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Simple Summary: Among the aeroallergens present in the air that cause allergies, pollen holds a
significant place. The majority of these pollen are dispersed by the wind. Numerous studies have
been conducted in various regions of Tiirkiye and the world to determine the concentration of
allergenic pollen in the atmosphere. The density of pollen in the atmosphere depends on
meteorological factors, the flora of the region, altitude, and other similar factors. Therefore, the
pollen concentration and the relationship of dominant pollen types with meteorological factors in
the Sarikamis region, one of the highest altitude areas in Tiirkiye and the world, have been studied.
Based on the obtained data, a pollen calendar for the region has been prepared. Additionally, the
main pollen seasons for pollen with high concentrations and the number of risky days for sensitive
individuals have been identified.

Abstract: Atmospheric pollens were investigated using the Lanzoni VPSS 2000 device for 2 years
between 2012 and 2013 in the Sarikamus district of Kars province, one of the highest regions of
Tiirkiye. A total of 37909 pollen grains were collected; 15,298 pollen grains in 2012 and 22611 pollen
grains in 2013. Out of 43 identified taxa, 21 were arboreal and 22 were non arboreal. Pollen from
arboreal plants accounted for 36.34% (13778 pollen) of the total, while pollen from non arboreal
plants accounted for 63.56% (24095 pollen). The most frequent arboreal plants pollen in the
Sarikamig atmosphere were Pinaceae (29.79%), Cupressaceae/Taxaceae (2.54%), and Morus (1.30%).
The main non arboreal plants pollen in the atmosphere of Sarikamis were Poaceae (44.60%),
Artemisia (2.98%), Amaranthaceae (2.79%), Rumex (2.41%), Urticaceae (2.33%), Plantago (2.19%), and
Boraginaceae (1.40%). The maximum pollen concentration was observed in June.

Keywords: atmospheric pollen; pollen calendar; Sarikamis

1. Introduction

Pollination of plants occurs in a variety of ways, including hydrophilia (water), anemophilia
(wind), ornithophilia (birds), crypterophilia (bats), and entomophilia (insects) [1]. Although there are
few plants pollinated by wind, the pollen produced by these plants causes diseases such as allergic
rhinitis and allergic conjunctivitis in humans [2]. The diseases originating from pollen have become
a significant issue in recent years [3]. Aeropalynological studies identify these plants that cause
allergies in humans.

The pollen concentration and diversity of a region are associated with plant species in that region
and the species in the surrounding area. Pollen concentrations in the atmosphere change over time
in the atmosphere due to meteorological, ecological and geographical factors [4-8]. Since pollen have
different sizes, they cause various diseases in humans. In general, small-sized pollen cause various
allergic reactions in humans as they quickly move through the respiratory system. The most common
allergic reactions caused by pollen include hay fever, asthma, rhinitis, and conjunctivitis [9].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The aim of this investigation was to identify the types of allergenic pollen and their
concentrations in the atmosphere of Sarikamis district of Kars province, situated at an elevation of
2225 meters, which is among the highest places in Tiirkiye. Located within the Iran-Turan
phytogeographic region, in this area has not previously undergone any aeropalynological studies.
We aimed to determine the beginning and ending periods of the pollen seasons of the dominant
pollen, the duration of the pollen seasons, the number of risky days for susceptible individuals by
volumetric method. The objective of our investigation was to examine the association between the
data collected and a diverse set of meteorological factors, such as daily temperature, wind speed,
humidity, and total precipitation.

2. Materials and Methods

Sartkamis is located in the Erzurum-Kars section of the Eastern Anatolia Region and is
surrounded by Kagizman (Kars) in the east, Eleskirt (Agr1) in the south, Horasan (Erzurum) in the
southwest, Narman (Erzurum) in the west, Senkaya (Erzurum) in the northwest, and Selim (Kars) in
the north (Figure 1). Its surface area is 1751 km?, and 37000-hectare of it is covered with Pinus slyvestris
forests. It is located between 40°18' N and 42°31' E. Its altitude above sea level is also 2225 m. The
main plant species include Pinaceae, Quercus, Artemisia, and Cupressaceae/Taxaceae [10].
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Figure 1. Location of the pollen monitoring site in Sarikamus, Tiirkiye [11].

