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Abstract. Olive orchard productivity largely depends on the choice of planted cultivars
and their pollination needs. Orchard designs in Croatia are changing because a number of
valuable foreign olive cultivars, mostly Italian, have been introduced in this region in the
last 30 years. The compatibility relationships of introduced cultivars with autochthonous
cultivars are unknown. With the objective of studying reproductive behavior of the most
important Croatian cultivars (Drobnica, Lastovka, Levantinka, and Oblica) and their
cross-pollination to recently introduced Italian cultivars Leccino and Pendolino, initial
and final fruit set in self-pollination versus cross-pollination and free pollination were
compared during three flowering seasons. Experiments were conducted in three different
orchards (Kastela, Mravince, and Brac) to identify the effect of the environment on
reproductive behavior of olive cultivars. The differences of fruit set in five olive cultivars
after tested pollination treatments appeared at the time of initial fruit set. Increased final
fruit set under cross-pollinations was observed when compared with self-pollination for all
olive cultivars in all experimental orchards. In the Mravince orchard, a positive response
to cross-pollination was consistent, and fruit set increased under cross-pollination in all
cultivars and years with the exception of ‘Levantinka’ in which no significant differences
were noticed between self-pollination treatment and cross-pollination treatments in 2005.
Variable self-fertility behavior from season to season was found for tested cultivars. A
self-incompatibility index (ISI) higher than 0.1 was recorded for ‘Levantinka’ in all
experimental years and, therefore, classified it as a partially self-incompatible cultivar.
Self-incompatibility response was observed for ‘Lastovka’. The positive response to cross-
pollination over self-pollination only in some experimental years classified ‘Drobnica’,
‘Leccino’, and ‘Oblica’ as partially self-incompatible. Results obtained from this study
indicated that pollination efficiency is strictly combination-specific. The Italian cultivar,
Leccino, was a successful pollen acceptor and pollenizer of most Croatian cultivars.
Reciprocal high success in cross-pollination was recorded for ‘Levantinka’ and ‘Oblica’. In
the Mravince orchard, ‘Lastovka’, ‘Leccino’, and ‘Oblica’ were efficient pollenizers of
‘Levantinka’ where the simultaneous flowering period was in accordance with their cross-
compatibility. ‘Levantinka’ was a good pollenizer for ‘Lastovka’ in the Mravince orchard,
and both cultivars entered into the flowering period earlier than other studied cultivars,
which was not the case in the other two orchards. The variations in flowering timing among
orchards were a consequence of differences in environmental conditions. According to the
high fruit sets recorded in ‘Oblica’ after pollination with ‘Leccino’ or ‘Levantinka’, an
increase in tree productivity of the acceptor cultivar is expected in the presence of selected
pollenizers in all olive-growing regions.

Olive trees are wind-pollinated and par-
tially self-incompatible (Androulakis and
Loupassaki, 1990; Cuevas et al., 2001; Lavee
and Datt, 1978; Lavee et al., 2002), which is
probably the result of the gametophytic system
of self-incompatibility (Cuevas and Polito,
1997). For flower production during the spring,
olive trees require chilling temperatures during
the winter and an ample accumulation of heat
units during the growing season (Orlandi et al.,
2005).

Olive yield depends on the level of self-
compatibility and reproductive effectiveness

of pollen sources (pollenizers) planted in
the orchard. Pollination success often varies
among years and causes a reduction in fruit set
(Griggs et al., 1975; Quero et al., 2002). Or-
chard productivity depends on the combination
of planted cultivars. Simultaneous flowering
periods enable cross-pollination, fertilization,
and fruit set of different cultivars if the re-
cipients and pollenizers are compatible (Lavee
et al., 2002). The knowledge of self-compati-
bility and cross-compatibility relationships
of olives is important for pollination designs.
These designs aim to improve production

even in the case of self-compatible cultivars
because the increase in fruit set under cross-
fertilization conditions has been extensively
described (Cuevas et al., 2001; Fernández-
Escobar and Gómez-Valledor, 1985; Lavee
et al., 2002).

