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Abstract: Olea europaea L. pollen is one of the main causes of pollinosis and respiratory diseases in the
Iberian Peninsula (IP). The aim of this study was to provide a pollen calendar in different regions of
the IP, which could help allergists and allergic patients in the management of Olea europaea allergic
diseases, and to update/complement what has already been reported on olive trees’ aeropalynology
in this region. Airborne Olea pollen dynamics were analyzed over a period of 8 years in a total of
21 localities, 7 in Portugal and 14 in Spain. Airborne pollen monitoring was carried out using the
Hirst-type spore trap method and following the recommendations of the Quality Control Working
Group of the European Aerobiology Society. The daily pollen count, the annual pollen profile, the
Annual Pollen Integral (APIn), the Seasonal Pollen Integral (SPIn) and the Pollen Peak, all expressed
in number of pollen grains per cubic metre of air, together with the main pollen season and its
characteristics, the Start Day, the End Day and the length of the pollen season, were calculated for
each sampling station. Differences in mean Olea pollen concentration between odd and even years
were also analyzed. On average, the main pollen season (MPS) started in April/May and ended
in June, with Pollen Peaks recorded in May, except in Burgos, where it was recorded in June. The
longest MPS occurred in Lisbon, Oviedo and Valencia (53 days) and the shortest in Vitoria (25 days).
A high daily pollen concentration (i.e., >200 grains/m?) was recorded between 1 and 38 days along
the year in all sampling stations of the southwest quadrant of the IP and in Jaén. A biannual pattern,
characterized by alternating years of high and low pollen production, was found in the southwest of
the IP. In conclusion, the study provided a deeper understanding of the pollination behaviour of olive
trees in the IP and allowed the establishment of a representative Olea pollen calendar for this region.
In addition, our results suggest the usefulness of investigating more detailed relationships between
annual Olea pollen, allergen sensitization and symptoms, both for allergists involved in the study
and management of allergic respiratory diseases caused by this species and for the self-management
of disease in allergic subjects.
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1. Introduction

Olive tree (Olea europaea L.) cultivation dates to ancient times in the eastern Mediter-
ranean area and has spread globally in the past two decades [1,2]. Despite ongoing debates
about their origins and domestication history, olive trees are recognized today as an em-
blematic and iconic feature of the Mediterranean landscape [1,3,4] and are a key source of
table olives and olive oil—two of the most emblematic foods of the Mediterranean diet [4].
This species has high resistance to extreme weather conditions, such as hot and dry sum-
mers and periods of low rainfall [5,6]. These physiological characteristics have allowed the
expansion of olive trees throughout the Mediterranean area, spreading westward, reaching
the Iberian Peninsula (IP).

The IP is known for its thriving olive growing industry, which holds significant
economic, environmental, and cultural importance in this region. Spanish and Portuguese
agriculture heavily rely on this sector, which devotes a significant proportion of its land
to olive trees and is responsible for a substantial share of the world'’s olive oil production
and consumption [7]. Spain is the world’s leading producer of olive oil, with the Andalucia
region (southern Spain) accounting for over 60% of the country’s agricultural area devoted
to olive cultivation [8]. In Portugal, around 32% of the country’s agricultural area is
dedicated to olive trees, with the Alentejo region (southern Portugal) holding the largest
area, comprising nearly half of the country’s total olive groves [9].

Olive trees are highly adapted to wind pollination, producing a huge number of
flowers [10] and reaching high pollen concentrations in May and June [8,11,12]. The pollen
released by the olive trees (Olea pollen type) is one of the most abundant airborne pollens
of the Mediterranean region and is considered a major cause of pollinosis and respiratory
diseases in this area [13-15]. In some regions of southern Spain, olive pollen is the leading
cause of seasonal allergic rhinitis and bronchial asthma, with a high sensitization rate
among the population [16-20]. Similarly, in Portugal, sensitization to Olea pollen also
reaches high sensitization rates in the southern cities [21-24].

