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Abstract

Sixty-six carob accessions from 19 sites throughout Algeria were analysed by leaf, pod and seed characteristics to
assess their genetic diversity and identify the Algerian carob cultivars that could be used as germplasm for breeding
programs. We compared Algerian accessions with carobs from different Mediterranean countries, and the results
showed a high level of morphological similarity between Algerian and Spanish carob pods. Analysis of variance
(ANOVA) revealed highly significant differences (p < 0.001) between accessions for all the quantitative traits.
Correlation analysis between variables indicated that seed yield could be improved by selecting light, thin and
narrow carob pods. Multiple correspondence analysis explained a total variance of 30.22 % and illustrated three
distinct leaf classes. Principal component analysis (PCA) proposed two main groups of variables, one based on
seed performance and the other targeting pod potential. Hierarchical classification (HC) with seven clusters
revealed considerable genetic diversity among the Algerian carob accessions studied, and indicated that the type
of bioclimate did not influence their distribution, suggesting that morphometric traits are probably controlled more
by genes that by bioclimate. Linear discriminant analysis (LDA), clustering and heatmap plotting identified 11
potential cultivars, 10 female and one hermaphroditic.

Key words: carob germplasm; characterisation; genetic diversity; identification; morphological analysis;
statistical tools.
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Introduction

The carob tree (Ceratonia siliqua L.) is a sclerophyllous, xerophilic, thermophilic, heliophilic and
calcicolous species (Mahdad and Gaouar, 2016) belonging to the family Fabaceae. Genetic and fossil
data support a pre-Mediterranean origin of the carob tree with the split between C. oreothauma and C.
siliqua estimated at 6.4 Ma (Bessedik et al., 1984; Viruel et al., 2020), and its ancestors were likely
distributed around the Tethys Sea during Paleogene times (Palamarev, 1989). However, its centre of
diversification is well known and is indisputably the Mediterranean basin (Batlle and Tous, 1997,
Melgarejo and Salazar, 2003; Viruel et al., 2020). This rustic agroforestry species plays a pivotal socio-
economic and ecological role, particularly in dry regions and areas where desertification processes are
occurring at significant magnitudes, especially in Algeria. It is usually found in regions with a
Mediterranean climate (Baumel et al., 2018), but also in regions with a continental climate such as the
Algerian steppe, where wild carob trees have been observed at an altitude of 1168 m in areas with
temperatures regularly reaching — 10 °C (Mahdad and Gaouar, 2016).

All parts of the carob trees (i.e., roots, wood, bark, leaves, flowers and fruits) have economic value and
considerable health benefits and can be used in several sectors. Its lateral roots, which are branched with
numerous root hairs and extend over a length of 30 to 40 m (Tous, 1984), allow the tree to grow in rocky
terrain with shallow soil and in arid conditions, which would be restrictive for other crops (Albanell,
1990). The wood of the carob tree, known as carouge (Riviére and Leco, 1900), is hard with a fine grain
and is used in the manufacture of utensils and production of fuel (Batlle and Tous, 1997). The bark of
the tree is used in tanneries, particularly in finishing and enamelling hides (Batlle, 1997) and is very rich
in antioxidant substances (El Hajaji et al., 2011). Carob leaves have anticancer, antioxidant, bactericidal
and anti-neurodegenerative properties (Corsia et al., 2002; El Hajaji et al., 2010; Meziani et al., 2015;
Ben Othman et al., 2020; Abidar et al., 2020). El-Haskoury et al. (2015) discovered that carob honey
has diuretic, natriuretic and kaliuretic activity without the side effects of hypokalaemia; the honey is
also rich in bioactive molecules with antioxidant and anti-radical properties (El-Haskoury et al., 2018).
Given its enormous economic interest, locust bean gum remains the most important product among
those derived from the seed. It constitutes one third of the total weight of the seed (Jones, 1953). This
mucilaginous gum, rich in galactomannan known under the code E-410, is used in the food industry as
a thickener, stabiliser, binder and gelling agent or as a dispersing agent (Batlle and Tous, 1997). It is
also used in printing, photography, textiles, pharmaceuticals, cosmetics, chemicals, petroleum,
explosives and mixed feed (Tous et al., 2013). Furthermore, Ben Ayache et al. (2020) observed that the
seeds demonstrate the most potent anticarcinogenic properties on all human cell carcinomas tested.
Carob pods have traditionally been used as feed for ruminants (Louca and Papas, 1973) and non-
ruminants (Sahle et al., 1992), but also for human consumption (Azab, 2017). Its pulp is used as a
substitute for cocoa in the production of chocolate because it is less calorific and does not contain
caffeine or theobromine (Craig and Nguyen, 1984). The pods have antioxidant, analgesic, antiparasitic
and anti-diarrheal proprieties (Makris and Kefalas, 2004; Ben Ayache et al., 2020; Min and Hart, 2003;
Serairi-Béji et al., 2000). In general, they are very beneficial for the treatment of gastro-intestinal
disorders (Rtibi et al., 2017). Furthermore, it has been shown that the fruit of the carob tree can prevent
dyslipidaemia and short-term memory deficit (\Valero-Mufioz et al., 2017; Alzoubi et al., 2018).

Many studies have been carried out in the past two decades aiming at describing the diversity in C.
siliqua, using morphometric (Russo and D’Andrea, 2002; Barracosa et al., 2007; Sidina et al., 2009),
enzymatic (Batlle et al., 1996; Makrem et al., 2006), chemical (Ayaz et al., 2007; Khlifa et al., 2013;
Tetik et al., 2011), cytological (Bures et al., 2004) and molecular markers (Caruso et al., 2008; Konate
et al., 2009; La Malfa et al., 2014; Viruel et al., 2018). In Algeria, there have been very few studies on
the diversity of the carob tree. There have been studies on seed diversity for western populations
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(Zemouri et al., 2020), on wild carob tree populations (Kocherane et al., 2019), and on morphological
and chemical diversity of randomly sampled populations (Boublenza et al., 2019).

There is currently substantial interest in cultivation of the carob tree in Algeria because there is
increasing demand for it in the agri-food industry, almost doubling the price of carob on the market
(1260€ per ton) and making it more profitable than the olive tree (380€ per ton), which was not
previously the case when carob trees were replaced with olive groves (Mahdad and Gaouar, 2016). The
interest in this crop, particularly among farmers, requires support essentially in the selection of cultivars
to be planted in different regions with different climatic conditions. For example, the Spanish cultivar
‘Duraio” was selected for planting new orchards in NE Spain (Tous et al., 2009). Unfortunately, unlike
in many Mediterranean countries (Tous et al., 2013), there is no information about Algerian carob
cultivars, with the majority of them dating from the colonial period for which there is no archive
material. This study is the first in Algeria to attempt, by means of a field prospection and the use of
morphometric and statistical tools, to determine potential cultivars of the carob tree in order to improve
and sustainably develop carob growing.

Materials and methods

Field prospection

The field prospection was carried out on 33 sites in 26 departments (Figure 1) aiming at establishing a
primary inventory based on the available information regarding the situation of carob cultivars in
Algeria. Most people surveyed were carob collectors with more than 25 years’ experience in carob
harvests.

Plant material

In this study, sixty-six accessions were sampled from 19 sites throughout Algeria (Figure 1). The
sampled trees (Table 1) covered a wide geographical area (15 regions) from four bioclimatic regions
(arid, semi-arid, humid and semi-humid; Roumieux (2012)). For each accession, five leaves were
randomly sampled in June 2020 and were characterised using two qualitative (colour and shape) and
four quantitative (rachis length, number of leaflets/leaves, leaflet area and leaflet length/width) traits.
Thirty pods and three seeds per pod for each tree (harvested from August to September 2020) were
randomly collected and twelve morphometric traits were measured (pod length, pod width, pod
thickness, pod weight, pulp weight, percentage of pulp, seed length, seed width, seed thickness, seed
weight per pod, number of seeds and percentage of seeds). The selection of continuous characters for
morphological characterisation was undertaken using a basic list of descriptors for carob tree cultivars
(Tous et al., 2013).

Statistical analysis

Morphological data for quantitative traits were analysed by one-way analysis of variance (ANOVA) test
using GenStat Discovery Edition 3 software, with Duncan’s pairwise comparison between means at a
level of significance a = 0.05.

In order to examine variations between different sets of quantitative and qualitative parameters, a range
of multivariate tools was used, including principal component analysis (PCA), a technique that uses
covariances and correlations to identify relationships between quantitative variables, and multiple
correspondence analysis (MCA) to analyse the relationship between the qualitative variables of leaves.
All quantitative leaf variables were transformed for the MCA analysis into qualitative variables
represented by three modalities according to classes created from the following quartiles: <25%, [25%
- 75%], >75%.
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Hierarchical classification (HC) was performed according to the “ward.D2” agglomerative hierarchical
clustering method, which is based on the Euclidean distance. Two indices “Dunn” and “DB” (Dunn,
1974; Davies and Bouldin, 1979) were used via the "NbClust” package in R to determine the best number
of clusters. Additionally, a heatmap was created as a way of visualising the performance of each
accession and hierarchical clustering to identify variables that appear to be characteristic of each cluster.

Analyses were performed with the RStudio program (v. 1.3.1093), using the packages “FactoMineR”
for multidimensional exploratory data analysis and “Factoextra” for elegant visualisation of the results
of analyses. The functions used for each multivariable analysis were “princomp” for PCA, “hclust” for
clustering, “MCA” for multiple correspondence analysis and “heatmap” for heatmap plotting.

