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Abstract. The Argan (Argania spinosa L. Skeels) is a multipurpose tree endemic to Morocco. As such it plays an
important economic role. However, these naturally occurring trees present a huge variability in terms of biomass
production and fruit yield. The actual tendency in Morocco is to promote Argan tree planting for oil production.
Nevertheless, for this purpose it would be more rewarding to propagate trees with desirable characteristics such as fruit
and oil yield, nut crushing easiness and low rate of yield alternation from one year to another. The objective of the
present work is to select performing specimens among a population of old trees (over 50 years old) and young ones (7
years) located in a 100 ha land in Admin forest (Agadir), Morocco. The old population pool is composed of 1000 trees
and the young one comprises 9000 trees. Selection was based on several criteria but yield and alternation rate were the
most important. Climate parameters have been also taken into consideration. Correlation between rainfall, strong winds
and Chergui (a dry and hot wind coming from south and southeast) showed that climatic conditions affect Argan
productivity. Over the 3 years that this study has lasted, and using ANOVA (analysis of variance) and PCA (principal
component analysis) analyses, it was possible to distinguish 5 old and 5 young trees for their superiority in terms of
almond and oil yield. These performing old and young trees are labeled in the field and geographically localized using a
GPS for latitude and longitude coordinates. Further work is required to use vegetative propagation to ensure that the
desirable characters set herein are maintained in daughter plants.
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INTRODUCTION

The Argan tree (Argania spinosa L. Skeels) is a naturally characterized by a great genetic diversity (EI Mousadik,
occurring multipurpose species endemic to Morocco. It 1997; Msanda et al., 2005; Ait Aabd et al., 2010;
plays a very important socioeconomic and ecological Mouhaddab et al., 2017) maintained in nature by a
role. This tree formation covers over 800,000 ha and its largely allogamic reproduction mode (Msanda, 1993).
area was recognized as a biosphere reserve by However, desertification, overgrazing and lack of
UNESCO in 1998 (Morton et al., 1987). The Argan tree is favorable conditions for natural regeneration have caused
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an alarming reduction in the area of Argan tree forests
(Defaa et al., 2013). The Argan deforestation results from
the combination of the absence of regeneration and the
loss of trees. The lack or even the absence of
regeneration of the Argan forest has long been
recognized.

The estimation of Argan tree yields varies greatly
depending on the regions and on the tree ecotypes.
Msanda (1993) gives an estimation of 500 kg/ha, without
specifying the number of trees per hectare. The
productivity of Argan trees is also favored by rainfalls of
at least 100 mm in autumn and maximum mild
temperatures (Bani-Aameur et al., 2010). The oil content
of almonds is also very variable according to genotypes.
The percentage of oil varies between 2.7 and 3.1%. The
oil content of almonds ranges from 39.2 to 44.1%. This
shows that there is a potential for genetic improvement of
this species in the framework of a domestication program
as a fruit tree for oil production (Bani-Aameur, 2001).

Plantations established with seeds lead to a
considerable  heterogeneity of progeny. Genetic
characterization using molecular markers (inter-simple
sequence repeat (ISSR) markers) showed strong genetic
diversity within and between provenances. Selection
based on oil yield can be considered very important
because of its great heritability (Ait Aabd, 2013).

Propagation by seed showed considerable
heterogeneity in growth rate, plant architecture, flowering
and production of useful biomass (EI Mousadik, 1997).
Theoretically, vegetative propagation remains a better
alternative to optimize a homogenous production of
Argan plants to overcome diversity of seedlings obtained
from seeds. However, in spite of efforts made for Argan
tree propagation, so far, no Argan tree ecotype has been
identified on which an intensive multiplication program
can be based.

In the last decades, several studies have been carried
out to investigate genetic variability of the Argan tree.
These studies have shown that Argan has a great agro-
morphological and genetic diversity (Ferradous, 1995; El
Mousadik, 1997; Ferradous et al., 2010; Ait Aabd et al.,
2010; Mouhaddab et al., 2017). Furthermore, those
studies were only based on qualitative characteristics
(Nouaim et al., 2007) or they were limited in time (Fallah,
2004; Azenfar et al, 2007; Bellefontaine, 2010).
However, selection criteria, which are very important to
domesticate this species as an oleaginous fruit tree,
remain poorly studied on a single tree basis (fruit and
biomass production, oil yield and the rate of yield
alternation between years). These parameters represent
some of the most important factors. Moreover,
propagation by seeds, cuttings and grafting remains
relatively little studied.

