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INTRODUCTION

Over the last few years, prompted by the growing impor-
tance of global warming, a certain amount of phenological 
research has been carried out using aerobiological data to 
determine the timing of fl owering [10, 15, 16, 19, 21]. Using 
long aerobiological data series, it is possible to evaluate 
delays or advances in the onset of pollination in the ma-
jor wind-pollinated species. However, in order to achieve 
a full understanding of the pollen curve and thus ensure 
the correct application of pollen data, it is essential to take 
into account the phenology and reproductive biology of the 
plants, particularly those in the vicinity of the spore trap. 

The pattern displayed by pollen curves does not always 
match that of the fl owering phenophase, and a lack of 

correlation may sometimes be observed between peak 
fl owering date and peak pollen-count date [35]. Knowl-
edge of the fl owering phenophase of the major wind-pol-
linated species thus enables testing of the relationship be-
tween reproductive phenology and airborne pollen curves. 
Moreover, pollen may be transported over long distances 
before deposition, as is the case with birch pollen [24, 42, 
46]; deposition of pollen arising at some distance from the 
trap may infl uence the onset of the pollen season as deter-
mined by aerobiological sampling. 

Aerobiological research must therefore taken into ac-
count not only phenological data but also other environ-
mental variables, including meteorological and topograph-
ical factors, ability of the pollen grain to be transported 
over long distances, pollen production, and distance of the 
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sampler from the source, and their contribution to airborne 
pollen counts in space and time. 

The genus Betula (birch) only grows in the northern 
hemisphere; it is found across most of Europe and is par-
ticularly common in northern and central regions. Betula 
alba L. and Betula pendula Roth. [37] are the two birch 
species found in Spain. Some authors consider both spe-
cies as members of the same taxonomic section (Betula 
alba) [40]. Birch is represented in Galicia (Northwestern 
Spain) by Betula alba L. [37]. As the dominant tree spe-
cies, it forms altimontane oro-Cantabrian acidophilic for-
ests, with a clearly Euro-Siberian distribution. It is found 
at altitudes of over 1,150 m, and is the last tree formation 
of the altitudinal sequence, with montane thermo-climates 
and hyper-humid ombro-climates [26]. Its geographical 
boundary, though fairly controversial, is located in Ancares 
and Caurel mountains of eastern Galicia [7]. Other birch 
forests are found in the same area, but on siliceous soils 
and with a greater Mediterranean infl uence, in the Gali-
cian-Portuguese altimontane layer and the Ourense-Sana-
briense and supramediterranean layer. In Galicia’s moun-
tains and foothills, non-climatic birches are found in place 
of montane oak groves, growing on acidic soils at heights 
of between 600-1,100 m. Birch may also form part of ripar-
ian forests, along with Alnus glutinosa, Salix atrocinerea, 
Frangula alnus and Fraxinus angustifolia. Betula pendula 
is grown as an ornamental in some cities in the area. 

At fl owering, the release of a large number of Betula 
pollen grains into the atmosphere is of considerable aller-
genic signifi cance. The number of pollen grains per infl o-
rescence was estimated by Erdtman [17] as 6 × 106. Betula 
pollen is therefore a major aeroallergen, common in the 
air of many European cities; a great deal of research has 
sought to ascertain airborne pollen seasons for this pollen 
type [5, 6, 15, 23, 27, 28, 33, 34, 40, 41, 44]. The highest 
Betula pollen counts in Spain are recorded in the northwest 
of the country, where daily mean pollen concentrations 
often exceed 100 pollen grains/m3 and annual values are 
greater than 1,000 grains [1, 28].

Surveys of Betula phenology have been carried out in 
various areas in order to determine the heat and chilling 
requirements needed to trigger bud development, and to 
assess how global climate change might infl uence phenol-
ogy in this species. This is particularly important for birch, 
often found at the altitudinal or latitudinal tree line, where 
the effect of climate warming on phenophases may be more 
severe [16, 32, 38, 43].

Previous research on Betula phenology in Galicia 
(northwestern Spain) has addressed differences in pheno-
logical behaviour due to a number of environmental factors 
[29]. Considerable difference have been reported in the on-
set of fl owering populations located at different altitudes 
and in different geographical areas, and the synchronisa-
tion of Betula phenology and airborne pollen counts has 
been evaluated. This follow-up study of Betula populations 
located near two monitoring stations in Ourense province 

sought to compare aerobiological and phenological data 
and determine the infl uence of reproductive biology on 
pollen curves. 

MATERIAL AND METHODS

The study was carried in the city of Ourense, situated in 
a depression 139 m above sea level in northwestern Spain 
(42º20’N; 7º52’W) and in Pobra de Trives, situated 746 
m above sea level (42º20’N; 7º15’W) in the northeast of 
Ourense province. Ourense city has an oceanic climate 
with strong Mediterranean infl uence. Records for the last 
30 years show a mean annual temperature of 14.2ºC, maxi-
mum average temperature of 20.2ºC and minimum aver-
age temperature of 8.2ºC. Annual rainfall is 794 mm, with 
very irregular distribution over the year; average summer 
rainfall is only 21.6 mm. The mean annual temperature in 
Pobra de Trives is 8.9ºC, the maximum average tempera-
ture 14.8ºC and the minimum average temperature 3.0ºC. 
Annual rainfall is 874 mm, also irregularly distributed over 
the year.