A number of economically valuable olive
cultivars have been introduced in Croatia dur-
ing the last 30 years, and they have changed
the design of orchards and pollination require-
ments. The Italian cultivars, Leccino and
Pendolino, are the most common in newly
planted Croatian orchards and are also present
in the United States where high-quality Italian
olives are grown for olive oil production
(Vossen, 2007). The introduction of ‘Leccino’
occurred because of demands for improve-
ment of Croatian olive oil production, and it
was followed by introduction of ‘Pendolino’
because of the cross-pollination requirements.
To date, there has been no systematic study of
their pollination compatibility with traditional
Croatian cultivars.

The Oblica cultivar is the most widespread
olive cultivar in Croatia and is used for oil and
table olive production. ‘Oblica’ usually grows
in old, monovarietal olive groves and gives
low yields. In newly established orchards
where other cultivars are also present, how-
ever, the fruit set and yields of the ‘Oblica’
are usually increased (Selak, 2007). In
Spain, Pinillos and Cuevas (2009) found that
cultivars from neighboring plantations placed
between 250 m and 500 m away from mono-
varietal ‘Picual’ orchards act as unsuspected
pollenizers and increase the yield of self-
incompatible cultivar. Moreover, low yields of
cultivars in monovarietal olive groves may be
enhanced by replanting or grafting trees with
compatible cultivars (Lavee and Datt, 1978)
or by mechanical application of compatible
pollen (Sibbett et al., 1992). Other valuable
cultivars in the Croatian olive oil industry are
Drobnica, Lastovka, and Levantinka.

Information about the most successful,
cross-compatible cultivar combinations in Cro-
atia is poor or contradictory, especially given
the increase in foreign cultivar introductions. A
clear definition of the most successful, cross-
compatible cultivar combinations with simul-
taneous flowering periods should improve fruit
set and productivity. Therefore, the objective of
this study was to analyze reproductive behavior
of the most important Croatian cultivars, in-
cluding Drobnica, Lastovka, Levantinka, and
Oblica, and the most common Italian cultivars
in newly planted orchards. Responses to cross-
pollination treatments of cultivars were com-
pared with those after self-pollination to
elucidate compatibility relationships within
and among cultivars.

Materials and Methods

Experimental orchards. The experiments
were conducted in three olive groves (Table 1)
during three flowering seasons (2004, 2005,
and 2006). Two orchards were located on the
coastal part of Croatia (orchard in Kastela
and orchard in Mravince), and the third
orchard was located on the island of Brac.
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The experimental orchards differed by culti-
var structure. The autochthonous cultivars,
including Drobnica, Lastovka, Levantinka,
and Oblica, and the Italian cultivars, Leccino
and Pendolino, were included in the study. The
orchard in Kastela was an experimental au-
tochthonous olive cultivar collection of the In-
stitute for Adriatic Crops, and it was only 50 m
from the collection of introduced cultivars. A
mixed autochthonous/introduced cultivar struc-
ture was present in the Mravince orchard, and
the olive grove on the island of Brac contained
only autochthonous cultivars. The agricultural
management practices were similar in the three
experimental orchards.

In each experimental year, at least four
trees of each cultivar were selected for their
uniform size and high level of flowering. The
flowering period was assessed by visual exam-
ination of eight trees per cultivar according to
Barranco et al. (1994). The average flowering
date (AFD) is the number of days from 1 Jan.
until the start of the flowering period. The AFD
was calculated for each experimental year
using flowering dates of all tested cultivars.

Meteorological data. Meteorological data
were provided by the National Meteorological
and Hydrological Service from their stations
no further than 10 km from the experimental
orchards (Table 2). The method proposed by
Aron and Gat (1991) was used to estimate the
number of chilling units (CU) using the daily
maximal and minimal air temperatures. An
hour of chilling is accumulated if the hourly air
temperature is below 7.2 �C. The chilling pe-
riod was considered to start at the first day in
fall when the mean daily air temperature
dropped below 7.2 �C followed by subsequent
days characterized by low (less than 7.2 �C) air
temperatures and lasted until the end of March.
The heat accumulation start dates were the first
days after the calculations of CUs were stopped
(early spring) and were calculated up to the
start of flowering season. Heat units were ex-
pressed in growing degree-days (GDD), and

one GDD unit represents 1 �C above threshold
(12.5 �C) temperature in 24 h. Heat units were
calculated according to Orlandi et al. (2005).

