
Academic Editor: Fenghui Yuan

Received: 27 May 2025

Revised: 6 July 2025

Accepted: 8 July 2025

Published: 10 July 2025

Citation: Akpınar, S. Aerobiological

Dynamics and Climatic Sensitivity of

Airborne Pollen in Southeastern

Türkiye: A Two-Year Assessment from

Siirt. Biology 2025, 14, 841. https://

doi.org/10.3390/biology14070841

Copyright: © 2025 by the author.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Aerobiological Dynamics and Climatic Sensitivity of Airborne
Pollen in Southeastern Türkiye: A Two-Year Assessment
from Siirt
Salih Akpınar

Department of Biology, Faculty of Science and Letters, Kafkas University, Kars 36100, Türkiye;
slh_akpinar@hotmail.com; Tel.: +90-0554-755-09-22

Simple Summary

Pollen is a fine powder released by plants that can cause allergic reactions in sensitive
people. Understanding how pollen changes throughout the year helps scientists to predict
allergy seasons and protect public health. In this study, we collected daily pollen samples
from the air in Siirt, a city in southeastern Türkiye, over two years. We recorded how much
pollen was present, what types of plants it came from, and how it changed with the weather.
Most of the pollen came from trees, like Pinaceae and Cupressaceae/Taxaceae, and it was
most common in spring, especially in April. Poaceae pollen also lasted longer and was
more common during summer. We found that temperature, rain, and humidity strongly
affected how much pollen was in the air. These results show that both plants in the area
and changing weather conditions influence pollen levels. This research provides the first
detailed look at pollen in Siirt and will help to create local pollen calendars. These calendars
are useful for doctors, allergy sufferers, and decision-makers for an understanding of when
allergy risks are highest and how to plan for them.

Abstract

This study investigates the composition, abundance, and seasonal variability of airborne
pollen in Siirt, a transitional region between the Irano-Turanian and Mediterranean phy-
togeographical zones in southeastern Türkiye. The main objective was to assess pollen
diversity and its relationship with meteorological parameters over a two-year period
(2022–2023). Airborne pollen was collected using a Hirst-type volumetric pollen and spore
trap; a total of 18,666 pollen grains/m3 belonging to 37 taxa were identified. Of these,
70.67% originated from woody taxa and 29.33% from herbaceous taxa. Peak concentrations
occurred in April, with the lowest levels in December. The dominant taxa, all exceed-
ing 1% of the total, were Pinaceae (31.00%); Cupressaceae/Taxaceae (27.79%); Poaceae
(18.42%); Moraceae (4.23%); Amaranthaceae (2.42%); Urticaceae (2.13%); Quercus (1.55%);
Fabaceae (1.29%); and Rumex (1.02%). Spearman’s correlation analysis revealed significant
relationships between daily pollen concentrations and meteorological variables such as
temperature, humidity, precipitation, and wind speed. These findings highlight that both
climatic conditions and the surrounding vegetation, shaped by regional land cover, play a
crucial role in determining pollen dynamics. In conclusion, this study provides the first
aerobiological baseline for Siirt and contributes valuable data for allergy-risk forecasting
and long-term ecological monitoring in southeastern Türkiye.
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1. Introduction
Pollen grains are biological structures that carry the male gametophytes of seed

plants and play a critical role in plant reproduction [1]. In addition to their reproductive
function, pollen grains are also important indicators in ecological and environmental studies
such as biodiversity monitoring, paleobotanical reconstructions, and biogeographical
assessments [2,3]. The scientific discipline of aerobiology, which focuses on airborne pollen
and spores, provides essential data for understanding ecological patterns and assessing
public health risks [4,5]. Numerous studies have shown that increased concentrations of
allergenic pollen can trigger respiratory disorders, such as allergic rhinitis, asthma, and
conjunctivitis, especially in sensitive individuals [5,6]. These conditions not only impair
quality of life but also impose significant economic burdens on healthcare systems [7].

The intensity, diversity, and duration of airborne pollen are largely shaped by the
phenological behavior of plants and are strongly influenced by climatic parameters such as
temperature, precipitation, relative humidity, and wind speed [8,9]. In particular, wind-
pollinated (anemophilous) taxa produce large quantities of lightweight pollen that can
be transported over long distances, which is why they dominate atmospheric pollen
assemblages [10]. Short-term meteorological fluctuations can significantly alter pollen
production and atmospheric concentrations. For instance, increased temperatures often
accelerate flowering and pollen release, whereas rainfall and high humidity may suppress
these processes by inhibiting pollen dispersal or promoting sedimentation [8,11,12].

Aerobiological research in Türkiye has gained momentum in recent decades. Studies
have been conducted in various biogeographic regions, including the Black Sea (Sinop),
Central Anatolia (Konya), Eastern Anatolia (Kars), Southeastern Anatolia (Mardin), the
Aegean (İzmir-Buca), Mediterranean (Hatay), and Marmara (İstanbul) [13–19]. These
studies have shown that the composition and seasonal dynamics of atmospheric pollen
vary significantly depending on local flora, elevation, land use, and climatic conditions. For
example, Betula and Fagus dominate in humid regions, while Poaceae and Cupressaceae
are more prevalent in drier steppe and montane zones [20].

Siirt Province is located in southeastern Türkiye, at the intersection of the Irano-
Turanian and Mediterranean phytogeographical regions; it harbors rich floristic diversity
and topographical heterogeneity [21]. Despite this ecological significance, no comprehen-
sive aerobiological data have been reported for Siirt to date. Therefore, the present study
aims to analyze the composition, abundance, and seasonal variation of airborne pollen in
the city of Siirt during the years 2022–2023 and to examine the relationship between pollen
concentrations and meteorological parameters.

