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Abstract

An investigation was carried out on the airborne pollen fall in the State of Denizli during the
year 2000. Two Durham samplers were placed at different heights above the ground. The averages
of pollen counts from 2 samplers were calculated at the end of year. The pollen from 34 flowering
plant taxa (20 arboreal +14 non-arboreal) with a total average of 6856 grains/cm’ dominated the
atmosphere in this State. Out of these 83.9 % belonged to the arboreal, 16.10 % to the non-arboreal
plants and 6.25% were from the family Poaceae. The pollen counts from two heights were
different. At higher level (15 m) the total pollen concentration was 7717 per cm?, out of which
6471 per cm” were of arboreal origin and 1246 per cm? non-arboreal ones. At the lower level (1.50
m) it was 5995 per cm?, out of which 5033 per cm? belonged to the arboreal and 962 per cm® to the
non-arboreal group. The maximum number of pollen counts was recorded from the arboreal plants
because this area gets enough precipitation for the growth of arboreal species The highest number
of pollen in the arboreal plants followed the trend as; Pinaceae (40.92%), Cupressaceae/Taxaceae
(14.16%), Quercus (9.8%), Olea europaea (7.03%) and Platanus orientalis (5.69%), and for non-
arboreal representatives these were Poaceae (6.25%) Chenopodiaceae/ Amaranthaceae (2.67%),
Fabaceae (1.65%) and Carex (1.22%). Maximum pollen density was recorded during the spring
season and minimum in autumn. During this study period the number of allergic patients treated in
the hospitals was 1552 persons, with an outstanding increase during the months of April, March,
May and August.

Introduction

The prevalence and severity of asthma and allergic diseases are increasing all over
the world, affecting 5-7% of the population in some of the industrialising countries
(Weiss, 1993). It is now a well-known fact that asthma and allergic diseases result from
an allergen induced inflammatory process of respiratory mucosa in sensitive persons
(Nclerio, 1991; Kay, 1991). A large population is getting affected by these diseases due
to aerobiological disorders such as; pollens, spores, dust, insects and different kinds of
foods however, the percentage of patients differs from country to country. As such, a lot
of work is now being done in the field of aerobiology (Waisel, 1996; Kobzar, 1999; Saar,
2000; Peternel et al., 2003; Porsbjerg et al., 2003).Turkish investigators too have
followed the trend and during the last decade many papers have been published in this
connection (Inceoglu ef al., 1994; Pehlivan, 1995; Pinar et al., 1999; Bicakci ef al. 2002,
2003). A greater attention is being paid now towards the preparation of pollen calendars
as the number of allergic patients in the country is increasing at a faster rate. Thus, the
aim of this study was to determine pollen density and changes in pollen fall per cm® on
weekly, monthly and annual basis in Denizli one of the fast industrialising States of
Turkey. The results of this study are expected to be useful for health centres in the State
for establishing a right diagnosis and control of allergic diseases.
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Study area: Denizli is spread over an area of 11.868 km” with a population of about 850
thousand inhabitants. It lies in the West Anatolian part of Turkey between 38°29'-38°52’
N latitudes and 28°38'-30°05" E longitudes. The altitude varies between 200-2600 m. The
area experinces a mediterranean climate of the semi-arid upper cold type (Akman, 1999).
Average temperatures vary, being highest (22.3°C - 27.8°C) from 3rd week of May till
2nd week of September and lowest during December (0.8°C). Mean relative humidity
varies between 41.3-77.4%. The precipitation in the form of rains (556.3 mm) is very
common in spring and winter. Dominant winds are north, north-north-east, west, with an
annual average speed of 4.6 km/h. It is included in the Mediterranean phytogeographical
division of Turkey and shows a rich plant diversity of both wild and cultivated forms. At
higher altitudes forests of Pinus nigra subsp. pallasiana, Pinus brutia, Castanea sativa,
Juniperus excelsa, Juniperus oxycedrus subsp. oxycedrus, Quercus pubescens, Quercus
infectoria subsp. boissieri dominate the area (40%), but at lower level maquis and
phrygana are covering large areas and include taxa such as; Adenocarpus complicatus,
Arbutus andrachne, A. unedo, Cercis sliquastrum, Cistus creticus, Coridothymus
capitatus, Crataegus monogyna, Genista anatolica, Jasminum fruticans, Laurus nobilis,
Myrtus communis, Olea europaea var. sylvestris, Origanum onites, Paliurus spina-
christii, Phillyrea latifolia, Pistacia lentiscus, P. terebinthus, Quercus coccifera, Salvia
tomentosa, Satureja thymbra, Spartium junceum, Styrax officinalis, Rhus coriaria,
Ruscus aculeatus and Vitex agnus-castus. The arboreal plant taxa observed commonly in
the parks and alongside the roads are; Berberis sp., Buxus sempervirens, Cedrus libani,
Eucalyptus sp., Hedera helix, Ficus carica, Juglans regia, Olea europaea, Phoenix
latifolia, Pinus pinea, Platanus orientalis, Populus nigra, Robinia pseudoacacia,
Sophora japonica, Thuja orientalis, Ulmus minor and Washingtonia filifera; whereas
non-arboreal ones are Alliaria petiolata, Anthemis sp., Avena barbata, Briza humilis,
Bromus sp., Capsella bursa-pastoris, Centaurea solstitialis, Chenopodium botrys,
Chondrilla juncea, Cichorium intybus, Convolvulus arvensis, Crepis sancta, Cynosurus
echinatus, Dactylis glomerata, Daucus carota, Galium sp., Geranium sp., Hordeum
bulbosum, Inula viscosa, Lamium amplexicaule, Lapsana communis, Lolium perenne,
Malva sylvestris, Mercurialis annua, Miyosotis arvensis, Papaver rhoeas, Parietaria
Jjudaica, Plantago sp., Poa bulbosa, Ranunculus arvensis, Rosmarinus officinalis, Rumex
acetocella, Scabiosa rotate, Scandix pecten-veneris, Silybum marianum, Sinapis alba,
Trifolium sp., Umbilicus horizontalis, Urtica dioica, Verbascum sp., Vicia sp.,
Taraxacum sp., Tordylium apulum and Xanthium strumarium. Olives, pomegranates,
figs, apples, grapes, cherries, peaches, apricot, pear, quince, plum, wheat, tobacco, cotton,
tomato, pepper, radish, onion and garlic are cultivated widely over an area of 40.50%.
The present report describes the differences in concentrations of allergenic pollens at
different heights in Denizli, Turkey.

