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ABSTRACT

A breeding program has been developed since 19&%e(dy Dr. A. Trigui) for improving the oil contead the
quality of the most important olive variety cultigd in Tunisia ‘Chemlali’. Studies realized on theww obtained
descendants, showed that some progenies preseighdr toil percentage and a better chemical compmrsit
comparing with the original cultivar ‘Chemlali’. Heever, there is a little understanding about phgpiut diversity
distribution according to their genetic origins. dhpresent work was carried out in order to studge th
morphological variability noted on thirty ‘Chemlafifax’ seedlings issued from self, free and cradiinption with
‘Coratina’. Seventeen morphometric parameters wesed according to the different parts of the oliree (tree,
leaf, fruit and endocarp). For identification thatterns of morphological variation within the prages, Principal
Component Analysis (PCA) was used and cluster aisalyas performed to decide the ultimate numbectusters
by which the accessions could be assessed. Quamitaharacters revealed significant differenceswaen
seedlings within all crossbreeding<{@.001-test Duncan). Wide ranges of variation wested. The highest CV was
recorded for fruit weight, which was equal to 89,4%2.3% and 39.2%, respectively for free, self @nolss
pollination. Results revealed th#te first three Principal Components (PCs) expldin®.5% of the total variation
observed in-situ. Fruit, endocarp and leaf size avstrongly associated with the first principal cament. Fruit
and endocarp shape showed the highest contributionertia on the second one. Trunk circumferenod keaf
shape were strongly related to the last one. Pitaacof seedlings in the plane determined by tis fivo principal
components, showed that seedling issued from ‘GhiémlCoratina’ were grouped and showed the sreatlfruits
and endocarps, the biggest leaves and vigorous.tré¢hile ‘Chemlali’ free and self pollination seiedls were
characterized by medium fruit and endocarp weigh¢dium leaf size and medium tree vigor. Howeveistet
analysis revealed four groups for the studied dedaats related to the great discriminated effecicWwiwas fruit
size. The results of morphological evaluation coméid the usefulness of phenotypic markers for dieretic
resources but the number of descriptors used mghidy could be reduced.

Key words: olive tree seedlings, phenotypic variabilithescriptors, principal component analysis, cluatalysis.

INTRODUCTION

Today the need for new olive cultivars is an omggirocess due to the continuous developmentsvetto#ivation
techniques [1] and to the changes in agricultuddicies and market liberalization [2]. For develoginew olive
cultivars, cross breeding technique have beenezhwut in some olive-producing countries [3, 465,7, 8, 9].
These programs focused on cross breeding of thé entstanding cultivars in their respective cowedriHowever,
the heterozygosis level of recessive alleles, ttarce knowledge about characters hereditability tined long
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unproductive period of seedlings, make the crosgding technique long and poor of results [10}this context,
any genetic improvement program by cross breedifigneed strong efforts and long time to obtain tinganeration
and its agronomical evaluations in the field [11].

In Tunisia, the variety-population ‘Chemlali Sfaxas been crossed with both autochtonous and fopsitjimators.

One thousand six hundred and eighty five seedlireg® been produced and one thousand and two huhdxed
started producing. Most studies concerning theseeatelants were interested in screening some pexj&ith a

higher percentage of oil and a chemical compositione interesting than the variety ‘Chemlali Sfabhis allowed

the preselection of forty descendants wich areeruily under evaluation [12, 13]. However, fewettlodse studies
have provided information about the phenotypic diitg distribution. There is little understand abdhe

phenotypic diversity observed within and betweearssings in these progenies and how variability ddpen the
type of pollination (free, self or cross pollinatjo

The morphological traits have been used in differelive collections over the world for the identéton,

characterization, and evaluation of cultivars [18, 16, 17, 18, 19, 20, 21]. Moreover, these dptgms have been
also used for the characterisation and selectiameaf olive genotypes derived from breeding progrfdnd 1, 22,

23, 24, 25].