SulayfiTanjyat,

In the study conducted by volumetric method, a Hirst-type volumetric pollen trap (Lanzoni
VPPS 2010) was used. The pollen trap was placed on the roof of a building approximately 5 meters
high in the center of Sarikamis and samples were collected between January 1, 2012, and December
31, 2013. Weekly samples were brought to the laboratory and converted into daily preparations by
dividing them into 7 equal parts of 48 mm. The samples were turned into daily preparations using
the Woodhouse method. The pollen grains were identified under Leica light microscope at a
magnification of 400X, and their abundance in 1 m? of air was quantified according to the
methodology recommended by the REA (Spanish Aerobiological Network) [12]. The daily variations
and main pollen seasons of the pollen were determined by calculating according to Andersen's
method [13]. The threshold values for daily m?® of pollen in the air for sensitive individuals were
calculated according to REA [12]. The average pollen counts were correlated with parameters such
as the mean temperature, relative humidity, and total precipitation obtained from the Turkish
Meteorological Directorate. The relationship between meteorological factors and pollen counts was
evaluated using the Spearman’s correlation test in SPSS 20.
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3. Results

A total of 43 taxa were identified in the atmosphere of Sarikamis throughout the two-year study.
There were 21 arboreal plants and 22 non arboreal plants out of 43 taxa. A total of 37909 pollen was
counted, 15298 pollen in 2012 and 22611 pollen/m? in 2013. 33.83% (13778 pollen) of the total pollen
amounts belonged to arboreal plants, 63.56% (24095 pollen) to non arboreal plants and 0.09% (36
pollen) to unidentified plants. Tables showed the monthly pollen amounts of arboreal and non
arboreal plants throughout the two-year study (Table 1). It was determined that pollen was observed
in the atmosphere from March to December. 92.51% of the total pollen was found in June, July and
August. The highest taxon diversity was observed in June with 32 taxa and 53.83% of the total pollen
was recorded in June. In both years, arboreal plants were heavily found in the atmosphere in May
and June, and non arboreal plants in June and July. The counts of pollen species in the atmosphere
were demonstrated in the form of a pollen calendar (Figure 2). The most common pollen species of
arboreal plants found in the atmosphere of Sarikamis were Pinaceae (29.79%, 11292 pollen),
Cupressaceae/Taxaceae (2.54%, 961 pollen) and Morus (1.30%, 492 pollen). These accounted for
33.62% of the total pollen amount. Non arboreal plants that abound in Sarikamis atmosphere were
Poaceae (44.60%, 16908 pollen), Artemisia (2.98%, 1130 pollen), Amaranthaceae (2.79%, 1056 pollen),
Rumex (2.41%, 912 pollen), Urticaceae (2.33%, 884 pollen), Plantago (2.19%, 832 pollen) ve
Boraginaceae (1.40%, 531 pollen), which accounted for 58.70% of the total pollen. Table 1 presents the
densities of the dominant taxa in the atmosphere in 2012-2013.

Table 1. Annual pollen counts and percentage of pollen taxa recorded in Sartkamis atmosphere (2012-

