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Abstract

In this present study, we performed a morphological characterization of some olive trees
cultivated under irrigated conditions in one geographically marginal site (Beni Tajjit) which is
localized in the south-western part of the Moroccan Oriental Region. We used morphological
traits to assess morphological diversity of these olive trees as well as to determine their
phenotypic relationships with the main known olive Moroccan cultivars. A total of eighteen
olive trees (noted from BTy to BTy) selected for their apparent morphological differences
were analysed by using 23 morphological characters (2 for leaves, 2 for inflorescences, 9 for
fruits, and 10 for endocarps) belonging to those suggested by the International Olive Oil
Council. Results revealed that differences between all studied olive trees were ranged from 1
(so be it 4.3%) as minimum to 9 (so be it 39.1%) as maximum characters. The dendrogram
resulting from the UPGMA method based on morphological characters and using Squared
Euclidean distance revealed five major groups of olive trees according to their aggregation
distance values which were 1; 1.35; 1.7 and 5.9. Between these five groups as well inside of
every group, differences interested both the number and the category of character traits.
Otherwise, the 18 studied olive trees showed 2 to 16 morphological traits as difference with
the most cultivated Moroccan olive varieties Picholine marocaine, Menara, Haouzia,
Meslala, Dahbia, and Bouchouika. Results point clearly that the genetic diversity in
Moroccan olive material could be much higher than what was assessed previously.

Keywords: Olea europaea L., Biodiversity, Olive varieties, Picholine marocaine, Morphological traits.

Abbreviations and acronyms: BT: Beni Tajjit site or olive tree from the Beni Tajjit site; IOOC: International Olive Oil
Council;UPGMA: Unweighted pair-group method.

Introduction

Cultivated olive (Olea europaea L.) considering as well as cultivated

is known by its large adaptation to many
and varied environmental conditions
(Rugini et al., 2011). Mediterranean area
represents not only 90% of the olive
cultivated area worldwide but also 90% of
the world olive production (Rugini et al.,
2011). The primary producers of olive oil
are Spain, Italy, Greece, Tunisia, Turkey,
Syria, Morocco, and Portugal (FAOSTAT,
2006). According to Moroccan Ministry of
agriculture data (Ministere de I’ Agriculture
et de la Péche Maritime, 2013), the olive
sector knows a greater expansion

superficies than production. It has major
socio-economical role. It contributes to
decrease the flu of rural migration
(Ouazzani et al., 1996). Its geographical
distribution is also varied (FAO, 2009b):
Mountainous area (20,000 ha representing
36% of the production); Rain fed area
(100,000 ha representing 18% of the
production); Irrigated area (220,000 ha
representing 39% of production); and other
marginal areas (40,000 ha representing 7%
of the production).
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At the world scale, olive includes a
large number of varieties with significant
phenotypic and genetic diverseness
(Ziliotto et al., 2002; Idrissi & Ouazzani,
2004). More than 1200 cultivars were
identified (FAO, 2009a). The classical
approach in the identification of olive
cultivars has been based on agronomical
and/or morphological studies. It consists of
measures such as production average,
vigour, and precocity, etc. as well as the
direct observation of several distinctive
traits on leaves, inflorescences, fruits,
endocarps, and branches (Barranco &
Rallo, 1984; Barranco et al., 2000; Idrissi
& Quazzani, 2004; Poljuha et al., 2008). In
this case, the International Olive OQil
Council (I100C) has considered a set of
some morphological characters concerning
notably tree, leaf, inflorescence, fruit and
endocarp and then standardized
morphological methods were usually
applied for variety description and
identification ~ (COI,  1997).  These
descriptors named primary have been used
for characterization and identification of a
great number of olive cultivars in Spain
(Barranco & Rallo, 1986; Tous & Romero,
1992), France (Ruby, 1916), and Tunisia
(Msallem et al., 2000; Trigui & Msellem,
2002) for examples.