This study consisted to evaluate and to compardntipact of three different pollination treatmensl(-, free-,
cross-) on the morphologic variability observed amehemlali Sfax seedlings. The main objectiveshis study
were (1) to study the variability of different méwgogical characteristics observed on ‘ChemlalixSteedlings
according to tree, leaves, fruit and endocarptd2jentify the most relevant descriptors and talgtdistribution of
these seedlings by using a principal components(@hdo classify these seedlings by hierarchitadter analysis.

MATERIALS AND METHODS

1.1. Plant material and cultivation

Thirty ‘Chemlali Sfax’ seedlings were studied whievere issued from controlled pollination treatmert§

seedlings from ‘Chemlali’ free pollination (ChF)Q ¥rom ‘Chemlali’ self pollination (ChS) and 10 frocross
pollination ‘Chemlali’ x ‘Coratina’ (ChC). The selths obtained by cross pollination with ‘Coratineére planted
in 1997 at the experimental station of the Olived institute in Sfax central Tunisia (34°N, 21°E)ose obtained
by free and self pollination were planted in 19928 at the Research Station of Taoues, about 4fakfrom Sfax.

All evaluated seedlings were grown in similar pduohoatic conditions and cultivated with the sameadgchnical
treatments. They were conducted under intensiveirsigéited conditions with a density of 1250 trées(4m x

2m).

1.2. Morphological Characteristics

The olive descriptors used in our study were adogrtb those of the Conseil Olive International J26d UPOV
[27]. Seventeen biometric and morphological traitye observed on each olive seedling. All the mesaseants
were evaluated for 40 samples of leaves and fpdtstree. After fruits characterization, endocangse removed
and subject of characterization.

Tree parameters TC: Trunk circumference (m); CC: Canopy circureface (m); TH: Tree height (m).

Leaf parameters LL: Leaf: length (cm); LWI: Leaf width (cm); LSLeaf surface (cm2); LR: Leaf shape
(length/width ratio).

Fruit parameters: FW: Fruit weight (g); FL: Fruit polar length (mmfWI: Fruit cross-sectional width (mm); FR:
Fruit shape (length/width ratio).

Endocarp parameters EW: Endocarp weight (g); EL: Endocarp polar léngfthm); EWI: Endocarp cross-sectional
width (mm); EFG: Endocarp fibro-vasc.grooves; ERd&carp shape (length/width ratio); FSR: Flesh/Statio.

1.3. Data analysis

Descriptive statistics analysis (minimum, maximund aaverage values) and coefficient of variation evdone
using SPSS 13.0 and Microsoft Excel 2007 for winsloMeans were compared by Duncan’s multiple raageat
P<0.05. Principal component analysis (PCA) and aanidic classification (UPGMA) using SPSS 13.0 waoee
for comparison and clustering analyses of the nalgafical characters.
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RESULTS

1.4. Descriptive Analysis

The mean range, the maximum and minimum values;db#icient of variation (CV) and the degree @rsficance
for morphological traits are given in table 1. Allantitative parameters showed significant diffeesnfP<0.007)
for all ‘Chemlali Sfax’ seedlings.

The variation coefficient varied from 7.80% to 3®A4 for cross pollination, from 10.02% to 89.36% foge
pollination and from 10.11% to 72.34% for self padtion. The highest CV was recorded for fruit weigvhereas
the lowest one was noted for fruit ratio for albssbreeding. CV was higher than >20% for trunk eadopy
circumference (TC,CC), for leaf surface (LS), fouif parameters like weight (FW), polar length JFkross-
sectional width (FWI) and for endocarp parametés tveight (EW), polar length (EL), cross-sectionatth
(EWI) and flesh/stone ratio (FSR) for descendabtaioed by self and free pollination. Moreovergtteight (TH)
showed a high CV (21.51%) for ‘Chemlali’ self polition descendants. For seedlings issued frompalbsation
‘Chemlali’ x ‘Coratina’, just five traits: Canopyircumference (CC), leaf surface (LS), fruit weigRW), endocarp
weight (EW) and endocarp fibro-vasc.grooves (EF@&sented high CV which varied from 21.10% to 39.19%
However, neither low CV (<10%) has been noted fbcrassbreeding except the CV of the charactari §hape
(FR) and endocarp shape (ER) &hC descendants. They were equal to 7.80% and 9.028¢€ctvely.

