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Abstract. The effect of several pollination combinations of the olive cultivars Ascolana
Tenera, Carolea, Leccino, and Picholine on seed quality and seed number and drupe and
seed features were evaluated in 2007 and in 2008 in central Italy. The well-known pattern
in olive fruit was confirmed by the high percentage of drupes (71.8%, on average)
containing one seed with a closed endocarp, as the dispersal unit, optimizing the plant’s
investment in seedling survival. Based on the results of the x2 test of independence, there
was a significant maternal and paternal effect on the number of normal seeds per drupe
in some years and combinations. Particularly, in 2007, Picholine and Leccino cultivars
(as mother) had drupes with two normal seeds (23.7% and 3.1%, respectively, with
respect to 10.8% observed in a normal seed pattern), confirming that double-seeding in
olive could be cultivar-dependent. Also the specific crosspollination between ‘Carolea’, as
a pollenizer, and ‘Ascolana Tenera’ gave rise to a higher proportion of double-seeded
drupes in 2007 (39% with respect to 14.3% expected to be in this category). In 2008,
although ‘Ascolana Tenera’ produced more drupes with undeveloped seeds (31.9%
with respect to 19.7% expected to be in that category), ‘Leccino’ and ‘Carolea’ had
drupes with a lower number of undeveloped seed (14.2% and 11.5%, respectively).
‘Maurino’ and ‘Ascolana Tenera’ pollen produced significant effects on ‘Leccino’
drupes by increasing the number of drupes with undeveloped seeds in both experi-
mental years. Double-seeded drupes outweighed those with only one normal seed in
‘Leccino’ and ‘Picholine’. Instead, drupes with undeveloped seeds affected fruit weight,
being generally lighter than those with normal seeds. Although the Leccino cultivar,
combined with ‘Maurino’ and ‘Ascolana Tenera’, greatly increased the proportion of
drupes without normal seed, such condition did not affect their final weight, which was
not different from those with one normal seed, suggesting that this variety caused late
seed death.

Fruit set assessment is currently the
most commonly used method to test cross-
compatibility among olive (Olea europaea L.)
cultivars, thus identifying the best pollen-
izers (Androulakis and Loupassaki, 1990;
Camposeo et al., 2012; Cuevas et al., 2001;
Farinelli et al., 2002a, 2006, 2008a; Fernandez-
Escobar and Gomez-Valledor, 1985; Guerin
and Sedgley, 2007; Lavee, 1998; Lavee and
Datt, 1978; Moutier, 2002; Rallo et al., 1990;
Tombesi et al., 1982). To our knowledge,

only a few researchers have investigated
cultivar compatibility by paternity tests with
simple sequence repeat markers (Diaz et al.,
2007; Mookerjee et al., 2005; Rodriguez-
Castillo et al., 2009; Rosa de la et al., 2004).

Moreover, there have been very few studies
on the effects of different cultivar/pollenizer
combinations on seed and drupe characteris-
tics (Cuevas and Oller, 2002; Farinelli et al.,
2002b, 2008b; Koubouris et al., 2010). Olive
fruit is a drupe, consisting of the carpel,
botanically similar to almond, apricot, cherry,
nectarine, peach, and plum. The ovary wall
has both fleshy and hard portions (Martin
et al., 2005). A drupe usually contains a single
seed enclosed by a hardened endocarp, which
often adheres closely to the seed. Although

olive flowers have four normal ovules, usually
only one of them will be fertilized, giving
origin to the seed. The fruit rarely contains two
normal seeds (Cuevas et al., 1995), although
there are some cultivars that may set fruit
containing two normal seeds at a higher fre-
quency (Cuevas and Oller, 2002), whereas
others may not contain any seeds because of
embryo death (Morettini, 1950; Rapoport and
Rallo, 1990). It is important to note that the
presence of a seed or seeds is very signifi-
cant because the seed influences fruit devel-
opment during the current year and the extent
of flowering in the next annual olive cycle
(Koubouris et al., 2010; Lavee, 2006; Rapoport,
1994).