Discrimination of varieties based
on morphology evaluation is limited by
environmental conditions effect, the need
for extensive observations of mature plants
and requirement of well-trained staff (Belaj
et al., 2001). Occurrence of large number
of varietal homonymy (varieties having the
same name but that are genetically
different) and synonymy (varieties having
different names but that are genetically the
same), and clonal selections have

Materials and methods
Plant material and study site

This study was carried out during
two growing seasons 2010-2011 and 2011-
2012 and conducted on eighteen olive trees
(noted from BT1 to BT20) among those
which were cultivated in the Beni Tajjit

complicated varietal identification and
characterization in olive tree (Barranco et
al., 2000; Bandelj et al., 2002; Therios,
2005). Therefore, more comprehensive
studies using reliable markers were needed
to have a better understanding of genetic
diversity levels in olive cultivars, which
may be of wuse in the cultivars
identification. Molecular techniques were
also used to precise genetic
characterization ~ owning  to  their
reproducibility, reliability and
independence from environmental
conditions (Poljuha et al., 2008).
Molecular studies have started with the use
of isoenzyme markers (Ouazzani et al.,
1993; Trujillo et al., 1995) and later have
been carried out using DNA markers as
restriction fragment length polymorphisms
(RFLP) (Besnard et al., 2001), random
amplified polymorphic DNAs (RAPDs)
(Gomes et al., 2008; Erfatpour et al.,
2011), amplified  fragment length
polymorphisms (AFLPs) (Bandelj et al.,
2004; Montemurro et al., 2005) and
microsatellite markers (La Mantia et al.,
2005; Baldoni et al., 2009; Shabanimofrad
etal., 2011).

Our research tents to examine
morphological characteristics of some
olive trees planted in one sub-marginal site
which is localized in the SW part of the
Oriental Region of Morocco. This present
work was conducted on a restricted
number of olive trees that were chosen for
their morphological differences observed
previously in the field. Results would
participate to obtain further information on
the Moroccan olive orchards diversity, and
later to identify the more adapted cultivars
for different pedoclimatic conditions.

site (BT) that is localized in the south-west
part of the oriental region of Morocco
(Latitude: 32; Longitude: -3.4; Altitude:
1,100 meter of sea level). Olive trees
present some visual differences in their
morphological traits. They grew in the
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same pedoclimatic conditions under
traditional agricultural practices with
sufficient irrigation (gravitational system)
during specially the non-rainfall periods.
Local climate is arid with annual rainfall
mean less than 200mm and with mild
springs and hot and dry summers.

Morphological Characteristics

The olive descriptors used in this
study were according to those of the IOOC
standards (COI, 1997). Four organ types,
leaves, inflorescences, fruits and endocarps
were subjected to the observation. Twenty
three morphological characters (2 of leaf, 2
of inflorescence, 9 of fruit and 10 of

endocarp) that had a wvery high
discriminating power for the identification
of olive varieties were determined at less
on 40 samples of each olives organ (See
the list above, Table 1). The final category
of each morphological character was then
determined by considering the dominant
categories only. For comparison between
olives, quantitative variables
corresponding to the character categories
(numbers from 1 to 4, see Table 1) were
used in the hierarchic classification
(Unweighted pair-group method: UPGMA)
analysis based on the squared Euclidean
distance.

Table 1. List and abbreviation of morphological studied characters (Numbers in brackets correspond to the

character categories).

Leaf parameters:

Shape (LS): Elliptic (1), Elliptic-lanceolate (2), Lanceolate (3)
Longitudinal curvature of the blade (LC): Epinastic (1), Flat (2), Hyponastic (3), Hélicodal (4)

Inflorescence parameters:

Length (IL): Short (1), Medium (2), Long (3)

Number of flowers per inflorescence (IN): Scare (1), Medium (2), High (3)

Fruit parameters:

Shape (FS): Spherical (1), Oval (2), Elongated (3)

Symmetry (FSy): Symmetrical (1), weakly asymmetrical (2), Asymmetrical (3)
Position of maximum transverse diameter (FD): Towards base (1), Central (2), Towards apex (3)

Apex (FA): Pointed (1), Rounded (2)
Base (FB): Truncated (1), Rounded (2)

