
Long-term pollen trends and associations between pollen 
phenology and seasonal climate in Atlanta, Georgia (1992–2018)

Arie Manangan, MA*, Claudia Brown, MDP*, Shubhayu Saha, PhD*, Jesse Bell, PhD†, 
Jeremy Hess, MD, PhD‡, Chris Uejio, PhD§, Stanley Fineman, MD||,¶, Paul Schramm, MPH*

*Climate and Health Program, Division of Environmental Health Science and Practice, National 
Center for Environmental Health, Centers for Disease Control and Prevention, Atlanta, Georgia

†Department of Environmental, Agricultural, and Occupational Health, College of Public Health, 
University of Nebraska Medical Center, Omaha, Nebraska

‡Division of Emergency Medicine, Department of Medicine, University of Washington School of 
Medicine, Seattle, Washington

§Department of Geography, College of Social Sciences and Public Policy, Florida State University, 
Tallahassee, Florida

||Adjunct Associate Professor, Department of Pediatrics, Emory University School of Medicine, 
Atlanta, Georgia

¶Atlanta Allergy and Asthma Clinic, Marietta, Georgia

Abstract

Background: Previous research has revealed that airborne pollen concentrations and phenology 

in allergenic plants are changing. In addition, variations in seasonal climate are known to affect 

pollen phenology in trees, weeds, and grasses.

Objective: To investigate localized trends in pollen concentrations and pollen phenology over 

time and the effect of seasonal climate variations.

Methods: We used daily pollen count concentrations from a National Allergy Bureau pollen 

counting station located in metropolitan Atlanta, Georgia, for 13 allergenic taxa. To evaluate 

long-term trends over time, we developed linear regression models for 6 pollen measures. To 

evaluate the effect of seasonal climate on phenology, we developed regression models using 

seasonal climate measures as independent variables and pollen measures as dependent variables.

Results: For several tree pollen taxa, pollen concentrations increased over time, including oak 

and juniper pollen. In multiple species, pollen seasons trended toward an earlier release throughout 

the 27-year period. Variations in seasonal climate did have an effect on pollen counts and the 

Reprints: Arie Manangan, MA, Climate and Health Program, Asthma and Community Health Branch, Division of Environmental 
Health Science and Practice, National Center for Environmental Health, Centers for Disease Control and Prevention, 4770 Buford 
Highway, CHAM S6-106, Chamblee, GA 30341; mqa2@cdc.gov., AManangan1@cdc.gov. 

Disclosures: The authors have no conflicts of interest to report.

Disclaimer: This information is distributed solely for the purpose of predissemination peer review under applicable information 
quality guidelines. It has not been formally disseminated by the Centers for Disease Control and Prevention/the Agency for Toxic 
Substances and Disease Registry. It does not represent and should not be construed to represent any agency determination or policy.

HHS Public Access
Author manuscript
Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2023 February 17.

Published in final edited form as:
Ann Allergy Asthma Immunol. 2021 October ; 127(4): 471–480.e4. doi:10.1016/j.anai.2021.07.012.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



timing of pollen release but varied by taxa. Generally, warmer spring temperatures were associated 

with an earlier pollen release. In addition, increased precipitation from the preceding fall was 

associated with increased pollen concentration in the spring months.

Conclusion: Allergenic pollen concentrations for several types of pollen are increasing and 

trending toward an earlier pollen release in Atlanta, Georgia. Warmer temperatures preceding the 

pollen season were associated with the earlier pollen release.

Introduction

Airborne pollen and mold spores are the primary cause for seasonal allergic rhinitis,1 often 

known as hay fever. In the United States, 19.8 million adults and 5.6 million children 

are reported to have allergic rhinitis.2 Allergic rhinitis decreases work productivity, with 

an estimated 35.9% of people experiencing impaired work performance owing to allergic 

rhinitis.3 In addition, in 2005, the overall annual treatment costs in the United States 

for allergic rhinitis were $11.2 billion, with direct costs estimated at $3.4 billion, which 

includes prescription medications and outpatient visits.4 The prevalence of allergic disease is 

increasing in industrialized countries,5 and more specifically, allergic rhinitis has increased 

in the United States.6,7 The cause for the increase in allergic rhinitis and other allergic 

diseases is unknown, but it may be related to changes in pollen exposure or allergenicity.8

