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Abstract We analysed the occurrence of the Echium
pollen in the atmosphere of Salamanca, on the basis of
8-year observation (2000-2007) with the aim to
evaluate its aerobiological behaviour. Aerobiological
samples were collected by the Hirst volumetric
method with a 7-day Burkard spore trap. The atmo-
spheric pollen season of Echium was observed in late
spring (May and June), showing also high levels in
midday hours. However, an anomalous flowering
period was detected in late autumn and early winter
between years 2006 and 2007 and it could be
connected with high daily temperature registered in
October 2006 in comparison with the 2000-2005
period and its particular increasing tendency similar to
those detected in the preceding month of the late
spring flowering period. Statistical analysis by means
of the Spearman’s non-parametrical test and linear
regression analysis reflected a positive correlation
with temperature and a trend to increase in daily
temperature during late October 2006 and April in
2000-2005 with similar indexes (R> = 0.50,
R* = 0.58, respectively). In conclusion, aerobiologi-
cal data could contribute to the development of further
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studies in order to a better understanding of different
plant species phenology.
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1 Introduction

Over the last few years a great number of phenological
studies has been carried out using aerobiological data
to determine the time of flowering (Peeters 1998;
Fuertes-Rodriguez et al. 2007; Ribeiro et al. 2008;
Garcia-Mozo et al. 2009) or to model the response of
plant phenology to climate (Chuine et al.1999;
Schwartz 2003). Using long aerobiological data series,
it is possible to establish the atmospheric pollen season
of main pollen types counted in the atmosphere of
different cities, and subsequently, it is also possible to
evaluate the time of flowering in some species, mainly
anemophilous. Some entomophilous species could
achieve relevant airborne concentrations, mainly in
the case of species with secondary transport by the
wind due to the floral disposition of anthers, a great
pollen production or even to a small pollen size. The
genus Echium L. in the Iberian Peninsula comprises 19
species included in one pollen-type, Echium plantag-
ineum (Trigo et al. 2008), with entomophilous polli-
nation, reflected by its contribution to floral honeys
(Saenz Lain and Gomez Ferreras 2000). In addition,
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Echium pollen grains present a secondary wind-
pollination, as show some aerobiological studies
(Salvador de Luna and Sanchez-Sanchez 1990;
Garcia-Mozo et al. 2007) carried out in different areas,
and it could be responsible for allergic symptoms in
sensitised individuals (Katelaris et al. 1982; Matthews
et al. 1988).

According to an aerobiological analysis of Echium
pollen in the Middle West of Spain, the aim of this
paper is to contribute to a better knowledge of
anomalous flowering periods occurring in years with
particular meteorological conditions.

2 Materials and methods

Salamanca stands in the Middle West of the Iberian
Peninsula (40° 58’ N; 5° 40’ W) at 800 metres above
the sea level, with around 180,000 inhabitants. The
climate is Mediterranean continental (Capel Molina
1981) characterised by cool winters, warm summers
and a low annual rainfall level, which determines a
drought season during the summer period (Table 1).
In terms of biogeography, the city belongs to the
Mediterranean Region (Rivas Martinez et al. 2002),
and to the Mediterranean West Iberian Province and,
to a lesser extent, Mediterranean Central Iberian
Province. The main surrounding forests are repre-
sented by pastures with holm oaks (Quercus ilex L.
subsp.ballota (Desf.) Samp.), where a great number of
Echium individuals appears in spring time, mainly the
species Echium plantagineum L. and Echium vulgare
L., if meteorological conditions are favourable.
Aerobiological samples were collected from 2000
to 2007 using a Burkard 7-day volumetric spore trap

located in a historic centre building placed 20 m above
ground level, and pollen concentration is expressed as
the number of pollen grains in a cubic metre of air per
day. Sampling method, slide preparation and data
interpretation were performed according to the Span-
ish Aerobiology Network (Galan et al. 2007).

The term atmospheric pollen season (APS) was
used instead of classical term ‘main pollen season’,
due to this term seems more suitable (Jato et al. 2006).
The APS was adopted from the period that includes
95% of the annual airborne pollen (Andersen 1991).
The pre-peak period (PRE) includes the period
between the starting date of the APS and the date on
which the highest concentration is reached. A 5-day
running mean was calculated during the studied period
and plotted to assess the seasonal trend.