The focus of the present work is on Argan tree clonal
selection among a large population in the forest of Admin,
located 20 kilometers east of Agadir city, Morocco. Its
aim is to identify clone heads in a very diverse Argan tree

population consisting of more than 9000 seedlings
propagated from seeds originating from different
ecological zones (Tiznit, Essaouira and Taroudant) and
1000 old preexisting plants.

MATERIALS AND METHODS
Site location

The data used in this study are derived from a forest plot
covering an area of 100 ha in the Admin forest (Figure 1)
(coordinates 9°36'22"W and 33°55'39"N) and the altitude
above sea level is 63 m (El Mrabet et al., 2014).

Climate data

In general, the climate in the Admin forest can be
described as Mediterranean and arid with an average
annual precipitation of 230 mm. Between January 2013
and December 2016, the annual rainfall was 292.5,
509.2, 114 and 159 mm, respectively (Table 1).

The years 2013, 2014, 2015 and 2016 showed
respectively 11, 20, 15 and 16 days of strong winds that
had a speed over 16 m/s. The Chergui (Sirocco) in
Morocco is a hot and dry wind coming from the east or
the southeast. The accumulated number of days of
Chergui occurrence between 2013 and 2016 was 54, 37,
68 and 49 respectively. The average yearly maximum
temperature for the 4 years was 26.12°C and the average
yearly minimum was 13.57°C.

Physicochemical analyses of soil and water

In the study site, three soil profiles were dug in different
location so that we have a good representation. The
profiles showed 3 horizons (A, B and C). Soil samples
were taken from each horizon for laboratory analyses
which included particle size, pH, electrical conductivity
(EC), organic matter (OM) content, chemical composition
(available phosphorus, total nitrogen, Nitrate, Potassium,
Sodium, Calcium, Magnesium, iron, copper, zinc, and
Manganese). Analyses were carried out according to the
classical methods as described by Page et al. (1982).

Biomass and yield characterization

The age of the seedlings was 7 years in 2014 whereas
the age of old trees is not known (surely over 50 years
after the last coppicing). The Argan plantations (young
and old) received two irrigations per year of 100 liters of
well water (pH = 7.70 and EC (electrical conductivity) =
1.24 dS/m).

All trees of each category were labeled as YT1-YT9000
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Figure 1. Site location (Msanda et al., 2005).
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for the young population and as OT1-OT1000 for the old
population. Out of these two populations, one hundred
trees from each category (young and old) were
preselected for their high level of productivity. They were
labeled as YTx for the young trees and OTx for the old
ones. These preselected trees were characterized by
measuring some quantitative and qualitative parameters
detailed below.

Quantitative parameters

The quantitative parameters studied between January
2014 and September 2016 were: annual fruit production,
fruit production per m2 of canopy, fresh weight, unit
number in 100 g of fruits, almond yield, oil yield, trunk
stemming, trunk circumference (when a tree presents
several stems, circumference is calculated as the total of
stem circumferences), crown volume, and alternation
rate.

The crown volume was calculated by the computation of
the volume of an ellipsoid (crown volume = 4/3 11 a.b.c)
because this model is closer to the tree volume
(Zunzunegui et al., 2010).
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The yield of almonds was calculated by hand crushing of
10 kg for old trees and 1 kg for young ones with three
replicates. Oil yield was measured after mechanical
extraction of the almonds obtained from seed crushing.
The alternation rates were determined by calculating the
average differences in vyield between two years
(2014/2015, 2015/2016 and 2014/2016) by the following
formula:

AR (%) = [N - (N-1)] / (N-1) * 100

N = harvest of the year
N-1= harvest of the previous year

Qualitative parameters

In parallel, some qualitative parameters cited in other
works were studied such as fruit form, presence of spines
and ease of crushing. Fruit shape was distinguished as
described by Ferradous (1995). The presence of spines
was determined by counting the number of spines of ten
10-cm-cuttings in the middle of the tree. The ease of
crushing was estimated by calculating the ratio of almond
to seed weight (Nouaim et al., 2002).

