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Abstract

The Moroccan olive sector is characterized by a great variety of varieties, of which Moroccan Picholine
is the dominant variety with nearly 96% of the crops. The objective of this work is the pomological
characterization of olives and nuclei of the Moroccan Picholine variety grown in two major regions. The
northern region represented by three stations (Tetouan, Chaouan and Ouazzane) and the central region
represented by the stations of Settat, Kelaa of the Sraghna and Marrakech. At each site, five trees were
sampled with 40 fruits collected per tree. Eleven quantitative characters related to the weight, size and
shape of olives and stones are considered and then an indirect estimate of the oil content through the
analysis of the pulp percentage (PP) is made. The results obtained have shown that Moroccan Picholine
differentiates in the stations studied according to a gradual change in size and of productive potential,
the characters related to the form play a secondary role in this differentiation. The olives are large in
the Kelaa Sraghna and Marrakech stations, and small in the northern Moroccan stations (Ouazzane
and Tétouan). At the other stations (Chaouan and Settat), olives are characterized by an intermediate
size. This is explained by the environmental conditions, especially those related to the climate, but also
by the nature of the cultivation system. The irrigated system shows larger olives and higher oil content
compared to the rain system. These results are in line with the results found during the previous
agricultural association (2022/2023) which confirms that the irrigated cultivation system gives good
results as regards the weight, size and oil content of the olives compared to the rain-fed cultivation
system.

Keywords: Olive Tree, Moroccan Picholine, Regions, Diversity, Climate, Culture System, Pomological
Criteria, Oil Content.

1. INTRODUCTION

The olive tree is a plant species of the Mediterranean region par excellence [1]. It is
characterized by a great variety in the different countries of the Mediterranean basin
such as Spain, France, Italy, Portugal, etc. In contrast to this situation, Morocco has
an exception in Mediterranean olive landscapes with a varietal profile dominated by a
single Moroccan Picholine variety locally called Zeitoun or Zeitoun Beldi [2,3]. An
analysis of the genetic diversity of the olive groves of the Menara Gardens considered
as conservatory of Moroccan olive cultivation heritage confirms the age of this
dominance [4, 5]. A large part of the international olive heritage is preserved in two
collections, one in Marrakech (Morocco) and the other in Cordoba (Spain) [6,7].

Olive trees cover more than 11 million hectares in 47 countries on five continents. The
first harvest takes place between October and April in the northern hemisphere, and
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the second harvest takes place between April and July in the southern hemisphere. In
fact, 98% of world production is concentrated in the Mediterranean basin. Olive oil is
currently consumed in more than 160 countries. In 2012, 3.1 million tonnes of olive oll
were produced and consumed, or 1.7% of the 184 million tonnes of edible fat [6,8]. It
is therefore a strategic sector because it plays a very important economic role
internationally [7, 9]. Through successive civilizations in human history, olive oil has
retained its important role in the diet of populations in Mediterranean countries [10].

In Morocco, the olive tree is the main fruit species because it occupies large areas.
Olive cultivation is currently expanding considerably, with a continuous increase in
olive cultivation areas from 350,000 ha in 1992 to 640,000 ha in 2005 and 930,000 ha
in 2011 [11] to 1,220,000 ha in 2020 [12]. Olive trees in Morocco play a very important
socio-economic role because their cultivation contributes greatly to the creation of
agricultural incomes. The table olive industry is beginning to develop, with a total
production of up to 2,500,000 tonnes per year, which makes Morocco the second
largest exporter of table olives in the world after Spain. In addition, Morocco is the
world's sixth largest producer of olive oil with a total olive oil production of 330,000
tones per year, of which approximately 33.33% is exported [13, 14].

In the olive tree a number of morphological, physiological and agronomic criteria show
great variability between varieties. The main criteria studied include the shape, size of
the fruit [6, 7] oil content, and relative levels of fatty acids [15, 16].

The study of pomological criteria forms the basis for the classification and identification
of a large number of varieties. These criteria form the basis of a characterization
methodology published by the International Olive Council (IOC). In order to improve
the desired agronomic characteristics, it is necessary to reveal the production potential
of cultivars in the face of rapidly growing domestic demand and an increasingly
demanding international market. The cultivars that are requested are those
characterized by a large fruit with a high proportion of pulp relative to the nucleus [17,
17, 16, 19].