Aerobiologycal survey. Pollen monitoring was car-
ried out in 2002 and 2003 by means of a 7-day LANZONI 
VPPS 2000 continuous volumetric pollen trap, located on 
the roof of the Sciences Faculty in Ourense city and in the 
Culture House in Pobra de Trives (approximately 20 m 
above ground level). The methodology recommended by 
Spanish Aerobiological Network – REA – was used [14]. 
The onset of pollen season was defi ned according to three 
different criterion: When 2.5% [2] or 5% [39] of the annual 
total pollen was reached, and when the prime pollen grains 
were registered on a continual basis and no more than two 
days without pollen were detected [30]. Finally, the day 
on which maximum daily mean pollen concentration was 
recorded (peak day) was considered to be the population’s 
mean fl owering date.

Phenological survey. To characterise fl oral phenophase, 
a sampling method was applied from the 1 March to end 
of fl owering (at least once a week) in 2002 and 2003. Four 
Betula populations located at different altitudes were cho-
sen. The population located nearest of the spore trap in Ou-
rense (112 m above sea level) belongs to Betula pendula 
and Xestosa (978 m a.s.l.), Domecelle (860 m a.s.l.) and 
Mogainza (1,045 m a.s.l.) populations belong to B. alba 
and are located near of the pollen sampling in Pobra de 
Trives. In every population, a sample of 20 individual trees 
chosen randomly was used, and in each tree the date of bud 
break, leaf unfolding and start and end of fl owering were 
noted. The same trees were observed every year.

Bud break date was considered as the 1st day the fi rst 
leaf-stalk of the plant or of the specifi c branch observed 
was detected [47]. The leaf unfolding date was noted when 
at two or three places in the tree a normal, unwrinkled, leaf 
surface was visible, but full size had not yet been attained 
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[4]. The onset of fl owering was considered as the 1st day 
a male catkin distributed its pollen [47]. End of fl owering 
was considered when all the catkins were dried.

Pollen production. Pollen production was determined 
for six birch trees from the Xestosa population (Betula 
alba), using methods developed by Cruden [8] and Hidalgo 
[25] to calculate pollen production by anther, fl ower, cat-
kin, tree and by square meter. Betula catkins are formed in 
the summer, prior to ripening. After dormancy, many cat-
kins fail to start the development process; others, having 
commenced growth, fail to reach full maturity, and thus 
to spread pollen. For that reason, both real and potential 
pollen production were calculated. For potential pollen 
production, all catkins grown during the previous summer 
were taken into account, whereas only unaltered catkins 
(i.e. those unaltered over at least half their length) were 
counted for calculating real production.

Determining chill and heat requirement. We used the 
model proposed by Aron [3] in order to obtain the chill ac-
cumulation expressed as chilling hours:
CH = 801 + 0.2523B + 7.574 × 10-4 B2 – 6.51 × 10-10 B4 
– 11.44 tmin – 3.32 tmax. 
Where B = 24D [(7.2-tmin)/(tmax-tmin)], D is the number of 
days in the period, tmax and tmin are the mean of the maximum 
and minimum temperatures of the period respectively.

We used this model selecting the period from the day 
when the mean temperature decreased below the threshold 
temperature to the day (at the end of December or in the 
fi rst half of January) when the minimum was recorded and 
a change in the temperature trend was detected. Only the 
days on which meteorological conditions did not enable 
any physiological activity in the tree were taken into ac-
count [30]. This happens when the daily maximum tem-
perature is equal to or less than the threshold temperature 
[36]. Only temperatures below 7ºC were considered be-
cause previous studies showed this to be the most effective 
temperature for chilling [12].

Two methods for determining the heat requirement were 
tested, taking into account the period from the day after 
the chill period to the start of the pollen season (by using 
aerobiological data), or the start of every phenophase (by 
using phenological data observed). 

1) The heat requirement (HR) was calculated as a func-
tion of the sum of the daily maximum temperatures [18]: 
HR = ∑tmax.

2) We also calculated the heat requirement by taking into 
account the days, after chilling, when the meteorological 
conditions enable plant physiological activity, either totally 
(tmin>th) or partially (tmax>th>tmin) (referred as vegetative ac-
tivity – VA – by Jato [30]. In this case, we considered HR 
as a function of the sum of the difference between the daily 
maximum temperature and the threshold temperatures: HR 
=∑(tmax-th). 

If tmax is less than or equal to the threshold temperature 
(tmax<th), the values are set to 0. 

Different threshold temperatures from 0.5-8ºC were 
tested in increments of 0.5ºC, for heat requirement.

RESULTS

Phenological fi ndings. Betula pendula was the fi rst to 
commence each phenophase. Budbreak took place in early 
April in B. alba, and 28 or 18 days earlier (in 2002 and 
2003, respectively) in B. pendula (Tab. 1). 

Flowering commenced on average 12-18 days after bud-
break, and was not always preceded by leaf unfolding. In-
deed, for both years and all populations with the exception 
of Mogainza, leaf unfolding took place either at the same 

Table 1. Start average dates of observed phenophases and fl owering length.