In olive, like in other fruit, the number of
seeds per fruit influences fruit and seed
weight (Cuevas and Oller, 2002; Farinelli
et al., 2002b; Stafford, 1970). Fruit contain-
ing two seeds is usually larger because of
greater mesocarp and endocarp growth.

This aspect is very important in table olive
cultivars, which must produce good-sized
fruit with a high pulp/pit ratio. This is also
important in olive oil cultivars because fruit
with no normal seeds is smaller and contains
less oil (Morettini, 1950). Furthermore, the
absence of a normal seed in the fruit has an
economic impact on propagation in olive
nurseries, when reproduction methods are
used to obtain seedlings destined for use as
rootstocks for grafting. In fact, seed charac-
teristics can affect germination and seedling
quality. Also, competition among fruit is
thought to be proportional to sink size, which
in turn is related to fruit and seed mass, but
not to fruit number (Farinelli et al., 2002b;
Rosati et al., 2010).

In many fruit growth models such as the
‘‘Peach’’ model, sink strength is calculated
taking into account the sink potential, which
is proportional to fruit mass (Grossman and
DeJong, 1994, 1995; Marcelis and Heuvelink,
1999). In olive, the percentage of fruit set,
the percentage of undeveloped seed, and
the number of drupes containing two seeds
seem to be affected by the affinity between
the cultivar and the pollenizer (Cuevas and
Oller, 2002; Martin et al., 2005).

More in-depth studies on the relationship
between cultivars and pollenizers in deter-
mining fruit set, embryo death, seed number,
and development and fruit growth are needed
as well as evaluation of the maternal and
paternal influences.

In the present study, the effect of all
possible pollination combinations among the
cultivars Ascolana Tenera, Carolea, Leccino,
and Picholine and other pollenizers on the
number and quality of seeds and their de-
velopment and drupe and seed character-
istics was evaluated using the c2 test of
independence.

Materials and Methods

Self and cross treatments were applied
to Ascolana Tenera, Carolea, Leccino, and
Picholine cultivars to obtain drupes from
a known pollen source according to the
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breeding program shown in Table 1. The
trial was carried out in 2007 and 2008 on
20-year-old olive trees trained to the vase
shape and planted at a 5 3 5 m distance.
Olive trees were cultivated at the University
of Perugia experimental orchard (an olive
germplasm bank) (lat. 43�04#54.58$ N, long.
12�22#53.41$ E, 321 m a.s.l.) in central Italy.
Four olive cultivars were used as mother
plants: three of the main Italian cultivars
(Ascolana Tenera, Carolea, and Leccino)
and one French cultivar (Picholine). ‘Ascolana
Tenera’ is cultivated for table use; ‘Leccino’
for oil purpose; and ‘Carolea’ and ‘Picholine’
are double-purpose cultivars. These four
cultivars, and 16 others, were evaluated
as pollenizers according to the selected
crosses showed in Table 1 (Gordal Sevillana,
Kalamata, Konservolia, Manzanilla de Sevilla,
and Sorani as foreign cultivars; Bella di Spagna,
Dolce Agogia, Giarraffa, Itrana, Maurino,
Moresca, Nocellara Etnea, Pendolino, Rosciola,
Santa Caterina, and Taggiasca among the
most important Italian cultivars). The culti-
var purposes are reported by Bartolini (2012).
Each crossing treatment was applied on four
to five branches per tree bearing 70 to 80
inflorescences each. The number of flower
clusters on branches and the number of
flowers per inflorescence were counted. Be-
fore bloom, self- and crosspollination treat-
ments were performed by bagging the
branches using white double-layer paper bags
(0.65 3 0.35 m) to prevent free pollination.
For each cultivar, six to eight additional
branches were used to determine the results
of free pollination. This was ensured because
in the experimental orchard, there were 80
cultivars that provided good conditions for
free pollination (Ferrara et al., 2007). The

