
The birch pollen season in 2021 began on 18 April and
lasted 43 days – until 30 May. Over the entire pollen season,
there were 25 days with pollen grain concentrations higher
than 20 P/m3, 17 days with concentrations above 75 P/m3,
and 12 days with values exceeding the threshold of 155 P/m3.
The highest concentration of birch pollen in the air of Kielce
(414 P/m3) was observed on 28 April versus the annual pollen
sum of 4,761 (Tab. 1). In comparison to 2020, the total pollen

Statistical analysis. Statistical analyses were performed using
the Statistica 10.0 programme (Statsoft, Poland) assuming
the p<0.05 value for statistical significance of differences.
Basic descriptive statistics of all analyzed meteorological
parameters were calculated with determination of the
maximum (max), minimum (min), and mean (mean) values,
standard deviations (SD), variance (V), and skewness.
The statistical analyses consisted in the determination
of correlations between the weather conditions and their
impact on the dynamics of pollen release. The relationship
between the maximum air temperature, average wind speed,
average air humidity, and daily precipitation sum in the
total pollen season (TPS) of hazel, alder, birch and poplar
was analyzed using non-parametric Spearman’s correlation.
Spearman’s correlation was also used to assess the impact of
the meteorological factors on the total (TPS) and main (MPS)
pollen seasons of the plants. In addition to the Spearman’s
analysis, the relationships between the weather factors and
the total number of pollen grains per season were determined
using Pearson’s correlation.

Table 1. Characteristics of the hazel, alder, birch, and poplar pollen seasons in Kielce in 2021.
Corylus
Duration of pollen season
Start
(day of year)

End
(day of year)

24/02
(55 day)

27/03
(86 day)

No. of days with concentration above threshold

Peak value
[P/m3]

Peak date

Seasonal Pollen
Index (SPI)

≥ 35 P/m3

≥ 80 P/m3

≥ 150 P/m3

264

3/03

933

6

3

1

Alnus
Duration of pollen season
Start
(day of year)

End
(day of year)

25/02
(56 day)

7/04
(97 day)

No. of days with concentration above threshold

Peak value [P/m3]

Peak date

Seasonal Pollen
Index (SPI)

≥ 45 P/m3

≥ 85 P/m3

≥ 1200 P/m3

1 561

25/02

7 050

24

16

1

Betula
Duration of pollen season
Start
(day of year)

End
(day of year)

18/04
(108 day)

30/05
(150 day)

No. of days with concentration above threshold

Peak value [P/m3]

Peak date

Seasonal Pollen
Index (SPI)

≥ 20 P/m3

≥ 75 P/m3

≥ 155 P/m3

414

28/04

4 761

25

17

12

Populus
Duration of pollen season
Start
(day of year)

End
(day of year)

13/03
(72 day)

9/05
(129 day)

No. of days with concentration above threshold

Peak value [P/m3]

Peak date

Seasonal Pollen
Index (SPI)

≥ 50 P/m3

≥ 80 P/m3

≥ 150 P/m3

120

31/03

445

2

1

0
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Figure 1. Dynamics of total pollen season (TPS) of hazel (A), alder (B), birch (C), and poplar (D) in Kielce in 2020–2021. Due to the epidemiological status in Poland, the
aeropalinological measurements in 2020 were suspended between 19 March – 21 April

season of birch in 2021 was substantially longer, i.e. 76 days.
It started and ended later than the 2020 season (Fig. 1).
In the poplar MPS, which lasted from 13 March – 9 May,
the maximum concentration of pollen grains (120 P/m3)
was recorded on 31 March. The poplar SPI was estimated
at 445. In TPS, there were only 2 days with a poplar pollen
concentration exceeding the threshold value of 50 P/m3
and 1 day with a concentration higher than 80 P/m3. No
concentrations of poplar pollen grains exceeding the value
of 150 P/m3 were recorded in the air of Kielce (Tab. 1). In the
2021 season, poplar pollen was detected in the bioaerosol
in Kielce for 70 days. The first poplar pollen grains in 2021
were recorded 10 days later than in 2020, and persisted in
the air until 11 May, the same as in the 2020 season (Fig. 1).
Analysis of meteorological parameters. Table 2 presents
the characteristics of selected meteorological parameters
recorded in the TPS of hazel, alder, birch, and poplar. The
weather observations show that the highest maximum
temperature (27.2 °C) at the time of pollen release by poplars
and birch trees was recorded on 11 May. The maximum
temperature during the hazel and alder pollen season
(21.2 °C) was noted on 31 March. The lowest maximum
temperature (-0.3 °C) was recorded on 21 March, which
was the period covering the pollen season of hazel, alder
and poplar. The maximum value of average air humidity
(90.9%) during the hazel pollen season was recorded on 30
March. In turn, the highest air humidity during the alder,
birch, and poplar TPS (94.8%) was recorded on 17 April. The