Nipple (FN): Absent (1), weakly present (2), Evident (3)
Presence of lenticels (FPL): Sparse (1), Numerous (2)

Dimension of lenticels (FDL): Small (1), Large (2)

Ripeness start (FR): From base (1), Uniform (2), From apex (3)

Endocarp parameters:

Shape (ES): Spherical (1), Oval (2), Elliptic (3), Elongated (4)

Symmetry in position A (ESA): Symmetrical (1), weakly asymmetrical (2), Asymmetrical (3)
Symmetry in position B (ESB): Symmetrical (1), weakly asymmetrical (2)

Position of the maximum transverse diameter (ED): Towards base (1), Central (2), Towards apex (3)

Apex (EA): Pointed (1), Rounded (2)

Base (EB): Truncated (1), Pointed (2), Rounded (3)

Surface (ESu): Smooth (1), Rugose (2), Scabrous (3)

Number of fibrovascular grooves (ENG): Reduced (1), Medium (2), Elevated (3)
Distribution of fibrovascular grooves (EDG): Uniform (1), Grouped around suture (2)
Bill of apex (EM): Without mucro (1), with mucro (2)

Results
Morphological characteristics of the
olive trees from the Beni Tajjit site

The morphological characterization
shows that the eighteen studied olive trees
presented 11 same traits among the twenty
three studied traits (Table 2). However,

some character categories were observed in
very restricted number of olive trees and
sometimes in just one olive tree. This was
the case of: (i) the leaf shape that is
elongated in the BT14, BT15 and BT19
olive trees; (ii) the inflorescence with a
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medium length in the BT14 olive tree; (iii) elongated shape in the BT6 and BT9 olive
fruit with a spherical shape in the BT13 trees, and (v) endocarp with smooth
and BT18 olive trees; (iv) endocarp with surface in the B16 olive tree.

Table 2. Quantitative variables corresponding to the morphological characteristic categories of the four olive
organ types, leaves, inflorescences, fruits and endocarps that were subjected to the observation in the eighteen
olive trees from the Beni Tajjit site.

W W W W W W W W W W W W W W W W W W
A3 d Fd 3 242 824 2 2 822K
o [l N w ESN (6)] » ~ o ©O© O
Leaves
LS 2 2 2 2 2 2 2 2 2 2 2 3 3 2 2 2 3 2
LC 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Inflorescences
IL 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1
IN 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Fruits
FS 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 1 2 2
FSy 3 1 2 2 3 3 3 2 3 2 2 2 3 2 2 2 2 2
FD 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
FA 1 2 2 1 1 1 2 2 1 2 2 1 1 2 2 2 2 2
FB 2 2 2 2 2 2 2 1 1 1 2 1 1 1 1 1 2 2
FN 2 2 1 1 2 2 2 2 1 1 2 1 1 1 1 1 1 1
FPL 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
FDL 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
FR 2 1 2 2 2 2 1 2 2 1 1 1 1 1 2 1 1 1
Endocarps
ES 3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3
ESA 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
ESB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ED 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
EA 1 1 1 1 1 1 1 1 1 1 2 1 2 2 2 2 2 2
EB 3 3 3 3 2 2 2 2 2 3 3 3 3 3 3 3 3 3
ESu 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2
ENG 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
EDG 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
EM 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

BT1 to BT20: Olive trees from the BeniTajjit site; EA: Endocarp apex; EB: Endocarp base; ED: Position of
maximum transverse diameter of endocarp; EDG: Distribution of the endocarp fibrovascular grooves; EM: Bill
of the endocarp apex; ENG: Number of the endocarp fibrovascular grooves; ES: Endocarp shape; ESA:
Endocarp symmetry (position A); ESB: Endocarp symmetry (position B); ESu: Endocarp surface; FA: Fruit
apex; FB: Fruit base; FD: Position of maximum transverse diameter; FDL: Dimension of lenticels; FN: Fruit
nipples; FPL: Presence of lenticels; FS: Fruit shape; FR: Ripeness start; FSy: Fruit symmetry; IL: Inflorescence
length; IN: Number of the inflorescence flowers; LC: Longitudinal curvature of the leaf blade; LS: Leaf shape.

