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Abstract

The olive tree (Olea europaea) is a native evergreen tree in the Mediterranean region, being
one of the most important causes of seasonal respiratory allergies in Mediterranean countries.
This work aims to relate flowering phenology, source tree distribution, meteorology, and
airborne pollen records for this species and to analyse the possible arrival of air masses from
distant areas during days when differences between the phenological and pollen peaks.
Aerobiological sampling was carried out in Badajoz (SW Spain) for 4 years (2016-2019)
using a Hirst volumetric sampler. Trees were geolocalized in the city and surrounding areas.
The pollination phenology of 15 specimens was studied for four years (2016-2019) during
the months from April to June. The daily data for the whole period and the hourly data for
the four years, including pollen records and meteorology, were analysed. The comparison
between the pollen records and sources distribution was assessed. The main pollen season
(thereafter, MPS) lasted an average of 34.5 (29-40) days. Phenological observations indicate
that pollination occurred for 26.5 days and was mostly within the period of recorded airborne
pollen; however, were days with airborne pollen recorded outside the pollination period. In
2017 the peak day was recorded when the flowering period has reached only the 10%, in
other seasons this value reached the maximum peak of pollen concentration was found only
a few days after the maximum of flowering. The hourly analysis showed that the maximum
pollen concentrations were reached just after noon. The analysis of pollen sources and pollen
records showed a close relationship with the predominant winds and tree distributions. The
observed discrepancies between phenological and aerobiological data (in 2017 and 2018)

were explained by the movement of air masses and long-distance transport.

Keywords: Aerobiology, Botany, Phenology, HYSPLIT, Urban maps, Olea pollen

1. Introduction

The monitoring of airborne olive tree pollen is very important from the points of view of
agriculture, ecology (Rallo & Cuevas, 2001; Pérez-Badia, 2015a) and medicine (D Amato et
al. 2007; Salamanca et al., 2010; Vara et al. 2016) due to the close relationship between fruit
production, high allergenic potential, high pollen production by the tree and extensive

cultivation (SEAIC, 2005; Rojo et al., 2016). Although aerobiological studies have
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traditionally been applied to allergy research, their usefulness for crop prognosis is currently
being demonstrated, and they are highly desirable from an economic standpoint, for
harvesting and for planning olive oil marketing and global commercial distribution (Llerena
& Garrido, 2010; Galan et al., 2004).

The olive tree is an entomophilous species that has evolved towards anemophily with
many flowers, and an adult olive tree can produce large quantities of pollen grains (Rojo et
al., 2016; Ferrara et al., 2007). The genus Olea includes approximately 35 species
worldwide; 98% of olive groves are concentrated in the Mediterranean area and 24% are in
Spain, mostly present in Andalucia (62%), Castilla-La Mancha (15%) and Extremadura
(11%), and consist of Olea europaea subsp. europaea var. europaea (Vargas & Talavera,
2012) as the most cultivated taxon and an important oil-producing crop (Sefc et al., 2001;
Rojo 2014). In Extremadura, five varieties dominate those planted (e.g., Manzanilla de
Sevilla, Manzanilla Cacerefia, Cornicabra, Verdial de Badajoz, and Morisca), being the first
that was present in the study area (Llerena & Garrido, 2010).

Moreover, olive tree pollen is considered to be one of the main pollen types responsible
for allergic diseases that occur in the Mediterranean region (D"Amato et al., 2007). An
elevated proportion of Mediterranean patients show poli-sensitizations that reach a rate of
80% within the group of Olea allergy sufferers (Moreno-Grau et al. 2016). In some regions
of southern Spain, olive tree pollen is the main cause of allergic sensitization and is the cause
of sensitization in more than 40-45% of sensitized individuals (Moreno-Grau et al. 2016;
Salamanca et al., 2010).

Furthermore, despite this fact, in recent years, there has been much planting of this
species in urban green spaces that produces large amounts of pollen (Staffolani ez al., 2011;
Galéan et al., 2016; Charalampopoulus et al., 2018). Allergic problems in urban environments
should be considered in the design of the public environments (Velasco-Jiménez et al., 2014),
being olive trees frequently used as ornamentals in urban environments that have allergenic
properties (Carifianos & Casares-Porcel, 2011; Carifianos et al., 2014).

Allergenic properties are relevant to visitor behaviour and the characteristics of green spaces
in Spain (Adinolfi er al., 2014; Mohammad & Pooryousef, 2011; Ferndndez-Rodriguez et al.
2018; Maya-Manzano et al., 2017a).
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Phenological studies are an important and complementary part of aerobiological
monitoring (Monroy-Colin et al. 2018), since they allow connecting emission sources with
the airborne pollen records and enable better interpretation of the aerobiological results
(Ferndndez-Rodriguez et al. 2014a; Tormo et al., 2011); in addition to allowing the
population with allergenic problems to be alerted to the increase in pollen in the air (Bruns
et al. 2013; Carter et al. 2017; Monroy-Colin et al. 2018). Furthermore, the information about
the flowering periods helps to differentiate species within the same pollen type by their pollen
curves at a specific time (Monroy-Colin et al. 2018; Zerboni, 1998).

The olive tree blooms during the spring and flower production is conditioned by
important physiological regulations that depend directly on the environmental conditions
from the previous year (Rojo, 2014; Galan, et al., 2001a). In addition, there are genetic
conditions that are specific to each variety (Rosati ef al., 2012; Rojo, 2014; Rojo & Pérez-
Badia, 2015a) and the timing and intensity of the pollen curves are strongly influenced by
meteorological parameters (Herndndez-Ceballos et al., 2012). Olive tree flowering shows an
annual cycle, including bud formation during the previous summer, dormancy during the
cold period, budburst in late winter, and flower structure development from budburst to
flowering in the spring (Aguilera et al. 2015a; Zhu, et al.; 2012). Temperature is one of the
main factors affecting the flowering of olive trees, and a low-temperature period prior to bud
development is essential to interrupt dormancy (Aguilera et al. 2015a; Galan, et al., 2001a).
Light affects the induction of floral buds in olive trees, but its impact on the floral phenology
of olive trees is much smaller than that of temperature, and these depend on olive tree
cultivars and geographical locations (Zhu, et al.; 2012; Galan, et al., 2001a). Several studies
have reported that the weather-related variable that is most influential for olive tree flowering
is the temperatures during the months prior to anthesis (Galan, et al. 2001a; Galén, et al.,
2001b; Rojo & Pérez-Badia, 2015a). The floral phenological behaviours of olive trees are
very consistent in response to similar meteorological conditions and are independent of
latitude variations (Orlandi, 2005). Olea pollen in the air is influenced by several factors,
such as time of day, season, weather conditions, geographical locations of sources
(Ferndndez-Rodriguez et al. 2016) and the vegetation type that dominates one area

(Charalampopoulus et al., 2018).
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It is for this reason that detailed mapping of the vegetation must be available, from which
the pollen sources can be identified (Skjoth er al., 2013; Maya-Manzano et al., 2017b).
Airborne pollen counts in areas with different levels of urbanization reveal differences in the
number of pollen types recorded (Ferndndez-Rodriguez et al. 2014b; Skjéth et al., 2013).
Therefore, to know the distributions of ornamental plants with potentially allergenic pollen
and its phenology allows to create urban risk maps (Pecero-Casimiro et al. 2019) and to take
preventive measures that allows better preparation by hospital emergency services, which are
often saturated during periods of high pollen levels (Galén, et al., 2001a; Charalampopoulus
et al., 2018). Also to reduce the pollen exposure and to initiate treatment at the appropriate
times (Monroy-Colin et al. 2018; Tedeschini et al., 2006). The pollen distributions within
cities depend on various factors such as microclimates, the spatial locations of trees, the
predominant wind directions as related to source locations and the building heights (Maya-
Manzano et al., 2017b; Charalampopoulus et al., 2018; Ferndndez-Rodriguez et al., 2018).
Geostatistical techniques and geographic information systems have been used recently for
modelling olive tree flowering. These tools provide reliable interpretations of aerobiological
data and the factors involved in airborne pollen dispersal (Rojo & Pérez-Badia, 2015).
Recently, there has been an increase in the mapping of these trees in urban environments
(Maya-Manzano et al., 2017a) and in regional areas to model pollen intensities (Rojo et al.,
2016; Aguilera et al., 2015b).