2013).
2012 2013 Mean
Taxa Total % Total % Total %
Pinaceae 4973 32,51 6319 27,95 5646 29,79
Cupressaceae/Taxaceae 472 3,09 489 2,16 481 2,54
Morus 197 1,29 295 1,30 246 1,30
Betula 41 0,27 167 0,74 104 0,55
Quercus 71 0,46 72 0,32 72 0,38
Salix 80 0,52 54 0,24 67 0,35
Fagus 47 0,31 71 0,31 59 0,31
Fraxinus 42 0,27 39 0,17 41 0,21
Carpinus 2 0,01 63 0,28 33 0,17
'g Acer 49 0,32 0,00 25 0,13
:‘:‘* Populus 42 0,27 4 0,02 23 0,12
g Rosaceae 20 0,13 14 0,06 17 0,09
3 Liqustrum 17 0,11 23 0,10 20 0,11
Juglans 17 0,11 20 0,09 19 0,10
Olea 23 0,15 4 0,02 14 0,07
Castanea 16 0,10 1 0,00 9 0,04
Alnus 1 0,01 10 0,04 6 0,03
Ericaceae 5 0,03 5 0,02 5 0,03
Corylus 9 0,06 0 0,00 5 0,02
Tilia 2 0,01 0 0,00 1 0,01
Ulmus 2 0,01 0 0,00 1 0,01
Arboreal plants 6128 40,06 7650 33,83 6889 36,34
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Poaceae 5482 35,83 11426 50,53 8454 44,60
Artemisia 492 3,22 638 2,82 565 2,98
Amaranthaceae 568 3,71 488 2,16 528 2,79
Rumex 452 2,95 460 2,03 456 2,41
Urticaceae 579 3,78 305 1,35 442 2,33
Plantago 284 1,86 548 2,42 416 2,19
Boraginaceae 216 1,41 315 1,39 266 1,40
Fabaceae 256 1,67 119 0,53 188 0,99
" Mercurialis 217 1,42 129 0,57 173 0,91
& | Caryophyllaceae 117 0,76 110 0,49 114 0,60
::" Apiaceae 75 0,49 123 0,54 99 0,52
& | Asteraceae 97 0,63 80 0,35 89 0,47
£ | Lamiaceae 51 0,33 98 0,43 75 0,39
§ Ambrosia 46 0,30 38 0,17 12 0,22
Cyperaceae 47 0,31 32 0,14 40 0,21
Taraxacum 34 0,22 34 0,15 34 0,18
Humulus 35 0,23 4 0,02 20 0,10
Bellis 32 0,21 0 0,00 16 0,08
Brassicaceae 27 0,18 0 0,00 14 0,07
Xanthium 18 0,12 6 0,03 12 0,06
Carduus 8 0,05 5 0,02 7 0,03
Sanguisorba 2 0,01 2 0,01 2 0,01
Non arboreal plants 9135 59,71 14960 66,16 12048 63,56
Unidentified 35 0,23 1 0,00 18 0,09
Total 15298 100,00 22611 100,00 18955 100,00
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Figure 2. Pollen calendar of Sarikamis (years 2012-2013).
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The majority of pollen detected in the atmosphere is from the Poaceae family of plants, also
known as grasses, constituting 44.60% of the total pollen concentration. The maximum concentration
of Poaceae pollen was observed in June (20.65%) and July (19.88%) (Table 2). The main pollen season
lasted for 91 days from June 4th to August 31st in 2012 and for 73 days from June 4th to August 16th
in 2013. It was determined that there were 26 risky days for sensitive individuals in 2012 and 36 risky
days in 2013 (Table 3).

Table 2. Monthly variation of dominant pollen types observed in Sarikamis atmosphere during 2012—
2013 and monthly % of pollen according to the annual sum.