Studies have revealed an increasing trend in allergenic pollen production from trees, 

weeds, and grasses9–13 in addition to earlier and longer allergenic pollen seasons in some 

regions.13–15 A recent international meta-analysis found increasing allergenic pollen levels 

in 71% of study sites, whereas 65% of the sites had lengthening pollen seasons.16 In 

the United States, further research is needed to evaluate the long-term trends in pollen 

production for multiple allergenic plant taxa because individuals with allergy are often 

hypersensitive to specific pollen types.17,18

Seasonal temperatures and precipitation affect both the production and timing of pollen 

for allergenic plants.14,19,20 Nevertheless, climate associations vary according to plant 

type9,10,20 and location,12 which underscores the importance of conducting climate analyses 

with local pollen. Although there has been an abundance of research in Europe on the 

climatic drivers of allergic pollen,12,15,16,21 there is a distinct gap in knowledge on how 

interannual climate variability affects pollen production throughout the various ecoregions of 

the United States and for the numerous allergenic plants present in North America.

For this study, we investigated the relationship between pollen production and seasonal 

climate variables in metropolitan Atlanta, Georgia, from 1992 to 2018, using airborne pollen 

data for 13 allergenic taxa. In addition, we conducted an analysis of pollen categories, 

including trees, weeds, and grasses. This is the first study to evaluate the long-term pollen 

trends as it relates to climate in the Southeastern United States and provides a methodology 

to conduct a climate and pollen analysis at other locations.
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Methods

Pollen Data

We analyzed airborne pollen concentration data collected by the Atlanta Allergy & Asthma 

practice from 1992 to 2018. The pollen station was located in Marietta, Georgia, a 

northern suburb of metropolitan Atlanta. Airborne pollen grains were collected using a 

Rotorod sampler and pollen collection methods certified by the National Allergy Bureau, 

as described in detail in previous studies.22–24 The National Allergy Bureau provides 

standardized criteria for collection of pollen data in the United States and Canada. Pollen 

concentrations were reported as grains per cubic meter (PPCM) of air and were typically 

collected 5 days a week (Sunday-Thursday), excluding national holidays. Starting in 2011, 

pollen concentrations were recorded every day (including weekends) during the periods 

of high pollen concentrations (eg, spring pollen season), typically in April.25 A total of 

13 pollen taxa were selected for analysis based on the following 2 criteria: (1) known 

allergenicity (ie, the ability to cause an allergic reaction in patients)17,18 and (2) the 

percentage of total pollen concentration. On the basis of these criteria, we analyzed the 

following pollen taxa: Acer (maple), Ambrosia (ragweed), Amaranthus (pigweed), Betula 
(birch), Juniperus (juniper), Morus (mulberry), Pinus (pine), Platanus (sycamore), Poaceae 
(grasses), Quercus (oak), Ulmus (elm), Salix (willow), and Urticaceae (nettle) (Table 1). 

In the 27-year period, the pollen monitoring site has been in 4 different locations. It was 

moved in 1998, 2010, and 2015, with all locations within a 9-mile radius. Using a regression 

discontinuity design analysis, we found that shifts in pollen concentration data owing to 

station location change were not statistically significant (α = 0.05).

Pollen Seasonality Measures

We calculated the following 6 pollen season characteristics: average daily pollen 

concentration, peak pollen concentration, season start date, season peak date, season end 

date, and season length. We calculated the season start and end date using a 3-day 

consecutive approach, similar to the methodology used in other studies.15,19,26 The 3-day 

consecutive approach specifies the start date of the pollen season after 3 consecutive 

days of observed pollen above 1.0 PPCM for each pollen type and the end of the pollen 

season after 3 consecutive days of pollen less than 1.0 PPCM. We aggregated the pollen 

concentration data into 2 different pollen seasons, the spring pollen season (January-June) 

and the fall pollen season (July-December), to account for the bimodal distribution of the 

pollen data, which typically peaked in the spring months (eg, tree pollen) and fall months 

(eg, weed pollen). Compared with other methodologies used to define pollen season timing, 

such as the cumulative percentage method12,19 and a 5-day consecutive method, the 3-day 

consecutive method seems to be more sensitive in capturing the entirety of the pollen season 

(ie, the 3-day method defines the season onset date earlier and the season end date later) 

as indicated in a comparison of methods in Figure 1. Furthermore, the 3-day consecutive 

method can be calculated near-real time, whereas the cumulative percentage method requires 

the entire pollen season to be observed before the onset date and end date can be calculated.