lowest air humidity was observed on 9 April (61.5%) in the
hazel pollen season, and on 28 April (43.9%) in the alder,
birch, and poplar pollen seasons.
There were differences in the average wind speed between
the hazel pollen season and the alder, birch, and poplar
pollen seasons. On 5 April, the highest wind speed (4.4 m/s)
was recorded in the hazel pollen season. In turn, in the
pollen seasons of the other plant taxa, the maximum wind
speed was recorded on 2 May (5.1 m/s). The minimum wind
speed (0.6 m/s) was recorded on 9 March, during the pollen
season of hazel, alder and poplar. The greatest variation in the
weather parameters between the pollen seasons was exhibited
by the daily rainfall sum. The highest precipitation rates were
recorded on12 March (3.8 mm) in the hazel pollen season,
on 16 April (8.3 mm) in the alder and poplar pollen seasons,
and on 5 June (10.3 mm) in the birch pollen season. The
meteorological data showed 25, 34, 37, and 38 days without
rainfall in the hazel, poplar, alder, and birch pollen seasons,
respectively (Tab. 2).
Statistical analyses revealed no correlations between the
meteorological factors in the hazel TPS. The alder and poplar
TPS was characterized by a negative correlation between
the maximum temperature and average air humidity,
and a positive correlation between the rainfall level and
humidity and wind speed. The relationships between the
maximum temperature and air humidity and the amount of
precipitation, as well as between precipitation and humidity
were also observed in the birch TPS (Fig. 2).
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Table 2. Characteristics of selected meteorological factors during the total pollen season (TPS) of hazel, alder, birch, and poplar in Kielce in 2021
Meteorological factors

Maximum temperature

Humidity

Wind speed

Rainfall

Statistical parameters

Corylus

Alnus

Betula

Populus

max (day)

21.2 (31/03)

21.2 (31/03)

27.2 (11/05)

27.2 (11/05)

min (day)

-0.3 (21/03)

-0.3 (21/03)

3.0 (14/04)

-0.3 (21/03)

mean

8.49

10.07

16.18

10.60

SD

5.41

5.52

6.02

6.21
38.57

V (%)

29.29

30.52

36.26

skewness

0.51

0.13

-0.33

0.39

max (day)

90.9 (30/03)

94.8 (17/04)

94.8 (17/04)

94.8 (17/04)

min (day)

61.5 (9/04)

43.9 (28/04)

43.9 (28/04)

43.9 (28/04)

mean

75.26

73.87

69.93

72.12

SD

7.81

10.39

12.05

11.61

V (%)

61.03

107.93

145.23

134.76

skewness

-0.14

-0.32

-0.02

-0.33

max (day)

4.4 (5/04)

5.1 (2/05)

5.1 (2/05)

5.1 (2/05)

min (day)

0.6 (9/03)

0.6 (9/03)

0.9 (1/06)

0.6 (9/03)

mean

2.44

2.60

2.65

2.69

SD

1.00

0.97

0.90

0.98

V (%)

1.01

0.93

0.81

0.96

skewness

0.09

0.05

0.48

0.02

max (day)

3.8 (12/03)

8.3 (16/04)

10.3 (5/06)

8.3 (16/04)

min (day)

(25 days)

0.0 (37 days)

0.0 (38 days)

0.0 (34 days)

mean

0.54

1.15

1.60

1.21

SD

0.97

2.09

2.56

2.13

V (%)

0.94

4.35

6.56

4.53

skewness

2.04

2.17

1.64

2.08

SD – standard deviation; V – variance.

