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Abstract The main aim of this work is to study the
aerobiological behaviour of Poaceae pollen in three
areas of central Spain (Aranjuez, Madrid and
Toledo), all of which are similar from a geographical,
climatic and biogeographical point of view, and they
are located nearby one another. The samplings were
carried out over a period of 4 years (2005-2008)
using Hirst-type spore traps. Grass pollen is respon-
sible for most spring allergic reactions in the pollen-
sensitive population in central Spain, and they are
very abundant in the atmosphere of this part of
Iberian Peninsula. The average amount of this pollen
type, as a percentage of the annual total pollen
amount, is 7.4% in Aranjuez, 9.2% in Madrid and
11.3% in Toledo. Poaceae pollen is present in the
atmosphere over a long period of time (February—
October), and its maximum concentrations are
detected during May and June (weeks 16-25). The
city of Toledo has the highest annual concentrations
of grass pollen (average 5,797 grains) with a great
number of days exceeding the allergy thresholds
proposed by the Spanish Aerobiology Network
(REA). Madrid and Aranjuez present similar annual
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concentrations of grass pollen with values of 2,961
grains and 2,751 grains, respectively. The correlation
analysis between the daily levels of grass pollen and
meteorological variables of temperature and rainfall
show a significant correlation, positive with temper-
ature (maximum, mean and minimum) and negative
with rainfall.

Keywords Aerobiology - Poaceae/grass pollen -
Meteorological variables - Central Spain

1 Introduction

Grasses are very common plants which are of great
significance to humans and animals, thanks to their
usefulness (cereals, grazing lands and pastures), and
because they are an important component of vegeta-
tion (they occupy approximately the 20% of the
earth’s surface). From the health point of view, they
have great importance because they produce aller-
genic pollen. In Europe, grass pollen is the main
cause of pollinosis (Weeke and Spieksma 1991; Jiger
2008), causing symptoms in over 80% of pollen-
allergy sufferers (D‘Amato et al. 2007). Subiza et al.
(2007) give percentages of positive skin tests in 12
Spanish cities of between 48 and 97% among patients
allergic to pollen, with 94% in Madrid and 75% in
Toledo. The genera of grasses which can be consid-
ered as the most important source of pollinosis
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correspond to the Pooideae sub-family: Alopecurus,
Anthoxanthum, Agrostis, Dactylis, Festuca, Holcus,
Lolium, Phleum, Poa, Trisetum, although Cynodon
(sub-family Chloridoideae), and Sorghum and Pasp-
alum (sub-family Panicoideae) are also important
(Subiza et al. 2007).

Grass pollen concentrations are greatly influenced
by weather conditions; before flowering occurs, the
sunshine and temperature conditions influence the
growth and development of plant species and thus
affect pollen production. Many authors have corre-
lated meteorological parameters with the presence
and prevalence of airborne grass pollen in the
atmosphere of climatically different locations (Galan
et al. 1989; Emberlin 1994; Gonzalez Minero and
Candau 1996; Iglesias et al. 1998; Sanchez Mesa
et al. 2003). Predictive models have also been
developed to determine in advance the start and
duration of the pollen season, intensity, maximum
concentration and the date on which it occurs. These
predictions are considered of interest in the preven-
tion of pollinosis (Frenguelli et al. 1989; Subiza et al.
1991; Stark et al. 1997; Emberlin et al. 1999; Chuine
and Belmonte 2004; Sanchez Mesa et al. 2005;
Garcia-Mozo et al. 2009).

The pollen of the species belonging to Poaceae
family is highly represented in the atmosphere of
central Spain, where these taxa are very abundant in
the grasslands, forest herbaceous understorey, fields,
crops, parks and gardens, etc., (Gutiérrez et al. 2001;
Garcia-Mozo et al. 2006). Due to the aerobiological
and clinical importance of this pollen type, this work
compares the levels and seasonal behaviour of
Poaceae in three areas in the centre of the Iberian
Peninsula (Aranjuez, Madrid and Toledo). These
three areas are geographically, climatically and
biogeographically similar, and they are located
nearby one another. This work also tries to determine
the influence of meteorological variables (tempera-
ture and rainfall) on the levels of airborne Poaceae
pollen.

