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Abstract: An olive breeding program was started in Tunisia in 1993 in order mainly to improve the fatty acid composition
of the local cultivar ‘Chemlali Sfax’. ‘Zeitoun Ennour’ is a new cultivar obtained from a cross between ‘Chemlali Sfax’ and
the local dual-purpose use cultivar ‘Chemchali Gafsa’. The morphological study of this cultivar showed that eleven characters
dealing with fruit and endocarp differed from ‘Chemlali Sfax’, mainly regarding to their respective weights. This new cultivar
had the same sensitivity to Verticillium dahliaeKleb and earlier bearing than the original variety. Its olive production was
considered as high as for ‘Chemlali Sfax’ but with partial self-compatibility and late maturity. The new cultivar realized a net
improvement in comparison with the original cultivar particularly regarding its fatty acid composition with very high oleic
acid content (>75 %) and low palmitic and linoleic acid contents (<10 %). The new cultivar was recently released and will
be available for growers as soon as possible.
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Introduction

Attempts to develop new olive cultivars have been
carried out in many olive-producing countries (Italy,
Turkey, Israel, Spain, Tunisia, Egypt, Iran, China,
Ukraine and Turkmenistan) as reported by Bellini et al
(2008). Most of these programs have focused on cross-
breeding among the most outstanding cultivars in their
respective countries.

In Tunisia, a breeding program has been carried
out within the context of the project ‘olive breeding’
(supported by the International Olive Council) since
1994. In this program, the cultivar ‘Chemlali Sfax’
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was crossed with both autochthonous and foreign olive
varieties as pollen donors, yielding 1,200 seedlings.
The goal of this program was to improve the acidic
composition the oil, since ‘Chemlali Sfax’ has low oleic
acid (55%) and high palmitic acid (19.6%) (Zarrouk
et al, 2009; Bellini et al, 2008).

Several studies have shown the dietary importance of
fatty acid composition of lipids. A healthy diet should
contain a limited amount of saturated fatty acid (e.g.
palmitic acid) to reduce the total cholesterol content
and a high amount of monounsaturated fatty acid
(e.g. oleic acid) which was shown to prevent the risk
of cardiovascular diseases, reduce the insulin body-
requirement and decrease the plasma concentration of
glucose (D’imperio et al, 2007). According to Zarrouk
et al (2009), monounsaturated fatty acids have great
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importance because of their nutritional implication
and effect on the oxidative stability of oils. According
to Barranco et al (2000), the low content of oleic acid
for the ‘Chemlali Sfax’ olive cultivar is considered as
a deficiency that should be resolved. High oleic acid
content is also a breeding objective in sunflower (Neto
et al, 2016) and peanut (Godoy et al, 2014). For
example, breeding efforts in peanut have led to
the release of two genotypes with much higher
concentration of oleic acid (Godoy et al, 2014).

Many studies were undertaken on seedlings of the
‘Chemlali Sfax’ breeding program regarding morpholog-
ical description (Laaribi et al, 2014; Guellaoui et al,
2019) and acidic composition of the oil (Manai et al,
2007; Rjiba et al, 2009; Dabbou et al, 2010; Ben-Amar
et al, 2019). Morphological characteristics of the ‘Chem-
lali Sfax’ olive tree seedlings showed a high genetic vari-
ability. Also, these studies revealed high variability in the
main fatty acid concentrations and several seedlings had
a chemical composition more interesting than that of the
original cultivar.

Recently, five new cultivars obtained in the Tunisian
crossbreeding program were released and published
in the Official Journal of Republic of Tunisia (JORT,
2017). Two released hybrids were already reported
by Guellaoui et al (2019) and Ben-Amar et al (2019).
According to these authors, the two new -cultivars
(Zeitoun Ennwader and Chemlali Mhassen) were mainly
characterized by better fatty acid composition regarding
to oleic and palmitic acid contents than the original
cultivar ‘Chemlali Sfax’.

Regarding abiotic stresses, Elloumi et al (2016)
studied the tolerance of several hybrids to salinity stress
in comparison with the original cultivar ‘Chemlali Sfax’.

The objective of this study was to describe the main
morphological, agronomic and oil quality characters
of another released olive cultivar “Zeitoun Ennour’ in
comparison with the original cultivar ‘Chemlali Sfax’.

