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Abstract: The present work was carried out in the laboratory and at the experimental station of the
Oujda Faculty of Science, where we undertook a cultivation trial of two provenances of Argania
spinosa from Morocco and Tunisia to see their germination and growth behavior. After one month's
germination of Argania spinosa seeds in the laboratory, the germination rates of seeds from Foum El
Hassen and Miouzour were the highest compared with seeds from the Faculté des Sciences d'Oujda
and the Béni-Snassen region. In fact, seeds from Tunisia had an advantage over those from Morocco
in terms of germination capacity. Monitoring growth over time showed no significant differences
between seedlings of Tunisian and Moroccan origin. The growth in height of four provenances
showed a similarity in the general growth pattern.
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1. Introduction

In many developing countries, rural populations meet a large part of their food and energy
needs thanks to trees, which also contribute to quality of life. Efforts to conserve forests, while making
them more productive, would benefit from a better understanding of the resources of multipurpose
woody species and how they can improve not only the nutritional situation of rural populations, but
also their economic resources [1].

The argan tree is an interesting example of a multi-purpose woody forest-fruit species [2,3].

A typically multi-use tree, it is the mainstay of agroforestry systems that have so far succeeded
in meeting the needs of local inhabitants [4]. It is a forest species of great importance to the country,
both biologically and in terms of phylogenetic and ecological biodiversity, as well as economically
and socially. [5].

It is a specifically Moroccan endemic species. It is the only Moroccan representative of an
essentially tropical family [6].

The most remarkable tree in Morocco, it is thorny, can reach 8 to 10 meters in height [6-8] and is
very hardy, with a lifespan of up to 150 to 200 years [1].

Despite all these advantages, argan groves are declining at an alarming rate, both in terms of
surface area and density. This decline is exacerbated by the almost total absence of natural
regeneration [4]. This is a real ecological threat, given the decisive role played by the argan tree in
combating erosion and desertification, thanks in particular to its powerful root system. The threat is
also socio-economic, since the argan tree provides more than 7 million days of family work per year,
with the population living directly or indirectly from the argan tree estimated at between 2.5 and 3
millions Moroccans [9].

Reforestation or assisted regeneration would be the only way to ensure the species' continuity
[10].

With this in mind, and with the aim of increasing the body of knowledge and adding elements
to the solutions likely to contribute to the regeneration and rehabilitation of the argan tree, we have
undertaken an experiment to determine the germination and growth capacity of four different
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provenances of Argania spinosa L. from Morocco and Tunisia. Our results will lead us to propose
orientations that could contribute to the protection and development of this species.

2. Materials and Methods Aim of the Test

The aim of this comparison is to determine which provenance can give the highest germination
rate and growth dynamics in the shortest time and in the highest proportion. To achieve this
objective, we soaked all the argan seeds in water at room temperature for 48h. The choice of soaking
as a pre-treatment technique is based on studies by [11,12] .who showed that soaking for 48h in
ambient water is sufficient to obtain good germination.

2.1. Germination

2.1.1. Plant Material

In our trial, we compared four Moroccan and Tunisian provenances of Argania spinosa: the first
two from Morocco were harvested from the Faculté des Sciences d'Oujda and the Béni-Snassen region
(eastern Morocco), and the other two from Tunisia were harvested from Foum El Hassen and
Miouzour (INEGREF: Institut National de Recherche en Génie Rural et Eaux et Foréts).

® Pr1: Seeds from the Oujda Faculty of Science (Oujda,Morocco)

® Pr2: Seeds from JbelTikermine, Béni-Snassen (Berkane, Morocco)

¢ Pr 3 : Seeds from Foum El-Hassen of INRGREF (Tunis)

® Pr4: Seeds from Tigue Miouzour at INRGREF (Tunis).

2.1.2. Experimental Set-Up

The trial was carried out in a completely randomized design with four replicates. The number
of seeds used was 50 per provenance and 200 seeds per repetition, for a total of 800 seeds for the
whole trial.

2.1.3. Test Set-Up and Operation

The trial was carried out in the laboratory of the Oujda Faculty of Science. Before germination,
argania spinosa seeds were disinfected with a solution containing 10% concentrated bleach for five
minutes, then rinsed three times with tap water. Seeds were germinated in polyethylene bags
containing peat. The bags were kept in the dark in an oven at a constant temperature of 30°C. The
seeds were aerated by stirring the sachets daily to prevent the development of mold.

