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Abstract

Annual totals of daily arboreal pollen concentrations were analysed in Mar del Plata (Argentina) during 1993 and
1994. Flowering patterns were associated with timing and intensity of pollen appearing in the air. Seasonal climatic
parameters before the start of flowering and current weather conditions during dispersion were considered.

Flowering showed a regular pattern between years and it could be defined by cumulated pollen percentages.
Arboreal pollen counts were higher in the first year and is probably due to 1) better climatic conditions connected
with pollen productivity and 2) lower precipitation after pollen emissiBetulaandQ. ilex showed an opposite
behaviour that appears to be caused by a biennial fluctuating rhythm of pollen production.

1. Introduction Pollen grain number and timing depends on the
floral phenology of the emitting species. Phenology is
Airborne pollen concentration at any moment is influ- a botanical science dealing with the effects of climate
enced by factors related to production, discharge and on seasonal flowering patterns (Bowers and Dimmitt,
deposition. Each of these sequential steps of the aero-1994). Moreover, meteorological conditions during
biological pathway is linked to different biological the pollination period modify pollen concentration
events in association with atmospheric phenomena emitted into the atmosphere.
(Edmonds, 1979). It is assumed that the number of trees in a city
If we compare studies of the atmospheric vari- remains relatively constant year after year. If inter-
ables effect on pollen dispersion, there often seemsannual differences in the arboreal pollen counts are
to be an apparent contradiction in the results found found, that would be the result of other factors
(Kawashima and Takahashi, 1995). Some researcherdifferent from the abundance of plants. Endogenous or
assume that a basic pattern of airborne pollen occur- environmental factors could determine the interannual
rence (cyclic or stable) due to plant source production variability of arboreal pollen concentration that can be
exists. That pattern is, in some manner, independentelucidated under an aerobiological approach.
of changing external conditions. Other authors assume  In this preliminary study about production and
that fluctuations are principally caused by meteor- dispersal recurring events, the concentration and
ological factors (Spieksma and Tonkelaar, 1986). seasonal variations of tree pollen types in the city
Therefore the problem requires consideration of the of Mar del Plata are analysed. The pollen and
pollen productivity phenomenon separately from that flowering patterns between two consecutive years are
of dispersion to access the suitable interpretation of the compared. The temperature and precipitation influ-
aerobiological process.
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ences are investigated as potential triggers of inter
annual variations and/or like potential modifiers of
pollen-flowering relationship.

1600 4

2. Materials and methods o0

Atmospheric pollen counts in Mar del Plata city o
(Argentina) (3803 S; 5733 W) were collected with 0
a 7-day Burkard trap during the 1993-1994 period.
The sampler is placed on the roof of the building
of Universidad Nacional de Mar del Plata within the Figure 1. Monthly totals of daily mean concentration of arboreal

. . pollen in 1993, 1994, and in a previous four-years airborne pollen
urban area. Daily means were achieved from 12 hourly gy,
transversal sweeps by day and expressed as nhumber
of pollen grains per cubic meter of air (O’Rourke,
1990). The airborne pollen spectrum of the city has Populus Betula Quercus Platanus Liquidambar
been characterised in previous studies (Bianchi, 1994; and Juglans Two species oQuercuswere examined
Latorre and Pérez, 1997; Latorre and Bianchi, 1997). separately @. robur and Q. ilex) because their
Only data from arboreal types (AP) are presented flowering seasons do not overlap. The identification
here. Cupressaceae was excluded because of the ovelef these species by pollen morphology is possible.
representation shown before by this spectrum (Latorre ~ Temperature data from the surveyed period was
and Bianchi, 1997). taken with the aid of an automatic meteorological

A vegetational census was performed to estab- station located near the pollen trap. Precipitation and
lish the composition and abundance of each arboreal statistical data from 1960—-1980 period were obtained
species. All trees present in the streets and externalby the Servicio Meteoroldgico Nacional from Mar del
gardens were included in the count. The area measuredPlata Aero meteorological station.

