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ABSTRACT

This investigation was carried out during 2007 and 2008 seasons on hine otive cultivars
{Olea europea, L.) namely: Chemialy, Kalamata, Maraky, Egizy, Watikin, Meloky, Hamedy,
Manzanillo and Kronaky, grown in the experimental farm, Faculty of Agriculture (Saba-
Basha), Alexandria University, Egypt. Characterization and identification of these cultivars
were done using 18 morphological characters including leaf, inflorescence, fruit and pit
characters to calculate the morphological varations. The gquantitative and qualitative
characters measured for the nine cultivars were used together to compute the relative
similarity or dissimilarity of these cultivars using the software SPSS program-version 10. The
value of squared Euclidean distances for the nine cultivars ranged from 0.00 to 96.23. The
lowest squared Euclidean distance was (4.51) between cultivars Egizy and Maraky and
(5.45) between cultivars Maraky and Meloky, that may indicate a close relation of the
cultivars. The highest distance was (96.23) between Egizy and Kronaky and (90.95)
between Hamedy and Kronaky, that indicated Egizy and Kronaky cultivar are apart from
each other. The dendrogram of the proximities of the nine cultivars showed two clusters. The
first cluster had two cultivars: Chemlaly and Kronaky, while the second cluster had seven
cultivars.
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INTRODUCTION

QOlives are one of the most extensively cultivated fruit crops in the world,
In 2009, 9.9 million hectares were planted with olive trees, which is more
than twice the amount of land devoted to apples, bananas or mangoes,
produced about 18.24 million tons (FAQ STAT, 2010). Statistics of Egyptian
Ministry of Agriculture for the year 2009 indicated that a total area of about
158,058 feddans are grown to olive of which 90,344 feddans outside the
Nile valley as newly reclaimed land. The total production is about 449,009
tons. Distribution of incorrectly labeled olive and the global spread of
vegetative propagated cuttings over hundreds of years changing their
names have caused the current problem of homonyms and synonyms
{Cimato and Attilio, 2008). It is difficult to identify and classify clive (Olea
europaea L.) varieties, which are estimated as being close to 2,000 in
number. Morphological and physiological traits are widely used for this
purpose, but they are strongly dependent on the environmental factor,
consequently it is difficult to resolve the issues that arise concerning
synonymy and homonymy (Vergari et al., 1998). Usually, the morphological
traits require only simple equipment but it is subjected to environmental
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influences (De Vicente and Fulton, 2003). Morphological characters did not
ensure a complete characterization. Indeed, environmental factors render
difficult the cultivar identification on the basis of the phenotype (Bronzini de
Caraffa et al.,, 2002). FPhenotype is the combination of individual traits
resulting from a genotype and its interaction with the environment.
Assessment of phenotypic variation focuses on morphological traits-those
characteristics that define the shape and appearance of a set of individuais.
Morphological descriptors have been used for characterization and
identification of olive cultivars, i.e., fruit, endocarp and leaf traits (Abdine et
al., 2007; Cimato and Attilio, 2008). Fruit, endocarm, leave and infloresence
traits were used for characterization of clive cultivars (Idrissi and Quazzani,
2007; Hosseini-Mazinani et al., 2008, Ulas and Gezerel, 2008). It was found
that fruit, endocarp and leaf traits had a high identification potential for the
studied varieties (Idrissi and Ouazzani, 2007). Aiso, Del Rio and Caballero
(2008) used fruit weight, flesh/stone ratio and oil yield for characterization of
olive cultivars. Al Ibrahem et al {(2008) found that up to 60% of the
observed variation may be ascribed to the olive stone aspect ratio
descriptor alone. Some of these traits can be considered as 'genetic’ if their
presence in related individuals is heritable and not dependent on the
environment, meaning that they are associated with a particular DNA
sequence (De Vicente and Fulton, 2003). This procedure has been
performed in olive to identify varieties, to study olive genetic diversity and
used to determine the relationships between varieties (Ganino el al., 2007;
Helally, 2008; Durgac et al., 2010 and Sheidai et al., 2010).

The present study aimed to characterize and identify 9 olive
cultivars using different morphological characteristics and to establish the
relative relatedness between each of these varieties.