Pollination experiment. On each replicate
tree, four branches with 20 inflorescences
were chosen for each pollination treatment
(self-pollination, free pollination, and cross-
pollination). Additional inflorescences were
hand-thinned before bloom. The number of
flowers within 20 inflorescences was recorded.
According to Cuevas and Polito (1997), the
shoots chosen for self-pollination and cross-
pollination were covered with a paper bag im-
mediately before flower opening until loss of
stigma receptivity. The shoots for free pol-
lination were marked and exposed to wind
pollination. The paper bags used for branch iso-
lation were resistant to rain but enabled ade-
quate gas exchange. Flowers within the bags
were not emasculated to reflect field condi-
tions.

Cross-pollination treatments were per-
formed during the period of full bloom. The
branches of pollen donor cultivars with opened
flowers and dehiscent anthers were detached.
Cross-pollination treatments were carried out
by opening the bags, inserting the pollinator
branches, and enclosing them in the bags. The
bags were shaken daily to enhance pollination.
Shoots chosen for self-pollination were enclosed
until the end of anthesis. ‘Drobnica’, ‘Lastovka’,
‘Leccino’, ‘Levantinka’, and ‘Oblica’ were
used as pollen acceptors and pollen donors
(pollenizers), and ‘Pendolino’ was used as a
pollenizer in two experimental olive groves
(Kastela and Mravince).

The initial and final fruit set in response to
the pollination treatments were assessed in the
isolated shoots. The initial fruit set, expressed as
the percentage of the number of developing
fruits within the number of flowers counted
in 20 inflorescences, was calculated 20 d after
full bloom and before heavy fruit drop. The
final fruit set, expressed as the percentage of the
number of developed fruits within the number
of flowers counted in 20 inflorescences, was
calculated at 45 d to 60 d after full bloom when
the abscission of young fruitlets was completed
(adapted from Cuevas et al., 2001). The ISI was
calculated by dividing the final fruit set under
self-pollination by the fruit set under free pol-
lination or cross-pollination for each experi-
mental year and orchard as previously proposed
(Cuevas et al., 2001; Zapata and Arroyo, 1978).

Data analysis. The data for the percentage
of fruit set were arcsine transformed and then
subjected to analysis of variance using proc
GLM using SAS software (SAS Institute, Inc.,
Cary, NC). Mean separations were done by the
least significant difference test at P # 0.05.

Results and Discussion

Flowering timing and climatic conditions
The differences in length and timing of

flowering period are closely related to the
climatic conditions between growing regions
and experimental years even in the same region
(Lavee et al., 2002). The climatic factors re-
corded in this study were summarized as the
accumulated CU and GDD (Table 2). The date
of reproductive budburst (Orlandi et al., 2004)
and flowering time (Lavee et al., 2002) was
delayed at locations with more accumulated
CU. In our study, an influence of accumulated
CU on flowering date was studied. The CU
ranged between 1193.3 at Brac (2006) to
1511.9 at Kastela (2005), and no significant
relation to AFD was found (data not shown).
The heat accumulation, expressed as GDD,
varied from 120 at Brac (May 2006) to 155 at
Mravince (May 2006). According to these data,
the olive trees in each experimental orchard
were exposed to a sufficient period of chilling
temperatures (Hartmann and Porlingis, 1957)
and subsequent heat amounts (Alcalá and
Barranco, 1992) to produce flowers. High
temperatures shorten the flowering period
(Barranco et al., 1994). An influence of high
temperature (greater than 31 �C) was noticed for
the cultivars in Kastela during the 2005 flower-
ing season, and a prolonged flowering period
was associated with lower temperatures in
May 2004 (Table 2; Fig. 1).