Based on previous aerobiological analyses in the study area (Ferndndez-Rodriguez et al.,
2014a) and in nearby locations (Herndndez-Ceballos et al., 2011a; Herndndez-Ceballos et
al., 2014b; Hernandez-Ceballos et al., 2012), long-distance transport episodes should be
considered in the study of the temporal cycles of pollen concentrations and their attribution
to local sources (Skjgth et al., 2012). Furthermore, regional scale transport of olive tree pollen
can result in increased nightly concentrations of this important aeroallergen (Ferndndez-
Rodriguez et al., 2014a). A number of studies have examined the long-distance transport
episodes (LDT) of airborne pollen grains and have attempted to identify their sources, e.g.,
the pollen types from trees such as Betula spp. (Skjoth et al., 2014; Skjgth et al., 2009; Skjgth
et al., 2007); Quercus spp. (Herndndez-Ceballos et al., 2011b; Herndndez-Ceballos et al.,
2014a; Maya-Manzano et al., 2016) and Olea spp. (Ferndndez-Rodriguez et al., 2014a;

Hernandez-Ceballos et al., 2011a; Hernandez-Ceballos ef al., 2012; Hernandez-Ceballos et
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al., 2014b). In this sense, this mapping, combined with dispersion models as Hybrid Single
Particle Lagrangian Integrated Trajectory (HYSPLIT), (Draxler & Hess, 1998) can be helpful
for achieving a full understanding of some of the discrepancies between pollen content and
phenology. In this work, the backward dispersion calculation for particles was used, and it
provided information for the characteristics of air-mass movements over a region, in terms
of their origin, horizontal pathways and altitudes. This information also provides detailed
information on the paths followed by air masses until its arrival over the study area and is
therefore a useful tool for a range of scientific applications that are related to air-quality
analysis (Borge et al. 2007; Hernandez-Ceballos et al. 2011b).

The aim of this study is to evaluate the relationships of airborne Olea europaea pollen
recorded by the pollen trap and the arrangements of olive trees within the city of Badajoz
(Spain), and to relate the influence of vegetation through the study of phenology to the
presence of pollen in the air. Additionally, some LDT were analysed to determine the
possible arrival of air masses from distant places during these divergences between the

phenological and pollen peaks.

2. Material and methods

2.1. Study area

This study was conducted in Badajoz, a city in the SW of Spain with 150 543 inhabitants
(NSI, 2018). The city is 184 m above sea level and is crossed by the Guadiana River with the
Gévora River as a tributary.

Daily meteorological data were provided by the National Meteorology Agency (AEMET)
from a meteorological station located at 38° 53" 00" N, 6° 48' 50" W, which was 3.7 km from
the aerobiological sampler. This station provided data of Mean, maximum and Minimum
temperature (°C), rain (1/m?), wind direction (km/h) and wind direction (degrees). Moreover,
for hourly data, a portable weather station (WS-GP1 Delta-T) was located 2 metres from the
pollen trap (Fig. 1A) to achieve more similar results to the pollen sampling point. The
portable meteorological station data were recorded every 10 minutes, and included
temperature (°C), rain (mm), relative humidity (%), wind speed (m s!) and wind direction
(grades) and provided data for the four years of the study. To process the wind direction data,

10-minute values were transformed into 30° sections (12 values) and the modes of the hourly
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data were calculated; for the remaining meteorological parameters, average values were used
except for rain, for which the sums were calculated.
2.2.0lea trees mapping

Olea europaea trees in the city were examined during the period of this study (2016 to
2019) and were counted and geo-referenced on a map (Fig. 1B) and included ornamental or
urban green areas and the city outskirts. Also, the mapping for those specimens whose
phenology was studied have been included (Fig. 1B). Major olive tree pollen sources were
identified using the Corine Land Cover (CLC) 2006 v. 17 datasets for the studied area (EC,
2013). The inventory maps were gridded using the CLC 2012 projection by aggregating the
grid cells to 20 km x 20 km using procedures similar to Sadys et al., (2014) and Skjeth et al.,
(2012). This procedure enables easy comparisons of habitat densities at regional and national
scales. Olive trees appear as agricultural areas with permanent crops and are denoted as olive
tree groves (code 223). Furthermore, layers of the elevation data of the Iberian Peninsula
were used (Fig. 2).

2.3. Pollen sampling

Olea pollen grains were collected using a Burkard seven-day pollen trap (Hirst, 1952).
The trap was located on a 6 m high terrace and was placed in the Agricultural Engineering
School, in Badajoz at SW Iberian Peninsula (38°53' N, 6°58' W) (Fig. 1). Standardized data
management procedures for capturing and counting airborne pollen were used, according to
the Spanish Aerobiology Network (REA) (Galén et al., 2007). Pollen records were expressed
as the numbers of pollen grains per cubic metre of air (pollen grains /m?). The method used
to calculate the MPS was the proposed by Nilsson & Persson (1981), which considers the
90% for the whole annual pollen amount (Fig.3).

2.4.Phenological analysis

The phenological phases studied were recorded according to the BBCH code
(Biologische Bundesanstalt, Bundessortenamt, Chemische Industrie) (Meier, 1997). This is
an internationally recognized standard in the agricultural sector and classifies plant growth
phases according to a standardized system (Meire, 2001). From 15 specimens, but only on
sunny days and with calm winds at noon, pollen shedding was mechanically tested from 10
branches at 1.5-2 m height that were touched or shaken, during four years (2016-2019) from

April to July. Five specimens were 4 km from the pollen station; five specimens were 3.6 km
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distant; and five specimens were 3 km distant, while an average sampling frequency of 3-4
days was used. Specimens close to the pollen trap are shown in Fig. 1B. The plots for the
MPS and the phenological analysis is shown In Fig. 4.

The percentages of pollen shedding were recorded from beginning of flowering with 10%
open flowers (BF, BBCH 61) up to full flowering (FF, BBCH 65, general flowering or full
blossom) when at least approximately 50% of the flowers were open. This methodology has
also been previously used in other works (Monroy-Colin et al., 2018).