MATERIALS AND METHODS

Nine olive cultivars (Qlea ewropea, L.), namely, Chemialy,
Kalamata, Maraky, Egizy, Watikin, Meloky, Hamedy, Manzanillo and
Kronaky, grown in the experimental farm, Faculty of Agriculture (Saba-
Basha), Alexandria University, were used for this experiment. Three mature
trees (16 Years old) were used to represent each cultivar to make the
morphological, biochemical and genetic analysis. Morphological
characteristics were measured for each cultivar at both studied seasons
2007 and 2008 as used by Cantini et al. {(2002).
A- Leaf characteristics

The first four characteristics of leaves are quantitative and the fifth is
qualitative. All following characteristics were recorded in samples of 40
mature leaves taken at random in mid-April during both seasons under the
study (whole tree, different direction and different tree height) from each
tree of all studied cultivars (Antonio ef al., 1999). Petiole length (cm), leaf
length (L, cm), leaf width (W, cm), leaf ratic (L/W), which is an indication for
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the leaf shape. It is divided into three categories: Elliptic, Elliptic-lanceolate
and Lanceoiate.
B- Inflorescence characteristics

The following characteristics were recorded in samples of 20
inflorescences from each tree/ cultivar in mid-April in both seasons. The
length of petiole of the inflorescence (peduncle} (cm), the length of the
inflorescence (cm), number of flowers per inflorescence and perfect flowers
% according to Dimassi ef al. (1999).
C- Fruit characteristics

At harvest time, six quantitative characteristics were considered in a
sample of 20 fruits from each experimental tree for both seasons 2007 and
2008. The following characteristics were measured and calculated
according to Antonio et al. (199%), Tous et al. (1999) and Fourati ef al.
(2002): Fruit length (L, cm), fruit width (W, cm), L/W fruit ratio which
indicates the fruit shape, fruit volume (cm®), fruit weight (g) and flesh
percentage to fruit weight (%).
D- Pit characteristics

The following characteristics were measured and recorded
according to Antonic et al. (1999): Pit weight (g), pit length (L, cm), pit width
(W, cm) and L/W pit ratio.
Statistical analysis

Analysis of variance was performed for all measured traits
{morphological) in order to test the significance of variance among cultivars
{Steel and Torrie, 1980). Moreover, calculations were performed using the
software packages of Minitab Inc. (2003} for computing ANOVA of variables
and SPSS Inc. (2006) for cluster analysis.

RESULTS AND DISCUSSION
A- Leaf characteristics

The results of leaf characteristics (petiole length, leaf length & width
and leaf length/width ratio which indicates leaf shape) are presented in
Table (1).

Respecting, petiole length, it was found that the average petiole
length of the two years {2007 and 2008) was differed significantly. The
longest was noted in Egizy (0.52 cm), followed by Chemlaly and Manzanilo
{0.48 and 0.48 cm). There was no significant difference between Chemlaly
and Manzanilo as well as between Maraky (0.46 cm) and Watikin (0.45
cm), was followed by Meloky then Hamedy and Kalamata. It was found that
there is no difference between Hamedy and Kalamata cultivars in petiole
length while Kronaky Cv. (0.30 cm) was found to be significantly the
shortest petiole length between the studied cultivars.

Regarding to leaf length, the data presented in Table (1), showed
that the average leaf length of the two years (2007 and 2008) was
significantly longer in Manzanilo (5.84 cm) and Kalamata (5.72 cm). On the
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other hand, the shortest leaf length was found in Watikin (4.71 cm} Kronaky
{4.59 cm) as compared with that of the other cultivars. In the other studied
cultivars namely, Hamedy, Meloky, Maraky, Chemlaly and Egizy, it was in
between these extremes.

According to leaf width, the average leaf width was measured in 80
leaves for each cultivar of the two years (2007 and 2008). The average
ranged from 1.86 cm to 1.07 cm. It was found that Kalamata cultivar (1.86
cm) had significantly the widest leaf width, followed by Chemilaly, Kronaky,
Meloky, Maraky and Hamedy cultivars. Comparing of that of the other
cultivars, the average leaf width was significantly the narrowest in Watikin
(1.11 cm) and Egizy (1.07cm} cultivars.,