Concerning the tree characters, the most extrentieiak circumference (TC) and tree height (TH) eloters were
noted on self and free pollination descendantsaesgely. In fact, tree circumference (TC) variedr 0.21 to 0.86
m.Tree height (TH) varied from 2.50 to 5.20 m.

The smallest leaf was noted on ‘Chemlali’ self jpaiion seedlings (LL=3.59 cm, LWI=0.76cm, LS=1.22¢)

while the largest one was noted on crossbree@ing seedlings (LL=8.39 cm, LWI=1.65 cm, LS=8.14%nThe
lowest and the greatest fruit size were recordeftampollination seedlings. Indeed, fruit weight\() ranged from
0.77 to 8.05 g. Length (FL) and width fruit (FWBnged from 13.21 to 28.94 mm and from 9.38 to 23rb2
respectively. For endocarp characters, the highedtlowest weights (EW) were found among self pation
seedlings. It ranged between 0.15 and 1.02 g. Xtremities values of endocarp ratio (ER) and flesktone ratio
(FSR) were noted on free pollination progenies.yTharied from 1.39 to 2.56 and from 3.11 to 8.8pexdively.
The upper and lowest extrimities of the number mdczarp fibro-vasc grooves (EFG) were noted ambieget
issued from crossbreedi@hC. It varied from 6 to 11.

1.5. Principal Component Analysis

The PCA is generally used before the cluster aismlgsorder to determine the relative importancenofphological
characters (descriptors) and to study the intextimiships between all the studied Chemlali segdlithe principal
components analysis was performed on average glatadzendant. The first three principal componé@l, PC2
and PC3) accounted for 47%, 18% and 10% of thé vat@ance respectively. The three components aotated
75% of total variability (Table 2).

The first principal component (PC1) showed thattlvigind weight of fruit and stone (FWI, EWI, FW a&d), fruit
length (FL) and flesh to stone ratio (FSR) wereantgnt attributes for the classification of seegtinThe PC1 was
also correlated negatively with leaf size (LS, lidaLWI) and tree parameters (CC, TH). The inertiecainted for
the second principal component (PC2) was due tadhé&ibution of fruit and stone shape (FR, ER) tmdndocarp
length (EL). The third principal component (PC3)svassociated positively with trunk circumferenc€)While it
was negatively related with leaf shape (LR).

Figure 1 shows a projection of seedlings in thaiced space determined by the first two principahgonents. The
‘Chemlali’ x ‘Coratina’ descendants were associdtegether on the right presenting a considerabiegmtage of
similarity and appears as a homogeneous group.eTthescendants showed the smallest fruits and erpindhe
greatest leaves and vigorous trees. ‘Chemlali’ fiad self pollination seedlings were distributed awerlapped
randomly on the center cloud. They presented mediuitnand endocarp weight, medium leaf size andioma tree
vigor. ChF7, ChF8 andChS4 ChS7were set on the left apart from all rest of seegli They had high contribution
on the plan and presented big fruits and endocarpall leaves and low tree vigor.

1.6. Hierarchical Cluster Analysis

To assess the genotyps variability, the olive pngggewere storted into clustering UPGMA method wsialbased
on the morphological characters (Figure 2). Theeggtied dendrogram revealed five major groups ofefetants,
mainly according to fruit size. The first group linded olive seedlings with high fruit weight, whasethe last group
enclosed progenies with a small fruit size.
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The first group consisted of four progenies whiavé very high fruit and endocarp size, importaestil to stone
ratio, small leaf and weak tree vigour, obtainednfr‘Chemlali’ self pollination crossingChS7 ChS4 and
‘Chemlali’ free pollination crossingdhF8 ChF7).