Effect of meteorological parameters on pollen season. The
results of Spearman’s analysis between the meteorological
factors and the total (TPS) and main (MPS) pollen seasons of
the analyzed plant taxa in the bioaerosol in Kielce are presented
in Table 3. There was no correlation between the weather
conditions and the concentration of hazel pollen grains in TPS.
A positive correlation was found only between the maximum
air temperature and the hazel pollen concentration in MPS
(p <0.01). In TPS, negative correlation coefficients at p <0.05
were found between the alder pollen count and the maximum
air temperature, wind speed, and rainfall sum. In turn, the
number of alder pollen grains in MPS was not significantly
correlated with the meteorological conditions. No statistically
significant correlation was found between the concentration
of birch pollen and the maximum air temperature. In turn,
the relationship between the number of birch pollen grains
in the atmosphere of Kielce in TPS and MPS and the average
air humidity was negatively correlated at p <0.01. A negative
relationship was also shown between the birch pollen count
in TPS and the rainfall sum (p <0.05). It was shown that
the dynamics of birch pollen in the TPS (p <0.05) and MPS
(p <0.01) periods was also influenced by the wind force.
Spearman’s correlations revealed a clear relationship between
the poplar pollen count and the maximum temperature value
in TPS (p<0.001) and MPS (p<0.001) and the average wind
speed in MPS (p<0.05) (Tab. 3). To illustrate the impact of
meteorological factors on the hazel, alder, birch, and poplar
pollen seasons in TPS, dependencies were determined based
on Pearson’s correlation (Fig. 3, 4, 5, 6). Analysis revealed a

statistically significant effect of the maximum air temperature
on the concentration of poplar pollen (R=0.341; p<0.01) (Fig.
3). The birch pollen count was negatively correlated with the
mean air humidity (R=-0.378; p<0.001) (Fig. 4). The wind speed
exerted a significant effect on the intensity of hazel (R=-0.357;
p<0.05), birch (R=0.301; p<0.01), and poplar (R=0.295; p<0.05)
pollen release (Fig. 5). In turn, no significant correlation was
found between the count of pollen grains of the studied plant
taxa and the rainfall sum (Fig. 6).
DISCUSSION
Given the high variability of the dynamics of pollen seasons,
the literature highlights the need to carry out constant pollen
monitoring [29, 30]. Plant pollen released into the atmosphere
is the main inhalation allergen playing an important role in
the development of allergic diseases, e.g. allergic rhinitis [31].
Pollen grains released by spring plants are one of the most
frequently identified inhalation allergens. Therefore, it seems
extremely valuable to conduct aeropalinological studies of the
pollen seasons of plants with high allergenic potential, taking
into account environmental conditions and meteorological
factors. Climatic conditions largely determine the flora of a
given region. They can also influence the concentrations of
pollen grains in the atmospheric air [32]. Hence, the present
study focused on the assessment of the dynamics of hazel,
alder, birch, and poplar pollen seasons in relation to selected
weather conditions.
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Figure 2. Dynamics of meteorological conditions and Spearman’s correlation between selected meteorological parameters in the total pollen season (TPS) of hazel
(A), alder (B), birch (C), and poplar (D)
*p < 0.05; **p < 0.01; ***p < 0.001.

Table 3. Spearman’s correlation coefficient between meteorological parameters and the total and main pollen seasons of hazel, alder, birch, and poplar.
Corylus

Spearman’s
correlation
Maximum
temperature
Humidity

Wind speed

Rainfall

Alnus

Betula

Populus

TPS
(N=45)

MPS
(N=32)

TPS
(N=74)

MPS
(N=42)

TPS
(N=76)

MPS
(N=43)

TPS
(N=70)

MPS
(N=58)