Difference between all studied BT6 — BT18 olive pairs, difference was
olive trees was ranged from one as maximal. Nine characters were implicated.
minimum value (so be it 4.3%) to nine In the first pair (BT6 — BT16), differences
characters (so be it 39.1%) as maximum interest five fruit (symmetry, apex, base,
value (Table 3). In this case, for BT3 - nipple, and ripeness) and four endocarp
BT5; BT6 - BT7 or BT19 - BT20 olive (shape, apex, base, and surface) characters.
pairs, difference was respectively just In the second pair (BT6 - BT18),
about the fruit apex form (rounded or differences interest six fruit (shape,
pointed) or the endocarp shape (elongated symmetry, apex, base, nipple, and
or elliptic) or the leaf shape (lanceolate or ripeness) and three endocarp (shape, apex,

elliptic — lanceolate). For BT6 - BT16 or and base) characters.
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Table 3. Morphological character number discriminating studied olives one to one.

o3} o9} o3} (o9} vy} o3} vy} o3} (o) o3} vy} (o) o3} vy} o3} o3} (o) o3}
A 8 @ d Fd 3T d 4 EdFE FdE dd =
o = N w E (6} (o] ~ [ee) [{e] o

BT1 00

BT2 03 00

BT3 03 03 00

BT5 02 04 01 00

BT6 02 05 05 04 00

BT7 01 04 04 03 01 00

BT8 03 02 04 05 03 02 00

BT10 04 04 03 04 04 03 03 00

BT11 03 06 04 03 03 02 04 03 00

BT12 05 03 02 03 07 06 04 03 04 00

BT13 05 03 04 05 07 06 04 05 08 04 00

BT14 06 06 05 04 08 07 07 06 05 03 07 00

BT15 05 06 06 05 07 06 06 07 04 04 06 03 00

BT16 07 05 04 05 09 08 06 05 06 02 04 05 04 00

BT17 05 05 02 03 07 06 06 03 04 02 04 05 04 02 00

BT18 07 05 04 05 09 08 06 05 06 02 02 05 04 02 02 00

BT19 06 04 03 04 08 07 05 06 07 03 03 04 03 03 03 03 00

BT20 05 03 02 03 07 06 04 05 06 02 02 05 04 02 02 02 01 00

BT: Olive trees from the BeniTajjit site.

Hierarchical Cluster Analysis BT2, BT10, and BT14 in which the
Hierarchical clustering based on difference is from four to six

squared Euclidean distance calculated from
the twenty three morphological character
categories revealed the existence of five
major groups of olive trees according to
their aggregation distance values (Figure 1,
Table 4). The first group included olives
trees that had the lowest value of
aggregation distance which is equal to
number 1 (Table 4). In this group, olives
trees were different for one to two
morphological characters. This group
could be subdivided in one’s turn into three
subgroups due to the type of organ which
constitutes the difference. The second one
included olive trees for which the
aggregation distance value is about 1.35
(Table 4). This group is composed by the
seven olive trees BT8, BT11, BT12, BT16,
BT17, BT18, and BT13 in which the
difference is from two to six
morphological characters among those of
fruit and endocarp. The third group
contained olive trees for which aggregation
distance value is about 1.7 (Table 4). This
group is composed by the three olive trees

morphological characters concerning in the
same time fruit, endocarp, leaf, and
inflorescence. The fourth group formed by
the only olive tree BT15 for which
aggregation distance value is about 5.9
(Table 4). This olive tree presents three to
seven  morphological  characters in
difference with the other olive trees
included in all previous groups. It is the
most differentiated olive tree.

