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Graphical Abstract  

This study presents a systematic review and meta-analysis of propagation methods for the argan tree 

(Argania spinosa) using the PRISMA approach. It compares seed germination, which has low success 

rates, with cutting and grafting, which ensure faster rooting and genetic stability, and in vitro 

micropropagation, which shows promise but requires careful acclimatization. A bibliometric analysis 

highlights growing research interest since 2016, particularly in conservation. In response to 

environmental pressures, this study emphasises the need for an integrated approach that balances 

productivity and the sustainable preservation of this valuable resource. 
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Abstract: The argan tree (Argania spinosa), native to 

southwestern Morocco, is essential for arid and semi-arid 

ecosystems, providing key products such as argan oil, which is 

vital for the local economy. But, it is facing increasing pressures 

from modern agriculture, deforestation, and climate change. 

This systematic review, using the PRISMA approach, evaluates 

various propagation methods, including seed germination and 

micropropagation. Seed germination is straightforward, but it 

has low success rates, whereas cutting and grafting offer faster 

rooting and preserve genetic characteristics. Bibliometric 

analyses indicate a growing research interest in the argan tree 

since 2016, particularly in the context of conservation. The 

acclimatization of in vitro plants is crucial for their success 

outside the laboratory. Collaboration among stakeholders is 

essential to balance economic viability and ecological 

sustainability. 

Keyword: Argania Spinosa, Propagation methods, PRISMA. 
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Introduction 

The argan tree (Argania spinosa) is a unique species of the Sapotaceae family, emblematic of the 

ecosystems in the arid and semi-arid climate regions of southwestern Morocco [1]. This tree is not 

only a symbol of resilience but also an economic pillar for rural communities, which have been 

exploiting its products and by-products since antiquity [2,3]. Argan oil has become one of the most 

sought-after and expensive vegetable oils worldwide, thanks to its diverse applications ranging from 

culinary use to cosmetic care [4–6]. Over the centuries, the distribution range of the argan tree has 

significantly declined, mainly because of pressure from modern agriculture, wood exploitation, and 

overgrazing, exacerbated by climate change [7,8].  

The international recognition of the argan tree (Argania spinosa) was reinforced by its designation as 

a UNESCO Biosphere Reserve in 1998 and its inclusion in the Intangible Cultural Heritage list. 

Furthermore, the United Nations General Assembly, through Resolution 75/262 of 3 March 2021, 

proclaimed 10 May as the International Day of the Argan Tree [9,10], highlighting the global 

recognition of the tree’s cultural and environmental significance. These initiatives not only 

underscore the ecological value of the argan tree but also emphasize its role in supporting traditional 

livelihoods.  

Although the "Argan Oil Project", launched in the 1980s, has promoted sustainable development and 

the commercial use of argan oil [11,12], a thorough evaluation of the trade-offs between production 

and conservation remains essential. Understanding current threats and opportunities for innovation is 

crucial to ensuring a balance between economic profitability and ecosystem preservation. This 

requires collaboration among stakeholders, including local producers, researchers, and non-

governmental organisations, to develop sustainable strategies that support both the community and 

the environment. 

To meet the growing demand for argan oil, efforts are increasingly focused on improving propagation 

techniques. Traditionally, the generation of new plants relies on seed germination; but contemporary 

methods such as vegetative propagation through cutting, grafting, and tissue culture [13–15] offer 

promising opportunities for sustainability and yield enhancement. 

This systematic review and meta-analysis assesses the effectiveness and sustainability of different 

propagation methods for the argan tree (Argania spinosa) using the PRISMA approach. The analysis 

compares the advantages and limitations of each technique, evaluating their potential for orchard 

revitalisation, support for circular economy initiatives, and the improvement of local livelihoods. The 
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ultimate goal is to identify optimal propagation strategies that contribute to the long-term 

sustainability of argan tree cultivation.  

 

Materials and Methods 

As part of this research, we adopted a systematic review method known as PRISMA (Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses). This approach was designed to ensure 

more rigorous and less biased systematic reviews, thereby providing reliable data for scientists, 

stakeholders, and policymakers. We developed a rigorous internal protocol based on four stages: 

 

Search Strategy 

A systematic search strategy was developed to identify relevant literature. This strategy was adapted 

for two databases: Scopus and Web of Science. The search was conducted using the same keywords 

across both databases (Table 1), resulting in a higher number of retrieved articles. The study was 

designed to examine qualitative research findings published between 2000 and 2024, in accordance 

with specific eligibility criteria for inclusion and exclusion, detailed in Table 2. 

 

Selection Criteria 

The selection criteria were based on the PRISMA statement [16]. The search focused on identifying 

existing literature on the various propagation methods of the argan tree, exploring their advantages 

and limitations. These steps helped build a comprehensive database of qualitative studies published 

in reputable journals over the past 24 years. The definition of inclusion and exclusion criteria was 

crucial to ensuring that our research question remained focused, unique, and free from selection bias. 

All articles published before 2000 were excluded. The search was mainly limited to English and 

French articles, resulting in the exclusion of four research articles at this stage. A total of 63 records 

were extracted at this stage. 

 

Quality Assessment 

The study relied exclusively on original research articles and review papers. To maintain the quality 

of the review, all duplicate entries were carefully checked. Abstracts were reviewed to filter and 

analyse articles, ensuring the academic relevance of the included literature. A rigorous assessment of 

each research article was conducted at a later stage. Additionally, after filtering out duplicate records, 

19 more articles were removed from the study. Ultimately, 63 articles were selected based on the 

previously defined inclusion and exclusion criteria. Figure 1 illustrates the inclusion and exclusion 

process at each stage, following the PRISMA statement. 
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Data Extraction 

During the data extraction phase, eight articles were excluded as they did not focus on argan tree 

propagation. Thus, a total of 55 articles were retained. Each relevant article was read multiple times 

to validate the findings. Data were extracted by reviewing abstracts, identifying study objectives, and 

conducting a thorough reading of the articles. This systematic review was organised according to the 

identified theme, which focuses on the various propagation methods of the argan tree, along with 

their advantages and limitations. 

 

Table 1. Research Approach for Systematic Review Process. 

 

Database Research Approach 

Scopus Title-Abstract-Keywords ("Argania spinosa" OR "Argania spinosa L." 

OR "argan tree") AND ("bouturage" OR "greffage" OR "propagation" 

OR "germination" OR "tissue culture") 

Web of Science Title-Abstract-Keywords ("Argania spinosa" OR "Argania spinosa L." 

OR "argan tree") AND ("bouturage" OR "greffage" OR "propagation" 

OR "germination" OR "tissue culture") 

 

Table 2. Inclusion and Exclusion Criteria for the Systematic Review. 

Criteria Inclusion Exclusion 

Publication period Between 2000 and 2024 Before 2000 

Language English, French 
Languages other than 

English or French 

Document Type Articles, reviews Reports, book chapters 
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Figure 1. PRISMA 2020: flow diagram for new systematic reviews which included searches of 

databases and registers 

 

  

Number of records excluded 

(n=4) because they were reports, 

book chapters, or articles in 

Spanish. 

n=55 
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Bibliometric Analysis 

The primary objective of our bibliometric analysis and mapping [17] is to survey the scientific 

literature on Argania spinosa propagation. To achieve this, we used metadata extracted from 

published studies, such as the number of citations, the number of articles per year, titles, and 

keywords, obtained from various databases. In this study, our aim is to map and highlight the key 

trends in the literature regarding argan tree propagation methods, assessing their advantages and 

limitations. 