Identifying and measuring pollen types and their concentration in the atmosphere is
crucial, particularly in populated urban areas. The information collected from atmospheric
monitoring may help in the diagnosis and in the treatment of patients with pollen-related
conditions. Consequently, researchers around the globe have been studying atmospheric
pollen content in different locations [25-27].

Olive pollen monitoring is essential, as this pollen-type production in the atmosphere
varies according to climate, geography and agricultural practise within the same coun-
try [8,12,28,29]. Another cause of variation influencing annual olive pollen levels is the
“alternation of production”. This phenomenon occurs in some tree species that essentially
depend on the competition between the ripening of the fruit and the development of the
buds. If trees have not expended many reserves to produce fruits in autumn, the undiffer-
entiated buds will continue developing into flowers during the following spring. However,
if nutrients are scarce, then the buds will differentiate into leaves and branches [30].

Beyond their clinical relevance, these aerobiological studies also hold importance for
both agricultural and environmental sectors, since Olea pollen can be a strong predictor for
olive production and the impact of climate change [15,31].

Considering the clinical importance of Olea pollen in the IP—being one of the main
causes of pollinosis and respiratory diseases—the present study aimed to carry out the first
aerobiological study of the region, to provide a pollen calendar including the Olea pollen
pollinosis symptomatology threshold values [32], to help allergists and allergic patients in
the management of Olea europaea allergic diseases, and also to update and/or complete the
aeropalynological data already reported in this region. To this end, the behaviour of Olea
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pollen in the atmosphere of the IP was analyzed over a period of eight years, considering
the different characteristics and patterns of the main pollen season (MPS) at the 21 sampling
stations representative of the different climatic zones of the IP.

2. Materials and Methods
2.1. Study Area

Atmospheric pollen counts were monitored at 21 sites distributed throughout the
IP over a period of eight years (2012-2019), including 7 sampling stations in Portugal,
located in (i) Vila Real, Porto and Coimbra in the north-western quadrant of the IP and
(ii) Castelo Branco, Lisbon, Evora and Portimao in the south-western quadrant of the IP,
and 14 stations in Spain, located in (i) Oviedo and Salamanca in the north-western quadrant
of the IP, (ii) Toledo, Badajoz and Seville in the south-western quadrant of the IP, (iii) Vitoria,
Burgos, Zaragoza, Lleida, Barcelona and Madrid in the north-eastern quadrant of the IP
and (iv) Valencia, Jaén and Almeria in the south-eastern quadrant of the IP. (Figure 1).
The selected sites have different biogeographical characteristics, covering most of the
Mediterranean and Temperate bioclimatic thermotypes found in the IP [33]. The selected
sites had altitudes ranging from 4 to 909 m.
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Figure 1. Map of the Iberian Peninsula (IP) showing the location of the 21 sampling sites in Spain and
Portugal. El Cerro de los Angeles (40°18/31” N, 3°4104” W) was defined as the geographical centre
of the IP, allowing the map to be divided into four quadrants: north-west, north-east, south-east and
south-west.

El Cerro de los Angeles (40°18'31" N, 3°41'04” W), in Spain, was defined as the
geographic centre of the IP, allowing the classification of the IP sampling stations into four
quadrants corresponding to the north, south, east and west (Figure 1).
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2.2. Aerobiological Data

