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INTRODUCTION

The physiological behaviour of woody plants with win-
ter-spring fl owering is subject to constant variations due 
to the action of different bioclimatic parameters. Before 
fl owering, temperature plays a particularly important role 
in the maturation of reproductive organs and is the primary 
factor infl uencing the growth and development of plants 
and pollen production. During the fl owering period, sec-
ondary factors, such as sunshine, rainfall and relative hu-
midity, determine the opening of anthers and the release 
of pollen grains. Airborne pollen is greatly infl uenced by 

meteorological conditions and is dispersed by a tertiary 
factor, the wind, which results in the scattering of pollen in 
the atmosphere [20]. 

Nowadays, a number of different indices have been refer-
enced in order to determinate chilling and heat requirements. 
The period of rest is usually determined by the number of 
chilling units or chilling hours [3]. The heat requirements for 
overcoming the dormancy period are frequently measured 
as degree-hours, where 1 degree-hour is equivalent to 1 hour 
when 1ºC above a lower threshold temperature.

Different models predicting the dates of budburst or 
fl owering have been described, some of which consider 
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only the heat requirements [5], and others also consider 
the action of chilling [16, 19, 23]. Phenological data have 
usually been used to calculate chilling and heat require-
ments, and to predict the onset of different phenological 
phases [36, 37, 40]. On the assumption that atmospheric 
pollen indicates the time of pollination, aeropalynological 
data are also employed to determine the onset of the pollen 
season [10, 11, 12, 14, 18, 33]. In all cases, the aim is to 
fi nd predictive models that enable us to ascertain the on-
set and severity of the pollen season. This has a particular 
importance for people allergic to the Cupressaceae pollen 
type, who can then start anti-allergic treatment several days 
before the beginning of pollination, thereby optimising its 
effectiveness.

Cupressaceae pollen type is well known as the fi rst 
cause of invernal allergy in Europe [6]. Certain species of 
this botanic family, such as Cupressus sempervirens and 
C. arizonica, can produce considerable amounts of pollen 
between 5-10 years after they were planted. Moreover, in 
other species of Cupressaceae, certain parasitic species of 
fungus may induce an increase in their pollen production 
[2, 28]. All of these could cause an increase of Cupressace-
ae hay-fever cases together with air pollution. Panzani et 
al. [26] suggested an adjacent action of the aluminium sili-
cate found in air pollution. Other researches [25] involve 
diesel engine particles in these allergy cases. But in recent 
studies with Cup a 3, a thaumatin-like protein (TLP) of Cu-
pressus arizonica pollen grains, Suárez-Cervera et al. [39] 
pointed out that Cup a 3 observed is higher in pollen from 
C. arizonica growing in industrial areas than in pollen col-
lected from trees planted in gardens from residential, un-
polluted areas. However, Bousquet et al. [4] consider that 
the increase of these allergy cases must be caused by the 
high amount of airborne pollen as a result of the Cupres-
saceae ornamental population increase, or because stress 
has changed the pollen glucoproteins, or simply, the better 
quality of diagnostic tests.

Moreover, cross-reactivity between different species 
belonging to the Cupressaceae, Taxodiaceae and Rosaceae 
families has been shown by a variety of different biochemi-
cal techniques [21, 22, 26, 35, 38].

Therefore, the objectives of this study are to ascertain 
the infl uence that a climatic parameter such a temperature 
exerts on the onset of the pollination of Cupressaceae pol-
len type, in order to identify the start of the dormancy pe-
riod, its duration and the consequent temperature require-
ments. Futhermore, it is important to ascertain the base 
temperatures required to overcome this vegetative period 
in order to identify if there is a relationship between base 
temperature variation and the climatic area.

MATERIALS AND METHODS

The city of Ponferrada is situated in the northwestern 
quarter of the Iberian Peninsula (latitude 42º 33’ N, longi-
tude 6º 35’ W, altitude 541 m), biogeographically placed in 

the Mediterranean region, lower supramediterraneous bio-
climatic stage with a lower subhumid ombroclimate [27]. 
It has a mean annual temperature of 13ºC and 597 mm of 
annual total precipitation.