2.5.HYSPLIT analysis
The air mass transport patterns above Badajoz were examined using daily 24-hours
backward dispersion analysis, following the methodology explained in previous works (De
Weger et al., 2015). According to the hourly analysis (Fig. 5), the maximum peaks for 2017
and 2018 were observed from 13-15 hours (Fig. 5B and 5C), and it was the time set up for
the arrival of air masses. These plumes were calculated with the HYSPLIT model (Draxler
& Hess, 1998; Draxler & Rolph, 2014; Rolph, 2014). The Global Data Analysis System
(GDAS) data with 0.5 x 0.5-degree resolution were downloaded from the NOAA ARL
(National Oceanic and Atmospheric Administration Air Resources Laboratory) FTP server.
The position for the particles in the layers of the atmosphere was studied, from 0 to 4 000
meters height (AGL), and the starting time of 15 hours for two consecutive days before each
episode were calculated to trace the path that the air masses followed. They were during the
mismatches between the MPS period and the phenological phenophases from 2016 to 2019.
The results are displayed in Fig. 7.
2.6. Statistical analysis

After checking the normality by using the Kolmogorov-Smirnov test and due to the
negative results, that were obtained, non-parametric statistics was applied. The Spearman”s
rank coefficient test was used to analyse the associations between pollen concentrations and
meteorological parameters (temperature, rain, relative humidity, wind frequency and wind
speed). To determine what temperature recorded the most pollen, a graphical analysis was
performed that summed the daily pollen concentrations for each average temperature. The
statistical analysis was performed with the package R (R Core Team, 2018) . The calculations
for the MPS and other parameters for the MPS were carried out by the package AeRobiology
(Rojo et al., 2019).
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3. Results

In the entire city of Badajoz and the immediate surroundings, a total of 2,217 Olea
europaea trees were counted (Fig. 1B). Most of the olive tree crops in the Iberian Peninsula
are located below 765 m in elevation and are concentrated mainly in the south (Fig. 2). Olive
tree flowering in Badajoz started the last week in April and finished the second week in June,
with a maximum in the second week of May (Table 1 and Fig. 4). The flowering started two
weeks earlier in 2017 (Table 1 and Fig. 3). The average temperature in the two months before
the flowers opened was higher in 2017 and 2019 (Table 1). 2017 and 2019 presented high
pollen concentrations (Table 2 and Fig. 3). In 2016, the phenological period ranged from
06/05-03/06, with a maximum on 20/05 (Table 1); pollen recorded outside this period
represented the 19.83% of the total pollen. Maximum pollen concentrations were reached
only one day after relative to the maximum pollination phenophase (Fig. 4A). For 2017, the
Phenological period ranged from 21/04-19/05 (Table 1), with a maximum on 12/05; pollen
records outside this period represented the 14.54% of the total pollen. Maximum pollen
concentrations were reached nine days before the maximum pollination phenophase (Fig.
4B). By contrast, in 2018 the Phenological period ranged from 11/05-01/06, with a maximum
on 18/05 (Table 1); pollen records outside this period represented the 36.71% of the total
pollen. The maximum pollen concentrations were reached five days later relative to the
maximum pollination phenophase (Fig. 4C). In 2019, the Phenological period ranged from
22/04-21/05 (Table 1), with a maximum on 13/05; pollen records outside this period
represented the 14.83% of the total pollen. Maximum pollen concentrations were reached
two days later relative to the maximum pollination phenophase (Fig. 4D).

The phenological observations of Olea europaea (Table 1) indicate that pollination
occurred for 26.5 days as the 4-year-average and was mostly within the period of the airborne
pollen records (Fig. 4). The pollen record dates outside the phenological observations
represented 19.29%. 4.35% of pollen was detected before the pollen season and 3.89% of
pollen was detected after the pollen season. In 2016 and 2019, the maximum pollen
concentrations coincided with the maximum of the phenology periods, however, in 2017 and
2018 they did not. In 2017, the maximum concentration of pollen occurred nine days before
the maximum of the phenology period, while in 2018, it occurred five days later than the

phenological maximum (Table 1 and Fig. 4).
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In 2016, the SPIn (Seasonal Pollen Integral, Galén et al., 2017) for the period studied was
2 606 pollen*day/m? (Table 2). The daily peak was reached on 21/05 (451 pollen grains/m?3
(Fig. 4A), 18 days later than in 2017 (03/05), when a concentration of 1 994 pollen grains/m?
was reached (Table 2 and Fig. 4B). In 2017, the SPIn was 14 015 pollen*day/m?, while in
2018 it was 7 894 pollen*day/m? (Table 2) and the daily peak value for pollen concentration
reached 794 pollen grains/m?® (23/05) (Fig. 4C). 2019 was the year with the highest SPIn,
(considering the first semester data) with a total of 14 823 pollen*day/m? (Table 2), and the
daily peak reached 1 558 pollen grains/m? (15/05) (Fig. 4D).

Table 2 show the SPIn for the studied period and the Spearman’s correlations for
meteorology and daily concentrations regarding the MPS. Fig. 5 shows the hourly
concentration patterns for 2016 (Fig. 5A), 2017 (Fig. 5B), 2018 (Fig. 5C) and 2019 (Fig. 5D).
During the four study years, the highest concentrations were found after noon, and we found
a direct correlation with temperature increases and humidity decreases in the atmosphere. In
addition, the statistical analysis indicates a positive correlation with wind speed and negative
with wind frequency (Table 3). Fig. 6 shows the frequency of wind directions, and the highest
concentrations appeared when the winds were predominantly W and SW.

The pollen season of 2016 and 2019 were explained well because of local flowering
conditions (Fig. 4A and 4D), but not for 2017 and 2018 (Fig. 4 B and 4C). For these years,
the years with the greatest difference between the maximum pollen concentrations and the
maximum phenological status, the backward dispersion calculation are displayed in Fig. 7.
They were the most likely to be due to LDT episodes. Thus, we can understand the effects of
long-distance transport that arrived from the SE zone of Andalusia (Fig. 7A and 7B), which
coincides with the region of greater Olea crop concentrations within the Iberian Peninsula
(Fig. 2). Moreover, we can observe that even for the episode occurred on 3" May 2017, some
particles are coming from Portugal contained in air masses travelling for higher layers (>2
000 m AGL). For 2016, the difference between the maximum pollen concentration and the
maximum phenology was one day (Tables 1 and 2). For 2018, the difference between the
maximum pollen concentration and the maximum phenology was five days (Tables 1 and 2).
The air masses came mostly from the SW (Fig. 6C), but for the episodes of higher
concentrations out of the flowering season (they produced high peaks when the flowering

was decreasing), was found that the air masses were coming from distant places in Portugal
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(7C, 7D, 7E and 7F). Finally, for 2019, at the time of the maximum pollen concentration, the
dominant wind direction was from the SW, the place where the most of trees are dispersed
within the city (Fig. 1 and 6D).