Betula pendula Betula alba

Velle Xestosa Mogainza Domecelle

2002 2003 2002 2003 2002 2003 2002 2003

Bud break 10-Mar 21-Mar 7-Apr 8-Apr 1-Apr 5-Apr 3-Apr 6-Apr

Leaf unfolding 23-Mar 29-Mar 17-Apr 18-Apr 14-Apr 14-Apr 15-Apr 13-Apr

Flowering onset 27-Mar 6-Apr 19-Apr 23-Apr 19-Apr 18-Apr 18-Apr 19-Apr

End of fl owering 7-Apr 14-Apr 29-Apr 6-May 28-Apr 29-Apr 26-Apr 1-May

Length of fl owering 11 days 8 days 10 days 13 days 9 days 11 days 8 days 12 days

1-Mar 15-Mar 29-Mar 12-Apr 26-Apr 10-May 24-May

All birch trees 2003

All birch trees 2002

B. alba - Domecelle 2003

B. alba - Domecelle 2002

B. alba - Mogainza 2003

B. alba - Mogainza 2002

B. alba - Xestosa 2003

B. alba - Xestosa 2002

B. alba - Velle 2003

B. alba - Velle 2002

Figure 1. Total (          ) and average (           ) length of Betula fl owering 
in studied populations.
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time as, or even later than, fl owering. This was particularly 
common in 2002.

Given the mean dates for onset and ending, fl owering 
lasted between 8-13 days, depending on the population and 
the year (Tab. 1 and Fig. 1). The three B. alba populations 
displayed a longer fl owering period in 2003, while the 
B. pendula fl owering period was shorter in that year. 

The minimum and maximum dates for onset and end of 
fl owering mark the total duration of the period when birch-
es were releasing pollen into the atmosphere. For all study 
populations as a whole, the pollen-release period lasted 
from mid-March to late May in Ourense (on average from 
late March–late April in 2002, and from early April–early 
May in 2003) (Fig. 1).

A slight delay was detected in every phenophase in 2003, 
the delay being more marked in the B. pendula population.

The standard deviation coeffi cient was less than 10% in 
each population and year, with the exception of budbreak 
in 2002 (over 10% in every population), thus showing fair-
ly homogeneous behaviour with regard to the phenological 
dates observed.

Chilling and heat requirements. Taking 7ºC as the 
threshold temperature, the chilling requirement was accu-
mulated in Ourense from early November–late December 
in 2002, and from early December–mid January in 2003. 
Chilling requirements were met on similar dates in Pobra 

de Trives in 2002; however, chilling accumulation start 
was earlier in 2003. Accumulated chilling was greater in 
Pobra de Trives (935 and 933 chilling hours, respectively, 
in 2002 and 2003 versus 715 and 656 units, respectively, in 
Ourense) (Tab. 2).

From the end of chilling, heat requirements were cal-
culated for every phenophase and population; B. alba and 
B. pendula displayed similar requirements in 2002 (differ-
ences were greater in the fi rst phenophases after dormancy 
and smaller at fl owering). In 2003, however, higher heat 
accumulation was required by B. pendula in every phen-
ophase (Fig. 2), with 1,492 and 1,354 GDDºC (calculated 
according to Galán et al. 2001 method) accumulated prior 
to the onset of fl owering in both years, compared with a 
value between 978 and 1,479 GDDºC, depending on the 
year and population, for B. alba (Tab. 3). Heat require-
ments were lower in 2003 for all populations and phen-
ophases, the year-on-year difference being more marked 
for B. alba populations.

Heat requirements were also calculated taking into ac-
count the onset of the airborne pollen season, as delineated 
using various different criteria and also taking into account 
the dates on which maximum pollen counts were recorded, 
known as peak dates (Tab. 4). Regardless of the method 
used, values were lower in 2003, and heat requirements in 
Pobra de Trives were lower than in Ourense. The results 
obtained using the method developed by Galán [18], based 
on the sum of maximum temperatures applied to the peak 
date, agreed most closely with those obtained using pheno-
logical data for the onset of fl owering (Tab. 3 and 4).

Pollen production. Pollen production by anther ranged 
between 11,448 and 16,560 pollen grains in 2002 and be-
tween 6,316 and 13,742 pollen grains in 2003. A marked 
decline in pollen production was observed in 2003 com-
pared to 2002, especially due to the reduction in the number 
of catkins/tree (average 11,086 and 9,982 well-developed 
catkins, respectively, in 2002 and 2003) and also in the 
amount of pollen/anther (average 13,696 and 8,990, re-
spectively, in 2002 and 2003). Pollen production per catkin 
averaged 8,196,374 in 2002 and 4,791,070 in 2003. Mean 
pollen production per tree, both much potential and real, 
and also by square meter, was almost twice as high in 2002 
(Fig. 3). The proportion of normally-developed catkins as 
a percentage of total catkins grown in the previous summer 
was similar in both years (average 74% in 2002 and 76.4% 
in 2003), and ranged from 62% and 90%, depending on the 
tree and the year. 

Aerobiological results. Betula pollen was recorded in 
the atmosphere of Ourense and Pobra de Trives from mid-
March–late May. In both places, total annual Betula pollen 
counts were higher in 2002 (2,848 vs. 1,107 pollen grains, 
respectively, in 2002 and 2003 in Ourense, and 3,952 vs. 
1,034 pollen grains in Pobra de Trives). April recorded the 
highest pollen counts at both sites and in both years (58.2% 

°GDD

0

1000

2000

2002 2003 2002 2003 2002 2003

Bud break Leaf unfolding Flowering onset

B. alba (Mogainza)

B. alba (Domecelle)

B. alba (Xestosa)

B. pendula (Ourense)

Figure 2. GDDºC accumulated from the end of chilling period to the 
onset of observed phenophases.

Table 2. Start and ending dates and chilling accumulated in Ourense and 
Pobra de Trives in 2002 and 2003.