R

-0.014

0.478

-0.256

0.086

0.041

-0.042

0.473

0.423

p

0.922

0.005

0.027

0.583

0.724

0.784

0.000

0.000
-0.184

R

-0.001

0.089

0.095

-0.023

-0.345

-0.426

-0.151

p

0.992

0.624

0.420

0.881

0.002

0.004

0.211

0.164

R

-0.100

-0.195

-0.269

-0.036

0.263

0.403

-0.187

-0.295

p

0.509

0.283

0.020

0.817

0.021

0.007

0.119

0.024

R

-0.209

0.078

-0.269

-0.141

-0.250

-0.224

-0.029

-0.058

p

0.167

0.669

0.020

0.370

0.029

0.148

0.809

0.660

TPS - total pollen season, MPS - main pollen season
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Figure 3. Relationship between the maximum air temperature and total count of hazel (A), alder (B), birch (C), and poplar (D) pollen in the bioaerosol in Kielce

The present aerobiological observations show that hazel
and alder pollen grains were the first to appear in the air
of Kielce. Hazel pollen release usually begins the pollen
season in Poland and is considered the onset of phenological
early spring [4]. The length of the hazel pollen season in
Kielce was similar to that recorded in other regions of
Poland, e.g. Kraków, Sosnowiec, and Warsaw [4]. The
highest concentration of hazel pollen grains in Kielce was
recorded on 3 March, i.e. only a day earlier than in Bydgoszcz
and Piotrków Trybunalski in 2021 [4]. The present study
revealed that the peak hazel pollen concentration in Kielce
was slightly higher than in other regions of Poland [4]. In
turn, the number of days with concentrations exceeding
the threshold values was the same as in Wrocław [4]. In the
presented study, the hazel pollen season in Kielce in 2021 had
a compact character. High concentrations of pollen grains
were recorded at the end of February and the beginning of
March. The species was characterized by the shortest TPS
and MPS of all the plant taxa analyzed in the study.
In the presented research, the alder pollen release in Kielce
in 2021 exhibited higher intensity than in 2020. As shown
by literature data, the concentrations of alder pollen grains
in various regions of Poland in 2020 were quite low [33]. In
2021, high concentrations of pollen grains were noted in
many Polish cities [34], also in Kielce. The concentration
of alder pollen grains in Kielce in 2021 was similar to that
of Alnus pollen in Piotrków Trybunalski [34]. The onset of
the alder pollen season in Kielce in 2021 was similar to that

recorded in Lublin, Białystok, and Kraków, whereas the end
dates were similar to those noted in Lublin and Olsztyn [34].
Alder pollen is small and can be transported over long
distances by the wind [35]. Hence, it is possible that the
transport of alder pollen from distant places may contribute
to its high concentrations. Plants exhibit variable intensity
of pollen release [12]. A high intensity of alder pollen release
was recorded in Kielce in 2021, with a maximum pollen
grain count exceeding 1,500 P/m3 of air. The pollen peak was
recorded on 25 February, i.e. only a day earlier than in Opole,
Piotrków Trybunalski, Warsaw, and Białystok [34]. Literature
data indicate that the severity of allergic symptoms depends
on the concentration of the allergen in the air and the degree
of exposure of the organism to the allergen. Therefore, the
information on the threshold concentrations of plant pollen
necessary to induce allergic symptoms is extremely valuable
[12]. In Kielce in 2021, the alder and birch pollen seasons were
characterized by the greatest number of days with values
exceeding the threshold concentrations.
In the spring period, birch pollen grains persisted for the
longest time in the air of Kielce. Birch pollen is the most
common cause of allergies in April and May [36]. The onset
and course of the birch pollen season depend on various
factors, e.g. weather conditions. The birch pollen season
usually has a compact and dynamic character [37]. Birch
pollen reaches very high concentrations in the air (often
2,000–4,000 P/m3); the concentration in the vicinity of a
flowering tree may even exceed 16.2 million pollen grains per

509

Annals of Agricultural and Environmental Medicine 2022, Vol 29, No 4
Joanna Ślusarczyk, Anna Kopacz-Bednarska, Joanna Posłowska. Influence of meteorological factors on the dynamics of hazel, alder, birch and poplar pollen…