Morphological characteristics of the

most known Moroccan olive varieties
The six Moroccan olive varieties

that were used in this study were Picholine

marocaine, Menara, Haouzia, Meslala,
Dahbia, and Bouchouika. For their
morphological characteristics, we used

results presented previously by Idrissi and
Ouazzani (2004) (Table 5). These results
showed that these varieties would be
distinguished among themselves for two as
minimum (2/23 so be it 8.7%) to seventeen
morphological characters as maximum
(17/23 so be it 73.9%) (Table 6).
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BT1 I
ol —
BT6 Figure 1. Dendrogram
o — showing the relationships
ETE between  the  eighteen
o studied olive trees.
BT16 Hierarchical clustering is
ETIT based on squared Euclidean
BT1E .
T3 L distance calculated from the
ETIS ————— | twenty three morphological
s character categories.
ET10 Accessions are named from
BT14 BT1 to BT20.
BT15

0 1 2 3 4 5 ]

Dist. Agrégation

Table 4. Quantitative variables corresponding to the morphological characteristic categories of the eighteen
olive trees which grouped by their aggregation distances that were determined previously by the hierarchic
classification (UPGMA method). Characters that are identical in all olive trees are not presented here.

First group (d = 1)

First Second  Third Second group (d = 1.35) Th(ljr(i %rgup Forétlsg r;up
subgroup  subgroup subgroup (d=17) (d=5.9)
W W W W W W W W W W W W W W W W W W
fAdadad g I &2 2228 2273 2= =
© o |l N D ~ (o0] w o SN ol
Leaves
LS 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 3 3
Inflorescences
IL 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1
Fruits
FS 2 2 2 2 2 2 2 2 2 2 2 2 1 1 2 2 2 2
FSy 3 3 3 2 2 2 2 3 3 2 2 2 2 2 1 2 2 3
FA 1 1 1 2 1 2 2 2 1 2 2 2 2 2 2 2 1 1
FB 2 2 2 2 2 2 2 2 1 1 1 1 1 2 2 1 1 1
FN 2 2 2 1 1 1 1 2 1 1 1 1 1 2 2 2 1 1
FR 2 2 2 2 2 1 1 1 2 1 1 2 1 1 1 2 1 1
Endocarps
ES 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
EA 1 1 1 1 1 2 2 1 1 1 2 2 2 2 1 1 1 2
EB 3 2 2 3 3 3 3 2 2 3 3 3 3 3 3 2 3 3
ESu 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2

BT: Olive tree from the Beni Tajjit site; EA: Endocarp apex; EB: Endocarp base; ES: Endocarp shape; ESu:
Endocarp surface; FA: Fruit apex; FB: Fruit base; FN: Fruit nipples; FS: Fruit shape; FR: Ripeness start; FSy:
Fruit symmetry; IL: Inflorescence length; LS: Leaf shape.

Comparison of the BT olive trees with
the most known Moroccan olive
varieties

The hierarchical cluster analysis
based on the morphological data of both
the BT olive trees and the six Moroccan
olive varieties (Figure 2) and their
comparison one to one by their

36

morphological characters (Table 7) showed
that:

- The BT14 olive tree is the nearest one to
the  Picholine  marocaine  variety.
Aggregation distance value equal to 1,42 is
the lowest one. Difference between these
two olive cultivars interest two
morphological characters (Lanceolate or
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elliptic-lanceolate leaves for BT14 and weakly asymmetrical or asymmetrical

fruits for BT14 and Picholine marocaine

Picholine marocaine respectively and

Table 5. Quantitative variables corresponding to the
morphological characteristic categories of the six
most known Moroccan olive varieties (Data from
Idrissi & Ouazzani, 2004).

ss & § Z & %

235 & F o 0O

33 £

QD

Leaves
LS 2 2 2 2 3
LC 2 2 2 3 2
Inflorescences
IL 2 2 2 1 2 1
IN 1 1 1 1 2 1
Fruits
FS 2 2 2 3 2 3
FSy 3 2 3 3 2 3
FD 2 2 2 2 2 2
FA 1 2 1 2 2 2
FB 1 1 1 2 2 2
FN 1 1 1 2 2 2
FPL 2 2 2 1 2 1
FDL 1 1 2 1 2 1
FR 1 2 3 3 2 2
Endocarps
ES 3 3 3 4 3 4
ESA 2 2 2 2 2 2
ESB 1 1 1 2 1 2
ED 2 2 2 3 2 3
EA 1 1 1 1 2 1
EB 3 3 3 2 3 2
ESu 2 2 2 1 2 1
ENG 2 2 2 2 1 1
EDG 1 1 1 1 2 2
EM 2 2 2 2 2 2
EA: Endocarp apex; EB: Endocarp base; ED:
Position of maximum transverse diameter of
endocarp; EDG: Distribution of the endocarp