4. Discussion

The pollen season parameters were measured in the current work were similar to those
reported by Aguilera et al. (2015b), Rojo & Pérez-Badia, (2015b) and Rodriguez-De la Cruz
et al. (2010), who reported maximum pollen peaks in the third week of May, but with lower
values than reported in this work. However, the start date coincides with the reports for some
Mediterranean cities in Tunisia and southern Spain in the hottest years (2017 and 2019)
(Table 1), and these cities were those with average temperatures very similar to those found
in Badajoz in those years. The dates for the beginning of the season during the coldest years
were coincident with the reported by Aguilera et al. (2015b) in some Italian cities with
continental climate. Latitude-induced microclimatic conditions determine the physiological
responses of olive trees. In particular, the peak pollen emission date, which corresponds to
the day on which most of the tree canopy flowers are open, is influenced strongly by this
factor (Aguilera et al. 2015b). The current findings confirmed that the air pollen counts were
determined by the flowering succession (Rojo & Pérez-Badia, 2015b). Olea pollen was
detected in the atmosphere of Badajoz from April to July. The flowering dates of the olive
trees in the city of Badajoz coincided with that reported by Fornaciari et al. (2000), Gonzalez
& Candau (1997) and Trigo et al., (2008) who reported that the flowering period in the
Mediterranean area for the genus Olea generally occurred between April and June. Moreover,
other authors in Spain have also reported that flowering took place at the end of May and in
the beginning of June (Rojo & Pérez-Badia, 2015a; Galan, et al. 2001a; Gonzdlez & Candau,
1997).

From a phenological point of view, come early the onset of the flowering period can be
interpreted as a defence mechanism or an adaptive phenomenon of the olive tree physiology
to the higher temperatures expected in the future and, above all, to the increases projected for
the spring temperatures (Aguilera et al. 2015a). It has been observed that olive trees with
constant maintenance and irrigation initiate flowering earlier and have longer flowering
periods (Aguilera et al,. 2013). Aguilera & Ruiz (2009) indicated that the accumulated

temperature and precipitation during the months prior to the flowering period greatly favour
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the phenological development of the olive tree, and significantly affect the processes of
flower formation and the release of pollen grains into the atmosphere. Otherwise,
precipitation washes the atmosphere and causes a decrease and discontinuity in the presence
of pollen in the atmosphere.

It has been evidenced, using partial least-squares regression, that the reproductive
phenology of olive trees in the Mediterranean area is regulated by meteorological parameters
that are related to the previous autumn and to both the winter and spring seasons, and, above
all, by the temperatures (Aguilera et al., 2015a). Moreover, an increase in temperature before
the beginning and advance of flowering play a relevant role in the biological cycle
(Bonofiglio et al., 2008), and studies show that in the coldest years, the flowering period is
shorter (Tedeschini, et al., 2006), while in the warmer years, the buds break earlier and in
this manner, flowering commences. Gonzélez & Candau (1997) in a study in Sevilla,
indicated that the beginning of the main pollination period was related to the mean
temperature of the two preceding months and that pollination occurred when the average
temperature in both months was above 14°C. In contrast, pollination was delayed when the
average temperature was lower. This agrees with the results of this study (Table 1), with the
opening of flowers occurring earlier in the hottest two years and with temperatures above
14°C (2017 and 2019). In addition to the release of pollen occurring gradually, this
phenomenon could explain the differences in the beginning dates and durations of flowering
in 2017 and 2019 (Rojo & Pérez-Badia, 2015a; Garcia-Mozo et al. 2008; Tedeschini, et al.,
2006). Excessive temperatures negatively influenced several reproductive parameters,
including flower development, pollen-tube growth, pollen viability, and the pollination
process and, consequently, subsequent fertilization and productive yields (Aguilera et al.
2013). Other meteorological factors considered in relation to the phenology were humidity,
cumulative rainfall and cumulative solar radiation (Aguilera & Ruiz-Valenzuela, 2009). High
relative humidity sometimes can delay or even inhibit anther opening and pollen release
(Yates & Sparks, 1993; Lisci et al., 1994). This could be another explanation for the observed
discrepancies, as shown in Fig. 4, in which it is possible to see the influence of rainfall. The
associated increase in the relative humidity provoked by rain during months with high
temperatures can provoke that pollen remains more time in the anthers, and brief showers

can also precipitate the abrupt deposition of pollen into the ground.
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The values for the cumulative annual pollen mentioned in this study are only lower than
those for Cérdoba, Jaen and Granada, as reported for Spanish cities that present amounts
above 22,000 pollen*day/m? (Rojo et al. 2016). The Olea concentration values on the peak
days ranged from 414 pollen grains/m? in 2016 to 1,994 pollen grains/m? in 2017, and the
interannual variability in the different variables that define the pollen season is remarkable.
Regarding the concentrations of Olea grains found on both the peak days and during the
pollen season, it should be noted that the olive tree is recognized as a species with alternation
in flowering (Galera et al. 2018), which depends on vegetative and reproductive processes,
and occurs throughout a biennial cycle (Rallo & Cuevas, 2001); hence a part of the
interannual fluctuations is associated with this phenomenon (Galera et al. 2018). Olea pollen
concentrations on both the peak days and in the pollen seasons (Table 2) show important
interannual variations, and those years with low concentrations (2016 and 2018) are followed
by years with high concentrations (2017 and 2019). This effect seems to be due to the
alternate bearing years of pollen production by this species (Rojo et al. 2015¢) and coincides
with that reported by Galera et al. (2018) for the city of Cartagena, where the same effect
was seen.

Considering some mismatches between phenology and pollen (Fig. 4) and for the
backward dispersion calculation analyses (Fig. 7), we suggest that for 2017 and 2018, the
pollen outside the flowering season originated from distant sources (Ferndandez-Rodriguez et
al. 2014a). Specifically, for 2017 the peak for pollen was produced quite before the flowering
peak (9 days earlier), that could be due to pollen contributions from the SE of Badajoz, and
for 2018 the episodes showed air masses arriving from Portugal. Pollen transport from remote
sources is particularly relevant for species with small pollen size, such as the olive tree
(Hernandez-Ceballos et al. 2011). Other authors (Estrella et al., 2016) have also argued that
the discrepancy between pollen and phenology is due to LDT episodes. The pollen quantities
that were recorded in 2017 before the flowering of olive trees in the area must have been
transported by winds from south and southeast of Spain, where the olive trees flowered
sooner due to higher temperatures and where earlier-flowering varieties are more widely
grown (Garcia-Mozo et al. 2008). Specifically, winds from the south (May 3, 2017) could
have carried pollen from the olive tree groves in the Andalusian provinces of Jaen and

Granada which, along with Cordoba, have the largest olive tree growing areas in Spain.
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Additionally, another pollen source in the west part of the territory could correspond to the
Alentejo region, which hosts nearly half of the olive tree groves of Portugal (Ferndndez-
Rodriguez et al. 2014). It could be the reason for the episodes shown in Fig. 7 regarding
2018. Our results are consistent with the findings of Silva-Palacios er al. (2000) and
Fernandez-Rodriguez et al. (2014), who demonstrated that, in Badajoz, there were significant
correlations between the daily pollen concentrations of Olea and the amounts of wind hours
each day from the southeast, southwest and northwest quadrants. In this study, the HYSPLIT
model has been proven to be an adequate tool to estimate the directions taken by air masses
and to identify the sources of pollen originating from long distances outside the pollen season
in the same region than for the current study (Maya-Manzano et al. 2016). Finally, we cannot
discard the occurrence of some contribution from resuspension phenomena, especially in
2018. This fact has been proven to be important, above all in favourable conditions of high
temperature and absence of rain (Jato et al., 2006). In addition to the importance of
temperature, this study highlights the importance of wind, whether for long-distance
transportation or for nearby areas for those moments in that flowering peaks and pollen peaks
are not coincident. This is probably related to the fact that the prevailing winds are from the
west (Fig. 5), where there are sources of olive tree pollen and that some of the highest

densities of olive tree groves in the Iberian Peninsula are found in the southeast (Fig. 3).