2. MATERIALS AND METHODS
2.1 Study Stations

We selected six study stations, three in the northern region (Tetouan, Chefchauan and
Ouazzane) and three in the central part of the country (Settat, Kelaa des Sraghna and
Marrakech). This study was carried out during the agricultural association 2023/2024.

The northern region occupies most of the western and central Rif Range, from the
Strait to Ouergha in the south, and does not include Atlantic plains and plateaus [40].
From the point of view of the environment, the region occupies a territory characterized
by a physical environment with reliefs sufficiently accentuated and encased, to satisfy
the criterion of partitioning which defines the mountain and isolates these populations.
The climate is relatively favourable and characterized by humidity and relative warmth
[20, 21] with rainfall greater than 450 mm [22]. From a biogeographical point of view,
we find ourselves in an area of intersection of several bioclimatic influences and
regions, hence its interest for biodiversity because it is recognized as a hot spot of
Mediterranean biodiversity notably by the high rate of endemism of its flora [23,24].
The main features of traditional agro-ecosystems in this area are an agro-sylvo-
postoral production system, with food-based agriculture, a wide diversity of low-yield

724 JULY Volume 21 Issue 07


http://www.commprac.com/

WWw.commprac.com
ISSN 1462 2815

hardy crops, and the predominance of micro-areas (< 0.5 ha) and small-scale property
(<5 ha) [25, 26].

For the Settat region, which belongs to the edge of the Chaouia plain plateau, it is
characterized by a rainfall of the order of 372 mm/year and an average annual
temperature of 18 ° C [27, 28]. The crop is dominated by cereals such as wheat and
barley, legumes (lentils), forage crops (oats, white lupins) and arboriculture such as
grenadier, fig and vines. The largest area of this region is occupied by calcium-
magnetic soils (31%) followed by poorly developed soils (23.4%). Small areas are
occupied by iron sesquioxide soils (7%) and vertisols (7%) [29, 30].

The region of Marrakech Safi, located in the western central part of the country with
an arid to semi-arid climate, is undergoing a series of climate and environmental
changes. The climate of this region is influenced by three fundamental factors:
Presaharian latitudes, high mountain altitudes and the influence of the Atlantic Ocean.
This climate is characterized by maximum temperatures around 38 ° C and minimum
temperatures around 4.9 ° C and 80% of the region has an average temperature of
about 18 ° C [31]. Rainfall varies from year to year; they range from 190 mm on the
plains to 650 mm in mountainous areas [32]. In this region the main driver of economic
activity is agriculture, which holds 22% of the country's useful agricultural area (SAU).
Which classifies it in the first position seen the importance of this surface. The SAU of
the region represents 48.6% of its total area estimated atl 904 363 hectares. By
province, Kelaa of the Sraghna represents 31% followed by Safi 30% and finally
Chichaoua 15%. Irrigated soils are of the order of301 277 haalmost 16% of the
regional SAU and 24% of the SAU irrigated at national level. From an agricultural point
of view, the region rather adopts an agro-sylvo-pastoral system where cereal crops
dominate with almost 78% followed by fruit plantations 9.5% then forage crops 1.8%
and vegetable crops 1.2% [33].

Climate data from the stations studied (Table 1) were compiled [34, 35] to highlight
their variations according to the North-South gradient. Similarly, the geographical data
(Table 1, Figure 1) make it possible to locate the various study stations. The map of
their location (figure. 1) was made by using the Arcgis software.

Table 1. Geographic Coordinates and Climatic Data of the Stations Studied

Stations Bioclimatic | Altitude Geogra_lphical Irrigation ™ PM 2023/2024

stage (m) coordinates system 2023/2024° C (mm)
Tétouan Humid 107 ey | Pluvial 19,72 14,27
Shef‘:hac’“a Humid 283 355.'322323?;’ g" Pluvial 19,81 22,54
Ouazzane | Subhumide | 300 S 8EN S | Pluvial 23,18 23,45
Settat Semi-arid 250 ngggggg Irrigated 22,18 12,54
gfﬁ'\gi r?;the Aride 430 37261577735 g' Irrigated 23,54 17,50
Marrakech Aride 466 381353358 irrigated 24,36 17,72
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Figure 1: Location of Study Stations (Ourselves, 2023)
2.2 Sampling

The variety studied is Moroccan Picholine. Sampling was carried out at six stations,
three at the northern level (Tetouan, Chefchauan and Ouazzane) and three at the
central level (Settat, Kelaa of Sraghna and Marrakech) (table 1). For each station, 5
trees are considered, and for each tree, 40 fruits are taken for morphological and
pomological characterization.

