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    ملخص  

منهجية متعددة التخصصات لتشخيص التنوع الحيوي لشجرة البطم الاطلسي في شمال غرب 
 الجزائر

   ملخص

 

 البطم شعبة طبٌعٌة من عشر ستة تشخٌص تم. الجزائر غرب شمال فً الأطلسً البطم إلى توصٌف تنوع  الحالٌة تهدف الدراسة 

. المناخً للتوصٌف العٌنات أخذ مواقع البٌانات الخاصة بدرجة الحرارة و التساقطات تم استخدامها من. الطولً التدرج على الأطلسً

قدمت .  ورقة مركبة كاملة النمو3520الدراسة النمط الظاهري لعشر أشجار فً كل موقع و التباٌن الشكلً و القٌاسً ل  تناولت

 سم ، و طول سوٌق الورٌقة 21.9 سم و عرض الورقة 24.5الدراسة الحالٌة بٌانات قٌاسٌة جدٌدة، حٌث ٌصل طول الورقة إلى 

استغلت نتائج هذه الدراسة لتحدٌث مفتاح هوٌة البطم .  ورٌقة للورقة المركبة 18 سم ، سجل عدد ٌصل إلى 3.4النهائٌة الى 

 والسكرٌات الأساسٌة المستخلصة من الأوراق  تم تقٌٌم التباٌن الكٌمٌائً  من خلال تشخٌص الزٌوت. الاطلسً فرع الاطلسً

 استخلصت الزٌوت بواسطة التقطٌر المائً ، ثم حللت عن طرٌق الاستثراب الغازي ، ثم الاستثراب الغازي .المتعددة الجدارٌة

سجلت أربع مكونات غالبة ، حٌث لم ٌتم ذكر أخر .  بالمئة 0.42 بالمئة و 0.1الموصول بمطٌاف الكتلة تراوح عائد الزٌوت بٌن 

ٌصنف التحلٌل العنقودي متعدد المتغٌرات الزٌوت الأساسٌة إلى ثلاثة . مكونٌن كمكونات غالبة للزٌوت الأساسٌة للبطم الاطلسً

من الأوراق مكتملة النمو و  (السٌلٌلوز و الاٌمٌسلٌلوز)أنماط حسب المكونات الغالبة ، تم استخلاص و تقٌٌم السكرٌات الجدارٌة 

 بالمئة 51 بالمئة و 21.25 بالمئة بٌنما تراوح عائد السلٌلوز و الاٌمٌسلٌلوز بٌن 96.5 و 36.2تراوح عائد المستخلص الجداري بٌن 

، تعداد  (المجموع الوراثً )تم تقٌٌم التنوع الوراثً من خلال تقدٌر حجم المحتوى الوراثً . بالمئة على التوال27.6ً بالمئة و 7و 

 عٌنة ،قٌمت  الإحصاءات 97قدر حجم المحتوى الوراثً باستخدام تقنٌة قٌاس التدفق الخلوي على . الصبغٌات و تقٌٌم التنوع الجٌنً

أثبتت كثافة الومٌض الفلورٌسنً لاٌوداٌد . الوصفٌة المتوسط ، الانحراف المعٌاري و معامل الاختلاف المتوسط فً كل موقع

 ± 1.21) و أن البطم الاطلسً ٌتمٌز بمحتوى وراثً ذو حجم صغٌر جدا (س2= ن 2)البروبدٌوم أن جمٌع العٌنات ثنائٌة الصٌغة 

تم . لم تسجل فً  التحلٌل الإحصائً فروق ذات دلالة إحصائٌة فً حجم المحتوى الوراثً بٌن العٌنات المدروسة (بٌكوجرام0.02

 زوج 15على براعم زهور ذكرٌة حٌث أعطت أفضل النتائج و سمحت بتعداد  (سكواش)الدق  دراسة المورثات و تعدادها بطرٌقة

 عٌنة من مختلف 61أما بالنسبة لدراسة التنوع الجٌنً شخصت .  مورثة فً الطور قبل الاستوائً للانقسام المتساوي30= مورثة 

تراوحت ترددات الالٌل بٌن . 4.34 و 1.92 ألٌلة و تراوح التعداد الفعال الالٌلً بٌن 26تم تضاعف .  توابع دقٌقة 6المواقع بواسطة 

اظهر . لم ٌثبت اختلاف فً توازن هاردي وانبغ ، وصنفت أربع توابع على نجاعتها.  الٌلات نادرة8 حٌث لوحظت 0.68 و 0.008

اظهر التحلٌل . التحلٌل الجزٌئً للتباٌن تماٌز معتدل فً ترددات الالٌل بٌن أربع مجموعات التً صنفت على أساس الموقع الجغرافً 