Selection of productive trees

In May 2014, the most productive trees (young and old)
were identified and labeled based on seed harvest. The
best 100 trees of each category (young and old) were
chosen for further investigation.

In order to reduce the large number of trees, after yield
analysis of 3 successive years, trees that maintained an
overall important vyield (above the average) were
considered as best specimens. This allowed selecting 31
young trees and 48 old trees.

Statistical analysis

The results were analyzed by one-way and multiple
factors ANOVA. The projection of individuals by Principal
Component Analysis (PCA) and correlation tests using
phenotypic  characterization data  enabled the
identification of clone heads. The homogeneous groups
are determined by the test of Newman and Keuls with a =
5%. These statistical processes are carried out using
Statistica V6 software.

RESULTS AND DISCUSSION
Soil quality

Analysis of sampled soil showed thatit is generally
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Table 1. Climate data of the study area (Meteorological station of Al Massira Airport, 2017).

Year Rainfall (mm) Strong winds (days) Chergui winds (days) Average max T °C Average min T °C
2013 2925 11 54 26.18 13.01
2014 509.2 20 37 25.9 13.8
2015 114 15 68 26.28 13.45
2016 159 16 49 26.13 14.04
Average 268.67 15.5 52 26.12 13.57

Table 2. Soil particle size in the study site.

Profiles Horizon Clay (%) Fine silt (%) Coarse silt (%) Fine sand (%) Coarse sand (%)
A (0-36 cm) 9.30 17.45 20.32 44.23 8.68
1 B (36-55 cm) 9.85 16.50 20.28 4251 10.84
C (>55 cm) 12.60 15.50 18.58 37.88 15.44
A (0-40 cm) 8.30 12.90 15.55 50.22 13.03
2 B (40-68 cm) 10.45 12.00 10.38 53.59 13.57
C (>68 cm) 10.20 20.75 5.49 29.59 23.77
A (0-55 cm) 9.05 16.80 16.33 49.59 8.23
3 B (55-71 cm) 10.70 15.15 22.96 50.04 11.15
C (>71 cm)) 12.20 22.25 12.94 20.99 31.62

composed of 3 horizons (A, B and C) but with different
depths ranging from 36 to 55 cm for horizon A, 19 to 28
cm for horizon B and over 55 cm for horizon C (Table 2).

Laboratory analyses showed that the texture is sandy-
silty loam, sand representing over 50%. The clay fraction
is below 13% in all horizons of all profiles (Table 2). The
pH is alkaline with values ranging from 8.25 to 8.73
(Table 3). EC is low (0.056 to 0.252) indicating that the
soil is not saline. Organic matter is generally low (1.2 and
below) in all profiles and horizons. Lime is relatively low
in the upper horizons and high in C horizon indicating the
calcareous nature of the subsoil. Chemical elements are
in accordance with the low organic matter content.

Our results showed that the soil is generally alkaline
with a pH above 8 and variable chemical compositions
according to profile and horizon (Table 2).

Biomass and yield characterization

Table 4 shows biomass parameters in terms of crown
volume, number of stems per tree and total trunk
circumference.

The crown volume was obviously higher in the old
population but variability is high (Table 4). However, the
number of stems per tree was comparable between the
old and the young populations. Trunk circumference per
stem shows that on average, old trees have trunks 3.5
times bigger than young ones (Table 4) which is
understandable.

Table 5 shows the fruit yields of 100 young and 100 old
trees for 3 years. Figures show an important variation
from one year to another among the same population.
The table also shows the effect of the season and the
age on fruit yield. For the old trees, yield variation was —
55% in 2015 and —35% in 2016 compared to 2014. For
the young trees, yield variation ranged from — 25% to
+70%, comparing 2015 and 2016 with 2014 (Table 5).
During the three years of study, maximum fruit yields per
tree were 118 kg from the old population and 13 kg from
the young one. Some trees did not give any yield at all as
the case of old trees in 2015 and young trees in the 3
years. This can be explained by the alternation
phenomenon in the Argan tree as it happens in other
species like the olive tree. Some trees produce fruit every
year, others every other year and others over a period of
more than three years (Ferradous, 1995; Bani-Aameur et
al., 2010).