Materials and Methods

Studies were carried out from January to December (2000) in the centre of the
Denizli. Durham samplers were fixed on the rooftop of a building (15 m) and at the
ground level (1.50 m). The slides smeared with glycerine-jell stained with safranine were
changed weekly. Identification was done with the help of B-3000 binocular by using
reference slides from 800 taxa, and counting made on 20x20 mm (4 cm?) area of the
slide, extrapolated to 1 cm?” according to the methods given by Guvensen & Ozturk
(2002, 2003).The record of allergic patients was taken from the hospital and
meteorological data obtained from the meteorological station.
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Results

In general pollens from 34 taxa were observed in the atmosphere of Denizli city. Out
of these 20 belong to the arboreal plants and 14 to the non-arboreals. At the lower level
(1.50 m) dominant arboreal plants were Pinaceae, Cupressaceae/Taxaceae, Quercus, Olea
europaea and Platanus orientalis. The dominant non-arboreal plants were Poaceae,
Chenopodiaceae/ Amaranthaceae, Fabaceae and Carex. The total pollen concentration at
this level was 5995 per cm?, out of which 5033 per cm?” belonged to the arboreal and 962
per cm’ to the non-arboreal group (Table 1). At higher level (15 m) dominant arboreal
plants were Pinaceae, Cupressaceae/Taxaceae, Quercus, Olea europaea and Platanus
orientalis and non-arboreals were Poaceae, Chenopodiaceae/ Amaranthaceae, Fabaceae
and Carex. The total pollen concentration at this level was 7717 per cm?, out of which
6471 per cm’® were of arboreal origin and 1246 per cm’® non-arboreal ones (Table 1).