fibrovascular grooves; EM: Bill of the endocarp apex;
ENG: Number of the endocarp fibrovascular grooves;
ES: Endocarp shape; ESA: Endocarp symmetry
(position A); ESB: Endocarp symmetry (position B);
ESu: Endocarp surface; FA: Fruit apex; FB: Fruit
base; FD: Position of maximum transverse diameter;
FDL.: Dimension of lenticels; FN: Fruit nipples; FPL.:
Presence of lenticels; FS: Fruit shape; FR: Ripeness
start; FSy: Fruit symmetry; IL: Inflorescence length;
IN: Number of the inflorescence flowers; LC:
Longitudinal curvature of the leaf blade; LS: Leaf
shape.
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Table 6. Number of the morphological characters
among the twenty three studied ones
distinguishing the most known Moroccan olive
varieties one to one.

o T w
=3 5 3 5 5 9
82 2 § & = S
25 &  ® & 2
a® =

QD

Picholine

marocaine

Menara 3 0

Houzia 2 4 0

Dahbia 14 14 14 0

Meslala 10 7 9 17 0

Bouchouika 16 15 17 3 14 O

respectively). The other BT olive trees
are at aggregation distance equal to 1.73
with regard to the Picholine marocaine
variety. They are distinct of the Picholine
marocaine variety by three to seven
morphological characters.

- The olive trees BT3, BT5, BT1, BT7,
BT6, BT8, BT11, BT12, BT16, BT17,
BT18, BT13, BT19, and BT20 are at
aggregation distance of 1.42 with regard
to the Menara variety. They are distinct
of it by two to seven morphological
characters. In this olive group, the BT3,
BT12, and BT17 olive trees are the
nearest ones to Menara variety. They
have only two characters as difference.

- The olive trees BT2, BT10 and BT15
are at an aggregation distance of 1.73
with regard to either the Picholine
marocaine or the Menara varieties.
These olive trees are distinct to the
Picholine marocaine variety by five, six
and three morphological characters
respectively and to the Menara variety
by five, three and six morphological
characters respectively.

- All BT olive trees are at an aggregation
distance equal to:
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(i) the value of 2 with regard to the
Haouzia variety, with four to nine
morphological characters as difference,

(if) the value of 2.65 with regard to the

Meslala variety, with seven to eleven
morphological characters as difference,

(iii) the value of 3 with regard to the
Dahbia and Bouchouika varieties, with
nine to fourteen or with ten to sixteen
morphological characters respectively as
differences.

BT15
Hou
Mes
Dsh ,

Figure 2. Dendrogram showing the
relationships between studied Beni
Tajjit olive trees and the six olive
varieties which are the most known ones
at the national scale. Hierarchical
clustering is based on squared Euclidean
distance calculated from the all
morphological  character  categories
studied. Accessions are named from
BT1 to BT20. National olive varieties
studied are Picholine marocaine (PM),
Menara (Men), Haouzia (Haou),
Meslala (Mes), Dahbia (Dah), and