As presented earlier, fruit types in terms of overall
shape were distinguished. Table 6 shows the percentage
of fruit type for each tree category (young or old).

Effect of fruit form on some selection parameters

The analysis of variance was applied to the database of
old trees to determine the relationship between fruit form
and some selection criteria cited (Table 7). The ANOVA
table shows that fruit form has a significant effect on oil
yield while there is no effect on other parameters.
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Table 3. Chemical characterization of the soil of the study site.

. . OM CaCOs3 NO3 P20s K* Na* Ca?* Mg?* Fe Cu Zn Mn
Profiles  Horizons pH EC (dS/m)
(%) (%0) (Ppm)
A 8.40 0.073 1.22 6.75 1.74  0.025 0.482 0.154 0.965 0.326 14.6 45 0.8 1115
1 B 8.36 0.122 1.06 11.70 1.16  0.077 0.294 0.123 1.062 0.508 8 4 0.8 45.25
C 8.63 0.252 0.60 22.95 1.16 0.012 0.187 0.061 7.825 0.151 15.3 3 0.6 63
A 8.73 0.078 0.82 9.54 6.39 0.027 0.455 0.077 0.868  0.133 5.3 4 0.7 50.25
2 B 8.71 0.056 043 25.74 1.16  0.019 0.374 0.138 0.965 0.405 4 1.5 0.7 28.5
C 8.31 0.198 0.27 65.04 0.58 0.064 0.214 0.092 10.234 0.211 1.3 2 0.4 62
A 8.25 0.083 1.75 6.88 755 0.022 12535 3.195 15.68 0.534 0.5 0.5 0.5 1.9
3 B 8.54 0.112 0.80 45.45 3.13 0.021 3.856 2.39 13.16  0.358 0.6 0.8 0.5 0.9
C 8.46 0.144 0.22  68.18 1.74  0.057 2.169 2.19 11.48  0.273 0.5 0.6 0.5 0.5

Table 4. Crown volume, stem number (number of trunks) and trunk circumference of Argan young and old selected populations.

T Average crown Average stem Average total trunk Trunk circumference
ree ages 3 .

volume (m3) number circumference (m) /Stem number
Old trees (>50 years) 141.48 + 84.6 421 +2.18 2.85+1.22 0.78+0.3
Young trees (7 years) 8.45 + 5.38 3.46 +1.89 0.78 + 1.36 0.22+0.17

Table 5. Fruit yield of the 100 selected trees from each population (young and old) during 3 years (2014, 2015 and 2016).

Trees Harvest 2014 (kg) Harvest 2015 (kg) Harvest 2016 (kg)

Total Average (per tree) Max Min Total Average (per tree) Max  Min Total Average (per tree) Max Min
Old trees (100) 6 220.50 62.2 £21.59 118.00 22.00 2 787.00 27.87 +17.03 100.00 O 4 006.00 40.06 + 23.24 112 2
Young trees (100) 118.70 1.18+1.5 7.50 0 87.80 0.88 + 0.89 5.00 0 200.98 2.01+1.91 13 0

Table 6. Percentage of fruit form by category of trees (young, old).

Ages of trees OVAp (%) oV (%) FF (%) R (%) D (%) PR (%)
Young trees (7 years) 11.1 29.3 11.1 18 .2 5 25.3
Old trees (>50 years) 22.8 40 8.6 14.2 13.4 1

OvAp: Oval-apiculate, OV: Oval, FF: Fusiform, R: Rounded, D: Drop, PR: protruding.
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Table 7. Effect of fruit form on some selection parameters (Anova test).