Flowering schedule of studied cultivars
Simultaneous flowering is important in

achieving a high fruit set after cross-pollination
(Cuevas et al., 2009). Researchers have empha-
sized the importance of selecting pollenizer
cultivars with flowering periods that are con-
sistently simultaneous with a main cultivar,
especially in cultivars with a short effective pol-
lination period. The flowering periods of most of
the studied cultivars overlapped to some degree
in each experimental year and orchard (Fig. 1).
In Kastela, the flowering periods of the studied
cultivars lasted from 24 May (start of flower-
ing recorded in ‘Lastovka’) to 5 June (end of
flowering recorded in ‘Levantinka’) in 2004.
In 2005, the flowering periods of all cultivars
were shortened. The flowering of studied cul-
tivars started 1 d earlier (‘Pendolino’) and fin-
ished 4 d earlier (‘Levantinka’) than in 2004.
The flowering periods during 2005 and 2006
in Kastela were similar, which was probably
the result of comparable temperature condi-
tions (Fig. 1; Table 2). In the 3 experimental
years, ‘Lastovka’ and ‘Pendolino’ started flow-
ering before other tested cultivars in Kastela,
and the full bloom did not occur at the same

Table 1. Basic information about experimental orchards in the study.

Orchard Kastela Mravince Brac

Location Long. 43�33#26$ N, lat. 16�21#8$ E Long. 43�31#42$ N, lat. 16�31#3$ E Long. 43�15#43$ N, lat. 16�38#58$ E
Altitude 30 m 80 m 40 m
Orchard age 30 years 20 years 20 years
Studied cultivars Drobnica, Lastovka, Levantinka, Oblica,

Leccino, Pendolino
Lastovka, Levantinka, Oblica,

Leccino, Pendolino
Lastovka, Levantinka, Oblica, Leccino

Experimental years 2004, 2005, 2006 2005, 2006 2006
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time with other cultivars, which reduced the
possibility for abundant pollen exchange.
The latest observed flowering periods were
those of ‘Levantinka’ and ‘Leccino’. Full
simultaneous flowering and full bloom periods
were recorded for ‘Drobnica’, ‘Leccino’, and
‘Oblica’ in all experimental years. The flower-
ing timing and schedule of tested cultivars
recorded in Mravince differed from those in
the collection orchard in Kastela (Fig. 1).
‘Levantinka’ and ‘Lastovka’ started flowering
simultaneously and earlier (both cultivars on
23 May 2005; ‘Lastovka’ on 22 May 2006; and
‘Levantinka’ on 23 May 2006) than other
studied cultivars. Simultaneous flowering and
full bloom were recorded for ‘Leccino’ and
‘Oblica’ in Kastela. The latest flowering date at
Mravince was recorded for ‘Pendolino’, al-
though it initiated flowering in Kastela. ‘Levan-
tinka’ and ‘Oblica’ started simultaneously
flowering and full bloom in Brac. ‘Lastovka’

had the earliest flowering in all experimental
years and orchards.

Pollination experiments
Initial fruit set. Differences between treat-

ments (self-pollination, cross-pollination, and
free pollination) were investigated on the level
of initial and final fruit set to determine if the
relations that exist at the early response (initial
fruit set) correspond to those that follow (final
fruit set). When compared with self-pollination,
the increase of fruit set in some olive cultivars
after different cross-pollination or free pollina-
tion treatments was apparent at the time of
initial fruit set (Tables 3, 4, and 5). However,
the degree of increase was dependent on cul-
tivar, year, and location. In ‘Leccino’, free
pollination enhanced initial fruit set when
compared with self-pollination during 2 exper-
imental years in Kastela but only during 1 year
in Mravince (2006). The apparent influence

of free pollination over self-pollination was
also found for ‘Levantinka’ in all experimental
years and orchards. Furthermore, a positive
response to free pollination was found at certain
orchards and years for ‘Drobnica’ (Kastela,
2006), ‘Lastovka’ (Kastela, 2005 and 2006;
Mravince, 2006), and ‘Oblica’ (Kastela, 2004;
Mravince, 2006).

A higher or equalized initial fruit set after
self-pollination when compared with cross-
pollination or free pollination treatment was
found for ‘Drobnica’ (Kastela, 2004; Mravince,
2005), ‘Leccino’, and ‘Oblica’ (Mravnice,
2005). In these cultivars, parthenocarpic shot-
berries were abundantly produced after self-
pollination treatment, which is a situation that
has been previously reported (Fernández-
Escobar and Gómez-Valledor, 1985; Sibbett
et al., 1992). Rallo et al. (1990) reported delayed
fruit abscission in Frantoio, Manzanilla, and
Moraiolo cultivars after self-pollination when

Table 2. Monthly average maximal/minimal air temperatures (�C) from October of previous year until May in flowering season, accumulated chilling units (CU),
growing degree-days (GDD), and average flowering date (AFD) in the experimental orchards at Kastela, Mravince, and Brac during 2004, 2005, and 2006.

