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Abstract. This study was focused on almond germplasm characterization of 14 genotypes from the experi-
mental Ain Taoujadate collection based on morphological, pomological and biochemical traits. Results revealed
that Commercial and local (Prunus dulcis L.) cultivars vary considerably in their fruit and kernel characteris-
tics. The majority of important correlations were determined among the fruit traits (length, width, thickness,
and weight) and the kernel traits (length, width, thickness, and weight). Morphological dendrogram clustered
the genotypes into two main groups. The first group consists of only local accessions. The second group in-
cludes, in addition to local genotypes, a mixture of foreign genotypes. The heterogeneous cluster obtained,
maybe the cause of an exchange of plant material as seeds between Morocco and other countries.

Keywords: Almond — Prunus dulcis — Phenotypic characters — Correlation.

Diversité pomologique, phénotypique et caractérisation biochimique de quatorze morphotypes d’aman-
dier du Maroc

Résumé. Cette étude s’est centrée sur la caractérisation du germoplasme de 14 génotypes d’amandier provenant
de la collection expérimentale d’Ain Taoujadate basée sur des caracteres morphologiques, pomologiques et bio-
chimiques. Les résultats ont révélé que les cultivars commerciaux et locaux (Prunus dulcis L.) variaient consi-
dérablement pour les caractéristiques du fruit et de 'amandon. La majorité des corrélations importantes furent
trouvées parmi les caracteres du fruit (longueur, largeur, épaisseur, et poids) et les caractéres de 'amandon (lon-
gueur, largeur, épaisseur, et poids). Le dendrogramme morphologique séparait les génotypes en deux groupes
principaux. Le premier groupe consistait seulement en accessions locales. Le deuxieme groupe comportait, en
plus de génotypes locaux, un mélange de génotypes étrangers. Le cluster hétérogene obtenu pouvait étre causé
par un échange de matériel végétal comme des semences, entre le Maroc et d’autres pays.

Mots-clés. Amandier — Prunus dulcis — Caracteres phénotypiques — Corrélation.

| — Introduction

Almond is one of the oldest nut crops [Prunus dulcis (Mill.) D.A.Webb; syn. P. amygdalus Batsch].
It is mentioned far back in history, even in the Bible. The almond tree is thought to have originated
in the mountainous regions of Central Asia (Grasselly, 1976). It was spread from its origin through
the Mediterranean by the Phoenicians, Greeks and Romans. World almond production is con-
centrated in Asia, Mediterranean basin, California (Kester and Horel, 1980). Morocco ranks fifth
among the nations of the world in almond production, with many zones where climatic conditions
are ideal for this species. The variability in the environment and climate has led to an extensive
diversity of almond genotypes in each productive region (Lansari et al., 1994). In previous works,
phomological and productive traits in some Moroccan almond cultivars have been already reported
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(Lansari et al., 1994). The extent of the diversity of the Moroccan almond collection has not been suf-
ficiently described, so there is a need to identify the best cultivars for almond cultivation development
(Lansari et al., 1994). To maintain and exploit crop germoplasm efficiently, analysis of phenological
and pomological traits is required.

Recent research findings are associated with characterization and identification of almond hull, shell
and skin phenolic compounds to use them as natural antioxidants and antiradicals in foods and
oxidative damage (Esfahlan et al., 2012, Jahanban et al., 2012; Hanine et al., 2014, 2015).

The objective of this study was to evaluate the morphological and pomological characteristics, de-
termine the correlation among traits, and the physicochemical composition of 14 almond genotypes
from the experimental Ain Taoujadate collection. Furthermore, an evaluation of economically valu-
able traits was performed to identify useful genotypes for almond producers and breeding programs.

Il — Material and methods

The plant material examined was collected from the experimental Ain Taoujadate of the National
Agronomic Research Institute (Meknes, Morocco). The name and geographic origins of cultivars
are reported in Table 1. A total of 14 samples were included in this study. The fourteen cultivars
included eight major commercial cultivars and six local Moroccan cultivars. Quantitative traits were
investigated using the IPGRI almond (Gulcan, 1985). The pomological research was conducted
on 30 fruits per cultivar. Data were recorded on fruit and kernel weight (g), width (mm), length (mm),
and thickness (mm), and on percentage of kernel (%). The percentages of empty fruits and dou-
ble kernels were also recorded. Aimond blanching and skin removal was carried out according to
Bolling et al. (2009). Total polyphenols analysis was performed colorimetrically by the Folin-Cio-
calteu method as modified by Singleton et al. (1965). Total flavonoid content was determined spec-
trophotometrically according to Zhishen et al. (1999) with some modifications. Oil content was mea-
sured on dried kernels (30-40 g) using nuclear magnetic resonance (NMR) (Oxford 4000, Oxford
Analytical Instruments Ltd.) according to AOCS (1998). All the assays were carried out in triplicate.
Significant variables were calculated, subjecting results to a linear regression, using SPSS statistical
program version 10.0 (SPSS Inc., Chicago, lllinois). Only variables with a confidence level supe-
rior to 95% (P<0.05) were considered as significant.