Taxa Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. | Total
2012 0.03 024 0.68 051 028 013 0.01 | 35.83
Poaceae 2013 002 015 074 033 017 0.004 | 50.53
Mean 002 018 071 040 022 0.05 0.01 | 44.60
2012 0.03 042 053 016 0.09 016 0.01 | 3251
Pinaceae 2013 0.02 028 077 027 011 007 0.01 | 27.95
Mean 003 034 0.67 023 010 011 0.01 | 29.79
2012 005 141 139 038 3.22
Artemisia 2013 002 ' 156 111 0.13 2.82
Mean 0.03 | 150 122 023 2.98
2012 022 0.78 - 0.48 0.05 3.71
Amaranthaceae | 2013 031 060 111 012 0.01 2.16
Mean 028 067 155 027 0.03 2.79
2012 001 022 086 | 151 @ 040 0.07 0.01 3.09
Cupressaceae/
2013 0.00 006 086 056 038 004 022 0.04 2.16
Taxaceae
Mean 001 013 086 094 039 006 013 0.03 2.54
2012 0.04 046 | 156 082 0.08 2.95
Rumex 2013 0.00 007 114 079 0.04 2.03
Mean 0.02 022 131 080 0.06 2.41
2012 001 013 092 | 162 1.06 0.05 3.78
Urticaceae 2013 0.00 006 038 068 021 0.02 1.35
Mean 001 0.09 060 106 055 0.03 2.33
2012 001 038 0.82 056 0.08 1.86
Plantago 2013 1.05 099 033 0.06 242
Mean 001 078 092 042 0.07 2.19
2012 032 071 034 0.04 141
Boraginaceae 2013 062 060 014 0.04 1.39
Mean 050 0.65 022 0.04 1.40
2012 1.29 1.29
Morus 2013 1.28 0.03 1.30
Mean 128 0.02 1.30
2012 003 044 248 232 326 178 0.03 10.35
Others
2013 0.02 024 145 193 171 049 0.04 5.87
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Mean 003 032 1.86 1.01  0.03 7.68

2012 010 137 515 5126 27.68 1197 173 042 029 0.02 |100.00
Total 2013 007 074 3.93 703 125 034 007 0.01 |100.00

Mean 008 1.00 442 5383 29.66 9.02 144 037 0.16 0.02 |100.00

Table 3. Characteristics of the main pollen season (MPS) for the most essential taxa (start and end

dates), season length (days), and maximum values of monthly pollen concentration (pollen/m?3).

2012 2013
Main pollen season 01.06 - 31.08 04.06 - 16.08
Main pollen season length (days) 91 73
Poaceae
Maximum daily pollen/m3 12 July - 358 01 July - 719
Number of days with risk 26 36
Main pollen season 30.05 - 12.07 01.06 - 16.07
Main pollen season length (days) 43 45
Pinaceae
Maximum daily pollen/m3 17 June - 812 27 June - 687
Number of days with risk 16 27
Main pollen season 11.07 - 28.09 10.07 - 23.09
Main pollen season length (days) 79 75
Artemisia
Maximum daily pollen/m3 27 July - 35 16 July - 38
Number of days with risk 3 4
Main pollen season 14.06 - 21.09 09.06 - 11.09
Main pollen season length (days) 99 94
Amaranthaceae
Maximum daily pollen/m3 12 August - 34 28 August - 26
Number of days with risk 3 1
Main pollen season 3.04 - 01.08 24.04 - 11.009
Cupressaceae/ Main pollen season length (days) 101 140
Taxaceae Maximum daily pollen/m3 18 May - 31 27 May - 102
Number of days with risk - 1
Main pollen season 02.05 - 01.08 30.05 - 25.07
Main pollen season length (days) 91 56
Rumex
Maximum daily pollen/m3 17 June - 33 01 July - 87
Number of days with risk 1 2
Main pollen season 23.05 - 27.08 29.05 - 27.08
Main pollen season length (days) 96 90
Urticaceae
Maximum daily pollen/m3 22 July - 26 18 July - 18
Number of days with risk 8 1
Main pollen season 08.06 - 12.09 03.06 - 29.08
Main pollen season length (days) 96 87
Plantago
Maximum daily pollen/m3 11 July - 10 01 July - 34
Number of days with risk - 1
Main pollen season 10.06 - 31.08 09.06 - 23.08
Main pollen season length (days) 82 75
Boraginaceae
Maximum daily pollen/m3 26 July - 12 18 June - 22
Number of days with risk 1 9
Main pollen season 09.08 - 22.08 07.08 - 28.08
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Main pollen season length (days) 13 21
Morus Maximum daily pollen/m3 09 August - 39 11 August - 42
Number of days with risk 3 4

The arboreal taxon with the highest concentration was the Pinaceae family, comprising 29.79%
of the total pollen count and reaching maximum concentration in June (26.66%) (Table 2). The main
pollen season spanned 43 days from May 30th to July 12th in 2012 and 45 days from June 1st to July
16th in 2013. It was found that the number of high-risk days for sensitive individuals was 16 and 27
in 2012 and 2013, respectively (Table 3).

