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ABSTRACT

In the present study a set of 17 fig (Ficus caticaVioraceae) accessions originated from southef3unisia were
evaluated in terms of morphological and chemicaitsr The results revealed that fig accessions hawegh
diversity. This diversity was investigated in temhé$ruit shape index, skin colour, internal colpfnuit stalk shape,
fruit skin cracks, fruit skin bands and fruit cawitn fact, all genotypes showed a range of 23%q@ %n fruit weight,

33 to 52 mm in fruit width and 2 to 11 mm in stigikgth, O to 18 mm in neck length and 0.7 to 13impstiole
opening. The chemical properties, reveal that tataluble solid varied from 17 to 29 ° Brix, titr&blcidity
changed from 0.1 to 1.9 g/ | and fruit polyphenmstents ranged from 1.4 to 3.2 mg/ 100 g equivaeiud Gallic.
Using, morphological traits, some synonymies anthdroymous were detected between accessions. Thag, ma
accessions were selected as promising for futueeding programs.

Keywords: Fig tree,Ficus carica L, Genetic diversity, Accessions, Fruits, Morphatadjand chemical traits,
Tunisia

INTRODUCTION

Fig tree Ficus carical., Moracea@ is a gynodiocious fruit crop and it has beemlitranally cultivated since
ancient time under diverse agro-climatic [1]. Figes adapted very well to Mediterranean climateditmms. As

well, it growns in Ethiopia, Syria, Iran, Iraq, $awrabia, Canaries islands, Afghanistan and Calito[2]. Total

world fig production is upper than 1 million tongar. Turkey's production of 285 000 t is 27 % ofat world

production [3]. Tunisian’s production is about ZBQ, it represents 3 % of total word productioh Production

and consumption of fresh and dried fig fruits isreasing. The fact that fig fruit has differentustrial usage fields
such as syrup, juice, jam, spirit beverage, figl$® used like a traditional medicine [5, 6, 7].

The Mediterranean region has rich genetic resounfd®). For this reason, several selection studiase been
carried out and many promising fig genotypes haaenbdetermined [2, 3, 9-17] . Maturity periodiitfrweight,

fruit sizes, skin colour, stalk abscission from tivg, firmness of the fruit skin, peeling of skiostiole width, fruit
skin cracks, fruit shape, total soluble solidsabite acidity are considered among the importamt find plant
characteristics for fresh fig selection programs3J2 In addition, dried fig traits were: fruit wgit, number of fruits
per Kg, seed number per fruit, total dried matéer1[g, 19, 20].

In Tunisia, local varieties are numerous and wdhmed to agro climatic conditions [13, 23].. leteange of
varieties was very frequent between zones. Sontesthhave showed many synonymies and homonymou211.2
Few varieties are being commercially propagateduagd in new orchards [22]. During the last twoadkss, many
new plantations were installed in the west middlgion of Tunisia [23].
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In South-East of Tunisia, it exists wide genetieedsity of fig in some microclimatic areas likéatmatamountain
chain which represents a high genetic potentiabzsith extraordinary orchards of pluvial olive afigltrees. This
region produces 34 % of the Tunisian figs producfi 23].

For this reason, The objectives of the present waie to characterize 17 fig accessions from s&atbt-of Tunisia
using morphological and chemical traits, in orderdentify the most promising ones and to contebint selection
and breeding future programs.

MATERIALS AND METHODS

Plant materials

This research was carried out on 17 fig accesgjbable 1) belonging to the experimental field ie tiEentre de
Formation Professionnelle Agricole’ (‘CFPA’) ‘El Gdhab’ located in delegation ofShomrassen’department of
‘Tataouine’in South-East of Tunisia during three consecutfears 2006, 2007 and 2008 and containing the
majority of Tunisian accessions. It is worth toicetthat South-eastern Tunisia is under arid cém#ie annual
precipitation varied from 100 to 200 mm, which @ncentrated during autumn and winter. Seventeeasammns
were studied ex situ (Table 1). They are most widglown in South-east of Tunisia and were described
morphologically in situ in a previous work [4, 19]he plant material was propagated by hardwoodngstt The
experimental orchard was established in 5 replicafes X 5 m in 2003. It was installed on sandyissairigated
with localized irrigation drip and received the safartilization and standard cultural practices.

