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Summary

In Morocco, cherries have acquired significant importance among fruit species and are
one of the main species in high altitude areas. However, there is no exhaustive study that
has highlighted the genetic diversity level of this species according to the varietal effect
over several years under Moroccan climatic conditions. In the present study, twenty sweet
cherry varieties were characterized using pomological and physicochemical traits over three
years (2019, 2021, and 2022). Analysis of variance revealed that the majority of fruit traits
were significantly affected by the variety, year, and their interaction. Fruits average weight
for three years presented a high variation, ranging from 3.01g to 7.75g. Fruit length varied
from 16.15 mm to 23.06 mm, and width ranged from 15.51mm to 22.52 mm. For chemical
parameters, according to the variety, the pH ranged from 3.32 to 4.03 and the total soluble
content among 17.17 and 23.24. Differences between the three years were highly significant
for all the pomological parameters, highlighting the annual influence on the fruit parameters.
Most of the pomological traits (fruit weight, dimensions, etc.) were relatively higher in 2019.
For the physicochemical traits, pH and titratable acidity showed a strong variation over the
three years, whereas total soluble content did not show any variation. The study showed a
great diversity of Moroccan sweet cherry and physicochemical parameters variation is highly
significant according to the variety and the harvest year. This study provides a basis for the
breeding programs of sweet cherries in Morocco.
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Introduction

Prunus avium L., known as the sweet cherry, is a member
of the Rosaceae family, and the Prunus genus is an important
horticultural crop in temperate regions. It is a species of high
economic value due to the nutritional quality, technological
potential, and commercial relevance of its fruits (Dosba et al,
1994; Li et al., 2010). Sweet cherries are widely appreciated for
their organoleptic characteristics (firmness, texture, taste and
aroma), color, nutritional value and health benefits (Gongalves et
al., 2019). With their sweet and juicy taste, they are highly valued
in the food industry directly as fresh fruit or by its use in the
production of jams, jellies, compote, syrup, and a variety of non-
alcoholic beverages (Gongalves et al., 2019; Pérez-Sanchez et al.,
2010).

Sweet cherry tree (Prunus avium L.) was disseminated across
Europe and Asia by birds from which it takes its name from the
Latin (Avis = bird). The Roman armies also transported it during
various campaigns (Breton et al., 1972; Watkins, 1976).

Cherry production remains dominated by Turkey as the
world's largest producer with 656041 tons (24% of world
production) followed by the chili with 434067.19 tons (16% of
world production) (FAOSTAT, 2022). In Morocco, harvested
area in 2012-2022 increased from 1437 to 3553 hectares and the
production was fluctuating between 7.196 and 15915.18 thousand
tons. In 2019, the main production regions were Fez-Meknes with
18 thousand tons, Marrakech-Safi with 1.3 thousand tons and
Béni Mellal-Khenifra with 513 tons ((MAPMDREE 2019). In
Morocco, the range of cherry varieties is relatively limited and is
essentially limited to the bigarrel groups (‘Burlat, ‘Moreau, “Van,
‘Hedelingen, ‘Napoléon’). However, the dominance belongs to
the varieties ‘B. Burlat’ and ‘B. Van, named respectively ‘Bigaro’
and ‘Hajjari’ in reference to their size and the firmness of the fruit
(Kodad et al., 2016; MAPMDREF, 2019; Oukabli, 2004).

The physicochemical characteristics of fruits constitute the
first elements which attract the consumer, and they are the basis
of varietal selection. The success of the variety is ensured by fruit
with an attractive color, large size, firm, tasty flesh and resistance
to transport (Oukabli, 2004; Pérez-Sanchez et al., 2010). These
characteristics generally depend on the genetic profile and are
also strongly influenced by the environment. Finally, sweet cherry
quality and consumer preferences are influenced by chemical
profiles such as titratable acidity (TA) and total solid soluble (TSS)
which are very important parameters for determining harvest date
(Fazzari et al., 2008; Hansche et al., 1966; Pérez-Sanchez et al.,
2010).

