This article was downloaded by: [89.69.54.249]

On: 24 September 2013, At: 23:35

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer
House, 37-41 Mortimer Street, London W1T 3JH, UK

Grana

Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/sgra20

% The effect of the meteorological factors on the Alnus
pollen season in Lublin (Poland)

Krystyna Piotrowska-Weryszko®

% Department of General Ecology, University of Life Sciences in Lublin, Lublin, Poland
Published online: 10 May 2013.

To cite this article: Krystyna Piotrowska-Weryszko (2013) The effect of the meteorological factors on the Alnus pollen
season in Lublin (Poland), Grana, 52:3, 221-228, DOI: 10.1080/00173134.2013.772653

To link to this article: http://dx.doi.org/10.1080/00173134.2013.772653

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content™) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of
the Content. Any opinions and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied
upon and should be independently verified with primary sources of information. Taylor and Francis shall

not be liable for any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other
liabilities whatsoever or howsoever caused arising directly or indirectly in connection with, in relation to or
arising out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any

form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/loi/sgra20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00173134.2013.772653
http://dx.doi.org/10.1080/00173134.2013.772653
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [89.69.54.249)] at 23:35 24 September 2013

Grana, 2013 e Taylor & Francis
Vol. 52, No. 3, 221-228, http://dx.doi.org/10.1080/00173134.2013.772653 Tovlor&randis Group

The effect of the meteorological factors on the Alnus pollen season
in Lublin (Poland)

KRYSTYNA PIOTROWSKA-WERYSZKO

Department of General Ecology, University of Life Sciences in Lublin, Lublin, Poland

Abstract

Alder pollen seasons and the effect of meteorological conditions on daily average pollen counts in the air of Lublin (Poland)
were analysed. Alnus pollen grains reach very high concentrations in the atmosphere of this city during the early spring
period and the parameters of pollen seasons were very different in the particular years studied. The pollen season lasted
on average one month. The highest variation was observed for the peak value and the Seasonal Pollen Index (SPI). The
pollen seasons, which started later, had shorter duration. Peak daily average pollen counts and SPI value were higher during
the shorter seasons. Similarities in the stages of pollen seasons designated by the percentage method depended on the start
date of the pollen season. Season parameters were mainly correlated with thermal conditions at the beginning of the year.
Regression analysis was used to predict certain characteristics of the alder pollen season. The highest level of explanation of
the variation in Alnus pollen season start and peak dates was obtained in the model using mean temperature in February.
The obtained regression models may predict 82% of the variation in the pollen season start date, 73% of the variation in the

duration, and 62% in the peak date.
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In recent years, an earlier occurrence of particu-
lar phenological stages in plants has been observed,
which is associated with a marked increase in tem-
perature (Emberlin et al., 2007). This phenomenon
can particularly be observed at the beginning of
the year when the growing season of plants starts.
Pollen seasons have become longer and more severe
in recent years. Global warming is responsible not
only for the earlier timing of the pollen seasons,
but also for increased concentrations of airborne
pollen and thus, for increased incidence of pollen
allergies (Emberlin et al., 1997, 2007; Frei, 1998).
Aerobiological research providing information on the
occurrence of airborne pollen can be a good indicator
of climate change.

Alnus (alder) and Corylus (hazel) are the ear-
liest allergenic trees to flower in Poland. Their
pollen appears in the air almost simultaneously,
from end of January until end of March (Weryszko-
Chmielewska, 2006). Regional variation in the start

of the alder pollen season in Poland depends on
the longitude. The season begins in the west of
the country and moves in an eastern direction
(Weryszko-Chmielewska et al., 2001; Piotrowska,
2006; Myszkowska et al., 2010).