Table 1. Name, label, race and origin of fig accassis studied ex situ

N° Accession Label Race Pace of origin
1 Bayoudhi BYD Common type Beni Kheddache
) Aaricultural Professione ) )

2 Bither Brebarop BTH BC San Pedro type Bir Amir

3 Bither Maincrop BTH MC San Pedro type Bir Amir

4 Chetoui CHT Common type Beni Kheddache
Aaricultural Professione

5 Croussi CRS Smyrna type Beni Kheddache

6 Jemaaoui JMA Smyrna type Zammour

7 Magouli MAG Smyrna type Bir Amir

8 Makhbech MKH Common type Bir Amir
Aaricultural Professione

9 Minouri MNR Smyrna type Bir Amir

10 Ragoubi RGB Smyrna type Zammmour

11 Romani ROM Smyrna type Bir Amir

12 Safouri SAF Common type Zammour
Aaricultural Professione

13 Tayouri Akhdhar TAD Smyrna type Bir Amir

14 Tayouri Asfar TAS Smyrna type Bir Amir

15 Tayouri Ahmar TAH Smyrna type Bir Amir

16 Wedlani WDL Smyrna type Zammour

17 Zidi ZID Smyrna type Bir Amir

Morphological and chemical traits analysis

Twenty fruit from 17 accessions were collected gltime sampling seasons 2006, 2007 and 2008. Margivall
characters were done by adapting the InternatiBteaht Genetic Resources Institute (IPGRI) desargpfor fig
Ficus carica[24]. A set of 24 (11quantitative and 13 quaiite} morphological traits were measured on 20 $fuit
accessions/ season: Fruit weight (FW) was measwittd a scale sensitive to 0.01g. Fruit length (FEjuit
diameter (FD), Stalk length (SL), Stalk diameteD)SNeck length (NL), Neck diameter (ND), Ostioleheter
(OD), Opening Ostiole (OO), Skin thickness (ST) &fesh thickness (FT) were measured by a digitedpass
(Borletti, 0 - 150 mm). By the same time 13 quéi&a morphological characters and are measuredQofru2ts/
accessions/ season: Fruit shape (FS), Externalic@it), Fruit skin cracks (SC), Internal colou€)) Drop at the

351
Scholars Research Library



Fateh Aljane et al J. Nat. Prod. Plant Resour., 2012, 2 (3):350-359

eye (DE), Fruit lenticels size (LS), Lenticels adiree (LA), Abscission of the stalk from the twi§S), Shape of
the fruit stalk (SS), Ease of peeling (EP), Firnsnekthe fruit skin (DD), Fruit skin bands (BC) aRduit internal
cavity (FC).

Concerning the chemical analysis, 10 fruits/ adoess season were analysed using the followingrdigst pH (PH)
was determined using a digital pH-meter (Thermm@#+, Hong Kong). Titrable acidity (TA): was measd by
neutralization of fruit juice to pH 7.0 with 0.1 NaOH and total acidity given as the quantity oficiacid (g/ 1) in
fruit juice [25]. Total Soluble solids (SS), expsed as ° Brix, were determined using a refractom(@®eTECH.
MOD. RPU. 0- 30 Germany). The total content of ghgtter (DM) was determined by its burning at thaperature
of 105 °C and weighting by means of the analytazzdles ‘Technica of the values expressed in peagent[18]
.The polyphenols (PP) was extracted and analysesp@ctrophotometer. Its content was determined ®itln-
Ciocalteu reagent using Gallic acid as a standardeacribed by Hakkinen et al. [26] and Solomoal ef27] with
some modifications. The total polyphenols were egped in mg/ 100 g of fresh weight EAG (equivaleaci
gallic).