The coefficient correlation between the morphological parameters of pods and seeds was analysed using
PAST 4.03 software (Hammer et al., 2001) and Bonferroni’s correction as a multiple-comparison
correction. Finally, linear discriminant analysis (LDA) as implemented in PAST 4.03 software was used
to separate and classify accessions according to their morphological characteristics and regions, and the
Jackknife method was used for bias correction.
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Figure 1. Distribution map of sixty-six carob tree accessions sampled in 19 localities with different
bioclimatic stages of northern Algeria.

Results
Field prospection

The prospection conducted throughout Algeria revealed that among the 33 sites visited, 21 were areas
of reforestation, 03 were avenue of trees and 07 sites used carob as ornamental species. Only two sites
(Blida and Tipaza) could be considered carob orchards (i.e., having more than 100 trees). In 33 sites,
just two recognized cultivars were identified: ‘Tlemsani’ (accession A43) referring to the region of
Tlemcen, and ‘Maricani’ (accessions A47 and A49), which means “American” (Figure 2).

In all the sites visited, the carob trees resulting from propagation by grafting are referred as “'Hor” or
“'Hora” (feminine name) which means “pure”, while trees dispersed by seed propagation are named
according to their region. Local names used are “Akajout”, “Akachkach”, “Adjout”, “Berhoucha”,
“Belhoucha” and “Hartani”, all these names mean “wild”. Furthermore, two hermaphrodite accessions
(A25 and A26) were sampled, and were named as ‘Tarfi’ in reference to the region El Taref.

Additionally, this prospection revealed that C. siliqua species is in common association with Olive tree
(Olea europaea), mastic tree (Pistacia lentiscus), and occasionally associated with wild olive tree (Olea
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oleaster) and Mount Atlas mastic tree (Pistacia atlantica), and rarely with oleander (Nerium oleander)
in the thalwegs of Algerian steppe.

Table 1. Geographic location and bioclimate of the studied carob tree accessions.

Accession  Region Latitude Longitude Altitude (m) Bioclimate
A01 Relizane 35°36'09"N 0°21'14"E 397 Semi Arid
A02 Relizane 35°36'09"N 0°21'14"E 397 Semi Arid
A03 Relizane 35°36'08"N 0°21'14"E 399 Semi Arid
A04 Aindefla 36°22'35"N 2°25'51"E 262 Sub Humid
A05 Aindefla 36°22'38"N 2°25'50"E 269 Sub Humid
A06 Boumerdes 36°38'02"N 3°34'47"E 92 Sub Humid
A07 Boumerdes 36°38'16"N 3°34"25"E 130 Sub Humid
A08 Boumerdes 36°38'18"N 3°34"23"E 152 Sub Humid
A09 Boumerdes 36°38'17"N 3°34721"E 143 Sub Humid
Al0 Boumerdes 36°38'04"N 3°34'51"E 70 Sub Humid
All Bejaia 36°34'19"N 4°56'35"E 603 Humid
Al2 Bejaia 36°34'19"N 4°56'37"E 607 Humid
Al3 Bejaia 36°32'54"N 5°15'39"E 289 Humid
Al4 Bejaia 36°32'55"N 5°1539"E 298 Humid
Al5 Bejaia 36°32'33"N 5°15'07"E 303 Humid
Al6 Bejaia 36°32'32"N 5°15'08"E 285 Humid
Al7 Bejaia 36°32'41"N 5°1524"E 307 Humid
Al8 Jijel 36°41'04"N 6°16"28"E 74 Humid
Al9 Jijel 36°41'05"N 6°16'31"E 84 Humid
A20 Skikda 36°53"24"N 7°05'32"E 236 Humid
A21 Skikda 36°53"24"N 7°05'33"E 241 Humid
A22 Skikda 36°53"23"N 7°0529"E 231 Humid
A23 Skikda 36°53"22"N 7°05'33"E 233 Humid
A24 El Taref 36°3922"N 7°47'44"E 31 Sub Humid
A25* El Taref 36°3922"N 7°47'45"E 31 Sub Humid
A26* El Taref 36°3922"N 7°47'44"E 31 Sub Humid
A27 Guelma 36°35'39"N 7°33'42"E 284 Sub Humid
A28 Guelma 36°35'39"N 7°33'43"E 278 Sub Humid
A29 Guelma 36°35'40"N 7°33'41"E 286 Sub Humid
A30 Guelma 36°35'40"N 7°33'40"E 291 Sub Humid
A3l Guelma 36°35'40"N 7°33'40"E 291 Sub Humid
A32 Mila 36°21'16"N 5°51'38"E 753 Sub Humid
A33 Mila 36°21'16"N 5°51'38"E 753 Sub Humid
A34 Mila 36°21'14"N 5°51'38"E 763 Sub Humid
A35 Mila 36°21'00"N 5°51'18"E 827 Sub Humid
A36 Setif 35°49'13"N 5°3026"E 955 Semi Arid
A37 Setif 35°57'08"N 5°32'15"E 940 Semi Arid
A38 M’sila 35°43"21"N 4°31'07"E 490 Arid

A39 M’sila 35°43"21"N 4°31'07"E 490 Arid

A40 M’sila 35°4322"N 4°31'07"E 490 Arid

A4l M’sila 35°42'16"N 4°32'46"E 477 Arid

A42 M’sila 35°43'16"N 4°32'46"E 488 Arid

A43 Blida 36°31'53"N 2°55'46"E 114 Sub Humid
Ad4 Blida 36°31'53"N 2°55'48"E 113 Sub Humid
A45 Blida 36°32'15"N 2°56'14"E 97 Sub Humid
A46 Tipaza 36°28'05"N 2°26'10"E 186 Sub Humid
A47 Tipaza 36°28'03"N 2°26'08"E 188 Sub Humid
A48 Tipaza 36°28'01"N 2°26'05"E 192 Sub Humid
A49 Tipaza 36°28'03"N 2°24'40"E 218 Sub Humid
A50 Tipaza 36°28'04"N 2°24'43"E 216 Sub Humid
A51 Tipaza 36°28'04"N 2°24'41"E 217 Sub Humid
A52 Sidi Bel Abbes 35°12'50"N 0°37'47"W 472 Semi Arid
A53 Sidi Bel Abbes 35°12'50"N 0°37'44"W 471 Semi Arid
Ab54 Sidi Bel Abbeés 35°12'50"N 0°37'44"W 471 Semi Arid
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A55 Sidi Bel Abbes 35°12'43"N 0°37'47"W 473 Semi Arid
A56 Sidi Bel Abbes 35°12'38"N 0°37'48"W 470 Semi Arid
A57 Tlemcen 34°44'13"N 1°34'07"W 617 Semi Arid
A58 Tlemcen 34°44'12"N 1°34'10"W 619 Semi Arid
A59 Tlemcen 34°44'05"N 1°34'08"W 567 Semi Arid
A60 Tlemcen 34°44'05"N 1°34'08"W 567 Semi Arid
A61 Tlemcen 34°44'05"N 1°34'08"W 567 Semi Arid
AG2 Tlemcen 35°02'10"N 1°40'17"W 503 Semi Arid
A63 Tlemcen 35°02'11"N 1°40'18"W 497 Semi Arid
Ab64 Tlemcen 35°02'09"N 1°40'18"W 513 Semi Arid
AB5 Tlemcen 35°02'07"N 1°40'17"W 524 Semi Arid
A66 Tlemcen 35°02'09"N 1°40'17"W 510 Semi Arid

* Hermaphroditic cultivar.

Figure 2. Pods and seeds variability of some Algerian carobs accessions.

Morphometric analysis

ANOVA analysis showed highly significant differences (P<0.001) between accessions for all
guantitative traits (Table 2). Leaf dimension traits (rachis length, leaflet area and length/width ratio) of
all carob accessions (Table S1) ranged from 9.04 (A24) to 22.16 cm (Al4), 11.49 cm? (A34) to
33.93 cm? (Al4), and 1.23 (A61) to 1.73 (A62) respectively. The rachis and leaflets showed on average
13.70 cm length and 19.68 cm? area, and the length/width ratio was 1.50 on average. The number of
leaflets per leaf were 8.32 on average and varied from 6.0 (A58) to 11.2 (A26 ‘Tarfi’).

The pod dimensions (Table S2) (length and width) ranged from 11.20 cm (A34) to 19.36 cm (A60) and
from 1.54 cm (A44) to 3.07 cm (A01), respectively. Both traits presented means of 15.05 cmand 2.13 cm
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respectively. Pod thickness was thin, of 0.63 cm on average, and ranged from 0.29 cm (A61) to 0.97 cm
(A47 ‘Maricani’). Seed dimensions (Table S3) (length, width and thickness) varied from 0.81 cm (A24)
to 1.10 cm (A45), 0.59 cm (A08) to 0.81 cm (A01) and 0.23 cm (A25 “Tarfi’) to 0.50 cm (A18 and A49
‘Maricani’) respectively. These seed characteristics were 0.93 cm, 0.71 cm and 0.41 cm on average,
respectively.

The weight of the pods varied between 5.8 g (A18) and 27.4 g (A11), with a mean value of 15.17 g. The
number of seeds varied from 6.43 (A34) to 13.97 (A19), and a mean value of 10.97. The hermaphroditic
accessions A25 and A26 recorded the highest weight (25.03 g) and pulp percentage (93.80 %)
respectively. Finally, seed yield ranged from 6.20 % (A26 ‘Tarfi’) to 28.63 % (A18).

Table 2. Extreme values, mean and statistical significance of 16 morphological traits of 66 Algerian

carob accessions.