stage of bloom of each variety was recorded
every 2 d. When 80% to 100% of the flowers of
the cited cultivars bloomed, bags with pollen
from the pollinator were transferred to the
previously bagged branches of those trees
selected to be artificially crosspollinated. Then,
the bagged branches were hand-shaken sev-
eral times to assure that the pollen would fall
on the stigma. At the end of blooming, namely
when the corolla was abscised, the paper bags
were removed. The number of olives were
counted 21 d after full bloom (80% to 90%
of the flowers bloomed) when the young
fruit started to enlarge and when it was
possible to distinguish them from those that
were going to drop. Counting was repeated
at monthly intervals to determine fruit set and
fruit persistence. To evaluate maternal ef-
fects on seed pattern, representative sam-
ples of fully ripened drupes were collected
from three trees of each of the four men-
tioned cultivars. In particular, 1.072 and
2.199 drupes were collected in 2007 and
2008, respectively. The difference in the
sample size depended on the crossing pro-
gram followed in the two years and on the
crosscompatibility among the olive cultivars
tested.

T
ab

le
1

.
B

re
ed

in
g

p
ro

g
ra

m
fo

ll
o

w
ed

in
th

e
tw

o
ex

p
er

im
en

ta
l

y
ea

rs
.

\
_

Y
r

A
sc

o
la

n
a

T
en

er
a

C
ar

o
le

a
L

ec
ci

n
o

P
ic

h
o
li

n
e

O
p

en
-

p
o

ll
in

at
io

n
B

el
la

d
i

S
p

ag
n

a
D

o
lc

e
A

g
o

g
ia

G
ia

rr
af

fa
G

o
rd

al
S

ev
il

la
n

a
It

ra
n

a
K

al
am

at
a

K
o

n
se

rv
ol

ia
M

an
za

n
il

la
d

e
S

ev
il

la
M

au
ri

n
o

M
o

re
sc

a
N

o
ce

ll
ar

a
E

tn
ea

P
en

do
li

n
o

R
os

ci
o

la
S

an
ta

C
at

er
in

a
S

o
ra

n
i

T
ag

g
ia

sc
a

A
sc

o
la

n
a

T
en

er
a

2
0

0
7

x
x

x
x

x
x

C
ar

o
le

a
2

0
0

7
x

x
x

x
x

x
x

x
L

ec
ci

n
o

2
0

0
7

x
x

x
x

x
x

x
P

ic
h

o
li

n
e

2
0

0
7

x
x

x
x

x
x

x
x

x
A

sc
o

la
n

a
T

en
er

a
2

0
0

8
x

x
x

x
x

x
x

x
x

x
x

x

C
ar

o
le

a
2

0
0

8
x

x
x

x
x

x
x

x
x

x
x

L
ec

ci
n

o
2

0
0

8
x

x
x

x
x

x
x

P
ic

h
o

li
n

e
2

0
0

8
x

x
x

x
x

x
x

x
x

x
x

x

Table 3. Contingency table (4 3 3) showing maternal effects (cultivar) on the number of normal seed per
fruit (2008).z

Seed pattern Cultivar

Ascolana Tenera Carolea Leccino Picholine

Percent/
total seed

No.
of seeds

Percent/
total

No.
of seeds

No.
of seeds

No.
of seeds

No.
of seeds

No.
of seeds

No.
of seeds

Undeveloped
seed

Observed 126 31.9 38 11.5 127 14.2 142 24.4 19.7
Expected 77.8 65.4 175.6 114.2
Cell c2 29.9 11.5 13.5 6.8

One normal
seed

Observed 234 59.2 286 86.1 699 78.4 393 67.8 73.3
Expected 289.6 243.4 653.9 425.2
Cell c2 10.7 7.5 3.1 2.4

Two normal
seeds

Observed 35 8.9 8 2.4 66 7.4 45 7.8 7.0

zOverall c2 = 97.89 (P # 0.07). Underlined number: higher c2 cell values.