Data analysis

One-way variance (ANOVA) was conducted for all theantitative morphological and chemical characters.
Differences between accession were tested usin@tinean’s multiple range test at p < 0.05 [28] gsBPSS for
Windows (Version 12.0, SPSS Inc., Chicago, IL, USK) order to find the main variation trends witHimit
characters and to evaluate their correlation, meahgs were processed to perform multivariateyail

The principal component analysis (PCA) was perfatroe quantitative morphological and chemical chi@rag to
reveal common principles in the data, to pool alhpling seasons (2006, 2007 and 2008), to studgletipns
among characters and establish relationship amoogsaions. The PCA solution was accepted when wayes
where superior than 1. Only factor loadings equafreater than 0.4 were considered strong coioeldtetween
principal component and quantitative traits. Théadar the qualitative characters was analysedssitally in a
factorial correspondence analysis (FCA). FCA wadopmed to plot accessions distribution and to dih the
correlations within characters. Hierarchical canahanalysis (HCA) was utilized to investigate fmilarities and
dissimilarities among the accessions with respeehorphological quantitative and chemical fruit idwers. For
classification, the squared Euclidean distance wsed as the dissimilarity measure for Ward’s methidiese
statistical analyses are commonly used for theactarization of fig genetic resources [4, 9, 12, 13]. The
software used for the previous analysis is Stat ®@6x

RESULTS AND DISCUSSION

Qualitative Morphological analysis

Values obtained for qualitative morphological aitere presented in table2. The fruit shape (F&rdd between
the 17 accessions studiéBayoudhi’ and ‘Minouri’ were globose, ‘Bither’,Croussi’, ‘Makhbech’, ‘Romani’,
‘Tayouri Asfar’ and ‘Wedlani’ were oblong and thest were piriform. It is worth to notice that thistthction
between colours remains subjective as objectivesarea are very complex. The skin colour (EC) ranigech
yellow to purple black. In fact, 2 accessions hatloyv skin colours, 5 were yellow-green. Five acimss were
reddish-yellow, while 2 green, 2 greenish-red aratdession was purple black. Fruit skin cracks (S@yed from
scarce longitudinal cracks for 12 accessions, 3 witnute cracks and 2 accessions had a skin craaesnal
colour (IC) of fruits displays a large variationigg from Light yellow for ‘Jem&aoui’ and ‘Tayourisfar’ to dark
red for ‘Ragoubi’, ‘Romani’, ‘Safouri’, ‘Tayouri Akdhar’, ‘Wedlani’ and ‘Zidi’ and the remaining acstons were
reddish-white. The drop at the eye observed at matitim showed that only 4 accessions (‘Croussiad®ubi’,
‘Tayouri Akhdhar’ and ‘Wedlani’) had drop in theufts. The fruit lenticels size ranged from smalllaoge with
adherence varied from detached to adhefidm abscission of the stalk from the twig was dasy accessions and
hard for the others. Fruit stalk shape was shadtthitk for 11 accessions and long and slende6faccessions.
Ease of peeling is an interesting trait for freghconsummation. Generally, all the fruit accessishowed an ease
of peeling. The fruit firmness varied among acamssiand most of them present a skin firm or rublosry 3
accessions (‘Chetoui’, ‘Makhbech’ and ‘Tayouri Aktzad’) were soft. The fruit skin bands were absentdll the
yellow and green accessions, while the skin baodshie rest were varied (red, yellow, green anglg)r Finally
fruit internal cavities were either absent, veryatimsmall, medium and large (Table 2).