As for the average leaf length/width ratio, it was ranged from 4.96 to
3.18 cm. The highest value was in Hamedy (4.96) and Egizy (4.85) cultivars
as compared with the other cultivars. The average leaf length/width ratio
was significantly the lowest in Manzanilo (3.34) and Kalamata (3.18). The
average leaf length/width ratio indicates leaf shape. It was found that the
average leaf length/width ratio of Hamedy, Egizy, Maraky, Meloky and
Watikin Cvs were 4.96, 4.85, 447, 4.44 and 4.43 cm, respectively. All of
them indicated the leaf shape of elliptic-lanceolate while the average leaf
length/width ratio in Kronaky, Chemilaly, Manzaniioc and Kalamata Cvs.
were 3.56, 3.46, 3.34 and 3.18, respectively, which indicated the elliptic leaf
shape according to Cimato and Attilio (2008). The same trend was reported
by Cantini et al. (2002), Mulas et af. (2002), Tous et al. (2002) and Taamalli
et al (2006). Moreover, Sheidai et al. (2010) performed morphological
analyses on 8 brown olive populations of Iran using 24 morphological
characters. ANOVA test showed significant difference in leaf length and leaf
width among different populations and PCA analysis showed that the leaf
characteristics (venation, width, trichome, colour in the ventral and dorsal
surfaces).
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Table (1): Averages of leaf characteristics of the nine olive cultivars during
2007 and 2008 seasons

Peticle Leaf Leaf
Length Length Width L/W
{cm} (L) cm {W)cm
Cultivar @ - " Leaf
o
5 8 § 5 8 £ 3 g § g g g Shee
e = s & R g K 8 g€ & =& S
o <t < L]
Chemilaly 04 05 05 48 51 50 15 15 15 33 36 35 Eliptic
. Elliptic-
Egizy 05 05 05 49 50 5.0 11 1.1 14 48 49 49 Lanceolate
Elfiptic-
Hamedy 04 0.4 04 5.4 5.4 5.4 114 11 1.1 5.0 4.9 5.0 Lanceolate
Kalamata 0.4 0.4 0.4 5.7 5.8 57 1.9 1.8 1.9 31 33 3.2 Elliptic
Kronaky 603 03 03 46 46 46 13 13 13 35 37 3.6 Eliptic

Manzanilo 05 05 05 538 59 58 1.1 11 1.1 53 54 33 Eliptic

Elliptic-
Maraky 05 05 05 45 51 50 11 12 12 44 45 45 PN
Meloky D4 04 04 54 54 54 12 13 12 47 43 a4 Shetie

Lanceolate
Watikin 064 05 05 47 47 47 11 11 11 45 44 a4 Elietic

Lanceolate
LSDgos 084 004 002 026 £25 025 046 040 005 039 038 027

B- Inflorescence characteristics

The results of inflorescence characteristics are presented in Table
(2). The results indicated that there were significant differences among
cultivars in peduncle length, inflorescence length, number of flowers per
inflorescence and percentage of perfect flowers.

In view of peduncle length, it was found that cultivars differed
significantly in the average peduncle length in the two seasons 2007 and
2008. The least significant difference (LSDggs) between cultivars was 0.10
cm. No significant difference was found between Watikin (1.38 cm) and
Egizy (1.35 cm) as they had the longest peduncle length. Cultivars
Manzanilo, Maraky, Kalamata and Meloky which had the peduncle length of
1.28, 1.28, 1.23 and 1.22 cm, respectively, did not differ significantly. The
shortest peduncle length was found in Kronaky cultivar (0.92 cm).

The average length of the inflorescence ranged from 3.70 to 2.78
cm for all studied cultivars. It was found that the iongest inflorescence was
detected for Manzanilo (3.70 cm) and Watikin (3.55 cm). No significant
differences were observed between Manzanilo and Watikin. Also, there was
no significant differences were found among Egizy, Kalamata, Maraky,
Kronaky and Hamedy cultivars which were 3.32, 3.31, 3.20, 3.10 and 3.09
cm, respectively, while the shortest value was obtained from Chemlaly
cultivar (2.78 cm).
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As for the average number of flowers per inflorescence of the two
seasons 2007 and 2008 for the studied olive cultivars, it was found that
cultivars differed significantly. It was ranged from 10.47 to 18.12. The
highest average number of flowers per inflorescence was observed in
watikin (18.12), while the lowest average number was detected in Chemialy
(10.47).

