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Abstract

Key message The olive pollen production showed a

variation related to temperature and rainfall during

dormancy period. A correlation was found between the

number of olive tree inflorescences and airborne pollen

counts.

Abstract Analysis of pollen production in crops such as

the olive is of particular agronomical value, in that it can

help to predict final harvest outcomes. Since olive pollen is

a major cause of allergy in the Mediterranean region, this

analysis can also provide health-related benefits. The pre-

sent study analyzed flower and pollen production in ‘Cor-

nicabra’ olive cultivar, charting its correlation with

airborne pollen counts, with phenological findings such as

onset of pre-flowering period, and with environmental

factors such as temperature and rainfall, elevation and

northern vs. southern exposure of floral structures on the

tree crown. Findings confirmed spatiotemporal variations

for most of the parameters studied. Mean pollen

grain production per flower of olive tree was 1.10 9

105 ± 0.25 9 105. Variations in the production of flow-

ering branches, inflorescences, flowers and pollen reflected

internal regulation processes linked to alternate bearing as

well as year-on-year variations in weather conditions.

Temperature and rainfall during dormancy were the

weather-related variables most influencing flower, inflo-

rescence and flowering-branch production. Early

attainment of chilling requirements during dormancy was

associated with increased production, coinciding with

earlier budburst. A correlation was found between the

number of inflorescences—and thus overall flower pro-

duction—and airborne pollen counts. Production pa-

rameters also varied as a function of olive grove location,

although that variability was not clearly attributable to the

elevation. The correlation between production parameters

and northern vs. southern exposure on the olive tree crown

was significant only for flowering branches, whose pro-

duction varied depending on their location on the tree

crown.

Keywords Elevation � Exposure � Reproductive biology �
Alternate bearing � Airborne pollen

Introduction

The amount of pollen produced by a plant is governed by

floral organ morphology and pollen dispersal strategies

(Cruden 2000; Friedman and Barrett 2009). The olive

(Olea europaea L.), as a largely wind-pollinated species,

generates copious amounts of pollen to offset low polli-

nation efficiency and thus ensure fertilization (Cruden

2000). Analysis of year-on-year variations in pollen and

flower production is particularly valuable in the olive,

given its tendency towards alternate bearing. Fruit pro-

duction is mainly dependent on the vegetative growth of

the previous growing season (Lavee 2007). This phe-

nomenon is controlled by the balance between vegetative

and reproductive cycles (Rallo and Suarez 1989) deter-

mined by the levels of hormones endogenous inhibitors and

promoters of flowering, such as gibberellins, abscisic acid,

and other substances (Baktir et al. 2004; Ulger et al. 2004).
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However, the amount of pollen produced is not dictated

by genetic and physiological factors alone (Subba and

Reddi 1986); environmental factors also prompt consider-

able year-on-year variations in pollen production (Rogers

1993; Guerin and Sedgley 2007) as well as in the number

of flowers per inflorescence and the number of inflores-

cences per tree (Rapoport 2008). Olive pollen production is

influenced by weather conditions (Ribeiro et al. 2006),

since each stage in the biological cycle is regulated by

variables such as temperature, water availability and solar

radiation (Connor and Fereres 2005), which affect both

flowering events (Orlandi et al. 2002, 2009) and aspects of

plant vegetative growth (Kozlowski and Pallardy 1997).

Geographical factors constitute another source of vari-

ability in olive pollen production (Damialis et al. 2011).

Aspects such as the altitude and topographical orientation

of olive groves affect a number of pollen production pa-

rameters including number of pollen grains per flower

(Damialis et al. 2011; Aguilera and Ruiz 2012). Further-

more, some treatments applied in olive growing, as it

happens to other species (Alcázar et al. 2004), may affect

pollen production.