We employed several tools to conduct comprehensive bibliometric analysis. VOSviewer13 (version 

1.6.17) was used to perform various types of bibliometric analyses, including co-occurrence analysis, 

co-citation analysis, and bibliographic coupling analysis. Statistica® 10 software was used to 

generate response surface plots and perform statistical analysis of the data, including principal 

component analysis (PCA) (StatSoft, Inc., www.statsoft.com). 

 

Results 

 

Figure 2. Publication distribution of reviewed articles by country. 

The diagram represents the distribution of scores for articles on the argan tree by country, highlighting 

significant disparities in research on this topic. 

Morocco stands out with a high score of 36, reflecting its importance as the native country of the 

argan tree and a leader in related research. In contrast, Algeria (6), Spain and France (4 each), as well 

http://www.statsoft.com/
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as the United States (3), show significantly lower contributions. The cumulative curve, reaching 

100%, also illustrates that the majority of publications originate from Morocco. Other countries play 

a marginal role. 

It is also important to note that in countries such as France, Spain, Germany, and the United States, 

most relevant publications are produced through international collaborations. This underscores the 

importance and potential of increased cooperation. Therefore, Moroccan researchers interested in 

argan tree studies are encouraged to strengthen their international collaborations in the future to 

maximize research and conservation efforts for this valuable species. By fostering these partnerships, 

they will be better equipped to safeguard the argan tree and its associated ecosystems while enriching 

collective knowledge of its benefits. 

 

Figure 3. Co-occurrence analysis of author’s keyword in VOSviewer. 

 

Keywords play a crucial role in indexing scientific literature databases, as they suggest themes or 

aspects addressed in specific research articles. A co-occurrence network of author keywords was 

visualized using VOSviewer software (Figure 3). This analysis aimed to examine the frequency and 

co-occurrence of these keywords found in the retrieved data, with a total of 157 author keywords 

identified. 

The mapping highlights the complex relationships between various keywords associated with 

research on the argan tree (Argania spinosa) and its germination process. At the centre of the network 

lies the term "germination", emphasizing its fundamental role in understanding seed development 

mechanisms. Surrounding this node, several clusters emerge, notably those related to propagation 
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methods such as micropropagation, sowing, tissue culture, and vegetative propagation (cutting and 

grafting). 

Tissue culture enables laboratory reproduction under optimal conditions, ensuring high-quality, 

disease-resistant plants. Vegetative propagation, on the other hand, uses parts of the mother plant to 

generate new plants, making it an effective method for preserving desirable genetic traits. 

Keywords such as "germination capacity" and "climatic conditions" highlight the impact of 

environmental factors on germination success. These interconnections reveal how a deeper 

understanding of these processes can enhance propagation strategies, which are essential for the 

conservation of the argan tree. 

 

Figure 4. Publication distribution of reviewed articles by year. 

Figure 4 illustrating the number of published articles on the argan tree from 2001 to 2024 reveals a 

significant evolution in research interest. 

Between 2001 and 2005, academic output was very limited, often below two articles per year, 

suggesting a low level of interest in this topic. From 2006 to 2015, the number of publications 

remained relatively low, with some fluctuations, indicating diverse research priorities. 

From 2016 onwards, a notable increase was observed, peaking at seven publications in that year, 

which could reflect a growing awareness of environmental issues and the socio-economic benefits 

associated with the argan tree. The years following, up to 2022, maintained sustained research 

interest, highlighted by another peak in 2022. Projections for 2023 and 2024 suggest a continuation 

of this momentum. This positive trend underscores the increasing importance of the argan tree, 
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encouraging researchers to strengthen their national and international collaborations to advance 

studies on its conservation and sustainable use 

Discussion  

Many relevant articles have focused on studying and evaluating various techniques aimed at 

overcoming challenges related to the germination, propagation, and cultivation of this unique species. 

These studies seek not only to promote the sustainable cultivation of the argan tree but also to support 

reforestation and restoration efforts for the precious argan forests. 

 

Conventional Propagation of the Argan Tree 

 Seed Germination 

The propagation of the argan tree (Argania spinosa) through seeds is a conventional method of great 

ecological and economic significance, particularly in the context of the semi-arid regions of Morocco. 

Sexual propagation via seeds is crucial for maintaining the genetic diversity of argan tree 

populations. This is especially important for genetic improvement programmes. Elite lines resistant 

to biotic and abiotic stress can be identified and selected from seed-derived populations. Various 

studies have aimed to select argan tree genotypes with high resistance and resilience to drought 

[18,19] and salinity [20,21]. 

The advantages of propagating the argan tree via seeds are numerous. Firstly, this method is relatively 

simple, economically viable, and does not require advanced technology, making it accessible to local 

communities. Various authors agree that ecotypes from inland areas appear to be more drought 

tolerant. Consequently, they hold greater potential for the regeneration of Moroccan argan forests 

compared to coastal populations, which may be subjected to higher water stress [22-24].  

Nevertheless, the propagation of the argan tree through seeds also presents certain drawbacks. One 

of the main problems is the low germination rate of seeds, which can be influenced by various external 

factors. Seed dormancy in the argan tree, often caused by its hard seed coat, represents a significant 

obstacle to germination. Gibberellins (GA) stimulate seed germination by suppressing the inhibitory 

effect of abscisic acid and promoting the release from dormancy [15,25-27]. 

Several factors influence the germination of argan seeds, including environmental conditions, pre-

sowing treatments, and genetic characteristics. Among these factors, soil moisture, temperature, 

shade, and light availability are fundamental [28,29]. Studies indicate that the optimal temperature 

for argan seed germination is generally about 25°C [30,31]. Other research shows that the highest 
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germination rate (85.28%) is observed under non-shaded conditions, and a peat-based substrate 

supports a germination rate of 78.75% [32]. 

Moreover, certain agricultural practices, such as scarification, which alters the outer seed coat, can 

be implemented to improve germination rates. Additionally, physical or chemical pre-treatments 

facilitate water penetration into the endosperm, thereby enhancing the germination process [15,26]. 

To maintain the viability of argan seeds, it is essential to store them at low temperatures. Storage at 

ambient temperature significantly reduces their germination rate [33], whereas refrigeration at 4°C 

immediately after harvest helps preserve their effectiveness over a prolonged period [28,34,35]. 

Additionally, the viability of argan seeds stored for an extended period, up to 17 years, was 

determined for the first time using the tetrazolium staining test [36]. 

From an ecological interaction standpoint, the presence of other plant species can also influence the 

germination of argan seeds. Some plants can create a favourable microenvironment by providing 

shade and moisture, which facilitates germination, and others may compete for essential resources 

needed for the development of young seedlings [37]. 

 

Vegetative Propagation of the Argan Tree: Cutting and Grafting 

The vegetative propagation of the argan tree (Argania spinosa) is an effective propagation strategy 

that enables the production of new plants from somatic parts of the mother plant, thereby bypassing 

the seed germination phase. Among the commonly used techniques, cutting and grafting are the most 

favoured because of their speed and efficiency, as they produce plants with the same genetic 

characteristics as the original plant [38]. 