The average number of pollens counted from two heights was 6856 pollen/cm” which
includes 5752 arboreal (83.9%) and 1104 non-arboreal (16.10%) taxa (Table 1). The
maximum number of pollen counts was recorded from the arboreal plants because this
area gets enough precipitation for the growth of arboreal species. The pollen counts from
two heights were different. On an average, the highest concentration was that of Pinaceae
(40.92%), Cupressaceae/Taxaceae (14.16%), Quercus (9.8%), Olea europaea (7.03%)
and Platanus orientalis (5.69%), and for non-arboreal representatives these were Poaceae
(6.25%) Chenopodiaceae/ Amaranthaceae (2.67%), Fabaceae (1.65%) and Carex (1.22%)
(Table 1). The total average of these pollens in the atmosphere was 12258 per cm?, which
comes to 89.39% of the total average pollen (Table 2).The total average pollen density in
the atmosphere during the study period followed the trend as; May, June, April, March,
February, July, August, January, September, October and November. Almost no pollen
taxa were recorded in December (Fig. 1, Table 2). The number of pollens in the
atmosphere from non-arboreal plants was highest during May, June and July, whereas
pollens from arboreal plants dominated during April, May and June (Fig. 2, Table 2). The
pollens of herbaceous taxa were not encountered during the months of January and
February. Pollens were first recorded in the 2nd week of January. In February, in addition
to Cupressaceae/Taxaceae, Alnus glutinosa, Pinaceae and Corylus pollens were present
but the number was very low. Cupressaceae/Taxaceae topped the list during the last week
of February. In March, the number of taxa went up to 15 with Cupressaceae/Taxaceae
dominating in 1st week, followed by Salix, Castanea sativa and Crateagus during the last
week. In the month of April pollens of 26 taxa in particular Acer, Castanea sativa,
Pinaceae, Platanus orientalis, Quercus, Salix and Poaceae were recorded (Fig. 3).
During the 3rd and 4th weeks of this month pollen density was very high. In May pollens
from 26 taxa were observed, the highest number belonged to arboreal taxa such as
Pinaceae followed by Olea europaea, Quercus, Platanus orientalis orientalis and non-
arboreal Poaceae. Crateagus, Ericaceae, Juglans regia, Olea europaea, Pinaceae,
Pistacia, Quercus, Ulmus, Fabaceae, Parietaria judaica, Plantago, Rumex and Urtica
were abundant in May. In June the number of taxa determined was 24. Ligustrum
vulgare, Tilia and Helianthus annuus pollens were firstly detected in June and Carex,
Poaceae, Rumex, Taraxacum together with Ligustrum vulgare reached highest level in
this month. Tilia pollens were only detected in 1st and 2nd weeks of June. The number
went down to 17 taxa during July (Fig. 3). During this month dominating pollens in the
atmosphere were Pinaceae, Poaceae, Chenopodiaceae/Amaranthaceae. Pollens of
Ligustrum vulgare, Quercus, Mercurialis annua and Rumex ended in July. The pollen
from non-arboreal taxa reached the highest density in June but number in July decreased.
In August only 11 non-arboreal and two arboreal plants were found with a highest
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Table 1. Average total pollen counts of different taxa from two different stations
and their percentage values and degree of allergenicity.
Lower Higher

Plant Allergic

TAXA level level Average %
groups degree L50m)  (15m)

Crataegus 73 73 73 1.06

Ligustrum vulgare 45 84 645 094

Pistacia 27 45 36 0.53

LAP Acer 24 16 20 0.29

Ostrya carpinifolia 11 23 17 0.25

Tilia 4 4 4 0.06

Pinaceae 2336 3275  2805.5 40.92

o Cupressaceae / Taxaceae 1042 900 971 14.16
8 Quercus 521 823 672 9.8
= Olea europaea 448 516 482 7.03
g Platanus orientalis 351 429 390 5.69
2 Salix 42 72 57 0.83
< AP Castanea sativa 40 67 535 0.78
Populus 26 24 25 0.36

Ericaceae 10 31 20.5  0.30

Juglans regia 7 33 20 0.29

Phillyrea latifolia 13 22 175 0.26

Ulmus 5 18 1.5 0.17

Alnus glutinosa 6 9 7.5 0.11

Corylus 2 7 4.5 0.07

Total arboreal pollen 5033 6471 5752 83.90

Fabaceae 106 121 113.5 1.65

Carex 75 92 83.5 1.22

LAP Tarcfxacum 23 75 49 0.71

a Achillea 23 55 39 0.57
8 Inula 21 28 245 036
e Helianthus annuus 17 13 15 0.22
S Poaceae 392 465 428.5 6.25
é Chenopodiaceae/Amaranthaceae 168 198 183 2.67
S Plantago 37 59 48 0.70
S AP Mercurialis annua 26 45 355  0.52
z Parietaria judaica 22 40 31 0.45
Xanthium strumarium 29 20 245  0.36

Rumex 12 22 17 0.25

Urtica 11 13 12 0.17

Total non-arboreal pollen 962 1246 1104 16.10
Total 5995 7717 6856 100

LAP: Low allergenic plants AP: Allergenic plants
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Fig. 1. Monthly average of total airborne pollen in Denizli, Turkey.

| —e—Arboreal —e—Non-arboreal |

5000 ~
4750 +
4500 +
4250 +
4000 +
3750 H
3500 -
3250 +
3000 -
2750 H
2500 +
2250 +
2000 -
1750 -
1500 -
1250 -
1000 -
750 -
500 -
250 -

Pollens Grains/cm?