The measured parameters are the weight, length, and width of the fruit and pits. These
allow for a quantitative evaluation of the fruit's and kernel's appearance, namely
shape, size, and potentially indicating oil content. Other evaluations were conducted
through the relationships among these measurements (Table 2). For this, the flesh
was removed by hand using an iron sponge. The pits were then washed thoroughly
and air-dried on paper overnight.

Table 2: Measured Characters and Their Codes

Organ Character measured Code Unit
Mass FM g
Length FL mm
Fruit Breadth FW mm
Length/width FL/FW ..
Percentage of flesh PP %
Mass g
Core Length mm
Width cw mm
Length/width CL/ICW
Report Length of fruit over length of kernel FL/CL
Mass of the fruit on mass of the kernel FM/CM
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2.3 Statistical Analysis

The data obtained were subjected to a variance analysis in order to distinguish the
trees within and between stations, and a comparison of the means (New Man and
Keuls test at 5%) was applied in cases where there were significant differences. The
guantitative variables were subjected to the principal component analysis and the
hierarchical clustering method, in order to demonstrate the degree of similarity
between the possible groupings of the stations studied; this similarity is measured by
the Euclidean distance, which also makes it possible to visualize the relations between
the stations. The software used was: GenStat (18th edition of the product SNI) for
ACP, hierarchical clustering (CAH) and SAS (SAS ® OnDemand for Academics) for
variance analysis.

3. RESULTS
3.1 Fruit Mass Character (MF)

Results show that there is no significant difference in fruit mass between trees at the
same site except at the Ouazzane site with a coefficient of variation (cv) of 41.30%
and the Tetouan site with a cv of 16.32%; which would indicate the effect of the
genotype at these stations. The rest of the stations show a CV between 2.85 and
9.92%. Between the stations, a small significant variation is noted with a cv which does
not exceed 14.46% (FIG. 2). On the basis of these results, it is possible to classify the
various stations according to the weight of their fruits. For this, the [18] scale (1997) is
used: If the weight of the fruit is less than 2 g, the fruit is said to be reduced, if the
weight is between 2 and 4 g the fruit is medium, between 4 and 6 g the fruits are large
and if the weight is greater than 6 g it is said that the fruits are very large.

The stations at Marrakech (4.76 g) and Kelaa of the Sraghna (4.52 g) have high weight
fruits. Unlike Chaouan (3.81 g), Settat (3.70 g), Ouazzane (2.53 g) and Tetouan (2.48
g) stations with medium weight fruit. However, the statistical study allowed us to
distinguish three groups by fruit weight (Figure 3):

- Group 1: Marrakech (4.76 g) and Sraghna Kelaa (4.52 g).
- Group 2: Chaouan (3.81 g) and Settat (3.70 Q).
- Group 3: Ouazzane (2.53 g) and Tetouan (2.48 g).
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Figure 2: Distribution of Fruit Masses in Each Station
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FM t Grouping for Means of station (Alpha =0.05)

Means covered by the same bar are not significantly different.

station Estimate

Marnrakec 47620
Kelaa 4 5280
Chaouan 28120
Settat 2.7000
Cuazzane 25380
Tetouan 2.4200

Figure 3: Station Groups by Fruit Weight
3.2 Core Weight Character (CM)

The results obtained show that there is no significant difference in the mass of the
nucleus between the trees of the same station (no effect of the genotype), as well as
for the stations with a cv not exceeding 5.47% (FIG. 4). On the basis of these results,
it is possible to classify the various stations according to the weight of their cores. For
this, the [18] scale (1997) is used: If the weight of the fruits is less than 0.3 g, the nuclei
are said to be reduced, if the weight is between 0.3 and 0.45 g, the nuclei are average
and if the weight is greater than 0.45 g, it is said that the nuclei are very high.