Quantitative Morphological traits

The average values for quantitative morphologitaracters of all sampling seasons in 2006, 20072808 were
statistically different at a 5% level (Table 3), iath reveals the wide genetic diversity within asiess. It can be
seen from results of Duncan’s multiple range tdsas fruit weight (FW), fruit diameters (FD), skihickness (ST)
and flesh thickness (FT) characters had the higlases in ‘Bither’ breba crop and ‘Zidi’ accesssaand the
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Table 2. Qualitative morphological traits as recore@d to describe 17 studied fig accessions

Accessions FS EC SC IC DE LS AL AS SS EP FS BC FC

Bayoudhi Globose with out neck Yellowish green Scarce Reddish white Absent Medium  Detached Easy Long and slender Easy Rubbery Absent Medium
longitudinal cracks

Bither BC Oblate with neck Yellowish green Scarce Reddish white Absent Medium Semi- adherentEasy Short and thick Difficult Medium Absent None
longitudinal cracks

Bither MC Oblate with neck Yellowish green Scarce Reddish white Absent Large Semi- adherentHard Short and thick Easy Firm  Absent  Small
longitudinal cracks

Chetoui Pyriform with massif neck Yellow Scarce Yellowish red Absent Small Detached Easy Shortand thick Easy Soft Green Medium
longitudinal cracks

Croussi Oblate with neck Greenish red Skin cracks  Reddish white Present Medium Semi- adherentHard ~Short and thick Easy  Firm Red None

Jemaaoui Pyriform with massif neck Reddish yellow  Minute cracks  Light yellow Absent Medium Semi- adherentHard Long and slender Easy Firm Red Small

Magouli Sphéroidale sans cou Yellowish green  Minute cracks  Reddish white Absent Large Semi- adherentEasy Short and thick Difficult Rubbery Yellow Small

Makhbech Oblong with neck Green Scarce Reddish white Absent Small Detached Hard Long and slender Easy Soft  Yellow Medium
longitudinal cracks

Minouri Globose with neck Reddish yellow Scarce Reddish white Absent Large Detached Hard Shortandthick Easy Rubbery Red None
longitudinal cracks

Ragoubi Reddish yellow Scarce Darkred Present Small Semi- adherentHard Long and slender Easy  Firm Red None

Piriforme with long and curved neck longitudinal cracks
Romani Oblate with neck Reddish yellow  Skin cracks Darkred  Absent Large Detached Hard Short and thick Medium Rubbery Green  Small
Safouri Yellow Scarce Darkred  Absent Small Semi- adherentEasy Long and slender Easy Firm  Absent  Small
Piriforme with long and curved neck longitudinal cracks

Tayouri Akhdhar Pyriform with massif neck Green Minute cracks Darkred Present Large Adherent  Easy Short and thick Medium  Soft Absent  None

Tayouri Asfar Oblong with out neck Yellowish green Scarce Reddish white Absent Small Semi- adherentHard Long and slender Easy Rubbery Absent Very small
longitudinal cracks

Tayouri Ahmar Pyriform with massif neck Reddish yellow Scarce Light yellow Absent Medium  Adherent Hard Short and thick Difficult  Firm Red Large
longitudinal cracks

Wedlani Oblate with neck Greenish red Scarce Darkred Present Large Adherent  Hard Shortand thick Easy Medium Purple Very small
longitudinal cracks

Zidi Pyriform with massif neck Purple black Scarce Darkred  Absent Large Detached Easy Shortandthick Easy Rubbery Green Verysmall

longitudinal cracks

FS: Fruit shape, EC: External colour, SC: Fruinhsttiacks, IC: Internal colour, DE: Drop at the ely8; Fruit lenticels size, LA: Lenticels adherena&;: Abscission of the stalk from the twig , SSafh of the fruit stalk,
EP: Ease of peeling, DD: Firmness of the fruit skin BC: Fruit skin bands, FC: Fruit internal cavity: Breba crop, MC: Main crop,
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Table 3. Means, "F” values from one-way ANOVA andresults of Duncan range test at the 5 % level of bfphological and chemical fruit traits of 17 studiel fig accessions (average of seasons 2006, 2007 and

2008)
Accessions FW FL FD SL SD NL ND oD OO0 STmm FT DM SS TA pH PP mg/
g mm mm mm mm mm mm mm mm mm % °Brix g/l 100 g EAG

Bayoudhi 37.85 45.72 43.91 21.10 0.28 4.87
8.70 4.75 0.00 0.00 6.12 242 0.95 14.828.33 2.392

