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ABSTRACT

The study of the morphological characters of olive fruit and endocarp was carried out
for 48 varieties planted in the collection of Boughrara (Sfax, Tunisia) and was compared
to their characterization in the Tunisian catalog in their centers of origin. The study
interested 8 characters for the fruit and 7 characters for the endocarp. The similarity
rate was 73.83% for fruit characters and 64.6% for endocarp characters and eight

gf{’w ords characters of the two organs had similarity rates greater than 70%, particularly the
Fruit weight, the apex shape and the presence of the nipple. Most varieties had similar
Eﬁgf:ireliization identification for a total number of characters between 8 to 14 characters. The data
Similarity revealed that the fruit contributed with 5 to 6 characters in the similarity of the
Ex-situ. varieties in the two databases against 4 to 5 characters for the endocarp. The results

obtained showed a relatively strong discriminating power of the morphological
characters in the identification of the different olive varieties in-situ and ex-situ
conditions with an advantage for the fruit characters.

Contribution/Originality: In the present work, we used morphological characterization in situ conditions
compared to in-situ conditions for 48 olive varieties. The comparison of endocarp and fruit characters allowed to see

how much is the importance of these characters in the characterization of varieties in different environments.

1. INTRODUCTION

Around 2,629 cultivars are attributed to olive, according to FAO [17. The problem of olive germplasm
classification is not only complicated by the richness of its genetic patrimony, but also by the absence of reference
standards and by the confusion regarding the cultivar names, with numerous cases of homonymy (one
denomination for several genotypes) and synonymy (one genotype with several denominations) [27. Thus, the
identification of olive cultivars is hindered by the high number of synonyms and homonyms commonly used in the
areas of traditional cultivation [37].

Since the 80s, much work has been done to characterize olive germplasm mainly by morphological and
molecular tools [87]. The first adopted aspect of characterization was the morphology of the tree organs. The work
of FAO [47] proposed a collaborative program on the genetic resources of the olive tree and then the olive varieties
of Andalusia had been characterized [57. Later, the primary characterization guide for the olive tree was published
by the International Olive Council and introduced a more exhaustive number of characters relating to the tree, the

leaf, the inflorescence, the fruit and the endocarp (30 characters in total) [67]. The morphological characterization of
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olive varieties on a world scale based on the IOC protocol has permitted to edit the world catalog of the olive tree
[77]. This catalog brought together 189 varieties of olive trees from 23 countries. The same IOC guide was used to
edit a number of national catalogs, such as the Spanish catalog [87 the Tunisian catalogs [9, 10 and the Italian
catalog [27].

The systematic utilization of descriptive morphological characters of the tree and various tree organs has
enabled the characterization and the discriminatory identification of varieties [27]. On the other hand, the
morphological characterization has permitted to elucidate more than 3000 synonyms in Italian olive germplasm
[11-137 which include about 800 cultivars [27].

In Tunisia, morphological characterization has been able to reveal homonymy cases mainly regarding to the
most cultivated variety ‘Chemlali’ which has been split into several varieties [97. This result was confirmed by
molecular analyzes [147].

Regarding the importance of olive morphological characters, it had been concluded that the characters of the
leaf, the inflorescence, the fruit and the endocarp were the most discriminators between olive varieties [7].
Nevertheless, several authors estimated that the endocarp characters were the most reliable [97. On the other hand,
the fruit and endocarp weights seemed to be the most discriminating traits [15]. More importantly, the endocarp
traits have been described as strong discriminative characteristics and a powerful complementary tool to molecular
techniques [16, 177].

The effect of environmental conditions and agronomical factors on the morphological traits was reported by
many authors [18-227]. The morphological characters were particularly stables and consequently not affected by
the environment such as the tree habit and the shape of fruit, endocarp and leaf [187. Nevertheless, the
environmental effect was not important in the morphological characterization of 48 olive tree seedlings [15]. These
authors concluded that the genotype seemed to influence the morphological characters.

While no study has been undertaken to elucidate both the limit of morphological characterization in varietal
identification and the most discriminating morphological markers, it is not always possible to identify olive varieties
on the basis of morphological characters [187. Thus, other markers have been used in olive identification, such as
enzyme markers [237] agronomic markers [67] and DNA markers [16, 24, 257.