2. Materials and Methods
2.1. The Study Area, Flora, and Climate Characteristics

Siirt Province is located in southeastern Türkiye, at the intersection of the Irano-
Turanian and partially Mediterranean phytogeographic regions, positioned at 37◦55′38′′ N
latitude and 41◦56′31′′ E longitude. The total surface area of the province is 6186 km2; its
average elevation is approximately 895 m above sea level. The study area is bordered by
Bitlis to the north, Batman to the west, Mardin and Şırnak to the south, and Van to the east
(Figure 1) [22].
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Figure 1. Location map of Siirt: (A) sampling station; and (B) weather station.

This transitional position and diverse topography are among the main factors con-
tributing to the province’s floristic richness [21]. Based on a literature review and field
surveys conducted between 2018 and 2019, a total of 875 plant taxa belonging to 88 families
and 397 genera were identified within the borders of Siirt Province [21]. Topographic
variability, including high plateaus, valleys, and mountainous areas, directly influences
microclimatic conditions and vegetation zones in the region [23]. The natural vegetation is
largely composed of steppe formations and degraded forest remnants. Dominant woody
species in these areas include oak (Quercus); willow (Salix), poplar (Populus);Turkish pine
(Pinus brutia); birch (Betula); walnut (Juglans regia); plane (Platanus); maple (Acer); ash
(Fraxinus); and various sclerophyllous shrubs [21,23].

To provide an ecological context for airborne pollen composition in Siirt, land cover
data were derived from the CORINE (Coordination of Information on the Environment)
Land Cover 2018 data. The analysis revealed that natural grasslands constitute the most
extensive land cover class, accounting for 25.71% of the total area. These grasslands serve
as major sources of herbaceous pollen, particularly from Poaceae and other anemophilous
taxa. Transitional woodland–shrub areas (16.40%) and sparsely vegetated areas (15.22%)
reflect degraded forest structures and open habitats, both contributing to pollen diversity
through a mix of woody and herbaceous elements. Non-irrigated arable lands (12.09%)
and agricultural areas with natural vegetation (11.95%) support both cultivated species
and ruderal taxa, enhancing heterogeneity in pollen input. These dominant land cover
types surrounding the sampling site offer important insight into potential pollen sources
and help to explain the seasonal and taxonomic variability observed in the airborne pollen
assemblage (Figure 2).
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Figure 2. Land use map of Siirt. X-axis and Y-axis represent the geographical coordinates (latitude
and longitude, in degrees).

Siirt has a continental climate characterized by hot and dry summers and cold and
wet winters. Rainfall is significantly reduced between June and October. According to long-
term meteorological data spanning 52 years, the annual average temperature is 16.1 ◦C;
the average maximum temperature is 21.8 ◦C; and the average minimum temperature
is 11.1 ◦C. The annual average total precipitation is 692.0 mm. The highest recorded
temperature is 46.0 ◦C, while the lowest is −15.6 ◦C.

The meteorological parameters recorded during the study years—including relative
humidity, temperature, precipitation, and wind speed, are summarized in detail in Figure 3.

 

Figure 3. Meteorological parameters recorded at the meteorological station closest to the sampling site.

2.2. Aerobiological Sampling and Statistical Analysis

During the 2022–2023 observation period, airborne pollen monitoring in Siirt was con-
ducted using a Hirst-type volumetric pollen and spore trap (Lanzoni VPPS 2010, Bologna,
Italy). The device was installed on the rooftop of a centrally located building at an ap-
proximate height of 15 m above ground level (41◦30′30′′ N, 42◦43′42′′ E) (see Figure 1A for
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the trap location and Figure 1B for the meteorological station). Weekly adhesive-coated
Melinex tapes were cut into seven equal segments in the laboratory to obtain daily slides.
Pollen grains were counted at 2 mm intervals under a Leica light microscope (Wetzlar,
Germany) at 400× magnification, with each interval corresponding to one hour. The results
were calculated as pollen grains per cubic meter of air (pollen/m3), in accordance with
protocols established by the Spanish Aerobiology Network (REA) (Córdoba, Spain) and
international recommendations [24].

The main pollen seasons (MPS) were determined using the widely accepted
2.5–97.5% method introduced by Andersen [25]. According to this method, the start
of the pollen season was defined as the day when the cumulative pollen sum reached
2.5% of the annual pollen integral (APIn); the end of the season was marked by the
97.5% threshold. This approach ensures a standardized framework for comparing pollen
seasons across taxa and years, reducing the bias caused by isolated pollen events outside
the main flowering period.

Threshold levels for airborne pollen concentrations that can provoke allergic reactions
in sensitive individuals were based on reference values published by REA and related
studies [24,26,27]. These levels were classified as low, moderate, or high, reflecting their
potential clinical impact. Accordingly, the number of days falling within the moderate-
and high-concentration categories was used to define allergy-risk periods during the
study years.

In addition to raw pollen counts, percentage-based data were also utilized to charac-
terize dominant taxa and compare these with other regional studies. This strategy helps
to minimize variations due to local environmental conditions and sampling artifacts; it
is especially useful in retrospective and multi-year phenological analyses [24,25,28]. In
this context, a pollen calendar was also created to illustrate the seasonal distribution of
dominant taxa [29]. Although Galán et al. (2007) [24] recommend using at least five years
of data for such calendars to reflect long-term variability, the calendar in this study was
constructed based on the available two-year dataset (2022–2023) to provide a phenological
characterization of airborne pollen patterns in Siirt [24,29].

Meteorological parameters including daily mean temperature, relative humidity, wind
speed, and total precipitation were obtained from the nearest weather station operated
by the Turkish State Meteorological Service, located approximately 1.3 km from the sam-
pling site (41◦29′49′′ N, 42◦44′04′′ E) (Figure 1). The relationship between daily pollen
concentrations and meteorological variables was analyzed using Spearman’s correlation
test, performed in SPSS version 20, with statistical significance set at p < 0.05.