Fruit Number of Almond Ease of oil vield Alternation
Factor production seeds in 100 g yield crushing y rate
F P F P F P F P F P F P
Fruit form 1.005 0.4 0.5 0.73 2.15 0.09 1.8 0.12 3.12 0.02* 0.62 0.64
F: Factorial, P: p-value, * P < 0.05.
Table 8. Newman and Keuls test on yield average per fruit form.
Oil production/tree OVAp oV D FF R
Qil production per kg 251 +0.7° 3.57 +0.72 2.54 + 1° 2.34 +0.89° 2.87 + 0.6%°
OvAp: Oval-apiculate, OV: Oval, D: Drop, FF: Fusiform, R: Rounded. Values having the same letter are not significantly different

(p <0.05).

Table 9. Effect of age on Argan oil yield in fruits and almonds.

Type of trees

Almond oil content (%)

Fruit oil content (%)

Young

47.67 £10.012
Oold 46.67 £ 3.742

3.67+1.22
3.05 + 0.54°

Values having the same letter in the same column are not significantly different

(p<0.05).

Table 10. Effect of age on crushing facility and spine number.

Tree age Crushing facility Number of spines in 10 cm
old 0.09 + 0.05° 3.5+ 3.08°
Young 0.12 £ 0.012 5.57+3.22

Values having the same letter in the same column are not significantly different

(p <0.05).

The Newman and Keuls test (Table 8) reveals that the
oval form shows a significant superiority in terms of oil
production compared to the other types of fruits. Oval
fruits produced the highest oil yield (3.57%). Minimum
values were obtained in fusiform fruits (2.34%). These
results are contradictory with the results obtained by Gharby
(2012) who compared oil yield in 4 fruit forms; maximum
value was observed in Oval-apiculate fruits and oval forms
had the lowest content.

Effect of age on Argan oil yield

The age of trees has no effect on the oil yield of almonds
in the Argan tree. The average oil content was 47.67%
and 46.67% in young and old trees respectively (Table
9). On the other hand, fruits from young trees presented
a highly significant superiority of 20 % compared to the
old ones.

The work of Bani-Aameur et al. (2010) showed that the
content of almonds in oil is very variable among the
genotypes; it oscillates between 44.1 and 39.2%. In the

present study, we found that yield can reach an average
of 47.67%, with regard to the effect of age of trees on fruit
yield in oils. We have shown that fruits from young trees
have significant superiority compared to the yield of old
tree fruits.

Effect of age on crushing facility and spines

The age of the Argan trees has an important effect on the
ease of crushing and also on the presence of spines. The
fruits of young trees seemed the easiest to crush. Seeds
with higher A/G ratio are the easiest to crush. Comparing
the two types of trees, the number of spines present in
young trees is greater by 60% compared to old trees
(Table 10).

Selection of trees

Principal Component Analysis (PCA) is a multivariate
technique used in several studies. In our case, the PCA
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Table 11. Eigenvalues, cumulative variance of the first two
principal components (PC) and the factorial loads between the
PC and the traits studied in old trees.

Variables

Eigenvalue

Total variance explained (%)

Total yield (TY)
Volume of crown (VC)
Yield / Volume (Y/C)
Number of stems (NS)

Total trunk circumference (TC)

Almond yield (AY)
Oil yield (OY)
Tree height (TH)

PC1 PC 2
2.198 1.113
34.33 22.67
0.23 -0.24
0.87 0.18
-0.87 -0.19
0.45 -0.25
0.72 -0.17
0.03 -0.88
0.21 -0.84
0.64 0.30

Table 12. Eigenvalues, cumulative variance of the first two principal
components (PC) and the factorial loads between the PC and the traits

studied in young trees.

Variables

Eigenvalue

Total variance explained (%)
Total yield (TY)

Volume of crown (VC)

Yield / Volume (Y/C)

Number of stems (NS)

Total trunk circumference (TC)
Almond yield (AY)

Height of the Tree (HT)

PC1 PC 2
2.141 1.007
42.62 18.98
-0.68 0.21
-0.93 0.24
0.67 -0.17
0.42 0.75
0.37 0.79
-0.32 0.08
-0.88 0.11

was used to achieve two objectives:

1. lllustrate the correlations between parameters of the
studied selections, and

2. Group together individuals of significant agronomic
interest

The correlation between the selection parameters in the
two types of trees is presented in Tables 11 and 12.

