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Abstract

The carob tree is an agro-salvo-pastoral species that has an important socio-economic and ecological role. For
many years, the horticultural in Algeria has been in regression, mainly because of anthropic factors. This regression
has led to the increase in carob tree prices, which makes this speculation gainful for farmers and agro-industrialists.
However, the problem of sexual determinism in carob remains an important difficulty for the creation of orchards
and the development of genetic improvement programs for the species. So, the object of this study is to identify
and distinguish by a morpho-geometric characterization of the leaflets, the carob trees of male, female and
hermaphrodite sex, from 21 different regions of the Algerian north with 781 leaflets characterized through the
selection of 16 landmarks. Once recorded in digital format (TPS), the morpho-geometric conformations are aligned
and superimposed using the Procrustean superposition technique. Analysis of variance (ANOVA) of the data
revealed highly significant differences in shape (p=0.0001), and significant centroid size (p=0.0243) between the
three populations studied. Descriptive analysis of size showed only one significant difference (p=0.035) between
the size of hermaphrodite and male leaflets. Principal component analysis (PCA) showed inertia of 70.45%
between the first three components and revealed three different shapes. The analysis of canonical variants (CA)
distinguished these different forms, the female leaflet so much towards an elliptical form with a base contracted in
node downwards and with apex characterized by a closed angle. While the shape of the male leaflet is generally
oval with a scattered base and with apex characterized by an open angle. The leaflets of hermaphrodites resemble
the leaflets of males (oval) but with a flattened base. These results can be used to make a preliminary selection of
young carob plants.
Keywords: Carob tree, populations, leaflets, characterization, morpho-geometry, elliptical shape, oval shape.
oadlall
Aliad) de) ) 3 Cangd B < s Y aga i s sl oo laial sa b Al Aue 304 50 5l e )31 ) ) (e g sA1 8 e el
o3 Jrng Lee g Al Jladl bl i)l ) el Sl 138 (ool 385 4 pall Jal gadl 50 oy SV e g sl 138 8 Ll 5 il 5al B
Ol L) alal dag 4y s Jiad o5 A 8 dpusial) Lpaiall AlSG 135 Y clld s e ) 30 Cmeliall 5 e ) 3all day ya &y jlicadll
Sl s (Y5 S Guiall e g A Ll Sasaiy 2and g Al s2a e Caagll (8 A g i) 13gd sl sl el ks
16 i) I (e Ledna 55 2548 )5 78] e 53l ol Jladill (o Adlide Aihaia D] (o iy )5l casnigll (o 5158 ) sl Cin 1 (33 5k (0
oo 5S 55l S ) A aladtialy oS i g Apnigh) dam 5l 5b ) all g Uil B13lae 5 ¢ (TPS) by JSE 8 Lol 3 yaar 5 3 jpan 4Dl
S S0 aaas ¢ (p=0.0001)dSEl 8 35S dflian) AV @Iy DA 25 e lill (ANOVA) ol dilas (i
aaa (g (p=0.035) Alias) Y2 13 12a) 5 WA aaall jdea gl Julaill jedal s Al all Cieiad ) SN cile sanall ((p=0.0243)
e 5 Aalide JISET A (e ol s (48 oSl (4 965715 Aty U131 sl (PCA) w1} 0l Sl sy lal | S35 sl
Ay Jaul ) saiall 8 dualiia acld e alla ) JSAl s 1538 et & 651 5 illd Aalial) JISEY) 038 (CA) (oot &l pariall Jolas
Al By ) 5 4l A gide Ay )y et Al B e 3c 8 ) ple JSGy JSEI Ay gliay 4y jSA B ) JSG (555 Leiy Al A0 5y el
B al) g Al il sl U o) ja Y Al S i) oda aladinl (Kay Aadalic sac i oS5 (U &y sliay) ) sSA) il

Lﬁ}b.a.u“ Jal ‘é_jb.a;d\ G (JE dnia suémjas\ cQ\J)ﬁalA\ ‘:\.\JIS....J\ &L\LQ)A;.AM cg))ﬂ\ 'E‘);.ﬁ: %&m‘ Calalsly

© 2024 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 3.0 license.