In Morocco there have been very limited studies related to the
evaluation of the genetic diversity of cherry trees (Prunus avium
L.), especially phenotypic variations under local environmental
conditions. Likewise, climate change and accelerated warming in
Morocco, including the Middle Atlas region, could have a negative
impact on the agronomic behavior of cherry trees and on the quality
of fruit (Legave, 2009). The objective of this study is therefore a
characterization of 20 cherry accessions belonging to the ex-situ
collection of the National Institute for Agricultural Research of
Morocco (INRA) (experimental station of Annouceur), using
pomological and physicochemical characteristics. This is the first
study in Morocco which characterizes trees on the same site and
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over several years, minimizing the effect of environment and
climate. The database obtained is essential for the development of
sweet cherries cultivation in Morocco and would constitute a basis
for genetic breeding programs.

Material and Methods

Plant Material

The plant material was composed of twenty varieties of sweet
cherry (Tablel) belonging to the ex-situ collection installed at the
experimental field of Annoceur relevant to the National Institute
for Agronomic Research INRA (33°41'05.2"N 4°51'19.9"W). The
trees were planted at 5 x 4 m spacing, with 4 replicates for each
variety, each replicate corresponding to one tree. Fifteen fruits
were randomly collected from each replicate tree for pomological
and physicochemical analyses. All trees were grown under the
same cultural practices. Trees of uniform age (16 years) were
grafted onto the same rootstocks (Sainte-Lucie). Fruits were
harvested between mid-May and June in the years 2019, 2021, and
2022, at full maturity. In 2020, the study was not carried out due
to the worldwide COVID-19 pandemic.

Table 1. List of the 20 sweet cherry varieties studied

Varieties
Newstar Lapins
INRAL4A21 Rainier
Stela Van
INRAL5A21 Vista
Guillaume Tragana d’Edessa
Burlat Napoléon
INRAL1A17 Revérchon
Moreau Marmotte
Stark Hardy Giant Géant d’Hedelfingen
Précoce De Bernard Noire De Meched

Characterization Parameters

For the pomological characterization, several parameters
according to descriptors defined by International Union for
The Protection of New Varieties of Plants (UPOV, 2019) were
considered. The stone weight and fruit weight were measured with
a precision balance and expressed in grams. The dimensions of the
fruit and stone, such as length, width, and diameter, as well as the
measurements of the stalk length and diameter, were determined
using a digital caliper and expressed in millimeters.

The coloration of the fruit skin was measured using a NH310
colorimeter (Shenzhen 3NH Technology, China) and the color
measurements were performed using the L * a * b * indices. The L
* value represents lightness, ranging from 0 (black) to 100 (white).
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Reddening or greening is expressed by the value of a coordinate
a*, positive if red and negative if green. Yellowing or blueness is
represented by a b* coordinate, which is positive for yellow and
negative for blue. The color of the cherry skin was measured in
10 fruits.

The chemical analysis was performed in triplicates and
concerned citric acid by titrating sweet cherry juice with 0.1 M
NaOH (recommended by international federation of fruit juice
producer (IFU) and total soluble solids were measured as °Brix
using digital refractometer (PR101 ATAGO, Norfolk, VA, USA).
The measurement of pH was performed by a pH meter (Thermo
Scientific™ ECPH70042S).

Statistical Analysis

Statistical analysis was performed using SPSS software version
21. A one-way analysis of variance (ANOVA) was first conducted
to evaluate the variability among varieties for each pomological
and physicochemical trait. Mean comparisons were performed
using Duncan’s post hoc test (P < 0.05, P < 0.01), Subsequently, a
multivariate analysis of variance (MANOVA) was applied to assess
the effects of cultivar, harvest year, and their interaction (variety
x year) on the studied traits. In addition, correlation indices by
Person's index were carried out to determine the relationships
between pomological and physicochemical parameters. The
average of the tree years was used to perform cluster analysis,
principal component analysis and discriminant factor analysis
on physicochemical and pomological parameters. For cluster
analysis, a similarity matrix based on Euclidian coeflicient was
calculated.