All sites studied had large nuclei ranging in weight from 0.63 to 0.79 g. Statistical
analysis allowed us to distinguish two major groups according to the weight of the
nuclei (Figure 5):

- Group 1: Marrakech (0.79 g), Sraghna Kelaa (0.78 g) and Settat (0.74 Q).
- Group 2: Tetouan (0.68 g), Ouazzane (0.67 g) and Chaouan (0.63 g).
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Figure 4: Kernel Mass Distribution in Each Station
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CM t Grouping for Means of station (Alpha = 0.05)

Means covered by the same bar are not significantly different.

station Estimate

b arrakec 0. 7240
Kelaa O.F240
Settat Q. Fas0
Tetouan o220
CDuazzane O.8780
Chaouan O.e83280

Figure 5: Station Groups by Kernel Weight
3.3 Character related to Mass of Fruit to Mass of Nucleus (FM/CM)

The coefficient of variation (CV) for the FM/CM ratio revealed minimal significant
differences between trees within each station, with CVs generally ranging from 1.55%
to 10.95% across all stations, except for Ouazzane (CV exceeding 31%). This
suggests a stronger influence of genotype on the FM/CM ratio at the Ouazzane
station. Similarly, a small, but significant, difference was observed between stations
(CV of 12.35%), indicating some variation across the studied regions (Figure 6). The
FM/CM ratio itself displayed limited variation between stations. Irrigated stations
(Settat, Kelaa des Sraghna, and Marrakech) exhibited ratios between 5.01 and 6.08,
while rain-fed stations in the north ranged from 3.58 to 5.97. Statistical analyses further
identified four distinct groups based on the FM/CM ratio (Figure 7):

- Group 1: Marrakech (6.08) and Chaouan (5.97)
- Group 2: Kelaa of the Sraghna (5.81)

- Group 3: Settat (5.01)

- Group 4: Ouazzane (3.66) and Tetouan (3.58).

Distribution of FM_CM
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Figure 6: Distribution of FM/CM Ratio by Station
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FM_CM t Grouping for Means of station (Alpha =
0.05)

Means covered by the same bar are notsignificantly different.
station Estimate

Marrakec E.0880

Chaouan S5.9780
Kelaa E.21s0
Settat S.0160
Duazzane 2.e820
Tetouan 3.5860

Figure 7: Groups of different Stations by FM/CM Ratio
3.4 Character Related to the Length to Width Ratio of the Fruit (FL/FW)

Concerning this character, the results obtained show that there is no significant
difference between the trees of the same station. The stations studied are
characterized by a very low coefficient of variation which does not exceed 4.05%
(Figure 8).

The calculation of the length-to-width ratio of the fruits (FL/FW) gives an idea of the
shape of the fruits of the different stations studied. The more this ratio is less than
1.25, the more spherical the shape, if this ratio is between 1.25 and 1.45 the shape is
ovoid, and if this ratio is greater than 1.45 the shape is elongated.

Settat, Marrakech, Kelaa of the Sraghna and Chaouan have ovoid fruit with an FL/FW
ratio of 1.34 to 1.40; for the rest of the stations, Ouazzane and Tétouan have slightly
elongated fruit with a ratio of 1.47 to 1.48. Two major groups were identified (Figure
9):

- Group 1: Tetouan (1.48) and Ouazzane (1.47).

- Group 2: Chaouan (1.40), Kelaa of Sraghna (1.38), Marrakech (1.34) and Settat
(1.34).
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Figure 8: Distribution of the FL/FW Ratio in Each Station
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FL_FW t Grouping for Means of station (Alpha =
0.05)

Means covered by the same bar are not significantly different.

station Estimate

Tetouan 1.4840
Cluazzane 14780

Chaouan 1.4000
Kelaa 1.3880
Marrakec 1.2420
Settat 1.32400

Figure 9: Groups of Different Stations According to the FL/FW Ratio
3.5 Character Related to Kernel Length to Width Ratio (CL/CW)

For this character, the results obtained show that there is no significant difference
between the trees of the same station. However, the various stations studied have a
very small significant difference whose coefficient of variation does not exceed 4.74%
(FIG. 10).

With regard to the shape of the nuclei, if the CL/CW ratio is less than 1,4 the shape is
called spherical, if CL/ICW varies between 1,4 and 1,8 the form is ovoid, if this ratio is
between 1.8 and 2.2 the shape is elliptical and if this ratio is greater than 2.2 the shape
is said to be elongated. Based on these standards [18], all the stations have elliptical
cores because this ratio varies between 1.8 and 2.2 for all the stations studied. Based
on statistical analyses, three groups were identified (Figure 11).