The intradiurnal airborne pollen concentration was
determined for the 2005-2007 period on the basis of
the bi-hourly values of atmospheric concentration
registered during the APS according to the two
methods described by Galdn et al. (1991): the days
(1) where atmospheric pollen concentrations were
superior to the average of the APS concentration and
(2) without precipitation occurrence were selected.
The values were expressed in percentage rather than in
absolute numbers, in order to avoid annual and daily
variation and to make both methods comparable.

Since the airborne pollen did not seem to display a
normal distribution, the Spearman’s non-parametric
correlation test was used. This method allows to find
out possible correlations between concentrations and
the main meteorological variables, such as mean,
maximum and minimum temperature (°C), sunshine
hours, rainfall (mm), relative humidity (%), mean wind
speed (m/s), wind direction (%) and wind calm (%).

Table 1 Annual and monthly mean temperature and total rainfall for Standard Reference Period (1971-2000) and for years 2006 and

2007
Periods/months J F M A M J J A S (6] N D Annual Tpeqn
and Rainfall
1971-2000  Trean 36 56 77 96 134 179 21 205 172 122 73 48 117
Rainfall 31 27 22 39 48 34 16 11 32 39 42 42 383
2006 Timean 16 27 83 114 162 202 232 200 180 139 99 34 124
Rainfall 18 41 29 25 12 37 8 35 21 60 44 17 347
2007 Timean 41 70 7.1 104 138 174 205 200 173 114 47 32 114
Rainfall 9 51 12 70 68 28 1 12 72 57 34 8 422

Tmean, mean temperature (°C); Rainfall, total rainfall (mm); Annual 7y,c,, and Rainfall, annual mean temperature (°C) and total

rainfall (mm)
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Correlations took into account the whole studied
period, each year studied with its APS and PRE.
Meteorological data for 2000-2007 period were sup-
plied by the Spanish State Meteorological Agency, by
mean of its meteorological station (Matacan) located
10 km east of the sampling site. The SPSS (v.12)
software package was used for the statistical analysis.

3 Results

The annual pollen index of Echium was rather variable
in the studied period, with the mean value 111, with
the highest index of 268 in 2006 and the lowest index
of 15 in 2002. Years 2007 and 2001 also displayed
rather high and lower annual pollen indexes, with 248
and 19, respectively. The percentage of the Echium
annual pollen indexes in respect to total pollen counts
ranged from 0.2% in 2001, 2002 and 2005 to 1.3% in
2003, with 0.7% as mean value (Table 2).

The presence of Echium pollen grains started
already from late April, when the daily levels of
pollen increased gradually until the second week of
June (09 June), when they reached the highest mean
daily value (6 p/m®). Subsequently, the mean counts
decreased until late July (Fig. 1). In the November—
February period, we must point out the important
levels of Echium pollen, according to 5-days average
of the studied years. However, in 5-days average of
2000-2005, there was no pollen presence in autumn
and winter months, following the general guidelines in
spring and summer months described above.

The duration of the APS was 89 days on average
and it ranged between 43 and 220 days (Table 2). The

Table 2 Seasonal behaviour of airborne Echium pollen

earliest APS starting date was on 24 January 2007 and
the latest on 18 May 2004, with 28 April as a mean
value. The APS ended on average on 25 July, ranging
between 26 June 2002 and 2005 and 7 December 2006.
During the 2000-2005 period, the mean length of APS
was 57, ranging between 43 and 60 days in years 2000
and 2003, respectively. In the same period, the mean
start date of APS was 9 May, being the earliest start
date on 7 May 2005, whereas the mean end date was 4
July, being the latest end date on 9 July 2004.

The bi-hourly distribution of this pollen in the
atmosphere showed that concentrations increased
from 11:00 to 17:00, when concentrations reached
maximum percentages over the average total counts of
the day, and after that, the values decreased softly until
midnight, being lower in the first hours of the day
(Fig. 2).