Knowledge of variations in pollen production is of

agronomical value, as a means of predicting harvest out-

comes for major crops such as the olive, since the amount

of pollen released during pollination is a direct indicator of

flowering intensity (Rosati et al. 2012) and thus of final

fruit yield (Ribeiro et al. 2007). A number of authors have

charted variations in final olive production and their cor-

relation with flower and inflorescence production (Lavee

et al. 1996, 1999).

Olive pollen, moreover, is responsible for 58 % of the

allergies recorded in the Mediterranean region (D’Amato

et al. 2007; Subiza et al. 2007). Pollen production esti-

mates, and research into spatiotemporal variations in pro-

duction, are therefore valuable when interpreting the

findings of aerobiological studies carried out in the field of

allergology (Hidalgo et al. 2003) and for predicting the

potential severity of respiratory allergies.

Although airborne pollen counts have been widely

studied (e.g., Dı́az de la Guardia et al. 2003; Orlandi et al.

2009), few papers have addressed the issue of pollen pro-

duction per tree (Tormo et al. 1996; Orlandi et al. 2003;

Rovira and Tous 2005; Ferrara et al. 2007; Damialis et al.

2011; Aguilera and Ruiz 2012). Crop pollen and flower

production varies even between varieties (Joppa et al.

1968; Ferrara et al. 2007), and little is known regarding

production in the ‘Cornicabra’ variety.

The main aim of this study was to quantify the pro-

duction of pollen and of the floral structures involved in

pollen production (flowers, inflorescences and flowering

branches) in ‘Cornicabra’ olives, charting correlations with

airborne pollen counts, with phenological findings such as

bud development after dormancy (pre-flowering), and with

environmental factors such as temperature and rainfall,

elevation gradient and northern vs. southern exposure of

floral structures.

Materials and methods

Study area

The study was carried out in the province of Toledo

(39�510N, 4� 010W), located in the Castilla-La Mancha

region of central Spain. The most widely grown variety in

this region is ‘Cornicabra’, which is the second largest

Spanish variety in terms of surface area, covering over

270,000 Ha (Barranco et al. 2000). ‘Cornicabra’ is a late-

flowering variety, coming into bloom between mid-May

and early June (Rojo and Pérez-Badia 2014).

Fieldwork and phenological sampling

Sampling was conducted over a four-year period, from

2010 to 2013, at 7 sampling sites on 70 olive trees (10 trees

per site) located across the whole elevation gradient

(400–900 m a.s.l) in which olive groves are to be found in

this part of central Spain (Fig. 1). The selected trees were

situated in groves traditionally cultivated, all of them had

similar size and crown shape and there was a separation of

10–12 m between them (Pastor et al. 2001). Geographical

features of the sampling sites are shown in Table 1.

Phenological sampling was performed to determine the

date of onset of the pre-flowering period at each sampling

site, defined as the moment when 50 % of buds on the tree

are swollen, i.e., phenophase 51 on the BBCH scale (Meier

2001).

Estimation of production parameters

Number of flowers, inflorescences and flowering branches

per crown unit area

The number of flowers per inflorescence (flowers/inflo-

rescence) was counted for all inflorescences on four

flowering branches per tree (2 north-facing and 2 south-

facing on the tree crown). The number of inflorescences

on each of these flowering branches (inflorescences/

branch) was also recorded. The number of flowering

branches per square meter (branches/m2) of crown was

then calculated by examining 2 m2 of north-facing and

2 m2 of south-facing crown from randomly chosen areas

of each tree.
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Number of pollen grains per flower

The total number of pollen grains per flower (pollen/flow-

er) was calculated following Dafni (1992) for three trees at

each of the seven sampling sites. For each exposure (N/S)

two flowers were collected immediately prior to anthesis

(one flower per exposure in 2012 and 2013). Pollen from

one anther of each flower was extracted in 1 ml of aqueous

medium containing 70 % ethanol. Five replicates, each of

10 ll, were stained with fuchsine and pollen grains were

counted under a light microscope (4009). The number of

pollen grains per anther was calculated by extrapolation

and multiplied by two (two anthers per flower) to obtain the

total number of pollen grains per flower.