Table 2. Contingency table (4 3 3) showing maternal effects (cultivar) on the number of normal seed per
fruit (2007).z

Seed pattern Cultivar

Ascolana Tenera Carolea Leccino Picholine

Percent/
total seed

No.
of seeds

Percent/
total

No.
of seeds

Percent/
total

No.
of Seeds

Percent/
total

No.
of seeds

Percent/
total

Undeveloped
seed

Observed 29 20.7 23 9.9 99 22.2 53 21.0 19.0
Expected 26.6 44.1 85.1 48.1
Cell c2 0.2 10.1 2.3 0.5

One normal
seed

Observed 91 65.0 187 80.6 334 74.7 140 55.3 70.2
Expected 98.2 162.7 313.6 177.5
cell c2 0.5 3.6 1.3 7.9

Two normal
seeds

Observed 20 14.3 22 9.5 14 3.1 60 23.7 10.8
Expected 15.1 25.1 48.4 27.4
Cell c2 1.6 0.4 24.4 38.9

zOverall c2 = 91.74 (*** P # 0.0004). Underlined number: higher c2 cell values.

Photo 1. Double-seeded fruit in Olea europaea L.
Seeds are in the endocarp.
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To elucidate the paternal effect on seed
set and the impact of seed number on drupe
and seed weight, drupes of the cited culti-
vars were classified according to the pollen
source: pollen from flowers present in the
experimental olive orchard (open-pollinated,

control), from flowers of the same cultivar
(self-pollinated), or from flowers of a selected
cultivar (crosspollinated). As soon as the
drupes were collected, they were weighed
individually. The mesocarp was carefully
removed using a seed cleaner and theT
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Fig. 1. Effects of seed number on fruit characteristics in 2007. For each cultivar, values followed by
different letters are significantly different (**P < 0.01). Results are means ± SEs. *Single seed weight.
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endocarp with the seed(s) inside was weighed
and then broken open to extract the seed(s).
Each seed was then classified as normal or
undeveloped (when not well formed) and
weighed; the number of seeds per drupe (zero
or one or two) was also recorded (Photo 1).
The c2 test of independence was used to
evaluate the maternal (cultivar) and paternal
(pollen) effects on the number of normal
seeds per drupe. Specifically, the c2 test of
independence was used to test the signifi-
cance of the relationship between rows (seed
pattern) and columns (cultivar/pollen) in a
contingency table. In each column (cultivar/
pollen), the ‘‘expected’’ frequencies were
calculated by multiplying the total number of
seeds by the percentage expected to be in
the category (undeveloped seed, one normal
seed, and two normal seeds) (Camussi et al.,
1986).

Because the samples came from a normal
distribution, the frequencies observed should
be close to the expected frequencies based on
a normal distribution. For each distribution,
a c2 test was performed to test whether the
observed frequencies differed significantly
from the expected frequencies. Moreover,
analysis of variance [SAS Version 9.2 (SAS
Institute Inc., Cary, NC)] was used to deter-
mine the influence of seed number per drupe
on fresh fruit, endocarp, and seed weight and
the effect of pollination treatments on drupe
weight and its components. The means were
compared using Duncan’s test.

Results

Maternal and paternal contribution to
the number of seeds. Data on seed pattern
showed that in 2007 there was a significant
maternal effect (cultivar) on the number of
normal seeds per drupe for cultivars Leccino
and Picholine, as indicated by the c2 test
(overall c2 = 91.74, P # 0.0004) (Table 2).
More in detail, 3.1% of ‘Leccino’ and 23.7%
of ‘Picholine’ drupes were double-seeded
with respect to 10.8% expected to be in that
category (Table 2).