Morphological traits Min = SE Max + SE Mean = SE CV% p-value***
Rachis length (cm) 9.04 +1.27 22.16 £ 1.30 13.70 £ 0.37 21.85 <0.001
Number of leaflets 6.0 +£0.00 11.2+0.49 8.32+0.14 13.74 <0.001
Leaflet area (cm?) 11.49 £ 0.47 33.93 £ 2.67 19.68 £ 0.59 24.41 <0.001
Length / Width of leaflet 1.23+0.04 1.73+0.08 1.50£0.02 8.41 <0.001
Pod length (cm) 11.20+030  19.36+0.35  15.05+0.25 1341  <0.001
Pod width (cm) 1.54+0.04 3.07+£0.03 2.13+£0.04 15.85 <0.001
Pod thickness (cm) 0.29+0.02 0.97 £0.02 0.63+0.02 27.56 <0.001
Pod weight (g) 5.8+0.21 27.4+0.55 15.17+0.67 3565  <0.001
Pulp weight (g) 4.17+0.19 25.03+1.17 13.16 £ 0.65 39.87 <0.001
% of pulp 71.37+1.59 93.80+0.24 85.18 + 0.65 6.16 <0.001
Number of seeds 6.43£0.42 13.97 £ 0.45 10.97 £ 0.17 12.49 <0.001
Seed yield (%) 6.20+£0.24 28.63 £ 1.59 14.82 £ 0.65 35.44 <0.001
Seed length (cm) 0.81+0.01 1.10+0.01 0.93+£0.01 7.78 <0.001
Seed width (cm) 0.59+0.01 0.81+£0.00 0.71+£0.01 6.32 <0.001
Seed thickness (cm) 0.23+0.01 0.50 +0.00 0.41+0.01 11.35 <0.001
Seed Weight / pod (g) 1.03+£0.08 2.71+£0.07 2.00+£0.04 17.20 <0.001

Min: Minimum; Max: Maximum; SE: standard error; CV%: coefficient of variation; *** A highly significant p-

value for all variables studied.

Correlation analysis

The correlation between the 12 analysed morphological traits (pods and seeds) is summarised in Figure
3. The results revealed a correlation between all the characters, except the trait of seed width and number
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of seeds, percentage of pulp, yield (% of seeds) and seed thickness. Pulp weight had a strongly positive
correlation with pod length, pod width and pod thickness, with respective correlation coefficients of r =
0.63, 0.75, 0.64, but a weakly positive correlation with seed number (r = 0.27), seed length (r = 0.38),
seed width (r = 0.28) and seed weight (r = 0.31). Furthermore, pulp weight was negatively correlated
with yield (r = - 0.63) and seed thickness (r = - 0.31). Yield (% of seeds) was negatively correlated with
the majority of traits, pod length, pod width, pod thickness, pod weight and seed length with respective
correlation coefficients of r = - 0.16, - 0.51, - 0.44, - 0.55 and - 0.14, while it was positively correlated
with seed number (r = 0.28), seed thickness (r = 0.27) and seed weight (r = 0.40).
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Figure 3. Coefficient correlation between morphological pods and seeds parameters of 66 Algerian
carobs accessions (Significant level: * p < 0.05; ** p < 0.01; *** p < 0.001. ns: statistically non-
significant).

Multivariate analysis

The multiple correspondence analysis (MCA) for variables regarding leaves is illustrated in Figure 4.
The two dimensions of MCA explained 30.22 % of the total of variance over 18 modalities. The MCA
provide an opportunity to group the leaves of carob trees into three distinct classes: i) leaves with a short
rachis, low number of leaflets, small leaflets, lobed, narrow and green leaves; ii) leaves with a medium
rachis, medium number of leaflets, medium leaflets, oval, short and light green leaves, and iii) leaves
with a long rachis, large number of leaflets, large leaflets, elliptic, long and dark green leaves.

Principal component analysis of the 12 pod and seed morphological characters is shown in Figure 5.
The two first principal components explained 67.5 % of the total variance, the first axis explained
49.6 %, and 17.9 % in the second. The best-represented variables in the first component were pod weight
(Cos2 = 0.96), pulp weight (Cos2 = 0.95), yield (Cos2 = 0.73), percentage of pulp (Cos2 = 0.73), pod
width (Cos2 = 0.7) and pod length (Cos2 = 0.52). In the second component, seed weight, seed number
and seed length were the most significant variables, with a quality of representation of Cos2 = 0.56, 0.37
and 0.24, respectively. The PCA shows a negative correlation between most of pod traits and seed yield,
and a null correlation between the latter trait and the other characters of the seed. The latter result seems
to be in contradiction with those of correlation analysis between variables, however this ambiguity can
be explained by the loss of information recorded by the PCA, which is 32.5 %.
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Figure 4. Multiple correspondence analysis of six variables of leaves belonging 66 Algerian carobs
accessions. The MCA groups the leaves of carob tree into three distinct classes.
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Figure 5. Principal component analysis of 12 morphological traits (pods and seeds) of 66 Algerian
carobs accessions.
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Hierarchical classification of the different accessions according to their morphometric measurements is
presented in Figure 6. The best number of clusters determined by both “Dunn” and “DB” indices was
seven. The group that stood out was the one with hermaphrodite accessions (A25 and A26 ‘Tarfi’).
Cluster VIl combined three accessions: A32 and A34 located in the east of the country in a sub-humid
bioclimatic stage, and A61 located in the far west in a semi-arid bioclimatic stage. The sixth group
included four accessions, two from the west (A57 and A58) with a semi-arid bioclimate, one in the
centre of the country (A44) with a sub-humid bioclimate, and the last located in the east (A18) with a
humid bioclimate. Cluster IV combined the cultivar Maricani (A47 and A49) with accessions from the
region of Boumerdes (A06, A08 and A09), while the cultivar Tlemsani (A43) was very close to the
accession (A04) in the third cluster. In the first cluster, all the accessions (A02, A03 and A01) from the
region of Relizane and most accessions (A27, A28 and A31) from the region of Guelma were grouped
together. Finally, cluster VV combined the greatest number of accessions, which were located throughout
the country and in all types of bioclimatic stages.

The heatmap (Figure 7) shows that Cluster | was characterised by accessions with a high percentage of
pulp and a low yield of seed. Cluster 11, which grouped together the two hermaphrodite accessions, was
characterised by a low percentage of seeds and thin seeds, and also by high pulp weight. Cluster 111 was
characterised by a high weight of pulp and seed, and high number of seed, while a thick pod and narrow
seeds distinguished Cluster 1V. Cluster V, which grouped together most accessions, was characterised
by a medium to high seed yield and a medium to low percentage of pulp. Cluster VI was distinguished
by several traits such as a high percentage of seeds, low percentage of pulp and short pods with a small
weight. Finally, Cluster VI contained accessions with a small number of short seeds and low pod and
seed weight.

Linear discriminant analysis (LDA) for the classification of accessions per region is shown in Figure 8.
LDA identified two linear discriminants that explained 57.37 % of the total variance and clearly showed
three separate accession groups belonging to three different regions: El Taref, Relizane and Guelma.
LDA indicated that 69.7 % of accessions were correctly classified according to their origin, but only
39.39 % with the correction of Jackknife method, which represents 26 accessions out of a total of 66
accessions studied. These 26 accessions were originally from 11 regions: Relizane (A01, A02 and A03),
Boumerdes (A06, A08 and A09), Bejaia (A16 and Al7), Skikda (A21 and A22), El Taref (A25 and
A26, ‘Tarfi’), Guelma (A27, A28, A29 and A31), Mila (A32 and A35), M’sila (A40 and A42), Tipaza
(A47 and A49, ‘Maricani’), Sidi Bel Abbés (A54) and Tlemcen (A59, A63 and A65).

Discussion

Our study demonstrates the enormous morphological variability of carob accessions across Algeria, with
traits that overlap with carob trees to other countries of the Mediterranean basin (Table 3 and 4).
Especially for the pod parameters; such as Cypriot pods with a mean length of 15.24 cm (Kyratzis et al.,
2021), Spanish pods with a mean width of 2.11 cm (Albanell et al., 1996), and Moroccan pods with a
mean thickness at 0.64 cm (El Kahkahi et al., 2014). Similar results were found for seed dimensions
very close to Spanish seed cultivars, presenting extreme values passed from 0.75 to 1.10 cm and 0.59 to
0.80 cm, respectively (Albanell et al., 1996). However, the Algerian carob germplasm presents the most
range variation of seed thickness compared to the Mediterranean populations, with a coefficient of
variation (11.35 %). This probably indicates that, for this trait, genetic diversity within Algerian cultivars
is high. Its mean was 0.41 cm, coinciding with those observed among Tunisian populations and Syrian
accessions (Naghmouchi et al., 2009; Mahfoud et al., 2018).
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Figure 6. Hierarchical classification of 66 Algerian carobs accessions based on their 12 morphological
characters of pods and seeds.

The weight of the Algerian pods overlaps with those observed by Albanell et al. (1996), who obtained
a range from 5.09 g to 29.84 g, with an average weight of 14.88 g in Spanish pods. The number of
Algerian seeds was close to the average recorded among Lebanese accessions (10.93) (Chami et al.,
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2018). Finally, the seed yield from these Algerian accessions, with a mean of 14.88 %, could be
considered satisfactory compared with the seed yield recorded from other carobs in the Mediterranean
basin. In conclusion, it appears from this comparison that the most similar carob pods in the
Mediterranean basin to those in Algeria are Spanish carob pods.
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Figure 7. Heatmap of morphological performance of 66 Algerian carobs accessions.