Airborne pollen monitoring was carried out according to the Hirst-type spore trap
method [34] and the recommendations of the European Aerobiology Society Working
Group on Quality Control [35]. The Hirst-type spore trap method, first developed by
J.M. Hirst in 1952, consists of an air admission chamber that led the airflow through
a 14 x 2 mm slit. The airflow exiting the slit is directed onto a vertical polyester tape
(Melinex) impregnated with an adhesive solution (i.e., petroleum jelly or silicon, from
Lanzoni, catalogue number 200400 and 900401, Bologna, Italy), which is moved relative to
the slit at a rate of 2 mm/h. The pollen grains are aspirated and retained in the impregnated
tape. The pollen traps were mounted on top of buildings (10 to 20 m above ground level)
always facing windward, as the whole device was mounted on a weathervane. The drum
chamber was allowed to rotate for seven consecutive days. At the end of this period, the
Melinex tape containing the pollen sample was removed and replaced with a new one. In
the laboratory, the tape was cut into seven segments, each representing a sampling day. The
membranes were stained with glycerol-gelatine solution containing basic fuchsin (Lanzoni,
catalogue number 200200 and 900200, Bologna, Italy), and the Olea europaea pollen grains
were identified and quantified under a light microscope at 400 x magnification (Olympus
CX41) using the four-longitudinal traverse method.

The daily Olea pollen counts were expressed as the number of pollen grains per cubic
metre of air (grains/m?). This allowed for the obtaining of the annual pollen profiles for
each sampling station for each year, and parameters such as the Annual Pollen Integral
(APIn), defined as the total sum of olive pollen yearly, and the Seasonal Pollen Integral
(SPIn), defined as the sum of Olea pollen during the MPS. The Pollen Peak Value (defined
as the maximum value recorded during the year) could be calculated (grains/m?®) and then
a mean profile for each site was determined considering the average values of the years of
study (2012-2019).

The Olea pollen spectrum was determined with the relative frequency of the Olea pollen
and the Total Atmospheric Pollen collected at each site, thus determining the average values
obtained in the years of the study.

The MPS corresponds to the time when a pollen type is present in the atmosphere in
significant concentrations at a specific location [36]. In this study, the MPS was determined
for each sampling station according to the criteria described by Nilsson and Persson in
1981 [37]. These model profiles allowed for the calculation of new city-specific parameters
such as: Start Day (day number/date), End Day (day number/date), Length of the Season
(days), SPIn (grains/m?), Pollen Peak Value (grains/ m?), Peak Day (day number/date) and
number of days with high risk of exposure to Olea pollen (>200 grains/m?). The number of
days on which the average mean daily concentrations exceeded 200 pollen grains/m? was
defined by the Spanish Aerobiology Network (i.e., Red Espafiola de Aerobiologia, REA) as
the Olea pollen concentration above which there is high risk of exposure causing symptoms
of pollinosis [32]. The mean profiles of MPS parameters were calculated for each sampling
station between 2012 and 2019.

The mean pollen profiles calculated allowed obtaining the Olea pollen calendar for
each sampling station, using a colour scale corresponding to the pollinosis symptomatology
thresholds proposed by the REA [32] (Null: <1 grain/m?, Low: 1-50 grains/m?3, Moderate:
50-200 grains/m3, High: >200 grains/m?), of the total average concentration of Olea pollen
recorded during the study period and across the year and also illustrating some of the MPS
parameters (start date, end date and peak date).

All the calculated parameters described above (except pollen spectrum), as well as
the Olea pollen calendar, were obtained using the AeRobiology package [38] for the R®
software, version 4.0.2.
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2.3. Statistical Analysis

To analyze the differences in the mean concentration of Olea pollen between odd-
numbered and even-numbered years, the GNU PSPP® program was used to perform the
statistical analysis. For this, parametric methods (Student’s t-test and ANOVA) were used
in cases in where equality of variances was demonstrated. The non-parametric (Kruskal-
Wallis) method was used for those cases with unequal variances. The equality of variances
was previously evaluated using the Levenne Test.

The annual average (2012-2019) of each parameter studied was obtained. Once this
was carried out, new means were calculated for each city, differentiating between odd-
numbered and even-numbered years, considering each city’s specific annual secondary
parameters (Start Day, End Day, SPIn and Pollen Peak Date). Their means were statistically
compared as explained above.