1.5 km x 1.5 km with the pollen sampling point as Basic statistics and non-parametric correlation
its centre. Also, eight square areas of similar size (1.5 (Spearman) were used to analyse the relationships
km x 1.5 km) scattered around the central area and in (Sokal and Rholf, 1979).

coincidence with a cardinal point were surveyed. At

each sampling area, trees were registered on perpen-

dicular transects 1.5 km long. The pairs of perpendic- 3. Results

ular transects were chosen randomly. Hence, it was

defined local and extralocal vegetation (that of the 3.1 General pattern of arboreal pollen

census) and regional vegetation (that of the samples).

A quantitative survey of flowering was carried The atmospheric pollen recorded between June and
out twice a week on each arboreal species following November was chosen for the analysis because this
the same local and extralocal individuals during the period of year (winter—spring) showed the highest AP
two years. The survey technique was described in contribution. The ratio between 1993 AP concentra-
Latorre (1997). Three main flowering phenophases tions and 1994 AP concentrations was 1.55, although
were analysed: 1) start: when at least one of selecteda general pattern was observed in both years. Pollen
trees showed opened flowers, 2) maximum: when the counts increased in July and August dué&tmusand
mean percentage of opened flowers (exposed antherd-raxinusblossoming periods. Most of arboreal species
with pollen) of all trees reached its highest value, and flowered in September and October. The AP peak is
3) end: when there were no opened flowers at any registered in these months, reaching 70% in 1993 and
selected tree. 60% in 1994 of total AP. Nevertheless, in 1994, the

A specific study of pollen-flowering relationship AP from September and October was 46% lower than
was performed on the ten major taxa whose pollen the AP registered in the previous year. Few species
counts were the highest (over 5% of AP pollen counts were still in bloom during November, although in
on at least one of the surveyed years). The general994, monthly concentrations were relatively higher.
included here wereFraxinus Ulmus Acer, Salix This temporal sequence of AP concentrations could