The number of leaflets per leaf (mean = 8.32) was significantly higher than those recorded by Chami et
al. (2018) for Lebanon accessions (mean = 7.88), by El Bakkali et al. (2019) for Moroccan populations
(mean = 7.2) and by Korkmaz et al. (2020) for Turkish wild trees (mean = 6.43).

According to Albanell et al. (1996), to improve the yield of seed and gum it is possible to select a light,
thin, narrow carob pod with a high number of thick, short seeds. The characteristics of pod length and
seed width were not important since these were not correlated with seed yield. These conclusions were
confirmed by our results of the analysis of morphometric parameters and their correlations. For a high
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pulp weight, a heavy, long, wide, thick pod should be selected with a high number of long, wide, thin
seeds.
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Figure 8. Linear discriminant Analysis of 66 Algerian carobs accessions.

Principal component analysis showed two groups of variables, one represents pod characters, while the
other represents seed traits. According to the same multivariate analysis, a high pulp weight leads to
lower seed yield, which is similar to the results of Boublenza et al. (2019).

Hierarchical clustering analysis revealed significant genetic diversity among the Algerian carob
accessions studied. It also showed that the distribution of these accessions was not influenced by type
of bioclimate. This suggests that morphometric traits are probably controlled more by genes than by
bioclimate; indeed, the results of a study conducted by Kyratzis et al. (2021) suggest the same
hypothesis.

It appears from the results of linear discriminant analysis and hierarchical classification and the
performance of morphological traits of each accession for each cluster (Heatmap analysis) that among
the sixty-six accessions studied, eleven are potential cultivars. Two cultivars are already known and
confirmed by this study — ‘Tlemsani’ (A43) and ‘Maricani’ (A47; A49) —and nine other cultivars were
identified in the present study: the hermaphroditic cultivar Tarfi (A25; A26) which could be used for
pollination in the field and the female cultivars which were given the following names: ‘Relizani’ (A01,
A02; A03), ‘Bumerdas’ (A08), ‘Bejaoui’ (Al11), ‘Skikdi’ (A21; A22), ‘Guelmi’ (A27; A28; A31),
‘Msili” (A42), “‘Abassi’ (A54) and ‘Zayanid’ (A59). These cultivars could be used as germplasms for
reforestation programmes and for the establishment of high-yielding Algerian carob orchards.
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Table 3. Comparison of morphological characteristics of carob pods from Mediterranean countries.

Algerian® Spanish® Italian® Portuguese®  Turkish®  Moroccan®  Syrian(") Lebanese®  Cypriot®

Morphological accessions cultivars cultivars cultivars genotypes  accessions accessions accessions accessions
traits of pod (N=66) (N=182) (N=54) (N=15) (N=32) (N=47) (N=24) (N=59) (N=124)
Length (cm) Mini 11.20 7.71 13.30 12.95 14.25 10.11 12.87 10.83 7.34%
Short (<14) ** Max 19.36 27.28 21.10 20.36 19.08 16.63 22.32 23.42 20.20*
Medium (14-18) Mean 15.05 15.83 17.10 17.07* 16.91 13.85 17.46* 16.19 15.24*
Long (>18) CV% 13.41 n.m 7.70 12.33* 7.00 10.81* 13.08* 21.26 15.41*
Width (cm) Mini 1.54 1.44 1.50 1.62 1.98 1.21 1.98 1.43 1.62*
Small (<1.85) **  Max 3.07 2.68 2.67 2.34 2.35 1.81 3.12 2.70 2.71*
Medium (1.85-2.25) Mean 2.13 2.11 2.30 2.05* 2.18 1.57 2.47* 221 2.32*
Big (>2.25) CV% 15.85 n.m 5.80 8.36* 5.00 11.23* 11.36* 14.64 8.53*
Thickness (cm) Mini 0.29 0.54 0.50 0.72 0.52 0.45 0.58 0.46 0.59*
Thin (<0.75) ** Max 0.97 1.32 1.33 1.10 1.12 0.87 1.26 1.22 1.28*
Medium (0.75-0.95) Mean 0.63 0.85 0.96 0.98* 0.88 0.64 0.89* 0.83 1.00*
Thick (>0.95) CV% 27.56 n.m 9.20 13.05* 14.00 13.45* 20.91* 19.13 13.49*
Weight () Mini 5.8 5.09 n.m 11.46 14.34* n.m 8.99 5.90 5.29*
Small (<12) ** Max 27.4 29.84 n.m 26.39 29.58* n.m 26.33 37.65 30.46*
Medium (12-17) Mean 15.17 14.88 n.m 18.67* 21.52* n.m 16.42* 20.34 17.35*
High (>17) CV% 35.65 n.m n.m 19.13* 3.80* n.m 29.76* 39.33 29.13*
Pulp weight (g) Mini 4.17 3.74 n.m n.m 12.37* 341 n.m 4.49 n.m

Max 25.03 27.43 n.m n.m 27.24* 7.42 n.m 34.67 n.m

Mean 13.16 13.00 n.m n.m 19.70* 5.96* n.m 18.00 n.m

CV% 39.87 n.m n.m n.m 4.00* 17.04* n.m 42.94 n.m
N° of seeds Mini 6.43 2.88 n.m 10.15 7.67* 8.43 8.26 7.86 n.m
Few (<8.5) ** Max 13.97 14.76 n.m 13.69 12.3* 15.53 16.11 14.30 n.m
Medium (8.5-10.5) Mean 10.97 10.00 n.m 12.17* 10.45* 12.26 11.81* 10.93 n.m
Many (>10.5) CV% 12.49 n.m n.m 9.56* 2.40* 11.73* 17.94* 13.45 n.m

** Ranks of morphological characters of the carob tree (Tous et al., 2013). * Values calculated from authors data. n.m: not mentioned.
References: @ Present work; @ Albanell et al., 1996; ® Russo and D’ Andrea, 2002; ¥ Barracosa et al., 2007; ® Tetik et al., 2011; ® EI Kahkahi et al., 2014; ) Mahfoud et
al., 2018; ® Chami et al., 2018; © Kyratzis et al., 2021.
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Table 4. Comparison of morphological characteristics of carob seeds from Mediterranean countries.

Algerian® Spanish®  Italian®  Portuguese®  Tunisian® Turkish®  Moroccan®  Syrian® Lebanese®

Morphological accessions cultivars cultivars  cultivars populations  genotypes  accessions accessions accessions
traits of seed (N=66) (N=182) (N=54) (N=15) (N=19) (N=32) (N=47) (N=24) (N=59)
Seed yield (%) Mini 6.20 3.55 n.m 10.85 8.89 5.17 17.4 n.m 6.7
Low (<10) ** Max 28.63 29.41 n.m 18.14 24.50 14.01 27.83 n.m 36.6
Medium (10-15)  Mean 14.82 12.11 n.m 13.11* 17.20 8.79 23.02* n.m 13.13
High (>15) CV% 35.44 n.m n.m 15.93* 30.06 27.00 10.51* n.m 44.63
Length (cm) Mini 0.81 0.75 0.73 0.87 0.80 n.m 0.75 0.81 0.77
Short (<0.85) ** Max 1.10 1.10 1.12 1.02 0.97 n.m 0.92 1.14 1.15
Medium (0.85-0.95) Mean 0.93 0.96 0.93 0.96* 0.91 n.m 0.82* 0.99* 0.97
Long (>0.95) CV% 7.78 n.m 4.40 4.40* 5.52 n.m 5.00* 8.62* 8.96
Width (cm) Mini 0.59 0.59 0.62 0.64 0.65 n.m 0.57 0.62 0.60
Narrow (<0.675) ** Max 0.81 0.80 0.78 0.77 0.74 n.m 0.72 0.83 0.86
Medium (0.67-0.72) Mean 0.71 0.70 0.68 0.71* 0.69 n.m 0.63* 0.72* 0.74
Wide (>0.72) CV% 6.32 n.m 4.40 4.92* 4.18 n.m 6.32* 6.60* 9.43
Thickness (cm) Mini 0.23 0.31 0.32 0.38 0.35 n.m 0.32 0.37 0.37
Thin (<0.38) ** Max 0.50 0.47 0.47 0.52 0.47 n.m 0.45 0.46 0.53
Medium (0.38-0.45) Mean 0.41 0.38 0.39 0.42* 0.41 n.m 0.40* 0.41* 0.43
Thick (>0.45) CV% 11.35 n.m 7.20 8.13* 9.81 n.m 7.07* 7.06* 8.67
Weight / pod (g) Mini 1.03 0.35 n.m 1.84 n.m 1.15* 1.09 n.m 1.36

Max 2.71 3.13 n.m 2.99 n.m 2.34* 2.62 n.m 3.05

Mean 2.00 1.88 n.m 2.36* n.m 1.82* 1.76 n.m 2.24

CV% 17.20 n.m n.m 11.79* n.m n.m 18.97* n.m 20.09

** Ranks of morphological characters of the carob tree (Tous et al., 2013). * Values calculated from authors data. n.m: not mentioned.
References: @ Present work; @ Albanell et al., 1996; ® Russo and D’ Andrea, 2002; ® Barracosa et al., 2007; ® Naghmouchi et al., 2009; ® Tetik et al., 2011; ( El Kahkahi
etal., 2014; ® Mahfoud et al., 2018; © Chami et al., 2018.
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Conclusion

This study compiled the first inventory of Algerian carob cultivars based on field prospection and a
selection of morphometric tools and statistical analysis. The findings are intriguing and could serve as
a springboard for reforestation efforts and the establishment of efficient and viable carob orchards.
However, it is necessary to use dominant and codominant molecular markers (AFLP, SSR, and SNP) to
determine the genetic similarities between the Algerian carob accessions. This step is fundamental to
selecting the best germplasms according to their agronomic and commercial value.
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Supplementary table 1. Leaf characteristics of 66 Algerian carob trees accessions.