During the spring period, alder pollen is the
most frequent cause of pollinosis after birch pollen
(Rapiejko et al., 2004; d’Amato et al.,, 2007;
Jantunen et al., 2012). Alder pollen allergens are
of great clinical importance due to their high aerial
concentrations and cross reactions with birch pollen
allergens (Matthiesen et al., 1991). Epidemiological
studies have shown that 95% of patients allergic to
alder pollen allergens are also sensitised to birch
pollen allergens. It has been proven that as birch
pollen shed more severe clinical symptoms occur
after exposure to alder pollen (Rapiejko et al., 2004).

In the present study, Alnus was selected for anal-
ysis because pollen grains of this taxon reach very
high concentrations in the atmosphere of Lublin
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and they are potentially responsible for allergic reac-
tions during the early spring period. Monitoring
of alder pollen content in the air is of essential
importance in the diagnosis and treatment of pollen
allergy. The occurrence of airborne pollen depends
primarily on meteorological conditions in a given
area. In aerobiological research, a lot of attention
is devoted to studying the effect of weather on the
occurrence of airborne pollen and to forecasting the
main parameters of the pollen season. It is particu-
larly difficult to develop pollen forecast models for
trees, since their pollen season does not depend only
on meteorological conditions in the current year, but
also on those prevailing in the year preceding pollen
release. Alder male flowers begin forming in the sum-
mer of the previous year and the weather at that time
may have a significant effect on pollen production
and, in consequence, on the pollen season (Krawiarz
& Chatupka, 1980).

The aim of the present study was to analyse the
alder pollen seasons in Lublin and to determine,
which meteorological factors have the greatest effect
on the occurrence of pollen grains of this taxon in
the air. The regression analysis was used to predict
onset, duration and peak date of pollen season.

Material and methods

Pollen monitoring was carried out in the years
2001-2012 by the volumetric method accord-
ing to the recommendations of the International
Association for Aerobiology (Mandrioli et al., 1998).
Alnus pollen data were recorded using a Hirst type
volumetric spore trap (Hirst, 1952). The pollen trap
(Lanzoni VPPS 2000) was placed on the roof of a
building of the Lublin University of Life Sciences at
a height of 18 m above ground level (51°14' 37" N,
22°32'25"E; 197m above sea level). Mean daily
Alnus pollen concentrations were expressed as the
number of pollen grains per cubic metre of air
P/m3).

The 95% method was used to determine the
start and end dates of the pollen season (Andersen,
1991). The start of the season was defined as
the date when 2.5% of the seasonal cumulative
pollen count was trapped and the end of the sea-
son when the cumulative pollen count reached
97.5%. Meteorological data obtained from the
Meteorological Observatory, located at a distance
of about 1.5km from the pollen sampling site, of
the Meteorology and Climatology Department of the
Maria-Curie-Sklodowska University in Lublin. The
following daily meteorological data were used for the
analysis: mean, minimum and maximum air temper-
ature, relative air humidity, rainfall, cloud cover, and
wind speed.

Statistical dependence between season parameters
as well as between season parameters and meteo-
rological data was calculated by Spearman’s rank
correlation coefficient. The relationship between the
pollen season and meteorological conditions in dif-
ferent periods was analysed. The study took into
account: ten-day periods from January to March, the
periods of 10, 20, 30 and 40 days before the sea-
son, the months from January to April in the year of
pollen release as well as the months from August to
December in the year preceding pollen release.

The rate of increase in airborne pollen concentra-
tion was determined on the basis of the stages defined
as 1, 2.5, 5, 25, 50, 75, 97.5 and 99% of the annual
pollen count (Latalowa et al., 2002). The phases in
particular seasons were compared by cluster analy-
sis in the form of hierarchical tree with Euclidean
distance and Ward’s joining method (Gozdowski
et al., 2008). Regression analysis was performed
to produce forecast models. Before its application,
the scatterplots of independent and dependent vari-
ables as well as their correlation were analysed.
If Spearman correlation was high and linear rela-
tionship was observed, then a linear regression func-
tion was obtained. The regression models were
constructed based on the results from the period
2001-2011 and tested with the 2012 data. All statis-
tical calculations were performed using the software
package STATISTICA 8.