The second group included just one olive seedlintgined from ‘Chemlali’ free pollination crossinigat had high
fruit and endocarp size, medium leaf size and wgsttree.

The third group comprised five olive descendanttaioled through ‘Chemlali’ self pollinationCaS1 ChS3,
‘Chemlali’ free pollination ChF2, ChF4) and ‘Chemlali’ x ‘Coratina’ crossingohC4 wich have slightly high fruit
and endocarp size, large leaf and medium tree vigou

The fourth group contained twelve olive seedlingshwcomposed by ‘Chemlali’ self pollination progesiChS5
ChS9 ChS6 ChS3 ChS2 ChS10, also ‘Chemlali’ free pollination progenie€l{F1l, ChF9 ChF1Q ChF3 ChF6)
and finally cross ‘Chemlali’ x ‘Coratina’ progeni¢6hC10Q. They had medium fruit and endocarp size, laegé |
and medium tree vigour.

The last group is composed exclusively by ‘ChernjalCoratina’ descendantChCg ChC8 ChC1, ChC2 ChC3
ChC9 ChC7 ChCH wich were characterized by a very high leaf s&zgall fruit and endocarp size and vigorous
tree and low flesh to stone ratio.

DISCUSSION

Most morphological traits noted on ‘Chemlali Sfaofive seedlings showed a wide range of variatiorghH
coefficients of variation and highly significanffégrences were noted between progenies within sapnssbreeding
for most traits evaluated. These differences capxXpained mainly by the genetic variation becaaitseedlings
within crossings had the same age and were growderuthe same agro-climatic conditions. The effett o
environemental conditions, like cited by many awmhf28] and [25], was not important in our study.cén be
concluded that the genotype seemed to influencentirphological characters of descendants. Thidtragtees the
works of [4], [14], [23] and [24].

High variability noted in our study was also obsghin these progenies for other crossings and ctinacteristics
[29, 12, 13, 30]. Our results are likewise in agneat with the degree of variability reported fohet olive

characteristics in other olive crossbreeding prow§3, 4, 31, 32, 24, 22, 23, 25]. Thus, theselt®sonfirm that
crossbreeding is an efficient technique to increhsegenetic variability in olive for the selectiohnew interesting
genotypes.

The three principal components accounted 75% ofrthiphological variation. This percentage was csiest with

the result of the descriptive analysis and indidatee high morphological variability observed ire ttChemlali

Sfax’ descendants. The first PC was mainly coreellad fruit and endocarp size and flesh to stotie,rahereas the
second PC was mainly correlated to fruit and engioshape. The same observation has been repor{@8piyn the

characterization of 61 accessions of the olive gémsm collection (Argentina). They noted that thstfPC were
correlated to weight, length, fruit and endocarpltié and flesh to stone ratio and the second PCdwado the
contribution of endocarp and fruit form.

The cluster analysis classifies the descendantyrdiog, mainly, to the fruit size suggesting theardiscriminant
power of this character. This result corroboratéh wther studies carried out in other classicicais based both
on morphometric characters [34, 16] and on moleaukrkers [35, 36, 37, 19, 38].

Moreover, ‘Chemlali’ x ‘Coratina’ progenies wereostly clustered in the same homogenous group, exeep
descendants, suggesting that morphometric chasaatere able to discriminate between genotypes different

genetic origins. Similar clustering according te@ thenetic origins has been previously reportedtireroolive

seedlings based on other descriptors [39, 30]. Wewaét is worth mentioning that descendants defifrem free
and self pollination in this study, were dividedoiroverlapping clusters. This result confirm thgthidegree of
variability already mentionned by descriptive as&éyamong these descendants suggesting that ficbesedh
pollination can induce a comparative phenotypidalality.It can be explained by the high heterozsityp of olive

and the high chromosome number of the species Mo6ieover, the ‘Chemlali’ variety was considere@pously

as a polyclonal variety characterized by a higletoggeneity [41].
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Table 1 Mean range, maximum and minimum values, cdicient of variation (CV) and signifacance level ér 17 morphological traits noted on ‘Chemlali Sfax’seedlings. Values underlined are the upper and
lower extremes for each trait.