Acc

Rachis length (cm)* Number of leaflets* Leaflet area (cm?)* Length / Width of leaflet* Leaflet shape  Leaflet colour

A01 17.26 +0.82°%f 10.0 +0.00%* 27.00 +1.960¢df 1.73 £0.02* elliptic dark green
A02 14.80 +0.82¢fhiikimnopq 8.8 +0.49°defoh 30.36 +2.86% 1.66 +0.0430cde elliptic dark green
A03 11.90 +0.76Kmnoparstuv 8.6 +0.4(0Pcdefoni 19.93 +1.11hiikimnopg 1.70 £0.02%¢ elliptic dark green
A04 15,22 +2 37defghiskimno 8.4 +0.75c0efoni 23.41 +3.14%fonii 1.43 +0.03!mnopqrstuvwxyz elliptic dark green
A05 15.12 +0.49¢%fghijkimno 7.8 +0.66%Ni 20.51 +3.34¢fohilkimnopq 1.41 +0.040parstuvwxyz elliptic dark green
A06 12.46 +1.27nikimnoparstuv 8.2 +0.66%faMi 20.82 +2.0Q¢fohiikimnop 1.34 +0.05vzb elliptic dark green
A07 14.44 +0.9g¢fniikimnopor 7.0 +0.63Ukm 25.36 +1.09bcdefoh 1.38 +0.05rstweyzd elliptic green

A08 13.44 +0.88gefniikimnoparstu 6.8 +0.49m 25.26 +2.9gbedefoni 1.46 +0.03Nikimnoparstuvwx elliptic light green
A09 14.52 +1.78¢fhiikimnopgr 7.2 0.49Nikim 23.84 +2,17cdefanii 1.46 +0.03nikimnoparstuvwx elliptic green

A10 14.92 +1.23dfghijkimnop 7.8 +0.49ni 30.19 +2.03%° 1.63 +0.0420cdef elliptic green

All 15.60 +1.45%faniikim 9.6 +0.40°%c 20.60 2. 23¢fohilkimnopq 1.61 +0.042bedefghii elliptic light green
Al2 11.48 +1,37mnoparstw 8.8 +0.49Pcdefoh 12.94 +0.63™ 1.42 +0,04noparstuvwxyz elliptic dark green
Al13 12.20 +1.74iKimnoparstuv 7.8 +0.497hi 17.80 +1.93ikimnopgrstu 1.48 +0.07niikimnoprstuv elliptic light green
Al4 22.16 £1.30° 9.6 +0.24%%cde 33.93 £2.67° 1.67 +0.07% elliptic dark green
Al5 14.78 +0.97¢fhiikimnopq 7.8 0.49hiiki 22.02 +0.16¢fohiikimno 1.28 +0.02%" oval green

Al6 10.36 +0.52"" 6.4 +0.51Km 20.31 0. 74¢fohilkimnopq 1.55 +0.03cdefghikimnop elliptic green

Al7 16.65 +1.51c0foh 9.8 +0.66% 23.23 +1.169%fonii 1.57 +0.03Pcdefghijkimn elliptic dark green
Al8 12.74 +0.629nikimnoprstuv 9.6 0,243 17.54 +1.55/kImnoparstu 1.51 +0,02¢faniskimnopars elliptic dark green
A19 13.52 +1.8@gefniikimnoparstu 9.0 +1.00°df 24.68 2, 53bcdefohi 1.35 +0.02uvwayzat oval green

A20 14.40 +2.26¢fniikimnopor 7.2 +0.49ikim 27.89 +2.98« 1.45 +0.04Kmnoparstuvwx elliptic dark green
A21 17.48 +0.940c 7.6 0.40¢hikim 27.00 3,280 1.56 +0,03cdefgniikimno elliptic dark green
A22 13.50 +0.82¢fghiikimnoparstu 8.0 +0.32¢fniik 17.87 +1.39ikImnopqrstu 1.34 +0.03v Wz oval green

A23 15.68 +0.72%fghijkim 8.6 +0.24bcdefoni 23.48 2,1 20efgniik 1.47 +0.060Nikimnoparstuvw elliptic dark green
A24 9.04 +1.27" 6.4 0.754m 12.75 +0.79% 1.35 +0,03uvwazatl oval light green
A25 21.08 £1.23% 10.0 +0.89%* 21.36 +2.28¢efghiikimno 1.43 +0.0gmnoparstuvwxyz elliptic dark green
A26 19.98 +1.09%* 11.2 +0.49* 20.83 2,71 ¢fghijkimnop 1.44 +0.03Kmnoparstuwwxy elliptic dark green
A27 14.02 +1.62¢fhijkimnopars 7.6 0.40¢hikim 19.29 +2.05h"ikimnopars 1.62 +0,0720cdefo elliptic dark green
A28 13.30 +1.3@gefgniikimnoparstwy 7 6 +0, 4Q@hiskim 20.29 2, 09eshilkimnopq 1.59 +0,023bedefghiiid elliptic dark green
A29 11.74 +1,28!mnoparstuv 8.0 0,556k 17.38 +1.31kimnoparstu 1.58 +0.04abcdefghijkim elliptic dark green
A30 16.56 +1.76°0Ni 8.0 +0.84¢fnik 13.83 +£1.731s 1.36 +0.04stuvwxyza® oval dark green
A3l 12.00 +0.62ikmnoparstuv 7.6 +0.40¢hikim 15.76 +1.2Qnoparst 1.61 +0.07abedefghii elliptic dark green
A32 10.42 +1.63" 8.8 +0.49°cdefgh 17.10 +1.93ikimnopqrstu 1.60 +0.Q7abedefohilk elliptic dark green
A33 10.62 +0.48 8.0 +0.00¢faniik 13.74 £1.019 1.59 +0.04zabedefghijkl elliptic green

A34 9.36 +0.83" 7.0 +0.63Um 11.49 +0.47" 1.61 +0.042bcdefghii elliptic light green
A35 9.36 +0.72% 7.6 +0.40¢hikm 13.91 +1.48"" 1.72 +0.03® elliptic light green
A36 20.06 +2.04%>° 9.6 +0.40%cke 22.56 +1.62¢efohijkimn 1.50 +0.03fnilkimnopgrst elliptic dark green
A37 9.48 +0.81 7.6 +0.24shikim 15.83 +0.89noparst 1.32 +0.07"v7Y oval dark green
A38 13.22 +0.75¢fhikimoparstwv g 9 +0 Gelonii 13.96 +1.19pars 1.62 +0.07abcdefgh elliptic dark green
A39 16.16 +0.74°defnilk 10.2 +0.20% 17.38 +2.5pkImnoparstu 1.49 +0.04nijkimnopqrstu elliptic green

A40 13.58 +2.81 ¢fghiikimnoparstu 7.6 +0.68%hikm 25.12 4, 4gbcdefohi 1.35 +0.06Mvzat elliptic dark green
A4l 13.18 +0.37 foniikimnoparstuv 10.0 £0.00%* 14.07 +0.51parst 1.44 +0.04Kmnoparstuvwxy elliptic dark green
A42 13.92 +1,1Q¢foniikimnopars 8.2 +0.66%ani 17.72 +1.66HImnoparstu 1.45 +0.02Kmnoparstuvwx oval dark green
A43 15.34 +1.4Qdefghijkimn 10.2 +0.20% 22.85 +2,049%fghijkim 1.72 +0.08%® elliptic dark green
Ad4 10.08 +0.48" 7.6 +0.40¢hikm 15.36 +0.78°pars 1.41 +0.020parstvwxyz elliptic green

A45 11.94 +1.3gKImnoparstuv 8.6 +0.60QPcdefoni 16.10 +1,11mnoparstu 1.49 +0.04nijkimnopqrstu elliptic dark green
A46 12.34 +1.28giikimnoparstu 8.6 +0.60°cdefoni 15.77 +1,93noparst 1.45 +0.02KImnoparstuwwx oval dark green
A47 11.56 +1.33mnoparstuv 8.2 +0.37¢%foni 18.49 2,05 ikimnoparst 1.25 +0.023% oval light green
A48 12.06 +0.70ikmnoparstuy 8.6 +0.4(QPcdefghi 15.85 +1.61n0pars 1.46 +0.05kImnoparstuvx elliptic dark green
A49 12.10 +0.24ikimnoparstuv 7.2 £0.49MkKm 26.95 +1 52bcefo 1.43 +0.03mnoparstuvwxyz oval green

A50 16.86 +0.85°¢f0 9.6 +0.40°%cd 20.82 +0.9gefghiikimnop 1.40 £0.02parstuvixyz oval light green
A51 15.58 +0.65%fhijkim 10.0 £0.63%* 18.71 +1.18hiikimnopgrst 1.52 +0.03¢efohiskimnopar elliptic dark green
A52 9.10 #0.51Y 6.2 +0.20™ 17.50 +2.52ikimnoparstu 1.55 +0.0g¢efohiskimnopq oval dark green
A53 11.38 +0.56mnoparstuv 7.6 +0.24%hikim 19.83 +0.93"ikimnopq 1.29 +0.03v4" elliptic dark green
A54 11.24 +1,09noparstuv 7.2 +0.49nikim 18.60 +1,52hikimnoparst 1.66 +0.0430cde elliptic dark green
A55 16.28 +0.58cefanii 10.0 £0.323¢ 15.33 +0.540parstu 1.72 £0.04® oval green