The meteorological data were supplied by the Ponferrada 
station of the Territorial Meteorological Centre of Castilla 
y León, situated 1 km from the sampler location.

Pollen grains were sampled by using a volumetric col-
lector, type Hirst seven-day-recording trap (model Lanzo-
ni-VPPS 2000), from 1 January 1996–31 December 2005 
(a 10 years period). The samples were prepared and count-
ed by the method proposed by the Spanish Aerobiology 
Network [7]; according to this, the pollen data is expressed 
as grains per cubic meter of air.

In this paper, we determined the MPP in accordance with 
the criteria used by Andersen [1], corresponding to 95% of 
total pollen caught. In order to calculate the freezing re-
quirement, we used the thermal time model proposed by 
Aron [3], based on the accumulation of chilling hours between 
0-7.2ºC. This method considers the maximum and minimum 
temperatures and the length of the chilling period:

N = 801 + 0.253B + 7.57B2 × 10-4 – 6.51B4 × 10-10 
– 11.44Timin – 3.32Timax

where N = number of chilling hours during the period,
B = 24D [(A – Timin)/(Timax – Timin)]

where Timin and Timax  are the average minimum and maxi-
mum temperatures during the study period respectively, 
and D is the length of the study period in days. 
In this study, the value A in the B formula has been sub-
stituted by the different base temperatures (6.5, 6.6, 6.7, 
6.8, 6.9, 7, 7.1, 7.2, 7.3, 7.4 and 7.5ºC) in order to identify 
which is the more effective base temperature for chilling 
accumulation.

We began calculating the accumulation of chilling hours 
(CH) from the moment of the year when the mean tem-
perature dropped below 12.5ºC to the day when a change 
in temperature trend was observed. The value of 12.5 is 
the base temperature below which winter-fl owering woody 
plants are considered to begin to satisfy their chilling re-
quirement [31]. In the city of Ponferrada this base tempera-
ture is registered during October or November. This is the 
reason why, to calculate the chilling and heat requirements, 
we have used the period from 1 October–31 October in the 
following year.

The heat accumulation required was calculated as a 
function of the sum of the difference between the daily 
maximum temperature and the threshold temperatures (0, 
1, 2, 3, 4, 5 and 6ºC) from the end of the chilling period to 
the beginning of the pollen season. The heat requirement is 
expressed in growth degree days (GDD) [9].

The lowest coeffi cient of standard deviation was used to 
identify the most adequate threshold temperature in both 
cases. 

For validation of the date obtained by these forecasting 
methods for the beginning of the pollen season we have 
used 3 periods: 2002-2003, 2003-2004 and 2004-2005.
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RESULTS

Cupressaceae pollen type is detected in the atmosphere 
of Ponferrada mainly during the winter-spring, particularly 
in February and March. On average, the main pollen sea-
son starts on 11 February and ends on 20 March, with an 
average duration of 33 days (Tab. 1).

The total pollen index displayed a signifi cant year-on-
year variation, ranged between 35,709 pollen grains in 1999 
and 2,304 in 1998. Cupressaceae pollen type accounted for 
between 22-65% of the total annual pollen recorded. The 
highest single value recorded was 6,634 pollen/m3 on 11 
March 1999 (Tab. 1).

For the main pollen season we have obtained an aver-
age of 44% of total annual Cupressaceae pollen type in the 
whole period under study.

In Figure 1 we have represented the variation of Cu-
pressaceae pollen type concentration between January–

December, considering for each day the average value of 
the concentrations registered during the MPP. Peak con-
centrations were generally attained during the months of 
February and March. 