Temperature (�C)

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

Location 2003 2004 CU GDD AFDz

Kastela 26.6/4.2 23.2/4.7 19.3/1.6 17.4/–4.5 17.7/–2.3 22.2/–1.9 22.5/5.5 26.4/7.5 1287.3 194 148

2004 2005
Kastela 25.8/10.1 27.2/0.2 19.3/0.3 16.1/–1.5 15.4/–2.7 20.9/–5.1 24.4/4.3 32/9.7 1511.9 227 145
Mravince 25.4/12.5 25.8/3.2 17.3/2.2 13.7/–0.9 14/–3.8 19.8/–5.5 24.5/6.6 32.6/13.0 1426.2 252 144

2005 2006
Kastela 23.8/6.1 21.1/0.7 16.3/–2.2 15.4/–3.0 19.6/–3 18.9/–0.8 23.4/4.6 29.1/9.4 1456.1 237 144
Mravince 22.2/8.0 18.6/–0.2 15.1/1.2 13.5/–2.5 17.9/–2.4 18.3/1 23.8/7.1 29.5/10.3 1441.9 265 144
Bracy 24/8.0 21/3.9 15.7/0.9 14.4/–2.3 18.5/–2.7 18/–0.7 23.5/– 29.1/11.3 1193.3 102 141
zAFD = number of days from 1 Jan. until average start of flowering period of observed cultivars.
yGDD for Brac location was calculated only from air temperature data recorded during May.

Fig. 1. Flowering period of studied cultivars during 3 years in the costal (Kastela and Mravince) and island (Brac) part of Croatia; gray-filled area = 2004; vertical
lines = 2005; horizontal lines = 2006; black-filled area denotes full bloom period.
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compared with cross-pollination, which can
also explain higher initial fruit set after self-
pollination.

Final fruit set. During the 3 experimental
years, free pollination and most of the cross-
pollination treatments conducted in Kastela
improved final fruit set when compared with
self-pollination (Table 3). The exception was
found in ‘Levantinka’ in which no significant
differences were found between the final fruit
set in self-pollination and most of the cross-
pollination treatments in 2006. Increased final
fruit set and yield after free pollination and

Table 3. Initial (IFS) and final (FFS) fruit set (fruit number/number of flowers within 20 inflorescences) in ’Drobnica’, ’Lastovka’, ’Leccino’, ’Levantinka’, and
’Oblica’ after self-pollination, free pollination (FP), and cross-pollination in Kastela orchard in 2004, 2005, and 2006.

Pollenizer

Cultivar

Drobnica Lastovka Leccino Levantinka Oblica

IFS FFS IFS FFS IFS FFS IFS FFS IFS FFS

Fruit set (%)

2004

· Drobnica 27.48 az 1.00 c — 14.53 a 5.62 ab 3.73 bc 2.98 b 6.34 a 1.12 bc
· Lastovka — — 0.82 b 0.41 b — — — — 2.97 b 1.42 b
· Leccino 13.44 b 4.48 ab — — 1.49 c 1.05 c 6.75 b 2.48 bc 3.41 b 0.82 cd
· Levantinka 18.04 b 3.10 b — — 19.17 a 7.16 a 2.52 c 1.46 d 9.56 a 1.84 b
· Oblica 10.49 b 4.04 ab — — 6.40 b 4.61 b 5.28 b 1.86 cd 2.61 b 0.30 d
FP 8.73 b 5.67 a 8.73 a 4.80 a 13.98 a 8.06 a 12.33 a 6.16 a 6.71 a 2.81 a