A56 18.96 +0.66° 9.4 +0.40°f 25.02 +1.9Qbedefghi 1.39 +0.04arstuvwxyzel elliptic green

A57 10.62 +0.36Parstwv 8.0 +0.00¢fniik 11.91 +1.17v 1.62 +0.04zabcdefahi elliptic green

A58 9.04 x0.42Y 6.0 +0.00™ 15.21 +1.150parstu 1.61 +0.02abcdefahi elliptic green

A59 13.88 +0.85¢fniikimnopars 9.6 +0.40°%ce 16.72 +1.88KImnoparstu 1.54 +0,03¢fohijkimnopq elliptic green

A60 17.00 +1.25%¢f 8.4 +0,24c0efohi 20.27 +0.99@hiikimnopq 1.43 +0.04mnoparstuvixyz lobed dark green
A61 14.16 +0.48efoniikimnopars 8.0 +0.32¢fhik 17.41 +0.8gikimnoparstu 1.23 £0.04" oval dark green
AB2 13.70 +1.47 efgniikimnoparst 9.6 +0.40°%cd 16.60 +1.14'mnoparstu 1.73 +0.08° elliptic green

AB3 10.96 +1.07°parstwv 8.2 +0.49defanii 19.70 +2.76"ikimnopar 1.54 +0.04¢defohiskimnopq oval light green
Ab4 11.00 0,71 0parstuv 7.6 +0.400nikim 15.44 +0.90°pars 1.57 +0.04bedefghijkimn elliptic green

AB5 11.16 +1.4Qnoparstuv 6.4 +0.51Km 17.44 +1.42Kmnoparstu 1.46 +0.05/iKimnoparstuvwx lobed green

AB6 15.92 +1.620¢fnii 9.0 +0.45"f 20.61 +3.42¢fohilkimnopq 1.60 +0.072bcdefoni oval light green
Mini 9.04 6.0 11.49 1.23

Max 22.16 11.2 33.93 1.73

Mean 13.70 8.32 19.68 1.50

CV% 21.85 13.74 24.41 8.41

Acc: Accession. Means with different letters in the same column differ significantly (p < 0.05). * Significantly different at P < 0.001.
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Supplementary table 2. Pod characteristics of 66 Algerian carob trees accessions.

Acc  Length (cm)* Width (cm)* Thickness (cm)* Weight of pods (g)*  Weight of pulp (g)* % of pulp*

A01  16.41 +0.22%Ni 3.07 +0.03* 0.56 +0.025uww 25.10 £0.61° 22.76 +0.59° 90.59 +0.390<d
A02  15.39 £0.27Kmn 2.61 +0.05% 0.47 +0.02¢d¢f 16.43 +0.67"™n°p 14.72 +0.59 89.74 +0.67bef
A03  16.51 +0.35¢M 2.83 +0.06" 0.51 +£0.02%v2b¢ 21 55 +1,06% 19.70 +0.98% 91.46 +0.63%°
A04  18.04 +0.26> 2.47 +0.02¢f 0.77 +0.02"i 23.13 +0.62% 20.49 +0.54¢ 88.67 +0.39bedefahii
AO05  16.63 +0.28" 1.74 £0.02%% 0.57 +0.01swww 10.87 +0.37%¢ 8.51 +0.34% 78.00 £1.15%%
A06  12.85+0.18% 1.74 £0.03% 0.87 +0.02¢%f 15.03 +0.4400st 13.09 +0.40™"p 87.00 +0,63¢nikimnop
A07  14.87 +0.27momd 2.08 +0.02"° 0.78 +0.019"i 14.73 £0.439¢ 12.47 +0.34"par 84.85 +0.95noparstuv
A08  14.44 +0.21"op 1.92 +0.03w 0.89 +0.02¢ 19.30 +0.58" 17.17 +0.53" 88.92 +0,67bedefoni
A09  12.14 +0.18™ 1.75 +0.02%% 0.87 +0.02¢%f 13.80 +0.40"" 12.04 +0.36"°purs 87.28 +0.94dhijkimno
A10  13.59 +0.25' 1.76 £0.02v% 0.50 +0.,02xzb 7.83 +0.25¢ 5.87 +0.26"<? 74.19 +1.55°¢

All  18.42 +0.21% 2.67 £0.03° 0.84 +0.02¢f 27.40 £0.55% 24,73 £0.512 90.22 +0.30bedef
Al12 1550 +0.18Km 2.37 +0.03fhi 0.82 +0.02¢f0 19.77 +0.40%% 17.63 +0.37 89.20 +0.6Qbedefoni
Al13  13.46 +0.31%v 2.45 +0.06¢" 0.73 +0.02i 17.93 +0.80 15.96 +0.71"ik 89.11 +0,77bedefoni
Al4  13.43+0.26% 2.34 +0.049"i 0.79 +0.03%" 15.40 +0.71"°por 13.60 +0.65'™ 88.06 +0.9gcefdhijkim
Al5  14.26 +0.2209 2.08 +0.02"° 0.60 +0.02purst 12.43 +0.48% 10.23 +0.38"Wx 82.52 +0.75"uwy
Al6  13.91 0.22%s 2.37 0,037 0.80 +0.01%" 17.27 £0.38KImn 14.90 +0.34K 86.28 +0.39ilkimnopa
Al7  14.14 +0.23p0 2.39 +0.03 0.75 +0.017% 16.77 +0.494mno 14.69 +0.421 87.78 =0, 79¢faniikimn
Al8  11.34+0.19%# 1.74 +0.04%% 0.44 +0.019¢fg" 5.80 %0.21° 417 +0.19¢ 71.37 +1.59¢

A19  16.56 +0.25% 1.95 +0.03W 0.55 +0.07uwyz 13.20 £0.31 10.61 +0.279uwW 80.39 +0.68"
A20  15.19 +0.41'm° 2.02 +0,050%0rst 0.92 +0.022° 17.03 +0.8gikimno 15.20 +0.831k 89.14 +0,83bcdefoni
A21  16.86 +0.37%" 2.19 +0.044 0.86 +0.02%f 20.00 +0.88¢f¢ 17.67 +0.87%% 87.84 +0,85¢faniikimn
A22  17.88 +0.38%¢% 2.42 +0.03" 0.80 +0.03" 23.07 +£1.04% 20.47 +£0.94° 88.79 +0,580cdefahi
A23  15.39 +0.31Kmn 1.98 +0.020rsu 0.63 +0.02"por 13.60 +0.54™W 11.46 +0.519 83.98 +1.05parstuw
A24 1494 +0.26™P 2.64 +0.03° 0.64 +0.01™nopar 20.10 £0.53¢ 18.46 +0.52¢%f 91.69 +0.18%

A25  18.34 +0.36™ 2.70 +0.06° 0.91 +0.02"¢ 26.67 +£1.20* 25.03 +1.172 93.66 +0.54?

A26  16.99 +0.37¢fo" 2.27 +0.04Mk 0.84 +0.02¢f0 24.03 £0.86* 22.56 +0.82° 93.80 £0.24%

A27  15.49 +0.21Km 2.39 +0.02 0.63 +0.01"pr 18.20 +0.44"K! 16.09 +0.39" 88.43 +0,39¢defanilk
A28 16.03 £0.2414 2.55 +0.02% 0.63 £0.02% 19.87 +0.55¢" 17.69 +0.49%9 89.13 +0,47bcdefohi
A29  14.14 £0.28P% 2.19 £0.024 0.59 +0.01%rsw 12.70 £0.32w 10.56 +0.279wW 83.13 +0.49rsuwx
A30  14.91 +0.23mP 1.73 £0.02%% 0.49 +0.01°¢¢ 8.63 +0.23%¢ 6.63 +0.21%Y 76.85 +1.31%

A31  15.94 +0.29' 2.41 £0.02 0.60 +0.01Porsw 17.37 £0.46/m 15.21 +0.391k 87.72 +0.43¢fohilimn
A32  12.89 +0.31% 2.18 £0.034m" 0.49 £0.01%° 9.70 +0.39¢¢ 8.40 +0.34” 86.63 +0.729"ikimnopq
A33  11.64 +0.30%* 1.86 £0.03" 0.61 +0.01Purst 9.67 +0.40°¢ 7.76 +0.31% 80.75 +1.0297
A34  11.20 +0.307 2.00 +0.04st 0.57 +0.025uw 9.60 +0.37¢¢ 857 +0.31” 89.45 +0,480cdefo
A35  12.56 +0.26""* 2.18 £0.034m 0.55 +0.014W 11.23 £0.33%¢ 9.35 +0.24"y 83.82 +1,290rstuvwx
A36  15.12 +0.35'™° 1.98 +0.05Pdrst 0.50 +0.02v22b¢ 12.93 +0.55 10.89 +0.47sw 84.20 +0.60Parstuvw
A37  14.67 +0.25™°M 1.80 +0.027 0.62 +0.017 13.23 £0.41 10.84 +0.34%w 82.03 +0.95%Y
A38  17.94 +0.43% 1.93 +0.025 0.43 +0.01°T9" 13.90 +0.55 11.98 +0.450parst 86.50 +0.69"ikimnopg
A39 1271 £0.31w 1.80 £0.03"2 0.57 +0.015ww 10.03 +0.46%°¢ 8.40 +0.43% 83.24 +1.09rsuvwx
A40 1451 £0.22"% 1.95 +0.02"w 0.48 +0.01°¢f 11.17 +0.35Y%¢ 9.13 +0.27" 82.07 +0.98%Y
A4l 15.29 £0.29'™ 2.03 +0.02%0s 0.50 +0.024720 12.70 £0.53w 10.37 +0.460 81.38 +0.69"
A42  16.30 +0.27"ik 2.11 +0.02'm° 0.59 +0,02parstu 15.07 +0.42"0pars 12.86 +0.42"°P4 85.08 +0.66mnoparstuv
A43  18.38 £0.40™ 2.37 +0.03N 0.95 +0.02% 24.67 +0.66 21.96 +0.63° 88.88 0,31 bedefani
Ad4 11,75 +0.23" 1.54 +0.04" 0.45 +0.01°9¢f 6.17 +0.20°f 460 +0.20°7¢ 74.35 +1.60°¢