E==11903 —1ee4 ——1987-1990 average
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be compared with the arboreal pollen curve from 3.3 Pollen — flowering relationship
1987-1990 period (Figure 1).
The pollination start of ten taxa was registered, on
average, 3.55 days earlier in 1993 than in 1994. Only
the start ofFraxinusandAcer pollen seasons showed
a large difference of nearly 20 days between the
The highest AP concentrations were observed in 1993.two years. On the other hand, maximum and final
The summer of 1993 was, on average,C warmer stages in the first year were registered 2 and 3 days
than the summer of 1994. Monthly mean temperatures later, respectively, than the second year. Interannual
in 1993 between January and April, were also higher differences of more than 1 week at the end of polli-
than those from the last thirty years. Mean values in nation were observed ifraxinug Ulmus Populus
1994 were similar to the statistical data. However, and Liquidambar On average, the 1993 pollination
after the end of autumn, the temperatures in 1993 period was 17 days longer than in 1994. ORlgtanus
were, on average, IC lower than the temperatures in  displayed a shorter pollination period in 1993 with a
1994. Specifically, July 1993 was 0.9¢ colder than difference of 11 days between 1993 and 1994; that of
could be expected from the statistics. August temper- Q. ilexwas equal in both years (Table 1 and Figure 5).
ature in 1993 was 0.33C hotter than in 1994 (Figure The disagreement between the two years in regard
2a). to the three floral phenophases did not exceed 4.5
Autumn of 1993 was rainy. In April and May of  days on average. The duration of the flowering period
this year, precipitation was 146.62 mm higher than the was similar among 1993 and 1994 and the differ-
thirty-years average. Precipitation during the months ences were not higher than 1 week, excepHetula
with the highest AP concentration (September and and Liquidambar where the flowering period was
October) was, on the contrary, more abundant in 1994 nearly 10 days shorter in the first year (Figure 5).
and 94.22 mm higher than the statistics. Precipita- Main disagreements on seasonality were observed in
tion in September—October 1993 was 93.26 mm lower Juglansand Salix the flowering period was delayed
than the last thirty years. Anomalies in precipitation 11 and 20 days in 1994 on each taxon, respectively
data were also registered for November. Precipitation (Table 1).
was 63.5 mm higher than the statistical data during The pollen grains in the air were registered before
November 1993 and 57 mm below them for November the flowering period started (on average 3 and 2 days
1994 (Figure 2b). of difference in 1993 and 1994, respectively). The
Pollen percentage from the ten taxa specially differences between pollen and flowering starts were
considered, reached 83.93% in 1993 and 82.46% in longer than 10 days only iAcerandLiquidambarin
1994, with respect to the total AP. Similarity between 1993 and inFraxinus and Platanusin 1994. Pollen
years was also observed analysing separate relativerecordings were preceded by flowering in both years
values from each taxong(r 0.74, p< 0.05).Platanus only for Ulmus Salix, Q. ilex and Juglans On the
UlmusandQuercusare the more abundant genera in contrary, maximum pollen and flowering phases did
both years (76.2% and 72.25%jraxinus Acer and not generally show any differences. Only in the case
Populusfill the fourth, fifth and sixth place in the of BetulaandQ. roburduring 1994 did the differences
two year rankingJuglans Liquidambar Betulaand between maximum phases exceeded one week. The
Salixhave the lowest pollen contribution of the group highest differences were observed between the two
(Figure 3). Major differences between years resulted variables in the final stage. The pollen season ended,
when the twaQuercugypes were analysed separately. on average, 20 and 18 days after flowering in 1993 and
In 1993, Q. ilex was last in the order of contribu- 1994, respectiveljJiImusshowed the more important
tion, whereas in 1994 it became the second taxon with difference between these phenophases, with 73 days
higher pollen counts. The rest of the taxa only moved in 1993 and 55 days in 1994. In 199%iguidambar
one or two places between years. was the taxon with a pollen season that finished before
Whereas relative importance of each genus was the flowering ended; the time lag was 13 days (Table
equal between years, pollen concentration (absolutel and Figure 6).
values) changed. In 1993, all the arboreal pollentypes  For both flowering and pollen season, the
showed higher concentrations except €@rilex and ascendant phase was defined from the start until
Betula(Figure 4). the maximum. Ascendant phase of both phenomena

3.2 Pollen contribution — atmospheric conditions
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b. Precipitation
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Figure 2. Differences in monthly mean temperatures (a) and in monthly totals of precipitation (b) between 1993 and 1994. Positive values

indicate higher data in 1993.
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Figure 3. Pollen percentages of each taxon during to the total
six-month period in 1993 and 1994. Daily mean concentration
ranking: 1061-354 gr/fh(dots), 281-109 gr/ (lines) and 69-5
gr/m3 (squares).
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the exception to the rule because in those taxa the
ascendant phase equals the descendant phase. Vari-
ation coefficients were similar to all variables (pollen
and flowering ascendant and descendant phases of all
the taxa together) and reached 45%, on average. Two-
years average of flowering ascendant phase was 2 days
longer than the descendant phase; but pollen ascendant
phase was 24 days shorter than the descendant phase.

When flowering started in 1993, the cumulative
pollen percentage in the air was higher than in 1994,
The Spearman rank correlation coefficients between
cumulative percentages each year before flowering
started for the taxa analysed, were not significant
(Figure 7a). This coefficient was significant when
we compared pollen achieved at the moment of the
maximum and the final stages of flowering (Figures
7b and 7c). The amount of each pollen type registered
before flowers had opened was 1.17% of the total.
When the species reached its flowering maximum,
pollen was, on average, 59.66% and when the
flowering ended, the pollen collected reached 95.65%
of total (Table 2). Variation coefficient of cumulated
percentages towards flowering end phases was the
lowest (6.5% on average).