Months

Fig. 2. Monthly average of total airborne pollen of arboreal and of non-arboreal taxa in Denizli,
Turkey.
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Fig. 3. Average total allergenic pollen counts calendar grains/cm’ of Denizli, Turkey.

number of pollens from Chenopodiaceae/Amaranthaceae. Only pollens of Olea
europaea, Pinaceae and Ericaceae from the arboreal group were detected in August. In
September, 9 taxa of Chenopodiaceae/Amaranthaceae dominated. Only pollens of
Pinaceae and Ericaceae from the arboreals were detected in September (Fig. 3).The
pollens of arboreal taxa were commonly met with in October and November, with three
taxa in October and only pollens of Chenopodiaceae/Amaranthaceae during the 2nd week
of November. No pollen was found in December. The longest pollen period on weekly
basis in a year followed the trend as: Chenopodiaceae/Amaranthaceae (27 weeks),
Fabaceae (25 weeks), Poaceae (25 weeks), Cupressaceae/Taxaceae (22 weeks), Pinaceae
(22 weeks), Taraxacum (18 weeks), Mercurialis annua (17 weeks), Achillea (16 weeks),
Carex (16 weeks), Olea europaea (16 weeks), Quercus (15 weeks). During July, August
and September pollens of non-arboreal plants were more dominating, but in October and
November although very little only pollens of herbaceous taxa were found. No pollen
from herbaceous taxa was recorded untill 1st week of February and from 3rd week of
November. In January, only pollens of Cupressaceae/Taxaceae were detected in 2nd
week (Fig. 3).
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Fig. 4. Annual wind speed data and temperature of Denizli from January to December 2000.

Discussion

This study revealed that pollen of arboreal taxa was higher in general at both heights
as compared to non-arboreals because the former produce more pollen than latter (Table
1). Pollen percentage was lower in November and December because pollination is not
common during these months. In the 2nd week of January, pollination in Cupressaceae/
Taxaceae starts and pollen concentration goes up rapidly at higher level. Towards the end
of February these taxa are joined by Alnus glutinosa, Corylus and Pinaceae thus bringing
the pollen concentration of arboreal plants to its highest level. Most of the plants in the
area start pollinating in mid-April and May, thus we found Acer, Pinaceae, Platanus
orientalis and Quercus together with Poaceae dominating. This is followed by an
increase particularly in the concentration of Olea europaea, Pinaceae, Platanus orientalis
and Poaceae pollen during May and June, Platanus orientalis and Quercus pollen during
April (Fig. 3), when wind speed increases (Fig. 4). Pollen distribution showed a good
correlation with relative humidity and rise in the temperature during the study period
(Figs. 4, 5). Concentration decreased in June and July when most of the species in this
area complete their pollination. This is particularly true for arboreal plants during July,
but non-arboreal species showed a relatively higher concentation. In July highly dense
pollens of Poaceae were observed. In addition, Chenopodiaceae/ Amaranthaceae start
pollinating in mid-summer, and as such, July and August showed a dominance of their
pollen (Fig. 3) as well. During July relative humidity and percipitation increase once
again in parallel with the temperature (Figs. 4, 5) which helps in the pollination of non-
arboreal taxa and thereby an increase in the atmospheric pollen density (Fig. 2). In
August, temperature and wind velocity (Fig. 4) showed an increase thus producing a
positive effect on the pollination. Similar findings have been reported by other
researchers (Anderson, 1980; McDonald, 1980).
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Fig. 5. Annual precipitation and relative humidity data of Denizli, 2000.
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Fig. 6. Monthly variation in the percentage of allergenic/low allergenic species and time course of
the number of patients.

Pollen concentration levels of basic plant groups is given in Fig. 1 and Table 1.
These figures clearly show that arboreal plant species dominate as compared to the herbs.
Although lower than our values similar reports have been published by Gemici et al.,
(1989) from Izmir with a ratio of 58.69%, however our results are very near to those of
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Ay (1993), who has given a value of 84.6% for Manisa which is similar to ours. Similar
findings have been reported from Balikesir, with a percentage of 70.92% for the arboreals
and 24.87% for the non-arboreals (Bicakci & Akyalcin, 2000). They are dominated by
Pinaceae, Cupressaceae/Taxaceae, Platanus orientalis, Quercus sp., Poaceae, Urticaceae,
Plantago sp., Apiaceae and Chenopodiaceac/Amaranthaceae. In accordance with the ratio
of arboreal and non-arboreal taxa in the atmosphere their percentages in the atmosphere
of Balikesir is very close to our findings. The pollen density of Acer sp., Plantago sp.,
Populus sp., Rumex sp., and Urticaceae in the atmosphere of Denizli is very low, but
arboreal plants are 83.9% and non-arboreals 16.10%, whereas Poaceae is 6.25%.