3. Results
3.1. Pollen Concentrations and Groups

During the 2022–2023 observation period in Siirt, a total of 18,666 airborne pollen
grains per cubic meter of air (pollen/m3) belonging to 37 taxa were identified. Among these,
20 taxa originated from woody plants, while 17 taxa were classified as herbaceous. Overall,
70.67% of the total airborne pollen was attributed to woody taxa, whereas 29.33% was con-
tributed by herbaceous taxa. In 2022, a total of 9990 pollen grains/m3, representing 37 taxa
were recorded; of these, 74.61% were attributed to woody taxa and 25.39% to herbaceous
taxa. In 2023, 8676 pollen grains/m3 from 35 taxa were detected, with 70.67% attributed
to woody taxa and 29.33% to herbaceous taxa (Table 1). The lowest monthly pollen con-
centrations in both years were recorded in December (2 pollen/m3), whereas peak levels
occurred in April, reaching 4698 pollen/m3 in 2022 and 3516 pollen/m3 in 2023 (Figure 4).
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Table 1. Pollen taxa and associated taxa identified in the atmosphere of Siirt in 2022 and 2023 with
mean values and percentages.

Taxa
2022 2023 Mean

Total (p/m3) % Total (p/m3) % Total (p/m3) %

Pinaceae 3394 33.97 2392 27.57 2893 31.00
Cupressaceae/Taxaceae 2932 29.35 2255 25.99 2594 27.79
Moraceae 434 4.34 356 4.10 395 4.23
Quercus 169 1.69 120 1.38 145 1.55
Platanus 84 0.84 89 1.03 87 0.93
Acer 70 0.70 85 0.98 78 0.83
Fraxinus 80 0.80 72 0.83 76 0.81
Rosaceae 66 0.66 67 0.77 67 0.71
Pistacia 50 0.50 62 0.71 56 0.60
Salix 27 0.27 74 0.85 51 0.54
Olea 44 0.44 49 0.56 47 0.50
Juglans 41 0.41 51 0.59 46 0.49
Ligustrum 21 0.21 26 0.30 24 0.25
Populus 23 0.23 18 0.21 21 0.22
Betula 8 0.08 8 0.09 8 0.09
Alnus 7 0.07 7 0.08 7 0.08
Ericaceae 1 0.01 3 0.03 2 0.02
Tilia 1 0.01 3 0.03 2 0.02
Fagus 1 0.01 - - 1 0.01
Ulmus 1 0.01 - - 1 0.01
Woody taxa 7454 74.61 5737 66.12 6596 70.67
Poaceae 1519 15.21 1920 22.13 1720 18.42
Amaranthaceae 207 2.07 245 2.82 226 2.42
Urticaceae 206 2.06 191 2.20 199 2.13
Fabaceae 130 1.30 110 1.27 120 1.29
Rumex 93 0.93 97 1.12 95 1.02
Taraxacum 65 0.65 90 1.04 78 0.83
Boraginaceae 51 0.51 49 0.56 50 0.54
Asteraceae 44 0.44 45 0.52 45 0.48
Artemisia 29 0.29 56 0.65 43 0.46
Mercurialis 54 0.54 24 0.28 39 0.42
Apiaceae 36 0.36 38 0.44 37 0.40
Plantago 25 0.25 27 0.31 26 0.28
Brassicaceae 30 0.30 13 0.15 22 0.23
Lamiaceae 22 0.22 16 0.18 19 0.20
Cyperaceae 16 0.16 9 0.10 13 0.13
Xanthium 6 0.06 6 0.07 6 0.06
Caryophyllaceae 3 0.03 3 0.03 3 0.03
Herbaceous taxa 2536 25.39 2939 33.88 2738 29.33
Total 9990 100.00 8676 100.00 9333 100.00

 

Figure 4. Monthly variation in airborne pollen concentrations in Siirt during 2022 and 2023. Values
(%) represent annual mean percentages. Asterisks (*) indicate data from 2022 and 2023, respectively.
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3.2. Variations in Pollen Concentrations

During the 2022–2023 observation period, monthly fluctuations in airborne pollen
concentrations were assessed in conjunction with APIn; these variations were found to
be associated with meteorological parameters. Although airborne pollen was detected
throughout the entire year in both 2022 and 2023, distinct differences in seasonal distribution
patterns were evident.

In 2022, the peak pollen concentration was recorded in April, followed by March
and May. This period coincided with a marked rise in temperature (March: 5.3 ◦C; April:
17.4 ◦C), while precipitation levels were high in March (160.2 mm) but decreased signifi-
cantly in April (10 mm). These conditions suggest that elevated temperatures and reduced
rainfall can enhance both pollen release and atmospheric dispersion. A pronounced decline
in pollen concentrations occurred during the summer months, when temperatures ranged
between 28–32 ◦C and precipitation was nearly absent. The lowest pollen levels were
observed in December, characterized by low temperatures and high relative humidity
(Figures 3 and 5).

 

Figure 5. Pollen calendar for dominant taxa based on REA thresholds. Numbers 1, 2, and 3 in-
dicate the first (days 1–10), second (days 11–20), and third (days 21–end) ten-day periods of each
month, respectively.
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Similarly, in 2023, the highest pollen levels occurred in April, followed by May and
March. In March, moderate temperatures (12.2 ◦C), decreased precipitation (61.4 mm), and
relatively low humidity (58.9%) provided favorable conditions for pollen emission. Despite
higher precipitation in April (85 mm), the temperature (14.5 ◦C) and humidity (57.6%)
remained within optimal ranges for flowering, sustaining elevated pollen concentrations. In
both years, a decline in pollen levels was observed during summer, driven by extreme heat
and low rainfall. The minimum concentrations were again recorded in December, when
temperatures dropped to 7–8 ◦C and relative humidity exceeded 70% (Figures 3 and 5).