Bither BC 58.50 54.24 52.43 1.399 5.17
455 5.60 6.05 9.83 877 254 1.27 20.889.85 18.70 1.966

Bither MC 47.72 47.49 46.85 20.63 0.373 5.31
404 549 0.00 0.00 6.10 1.99 0.88 16.625.25 2534

Chetoui 42.22 38.47 32.14 20.10 0.322 4.88
6.37 4.16 6.40 7.83 384 0.74 0.66 11.782.01 2.425

Croussi 36.32 41.95 4450 19.80 0.294 4.97
6.50 5.98 3.20 549 599 261 1.03 14.689.54 1.936

Jemadoui 23.37 57.37 34.14 17.43 0.187 5.19
935 493 1442 895 453 1.76 0.79 13.1@9.2 3.256

Magouli 40.51 43.12 447 24.63 0.371 4.67
5 6.79 6.11 0.00 0.00 757 355 0.87 18.0%.14 1.697

Makhbech 38.17 44.98 41.88 21.30 0.411 5.01
11.41 441 0.00 0.00 569 234 1.14 13.523.85 1.985

Minouri 26.61 38.35 18.55 0.325 5.15
38.89 260 4.59 6.12 8.08 6.04 259 0.82 13.24.33 2.156

Ragoubi 30.33 64.75 21.83 0.347 4.93
3575 9.17 550 1851 896 4.02 1.08 0.80 14.26.08 1.915

Romani 36.17 30.91 20.73 0.413 5.08
43.86 2.33 594 0.00 0.00 18.423.08 0.85 18.18 29.34 2.241

Safouri 23.90 49.08 2190 0.394 4.84
36.52 521 3.96 9.84 6.98 3.82 1.10 0.81 14.23.94 1.478

Tayouri Akhdhar 48.67 49.08 26.36 0.270 4.83
41.14 3.06 4.03 5.96 6.37 6.19 230 1.15 18.6R.91 1.762

Tayouri Asfar 25.59 47.02 0.294 5.25
3335 6.85 292 2.08 0.89 437 1.87 0.60 14.38.84 29.66 1.658

Tayouri Ahmar  37.05 47.13 18.76 1.944 5.38
42.48 566 5.99 8.57 963 7.46 2.59 1.03 14.20.67 1.419

Wedlani 49.29 47.34
48.26 6.30 5.87 8.94 1142 7.83 3.77 1.08 19.29.23 19.66 0.234 4.88 2.392
Zidi 59.21 61.36
48.63 7.35 7.81 11.19 11.09 9.44 4.25 0.70 218232 2156 1.057 5.08 3.966
F calculate 35.113 13.876 30.763 7.942 18.606 63.232 46.837 10.93 11.701 3.64 11.52 28.330 12.579 4.750 10.147  9.547
2 0 1

Significance 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

FW: Fruit weight, FL: Fruit length, FD: Fruit dianee, SL: Stalk length, SD: Stalk diameter, NL: Néekgth, ND: Neck diameter, OD: Ostiole diamete@:@pening Ostiole,
ST: Skin thickness, FT: Flesh thickness, TA: Titeaticidity, SS: Total Soluble solids, DM: dry matteP: polyphenols
0.000: Statistically significant differences withaocessions at. P<0.0

354
Scholars Research Library



Fateh Aljane et al J. Nat. Prod. Plant Resour., 2012, 2 (3):350-359

lowest means in ‘Jemadoui’ ‘Minouri’, ‘Safouri’ ariflayouri Asfar’. Stalk characters like length (S&xhibit the
highest values in accessions ‘Jemadoui’, ‘Makhbexid ‘Ragoubli’ and the lowest in ‘Romani’ and “Dayi
Akhdhar’. As well, this character shows that absicis of the stalk from the twig during fruit pickjn Ostiole
opening (OO0) varied from 0.74 (‘Chetoui’) to 13.08n (‘Romani’) (Table 3).