Ill - Results and discussion

Physical characteristics of the almond fruit and kernels differed significantly among cultivars
(Table 1). Kernel length and width ranged from 16.74mm to 27.49mm and 10.72 mm to 16.1 mm,
respectively. The kernels weights was found to be from 0.55 g for Tahala to 2.12 g for Tizin’addi 2,
and fruit weight 1.41 g for Rizlane 1 to 4.66 g for Texas and Ferragneés.

Regarding width and length, Ferragnes and Fournat de Breznoud showed the longest fruits and
kernel (over 36 and 26 mm, respectively) while Tahala produced the smallest (23 mm and 16
mm).The percentage of empty fruits of all genotypes was null. Only Toundout, Amekdouch, Ri-
zlane1, Lauranne, and Texas showed double kernels. The mean values of the double kernels varied
from 3 to 27%. QOil content varied significantly among genotypes, ranging from 35% to 57% of the
kernel dry mass (Table 1). The oil content of Rizlane 2 and Fournat de Brezenaud was consistently
low (between 35.2 and 41.74%), while that of Toundout and Texas was consistently high 56% with
the remaining genotype being intermediate. The ranges of variability for this parameter were similar
to those already reported (Abdallah et al. 1998; Askin et al., 2007; Kodad et al., 2014).

However the values obtained were remarkably lower than those registered in some Spanish, Italian,
French and North American commercial cultivars (Sathe et al., 2008). Almond oil content and com-
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position depend primarily on the genotype but may be affected by factors such as the year and the
specific environmental conditions of the growing region (Yada et al., 2011). The high oil content,
comparable to commonly used oil seeds like rapeseed or sunflower seeds, makes kernels from
genus Prunus highly suitable for commercial oil production.

Total flavonoids levels were significantly determined by cultivar. Rizlane-2 and Ferragnés exhibited
the highest contents of these compounds (25.7 and 22.1 mg/g), while Fournat de Breznaud, Tound-
out and Amekchoud/3J showed the lowest concentrations (between 14.1 and 16.3 mg/g) (Table 1).

The most significant content of phenolic compounds is observed in the variety Marcona, followed
by the genotype Rizlane1, the values fluctuate between 20 and 16 mg / g. These values are much
higher than those obtained by the cultivars Amekchoud/3d and Tahala which recorded the lowest
values and whose contents are respectively 3.1 and 8.1 mg / g, lowest oil content (3.1 and 8.1 mg/g,
respectively).

The morphological dendrogram (Fig. 1) clustered the genotypes into two main groups. The first
group consists of only local accessions. The second group includes, in addition to local genotypes,
a mixture of foreign genotypes. The heterogeneous cluster obtained, maybe the cause of an ex-
change of plant material as seeds between Morocco and other countries.
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Marcona
Desmayo
Tizin'addi 2
Toundout

Fig. 1. Dendrogram of similarity with 14 almonds using morphological descriptors.

All examined genotypes are highly adapted to the environmental conditions in Morocco and could
be a very interesting source of genetic diversity as indicated in the correlation of some characters
of kernel (Table 1). High levels of variation in fruit and kernels were reported by other authors (Colic,
2012). These results can be explained by self-incompatibilty of almond trees. This high phenotypic
variability corresponds with previous reports on molecular characterization using different markers
as nuclear and chloroplast simple sequence repeats (Zeinalabedini, 2012) or amplified fragment
length polymorphisms (Sorkheh et al., 2007). The results of the empty kernels agree with the pre-
vious ones generated by other authors (Dicenta and Garcia,1993; Sanchez-Pérez et al., 2007).
In addition, the influence of the environment on the production of double kernels is also well known
(Kester and Asay, 1975).

Correlation coefficients between the fruit traits show a strong correlations (p<0.01) were observed
between most of the studied traits. In addition to the high correlations between fruit traits (length,
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width, thickness, and weight) (r = 0.48-0.77), kernel traits (length, width, thickness, and weight) were
also correlated with each other (r = 0.16-0.70) and with fruit traits. However, no correlation (r =
0.086; p>0.05) was found between the fruit weight and kernel width. Similar findings were reported
in 32 almond cultivars investigated by Zeinalabedini (2012). Fruit weight had significant positive
correlation with kernel weight (r = 0.53; p<0.01), fruit length (r = 0.60; p<0.01) and the fruit width
(r = 0.58; p<0.01).Talhouk et al. (2000), Ledbetter (2008), Tavassolian (2008) and Sorkheh et al.
(2010) established significant correlations between fruit weight and kernel weight. A negative cor-
relation was determined between the fruit weight and the kernel percentage (r = -0.37; p<0.01).
These findings are in harmony with the results obtained on almond (Sanchez-Pérez et al., 2007).

The results of correlation analysis between polyphenolic and flavonoids content exhibited signifi-
cant correlations among the total phenolic content, the flavonoid content. Statistically significant
(P<0.05) correlation was found between the total phenolics in both almond skin and blanched al-
monds (r = 0.29 and r = 0.33, P<0.05).

IV — Conclusion

In this study, morphological, pomological and biochimical traits of 14 cultivar from morocco were
evaluated. According to our research, genetic diversity was observed regarding morphological traits,
indicating that there are rich and valuable plant materials. The research will be continued with the
aim of improving production rates for further selection programmes in almond culture breeding. A
potential source of markers is available for characterizing almond and for testing species differen-
tiation at the molecular level.
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