Some authors (Subiza et al. 1991, 1992; Cabrera
et al. 2002) studied the atmospheric concentrations of
grass pollen in Madrid, and Gutiérrez et al. (2001,
2006) established the pollen calendar for this area.
Concerning Aranjuez and Toledo, this is the first
work that analyses the aerobiological behaviour of
this pollen type, though other studies on the pollen
content in the atmosphere of these cities (Diez et al.
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2002; Garcia-Mozo et al. 2006; Pérez-Badia et al.
2010) have been carried out. The present work
completes the aerobiological studies of grass pollen
in the Iberian Peninsula, particularly in these areas of
central Spain, where Poaceae pollen causes important
allergic processes to citizens and to the many tourists
who visit these cities (especially in spring).

2 Materials and methods

The aerobiological study of Poaceae pollen was
conducted using the aerobiological data compiled
over 4 years (2005-2008) in three sites located in the
centre of the Iberian Peninsula: Aranjuez, Madrid
(university campus) and Toledo (Fig. 1). The data for
Aranjuez and Madrid come from the Madrid Aero-
biology Network (Palinocam Network). The data for
Toledo come from the Laboratory of Botany of the
University of Castilla-La Mancha (UCLM) and from
the Castilla-La Mancha Aerobiology Network (Aero-
cam Network). Table 1 shows the aerobiological
sampling stations and their main geographical,
climatic and bioclimatic characteristics according to
Rivas-Martinez et al. (2002). The sampling method-
ology in the three areas complies with the recom-
mendations of the International Association for
Aerobiology (IAA) and of the Spanish Aerobiology
Network (REA) (Jager 1995; Galan et al. 2007).
Grass pollen data were collected by Hirst-type
volumetric spore traps, placed at a height of 12 m
(Aranjuez), 18 m (Madrid) and 17 m (Toledo), above
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Fig. 1 Geographical situation of Aranjuez, Madrid and Toledo
in central Spain
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Table 1 Geographical, climatic and biogeographical characteristics of study areas

Geographical characteristics

Climatic and biogeographical characteristics

Station  Altitude Geographic Annual Mean Climate Mediterranean region-biogeographical provinces
(m above  location rainfall  annual
sea level) (mm) temperature
(O]
Aranjuez 503 40° 02'N, 349 14,7 Mediterranean Mediterranean Region. Central Iberian Province
03° 45’0 continental (Manchean Sector)
Madrid 637 40° 05'N, 462 15,6 Mediterranean Mediterranean Region. Central Iberian Province
03° 07’0 continental (Manchean Sector) and Mediterranean West
Iberian Province (Guadarramean Sector)
Toledo 449 39° 51'N, 382 15,4 Mediterranean Mediterranean Region. Central Iberian Province
04° 02'0 continental (Manchean Sector) and West Iberian Province
(Toledan-Taganean Sector)
ground level. The trap functioned continuously, 3 Results

sucking in air at a rate of 10 1/min, with the pollen
being trapped on a Melinex® strip coated with
adhesive. The daily preparations were analysed by
optical microscope (400 x magnification), with four
longitudinal sweeps per slide. The results are
expressed in number of pollen grains per cubic metre
of air (grains/m3).

The main pollen season (MPS) was determined
according Nilsson and Persson (1981). This method
includes 90% of the seasonal total pollen and
comprises from the day in which 5% of total pollen
is registered to the day in which 95% of total pollen is
registered. The peak date was defined as the day on
which maximum pollen counts were recorded.

Spearman‘s correlation analysis was used to
determine the relationship between meteorological
variables and daily pollen counts during the main
pollen season (MPS). A non-parametric statistic was
used since the data were not normally distributed.
The SPSS 15.0° software package was used in all
statistical analyses. The meteorological data were
provided by the Spanish Meteorological Agency
(AEMET). The meteorological variables selected
were maximum temperature (Tmax, °C), mean tem-
perature (Tmean, °C), minimum temperature (Tmin,
°C) and rainfall (mm).

According with Spanish Aerobiology Network
(REA) (Galan et al. 2007), the severity of the season
was assessed as the number of days on which average
grass pollen counts exceeded the of 25 grains/m3,
concentration threshold over which pollen-allergy
sufferers start to show serious symptoms.

