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Orlandi, F., Romano, B. & Fornaciari, M. 2005. Relationship between pollen emission and fruit
production in olive (Olea europaea L.). — Grana 44: 98-103. ISSN 0017-3134.

Aerobiological data of pollen emission concentrations is used to predict fruit production. The principal
aim of this work was to study the relationship between pollen emission patterns, emission homogeneity
and fruit production in olive (Olea europaea L.). Data of daily pollen concentrations in the atmosphere
during the flowering period, collected over a 20-year period in Perugia (Central Italy), and the
corresponding fruit production data were analysed. Correlation and regression analyses on the partial
pollen amounts (subdivisions of the whole flowering period), their statistical variability (expressed as
coefficients of variation of the daily pollen concentration), and the production values in the different
years demonstrate that pollen emission, during the seven to ten day period immediately preceding the
maximum pollen emission day, appears to be most closely related to fruit production. Moreover, the
pollen emission homogeneity (minimal variability in daily pollen concentrations) during the “critical”
flowering period is very important for fertilization.
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(Manuscript received 22 January 2004, accepted 29 October 2004)

A recent study has clearly shown the importance of
accurately estimating pollen emissions in anemophilous
species to predict future fruit production (Fornaciari et al.
2002). Since the 1980’s, different methods have been used to
forecast crop yields for agriculturally important species. In
most cases, meteorological and biological variables were
used (agro-meteorological models).

Some multi-year studies on olive and grape have demon-
strated that there is a close relationship between the quantity
of pollen released during flowering and fruit production
(Besselat 1992, Cour & Richard 1992, Fornaciari et al. 1998,
Minero et al. 1998). The pollen variable was almost always
defined as the yearly pollen index (Ip) that is the summation
of the daily pollen concentration values (average number of
pollen grains/m® of air) during the whole pollen emission
period.

The aim of the present study was to initially identify the
most predictive relationship between pollen emission in olive
(Olea europaea L.) and yearly crop yield, considering partial
flowering periods. A second objective was to determine if the
eventual relationship between the concentration of pollen
emitted during the subdivided periods and fruit production
is related to pollen emission variability in the same periods.
In other words, an attempt was made to understand if the
pollen data of the most predictable pollination sub-periods
also includes variability information about daily pollen
concentrations and how the “pollen-production” relation-
ships are influenced by this variability.

The second aspect is important because if there are
different olive cultivars in an olive grove, a heterogeneous
pollen emission could lead to the reproductive processes
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being out-of-synchrony which would probably result in
reduced inter-fertilization.

Pollen emission was studied in olive groves in the
Province of Perugia (central Italy). The groves had different
cultivars of olive (Olea europaea L.), almost all of which are
local varieties that have problems with self-sterility. This
self-sterility is frequently due to pollen tube growth being
inhibited immediately after crossing the stigmatic surface.
Olive has a gametophytic incompatibility that conserves a
certain degree of heterozygosis. Natural selection occurs on
the basis of the growth rate of the gametophyte through the
pistil.

MATERIAL AND METHODS

The olive pollen emission was determined by using a pollen trap
(VPPS 2000 Lanzoni model) with an estimated range of action of
30 km that was situated on the roof of the College of Agriculture
at the University of Perugia (Fig. 1 & Table I). Annual olive
production data for the period 1982-2001 were obtained from the
Age Control S.p.A. database (Agency for the Control of the Italian
Crop Production), and are expressed as total olive production for
the Province of Perugia (tons of milled olives).

The trap is made up of two parts: a lower fixed part, and an
upper mobile part which has a small aperture through which the
airborne material enters, sucked in by a constant air flow volume
(10 V/min). Using the pollen trap, we were able to sample the pollen
content in the atmosphere. Through microscopic analyses of the
olive pollen grains we determined the pollen concentration per cubic
metre of air expressed as hourly, daily or weekly concentrations
(Fornaciari et al. 1998, Gagnon & Comtois 1992, Tomas et al.
1997).

Once the daily pollen concentrations in the atmosphere were

© 2005 Taylor & Francis. ISSN 0017-3134
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Fig. 1. Study region of Umbria. Pollen trap station in Perugia,
black areas indicate the presence of olive groves and the aerobio-
logical monitoring area is delimited by the circle surrounding the
pollen trap. The olive cultivars found in the area nearby the
pollen trap are listed in Table I.

calculated, the sum of the values were then used to determine the
yearly Pollen indexes (Fornaciari et al. 1997); our database contains
continuous Pollen index values (Ip) for nearly twenty years (1982—
2001). The yearly pollination periods were subdivided into 79
“sub-periods” of varying length (from two to ten days, Table II)
starting from the first monitoring day. The sub-periods were
calculated in such a way that the total of all the sub-periods of the
same duration (e.g. all the two-day sub-periods) was equal to the
entire flowering period, which on the average, lasts 40 days.