Regarding the average percentage of perfect flowers per
inflorescence, it was noticed that the highest values were for Chemialy
(99.74%). Kronaky (98.49%) and Watikin (98.44%) with no significance
difference. On the contrary, the lowest one was Hamedy (87.09%). For
cultivars Kalamata, Meloky, Manzanilo, Maraky and Egizy, it was in
between these two extremes. It was found that Hamedy Cv. differed
significantly from Chemlaly, Kronaky and Watikin but it did not differ,
significantly, from the rest of cultivars. The results obtained by Dimassi et
al., (1999} revealed that the number of flowers per inflorescence ranged
between 16 for Chondrolia Chalkidikis to 44 for Lianclia Kerkiras. The
lowest percentage of perfect flowers was recorded on the northern side of
the tree and in the top of the shoots and the highest in the southern side
and in the middie of each flowering shoot. Among the six cultivars tested
«Adramitini», «Cordal» and «Kothreiki» were self-fruitfull, while «Chondrolia
Chalkidikis», «Karydolia» and «Manzanillo» were partially self-unfruitful.

Table (2): Averages of inflorescence characteristics of the nine olive
cultivars during 2007 and 2008 seasons

Peduncle length Perfect flowers

X B fl.
{em} infl. Length (cm) No. flowars / In %)
Cultivar e s o o
5 2 ] S 2 a 5 =4 ] g g £
r=3 o o =1 (=3 @ I~ f=1 o =4 = @
~ ~ > o~ o~ = o~ ™ > o™ o~ >
« L4 < <

Chemlaly 414 44 11 28 27 28 104 106 105 997 098 997

Egizy 13 1.4 14 31 2.6 3.3 129 132 131 922 888 905
Hamedy 10 11 10 28 32 31 121 127 124 853 889 871
Kalamata 12 13 12 36 34 3.3 163 160 162 955 943 948
Kronaky 0.9 0.9 [%:] 29 3.3 31 125 158 142 988 982 985

Manzanile 45 44 13 39 35 37 106 139 123 965 018 942

Maraky 14 12 13 34 30 32 171 135 153 989 828  90.9
Meloky 12 13 12 31 30 31 155 127 141 993 902 947
Watikin 14 14 14 35 36 38 211 151 1B1 994 975 984
LSDO.0S 041 043 010 023 025 623 00z 003 103 29 38 114
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C- Fruit characteristics:

Fruit characteristics are presented in Table (3). Fruit length (L) cm,
fruit Width (W) cm, (L) / (W), fruit Shape, fruit volume, fruit weight (g),
weight class and flesh %. For fruit length, the average fruit length for the
two years 2007 and 2008 differed significantly between cultivars. Kalamata
was the longest cultivar in fruit length (2.87 cm} Chemlaly (2.75cm) then
Maraky (2.68cm) while Kronaky CV. was the shortest cultivar in fruit length
(1.75cm). _

Regarding fruit width, the average fruit width found to be
significantly different. No significant difference was found between cultivars
Maraky, Egizy, Watikin and Hamedy. These cultivars were significantly the
highest cultivars in fruit width. The lowest fruit width was found in Kronaky
cultivar {1.10cm). The ratic L/W (length of fruit/width of fruit) was calculated
for the nine cultivars in the two seasons 2007 and 2008. Cultivars differed
significantly in the average of the two seasons of this ratio. it was found that
Chemialy cultivar had significantly the highest L/W ratio while cultivars
Egizy, Meloky and Watikin which had the same value (1.34) were found to
be the lowest ratios. The other cultivars had L/W ratios in between these
extremes. This ratio is an indicator for the fruit shape as cited by (Cimato
and Attilio, 2008). As they cited that ratio between the length (L) and width
(W) : <1.25is spherical, 1.25-1.45 is ovoid, =1.45 is elongated. It was found
that cultivars Chemlaly, Kalamata and Kronaky to be elongated while
cultivars Manzanilo, Hamedy, Maraky, Egizy, Meloky and Watikin found to
be ovoid.

