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Summary

The aim of the study was to compare the dynamics of pol-
len seasons of selected tree and shrub taxa among measurement
sites in Krakow and its neighbourhood. The study was performed
in Krakoéw and Piotrkowice Mate in 2002, as well as in Krakow
and Giebuttow in 2006. During the study the volumetric method
was applied and pollen grains were counted along four horizontal
lines.

The lowest percentage of Corylus pollen and the highest
percentage of Betula pollen were found in the analysed sites. The
differences among start dates in various measurement sites in
a given year were inconsiderable. Statistically significant diffe-
rences of SPI values for the majority of taxa were found between
measurement sites and between seasons for Krakow.

The pollen season dynamics showed one (Betula, Pina-
ceae) or more maximum values (Corylus, Populus, Fraxinus,
Salix). The occurrence of many peaks could be explained by the
appearance of several species within one genus in the studied area
or by various weather conditions. In 2002 maximum pollen con-
centrations were recorded earlier than in 2006. The differences in
these dates could be explained better by cumulative temperature
>5°C than >0°C.

Key words: Tree pollen, pollen season, Seasonal Pollen Index,
urban and suburban area, cumulative temperature

INTRODUCTION

Information about pollen concentration measure-
ments in urban and suburban areas performed in short
time series are known in literature (Gottardini and
Cristofolini, 1997; Kasprzyk, 1999). The re-
sults of these studies indicate disparities in annual pol-
len concentrations in various sites, and slight differences
in the course of pollen seasons (start dates, duration).

Meteorological parameters, especially specific charac-
teristics of urban climate and vegetative cover, influence
the pollen season (Fukuoka, 1997). Changes in ve-
getative cover in big cities result from human activity.

The aim of the study was to compare the dyna-
mics of pollen seasons of selected tree and shrub taxa
among measurement sites in Krakow and two sites in
its neighbourhood. The study was performed in Krakow
and Piotrkowice Mate in 2002, as well as in Krakéw and
Giebuttow in 2006.

MATERIALS AND METHODS

Krakow (KR), (220 m a.s.l., 50°03°N, 19°57’E)
is located in the Malopolska province. Forests in Kra-
kéw occupy 4.23% of its area. Fagus (20.5%), Quercus
(19.0%), Pinus (about 15.0%), Betula (14.0%), Alnus
(10.1%), Fraxinus (2.7%) and Carpinus (4.9%) domi-
nate (Turzanski andPaula-Wilga, 2002).

Piotrkowice Mate (PM) (50°12°N, 20°14’E)
a small village, is located about 40 km north of Kra-
kéw. Forests occupy about 2% of its area. Mixed forests,
subcontinental forests growing on dry ground, pine-oak
forests and communities of elm-ash and willow-poplar
marshy meadows dominate in this area (Towpasz et
al. 1998).

Giebultow (GB), (50°08°N, 19°53’E) is located
about 14 km north west of Krakow. Poplar, willow, alder
and hazel prevail. There is a low contribution of pine
and beech (Towpasz, 1996).

In Krakéw a heat island occurs (air temperature
increased by 1-2°C) which is responsible for change of
the thermal season duration in the year. In the center
of the city, summer lasts longer by 25 days and winter
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lasts shorter by 23 days than in suburban area. In Kra-
kéw the number of hot days is higher by 10-11 days
and also accumulated rainfall is higher than in subur-
ban area (Lewinska, 2000). Mean temperature for
January 2002 was —0.5°C, although in the second half
of this month temperature increased up to over 10°C.
February 2002 was the warmest since 1991 (mean tem-
perature was 4.3°C). The beginning of 2006 was one of
the coolest since 1991 (mean temperature for January
was —7.0°C, for February —2.2°C, for March 1.0°C) and
snow cover was long lasting up to the 22" of March
(communication of the Department of Climatology, Ja-
giellonian University).

The study was performed using the volumetric
method. In Krakéw and Giebuttéw the traps were in-
stalled at a height of 20 m and in Piotrkowice Mate at
a height of 15 m above ground level. The duration of the
study in Krakow was from the 15" of January to the 2™
of December in 2002 and from the 1% of March to the
31% of December in 2006; in Piotrkowice Mate from the
6™ of February to the 11" of November in 2002 and in
Giebuttéw from the 8" of March to the 15" of August
in 2006.