The third highest taxon, Artemisia, contributed to 2.98% of the total pollen and displayed its peak
concentration during July (1.50%) and August (1.22%) (Table 2). The main pollen season spanned 79
days from 11th July to 28th August in 2012 and 75 days from 10th July to 23rd August in 2013. The
duration of risk exposure for individuals with pollen allergies was identified as 3 days in 2012 and 4
days in 2013 (Table 3).

Amaranthaceae accounted for 2.79% of the total pollen, with the maximum density occurring in
August (1.55%) (Table 2). The main pollen season was found to last for 99 days between June 14 and
September 21 in 2012, and for 94 days between June 9 and September 11 in 2013. When we look at the
number of risky days for sensitive individuals, there were 3 days in 2012 and 1 day in 2013 (Table 3).

Cupressaceae/Taxaceae constituted 2.54% of the total pollen and demonstrated peak
concentrations in May (0.86%) and June (0.94%) (Table 2). The primary pollen season for this taxon
extended for 120 days, from April 3 to August 1 in 2012, and for 140 days, from April 24 to September
11 in 2013. No risk period was observed in 2012, but one day with a risk of exposure to allergenic
pollen was identified in 2013 (Table 3).

Rumex represented 2.41% of the total pollen, with the highest concentration occurring in June
(1.31%) (Table 2). The main pollen season was determined to last 91 days between May 2 and August
1in 2012, and 73 days between May 30 and July 25 in 2013. The number of days considered risky for
susceptible individuals was 1 in 2012 and 2 in 2013 (Table 3).

Urticaceae constituted 2.33% of the total pollen, with peak concentration in July (1.06%) (Table
2). The main pollen season was identified to span over 96 days from May 23 to August 27 in 2012,
and 90 days from May 29 to August 27 in 2013. The number of days posing a risk to susceptible
individuals was eight in 2012 and one in 2013 (Table 3).

Plantago accounted for 2.19% of the total pollen and exhibited the highest concentration in June
(0.78%) and July (0.92%) (Table 2). The main pollen season persisted for 96 days between June 8 and
September 12, 2012, and for 87 days between June 3 and August 29, 2013. No days were detected as
being risky for sensitive individuals in 2012, whereas one day was detected in 2013 (Table 3).

Boraginaceae constituted 1.40% of the total pollen, with the highest concentration observed in
July (0.65%) (Table 2). The main pollen season lasted for 82 days between June 10 and August 31 in
2012 and for 75 days between June 9 and August 23 in 2013. The number of days with a risk of allergic
symptoms for sensitive individuals was found to be 1 in 2012 and 9 in 2013 (Table 3).

Morus was responsible for 1.30% of the overall pollen. Its peak concentration occurred in August
(1.28%) (Table 2). The main pollen season spanned 13 days between August 9 and August 22 in 2012
and 21 days between August 7 and August 28 in 2013. The number of days posing a risk to individuals
with hypersensitivity was established as three in 2012 and four in 2013 (Table 3).

Meteorological data including mean temperature, mean relative humidity, mean wind speed,
and total precipitation for the years 2012 and 2013 are presented in Table 4. No significant differences
were observed in meteorological factors between the two years. During the two-year study, monthly
mean temperature ranged between -9.9°C and 17.4°C. Pollen was not detected in the atmosphere
during most of January, February, and March when the temperature dropped below 0°C. Mean
relative humidity fluctuated between 51.9% and 81.2%, with an annual average of 66.1%. Total
precipitation ranged from 0 mm to 74.6 mm. Mean wind speed varied between 1 m/s and 3.7 m/s,
with a significant increase observed only in July 2013 (Table 4).
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Table 4. Mean monthly meteorological data recorded in Sarikamis, obtained from the State
Meteorological Service of Tiirkiye.