Figure 4. Relationship between the average air humidity and total count of hazel (A), alder (B), birch (C), and poplar (D) pollen in the bioaerosol in Kielce

m3 of air. There may be substantial differences in the onset
date and pollen intensity between years. Concentrations
exceeding 18–20 thousand grains in 1 m3 of air have been
recorded in some years [38]. As reported by PiotrowskaWeryszko et al. [39], the average annual sum of birch pollen
grains in 2001–2005 in some Polish cities ranged from 4,665
– 14,551. This indicates that the birch pollen count in the air
of Kielce in 2021 was one of the lower values (Tab. 1; Fig. 1).
The low sum of birch pollen grains in the 2021 season was
also observed in other regions of Poland [40]. In Kielce, the
MPS birch season began in the second decade of April, as in
Olsztyn, Kraków, Bydgoszcz, and Białystok [40]. The pollen
peak of this occurred on 28 April, a day earlier than, for
example, in Olsztyn, Bydgoszcz, Szczecin and Białystok [40].
The poplar pollen season is recorded in March and April.
In Kielce in 2021, it had a compact character, with only one
peak value exceeding 80 pollen grains/m3 air. In Poland,
poplar pollen has no high allergenic importance, although
there are literature data emphasizing its clinical relevance
[41]. Currently, there are few data on the poplar pollen season,
with the available information showing the varied intensity of
poplar pollen release in different regions of Poland [41]. The
poplar pollen season in Kielce in 2021 began in the second
10 days of March, i.e. earlier than in other regions of Poland
in 2018, and lasted for a considerably longer time [41].
Literature data show that plant flowering and the
concentration of airborne pollen grains may be influenced
by meteorological conditions. It has been found that the

onset of pollen seasons largely depends on the meteorological
factors prevailing before and during the release of hazel
and alder pollen grains [35, 42]. As reported by Kasprzyk
et al. [24], low temperatures in February and March may
contribute to shorter pollen seasons in spring; therefore, it is
advisable to assess the impact of weather conditions on the
dynamics of plant pollen release. The present study showed
varied relationships between the meteorological factors and
the tree pollen season (Tab. 3, Fig. 3–6). The maximum air
temperature had a significant impact on the pollen season of
hazel, alder and poplar (Tab. 3, Fig. 3). A significant impact
of temperature on plant pollen seasons was reported by
Kizilpinar et al. [43], and Ślusarczyk et al. [44]. In turn, the
average air humidity was strongly correlated only with the
birch pollen season (in both TPS and MPS) (Tab. 3, Fig 4).
A highly variable effect of the wind speed on concentration
of pollen grains of the analyzed plant taxa was also noted.
The study confirmed the relationship between the wind
speed and the amount of pollen of alder and hazel (in TPS),
as well as birch and poplar (in TPS and MPS) in the air of
Kielce (Tab. 3, Fig. 5). The conducted research shows that the
total pollen season of alder and birch was also significantly
influenced by the rainfall rates (Tab. 3). The impact of the
meteorological parameters on the concentration of pollen
grains in the air of Kielce varied depending on the analyzed
pollen season (TPS/MPS).
Research on continuous pollen biomonitoring which
allows the creation of pollen calendars are highly important
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Figure 5. Relationship between the average wind speed and total count of hazel (A), alder (B), birch (C), and poplar (D) pollen in the bioaerosol in Kielce.

for both patients and allergists. Moreover, aerobiological
data combined with analyses of meteorological parameters
allow determination of the dynamics of plant pollen release
specific for a region or the entire country.
CONCLUSIONS
This is the first published report on the characteristics of the
pollen seasons of the listed plant species in the Kielce region
of Poland. The study revealed high concentrations of spring
tree pollen persisting in the air of Kielce from February –
May 2021. In February, high concentrations of hazel and
alder pollen grains were recorded. Hazel, alder, and poplar
pollen dominated in March, whereas poplar and birch pollen
was dominant in April. Maximum concentrations of pollen
grains were recorded in each month, i.e. the analyses showed
peaks of alder pollen in February, hazel and poplar pollen in
March, and birch pollen in April.
Hazel and alder pollen were the first to appear in the air
of Kielce in 2021. The longest and shortest pollen seasons
were recorded in the case of birch and hazel, respectively.
Intense alder pollen release, with the highest maximum
concentration of pollen grains in spring, was noted in Kielce
in 2021.
The study showed variable relationships between the
amounts of pollen grains of the studied tree taxa and
meteorological conditions. It was found that the wind speed

and temperature had the greatest impact on plant pollen
release, and alder and birch were particularly sensitive to the
weather conditions prevailing in Kielce in 2021.
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