Research on argan tree cutting and rooting has identified several factors influencing the success of 

this propagation method. Environmental parameters such as temperature, humidity, and light 

exposure, as well as the age of the plants, are crucial in the rooting capacity of cuttings. According to 

Ait Hammou et al. [39], moderate temperatures and high humidity, depending on the age of the 

cuttings, significantly improve the rooting rate. 

Furthermore, the diameter and quality of cuttings are also crucial. Benbya et al. [13] found that the 

optimal vegetative propagation of argan trees occurs with semi-hardwood cuttings measuring 0.4 cm 

in diameter and bearing four leaves, initially planted in fine sand substrate for root initiation, followed 

by cultivation in a mixture of fine sand and peat moss for hardening. Similarly, Nouaim et al. [40] 

noted that the success of vegetative multiplication depends on the age of the mother plant, whether 

from mature trees or young shoots from three-year-old mother plants, and that rooting rates vary 

depending on genotype.  The mass propagation of argan tree cuttings is limited because of fungal 

diseases [41] and challenges related to rooting and survival during field transplantation [13,42,43]. 
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Ait Hammou et al. [44] determined that better establishment of argan seedlings results from 

herbaceous cuttings irrigated at 120% of field capacity (FC), leading to optimal height growth (28.0 

cm) and leaf development (79.6 leaves) compared to other propagation methods. 

Regulatory hormones such as indole-3-butyric acid (IBA) and naphthalene acetic acid (NAA) are 

commonly used to stimulate rooting. When applied correctly, these phytohormones can significantly 

increase the rooting percentage and accelerate root development in cuttings. 

Benbya et al. [13] demonstrated that cuttings treated with 3000 mgL⁻¹ of IBA produced optimal 

results, achieving a germination rate of 81.75%, a rooting rate of 60.75%, and a survival rate of 

96.25%.  It is essential to define species-specific optimal concentrations for the argan tree, as 

excessive doses may have adverse effects. The substrate used for cutting cultivation also influences 

their rooting. The physico-chemical properties of the soil, particularly water retention capacity, pH, 

and nutrient availability, are essential for root growth, thereby determining the success of seedling 

establishment [40,45]. 

Grafting is an ancient plant propagation technique that plays a vital role in modern agriculture owing 

to its numerous advantages. This method joins a rootstock, which forms the root system, with a scion, 

which determines the plant's characteristics, such as fruit or flower variety. The success of grafting 

relies on establishing continuity between the vascular systems of both parts, facilitating the flow of 

nutrients and water. This, in turn, enhances plant productivity, vigour, and disease resistance. For the 

argan tree (Argania spinosa), grafting offers significant benefits, including a reduction in the fruiting 

period, increased yields, and improved resistance to environmental stress, a crucial factor in the arid 

regions where it is cultivated [46]. The selection of compatible varieties between the rootstock and 

the scion, the use of efficient grafting techniques such as simple cleft grafting, which can achieve 

success rates exceeding 90% [47], and optimal growing conditions are all critical factors for the 

survival and development of grafted plants [48]. 

Considered a symbol of Morocco, the argan tree is also valued for its precious oil and its multiple 

applications. Grafting has proven to be the most effective technique for producing vigorous and 

homogeneous plants. Studies indicate that the success rate of grafting can reach up to 95.8%, whereas 

the highest rooting rate obtained through cuttings does not exceed 66.7% [49]. This technique 

combines the desirable fruit qualities of the scion with the strong root system of the rootstock, 

overcoming the limitations of cuttings, which often suffer from high failure rates because of rooting 

difficulties [50]. The cleft grafting method has been identified as the most suitable for the argan tree 

and has been recognized as the most effective in multiple trials [51]. 

Challenges in grafting and cutting techniques are all solvable. The success of grafting depends on the 

compatibility between the rootstock and the scion. Studies have shown that climatic differences 

between the scion's origin and the rootstock's growing site can lead to physiological incompatibilities, 
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affecting the overall success of the grafting process [38]. To maximize success rates, it is advisable 

to select rootstocks adapted to local conditions and scions from trees with advantageous agronomic 

characteristics.  Although cutting is a traditional vegetative propagation method, it presents 

considerable technical challenges. Results vary depending on the age of the plant material and 

environmental conditions [52]. Mature Argan cuttings often require a return to a juvenile state to 

promote effective rooting, a lengthy process that requires controlled conditions [52]. 

 

 Micropropagation of the Argan Tree 

 In Vitro Germination 

 

In vitro culture has emerged as a promising alternative for the propagation of the argan tree, enabling 

not only rapid multiplication but also the preservation of desirable genetic characteristics. In vitro 

culture methods provide strict control over environmental conditions, which can be beneficial in 

overcoming challenges related to seed germination, particularly seed dormancy and low viability rates 

in natural conditions. Furthermore, this process can facilitate the evaluation and conservation of the 

argan tree’s genetic diversity, crucial in maintaining the resilience of populations against climate 

change and other environmental stresses. 

Several factors are necessary for the success of in vitro germination techniques, including the 

composition of culture media, the use of plant hormones, light, temperature, and humidity [28]. 

Studies have shown that manipulating these variables can significantly improve germination rates 

and seedling growth. For instance, the application of cytokinins and auxins in culture media has been 

identified as a critical factor in stimulating bud and root development [42]. 

Sterilization is an essential step in in vitro techniques, aimed at eliminating contaminants that could 

compromise the integrity of the culture. Various methods are used to sterilize seeds or explants, 

including surface sterilization with sodium hypochlorite solutions, ethanol, and Tween-20, followed 

by rinsing with sterile distilled water [25,53]. Research has demonstrated that effective sterilization 

techniques can greatly enhance the germination rates of argan seeds by preventing microbial growth, 

which could inhibit seedling establishment [14]. 

Then the step of choosing the culture medium becomes crucial for successful germination and 

subsequent growth. Murashige and Skoog medium [54] is widely used; its comprehensive nutritional 

composition includes auxins and cytokinins that promote cell division and differentiation. Variations 

of this medium have been explored, particularly regarding plant growth regulator (PGR) 

concentrations, such as indole-3-butyric acid (IBA) and benzyl- aminopurine (BAP), which are 

essential for optimal shoot regeneration and root formation [25]. Additionally, the pH of the medium, 

generally maintained between 5.6 and 6.0, is significant for nutrient availability and absorption [55]. 
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Incubation conditions also have a profound impact on the success of in vitro germination. Factors 

such as temperature, light intensity, and photoperiod are critical variables. Studies indicate that a 

controlled temperature range of 25 to 28°C, combined with a 16-hour light cycle, optimizes the 

growth of argan tissue cultures by simulating natural conditions favorable for germination [14].  

The influence of genotype on the success of in vitro germination has drawn the attention of recent 

researchers. Variability among argan tree genotypes can lead to significant differences in germination 

rates and early growth characteristics. Genetic diversity plays a crucial role in adaptation to 

environmental stress, a factor that may contribute to variable responses to in vitro conditions 

[14,25,42]. Some genotypes have been identified as having higher germination potential, suggesting 

that the selection of specific genetic lines can not only enhance productivity but also preserve the 

genetic integrity of the species [28].  