The analyses were repeated for every city, excluding the data obtained from the city of
Jaén, which on many occasions turned out to be a distorting factor due to the high pollen
levels recorded in compared with the rest of the sampling stations.

3. Results
3.1. Olea Pollen Spectrum

Olea pollen presence in the Total Atmospheric Pollen collected in each site ranged from
0.3% (Oviedo) to 70.6% (Jaén). Olea pollen represented > 10% of the Total Atmospheric
Pollen in sampling stations located in the southwest area of the IP (Coimbra, Castelo
Branco, Lisbon, Evora, Portimao, Toledo, Seville, Badajoz) and also in Jaén and Almeria,
both located in the southeast region. In the remaining sites the Olea pollen spectrum was
<10% (Table 1).

On average, the highest peak value was registered in Jaén (11,665 grains/m3), com-
pared to the lowest peak value which was recorded in Oviedo (24 grains/ m?3) (Table 1).

Olea pollen presented between 1 and 38 days with “high” pollen concentration
(>200 grains/m?) in all sampling stations of the southern quadrants of IP (Almeria, Badajoz,
Castelo Branco, Coimbra, Evora, Jaén, Lisbon, Portimao, Seville, Toledo and Valencia) and
also a few days in some other sampling stations, such as Barcelona (1 day), Lleida (8 days),
Madrid (4 days), Salamanca (1 day) and Vila Real (3 days). On the other hand, Burgos,
Oviedo, Porto, Vitoria and Zaragoza did not show days with a “high” risk of Olea pollen
concentration (Table 1).
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Table 1. Annual Pollen Integral (APIn) of Olea pollen and characteristics of Olea main pollen season (MPS): Start and End (date and day of the year), Duration

(length of the MPS in number of days), Seasonal Pollen Integral (SPIn) (grains/m3), number of days at a “high” level (>200 grains/m?), Pollen Spectrum (%). Pollen

Peak characteristics: Pollen Peak Value (grains/m3) and Pollen Peak (date and day of the year). All parameters are averaged values calculated from observations
carried out between 2012 and 2019.

MPS Characteristics

Pollen Peak Characteristics

No. Days at

Sampling APIn Start Start (day) End End (dav) Duration SPIn POI‘I;a I;uP:ak Pollen Peak  Pollen Peak a “High” S P:CI::::m
Station (grains/m3) (date) y (date) y (days) (grains/m®) . 3 Date Day Level (>200 P o
(grains/m>) . 3 (%)
grains/m°)

Almeria 4176 31/Apr 120 8/Jun 159 40 3844 478 18/May 138 5 44.7
Badajoz 8545 09/May 129 6/Jun 155 27 7809 1357 13/May 133 12 25.6
Barcelona 2208 06/May 126 17/Jun 168 43 2027 244 29/May 149 1 41
Burgos 205 11/May 131 28/Jun 179 49 188 52 3/Jun 154 0 1.4
Castelo Branco 11,188 13/May 133 12/Jun 163 31 10,324 1900 22/May 142 11 19.6
Coimbra 3587 08/May 128 11/Jun 162 36 3765 456 24 /May 144 6 9.3
Evora 10,287 09/May 129 12/Jun 163 35 9405 1616 15/May 135 13 10.7
Jaén 88,655 09/May 129 9/Jun 160 32 81,164 11,665 15/May 135 38 70.6
Lleida 4794 16/May 136 12/Jun 163 28 4368 627 30/May 150 8 8.8
Lisbon 6184 25/ Apr 115 15/Jun 166 53 5633 678 9/May 129 9 134
Madrid 3238 14/May 134 20/Jun 171 38 2956 509 28/May 148 4 5.9
Oviedo 72 09/May 129 30/Jun 181 53 67 24 23/May 143 0 0.3
Portimao 12,268 27/ Apr 117 5/Jun 156 41 11,152 1229 11/May 131 15 33.2
Porto 950 11/May 131 25/Jun 176 46 873 110 26/May 146 0 34
Salamanca 1147 12/May 132 25/Jun 176 45 1059 214 31/May 151 1 5.7
Seville 13,915 26/ Apr 116 3/Jun 154 39 12,697 1833 7/May 127 19 37.7
Toledo 11,137 16/May 136 12/Jun 163 28 10,220 1549 26/May 146 13 21.2
Valencia 2754 29/ Apr 119 19/Jun 170 53 2504 297 18/May 138 1 7.1
Vila Real 2464 12/May 132 12/Jun 163 33 2262 316 27 /May 147 3 6.6
Vitoria 253 09/May 129 2/Jun 153 25 238 76 26/May 146 0 1.2
Zaragoza 1643 08/May 129 15/Jun 167 37 1501 131 27 /May 147 0 5.9
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3.2. APIn, MPS Characteristics, Pollen Peak and High Allergenic Days