Fruit volume was, also, measured and averaged for the two years
2007 and 2008. It was found that the average fruit volume differed
significantly between cultivars (Table 4). It was noticed that Egizy cultivar
(5.45 cm?), Hamedy (5.32 cm®) and Maraky {5.27 cm®) had the highest fruit
volume. That was followed by Watikin (5.15 cm®) which differed significantly
from Egizy but it did not differed significantly from Hamedy and Maraky. As
for fruit weight, it was found that the average fruit weight of the two seasons
2007 and 2008 differed significantly between the nine studied cultivars.
Egizy was found to be significantly the highest fruit weight (5.49 g). That
was followed by Watikin (4.84g) and Maraky (4.80g). No significant
difference was found between Watikin and Maraky. That was followed by
Hamedy (4.36g) and Meloky (4.26g). The lowest cultivar in fruit weight was
Kroknaky (1.08g). That was near to that mentioned with Tous et al. (2002).
They found that Kronaky produced the smallest fruits (average fruit weight
0.8 g). Cultivars were classified according to fruit weight into three groups
according to {Cimato and Attilio, 2008). It was found that cultivars Egizy,
Watikin, ‘Maraky, Hamedy and Meloky to be high in fruit weight.
Manzanilo, Kalamata and Chemlaly were classified as medium weight
fruits. While cultivar Kronaky was classified as low weight fruit.
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The average flesh % (Table 4) was found to differ significantly
between cultivars. This percent was ranged from 85.47 % to 70.21 %.
Watikin (85.47%) was found to be significantly the highest cultivar in flesh
% in fruit. Del Rio and Caballero (2008) found that, fruit weight varied from
1 to 10.4 g, with a mean value of 4 g and flesh/stone ratio from 4 to 1.7,
with an average of 2.8. Dry matter fruit oil percentage was from 24 to 60%,
with a mean of 45%. Observed intervals of variation are very wide, but
cultivars of medium to small values of fruit size (4.8-1.6), flesh/stone ratio
(7.7 to 4.7) and dry matter oil percentage (48.5 to 34.5%) do predominate.
Fruit of bigger size show a higher flesh/stone ratio (r = 0.7**), although the
relationship between these two parameters and the whole fruit oil
percentage may be very variable (r = 4). Also, Ulas and Gezerel (2008)
measured tree, fruit characteristics for numerous local and some standard
olive (Ofea europaea L. sativa) cultivars growing in Cukurova region in
Turkey. They found that, Kincild (KilisYaglhk), Yerli (Erkence) are not
different cultivars. Adana Topadi, San Ulak, EdremitYadhk, Mavi, Gemlik
cultivars showed clear superiority to the other cultivars in Qukurova
ecoclogical conditions.

Table (3): Averages of fruit characteristics of the nine olive cultivars
indicating fruit shape during 2007 and 2008 seasons

Fruit length (L) Fruit Width (W)

L) /(W
cm cm (L)1 (W) F
. ruit
Cultivar ® ® o
™~ o > ~ @ = ~ @ = Shape
3 =4 5 3 3 H 2 3 ]
o~ o~ > ~ N > ~ N >
=L <L L8

Chemlaly 28 27 28 14 13 14 20 21 21 Elongated
Egizy 2.6 2.6 2.6 2.0 2.0 2.0 1.3 1.3 1.3  Ovoid
Hamedy 2.5 2.8 26 1.9 2.0 2.0 1.3 1.4 1.4 Qvoid
Kalamata 29 2.8 29 1.8 1.7 1.7 1.7 1.7 1.7 Elongated
Kronaky 1.9 1.6 1.8 1.2 1.0 1.1 1.6 15 1.6 Elongated
Manzanilo 26 25 25 19 17 18 14 14 14 Ovoid

Maraky 26 28 27 19 20 20 13 14 14 OQvoid
Meloky 2.3 2.6 25 1.8 1.9 1.9 1.3 1.4 1.3  Owvoid
Watikin 2.6 2.6 2.6 2.0 1.9 2.0 1.3 1.4 1.3 Ovoid
LSDgos 011 013 006 010 011 0.05 0.08 0.08 0.06
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Table (4): Averages of fruit characteristics of the nine olive cultivars during
2007 and 2008 seasons

Fruit Volume

3 Fruit Weight Flesh %
(em?) ght {g) =
. %]

Cultivar gz 3 %_g s
: 3 £ § g ¢ 2o g g i
o~ & = o~ ~ = o~ o >

L <L L]