S. Conclusions

This type of studies facilitate better planning for the management of olive tree crops in
the region because they are useful to establish future predictions of the start of olive tree
flowering. LDT phenomena and delays in the flowering caused by environmental conditions
may lead to a non-exact match between the phenological and aerobiological peaks. At the
aerobiological level, LDT can be recognized by sudden appearances or increases (peaks) that
are sometimes coincident in different locations or by changes in the trends of atmospheric
pollen dynamics, and LDT can be demonstrated using atmospheric models of air mass
dynamics. Backward dispersion calculations need to be combined with knowledge of the
geographical distributions and phenological characteristics of the pollen sources, as well as
with pollen concentration data of high temporal resolution, to clearly identify the origins of

pollen measured at a monitoring site. This information is extremely useful for predicting the
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amounts of airborne Olea pollen in the city of Badajoz and for other cities with similar

conditions.

Acknowledgements

This work was made possible by funds from research projects PRIIB16029 and research
group said GR18113, financed by the Regional Government, Junta de Extremadura (Spain),
the funds and by the support of the National Commission of Science and Technology of
Mexico (CONACyT), with funds from A.M.C. and funds from Irish Environmental
Protection Agency (EPA, programmer 2014-2020, Climate, 2017), which funded to
J.M.M.M. during part of the conduct of this study. Finally, authors acknowledge the NOAA
ARL for the provision of the HYSPLIT model and the meteorological input data (GDAS

archive).

References

* ACOPAEX. 2018. Programa Nacional de Desarrollo rural 2014-2020. Ministerio
de Agricultura, alimentacién y Medio ambiente. http://acopaex.es/

e Adinolfi C., Suarez-Caceres G.P., Carifianos P. 2014. Relation between visitors'
behaviour and characteristics of green spaces in the city of Granada, south-eastern
Spain. Urban Forestry and Urban Greening 13, 534-542.

» AEMET. Climate statistics. Badajoz Airport (1981-2010). Agencia Estatal de
Meteorologia. Gobierno de Espafia, 2019.

e Aguilera F., Ruiz L. 2009. Study of the floral phenology of Olea europaea L. in Jaen
province (SE Spain) and its relationship with pollen emission. Aerobiologia (25) 217-
225.

* Aguilera F., Ben A., Msallem M., Orlandi F., Bonofiglio T., Ruiz-Valenzuela L.,
Galan C., Diaz de la Guardia C., Giannelli A., Trigo M.M., Garcia-Mozo H., Pérez-
Badia R., Fornaciari M. 2015b. Airborne-pollen maps for olive-growing dreas
throughout the Mediterranean region: spatio-temporal interpretation. Aerobiologia
(31)421-434.

* Aguilera F., Fornaciari M., Ruiz-Valenzuela L., Galdn C., Msallem M., Dhiab AB.,
Diaz de la Guardia C., Trigo M.M., Bonofiglio T., Orlandi F. 2015a. Phenological



433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462

models to predict the main flowering phases of olive (Olea europaea L.) along a
latitudinal and longitudinal gradient across the Mediterranean region. Int J
Biometeorol. May 59(5):629-41.

Aguilera F., Orlandi F., Ruiz L., Galén C., gacria-Mozo H., Bonofiglio T., Oteros J.,
Diaz de la Guardia C., Trigo M.M., Pérez R., Fornaciari M. 2013. La floracion del
olivo (Olea europaea L.) como elemento bioindicador de cambios en el clima
mediterrdneo: andlisis preliminar. Conference paper. El aceite de Oliva. Actas
simposio Expoliva 2013, Jaén (Espafia) 8-11 mayo.

Bilinska D., Skjgth C., Werner M., Kryza M., Malkiewicz M., Krynicka J.,
Drzeniecka-Osiadacz, A. 2017. Source regions of ragweed pollen arriving in south-
western Poland and the influence of meteorological data on the HYSPLIT model
results. Aerobiologia (33): 315-326.

Bonofiglio T., Orlandi F., Sgromo C., Romano B., Fornaciari, M. 2008. Influence of
temperature and rainfall on timing of olive (Olea europaea) flowering in southern
Italy. New Zealand Journal of Crop and Horticultural Science 36:59-69.

Bruns E., Chmielewski F.M., VanVliet A.J. 2013. The global phenological
monitoring concept. In M. Schwartz (Ed) Phenology: An integrative environmental
science. 2.6.1-12. Berlon: Springer.

Carinanos P., Casares-Porcel M. 2011. Urban green zones and related pollen allergy:
A review. Some guidelines for designing spaces with low allergy impact. Landscape
and Urban Planning 101, 205-214.

Carinanos P., Casares-Porcel, M., Quesada-Rubio J.M. 2014. Estimating the
allergenic potential of urban green spaces: A case-study in Granada, Spain.
Landscape and Urban Planning 123, 134-144.

Carter J.M., Orive M.E., Gerhart L., Stern J.H. Marchin R.M., Nagel J., et. al. 2017.
Warmest extreme year in us history alters thermal requirements for tree phenology.
Oecologia. 183. 1197-1210.

Charalampopoulus A., Lazarina M., Tsiripidis 1., Vokou D. 2018. Quantifying the
relationship between airborne pollen and vegetation in the urban environment.

Aerobiologia 34 (3): 285-300.



463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493

D’Amato G., Cecchi I., Bonini S., Nunes C., Annesi-Maesano 1., Behrendt H.,
Liccardi G., Popov T., Van Cauwenberg P. 2007. Allergenic pollen and pollen allergy
in Europe. Allergy 62: 976-990.

De Weger, L.A., Pashley, C.H., §ikoparija, B. et al. 2016. The long distance
transport of airborne Ambrosia pollen to the UK and the Netherlands from Central
and south Europe. Int ] Biometeorol 60, 1829—-1839. https://doi.org/10.1007/s00484-
016-1170-7.

Draxler R.R., Hess G. 1998. An overview of the HYSPLIT_4 modelling system for
trajectories, dispersion and deposition. Australian Meteorological Magazine
47(4):295-308.

Draxler R.R., Rolph G. 2014. HYSPLIT (HYbrid Single-Particle Lagrangian
Integrated Trajectory) Model access via NOAA ARL READY Website
(http://ready.arl.noaa.gov/HYSPLIT.php). NOAA Air Resources Laboratory, Silver
Spring, MD.

EC, 2013. Corine Land Cover 2006 raster data. European Commision, Joint
Research Centre (DG JRC), Institute for Environment and Sustainability, Land
Management Unit, [-21020 Ispra (VA), Italy. http://www.eea.europa.eu/data-and-
maps/data/corine-land-cover-2006-raster-3.

Estrella N., Menzel A., Kridmer U., Behrendt H. Integration of flowering dates in
phenology and pollen counts in aerobiology: analysis of their spatial and temporal
coherence in Germany (1992—-1999). Int J Biometeorol (2006) 51:49-59 DOI
10.1007/s00484-006-0038-7

Fernandez-Rodriguez S., Skjgth C., tormo-Molina R., Brandao R., Caeiro E., Silva-
Palacios 1. 2014a. Identification of potencial sources of airbone Olea pollen in the
Southwest Iberian Peninsula. Int J Biometereol (58):337-348.