- Group 1: Chaouan (2, 13)

- Group 2: Marrakech (2.11), Ouazzane (2.05), Kelaa of Sraghna (2.03) and
Tetouan (2.02)

- Group 3: Settat (2.01).

B

21

Distribution of CL_CW

cL_Cw

20

station

Figure 10: Distribution of the LC/WC Ratio in the Various Stations Studied
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CL_CW t Grouping for Means of station (Alpha =
0.05)

Means covered by the same bar are not significantly different.

station Estimate

Chaouan 21360
Marrakec 21120
Cuazzane 2.0540
Kelaa 2.0320
Tetouan 2.0280
Seftat 2.0140

Figure 11: Groups of Different Stations According to the LC/WC Ratio
3.6 Character Related to Length of Fruit to Length of FL/CL Kernel

The results obtained show that there is no significant difference between the trees of
the same station and the stations between them (low coefficient of variation 3.65%)
(FIG. 12). According to statistical analyses, four groups were distinguished for this
character (Figure 13):

- Group 1: Marrakech (1.42) and Sraghna Kelaa (1.40)
- Group 2: Chaouan (1.37)

- Group 3: Settat (1.34)

- Group 4: Tetouan (1.22) and Ouazzane (1.21).

Distribution of FL_CL
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Chaouan Kelaa Marrakec Quazzane Settat Tetouan
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Figure 12: Distribution of the FL/CL Ratio in the Various Stations Studied
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FL_CL t Grouping for Means of station (Alpha = 0.05)
Means covered by the same bar are not significantly different.

station Estimate

Marrakec 1.4220

Kelaa 1.4020
Chaouan 1.3700
Settat 1. 2400
Tetouan 1.2240
CDuazzane 1.2740

Figure 13: Groups of Different Stations According to the FL/CL Ratio
3.7 Percentage of Flesh (PP)

There was no significant difference between the trees at the same station except at
the Ouazzane station, which had a low coefficient of variation not exceeding 11.45%.
Similarly, the stations show no significant difference between them (figure 14).

Distribution of PP
85 £

7s
70 E

E5

PP

€0

Chaouan Kelaa Marrakec Quazzane Settat Tetouan
station

Figure 14: Percentage Distribution of Flesh (PP) by Tree at Each Station

The most common indirect method for assessing olive oil content relies on the
percentage of flesh (PP), considered the most reliable indicator. Other parameters,
such as flesh-to-pit mass ratio (MF/MN) and flesh-to-pit length ratio (LF/LN), also
indirectly estimate oil content by reflecting the relative amount of flesh in the olive.
While these methods don't directly measure oil content, they are valuable for
comparing the oil production potential across different stations in this study. Based on
the flesh percentage (PP) results, the stations can be classified into two main groups
(Figure 15).

- Group 1: Chaouan (83.10%), Marrakech (83.06 %), Kelaa of Sraghna (82.69
%) and Settat (79.65 %)

- Group 2: Tetouan (71.85 %) and Ouazzane (70.65 %)
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PP t Grouping for Means of station (Alpha =0.05)

Means covered by the same bar are not significantly different.

station Estimate

Chaouan 83.1020

Marrakec 82.02800
Kelaa 82 6930
Settat Fo.6540

Tetouan 71.8520
Duazzane FO.e5B0

Figure 15: Percentage of Flesh (PP) at Stations
3.8 Characters Related to the Size of Fruit and Stones:

The mean values of several parameters — fruit weight (FM), length (FL), and width
(FW), and pit weight (CM), length (CL), and width (CW) — allow us to identify size
differences between stations (Figures 16 and 17). Marrakech and Kelaa des Sraghna
take the lead with the largest fruits, averaging up to 4.76 g in weight and 23.74 mm in
length. Settat and Chaouan follow with medium-sized fruits ranging from 3.70 to 3.81
g and 21.16 to 21.42 mm, respectively. Finally, Tetouan and Ouazzane have the
smallest fruits, averaging between 2.48 and 2.53 g and 19.04 to 19.16 mm in length.
A similar trend is observed for pit size. Marrakech, Kelaa des Sraghna, and Settat
have the largest pits, generally weighing between 0.74 and 0.79 g and measuring
15.82 to 16.82 mm in length. The remaining stations (Tetouan, Chaouan, and
Ouazzane) have medium-sized pits ranging from 0.63 to 0.68 g and 15.62 to 15.66
mm in length. (Table 3).