The monthly evolution of the mean temperature is
similar in the three areas of the study (Fig. 2); the
lowest values occur in winter (monthly means from 4
to 10.1°C) and the highest in July and August
(monthly means from 24.2 to 28.9°C). Summer is
hotter in Toledo, milder in Aranjuez and winter is
colder in Aranjuez. Annual rainfall is less than
427 mm in these three areas, and from a bioclimatic
point of view, they have a dry ombrotype (Rivas-
Martinez et al. 2002). The driest year in Toledo and
Madrid is 2005 (156 and 160 mm, respectively), and
in Aranjuez, the two driest years are 2005 (197 mm)
and 2007 (186 mm) (Table 2).

The rainfall distribution pattern shows a behaviour
typical of the Mediterranean region, with one period
of summer drought (rainfall levels below 22 mm) and
another period of rainfall in autumn and spring. In
Madrid and Toledo, the springs of 2007 and 2008 are
rainier than the springs of 2005 and 2006, whereas in
Aranjuez, the rainiest spring is in 2008, followed by
the spring of 2006 (Fig. 2, Table 2).

Toledo has the highest annual concentration of
grass pollen with an average of 5,797 grains (Fig. 3).
Aranjuez and Madrid (university campus) have lower
levels with similar average values of 2,751 and 2,961
grains, respectively. In Madrid and Toledo, the
highest quantities of pollen are recorded in 2007,
followed by 2006, 2008 and 2005. In Aranjuez, the
highest levels are obtained in 2006, followed by
2008, 2007 and 2005 (Fig. 3). The lowest levels of
grass pollen are recorded in 2005 in the three areas.
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Fig. 2 Monthly evolution of the mean temperature (Tmean)
and rainfall (R) in Aranjuez, Madrid and Toledo (2005-2008)

The main pollen season (MPS) for Poaceae pollen
type is very long (Table 3) and usually runs from
March to July, although in some years, it begins in
February and ends in early October. The duration of
the MPS is very variable, ranging from 196 days
(Aranjuez in 2005) to 86 days (Madrid in 2007). The
days with the highest concentrations generally occur
between 8 May and 23 May, except in 2005 in
Aranjuez and in 2008 in Madrid and Toledo, where
the peak days occur later (Table 3). The maxima
daily concentrations show considerable fluctuation,
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Table 2 Rainfall values (total annual, total spring and accu-
mulate from January to April) and total Poaceae pollen in the
studied areas (2005-2008)

Aranjuez Madrid Toledo

2005 Rainfall Total annual 197 160 156
(mm) Total spring 35 40 30
January- 59 81 50
April
Pollen Total annual 935 609 1,730
(grains)
2006 Rainfall Total annual 314 424 377
(mm) Total spring 106 72 97
January— 106 75 98
April
Pollen Total annual 3,976 3,273 6,589
(grains)
2007 Rainfall Total annual 186 426 381
(mm) Total spring 53 216 243
January— 85 144 159
April
Pollen Total annual 2,499 5,764 9,109
(grains)
2008 Rainfall Total annual 396 344 396
(mm) Total spring 137 147 197
January— 102 130 119
April
Pollen Total annual 3,592 2,198 5,760
(grains)
10000
8000 -
2 6000 -
-
B 4000 -
2000 -

2005 2006 2007

@ Aranjuez ®m Madrid (university campus) @ Toledo

Fig. 3 Total annual count of Poaceae pollen in the atmosphere
of Aranjuez, Madrid and Toledo (2005-2008)

varying between 22 grains/m> (Madrid in 2005) and
557 grains/m3 (Toledo in 2007).

Table 3 shows the days on which the allergy
threshold concentration is exceeded in the three cities
sampled. In Toledo, there are a considerable number
of days on which the concentration of Poaceae pollen
is greater than 25 grains/m’ (mean of 47 days). In
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Table 3 Characteristics of the main pollen season (MPS) and number of days with concentration > 25 grains/m” in the three studied

areas (2005-2008)

Aranjuez

Madrid (university campus)

Toledo

Parameter 2005 2006 2007 2008 2005

2006 2007 2008 2005 2006 2007 2008

Start day MPS 22 Mar 10 Mar 9 Feb
End day MPS 30ct 30Jul 11 Aug 29 Jul
Season length (days) 196 143 184 109 139
Total pollen MPS 836 3,585 2,257 3,233 550