 Start date End date Acumulated 
chilling

Ourense 2001-02 02-Nov 25- Dec 715

2002-03 05-Dec 15-Jan 656

P. Trives 2001-02 04-Nov 25- Dec 935

2002-03 13-Nov 11-Jan 933
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and 78.8% of total annual counts in Ourense in 2002 and 
2003, respectively, and 80% and 92% in P. Trives). Betula 
pollen accounted for 9.4% and 6.5% of total annual pollen 
in 2002 and 2003, respectively, in Ourense, and for 12.1% 

and 5% in Pobra de Trives. Counts of over 100 pollen 
grains/m3 were recorded over 13 and 3 days in Ourense, 
and over 12 and 2 days in Pobra de Trives, in 2002 and 
2003, respectively. 

Table 3. Heat requirements calculated by means Galán et al. [18] and Jato et al. [30] methods for every phenophase and population.

Heat accumula-
tion method

Galán Jato

0.5 1 1.5 2  2.5  3  3.5  4 4.5  5 5.5 6 6.5 7 7.5 8

2002

B. pendula

Bud break 1128 1090 1052 1014 976 938 900 862 824 786 748 710 672 634 596 558 520

Leaf unfolding 1387 1343 1298 1254 1209 1165 1120 1076 1031 987 942 898 853 809 764 720 675

Flowering onset 1492 1446 1399 1353 1306 1260 1213 1167 1120 1074 1027 981 934 888 841 795 748

End of fl owering 1700 1648 1596 1544 1492 1440 1388 1336 1284 1232 1180 1128 1076 1024 972 920 868

B. alba (Mogainza)

Bud break 1239 1190 1141 1092 1043 994 945 896 847 798 749 700 651 602 553 504 455

Leaf unfolding 1398 1343 1287 1232 1176 1121 1065 1010 954 899 843 788 732 677 621 566 510

Flowering onset 1479 1421 1363 1305 1247 1189 1131 1073 1015 957 899 841 783 725 667 609 551

End of fl owering 1703 1641 1578 1516 1453 1391 1328 1266 1203 1141 1078 1016 953 891 828 766 703

B. alba (Domecelle)

Bud break 1264 1214 1164 1114 1064 1014 964 914 864 814 764 714 664 614 564 514 464

Leaf unfolding 1412 1356 1300 1244 1188 1132 1076 1020 964 908 852 796 740 684 628 572 516

Flowering onset 1459 1402 1344 1287 1229 1172 1114 1057 999 942 884 827 769 712 654 597 539

End of fl owering 1663 1602 1540 1479 1417 1356 1294 1233 1171 1110 1048 987 925 864 802 741 679

B. alba (Xestosa)

Bud break 1327 1275 1222 1170 1117 1065 1012 960 907 855 802 750 697 645 592 540 487

Leaf unfolding 1441 1384 1327 1270 1213 1156 1099 1042 985 928 871 814 757 700 643 586 529

Flowering onset 1479 1421 1363 1305 1247 1189 1131 1073 1015 957 899 841 783 725 667 609 551

End of fl owering 1722 1659 1596 1533 1470 1407 1344 1281 1218 1155 1092 1029 966 903 840 777 714

2003

B. pendula

Bud break 1033 1000 967 934 901 868 835 802 769 736 703 670 637 604 571 538 505

Leaf unfolding 1174 1137 1100 1063 1026 989 952 915 878 841 804 767 730 693 656 619 582

Flowering onset 1354 1313 1272 1231 1190 1149 1108 1067 1026 985 944 903 862 821 780 739 698

End of fl owering 1515 1470 1425 1380 1335 1290 1245 1200 1155 1110 1065 1020 975 930 885 840 795

B. alba (Mogainza)

Bud break 817 774 731 688 645 602 559 516 473 430 387 344 301 258 215 172 129

Leaf unfolding 919 872 825 778 731 684 637 590 543 496 449 402 355 308 261 214 167

Flowering onset 978 929 880 831 782 733 684 635 586 537 488 439 390 341 292 243 194

End of fl owering 1117 1063 1008 954 899 845 790 736 681 627 572 518 463 409 354 300 245

B. alba (Domecelle)

Bud break 817 774 731 688 645 602 559 516 473 430 387 344 301 258 215 172 129

Leaf unfolding 908 862 815 769 722 676 629 583 536 490 443 397 350 304 257 211 164

Flowering onset 987 938 888 839 789 740 690 641 591 542 492 443 393 344 294 245 195

End of fl owering 1145 1090 1034 979 923 868 812 757 701 646 590 535 479 424 368 313 257

B. alba (Xestosa)

Bud break 855 811 767 723 679 635 591 547 503 459 415 371 327 283 239 195 151

Leaf unfolding 978 929 880 831 782 733 684 635 586 537 488 439 390 341 292 243 194

Flowering onset 1038 987 935 884 832 781 729 678 626 575 523 472 420 369 317 266 214

End of fl owering 1214 1156 1098 1040 982 924 866 808 750 692 634 576 518 460 402 344 286
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The pollen curve for 2002 shows two periods with high 
counts at both sites, separated in each case by an interval of 
around 15 days. The fi rst period took place from the end of 
March–early April. A second period was observed in mid-
April at both sites. The intensity of the two peaks registered 
was similar in Ourense (265 and 251 pollen grains/m3), but 
in Trives there was a considerable difference between them 
(178 vs. 501 pollen grains/m3). By contrast, a single period 
with high counts was observed in 2003 (fi rst fortnight in 
April) in both places (Fig. 4). Maximum values (220 and 
243 pollen grains/m3) were recorded on similar dates (7 and 
8 April in Ourense and Pobra de Trives, respectively), fol-
lowed thereafter by a drop in pollen counts.