3.3. Pollen Calendar

Based on the two-year average dataset, the pollen calendar illustrates the MPS, inten-
sity levels, and phenological distribution of dominant airborne taxa in the atmosphere of
Siirt (Figure 5). According to the calendar, the earliest pollen taxa appeared during winter,
primarily represented by woody taxa such as Cupressaceae/Taxaceae, Pinaceae, and Betula,
which were detected from the second half of January. In February and March, additional
woody taxa—including Alnus, Quercus, Platanus, and Moraceae—were recorded in the
atmosphere. Notably, herbaceous taxa such as Urticaceae and Poaceae were also detected
during this early season.

The period between late March and April marked the peak of pollen activity in terms
of both diversity and concentration. During this interval, high levels of airborne pollen were
recorded from a wide range of woody and herbaceous taxa, including Pinaceae, Poaceae,
Quercus, Juglans, Fraxinus, Plantago, Rumex, Rosaceae, Fabaceae, Apiaceae, Amaranthaceae,
and Mercurialis. Among these, Poaceae and Amaranthaceae exhibited prolonged presence
in the atmosphere, extending into mid-summer due to their extended flowering periods.
Notably, Pinaceae, Moraceae, and Cupressaceae/Taxaceae showed peak occurrences in
April, when mean temperatures reached 17.4 ◦C in 2022 and 14.5 ◦C in 2023. This timing
suggests that moderate spring temperatures play a critical role in triggering the flowering
and pollen release of these taxa, thereby contributing to the pronounced peak observed
during this period. (Figure 5).

Although total pollen concentrations decreased during summer, notable levels were
still observed from late-summer and autumn-blooming herbaceous taxa such as Artemisia,
Xanthium, Asteraceae, and Boraginaceae. In autumn, pollen from continuing herba-
ceous taxa, like Amaranthaceae, Poaceae, and Urticaceae, was still present, alongside
late-flowering coniferous species such as Cedrus. The lowest pollen diversity and concen-
trations were recorded in November and December, when only a few pollen taxa were
detected at minimal levels, indicating the end of the MPS and the onset of atmospheric
dormancy (Figure 5).

3.4. Dominant Pollen Taxa and MPS Periods

Based on the two-year average data, nine airborne pollen taxa were identified as
dominant in the atmosphere of Siirt, each contributing more than 1% to APIn. Among these,
Pinaceae (31.00%), Cupressaceae/Taxaceae (27.79%), and Poaceae (18.42%) were the most
abundant groups. Other dominant taxa included Moraceae (4.23%), Amaranthaceae (2.42%),
Urticaceae (2.13%), Quercus (1.55%), Fabaceae (1.29%), and Rumex (1.02%). Collectively,
these nine taxa accounted for approximately 89.94% of the total airborne pollen load across
both study years (Table 1)

The longest MPS durations were recorded for Poaceae, spanning 187 days in 2022
and 174 days in 2023, followed by Urticaceae and Cupressaceae/Taxaceae. Conversely, the
shortest MPS durations were observed for Moraceae (21 days in 2023) and Quercus (31 days
in 2023) (Table 2).
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Table 2. Characteristics of the MPS for dominant airborne taxa in Siirt: onset and end dates; duration
(days); and peak daily concentrations (pollen/m3) in 2022 and 2023.

Taxa 2022 2023

Amaranthaceae

MPS 27 May–26 October 24 May–27 October

Season length (days) 152 156

Maximum pollen/day 5 pollen/m3—23 September 5 pollen/m3—18 September

Cupressaceae/Taxaceae

MPS 20 February–26 May 24 February–31 May

Season length (days) 95 96

Maximum pollen/day 177 pollen/m3—20 February 134 pollen/m3—13 March

Fabaceae

MPS 19 May–2 October 30 April–18 September

Season length (days) 136 141

Maximum pollen/day 5 pollen/m3—25 June 7 pollen/m3—18 June

Moraceae

MPS 5 April–21 May 8 April–29 April

Season length (days) 46 21

Maximum pollen/day 74 pollen/m3—17 April 56 pollen/m3—21 April

Pinaceae

MPS 1 April–30 Jun 5 April–7 Aug

Season length (days) 90 124

Maximum pollen/day 484 pollen/m3—3 April 395 pollen/m3—7 April

Poaceae

MPS 12 April–16 October 18 April–9 October

Season length (days) 187 174

Maximum pollen/day 69 pollen/m3—17 May 87 pollen/m3—17 May

Quercus

MPS 31 March–24 May 4 April–29 May

Season length (days) 54 55

Maximum pollen/day 12 pollen/m3—16 May 10 pollen/m3—22 April

Rumex

MPS 25 March–20 July 29 March–8 June

Season length (days) 117 71

Maximum pollen/day 5 pollen/m3—28 May 7 pollen/m3—23 May

Urticaceae

MPS 26 March–30 July 30 March–3 June

Season length (days) 126 65

Maximum pollen/day 8 pollen/m3—27 May 10 pollen/m3—20 May

The highest daily pollen concentrations were registered for Pinaceae, with peak values
of 484 pollen/m3 on 3 April 2022, and 395 pollen/m3 on 7 April 2023. These findings
indicate that woody taxa typically display short but intense pollen seasons, primarily in
spring, while herbaceous taxa—particularly Poaceae and Amaranthaceae—tend to exhibit
extended flowering periods and prolonged atmospheric presence (Table 2).

3.5. Meteorological Drivers of Daily Pollen Variability in Siirt (2022–2023)

The correlations between daily airborne pollen concentrations of dominant taxa and
meteorological variables in Siirt were analyzed separately for the full years of 2022 and 2023,
as well as for their respective MPS periods. The findings indicated that the influence of
meteorological conditions on pollen levels was both taxon-specific and seasonally variable
(Table 3).
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Table 3. Spearman correlation coefficients between daily airborne pollen concentrations of dominant
taxa and meteorological parameters in Siirt during the full years (2022–2023) and their respective
MPS.

