
Abstract The Pinus genus has an elevated pollen pro-
duction and an anemophilous nature. Although consid-
ered to be hypoallergenic, numerous cases of allergies
caused by Pinus pollen have been cited and different au-
thors believe that its allergenicity should be studied in
more depth. In the city of Vigo several patients have test-
ed positive for Pinus pollen extracts in skin tests, some
of them being mono-sensitive to such pollens.

In order to ascertain the behaviour of Pinus pollen
and its correlation to the main meteorological factors, we
carried out an aerobiological study in the city of Vigo
from 1995 to 1998 by using a Hirst active-impact volu-
metric sporetrap, model Lanzoni VPPS 2000, placed on
the left bank of the Vigo estuary (42°14’15’’N,
8°43’30’’W). Pinus has high quantitative importance in
the airborne pollen spectrum of the city. It is one of the
best represented taxa constituting 13%–20% of the total
annual pollen levels. The quantity of Pinus pollen pres-
ent in the atmosphere of the city of Vigo throughout a
year is 5751 grains (as the average for the sampled
years), with a very long pollination period, from the mid-
dle of January until May. The maximum concentration
was recorded in 1998 with 1105 grains/m3 on 3 March, a
much greater value than those for the previous years. At
the end of its pollination period there is usually a final
increase in Pinus pollen concentrations coinciding with
the pollination of Pinus silvestris, which are more abun-
dant in mountainous areas far from the city.
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Introduction

The Pinus genus includes a large number of species
spread extensively throughout the northern hemisphere.
Despite its elevated pollen production, calculated to be
between 20.9×106 and 32.3×106 pollen grains per tree
for Pinus pinaster (Tormo et al. 1996), and its anemophi-
lous nature, it is not generally considered to be an impor-
tant allergen. Different reasons are given to explain the
causes of its scarce or null allergenicity: the large size of
its pollen grains, which inhibits its penetration of the res-
piratory tract (Armentia et al. 1990), its low protein con-
tent (Cornford et al. 1990) or its hydrophobic nature due
to its high lipid content (Harris and German 1985). How-
ever, pine pollen has been found in the respiratory tract:
Dankaart et al. (1991) highlighted its presence in the
lower respiratory tract and Accorsi et al. (1991) identi-
fied pine pollen in nasal and conjunctival secretions and,
to a lesser degree, in the bronchi.

The presence of allergenic proteins in pine pollen, and
their possible cross-reactivity with Lolium perenne aller-
gens, have been cited by Fountain and Cornford (1990)
and Cornford et al. (1990), who demonstrated a slower
release of such proteins on the part of pine pollen grains.
Recently, Pettyjhon and Levetin (1997) found that the
quantity of protein in Pinus echinata pollen is higher
than that of pollens such as Juniperus ashei, considered
to be highly allergenic, linking the low allergenicity of
Pinus to its high quantity of lipids and the slow release
of allergens, since the quick release of allergens is a
highly important factor in allergic reactions.

Although considered to be hypoallergenic, numerous
cases of allergies caused by Pinus pollen have been cited
(Rowe 1939; Newmark and Itkin 1967; Farnham and
Vaida 1982; Harris and German 1985) and different au-
thors believe that its allergenicity should be studied in
more depth (Armentia et al. 1990; Fountain and
Cornford 1991; Freeman 1993). In the city of Vigo sev-
eral patients have tested positive for Pinus pollen ex-
tracts in skin tests, some being mono-sensitive to such
pollens (Marcos et al. 1997).
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We carried out an aerobiological study of the city of
Vigo from 1995 to 1998 in order to ascertain the behav-
iour of Pinus pollen and its correlation to the main mete-
orological factors.

Materials and methods

We placed a Hirst active-impact volumetric sporetrap, model
Lanzoni VPPS 2000, on the right bank of the Vigo estuary:
42°14’15”N, 8°43’30” (Fig. 1).

We used a Nikon Opthiphot II microscope with a 40×/0.95 res-
olution lens in order to identify the pollen grains. The samples
were counted and prepared by the method proposed by the Span-
ish Aerobiology Network (Domínguez et al. 1991) and identified
by means of reference guides (Valdés et al. 1987; Spieksma et al.
1993) and the palynological collection of the Ourense Aerobiolo-
gy Group of the University of Vigo.

We calculated the main pollination period (MPP), following
the criterion used by Nilsson and Pearson (1981), which takes into
account 90% of the annual pollen concentration, eliminating the

initial 5% and the final 5%, and that used by Pathirane (1975), ac-
cording to which we have taken this period to be the one described
by the sigmoid curve between two inflection points.