Results

The alder pollen seasons in Lublin were char-
acterised by very large variations. The difference
between the earliest and latest season start date was
52 days (Table I). The seasons in the years 2002 and
2008 started earliest — on 4 and 6 February, respec-
tively (Figure 1). They were preceded by days with
relatively high air temperature. Mean air temperature
in the third ten-day period of January was the high-
est during these two years of the study (Figure 2).
In 2002 and 2008, February was also exceptionally
warm, with average temperatures higher by, respec-
tively, four and three times than the mean February
temperature over the 1l-year study period. High
temperature was recorded most frequently at the
beginning of this month.

The latest start date of the alder pollen season
was observed in the years 2003, 2005 and 2006
(Figure 1). These were the years with some of the
lowest temperature in February and March com-
pared to the other study years (Figure 2).

The Alnus pollen season ended earliest in 2008, on
18 March, and latest in 2009, on 30 April. The end
of the alder pollen season in 2008 occurred earlier
than the onset of the season in the years 2003 (by
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six days), 2005 (by nine days), 2006 (by ten days)
and 2010 (by one day). On average, the alder pollen
season lasted one month (Table I). The difference
between the shortest and longest season was 48 days.

The highest maximum air temperature was
recorded during the shortest season (2010). The
highest variation was observed for the peak value.
The seasonal peak in 2003 was almost 14 times
higher than in 2009. The maximum pollen concen-
tration was recorded earliest in 2008 (at the end of
February), while in 2005 and 2006, it was recorded
latest (at the beginning of April). The Seasonal
Pollen Index (SPI) was also characterised by very
large variations; the difference between the high-
est and lowest values of the SPI was 7330 grains
(Table I).

The analysis of the relationships between the sea-
son parameters shows that the highest correlation
was between the season start date and peak date
(a positive correlation). The seasonal peak occurred
earlier when the season started earlier. A high pos-
itive correlation was also found between the peak
value and SPI as well as between the peak date and
the season end date. Besides, it was found that the

Table I. Statistics of the parameters of the Alnus pollen season in
Lublin, Poland, 2001-2011 and 2012.

Pollen season Peak SPI

Duration Value
Statistics Start End (days) (P/m®) Date (pollen sum)

Mean 67 98 32 1207 79 4841

Minimum 35 77 15 176 58 1090

Maximum 87 120 63 2433 92 8420

Standard 179 127 15.3 786.4 11.7 2310.9
deviation

V (%) 26.5 13.0 48.2 65.1 14.8 47.7

2012 74 88 15 1246 77 4292

(95% method) in Lublin,
Poland, 2001-2011.

season that started later had shorter duration and
that the peak value and SPI were higher in a shorter
season (Table II).

Irrespective of the number of pollen grains, pollen
phases are used to compare pollen seasons; these
phases are determined on the basis of specific per-
centage values of the annual pollen count. The study
determined the dates when the pollen sum reached,
respectively, 1, 2.5, 5, 25, 50, 75, 97.5 and 99%
of the annual pollen count (Latalowa et al., 2002).
On the base of this data set, the cluster analysis was
performed to compare the rate of increase in the
pollen concentration in particular years.

Two groups of seasons were distinguished
(Figure 3). The first group comprised the years,
in which a late season start date was recorded (the
years 2003, 2005, 2008, 2009, 2010, 2011), while
the other group included the years characterised by
an early season start date (2001, 2002, 2004, 2007,
2008). One can conclude on this basis that the rate
of increase in the pollen concentration is similar in
seasons with a similar season start date.

The season started earlier when higher tempera-
ture was recorded in February and 30 and 40 days
before the season. The season end was negatively cor-
related with air temperature in March and rainfall in
January. The season duration depended mainly on
temperature in the third ten-day period of January, in
February and at the beginning of March. The peak
date was recorded earlier when January and February
were warm as well as when air humidity was low in
February. The SPI and peak value depended mainly
on meteorological conditions in the previous year —
temperature in October and humidity in September
(Table III).