Airborne Olea pollen data

In tandem with field work and analysis of pollen production,

airborne pollen counts were recorded using a Hirst-type

volumetric spore trap (Hirst 1952) located in the city of

Toledo, in accordance with Spanish Aerobiology Network

(REA) protocols (Galán et al. 2007). The aerobiological

sampling was carried out continuously during the period

2010–2013. The results obtained for each production pa-

rameter studied were compared with total daily airborne

pollen counts over the Main Pollen Season (MPS) for each

study year, calculated following Andersen (1991).

Weather data and statistical analysis

General Linear Models (GLM) were applied to test for po-

tential variability in production parameters as a function of

study year, elevation and N/S exposure of floral structures.

Correlations between elevation and production parameters

were also studied by linear regression for each study year.

Correlations between the various production parameters,

and between those parameters and weather-related vari-

ables, were tested using either Pearson’s or Spearman’s

correlation test, depending on data normality. For this

purpose, data from four sampling sites (La Puebla de

Montalbán, Toledo, Olı́as del Rey and Mascaraque) were

used, because they were located close to weather stations.

Weather data were supplied by stations belonging to the

Castilla La Mancha Air Control and Monitoring Network

Fig. 1 Location of sampling

sites in the province of Toledo

(central Spain)

Table 1 Geographical features

of the sampling sites
No. Site Code Altitude (m.a.s.l.) Coordinates

1 La Puebla de Montalbán 1LPue 440 39�500N, 4�220W
2 Toledo 2To 470 39�510N, 3�590W
3 Olı́as del Rey 3Oli 590 39�560N, 3�590W
4 Burguillos de Toledo 4Bu 686 39�470N, 3�580W
5 Mazarambroz 5Maz 730 39�410N, 4�030W
6 Mascaraque 6Mas 748 39�400N, 3�490W
7 Los Yébenes 7LYeb 875 39�350N, 3�500W
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(http://pagina.jccm.es/medioambiente/rvca/calidadaire.htm)

and the Integrated Irrigation Advice Network (SIAR, http://

crea.uclm.es/siar/). The following weather-related variables

were analyzed: maximum temperature (Tmax), minimum

temperature (Tmin), mean temperature (Tm), and accumu-

lated rainfall (R). These variables were calculated for au-

tumn (SON-1 September–October–November of the

previous year) and winter (DJF December–January–

February).

Annual airborne pollen counts over the pollen season

were compared with production parameters and weather-

related variables using Winsorized correlation tests, which

are recommended when classical statistics cannot be ap-

plied (Wilcox 2012), in this case because data were

available for only four sampling years.

Correlations between the date of onset of the pre-flower-

ing phase and pollen production parameters (number of

pollen grains, flowers, inflorescences and flowering branch-

es) were analyzed by linear regression. The data used for the

four studied years (2010–2013) were those obtained from the

7 sampling points (mean data in each point, 28 data in total).

All statistical analyses were carried out using the SPSS v.

19 software package, except for the Winsorized correlations,

which were performed with R software (R Development

Core Team 2008) and the WRS package (Wilcox 2012).

Results

Airborne pollen

The total airborne olive pollen count for the 4 years of the

study (2010–2013) was 25,796 pollen grains, with an an-

nual mean of 6190 ± 2877 pollen grains during the Main

Pollen Season (MPS). The highest annual count was

recorded in 2013 (9444 grains) and the lowest in 2012

(2537 grains), coinciding with a marked drop in winter

rainfall that year (Fig. 2). Year-on-year variations in pollen

counts seemed to coincide with fluctuations in accumulated

rainfall over the previous autumn (Fig. 2).

A positive correlation (qw = 0.98) was observed between

year-on-year variations in airborne olive pollen counts and

number of inflorescences per flowering branch (Fig. 3), and

thus, indirectly, with the flower production per tree.