Table 1. Cupressaceae pollen season characteristics, calculated according to Andersen [1] method: starting and ending date, length, average concentration 
during pollen season, values of peak day in pollen/m3 and its date, total annual pollen, percentage of total annual Cupressaceae pollen type over annual 
total pollen of Ponferrada.

Pollen season 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Average

Start date 12-Feb 11-Feb 9-Feb 2-Mar 18-Feb 23-Jan 6-Mar 8-Feb 3-Feb 15-Mar 11-Feb

Final date 22-Mar 22-Mar 7-Mar 23-Mar 20-Mar 10-Mar 24-Mar 23-Mar 16-Mar 29-Mar 20-Mar

Length (days) 39 40 27 22 32 47 19 44 43 15 33

Average 85 100 85 1623 536 441 1152 383 447 420 586

Maximum 
(pollen/m3) 581 592 354 6634 2282 2573 4793 2735 5668 1081 2729

Maximum date 18-Feb 23-Feb 20-Feb 11-Mar 26-Feb 14-Feb 19-Mar 2-Mar 4-Mar 19-Mar 16-Mar

Total pollen 3386 4003 2304 35709 17147 20718 21894 16838 19208 6300 14751

% over the 
total pollen 22 38 44 65 43 46 49 43 46 43 44

Table 2. Chilling hours (CH) of Cupressaceae pollen type in Ponferrada during the period under study using different threshold temperatures.

Threshold temperatures (ºC) Beginning 
CH

Final 
dates

Days

Periods 6.5 6.6 6.7 6.8 6.9 7 7.1 7.2 7.3 7.4 7.5

1995-96 848 857 867 876 886 896 906 917 927 937 947 04-11-95 16-12-96 43

1996-97 1,151 1,149 1,144 1,135 1,123 1,108 1,087 1,063 1,033 999 959 24-10-96 07-01-97 76

1997-98 860 871 883 896 908 920 933 945 958 971 983 29-10-97 17-12-97 50

1998-99 1,042 1,017 988 957 924 887 847 805 759 709 657 12-11-98 13-01-99 63

1999-00 1,107 1,086 1,060 1,030 996 956 911 860 803 740 671 16-10-99 24-01-00 91

2000-01 832 840 847 855 862 870 878 886 894 902 911 29-10-00 25-11-00 28

2001-02 1,113 1,099 1,084 1,067 1,049 1,030 1,010 988 965 941 915 01-11-01 30-12-01 60

Mean 993 970 965 958 950 940 927 913 896 876 855

Maximum 1,151 1,149 1,144 1,135 1,123 1,108 1,087 1,063 1,033 999 983

Minimum 832 840 847 855 862 870 847 805 759 709 657

Standard 
Deviation 143 132 120 108 96 88 84 88 101 122 150

Coef. Std. 
Var. % 14.4 13.6 12.4 11.2 10.1 9.3 9.0 9.7 11.3 13.9 17.5
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Figure 1. Cupressaceae pollen type average monthly concentration during 
the period under study.
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The chilling accumulation period, in general, started in 
the second fortnight of October and continued until the end 
of January (Fig. 2). The best result was obtained with a 
threshold temperature of 7.1ºC, which showed the small-
est coeffi cient of standard deviation (9%) and an average 
of 927 CH (Tab. 2). The duration of chilling accumulation 
oscillated between 28 days in the period 2000-2001 and 91 
days in 1999-2000 (Fig. 2 and Tab. 2), with an average of 
59 days for the study period (Fig. 2).

Once chilling requirements were attained, heat accumu-
lation was calculated. The smallest coeffi cient of standard 
deviation (39.1%) was obtained with a threshold tempera-
ture of 0ºC, with an average of 490 GDD (Tab. 3). The 
duration of the heat requirements fl uctuated between 24 
days in the period 1997-1998 and 66 days in 2001-2002. 
Thus, heat requirements were achieved with an average of 
45 days (Fig. 2).