Mean Daily Temperature ◦C Mean Daily Relative Humidity (%) Mean Daily Wind Speed (m/s) Daily Rainfall (mm)

2022 2023 MPS
Periods 2022 2023 MPS

Periods 2022 2023 MPS
Periods 2022 2023 MPS

Periods

Amarantaceae −0.161 −0.008 −0.160 0.171 −0.028 0.189 * −0.001 −0.177 * −0.152 0.363 0.334 0.253
Cupressaceae/Tax. −0.206 * −0.274 ** −0.211 * 0.197 * 0.339 ** −0.005 −0.142 −0.054 −0.096 −0.033 −0.349 * −0.022

Fabaceae −0.176 0.016 −0.130 0.185 −0.041 0.143 0.100 0.113 0.144 −0.211 0.083 −0.293
Moraceae 0.186 0.305 0.131 −0.370 ** −0.176 −0.363 * −0.294 * 0.031 −0.282 −0.480 −0.165 −0.160
Pinaceae −0.101 −0.157 * −0.799 ** 0.123 0.163 * 0.766 ** 0.024 0.296 ** −0.095 −0.181 −0.363 * −0.048
Poaceae −0.014 −0.096 −0.336 ** 0.077 0.133 0.405 ** 0.299 ** 0.336 ** 0.322 ** −0.141 −0.222 −0.116
Quercus 0.163 −0.059 0.232 0.085 −0.094 −0.128 0.012 −0.028 0.029 −0.106 −0.466 −0.021
Rumex 0.011 0.330 * 0.114 0.010 −0.225 −0.052 −0.146 0.247 −0.016 −0.423 −0.197 −0.086

Urticaceae −0.198 0.179 −0.399 ** 0.092 −0.058 0.381 ** −0.085 −0.086 −0.185 −0.161 −0.076 0.064

**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). Notes:
Statistically significant correlations are shown in bold.

Temperature exhibited differential effects across years. In 2022, Cupressaceae/Taxaceae
and Moraceae showed negative correlations with temperature, whereas in 2023, stronger
negative associations were detected for Pinaceae, Cupressaceae/Taxaceae, and Poaceae.
Conversely, Rumex displayed a significant positive correlation with temperature in 2023,
suggesting species-specific thermal responses (Table 3).

Relative humidity generally showed positive correlations with Cupressaceae/Taxaceae,
Pinaceae, and Urticaceae, particularly during 2023. In contrast, Moraceae and Amaran-
thaceae exhibited negative associations with humidity. Among all variables, wind speed
demonstrated the most consistent positive correlation, especially with Poaceae, across
both years. Pinaceae and Fabaceae also responded positively to wind, whereas Moraceae
exhibited a negative response (Table 3).

Precipitation generally showed weak or non-significant correlations with pollen con-
centrations; however, in 2023, significant negative associations were observed for Cupres-
saceae/Taxaceae and Pinaceae, indicating possible washout effects or rainfall-inhibited
pollen release for these taxa (Table 3).

During the MPS periods, the role of meteorological drivers became more pronounced.
Cupressaceae/Taxaceae, Amaranthaceae, and Urticaceae displayed positive correlations
with temperature, whereas Pinaceae and Poaceae were negatively correlated. Relative
humidity remained positively associated with Pinaceae, Cupressaceae/Taxaceae, and
Urticaceae, while Moraceae and Amaranthaceae maintained their negative relationship.
Wind speed continued to be positively correlated with Poaceae, followed by Pinaceae and
Fabaceae. Although no strong associations were observed between precipitation and pollen
concentrations during the MPS, several taxa demonstrated weak negative trends.

4. Discussion
This aeropalynological study, conducted in Siirt over two consecutive years (2022–2023),

identified a total of 18,666 pollen grains/m3 belonging to 37 airborne taxa. Arboreal taxa
exhibited a marked dominance, accounting for 70.67% of the total pollen load, compared to
29.33% for herbaceous taxa (Table 1). The airborne pollen spectrum in Siirt is shaped by its
transitional location between the Irano-Turanian and partially Mediterranean phytogeograph-
ical zones, combined with its diverse topography and semi-arid climate. These environmental
features, along with regional vegetation composition, significantly influence both the seasonal
dynamics and taxonomic structure of atmospheric pollen.

Similar arboreal dominance has been reported in various regions of Türkiye, includ-
ing Mardin (62.66%), Posof (72.3%), and to a lesser extent in Kars and Kars-Sarıkamış,
where herbaceous taxa constitute a higher proportion, reaching up to 45–50% of the total
pollen load [15,16,30,31]. At the international level, arboreal pollen is also dominant in
cities such as Nicosia (68.2%) and Trieste (71%). Conversely, in oceanic and high-altitude
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environments—such as Funchal (Madeira) and Mexico City—herbaceous taxa often com-
prise over 50% of the annual pollen spectrum, reflecting differences in local flora and
climate regimes [32–35].

The family Pinaceae—comprising genera such as Pinus, Abies, Cedrus, and Picea—is
one of the most ecologically dominant conifer groups in temperate and boreal zones. These
evergreen trees are well adapted to various environments, including montane areas and
nutrient-poor soils, and play key roles in forest structure, carbon sequestration, and ecosys-
tem resilience [36,37]. Evolutionary and genomic studies highlight their high phylogenetic
coherence, adaptive plasticity, and conserved genome architecture, underscoring the central
importance of Pinaceae in conifer biology [38,39].

Although Pinaceae produces substantial quantities of airborne pollen, it is generally
considered to have low allergenic potential. Reported sensitization rates are relatively low,
typically ranging from 1.5% to 6%, though regional variation exists [40]. Some studies have
proposed that Pinus radiata and other species may function as adjuvants—exacerbating
allergic responses triggered by more potent aeroallergens such as grasses [41,42]. Thus,
while Pinaceae pollen is not a major allergen per se, it may indirectly contribute to the
overall allergic burden by modulating immune responses.