There was also a significant maternal
effect on the number of normal seeds per
drupe in 2008, as indicated by the c2 test
(overall c2 = 97.89, P # 0.07) (Table 3). In
particular, ‘Ascolana Tenera’ produced more
drupes with undeveloped seeds (31.9% with
respect to 19.7% expected to be in that
category).

On the contrary, ‘Leccino’ and ‘Carolea’
produced drupes with a lower number of
undeveloped seeds (14.2% and 11.5%, re-
spectively). Furthermore, ‘Carolea’ showed
the lowest number of undeveloped seeds
(Table 3).

Paternal effects on seed set were also
proven. Crosspollination between ‘Carolea’,
as the pollenizer, and ‘Ascolana Tenera’ gave
rise to a higher percentage of double-seeded
drupes in 2007 (overall c2 = 48.3, P # 0.05:
39% with respect to 14.3% expected to be in
that category) (Table 4). Furthermore, pollen
from ‘Maurino’ (overall c2 = 57.0, P # 0.08 in
2007) and ‘Ascolana Tenera’ (overall c2 =

69.9, P # 0.03 in 2008) produced significant
effects on ‘Leccino’ drupes. Specifically, in
2007, ‘Maurino’ as the pollenizer gave a
higher number of ‘Leccino’ drupes with un-
developed seed (44.0% with respect to 22.2%
expected to be in that category). Similarly,
in 2008, ‘Ascolana Tenera’ induced a higher
production of drupes with undeveloped seeds

in ‘Leccino’, being 28.1% instead of the ex-
pected 14.2%.

Effect of seed number on seed and drupe
characteristics. The presence and number of
normal seed influenced the fresh weight of
both seeds and drupes.

In fact, in 2007, the double-seeded drupes of
‘Ascolana Tenera’, ‘Leccino’, and ‘Picholine’

Fig. 2. Effects of seed number per fruit and pollination treatments on fruit characteristics in cv. Ascolana
Tenera (2007). For each seed number per fruit, values followed by different letters are significantly
different (P < 0.05). Results are means ± SEs. *Single seed weight.
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were heavier than those with only one normal
seed as a result of a heavier endocarp and
pulp (Fig. 1).

On the contrary, ‘Ascolana Tenera’ and
‘Picholine’ drupes with undeveloped seeds
were significantly lighter, whereas single-
seeded drupes occupied an intermediate
position (Fig. 1).

‘Carolea’ drupes with one or two normal
seeds were similar in weight, whereas drupes
with undeveloped seed were significantly
lighter (Fig. 1). Concerning the effect of seed
number on drupe characteristics in 2008, no
significant differences were found between
the weight of drupes with undeveloped seed
and those with one normal seed, whereas the
double-seeded drupes were always the heavi-
est (data not shown). Results regarding the
effect of seed number per drupe and polli-
nation treatments on drupe weight and its
components are only reported for those cul-
tivars and year for which a significant pater-
nal effect was observed.

In 2007, pollen sources affected the
weight of normal seed in ‘Ascolana Tenera’
drupes. In fact, with ‘Carolea’ pollen, the
seeds were lighter compared with the open-
pollinated ones (Fig. 2). In the same year, the
effect of seed number and the influence of
pollination treatments were also observed in
‘Carolea’. The weight of the drupes with one
normal seed was influenced by the pollen
source: pollination with ‘Leccino’, ‘Ascolana
Tenera’, and ‘Picholine’ pollen resulted in
lighter drupes than the open-pollinated ones
(Fig. 3). Seed number and pollination treat-
ments affected drupe features also in ‘Leccino’
in both experimental years. Particularly, in 2007,
when ‘Maurino’ was used as the pollenizer,
drupes were smaller than those obtained with
‘Moresca’ and ‘Picholine’ as pollenizers (Fig. 4);
in 2008, pollination with ‘Ascolana Tenera’,
‘Carolea’, ‘Kalamata’, and ‘Manzanilla de
Sevilla’ pollen resulted in the lightest drupes
(data not shown).