e bav 1QOE

Figure 16: Different Forms of the Fruits (a) and Nuclei (b) of the Stations
Studied; K: Kelaa, S: Settat, O: Ouazzane, C: Chaouan, T: Tetouan, M:
Marrakech

COMMUNITY PRACTITIONER 734 JULY Volume 21 Issue 07


http://www.commprac.com/

WWw.commprac.com
ISSN 1462 2815

Table 3: Different Parameters Studied in Each Station

FM CM FL CL FW CW FM/CM PP
Tétouan 2.48 ¢c 0.68 b 19.16 ¢ 15,66 c 12,96 d 7,74 bc 3.58¢c 71.85b
Chaouan 3.81b 0.63 b 21,42 b 15,62 ¢ 15.30 ¢ 7,32d 5,97 a 83,10 a
QOuazzane 253 ¢ 0.67 b 19.04 ¢ 15.64 c 12,96 d 7,62 cd 3.66 C 70.65 b
Settat 3.70 b 0.74 a 21,16 b 15,82 bc 15,80bc | 7,88ab | 501b 79.65 a
Kelaa 452 a 0.78 a 23,32 a 16,60 ab 16,90ab | 8,18a | 5,81 ab 82,69 a
Marrakech 4,76 a 0.79 a 23,74 a 16,82 a 17,72 a 8 ab 6.08 a 83.06 a

3.9 Structuring of Polymorphism and Differentiation of Stations

The dendrogram shows four clearly distinct groups that contrast stations with good
pomology parameters to other stations. It is important to note that the first group and
the second group which combine the Kelaa stations of the Sraghna and Marrakech
(irrigated growing system) and some trees of Chaouan have the right pomology
parameters. While the third group, which includes two Settat trees, three Tetouan trees
and one Ouazzane tree (rain-growing system), has medium pomology parameters,
and the fourth group, which includes three Ouazzane trees and two Tetouan trees,
has low pomology parameters (Figure 17).

The discriminating factor analysis made it possible to verify the structuring
demonstrated by the hierarchical analysis. The factorial plane (1,2) exhibits good
structuring of the variability up to almost 94% of the variance. The discriminating factor
axis 1 encompasses 70.61% of the variance, which corresponds to stations with low
pomology parameters. This axis is defined by the variables of the length-to-width ratio
of the fruit and the length-to-width ratio of the core. While the discriminating factorial
axis 2 represents 23.85% of the variance and is explained by the percentage of flesh,
the ratio of fruit length to nucleus length and the ratio of fruit mass to nucleus mass
(Figure 18).
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TS <
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M2 -
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K2 -
C5 -
M5 —
K1 o
K4
02 -
05 -
T3 -
T4 -
04 -

(LT LY

1.0 0.8 0.8 0.7 0.6 0.5 0.4 0.3

Figure 17: Hierarchical Classification Dendrogram of the Various Stations
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Principal components biplot (94.46%)
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PC-1 (70.61%)
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Kelaa
Marrakech
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Tetousan

0o

Figure 18: The Discriminating Factor Analysis of the Different Stations

4. DISCUSSION

The average weight of the fruit is a varietal character. The genetic heritage of a variety
largely influences the weight, shape, and size of fruits and kernels, followed by the
degree of maturity, as well as the cultural conditions involved in determining these
parameters [10, 27].

In the northern region (Tetouan, Chaouan, Ouazzane and Taounate) Morocco, [5]
found that the fruit weight of Moroccan Picholine does not exceed 3.44 g with a core
weight of 0.53 g which is consistent with our results in this region which generally
varies between 2.48 and 3.81 g for fruits and between 0.63 and 0.68 g for the weight
of stones. In the Meknés region, in an irrigated plot [26] found that the fruit weight of
the Moroccan Picholine variety is 3.94 g with a core weight of 0.61 g. These results
are consistent with our findings in the northern region where fruit weights ranged from
2.48 to 3.81 g and nucleus weights ranged from 0.63 to 0.68 g. [14] found that the
variety Haouzia, Menara and Dahbia (which are clones of Moroccan Picholine) in the
QOuazzane region in a rain-growing system these varieties have a fruit weight of
between 2,7 and 3,8g and in Taounate, in an irrigated system, the weight of the fruit
varies between 3 and 3,7g concerning the weight of the stones in rain system the
weight of these varieties varies between 0.46 and 0.53 g and in irrigated between 0.45
and 0.56 g. According to [12], Moroccan Picholine is characterized by an average
weight (weight varies between 2 and 4 g) in terms of fruit and kernel weight, which is
consistent with our results found at most of the stations studied.