The regression models were constructed by means
of linear function. The best-fitting regression models
were chosen based on the value of R%. The highest
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Figure 2. Mean temperature in the third ten-day period of
January, in February and in March, Lublin 2001-2012.

level of explanation of the variation in Alnus pollen
season start and peak dates was obtained in the
model using the mean temperature in February
(Figure 4). For the start date, however, the determi-
nation coefficient value (AdjR?>=0.819) was higher
than for the peak date (AdjR?®=0.616). The best
results for duration were shown by the model with
rainfall in September from the previous year. The
adjusted determination coefficient value was high
enough (AdjR?>=0.729). On the basis of the cal-
culated regression models, a useful forecast for the
duration of 2012 was gained. The predicted and
observed values differed by three days. However, the
prediction for start and peak date was not satisfac-
tory. The start date forecast differed the most from
the expected one probably because of an extremely

low temperature in February 2012 (—6.5 °C), when
average from 2001 to 2011 amounted to —1.6 °C.

Discussion

In northern and central Europe, Alnus pollen is one
of the main causes of pollen allergy (Rapiejko et al.,
2004; d’Amato et al., 2007; Jantunen et al., 2012).
The onset of the alder pollen season falls in the
period between December and April (d’Amato et al.,
2007). This is mainly determined by the geographic
location, altitude above sea level and the distance
from large water bodies, which make the climate
milder. Analysis of Alnus pollen counts in Lublin
(Poland) and Skien (Norway) showed that in the
year 2000, the seasonal peaks were characterised by
higher values and occurred earlier in Norway than in
Poland. It was probably attributable to the effect of
the warm Gulf Stream from the subtropical zone at
that time (Piotrowska, 2004).

In the same location, large year-to-year differ-
ences in start dates of the alder pollen season can
be observed in particular years. They can reach up
to two months (Kasprzyk et al, 2004; Smith et al.,
2007; Myszkowska et al., 2010). The beginning of
the alder pollen season primarily depends on ther-
mal conditions preceding pollen release (Frenguelli
et al., 1991; Kasprzyk et al., 2004; Emberlin et al.,
2007). The study carried out in Lublin demonstrates
that there was a correlation between the season start
and the minimum and mean temperatures during
the period of 30 and 40 days before the season.
In the Netherlands and Italy, a significant correlation
was found between the start of the alder pollen sea-
son and the mean and maximum temperatures 30,
40 and 50 days before the season (Frenguelli et al.,
1991). In Spain, where the alder pollen season usu-
ally begins in the first half of January, the average
temperature in December had the greatest effect on
the season start date (Gonzalez-Minero et al., 1999).
However, in Worcester (UK), a significant positive
correlation was found between the onset of the alder
season, temperature in October and rainfall at the
beginning of November, but results of hierarchical
multiple regression analysis showed that rainfall does
not significantly affect the start of alder pollen season
(Emberlin et al., 2007).

A comparison of alder pollen seasons in six
cities of Poland (Krakéw, Poznan, Szczecin,
Sosnowiec, Rzeszéw and Lublin) during the years
2001-2005 shows that there was a similar trend in
start and peak dates as well as in the peak value
(Weryszko-Chmielewska, 2006). In all these cities,
the earliest start and peak dates were recorded in
2002, while the latest were in 2003. The lowest value
of the seasonal peak was observed in all these cities
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in the year, in which the season started earliest and
lasted longest (2002). The agreement in the trend of
the particular parameters of the alder pollen season
in these different cities of Poland is evidence of the
influence of a climatic factor operating on a wider
regional scale.