Manangan et al. Page 3

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2023 February 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Climate Data

Temperature and precipitation indicators were derived from the National Oceanographic 

and Atmospheric Administration (NOAA) Climate at a Glance data set, which consists of 

county-level temperature and precipitation data that have been reanalyzed and adjusted 

to account for artificial effects introduced into the climate record, such as instrument 

errors or changes in monitoring locations.27 The climate variables included in this 

analysis were daily average minimum temperatures, daily average temperatures, daily 

average maximum temperatures, and total precipitation, calculated for the following 

seasons: winter (December-February), spring (March-May), summer (June-August), and fall 

(September-November) (Fig 2). We found an increasing trend in spring and summer average 

temperatures during the 27-year period (α = 0.05). (Fig 2).

Statistical Analysis

To evaluate the taxa-specific trends over time for the various pollen season indicators (eg, 

average daily pollen concentration, peak pollen concentration, season onset date, season 

peak date, season end date, season length), we developed a linear regression model to 

determine the line of best fit using the 27 years of data. A goodness-of-fit was calculated 

for each model (R2) to report the compatibility of the observed and predicted values of the 

dependent variable (eg, average daily pollen concentration) based on this model. Percent 

change was calculated by log transforming the dependent variable (ie, pollen indicators) and 

interpreting the regression parameter as percent change over time.

To evaluate the effect that year-to-year seasonal climate variations have on pollen 

production, we developed simple linear regression models using seasonal climate measures 

from NOAA as the independent variable (average temperatures, total precipitation) with 6 

measures of pollen production as the dependent variable (mean daily pollen concentration, 

peak pollen concentration, season onset date, season peak date, season end date, season 

length). To account for multiple, nonindependent comparisons (4 seasonal temperature 

averages), we report the Holm-Bonferroni−adjusted P values. For those pollen measures 

that had a statistically significant trend (α = 0.05), a detrended pollen data set was used in 

the regression model to account for nonstationarity. In addition, a detrended data set was 

used in the regression models for those climate variables that had a statistically significant 

(α = 0.05) trend (eg, average spring and summer temperatures).

Results

Descriptive Analysis

For the spring pollen season (January-June), oak (41.1%) was the predominant pollen type 

in Atlanta, which is considered highly allergenic18 (Table 1). Pine pollen (28.1%) was the 

second most abundant pollen. Although not considered a substantial contributor to allergic 

rhinitis, pine pollen may act as a respiratory irritant18,28 (Table 1). Juniper pollen, also a 

highly allergenic pollen type, was the third most prevalent pollen type during the spring 

pollen season, followed by sycamore and birch, each comprising 3.4% or less of average 

spring pollen (Table 1). Juniper pollen season also started the earliest (January 25) of all 

pollen types included in this analysis. Grouping the pollen analysis by trees, weeds, and 
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grasses for the spring pollen season, tree pollen had the earliest season onset (January 16) 

with an average peak date of April 4 (Table 2). Tree pollen levels during the spring pollen 

season were magnitudes higher compared with the fall pollen season (Fig 3). The fall tree 

pollen season was dominated by elm. Grouped grass pollen had a relatively late pollen 

season onset (March 29) and peak (May 10), with an average season end date of June 25 

(Table 2). Weed pollen was much more abundant during the fall pollen season compared 

with the spring and was dominated by ragweed pollen (48%) (Table 1), one of the most 

important causes of allergic rhinitis owing to its high allergenicity.18

Pollen Trend Analysis

We analyzed long-term pollen trends over the 27-year period and found statistically 

significant (α = 0.05) trends in pollen concentration and the timing of pollen release. 

Specifically, during the spring pollen season, the peak pollen date occurred earlier for 

oak, mulberry, and juniper (Table 3). In addition, the season start date occurred earlier 

for mulberry and sycamore, whereas seasons lengthened for sycamore, maple, willow, and 

weeds. Pollen season length decreased for maple, which also had an earlier pollen season 

end date (Table 3). During the fall pollen season, all trees and elm pollen season lengthened.