0.5 1.0 i5 20 25

Diist. Agrégation

Discussion

In Morocco, the number of distinct
olive varieties is commonly referred as a
single variety called 'Picholine marocaine’
(Ouazzani et al., 1996; Khadari et al.,
2007). Otherwise, this variety is usually
cited as the most predominant variety
considering that more than 98% of the
olive growing orchards may be planted by
it (Boulouha et al., 1992; Bamouh, 1998).
However, at the beginning of the 19"
century, some local olive cultivars were
identified according to their morphological
traits. Among them, for examples, were
Bouchouk,  Bouchouika, = Fakhfoukha,
Meslala, Hamrani, and Soussia
(Maestratti, 1922; Torénzy, 1922). More
tardily, some other varieties were then
recorded: Dahbia, Haouzia, and Menara
(Ouazzani et al., 1996). Haouzia and
Menara, registered for cultivation in
Morocco, were in fact developed through
clonal selection (INRA, 2008). Menara is a
direct selection of the Picholine marocaine
variety; Haouzia a selection of both
Picholine marocaine and Menara (FAO,
2009b). These new clones were then
subsequently registered as Moroccan
varieties (INRA, 2008). They show a large

25 Bouchouika (Bou).

morphological similarity with Picholine
marocaine variety. Among the 23 analysed
characters, Haouzia variety shows 21
characters and Menara variety 20
characters identical to those of Picholine
marocaine variety.

Results obtained here showed that
the olive trees from the BT site exhibited
some morphological differences between
themselves and in comparison with each
Moroccan analysed variety. Differences
inside the BT olive trees group concerned
between one to nine characters and with
regard to the six Moroccan varieties they
seem be ranged between two to sixteen
characters. The BT14 olive tree with only
2 morphological characters (leaf shape and
fruit symmetry) which differentiate it with
the Picholine marocaine variety may be
the nearest olive tree to this variety. It
possessed, equally, the same
morphological characters number (tow) as
difference  towards the  Picholine
marocaine variety than possessed Haouzia
cultivar towards it. However, character
categories concerned by this difference
were not the same. Otherwise, the BT14
olive tree showed three (leaf shape, fruit
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Table 7. Number of morphological characters showing differences between the most known Moroccan olive
varieties on the one hand and between these varieties and the studied Beni Tajjit (BT) olive trees on the other

hand.
% 2 9Q Moroccan olive varieties
T35 3 3 = I = O v
28 S 3 g 8 8 z 2
S 3 e+ o 3 = c 2 (= (@]
o v @ o 2 = N > =3 =3
@® =
[s8)
0 PM Men Haou Mes Dah Bou
1 )
BT3, BT12,
2 Haou, BT14 BT17 PM
Men, BT11, BT12, PM, BTS,
3 BT15 BT10, BT14 Bou Dah
Haou, BT11,
4 BTL, BT5 BT16, BT18, Meg’TBlIll’
BT20
BT2,BT3, BT, BT1, BT2, BT1, BT5,
5 BT8, BT16, BT17, BT19 BT12, BT15
BT18, BT20 :
BT7, BTS, BT3, BT7,
6 BT6,BT10,BT19 ooy s BT17
BT2, BT6, BTS, Men, BT3,
7 BT13 Mes, BT6 BT10, BT16, BT13,
BT18,BT20  BT17, BT20
BT1, BT2,
8 . . BT19 BT5, BT10,
BT19
Haou, BT7,
9 . . Mes, BT13 BTS, B12, BT6, BT8
BT16, BT18
PM, BT,
10 Mes BT14 BT7 BT6
11 BT11,BT15 BT1, BT2, BT10 BT7, BTS
BT3, BT1L,
12 BT12, BT19 BT1, BT10
13 BT5, BT14, BT2, BT3,
BT15, BT20 BT11
PM, Men, Haou,
14 Dah Dah Dah Bou BT13, BT16, 5“4‘;‘2 %TT51'9
BT17, BT18 :
Men, BT12,
15 . Bou BT15, BT16,
BT17, BT20
PM, BT14,
16 Bou BT18
17 Bou Dah Mes Haou

PM: Picholine marocaine; Men: Menara; Haou: Haouzia; Mes: Meslala; Dah: Dahbia; Bou: Bouchouika.

apex, and fruit ripeness) and four (leaf
shape, fruit symmetry, lenticels dimension,
and fruit ripeness) different morphological
characters towards Menara or Haouzia
cultivars respectively. BT14 olive tree
could be then the closer one to the
Picholine marocaine variety and less to
Menara and Haouzia cultivars. BT11,
BT12, and BT15 olive trees resembled too
greatly to the Picholine marocaine variety.
Each one of these olive trees showed only

three different morphological characters
with this variety. BT3, BT12 and BT17
olive trees could be the nearest ones
towards Menara cultivar. Each one showed
two different characters with it. BT11 and
BT14 olive trees with four different
morphological characters seemed the
closer ones to the Haouzia cultivar.