Finally, we predicted the date of the beginning of the 
Cupressaceae pollen type season in Ponferrada for 2002-
2003, 2003-2004 and 2004-2005. Results obtained for 
chilling (927 CH) and heat (490 GDD) requirements were 
used to validate models. Dates predicted were 28 January 
for 2002-2003, 3 February for 2003-2004 and 1 February 

for 2004-2005. Afterwards, we verifi ed the start of MPPs 
with the real dates obtained: 8 February in 2002-2003 (11 
days later than predicted), 3 February (as predicted) and 15 
March (42 days later than predicted) (Tab. 1).

DISCUSSION

Cupressaceae pollen type is present in the city of Pon-
ferrada (León) during the winter and early spring, and ac-
counts for between 22-65% of the total annual pollen, de-
pending on the study year. Thus, this pollen type is the most 
important in this town (see bulletins of the REA: Spanish 
Aerobiology Network). Most of the pollen collected in the 
aerobiological trap corresponds to Cupressus genus, abun-
dantly represented in the study area by the species C. ari-
zonica and C. sempervirens.

The main pollen season usually starts at the beginning of 
the year, depending on the temperatures in the previous pe-
riod. It takes place with a slight delay with regard to other 
spanish localities, such as Málaga and Vigo [29, 34]. 

Although in Ponferrada the MPP is not longer than 50 
days, the amount of pollen is nearly 36,000 pollen grains. 
Throughout Spain, the length of the pollen season varies 
between 135-300 days, with lower Cupressaceae pollen 
type concentrations recorded [24, 34]. These differences 
may because Cupressus sempervirens is the most abun-
dant taxa and it is situated relatively close to the pollen-
trap in Ponferrada. However, it is known that  in spite of 
the proximity of these trees to the trap, a huge amount of 
pollen grains is lost [17]. The low concentration of pollen 
registered in the early years of this study could be due to 
the short vegetative development of the trees, as has been 
suggested by Pichot [28] and Andreoli & Raddi [2].

The variations of maximum temperature and relative 
humidity during these 9 years of study can help us to 

Table 3. Heat requirements (HR) of Cupressaceae pollen type in Ponferrada during the period under study using different threshold temperatures.

Threshold temperatures (ºC) Beginning 
HR

Final dates Days

Periods 0 1 2 3 4 5 6

1995-96 601 543 485 427 369 311 253 17-12-96 12-02-96 58

1996-97 371 335 299 263 227 191 155 08-01-97 11-02-97 36

1997-98 253 229 205 181 157 133 109 18-12-97 09-02-98 24

1998-99 503 457 411 365 319 273 227 14-01-99 02-03-99 46

1999-00 293 267 241 215 189 163 137 25-01-00 18-02-00 26

2000-01 655 596 537 478 419 360 301 26-11-00 23-01-01 59

2001-02 757 691 625 559 493 427 361 31-12-01 06-03-02 66

Mean 490 445 400 355 310 265 220

Maximum 757 691 625 559 493 427 361

Minimum 253 229 205 181 157 133 109

Standard

Deviation 192 175 158 142 125 109 92

Coef. Std. 
Var. % 39.1 39.3 39.6 37.9 40.3 41.0 41.9

DecemberNovemberOctober MarchFebruaryJanuary

CH GDD MPP

2001-2002
2000-2001
1999-2000
1998-1999
1997-1998
1996-1997
1995-1996

Figure 2. Chilling hours (CH), growth degree days (GDD) and mean 
pollination period (MPP) for Cupressaceae pollen type in Ponferrada 
during 1996-2002.



 Effect of air temperature on forecasting the start of Cupressaceae pollen type in Ponferrada 241

understand the differences obtained with regard to the 
lengths and dates of the beginning and ending of the MPP 
[8, 23, 30].

To date, we have not found any research about predic-
tive models with Cupressaceae pollen type, therefore, for 
the purpose of discussion we have used the results obtained 
with other winter fl owering arboreal taxa.