[13] In Tunisia for the Chemlali variety found that the average weight of fruit ranged
from 0.6 g for plots where irrigation was interrupted for 5 years to 1.4 g for plots
irrigated continuously. Indeed [11] found that irrigation has a positive effect on the
weight of olives and essentially on the weight of the fleshy part; however, they noted
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an increase of 20 to 25 per cent in the weight of the samples in the irrigated system.
[19] Found in a rainfall growing system that the Boof variety (indigenous) in Albania
has a fruit weight of 4.14 g and 0.58 g for the kernel and variety Freng (indigene) has
a fruit weight of 2.28 g and 0. 31 g for the kernel weight, both of which are older than
500 years. [39] Found in Turkey, in an irrigated cultivation system during the dry
period, that the variety Ulams s and Golcuk has a fruit weight of 3.30 g and 2.50 g
respectively.

Also in this context, [31] found that the best values were recorded for Moroccan
Picholine and Haouzia with weights of 4,35g and 3,35¢g respectively for fruit and 0,91
g and 0,80 g for the weight of stones, whereas the Arbéquine variety had the lowest
fruit weight (1.95g) and a core weight of 0.45 g. The other varieties had intermediate
values of 2.95g and 2.06 g for fruit weight and 0.73 g and 0.45 g for stones weight for
Menara and Arbosana in the Beni Mellal region. These results are rather similar to
those found at the Marrakech and Kelaa Sraghna irrigated sites with fruit weights
ranging from 4.52 to 4.76 g and nucleus weights ranging from 0.78 to 0.79 g.

For the FM/CM ratio, [14] found values ranging from 6.1 to 6.3 in the Haouzia, Menara
and Sigoise varieties in a rain-growing system (Ouazzane); these values are also
recorded for the Haouzia and Menara varieties in the Taounate irrigated system, unlike
the Sigoise variety, where this ratio is estimated at 5.1. [26] Found in the Meknes
region in a drip irrigated cultivation system a ratio not exceeding 5.43 for Moroccan
Picholine. In another study in the Settat region, this ratio was 5 for the Arbequine
variety, 5.3 for Koroneiki and 5.7 for Moroccan Picholine under rainfall conditions [22].
Elsewhere, in Tunisia, [2] found that the Degache variety shows a ratio of fruit mass
to kernel mass (FM/CM) between 4.03 and 11.46. Also, [15] found that the four
varieties, Chétoui, Chemlali, bi and Gerboui, located at three different sites in Tunisia
have an FM/CM ratio that varies from 4.47 to 9.65, 2.85 to 2.75, 3.61 to 5.41 and 2.56
to 7.66, respectively. These results differ from one variety to another.

The length of the fruits and nuclei is an important criterion for pomological
characterization. In Tunisia, [15] found in a rain-growing system that the Chétoui
variety has a length of fruit ranging from 13,49 to 19,38 mm and a core length of 11,43
to 14,09 mm, whereas the Variety bi has a fruit length of between 13,16 and 15,22
mm and a kernel length of 10;26 to 12.16 mm and the Gerboui variety with a fruit
length varies between 13.64 and 17.62 mm and the core length varies between 9.22
and 10.52 mm. [1] having worked in Algeria, found that the Limeli variety has a fruit
length of 15.58 mm and a nucleus of 13.75mm and the Sigoise variety has a fruit
length of 19.31 mm and a nucleus of 14.30 mm. In Morocco, [31] found in the Beni
Mellal region in rainfed growing system that the Moroccan Picholine and Haouzia
variety recorded the best fruit length values up to20 mmwhile Abequina and Arosana
showed the lowest values 15,01 and15.43 mm respectively. For the length of the
kernel, Haouzia has the highest valuel6, 89 mmwhile Moroccan Picholine has
average valuesl3.35 mmand Arbequin shows the lowest valuesl10.51 mm.
Furthermore, [14] found that Haouzia and Menara varieties grown in rainfall in the
Ouazzane region have a fruit tongue of 21 and 21.6 mm respectively, while the nucleus
length is 16.8 and 17.1 mm respectively. The same varieties grown under irrigation in
the Taounate region have a fruit length of 21.8 mm for Haouzia and 23.7 mm for
Menara, while the core tongue is 16.7 mm for Haouzia and 17.1 mm for Menara. These
results are consistent with the results found at all sites in our study area where fruit
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length varied between 19.04 and 23.74 mm and nucleus length varied between 15.62
and 16.82 mm.