Tree Leaf Fruit Endocar
TC CC TH LL LWI LS LR FW FL FWI FR EW EL EWI EFG ER FSR
Ch*Cor | Min 0,35 7,80 2,90 6,01 1,07 4,40 4,73 0,81 14,10 ,569 1,26 0,16 10,88 | 5,34 6,40 1,91 3,28
Max 0,60 14,.80| 4,55 | 8,39 165 | 8,14 7,09 2,35 20,41 14,16 | _165 | 0,42 15,29 7,39 11,40 | 2,47 5,03
Mean 0,48 10,67 4,07 7,21 1,33 6,17 5,5( 1,3b 16/991,55 1,48 0,26 13,02 6,16 8,34 2,13 4,13
CV (%) 16,38 | 21,10 12,41 11,18 13,37 21,6p 12,%8 39,19 7712, 14,19 7,80 34,79 11,53 12,23 19,964 9,02 17,99
F calculated| - - - 59,99 62,18 62,5 68,07 225,598,245 | 217,43| 100,84 216,747 174,7P5 239,582 124{1081,568| -
S|g Level - - - *kk *kk *kk *kk *k *fk Kk **HN *kk *kk *kk kkk Fhk -
ChF Min 0,21 | 6,7 3 4,2 0,79 2,23 388 | 0,77| 13,21 | 9,38 1,12 0,17 10,49 5,59 6,68 _ 139 | 311
Max 0,86 12,6 4,6 6,38 1,39 4,43 6,64| 8,05 28,94 | 23,52 1,55 0,97 18,91 10,21 9,88 2,56 8.8
Mean 0,43 8,49 3,70 5,01 1,06 3,32 4,84 3,01 19,324,90 1,31 0,42 13,87 7,47 8,02 1,88 5,43
CV (%) 39,64 | 21,26| 14,41 13,79 14,64 24,08 18,82 89,86 7026, 29,78 10,02 63,38 20,80 20,80 13,26 17,04 28,97
F calculated| - - - 122,71 45,14 65,34 15,1 403,8%68,94 | 526,35 67,23 326,66 94,43 335,17 32,74 48,39
S|g Level - - - *kk *kk *kk *kk *k *fk Kokt *%H *kk *kk *kk *kk *kk -
Chs Min 0,22 5,70 | 250 | 3,59 0,76 | 1,72 3,61 1,07 13,53 11,64 1,12 | 0,15 9,15 5,59 6,63 1,43 3,85
Max 0,65 10,70| _5,20| 5,87 1,15 4,49 6,91 7,94 28,58 22, 7% 157 1,02 18,44 11,30 10,90 2,37 8,41
Mean 0,44 7,86 3,58 472 0,97 2,85 4,94 3,02 19,505,58 1,25 0,42 13,21 7,71 8,30 1,73 5,96
CV (%) 29,56 | 21,16 21,51 17,55 13,32 29,9p 18,83 72,834 0325, 23,30 10,11 62,72 23,29 22,27 15,63 14,85 22,27
F calculated| - - - 168,1 80,21 158,79 129(77 M2,616,16| 693,0§ 211,80 248,31 455 47 579,77 69,82 70,32 -
S|g Level - - - *kk *kk *kk *kk *k *fk Kk *%N *kk *kk *kk *kk Fhk -

TC: Trunk circumference (cm); CC: Canopy circumfexe (m); TH: Tree height (m); LL: Leaf: length (¢cayVI: Leaf width (cm); LS: Leaf surface (cm2); LIR=af shape
(length/width ratio); FW: Fruit weight (g); FL: Fri1 polar length (mm); FWI: Fruit cross-sectionaldth (mm); FR: Fruit shape (length/width ratio);E\B#ndocarp weight (g);
EL: Endocarp polar length (mm); EWI: Endocarp creésstional width (mm); EFG: Endocarp fibro-vasc.gves; ER: Endocarp shape (length/width ratio); F&Rsh/Stone

ratio; CV: variation coeficient (%), Sig Levelgsiificance level,” significant at 1%o level.
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Table 2 Estimates of variance, accumulated varianseand weighting coefficients of the first three prcipal components for 17

quantitative characters evaluated on ‘Chemlali Sfakolive descendants.