Estimation of production parameters

Pollen production per flower

‘Cornicabra’ olive flowers contained a mean

110,105 ± 24,935 pollen grains (i.e., 55,052 ± 12,467
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grains per anther). Grain counts varied significantly be-

tween years and sampling sites (Table 2). The highest

pollen production per flower was recorded in 2013, when

mean counts rose to 123,206 ± 20,420 grains (Fig. 3); the

highest airborne pollen counts were also observed in that

year. Mean pollen production counts for 2010 and 2011

were 114,863 ± 25,167 grains and 102,157 ± 19,719

grains, respectively. The lowest pollen production per

flower was observed in 2012 (100,192 ± 27,705 grains).

There was no clear correlation between pollen/flower

and elevation. A slight negative correlation was observed

(R2 = 0.53, although statistical significance was slightly

greater than 0.05, Fig. 4) in 2010 and 2012, i.e., pollen

production per flower was greater at lower elevations. This

trend, however, was not recorded in other years.

Flower production per inflorescence

The mean number of flowers per inflorescence in ‘Corni-

cabra’ olives was 11.3 ± 2.4, though significant year-on-

year variations were observed (Table 2). As Fig. 3 shows,

the highest production rate was recorded in 2010

(12.2 ± 3.2 flowers), and the lowest in 2012 (9.7 ± 1.6

flowers). Flowers/inflorescence also varied as a function of

sampling site location. In 2012, though not in other years,

this variability was partly accounted for by elevation, with

which a significant correlation was observed (R2 = 0.66),

i.e., flowers/inflorescence increased with elevation (Fig. 4).

Inflorescence production per branch

The largest number of inflorescences per branch was

recorded in 2013 and 2011 (13.4 ± 3.2 and 11.8 ± 4.4

inflorescence, respectively). Production was slightly lower

in 2010 (8.1 ± 3.8) and dropped sharply in 2012, to

4.2 ± 2.1 inflorescences/branch (Fig. 3). Significant var-

iations were observed as a function of sampling site loca-

tion in some years (year 9 elevation, Table 2). In 2012, a

positive correlation was found between inflorescences/

branch and elevation (R2 = 0.66, Fig. 4).

Branch production per m2

The highest number of branches per square meter (Fig. 3)

was recorded in 2013 (63.1 ± 15.4), followed by 2010

(54.5 ± 28.5) and 2011 (55.0 ± 21.0). However, numbers

were significantly lower in 2012 (20.5 ± 16.8). Consider-

able inter-tree variability was also observed in 2012, with a

high coefficient of variation of 82 %, implying major dif-

ferences even between trees at the same location.

Number of branches/m2 was the only parameter displaying

significant variation as a function of N vs. S exposure

(Table 2). Generally, more flowering branches were produced

on the south-facing side of the tree (50.5 ± 31.6) than on the

north-facing side (46.0 ± 28.7). This was true for all study

years and for all sampling sites except Los Yébenes (Fig. 5).

Correlations between production parameters

and both weather-related and phenological variables

Both flowers/inflorescence and inflorescences/branch cor-

related negatively with mean and maximum temperatures

for the previous autumn (TmaxSON-1, TmSON-1)

(Table 3). Moreover, a negative correlation was observed

between flowers/inflorescence and maximum winter tem-

perature (TmaxDJF). By contrast, a positive correlation

was found between both minimum and mean winter tem-

perature (TminDJF, TmDJF), and flowers/inflorescence,

inflorescences/branch and branches/m2 (Table 3).

A positive correlation was observed between cumulative

rainfall over the previous autumn (RSON-1) and inflores-

cences/branch, and also between cumulative winter rainfall

and flowers/inflorescence (Table 3).

A correlation was observed between all production pa-

rameters and the date of onset of pre-flowering, i.e., the

date on which dormancy was broken. The correlation was

negative for flowers/inflorescence, inflorescences/branch

and branches/m2 (Fig. 6). Production of inflorescences/

branch accounted for 70 % of variance, while branches/m2

and flowers/inflorescences accounted for 55 and 27 %, re-

spectively, of total variance.