Chemlaly 30 27 28 27 26 26 WMedium 733 67.1 70.2

Egizy 55 54 55 52 57 5.5 High 817 846 832
Hamedy 46 61 53 44 44 44 High 81.8 79.5 80.6
Kalamata 47 41 44 35 43 39 Medium 80.2 81.0 806
Kronaky 14 09 12 11 09 11 Low 729 81.8 77.4
Manzanilo 509 41 46 48 39 39 Medium 77.5 78.0 77.7
Maraky 50 55 53 47 59 48 High 81.7 86.2 83.9
Meloky 44 47 46 39 47 4.3 High 82.0 844 83.2
Watikin 54 49 52 50 48 4.8 High 845 864 855
1.SDg.0s 05 06 03 05 06 0.4 1.6 16 1.5

D- Pit characteristics

The studied pit characteristics were pit weight (g), weight class, pit
length (L) cm, pit Width (W) cm and (L/ W).

Regarding pit weight, it was found that cultivars differed significantly
in the average pit weight of the two years of study 2007 and 2008 (Table 5).
Average pit weight ranged from 0.97g to 0.23g. The highest pit weight was
found in cultivars Hamedy (0.97g) and Manzanilo (0.94q). Kronaky was the
lowest in pit weight. The other cultivars were in between these extremes.
Cuitivars had been classified into three groups according to their pit weight
by using the method of (Cimato and Attilio, 2008). Cultivars Hamedy,
Manzanilo, Egizy, Kalamata, Maraky, Meloky and W atikin were classified to
be very high in pit weight and Chemlaly as high in pit weight while Kronaky
was classified to be low in pit weight,

Regarding pit length, olive cultivars under study differed significantly
as shown in Table (6). The average pit length of the two seasons 2007 and
2008 was the highest in Chemlaly (2.28 cm). That was followed by
Kalamata (2.18 cm) then Maraky, Hamedy and Manzanilo which had a pit
tength of 1.84, 1.80 and 1.80cm, respectively. Those cultivars had no
significant difference in between as well as in between Watikin, Egizy and
Melokywhich had a pit length 1.71, 1.70 and 1.67 cm, respectively. The
shortest pit length was noticed in Kronaky (1.34cm).
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Table (5): Averages of pit weight of the nine olive cultivars during 2007
and 2008 seasons

Pit weight {g)

Cultivar Weight class
2007 2008 Average

Chemlaly 0.7 0.6 0.7 High
Egizy 0.9 0.8 0.8 Very High
Hamedy 0.8 11 1.0 Very High
Kalamata 0.9 0.8 0.8 Very High
Kronaky 0.3 0.2 0.2 Low
Manzanilo 11 0.8 0.9 Very High
Maraky 0.9 0.8 0.8 Very High
Meloky 0.7 0.7 0.7 Very High
Watikin 0.8 0.6 0.7 Very High
LSDy s 0.08 0.09 0.06

For pit width, it was found that the average pit width of the two
seasons 2007 and 2008 differed significantly between the nine studied
cultivars. The widest pit was significantly found in Hamedy (0.92cm). That
was followed by Egizy and Maraky which had the same pit width value
(0.89cm). The other cultivars differed significantly in pit width from each
other. It was found that the studied olive cultivars differed significantly in the
average L/W ratio of the two years of study 2007 and 2008. It was noticed
that Chemlaly cultivar had significantly the highest ratio (3.23). That was
followed by Kalamata which had the value of L/W = 2.56 then Kronaky
(L/W=2.27). Manzanilo, Maraky and Watikin did not significantly differ in
L/W ratio as they had L/W = 2.08, 2.09 and 2.05, respectively. That was
followed by Hamedy and Meloky. They had L/W ratio = 1.96 and 1.95,
respectively. No significant difference was found between them. Egizy was
the lowest cultivar in L/'W ratio which was 1.94. The ratio of pit length/ pit
width (L/W ratio) is an indication of the pit shape (Cimato and Attilio, 2008).
The studied olive cultivars were classified according to pit shape into two
groups. Chemialy, Kalamataand Kronaky were classified as elongated pit
shape. While cultivars Manzanilo, Maraky, Watikin, Hamedy, Meloky and
Egizy were classified as elliptic pit shape.
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Table {6): Averages of pit characteristics of the nine olive cultivars during
2007 and 2008 seasons
Pit length (L) Pit width (W)