Peak day/date 5Jun  15May 12 May 23 May 23 May

Peak day/ 29 341 190 172 22
concentration

Number of days with 1 28 25 40 0
concentration

> 25 grains/m3

11 Apr 16 Mar
1 Aug

16 Feb 19 Apr 12 May 26 Mar 7 Mar 7 Mar 12 Apr
4 Jul 13Jul 8 Ago 30 Sep 30 Jun 8 Jul 27 Jul
139 86 88 189 116 124 106
2,945 5,178 1985 1,547 5932 8,132 5,176
18 May 11 May 5 Jul 8 May 15May 13 May 19 Jun
260 458 294 138 516 557 289

26 55 18 14 40 69 56

Madrid and Aranjuez, the number of days exceeding
this value decreases (mean of 25 and 23 days,
respectively). In the three cities, the atmospheric
pollen levels are very low in 2005. In Madrid this
year, this threshold is not exceeded any day, in
Aranjuez, this threshold is exceeded 1 day and in
Toledo 14 days (Table 3). On the contrary, in Toledo
and Madrid, in 2007, a year with a high level of total
pollen concentrations, this threshold is exceeded on a
great number of days (69 and 55 days, respectively).

The weekly evolution shows that the highest levels
of pollen occur in weeks 16-25 (May—June) (Fig. 4).
Exceptionally, in 2008 in Madrid, the most significant
levels of grass pollen occur later, specifically in
weeks 27 and 28. In 2005, the weekly maxima are
reached at different times (Aranjuez in week 23,
Madrid in week 21 and Toledo in week 18). In
contrast, in 20006, the three areas show the highest
average weekly concentration in the same period
(week 20). The same occurs in 2007 in week 19. In
2008, the weekly peaks occur in Aranjuez and Toledo
in week 25, and in Madrid in week 27. The year 2006
shows a very uniform and similar behaviour in the
three areas with only one concentration peak; the
levels begin to increase progressively from week 16
until they attain their maximum in week 20, when the
weekly values begin to decrease until they reach their
minimum in week 24 (Fig. 4).

Mainly May and also June are the months with the
highest pollen counts for Poaceae pollen type
(Fig. 4). These 2 months accumulate an average
percentage of representation throughout the 4 years
of the study of 63.4% in Madrid, 67.6% in Aranjuez

and 74.7% in Toledo. Exceptionally, the highest
levels of Poaceae in Madrid occur in July in 2008,
and in Aranjuez and Toledo in June in 2005.

The results of the correlation analysis between
daily values of temperature (maximum, mean and
minimum), rainfall values and daily concentrations of
grass pollen show a significant correlation positive
with temperatures and negative with rainfall values
(Table 4).

4 Discussion

The total annual concentrations of Poaceae pollen
recorded in the sites studied of the Madrid Aerobi-
ology Network (Madrid and Aranjuez) and of the
Castilla-La Mancha Aerobiology Network (Toledo)
are similar to those obtained in other cities of the
Iberian Peninsula such as Badajoz and Ciudad Real
among others, but higher than those obtained in
Catalonia and lower than those recorded in Galicia
(Subiza et al. 1998; Fernandez-Gonzalez et al. 1999;
Latorre and Belmonte 2004; Jato et al. 2009). Toledo
has the highest total annual values of grass pollen,
probably due to the fact that it is surrounded by
countryside, with farmlands with a predominance of
cereal crops, as well as natural vegetation. In contrast,
both Madrid and Aranjuez are adjoining other cities
and are therefore more urban and further from the
countryside.

The MPS of Poaceae has a long duration in the
three areas (over 146 days) due to the diversity of its
species (each one with a specific flowering period).
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Fig. 4 Mean weekly concentrations of Poaceae pollen in the
atmosphere of Aranjuez, Madrid and Toledo (2005-2008)

However, the “period of pollinosis” is shorter as it
only includes the days on which the pollen counts
exceed the threshold values of reactivation. This
usually occurs in May and June, when the mean
temperature varies between 18 and 20°C, in most
species are in bloom (Bromus rubens L., Avena
sterilis L., Aegilops geniculata Roth, Hordeum mur-
inum L., Lolium perenne L., Poa annua L., Stipa
tenacissima L., etc). The grass pollen in the three
areas analysed comes mainly from plants which grow
in irrigated lawns in parks and gardens, cereal crops
(barley, wheat, maize, etc), and plants growing
spontaneously on farmlands, roadsides.