The investigations undertaken in a neighbouring State Izmir at different heights
showed that the percentage of arboreal taxa varied between 81.35-85.68%, non-aboreals
13.75-27% and Poaceae 4.35-6.85%. The dominant woody taxa from the point of view of
atmospheric pollen were Pinus, Cupressaceae/Taxaceae, Quercus, Oleaceae and Morus,
whereas dominant herbaceous taxa were Poaceae, Chenopodiceac/Amaranthaceae,
Plantago and Centaurea. Pinus, Quercus, Oleaceae, Cupressaceae/Taxaceae, Morus,
Poaceae, Chenopodiceae/Amaranthaceae, Cruciferac and Plantago were the taxa with a
highest density (Guvensen & Ozturk, 2002, 2003). A comparison of these findings with
those of Denizli depicts that the values of both groups are close to each other. They differ
from each other only in the number of such taxa as Platanus orientalis, Fabaceae and
Carex which are higher in Denizli. In another neighbouring State Manisa pollen density
of woody taxa in the atmosphere was 80.75%, herbaceous ones 7.1% and Poaceae
12.35%. The taxa with highest pollen density in this State were Pinus, Olea europaea,
Poaceae, Cupressaceae/Taxaceae, Quercus, Casuarina equisetifolia, Platanus orientalis,
Morus, Chenopodiaceae/Amaranthaceae and Plantago (Ay, 1993). Fabaceae and Carex
were highest in the atmosphere of Denizli as compared to Manisa but arboreal taxa
resembled each other.

Sensitivity to pollens in respiratory system allergies is related to differences in macro
(i.e: climate) and micro (city or rural area) environmental characteristics of an area
(Peternel et al., 2003). The type of pollen allergy is in part related to regional differences.
In general the pollen of the Pinaceae are the least allergenic, with a very low positive
response whereas Cupressaceae/Taxaceae show higher concentration accompanied by
medium to high allergic reaction but the taxa like Thuja orientalis, Juniperus oxycedrus
and J. excelsa show medium to strong allergic reaction (Middleton et al., 1988; Bar-
Dayan et al., 1995). Quercus is responsible for pollinosis (Middleton et al., 1988)
showing medium and high allergic reactions like Olea europaea (Aytug et al., 1995;
Peternel et al., 2003). In particular very strong allergic reactions are reported for
Ligustrum sp., and O. europaea (Waisel et al., 1996). Chenopodiaceae/Amaranthaceae
give a medium to highly effective positive reaction in allergic tests (Kosman et al., 1997).
Cynodon dactylon, Dactylis glomerata, Poa pratensis, Phleum ratense, Agrostis sp., and
Lolium sp., from Poaceae show high allergic reaction (Porsbjerg et al., 2003). Platanus
orientalis pollens are found in relatively high numbers but show a medium allergic
reaction (Middleton et al., 1988).

In Turkey incidence of allergies varies between 15-18% (Bousquet, 2001). The total
pollen counts in Denizli follow the trend as May, June, April and March (Fig. 1). Table 1
presents the allergic degree of the pollen in Denizli prepared according to Middleton et
al., (1988) and Aytug et al., (1995).The table shows that pollens of 23 taxa are highly
allergic (AP), 11 taxa are weekly allergic (LAP). The density of pollens of taxa with a
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higher allergenic effect in the city atmosphere follow the trend as; May (5017
grains/cm?), June (3202 grains/cm®) and April (1661 grains/cm?). Number of patients on
monthly basis in relation to highest allergenic and low allergenic pollen density is given
in Fig. 5. According to this, highest patient numbers were recorded in June, May, July
and March respectively. Arboreal allergenic pollen counts in Denizli city atmosphere are
dense in April, March and May. In particular Cupressaceae/Taxaceae pollens with a high
allergic impact are found in March, Olea europaea, Pinaceae, Platanus orientalis,
Quercus and Poaceae taxa in May. These months show an increase in the allergic
diseases. In these months, allergic patients also show an increase (Fig. 3; Table 2). In July
pollen counts decrease and number of allergic patients also decreases. But in August,
Chenopodiaceae/Amaranthaceae and Poaceae are very high (Fig. 3; Table 2) together
with other highly allergic non-arboreal plants and allergic patient number again goes up
(Fig. 6). As such, inhabitants of Denizli sensitive against the allergic pollen dusts need to
be very careful during the months of April, March, May and August. Present calendar
will permit a productive and healthy lifestyle for allergic patients as well as control and
minimization of symptoms and severity of allergic diseases.
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