Material and methods

Plant material

‘Zeitoun Ennour’ is a new olive (Olea europaea L.)
cultivar obtained in a crossbreeding program in Tunisia.
It was derived from a cross carried out in 1993/1994
between ‘Chemlali Sfax’ (female) and ‘Chemchali
Gafsa’ (male), two cultivars from different geographical
origins: ‘Chemlali Sfax’ from Sfax in the center-wast of
Tunisia and ‘Chamchali Gafsa’ from Gafsa in the center-
west of Tunisia. ‘Chemchali Gafsa’ showed better fatty
acid composition when compared to ‘Chemlali Sfax’, the
most widely adopted olive cultivar in Tunisia as reported
by Grati-Kamoun and Khlif (2001).

The cross was performed by pollination of flowers
on bagged branches with fresh pollen grain and forced
growth of seedlings was carried out in a greenhouse to
shorten the juvenile period. Seedlings were planted in
two open fields during 1997-1998 with a density of 1250
trees/ha (4 x 2m spacing): the experimental station of

the Olive Institute at Sfax (Central Tunisia, lat 34° 44/
N, long 10° 46’ E) and the Research Station of ‘Taous’,
which is about 26 km from Sfax (lat 34° 56’ N, long 10°
36’ E).

The first crop was obtained in 2000 and seedling
evaluation was carried out for three consecutive harvest
seasons. The original seedling of ‘Zeitoun Ennour’ was
selected mainly on the basis of its fatty acid composition.
After vegetative propagation by semi-hardwood stem
cuttings (2002 to 2004), propagated trees of ‘Zeitoun
Ennour’ together with other selected seedlings were
planted in a comparative trial since 2005 at 6 x 4m
spacing and irrigated conditions at the experimental
farm of ‘Taous’ in the region of Sfax.

Methodology

The evaluation of “Zeitoun Ennour’ and the check
‘Chemlali Sfax’ in this trial was done for three trees per
cultivar during three years (2013-2015) on the following
characters:

Morphology

Morphological description was carried out each year
according to the procedure of IOC (International Olive
Council, 1997a) by using a total of 21 characters
recorded on 40 leaves (2 characters), 40 fruits (10
characters) and their endocarps (9 characters). One
sample was taken from the productive trees each year.
Leaves and fruits were harvested together when the fruit
skin was almost yellow-purple and leaves were collected
from the middle part of one-year old shoots.

Agronomy

Agronomic characters were recorded according to
the I0C norms (International Olive Council, 1997b).
Bearing earliness was determined as the number of years
of the first significant bearing after planting in 2005.
This number was recorded for each cultivar when more
than 50% of the plants were already in production.
Olive production was evaluated on the same three trees
during the three years. The olive production per tree was
usually recorded in November.

The ripening index was determined according to the
formula of Hermoso et al (1991) based on the colour
of the skin and the pulp and varied between O and 7.
This index was determined on a sample of 100 fruits
collected every week from November to January from
the productive trees and the date which corresponded to
the optimal index for harvest equal to 3.5 (International
Olive Council, 1997b) was recorded.

Pollen compatibility was determined by choosing
two floral branches for each tree and recording
fruit sets obtained from cross-pollination (not bagged
branch) and self-pollination (bagged branch). According
to Barranco et al (2000) , a cultivar is considered
self-compatible when the two fruit set values are
similar, partially self-compatible when fruit set from self-
pollination is less than that from cross-pollination and
self-incompatible when fruit set from self-pollination is
zero.
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The tolerance test to Verticillium dahliae Kleb was
undertaken in greenhouse conditions on five one year
old plants per cultivar. The inoculation was made by
wetting the plants in a conidial suspension adjusted
to 10% conidia/ml. Cultivars were classified into five
categories according to their AUDPC average (Area
Under Disease Progress Curve) established previously
by Lopez-Escudero et al (2004): highly resistant (HR),
0 to 10 %; resistant (R), 11 to 30 %; moderately
susceptible (MS), 31 to 50 %; susceptible (S), 51 to 70
%; and extremely susceptible (E), 71 to 100 %.

Fatty acid composition

Each year, representative olive samples were harvested
from the productive trees when the maturity index
was approximately 3.5 (optimum maturity). Olive oil
was produced by grinding 2.5 kg stoned olives and
extracting the oil by mechanical means, following
standard methods used in oil factories, including milling
and malaxation. The fatty acid composition of the
oils was determined by gas chromatography (GC)
as fatty acid methyl esters, using a Hewlett-Packard
model 4890D gas chromatograph. Fatty acids were
identified by comparing their retention times with
those of standard compounds. Three major fatty acids
were evaluated in this study, palmitic acid (C16:0),
oleic acid (C18:1) and linoleic acid (C18:2) and their
concentrations in “Zeitoun Ennour’ were compared with
those of the original cultivar ‘Chemlali Sfax’.