The correlations between daily concentrations and
the main meteorological parameters were softly
positive and significant with temperature and sunshine
hours in a large number of cases during the period
2000-2007. The values of correlation between the
daily pollen concentration and the relative humidity
were usually negative. In respect to the other meteo-
rological parameters analysed, there are no significant
correlations with daily Echium pollen counts, except
in few years and APS or PRE periods (Table 3).

4 Discussion
The number of studies reflecting data about the

airborne presence of Echium pollen grains was
relevant in those that corresponded to different areas

2000 2001 2002 2003

Annual pollen index 124 19 15 113

% total 1.1 0.2 0.2 1.3
Peak value 12 3 3 11

Peak day 25-May 31-May 12-May 11-Jun
APS length 43 46 46 60

Start APS 16-May 16-May 12-May (09-May
End APS 27-Jun  30-Jun  26-Jun  07-Jul
PRE length 10 16 1 34

09-Jun

2004 2005 2006 2007 Mean Mean
2000-2007  2000-2005
36 268 248 111 64
0.2 1.0 0.8 0.7 0.6
4 31 18 6 4
29-May 18-Nov  09-Jun  09-Jun 3-Jun
51 220 196 89 57

18-May 07-May 02-May 24-Jan  28-Apr 09-May
09-Jul  26-Jun  07-Dic  06-Ago 25-Jul 04-Jul
23 201 138 43 26

APS, atmospheric pollen season; PRE, pre-peak period
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of the Iberian Peninsula (Subiza et al. 1995; Gonzalez
Minero et al. 1998; Ruiz Garcia et al. 1998; Paulino
et al. 2002) in comparison with few papers reporting to
airborne presence of Echium pollen worldwide
(Latorre and Pérez 1997; Celenk and Bicakci 2005).
This fact could reflect many Echium species occurring
in the Iberian Peninsula area and their possible role as
a causative agent of local respiratory allergic disorders
(Jong et al. 1998). The pollen shedding course of
Echium in Salamanca area corresponds to that already
described during the APS in other Spanish areas
(Tavira Muifioz et al. 1998; Gutiérrez Bustillo et al.
2002) in May and June, except in some southern places
of the Iberian Peninsula where APS was centred in
April and May (Silva et al. 1998; Trigo et al. 1998),

@ Springer

probably due to climatic differences among these
areas. The intradiurnal pattern of Echium airborne
pollen displayed a greatest representation in midday
hours being also similar than other Spanish aerobio-
logical stations (Mufioz et al. 2005).

As previously stated, there was an anomalous APS
in the late autumn and the early winter between 2006
and 2007. The daily mean temperature registered
during the late of October 2006 was higher than daily
mean temperature average recorded in the same month
of 2000-2005 period. In addition, there was an
increase in daily mean temperature registered in the
late of October 2006 (Fig. 3). This increase had an
equal tendency in the mean average temperature
registered in the late April during the 2000-2005
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period, reflected by the index of linear regression
analysis. According to these facts, the particular
increase of anomalous higher daily mean tempera-
ture in October joined with previous rainfall events
occurred in the same month could be related with the
late autumn 2006 flowering period for Echium
(Fig. 4). The combination of temperature dynamics
and rain in spring would seem to indicate their
influence in subsequent flowering period (Fitter et al.
1995). In years 2006 and 2007, it would be more
accurate to define three APS, one more in late
autumn and early winter besides of the two APS
occurring usually in the late spring (Fig. 4). The
possible role of resuspension effects in Echium
airborne concentrations could be considered in early
winter, as it also occurred in pollen of other taxa as
Urticaceae (Vega-Maray et al. 2003) or Olea (Alba
et al. 2000). Main environmental factors, such as

@ Springer

temperature, may drive autumn phenology (Menzel
2002), and further studies should be undertaken in
order to evaluate the possible correlation between
unusual weather parameters and airborne pollen
counts which could be the basis for plant phenology
forecasting. Aerobiological studies can provide
accurate information to complete data from other
field or mathematical studies in order to a better
knowledge of plant phenology, especially in cases of
anomalous flowering periods.
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