The objective of this work is to compare the results of morphological characterization of 48 Tunisian olive
varieties ex-situ conditions of the Boughrara collection (Sfax, Tunisia) with those obtained in their sites of origin

(in-situ) in order to test the reliability of the olive morphological characters.

2. MATERIAL AND METHODS

The study was carried out on 48 Tunisian olive varieties Table 1 grown at the national collection of
Boughrara- Sfax (south of Tunisia: long. 34°59'05” N, lat. 10°32’56”, elevation 125 m.a.s.1). The region of Sfax
received an average rainfall of 200 mm per year. Olive trees were planted since 1992 in rainfed and arid conditions
with a density of 104 trees per hectare (8m/12m).

The choice of only 48 varieties from the Boughrara collection was dictated by their morphological description
in-situ conditions and in the centers of origin [97]. These centers were located in different parts of Tunisia and the
in-situ varietal description was done in rainfed conditions and with local farmer’s practices.

In Boughrara conditions, it was practically impossible to had olive production for all these varieties in several
years and in the same trees. So, we concentrated our effort to had olive production for all varieties in one year.

For each variety in Boughrara collection in November 2018/2019 season, one adult and productive olive tree
sample was chosen. For each tree, morphological observations were made on 40 randomly chosen fruits. After fruit
characterization, the endocarp was removed and subjected to characterization.

The same characters used in the centers of origin [97] were evaluated in this study. Specifically, eight fruit

characters were noted: weight (1), shape (2), symmetry (3), position of maximum transverse diameter (PDM) (4),
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apex shape (5), base shape (6), presence of lenticels (7) and presence of nipple (8). Seven characters were selected for
the endocarp: weight (9), shape (10), symmetry (11), position of maximum transverse diameter (12), apex shape (13),
base shape (14) and roughness of surface (15). For each character, the attribute which had the highest number from
the 40 fruits and endocarps was given following the protocol described by IOC [67. For all characters, attributes
were given according to the classification for primary characterization of olive varieties reported by the IOC [67].

The obtained ez-situ database for all varieties and characters was compared to that recorded in the zn-situ areas
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of the same 48 varieties [97. According to this comparison, the following parameters were recorded:

The number of similar attributes in the two databases for each character among all the studied varieties

and a percentage was calculated.

The total number of characters with similar attributes for each variety which consequently give us the
distribution of varieties with the same number. In this case, we presented the trend curve of this
distribution with the highest coefficient of determination (R?).

The number of fruit characters and endocarp characters within the total number with similar attributes for
each variety. Thus, data were subjected to analysis of variance with variety as replicate and separation of
the means of the fruit and the endocarp characters was obtained using the least significant difference at

P<0.05. Descriptive statistic parameters (minimum, maximum and mean values) and coefficient of

variation were performed.

The statistical analysis was performed using the SPSS 13.0 for windows.

Table-1. Number, name and origin of local varieties used in the study.

Variety Name Origin Variety Name Origin
1 Chemlali Tataouine Tataouine 25 Chetoui Ariana
2 Chemlali Ontha Tataouine 26 Meski Ariana
3 Fakhari Douirat Tataouine 27 Besbessi Ariana
4 Zarrazi Injassi Douirat | Tataouine 28 R'khami Ariana
5 Toftahi Tataouine 29 Barouni du nord Ariana
6 Dhokar ben Gardene Medenine 30 Marsaline Ariana
7 Chemlali Zarzis Medenine 31 Sayali du Nord Nabeul
8 Zarrazi Zarzis Medenine 32 Zarrazi du Nord Nabeul
9 Chemlali meliane Medenine 33 Jemri ben Gardene Medenine
10 Chemlali Balhi Medenine 34 Dhokar Nafti Medenine
11 Indouri Jerba Medenine 35 Injassi Hchichina Stfax
12 Chemlali Chouamekh Medenine 36 Kbiret Louzir Sfax
18 Jemri Bouchouka Medenine 37 Zarbout Louzir Sfax
14 Chemlali Sfax Stax 38 Semni Jebeniana Sfax
15 Chemlali Ghraiba Stfax 39 Khechinet sig Sfax
16 Chemlali O Msallem Stax 40 Zalmati Zarzis Medenine
17 Ech-Chahla Stax 41 Chemlali Bent Louzir Sfax
18 Chemchali Gafsa Gafsa 42 Sahli Gafsa Gafsa
19 Fougi Asli Gafsa 43 Chemlali du Nord Ariana
20 Baldi Gtar Gafsa 44 Gerboui du Nord Beja
21 Tounsi Gafsa Gafsa 45 Balhi Sig Sfax
29 Injassi Gafsa Gafsa 46 Mlouki Bletteche Sfax
23 Mengar Erragma Kasserine 47 Bidh Hmam Kasserine