Fernandez-Rodriguez S., Tormo-Molina R., Maya-Manzano J.M., Silva-Palacios, 1.,
Gonzalo-Garijo A., 2014b. Comparative study of the effect of distance on the daily
and hourly pollen counts in a city in the south-western Iberian Peninsula.
Aerobiologia 30, 173-187.

Fernandez-Rodriguez S., Duran-Barroso P., Silva-Palacios I., Tormo-Molina R.,

Maya-Manzano J.M., Gonzalo-Garijo A. 2016. Regional forecast model for the Olea



494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523

pollen season in Extremadura (SW Spain) International Journal of Biometeorology
60, 1509-1517.

Fernandez-Rodriguez S., Cortés-Pérez J.P., Prieto P., Tormo-Molina R., Maya-
Manzano J.M. 2018. Environmental impact assessment of Pinaceae airbone pollen
and green infrastructure using BIM. Automation in Construction. 96: 494-507.
Ferrara G., Camposeo S., Palasciano M., Godini A. 2007. Production of total and
stainable pollen grains in Olea europaea L. Grana, 46:2. 85-90.

Fornaciari M., Galin C., MediavillaA., Dominguez E., Romano B. 2000.
Aeropalynological and phenological study in two different Mediterranean olive
areas: Cordoba (Spain) and Perugia (Italy). Plant Biosyst 134(2):199-204.

Galan C., Carifianos P., Garcia-Mozo H., Alcdzar P., Dominguez-Vilches E. 2001a.
Model for forescasting Olea europeae L. airborne pollen in South-West Andalusia,
Spain. Int ] Biometereol 45: 59-63.

Galan C., Garcia-Mozo H., Carifianos P., Alcazar P. 2001b. The role of temperatura
in the onset of the Olea europaea L. pollen season in southwestern Spain. Int J
Biometeorol 2001 45:8-12.

Galan C., Vazquez L., Garcia-Mozo H., Dominguez E. 2004. Forescasting olive
(Olea europaea) crop yield based on pollen emission. Field Crops Research 86 43-
51.

Galan C., Carifianos P., Alcdzar P., Dominguez-Vilches E. 2007. Spanish
Aerobiology Network (REA) Management and Quality Manual, Servicio de
Publicaciones Universidad de Cérdoba. ISBN 978-84-690-6353-8.

Galan C., Alcazar P., Oteros J., Garcia-Mozo H., Aira M.J., Belmonte J., Diaz de la
Guardia C., Fernandez-Gonzalez D., Gutierrez-Bustillo M., Moreno-Grau S., Pérez-
Badia R., Rodriguez-Rajo F.J., Ruiz-Valenzuela L., Tormo R., Trigo M.M.,
Dominguez-Vilches E. 2016. Airborne pollen trends in the lberian Peninsula.
Science of the Total Environment 550: 53-59.

Galdn, C., Ariatti, A., Bonini, M., Clot, B., Crouzy, B., Dahl, A., Fernandez-
Gonzélez, D., Frenguelli, G., Gehrig, R., Isard, S., Levetin, E., Li, D. W., Mandriolj,
P., Rogers, C. A., Thibaudon, M., Sauliene, 1., Skjgth, CA., Smith, M., Sofiev, M.



524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553

2017. Recommended terminology for aerobiological studies. Aerobiologia 33(3):
293-295.

Galera M., Elvira-Rendueles B., Moreno J., Negral L., Ruiz-Abellén M., Garcia-
Sanchez A., Moreno-Grau S. 2018. Analysis of airbone Olea pollen in Cartagena
(Spain). Science of the total Environment 622-633: 436-445.

Garcia-Mozo H., Pérez-Badia R., Galan C. 2008. Aerobiological and meteorological
factors influence on olive (Olea europaea L.) crop yield in Castilla-La mancha
(Central Spain). Aerobiologia 24:13-18.

Gonzélez F.J., Candau P. 1997. Olea europaea airborne pollen in Southern Spain.
Annals of Allergy, Asthma & Immunology. 78 (3): 278-284.

Hernandez-Ceballos M. A, Garcia-Mozo H., Adame J.A., Dominguez-Vilches E., De
la Morena B., Bolivar J.,, Galan C. 201la. Synoptic and meteorological
characterisation of olive pollen transport in Cédoba province (south-western spain).
Internation Journal of Biometereology 55: 17-34.

Herndndez-Ceballos M.A, Garcia-Mozo H., Adame J.A., Dominguez-Vilches E.,
Bolivar, De la Morena B., Pérez-Badia R., Galan C. 2011b. Determination of
potencial sources of Quercus airbone pollen in Cordoba city (southern Spain) using
back-trajectory analysis. Aerobiologia Online First DOI 10.1007/s10453-011-9195-
1.

Hernandez-Ceballos M.A., Garcia-Mozo H., Adame J.A., Galan C., 2012. Last
advances in the study of olive airborne pollen dynamic. Olive Consumption and
Health, pp. 155-176.

Hernandez-Ceballos, M. A., Garcia-Mozo, H., Galan, C. 2014a. Cluster analysis of
intradiurnal holm oak pollen cycles at peri-urban and rural sampling sites in
southwestern Spain. International Journal of Biometeorology.

Hirst J.M. 1952. An automatic volumetric spore trap. Annals of Applied Biology
39(2): 257-265.

Jato V., Rodriguez-Rajo F.J., Alcazar P.,De Nuntiis P., Galan C., Mandrioli P. 2006.
May the definition of pollen season influence aerobiological results? Aerobiologia.

DOI 10.1007/s10453-005-9011-x



554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582

Kernerman S.M., McCullough J., Green J., Ownby DR. 1992. Evidence of cross
reactivity between olive, ash, privet, and russian olive tree pollen allergens. Journal
of allergy and Clinical Immunology 87(1).

Liccardi G., D"Amato M., D"Amato G. 1996. Oleaceae pollinosis: A Review. Int Arch
Allergy Inmunol 111: 210-217.

Lisci M, Tanda C, Pacini E. 1994. Pollination ecophysiology of Mercurialis annua L.
(Euphorbiaceae), an anemophilous species flowering all year round. Annals of
Botany 74: 125-135.

Llerena J.L., Garrido 1. 2010. El olivar y sus industrias de transformacion. In. Coleto
J.M., Muslera E., Gonzdilez R. & Pulido F. (Coords). La agricultura y ganaderia
extremenia: Informe 2009, Badajoz. Caja de Badajoz. Pp. 209-221.

Maya-Manzano, J.M., Tormo Molina, R., Fernandez Rodriguez S., Silva Palacios L.,
Gonzalo Garijo A. 2017a. Distribution of ornamental urban trees and their influence
on airborne pollen in the SW of Iberian Peninsula. Landscape and Urban Planning
157: 434-446.

Maya-Manzano, J.M., Sady$, M; Tormo Molina, R., Ferndndez Rodriguez, S.,
Oteros, J., Silva Palacios, 1., Garijo, A. 2017b. Relationships between airborne pollen
grains, wind direction and land cover using GIS and circular statistics. Science of
the Total Environment 584-585:603-613.