L /W
cm cm
Cultivar o 5 . o > . " % Pitshape
=] =] g o =] © =3 =] @
=1 =] ° =] =1 5 = S 5
~ ~ 4 o~ ~ > ~ & 2
< © B

Chemialy 23 22 23 07 07 07 32 32 32 Elongated
Egizy 17 17 17 09 09 09 19 20 19 Eliptic
Hamedy 7 19 18 09 10 09 20 20 20 Ellptic
Kalamata 22 22 22 09 089 09 26 26 26 FElongated
Kronaky 14 13 13 06 06 06 24 22 23 Elongated
Manzaniio 18 18 18 09 09 09 21 21 21 Ellptic
Maraky 17 198 18 09 09 09 20 22 21 Eliptic
Meloky 16 18 17 04 09 06 1.9 20 20 Eliptic
Watikin 17 18 17 08 08 08 20 21 21 Eliptic
LSDyqs 010 010 904 go4 o004 002 g4as5 014 010

Generally, Ulas and Gezerel (2008) measured stone characteristics
for numerous local and some standardt olive (Olea europaea L. sativa)
cultivars growing in Cukurova region in Turkey. For example; Kinculi
(KilisYaglk), Yerli (Erkence) are not different cuitivars. Adana Topagi, San
Ulak, EdremitYaglk, Mavi, Gemiik cultivars showed clear superiority to the
other cultivars in Qukurova ecological conditions. Sheidai ef al. (2010)
performed morphological analyses on 8 brown olive populations of Iran
using 24 morphological characters. Number, and distribution of grooves in
the endocarp and fruit characteristics (apex, base, and shape) are the most
variable characters among the brown olive populations studied.
Morphological analyses suggested the presence of intra-specific variations.

Cluster analysis

The morphological parameters (the quantitative and qualitative
characters measured) of the nine cultivars were used together to compute
the relative similarity or dissimilarity of these cultivars according to Van
QOoyen, (2001) (Table 7). The value of squared Euclidean distances for the
nine cuiltivars ranged from 0.00 to 96.23. The zero value represents a total
similarity and might refer to the case of the same cultivar. The values above
zero represent the dissimilarity from that particular cuitivar. The squared
Euclidean distance was as low value (4.51) between cultivars Egizy and
Maraky and (5.45) between cultivars Maraky and Meloky, that may indicate
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a close relation of the cultivars. The distance was as high value (96.23)
between Egizy and Kronaky and (90.95) between Hamedy and Kronaky,
that may indicate that Egizy and Kronaky cultivar are apart from each other.
The same trend was found between cultivars Hamedy and Kronaky.
Different values were in between cultivars indicating different degrees of
dissimilarities.

The dendrogram of the proximities of the nine cultivars (Fig. 1}
showed two clusters. The first cluster had two cultivars: Chemlaly and
Kronaky. While the second cluster had seven cultivars connected through
several branches. Its first sub-cluster includes Egizy and Maraky with nearly
close distance. Its second sub-cluster consists of Egizy, Maraky and
Meloky. Its third sub-cluster contains Hamedy in addition to those of the
second sub-cluster. The fourth sub-cluster has Manzanilo, Hamedy,
Meloky, Maraky and Egizy. The fifth sub-cluster has six cultivars: Watakin,
Manzanilo, Hamedy, Meloky, Maraky and Egizy. The second cluster
contains seven cultivars: Kalamata, Watakin, Manzanilo, Hamedy, Meloky,
Maraky and Egizy.

Table {7): Proximity matrix for the nine clive cultivars based on the
measured morphological data of 2007 and 2008 seasons

Cultivars Squared Euciidean Distance

Chemlaly Egizy Hamedy Kalamata Kronaky Manzanilo Maraky Meloky Watikin

Chemlaly 0

Egizy 729 0

Hamedy 70.5 121 0

Kalamata 450 40.8 420 0

Kronaky 551 96.2 91.0 79.3 0

Manzanilo 582 13.7 169 316 83.1 0

Maraky 64.9 4.5 12.7 25.7 84.6 17.4 0

Meloky 521 10.1 13.8 24.8 57.9 13.7 55 0
Watikin 79.6 21.6 440 31.5 80.1 32.0 12.1 15.7 0
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Fig. (1): Dendrogram of the proximities of the nine olive cultivars based on
the measured morphological characters averaged for the years of
observation
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