Cupressaceae pollen type in general, especially Cupres-
sus sempervirens, needs to accumulate an average of 927 
chilling units. Very similar values have been obtained by 
Alnus in Perugia (Italy) (952 CH) [18], Ponferrada (León, 
Spain) (848 CH) [15], Ourense and Santiago de Compos-
tela (Galicia, Spain) (816 CH and 798 CH respectively) 
[32]. But in Copenhagen (Denmark), this Alnus accumu-
lates a greater number of chilling units (1,550 CH) to pass 
the dormant period [1]. Different mean temperatures may 
be caused of these differences. In the north of Europe this 
climatic factor is lower, therefore it needs to accumulate 
more chilling hours.

We obtained the best results with a threshold temperature 
of 7.1ºC. However, González Parrado et al. [15], obtained 
the best result for Alnus with 6.5ºC and Rodríguez Rajo et 
al. [32] with 5.5ºC. These differences may be due to the 
earlier fl owering of Alnus that occurs in December–Janu-
ary, in addition to the theories of another author in which 
the species are able to adapt to the climatic conditions of 
theirs geographic areas [13].

Once chilling requirements have been attained the heat 
accumulation phase starts. We obtained the best threshold 
temperature with 0ºC, the same threshold used for Alnus by 
González Parrado et al. [15]. But for Cupressaceae pollen 
type in Ponferrada, the mean heat requirements (490 GDD) 
have been higher than that obtained for other taxa: Alnus 
in Ponferrada (143 GDD) [15], in Vigo (52 GDD) [34], 
in Perugia (42 GDD) and in Santiago de Compostela (50 
GDD) [18]; Quercus in León needs 352 GDD, in Santiago 
de Compostela 420 GDD, in Barcelona 417 GDD, in Ma-
drid 205 GDD and in Córdoba 153 GDD [13]; and Cory-
lus only 55 GDD in Vigo [34]. Such differences among all 
these taxa may be due to the fact that these requirements 
are conditional on genetics, or to localities with climatic 
differences. García Mozo et al. [13] and Jato et al. [18], 
have pointed out this fact in previous studies. 

In similar studies carried out previously, it was observed 
that the longer the chilling period the less days of heat ac-
cumulation are needed to start the fl owering [3, 31]. This 
fact has also been observed in our work, therefore this 
could be the reason for the high coeffi cients of standard 
deviation obtained for the heat.

As for the validation of the predictive model used to de-
termine the start of the pollen season, we have used 2002-
2003, 2003-2004 and 2004-2005. To help us to understand 
the results, we have to take into account that warm tem-
peratures during the chilling period not only signify the 
absence of chilling, but will reverse some of the effects 
of previous exposure to chilling temperatures; the negative 

effect of high temperatures increases steeply between 19-
21ºC as was pointed out by Aron [3]. 

In 2004-2005, about a fortnight of high temperatures in 
November (nearly 19ºC) were registered that prompted a 
suspension of chilling accumulation, which started anew 
in December. This fact, together with the lack of precipi-
tation, gave us the great difference between the date pre-
dicted and that observed for the start of the Cupressaceae 
pollen season (43 days). In previous studies carried out 
with Alnus pollen type, a difference of 3 and 1 day was 
obtained, respectively, between the predicted and the fl ow-
ering observed date [15, 32]. Moreover, other year-on-year 
differences in the pollen season start date may be due to 
high temperatures during the freezing period and low tem-
peratures during heat accumulation [18].

CONCLUSIONS

We have observed that the longer the chilling period the 
less days of heat accumulation are needed to start the fl ow-
ering, which could explain the high coeffi cients of standard 
deviation obtained for heat.

Chilling and heat accumulation requirements of the dif-
ferents species of trees in the temperate area, differ as a func-
tion of local climate conditions, areas with similar mean an-
nual temperatures displaying similar requirements. Further 
research is required to determine more precisely the infl u-
ence of temperature on the length of the chilling and heat 
accumulation periods, and thus on the onset of fl owering.
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