Meteotological Data Year E @ § 5 g E E %D §' 8 § g ié‘,
Monthly Average Relative | 2012 78.9 733 689 683 711 574 656 519 569 709 765 812 | 645
Humidity (%) 2013 75 792 701 657 658 642 656 618 55 606 77 711 | 67.6
Monthly Average Wind Speed | 2012 14 13 19 1.6 12 25 37 16 1 0.9 1.1 12 1.6
(m/sn) 2013 15 13 19 15 15 12 13 11 1.1 12 1.1 12 13
Monthly Average | 2012 -7.3 99 61 55 93 141 118 174 127 75 27 56 | 43
Temperature (°C) 2013 -7.3 -5 1.2 51 93 126 157 153 118 44 16 97 | 44
Monthly Total Precipitation | 2012 20.8 368 14 266 40 19 0.2 14 166 362 3.6 0 17.9
(mm) 2013 0 0 04 746 368 506 48 38 198 234 14 32 | 182

In this study, the relationship between the daily total pollen amounts of the taxa Amaranthaceae,
Artemisia, Boraginaceae, Cupressaceae/Taxaceae, Morus, Plantago, Pinaceae, Poaceae, Rumex, and
Urticaceae, which were among the most abundant taxa in the atmosphere of Sarikamisg, Kars province
in 2012 and 2013, and meteorological factors including daily mean temperature, daily mean relative
humidity, daily mean wind velocity, and daily mean precipitation was investigated using
Spearman’s correlation analysis. According to the analysis results of the average data obtained
during 2012 and 2013, a statistically significant positive correlation (p<0.01) was found between the
daily total pollen count and temperature and wind speed. A statistically significant negative
correlation (p<0.01) was detected between the daily total pollen count and relative humidity. No
significant correlation was found between the daily pollen count and precipitation. A positive
correlation (p<0.01) was determined between Poaceae, Pinaceae, Urticaceae, Amaranthaceae,
Artemisia, and Rumex pollen counts and temperature. A statistically significant positive correlation
(p<0.05) was found between Plantago pollen counts and temperature. No significant correlation was
found between Cupressaceae/Taxaceae, Morus, and Boraginaceae pollen counts and temperature. A
positive correlation (p<0.01) was found between Plantago and Boraginaceae pollen counts and relative
humidity, and a negative correlation (p<0.01) was found between the daily pollen count and
Cupressaceae/Taxaceae pollen counts and relative humidity. A statistically significant positive
correlation (p<0.01) was detected between wind speed and Poaceae, Urticaceae, and Artemisia pollen
counts. A negative correlation (p<0.05) was found between Artemisia pollen counts and precipitation
(Table 5).

Table 5. Spearman’s correlation analysis between daily total pollen concentration and meteorological

data.
Taxa Daily Daily Relative Daily Wind Daily
Temperature Humidity Speed Precipitation
Daily Total Polen .680** - 121% 137 -121
Poaceae .580** .015 182%* -.170
Pinaceae 154%* .013 .039 .094
Urticaceae 404%* .088 247%* -.019
Amaranthaceae 311 .025 071 130
Artemisia .334%* -.014 315** -.363*
Cupressaceae/Taxaceae a21 -.202%* -.093 -.081
Rumex 212%* .089 .081 157
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Plantago 1507 227%% 130 -.015
Boraginaceae .096 .205** .088 189
Morus 142 -126 -.161 -.028

** Correlation is significant at the 0.01 level (2-tailed)

* Correlation is significant at the 0.05 level (2-tailed)

4. Discussion

This study aimed to identify pollen types in the atmosphere of Sarikamis, which is the highest-
altitude region in Tiirkiye, using Lanzoni VPSS during the years 2012-2013. A total of 43 taxa were
identified in the study. Unlike other aeropalynological studies conducted in Tiirkiye and elsewhere,
pollen grains from non-arboreal plants were found to be dominant with a density of 59.71%, due to
the vegetation type, climate, and geographical structure of the study area. In similar studies
conducted in Tiirkiye and around the world, non-arboreal plant pollen was found to be more
abundant than arboreal plant pollen, with a density of 59.28% in Bitlis [14], 63.57% in Kars [15], 83%
in India-Jaipur [16], 60.3% in the Netherlands-Leiden [17], 55% in Italy-Trentino [18], and 52% in
Portugal-Porto [19].