Average daily pollen concentrations (pg~) were
obtained by counting pollen grains along four horizon-
tal lines at 400x magnification of a light microscope.
Eight selected tree and shrub taxa were analysed: Alnus,
Corylus, Betula, Populus, Fraxinus, Quercus, Salix, Pi-
naceae (Pinus, Picea). To calculate pollen seasons, the
95% method was applied.

The saw like scatter plot of data describing day
to day variation in pollen concentrations were smoothed
by means of Generalized Additive Model (Hastie et
al. 2001). In this modelling we assumed that the number
of pollen grains collected in successive days undergoes
the Poisson distribution. The pair wise comparison of
SPI values calculated for given sites and pollen seasons
was done using a version of the Student #-test adopted
for counts (Sokal and Rhalf, 1998).

RESULTS

Table 1 presents the taxa pollen percentage in
annual sums of tree pollen, and table 2 shows pollen
season parameters. The differences among start dates
of various measurement sites in a given year were in-
considerable and amounted to several days except at
Fraxinus (12 days) and Quercus (33 days). In 2002 the
pollen seasons of all the studied taxa started earlier than
in 2006. The highest differences in start dates between
particular years were found for A/nus (55 days) and Co-
rylus (53 days).

In the studied sites and years, clearly significant
differences in SPI values were recorded, except at KR
vs PM in 2002 for Corylus and Pinaceae (borderline
significant; p=0.0496) and at KR02 vs KRO06 for Salix

(p=0.9569). In 2002 SPI values were significantly hi-
gher in Krakéw for Betula, Fraxinus, Quercus and Sa-
lix, and in 2006 for Quercus, Corylus, Salix, Alnus and
Pinaceae (Fig. 2, Tab. 2).

Figure 3 presents the dynamics of particular taxa
pollen seasons. For Betula, Quercus and Pinaceae, one
pollen peak concentration was observed. In case of Co-
rylus, Populus, Fraxinus, Salix, more than one peak
concentrations were noted. Generally speaking, the
highest pollen concentrations were observed earlier in
2002 than in 2006. The delay in 2006 was smaller when
it referred to the taxa whose pollen occurred later in the
course of the season (Fig. 4).

Different dates of the highest pollen concentra-
tions in 2002 and 2006 could be explained in a qualitati-
ve way by using cumulative temperature >0°C and >5°C
(Fig. 5). Cumulative temperature (from the 1% of Janu-
ary to the 30" of March 2006) of 5°C and over 5°C was
290°C on the 90" day of a year. The same temperature
in 2002 was noted on the 75" day of a year. The nine-
tieth day in 2006 was also the day of the peak concen-
tration of Corylus pollen. In 2002 the first Corylus pol-
len peak concentration was almost two months earlier.
Even though the second peak occurrence is taken into
consideration, the difference between the studied years
was about 25 days. Figure 5 shows that the differences
between cumulative temperature curves disappear as the
season proceeds. The delay of the season on the 130™
day in 2006 was 8 days in comparison with 2002. The
same delay occurred for the flowering of the latest taxa
(Quercus, Pinaceae).

Table 1
Pollen percentage of particular tree and shrub taxa
in annual totals.

2002 2006
Taxon KR PM | KR | GB
%

Alnus 7.5 9.9 12.6 6.2
Corylus 3.9 4.1 3.5 1.0
Betula 15.7 11.5 | 333 459
Populus 7.9 18.5 34 10.2
Fraxinus 16.6 8.0 5.9 9.5
Quercus 8.0 4.5 7.8 0.6
Salix 6.9 6.0 4.4 1.6
Pinaceae 13.0 15.7 16.6 8.9
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Table 2
Pollen season parameters. SPI — Seasonal Pollen Index, MPA — Maximum Daily Pollen Appearance; KR — Krakow;
PM - Piotrkowice Mate; GB — Giebultow.