Maya-Manzano, J.M., Fernandez-Rodriguez, S., Smith, M., Tormo-Molina, R.,
Reynolds, A., Silva-Palacios, 1., Gonzalo-Garijo, A., Sadys, M. 2016. Airborne
Quercus pollen in SW Spain: Identifying favourable conditions for atmospheric
transport and potential source areas. Science of the Total Environment 571, 1037-
1047.

Meier U. 1997. BBCH-Monograph. Growth Stages of Plants. Blackwell
Wissenschafts-Verlag, ISBN 3-8263-3152—4, Berlin, Vienna (1997), p. 622.

Meier U. 2001. Growth stages of mono-and dicotyledonous plants. BBCH
Monograph. 2nd Ed. Federal Biological Research Centre for Agriculture and
Forestry. http://pub.jki.bund.de/index.php/BBCH/article/view/461



583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599

600
601

602
603
604
605
606
607
608
609
610
611
612

Mertes, C.M., Schneider, A., Sulla-Menashe, D., Tatem, A.J., Tan, B., 2015.
Detecting change in urban areas at continental scales with MODIS data. Remote
Sensing of Environment 158, 331-347.

Ministerio de agricultura, pesca y alimentacion. 2017. Anuario de estadistica 2017.
https://www.mapa.gob.es/es/

Mohammad S.M., Pooryousef, M. 2011. A study on traditional usage of olives.
Journal of Applied Sciences Research 7, 1186-1187.

Monroy-Colin A., Silva-Palacios 1., Tormo-Molina R., Maya-Manzano J.M.,
Fernandez-Rodriguez S. 2018. Environmental analysis of airborne pollen
occurrence, pollen source distribution and phenology of Fraxinus angustifolia.
Aerobiologia 34(4):269-283.

Moreno-Grau S., Aira M.J., Elvira-Rendueles B., Fernandez-Gonzalez M.,
Fernandez-Gonzalez D., Garcia-Sanchez A., Martinez-Garcia M.J., Moreno J.M.,
Negral L., Vara A., Rodriguez-Rajo F. 2016. Assessment of the Olea pollen and its
major allergen Ole e 1 concentrations in the bioaerosol of two biogeographical
areas. Atmospheric Environment 145: 264-271.

NSI. 2018. Population by cities. National Institute of Statistics, Madrid, Spain.

Nilsson, S., Persson, S. 1981. Tree pollen spectra in the Stockholm region (Sweden), 1973-
1980

Orlandi F., Romano B., Fornanciari M. 2005. Effective pollinnation period estimation
in olive (Olea europaea L.): a pollen monitoring application. Scientia Horticulture
105 313-318.

Pecero-Casimiro R., Ferndndez-Rodriguez S., Tormo-Molina R., Monroy-Colin A.,
Silva-Palacios I., Cortés-Pérez J.P., Gonzalo-Garijo A., Maya-Manzano, J.M., 2019.
Urban aerobiological risk mapping of ornamental trees using a new index based on
LiDAR and Kriging: A case study of plane trees. Science of the Total Environment
693.

R Core Team. (2018).R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Computing. Retrieved

from https://www.R-project.org/



613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642

Rallo L., Cuevas J. 2001. Fructificacién y produccion. In: Barranco D., Fernandez-
Escobar R., Rallo S. (eds), el cultivo del Olivo. Mundi Prensa. 118-152.
Rodriguez-De la Cruz D., Sdnchez-Reyes E., Ddvila-Gonzdlez 1., Lorente Toledano
F., Sanchez-Sanchez J. 2010. Airborne pollen calendar of Salamanca, Spain 2000-
2007. Allergologia et immunopathologia. 38(6):307-312

RojoJ. 2014. Estudio de la fenologia floral del Olivo (Olea europaea L.) y su relacion
con las variables ambientales. Tesis Doctoral. Universidad Castilla-L.a Mancha,
Espaiia.

Rojo J., Pérez-Badia, 2015a. Models for forescasting the flowering of Cornicabra
olive groves. Int. J. Biometeorol.

Rojo J., Pérez-Badia, 2015b. Spatiotemporal andlisis of olive flowering using
geostatistical techniques. Science of the total Environment 505: 860-869.

Rojo J., Salido P., Pérez-Badia R. 2015c. Flower and pollen production in the
“Cornicabra” olive (Olea europaea L.) cultivar and the influence of environmental
factors. Trees 29: 1235-1245.

Rojo J., F. Orlandi, R. Pérez-Badia, F. Aguilera, A. Ben Dhiab, H. Bouziane, C. Dias
de la Guardia, C. Galan, A.M. Guitiérrez-Bustillo, S. Moreno-Grau, M. Msallem,
M.M. Trigo., Fornaciari. 2016. Modeling olive pollen intensity in the Mediterranean
region through andlisis of emision sources. Science of The Total Environment 551-
552: 73-82.

Rojo J., Picornell A., Oteros J. 2019. AeRobiology: The computational tool for
biological data in the air. Methods in Ecology and Evolution 10 (8): 1371-1376.
Rolph G. 2014. Real-time Environmental Applications and Display sYstem (READY)
Website (http://ready.arl.noaa.gov). NOAA Air Resources Laboratory, Silver Spring,
MD.

Rosati A., Caporali S., Paoletti A. 2012. Floral biology: implications for fruit
characteristics and yield. In: Muzzalupo 1 (ed.) Olive germplasm, Theo lie
cultivation. Table olive and olive oil industry in Itali. P. 71-80.

Sady$ M., Skjgth C., Kennedy R. 2014. Determination of Alternaria spp. habitats
using 7-day volumetric spore trap, Hybrid Single Particle Lagrangian Integrated



643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673

Trajectory model and geographic information system. Urban Climate,
http://dx.doi.org/10.1016/j.uclim.2014.1008.1005.

Salamanca G., Rodriguez R., Quiralte J., Moreno C., Pascual C., Barber D., Villalba
M. 2010. Pectin methylesterases of pollen tissue, a major allergen in olive tree. FEBS
Journal (277) 13: 2729-27309.

Sefc K. M., Lopes M. S., Mendonca D., Rodrigues Dos Santos M., Laimer Da Camara
Machado M., Da Camara Machado A. 2001. Identification of microsatellite loci in
olive (Olea europaea) and their characterization in Italian and Iberian olive trees.
Molecular Ecology 9: 1171-1193.

SEIAC, Sociedad Espafiola de Alergologia e Inmunologia Clinica. 2005. Factores
epidimiologicos clinicos y socioeconémicos de las enfermedades alérgicas en Espaiia
en 2005. Egraf. Madrid, Espafia.

Silva-Palacios 1., Tormo-Molina R., Mufioz-Rodriguez A. 2000. Influence of wind
direction on pollen concentration in the atmosphere. Int J Biometeorol 44:128-133
Skakun, S., Franch, B., Vermote, E., Roger, J.C., Becker-Reshef, I., Justice, C.,
Kussul, N., 2017. Early season large-area winter crop mapping using MODIS NDVI
data, growing degree days information and a Gaussian mixture model. Remote
Sensing of Environment 195, 244-258.

Skjoth, C.A., Sommer, J., Stach, A., Smith, M., Brandt, J., 2007. The long range
transport of birch (Betula) pollen from Poland and Germany causes significant pre-
season concentrations in Denmark. Clinical and Experimental Allergy 37, 1204-
1212.