In old trees, the variability of the first two main
components (PC1l, PC2) was 34.33 and 22.67%
respectively of the total variability. The illustrations of the
PC1 and PC2 axes are shown in the Figures 2 and 3.

By analyzing the matrix of correlations, we deduce the
presence of a positive correlation between the crown
volume and the height of the tree and also between the
branch of the trunk and the circumference of the barter.
Which important to deduce is the utility of the first
selection step which minimizes the overall variability of
the major selection parameters: total fruit yield, almond
yield and oil yield. On the other hand, a negative
correlation between the yield of Almond and the oil yield
with respect to the axis PC2.

Consequently, the PCA analysis revealed that the volume
yield and crown volume are the most discriminating
characters between the genotypes on the PC1 axis. On
the other hand, the oil and almond yield is the most
representative on the PC2. For the young trees, the
variability of the two main components is 42.62 and
18.98%. According to PC1, a negative -correlation
between crown volume, total yield, almond yield and tree
height is deduced. On PC2, branching and trunk
circumference are positively correlated. The Correlation
Matrix Outcome Analysis shows that total yield, canopy
volume, and tree height are major indicators of tree
selection.

Regarding Argan trees selection, the most valuable
parameters are related to oil production. In this context,
the selected trees are those characterised by high total
yield, high almond and oil yield; these parameters being
correlated with high stem number. In fact these desirable
parameters are highly correlated as illustrated in Figure
2. Figures 2 and 3 represent the projection of variables
and individuals according to the studied parameters for
old trees. Thus, the selected old trees are the individuals
9,24, 1,28 and 17 (Figure 3 and Table 13).



14

J. Agric. Crop Res. / Hammou et al.

1 22 67%

0.0

Fact. 2

Fact. 1 :34,33%

Figure 2. Projections of the variables studied according to factorial

plans 1 and 2 for old trees.

) [TS RN (4]
T T T

=y
T

Fact. 2. 2267%

J
o8

b b b b

Fact. 1 - 34,33%

L 2 £ 2 5. Active

B Selected trees

Figure 3. Projections of individuals studied according to factorial plans 1 and 2 for old trees.

With regard to young trees, the same protocols were
followed. They enabled the identification of young
individuals with interesting agronomic traits, the PCA
projections of variables and individuals studied are shown
in Figures 4 and 5. As reported for old trees, with the
exception of stem number, the projection of parameters
of young trees (Figure 4) shows that the major
parameters of selection (total fruit yields, almond yield
and crown volume) are highly correlated. Following these
parameters, five young trees are selected for their
performances, and the selected individuals are 1, 4, 7, 3
and 8 (Figure 5 and Table 14).
Analysis of PCA projection for the young Argan trees

enabled the determination of the most efficient trees for
gualitative and quantitative parameters (Figures 4 and 5).
Table 14 shows the five selected individuals.

Previous work by Ferradous et al. (1997), Nouaim et al.
(2002), Msanda et al. (2005), Nouaim et al. (2007),
Bellefontaine (2010) and Zunzunegui et al. (2010) and
recent studies on agro-biodiversity and clonal
propagation of the Argan tree (Ait Abd et al., 2013; Yatrib
et al., 2015; Mouhaddab et al., 2017) have allowed to
mark a significant number of trees with interesting agro-
morphological characteristics. This study has made it
possible to choose a reduced number of trees from an
overall number of 10,000 heterogeneous trees (1,000 old
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Table 13. Code and coordinates of selected old trees.

Category of trees Tree code PCA code GPS coordinates

Latitude Longitude
OT16 9 30.334 -9.424
0T120 24 30.333 -9.433
old OT176 1 30.335 -9.436
0oT182 28 30.334 -9.437
071218 17 30.334 -9.426

10r

051
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00r

Fact. 2

10}

Fact 1 :4262%

Figure 4. Projections of the variables studied according to
factorial plans 1 and 2 for young trees.
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Figure 5. Projections of individuals studied according to factorial plans 1 and 2 for young trees.
trees and 9,000 young ones). Results of this work show is largely in accordance with the literature cited above.

that even under the same environmental conditions the Moreover, PCA has made it possible to determine the
Argan tree can express an interesting heterogeneity. This heads of clones with interesting agronomic characteristics.
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Table 14. Code and coordinates of selected young trees.