2005
· Drobnica — — — — — 8.45 a — — — 3.99 ab
· Lastovka — — — 0.18 b — 3.27 b — — — —
· Leccino — — — — — 0.96 c — — — 6.45 ab
· Levantinka — — — 0.80 b — — — — — 5.94 a
· Oblica — — — — — 5.22 ab — — — 1.56 b
· Pendolino — — — — — 2.80 bc — — — —
FP — — — 3.11 a — 8.21 a — — — 2.97 ab

2006
· Drobnica 1.49 d 0.87 c — — 17.66 b 3.83 b 6.21 b 1.31 b 1.40 b 0.62 ab
· Lastovka 9.37 a 4.38 a 3.89 b 0.19 b 6.98 c 4.17 b 6.04 b 2.23 b 0.82 b 0.33 b
· Leccino 5.92 bc 1.80 b — — 0.60 d 0.51 c 5.73 b 1.98 b 0.77 b 0.61 ab
· Levantinka 6.91 ab 3.13 ab — — 23.74 ab 8.43 a 5.80 b 1.76 b 1.60 b 0.72 ab
· Oblica 5.27 bc 2.77 ab — — 10.24 c 5.46 b 10.96 a 3.55 a 3.52 ab 0.21 b
FP 3.65 c 2.84 b 12.07 a 5.42 a 30.53 a 9.39 a 14.08 a 4.90 a 4.11 a 1.05 a
zDifferent letters within column for each year indicate significant differences at P # 0.05 by least significant difference test.

Table 4. Initial (IFS) and final (FFS) fruit set (fruit number/number of flowers within 20 inflorescences) in ’Lastovka’, ’Leccino’, ’Levantinka’, and ’Oblica’ after
self-pollination, free pollination (FP), and cross-pollination during two flowering seasons in Mravince orchard.

Pollenizer

Cultivar

Lastovka Leccino Levantinka Oblica

IFS FFS IFS FFS IFS FFS IFS FFS

Fruit set (%)

2005

· Drobnica 36.46 bcz 4.73 b 27.03 ab 5.97 a 3.29 cd 2.48 a 12.34 ab 3.41 ab
· Lastovka 49.06 a 0.95 d 21.71 bc 5.07 a 11.78 a 5.73 a 11.51 b 3.96 a
· Leccino 33.22 bc 4.67 b 51.37 a 1.78 b 8.43 abc 6.03 a 9.33 b 3.34 ab
· Levantinka 45.41 ab 7.15 a 17.91 bc 4.58 a 2.55 d 2.20 a 11.32 b 2.56 b
· Oblica 41.93 ab 2.49 c 33.00 ab 7.28 a 6.07 bcd 4.27 a 17.71 a 1.42 c
· Pendolino 25.19 cd 2.65 c 21.88 bc 5.90 a 3.06 cd 2.75 a 9.75 b 3.19 ab
FP 14.79 d 3.09 bc 5.34 c 2.43 b 9.79 ab 5.34 a 6.31 c 2.86 ab

2006
· Drobnica 9.71 ab 2.24 bc 19.58 b 6.38 a 14.60 ab 3.22 cd 4.54 b 2.15 b
· Lastovka 5.91 c 0.40 d 10.70 cd 6.27 a 12.16 b 4.47 abc 2.82 b 1.44 c
· Leccino 6.77 bc 1.51 c 1.64 e 1.04 b 12.99 ab 4.40 abc 2.74 b 1.65 bc
· Levantinka 10.75 ab 3.04 ab 15.50 bc 5.13 a 12.86 b 2.42 d 4.19 b 2.32 b
· Oblica 6.15 bc 1.65 bc 7.46 d 6.19 a 13.38 ab 4.68 ab 0.89 c 0.12 d
· Pendolino 11.26 ab 2.90 b 13.71 bcd 7.40 a 11.06 b 3.69 bcd 2.96 b 1.51 bc
FP 12.50 a 4.41 a 30.48 a 5.70 a 18.92 a 6.04 a 6.67 a 3.53 a
zDifferent letters within column for each year indicate significant differences at P # 0.05 by least significant difference test.

Table 5. Initial (IFS) and final (FFS) fruit set (fruit number/number of flowers within 20 inflorescences) in
’Lastovka’, ’Levantinka’, and ’Oblica’ after self-pollination, free pollination (FP), and cross-
pollination during 2006 flowering season in Brac orchard.