The airborne pollen season, calculated using criteria 
suggested by Jato [30] and Nilsson & Persson [39], was 
shorter in 2003 in both places, and showed a slightly earlier 
onset in 2003 in Ourense; by contrast, onset was delayed in 
2003 in P. Trives (Tab. 5).

DISCUSSION

Despite altitudinal and meteorological differences be-
tween Ourense and P. Trives, the airborne pollen season 
started at almost the same time (especially in 2002). There 
were year-on-year differences in weather conditions, with 
higher rainfall and more rainy days in 2003 in March and 

Table 4. Heat requirement calculated by means Galán et al. [18] and Jato et al. [30] methods in Ourense and Pobra de Trives with aerobiological data. 

Heat accumulation 
method G

al
án Jato

Threshold 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5 7 7,5 8

Atmospheric Pollen Season according Jato et al. [30]

Ourense 2001-02 1327 1284 1240 1197 1153 1110 1066 1023 979 936 892 849 805 762 718 675 631

2002-03 858 829 800 771 742 713 684 655 626 597 568 539 510 481 452 423 394

P. Trives 2001-02 947 905 863 821 779 737 695 653 611 569 527 485 443 401 359 317 275

2002-03 643 607 570 534 497 461 424 388 351 315 278 242 205 168 132 96 59

Atmospheric Pollen Season according Torben [45]

Ourense 2001-02 1416 1371 1326 1281 1236 1191 1146 1101 1056 1011 966 921 876 831 786 741 696

2002-03 1010 978 945 913 880 848 815 783 750 718 685 653 620 588 555 523 490

P. Trives 2001-02 1108 1063 1017 972 926 881 835 790 744 699 653 608 562 517 471 426 380

2002-03 722 682 642 602 562 522 482 442 402 362 322 282 242 202 162 122 82

Atmospheric Pollen Season according Nilsson & Pearson [39]

Ourense 2001-02 1441 1396 1350 1305 1259 1214 1168 1123 1077 1032 986 941 895 850 804 759 713

2002-03 1072 1038 1004 970 936 902 868 834 800 766 732 698 664 630 596 562 528

P. Trives 2001-02 1130 1084 1038 992 946 900 854 808 762 716 670 624 578 532 486 440 394

2002-03 739 699 658 618 577 537 496 456 415 375 334 294 253 212 172 131 91

Peak date

Ourense 2001-02 1441 1396 1350 1305 1259 1214 1168 1123 1077 1032 986 941 895 850 804 759 713

2002-03 1382 1341 1299 1258 1216 1175 1133 1092 1050 1009 967 926 884 843 801 760 718

P. Trives 2001-02 1557 1498 1438 1379 1319 1260 1200 1141 1081 1022 962 903 843 784 724 665 605

2002-03 855 811 767 723 679 635 591 547 503 459 415 371 327 283 239 195 151

Table 5. Atmospheric pollen season calculated according different criteria and years.

Criteria Jato et al. (2002) [30] Nilsson & Pearson (1981) [39] Torben (1991) [45]

 Ourense Pobra de Trives Ourense Pobra de Trives Ourense Pobra de Trives

Year 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003

Start date 21-Mar 13-Mar 18-Mar 25-Mar 25-Mar 23-Mar 26-Mar 01-Apr 24-Mar 20-Mar 25-Mar 31-Mar

End date 21-May 24-Apr 25-May 18- May 26-Apr 17-Apr 27-Apr 27-Apr 28-Apr 23-Apr 30-Apr 09- May

Length (days) 62 42 69 55 33 26 33 27 36 35 37 40

Max (grains/m3) 265 220 501 243 265 220 501 243 265 220 501 243

Date of max 25-Mar 07-Apr 22-Apr 08-Apr 25-Mar 07-Apr 22-Apr 08-Apr 25-Mar 07-Apr 22-Apr 08-Apr

Total pollen (%) 2842 
(99.8%)

1083 
(97.8%)

3936 
(99.6%)

1016 
(98.3%)

2597 
(91.2%)

1053 
(95.1%)

3662 
(93%)

942 
(91.1%)

2724 
(95.6%)

1080 
(97.6%)

3829 
(96.9%)

994 
(96.1%)
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April in both cities (Tab. 6); this may have exerted the wash-
ing-out effect on airborne pollen frequently noted in aero-
biological studies. Rainy days were particularly frequent at 
the start of the pollen season (second fortnight in March) 
and after 10 April. Weather conditions during the fl owering 
period in 2002 were more favourable for the release and 
dispersal of pollen grains. Warm, sunny days with no rain 
favour high pollen counts; rainfall therefore presumably 
had less effect on 2002 pollen curves, which thus better 
refl ect the phenological behaviour of the birch populations. 
The two pollen peaks observed in 2002 coincided with the 
fl owering period of birches located near the spore trap and 
at a greater distance. In Ourense, the fi rst peak included 
the maximum peak value, and coincided with the fl ower-
ing of the birches around the city (Fig. 4), while the second 
was recorded at a time when the Betula population in the 
vicinity of the monitoring station had fi nished its fl ower-
ing period. The reverse was true in P. Trives, where the 
second peak – which included the maximum peak value 
– coincided with the fl owering of most birches around the 
spore trap. A fi rst peak was noted, slightly later than that 
observed in Ourense; the start of the airborne pollen season 
was detected prior to the onset of birch fl owering on the 
outskirts of P. Trives.