Table 2 Results of analysis of

variance for the GLM procedure
Year Elevation Year 9 elevation Exposure N/S

df F df F df F df F

Pollen/flower 3, 251 16.0*** 1, 251 6.8** 3, 251 15.2*** 1, 251 3.0

Flowers/inflorescence 3, 1119 23.6*** 1, 1119 29.4*** 3,1119 15.6*** 1, 1119 3.4

Inflorescences/branch 3, 1119 27.1*** 1, 1119 0.1 3, 1119 7.8*** 1, 1119 0.4

Branches/m2 3, 1119 82.0*** 1, 1119 29.8*** 3, 1119 44.5*** 1, 1119 10.0**

F F-Snedecor value, df degrees of freedom

Significance levels: * 95, ** 99, *** 99.9 %
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A number of significant correlations were found be-

tween production parameters (Fig. 7), the most significant

being between inflorescences/branch and branches/m2

(Spearman correlation coefficient, 0.77). A correlation was

also observed, albeit less significant, between these two

parameters and both flowers/inflorescence (coefficients,

0.39 and 0.35, respectively) and pollen/flower (0.22 and

0.29) (Fig. 7).

Discussion

Mean pollen production in ‘Cornicabra’ olive flowers was

1.10 9 105 ± 0.25 9 105 grains (5.51 9 104 ± 1.25 9

104 grains per anther). Values are similar to those reported

for the Spanish ‘Picual’ variety (Aguilera and Ruiz 2012),

but differ from other varieties such as ‘Arbosana’ and

R² = 0.41

400 600 800

Eleva�on (m a.s.l.)

2011

R² = 0.53

70000

100000

130000

160000

400 600 800

Po
lle

n/
flo

w
er

Eleva�on (m a.s.l.)

2010

R² = 0.53

400 600 800

Eleva�on (m a.s.l.)

2012

R² = 0.00

400 600 800

Eleva�on (m a.s.l.)

2013

R² = 0.51

7

9

11

13

15

400 600 800

Fl
ow

er
s/

in
flo

re
sc

en
ce

Eleva�on (m a.s.l.)

2010

R² = 0.12

400 600 800

Eleva�on (m a.s.l.)

2011

R² = 0.66

400 600 800

Eleva�on (m a.s.l.)

2012

R² = 0.19

400 600 800

Eleva�on (m a.s.l.)

2013

R² = 0.11

0

4

8

12

16

20

400 600 800

In
flo

re
sc

en
ce

s/
br

an
ch

Eleva�on (m a.s.l.)

2010
R² = 0.00

400 600 800

Eleva�on (m a.s.l.)

2011

R² = 0.66

400 600 800

Eleva�on (m a.s.l.)

2012

R² = 0.02

400 600 800

Eleva�on (m a.s.l.)

2013

*

*

**

**

*

Fig. 4 Linear regressions among the altitude and the olive production parameters (pollen/flower, flowers/inflorescence, inflorescences/branch).

Significance levels: *92.5, **95 %

Fig. 5 Branch production per m2 according to the crown-exposure

(north-facing/south-facing). Bars represent the confidence interval for

the mean (95 %)

1240 Trees (2015) 29:1235–1245

123



‘Arbequina’ (Ferrara et al. 2007), which are considerably

higher ([9.00 9 104 grains per anther). Mean pollen pro-

duction per anther in the olive was higher than that reported

for other tree species, for example those belonging to the

genera Juglans, Populus, Salix, Ulmus (Tormo et al. 1996),

Morus (Mondal et al. 1998) and Quercus (Gómez-Casero

et al. 2004). Mean values for pollen production per anther

in other species of the Oleaceae family such as Fraxinus

Table 3 Results of Pearson

tests among meteorological and

production parameters (in the

variables RSON-1 and RDJF

were used Spearman test due to

the non-normality of the data)