GPS coordinates

Category of trees Tree code  PCA Code 5 -
Latitude Longitude
YT33 4 30.333 -9.429
YT47 3 30.334 -9.430
Young YT101 7 30.334 -9.436
YT106 1 30.334 -9.437
YT169 8 30.335 -9.436

Table 15. Seasonal effect on annual fruit production (Anova test).

Annual fruit production of adult trees (kg)

Parameters
Df

F P

Factor (year) 2

70.138 0.0000***

Df: Degrees of freedom, F: Factorial, P: p-value, *** P < 0.001.

Tablel6. Correlation coefficients between climate data and fruit production.

Climatic data

Fruit yield (kg/tree)

Fruit yield (kg/m3)

Strong winds (days) -0.98
Rainfall (mm) 0.77
Chergui winds (days) - 0.96

-0.98
0.78
- 0.95

Relationship between fruit production and climatic
factors

Climatic conditions have generally significant effect on
crop production. In the Argan trees studied, the climate
induced a very highly significant difference in annual
production (Table 15).

Such results have been found by other studies on other
trees (Dokoozlian et al, 1995; Parciak, 2002).
Zunzunegui (2010) have also mentioned that fruit yield is
affected by environmental conditions. Bad climatic
conditions (drought) reduce significantly fruit production
in the Argan tree. In addition, our results (Table 15)
showed that rainfall has a positive effect on fruit yield; the
correlation test shows a correlation rate of 78%. Castro
(1999) showed that the occurrence of rainfall before
maturation is associated with an increase in seed quality
of Scots pine (Pinus sylvestris). Poor soil and lack of rain
reduce fruit production and seed size (Schimpf, 1977
Medrano et al., 2003).

Besides, our results show that Chergui winds during
the flowering period affect flowers and consequently
reduce production. The analysis of the correlation tests
between strong winds, the number of Chergui days
during the flowering-setting period and the annual
production shows a negative correlation of -98 and -96%,
respectively.

Climatic conditions during flowering and fruit setting
stages are very important in the production estimation.

The abundance or lack of rain, hot weather, strong winds
and the occurrence of Chergui during this period
significantly affect fruit yield and size. This is observed in
other tropical species whose yields are related to climatic
conditions during the flowering period (Frankie et al.,
1974). In California’s flora, Baker (1972) showed a
positive correlation between favorable climatic conditions
and seed weight. The production of fruit and flowers in
tropical forest varies seasonally (Janzen, 1967; Baker,
1972; Frankie et al., 1974; Tutin et al., 1991; Tutin and
Fernandez, 1993), the variation in the intensity of
flowering in the Argan tree is conditioned by the
geographical location (Bani-Aameur, 2001). Moreover
pollination and pollen fertility affect fruit production to the
extent that unfavorable climate has a significant effect on
these factors (Belmouden and Bani-Aameur, 1995).

CONCLUSION

The results of this study illustrate the great genetic
diversity existing among Argan trees as a forest species.
The study of the quantitative and qualitative
characteristics of Admin’s Argan population reveals the
presence of a great diversity between the studied
individuals. This work allowed us to select the performing
trees with high fruit and oil's production. Moreover,
findings from this study would be useful in the choice of
clone heads capable of being integrated into a clonal



Intensification  (propagation and establishment of

plantations) program.

The identification of clone heads that are of economic
interest is a first step to encourage Argan tree planting
(plantation establishment) for production purposes.
These clones may be recommended for local nursery
growers to produce plant materials (seedlings). However,
it is important to work on efficient methods for their
vegetative propagation in order to conserve genetic
characteristics. Currently, authors have reviewed several
studies on the optimization of vegetative multiplication of
the Argan tree (Ferradous et al.,, 2010, Kaaya, 1998;
Harrouni, 1999; Nouaim et al., 2007, Bellefontaine et al.,
2010, Metougui et al., 2017). Their findings can be
extrapolated to the selected Argan specimens of this
work in order to improve rhizogenesis and seedling
quality. The propagated seedlings can therefore be used
in modern orchards as oil-bearing fruit trees.
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