4. Discussion

4.1 General pattern

Between the end of winter and the start of spring,
the main atmospheric arboreal pollen sources in Mar
del Plata area are in bloom. This pattern is regu-
larly followed year after year (Bianchi, 1992; Latorre,
1993; Latorre and Pérez, 1997). The highest number
of these species flowering is registered in September
and it coincides with the highest recording of monthly
airborne pollen. October is the second month with
high AP counts.

4.2 Pollen contribution — atmospheric conditions

showed the same duration each year. Its average was

20 days in 1993 and 26 days in 1994, except for Each particular taxon produced similar relative pollen
Ulmus with both ascendant phases longer (about 40 amounts in the two years analysed in comparison with
and 50 days each year). Flowering descendant phaseprevious atmospheric surveys (Latorre and Bianchi,
was defined from maximum up to the end and it 1997; Latorre and Pérez, 1997). The predominant
was longer than the flowering ascendant phase. It pollen types ard’latanus Ulmus and Quercus The
lasted, on average, 20 days in 1993 and 23 dayscontributions of those taxa to the total pollen sums
in 1994. However, pollen descendant phase was two are similar each year. Information about local pollen
times longer than the flowering descendant phase. Onsources facilitated the identification of airborne pollen
average, both lasted 51 and 44 days each y@ar. to species levelQuercuscontribution as genus was
ilex andLiquidambarpollen descendant phases were stable from one year to the next, but great differences
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Figure 4. Ratio between the 1993 concentration and the 1994 concentration for each taxon. Values greater than the unit indicate larger pollen
concentration data in 1993.

were found between pollen types from both species
present in the vegetation. §

The arboreal pollen in 1993 showed absolute ;
values higher than those from 1994. The observec **| ! f
interannual differences can be explained by seasoni s ; "
climatic factors that precede the flowering period. roms | ! s e—
Temperature is one of the principal factors controlling  ,,, | ‘ : ‘

Platanus |

Emberlinetal., 1993). The influence of temperature as ‘
a controlling factor of intensity of pollination is higher
during the summer, when trees produce and accumt ~ &*
late the major amount of photosynthates that will be s
available to reproduction in spring (Cadman et al., s . : . : |
1994). Towards the end of the summer, pollen grains o o - o o - -
start to form in anthers (Emberlin et al., 1990). The Dipolinaton period 3 lowering period
warm summer of 1993 could have been responsible Figyre 5. pifferences (in days) between 1993 and 1994 for the
for greater pollen productivity of trees that year. flowering period and for the airborne pollen presence in the air

Arboreal species with a winter—spring flowering period of each taxon. Negative values indicate less days in 1993
pattern have a cold requirement related to dormancy """ 1994
period (Frenguelli et al., 1991; Emberlin et al.,

1993). After a dormancy period, the accumulation ,¢req ere slightly higher in 1993. These facts should
of heat above a threshold is required to start the g ingicating better conditions for pollen discharge on
pollen shedding (Seeley et al., 1997; Frenguelli et the first sampling year.

al., 1992). Temperatures from previous months, until  precinitation would be another factor influencing
anthesis starts, were lower in 1993 compared to those g pigh productivity of trees (Caramiello et al., 1994).
registered in 1994. In August (month immediately |, \editerranean ecosystems, water availability plays
before the arboreal species flowering period) temper- 5, important role in determining phenological devel-

Q. robur |

this phenomenon (Caramiello et al. 1990, 1994; * i :
p ( T

K

B




Table 1. Dates of pollen and flowering principal phases: start - -
and end, for the different taxa analysed in 1993 and 1994. The w4 -
months with higher pollen concentration are shown. 60+
50
Flowering Pollen % o
Taxon Start End Start End Month g : )
Fraxinu§ 1993 6/30 11/12 6/26 11/8 Sep-Oct : ‘z I
1994 7/7 11/21 6/8 12/14 Sep-Oct 0
Ulmug? 1993 7/3  9/8 7/7 11/20 Aug Sl
1994 7/7  9/5 7/12 10/30 Aug T e Ty T e s T Ty s e
Acer 1993 8/26 10/12 8/9 11/20 Sep
1994 9/2 10/18 9/2 11/14 Sep
Salix@ 1993 8/12 10/22 8/24 11/10 Sep