3. RESULTS AND DISCUSSION
3.1. General Similarity Matrix

The comparison of our data with those n-situ conditions allowed us to obtain Table 2. For all characters and

varieties combined, the number of characters similar to the two databases was 493, which represented 69.2% of the

total.
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Table-2. Matrix of similarity of fruit and endocarp characters in the two databases (White: similar, Gray: different, Black: not noted by
Trigui and Msallem [97).

Fruit characters Endocarp characters
Variety 1 2 3 g 5 6 7 8 9 10 11 12 13 14 15

1

Ol ||| O B]|w|

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43

44

45

46

47

48
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For the fruit, the number of similar cases was 277 out of a total of 378, giving a rate of 73.3%, while this
number was 216 out of a total of 834 for the endocarp, which gave a rate of 64.6. %.

The similarity rates not exceeding 74% indicated mainly the effect of the environment on the expression of
morphological characters, in agreement with the conclusions of several studies [14, 207. In our case, the problem
was to compare the olive varieties in the centers of origin (in-situ) and in a varietal collection (ex-situ).

The level of similarity for the fruit was significantly higher than that for the endocarp, which contradicted the
ideas pronounced by several authors [9, 16, 177]. This contradiction can be explained by the differences in climatic
and cultural conditions between the in-situ and ex-situ conditions but also by the subjectivity of the description.

The distribution of the varieties according to the number of similar characters Figure 1 showed that only six
varieties having a number of similar characters less than or equal to 7. Most of the studied varieties had a similarity

at the level of 8 to 14 characters with a peak at the class level of 11 characters (11 varieties).
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Figure-1. Distribution of olive varieties according to their similar characters number between n situ and ex situ
situations and the distribution curve with equation.

According to Table 2, the number of similar characters varied widely among varieties but it did not depend on
original sites. Thus, varieties with similar characters higher than 12 belonged to south (Chemlali Tataouine,
Chemlali Zarzis and Indouri Jerba) and central (Chemlali Sfax, Kbiret Louzir and Semni Jebeniana) parts of Tunisia.
On the other hand, eight varieties having less than 8 similar characters were located in different regions of Tunisia,
Fakhari and Chemlali Balhi from the south west, Fougi Asli, Souabaa Aljia and Oueslati from the Centre west,
Zarbout Louzir from the centre east and Meski, Barouni du Nord, Sayali du Nord and Chemlali du Nord from the
north east. These results confirmed that the ex-situ morphological characterization might be considered more
suitable for olive varieties since it reduced the maximum environment effect in the in-situ situation.

The mathematical model for this distribution was a polynomial type with an inflection point at the 11t
character class level. The maximum area between the curve and the abscissa axis involved the classes of 8 to 14
characters and a total of 42 varieties. This finding demonstrated the significant discriminatory power of

morphological characters in accordance with previous conclusions [2, 9, 157].

3.2. Similarity of Fruit and Endocarp Characters
Figure 2 showed the percentages of similarity of varieties between the site of origin and the Boughrara olive
collection for each character of the fruit. It was clear that this percentage varied according to the character with

values ranging from 4:5.8 to 91.6%.
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Figure-2. Similarity percentages of the different fruit characters between in situ and ex situ conditions.

Percentage

The symmetry of the fruit was the only character to have a percentage below 50% of similarity. The highest
values were recorded for weight, presence of the nipple and shape of the apex characters (> 85%). The weight of the
fruit showed the maximum similarity of the olive varieties in ex-situ and in-situ situations, with 91.6%.