The germination capacity of argan seeds is strongly influenced by storage conditions, with high 

germination rates in freshly harvested seeds, but a significant decline when seeds are stored at 24°C 

for several months [14]. Furthermore, the hard shell of the nut, which surrounds the seeds, acts as a 

barrier to germination, and it must be removed to improve germination rates, particularly for in vitro 

cultures [15,57]. 

Propagation of the Argan Tree via Microcutting 

In vitro propagation is a viable technique for the conservation and multiplication of Argania spinosa, 

particularly through methods such as microcutting. This technique uses nodal segments as explants 

to generate new plantlets under controlled conditions, thereby preserving the genetic integrity of the 

species. The ability to propagate argan trees in vitro not only facilitates the restoration of degraded 

habitats but also enables the production of uniform, disease-free plant material, essential for 

commercial cultivation [25]. In vitro methods can rapidly generate many plants, overcoming the 

limitations of conventional propagation techniques, which are often slow and dependent on 

environmental factors.  

Microcutting is a vegetative propagation technique in which nodal segments excised from 

elongated shoots are cultured in vitro culture [56]. This method aims to stimulate shoot development 

and consists of several key steps: 

- Cutting Collection 

The selection of plant material is essential for successful microcutting. According to Bousselmame 

et al. [43], cuttings should be collected from mature trees, although some studies have also examined 

young trees, yielding varied results in terms of explant viability [40]. 

- Culture Conditions 

Culture conditions, particularly the choice of medium, play a crucial role in the development of 

microshoots. Koufan et al. [14] observed that argan shoots cultivated on full-strength modified MS 
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medium exhibited high budburst rates, highlighting the importance of nutrient selection in optimizing 

growth. 

- Sterilization 

Sterilization of cuttings is essential for establishing axenic cultures. Koufan et al. [5] demonstrated 

that immersion for 10 minutes in a commercial bleach solution (2.5% NaOCl) resulted in high 

budburst rates and reduced the risk of contamination. 

- Budburst and Multiplication 

Budburst stimulation can be influenced by the plant growth regulators (PGRs) present in the culture 

medium. Tesse et al. [15] successfully induced 100% budburst on modified MS medium 

supplemented with PGRs, and other studies reported similar rates using specific PGR concentrations, 

such as 1 mg L⁻¹ of indole-3-acetic acid (IAA) and 2 mg L⁻¹ of benzylaminopurine (BAP) [43]. 

- Microshoot Elongation 

The use of PGRs for microshoot elongation has proven to be effective. According to Lamaoui et al. 

[58], the addition of 1.5 mg L⁻¹ of BAP significantly enhanced shoot multiplication and elongation, 

confirming the importance of growth regulators in the process. 

- Root Induction 

Rooting is generally promoted by auxins. Koufan et al. [5] recommend a ½ MS medium containing 

0.5 mg L⁻¹ of naphthalene acetic acid (NAA), achieving a rooting rate of 40%. Other studies, such as 

those by Bousselmame et al. [43], reported rooting rates of up to 85% using 5 mg L⁻¹ of NAA and 5 

mg L⁻¹ of indole-3-butyric acid (IBA), demonstrating the need for further research to refine efficient 

rooting protocols 

 

Micrografting of Argan Tree 

Micrografting is an innovative technique that provides an efficient regeneration system for the argan 

tree (Argania spinosa (L.) Skeels), a threatened species, by enabling the preservation of valuable 

genotypes. The study by Koufan et al. [14] demonstrated that rootstocks, obtained from in vitro-

germinated seeds of the G27 genotype, exhibited a maximum germination rate of 91.6% when 

cultivated immediately after harvest. By transferring the seedlings to a half-strength Murashige and 

Skoog (½MS) culture medium supplemented with gibberellic acid (GA3) and 6-benzylaminopurine 

(BAP), shoot and root lengths reached 2.05 cm and 5.73 cm, respectively. Using the wedge grafting 

technique on axillary shoots of the G41 genotype, a survival rate of 65% to 100% was observed for 

the micrografted plants after two months of cultivation. The presence of GA3 was crucial in ensuring 

successful grafting and promoting shoot growth. Histological analyses confirmed the successful 

union between rootstocks and scions, with active cell division and vascular tissue formation. These 



 

  Tesse et al.       Natural Built Social Environment Health 1(3) 2025: 100-124 

 

115 

 

results highlight the importance of micrografting as a strategic tool for the recovery and sustainable 

conservation of the argan tree 

 

Propagation of Argan Tree by Adventitious Organogenesis 

Amghar et al. [42] developed an efficient in vitro propagation system through adventitious 

organogenesis for the argan tree (Argania spinosa (L.) Skeels). Their study demonstrated that 

immersing seeds in gibberellic acid (GA3) for 12 hours accelerates germination. A medium devoid 

of sucrose, free of ammonium, and with a low nitrate concentration also enhances the germination 

rate. Amghar et al. [42] observed that only epicotyl segments of the explants were capable of 

regenerating adventitious buds, with the highest organogenesis rate (79.17%) obtained on a 

Murashige and Skoog (MS) medium containing 2 mg L⁻¹ of 6-benzylaminopurine (BAP) under dark 

conditions. The multiplication of adventitious buds was successfully achieved on a medium 

supplemented with BAP and GA3. Rhizogenesis required a combination of indole-3-butyric acid 

(IBA) and putrescine, reaching a rooting rate of 56.66% for the ‘R’zwa’ genotype. The regenerated 

plantlets were successfully acclimatized, exhibiting normal growth and development.  

 

Acclimatization of Argan Tree Vitro-Plants 

The acclimatization of argan trees (Argania spinosa) vitro-plants is a crucial step in the 

micropropagation process. It facilitates the transition from in vitro conditions, where plants are 

cultivated in a laboratory, to an ex-vitro environment, which is the external setting. This phase is 

essential to ensure the survival and growth of the plants after their transfer to outdoor conditions. 

Vitro-plants must adapt to various environmental factors, including light, humidity, and temperature. 

Tesse et al. [15] tested the acclimatization of plantlets immersed in IBA at 2000 ppm, using a substrate 

mixture of coconut fibre, blonde peat, and perlite. They maintained temperatures not exceeding 35°C 

and humidity levels between 80% and 100%, achieving a survival rate of 90%. Lamaoui et al. [58] 

acclimatized plantlets in a peat and sand mixture, successfully obtaining a 100% survival rate. 

Further studies are necessary to optimize these protocols so they can be replicated for different argan 

tree genotypes. Successful acclimatization of vitro-plants is essential not only for the conservation of 

this endangered species but also to support local communities that economically depend on the argan 

tree 
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Table 3. Summary of Argan Tree Propagation Methods, Their Advantages, and Limitations [10].   

Propagation Method Advantages Limitations 

Conventional methods (seed 

germination and seedling 

establishment) 

1. Preserves genetic 

variability. 

1. Does not guarantee plant 

conformity to the original type. 

2. Relatively simple 

compared to other methods. 

2. Long juvenile period. 

3. Usable for genetic 

improvement. 

3. Dependent on climatic and 

edaphic conditions. 

4. Low production cost. 4. Germination rate is influenced by 

genotype. 

Propagation by stem 

cuttings 

1. Produces genetically 

homogeneous clones. 