Skjoth C., Sommer J., Frederiksen L., Gosewinkel U. 2012. Crop harvest in Denmark
and Central Europe contributes to the local load of airborne Alternaria spore
concentrations in Copenhagen. Atmos. Chem. Phys. 12, 11107-11123.

Skjoth C.A., @Orby P.V., Becker T., Geels C., Schliinseen V., Sigsgaard T. 2013.
Identifying urban sources as cause of elevated grass pollen concentrations using GIS
and remote sensing. Biogeosciences 10. 541-554.

Skjoth, C.A., Baker, P., Sadys’, M., Adams-Groom, B., 2014. Pollen from alder
(Alnus sp.), birch (Betula sp.) and oak (Quercus sp.) in the UK originate from small

woodlands. Urban Climate.



674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698

699

700

701

702

Staffolani L., Velasco-Jiménez M.J., Galdn C., Hruska, K. 2011. Allergenicity of the
ornamental urban flora: Ecological and aerobiological analyses in Cérdoba (Spain)
and Ascoli Piceno (Italy). Aerobiologia 27, 239-246.

Tedeschini E., Rodriguez-Rajo F.J., Caramiello R., Jato V., Franguelli G. 2006. The
influence of climate changes in Platanus spp. Pollination in Spain and Italy. Grana
(45): 222-229.

Tormo R. Silva I., Gonzalo A., Moreno A. Pérez R., Fernandez S. 2011. Phenological
records as a complement to aerobiological data. Int J. Biomereorol 55: 51-65

Trigo M.M., Jato, V., Ferndndez D., Galan C. 2008. Atlas Aeropalinologico de
Espaiia. Ledn: Secretariado de Publicaciones de la Universidad de Ledn.

Vara A., Ferndndez-Gonzélez M., Aira M.J., Rodriguez-Rajo F.J. 2016. Oleacae
cross-reactions as potential pollinosis cause in urban areas. Sci. Total Environ.
15:(542): 435-440.

Vargas P., Talavera S. 2012. Olea. Flora Europaea. CSIC Real Jardin Botanico, Vol.
11:136-139

Velasco-Jiménez M.J., Alcdzar P., Valle A., Trigo M.M., Minero F., Dominguez-
Vilches E., Galan C., 2014. Aerobiological and ecological study of the potentially
allergenic ornamental plants in south Spain. Aerobiologia 30, 91-101.

Yates IE, Sparks D. 1993. Environmental regulation of anther dehiscence and pollen
germination in pecan. Journal of the American Society for Horticultural Science 118:
699-706.

Zerboni R., Manfredi M. 1988. Utilization of aerobiological, phenological and
phytogeographical data in allergology. Aerobiologia 4: 27

Zhu W.; Zhou P., Xie J., Zhao G., Wei Z. 2013. Advances in the pollination biology
of olive (Olea europaea L.). Acta Ecologica Sinica 33 (2013): 64-71.



703  Tables and figures

704
705 Table 1. Pollination phenology of Olea europaea (2016-2019). The onset, finish and
706  maximum dates are related to the flowering period.

Length Tmean°C
Onset Date | Finish Date = Maximum
(days) = (two months before the flowers opened)

2016  06-May 01-Jun 20-May 26 12.8
2017 = 21-Apr 24-May 12-May 33 15.3
2018  11-May 08-Jun 18-May 28 13.1
2019 22-Apr 21-May 13-May 30 14.2

707



708  Table 2. SPIn (Seasonal Pollen Integral) values, mean pollen season characteristics and Spearman’s rank correlation coefficients for

709  daily values daily values of Olea europaea 2016-2019 with rain (mm), Minimum (Tmin), Maximum (Tmax) and mean temperature (Tmean),
710  in°C, and Wind Speed (m s™').

711 * significance at the 95% level. ** significance at the 99% level.

712
Seasonal Pollen Integral (SPIn) Mean Pollen Season (MPS)
Spearman’s rank coefficient rank Maximum pollen
pollen*day m™ Length )
concentration
Rain Tmin Tmax Timean Wind speed
14/05 to 22/06 21/05
2016 2,606 0.11 -0.04 -0.19 -0.12 -0.11
(40 days) (451 pollen grains/m?)
27/04 to 25/05 03/05
2017 14,015 -0.22 0.01 0.09 0.1 -0.01
(29 days) (1,994 pollen grains/m3)
17/05 to 23/06 23/05
2018 7,894 -0.04 -0.15 0.08 0.01 -0.09
(38 days) (794 pollen grains/m?)
02/05 to 01/06 15/05
2019 14,823 0.12 -0.07 -0.22 -0.2 -0.28
(31 days) (1,558 pollen grains/m?)

713
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Table 3. Spearman’s rank correlation coefficients between hourly values of Olea europaea
2016-2019 during their MPS and hourly meteorological parameters.

* significance at the 95% level. ** significance at the 99% level.

Hourly values with Hourly values with Statistically significant correlation

the highest pollen the lowest pollen

concentration concentration Sl i Temperature o
humidity speed frecuency

2016 10:00-15:00 22:00-09:00 -0.64%* | -0.74%* 0.59%* -0.64+*
2017 11:00-18:00 23:00-07:00 -0.73%* 0.89** 0.73%* -0.76%*
2018 13:00-18:00 22:00-09:00 -0.84 0.42% 0.86* -0.84%*
2019 10:00-17:00 23:00-08:00 -0.827%* 0.27 0.43%* -0.59**
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Fig. 1 A. Pollen trap and portable weather station (WS-GP1 Delta-T). B. Geolocation of Olea

trees. Spore trap (red dot). Olive trees (blue dots). Specimens whose phenology was studied

(yellow dots)



743
744  Fig. 2. Mapping sources of olive pollen of the Iberian Peninsula with olive groves (black
745  colour) from CLC and elevation data in Badajoz (BA).

W FO0W
1

0 28 = 100 Kilbmeters

1
500w

Elevation data and clives trees in the SW Iberian Peninsula around to the studied city, Badajoz (BA)
Elevation data (m) Bl 1001 - 1500
[Jo- 500 N 1501- 2000
[—1501-1000 I =001 - 2258

746
747

748
749
750
751
752
753
754
755



756
757
758

759
760

761
762
763
764
765
766
767
768
769
770
771
772
773
774
775

Fig. 3. Pollen Season of Olea europaea 2016-2019.
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776  Fig. 4. Daily airborne olive pollen concentration (blue lines), mean temperature (orange lines), rain (black bars), MPS dates for start and
777  end (blue bars) and phenology (red dots). 2016 (A), 2017 (B), 2018 (C) and 2019 (D).
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780  Fig. 5. Hourly data for Olea pollen concentrations in 2016 (A), 2017 (B), 2018 (C) and 2019

781 (D), including error bars and average for relative humidity and mean temperature.
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Hourly data for Olea pollen concentration in 2017
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Fig. 6. Wind direction frequency during pollen season of Olea europaea in 2016 (A), 2017

(B), 2018 (C) and 2019 (D).
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804  Fig. 7. HYSPLIT model calculation for the 24-hours back-distribution of particles released in Badajoz for the mismatches between pollen

805  peaks and flowering peaks in 2017 (May 3™ A and B) and 2018 (May 30% C and D, and June 6" E and F).
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