Kermouni Serradj et al 2024, Genet. Biodiv. J, 2024; 8 (2): 57- 75
DOI: 10.46325/gabj.v8i2.400

Introduction

The carob tree (Ceratonia siliqua L.) is a fruit tree in the Fabaceae family, with a pre-Mediterranean
tropical origin (Mahdad, 2022). This species has been domesticated since the dawn of time, dating
back to 4000 BC. It has been cultivated extensively since at least 2000 BC for its by-products and
also for its tolerance to water shortages (Ait Chitt et al., 2007; Biner et al., 2007; Mahdad and
Gaouar 2023). It is a xerophilous, sclerophyllous, heliophilous, calcicolous and thermophilous
species (Mahdad and Gaouar, 2016).

This hardy agroforestry species plays an essential socio-economic and ecological role, particularly
in dry regions and areas where desertification processes are occurring at significant magnitudes,
notably in Algeria (Mahdad et al., 2022). All parts of this precious plant (foliage, flowers, fruit,
wood, bark, roots) are likely to be of real interest and have ornamental or landscape value (Hariri
etal., 2009). As aresult, itis one of the fruit and forest trees with the greatest value-adding potential,
because of its high nutrient content, which has attracted the interest of several researchers, but above
all because of its seeds, which are the subject of commercial transactions whose value far exceeds
that of woody production. Whole pods, seeds, pulp and gum are widely sold in Europe and used in
the food industry (Biner et al., 2007).

In Algeria, carob production is steadily declining due to the ageing of the few existing carob
orchards, the repeated fires that ravage tens of thousands of carob trees every year, and the lack of
programs to renew and establish new viable plantations (Mahdad, 2022). As a result, the urgent
introduction of management strategies for the species is strongly recommended with a view to
conserving its genetic diversity and improving its agronomic and commercial characteristics.

Among its agronomic characteristics, the late onset of flowering of female plants is considered a
disadvantage not only for yield, since sowing carob, a dioecious species, results in a ratio of 50%
females and 50% unproductive males (Mahdad, 2013), but also for genetic improvement programs
based on crosses between selected parents, which take a considerable amount of time (up to 8 years)
to select individuals for the F1 generation. These disadvantages, particularly that of sexual
determinism can be overcome by the differences that may exist between the leaves of the different
sexes of carob plants, hence the aim of this study, which is to identify the leaflets of the male,
female and hermaphrodite populations by morpho-geometric characterization, to allow the selection
of plants according to their sex from a very young age.

Obijective

To study the difference that exists within the leaflets between the male, female and hermaphrodite
populations of the carob tree in Algeria by means of a morpho-geometric analysis. The aim of this type
of analysis is first to look for any morphological variation in the leaflets and to determine their specific
characteristics to confirm the presence or absence of homogeneity within the leaf groups collected.

Materials and Methods
Sampling regions

Sampling was carried out in northern Algeria, more specifically in the wilayas of Tlemcen, Tipaza, Sétif,
Relizane, Ain defla, Boumerdés, Béjaia, Jijel, Skikda, El Tarf, Guelma, Mila, M'sila, Blida, Sidi Bel
Abbes, Annaba, Oran, Mostaganem, Mascara, Tizi- Ouzou and Chlef (Figure 1).

Harvesting of plant material

A total of 253 carob leaves were collected (June 2020) from 21 regions in northern Algeria. These leaves
came from 118 male plants, 127 female plants and 4 hermaphrodite plants. The small number of
hermaphrodite experimental units is explained by their rarity in Algeria. For each tree, three leaflets
were characterized except for the hermaphroditic plants where all the leaflets were characterized. Where
all leaflets were taken into consideration (37 leaflets), in all, 781 leaflets were characterized using tow
variables, size and shape
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Figure 1. Geographical map of the regions sampled

Morpho-geometric characterisation method

Digital photography and image processing

High-resolution digital photographs were taken of the leaves using a Samsung S6 mobile phone camera.
The leaves were placed on numbered white paper on which a ruler graduated in the same direction and
distance was placed (Figure 2).

Figure 2. Photo of carob leaf N° 01, female (June 2020)

Folder organisation

The leaf image files were saved in a single folder, containing all the leaves (male, female,
hermaphrodites) and Tps (Notepad): specimens in tps format, which groups together information on all
the leaves (Figure 3).

Choice of landmarks

To analyze the conformation of an object, a careful choice must be made when selecting landmarks. We
chose leaflets with undamaged margins. To do this, we chose 16 reference points.