Effect of pollination combinations on fruit
set. Fruit set values determined in 2007 for
‘Ascolana Tenera’, ‘Carolea’, and ‘Leccino’ are
reported in Figures 5 through 7, respectively.

In ‘Ascolana Tenera’, the best pollenizer
was ‘Carolea’ followed by ‘Picholine’ (Fig. 5),
whereas in ‘Carolea’, fruit set was higher when
combined with ‘Moresca’ and ‘Ascolana
Tenera’ (Fig. 6).

Although ‘Carolea’ was the best pol-
lenizer for ‘Leccino’, satisfactory fruit set
levels, comparable to the open pollination
treatment, were reached by combinations
with ‘Maurino’, ‘Picholine’, and ‘Sorani’
(Fig. 7).

Discussion

Crosspollination was necessary to achieve
a satisfactory level of fruit set (Figs. 5 to 7)
and drupe size in almost all the olive culti-
vars investigated, in particular in the self-
incompatible ones such as ‘Leccino’. This
finding confirms what has already been shown
by several researchers (Androulakis and
Loupassaki, 1990; Cuevas et al., 2001; Diaz

et al., 2007; Farinelli et al., 2006; Fernandez-
Escobar and Gomez-Valledor, 1985; Lavee
and Avidana, 2011; Lavee and Datt, 1978;
Mookerjee et al., 2005; Moutier, 2002; Rallo
et al., 1990). The well-known pattern in olive
to produce drupes containing only one seed
with a closed endocarp as the dispersal unit
to optimize the plant’s investment in seed-
ling survival was also confirmed in the four
mother cultivars studied. In fact, 70.2% and

73.3% of the drupes contained only one
normal seed in 2007 and in 2008, respec-
tively (Tables 2 and 3). On the other hand,
double-seeded drupes occur in common single-
seeded species and deviations from this
general pattern are of great ecological interest
(Auspurger, 1986; King, 1938; Lee, 1988). In
olive, this has important agronomic conse-
quences because drupe growth and oil con-
tent are positively related to drupe weight

Fig. 3. Effects of seed number per fruit and pollination treatments on fruit characteristics in cv. Carolea
(2007). For each seed number per fruit, values followed by different letters are significantly different
(P < 0.05). Results are means ± SEs. *Single seed weight.
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and seed number (Cuevas and Oller, 2002;
Farinelli et al., 2002b, 2008b). Maternal
effects on seed pattern and its influence on
drupe weight have been proven for double-
seeded drupes (Auspurger, 1986; Lee, 1988;
Roy and Kochba, 1974). The present study
pointed out that the number of normal seeds

affected seed and drupe fresh weight. In
fact, in 2007, the double-seeded drupes of
‘Ascolana Tenera’, ‘Leccino’, and ‘Picholine’
were heavier than those with only one normal
seed as a result of heavier endocarp and pulp
(Fig. 1). In particular, this study confirms that
the phenomenon of double-seeding in olive