A45  17.50 +0.37¢f 2.45 +0.03¢f 0.71 +0.02¢ 21.48 +0.87% 19.28 +0.77%% 89.88 +0.740¢defo
A46  16.32 +0.29" 2.44 003" 0.76 £0.02 20.30 +0.44° 18.06 +0.42%f 88.86 +0.430cdefohi
A47 1221 £0.19" 1.88 +£0.020W 0.97 £0.02 17.27 +0.48gikimno 15.77 +0.45"k 91.31 +0.462°
A48 17.52 +0.34°0f 2.44 +0.021 0.69 +0.024 20.33 £0.62¢ 18.03 +0.52¢f 88.81 +0.48bcdefoni
A49  12.04 +0.15W7 1.76 +0.029% 0.97 +0.02° 16.10 +0.36™"°P4 14.41 +0.304m 89.64 0.60bedefon
A50  18.65+0.31% 2.47 +0.02°' 0.55 +0.021uvwxy2 17.93 +0.551K! 15.82 +0.49"k 88.26 +0,56¢cefaniik!
A51  14.83 £0.22m"opd 2.37 +0.03 0.88 +0.02¢% 18.67 +0.49"i 16.43 +0.44%" 88.11 +0.72¢efghiikim
A52 1558 +0.30Km 1.77 £0.03%* 0.34 £0.02% 9.03 +0.38¢¢ 7.17 +0.30%2Y 79.68 £1.177%
A53 1525 0.22'™ 1.74 +0.03"% 0.39 +0.02"" 10.00 +0.32°¢ 8.17 +0.29” 81.55 +1,23"
A54 1594 £0.24 1.99 +0.05pdrst 0.55 +0.031uvwx 13.50 +0.485W 11.49 +0.49parst 84.62 +0.930parstw
A55  16.01 +0.217 2.44 0,04 0.66 +0.014™ 18.33 +0.509"k 16.23 +0.499"i 88.42 +0.68cdefaniik
A56  14.63 +0.27™ 1.71 +0.04% 0.38 +0.02'7 7.73 +0.47¢ 5.98 +0.43°¢ 75.91 +1.692Y

A57  12.55 0.22u 1.57 £0.02" 0.47 +0.01°9¢f 6.03 +0.16" 4.34 +0.17%¢ 71.47 +1.57¢

A58 12.10 +0.22"v? 1.66 +0.02¢ 0.39 +0.01"" 6.63 +0.32¢f 4.84 +0.29°7¢ 72.30 +1.66°¢

A59  16.10 +0.26"K 2.43 £0.03" 0.65 +0.02'm"opd 20.32 +0.60°f 17.79 +0.54¢%9 87.53 +0,52¢fehijkimno
AB0  19.36 £0.35% 2.06 +0.03% 0.40 +0.029"" 13.61 +0.44parsv 11.61 +0.45parst 85.10 +0.92'mnoparstu
A61  14.27 +0.130pas 1.71 £0.02% 0.29 +0.02¥ 5.97 +0.15 4.80 +0.16°¢ 80.51 +1.74%7
A62  17.35+0.38%0 2.12 +0.04'mme 0.48 +0.02¢¢¢f 15.75 +0.81™mnoper 13.50 £0.76'™"™ 85.35 +0,95Kmnoparst
AB3  14.47 +0.69"P¥ 2.08 £0.04™°4 .42 +0.01f"" 10.19 +0.73%¢? 8.34 +0.57% 82.96 +1.07"suwy
A64  14.05 +0.34ps 1.97 +0.030rsw 0.54 0,01yt 12.64 +0.55"Y 10.80 £0.475W 85.60 +0.80kImnopar
AB5  12.63 £0.34"W 1.96 £0.03sw 0.49 +0.01°¢¢ 10.83 +0.43%¢ 8.92 +0.35 82.66 +1.09"suvwxy
AB6  14.89 +0.62]|™opd 1.85 £0.05"% (.58 +0.03suwW 13.60 +1.215W 11.60 +1,020parst 85.43 0,70/ kimnopars

Acc: Accession. Means with different letters in the same column differ significantly (p < 0.05). * Significantly different at P < 0.001.
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Supplementary table 3. Seed characteristics of 66 Algerian carob trees accessions.

Genet. Biodiv. J; 6(2): 01-20

Acc Length (cm)* Width (cm)* Thickness (cm)* Weight of seeds* Number of seeds* % of seeds*

AOL  0.92 +0.01"™nopd 0.81 +0.00° 0.44 +0.00°9 2.34 +0.092bedefoh 10.40 +0.23rsuwx 9.41 +0.39%%

A02  0.87 +0.01xbed 0.74 +0.009Mik 0.41 +0.00Kmnopa 1.71 +0.130stuwxy 9.60 +0,35Vwyzabed 10.26 +0.67"wz
A03  0.90 +0.010rstuwx 0.77 +0.01%¢ 0.41 +0.00Kmnoparst 1.85 +0.15iKimnoparstavex g 55 () ggwxyzaticd 8.54 +0.637Y
A04  1.09+0.01% 0.75 +0.071 cefonii 0.41 +0.00%m" 2.64 +0.12°0¢ 12.20 +0.29°fs 11.33 +0,39"stuvwxyzt
A05  0.94 +0.01¢mn 0.72 +0.00™"oper 0.47 +0.00° 2.36 +0.1720cdefo 12.20 0,350 22.00 +1.15%

A06  0.89 +0.01stuwwxy 0.61 +0.01"™ 0.41 +0.01Kmnoparstev 1 g5 4+ ] Qahikimnoparstu 19 g3 +() 35a0ed 13.00 +0.63/mnoparstuv
A07  1.07 +0.01° 0.70 +0.00uwyz 0.39 +0.00%%2 2.27 +0.16cdefoniik 11.17 +0,39feniikimnoparstu 15.15 +0.951Kimn
A08  0.86 +0.01°¢ 0.59 +0.01" 0.36 +0.017cd¢ 2.13 +0.14¢fanikimnopg 13.50 +0.46% 11.08 +0.67"wvwxyze
A09  0.90 +0.00stuwwx 0.62 +0.00"1¥ 0.42 +0.00%! 1.76 +0.14parstuvwx 11.43 +0.39¢efghijkimnopars 12.72 +0.94mnoparstuv
A10  0.86 +0.01°¢f 0.68 +0.01"cde" 0.41 +0.00iimnop 1.97 +0.11fohiikimnoparstwy 71 83 40, 4Qefahiikimno 25.81 +1.55"

All  0.95+0.01 0.77 +0.01°e 0.41 +0.00KImnopa 2.67 +0.08% 13.43 +0.26* 9.78 +0.30"%
Al2  0.92 +0.01mnopars 0.71 +0.01 oparstuwwx 0.40 +0.00™noparstvw 9 14 40 1 3efohijkimnopq 12.40 +0.320cde 10.80 +0.60 tvwxyze
Al3  0.84 +0.01¢7 0.67 +0.01°¢7¢ 0.46 +0.01% 1.97 +0.17%hikimnoparstwy 11 79 40, gefaniikimnop 10.89 +0. 77wy
Al4  0.87 +0.01¥0cd 0.72 +0.01™nopar 0.38 +0.01v% 1.80 +0.14"oparstuvwx 9.50 +0.41xzbcd 11.94 +0.980parstuvwxy
A15  0.91 +0.0100t 0.69 +0.01yzbede 0.41 £0.0Q"mnopars 2.20 +0.14dfohijkimno 10.43 +0.420rswex 17.48 0,75

Al6  0.93 +0.01'mnoP 0.69 0,01 wwyzbed 0.43 +0.00%" 2.36 +0.082bcdefs 12.40 +0.28°c 13.72 +0.39KImnoparst
Al7  0.94 +0.014me 0.75 +0.00dhilk 0.47 +0.00™ 2.08 +0.15nikimnopar 10.00 +0.44tuwxyzbed 12.22 +0.79noparstuvwx
A18  0.91£0.01°% 0.71 +0.07%parstuv 0.50 +0.00° 1.63 +0.095UWwxy 8.47 +0.27°¢ 28.63 £1.59?

A19  0.96 +0.00 0.69 +0.0070¢de 0.41 +0.,0QKImnopar 2.59 +0.10% 13.97 £0.45* 19.61 +0.68%

A20  1.02+0.01°¢ 0.67 +0.01°9¢" 0.39 +0.00Wv= 1.83 +0.16Kmnoparstuvwx 9.77 +0.56uwryzabed 10.86 +0.83"uvwxyze
A21  1.05%0.01° 0.71 +0.01%arst 0.40 £0.008rswvwxy 2.33 +0.142bcdefohi 11.43 +0.449fghiikimnopars 12.16 +0.85"oparstuvwx
A22  0.99 £0.01%" 0.70 +0.01uxy? 0.37 £0.017%¢ 2.59 +0.172bed 11.70 +0.42defghiikimnop 11.21 0,58y
A23  0.95+0.01 0.69 +0.00vWyzbc 0.36 +0.00% 2.14 +0.15¢fnikimnopg 10.77 +0.43mnoparstuvw 16.02 +1.05"!