Data collection

Before we can begin collecting data, i.e. digitizing the landmarks, we need to create a TPS file, which
is essentially a list containing our specimens. This file is essential for setting up the landmarks with
TpsDig2.
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Figure 3. Organization of folders
Creating the TPS file

Firstly, the TPS files must be created using TpsUtil version 1.81. This file contains all the photographed
specimens analyzed and is required for the subsequent implantation of marker points using TpsDig32
version 2.31 software.

After opening the tpsUtil software to create a TPS file, follow the steps below.
A window appears (Figure 4)

v Step 1: Click on "Select an operation» and choose "Build tps file" from the drop-down list
(Figure 5).

File Operations Options Help

Operation Actions

* Select operation ** :1 Compute
Build tps file from images -l
1L Close

Randomly order specimens
|Restore original order

'Delete/reorder specimens ﬂ i) nput N or dreciory

4

Split NTS file
Split TPS file

Append files W .
| Convert tpsints coordinates file Datatie=?
|Add variable

Bulld variable matrix Output e
Delete/reorder landmarks

Delete outlines & curves

Convert tps XY outline to landmar

Append tps Curve to landmarks “ Output e = ?
Make landmark pairs file v e _

Figure 4. the main window of the TpsUtil software Figure 5. step 1 of file creation

TPS (Select an operation)

v Step 2: click on "Input"”, once you have found the image directory click on file, simply click on
a single image in this directory and tpsUtil will automatically import the rest (Figure 6 and 7).
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Figure 6. Step 2 in creating a TPS Figure 7. the image directory window

TPS file (choice of input directory)

v' Step 3: Click on "output" to create an output file with the extension "tps" and name it. We
recommend that you save this file in the folder with the images (Figure 8 and 9).

= ‘ e = ) =
Fule aﬁemions 6bt}ons Help . dons: (L combr Yo m
* Nom Modifié le Type
Operation Actions tps 21/03/2022 20:48 Fichier TP
Accés rapide
Build tps file from images v =
1 Close Bureau
m
Input directory Bblothéques
Input L
C\Users\pc\Desktop\caroubien c:;
Output file m'm
4 »
Nom du fichier : tps - Enregistrer
Name for output file Type : TPS Hon £ TPS) - Ao
Figure 8. Step 3 in creating a TPS "file name" Figure 9. Naming the TPS file

(assigning a name to the output file)

v Step 4: Click on "Setup”. A window will appear with the addresses of all the selected image
files (check/uncheck as required), confirm the creation of the tps file and click on "Create"
(Figure 10).

v" Step 5: Click on "Close" to exit tpsULtil (Figure 11).

Digitizing the reference points

In this stage, the reference points are placed at the edge of the sheet. The digitized images are then
saved in the tps file. There are five important criteria to consider when digitizing the reference points:
Firstly, the reference points must be homologous points on all the samples analyzed. Secondly, the
points must not change position relative to the other points. Thirdly, the reference point must cover the
shape of the object under study. In addition, the repeatability of the marks that remain on the object
must be high. Finally, the marks must be on the same plane. A key element in this process is to
identify points with a high level of agreement so that the correspondences between the samples are
clear (Bookstein, 1991; Zelditch et al., 2004).
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tpsUtil

Before applying the coordinates, define the scale factor of the measurements in tpsDig using the ruler
included in the background of each image (Figure 12).

5 ol wee. 230, L el
Fe Modes (8 Optons Moy

du " DuWwLe/MEMe -0 p

Figurglz. The main TpsDig 32 software window

Once TpsDig2 is open, we create the "tps" file. The scanning steps of the tpsDig2 software are described
in detail by Lateb (2014) and do not need to be repeated here. However, Figure 13 shows a tpsDig2
window with the main options. Once the digitization step is complete, the tps files can be analyzed using
various software packages such as MorphoJ, mophoR, ImageJ...etc. The software we used for our
analyses is MorphoJ version 1.06 (Klingenberg, 2005).
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Figure 13. Graphical interface of the tpsDig2 software

Checking the data

Once the data has been collected, it must be analysed beforehand to check for compatibility and any
digitisation errors.

Statistical analysis

In this study, we selected 16 reference points on each image (leaflet) in 2 dimensions. In this way, each
homologous point is represented with its coordinates (X, y).