PC1 PC2 PC3
% Variance 47,04 18,21 10,23
% Accumulation variation| 47,04 65,25 75,49
FWI 0,940| 0,216/ 0,181
EWI 0,927 | 0,255| 0,077
FW 0,900| 0,326| 0,174
EW 0,859 | 0,460 0,102
FL 0,803| 0,572| 0,101
FSR 0,784 | -0,155| 0,314
LS -0,723| 0,467 0,085
LL -0,692 | 0,523| -0,077
LWI -0,684 | 0,392 0,400
CC -0,669 | 0,056 0,265
TH -0,645| 0,044 0,434
EL 0,541| 0,782| -0,057
FR -0,547 | 0,718| -0,222
ER -0,543| 0,632| -0,186
TC -0,429 | 0,112| 0,752
LR -0,161| 0,303| -0,602
EFG 0,127 | -0,182| -0,327

FWI: Fruit cross-sectional width (mm); EWI: Endopagross-sectional width (mm); FW: Fruit weight (§%: Endocarp weight (g); FL: Fruit
polar length (mm); FSR: Flesh/Stone ratio; LS: Lsaifface (crf); LL: Leaf: length (cm); LWI: Leaf width (cm); C@anopy circumference
(m); TH: Tree height (m); EL: Endocarp polar lendthm); FR: Fruit shape (length/width ratio); ER: @vcarp shape (length/width ratio); TC:

Trunk circumference (cm); LR: Leaf shape (lengttithvratio); EFG: Endocarp fibro-vasc.grooves.
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Fig. 1. Plot illustrating the relationships among 8 ‘Chemlali Sfax’ olive seedlings assessed via 1damtitative morphological traits.
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Fig. 2. Dendrogram of the clustering of the morphalgical characters from olive seedlings obtained fra controlled pollination of
‘Chemlali Sfax'.

However, it can be explained probably by a forefgpllen contamination, especially in the case ofirsgl
descendants which present characteristics widéigrdnt from ‘Chemlali’. Although, descendant nofedit weight
equal to 7.94 g while fruit weight of ‘Chemlali’ deot exceed 2 g [15, 42], as mentionned on selfofgRicholine
marocaine’ [7] and ‘Picual’, ‘Arbequina’ and ‘Framit [39]. This can be conclued following a verifihg reliability
of seedlings by molecular markers.

In conclusion, the results prove the interesteérogieneity of the studied seedlings. In the futitris, important to
extent the research with more descriptors for higlunber of descendants to facilitate future selast This study
can be completed by the use of molecular methodshwdre very suitable to reach a better understandf the
material’'s genetic diversity.

REFERENCES

[1] S. Lavee, Proceeding Symposia ICH Lisb2@1Q 371.

[2] V. Ripa, F. Rose, M. A. De Caravita, M. R.Pari&. Perri, A. Rosati, S. Pandolfi, A. Paoletti, @annelli, G.
Padula, E. Giordani, E. Bellini, A. Buccoliero, M@me C. Advances in horticultural scienc2008 22 (2), 95-103.
[3] S. LaveeActa Horticulturag 199Q 286, 23-36.

[4] E. Bellini, Olivae 1993 49, 21-34.

[5] L. Rallo, Olivae,1995 59, 46-53.

26
Scholars Research Library



Ibtissem. Laaribi et al J. Nat. Prod. Plant Resour., 2013, 3 (3):20-28

[6] H. Arsel, Cirik, N., Olivae 1994 52, 25-27.