Pollenizer

Cultivar

Lastovka Levantinka Oblica

IFS FFS IFS FFS IFS FFS

Fruit set (%)

· Lastovka 4.04 az 0.29 b 2.21 b 0.62 b 3.50 ab 0.45 b
· Levantinka — 2.46 b 0.59 b 9.03 a 1.87 a
· Oblica — 3.14 b 1.00 b 1.44 b 0.13 b
FP 4.57 a 3.52 a 13.85 a 2.84 a 2.74 ab 1.88 a
zDifferent letters within column for each year indicate significant differences at P # 0.05 by least
significant difference test.
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cross-pollination when compared with self-
pollination have also been widely reported for
different olive cultivars in other regions
(Ateyyeh et al., 2000; Cuevas et al., 2001;
Cuevas and Polito, 1997; Lavee et al., 2002).
In Mravince, the positive response of final fruit
set to cross-pollination was more consistent
than in Kastela (Table 4). Increased final fruit
set under cross-pollination conditions when
compared with self-pollination was recorded
for all cultivars and years except for ‘Levan-
tinka’. The final fruit set after self-pollination in
‘Levantinka’ was as successful as each cross-
pollination combination in 2005 or as suc-
cessful as cross-pollination treatments with
‘Drobnica’ and ‘Pendolino’ in 2006. Free pol-
lination in each cultivar improved final fruit set
when compared with self-pollination treatment
in Brac, although no such clear response over
self-pollination was noticed in ‘Levantinka’
and ‘Oblica’ for cross-pollination treatments
(Table 5). The final fruit set in ‘Oblica’ was
significantly increased by application of the
pollen from ‘Levantinka’ (1.87%) when com-
pared with the fruit set after pollination with its
own pollen (0.13%). The higher final fruit set in
the free pollination treatment when compared
with cross-pollination was recorded for several
cultivars. The higher final fruit set was evident
in ‘Levantinka’ in all locations and years with
the exception of the final fruit set in Mravince
during 2005. The increased fruit set under free
pollination was probably the result of more
favorable environmental conditions in opened
branches than in those in enclosed bags. In-
creased temperature in enclosed branches may
reduce fruit set. Therefore, the comparison of
cross-pollination and free pollination should be
considered with some reservations because the
conditions for fruit set under enclosed and open
conditions may be different. Finally, initial and
final fruit set results only partially corresponded
because a diverse fruit drop dynamic was
noticed in different pollination treatments.

Reproductive compatibility. A significant
variability in fruit set was found regarding the
response of any receptor cultivar to pollination
with a specific pollenizer. In some experimen-
tal years, however, pollenizer/acceptor cultivar
combinations were particularly efficient in
inducing final fruit set (‘Levantinka’/‘Leccino’
and ‘Oblica’/‘Levantinka’ in Kastela during
2006; ‘Levantinka’/‘Lastovka’ in Mravince
during 2 years), and a lower fruit set was found
in all other cross combinations. Lavee et al.
(2002) have divided the pollenizers into four
efficiency groups based on the level of fruit set
in relation to self-pollination. According to
proposed methodology, no pollenizer from
the group with highest efficiency (51-fold to
100-fold increase in fruit after cross-pollination)
was found in this study. Pollenizers with high
efficiency (11-fold to 50-fold increase) were
considered to be ‘Levantinka’ and ‘Oblica’ dur-
ing 2006 in Kastela when Leccino was the pol-
len acceptor cultivar. ‘Levantinka’ was a highly
efficient pollenizer for ‘Oblica’ in Brac, and
such efficiency for the Oblica cultivar was re-
corded for all pollenizers in Mravince (2006).
Efficient pollen donors for ‘Oblica’ in Kastela,
which were donors that induced a significant

increase in final fruit set after cross-pollination
when compared with self-pollination, were
‘Levantinka’ (sixfold increase in 2004, 3.7-
fold increase in 2005, and 3.5-fold increase
in 2006), ‘Leccino’ (2.7-fold increase in 2004,
fourfold increase in 2005, and threefold in-
crease in 2006), and ‘Drobnica’ (3.7-fold
increase in 2004, 2.4-fold increase in 2005,
and threefold increase in 2006). Furthermore,
‘Levantinka’ was the most efficient pollenizer
for the ‘Lastovka’ in Mravince during both
experimental years.