The percentages of similarity of the endocarp characters presented in Figure 3 showed a wide variability

also showed high percentages (> 70%).

ranging from 43.75% for symmetry to 79.16% for the endocarp apex shape. The weight and the endocarp surface
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Figure-3. Similarity percentages of the different endocarp characters between i situ and ex situ situations.

Percentage

The comparison of the similarity percentages of the fruit characters and the endocarp characters allowed us to
present the following observations.
First, the symmetry of the two organs recorded the lowest percentages (43 and 46% respectively). The
weakness of this character could be explained by the following reasons:
e This qualitative character was appreciated visually and thus led to an experimental error, as for all

qualitative characters.
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e The symmetry of the fruit and the endocarp was strongly affected by the endogenous factors of the tree
(olive production) and the exogenous factors (crop management, climate).

The strong similarity of the weight of the two organs might be due to the quantitative nature of this character.
The good reliability of fruit and endocarp weight had been confirmed on olive progenies [157]. On the other hand,
previous studies had demonstrated the importance of the quantitative characters of the fruit and the endocarp in the
analysis of the olive biodiversity [9, 14, 267].

This study revealed that eight morphological characters of the two organs had a similarity rates higher than
70%. Consequently, at least 7 varieties out of 10 could be identified based on these characters, 35 varieties in our
case. Since the similarities found for the different varieties were not necessarily related to the same characters as
presented in Table 1, other varieties could be identified by other fruit and endocarp characters having a similarity
rates less than 70% such as the shape, the position of maximum transverse diameter, the symmetry and the base
shape. As significative example, the variety Fougi Asli was easily identified by only four similar characters, fruit
apex and base shapes, nipple and endocarp shape. In fact, none of the other studied varieties had rounded fruit apex
and base with tenuous nipple and rounded endocarp apex with mucro, as reported by in-situ study [97. Therefore, it
could be noted that most of the studied olive varieties might be correctly characterized by the morphology of its
organs, which was in harmony with the mathematical curve presented in Figure 1. This conclusion did not confirm
the suggestions of several authors [14, 18, 237 but confirmed on the other hand other studies [157. It could be
concluded that the genotype strongly affected the expression of the most morphological characters and the effect of
the environment, although existing, was not decisive in the identification of olive varieties.

The examination of the similarity in terms of number of characters of the fruit and the endocarp revealed that
the average number of similar characters of the fruit (between 5 and 6) was significantly higher than that of the
endocarp (between 4 and 5), according to Table 3. These data indicated that the average total number of similar
characters varied from 9 to 11, which confirmed the results presented in Figure 1.

The number of similar characters of the fruit varied from 2 to 8 depending on the variety and from 1 to 7 for
the endocarp. However, the variation of this number for the fruit was lower than that for the endocarp with

coefficients of variation of 23.8 and 36.3% respectively.

Table-3. Statistical parameters of similar characters number related to fruit and endocarp of studied olive varieties.

Statistical parameter Fruit Endocarp
Minimum 2 1
Maximum 8 7
Mean 5.68 a 4.54 b
SD 1.35 1.65
CV (%) 23.82 36.32

Note: Means with the same letter were not statistically different

The data presented in table 3 showed that the characters of the fruit allowed better identification of olive
varieties by the high average number of similar characters and the small variation in this number between varieties.
It seemed that the fruit was the organ of the olive tree which allowed better discrimination of olive varieties. This
result did not confirm the idea of several authors [9, 16, 17] for whom the endocarp had better power of

discrimination than the fruit.

4. CONCLUSION

The morphological comparison study carried out between in-situ and ex-situ conditions of the olive tree
showed that the characters of the fruit were more discriminating than those of the endocarp. Eleven characters from
the two organs were able to identify more than 70% of olive varieties, particularly the weight, the apex shape and

the presence of the nipple. Thus, morphological characterization of olive varieties could be a useful tool for olive
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characterization in plant propagation program and plant certification procedure. However, molecular tools will be

necessary for varieties showing high level of synonymy. This work on similarity of olive morphological characters

might be extended to the olive varieties planted at the same time in national collections and international

collections (Cordoba and Marrakech) in order to confirm the reliability of these characters.
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