For the rest of the national olive
cultivars Meslala, Dahbia, and
Bouchouika, all BT olive trees were
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morphologically very different with them.
In fact, differences concerned between
seven to sixteen characters among the
twenty three analysed. It was reported that
these three cultivars were cultivated in
Morocco in restricted areas that are
geographically so farther to our study site:
Meslala and Dahbia near Meknés and
Bouchouika near Sefrou (in Ouazzani et
al.,, 1996). Although some olive
characteristics like leaf shape,
inflorescence length, flower number, fruit
shape, endocarp shape, etc. could vary due
to exogenous factors (environment,
cultivation technology, etc.) (Barronco &
Rallo 1984; Cantini et al., 1999; Idrissi &
Ouazzani, 2004), quantity and quality of
morphological characters concerned by
differences cannot  explain large
differences revealed between BT olive
trees themselves and between BT olive
trees and the six national olive cultivars.
Resemblance may be high only in few
cases like the BT14 olive tree and the
Picholine marocaine variety.

Otherwise, if we consider the old
ages of the BT olive trees (BT1 more than
80 years old; BT2 and BT3 near than 35
years old; BT5-BT11 near than 60 years
old; BT12-BT20 near than 23 years old),
we can easily remark that all BT olive trees
were planted before the selection date of
Menara and Haouzia clones and a fortiori
before their multiplication and distribution
in great scale. Indeed, in Beni Tajjit site,
production of olive trees is still largely
based on the traditional and local methods.

Conclusion

In this study, obtained results were
a proof of variable heterogeneity in the
morphological characteristics between the
studied olive trees cultivated in the Beni
Tajjit site. They present equally some
differences with regard to the six most
known olives varieties at the national
scale: Picholine marocaine, Menara,
Haouzia, Meslala, Dahbia, and
Bouchouika. This confirms previous results
that conclude that varietal diversity in

This present work showed that our
study site could contain new olive varieties
other than those previously known at the
national scale. This diversity could be
more enlarged in seen that this study was
conducted on a small olive trees sample
and on a limited area of BT site where the
superficies cultivated by olives reach 760
ha. These occasional records suggest that
varietal diversity in Moroccan olive
growing orchards may be much higher
than what was assessed previously. This
idea is in agreement with that formed
previously by Ouazzani et al. (1996). In
the same way, results obtained by other
authors recorded genetic and phenotypic
heterogeneities in the Moroccan olive
orchard (Ouazzani et al., 1996; Ouazzani
et al. 1997; Lumaret et al., 2000; Essadki
& Ouazzani, 2003, Idrissi & Ouazzani,
2004). Discrimination of varieties based on
morphology evaluation like that we have
made is limited by its requirement to a
well-trained staff and influenced by
cultural and environmental conditions
(Belaj et al., 2001). To a better
characterization of the olive -cultivars,
different molecular techniques should be
used (Rallo et al., 2000; Bandlej et al.,
2002). They had been successfully applied
for  diversity analysis of varietal
identification and characterization (Rekik
et al., 2008; Muzzalupo et al., 2009, 2010)
and to address the issue of olive
homonymy and synonymy (Khadari et al.,
2003; Bracci et al., 2009).

Moroccan olive material may be much
higher than what was assessed previously.
In the future, it is important to extent the
research with more locally as well as
regionally investigations.  Studies of
genetic resources could be particularly
important for preserving the biodiversity
and maintaining the advantages of local
cultivars which are well adapted to local
conditions. Morphological study could be
completed by molecular methods which
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are very suitable to reach a better
understanding of the material’s genetic
diversity. Both, morphological and
molecular data could be compared in order
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