2.1.4. Measurements

Counting involves counting the number of germinated seeds every day. A seed is considered
germinated when it emits a radicle. The germination rate, which represents the percentage of
germinated seeds in relation to the total number of seeds sown, is thus determined. And secondly,
the germination speed, which expresses the percentage of germination as a function of time.

2.2. Growth

2.2.1. Plant Material

The seedlings used came from the germination trial, and were transported in perforated
polyethylene bags, 30cm high and 16.5cm in diameter.
2.2.2. Experimental Set-Up

The trial was carried out in a completely randomized design with four replicates. A batch of 160
seedlings was selected, with 40 seedlings per repeat and 10 seedlings per origin.
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2.2.3. Measurement Method

The length of the stem axis was measured using a graduated ruler over a 4-month period. The
parameters measured were :

¢ Growth rate : this is the evolution of growth in stem height as a function of time.

* Height growth rate : calculated using the following formula :

(TC) = (HF - HI) / HI x 100 (in %)

With :

® TC : Height growth rate in percent.

¢ HF : Plant height after one year in cm.

* HI : Initial plant height in cm.

2.2.4. Statistical Analysis

The data obtained underwent an analysis of variance using SPSS version 11.5 (Statistical Package
for the Social Sciences). This analysis of variance was followed by a classification of means using
Duncan's test, which was used to perform all analyses of variance (ANOVA). The values obtained
are the statistical mean of three repetitions, with a confidence interval calculated at the 5% threshold.

3. Results and Discussion
3.1. Germination

3.1.1. Germination Rate

A study of the germination of argania spinosa seeds according to seed origin showed a significant
difference (p<0.05). Seeds from Tunisia showed higher germination rates than those from Morocco,
at 92.5% and 89.5% respectively for Miouzour and Foum el Hassen, followed by 53.5% for Béni-
Snassen and 25% for the Faculté des Sciences d'Oujda (Figure 1).
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Figure 1. Germination rate of Argania spinosa seeds according to seed origin.

The results show that argan seeds from Tunisia have a higher germination capacity than seeds
from Morocco, perhaps due to seed quality, storage conditions, harvest date and tree genotype.

Our results are in line with those of [11,12], who have shown that the germinative capacity of
seeds varies according to harvest date and tree type.

As well as the work of [13-15] which assert that the ripening and physiological decline of argan
fruits in response to unfavorable climatic conditions are variable according to the tree's genotype.
Furthermore, the difference in germination ability observed in seeds from different trees highlights
the interference of genotype in seed growth, which is known for its great genetic diversity.
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3.1.2. Germination Speed

Germination began on day 6eme for the plants from Tigue Miouzour and Foum el Hassen. The
seeds from Béni-Snassen and the Oujda Faculty of Science began germinating on day 10 <™ Low
germination percentages were observed during the first week in the two provenances from Tigue
Miouzour and Foum el Hassen, with rates of 10 and 2.5% respectively. On the other hand, seeds from
Béni-Snassen and the Faculté des Sciences d'Oujda have not yet begun to germinate.

During the second week, the germination rate gradually increased with time, reaching 92% for
seeds from Tigue Miouzour and 88.5% for seeds from Foum el Hassen. Seeds from Béni-Snassen and
the Faculté des Sciences d'Oujda had germination rates of 48% and 22.5% respectively.

After three weeks, the germination rate showed a relative change, but only slightly to reach the
maximum rates for all provenances. Germination rates reached 92.5, 89.5, 53.5 and 25% respectively
for seeds from Tigue Miouzour, Foum el Hassen, Béni-Snassen and the Faculté des Sciences d'Oujda.
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Figure 2. Germination rate of Argania spinosa seeds from different provenances as a function of time.

3.2. Growth

The growth of argan seedlings from different provenances as a function of time is not significant
(p>0.05).

The average initial height of the transplanted plants was 10.18, 15.47, 14.58 and 16.60 cm
respectively for provenance from the Faculté des Sciences d'Oujda, Béni-Snassen, Foum el Hassen
and Tigue Miouzour. The heights measured after four months' growth were 18.90; 28.45; 28.72 and
30.90 cm for the same age classes. Growth rates in height are 85.70, 83.91, 96.98 and 86.15%
respectively for the same classes.

Seedlings from Tigue Miouzour and Foum el Hassen had average lengths of 14.30 and 14.14 cm
respectively after 4 months' growth. Whereas seedlings from the Faculté des Sciences d'Oujda and
BéniSnassen had average lengths of 8.72 and 12.98 cm respectively.