[7] J. Charafi, B. Rahioui, A. El Meziane, A. MoukIB. Boulouha, C. E. Modafar, Khadari, B\frican Journal of
Biotechnology2007, 6 (24), 2776-2779.

[8] A. Zeinanloo, A. Shahsavari, A. Mohammadi, Rgavi M., Scientia Horticulture2009 123, 68-72.

[9] S.I. Laz, The olive industry in Tunisia, Prodé®gs Second International Seminar Olivebioteq 20®ecial
Seminars and Invited Lecture, Mazara Del Vallo (15210 November2006 51-64.

[10] E. Bellini, E. Giordani, Nin S, Genetica e NMaramento, InOlea Trattato di olivicoltura, (Fiorino, P.),
Edagricole, Bologn&003 pp. 116-129.

[11] V. Ripa, F. De Rose, A. Tucci, S. Scalercio, TRicci, Pellegrino M., Preliminary observations tire
agronomical behaviour of olive cross breedingsivatiéd in Rossano Calabro. Proceedings Secondnhttenal
Seminar Olivebiote@006- November 5th-10th-Mazara del Vallo, Marsalal{lta2006 Volume 1. 139-142.

[12] H. Manali, F. Mahjoub Haddada, O. Imen, A. Tirjd. Daoud, Zarrouk M., Oliva@006 106, 17-23.

[13] A. Trigui, A. Yengui, Belguith H., OledAO OLIVE NETWORK2006 25, 19-23.

[14] C. Cantini, A. Cimato, Sani GEuphytica 1999 109 (3), 173-181.

[15] D. Barranco, A. Cimato, P. Fiorino, L. Ralla, Touzani, C. Caatanedo, F. Serafini, Trijillo 2000 World
catalogue of olive varieties, International olivaiacil, Madrid.

[16] A. Idrissi, Ouazzani, NRlant Genetic Resources Newslet004 136, 1-10.

[17] A. Rotondi, M. Magli, C. Ricciolini, Baldoni,., Euphytica 2003 132 (2), 129-137.

[18] M. T. Ozkaya, E. Cakir, Z. Gokbayrak, H. Ercamskin N.,Scientia Horticulture2006 108, 205-209.

[19] W. Taamalli, F. Geuna, R. Banfi, D. Bassi,xoud, Zarrouk M.Electronic Journal of Biotechnologi2006
9(5), 467-481.

[20] H. Hannachi, C. Breton, M. Msallem, S. B. EAd, M. El Gazzah, Berville A., Sci Hor2p08 116, 280—290.
[21] D. Poljuha, B. Sladonja, K. BrkiBubola, M. Radulow, K. Br&i¢, E. Sett, M. Krapac, Miloté A., Food
Technol,Boitechnol, 2008 46(4), 347-354.

[22] G. Pannelli, A. Rosati, S. Pandolfi, G. Padua Mennone, E Giordani, Bellini E., Field evaloat of olive
selections derived from a breeding program. PrdogedSecond International Seminar Olivebioteq 2006-
November 5th-10th-Mazara del Vallo, Marsala (Italyplume 1,2006 95-102.

[23] S. Bartolini, L. Andreini, R. Guerriero, GelntM., Improvement of the quality of table olives iTuscany
through cross-breeding and selection: prelimin@sults of Leccino x Konservolia hybrids, Proceedi@gcond
International Seminar Olivebioteq 2006- Novembédr-Both-Mazara del Vallo, Marsala (Italy), Volume 2006
143-146.

[24] L. Ledn, R. De La Rosa, D. Barranco, Rallo Agronomic characterization of 15 selections ofntluive
crossbreeding program of Cordoba, Spain, Procesd@egond International Seminar OlivebioBp6- November
5th-10th-Mazara del Vallo, Marsala (ltaly), Volurhg2006 87-93.