1. Low rooting rate. 

2. Simpler than in vivo 

grafting. 

2. Rooting success depends on 

genotype, age, cutting type, planting 

season, and substrate. 

In vivo grafting propagation 1. Preserves the rootstock’s 

desirable characteristics 

(soil adaptation, stress 

tolerance, etc.). 

1. Risk of incompatibility between 

rootstock and scion. 

2. Maintains the genetic 

characteristics of mother 

plants. 

2. Requires specific conditions. 

3. Overcomes the rooting 

challenges of stem cuttings. 

3. Requires skilled labour. 

Tissue culture techniques 

(in vitro germination and 

seedling development) 

1. Relatively fast and simple 

process. 

1. Genetic variability of produced 

plants. 

2. Preserves genetic 

variability. 

2. Long juvenile period. 

3. Can produce rootstocks 

for micrografting. 

3. Germination frequency varies 

depending on genotype. 

Tissue culture techniques 

(in vitro propagation 

through nodal segment 

elongation) 

1. Rapid multiplication of 

selected genotypes. 

1. Low rooting rate. 

2. Production of disease-free 

and pathogen-free plants. 

2. High production cost. 

3. Produces genetically 

homogeneous clones. 

 

Micrografting 1. Preserves the desirable 

characteristics of the 

rootstock. 

1. Plant acclimatization needs 

improvement. 

2. Maintains the genetic 

characteristics of mother 

plants. 

2. High production cost. 

3. Overcomes the rooting 

reluctance of microshoots. 

3. Complex procedure, not well 

suited for routine use. 

Adventitious organogenesis 1. Enables rapid and large-

scale propagation of the 

argan tree. 

1. Requires explants of zygotic 

origin. 

2. High survival rate during 

acclimatization. 

2. Genetic variability of the obtained 

plants. 

3. Can be used for genetic 

improvement. 
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Conclusion 

The argan tree (Argania spinosa) is a vital component of the arid and semi-arid ecosystems of 

southwestern Morocco, providing not only crucial economic resources for local communities but also 

playing a key role in biodiversity and soil conservation. In the face of growing challenges caused by 

intensive agriculture, resource exploitation, and climate change, it is imperative to adopt and optimize 

sustainable propagation methods. This review highlights the distinct effectiveness of both traditional 

and modern propagation techniques, emphasizing that a combination of methods such as cutting, 

grafting, and micropropagation can offer viable solutions for revitalising and preserving the argan 

tree. By fostering collaboration between researchers, farmers, and policymakers, it becomes possible 

to ensure not only the economic sustainability associated with the argan tree but also the long-term 

conservation of this emblematic species for future generations. It is essential to integrate the research 

and conservation efforts so that the people who live with and harvest this economic resource will 

benefit from improvements in its propagation and commercial use, and the ecosystem also.  

Acknowledgements 

The authors would like to thank the Research Centre of Materials and Energy at Hassan II University 

of Casablanca, as well as the CNRST, for its technical and financial support of project PPR2/2016/21. 

Ethics Approval 

This study was conducted in full compliance with ethical principles. All experimental protocols were 

carried out in accordance with the relevant guidelines and regulations. 

Funding 

The authors would like to thank the CNRST for its financial (grant No. PPR2/2016/21) and technical 

support. 

 

Data Availability 

The data supporting the findings of this study are available from the corresponding author upon 

reasonable request. 

Code Availability 

Not applicable. 

 

Conflict of Interest 

All authors declare no conflicts of interest 

  



 

  Tesse et al.       Natural Built Social Environment Health 1(3) 2025: 100-124 

 

118 

 

References 

[1] Moukrim, S., Lahssini, S., Rhazi, M., Mharzi Alaoui, H., Benabou, A., Wahby, I., El Madihi, 

M., Arahou, M., & Rhazi, L., 2019, Climate change impacts on potential distribution of 

multipurpose agro-forestry species: Argania spinosa (L.) Skeels as case study. Agroforestry 

Systems 93,1209–1219. https://doi.org/10.1007/s10457-018-0232-8 

[2] Charrouf, Z., & Guillaume, D., 2018, The argan oil project: going from utopia to reality in 20 

years. Oilseeds & fats Crops and Lipids 25(2), D209.  https://doi.org/10.1051/ocl/2018006 

[3] Le Polain de Waroux, Y., & Lambin, E. F., 2013, Niche commodities and rural poverty 

alleviation: Contextualizing the contribution of argan oil to rural livelihoods in 

Morocco. Annals of the Association of American Geographers 103(3), 589-607. 

https://doi.org/10.1080/00045608.2012.720234 

[4] El Kharrassi, Y., Maata, N., Mazri, MA., El Kamouni, S., Talbi, M., El Kebbaj, R., Moustaid, 

K., Essamadi, A. K., Andreoletti, P., El Mzouri, E. H., Cherkaoui-Malki, M., & Nasser, B., 

2018, Chemical and phytochemical characterizations of argan oil (Argania spinosa L. skeels), 

olive oil (Olea europaea L. cv. Moroccan picholine), cactus pear (Opuntia megacantha salm-

dyck) seed oil and cactus cladode essential oil. Journal of Food Measurement and 

Characterization 12, 747–754. https://doi.org/10.1007/s11694-017-9688-x 

[5] Koufan, M., Belkoura, I., & Alaoui, T., 2018, The multiplication of the Argan tree by 

microcutting (Argania spinosa L. Skeels). European Journal of Biotechnology and Bioscience 

6 (1), 47–52. https://biosciencejournals.com/assets/archives/2018/vol6issue1/5-6-28-353.pdf 

[6] Lybbert, T. J., Aboudrare, A., Chaloud, D., Magnan, N., & Nash, M., 2011, Booming markets 

for Moroccan argan oil appear to benefit some rural households while threatening the endemic 

argan forest. Proceedings of the National Academy of Sciences 108(34), 13963–13968. 

https://doi.org/10.1073/pnas.1106382108 

[7] Mouhaddab, J., Msanda, F., Filali-Maltouf, A., Belkadi, B., Ferradouss, A., El Modafar, C., 

Koraichi, S. I., & El Mousadik, A., 2017, Using microsatel lite markers to map genetic diversity 

and population structure of an endangered Moroccan endemic tree (Argania spinosa L. Skeels) 

and development of a core collection. Plant Gene 10, 51–59. 

https://doi.org/10.1016/j.plgene.2017.05.008 

[8] Ait Aabd, N., Bouharroud, R., Tahiri, A., Wifaya, A., Mimouni, A., & El Mousadik, A., 2019, 

Genetic diversity and breeding of argan tree (Argania spinosa L. Skeels). Advances in: J. M. 