In different works, it has been established different
concentration as allergy thresholds: 20 grains/m’
(Solomon 1984), 30 grains/m3 (Rantio-Lehtimaki
et al. 1991) and 50 grains/m3 (Lewis et al. 1983;
Negrini et al. 1992). As it has been above mentioned,
a level of over 25 grains/m> is widely considered
sufficient to trigger respiratory symptoms (Galan
et al. 2007). In the cities sampled, there are a
considerable number of days on which the concen-
trations of grass pollen exceed this value. In Toledo,
the allergy threshold concentration is exceeded on
47 days a year, more or less the double of the
numbers of days on which this happens in Madrid
(25 days) and Aranjuez (23 days). Comparing these
values with those of other Spanish areas, we obtain
that, for instance in Galicia (NW of Spain), the
number of days is similar (Rodriguez-Rajo et al.
2002), while in Jaén and Almeria (south of Spain),
the number of days decreases (Garcia-Mozo et al.
2010).

As many authors have observed, the flowering,
pollination and dispersion of grass pollen are all

Table 4 Correlation coefficient between daily Poaceae pollen count during the main pollen season (MPS)

ARANJUEZ MADRID (university campus) TOLEDO

2005 2006 2007 2008 2005 2006 2007 2008 2005 2006 2007 2008
Tmax 0.218%* 0.138 0.348**  0.421* 0.218%* 0.579%%* 0.435%* 0.567**%  —0.058 0.142 0.611%* 0.338%
Tmean 0.225%* 0.133 0.340**  0.428* 0.186* 0.549%* 0.414%* 0.523*%*%  —0.078 0.143 0.599%* 0.452%%*
Tmin 0.209%** 0.011 0.340%*  0.469* 0.115 0.441%%* 0.263%* 0.490**  —0.102 0.058 0.524%%* 0.413%*
Rainfall ~ 0.004 —-0.207* —0.233** 0.025 0.086  —0.360** —0.403** —0.320* 0.012  —0.309** —0.295%* —0.387*

The main meteorological variables: Tmax (maximum temperature), Tmean (mean temperature), Tmin (minimum temperature) and rainfall, based on

the Spearman correlation test
Significance levels:*95%, **99%
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closely related to variations in meteorological vari-
ables, especially rainfall and temperature (Green
et al. 2004; Jato et al. 2009). The -correlation
analyses obtained show that temperature (maximum,
mean and minimum) and daily rainfall have a great
influence on the levels of grass pollen in the air.
Temperature is positively correlated during the MPS,
while daily rainfall is negatively correlated. Several
authors have indicated the positive effect of temper-
ature on the maturating and dehiscence of the
anthers, and therefore, on pollen levels in the air
(Annie and Liem 1980; Spieksma and Nikkels
1998). In Cordoba (Spain) has been observed that
is the minimum temperature the most influential
variable that positively affects airborne concentra-
tions of Poaceae, whereas the most influential
variable in London (Galan et al. 1995) and Brisbane,
Australia (Green et al. 2004), is maximum temper-
ature, and mean temperature in Denmark (Moseholm
et al. 1987).

Regarding rainfall, it has a negative effect on daily
grass pollen concentration, as it cleans the air and is
responsible for the phenomenon known as atmo-
spheric cleansing which causes the grains of pollen to
settle. In Poaceae, this effect has been demonstrated
in various works (Gonzalez Minero and Candau
1996; Laaidi 2001; Rodriguez-Rajo et al. 2003).
However, rainfall in the months preceding the pollen
season triggers physiological growth and a greater
production of grass pollen (Ong et al. 1997; Green
et al. 2004). In general, this is observed in this work,
and when there is an increase in preseasonal rains
(between January and April), higher pollen levels are
recorded (Table 2). In 2007, there is abundant spring
rainfall in Madrid and Toledo, which causes very
high concentrations of total pollen. In the three areas,
the year with the lowest annual pollen count is the
year with the lowest rainfall.
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