Pollen from all trees combined in addition to 7 distinct tree pollens had a significant (α 
= 0.05) increasing trend in airborne pollen concentrations in the 27-year period, and none 

had a significant decreasing trend (Fig 4). The average daily pollen concentration for oak 

pollen, the most abundant pollen type, increased annually by 5.2%, whereas juniper pollen 

concentration increased by 9.9%. Increasing trends in peak pollen concentration (ie, the 

maximum pollen concentration recorded each season) were also statistically significant (α 
= 0.05) for oak (+4.9%), juniper (+5.8%), sycamore (+7.9%), birch (+6.7%), mulberry 

(+12.8%), and willow (+5.6%). Similarly, an increasing trend was found in grouped tree 

pollen concentrations during both the spring pollen season (+3.9%) and fall pollen season 

(+10.4%). Weeds during spring pollen season also had an increasing trend (+5.2%) in daily 

average pollen concentration. There were few increasing trends during the fall pollen season, 

except for pollen from all trees (+10.4%).

Climate and Pollen Phenology

Spring Pollen Season—From our results to determine the effect that year-to-year 

climate variations have on phenology, we found that seasonal spring temperatures were 

the most consistent factor in influencing the timing of pollen release. Specifically, warmer 

spring temperatures were associated with an earlier peak pollen date for several pollen 

types, including pollen from all trees. Spring temperatures did not influence average daily 

pollen concentrations or peak pollen concentrations. In addition, there were no associations 

between any pollen measure and spring precipitation.

Preceding winter temperatures also influenced pollen phenology, but associations varied by 

pollen type. Specifically, warmer temperatures were associated with earlier pollen season 

start dates for pine and elm (Table 4). In addition, warmer winter temperatures were 

associated with earlier peak pollen dates for pine. The preceding winter precipitation was 
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found to be a significant factor in determining peak pollen concentrations in elm pollen 

(eTable 1).

Preceding fall temperatures did not play a significant role in the timing of spring pollen 

phenology. Nevertheless, preceding fall precipitation did have a significant effect on average 

daily pollen concentrations for pine and weed pollens. Specifically, as fall precipitation 

increased, pollen average daily pollen concentrations also increased. Fall precipitation also 

had a significant effect on the pollen season start date for pine pollen; increased precipitation 

delayed pollen season start date. Preceding summer temperatures and precipitation had no 

effect on spring pollen concentration and pollen phenology.

Fall Pollen Season—For the fall pollen season (July-December), there were no 

statistically significant (α = 0.05) associations with seasonal temperatures (eTable 2). 

Nevertheless, fall precipitation did have an influence on both peak pollen concentration 

and pollen phenology for several plant types (eTable 3). Specifically, for fall pollen season, 

fall precipitation influenced pollen season start in all trees, in addition to pollen season end 

date for all weeds and ragweed. Precipitation from the previous summer and winter had no 

effect on the timing of pollen season.

Discussion

Increasing Pollen Concentration and Shifts in Pollen Season Timing

Airborne pollen concentrations (average daily pollen concentration) increased in the 27-

year period, especially in trees during the spring pollen season. Specifically, 6 of the 

9 trees included in this study exhibited a statistically significant (α = 0.05) increasing 

trend in pollen concentration over time. Oak pollen, which was the most abundant pollen 

type in addition to being highly allergenic, increased by 5.2% (average daily pollen 

concentration) every year. Furthermore, even when outliers were removed from the data set, 

all existing increasing trends were still statistically significant except for willow, which had 

an exceedingly high average pollen concentration in 2018. For certain pollen types, pollen 

seasons occurred earlier or lengthened (eg, mulberry and sycamore), further increasing the 

likelihood of allergenic pollen exposure throughout the year. An increasing trend in pollen 

concentrations in conjunction with lengthening pollen seasons suggests that human exposure 

to allergenic pollen has increased in Atlanta in the last 27 years, potentially increasing 

the risk of negative health impacts related to pollen exposure, such as allergic rhinitis or 

asthma-related hospitalizations.23 Our results are consistent with recent global studies that 

also found an increasing trend in pollen concentrations, in addition to lengthening pollen 

seasons in certain allergenic species, such as ragweed.16,19,20

Climate and Pollen Phenology

Recent variations in seasonal climate also played a significant role in pollen phenology, 

but the associations of seasonal climate varied by taxa. Even after considering the observed 

trend in warming temperatures during the spring (March-May) and summer (June-August) 

months by detrending the data before performing the regression analysis, we found that 

warmer temperatures hastened pollen phenology for several taxa, including oak, pine, 
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mulberry, sycamore, and weeds. In addition, when we ignored existing linear trends in 