Results and Discussion

Fruits Pomological Characteristics

Analysis of variance (ANOVA; P < 0.01, P < 0.05) showed high
variability among all the traits studied. Average weight for three
years varied between 3.010 g INRAL1A17) and 7.75 g (‘Burlat’)
(Table 2) with 5.78 g as the average of all varieties. Our values are
similar to those of (El Baji et al., 2021) and (Benkova et al., 2017),
who reported weight ranges from 3.60 to 7.52 g and from 3.70 to
8.90 g respectively, whereas our findings are greater than those
observed by (Bandi et al., 2010) who found values that varied
between 3.45 g and 4.63 g. Regarding dimensions, ‘Burlat’ is the
largest variety with length of 23.07 mm, width 22.53 mm and
thickness 21.42 mm, while the INRAL1A17 recorded the lowest
values with length 16.15 mm, width 15.51 mm and thickness
15.85 mm. Concerning fruit, stalk length ranged from 24,45 mm
(‘Noire de Meched’) to 40.73 mm (INRA L4A21) with an average
of 34.68 mm. Our values are lower than those of Portuguese sweet
cherry whose values are from to 33.4 to 49 mm (Rodrigues et al.,
2008). Fruit stalk thickness ranged from 0.71 (Van) to 1.02 mm
(INRAL4A21).

For stone weight, the values varied from 0.166 (‘Stark Hardy
Giant’) to 0.575 g (‘Moreauw’). This finding aligns with those of
(Khadivi et al., 2019) and (Karaat et al., 2019) (with value ranging
from 0.38 to 0.57 g and 0.22 to 0.34 g respectively). Fruit stone
length was from 8.46 (‘Stark Hardy Giant’) to 12.35 mm (‘Var’).
Fruit stone width was from 7.37 (‘Géant d’'Hedelfinger’) to 11.15

mm (‘Stark Hardy Giant’). Fruit stone thickness was from 5.42
(INRA L5 A21) to 7.54 mm (“Moreau”).

The analysis of variance showed that variety, year, and their
interaction had significant effects on all pomological traits
examined (Table 3). Firstly, the differences between the three years
were highly significant (P < 0.01 P < 0.05) for all pomological
parameters, indicating the annual influence on fruit parameters.
Most pomological characteristics (fruit weight, dimensions, etc.)
were relatively higher in 2019 (Table 4). For the fruit weight, the
difference between 2019 and those of 2021 and 2022 is 1.14% and
15.95%, respectively. For the length and thickness of the fruit, the
differences between 2019 and 2021 and between 2019 and 2022,
respectively, are 3.28% and 14.13%; 9.39% and 19.39%. The length
of the stone and the thickness of stalk differences are 2.88% and
16.65% of 2021 and for 2022 the differences are 8.27% and 5.75
respectively. These results agree with the finding obtained by
(Khadivi-Khub, 2014; Rodrigues et al., 2008; Sanchez et al., 2008).

In agreement with our results (Blazkova et al., 2002), (Sanchez
et al, 2008) and (Khadivi-Khub, 2014) reported that fruit
characteristic, such as stalk length, fruit size (weight, length, width
and diameter) and stone weigh, were affected by interannual
climatic variations.

Picking cherries for fresh consumption or for the food industry
is very dependent on the coloration level of cherries. Significant
variation in color traits was observed among the sweet cherry
varieties (table 5). The skin color of sampled fruits varied from a
clear reddish yellow to a very dark reddish-brown color.

The highest L* was recorded by “Napoléon” followed by
‘Burlat’ (37.91 and 26.36, respectively), whereas the lowest values
were recorded by ‘Newstar’ and ‘Vista’ (1.38 and 6.10 respectively).
The highest a* was recorded by ‘Lapins’ and ‘Newstar’ (54.66 and
46.67 respectively), whereas the lowest values were recorded by
‘Revérchon’ and INRAL5A21’ (12.09 and 15.71, respectively).
The highest b* was recorded by ‘Napoléon’ and ‘Lapins’ (48.65 and
40.97 respectively), whereas the lowest values were recorded by
‘Revérchon’ and “Tragana d’Edessa’ (2.86 and 5.18 respectively).

For the C* values the sampled fruit showed a variation of the
saturation from a less vivid and muted colors to a color with more
vividness and saturated. The highest C* was recorded by ‘Lapins’
and ‘Napoléon’ (66.35 and 60.77 respectively), whereas the lowest
values were recorded by ‘Revérchon’ and ‘Géant d’Hedelfingen’
(12.56 and 17.48 respectively).

The Hue angle (h*) ranged from 12.74 to 54.52 suggesting a
red to reddish-brown color variation.