Pidek et al. (2006) made similar observations on
annual A/nus pollen counts in eastern Poland at sites
located at a distance of 120 km from each other.
However, the pollen season pattern is clearly mod-
ified by local meteorological factors. For example,
in 2002, the date of the seasonal peak in the cities
compared differed by more than a month; and it
was observed between 4 February (Poznan) and
9 March (Krakéw). In 2003, in which the peak
value was recorded latest, the peak date occurred
at a similar time (27-29 March) in all six cities
(Weryszko-Chmielewska, 2006).

Table II. List of significant Spearman’s correlations between
the parameters of the Alnus pollen season in Lublin, Poland,
2001-2011.

Parameters of the pollen season Spearman coefficient

Start and duration —0.7608
Start and peak date 0.8859
End and peak date 0.7408
Duration and peak value —0.7790
Duration and SPI —0.7517
Peak value and SPI 0.8545

Note: Level of significance 0.01.

Lublin, Poland, 2001-2011.

According to Kasprzyk et al. (2004), low tem-
perature in February and March has an effect on
shortening the alder pollen season. This relation-
ship was statistically confirmed by the study carried
out in Lublin during the period 2001-2011 (Table
III). With a lower temperature in the third 10-day
period of January, in February and at the begin-
ning of March, shorter alder pollen seasons were
observed.

A warmer early spring promotes longer dura-
tion of the season (Emberlin et al., 2007). The
research conducted in ten centres in Poland demon-
strates that longitude and latitude have a sig-
nificant effect on annual pollen counts and the
duration of the alder pollen season (Myszkowska
et al.,, 2010). Compared to other cities in Poland,
Lublin was the city with highest seasonal peaks and
annual alder pollen counts (Weryszko-Chmielewska,
2006).

The present study found a statistically significant
negative correlation between the peak value and
duration of the alder pollen season; a higher peak
value is observed during a shorter season. Ranta and
Satri (2007) also observed a similar phenomenon in
several cities of Finland. The highest peak value was
observed in Lublin in 2003. In that year, the tem-
perature in February was the lowest compared to
the other study years. As a result of the analysis of
Spearman’s correlation, the highest coefficient was
obtained (r,=0.555) between the minimum tem-
perature in February and the peak value, but it
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2001-2011.

was not statistically significant. Such correlation was
found in the case of birch. With frosty February,
one may expect very high birch pollen concentrations
(Piotrowska & Kubik-Komar, 2012). In Lublin a sig-
nificant negative correlation was observed between
the SPI value and minimum temperature in January.
According to other authors, the airborne pollen sum
was correlated with the mean temperature in spring
and summer of the year preceding pollen release (e.g.
Ranta & Satri, 2007). According to Kaszewski et al.
(2008), the annual Alnus pollen count was signifi-
cantly higher when lower precipitation was recorded
in February and August of the previous year.

Cluster analysis was used to compare the pattern
of pollen seasons in Lublin. The season start date
was found to affect the further course of the sea-
son. The rate of an increase in pollen concentration

is similar in seasons with a similar season start date.
In the studies conducted in different cities of Poland,
it was observed that a delay in the onset of the alder
pollen season affected season duration as well as the
value of skewness and kurtosis of the pollen curve
(Myszkowska et al., 2010). Weather also has a sig-
nificant effect on the start of particular phases of the
pollen season defined on the basis of specific percent-
age values of annual pollen counts (Kasprzyk et al.,
2004). Dabrowska-Zapart (2010) used cluster anal-
ysis (k-means method) to compare the pattern of
alder pollen seasons in Sosnowiec. The author dis-
tinguished five types of seasons, with one dominant
season that was characterised by a very long duration
and low pollen concentrations.