the climate and pollen variables by not detrending the data in a linear regression analysis, 

we found that climate variables still had a significant effect on pollen concentrations and 

pollen season timing for a wide breadth of taxa. We also found that associations between 

seasonal climate and pollen season timing differed according to taxa, which is consistent 

with previous research which also found that seasonal temperatures can affect pollen 

season timing and tree growth, but only for certain species.12,14,16,20,34 According to our 

results, increased precipitation during the preceding fall months (September-November) had 

a positive effect on spring pollen concentrations (average daily pollen concentration) for 

pine and weeds. In summary, seasonal variations in seasonal climate did have an effect on 

pollen phenology, increasing the risk of pollen exposure, which suggests that the risk for 

aeroallergen-related illness also increases with a warming climate.

Although we found increasing trends in both average daily pollen concentrations and 

peak pollen concentrations, we found few associations with any seasonal temperature 

and precipitation variables. This suggests that other factors besides climate might have 

contributed to the increasing trend in average spring pollen concentrations in trees and 

weeds, such as land use changes or increased CO2 in the atmosphere, neither of which 

were included in this analysis. We also found that seasonal variations in spring temperatures 

affected pollen season start date (eg, warmer spring temperatures hastened the start of 

pollen season); spring temperatures exhibited a long-term increasing trend and spring pollen 

seasons trended to earlier start dates. Recent research focused in North America has revealed 

that anthropogenic climate change has exacerbated pollen seasons, especially in terms of 

spring pollen season timing.36

Limitations and Discontinuity Analysis

Although our pollen concentration data set spanned a 27-year period from 1992 to 2018, 

one limitation to this study was the lack of a continuous daily pollen concentration data 

because pollen counting did not occur on weekends and holidays. Nevertheless, pollen 

concentrations were collected every day during the peak pollen season (typically in spring) 

in the latter years of the study period. The lack of a continuous pollen data set is not unique 

in the United States because many pollen monitoring stations are not automated; the current 

method for collecting pollen concentration, using an air sampling rod that is examined under 

microscopy to count individual pollen grains, is time and resource intensive.

In addition, although the station moved to 3 different locations throughout the period 

of record, all locations were within a 9-mile radius. To quantify the impact of station 

movement on pollen concentrations, we conducted a regression discontinuity analysis for 

the time periods (1992–2000, 2000–2010, 2010–2015, 2015–2018), and the models were not 

statistically significant (α = 0.05), which suggests that our results are valid.

We only used a single pollen station for the analysis, but previous research has revealed that 

a pollen monitoring station is representative of up to a distance of 25 miles, and the distance 

from the pollen counting station to the weather station is within this range.29 Although we 

have some limitations with the pollen concentration data, the data are a relatively robust 

long-term data set and within the auspices of the National Allergy Bureau, which sets 
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stringent quality standards for pollen collection. Furthermore, the data set used for the study 

is one of the longest on record for the United States that contains speciated pollen data.

The Atlanta metropolitan area has undergone considerable land use change since 1992, 

transitioning from rural farmland to more urban and suburban development. In Cobb County, 

Georgia, where our pollen counting stations were located, developed areas (eg, highly 

developed areas and suburban areas) increased by 12.8% and impervious surfaces increased 

by 19.4%, from 2001 to 2016.35 In addition, the percent increase in urban development is 

likely much larger when taking into account the entire period of our analysis from 1992 to 

2018 owing to the large increase (+70%) in Cobb County’s population from 1990 to 2020.37 

Land cover and land use changes could have increased surrounding surface temperatures at 

weather observation stations owing to the increased impervious surfaces absorbing radiant 

heat from the sun, in addition to other factors. To account for these changes and to reduce 

the potential for artificial effects in the climate record, we used a climate reanalysis data set 

from NOAA, which recalibrates the weather station data from multiple weather stations at 

a county level. An increase in developed land coincided with a 16.6% decrease in forested 

areas; however, our results found a significant increase in tree pollen throughout the entirety 

of the 27 years of record, which further underscores the validity of our results because there 

would be an expected decrease in tree pollen with a decrease in tree cover.