The darkest cherries (red- darkest) have low values for the
lightness index (L*) and for the red (a*) and yellow (b*) color
indices. The varieties which have these indices with high values
have light skin colors. The ‘Napoléon’ variety is lighter; ‘Noire de
Meched, ‘Van’ and “Tragana d’Edessa’ have intermediate colors,
while ‘Vista’ and ‘Newstar’ are the darkest cherries. The maturation
process from the green color of the skin to the final color causes
a constant change in the a* values and the h* angle (Barrelt and
Gonzalez, 1994). However, the results show high correlations
among L*, a* and b* indices compared to the hue angle (0.90,
0.99 and 0.97 against 0.01, -0.28 and - 0.472, respectively), which
provides an explanation for the color differences among matured
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Table 3. Analysis of variance of the varietal and harvest year effect on sweet cherry fruit
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y x » . = sweet cherry varieties. However, studies have indicated that
& N g < i concentration and distribution of anthocyanins and colorless
° < I « 3 phenolic compounds as well as pH influence the coloring of
N N N cherries (Gao and Mazza, 1995).
< | =z B 2 g
a & @ R N The differences between the three years were highly significant
(P <0.01, P < 0.05) for all color index, except for the Hue® index,
= | 8 ¢ & S highlighting the annual influence on fruit parameters. The skin
*© A ok < color (Table 6) of the fruits harvested in 2022 has the highest a*, b*
5 2 N ® and C* with a significant difference of 17.28%, 20.87% and 18.41%
g o Z = = respectively compared to 2019 and 7.81%, 23.25% and 10.18%
& g § % % respectively compared to 2021. The highest L* was recorded by
- - « the fruit harvested in 2019 with a difference of 8.99% compared
5 % 5 2 to 2021 and 42.25% compared to 2022, while there were minor
5 a % P E differences between the three years for the Hue® index. The colors
& (S i3 S of the fruits harvested in 2022 are the darkest with moderate red
- - slightly less yellow undertones, while the fruits harvested in 2019
& & & 5 are the lightest with a milder red shift and slightly less pronounced
b = s 3 ] yellow undertones.
g X ® =
. 5, . w Chemical Attributes
ke % S § a In addition to morphological traits, the parameters like °Brix,
® - bl & titratable acidity and pH are also constitute elements of selection
- 5 X, @ for the breeder and of choice for the consumer. Thus, they are
x § E ; § indicators of the maturity level of cherries (Pruthi et al., 1980).
= = 3 2 Significant variability was found between varieties for all the
studied parameters (table 5). The highest pH values are recorded by
% 2 & g § the variety ‘Géant d’Hedelfingen’ and INRAL1A17 (4.03 and 3.98,
= 2 < ) = respectively), whereas the lowest values are recoded by ‘Revérchon’
and ‘Burlat’ (3.32 and 3.35 respectively). The average pH value is
% % *E iE § 3,71. According to (Brouillard et al., 1991) who reported that a
S a = 3 8 pH among 3.0 and 5.0 favored copigmentation reactions, the pH
. X - values of our varieties are favorable for strengthening the color
= 5 N = Q of cherries. Similar values (3.56 to 3.80) were shown in varieties
A =z K 2 grown in Turkey (Hayaloglu and Demir, 2015) and with results
. X X . - (3.81 to 3.96) reported by (Vavoura et al., 2015) for ‘Canada giant,
g = 5 E ":” ‘Ferrovia, ‘Lapins’ and ‘Skeena’ varieties.
= . N . ° For the Titratable acidity (TA), the greatest values are found in
3 o @ S § the varieties ‘Marmotte’ and ‘Revérchon’ (3.70 and 3.65 g-100 g!
= © - - o respectively), whereas the lowest values are recoded by “Burlat”
B & 5, x E E and “Lapins” (0.79 and 1.48 g-100 g respectively). Our values are
Z | 2 3 > e | Y greater than those published by Vavoura et al. (2015) for ‘Canada
. o < N & E giant, ‘Ferrovia, ‘Lapins’ and ‘Skeena’ varieties.
e & & % 2 E Sugars are the main element in determining the taste of
é = 3 @ % N cherries and are the factor that involves consumer preferences
= & = = ki (Crisosto et al., 2003; Usenik et al., 2008). They are the main
- o « « g § component of total soluble solids (TSS) with a percentage of
= = o - i E 90%. The refractometer constitutes the simplest, most precise,
= S 8 2 z |2 d ducible tool for determining the SSC content usin,
5 i g I z and reproduci g g
. By - 2 °Brix (Girard and Kopp, 1998). The highest values of SSC for
& § foo E S é varieties studied are recorded by the varieties ‘Stark Hardy Giant’
— 2 A S = £ and INRAL4A21’ (23.27 and 21.25 °Brix respectively), whereas
g the lowest values are recoded by the varieties Newstar’ and
e = & & 3 @; ‘Lapins’ (17.18 and 17.23 °Brix, respectively). The average value
z S E g E 2 is 20.51 °Brix, with most varieties exhibiting TSS levels above 19
- g °Brix. Compared to results published for sweet cherry varieties
.| 2 from other countries, the SSC content of our varieties is higher
- 9 z § % (Hayaloglu and Demir, 2015; Kelebek and Selli, 2011).
Z
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For Poland Sweet cherry cultivars, the reported contents
vary among 14.3% and 20.9% (Skrzynski et al., 2016). In Spanish
environmental conditions, the characterization of 12 cultivars,
including ‘Van, ‘Summit’ and ‘Sweetheart, showed SSC values of
13.5 to 25.5% (Gonzalez-Gémez et al., 2010). Generally, chemical
characteristics can be affected by a number of factors such as
temperature, degree of ripeness, cultural practices and rootstock
(Diaz-Mula et al., 2009; Serradilla et al., 2012). Since the varieties
studied have the same rootstock and were installed in the same
experimental field and exposed to the same cultural practices,
physicochemical variations are probably due to the varietal profile,
and the environmental effect is minimized as much as possible.