A24  0.81+0.01" 0.70 0.0z 0.31 +0.00f 1.64 +0.0250Wwy 8.80 +0.22vzbed 8.31 +0.18*Y

A25  0.97 £0.011 0.73 +0.01'm"opa 0.23 +0.01" 1.63 +0.1350Wwxy 9.83 +0.43uvwxyzabed 6.34 +0.54"

A26  0.99 +0.01%" 0.74 +0.019Mik 0.25 +0.01¢ 1.48 +0.07" 8.77 +0.31%¢¢ 6.20 +0.24"

A27  0.90 £0.010sw 0.78 +0.00° 0.39 +0.00™v2 2.11 +0.09efaniikimnopar 11.67 +0,279fghiikimnopq 11.57 +0.390rstuvwxyz
A28 0.92 +0.01mnoper 0.78 +0.00° 0.38 £0.009% 2.17 +0.12¢%fghijkimnop 11.87 +0.30¢efohiikimn 10.87 +0.477uwwxye
A29  0.96 +0.01% 0.74 +0.00Km" 0.39 +0.00Wv= 2.14 +0,09¢fanikimnopq 12.07 +0.33¢%faniik 16.87 +0.499"i

A30  0.88 +0.01wWwzabed 0.68 +0.00°cdef 0.41 +0.00iKImnop 2.00 0,1 2hiikimnoparst 12.07 +0.274faniik! 23.15+1.31«

A31  0.91 0.00° 0.76 +0.00°f 0.39 £0.007wWxy 2.15 +0.10efaniikimnop 12.33 +0.320def 12.28 +0.43noparstuvwx
A32  0.84+0.01% 0.64 +0.01" 0.38 +0.00%% 1.30 +0.09¥% 9.00 =+0.34yabed 13.37 +0.72Kmnoparstu
A33  0.82£0.019" 0.69 +0.01yzbed 0.47 +0.00™ 1.90 +0.14iKimnoparstuveex 1 1 33 4+() AGefohijkimnoparst 19.25 +1.02¢%

A34  0.82+0.019" 0.67 +0.01°9¢f 0.40 £0.0QnParstuvwx 1.03 +0.08% 6.43 +0.42° 10.55 0.4z
A35  0.86 +0.007%¢" 0.68 +0.00%bcder 0.42 +0.00"k 1.88 +0.17iKmnoparstowx 1 () 93 +(, 37ehilkimnoparstuv 16.18 +1.29"k

A36  0.90 £0.017uw 0.67 +0.017 0.41 +0.00iimnop 2.05 0.1 fohiikimnopars 11.27 +0.45¢fhiikimnoparstu 15.80 +0.60"!

A37  0.88 £0.01uwvzbc 0.66 +0.01" 0.36 £0.01%° 2.39 +0.15ebcdef 11.27 +0.29¢fhiikimnoparstu 17.97 +0.951"

A38  1.01+0.00%% 0.74 +0.00ikim 0.39 +0.00stuvwxyz 1.92 +0.14hiikimnoparstwy 1 () G() +(,43noParstuvw 13.50 +0.69KImnoparstu
A39  0.93 £0.01kmme 0.71 +0.01%parstuv 0.43 +0.00¢"i 1.63 +0.1150wxy 9.73 +0.3pMuvwxyzabed 16.76 +1.099"i

A40  1.01+0.00%% 0.71 +0.007swWexy 0.40 £0.00!mnoparstuv 2.03 +0.14fhiikimnopars 10.90 +0.33"kimnoparstuv 17.93 +0.98"

A4l 1.010.01%%0 0.72 +0.00™"oPar 0.39 +0.00™ 2.33 +0.10ebcdefohi 12.20 +0.320dfeh 18.62 +0.69""

A42  1.04+0.01¢ 0.76 +0.00¢defoni 0.40 £0.0Q™oparsw 9 97 40 Qdefahiikimno 10.67 +0.25mnoparstuvw 14.92 +0.66/Km™°
A43  1.09+0.01% 0.76 +0.07"cdefan 0.41 +0.0Q"mnopars 2.71 +0.07° 12.13 +0.36%f0ni 11.12 +0.31"ovwwyze
Ad4 (.87 +0.01xbcd 0.74 +0.023Kmn 0.47 +0.01° 1.57 +0.104Wy 8.77 +0.31bc 25.65 +1.60"

A45  1.1020.01° 0.76 +0.07"cdefan 0.41 +0.0QKmnoparstu 2.20 +0.17¢%fahijkimnop 10.26 +0.43twexy 10.12 +0.74vwy
A46  1.040.01° 0.70 +0.01 vz’ 0.37 £0.012%cde 2.25 +0,09cdefhiikdm 10.57 +0.3000rsww 11.14 +0.4310wwxyze
A47  0.91+0.01Pt 0.60 +0.01™" 0.48 +0.01° 1.50 +0.09"2 9.73 +0.43vwxyzabed 8.69 +0.46%"Y

A48 1.07£0.01° 0.72 +0.00mnopars 0.40 +£0.0Q™0parsttw 9 37 () ] 3abedefghi} 12.00 +0.4Q¢efoniikim 11.19 +0.48"uwwxyze
A49  0.89 +0.01uwxyz 0.62 +0.007" 0.50 +0.00° 1.69 +0.117swwwxy 10.63 +0.45mnoparsw 10.36 +0.601w
A50  1.02 +0.01¢ 0.69 +0.01yzbed 0.40 +0.000rstuwxy 2.12 +0.13¢fahiikimnopar 11.70 +0.46%fhiikimnop 11.74 +0.56Parstuvwxyz
A51  0.85+0.01%¢" 0.66 +0.01" 0.45 +0.01°% 2.23 +0.15edefhijkdmn 12.43 +0.41bede 11.89 +0.720parstuvixy
A52  0.91 £0.01Pwrswy 0.71 +0.07 oparstuwwx 0.42 +0.00'! 1.86 +0.14Kmnoparstuvwx 10.77 +0.47"Imnoparstuv 20.32 +1.17¢

A53  0.91 +0.0100ust 0.69 +0.01yzbed 0.41 +0.00/m 1.83 +0.13Kmnoparstuvwx 11.57 +0.349fghijkimnopgr 18.45 +1.23"

A54 (.87 £0.01°°¢ 0.68 +0.0120cde? 0.41 +0.07'mnoparstuv 2.01 +0.1 1 foniikimnopars 12.27 +0.320cdefo 15.38 +0.931kim
A55  0.86 +0.01°cd® 0.71 +0.01Parstuvwxy 0.41 +0.00imno 2.10 +0.12¢fahiikimnopar 11.93 +0.27¢fghiikim 11.58 +0.680rstuwxyz
A56  0.92 +0.01'mnopa 0.70 +0.015wwxy 0.44 +0.00¢' 1.75 +0.12parstuvwx 10.70 +0.39'mnoparstuvw 24.09 +1.69

A57 (.88 £0.00uyzabe 0.71 +0.007swWxy 0.42 +0.00'! 1.69 +0.08swWwxy 9.67 +0,.25Wwyzabed 28.53 +1.57%

A58 0.92 +0.01mnoper 0.72 +0.01"oparst 0.40 +0.00'mnoparstuv 1.79 +0.1 oparstwvwx 10.10 +0.24parswwxy 27.70 +1.66™

A59  1.02+0.01% 0.77 +0.01™ 0.44 +0.01°' 2.53 +(.132bcde 12.16 +0.340edefonii 12.47 +0.52mnoparstuvwx
AB0  0.89 +0.005uwyze 0.71 +0.008rstuvwxy 0.41 +0.0Qkmnopars 2.00 +0.12foniikimnoparst 12.74 +0.3gebcde 14.90 +0.92ikimnop
A61  0.82 +0.00%" 0.67 +0.019" 0.37 +0.00%¢ 1.17 +0.11% 9.37 +0.37vbed 19.49 +1.74%%

A62  0.98+0.01" 0.73 +0.01Kmnop 0.44 +0.01%9 2.25 +0.14cdefghijkl 11.38 +0.41 9efghijkimnopars 14.65 +0.95iKimnopa
AB3  0.94 £0.014m 0.72 +0.01mnopars 0.44 +0.00°" 1.85 +0.18Kmnoparstuvwx 10.04 +0.73uwwexyzbe 17.04 +1.079"i

AB4  0.94 +0.014mme 0.73 +0.00Kmno 0.43 +0.00" 1.85 +0.14Kmnoparstuvwx 10.07 0,371y 14.40 +0.8QikImnopars
AB5  0.91+0.01°t 0.72 +0.071mnopar 0.48 +0.00° 1.91 +0.15"iKimnoparstvw 19 §3 4+, 3gMnoparstv 17.34 +1.099"i

A66  0.91 +0.0100ursu 0.76 +0.01df 0.47 +0.01™ 2.00 +0.27¢fahikimnopgrstu— 19 00 +0,6QUwyzabEd 14.57 +0.70ikimnopar

Acc: Accession. Means with different letters in the same column differ significantly (p < 0.05). * Significantly different at P < 0.001.