Finally, we used Spearman’s correlation coefficient to detect
the possible relationship between meteorological parameters such
as rainfall, humidity, hours of sunshine, temperature (maximum,
mean and minimum) and wind route and direction, and the atmo-
spheric concentration of Pinus pollen, studying each year sepa-
rately and the 4 years of sampling together.

Results

We have collected an average of almost 6000 grains of
Pinus pollen during the period under study (Fig. 2). The
characteristics of the main pollination periods during
these 4 years, according to the two criteria used, are
shown in Table 1. Generally the pollination period of
Pinus has begun by the middle of February and contin-
ues for 63 or 40 days on average, according to the afore-
mentioned criteria. During the first 5 months of the year
Pinus pollen is present in the atmosphere on 70%–80%
of the days. Out of the taxa collected in Vigo, it repre-
sents the highest percentage in relation to the annual to-
tal (between 13% in 1995 and 21% in 1996) according to
the year.
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Fig. 1 Location of Vigo in Spain Fig. 2 Pinus pollen grains collected during the years under study

Table 1 Annual values of Pinus pollen and characteristics of its main pollination period according to Nilsson and Pearson and accord-
ing to Pathirane

Characteristic 1995 1996 1997 1998

Nilsson and Pearson
Starting date 19 February 12 March 12 February 19 February
Finishing date 20 April 6 May 9 April 7 May
Duration (days) 61 56 57 78
Average Pinus pollen count (grains/m3) 94 64 112 67
Total Pinus pollen grains collected 6324 3955 6975 5806

Pathirane
Starting date 10 March 21 March 3 March 19 February
Finishing date 18 April 30 April 9 April 29 March
Duration (days) 40 41 38 39
Average Pinus pollen count (grains/m3) 129 80 158 132
Total Pinus pollen grains collected 5153 3195 5995 5144
Percentages of annual total (%) 81 81 86 89
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Fig. 3 Pollination period during the years under study and its running mean. Points define the period described by Pathirane and lines
the one described by Nilsson and Pearson
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Fig. 4 Running total of con-
centrations (%). Main pollina-
tion period according to
Pathirane is marked
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Figure 3 shows the evolution of Pinus pollen during
the first 5 months of the years under study and the limits
of the pollination periods calculated according to the
aforementioned criteria; it also shows the curves ob-
tained when the mobile average obtained from each day
and the 4 previous ones is used as a measurement of pol-
len concentration. One can see that the maximum values
are recorded during the month of March. During this
month we collected between 60% and 80% of the annual
total of the Pinus pollen grains counted and 82% during
1996. These results can also be seen in Fig. 4, which
shows the running percentage of Pinus pollen grains; the
main pollination period according to the criterion used
by Pathirane is also shown.

Finally, the Spearman correlation coefficients ob-
tained by comparing the Pinus pollen concentrations and
the meteorological parameters during the pollination pe-
riod (Table 2) are in general, higher and constant. The
correlations were calculated for both criteria, each year
and all the years together; they were likewise calculated
on the basis of the pollen season as a whole and the pre-
peak period (Recio et al. 1997). A negative correlation is
observed with precipitation, humidity and south-westerly
to north-westerly winds, and a positive one with temper-
ature, hours of sunshine and north-easterly winds.

Discussion

The concentration of Pinus pollen in the city of Vigo
reaches very high values, the daily mean count some-
times exceeding 1000 grains/m3. Such values are gener-
ally a lot higher than those recorded in nearby parts of
Galicia such as Santiago where the values do not reach
1500 grains of pollen collected from the air during the
whole season (Aira et al. 1998), or Ourense, where we
can only collect a total of 3000 pollen grains during the
whole season (Iglesias et al. 1998).

The fact that this type of pollen includes several spe-
cies means that its pollination period, based on 90% of
the annual total, is long (between 64 and 112 days during
the years under study) and that successive oscillations
are detected in its concentrations according to the polli-
nation of the different species. The highest concentra-
tions occur during the pollination of P. pinaster (the most
abundant in the city surroundings and the first to flower
along with Pinus radiata), which means that the maxi-
mum values are recorded during the month of March, the
month in which the greatest percentage, in relation to the
annual total, is collected. The maximum concentration
was recorded in 1998 with 1105 grains/m3 on 3 March, a
much greater value than the previous years (542 in 1995,
294 in 1996 and 606 in 1997). At the end of the P. pinas-
ter pollination period there is usually a final increase in
pollen concentrations coinciding with the pollination of
P. silvestris, which are more abundant in mountainous
areas far from the city, so that most of the collected pol-
len will have been transported from more than 40 km
away. In general, the concentrations collected at that

time are a lot smaller than those attained during the pol-
lination of P. pinaster and P. radiata and are excluded
when the main pollination period is calculated.