Maturityindex (MI), expressedastheratio of TSSto TA indicates
sweetness and consequently, fruit maturity (Chockchaisawasdee
etal., 2016; Romano et al., 2006). “Revérchon” recorded the lowest
value 5.26 while “Burlat” recorded the higher value 24.12. These
values are similar to those of (Girard and Kopp, 1998).

For chemical parameters the differences between the three
years were highly significant (P < 0.01, P < 0.05) for all chemical
parameters, except for the TSS content which is not significant
(Table 3), highlighting the annual influence on fruit parameters.
In 2022, the fruits harvested have the highest titratable acidity with
a significant difference of 29.61% compared to 2019 and 38.34%
compared to 2021, while the highest pH was recorded by the fruits
harvested in 2021 with a significant difference of 5.97% compared
to 2019 and 11.96% compared to 2022. The °Brix values recorded
over the three years showed no significant difference.

It is well established that cherry fruit quality is strongly
influenced by environmental conditions and orchard management
practices, such as rootstock selection, pruning, fertilization
and irrigation, leading to variations in pomological parameters
and nutrient concentrations (Gongalves et al., 2006; Khadivi-
Khub, 2014). Nevertheless, in the present study, all sweet cherry
varieties were cultivated under uniform conditions in the same
experimental field, with trees of the same age (16 years) grafted
onto identical rootstocks (Sainte-Lucie). Additionally, the
variation in variety traits may result from environmental factors
such as temperature and humidity. The development of fruit,
quality and physiological disorders of sweet cherries are affected
by a range of environmental factors (Engin et al., 2009; Montiel
et al, 2010; Usenik and Stampar, 2011). On the other hand,
our results based on climatic data (Fig.1), show that 2019 was
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characterized by lower average temperatures and higher rainfall,
whereas 2021 and 2022 were warmer and drier, particularly during
fruit development. This climatic variability explains the significant
year effect observed in the analysis.

Regarding the variety factor, the variation is highly significant
for all parameters. Consequently, any observed differences in study
parameters among varieties can be ascribed to the inherent genetic
characteristics of each variety. Khadivi et al. (2019) and Reim et
al. (2023) demonstrated that the variability of most pomological
and physicochemical parameters was mainly due to the genotypic
characteristic. Other studies on sweet cherries have shown that
variation between varieties is mainly attributed to genetic profiles,
although it also depends on environmental factors and cultivation
practices (Gongalves et al., 2006; Salazar-Gutiérrez et al., 2014).