The first step in MorphoJ version 1.06 was to validate the data and eliminate outliers. In fact, careless
errors can occur during digitization, particularly the digitization of interchangeable markers. Once
recorded in digital format, the data is aligned and superimposed using the Procrustean superimposition
technique. This step separates the size and conformation parameters.

After running a set of processes to digitize the leaves, statistical tests were carried out to analyze the
data. An analysis of variance (ANOVA) was used to test the significance of size and shape. Size was
tested using descriptive statistics

and a post-HOC (Honestly Significant Difference) Tukey HSD test to study the pairwise comparison
between the different sex populations using R version 3.6.3. Principal component analysis (PCA) is a
very common method in geometric morphometry used to explore shape trends and variability between
specimens. The discrimination achieved by canonical variant analysis (CA) aims to explain the average
differences in leaflet shape variation between the different sexes.

Results and Discussion
Checking for outliers

The "red"” data in Figure 14 are similarly represented by the "blue"” data, and we can conclude that there
are no outliers.

63



Kermouni Serradj et al 2024, Genet. Biodiv. J, 2024; 8 (2): 57- 75
DOI: 10.46325/gabj.v8i2.400

Cumulative frequency

(sq

Figure 14. Cumulative distribution diagram of the distances of individual samples and the average
shape of the complete sample
Procrustes overlay
After superimposing the Procrustes in Morphol, we obtained the graph shown in Figure 15. This
procedure enabled us to observe the differences in shape between all the individuals by removing the
three effects: position, size and rotation (Evin et al., 2008). These differences are expressed numerically
as Procrustean distances.

R
g . 7
W =
e Y .

Figure 15. Result of the Procrustean overlay

Procrustes Overlay was used to create a consensus shape by considering all the individuals in the sample
and identifying the point of origin or centroid from the reference points defined on each image. All
morpho-geometric tools strictly require that all digitized landmarks are homologous across all
specimens. Otherwise, they represent the same biological locations on each individual (Bookstein, 1991;
Zelditch et al., 2004).

Each consensus landmark is shown in blue in Figure 15, surrounded by point clouds representing
different coordinates for all specimens. The landmarks (3,4,5,6,7,11,12,13,14,15) with compact and dark
clouds indicate that they have close coordinates, whereas the landmarks (1,2,8,9,10,16) with scattered
and diffuse clouds indicate that the landmarks are moving away from the consensus (mean shape) which
proves a difference at the apex and base of the leaflets. The coordinates of the "consensus™ are shown
in Table 1 below.

Table 1. Coordinates of consensus benchmarks (new variables)

Landmarks Axis 1 (X) Axis 2 (Y)
LM1 -0,00040972 0,32838338
LM2 -0,08106558 0,27829474
LM3 -0,14601930 0,20239170
LM4 -0,18321947 0,10428243
LM5 -0,18892559 -0,00334524
LM6 -0,17048870 -0,10889984
LM7 -0,13124217 -0,20256673
LM8 -0,07112533 -0,27578391
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LM9 -0,00334731 -0,28320568
LM10 0,06709518 -0,27486273
LM11 0,12714541 -0,20645439
LM12 0,16890205 -0,11599381
LM13 0,19076631 -0,01144302
LM14 0,18563963 0,09834782
LM15 0,14923983 0,19661350
LM16 0,08705478 0,27424178

ANOVA (analysis of variance)

A hierarchical analysis of variance (ANOVA) was used to analyse morphological variation in leaflets
in relation to sex. The results are shown in Tables 2 and 4.

v’ size

From Table 2, the sex factor is statistically significant, p = 0.0243 (<0.05), thus influencing leaflet size.
Concerning the separation of means, only one significant difference was noted between the size of
hermaphrodite and male leaflets -0.68 cm (p = 0.035). However, no significant difference was found
between male and female leaflets (p = 0.224), female and hermaphrodite (p = 0.176) (Table 3).

The Pillai tr index equalled 0.14, showing a sex effect on shape at certain geometric points or anatomical
parts, mainly the apex and base of the leaflets, as confirmed in the Procrustes superposition study.

Table 2. Results of the hierarchical analysis of variance for centroid size for carob leaflets.

Source of variation SS MS DF F P(value)
Individual 17,088 8,544 2 3,74 0,024*
Residuals 1779,088 2,286 778

SS: Sum Squares; MS: Mean Squares; df: degree of freedom (ddl). * Significant at the a=0.05 threshold.

