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ABSTRACT. Pollen grains of the plants in Poaceae (Grass), one of the 
largest families of flowering plants, are the major cause of pollen allergies in 
the world. In this research, concentrations of airborne Poaceae pollen grains 
around public transportation centers (airport, bus and train stations) and city 
center in Eskişehir (Central Anatolia, Turkey) were studied during three 
consecutive years (2012-2014). These are the first contact points of people 
from another cities or countries. Total 6.202 Poaceae pollen grains were 
determined in areas: 1865 pollen grains (30.0 %) in 2012, 1909 (30.7%) in 
2013 and 2428 (39.1%) in 2014. Major contibution to the total pollen 
amounts among study areas was from airport. June and July were the 
months with the highest pollen amounts. Understanding and forecasting 
maximum Poaceae concentration may be critical in the prevention of 
seasonal allergic diseases or the reduction of exposure to allergens. 
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INTRODUCTION 
 
Pollen from Poaceae (Grass) species, which are highly allergenic and 
occur worldwide, elicits allergic responses in 20% of the general population 
and 40% of atopic individuals. (Bıçakçı et. al. 2009; Albertine 2014). 
Grasslands, which make up 20% of the world’s vegetational cover, are 
mostly composed of Poaceae members. (Ruden & Steinman, 2004; Türe 
and Böcük, 2007). Members of the family are widespread in all climates, 
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regions and also different habitats from subalpinic and xerophyte areas to 
aquatic ecosystems (Harlan and Zohary 1966; Clayton and Renvoize 
1986).  Most plants in the family are anemophilous, with the exception of 
cleistogams and a small number that are pollinated by insects. Literatures 
that describe flowering and pollen production of the Poaceae taxon are 
extensive. Generally, grasses tend to start growing in the early spring. In 
the late spring and early summer, they release pollen into the air. Grass 
pollens can be carried for miles by wind  (Davies 1953; Liem & Groat 1980; 
Prokudin et al. 1982; Raju et al. 1985; Connor 1986). Due to a range of 
environmental factors, total grass pollen counts is highly variable from one 
season to the next. (Smart et al. 1979; Spieksma et al. 1985; Bıçakçı et al. 
2005). Today, much of the Poaceae pollens that humans are exposed has 
ornamental or incidental sources: agricultural areas, parks, gardens and 
wasteland (Ruden & Steinman 2004). Poaceae is one of the major causes 
of pollen allergies in the World and Allergenic capacity of Poaceae pollens 
has been reported by authors from different parts of World (Belmonte-Soler 
& Roure-Nolla 1985; Spieksma et al. 1985, 1989; Goldberg et al. 1988; 
Galán et al. 1989; D'Amato & Spieksma 1990; Norris-Hill & Emberlin 1991; 
Weeke & Spieksma 1991; Zambito et al. 1992; D'Amato et al. 1998; 
Gonzalez et al. 1998; Wissenbach, 1998). It is also the most common 
aeroallergen in pollen allergic patients with asthma and/or rhinitis (69%)  in 
Eskişehir (Harmancı & Metintaş 2000).  If someone is allergic, it body may 
react even to small amount of pollens. Anyone may be allergic to only one 
type of grass or to many, some of which cross react allergically. In the most 
dangerous cases, they can experience a reaction that is close to 
anaphylaxis. Therefore, the pollinosis period identified in this survey will be 
highly useful for detection and treatment of allergenic problems prevailing in 
a systematic and target oriented treatments. (Pasha & Hossaın 2009). 

Public transportation centers like airport, train and bus station are the 
first contact points with the city atmosphere of people coming from another 
cities or countries (Skjoth et al. 2013). The analysis of Poaceae pollen 
seasons is complicated by the act that grass pollen is not identified to 
species level (Bıçakçı et. al. 2009; Buters et al. 2015).  Therefore,  the aim 
of the work is to analyse the total amount of pollens in the atmosphere of 
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public transportation and city centers in Eskişehir, during the flowering 
periods of Poaceae, for a continuous period of three years (2012-2014). 
The pollinosis period identified in this survey will be highly useful for 
detection and treatment of allergenic problems prevailing in a systematic 
and target oriented treatments. 
 