Duration of

SPI Start date! season (days) Peak concentration / date

Season 2002 KR PM KR PM KR PM KR PM

Alnus 742 913 31 38 43 58 61/03.02 115/17.02
Corylus 376 365 33 38 45 49 17/09, 12.02 33/06.03
Betula 1545 1045 88 90 31 30 119/18.04 92/19.04
Populus 782 1687 71 69 34 38 75/14.03 450/17.03
Fraxinus 1615 724 78 91 44 67 119/01.04 56/15.04
Quercus 787 409 82 116 53 26 64/ 04.05 65/05.05
Salix 684 544 71 67 53 59 39/11.04 113/03.04
Pinaceae 1297 1399 122 123 23 36 158 /04.05 203/15.05
Season 2006 KR GB KR GB KR GB KR GB

Alnus 1996 800 86 87 16 41 457/31.03 234 /31.03.06
Corylus 560 130 86 83 19 25 98/31.03 34/30.03.06
Betula 5218 6027 110 111 28 20 863 /23.04 1432 /24.04.06
Populus 535 1336 98 104 17 14 55/19.04 817/21.04.06
Fraxinus 941 1244 111 113 15 17 126 /23.04 177 /24.04
Quercus 1216 76 113 16 31 51 89/15.05 10/15.05.06
Salix 682 213 102 103 27 36 57/01.05 44/ 04.05.06
Pinaceae 2602 1153 131 132 30 26 368/21.05 215/21.05

! The consecutive day from the 1* of January.

DISCUSSION

The lowest pollen percentage was recorded for
Corylus in Krakow and its neighbourhood (Tab. 1). The
only species Corylus avellana L. occurs commonly,
especially on the outskirts of the city on small scattered
sites. The highest percentage and SPI value were noted
for Betula pollen at all the sites. In 2006 these values
were considerably higher than in 2002. In 2006 these
values were higher for Giebultow than for Krakéw.
In Krakéw and in the suburban area, Betula pendula
Roth. dominates. Gottardini and Cristofolini
(1997), performing a similar study in two cities in nort-
hern Italy, found a higher pollen concentration of Betula
in the bigger city (Trento) where Betula was planted as
an ornamental tree.

Our study shows that the SPI value depends on
both place and pollen season (Tab. 2 and Fig. 2). Va-
riability in the SPI value in the different sites is asso-
ciated with plant physiology (alternative cycles of high

and low concentrations) and meteorological parame-
ters (Spieksma et al. 1995). E1I-Ghazaly et al
(1993), performing observations of pollen concentra-
tions in Stockholm and Huddinge (15 km away from
Stockholm), found significant differences between pol-
len annual totals. The highest percentage and annual to-
tal were observed for Pinus in Huddinge, while for Be-
tula and Quercus in Stockholm. E1-Ghazaly et al.
(1993) and Rodriguez-Rajo et al. (2004) insist
on the fact that pollen annual totals are different between
close monitoring sites. However, this relationship could
be disturbed because of unstable weather conditions.
Different start and end dates of pollen seasons
depend rather on meteorological factors than on mo-
nitoring sites (Frei, 1998; Emberlin et al. 2002).
Gottardini and Cristofolini (1997) did not
observe significant differences between start dates and
pollen season duration in two sites in Italy, whereas
Kasprzyk (2003) noted clear differences in start
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Fig. 2. SPI value ratio in the studied sites: Krakoéw vs PM/GB; Krakéw 2002 vs Krakow 2006. All the logs of ratios depart significantly
from 0 except at Corylus KR vs PM t=0,40; p=0.6863, Pinaceaec KR vs PM t=1.96; p=0.0496 (borderline significant), Salix KR

02 vs KR 06 t=0.05; p=0.9560.

dates of Alnus, Corylus, Betula in Rzeszéw (Poland) in
1999-2001. Many authors reported a significant effect
of air temperature on the beginning of the pollen season
(Emberlin etal 2002, Rodriguez-Rajo etal
2004). In this study, the earlier occurrence of pollen of
all the studied taxa was recorded in 2002, which was
different from 2006, especially at the beginning of the
year (Tab. 2).