The main features of the APIn and Olea MPS are summarized in Table 1. The results
show that the APIn and the SPIn, on average, reached the higher values in Jaén (88,655
and 81,164 grains/m3, respectively) and lower values in Oviedo (72 and 67 grains/m3,
respectively) (Table 1).

In most of the sampling stations, the Olea MPS, on average, mainly spans from late
April (Almeria, Lisbon, Portimao, Seville and Valencia) and beginning—-mid May (the
remaining sampling stations), until the whole of June, with the End Day changing according
to the sampling location (e.g., in Vitoria until 2nd June, in Seville to 3rd June, but in Oviedo
until 30th June). Regarding the length of the pollen season during the study period, the
longest MPS occurred in Lisbon, Oviedo and Valencia (53 days) and the shortest in Vitoria
(25 days) (Table 1).

Pollen Peaks, on average, occurred in May in all sampling stations, except in Burgos, in
which it occurred on 3rd June. An irregular spatial distribution of Olea pollen in the IP was
also found, with prominent fluctuations throughout the sites and between the study years.

3.3. Pollen Calendar

Figure 2 represents the Olea pollen calendar for the IP, considering the study sites,
over a whole year. In this study, the first pollen grains were observed at the end of
February in Jaén and throughout March in Seville, Lisbon, Salamanca and Vila Real. The
last occurrences were recorded in August and September in Seville, Madrid, Portimao,
Salamanca, Barcelona, Vila Real and Toledo, with a few scattered pollen grains detected
in October in Coimbra, November in Lisbon and Castelo Branco and even December in
Evora and Jaén. The MPS characteristics presented in this calendar (start, end and Pollen
Peak) varied across the different regions of the IP. The MPS started earlier in the southern
and coastal regions (mid-April) and later in the central and northern regions (early-to-
mid of May). There is a clear difference in pollen concentration levels (grains/m?) in
Burgos, Salamanca, Oviedo, Vitéria and Porto, in contrast to the other areas of the IP, as
these regions present only Olea pollen concentrations at “null” (<1 grain/m?) or “low”
(<50 grains/ m?) levels. In cities such as Seville, Lisbon, Portimao, Evora, Badajoz, Jaén,
Castelo Branco, Lleida and Toledo, the Olea pollen concentrations reached the “high” level
(>200 grains/m?) from April to June (Figure 2) and also registered a greater no. days at a
“high” level (>200 grains/ m?) (Table 1).

Almeria
Badajoz

Barcelona

Burgos

Castelo Branco

IIIII L
IWI‘IHI |’IIllll ||] || |

Coimbra
Evora
Jaén | |
Lileida "
Grains/m®
Lisbon
<
] 0
50200
>200
Main pollen season
@ Stert date
/\ Peak date
Seville | |I ||| @ End date