Al-Khayri, S. M., Jain, and D. V., Johnson (Eds). Advances in Plant Breeding Strategies: Nut 

and Beverage Crops (Cham: Springer Cham), XIV.  

https://doi.org/10.1007/s10457-018-0232-8
https://doi.org/10.1051/ocl/2018006
http://dx.doi.org/10.1080/00045608.2012.720234
https://doi.org/10.1007/s11694-017-9688-x
https://doi.org/10.1073/pnas.1106382108
https://doi.org/10.1016/j.plgene.2017.05.008


 

  Tesse et al.       Natural Built Social Environment Health 1(3) 2025: 100-124 

 

119 

 

[9] Aboutayeb, H., 2014, La réserve de biosphère de l'arganier : l'écotourisme un nouveau territoire 

au Sud du Maroc. PASOS : Revista de Turismo y Patrimonio Cultural 12 (4), 915–922. 

https://doi.org/10.25145/j.pasos.2014.12.066 

[10] Mazri, M. A., Koufan, M., & Moussafir, S., 2022, Recent advances in argan propagation: a 

review. Trees - Structure and Function 36, 1455–1476. https://doi.org/10.1007/s00468-021-

02262-0 

[11]  Charrouf, Z., & Guillaume, D., 2008, Argan oil: occurrence, composition and impact on human 

health. European Journal of Lipid Science and Technology 110, 632–636. 

https://doi.org/10.1002/ejlt.200700220 

[12]  Santoro, A., Ongoma, V., Ait El Kadi, M., Piras, F., Fiore, B., Bazzurro, A., Romano, F., 

Meskour, B., Hssaisoune, M., Labbaci, A., Tairi, A., Chfadi, T., & Bouchaou, L., 2023, 

Innovation of argan (Argania spinosa (L.) Skeels) products and byproducts for sustainable 

development of rural communities in Morocco. A systematic literature review. Biodiversity and 

Conservation.  https://doi.org/10.1007/s10531-023-02691-y 

[13]  Benbya, A., Alaoui, M. M., Gaboun, F., Delporte, F., Chlyah, O., & Cherkaoui, S., 2019, 

Vegetative propagation of Argania spinosa (L.) Skeels cuttings: Effect of auxins and genotype. 

Advances in Horticultural Science 33(4), 519-528. https://doi.org/10.13128/ahsc-8131 

[14] Koufan, M., Belkoura, I., Mazri, M. A., Amarraque, A., Essatte, A., Elhorri, H., Zaddoug, F., 

& Alaoui, T., 2020a, Determination of antioxidant activity, total phenolics and fatty acids in 

essential oils and other extracts from callus culture, seeds and leaves of Argania spinosa (L.) 

Skeels. Plant Cell, Tissue and Organ Culture 141, 217–227. https://doi.org/10.1007/s11240-

020-01782-w 

[15] Tesse, R., Bahlaouan, B., El Antri, S., & Boutaleb, N., 2024, Plant Biotechnology for the 

Conservation of Argania spinosa (Skeels L): Optimization of Propagation and Sustainable 

Valorization. International Review of Environmental Studies, 1–17.  

https://doi.org/10.1080/00207233.2024.2405461 

[16] Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., Th., & PRISMA Group, T., 2009, Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. Annals 

of Internal Medicine 151(4), 264-269. https://doi.org/10.7326/0003-4819-151-4-200908180-

00135 

[17] Maddi, A., 2018, La quantification de la recherche scientifique et ses enjeux : bases de données, 

indicateurs et cartographie des données bibliométriques (Doctoral dissertation, Université 

Sorbonne Paris). https://theses.hal.science/tel-02464065 

https://doi.org/10.25145/j.pasos.2014.12.066
https://doi.org/10.1007/s00468-021-02262-0
https://doi.org/10.1007/s00468-021-02262-0
https://doi.org/10.1002/ejlt.200700220
https://doi.org/10.1007/s10531-023-02691-y
https://doi.org/10.13128/ahsc-8131
https://doi.org/10.1007/s11240-020-01782-w
https://doi.org/10.1007/s11240-020-01782-w
https://doi.org/10.1080/00207233.2024.2405461
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.7326/0003-4819-151-4-200908180-00135


 

  Tesse et al.       Natural Built Social Environment Health 1(3) 2025: 100-124 

 

120 

 

[18] Chakhchar, A., Haworth, M., El Modafar, C., Lauteri, M., Mattioni, C., Wahbi, S., & Centritto, 

M., 2017, An assessment of genetic diversity and drought tolerance in argan tree (Argania 

spinosa) populations: potential for the development of improved drought tolerance. Frontiers 

in Plant Science 8, 276. https://doi.org/10.3389/ fpls.2017.00276 

[19] Bouzoubaa, Z., El Mousadik, A., & Belahsen, Y., 2006, Variation in amounts of epicuticular 

wax on leaves of Argania spinosa (L). Skeels, Acta Botanica Gallica 153(2),167–177.  

https://doi.org/10.1080/1253807 8.2006.10515535 

[20] Aameur, F., & Sipple-Michmer-huizen, J., 2001, Germination and seedling survival of Argan 

(Argania spinosa) under experimental saline condition. Journal of Arid Environments 49(3), 

533–540. https://doi.org/10.1006/jare.2001.0804 

[21] Tazi, M. R., Boukroute, A., Berrichi, A., Rharrabti, Y., Kouddane, N., 2018, Growth of young 

argan tree seedlings (Argania spinosa L. Skeels) in north-east of morocco under controlled 

conditions at different NaCl concentrations. Journal of Materials and Environmental Sciences 

9(1), 212–218.  https://doi.org/10.26872/jmes.2018.9.1.24 

[22] Chakhchar, A., Lamaoui, M., Aissam, S., Ferradous, A., Wahbi, S., El Mousadik, A. E., 

Ibnsouda-Koraichi, S., Filali-Maltouf, A., & El Modafar, C. E., 2016, Differential physiological 

and antioxidative responses to drought stress and recovery among four contrasting Argania 

spinosa ecotypes. Journal of Plant Interactions 11(1), 30-40. 

https://doi.org/10.1080/17429145.2016.1148204 

[23] Chakhchar, A., Wahbi, S., Lamaoui, M., Ferradous, A., El Mousadik, A., Ibnsouda-Koraichi, 

S., Filali-Maltouf, A., & El Modafar, C., 2015, Physiological and biochemical traits of drought 

tolerance in Argania spinosa. Journal of Plant Interactions 10(1), 252–261.  

https://doi.org/10.1080/17429145.2015.1068386 

[24] Zunzunegui, M., Boutaleb, S., Barradas, M. C. D., Esquivias, M. P., Valera, J., Jáuregui, J., 

Tagma, T., & Ain-Lhout, F., 2017, Reliance on deep soil water in the tree species Argania 

spinosa. Tree Physiology 38(5), 678–689. https://doi.org/10.1093/treephys/tpx152 

[25] Justamante, M. S., Ibáñez, S., Villanova, J., & Pérez-Pérez, J. M., 2017, Vegetative propagation 

of argan tree (Argania spinosa (L.) Skeels) using in vitro germinated seeds and stem cuttings. 

Scientia Horticulturae 225, 81–87. https://doi.org/10.1016/j.scienta.2017.06.066  

[26] Ikinci, A., 2014, Effects of the water presoaking duration and gibberellic acid treatments on 

seed germination of Argania Spinosa L. under nursery conditions. Fresenius Environmental 

Bulletin 23(1), 138-143 

[27] Skubacz, A., &  Daszkowska-Golec, A., 2017, Seed dormancy: the complex process regulated 

by abscisic acid, gibberellins, and other phytohormones that makes seed germination work. In: 

https://doi.org/10.3389/%20fpls.2017.00276
https://doi.org/10.1080/1253807%208.2006.10515535
https://doi.org/10.1006/jare.2001.0804
https://doi.org/10.26872/jmes.2018.9.1.24
https://doi.org/10.1080/17429145.2016.1148204
https://doi.org/10.1080/17429145.2015.1068386
https://doi.org/10.1093/treephys/tpx152
https://doi.org/10.1016/j.scienta.2017.06.066


 

  Tesse et al.       Natural Built Social Environment Health 1(3) 2025: 100-124 

 

121 

 

M., El-Esawi (ed.) Phytohormones-signaling mechanisms and crosstalk in plant development 

and stress responses (New York: InTech), pp. 77–100. 