The total annual Betula pollen count was lower in 2003. 
Airborne pollen counts are infl uenced by a number of fac-
tors affecting aerobiological processes: pollen production, 
release from the anthers and transport. Weather conditions 
are the factors most often analysed in order to chart their 
correlations with pollen counts. Rainy days and falling 
temperatures slow down the tissue dehydration required to 
prompt anther dehiscence; and conditions conducive to an-
thesis are not met, and the whole process can be delayed or 
reduced [9]. The marked differences in weather conditions 
observed in 2003, particularly with regard to the number of 
rainy days in March and April, might account for the lower 
pollen counts recorded (Tab. 6, Fig. 4). Moreover, the high 
wind speeds registered in mid-April might have caused the 
shedding of a large number of the catkins observed a few 
days prior to fl owering. 

Potential pollen production per anther, number of anthers 
and fl owers, and plant size determine the amount of pollen 
dispersed during the fl owering period. Knowledge of a spe-
cies’ pollen production is essential in order to determine the 
maximum amount of pollen that a population can spread, 
thus improving pollen forecasting. However, the fl owering 
intensity of many tree species may vary considerably from 
year to year; in birch species this variation is attributed to 
weather-related factors and to the system of resource allo-
cation among years [40]. Fluctuations in pollen production 
may account for the biannual or triannual cycles widely 
reported for airborne Betula pollen [13, 23, 34]. Here, there 
was a sharp fall in catkins/tree and pollen/anther in 2003, 
which might help to account for the marked decline in pollen 
counts for that year; however, this is unlikely to be the sole 
factor infl uencing airborne pollen counts.

In P. Trives, the airborne pollen season started prior to 
the onset of fl owering. Betula pollen morphology favours 
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Figure 3. Pollen production average in 2002 and 2003.

Table 6. Precipitation and rainy days number in March and April in both 
localities. 

 March April

 2002 2003 2002 2003

Ourense Precipitation (mm) 41  113  25 89

Rainy days number 11  12 10 19

P. Trives Precipitation (mm)  55 78  29 108

Rainy days number 11  12  7 14
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its transport over medium or long distances, and it was 
detected in the air several weeks before the onset of the 
fl owering period [24, 46]. Topographical characteristics 
must also be taken into account when considering pollen 
transport; a sampling station located at a high altitude can 
detect pollen transported from lower areas [22]. The to-
pography of the area around P. Trives is characterised by 
high mountains (up to 1,800 m a.s.l.) with a steep slope 
down to the Sil River (100 m a.s.l.). The marked variations 
in altitude give rise to considerable climatic diversity over 
relatively short distances. Thus, Betula pollen from popu-
lations located at lower altitudes, even at some distance 
from the spore trap, may be transported into the sampling 
area, prompting the start of the airborne pollen season prior 
to the onset of fl owering. Moreover, the longer airborne 
pollen season as measured using the delimitation criterion 
suggested by Jato [30] might be attributable to pollen com-
ing from birch trees located at higher altitudes.

Like other temperate-zone tree species, Betula requires 
a period of chilling temperatures to break dormancy, 

followed by a period of forcing temperatures to trigger the 
onset of growth. In previous studies, a threshold tempera-
ture of 7ºC for chilling yielded the best results for birch 
[12]. Here, accumulation of chilling was greater in P. Trives 
(860 m a.s.l.) than in Ourense (139 m a.s.l.). Differences 
in chilling accumulation were observed between years in 
Ourense (lower in 2003), but not in P. Trives (Tab. 2). The 
average GDDs required to induce budbreak was similar 
for both Betula species studied and for the various B. alba 
populations (1,081 for B. pendula and 1,028, 1,040 and 
1,091 respectively for Mogainza, Domecelle and Xestosa 
B. alba populations). However, the main difference in be-
haviour between the two species was the lower value for 
accumulated GDD during the period from budbreak to leaf 
unfolding and, especially, from leaf unfolding to the on-
set of fl owering. The number of days between budbreak 
and onset of fl owering was lower in B. alba (12-15 days, 
vs. 16-18 days in B. pendula). A marked decline in ac-
cumulated heat was observed in 2003 in B. alba popula-
tions, but not in B. pendula; this might be linked to lower 
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Figure 4. Daily pollen concentrations and precipitation in Ourense and P. Trives. Line: fl owering periods of Betula in 2002 and 2003 (        average 
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chilling accumulation in Ourense. Long chilling treatment 
in P. Trives enhanced growth and lowered the heat require-
ment, a fi nding previously reported by various authors [2, 
11, 20, 31, 38]. 

In both years, the heat requirement calculated on the ba-
sis of the mean date of fl owering onset in the Betula pen-
dula population agreed very closely with that calculated 
on the base of the date on which the maximum daily mean 
pollen count was recorded in Ourense (Fig. 5). As indicat-
ed earlier, the fi rst peak detected in the Betula pollen curve 
in Ourense coincided with the fl owering period of popu-
lations around the spore trap. Measurements of airborne 
Betula pollen counts indicated the timing of fl owering of 
populations around the city, and the peak date could be as-
sumed to be the mean date of anthesis for the population 
around the sampling station, as suggested by Chuine [10]. 
However, in P. Trives the GDDs obtained in 2002 using 
the mean start-date for fl owering in populations around 
the city were slightly lower than those obtained using the 
peak date; the reverse was true in 2003. The peak date in 
2003 did not coincide with the date of onset of fl owering 
of birch trees around the spore trap. Adverse weather con-
ditions (rain and wind) at the start of fl owering in B. alba 
populations prompted a major decline in pollen release 
and consequently a substantial drop in pollen counts in 
P. Trives. Pollen captured here at the start of the pollen sea-
son should thus be assumed to come from further away, or 
lower down, from the spore trap, and aerobiological data 
recorded in P. Trives should not be used to calculate heat 
requirements for birch trees.