Pollen/flower Flowers/inflorescence Inflorescences/branch Branches/m2

TmaxSON-1 0.20 -0.61* -0.71** -0.49

TmaxDJF 0.04 -0.59* -0.05 -0.19

TminSON-1 0.08 -0.33 -0.45 -0.23

TminDJF 0.12 0.53* 0.58* 0.81***

TmSON-1 0.15 -0.54* -0.70** -0.45

TmDJF 0.13 0.40 0.67** 0.82***

RSON-1 0.06 0.09 0.60* 0.41

RDJF -0.00 0.53* 0.24 0.50

Number of cases = 16

Tmax maximum temperature, Tmin minimum temperature, Tm mean temperature, R rainfall, SON-1

September–October–November of previous year, DJF December–January–February

Significance levels: * 95, ** 99, *** 99.9 %
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angustifolia Vahl are similar to those obtained here (Tormo

et al. 1996), reflecting the similar flower morphology

shared by members of the same taxonomic family (Andrés

2012; Vargas and Talavera 2012). On the other hand, mean

number of flowers per inflorescence in ‘Cornicabra’ was

11, though the number varied between 8 and 14 depending

on sampling site and year. Values in this range are also

reported for Spanish varieties (Ferrara et al. 2007; Aguilera

and Ruiz 2012).

Year-on-year variations in the production of pollen,

flowers, inflorescences and flowering branches (Table 2)

may be attributable in part to the alternate bearing char-

acteristic of the olive’s biological cycle (Lavee 2007;

Therios 2009), and also to year-on-year variations in

weather conditions (Ribeiro et al. 2005). The findings of

the present study seem to confirm the effect of alternate

bearing on olive production: data pointed to a biannual

pattern for inflorescences per flowering branch over the

four study years (Fig. 3). This alternating pattern of flower

and inflorescence production, also reported by Al-Shdiefat

and Qrunfleh (2008) and by Aguilera and Ruiz (2012), is

linked to the balanced synthesis of endogenous hormones

which promote or inhibit flowering, and limit plant repro-

ductive growth (Badr et al. 1970; Palese and Crocker

2002).

Annual airborne olive pollen counts displayed the same

fluctuating pattern as inflorescences/branch, which influ-

ences number of flowers per tree (Fig. 3). As expected,

Fig. 7 Scatterplot and Pearson or Spearman tests for the relationships among different production parameters for all studied trees. Significance

levels: *p\ 0.05; **p\ 0.01; ***p\ 0.001
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years with lower pollen airborne pollen counts, i.e., 2010

and 2012 (‘‘Off years’’), were followed by years with

higher counts, i.e. 2011 and 2013 (‘‘On years’’), a finding

also reported by other authors (Ribeiro et al. 2005; Garcı́a-

Mozo et al. 2008). Differences were especially marked in

2012, which recorded the lowest annual airborne pollen

counts of the study.

Positive correlations observed between flower, inflo-

rescence and flowering-branch production (Fig. 7) may be

due to the fact that floral induction is favored in ‘‘off years’’

(Fernández-Escobar et al. 1992; Lavee 2007). When this

happens, therefore, there is also greater vegetative growth,

and increased branch production (Castillo-Llanque and

Rapoport 2011), providing a larger surface area for bud

development the following year (Baktir et al. 2004; Rubio

et al. 2007). This suggests that on trees with a larger

number of flowering branches, those branches also produce

a larger number of inflorescences.

With regard to the effects of weather-related factors,

flower and inflorescence production was favored by a fall

in September–November temperatures the previous year

(Table 3), suggesting that low temperatures during dor-

mancy favor the adequate development of olive reproduc-

tive organs (Hartmann and Porlingis 1957; Denney et al.

1985), by enabling buds initiated in mid-autumn to break

dormancy (Rallo and Martı́n 1991). Increased production

of flowers, inflorescences and flowering branches coincided

with early budburst (pre-flowering) (Fig. 6), linked to an

earlier attainment of chilling requirements (Orlandi et al.