1994 9/1 11/7 9/3 11/8 Sep

Populu$ 1993 8/31 10/12 8/25 11/25 Sep
1994 9/1 10/14 8/27 11/5 Sep

Betula 1993 9/8 10/26 8/31 11/4 Oct
1994 9/5 11/1 9/6 10/28 Sep—Oct

number of days
8850388888438

Platanus 1993 9/16 10/21 9/11 11/23 Sep
1994 9/15 10/18 9/2 11/25 Sep

Q. robur 1993 9/13 10/18 9/8 11/23 Sep-Oct
1994 9/14 10/18 9/15 11/28 Sep-Oct

Q. ilex 1993 10/29 11/30 11/1 11/23 Nov Beat  Bmodmum  Cend
1994 10/31 11/30 11/8 11/30 Nov Figure 6. Differences (in days) between pollen and flowering
Juglans 1993 9/8 10/29 9/25 11/23 Oct periods for.each phase in 1993 and 1994. Posmye values mdlcate.
that flowering phases precede the corresponding pollen phase;
1994 9/19 11/10 10/1 11/23 Oct negative values indicate the opposite relationship.

Liquidambar 1993 9/27 10/18 9/4 11/7 Oct

1994 9/21 10/24 9/15 10/11 Oct . .
Table 2.Cumulative pollen percentages achieved at the start,

maximum and end of the flowering period in 1993 and 1994.