Changes in Pollen Exposure and the Public Health Burden

In the United States, asthma prevalence is 8% for adults30 and 8.3% for children,31 

which suggests that a large population of sensitive individuals may be subject to increased 

pollen exposure, as allergenic pollen is a known trigger for asthma-related symptoms.28 In 

addition, owing to the increased use of nonnative ornamental trees, such as Chinese elm, 

in landscaping, pollen exposure may be further extending into different periods of the year 

where previously pollen exposure was low, owing to the release of pollen during different 

times of the year than native plant species.22 From our analysis, we found that elm pollen 

has recently become abundant in both the spring and fall pollen seasons, whereas previously 

elm pollen was only found during the spring pollen season.

Although an exact dose-response relationship between pollen concentrations and the 

onset of allergic rhinitis remains unclear, previous studies have revealed that high pollen 

concentrations were associated with increased allergic rhinitis cases,32 allergy medication 

sales,33 and asthma and wheeze-related emergency department visits.23 Future research 

can incorporate pollen in addition to other air pollutants in asthma epidemiology studies. 

Nevertheless, this study provides quantitative evidence of an increased risk of pollen 

exposure in a long-term period and offers clinicians and their patients with more than 

anecdotal evidence on when to start allergy treatments. For example, the results of our 

analysis may provide information for clinicians on when to administer allergy treatments 

(eg, sublingual immunotherapy tablets need to be started 12 weeks before the onset of pollen 

season) and timing of measures to reduce pollen exposure for patients who have allergic 

rhinitis or other allergic illnesses. From a public health perspective, this research elucidates 

the relationship between specific pollen producing plants and seasonal variations in climate 

and provides the scientific basis for future health studies to develop pollen models and early 
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warning systems. Other pollen measures can be explored (eg, satellite imagery, phenology, 

automated pollen monitoring) to provide a high resolution data set of continuous pollen 

exposure. Furthermore, the need for more localized pollen information is important because 

the presence of allergenic pollen types varies greatly across regions, and any effective health 

communications (eg, high pollen concentration alerts) would need to incorporate these 

variations in potential pollen exposures. This research emphasizes the need for increased 

access to fine-scale pollen information which could potentially be used to tailor health 

communications based on localized pollen levels.

In conclusion, we characterized pollen phenology for 13 allergenic taxa and 3 pollen groups 

(trees, weeds, and grasses) for both the spring and fall pollen seasons in Atlanta, Georgia, 

and found that many allergenic pollen exhibited an increasing trend in pollen concentration 

and that pollen phenology is shifting. We found that pollen concentration and phenology 

were also associated with year-to-year variations in seasonal climate, which could be 

useful in the future development of predictive pollen models. The results of our analysis 

suggest that changes in seasonal climate (eg, warming seasonal temperatures or increased 

precipitation) could hasten the timing of pollen seasons and increase pollen concentrations, 

increasing the risk of allergy-related disease, such as asthma.
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Figure 1. 
Comparison of methodologies to define the calculated onset data and end data (red vertical 

lines) of pollen season compared with actual pollen concentrations (area in black), using oak 

pollen data from Atlanta, Georgia (1992–2018).
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Figure 2. 
A scatterplot of climate data (1992–2018) for average temperatures and total precipitation 

for the following seasons: summer (June-August), fall (September-November), winter 

(December-February), and spring (March-May). The increasing linear trend in spring and 

summer average temperatures are shown with a red line, with the confidence interval shown 

in gray.
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Figure 3. 
Average daily pollen concentrations for grouped pollen according to trees, weeds, and 

grasses (1992–2018). The Y-axis represents the average daily pollen concentration (total 

annual pollen concentration/number of observation days). The X-axis represents the day of 

the year.
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Figure 4. 
Scatterplots of average daily pollen concentrations over time (1992–2018). The time series 

linear regression line is in red, and the confidence interval is in gray.
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Table 1

Percentage of Total Pollen Count by Season

Spring pollen season (January-June) Percentage of pollen (%)

Quercus (oak) 41.1

Pinus (pine) 28.1

Juniperus (juniper) 3.4

Platanus (sycamore) 3.4

Betula (birch) 3.1

Morus (mulberry) 2.8

Ulmus (elm) 1.6

Salix (willow) 1.5

Poaceae (grasses) 1.5

Acer (maple) 1.1

Fall pollen season (July-December)

Ambrosia (ragweed) 48.3

Ulmus (elm) 17.5

Poaceae (grasses) 5.1

Amaranthus (pigweed) 3.0

Urticaceae (nettle) 2.7

NOTE. Regression models that were stastically signficant (α = 0.05).
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