Finally, for the year*variety interaction, all the parameters
showed highly significant variation, indicating that the degree of
variation from year to year depends on the variety (Neilsen et al,,
2014) confirming the existence of a cultivar-year interaction effect
on color, titratable acidity and the size of the fruit, whereas the
°Brix recorded showed no significant difference.

Correlation Coefficients

The correlation coefficients among all examined variables are
shown in Table 7. The results revealed a strong positive correlation
between fruit and dimensions (fruit length r = 0.940**; fruit width
r = 0.970%*; fruit thickness r = 0.965**). In addition, a significant
positive correlation was found between fruit length and fruit
width r = 0.874**; fruit thickness r = 0.912**. However, fruit
width is positively and strongly correlated with fruit thickness
r = 0.950**, suggesting that the weight of the fruit depends on
its dimensions. These findings are in line with those reported in
several studies (Ganopoulos et al., 2015; Khadivi-Khub, 2014;
Sanchez et al., 2008). Stone length is positively correlated with
stalk length r = 0.530* and strongly correlated with stone weight
r = 0.635**. Thickness stone is positively and strongly correlated
with stone weight r = 0.625** similar results were reported by El
Baji et al. (2021) and Khadivi-Khub (2014). L* index is positively
correlated with b* index r = 0.444* and “Hue index r = 0.582**.
A* index is positively and strongly correlated with b* index
r = 0.801**, C*index r = 0.872**, “Hue index r = 0.816** and
negatively with TA r = -0.515%. b* index is positively and strongly
correlated with C*index r = 0.961 and °Hue index r = 0.874**.

July August December novembre octobre septembre

B Precipitation [mm] 2019 EEEEE Precipitation [mm]2021 W Precipitation [mm]2022

@ Temperature [°C] 2019

Figure 1. Meteorological data of "Laanaceur" experimental field
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C* index is positively and strongly correlated with °Hue index r
= 0.865** and negatively with the °Brix r= -0.456*. °Hue index is
positively correlated with fruit length r=0.470%. pH is negatively
correlated with all fruit sizes (Fruit weight r = -0.485%, fruit length
r =-0.472%, fruit width r = -0.492* and fruit thickness r = -0.504*).
°Brix is positively correlated with stalk thickness r = 0.507*.

Principal Components Analysis

Principal component analysis (PCA) was conducted based
on 18 morphological and physicochemical traits. The first three
components explain 53.45% of the total variation, with respective
contributions of 27.78%, 15.75% and 9.93% respectively. The
first two components are constituted by 14 variables that express
more than 50% of all the variables and explain 43.52% of the total
variance. Fruit color index (b*, C*, °Hue, a* and L*), titratable
acidity and stalk thickness were mainly responsible for the
separation on PCl. While fruit characteristics (weight, length,
width, thickness) and stone characteristics (weight, length, width,
thickness) were strongly correlated with PC2 PC3 was associated
with peduncle length, physicochemical characteristics (pH, °Brix)
and stone thickness (table 8).

Table 8. Eigenvector of principal component axes from PCA analysis

Componte
1 2 3
b* 0.890 0.123 0.015
Cc* 0.884 0.102 0.028
°Hue 0.859 0.225 0.116
a* 0.840 0.218 0.274
L* 0.548 0.013 -0.153
TA -0.464 -0.062 -0.402
ThicSta -0.282 -0.015 0.046
WEFr 0.121 0.944 -0.184
LgFr 0.201 0.922 -0.108
ThicFr 0.091 0.773 -0.116
WidFr 0.129 0.731 -0.207
Wsto -0.131 0.517 0.387
LgSto 0.170 0.484 0.327
WidSto 0.239 0.336 0.071
pH 0.139 -0.083 0.772
ThicSto -0.190 0.502 0.569
°Brix -0.171 -0.062 0.456
ThicSto 0.089 -0.085 0.277

Our results confirm that pomological characteristics are the
main factors explaining the diversity and similarity between sweet
cherries.