Table 3. Mean, minimum, maximum centroid leaflet size for each population.

populations N Mean + Standard Error Min Max P-value
Female 378 8.88 + 0.082P 409 14.16 0.224
Hermaphrodite 37 9.34 £0.20° 751 13.07 0.030
Male 366 8.69 + 0.08° 476 13.07 0.176

NB: the averages followed by different letters are significantly different.
v shape

Statistical data processing using a single factor ANOVA shows that total shape is highly influenced by
gender (p=0.0001) (Table 4).

Table 4. Results of the hierarchical analysis of variance for the shape (Shape) of carob leaflets.

Source of variation SS MS Df (ddl) F P (val) ***  Pillai tr P(val)
Individual 0,238 0,004 56 7,82 <0.0001 0,14 <0.0001
Residues 11,840  0,0005 21784

SS: Sum Squares; MS: Mean Squares; df: degree of freedom (ddl). *** Highly significant at the =0.05 threshold.

Principal component analysis (PCA)
Inertia distribution

Principal Component Analysis (PCA) applied to the data obtained on all the samples enabled us to retain
the first three principal components (PC) explaining respectively 32.408%, 24.749%, and 13.296% of
the total variation in leaflet shape, i.e. a cumulative variance of 70.453% (Figure 16, Table 5).
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Figure 16. Percentage of variation explained by the principal axes
Table 5. Eigenvalues and percentages of variance explained by PCA variables
Eigenvalues % Variance Cumulative %
1 0,00493241 32,408 32,408
2 0,00376679 24,749 57,157
3 0,00202350 13,295 70,453
4 0,00094644 6,218 76,671

Description of the PCA
The morphological differences of these conformations are highlighted in the Shape Graph (Figure 17).
Conformational change in the first axis

The first component (PC1) controls the deformation of a sheet according to the extreme of the positive
and negative side points using the wireframe graph (Figure 18).

graph (al) graph (b1)

Figure 18. Visualization of the change in leaf conformation along the first axis
Characterization of the conformation on the left of the PCA graph (al)

v"general shape: oval
v" thickness base of leaflet (landmarks 8.9.10): scattered base.
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v’ apex: triangle (landmarks 2.1.156) open angle (< 90°). (wide angle).
Characterization of the conformation on the right of the PCA graph (b1)

v general shape: elliptical.
v' thickness base of leaflet (landmarks 8.9.10): base contracted (narrow).
v"apex: triangle (landmarks 2.1.16), closed angle (>90°).

Conformational change in the second axis

The second component of the PCA (PC2) detected a deformation of the leaf from one level to another
using the wireframe graph (Figure 19).

The deformations at the base of the leaflet are characterized by relaxations with downward node
directions for the left-hand PCA (a2) (PR: 8.9.10), and upward node directions for the right-hand PCA
(b2)

graph (a2) graph (b2)
Figure 19. Visualization of the change in leaf conformation along the second axis

Principal component analysis detected leaf morphological variation in the carob tree along the first two
principal axes according to several criteria. PC1 showed a deformation ranging from an elliptical shape
with a contracted base and a closed-angle apex, to an oval shape with a dispersed base and an open-
angle apex. PC2, on the other hand, mainly detected a relaxation of the leaf base triangle (the direction
of the node, from top to bottom) (Figure 20).

Principal component 2

.

Figure 20. Projection of the different shapes of carob leaflets according to the first two principal
components: female (red), hermaphroditic (green) and male (blue).
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Canonical variant analysis

The aim of the canonical variant analysis is to explain the mean differences in leaf shape variation
between the different sexes (male, female, hermaphrodite). The graphical representation in the [CV1,
CV2] plane shows the difference between the sexes per reference individual (Figure 21).

CV1 shows that the base, the general shape of the leaf and the apex play a discriminating role.

Graph c 1 (left) Graph d 1 (right)
Figure 21. Visualization of leaflet change along the first axis (CV1)
CV2 shows that the base of the leaf plays a discriminating role (Figure 22).

Graph c2 (left) Graph d2 (right)
Figure 22. Visualization of leaflet change along the second axis (CV2)

The concept of populations as a function of observation groups made it possible to distinguish males
from females after visualizing the change in the leaf along CV1. The female leaflet has an elliptical
shape with a base contracted downwards into a node (narrow shape) and with an apex characterized by
a closed angle (graph d1). The male leaflet, on the other hand, is generally oval with a dispersed base
and a wide-angle apex (graph c2).