Madirid

Oviedo
Portimao |

Porto

Salamanca-

Toledo
Valencia+
Vila Real

Vitoria

Zaragoza-
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Figure 2. Olea pollen calendar including the start date, end date and Pollen Peak date, and the Olea
pollinosis symptomatology thresholds proposed by REA (Null: <1 grain/m3, Low: 1-50 grains/m3,
Moderate: 50-200 grains/m?3, High: >200 grains/m?).
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3.4. Even-Numbered Years vs. Odd-Numbered Years

The comparison of Olea pollen concentration between even and odd years showed
significant differences (p < 0.05) on the MPS End Day for the southwest region of the IP,
finishing earlier, on average, during the odd years (30th April) than in the even years (9th
May). The SPIn also had significant differences (p < 0.05) between even and odd years
in the southwest region of the IP, with pollen concentrations values being, on average,
much higher in odd years (10,674 grains/ m?) than in even years (7024 grains/ m?) (Table 2).
This phenomenon of recording alternate years with high and low pollen production was
observed in most of the sites studied, but it only presented significant differences in the
southwest region (Portimao, Seville, Lisbon, Evora, Castelo Branco, Badajoz, Coimbra,
Toledo). Regarding the Peak Day, significant differences (p < 0.05) were also found both in
the southwest region and in the rest of IP and occurred earlier in odd years than in even
years (Table 2).

Table 2. Significant Statistical differences (p < 0.05) recorded in the variables analyzed: MPS Start
Day, MPS End Day, Seasonal Pollen Integral (SPIn) and Peak Day between the odd-numbered years
and even-numbered years in sampling stations located in the southwest area in comparison to the
rest of the Iberian Peninsula. Data from Jaén were significantly over the scale, and therefore excluded
from this statistical analysis, due to their distorting effect.

Southwest Rest of Iberian Peninsula
Odd Years Even Years p-Value Odd Years Even Years p-Value
MPS Start Day .
(Day Number,/Date) 121/30th April 130/9th May 0.075 128/7th May 132/11th May 0.31
MPS End Day "
(Day Number,/Date) 156/4th June 165/13th June 0.02 169/17th June  173/21st June 0.483
SPIH 3 10,674 7024 0.045 * 2036 1604 0.472
(grains/m?)
Peak Day 131/10thMay  141/20thMay  0.025* 144/23rd May ~ 151/30thMay ~ 0.049 *
(Day Number/Date)

*p < 0.05.

4. Discussion

The Olea pollen spectrum reached its highest values in the southwest region of the
IP, which hosts the largest olive tree cultivation areas [8,9,39]. The olive-growing area has
been increasing over the last decades in the IP [9,39] and the results obtained in this study
indicate a substantial increase in Olea pollen presence in the atmosphere over the last 15 to
30 years, regarding findings from previous studies carried out in this region [40—43].

The olive tree produces a large amount of pollen [44] and its pollen grains hold
favourable aerodynamic properties, allowing it to be easily transported into the atmo-
sphere [45]. These characteristics, together with the large number of hectares being used
for olive tree cultivation, may explain the abundance of Olea as one of the dominant pollen
types in the atmosphere of Mediterranean countries [46—48].