Chemical analysis

The chemical properties of fig accessions (TableeSgaled that, dry matter content of fig rangemhr23.85 %
(‘Makhbech’) to 32.14 % (‘Magouli’). Dry matter ctant is one of the most important parameters thaivs the
commercial value if figs. In general, fig accessiamith high dry matter amount content are suitdblkedrying
(‘Bayoudhi’, ‘Bither’ main crop, ‘Makhbech’ and ‘$auri’). It's important to mention that fig with \@ dry matter
content are very sensitive to transportation anmliag (‘Bither’ breba crop, ‘Jeméaoui’, ‘Magouldnd ‘Zidi’).
These one are preferably consumed as fresh fhitiscerning the others chemical characters, pHIdfuts juices
were ranged between 4.67 and 5.38. The titrabttgcsialues varied among the accessions. The loegrgent was
recorded in the fruits of the accessions ‘Bithezbiar crop’, ‘Jemé&aoui’ and ‘Tayouri Ahmar’, and thighest one
was mentioned in those of ‘Makhbech’, ‘Tayouri Aklaa' and ‘Tayouri Asfar’. Soluble solid content thfe fig
accessions varied from 24.63 (‘Magouli’) to 29.6Bafouri Asfar’) ° Brix. It is important to noticthat, sweet fig
fruits are better suitable for producing dried figetal polyphenols in ripe fruits belong to thedespread class of
gallic acid. Results showed that dark accessions weher in polyphenols (Table 3), ranging fro25% to 3.933
mg/100g EAG of fresh matter for ‘Jemaaoui’ and Zidispectively. Polyphenols content of the Purgleeasions
varied from 1.915 (‘Ragoubi’) to 2.392 (‘Wedlanifg/100g EAG of fresh matter and the lighter onessent a
lowest content of polyphenols (Table 3).

Principal component analysis

Table 4 illustrates a results relating to a definitof axes by principal components analysis. Mban 61.90 % of
the variability observed was explained by the fifstee components (PC1-PC3). The first compone@1)P
accounting for 28.91 % of the total variance, isndwated by fruit characters, namely Fruit diaméE) and flesh
thickness (FT). In the second component (PC2)t fangth (FL), Neck length (NL) and Neck diamet&D|)
characterized by a high positive loading were tlanneontributors and explained 21.40 % of the varéa Finally,
the third principal components (PC3), accounts 426 of the total variance, is dominated by the dieahfruit
properties like; dry matter content (DM) Total dukisolids (SS) and pH.

The PCA was discriminated the sampled accessiofmuingroups and one individual accession usingfitisetwo
components (PC1 and PC2) and accounted for aboi 6Dthe total variability among the fig accessipbase on
fruit qualitative morphological and chemical chdeas, respectively. Groups | and Il are placedhanléft-higher
qguadrant. But, cluster Il is plotted on the cehpasition. Finally, the fourth group is clustered the right-higher
guadrant (Fig. 1).

Correlation within traits

The correlation between quantitative morphologarad chemical characters of 17 fig accessions wergepted in
Table 5. Significant Pearson correlation was foumtlese correlations are important for the agro st
profitability. The highest correlation (0.80-0.9Was between NL-ND and OD-OO. This correlation can b
explained by the great relationship of these characAll accessions showed a positive correlabietween fruit
weight (FW) and FD, SD, FT, DM. These could be ragts with larger in size would also have largeardeter,
stalk, flesh and high dry matter content. The datien within fruit length (FL) and neck length (INlwas
determined to be = 0.73. There was positive correlation betweerygioténols content (PP) and fruit weight (FW).
Polyphenols content are positive correlated widstil thickness (FT). The ostiole diameter (OD) waisetated
positively with Flesh thickness (FT) and Ostioleening (OO). The highest correlation coefficient8fand 0.97)
were shown between NL-ND and OD-OO and can be agilaby the great relationship of these charafEable
5).
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Table 5 Correlation coefficients between morphologal and chemical traits of fruit for each accession