The length/width ratio of fruit and kernel is a criterion to be taken into account in the
pomological characterization. In Tunisia, [2] found that Degache has a length/width
ratio of fruit (FL/FW) of 1.34 and kernel (CL/CW) of 1.93. In Algeria, [1] found that the
Limeli and Sigoise varieties had FL/FW values of 1.95 and 1.34 and CL/CW values of
2.14 and 1.84, respectively. In Morocco, [22] found in the Meknes region in an irrigated
culture system that this ratio varied between 1.12 and 1.15 in the Haouzia variety and
between 1.23 and 1.30 in the Dahbia variety. In addition, [26] found in the same region
of Meknés in a system of taste-irrigated cultivation that the Moroccan Picholine variety
has a length-to-width ratio of 0, 73 and 0.63 for the Dahbia variety, while the ratio for
the Moroccan Picholine nucleus is 0.46 and 0.39 for Dahbia. Also in Morocco, a study
by [14] in two stations, one in the rain system (Mjaara) and the other irrigated
(Taounate), showed that in the first station the L/I ratio of the fruits varies between 1.20
and 1.26 for the two varieties Haouzia and Menara and the L/I ratio of the stones is
estimated to be 2 also for the two varieties. However, in the irrigated system
(Taounate), the L/L ratio of the fruit is 1.37 and 1.43 for the Haouzia and Menara
varieties, respectively, and the L/L ratio of the stones is 2.2 for the two Haouzia and
Menara varieties. These results are consistent with our results for all sites studied
where the fruit length/width ratio (FL/FW) varies between 1.34 and 1.48 and the kernel
length/width ratio (CL/CW) between 2.01 and 2.13.

The percentage of flesh (PP) is a parameter that indirectly evaluates the oil content.
[5] Found that Zeitoune, Haouzia and Menara have 84%, 86% and 87% flesh in the
northern Moroccan region in a rain-fed system. These results are consistent with ours,
especially at Chaouan (rain), Kelaa (irrigated) and Marrakech (irrigated), where the
percentage of flesh generally varies between 82.69 and 83.10%.

Under irrigation conditions, production increased significantly, with all varieties
reacting positively. In fact, production showed an average yield improvement of about
14.5% [33]. The relatively low yields observed for certain varieties such as Frantoio,
Hojiblanca, and Sigoise are attributed to water insufficiency, thus inducing water stress
that can influence flower formation through pistillary abortions [33, 35-40].

[23] Found in an irrigated growing system that the oil contents are 25% for the
Arbequine variety, 24% for Koroneiki and 21.0% for Moroccan Picholine. [24] Found
in a rain-growing system that the levels are 23% for Haouzia and Menara and 18% for
Arbequine. According to [14] the average oil content during 5 years of study is 20.7%
for the variety Sigoise, 22.5% Haouzia and 23.5% Menara which has the highest oil
contents that explain its use as a nutrient and also as a therapeutic compounds for
several diseases [41,42].

5. CONCLUSION

This study contributes to the pomological characterization of Moroccan Picholine
olives grown in two major regions of Morocco. Our results reveal a clear link between
olive size and the cultivation system. Olives from the central stations (irrigated) were
larger, heavier, and had a higher flesh-to-pit ratio compared to those from the northern
stations (rain-fed). While the northern region receives more rainfall than the south, its
distribution is irregular, and dry seasons are lengthening. This reliance on
unpredictable rainfall patterns likely explains the smaller olive size and potentially

738 JULY Volume 21 Issue 07


http://www.commprac.com/

WWw.commprac.com
ISSN 1462 2815

lower oil content observed in the north. Conversely, irrigation in the central stations
compensates for limited rainfall, resulting in larger fruit size, higher weight, and a
greater flesh percentage. These findings suggest the potential benefits of
implementing an irrigation system adaptable to the mountainous terrain of the northern
region. Optimizing water use through such a system could significantly improve olive
yields, thereby supporting local populations whose livelihoods depend heavily on olive
cultivation. This improvement in yield could ultimately contribute to better living
conditions for these communities.
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