The largest olive groves are in the south of the IP, particularly in the region of An-
dalucia (Spain), where the province of Jaén is recognized as the world’s leading olive
oil producer [49], with a significant percentage of agricultural land use devoted to this
crop [39]. Furthermore, Jaén reports that 97% of allergic patients are sensitized to olive
tree pollen [18]. In this study, it was observed that Jaén recorded considerably higher Olea
pollen values in APIn, SPIn, Peak Value, no. of days with “high” allergenic risk and Pollen
Spectrum compared to the other sampling stations (Table 1). Olea pollen concentration val-
ues gradually decreased with increasing latitude in the IP [50,51], with northern sampling
stations exhibiting rather less notable values than the southern ones. Lleida seemed to be
an exception to this pattern, with a significant area of olive groves [39], and displaying
similar behaviour to some of the sampling stations located further south, as it is under the
influence of the meso-Mediterranean thermotype, which favours olive growing [52].
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Previous studies have concluded that the start, end and peak dates of the MPS occur
earlier in the southern regions compared to northern ones [8,11], as well as lower altitudes
compared to higher ones [29,51]. This observation sustains the fact that the coastal and
southern thermo-Mediterranean sampling stations such as Almeria, Lisbon, Portimao,
Valencia and Seville, have an average start of the MPS in late April, compared to the
remaining sites, where the MPS only started during May. On the other hand, the last pollen
grains of the MPS were recorded at the end of June in Oviedo (sampling station located at
the higher latitude) and Burgos (sampling station at the higher altitude), with both sites
characterized by a bioclimatic temperate influence. Recio et al. [53] proposed the city of
Malaga as an indicator for the onset of Olea MPS in the south of the IP, since the Pollen
Peak, on average, occurred earlier (8th May) than other cities studied by other authors in
this region. Still, accordingly, instead of Malaga, we propose Seville, since it had an even
earlier Pollen Peak, occurring on 7th May. According to the findings of this study, we can
define Oviedo as an indicator for the Olea MPS finish in the IP, with the latest end date (30th
June). Although it is already well-established that meteorological parameters have a clear
effect on the MPS of Olea europaea L., studies have shown that reproductive development is
also conditioned by the fulfilment of certain temperature requirements [31], which differ
between the several geographical regions and even within the same region (i.e., depending
on altitude) [54].

The Olea MPS has a short duration (between 25 and 60 days) in most regions, consistent
with the findings reported by other authors [12,29,40], since this pollen type comprises by
a single species. The MPS in Lisbon, Oviedo and Valencia has a longer duration (53 days),
resulting in allergic patients being exposed to this pollen type for an extended period,
which increases the risk of more extended pollinosis symptoms [55,56].

The Pollen Peak, on average, occurs throughout the month of May for all sampling
stations (excluding Burgos), as previously noticed in the IP [8,12,50,53]. The Pollen Peak
dates depend on topographical and climatological conditions [11], which explain the latter
Pollen Peak occurrence during June in Burgos, since this sampling station is located at a
higher altitude. The Pollen Peak values in Almeria and Jaén have significantly increased
since a study conducted in 2003, when they measured at about 150 and 5000 grains/m?,
respectively [57]. In this study, the average Pollen Peak value recorded for those sampling
stations was 478 and 11,665 grains/ m3, respectively. Garcia-Mozo et al. (2014) [58] have also
noticed an increase in Olea Pollen Peak Values through the years. This is likely due to the
same reason previously discussed, regarding the extremely high increase in olive-growing
land in the southern region of the IP [9,39]. These results indicate that the concentrations
of Olea pollen recorded in this study are higher than those found in previous research,
suggesting an increasing allergenic potential for this taxon in the studied area.

In the southwest region of the IP, the pollen concentrations exceed the threshold
values of a “high” allergenic risk occurrence (>200 grains/m?) for a period ranging from
6 to 38 days, during which Olea-sensitized population may develop Olea pollen-related
symptoms [32]. The results of a study conducted in Toledo between 2003 and 2007 showed
an average number of 8 days with “high” allergenic risk [41]. This study shows that this
average has now risen to 13 days in Toledo, suggesting an increase in the number of “high”
allergenic risk days in this city.

The Olea pollen calendar obtained from this study included a wide and representative
coverage of the IP (21 sampling stations), which enabled the identification of cities with the
highest risk for Olea pollen allergic patients and those sensitized, allowing evaluation of
the seasonal behaviour of this pollen according to a threshold system, which can measure
the percentage of the population susceptible to developing symptoms associated with
Olea pollen [32]. This calendar is based on an 8-year historical, reliable database (2012—
2019). The main findings showed considerable inter-city variability in pollen concentration
(grains/m3) and MPS features (start, end, and Pollen Peak). This can be attributed to
the wide variety of bioclimatic thermotypes and biogeographic areas represented by the
sampling stations analyzed in this study. This is the first Olea pollen calendar for the
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IP using a wide variety of sampling stations in a single figure, to represent the different
biogeographic regions. This approach considers pollen based on spatial variability, ensuring
that the pollen calendar is accurate and representative of a given area [59].