Fig. 2 reveals variations in the relationships among the valuated
varieties across different harvest years. Generally, variety dispersal
is independent of harvest year for most varieties, and they are
distributed into four homogeneous groups. The first group (1)
comprises 6 varieties (‘Lapins, ‘Burlat’ and ‘Napoléon’ within
three years, ‘Newstar’ and ‘Van’ in 2019 and 2021, and ‘Guillaume’
in 2021) characterized by a large size and a range of colors from
yellowish to orange red. The second group (2) comprises 15
varieties (‘Newstar’ in 2021, ‘Stela’ in 2021 and 2022, INRAL5A21
in 2021, ‘Guillaume’ in 2019 and 2022, ‘Moreau’ in 2019, 2021 and
2022, ‘Stark Hardy Giant’ in 2019 and 2021, ‘Précoce De Bernard’
in 2019 and 2021, and ‘Rainier’ in 2019, 2021 and 2022, ‘Van’
in 2022, “Vista’ in 2019, 20121 and 2022, “Tragana d’Edessa’ in
2019 and 2021, ‘Revérchon’ in 2019, 2021 and 2022, ‘Marmotte’
in 2021 and 2021, ‘Géant d’'Hedelfingen” in 2019 and 2021, and
‘Noire de Meched’ in 2019 and 2021). The members of the second
group have a medium size. The third group (3) consists of four
varieties (‘Newstar’ (2022), ‘Stela’ (2019), INRAL1A17 (2019), and
‘Marmotte’ (2022)). These varieties are characterized by a medium
size and have a medium acidity. Finaly, the fourth group (4)
includes 9 varieties (‘Précoce De Bernard’ in 2022, INRAL5A21 in
2019 and 2022, INRAL4A21 in 2019, 2021, and 2022, INRAL1A17
in 2019 and 20221, ‘Noire de Meched’ in 2022, ‘Stark Hardy Giant’
in 2022, “Tragana d’Edessa’ in 2022, ‘Stela’ in 2022 and ‘Géant
d’Hedelfingen’ in 2022). These varieties are characterized by a
medium size and a moderate sweetness.

These results show that the varieties ‘Napoléon, ‘Burlat)
INRAL4A21, ‘Lapins, ‘Moreau;, ‘Vista’ and ‘Revérchon’ have kept
the same group despite the change in harvest year, which means
that they are the least affected by the effect of the harvest year,
which makes them the most stable varieties.

Cluster Analysis

Cluster analysis was performed using pomological and
physicochemical traits that revealed considerable genetic diversity
among the varieties studied (Fig. 3). The dendrogram grouped
the accessions into two main clusters (A and B), each of which
was further divided into several subclusters. The distinction into
these major clusters shows that the collection varieties belong to
two distinct genetic pools. The three local varieties INRAL1A17;
INRAL1A21 and INRAL5A21) are dispersed over three different
subgroups which show that their pedigrees do not belong to the
same genetic background.

Cluster A is distinguished into two. The first subcluster A-1 is
made up of 8 varieties (‘Burlat”, ‘Guillaume, ‘Stela, INRAL1A17,
‘Noire de Meched, ‘Stark Hardy Giant, ‘Moreau, ‘Marmotte’)
characterized by the same stone length, stone width and L*
index. The second Subcluster A-2 consists of 8 varieties ‘Vista,
‘Géant d'Hedelfingen, “Précoce De Bernard, INRALIA2I,
‘Rainier, ‘Tragana d’Edessa Revérchon, INRAL5A21 which are
characterized by similar titratable acidity, stone weight and stone
thickness.

Cluster B is composed of 4 varieties: ‘Napoléon, ‘Newstar,
‘Lapins, ‘Van® which are characterized by same L* index.
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Figure 2. Scatterplot of the first two principal components (PC1/PC2, 53.43% of total variance) that discriminate between varieties according to harvest year
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Meress This first pomological and physicochemical characterization
—— of the Moroccan sweet cherry collection allowed to obtain an
reaLiAr Al [ interesting dataset. The findings revealed substantial variability
- =l among varieties across all evaluated traits. Analysis of variance
o ‘A revealed that variety, year, and their interaction significantly
. § influenced most pomological and physicochemical traits.
 Mbvercen Furthermore, principal component analysis demonstrated that,
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Oleni g ' independent of harvest year. Furthermore, the hierarchical
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Figure 3. Cluster analysis of 20 varieties of sweet cherry based on physico-
chemical and pomological traits
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