 
MATERIALS AND METHODS 
 
Eskişehir, the study area, is a city located in the central part of Turkey (Anatolia), 
between 39º 06’ and 40º 09’ N,  29º 58’ and 32º 04’ E, has about 780 m altitude 
(Figure 1). Dense human activities are shown in the city mainly because of locating 
at the junction of important air, intercity roads and railway connections. Tourism 
capacity (historical monuments back to Phyrigs and thermal springs), industrial 
organizations and universities are the other factors. 
 

 
 

Figure 1. Study area, Eskişehir province. 
 
 

In the city and its environs, 125 natural Poaceae taxa belonging to 57 genera 
were reported (Türe & Böcük 2007). In addition, cereals such as Avena sativa L., 
Triticum vulgare Vill., Secale cereale L., Hordeum vulgare L., Zea mays L. are 
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grown extensively (Davis 1965-1985; Davis, Mill & Tan 1988; Güner et.al. 2000; 
Arabacı & Yıldız 2004), (Table 1). The study area is under the influence of a low-
precipitation Mediterranean bioclimate level according to Emberger’s (1952) 
bioclimate Essentials (Türe & Böcük 2007).  In the period between 1963 to 2014, 
annual average rainfall is 386.6 mm and average temperature is 10.9 °C. The 
warmest month is July with a mean temperature of 21.8 °C (Figure 2) and annual 
average humidity is 60.4%. The predominant wind directions at the sampling site is 
southsouthwesterly (Anonymous 2006). 
 
Table 1. Most common Poaceae taxa in Eskişehir region (Türe and Böcük, 2007). 

 

Brachypodium sylvatycum. Poa pratensis  
Trachynia distachya Poa angustifolia  
Elymus factus var. bessarabicus  Puccinellia convoluta  
Eremopyrum orientale  Sclerochloa dura. 
Aegilops cylindrica  Dactylis glomerata  
Aegilops triuncialis  Cynosurus cristatus  
Aegilops geniculata Briza media  
Triticum aestivum Melica persica  
Hordeum murium Stipa bromoides  
Hordeum bulbosum  Stipa capillata  
Taeniatherum caput- medusae Stipa lessingiana. 
Bromus japonicus Paspalum paspalodes  
Bromus scoparius  Setaria viridis  
Bromus tectorum  Sorghum halepense var. halepense 
Bromus sterilis  Chrysopogon gryllus  
Bromus cappadocicus   Botriochloa ischaemum  
Avena barbata  Oryzopsis coerulescens  
Avena fatua L. Aeluropus littoralis  
Arrhenatherum elatyus  Cynodon dactylon  
Koleria cristata  Echinochloa crus-galli  
Polypogon monspeliensis  Anthoxanthum odoratum  
Alopecurus arundinaceus   
Aloperucus myosuroides var. myosuroides  Cultivated 
Phleum montanum  Zea mays  
Phleum exaratum  Secale cerale 
Festuca valesiaca  Hordeum vulgare 
Festuca callieri  Avena sativa  
Lolium perenne L. Triticum vulgare 
Lolium rigidum var. rigidum  
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Figure 2. Ombro-Termik Diagram of Eskişehir (average of 2012-2014), 
(t: temperature; P: precipitation). 

 
 
The study was conducted for three consecutive years (2012-2014). Gravimetric 

Method and a Durham sampler were used (Durham 1964; Anderson 1985; Hansen 
& Wright 2015). The Durham sampler was placed at a height of 2 m above ground 
level in the centers (just about human height). The position of the sampler allows 
air movement from all sides. Before exposure, slides were covered with glycerine 
jelly mixed with basic fuchsin (Charpin et al. 1974). Number of pollen grains is 
expressed as grains per cm2 of microscope cover glass (22 mm × 22 mm). The 
Poaceae grains were identified and counted under a light microscope in family 
level. Slides placed on the Durham sampler were changed weekly. 
 
 

RESULTS 
 
In this study, 6202 pollen grains were determined in the atmosphere of 
Eskişehir during three consecutive years: 1865 pollen grains (30.1%) in 
2012, 1909 (30.7%) in 2013 and 2428 (39.1%) in 2014 (Table 2). 
Pollination periods are similar in each year, but there are sometimes small 
fluctations in pollen amounts. During the study period, pollen amount  
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Table 2. Distribution of pollen numbers according to years and different areas. 
 