In order to determine the most predictive relationship between
pollen emission and fruit production a correlation analysis of the
total sums of the pollen concentrations, in the 79 sub-periods, and
the yearly olive production was made. Subsequently, the shorter
sub-periods (calculated on a two to three day basis) were linked
to identify “critical” pollination periods that could be adequately
used for the statistical analyses, and justified from a physiological

Table 1. Olive cultivars in the study area and their self-
sterility condition.

Extensiveness
Cultivars in the area Characteristics
Dolce Agogia Predominant Partially self-sterile
Self-sterile but advantaged
Frantoio Predominant by cross pollination
Leccino Predominant Self-sterile
Moraiolo Predominant Self-sterile
Advantaged by cross
Borgiona Sporadic pollination
Bianchella Sporadic Self-sterile
Marchigiana Sporadic Self-sterile
Nostrale di Rigali  Sporadic Self-sterile
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Table II. Breakdown of the total pollination period (TPP)
into 79 sub-periods.

Sub-periods length
Flowering (Days)
Period
10|91 8| 7|6 | 5| 4| 3|2
1
2 46 60
S 21 61
8 9| a8 [”)
11 16 49 | 4
12
13 30
15 s
17 51
18 VA Y0 D
19
20 . 52
24 70
41 —
7 32 53 7
| 32 3 N 54|’
=N PN "
| 31 -
2| |8 19 56 ")
34
40 59
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Fig. 2. Correlations between pollen summation in the 79 sub-periods and yearly productions.
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point of view based on the biological characteristics of olive
flowering.

The relationships between the partial summations of the daily
pollen concentrations and their variabilities were evaluated for each
“critical” sub-period. The variability of the pollen concentrations
was determined by calculating the coefficients of variation (CV) in
order to specify the degree of emission homogeneity for each
“critical” sub-period. To predict the olive harvest entity, regression
analyses were made using the yearly olive production as the
dependent variable, with total pollen emission (Ip), the pollen
emissions concentrated in the “critical” sub-periods and their
coefficients of variation as the predictive variables.

RESULTS AND DISCUSSION

A detailed analysis, based on the consideration of two to
three day linked sub-periods, showed that pollen emission
during the first 12 days of flowering was negatively corre-
lated with production, while pollen concentrations during
days 13 to 21 were positively correlated (Fig. 2). Therefore
within the whole olive flowering phenomena two main
“critical” sub-periods of pollen emission were identified
(Fig. 2), an “initial” (12 day period) and a ““central” (eight-
day period). The final part of the entire flowering, (~20 day
period), always gave contrasting results with low correlation
values. For this reason, the ends of the pollination periods
were pooled into a single group called the “final” pollination
interval and had little influence on the analysis results.

A correlation matrix among pollen emission summations
recorded in the three ‘‘critical” pollination sub-periods
(“initial”, “central” and “final”), and the corresponding CV
related to the total pollen emission period and to the three
identified sub-periods was calculated (Table III). There is
a positive correlation (r=0.60) between the coefficient of
variation in the first 12 days of pollination (“initial”” phase)
and the pollen released (“‘central” phase) during the sub-
sequent eight-day period (Table III). On the other hand, a
significant negative correlation (r=—0.54) was recorded
between the coefficient of variation of the central phase and
the corresponding pollen emission summation (Table III).
These last correlation results show that the increases in
pollen emission during the central phases (correlated with
the final production as indicated by the preceding analysis,
Fig. 2) correspond to increased pollen variability in the
initial phase and to a low variability in the central interval.
In the same way, there is a positive, but not significant

Table III. Correlation matrix between X of pollen concen-
trations in the three flowering periods and the corresponding
coefficient of variation.

Y Pollen emission in interval

Initial Central Final

2 Pollen emission Initial 1.00 0.29 0.05
in interval Central 0.29 1.00 —0.19
Final 0.05 -0.19 1.00

C.V. in the emission Total 0.14 -0.15 —0.19
intervals Initial —0.54 —0.11 0.16
Central 0.60 0.46 -0.47

Final 0.24 -0.20 0.21
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relationship, among the pollen emissions during the initial
phases (r=0.46) and the final phases (r=0.21) with their
corresponding coefficient of variation values. This fact
demonstrates that pollen emissions concentrated at the
beginning and end of the flowering period are associated
with high levels of heterogeneity. The inverse and significant
relationship (r=—0.54) between the “central” phase pollen
emission and its CV, indicate that the emission homogeneity
may affect its positive relationship with the final fruit
production.