Index of self-incompatibility
The ISI, a concept introduced by Lloyd

(1965), has been shown to be useful for as-
sessing the degree of self-incompatibility in
plant species. Olive cultivars showing ISI
values consistently lower than 0.1 are classi-
fied as self-incompatible (Androulakis and
Loupassaki, 1990). Cuevas and Polito (1997)
proposed that the Manzanillo cultivar is self-
incompatible, although the ISI of ‘Manzanillo’
ranged from 0.22 to 0.24. Cultivars that have
been reported as self-incompatible in some
studies such as ‘Manzanilla de Sevilla’ (Cuevas
and Polito, 1997) are found in other studies
to be partly self-compatible (Wu et al., 2002)
or self-compatible (Fernández-Escobar and
Rallo, 1981). The inconsistent results obtained
in various pollination experiments may be par-
tially the result of the differences in environ-
mental conditions among sites. Variable self-
fertility behavior depending on orchard and
season was also found for cultivars in this
study. The ISI calculated for ‘Levantinka’ in all
experimental orchards ranged as follows: from
0.24 to 1.34 in Kastela, from 0.36 to 0.89 in
Mravince, and from 0.21 to 0.95 in Brac. The
quoted ISI values classified ‘Levantinka’ as
a partially self-incompatible cultivar. Low ISI
under most of the experimental conditions
was noticed for ‘Lastovka’ in which the self-
incompatibility response was correlated with
low self-pollination efficiency when compared
with cross-pollination and free pollination treat-
ments. Furthermore, ISI considerably changed
among sites and years in ‘Drobnica’, ‘Leccino’,
and ‘Oblica’. These cultivars were classified
as partially self-incompatible because a positive
response to cross-pollination was noticed only
in particular years for ‘Leccino’ and ‘Oblica’
and in 2 years for ‘Drobnica’.

Pollenizer efficiency
Based on increased fruit set under cross-

pollination when compared with self-polli-
nation, pairs of cultivars have been proposed
to be cross-compatible. The best pollenizer
for each pollen acceptor cultivar was selected
according to a high final fruit set after cross-
pollination during at least two flowering
seasons. Cross-incompatibility among tested
cultivars was not found. Simultaneous flower-
ing periods among tested cultivars was related
to their cross-compatibility. Divergence in
the flowering period of ‘Lastovka’ with all
tested cultivars in Kastela caused an absence
of most cross-pollination treatments; how-
ever, ‘Levantinka’ behaved as a good pollen-

izer for ‘Lastovka’ in Mravince. ‘Levantinka’
and ‘Drobnica’ responded positively to
cross-pollination with ‘Oblica’, and the
cross-compatibility after pollination between
‘Levantinka’ and ‘Oblica’ was bidirectional.
The Italian cultivar, Leccino, was an efficient
pollen donor or acceptor for most Croatian
cultivars, although low germinability of its
pollen was found in vitro (data not shown).
‘Pendolino’ successfully pollinated ‘Leccino’
and ‘Levantinka’ in Mravince. In Kastela,
‘Pendolino’ was used as a pollenizer in only
1 year, which was insufficient to confirm its
compatibility with tested cultivars.

In conclusion, the variable response to
cross-pollination that was noticed in this study
corresponds to other studies (Cuevas et al.,
2001; Griggs et al., 1975; Lavee et al., 2002).
The results obtained in this study indicate that
pollination efficiency is strictly combination-
specific, which has been suggested by other
researchers (Cuevas et al., 2001; Lavee et al.,
2002; Moutier, 2002). The most impor-
tant olive oil cultivar, Oblica, is partially self-
incompatible and cross-compatible with
‘Leccino’, ‘Levantinka’, and other tested cul-
tivars in Croatia. These observations suggest
that replanting or grafting a number of trees
with ‘Leccino’ or ‘Levantinka’ may enhance
the tree productivity in ‘Oblica’ in monoculti-
var orchards. To achieve high yields, new areas
of olive production should incorporate cross-
compatible cultivars.
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