Year 
Airport 

(grains/cm2) 
Bus Station 
(grains/cm2)

City Center 
(grains/cm2)

Train Station 
(grains/cm2) 

Total % 

2012 489 444 450 482 1865 30.0 
2013 529 413 446 521 1909 30.7 
2014 641 589 587 611 2428 39.1 

Total 1659 1446 1483 1614 6202 - 

% 26.7 23.3 23.7 26 - 100 
 
 

reached its maximum level in 2014 with 39.1% and it is followed by 2013 
with 30.7% and 2012 with 30.0% (Table 2). Total pollen amount during the 
study increased and reached its highest level in 2014.  In all areas, pollen 
season started in March and ended towards September. The highest 
values were determined in June and July (Figure 3). The lenght of 
pollination period, production of pollen and density of pollen producing taxa 
in an area determine their allergic degree. 

In the airport, pollen amount reached its highest level in the last week of 
June 2012, first week of June 2013 and second week of June 2014. Pollen 
amount decreased in the end of July and first half of August. In the bus 
station, pollen amount reached its highest value in the first week of July 
2012, second week of June 2013 and third week of June 2014. In the city 
center, pollen amount reached its highest level in the first week of July 
2012, in the last week of June 2013 and in the first week of June 2014. 
Although high pollen concentration started to decrease after this week in 
this locality, pollen amount stayed higher in longer period than the others. 
And finally, in the train station, in May, pollen amount started to increase 
and reached the highest value in the last week of June in each year (Figure 
3). Total pollen amounts for three consecutive years are: 1659 (%26.7) for 
the airport, 1446 (%23.3) for the bus station, 1483 (%23.9) for the city 
center and 1614 (%26) for the train station (Table 2, Figure 3).  

Pollen calendar of selected 4 areas of Eskişehir according to weekly 
total pollens during the period between 2012 and 2014 was created 
according to the results of the present study (Figure 3). According to three 
consecutive years and 4 areas of Eskişehir, airborne pollen grains started  
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Figure 3. Weekly total pollen numbers in the selected areas  
of Eskişehir in 2012-2014. 
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Figure 4. Pollen calendar of the selected areas according to average numbers of 
weekly and montly total pollens of 3 consecutive years (2012-2014). 

 
 

to increase since the second half of April during three consecutive years. 
Last week of June for the train station and city center, third week of June 
for the bus station are the periods with the highest pollen concentrations 
between 2012 and 2014. In the airport, pollen amount reached its highest 
value in the last week of June at three consecutive years. This period with 
high pollen concentration continues longer than in the other areas. 
Although top points of the pollen number curves for the city center, bus 
station and train station show small differences, these three areas show 
similarity in terms of pollen distribution amount and pollen releasing 
periods. In all areas, a distinctive decrease in the pollen amount started in 
the first half of August.  
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DISCUSSION 
 
One of the most important allergens which cause allergic disease of upper 
and lower respiratory system is the effect of the airborne pollen grains 
belonging to Poaceae (Grass) family. But the analysis of Poaceae pollen 
seasons is complicated by the act that grass pollen is not identified to 
species level (Bıçakçı et. al. 2009; Buters et al. 2015). With few exceptions, 
all pollen grains from grasses are very similar. From the allergenic 
standpoint this is not important, as there is a high degree of cross reactivity 
between them (Buters et al. 2015). 

Poaceae family is the most common cause for pollen allergy (69%) in 
Eskişehir (Turkey) (Bıçakçı et. al., 2009), as in Europe (i.e. 82.5% of pollen 
allergy diseases in Cordoba is because of Poaceae taxa), (Galán et al. 
1989). It could be because of climatic, geographical and cultivation 
characteristcs of the city. Increases in temperatures in the spring influence 
the heading times of flowers and the starts of anthesis prior to the start of 
the main Poaceae pollen season (Fernández-Gonzáles et al. 1999; Norris-
Hill 1999 etc.). 