The results of the regression analyses are reported
considering different variables: — yearly olive production,

— total pollen index (Ip),

— the pollen quantity released during the 8 days of the
central phase,

— the coefficient of variation calculated in this last period.

Table IV. Regression data.

= Production as dependent variable
= Pollen Index (Ip) as independent variable.

Coefficients ~ Value Std. Error  t value  Pr(>|t|)
(Intercept) 226978.76 59360.92 3.82 0.00
1P 14.25 11.62 1.23 0.24

Multiple R-Squared: 0.38
F-statistic: 5.266 on 2 and 17 degrees of freedom, the p-value
is 0.01

=  Production as dependent variable
= Pollen Index in the “central” interval (Ipr) as independent

variable
Coefficients ~ Value Std. Error  t value  Pr(>|t|)
(Intercept) 221361.79 43285.86 5.11 0.00
Ipr 28.75 13.42 2.14 0.05

Multiple R-Squared: 0.47
F-statistic: 7.564 on 2 and 17 degrees of freedom, the p-value
is 0.00

= Production as dependent variable
= Pollen Index and coefficient of variation in the “central”
interval as independent variables (Ipr and CVr).

Coefficients ~ Value Std. Error  t value  Pr(>|t|)
(Intercept) 438323.79 141800.61 3.09 0.01
Ipr 15.56 15.26 1.02 0.32
CVr —287971.77  179999.44 —1.60 0.13

Multiple R-Squared: 0.54
F-statistic: 6.35 on 3 and 16 degrees of freedom, the p-value
is 0.00

= Production as dependent variable
= Coefficient of variation in the “central” interval as
independent var.

Coefficients  Value Std. Error  t value  Pr(>|t])
(Intercept) 538494.77  102405.60 5.26 0.00
CVr —387136.04  151663.44 —2.55 0.02

Multiple R-Squared: 0.51
F-statistic: 8.99 on 2 and 17 degrees of freedom, the p-value is 0.00
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Fig. 3. Regression lines derived from the analyses among Pollen production, Pollen index (Ip), Pollen amount in the “central” flower-
ing period (Ipr) and the Coefficient of variation in this last period (CVr).

By introducing the summation of the daily pollen concen-
trations during the eight-day period, as a restricted pollen
index (Ipr), the statistical results improved with respect to
those obtained with the original pollen index (the multiple
R? increased from 0.38 to 0.47 and the significance level of
the variable also increased). By introducing the variable
related to the statistical variability degree within the
“central” pollen emission period, the results improved
even further (Table IV). However, the most interesting
data were obtained by using only this latter variable in the
regression analysis. In this manner, the highest statistical
significance of the variable was obtained and the degree of
explained variability by the productive event was greater
than 50%. This result is notable because a single biological
variable such as pollen used in the statistical models for
predicting production (agrometeorological models, time
trend analyses, etc.) rarely reaches values higher than this
(Fornaciari et al. 2002, Kaufmann & Snell 1997).

Data from 1982 to 2001 were used in the regression
analyses but a dummy variable was introduced to com-
pensate for the outlier value related to the olive production
in 2000 (Fig. 3). This was necessary in order to remove the
distortion effect in the statistical analysis.
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CONCLUSIONS

The results of this study show that pollen concentrations
during the second ten days of the flowering period in olive
are directly correlated with the future fruit production. This
demonstrates the need to identify the quantity of pollen
emitted, as well as the exact period in which this emission
occurs. Pollen emission trends provide an indication of the
future fruit production (Fornaciari et al. 1997).

The analyses regarding the homogeneity of pollen emis-
sions during the considered intervals showed a link between
pollen emission during the eight day ‘“‘central” period and
the daily variability during this period. This allowed us to
interpret the positive correlation between fruit production
and pollen release in this sub-period as the correlation
between production and the same variability.

From a biological point of view, a greater homogeneity
of pollen emission corresponds to a greater possibility of
cross-pollination between different self-sterile cultivars. An
increase in the percentage of successful pollination processes
between pollinator and no pollinated plants, is strictly
correlated with successful fertilization and consequently,
with higher total production values.
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