could be cultivar-dependent, as already ob-
served in Hojiblanca (Cuevas and Oller,
2002), with ‘Picholine’ producing the most
double-seeded drupes (23.7%). However, far
from being a problem, drupes with two
normal seeds have been found to be heavier
and larger, which makes them suitable for
table olives. Although the total resources
allocated to seed development were higher
in drupes with two normal seeds, each seed
from double-seeded drupes weighed slightly
less than those from single-seeded drupes
(Figs. 1 to 3). It has been reported that the
common production of drupes with undevel-
oped seed also affects drupe weight: drupes
without normal seed were generally lighter
than those with normal seed, as already noted
in ‘Sevillano’ (Cuevas and Oller, 2002). In our
experiment, it was observed that ‘Ascolana
Tenera’, ‘Carolea’, and ‘Picholine’ drupes
without normal seed were significantly smaller
in 2007 (Fig. 1). On the other hand, no sig-
nificant differences were recorded in 2008. In
this regard, in 2008 in ‘Ascolana Tenera’, al-
though the percentage of drupes without nor-
mal seed was significantly higher (up to 31.9%)
(Table 3), this did not affect their final weight,
which was not different from those with one
normal seed (3.15 g vs. 3.27 g). This has a
practical advantage because ‘Ascolana Tenera’
is a table-purpose variety. More remarkably,
the source of pollen used for pollination also
affected the number of seeds. Although a higher
percentage of double-seeded drupes was found
in ‘Ascolana Tenera’ with ‘Carolea’ pollen
(Table 4), in ‘Carolea’ with ‘Leccino’ pollen
and in ‘Leccino’ with ‘Ascolana Tenera’ and
‘Maurino’ pollen, there was a significant in-
crease in the percentage of undeveloped
seeds. In this last combination (‘Leccino’ 3
‘Maurino’), the increase in ‘Leccino’ drupes
with undeveloped seed was very significant
(up to 44.0%). Such finding has a practical
consequence because the Maurino cultivar
was one of the best pollenizers of ‘Leccino’
flowers, giving a fruit set that did not differ
from that of the control (open-pollinated flow-
ers) (Fig. 7). The paternal effect of ‘Ascolana
Tenera’ (increasing the number of drupes with
undeveloped seeds up to 28.1%) on ‘Leccino’
seed characteristics was also significant, con-
sidering that as a pollenizer, this cultivar
increased the number of fruit per inflorescence
(Farinelli et al., 2008a). On the other hand, the
weight of ‘Leccino’ drupes with undeveloped
seed was not significantly different from those
with one normal seed in both experimental
years, suggesting that in this variety, seed
death occurs late. In fact, the final weight of
drupes with undeveloped seed also depends on
the precocity with which seed death occurs. If
the seed dies at a later stage of fruit de-
velopment, its death might not significantly
affect the final size (Lavee, 1996, 2006; Rallo
et al., 1981; Rapoport, 1994).

Conclusions

The findings of this study could be very
useful for olive sector operators (nurserymen,
olive farmers, technicians), helping them to

Fig. 4. Effects of seed number per fruit and pollination treatments on fruit characteristics in cv. Leccino
(2007). For each seed number per fruit, values followed by different letters are significantly different
(*P < 0.05). Results are means ± SEs. *Single seed weight.
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Fig. 5. Pollination response of cv. Ascolana Tenera
in 2007, expressed as number of fruit per
inflorescence determined 21 days after full
bloom (means ± SEs followed by the same letter
are not significantly different at *P < 0.05).

Fig. 6. Pollination response of cv. Carolea in 2007,
expressed as number of fruit per inflorescence
determined 21 days after full bloom (means ± SEs
followed by the same letter are not significantly
different at *P < 0.05).

Fig. 7. Pollination response of cv. Leccino in 2007,
expressed as number of fruit per inflorescence
determined 21 days after full bloom (means ± SEs
followed by the same letter are not significantly
different at *P < 0.05).
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plan profitable production strategies. Partic-
ularly, closer attention should be given to
the best cultivar/pollenizer combinations to
maximize olive production in terms of drupe
number and weight and fruit uniformity, es-
pecially in case of table-purpose olive varie-
ties. According to our results, crosspollination
combinations between ‘Picholine’, as a pol-
lenizer, and ‘Ascolana Tenera’ were the most
efficient in term of normal seed as well as those
among ‘Carolea’, ‘Picholine’, ‘Kalamata’, and
‘Manzanilla de Sevilla’ as pollenizers and
‘Leccino’. Instead, the combination between
‘Carolea’, as a pollenizer, and ‘Ascolana
Tenera’ showed the highest presence of
double-seeded drupes and the best fruit
characteristics.
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