Table 4. Factor loadings for each trait on the compnent analysis of PCA analysis

PC1 PC? PC:Z
Finen value 4.6 3.4- 1.8F
% of varianc 28.91 21.4] 11.5¢
Cumulative% 28.91 50.31 61.9(
Fruit weiah 0.3¢ 0.04 0.3(
Fruit lenatt 0.0z 0.44 0.2¢
Fruit diamete 0.41 -0.04 0.0:
Stalk lenatl -0.1€ 0.2z 0.1¢
Stalk diamete 0.3¢ 0.11 0.0¢
Neck lenatl -0.04 0.4t 0.0z
Neck diamete 0.11 0.4z -0.04
Ostiole diamete 0.3¢ -0.27 -0.14
Ostiole openin 0.2t -0.32 -0.12
Skin thicknes 0.21 0.0z -0.1¢
Flesh thicknes 0.4C -0.02 0.2¢€
Drv matte 0.0¢ -0.1€ 0.5C
Soluble solid -0.1€ -0.22 0.41
Titrabe aciditv 0.2t 0.1¢ -0.2€
oH 0.07 0.1C -0.41
Polvbhenc 0.2¢ 0.27 0.1z

Factor loadings >0.4 are in bold.

Individus (axes F1 et F2: 50 %)

-axeF2{21%)--=

-8 L
-6 -4 -2 1] 2 4 6 g

- axeF1{29%) -->

Fig 1. Projection of score of 17 fig accessions anthe plane (PCA) defined
by the principal coordinates (1-2) of morphologichand chemical traits

FW 1

FL 0,10 1

FD 0,66 0,03 1

SL -0,16 0,46 -0,22 1

SD 0,48 0,23 0,68 -0,01 1

NL -0,13 0,73 -0,30 0,21 0,16 1

ND 0,22 0,50 0,03 -0,06 0,29 0,82 1

oD 0,27 -0,39 0,52 -0,44 0,51 -0,32 -0,17 1

00 0,08 -0,47 0,34 -0,40 0,39 -0,33 -0,27 0,97 1

ST 0,36 -0,01 0,62 -0,07 0,14 -0,19 0,08 0,16 0,02 1

FT 0,66 0,19 0,82 -0,33 0,60 -0,07 0,16 0,58 0,43 0,36 1

PH -0,10 0,09 0,04 -0,15 0,05 0,04 0,09 0,11 0,05 0,06- -0,09 1

TA 0,35 0,22 0,41 -0,12 0,43 0,14 0,38 0,23 0,03 0,30 0,27 0,50

SS -0,09 0,01 -0,24 -0,01 -043 -0,28 -044 -0,13 -0,06 -0,25 0,08 -0,25

DM 0,36 -0,10 0,00 -0,09 0,20 -0,18 -0,14 0,14 0,16 -0,35 0,23 -0,15 1

PP 0,55 0,40 0,44 0,06 0,46 0,21 0,37 0,22 0,08 0,06 0,50 0,24 0,08
FW FL FD SL SD NL ND oD 00 ST FT PH DM PP

FW: Fruit weight, FL: Fruit length, FD: Fruit dianter, SL: Stalk length, SD: Stalk diameter, NL: Nkigth, ND:
Neck diameter, OD: Ostiole diameter, OO: Openingids, ST: Skin thickness, FT: Flesh thickness,

TA: Titrable acidity, SS: Total Soluble solids, D8ty matter, PP: polyphenols

Highlighted values: Significant level at alpha 5%
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Hierarchical canonical analysis