@ Includes different species

Start Maximum End
1993 1994 1993 1994 1993 1994

Mean 162 071 56.04 6328 9504 96.27
opment (Spano and Cesaraccio, 1998). Higher autumn Standard deviation ~ 2.44  1.75 2560 31.69 59 658
precipitation was registered in 1993, however, this Numberoftaxa 11 11 10 10 11 11
atmospheric variable could not be determinant in Mar
del Plata city because of the lack of water deficit
described for this region (Burgos and Vidal, 1951).
On the other hand, precipitation is very important
during the period in which grains remain airborne Except forQ. ilex and Betulg pollen amounts in
(on pollen dispersion stage). It is independent of the the air of all the taxa considered were higher in 1993.
climate where the species live (Emberlin et al., 1993; The 1993 lower concentration @. ilex could be,
El-Ghazaly et al., 1993). In the city of Mar del Plata, in part, the result of depression effect of abundant
it was observed that rain in the months where most precipitation registered during its pollination month
arboreal species are in bloom was higher in 1994. (November). But the great differences in concentra-
This year had the lowest airborne pollen counts. On tions between years were so large that they cannot be
November 1994, a lower rain amount and higher attributed only to washoutin the first year (14.18 gt/m
pollen concentration, compared to the same month in 1993 and 386.96 gr/fin 1994). In both years,
in the previous year, occurred. This high number of predominantwinds did not come from the place where
pollen grains is imputable only Q. ilex (see below). Q. ilextrees are most abundant. Therefore, this atmo-
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a. Cumulative pollen percentage reached to the start of flowering
Rs = 0,345; p= 0,299
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Figure 7. Cumulative pollen percentage achieved at each floral phenophase for each taxon. Spearman rank correlation coefficients are shown.
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spheric variable did not seem to influence the different these pollen grains is secondary (refloated or carried
Q. ilexconcentrations registered (Latorre, in press).  on from medium — long distance range) and it does
Factors other than climatic-meteorological con- not correspond to local — extralocal plant flowerings.
trols seem to determine differential features observed = Many methods using aerobiological data were pro-
in BetulaandQ. ilex. A plausible explanation would posed (Hanninen, 1984; Sarvas, 1972) to determine
be a biannual reproductive rhythm of both taxa. It the start and the final stages of flowering seasons. This
was shown that physiological factors inherent to plant is an important goal in ecological and genetics studies.
genetic constitution could be more important than H&nninen method (1984) is based on the statistical
ecological and/or meteorological influences (Madrigal analysis of many years and is founded on theoretical
Jiménez, 1997). The data presented here are nothypothesis, but without empirical support by phenolo-
sufficient to establish definite conclusions. But this gical observations. Flowering period could be defined
alternate pattern of two-years variability in concen- with the aid of airborne pollen data and in agreement
trations was observed in botBetula and Quercus with pollen cumulated percentages until each floral
(Jager et al.,, 1991; Emberlin et al., 1990, 1993; phenophase. According to the results presented here,
Nilsson and Persson, 1981). It was also found in other flowering periods would extend from the day where
taxa like Uimus (EI-Ghazaly et al., 1993) an@eltis 1% of total pollen is reached, until the day where it
(Cadman et al., 1994). As support to this hypothesis, has accumulated 96% of pollen emitted by the taxon.
Spieksma et al. (1995) found that a basic rhythm of This technique of defining the season avoids distor-
Betulapollen showed a tendency to synchrony along tions by incidental occurrences through localised trees
years among five cities geographically and climatic- not surveyed with abnormal flowering at the start,
ally different. Nevertheless, this rhythmis not absolute and resuspension at the end. Flowering maximum
and interruptions can occur as well as shifts of phase. coincides, on average, with 60% of total pollen.
A flowering period defined in this way, resembles
4.3 Relationship pollen — flowering different definitions about the principal pollen season
(Nilsson and Persson, 1981; Lejoly-Gabriel, 1978;
The duration of the pollen season of each taxon was Emberlin et al., 1993, 1997). But here, it is based on
longer in 1993 than in 1994, however, flowering the detailed observations of floral phenology and not
season duration did not show important differences only on aerobiological data.
between years. Only the tree flowering periods seemed ~ The pollen percentages achieved at the moment
to be constant. The main differences between pollen of the maximum and the final flowering phases were
season and opened flowers season were registeregimilar between years and between taxa. On the
in the final phase. Pollen grains were registered, on contrary, cumulated pollen percentages until opened
average, 19 days after flowering had ended. Airborne flowers were detected were variable between years
pollen did not indicate exactly the flowering period due to some particular taxa. Data used here are not
length. Specifically, it did not show the final stage of €nough to allow a more precise estimation of the
flowering in a direct and explicit way. start of flowering. There are taxa whose variability
A longer pollen period in 1993 could be related to  concerning the flower opening is not uniform within
better atmospheric conditions for dispersal (lower rain Or between individuals and it is larger than other
than in 1994). The emitted pollen remains in the air SPecies (Latorre and Bianchi, in press). Perhaps the
after flowering ends, although the amount of grains start of flowering must be fitted particularly to each
in the atmosphere is very low (O’Rourke, 1990) taxon (|Ike in Hanninen, 1984) and/or by other means
Another possibility is that plant sources are far away like daily temperature sums or cumulated heat units
(Hjelmroos and van Hage-Hamsten, 1993; Mandrioli (Bowers and Dimmitt, 1994; Larsson, 1993). At this
et al., 1980). Downtown vegetation can flower 1-2 moment, studies are conducted to account for thermal
weeks before the rest of city due to hot island effect requirements in the forecast of the start of pollination.
(Emberlin, 1990; Caramiello et al., 1994). In Mar
del Plata, temperature differences between urban —
suburban areas are nearly’@ (Pérez, pers. com.). 5. Conclusions
A relatively great amount of pollen after flowering
ended was registered onlyRopulusthe firstyearand  The seasonality of flowering trees is reflected by
in Ulmusthe second year. In all cases, the origin of the airborne pollen spectrum. The pattern of tree
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a biannual cycle that is independent of climatic condi- 1oy Botanical Clut121(3), 215-229.
tions, and it seems to be the reason for the interannualBurgos J.J. and Vidal A.L.: 1951, Latimas de la Republica Argen-
variations observed. This pattern can be counteracted tina segin la nueva clasificacion de Thornthwdite. Gen. del