The pollen concentrations, pollen calendar, average concentrations of dominant pollen in two
years, and the main pollen seasons of dominant pollen, as well as the number of risky days for allergic
patients, are presented in tables for arboreal and non-arboreal plants. Due to temperatures below 0°C,
pollen could not be detected in the atmosphere in January and February. However, pollen was
observed starting from the end of March as temperatures began to rise. The dominant arboreal plant
pollen were Pinaceae (29.79%), Cupressaceae/Taxaceae (2.54%), and Morus (1.30%). The
concentration of arboreal plant pollen started to increase in May and reached its maximum level in
June in regions such as Mardin-Kiziltepe [20] and Kayseri [21], thanks to the density of Pinaceae and
Cupressaceae/Taxaceae taxa. Arboreal plants pollen were observed in the atmosphere, albeit to a
lesser extent, in all months until December. The pollen of non-arboreal plants, like that of arboreal
plants, increased in May and reached the maximum level in June; the concentration persisted in July,
and their pollen appeared in the atmosphere until the end of the year. Dominant non-arboreal taxa
were Poaceae (44.60%), Artemisia (2.98%), Amaranthaceae (2.79%), Rumex (2.41%), Urticaceae (2.33%),
Plantago (2.19%), and Boraginaceae (1.40%).

Poaceae is the taxon with the highest density identified in the study area and is one of the most
significant causes of various allergic diseases associated with pollen allergy worldwide. The non-
arboreal plant family Poaceae, which is wind-pollinated and whose pollen is prevalent in the
atmosphere, has a long flowering and pollination period. As in our study, Poaceae was identified as
the highest density non-arboreal taxon in Bitlis at 25.19% [14], Mardin at 21.21% [22], and Van at
20.94% [4]. Similarly, high densities have been recorded in other parts of the world, such as 31.3% in
Buenos Aires, Argentina [23], 42% in Jaipur, India [16], 39.5% in Lugo, Spain [24], and 32.85% in
Lagos, Nigeria [25]. The main pollen season lasts an average of 70 days, and the number of risky days
over two years is 62, posing a risk to people sensitive to Poaceae, which is a significant cause of
various allergic diseases associated with pollen allergy worldwide.

Artemisia, with a concentration of 2.98% in the present study, showed similarities with data
obtained from studies conducted in Ardahan (%) [26], Isparta (%) [27], and Trabzon [28] in Tiirkiye,
as well as Holland-Leiden (%) [17], Hungary [29], and Delhi-India [30] worldwide. It was observed
that Artemisia pollen reached high concentrations in the summer months, similar to Europe and
Tiirkiye.

During summer and autumn, the Amaranthaceae pollen, one of the most significant allergens,
has been reported as the main pollen type in Aksaray [31], Afyon [32], Tekirdag [33], Konya [34], and
Van [4] regions of Tiirkiye. Rumex and Urticaceae were identified with densities above 2% in the
atmosphere of Sarikamig. Similar densities were reported in Madrid [35], Vigo [36], and Lugo [24],
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Spain, and in Bitlis [14], Van [4], Trabzon [28], and Tekirdag [33] regions of Tiirkiye. The highest
concentration of Rumex were observed in June, while Urticaceae reached the highest densities in July.