It was found that several peak concentrations of
pollen produced by one species of a tree or shrub could
occur during one season and that the highest concen-
trations of all the taxa were noted earlier in 2002. The
periods of low pollen concentration within the pollen
season in 2002 (Corylus, Fraxinus) could be explained
by unstable weather conditions (Fig. 3). Each of the-
se taxa includes one species: Corvius avellana L. and
Fraxinus excelsior L. in the studied area. In 2002 the

Corylus pollen concentration decreased from 14 to 26
February. At that time, a decline in mean temperature
was observed. The Fraxinus pollen season in Krakéw in
2002 was marked by very quick achievement of a high
concentration immediately after the start of the season
and then by a clear decrease in the concentration. The
concentration decrease coincided with the temperature
decline below 0°C and rainfall. This tendency was not
observed in PM where the pollen season started at the
same time, although the initial part of the season was pro-
gressing very slowly. The similar multi-peak pattern for
one species was observed by Rodriguez-Rajo et
al. (2004) who indicated 7 peak concentrations for A/-
nus in Spain, although only Alnus glutinosa occurs in
the north western part of Spain.

The occurrence of several pollen peak concentra-
tions in one season for Saliv and Populus is likely caused
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Fig. 5. Cumulative temperatures > 0 and 5°C calculated from the 1% January in 2002 and 2006.

by many species within these genera with various polli-
nation periods. In Krakéw and its vicinity, 13 species of
Salix and 3 species of Populus were noted.

Many authors use cumulative temperature to pre-
dict the start of the pollen seasons and the highest con-
centrations. Clot (2001) applied cumulative tempera-
ture obtained by adding up mean daily posifive tempera-
tures from the 1% of February to reach the value of 270°C
for the estimation of the beginning of the season and
the highest concentration of Befula pollen. He found
a correlation between the peak concentration and high
temperature. The results of our analysis showed that
cumulative temperature >5°C better explains later peak
concentrations than cumulative temperature >0°C (Fig. 5).
However, the peak concentration delay which could be
explained by this factor is qualitative. The spplication of
cumulative temperature depends on a region where me-
asurements are made. Minero etal (1999) indicated
a significant relationship between cumulative tempera-
ture over 2°C and 5°C and the start of the season for tree
taxa occurring in Sevilla.

CONCLUSIONS

1. At all the studied sites, the lowest percentage
of Corylus pollen and the highest percentage of Berula
pollen were found.

2. The pollen seasons of all the analysed taxa
started earlier in 2002.

3. Significant differences in the SPI value between
the studied sites and between seasons were observed.

4. The dynamics of pollen seasons of some spe-
cies showed more than one peak.

5. The delay in maximum pollen concentrations
is better explained by cumulative temperature >5°C than
>0°C .
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Sezony pylkowe wybranych taksonéw drzew
i krzewow w Krakowie i okolicy

Streszczenie

Celem badan bylo poroéwnanie dynamiki sezo-
néw pytkowych wybranych taksonéw drzew i krzewow
w Krakowie oraz w okolicy Krakowa. Badania prowa-
dzono w latach: 2002 (Krakow i1 Piotrkowice Mate)
oraz 2006 (Krakow i Giebuttéw). Zastosowano metodg
wolumetryczng pobierania materialu i metode 4 pasow
horyzontalnych w liczeniu ziaren pytku.

Najmniejszy udziat procentowy zanotowano
dla Corylus, natomiast najwigkszy dla Betula zarowno
w miescie, jak i w okolicy. R6znice w datach poczatku
sezonéw pomigdzy punktami pomiarowymi byly nie-
znaczne. Stwierdzono istotne réznice wartosci SPI dla
wigkszos$ci taksonow zardwno pomig¢dzy punktami po-
miarowymi, jak i pomig¢dzy sezonami dla Krakowa.

Ocena przebiegu dynamik stezen pytku w se-
zonie wykazala istnienie: jednego, dominujacego piku
maksymalnych wartosci (np. Betula, Pinaceae) lub wy-
stepowanie wielu pikow (np. Corylus, Populus, Fraxi-
nus, Salix). Zaznaczanie si¢ wielu pikow ttumaczono
wystgpowaniem kilku gatunkéw danego taksonu na ba-
danym terenie lub zmiennymi warunkami pogodowymi.
W roku 2002 warto$ci maksymalne st¢zen pojawily si¢
wczesniej niz w roku 2006. Réznice w datach maksy-
malnych stgzen pytku thumaczono efektywniej w spo-
sob jakosciowy z wykorzystaniem temperatury skumu-
lowanej >5°C niz > 0°C.
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