Anthoxanthum odoratum and Avena sativa are the most important 
allergen for most pollen allergic patients in Eskişehir with 45% and 42%, 
respectively (Harmancı & Metintaş 2000). Regional, geographical, climatic 
and soil differences affect the diversity of individual grasses found in a 
certain area. Pollen numbers at rural sites may therefore considerably differ 
from those in urban areas. However, the prevalence of sensitivity to grass 
pollens were observed almost equally between the patients from rural and 
urban area (71.4% versus 72.2%), (Norris-Hill, 1999; Harmancı and 
Metintaş, 2000). In addition, sensitization to certain pollen types can 
change from an area to another (D'Amato and Lobefalo, 1989). For 
instance, sensitization to Parietaria pollens in Aegean region of Turkey is 
52% whereas it is 9% in Eskişehir (Terzioğlu et al. 1998).  

Presence and amount of airborne pollen grains depends on a wide 
range of factors including meteorological (temperature, rain, humidity, wind, 
etc.), biological (phenological and physiological state of plants, plants 
distribution, etc.) and geological (topography) issues (Aznarte et al. 2007; 
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Türe & Böcük 2009). Temperature is one of the most effective factor on 
pollination processes of grass pollens. This is due to the fact that dry and 
warm periods favour anther dehiscence (Fernández-Gonzáles et al. 1999; 
Norris-Hill 1999; Türe & Salkurt 2005). Acording to Peternel et al. (2004), 
the airborne pollen concentration for all plants throughout the pollen season 
to decline as the temperature fell which expecially is seen clearly during 
periods with colder days. Similarly, in present study, when compared the 
meteorological data and pollen releasing periods, pollen amount incerases 
with increasing temperature. It decreases with increasing precipitation. The 
weekly variation recorded during a dry season might be quite markedly 
different from that recorded during a relatively wet season (Figure 2, 3). 

Typical climate (hot-dry summers, cold-snowy winters) in Eskişehir 
favors the pollen releasing of the plants in Poaceae family. In some 
researhes, it is reported that pollen releasing increases by increasing 
temperature, based on greenhouse effect due to increasing CO2 emission 
(LaDeau & Clark 2006; Albertine et al. 2014; Hamaoui-Laguel et al. 2015). 
In Eskişehir, the highest average temperatures and the lowest average 
precipitations are dominant in the months with maximum pollen amounts 
(Figure 2, 3). In all years and areas, pollen concentrations are maximum in 
June and July. Small fluctuations in the concentration are mostly due to the 
effects of meteorological parameters (Boral et al. 2004). Contribution of the 
areas to the total pollen number in 3-year period is quite similar (Figure 3). 
Major contributor is airport with 26.7%. The reason is thought that there are 
wide agricultural, meadow and natural areas around the airport and no high 
buildings to obstruct the air movement. In contrast, there are no wide areas 
except small parks, gardens or gaps and there are high buildings not to let 
the air movement around other areas (Güvensen & Öztürk 2002). However, 
it can be told that airborne pollen grains of Poaceae distributes 
homogenously in different parts of the city. 

Airborne concentrations of common grass pollen, a potent allergen, 
could increase fourfold in World by 2050. Researchers believe climate 
change will be responsible for two thirds of this increase, while the 
remainder will be due to the plant's spread, as a result of human activity. In 
order to predict the effect of climate and seed dispersal mechanisms on the 
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atmospheric concentration of pollen, researchers used different types of 
numerical models (Ianovici 2007; Hamaoui-Laguel et al.  2015). 

Minimisation of the symptoms of pollen allergy is strictly related to 
avoidance of exposure to large doses of the allergen. The knowledge of the 
potentially allergenic pollen count and its changes throughout the 
pollination period in a certain area is of great importance for allergic 
persons, and for determination of the origins of the disease and 
recommendation of an effective therapy (Brabäck & Kälvesten 1991; 
Bıçakçı et al. 2005; Nicoleta 2007). 
 
 
CONLUSIONS 
 
6202 pollen grains were determined in the atmosphere of Eskişehir during 
the study period: 1659 (%26.7) for the airport, 1446 (%23.3) for the bus 
station, 1483 (%23.9) for the city center and 1614 (%26) for the train 
station. In all areas, airborne pollen grains started to increase since the 
second half of April and a distinctive decrease started in the first half of 
August.  
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