In the present study, Pinaceae emerged as the most dominant airborne taxon in Siirt,
comprising 31.00% of APIn (Table 1). Its MPS extended from early April to early August,
with peak daily concentrations reaching 484 pollen grains/m3. These values are comparable
to those observed in other southeastern Anatolian cities, such as Van (20.94%) and Elazığ
(20–22%), where coniferous forests are prominent and Pinus species are either cultivated or
naturally abundant [43,44]. Similarly, in Shiraz (Iran), Pinaceae was among the dominant
spring taxa, contributing 15.11% to the total pollen load [45].

Internationally, high Pinaceae contributions have been reported in Trieste (Italy), where
arboreal taxa account for over 70% of total atmospheric pollen, and in Nicosia (Cyprus),
where Pinaceae and Cupressaceae together constitute more than 48% of the annual pollen
spectrum [32,33]. In contrast, in humid Atlantic climates, such as Funchal (Madeira),
Pinaceae and Cupressaceae together contribute only around 20% due to the predominance
of mesophilic broadleaf vegetation [35]. These patterns underscore the influence of regional
climate, elevation, and vegetation structure on Pinaceae pollen abundance and seasonality.

The families Cupressaceae and Taxaceae comprise ecologically important coniferous
lineages distributed across temperate and Mediterranean biomes. Species of Cupressaceae,
such as Cupressus and Juniperus, are ecologically adaptable and commonly occur in semi-
arid ecosystems as well as in urban ornamental plantings. In contrast, Taxaceae—which
includes genera such as Taxus—is typically associated with shaded understories of moist
forests and characterized by slow growth and high shade tolerance [46,47]. Although phylo-
genetic studies confirm close evolutionary affinities between the two families; their distinct
reproductive structures and ecological strategies justify their taxonomic separation [47–49].

Pollen from Cupressaceae and Taxaceae is recognized as a major contributor to winter
and early-spring pollinosis. In particular, species of Cupressus are known for their prolific
pollen production and strong allergenic potential. Allergenic components, such as Cup a 3,
have been shown to elicit IgE-mediated responses in over 90% of sensitized individuals [50].
The extensive use of Cupressaceae in urban landscaping has been implicated in increasing
human exposure and the emergence of “winter pollinosis,” especially in Mediterranean
and semi-arid regions [51,52]. Sensitization rates can reach up to 9.3% in some populations;
cross-reactivity with certain plant-derived foods may further complicate diagnosis and
clinical management [53].

In the present study, Cupressaceae/Taxaceae ranked as the second most abundant
pollen group in Siirt, contributing 27.79% to APIn (Table 1). The MPS extended from late
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February to late May, coinciding with rising spring temperatures. Similar early-season
dominance of Cupressaceae has been documented in other southeastern Anatolian cities.
For instance, it accounted for 50.86% of the total pollen in Hatay, peaking in February, and
27.79% in Mardin [16,18]. In contrast, its relative abundance was lower in Van (10.53%), a
high-altitude region where colder conditions may limit conifer flowering [43]. In Shiraz
(Iran), Cupressaceae was also an early-spring dominant taxon [45]. International reports
from Nicosia (Cyprus) and Trieste (Italy) show high atmospheric concentrations of Cupres-
saceae, largely attributed to ornamental planting practices [32,33]. These patterns under-
score the combined influence of native vegetation, urban landscaping, and regional climate
in shaping the abundance and allergenic relevance of Cupressaceae/Taxaceae pollen.

The family Poaceae (grasses) is one of the most diverse and ecologically dominant
angiosperm lineages, comprising more than 11,800 species distributed across approximately
780 genera worldwide [54,55]. Grasses serve as primary structural elements of steppe,
savanna, and cultivated ecosystems, owing to their exceptional tolerance to drought,
mechanical disturbance, and soil salinity [56,57]. Morphophysiological adaptations—such
as C4 photosynthesis and the presence of salt-secreting glands—enhance their ecological
plasticity and enable widespread success across both natural and anthropogenic habitats.

From an aerobiological and clinical perspective, Poaceae is among the most significant
allergenic plant families. Grass pollen contains major IgE-binding proteins, such as Phl p
1 and Phl p 5, which are responsible for a substantial portion of seasonal allergic rhinitis
and bronchial asthma cases worldwide [58,59]. Up to 40% of individuals with seasonal
allergic symptoms are sensitized to grass pollen; immunological cross-reactivity with struc-
turally similar food allergens can exacerbate clinical manifestations [60]. Environmental
parameters, particularly high humidity and precipitation, enhance pollen hydration and
fragmentation, thereby increasing airborne allergen release and symptom severity during
peak seasons [61,62].

In Siirt, Poaceae emerged as the most dominant herbaceous taxon, accounting for
18.42% of the APIn load and exhibiting an extended pollen season from mid-April to
mid-October (Table 1 and Figure 5). This prolonged flowering period and substantial
abundance are consistent with findings from other semi-arid and steppe-affected regions
in eastern Türkiye, including Bitlis (25.19%), Mardin (21.21%), and Elazığ (9.1%) [16,44,63].
In Shiraz (Iran), Poaceae was also identified as a major component of the pollen spec-
trum, strongly associated with spring temperatures, and contributing significantly to early
summer peaks [45].

Comparable patterns have been documented internationally. In Salamanca (Spain),
Poaceae constituted 21.4% of the total pollen spectrum. In Mexico City, values reached
up to 30%, primarily due to the prevalence of both natural grasslands and urban green
spaces [34,64]. The high concentrations and long seasonal persistence of grass pollen in
Siirt suggest that Poaceae is likely one of the leading causes of pollinosis in the region,
particularly from late spring through to early autumn.