The second observation group CV2 was used to detect hermaphrodites. The leaflets of the
hermaphrodites mainly resemble the leaflets of the males (oval) but with a flattened base (Graph d2)
(PR: 8-9-16) (Figure 23).
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Figure 23. Graphical representation of canonical variants 1 and 2, female (red), hermaphrodite (green)
and male (blue).

Mahalanobis distance (D?)

A Mahalanobis distance (D?) was used to examine the similarity between groups of individuals and
show that all groups are significantly different from each other based on 1000 permutations (Table 6).

Table 6. Results of Mahalanobis distances between groups

Female Hermaphrodite
Hermaphrodite 1,51
Male 0,55 1,16

The Mahalanobis distance showed a low geometric dissimilarity between female and male leaflets (D2
= 0.55) but this does not exclude the existence of a difference between these two populations as
demonstrated in the previous analysis, and an average dissimilarity between hermaphrodite and female
leaflets (D2 = 1.51), and between hermaphrodite and male leaflets (D2= 1.16), precisely a difference at
the base of the leaflets.

Discussion

Our study shows morpho-geometric variability in carob leaflets according to their male, female and
hermaphrodite sexes in Algeria. While female leaflets tend towards an elliptical shape, male leaflets are
generally oval, while hermaphrodite leaflets resemble male leaflets (oval) but with a flattened base.

The results obtained are different from the study by Gharnit (2003) in Morocco, which focused on the
characterisation of carob leaves using classical morphometry (length, width, number of leaflets and
length of petiole). Our study shows that the non-productive male population has longer and wider leaves,
while the female population has leaflets that are shorter, narrower and more elongated than those of the
male population.

This study is based on the comparison of linear distances and angles between homologous points on
different objects. These measurements are subjected to uni- or multivariate statistical tests for the
analysis of morphological variation (Rohlf and Bookstein, 1990; Bookstein, 1996), and the geometric
relationships between the variables are not preserved, making it impossible to represent the shape of the
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object graphically. Geometric morphometry has been developed to overcome these limitations, by
preserving and comparing very precisely the configurations of different objects (Perrard, 2012).

Because of these drawbacks, Zelditch et al. (2012) also claim that it is complex to reconstruct the
conformation of an organism from linear measurements. Indeed, an object described by 16 landmarks
requires 120 linear measurements to reconstruct its conformation. These limitations have led several
authors to recommend the geometric morphometry method, in particular the landmark approach, which
once the landmarks are well chosen, enables the conformation of the object to be analyzed to be
visualized instantaneously (Cucchi et al., 2015). This method has proved its worth in many areas of
biology, including botany, and several taxonomists and botanists have recognized the potential of this
method in their field (Jensen, 2003).

Conclusion and outlook

This study contributes to our knowledge of the differences between male, female and hermaphrodite
plants via the geometric characteristics of the leaflets. The study indicates significant variability in
leaflet shape in the three populations (male, female and hermaphrodite) and also shows the different
shapes according to overall trends.

The morpho-geometric analysis was essentially based on 16 landmarks. Of these, PR 1, 2, 8, 9, 10 and
16 were the most discriminating in identifying and characterizing these carob populations according to
Sex.

The results obtained show three different types of leaflets depending on their sex. The female leaflet has
an elliptical shape with a base contracted downwards into a knot, and with an apex characterized by a
closed angle. Male leaflets, on the other hand, are generally oval with a scattered base and an open-
angled apex. As for hermaphrodite leaflets, they resemble male leaflets (oval) but with a flattened base.

In addition, a significant difference between the centroid size of hermaphrodite and male leaflets was
recorded. The Mahalanobis distance revealed a low geometric dissimilarity between female and male
leaflets, and a medium dissimilarity between hermaphrodite and female leaflets, and between
hermaphrodites and males, precisely a difference at the base of the leaflets.

This study made it possible to distinguish relatively between adult male, female and hermaphrodite trees
on the basis of the size and, above all, the shape of the leaflets. These results can be used as a means of
making a preliminary selection of young carob seedlings. However, to make a precise selection, a
genetic study is essential, with the aim of identifying and developing molecular markers (SSR and SNP)
linked to sexual determinism in the species.
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