CONCLUSIONS

Airborne pollen counts do not always match fl owering 
periods. Airborne Betula pollen may be detected prior to 
and after fl owering. Potential pollen production is depend-
ent on weather conditions over the previous summer; but 
weather conditions both prior to and during fl owering also 

exert a marked infl uence on pollen dispersal and on the 
amount of pollen captured. Pollen transported over me-
dium or long distances into the sampling range can greatly 
infl uence the pollen season start-date, and should therefore 
be taken into account when using airborne pollen data in 
phenological surveys. Phenological studies should be made 
of major wind-pollinated tree species in order to improve 
the interpretation of airborne pollen data.

REFERENCES

Aira MJ, Jato V, Iglesias I: Calidad del aire. Polen y esporas en la 
Comunidad Gallega. Xunta de Galicia (Ed.), Santiago de Compostela 2005.

Andersen TB: A model to predict the beginning of the pollen sea-
son. Grana 1991, 30, 269-275.

Aron R: Availability of chilling temperatures in California. Agric 
Meteorol 1983, 28, 351-363.

Boss PR: Phyto-phaenologische waarnemingen in Netherland: In: 
Kramer K: Selecting a model to predict the onset of growth of Fagus 
sylvatica. J Appl Ecol 1983, 31, 172-181. 

Clot B: Airborne birch pollen in Neuchâtel (Switzerland): onset, 
peak and daily patterns. Aerobiologia 2001, 17, 1-10.

Corden J, Millington W, Bailey J, Brookes M, Caulton E, Ember-
lin J, Mullins J, Simpson C, Wood A: UK regional variations in Betula 
pollen (1993-1997). Aerobiologia 2000, 16, 227-232.

Costa M, Higueras J, Morla C: Abedulares de la Sierra de San 
Mamed (Orense, España). Acta Bot Malac 1990, 15, 253-265.

Cruden RW: Pollen-ovule ratios: A conservative indicator of 
breeding systems in fl owering plants. Evolution 1977, 31, 32-46.

Chuine I, Cour P, Rousseau DD: Fitting models predicting dates of 
fl owering of temperate-zone trees using simulated annealing. Plant Cell 
Environ 1998, 21, 455-466. 

Chuine I, Cour P, Rousseau DD: Selecting models to predict the 
timing of fl owering temperate trees: implications for tree phenology mod-
elling. Plant Cell Environ 1999, 22, 1-13. 

Chuine I, Cour P: Climatic determinants of budburst seasonality in 
four temperate-zone tree species. New Phytol 2001, 143, 339-349.

Dacosta N: Phenology and aerobiology of Quercus and Betula in 
the Ourense province. PhD Thesis, University of Vigo, Vigo 2005.

Detandt M, Nolard N: The fl uctuations of the allergenic pollen 
content of the air in Brussels (1982 to 1997). Aerobiologia 2000, 16, 55-61.

Domínguez E, Galán C, Villamandos F, Infante F: Handling and 
evaluation of the data from the aerobiological sampling. Monografías Rea 
1992, 1, 1-18.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

0

400

800

1200

1600

Betula 2002

Velle

715 CH
1492 GDD

25 km
1441 GDD°

935 CH
1479 GDD

Xestosa

Mogainza

Domecelle
935 CH
1459 GDD

1557 GDD°

m

50 km 75 km

935 CH
1479 GDD

0

400

800

1200

1600

Betula 2003

Velle

656 CH
1354 GDD

25 km
1382 GDD°

933 CH
978 GDD

Xestosa

Mogainza

Domecelle
933 CH
987 GDD

855 GDD°

m

50 km 75 km

933 CH
1038 GDD

Figure 5. CH and GDDºC acumulated by Betula in Ourense and Pobra de Trives surroundings. CH calculated according Jato et al. [30] method and 7ºC 
as threshold temperature; GDDº by Galán et al. [18] method. In bold letters – results obtained taking into account aerobiological data.



280 Jato V, Rodríguez-Rajo FJ, Aira MJ

Emberlin J, Mullins J, Corden J, Millington W, Brooke M, Savage 
M, Jones S: The trend to earlier Birch pollen seasons in the U.K.: A biotic 
response to changes in weather conditions? Grana 1997, 36, 29-33.

Emberlin J, Detandt M, Gehrig R, Jaeger S, Nolard N, Rantio-
Lehtimäki A: Responses in the start of Betula (birch) pollen seasons to 
recent changes in spring temperature across Europe. Int J Biometeorol 
2002, 46, 159-170.

Erdtman G: An Introduction to Pollen Analysis. Chronica Botanica 
Company, Waltham, MA, US 1954.

Galán C, Cariñanos P, García-Mozo H, Alcázar P, Domínguez E: 
Model for forecasting Olea europaea L. airborne pollen in South-West 
Andalucía, Spain. Int J Biometeorol 2001, 45, 59-63.

Galán C, García-Mozo H, Vázquez L, Ruiz L, Díaz de la Guardia 
C, Trigo MM: Heat requirement for the onset of the Olea europaea L. 
pollen season in several sites in Andalusia and the effect of the expected 
future climate change. Int J Biometeorol 2005, 49, 184-188.

Garcia-Mozo H, Galán C, Gomez-Casero MT, Domínguez-Vilch-
es E: A comparative study of different temperature accumulation methods 
for predicting the start of the Quercus pollen season in Córdoba (South 
West Spain). Grana 2000, 39, 194-199.