The family Moraceae (mulberry family) encompasses approximately 1100 species
across 37 genera, including Ficus, Morus, and Artocarpus [65,66]. These taxa are predomi-
nantly distributed in tropical and subtropical regions, but are also cultivated in temperate
zones for their edible fruits, ornamental value, and ethnobotanical uses. In particular,
species of Morus are widely planted in urban environments and along roadsides due to
their rapid growth and dense canopies that provide ample shade [67,68].

Morus pollen is a clinically relevant aeroallergen associated with seasonal allergic
rhinitis, bronchial asthma, and, in some individuals, oral allergy syndrome due to cross-
reactivity with fruit proteins [67,69]. The widespread urban use of Morus species can lead
to short-duration but high-intensity pollen exposure. Furthermore, environmental factors,
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such as increased humidity, can enhance the allergenic potential by promoting pollen grain
rupture and allergen release [61,67].

In the present study, Moraceae ranked as the fourth most abundant airborne pollen
taxon in Siirt, contributing 4.23% to APIn, with a distinct seasonal peak in April and May
(Table 1 and Figure 5). Similar seasonal trends have been reported in Hatay, where Moraceae
accounted for 7.2% of the annual pollen load and was identified among the dominant
allergenic taxa, and in Mardin, where Morus pollen reached 6.19% [16,18]. Comparable
observations have been made in La Plata (Argentina) and Köyceğiz (southwestern Türkiye),
where short but intense Morus pollen seasons were associated with increased allergy
consultations [70,71]. Although the flowering period of Moraceae is relatively brief, its high
allergenic potential and rapid pollen accumulation make it a notable contributor to early
spring allergy risk in Siirt.

The family Amaranthaceae comprises numerous species well adapted to arid, saline,
and disturbed environments, especially in semi-arid regions. Genera, such as Amaranthus
and Salsola, are prevalent in ruderal and steppe habitats and are characterized by ecological
plasticity and extended flowering periods [72,73]. Pollen from Amaranthaceae is considered
an important aeroallergen in dry climates and has been associated with allergic rhinitis
and asthma, particularly during late summer and autumn, when exposure durations are
prolonged [72,73].

In Siirt, Amaranthaceae accounted for 2.42% of the total airborne pollen load, ex-
hibiting a prolonged season from late May through to late October (Table 1 and Figure 5).
Similar late-season pollen patterns have been documented in Mardin, Hatay, and Elazığ,
where members of this family are prominent contributors to the allergenic load [16,18,44].
In Shiraz (Iran), Amaranthaceae also contributed significantly during the driest months
of the year [45]. These results confirm the role of Amaranthaceae in extending seasonal
aeroallergen exposure across semi-arid landscapes.

The family Urticaceae comprises approximately 1200 species, including widespread
genera such as Urtica and Parietaria. These taxa are typically associated with moist, nitrogen-
rich, and disturbed environments and exhibit high ecological adaptability to both urban
and natural habitats [74,75]. Among these, Parietaria pollen is particularly relevant as a
major aeroallergen in Mediterranean and urban regions, where it has been strongly linked
to respiratory allergic diseases. Sensitization rates can exceed 70% in southern Europe and
continue to rise in densely populated areas [5,74].

In Siirt, Urticaceae accounted for 2.13% of the total airborne pollen and was present
in the atmosphere from late March through to the summer months (Table 1 and Figure 5).
This extended seasonal activity aligns with findings from Elazığ and Hatay, where Ur-
ticaceae contributed consistently to the spring pollen load [18,44]. Its long-duration pres-
ence in Siirt suggests a sustained role in background allergenic exposure throughout the
vegetative season.

The genus Quercus (oak), belonging to the family Fagaceae, comprises over 400 species
predominantly distributed across temperate regions of the Northern Hemisphere [76,77].
Quercus pollen is considered moderately allergenic and has been implicated in seasonal
allergic rhinitis, with occasional cross-reactivity to plant-derived foods [5,72]. In Siirt, Quer-
cus represented 1.55% of APIn, with a pronounced peak in April–May. Comparable spring
peaks have been reported in Elazığ, where Quercus is a minor yet consistent contributor to
the atmospheric pollen profile [44].

The family Fabaceae is taxonomically diverse and ecologically significant. While
its pollen is generally regarded as having low allergenic potential, it may contribute
to background exposure in agricultural and semi-natural environments [5,78]. In Siirt,
Fabaceae pollen constituted 1.29% of the total, exhibiting a prolonged season from April
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to September (Table 1 and Figure 5). Similar patterns have been observed in Hatay and
Mardin, where Fabaceae appear sporadically throughout spring and summer [16,18].

Rumex, a member of the Polygonaceae family, is a common component of grasslands
and disturbed habitats, and produces allergenic pollen primarily in spring [78,79]. In Siirt,
Rumex accounted for 1.02% of the total airborne pollen, with a pollen season extending from
late March to early June. This short-duration peak aligns with data from Elazığ, reflecting
its typical early-flowering phenology in semi-arid climates [44].

The timing and duration of the MPS in Siirt reflect the combined influence of regional
floristic composition and prevailing climatic conditions. Typically, the pollen season com-
menced with Cupressaceae/Taxaceae as early as March, followed by Pinaceae, Platanus,
and Quercus in early to mid-spring. These early-flowering arboreal taxa contributed to a
sharp increase in total pollen concentrations during April, which consistently emerged as
the peak month in both 2022 and 2023. This temporal pattern mirrors observations from
other southeastern Anatolian cities, such as Mardin, Van, and Hatay, where Cupressaceae
and other wind-pollinated trees dominate the spring atmospheric pollen profile, often
peaking between March and April, depending on local thermal conditions [16,18,43].