Although Plantago is considered an important allergen in many countries, its allergic effect
cannot be fully understood as its flowering period overlaps with members of the Poaceae family and
symptoms increase during the same period. Plantago pollen was recorded intensively in June and
July in the study area, similar to Poaceae. It was determined that Plantago had high densities in studies
conducted in Iran-Turan Region, such as Bitlis [14], Van [4], Aksaray [31], Konya [34], Mardin [22]
and Elazig [37], as well as in other parts of the world, such as El Hadjar-Algeria [38], Bratislava-
Slovakia [39], and Cordoba-Spain [40]. Boraginaceae pollen, about which little information is
available regarding its allergic effect, was not found to be dominant in any study conducted in
Tiirkiye, but was recorded as a dominant pollen in Funchal - Portugal [41] at 3.80% and in India-
Calcutta [42] at 3.20%, as in the present study.

The Pinaceae pollen, which is the highest in concentration among arboreal plants pollen, has
been reported as the main pollen type in Eskisehir-Sivrihisar (69.31%) [43], Kiitahya (51.56%) [44],
Eskisehir (48.13%) [45], Kastamonu (42.9%) [46], Ankara (32.43%) [47], China-Yunnan (38.7%) [48],
Spain-Nerja (25.04%) [49] and Spain-Vigo (25.1%) [36]. Although the main pollen season lasts for
about 5 months in both years, the total number of high-risk days is 43. This is mainly due to the fact
that the majority of Pinaceae pollen is observed in June.

Cupressaceae/Taxaceae, an important allergen, was identified as the second dominant arboreal
plant pollen type in Tiirkiye, mainly recorded as the primary pollen type in Adana [50], Hatay [51],
Antalya [52], Istanbul [53], and Aydin-Kusadas1 [54]. Morus, a pollen type that causes moderate
allergic reactions, is detected with pollen density in Sartkamis and is found to have similar densities
in Van [4], Bitlis [14], Afyon [32], Kiitahya [44], Kazakhstan-Bishkek [55], Canada-Toronto [56], and
Taiwan-Taichung [57].

Previous studies conducted in various regions have shown that Poaceae, Pinaceae, Artemisia,
Amaranthaceae, Cupressaceae/Taxaceae, Rumex, Urticaceae, and Plantago pollen are dominant
pollen types in different regions, such as Pinaceae, Cupressaceae/Taxaceae, Poaceae, Amaranthaceae,
Plantago, Urticaceae in Konya [34], Cupressaceae/Taxaceae, Poaceae, Pinus, Amaranthaceae in
Mardin [22], and Poaceae, Cupressaceae, Amaranthaceae, Plantago in Van [4], Poaceae, Cupressaceae,
Pinaceae, Plantago in Madrid [35], Urticaceae, Poaceae, Cupressaceae, Pinaceae in Funchal city [41].

In the two-year study, the duration of pollen seasons for allergenic pollen ranged from 13 to 140
days. The total number of risky days for dominant pollen was found to be 147. 92.51% of the total
pollen count was observed during summer months. The main reason for this is that temperatures are
below 0°C in winter months and the average temperature suddenly begins to increase in summer
months.

As in many studies, our study also found a positive correlation between the concentrations of
Poaceae, Pinaceae, Urticaceae, Amaranthaceae, Artemisia, Rumex, and Plantago pollen and daily
temperature. should discuss the results and how they can be interpreted from the perspective of
previous studies and of the working hypotheses. The findings and their implications should be
discussed in the broadest context possible. Future research directions may also be highlighted.

5. Conclusions

This This two-year study identified a total of 37909 pollen/m?3 belonging to 21 arboreal and 22
non arboreal plant taxa. Contrary to many similar studies conducted in Tiirkiye, non arboreal plant
pollen was found to be abundant while arboreal plant pollen was scarce. This is mainly due to the
fact that arboreal plants, which are known to produce large amounts of pollen during winter and late
autumn, are not very prevalent in the study area due to low temperatures during these seasons, the
altitude of the study area being above 2000 meters, and minimal temperature differences between
day and night throughout the year. As a result of this study, the pollination periods, daily, monthly,
and yearly amounts of pollen, which are among the most important allergens in Sartkamis, have been
determined, and a pollen calendar for Sarikamis has been prepared. The data obtained from the study
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is thought to be beneficial for sensitive individuals, visitors, and allergy specialists living in the
region.
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