There are numerous criteria for establishing the main
pollination period and the demarcation varies according
to which one is chosen. Types of pollen that include dif-
ferent species having pollination periods that overlap or
take place at different times, result in excessively long
pollination periods, with various peaks throughout such
periods and days in which null or very low pollen con-
centrations are recorded. The subsequent processing of
the data, according to the chosen criterion, will include
more or fewer days, thereby producing different results.
When Pathirane’s criterion is applied, the beginning of
the period is notably delayed (except in 1998, when the
beginning coincided with both criteria) and its end is
brought forward (except in 1997 when they coincided),
resulting in a much shorter period. The variations in the
length and dates of the beginning and ending of the
aforementioned pollination periods are also explained by
the atmospheric washings produced by the rainfalls;
these washings will influence the lengthening of the pol-
lination period calculated by the 90% method described
by Nilsson and Pearson. Thus, in 1997, at the beginning
of the pollination period calculated according to their
criterion, large amounts of rain fell and caused the re-
markable difference between the starting date and that
used for the Pathirane criterion. The same thing hap-
pened at the end of the pollination period in 1998, when
the high concentration of rainfall registered during the
first days of May extended the latter end of the pollina-
tion period.

In the same way, the aforementioned washings influ-
enced the total concentrations of pollen registered during
the years of study since, in 1996, because of the rainfall
that took place during the pollination period, these
annual sum fell to only 3955 pollen grains.

The correlations between Pinus pollen concentrations
and meterological parameters are, in general, higher and
more constant if we consider the 90% pollination period.
A negative correlation is observed with precipitation and
humidity, and a positive one with temperature and hours
of sunshine, when the 4 years under study are considered
together. With regard to the influence of the wind, which
comes from the inner part of the peninsula and reaches
the city through the wide corridor, traced by the estuary,
from the large masses of Pinus forests planted during the
1970s and dominating many of the coastal environments,
the concentration is positive during the first quarter (with
north-easterly winds) and negative during the third and
fourth quarters (south-westerly to north-westerly), when
the wind comes from the sea or from the big orographic
barriers that limit the south of the city. This fact is rein-
forced by the occurrence of a negative correlation, or by
its disappearance when the wind is calm.

Meteorology seems to be less important if we study
the correlations obtained by calculating the period ac-
cording to the criterion proposed by Pathirane. With the
exception of minimum temperature and wind in the sec-
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ond quarter, no significant correlations are obtained with
the other meteorological parameters when the 4 years of
study are considered together. When each year is consid-
ered independently, both the pre-peak period and the en-
tire season, the correlations do not remain constant

From this we can deduce that the meteorology is more
important during the period of formation and ripening of
the pollen grains than during the pollination process it-
self. Probably the morphology of the pollen grains of Pi-
nus facilitates their persistence within the atmosphere
once they have been freed, so the pollen values collected
are not only a consequence of the dehiscence of the poll-
inic sacks, but also of the fact that the pollen grains re-
main airborne for a long time.

Conclusions

Pinus is one of the best represented taxa in the atmo-
sphere of the city of Vigo where it constitutes between
13% and 21% of the total. Its concentrations are the most
elevated in Spain, registering levels that are only
matched in Barcelona (Belmonte et al. 1998). It has a
very long pollen period, from February until May, and
presents the highest concentrations of the year in March.
At the end of its pollination period there is usually a final
increase in its pollen concentrations coinciding with the
pollination of P. silvestris.

We have found that there are five meteorological pa-
rameters that mostly influence the atmospheric concen-
tration of Pinus. The positive ones are the temperature,
the hours of sunshine and the wind blowing from a
north, north-easterly direction, where the large forestall
masses of Pinus are situated in the estuary of Vigo. The
negative ones are rainfall and humidity, acting together
and decreasing the concentrations during the pollination
periods, as well as lengthening the number of days such
that the differences between in the pollinic seasons, cal-
culated according to the two criteria used, are emphasi-
sed in those years with abundant rainfall at the beginning
and ending of the seasons.

Owing to the high production of pollen and to its al-
lergenic character it is very important that, in future
work, the pollination periods of the different species that
form the Pinus family are differentiated to so that its be-
haviour can be better understood.
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