As the season progressed, herbaceous taxa, such as Poaceae, Urticaceae, and Ama-
ranthaceae, became increasingly prominent. Poaceae dominated the middle phase of the
season, with pollen release extending from late April through to early September. This
prolonged MPS is consistent with trends observed in Sarıkamış, Kars, and even Mexico
City, where grasses exhibit extended flowering due to staggered germination in both culti-
vated and ruderal habitats [15,31,34]. Amaranthaceae pollen was most abundant during
late summer and early autumn, particularly under warm and arid conditions. Urticaceae
displayed the longest atmospheric presence among herbaceous taxa, spanning nearly the
entire vegetative period.

Overall, the pollen season in Siirt extended from early March to mid-October, exhibit-
ing a biphasic structure; arboreal taxa predominated from March to May, while herbaceous
taxa were dominant from June onward. This seasonal progression is characteristic of semi-
arid continental climates and closely aligns with the phenological dynamics reported in
Posof, where a similar early–late season dichotomy has been documented [31]. In contrast,
coastal Mediterranean cities, such as Antalya and Nicosia, experience earlier onset and
prolonged duration of the pollen season, primarily due to milder winters and extended
flowering intervals [32,80].

Meteorological factors play a pivotal role in regulating airborne pollen dynamics
by influencing plant phenology, pollen maturation, dispersal efficiency, and atmospheric
residence time. Among these, temperature is considered one of the most critical drivers, as
it accelerates floral development and enhances pollen release, particularly in anemophilous
taxa [81,82]. In contrast, elevated relative humidity and precipitation often suppress pollen
concentrations by inhibiting anther dehiscence and promoting rain-induced washout or
sedimentation of airborne particles [83,84]. Wind speed contributes to the horizontal
and vertical dispersion of pollen, facilitating long-distance transport, particularly in open
landscapes and for taxa producing small, buoyant grains [85].

In Siirt, statistical correlations between daily meteorological variables and pollen
concentrations revealed taxon-specific and seasonally dependent patterns. Temperature
exhibited a significant positive correlation with total airborne pollen concentrations across
both study years, especially during the flowering periods of Poaceae, Urticaceae, and
Amaranthaceae. This supports the established role of thermal conditions in promoting
pollen release and enhancing atmospheric persistence. In contrast, relative humidity and
precipitation were negatively correlated with pollen levels—most notably during peak
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periods of Cupressaceae and Poaceae—reflecting the inhibitory effects of moisture on
pollen dispersal and the anther-opening process (Table 3).

These meteorological–pollen interactions are consistent with findings from other
regions of Türkiye. For instance, in Mardin, pollen concentrations of Cupressaceae and
Amaranthaceae were significantly reduced during rainy spring episodes. In Gümüşhane,
increased spring precipitation coincided with lower airborne levels of Alnus and Betula [16].
Internationally, similar moisture-driven suppression of pollen concentrations has been
observed in Salamanca (Spain) and Funchal (Portugal), where Cupressaceae and Olea
pollen loads declined during humid conditions [35,64].

Interestingly, wind speed exhibited weak and inconsistent correlations with daily
pollen concentrations in Siirt. This may be attributed to the region’s relatively enclosed
topography and low variability in wind direction and intensity. Nonetheless, short-term
wind events may still facilitate local pollen dispersal, particularly for herbaceous taxa
such as Poaceae and Urticaceae. In contrast, in cities, like Trabzon, Konya, and Trieste,
wind has been identified as a more dominant factor influencing pollen transport and
vertical stratification. Collectively, these findings underscore the dominant influence of
temperature and precipitation on aeropalynological dynamics in Siirt and highlight the
importance of integrating meteorological variability in airborne pollen forecasting for
semi-arid continental settings (Table 3). Moreover, the observed interannual differences in
pollen concentrations may also be partly attributed to variability in these meteorological
factors. In our study, the notably higher pollen concentrations recorded in the spring of
2022 compared to 2023 may be explained by the higher mean temperature in April 2022
(17.4 ◦C) compared to April 2023 (14.5 ◦C), which likely facilitated more intense flowering
and pollen release, particularly among dominant woody taxa. In a 38-year study conducted
in Sweden, a positive correlation was found between increasing spring temperatures and
rising Betula pollen levels [86]. Other studies have also demonstrated a general upward
trend in pollen concentrations over long time periods, suggesting that climate change exerts
a significant influence on atmospheric pollen levels and season duration [87,88].

5. Conclusions
This study provides the first comprehensive aerobiological assessment of airborne

pollen diversity in Siirt, a southeastern Anatolian province characterized by complex topog-
raphy and a transitional phytogeographical position between Irano-Turanian and Mediter-
ranean zones. During the two-year observation period, a total of 18,666 pollen grains/m3

representing 37 airborne taxa were identified, with woody taxa constituting the majority of
the total pollen load. The most dominant families—Pinaceae, Cupressaceae/Taxaceae, and
Poaceae—reflect both the region’s native vegetation and anthropogenic land-use patterns.

Clear seasonal variation was observed, with peak concentrations recorded in April
and minimal values during the winter months. The incorporation of CORINE land cover
data further revealed that natural grasslands and degraded forest areas represent key
source habitats for the recorded pollen spectrum. These findings emphasize the value of
integrating ecological landscape data in interpreting aerobiological patterns.

Spearman correlation analysis revealed statistically significant associations between
daily pollen concentrations and key meteorological drivers, particularly temperature, rela-
tive humidity, and precipitation. These results confirm the sensitivity of pollen emissions
and atmospheric persistence to short-term climatic fluctuations, highlighting the need for
continuous monitoring in the context of increasing climate variability.

Taken together, the findings of this study provide a valuable baseline dataset for south-
eastern Türkiye, facilitating the development of regional pollen calendars and supporting
public health initiatives for allergy-sensitive populations. Future studies should extend
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the monitoring duration and incorporate phenological observations and long-term climate
datasets to better elucidate ecological responses to environmental change.
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