[25] G. Padula, E. Giordani, E. Bellini, A. Rosa&i, Pandolfi, A. Paoletti, G. Pannelli, V. RipaDE Rose, E. Perri,
A. Buccoliero, Mennone CAdv. Hort. Scj 2008 22(2), 87-94.

[26] C.O.1. Méthodologie pour la caractérisatioimmaire des variétés d'olivie,997, Projet RESGEN-CT (67-97),
Union Européenne/Conseil Oléicole International.

[27] U.P.O.V. Principes directeurs pour la conduiéel'examen des caracteres distinctifs, de I'héméité et de la
stabilité de I'olivierOlea europaed.., 1985 Union internationale pour la Protection des Otibers Végétales
(UPQV), pp 21.

[28] H. Hannachi, M. Msallem, S. Ben Elhadj, El @alz M.,Comptes Rendus Biologje007, 330, 135-142.

[29] M. Mezghani Aiachi, Trigui A., Olivae001, 87, 45-49.

[30] I. Rjiba, S. Dabbou, N. Gazzah, Hammami @hemistry & biodiversity201Q 7, 649-655.

[31] G. Fontanazza, G. Vergari, M. Patumi, Giorig &cta Hort (ISHS),1999 474, 97-102.

[32] L. Ledn, M. Uceda, A. Jiménez, L. M Martin, IRaL., Spanish Journal of Aricultural Researc004 2 (3),
353-359.

[33] E. R. Trentacoste, Puertas C.Huphytica 2011, 177, 99-109.

[34] A. Lansari, Tahri Hassani J. B., Olivd&©96 60, 42-47.

[35] M. Hagidimitriou, A. Katsiotis, G. Menexes, ®ontikis, Loukas M., danal of the American Society for
Horticultural Science2005 130, 211-217.

[36] F. P. Marra, R. Buffa, G. Campisi, C. F. Ogta,Di Vaio, M. La Farina, M. La Mantia, R. MafricA. Motisi,
R. Zappia, Caruso T., Morphological and SSR mokacuharkers based genetic variability in 39 olivéticars
(Olea europaed..) originated in Southern Italy. Proceedings Setinternational Seminar - November 5th-10th-
Mazara del Vallo, Marsala (Italy2006 Volume 1, 213-216.

[37] N. Grati Kamoun, F. Lamy Mahmoud, A. Rebai,@argouri, O. Panaud, Saar A., Genetic diversitte(iand
intra-varietal) of some tunisian olive tree cultivadetected by AFLP markers. Proceedings Secormainkional
Seminar Olivebiote@006- November 5th-10th-Mazara del Vallo, Marsalal{lta2006 Volume 1, 45-52.

27
Scholars Research Library



Ibtissem. Laaribi et al J. Nat. Prod. Plant Resour., 2013, 3 (3):20-28

[38] C. Gregoriou, Genetic diversity and evaluata@frthirty-one clones of the Local or Ladoelia @livariety in
Cyprus. Proceedings Second International Seminareklbteq 2006 - November 5th-10th-Mazara del Vallo,
Marsala (ltaly) 2006 Volume 1, 117-121.

[39] A. Diaz, R. De La Rosa, P. Rallo, C. Munoz-Rié Trujillo, D. Barranco, A. Martin, A. BelafCrop Science
2007 47, 2317-2322.

[40] E. Bellini, E. Giordani, Rosti AAdv.Hor.Sci 2008 22(2), 73-86.

[41] M. Fendri, I. Trujillo, A. Trigui, M. I. Rodguez-Garcia, Alché Ramirez J. Blort Science201Q 45, 1429-
1436.

[42] A. Trigui, Msallem M., Oliviers de Tunisie : &alogue des Variétés Autochtones & Types Locaux:
Identification variétale & Caractérisation morphormwlogique des Ressources Génétiques Oléicolesudisi@.
IRESA (Ministére de I'Agriculture), Institut de I'@ier, Tunisia,2002 Volume I, 159 pp.

28
Scholars Research Library