[28] El-Qadmi I., Brhadda N., Akhrif F. Z., Abid N., Alaoui A., Laarybia S., & Ziri R., 2023, 

Improvement of Germination, Rooting and Elongation Capacities In Vitro of Four Argan 

(Argania spinosa) Genotypes under the Effects of pH and Activated Carbon. International 

Journal of Agriculture and Biology 29(5), 370-380. https://doi.org/10.17957/IJAB/15.2042 

[29] Alouani, M., & Bani-Aameur, F., 2003, Effect of light on germination of Argan (Argania 

spinosa (L.) Skeels) seeds. Acta Botanica Gallica 150(1), 59–64. 

https://doi.org/10.1080/12538078.2003.10515986 

[30] Benaouf, Z., Miloudi, A., & Belkhodja, M., 2014, Germination tests of seeds of argan tree 

(Argania spinosa (L.) skeels) of two sources (Tindouf and Mostaganem) in the semi-arid 

western Algerian. African Journal of Plant Science 8(6), 260-270. 

https://doi.org/10.5897/AJPS2014.1171 

[31] Bouzoubaâ, Z., & Mousadik, A. E., 2003, Effet de la température, du déficit hydrique et de la 

salinité sur la germination de l’Arganier, Argania spinosa (L.) Skeels. Acta Botanica Gallica : 

International Journal of Botany 150(3), 321–330. 

https://doi.org/10.1080/12538078.2003.10515999 

[32] Oumahmoud, M., Alouani, M., Elame, F., Tahiri, A., Bouharroud, R., Qessaoui, R., El 

Boukhari, A., Mimouni, A., & Koufan, M., 2023, Effect of Shading, Substrate, and Container 

Size on Argania spinosa Growth and Cost–Benefit Analysis. Agronomy 13(10), 2451.  

https://doi.org/10.3390/agronomy13102451 

[33] Alouani, M., & Bani-Aameur, F., 2014, Viabilité et vieillissement des semences d’arganier 

(Argania spinosa (L.) Skeels). African Science 10(1), 245-255. Avaolable online at: 

https://www.ajol.info/index.php/afsci/article/view/109882/99626 (accessed on 11 February 

2025) 

[34] Hamani, Z., Belloufa, A., & Kaid-Harche, M., 2018, Effect of harvest time and seed coat on 

germination of Argania spinosa (L.) skeels. Range Management and Agroforestry 39(1), 72-

76. https://publications.rmsi.in/index.php/rma/article/view/175 

[35] Berka, S., Himrane, H., Taguemount, D., Tabet, M., & Aïd, F., 2018, Contribution à l’étude de 

la germination et de la conservation des graines d’Argania spinosa (L.) Skeels de la région de 

Tindouf (Algérie). Revue d'Écologie (Terre et Vie) 7(3)3, 309-317. 

https://doi.org/10.3406/revec.2018.1937 

[36] Ferradous, A., Lamhamedi, M. S., Ouhammou, A., & Alifriqui, M., 2017, Mise en application 

opérationnelle du test de viabilité au tétrazolium chez les semences d’arganier (Argania 

https://doi.org/10.17957/IJAB/15.2042
https://doi.org/10.1080/12538078.2003.10515986
https://doi.org/10.5897/AJPS2014.1171
https://doi.org/10.1080/12538078.2003.10515999
https://doi.org/10.3390/agronomy13102451
https://www.ajol.info/index.php/afsci/article/view/109882/99626
https://doi.org/10.3406/revec.2018.1937


 

  Tesse et al.       Natural Built Social Environment Health 1(3) 2025: 100-124 

 

122 

 

spinosa) stockées pendant plusieurs années. Canadian Journal of Forest Research 47(9), 1286-

1292. https://doi.org/10.1139/cjfr-2017-0048 

[37] Irifi, H., & Tribak, A., 2024, Argania spinosa and Tetraclinis articulata seedling regeneration 

factors in the lower valley of Wadi Tamri (Morocco). Geomaghreb 48, 133-150. 

https://doi.org/10.1139/cjfr-2017-0048 

[38] Bellefontaine, R., Ferradous, A., Alifriqui, M., & Monteuuis, O., 2010, Multiplication 

végétative de l’arganier, Argania spinosa, au Maroc : le projet John Goelet. Bois et Forêts des 

Tropiques 304, 47-59. https://doi.org/10.19182/bft2010.304.a20446 

[39] Hammou R. A., Daoud S., & Harrouni M. C., 2018, Effet de l'âge, des têtes de clones, de la 

position du ramet et du traitement à l'AIB sur l'enracinement des boutures de l'arganier (Argania 

spinosa L. Skeels). Revue Marocaine des Sciences Agronomiques et Vétérinaires 6(4), 446-

453. Availabe online at : 

https://www.agrimaroc.org/index.php/Actes_IAVH2/article/view/581/630 (accessed on 12 

February 2025)  

[40] Nouaim, R., Mangin, G., Breuil, M. C.,1 &  Chaussod, R., 2002, The argan tree (Argania 

spinosa) in Morocco: Propagation by seeds, cuttings and in-vitro techniques. Agroforestry 

Systems 54, 71–81. https://doi.org/10.1023/A:1014236025396 

[41] Bakry, M., Bussières, G., Lamhamedi, M. S., Margolis, H. A., Stowe, D. C., Abourouh, M., 

Blais, M., & Bérubé, J. A., 2009, A first record of Pestalotiopsis clavispora in Argan mass 

cutting propagation: prevalence, prevention and con sequences for plant production. 

Phytoprotection 90(3), 117-120.  https://doi.org/10.7202/045780ar 

[42] Amghar, I., Ibriz, M., Ibrahimi, M., Boudra, A., Gaboun, F., Meziani, R., Abdelwahd, R., 2021, 

In vitro root induction from argan (Argania spinosa (L.) Skeels) adventitious shoots: influence 

of ammonium nitrate, auxins, silver nitrate and putrescine, and evaluation of plantlet 

acclimatization. Plants 10(6),1062.  https://doi.org/10.3390/plants10061062 

[43] Bousselmame, F., Kenny, L., & Chlyah, H., 2001, Optimisation des conditions  de  cultures 

pour  l'enracinement  in  vitro  de  l'arganier  (Argania  spinosa  L.).  Comptes Rendus de 

l'Académie des Sciences - Life Sciences   324, 995-1000. https://doi.org/10.1016/S0764-

4469(01)01364-6 

[44] Ait Hammou, R., Harrouni, C., Ben El Caid, M., Hallouti, A., Baroud, S., & Daoud, S., 2022, 

Establishment of argan tree plantlets (Argania spinosa (L.) Skeels) grown from generative and 

vegetative propagation under different watering regimes at the nursery stage, Biocatalysis and 