Growth in height of four provenances showed a similarity in the general pattern of growth, from
which two evolutionary phases could be distinguished.

The first phase lasted two months, with seedling height gains of 37.65, 20.96, 27.57 and 28.62
respectively for provenance from the Faculté des Sciences d'Oujda, Béni-Snassen, Foum el Hassen
and Tigue Miouzour.

The second phase began in the third month for the four provenances and lasted two months,
with seedling height gains of 34.90, 52.38, 54.41 and 44.73% respectively for the same provenances.

Growth in length is low when temperatures are low (February-March-April), then accelerates as
temperatures rise in early May.

We can see that growth is slow until the beginning of May, when we notice an increase in stem
length. This growth towards the beginning of May is explained by the fact that the species is
thermophilic.
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Figure 3. Growth in stem height of Argania spinosa seedlings from different provenances as a function of time.

4. Discussion

Traditionally, the assessment of seedlings is based on morphological criteria such as seed
germination rate and cauline height. Based on this principle, the study of seed germination and the
monitoring of young argan seedlings over a 4-month period enabled us to compare the four argan
provenances studied (Faculté des Sciences d'Oujda, Béni-Snassen, Foum el Hassen and Tigue
Miouzour).

The results of the trials show that seeds from Tunis have the best germination rate and speed.
Even though all trials had the same treatments. This may lead us to think of the tree and climate
factors in the harvesting areas, as the argan tree shows great genetic variability in kernel, fruit, leaf
and tree habit, and it turns out that germinative power is a characteristic of the seed tree [15],

Seeds from Foum El Hassen and Miouzour showed a higher germination rate than seeds from
the Faculté des Sciences d'Oujda and the Béni-Snassen region. The germination rate of seeds from
Tunisia was higher than that of seeds from Morocco, at 92.5% and 89.5% respectively for Miouzour
and Foum el Hassen. This compares with 37.5% and 25% respectively for seeds from Béni-Snassen
and the Faculté des Sciences d'Oujda. Two phases of growth can be distinguished, a first slow phase
during the February-April period and a second phase of relatively strong growth starting in May,
especially for Tunis seeds (T2 and T3), which confirms that the argan tree is a thermophilic species.

The development of an organism over time is reflected in two series of modifications : firstly, an
increase in dimensions that constitute growth, and secondly, the acquisition of new properties that
can be included in the terms development and differentiation. In fact, the description of the shape of
plants taken as a whole is based on the mode of growth, branching and morphological differentiation
of the stem axes [16-18].

The argan tree is often described as a thermophilous and xerophilous species, capable of
adapting to arid and semi-arid conditions in its area of distribution [19,20]. Time-dependent growth
showed differences between the Tunisian and Moroccan clones, with seedling lengths of 14.13 cm,
19.81 cm, 19.60 cm and 21.94 cm respectively for seedlings from seeds from the Oujda Faculty of
Science, seeds from Jbel Tikermine, seeds from the Foum El Hassan clone (Tunis) and seeds from the
Tigue Miouzour clone (Tunis).

Growth was reported to be slow until the beginning of May, when a slight increase was
observed. This growth towards the end of May can be explained by the fact that the species is
thermophilic. Growth in length is low when temperatures are low, then accelerates as temperatures

8

rise. The water regime is not in question, as the seedlings were regularly irrigated with sufficient
quantities of water.
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This difference could be explained by the fact that the seeds belonging to the Tunisian clones
were harvested from welltended plants in a favorable geographical location, while the seed lot we
received contained large-calibre seeds.

It should also be noted that seedlings of all origins were able to double their length during the
trial period, thus showing the same growth rate. As for the height growth of the seedlings, according
to our results, it showed a similarity in general appearance.

5. Conclusions

Comparing seed germination and growth of argan seedlings (Argania spinosa L.) of Moroccan
and Tunisian origin, we came up with the following results: seeds from Tunis showed the best
germination rate and speed. Even though all trials received the same treatments. This may point to
the tree and climate factors in the harvesting areas, as the argan tree shows great genetic variability
in kernel, fruit, leaf and tree habit, and it turns out that germinability is a characteristic of the seed
tree.

Work on cultivation conditions, the nature of the substrate, irrigation frequencies and harvesting
and storage conditions for argan seeds will be carried out to gain a better understanding of the factors
influencing germination. All these studies will contribute to the development of a technical itinerary
for the production of argan seedlings.

The fight against the disappearance of the argan grove can only succeed if it is part of an overall
development strategy.
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