Data analysis

For each morphological character, the type having the
highest mean value over three years was attributed
to the cultivar. Bearing earliness can be very early
(< 3 years), early (3 years), medium (4 years), late
(5 years) or very late (> 5 years). The ripening
date corresponding to maturity index 3.5 can be in
late autumn (early maturity), early winter (medium
maturity) or late winter (late maturity).

Variance analysis was made for olive production
and Verticillium tolerance considering years and plants
as replicates respectively. For pollen compatibility,
variance analysis was undertaken for each cultivar
to compare fruit sets from self-pollination and free
pollination considering years as replicates. For oil
chemical characters, variance analysis with years as
replicates was carried out for each fatty acid.

All data analyses were performed using the statistical
procedures in XLSTAT 11.0 and the separation of means
was done by Duncan test at 5 % level.

Results and discussion

Morphological characterization

The morphological evaluation of the new cultivar is
presented in Table 1 and Figure 1. Leaves of ‘Zeitoun
Ennour’ were mostly of elliptic-lanceolate shape and flat
longitudinal curvature similar to the original cultivar.

Figure 1. Leaf, fruit and endocarp of ‘Zeitoun Ennour’ olive
cultivar. Scale in cm.

Fruits of the new cultivar were asymmetrical, with
a truncated base and rounded apex, medium weight,
central maximum diameter, few lenticels, and without
nipple. At maturity stage, the location of colour change
start was uniformly across the whole epidermis and the
colour at the end of maturity was black.

‘Zeitoun Ennour’ had asymmetric endocarp with
medium weight, elliptic shape, a round base, pointed
apex, its maximum diameter toward the apex, rugose
surface and regular distribution of grooves. The apex
termination was without mucro.

This cultivar differed from the typical of ‘Chemlali
Sfax’ in more than half of the scored fruit and
endocarp traits, (11 traits in total), especially regarding
their respective weights, where “Zeitoun Ennour’ scored
higher (> 2 g and > 0.3 g respectively) than ‘Chemlali
Sfax’ according to IOC norms (International Olive
Council, 1997a). Chemlali Sfax was previously shown
to have low fruit and endocarp weights (Barranco et al,
2000; Trigui and Msallem, 2002).

Despite the evidence of the subjectivity of the
morphological description, it can be concluded that
the new cultivar showed substantial genetic differences
from ‘Chemlali Sfax’. Laaribi et al (2014) reported wide
genetic diversity observed within and between olive
tree seedlings issued from the same Tunisian breeding
program.

Agronomic characterization

An agronomic description of ‘Zeitoun Ennour’ and
‘Chemlali Sfax’ was carried out a the comparative field
trial established at the experimental farm ‘Taous’ of the
Olive Tree Institute (Table 2).

The new cultivar showed a short juvenility period
(3 years) from planting till economic bearing. It can
be classified with early bearing in comparison with
‘Chemlali Sfax’ (medium). Yield traits were evaluated
on 10-year-old trees during the period 2013-2015, the
average yield per tree was classified as high for both
cultivars similar what had previously been reported
for ‘Chemlali Sfax’ (Barranco et al, 2000; Trigui and
Msallem, 2002).
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Table 1. Description of the main morphological characters of olive cultivar ‘Zeitoun Ennour’ compared with the control ‘Chemlali

Sfax’. PDM : Position of Maximum transverse Diameter

Organ Character Zeitoun Ennour Chemlali Sfax

Leaf Shape Elliptic-Lanceolate Elliptic-Lanceolate
Longitudinal curvature Flat Flat
Weight Medium Low
Shape Ovoid Ovoid
Symmetry Asymmetric Symmetric
PDM Central Central

. Apex Rounded Rounded

Fruit
Base Truncate Truncate
Nipple Absent Absent
Start of colour change Uniform Apex
Lenticels Many Few
Maturity colour Black Black
Weight Medium Low
Shape Elliptic Elliptic
Symmetry Asymmetric Symmetric
PDM Toward apex Central

Endocarp Apex Pointed Rounded
Base Rounded Pointed
Surface Rugose Smooth
Distribution of groves Regular Regular

Apex termination

Without mucro With mucro

“Zeitoun Ennour’ displayed late maturity with opti-
mum ripening period occurring in late winter while
‘Chemlali Sfax’ displayed medium maturity.