Garcia-Mozo H, Galán C, Domínguez-Vilches E: The impact of fu-
ture climate change in the start of Quercus fl owering in the Iberian Penin-
sula. In: Ruiz Zapata B (Ed.): Quaternary Climatic Changes and Environ-
mental Crises in the Mediterranean Region, 1-7. Alcala University 2002.

Gehrig R, Peeters AG: Pollen distribution at elevations above 1000 
m in Switzerland. Aerobiologia 2000, 16, 69-74.

Hallsdóttir M: Birch pollen abundance in Reyjavik, Iceland. Gra-
na 2000, 38, 368-373.

Hjelmroos M: Evidence of long-distance transport of Betula pol-
len. Grana 1991, 30, 215-228.

Hidalgo PJ, Galán C, Domínguez E: Pollen production of the ge-
nus Cupressus. Grana 1999, 38, 1-5.

Izco J: O bosque Atlântico. In: Vales C (Ed.): Os Bosques Atlánti-
cos Europeos. Bahía, La Coruña 1994.

Jäger S, Mandrioli P: Airborne birch and grass pollen distribution 
in Europe 1993. Aerobiologia 1993, 10, 2-5.

Jato V, Aira MJ, Iglesias MI, Alcázar P, Cervigón P, Fernández D, 
Recio M, Ruíz L, Sbai L: Aeropalynology of birch (Betula sp.) in Spain. 
Polen 1999, 10, 39-49.

Jato V, Méndez J, Rodríguez-Rajo FJ, Seijo C: The relationship 
between the fl owering phenophase and airborne pollen of Betula in Gali-
cia (N.W. Spain). Aerobiologia 2002, 18, 55-64.

Jato V, Rodríguez-Rajo FJ, Méndez J, Aira MJ: Phenological be-
haviour of Quercus in Ourense (NW Spain) and its relationship with the 
atmospheric pollen season. Int J Biometeorol 2002, 46, 176-184.

Jato V, Rodríguez-Rajo FJ, Dacosta N, Aira MJ: Heat and chill 
requirements of Fraxinus fl owering in Galicia (NW Spain). Grana 2004, 
43, 217-223.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Kramer K: Modelling comparison to evaluate the importance of 
phenology for the effects of climate change on growth of temperate-zone 
deciduous trees. Climate Research 1995, 5, 119-130.

Laaidi K: Predicting days of high allergenic risk during Betula pol-
lination using weather types. Int J Biometeorol 2001, 45, 124-132.

Latalowa M, Mietus M, Uruska A: Seasonal variations in the at-
mosphere Betula pollen count in Gdańsk (southern Baltic coast) in rela-
tion to meteorological parameters. Aerobiologia 2002, 18, 33-43.

Latorre F: Comparison between phenological and aerobiological 
patterns of some arboreal species of Mar del Plata (Argentina). Aerobio-
logia 1997, 13, 49-59. 

Montero JL, González JL: Bioclimatic diagrams. Instituto Nacion-
al para la conservación de la Naturaleza, Madrid 1983.

Moreno G: Vascular plants. In: Castroviejo S, Láinz M, López 
González G, Montserrat P, Muñoz Garmendia F, Paiva J, Villar L (Ed.): 
Iberian Flora. Vascular Plants of the Iberian península and Balears Is-
lands. Vol. II. Real Jardín Botánico, CSIC, Madrid 1990.

Myking T: Dormancy, budburst and impacts of climatic warming 
in coastal-inland and altitudinal Betula pendula and B. pubescens eco-
types. In: Lieth H, Schwartz MD (Ed.): Phenology in Seasonal Climates. 
Blakwell, London 1997.

Nilsson S, Person S: Tree pollen spectra in the Stockholm region 
(Sweden), 1973-1980. Grana 1981, 20, 179-182.

Ranta H, Oksanen A, Hokkanen T, Bondestam K, Heino S: Mast-
ing by Betula-species; applying the resource budget model to north Euro-
pean data set. Int J Biometeorol 2005, 49, 146-151.

Rodríguez-Rajo FJ, Frenguelli G, Jato V: Effect of air temperature 
on forecasting the start of the Betula pollen season at two contrasting 
sites in the south of Europe (1995-2001). Int J Biometeorol 2003, 47, 
117-125.

Sofi ev M, Siljamo P, Ranta H, Rantio-Lehtimäki A: Towards 
numerical forecasting of longe-range air transport of birch pollen: theo-
retical considerations and a feasibility study. Int J Biometeorol 2006, 50, 
392-402.

Sparks TH, Jeffree EP, Jeffree CE: An examination of relationships 
between fl owering times and temperature at the national scale using long-
term phenological record from the UK. Int J Biometeorol 2000, 44, 82-87.

Spieksma FThM, Emberlin J, Hjelmroos M, Jäger S, Leuschner 
RM: Atmospheric birch (Betula) pollen in Europe: trends and fl uctuations 
in annual quantities and the starting dates of the seasons. Grana 1995, 
34, 51-57.

Torben BA: A model to predict the beginning of the pollen season. 
Grana 1991, 30, 269-275.

Wallin JE, Segerström V, Rosenhall L, Bergmann E, Hjelmroos 
M: Allergic symptoms caused by long distance transported birch pollen. 
Grana 1991, 30, 265-268.

Wielgolaski FE: Starting dates and basic temperatures in pheno-
logical observations of plants. Int J Biometeorol 1999, 42, 158-168.

 

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.