Agricultural Biotechnology 44, 102457. https://doi.org/10.1016/j.bcab.2022.102457 

[45] Benbya, A., Cherkaoui, S., Gaboun, F., Chlyah, O., Delporte, F., & Mdarhri Alaoui, M., 2021, 

The Clonal propagation of Argania spinosa (L.) Skeels: effects of leaf retention, substrate and 

file:///C:/Users/BOUTALEB/Downloads/.%20https:/doi.org/10.1139/cjfr-2017-0048
https://doi.org/10.1139/cjfr-2017-0048
https://doi.org/10.19182/bft2010.304.a20446
https://www.agrimaroc.org/index.php/Actes_IAVH2/article/view/581/630
https://doi.org/10.1023/A:1014236025396
https://doi.org/10.7202/045780ar
https://doi.org/10.3390/plants10061062
https://doi.org/10.1016/S0764-4469(01)01364-6
https://doi.org/10.1016/S0764-4469(01)01364-6
https://doi.org/10.1016/j.bcab.2022.102457


 

  Tesse et al.       Natural Built Social Environment Health 1(3) 2025: 100-124 

 

123 

 

cutting diameter. Advances in Horticultural Science 35(1). Retrieved from 

https://oaj.fupress.net/index.php/ahs/article/view/9212 

[46] Metougui, M .L., Mokhtari, M., Machati, I., Azeroual, I., & Benlhabib, O., 2019, Multiplication 

végétative de l'arganier (Argania spinosa) par bouturage et par greffage. Agrimaroc. Available 

online at : https://www.agrimaroc.net/2019/04/24/multiplication-vegetative-de-larganier-

argania-spinosa-par-bouturage-et-par-greffage/ (accessed on 11 February 2025).  

[47] Mokhtari, M., 2017, Multiplication végétative de l'arganier (Argania spinosa L. skeels) par 

bouturage et par greffage. Revue Marocaine des Sciences Agronomiques et Vétérinaires 5(4), 

428-436. 

[48]   Bensaid A., El Khadir I., Bourkhiss B., &  Hmouni D., 2023, Contribution to the improvement 

of germination and grafting rates in the argan tree (Argania spinosa L.). Actes du 6éme Congrès 

International de l'Arganier 2022, sous le thème « L’arganier, source ancestrale de 

développement résilient et durable. https://doi.org/10.13140/RG.2.2.34082.20160 

[49] Mokhtari, M., Benismail, M. C., Ljirri, L., & Nassiri, S., 2011, Développement d’un système 

de production de plants d’arganier par greffage. Proceedings first international congress on 

argan, Agadir, Morocco, pp. 100–108. 

[50] Metougui, M. L., Mokhtari, M., Machati, I., Azeroual, I., & Benlhabib, O., 2017, 

Multiplication végétative de l’arganier (Argania spinosa) par bouturage et par greffage. Revue 

Marocaine des Sciences Agronomiques et Vétérinaires 5(4), 428–436 Available online at : 

https://www.agrimaroc.org/index.php/Actes_IAVH2/article/view/499/743 (Accessed on 20 

April 2025) 

[51] Mokhtari, M.,2002, Le greffage de l’arganier, un challenge pour la multiplication clonale. 

Bulletin de Transfert de Technologie en Agriculture 95, 3–4.  

[52] Metougui, M.L., Mokhtari, M., 2018, Le greffage de l'arganier : un challenge pour la 

multiplication clonale. Agrimaroc. https://www.agrimaroc.net/2018/05/27/le-greffage-de-

larganier-un-challenge-pour-la-multiplication-clonale/  

[53] Tazi, MR., Berrichi, A., Haloui, B., 2001, Germination et croissance in vitro de l’arganier 

(Argania spinosa L. Skeels) des Beni-Snassen (Maroc oriental) à différentes concentrations en 

NaCl. Actes de l’Institut Agronomique et Vétérinaire 3, 163–168 

[54] Murashige, T., & Skoog, F., 1962, A revised medium for rapid growth and bioassays with 

tobacco tissue cultures. Physiologia plantarum 15(3), 473–479. https://doi.org/10.1111/j.1399-

3054. 1962.tb08052.x 

[55] Aizer, N., Abdellatif, N., Saidi, F., & Chaouia, C., 2019, Initiation of micropropagation by 

microbouturage of Arganier (Argania spinosa L. skeels). Revue Agrobiologia 9(2), 1628-1635. 

https://oaj.fupress.net/index.php/ahs/article/view/9212
https://www.agrimaroc.net/2019/04/24/multiplication-vegetative-de-larganier-argania-spinosa-par-bouturage-et-par-greffage/
https://www.agrimaroc.net/2019/04/24/multiplication-vegetative-de-larganier-argania-spinosa-par-bouturage-et-par-greffage/
https://doi.org/10.13140/RG.2.2.34082.20160
https://www.agrimaroc.org/index.php/Actes_IAVH2/article/view/499/743
https://www.agrimaroc.net/2018/05/27/le-greffage-de-larganier-un-challenge-pour-la-multiplication-clonale/
https://www.agrimaroc.net/2018/05/27/le-greffage-de-larganier-un-challenge-pour-la-multiplication-clonale/
https://doi.org/10.1111/j.1399-3054.%201962.tb08052.x
https://doi.org/10.1111/j.1399-3054.%201962.tb08052.x


 

  Tesse et al.       Natural Built Social Environment Health 1(3) 2025: 100-124 

 

124 

 

Available on : http://agrobiologia.net/online/wp-content/uploads/2020/01/15-1628-1635_-

AIZER-et-al.pdf (Accessed on 20 April 2025) 

[56] Deccetti, S. F. C., Paiva, R., de Oliveira Paiva, P. D., & Aloufa, M. A. I., 2005, La 

micropropagation d’Annona glabra L. à partir de segments nodaux. Fruits 60(5), 319-325. 

https://doi.org/10.1051/fruits:2005038 

[57] Rahib, Y., Elorf, A., Sarh, B., Bonnamy, S., Chaoufi, J., & Ezahri, M., 2019, Experimental 

analysis on thermal charac teristics of argan nutshell (ANS) biomass as a green energy resource. 

International Journal of Renewable Energy Research 9(4), 1606-1615. 

https://doi.org/10.20508/ijrer. v9i4.9724.g7763 

[58] Lamaoui, M., Chakhchar, A., El Kharrassi, Y., Wahbi S., Ferradous, A., El Mousadik, A., 

Ibnsouda-Koraichi, S., Filali-Maltouf, A., & El Modafar, C., 2019, Selection and multiplication 

of argan (Argania spinosa L.) superior clones for conservation purposes. Acta Scientific 

Agriculture 3(1), 116–123.  http://dx.doi.org/10.12944/CARJ.8.1.03 

http://agrobiologia.net/online/wp-content/uploads/2020/01/15-1628-1635_-AIZER-et-al.pdf
http://agrobiologia.net/online/wp-content/uploads/2020/01/15-1628-1635_-AIZER-et-al.pdf
https://doi.org/10.1051/fruits:2005038
https://doi.org/10.20508/ijrer.%20v9i4.9724.g7763
http://dx.doi.org/10.12944/CARJ.8.1.03