Regarding pollination mode, fruit set following self-
pollination (5.13 %) was significantly inferior to that
following crosspollination (9.87 %). Consequently, the
new cultivar was found to be partially self-incompatible
according to the norms of Barranco et al (2000).
‘Chemlali Sfax’ had a self-compatible behavior in our
study since fruit sets from self-pollination and cross-
pollination were statistically similar (11.21 and 10.45
% respectively). The same performance was reported
for ‘Chemlali Sfax’ by Trigui and Msallem (2002) in
the centre of origin. Thus, while pollinator trees may
not strictly be required in the field with this new
cultivar, several pollinator trees planted in the orchards
could compensate for the partial self-incompatibility, as
suggested by Mehri et al (2003) in these situations. In
this case, a study of the flowering period for different
olive varieties is necessary to identify the best pollen
donor for ‘Zeitoun Ennour’.

With respect to Verticillium dahliae Kleb, our results
indicated that ‘Zeitoun Ennour’ and ‘Chemlali Sfax’
had similar levels of tolerance with 65 and 57 %
respectively. Consequently, they were susceptible to this
fungus. Thus, we suggest propagating this new cultivar
with semi hardwood cuttings from healthy trees in
order to avoid Verticillium infection. Morever, the best
solution in the propagation of this cultivar is to follow
the plant certification procedure as outlined in the EU
plant health regulation (European Commission, 2016)

to ensure the Verticillium free status of olive plants.
In fact, Verticillium wilt is the most destructive disease
affecting olive orchards in Tunisia (Gharbi et al, 2020)
and in the world (Lopez-Escudero and Mercado-Blanco,
2011).

Fatty acid composition

The ‘Zeitoun Ennour’ cultivar had a considerably
improved fatty acid composition compared to the
original cultivar ‘Chemlali Sfax’ (Table 3).

Table 2. Description of the main agronomic characteristics
of the new olive cultivar compared with ‘Chemlali Sfax'.
Means for each character followed by the same letter are not
significantly different except for fruit set where the comparison
was made between self-pollination and cross-pollination for
each cultivar.

Character Zeitoun Chemlali
Ennour Sfax

Earliness of bearing 3¢ 4

Olive production per tree  12.2¢ 10.5¢

(kg)

Ripening Late winter Early winter
(Late) (medium)

Fruit set 5.13° 11.21¢

(self-pollination) (%)

Fruit set 9.87¢ 10.45°

(cross-pollination) (%)

Verticillium tolerance 65¢ 57¢

(%)
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Table 3. Mean fatty acid concentrations (%) of the new
cultivar ’Zeitoun Ennour’ compared with ‘Chemlali Sfax’
and corresponding IOC norms (International Olive Council,
1997b). For each fatty acid, different letters following the
means indicate significant differences at 5 % level

Character Zeitoun Chemlali I0C norm
Ennour Sfax

Oleic acid 76.3% 59° 55-83

Palmitic acid 10.0° 19.6° 7.5-20

Linoleic acid 9.7¢ 16.8° 2.5-21

In comparison with the original variety, the mean
values of “Zeitoun Ennour’ for the three fatty acids
were significantly better than the original variety. The
concentration of oleic acid, the main monounsaturated
fatty acid, was higher for the new cultivar (76.3 %)
than the original cultivar (59 %), while the level of
palmitic acid, the major saturated fatty acid in olive
oil, was significantly lower (10 %) than ‘Chemlali Sfax’
(19.6 %). The content of linoleic acid, another important
monounsaturated acid, for “Zeitoun Ennour’ was also
lower (9.7 %) than ‘Chemlali Sfax’ (16.8 %).

In addition, the fatty acid composition of “Zeitoun
Ennour’ is within the standard norms reported by
the International Olive Council (1997b), while ‘Chemlali
Sfax’ practically has the lowest value of oleic acid and
the maximum limit of palmitic acid.

According to D’imperio et al (2007) and Zarrouk et al
(2009), a healthy olive oil should have high oleic acid
content and low palmitic acid content. Thus, we con-
sider that the new selected cultivar ‘Zeitoun Ennour’
realized an important genetic gain in fatty acid com-
position and could be of great benefit in the Tunisian
olive sector (farmers, industrials and oil exporters).
From the same breeding program, two other hybrids
were released and characterized. Zeitoun Ennwader
(Chemlali Sfax/Lucques) and Chemlali Mhassen (Chem-
lali Sfax autopollinated) were presented, respectively,
by Ben-Amar et al (2019) and Guellaoui et al (2019).

Conclusion

‘Zeitoun Ennour’ was registered by the Tunisian Min-
istry of Agriculture, Hydraulic resources and Fisheries
(MARHP) under number 191 in January 2017 (JORT,
2017). The propagation of this new cultivar will be
assured as soon as possible through a certification pro-
cedure. Simultaneously, this new cultivar is under eval-
uation in rain fed conditions in Tunisia.

The crossbreeding program in Tunisia since 1993
has allowed selection of superior olive genotypes which
could increase the economic input of the oil sector.
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