In Poland, very high variability in weather condi-
tions is observed at the beginning of the year. This
poses great difficulties in forecasting pollen seasons
of plants flowering in early spring. On the basis of the
results of regression analysis, a good fit of the models
was obtained in Lublin for three parameters of the
alder pollen season: start and peak dates and season
duration. The obtained regression models may pre-
dict 82% of the variation in pollen season start date,
73% of the variation in season duration and 62% of
the peak date. But the results for the peak and SPI
values were not satisfactory. Regression models for
annual Alnus pollen sums were presented by Ranta
and Satri (2007), but they obtained a very low deter-
mination coefficient. Based on multiple regression
analysis, Puc (2007) found that minimum temper-
ature and wind speed were the variables that affected
the occurrence of airborne pollen most. The fore-
cast models presented in this study will be tested and
improved during the next years of research.

Conclusion

The alder pollen seasons in Lublin were charac-
terised by very high variability. Over the 11-year
study period, alder pollen grains were recorded from
the beginning of February until the end of April. The
start dates differed by almost two months. The vari-
ation recorded for the peak date was much smaller,
since the difference was about a month. The seasonal
peaks were observed earliest at the end of February
and latest at the beginning of April. The pollen
seasons, which started later, had shorter duration.
During the shorter seasons, higher peak and SPI val-
ues were recorded. Similarities in the rate of increase
in pollen concentration depended on the start date
of the pollen season. The season start date can be
a good indicator for the rate of increase in pollen
concentration. Start, end, duration, peak value, peak
date and SPI were primarily correlated with thermal
conditions at the beginning of the year. The derived
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regression models explain to a large extent the vari- temperature in February and season duration on the
ation in start and peak dates as well as in season basis of rainfall in September of the previous year.
duration. Start and peak dates of the alder pollen sea- The forecast models need to be confirmed in the next
son in Lublin can be predicted on the basis of mean years of research.

Table III. Significant Spearman’s correlations between Alnus pollen season parameters and meteorological factors in
Lublin, Poland, 2001-2011.

Season parameter vs. meteorological factor Spearman coefficient

Dependent variable: season start

Mean temperature in the first ten-day period of February —0.745**
Minimum temperature in the first ten-day period of February —0.727**
Maximum temperature in the first ten-day period of February —0.818**
Mean temperature in February —0.800**
Minimum temperature in February —0.864**
Maximum temperature in February —0.755**
Mean temperature 30 days before start of the season —0.661*

Minimum temperature 30 days before start of the season —0.758**
Humidity 30 days before start of the season —0.784**
Mean temperature 40 days before start of the season —0.648*

Minimum temperature 40 days before start of the season —0.770**

Dependent variable: end

Mean temperature in March —0.680*
Maximum temperature in March —-0.717*
Rainfall in January —0.662*
Dependent variable: duration

Mean temperature in the third ten-day period of January 0.733**
Minimum temperature in the third ten-day period of January 0.724*
Mean temperature in the first ten-day period of February 0.624*
Minimum temperature in the first ten-day period of February 0.629*
Minimum temperature in February 0.665*
Mean temperature in the first ten-day period of March 0.770**
Minimum temperature in the first ten-day period of March 0.752**
Maximum temperature in September from previous year —0.685*
Rainfall in September from previous year 0.752**
Humidity in September from previous year 0.842**
Minimum temperature in October from previous year 0.673*

Dependent variable: peak value

Rainfall in the first ten-day period of January —0.709*
Minimum temperature in October from previous year —0.867**
Humidity in September from previous year —0.745**

Dependent variable: peak date

Mean temperature in the third ten-day period of January —0.676*
Minimum temperature in the third ten-day period of January —0.680*
Mean temperature in the first ten-day period of February —0.785**
Minimum temperature in the first ten-day period of February —0.763**
Maximum temperature in the first ten-day period of February —0.822**
Humidity in the second ten-day period of February 0.804**
Mean temperature in February —0.758**
Minimum temperature in February —0.721*
Maximum temperature in February —-0.712*
Humidity in February 0.635*
Dependent variable: SPI

Minimum temperature in January —0.618*
Maximum temperature in September from previous year 0.685*
Minimum temperature in October from previous year —0.806**
Humidity in September from previous year —0.782**

Note: Level of significance: *0.05, **0.01.
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