By applying hierarchical canonical analysis (HCA)characters those retained by PCA in fig. 2, fgnaups (I, I,
Il and IV) were detected and composed by 2, 3n@ 24 accessions, respectively and one individuaéssion
which was isolated at a dissimilarity level of 382.. Among the studied accessions in this reseateméaaoui’ and
‘Ragoubi’ had high fruit length (FL), stalk leng{sL) and neck length (NL). The second group inctude
accessions; they have very small fruits and theektwstiole opening. Cluster Il contained 9 acioess which are
characterized by a medium fruit weight (FW) andtfsizes (FL, FD). The fourth one constituted byttgr' breba
crop and ‘Zidi'. These accessions have a high fugitght (FW), high fruit sizes (FL, FD), producifig fruits with

high neck diameter (ND) and low ostiole diameteDJ@n individual accession (‘Romani’) was differeted, it
was characterized by low fruit length (FL) and Istaingth (SL), fruits are without neck (NL, ND) ahdd a large
ostiole (OD, OO) (Fig. 2).
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Fig 2. Hierarchical canonical analysis (HCA) of 1ccessions oFicus carica
according to the morphological and chemical traits

Fig accessions can be characterised using a cotidnnaf qualitative and quantitative morphologidadit
characters, as well chemical fruits properties. sehtraits are important and have been traditionadlgd for the
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identification and classification of fig genotypddoreover, most of these traits are of economierggt and
consequently usually serve as target charactersefection by growers and breeders [2, 16, 29].

In the present study, yield values of morphologeradl chemical characters were compared with thase 6ther
countries of the Mediterranean basin namely, Gr¢28f Morocco [30], Turkey [3, 16], Tunisia [12krael [27],
Italy [31] and Lebanon [17].

The fruit characteristics of fig accessions we &ddn situ and were reported in a previous expenitti4, 15]. The
current work carried out on accessions maintaime@&x situ collection. Thus, the morphological arttrical
values do not include an environmental componemé. Siudy was done on fig trees from the age ofadsym till 7.
Knowing that fig trees reached optimum productibi gears old according to [3].

These accessions had a great diversity of fruipashakin colour, skin cracks, flesh colour, stdflajge, ease of
peeling, fruit cavityetc Fruit shape is very important for packaging araghéportation [11]. The most suitable fruit
shape is globose [16, 32]. The fig fruit skin coloanged from yellow to black. Ease of peelingrisigal for local
global customer preferences [16, 33].

Fruit weight is very important for fresh consumptid6]. In similar studies of fig cultivars, theuft weights ranged
from 30 to 90 g [10] and 28 to 107 g [2]. Howewvier this study, the fruit weight is between 23 arfgd¢p These
values are lower than those cited before, can pligred due to the fact that plants were very young

To quantify fruit sizes (diameter, length, stalkdéh, neck length), our results were comparablé wibse of many
authors [3, 2, 10, 16, 33].

A large ostiole is an undesirable property as pastspathogens enter the fruit [34]. Ostiole widts similar with
studies reported as 1.5 -4.0 mm [35] and 1.0-9.4[&)m

Chemical properties (pH, acidity titrable, totalud®de solids, dry matter and polyphenols) were gneement with
other reports [9, 16, 18, 31, and 35]. The sugat/etios are one of the most important factorériit taste [36].

Preferred ratio will vary with the use of fig frejtbut ratios will provide guidance in selectingcessions for
specific uses. In fact, accessions with high se@wallids/acid ratios produce high dried for qualRgsult show that
figs with dark skin colour had higher polyphendian light one [27]. Again, polyphenols are localize the peel
and pulp [31].

CONCLUSION

The present findings on the morphological and ckahtharacterization of Tunisian fig accessiond thénibited
diverse patterns of fruit characteristics couldthe basis of a programme preferentially assistea lmyolecular
genetic marker approach, aiming at the geneticamgment of this species, and at the optimizatioitsofresh and
dried exploitation.

Moreover, the development of varieties more adapteithdustrial uses must take in considerationratety that
prevents genetic erosion. The commercial plantatibat took place in south- eastern Tunisia has based on a
limited number of accessions ‘Bither’, ‘Zidi’, ‘Médlbech’, ‘Bayoudhi’, thus the reduction of the disigy if this
species in this region is a real risk. Furthermdine, evaluation of the diversity in fig trees disesl all over the
country is a fundamental step for the implementatiba conservation strategy. A varietal collegtamntained 130
fig and 20 caprifig accessions was establisheirttSEast of Tunisia, which represents Tunisiaallgermplasm.
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