When we compare the Olea pollen calendar in the IP to other areas of the Mediter-
ranean Basin, it is shown that the MPS (start, end and Pollen Peaks) happens slightly later
than in Tunisia but sooner than in Italy [51] and south Turkey [60]. Also, the southern
regions of the IP present a similar behaviour to the northeast region of Greece [47]. Fur-
thermore, the pollen concentration reached higher values in the south of the IP than in the
other countries of the Mediterranean area [51].

The pollen calendar is a valuable tool, providing an updated, clear and illustrative
representation summarizing the airborne pollen dynamics (distribution, timing and con-
centration thresholds) for each specific region throughout the year (on a daily, monthly
and annual basis) [61]. This information can be useful both for allergic patients, allowing
them to take preventive measures and reduce their exposure to pollen, and for clinicians, to
recognize potential triggers and help in the diagnosis/treatment of Olea pollen respiratory
allergic disease [47].

Olea europaea L. exhibits a rotation in flower productivity, leading to biannual pollen
production cycles—a year with high pollen production (odd-numbered years), followed by
a year with low pollen production (even-numbered years). This pattern of alternate pollen
production has already been reported by some authors [11,12,15,46,60] and it is associated
with species’ biological cycles, as well as weather conditions, particularly seasonal rainfall,
which has an important role in the annual production of Olea pollen [50]. Conversely, some
authors did not notice the biannual pattern in pollen production, as in a study conducted
on the north-western region of Morroco [62].

This study noticed a biannual pollen production pattern, with the even-numbered
years recording a higher pollen concentration. This pattern only presented significant
differences (p < 0.05) for the southwest sampling stations of the IP. In addition, significant
differences (p < 0.05) in southwest sampling stations were also found in the MPS End Day
and the Pollen Peak Day, exhibiting these last parameter differences also in the rest of the IP.
This situation, regarding the MPS End Day and Pollen Peak Day, needs to be better studied.
In future terms, it would be interesting to analyze this biannual pattern with regard to
meteorological parameters, since weather conditions greatly influence olive tree flower
and pollen production. Additionally, that may be the reason for not observing significant
differences revealing the biannual pattern in some regions of the IP.

To analyze the differences between the sampling stations located in the south-western
region and the other sampling stations in the IP, we had to exclude Jaén due to this station’s
influence on the data analysis. As mentioned above, the concentration of Olea pollen in Jaén
is extremely high compared to any other sampling station (Table 1), resulting in possibly
biased results.

5. Conclusions

In this study, Olea europaea pollen was monitored for eight consecutive years (2012—
2019) at 21 sampling sites throughout Spain and Portugal, covering all the different biocli-
matic regions of the IP. Our results have provided a deeper understanding of the pollination
behaviour of olive trees and allowed us to establish a representative Olea pollen calendar
for this region. On average, the MPS started in April/May and ended in June, and Pollen
Peaks were recorded in May in all sampling sites except in Burgos (north-eastern quadrant
of the IP), where they were recorded in June. Olea pollen reached ‘high” daily pollen
concentrations at all sampling sites in the south-western quadrant of the IP and also in
Jaén (south-eastern quadrant of the IP). Interestingly, a biannual pattern of pollination
was found at sampling sites in the southwest quadrant of the IP, characterized by alter-
nating years of high and low pollen production. Our results suggest the usefulness of
investigating more detailed relationships between annual Olea pollen, allergen sensitization
and symptoms, both for allergists involved in the study and the management of allergic
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respiratory diseases caused by this species, including rhinoconjunctivitis and asthma, and
for the self-management of disease in allergic subjects.
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