2002). However, buds cannot break dormancy without a

gradual increase in minimum temperatures over the months

prior to pre-flowering, which enables the metabolic acti-

vation of the plant at the end of winter, prompting flower

bud differentiation (Cesaraccio et al. 2004; Connor and

Fereres 2005). This was evident here in the positive cor-

relation observed between minimum and mean winter

temperatures and flower, inflorescence and flowering-

branch production (Table 3).

A positive correlation was also reported between flower

and inflorescence production and rainfall over the previous

autumn and winter (RSON-1, RDJF) (Table 3), when

flower bud initiation and differentiation take place (Connor

and Fereres 2005). This also coincides with increased

competition for plant assimilates due to the development of

floral organs (Rallo 1994). Moreover, severe water deficit

inhibits olive reproductive growth in terms of productivity

(Kozlowski and Pallardy 1997), considerably reducing the

number of floral buds (Hartmann and Panestsos 1961).

All the parameters studied here displayed variations as a

function of sampling site elevation (Table 2). In most

cases, however, this variability could not be accounted for

by a linear correlation with elevation (Fig. 4). Pollen grain

production per flower recorded a mildly negative

correlation with elevation in 2010 and 2012 (albeit with a

significance level of p\ 0.07, Fig. 4), but not in other

years. Higher pollen production at lower elevations has

been reported for the olive by Damialis et al. (2011), and

also for other tree species (Moe 1998). However, Aguilera

and Ruiz (2012) found the opposite: pollen production

increased with elevation. A positive linear correlation was

observed between elevation and flower and inflorescence

production in 2012 (Fig. 4). Damialis et al. (2011) reported

no significant variation in olive flower and inflorescence

production as a function of elevation, although variation

was observed in other species, including Cupressus sem-

pervirens var. horizontalis. Further research is required into

the effect of elevation on olive production parameters, and

data are needed for more years to clarify these correlations.

With regard to the effect of N vs. S exposure on the

olive tree crown, at most sampling sites flowering-branch

production was greater in south-facing branches (Fig. 5).

More populations need to be studied to confirm this effect.

Lower production of floral buds in shadier areas of the tree

has also been reported for other species (Flore 1981). The

effect of exposure on flowering-branch production may be

linked to variations in solar radiation between sunny and

shady areas of the tree (Camargo et al. 2011). Solar ra-

diation affects photosynthesis rates and nutrient distribu-

tion within the tree, which is particularly crucial in

flowering processes (Privé et al. 1993). Similarly, Ko-

zlowski and Pallardy (1997) report a reduction in floral bud

numbers in shady areas of the tree due to reduced light

intensity.

Conclusions

Findings pointed to marked spatiotemporal variability in all

pollen production parameters studied (pollen grains, flow-

ers, inflorescences and flowering branches), influenced by

environmental and weather-related factors, which assume

greater importance during floral organ development (ini-

tiation and differentiation). Temperature and rainfall dur-

ing the dormancy period were the weather-related variables

most influencing flower production.

Analysis of the influence of environmental conditions on

olive pollen and flower production is rendered more com-

plex by interactions with other processes involved in the

olive biological cycle. Moreover, variations in pollen pro-

duction may in part be linked to topographical factors such

as the elevation gradient, although no clear correlation

emerged here, with different trends depending on the year.

Data for more years should be analyzed to determine the

effect of elevation on pollen production. Confirming sen-

sitivity to microclimatic variations, flowering-branch pro-

duction varied as a function of small-scale geographical
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factors such as north vs. south exposure of branches on the

olive tree crown.

The results obtained in this study are interesting from an

agricultural point of view, since it can be used for crop

forecasting models. They are also interesting from the point

of view of allergies because they can be used for forecasting

pollen production models that serve to alert the allergy suf-

ferers about the increase of pollen concentrations.
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