rincr limati ndition h eff S.M.N. Ser. Agrometeorol. Publi8, 3-32. Buenos Aires.
0 creased by climatic conditions, but such effects Cadman A., Dames J. and Terblanche A.P.S.: 1994, Airspora

can only b_e observed 'f several years are studied. concentrations in the Vaal Triangle: Monitoring and potential
Flowering pattern is regular and constant year health effects. 1: PolletSuid-Afrikaanse Tydskrif vir Wetenskap
after year, but not the pollen pattern, specially in 90, 607-610.

; ; ot Caramiello R., Polini V., Siniscalco C. and Mercalli L.: 1990,
the final phase. Atmospheric characteristics must be A pollen calendar from Turin (1981-1983) with reference to

considereq to detept resuspenion effects. geography and climat@rana29, 239-249.
Flowering period, defined by means of the Caramiello R, Siniscalco C., Mercalli L. and Potenza A.: 1994, The
pollen data and based on phenological observations, relationship between airborne pollen grains and unusual weather

comprises the period from the day when 1% of total gg’;‘ig'ggs i Turin (italy) in 1989, 1990 and 199Grana 33,

annual pollen is registered until the day when 96% iS Edmonds R.: 1979Aerobiology Dowden, Hutchinson and Ross,
reached. Stroudburg, 386 p.
To elucidate the way that the constraint factors E-Ghazaly G., El-Ghazaly P-K., Larsson K-A. and Nilsson S.:

. L . 1993, Comparison of airborne pollen grains in Huddinge and
act on the interannual pollen variability, a detailed Stockholm, SwederAerobiologia9, 53-67.

investigation analysing separately the principal aero- emberlin J.C., Norris-Hill J. and Bryant R.H.: 1990, A calendar for
biological steps (production and emission-dispersion) tree pollen in LondonGrana29, 301-310.

is required. The weather conditions before flowering Emberiin J.C., Savage M. and Woodman R.: 1993, Annual vari-
. p . . ations in the concentration of Betula pollen in the London area,
constrain the pollen productivity. The triggering 1961-90Grana32 359—364.

conditions for the bloom are subject to the yearly Emberlin J., Mullins J., Corden J., Millingston W., Brooke M.,
climatic variation. Phenological studies are potentially =~ Savage M. and Jones S.: 1997, The trend to earlier Birch pollen
a powerful tool for monitoring the biotic response ~ S°a%ens 's"oéhrifagé /;;'%gc responce to changes in the weather
to climate change. Neve_rtheless_, there could ex_|st Frenguelli G., Spieksma F.Th.M., Bricchi E., Romano B., Minci-
an endogenous rhythm in certain arboreal species grucci G., Nikkels A.H., Dankaart W. and Ferranti F.: 1991, The
that result from cyclic patterns in pollen produc- influence of air temperature on the starting dates of the pollen

; ; « . season of Alnus and PopuluSrana30, 196-200.
tion. The instantaneous effect of actual weather situ Frenguelli G., Bricchi E., Romano B., Mincigrucci G., Ferranti F.

ation (_meteoromgical C(_)I’]ditiOﬂS) dl-_'ring the period and Antognozzi E.: 1992, The role of air temperature in determ-
for which the pollen grains remain airborne does not ining dormancy release and flowering Gbrylus avellanal.,

influence at all the process of pollen production and  1992.Aerobiologia8, 415-418.

. P Hanninen, H.: 1984, A method for identifying the flowering season
flowering. It takes place after the pollen emission and from aerobiological dataNordic Aerobiology 51-57. ISBN 91-

during the dispersion aerobiological step. 22-00766-0. (5th. Nord. Symp. Aerobiol. 1983. Session V).
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