UPGMAأثبتت الدراسة الحالٌة وجود تنوع وراثً داخل الفرع الاطلسً،  .  أن الاختلاف الجٌنً ٌلاحظ داخل الموقع و بٌن المواقع

 .  من المرجح انه ٌرجع للتدفق الجٌنً بٌن  الأنماط و بٌن التجمعات الاحٌائٌة الطبٌعٌة لشجرة البطم الاطلسً
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               Abstract 

Abstract   

 

A MULTIDISCIPLINARY APPROACH FOR THE CHARACTERIZATION OF 

Pistacia atlantica Desf. subsp atlantica DIVERSITY IN NORTHWEST ALGERIA 

 

The current study aims at the characterization of Pistacia atlantica Desf. subsp atlantica diversity from Northwest 

Algeria    

Sixteen natural populations of Pistacia atlantica Desf. subsp. atlantica were investigated on a longitudinal gradient. 

The pluviothermal data of sampling sites were used for the climatic characterization. The study examined 

morphologically ten mature trees per sites (males and females) and biometrically 3520 mature compound leaves. A 

significant correlation between climatic parameters and leaf morphology was showed. Several values were reported for 

the first time on the species, such as the length and the width of the leaf (reaching up to 24.5 cm/21.9 cm), the leaflets 

number (up to 18 leaflets/ leaf) and the petiole length of the terminal leaflet (reaching up to 3.4 cm). The original 

findings of this study were used to update the Pistacia atlantica subsp. atlantica identification key. The intraspecific 

chemical variability was assessed through the characterization of leaf essential oils and cell wall polysaccharides. 

Essential oils were isolated by hydrodistillation. Compositions were further investigated by Gas Chromatography (GC) 

followed by Gas chromatography-mass spectrometry GC/MS and were submitted to multivariate statistical analysis. 

Essential oils were obtained in yields ranging from 0.1% to 0.42%. Terpinene-4-ol, α-pinene, germacrene D and E-

caryophyllene were found as major components. The two last compounds were never mentioned as main constituents 

in the essential oil of this species. Multivariate cluster analysis of compositional data evidenced three types of essential 

oil considering the predominant constituents: 1) terpinene-4-ol ; 2) α-pinene / camphene ; 3) α-pinene / germacrene D. 

For the cell wall polysaccharides dosage, cellulosic and hemicellulosic fractions were isolated and dosed from mature 

leaves.  The wall residue yield varied from 36.2 % to 69.5%. The cellulose and hemicelluloses yields varied from 

21.25% to 51% and 7% to 27.6% respectively. The genetic diversity was assessed through the genome size estimation, 

the chromosome count and the genetic polymorphism assessment. The genome size estimation was performed using 

flow cytometry on 97 samples. The Propidium Iodide (IP) fluorescence intensity showed that all the analyzed samples 

are diploids (2n=2x). The flow cytometry analysis leaded to estimate a very small genome (2C = 1.21±0.02 pg). No 

statistical differences were recorded between the genome sizes of the analyzed samples. Squash preparation for 

chromosome study was carried on fixed buds. Meristematic somatic cells of male floral buds showed the best 

prometaphase which on (2n =30) chromosome complement was observed. Two chromosomes bearing satellites 

showed evident and large secondary constrictions. For the genetic diversity assessment, 61 genotypes were 

characterized using 6 SSR microsatellites. A total of 26 alleles were amplified. The effective number of alleles ranged 

between 1.92 and 4.34. Allele frequencies ranged from 0.008 to 0.68. Eight alleles (30.8%) observed as rare alleles. 

The observed heterozygosity (Ho) ranged from 0.35 to 0.67, while the expected heterozygosity (He) ranged from 0.48 

to 0.77. Five of six loci showed an overall heterozygote deficiency; however, none of the assayed loci displayed a 

significant heterozygote deficiency. Two loci showed significant departure from Hardy–Weinberg equilibrium (HWE), 

while no significant deviations (P<0.01) from the Hardy–Weinberg proportions were found for four loci. Four of six 

markers were classified as very informative markers. Molecular analysis of variance (AMOVA) showed moderate 

differentiation in allele frequencies between four groups of populations and that 87.65% of variation is originated from 

variability between genotypes. Cluster analysis based on the euclidean distance using ‘Unweighted Pair Group Method 

using Arithmetic Averages’ (UPGMA) leaded to observe divergences between genotypes within site and between 

sites. The current study indicated an evident diversity probably due to a genetic flow between populations.    

 

Keywords: Pistacia atlantica Desf. subsp. atlantica; Northwest Algeria ; morphological variability; climatic 

characterization; identification key; essential oils; cell wall polysaccharides; genome size; flow cytometry; 

chromosome number; genetic polymorphism; microsatellites markers. 



               Résumé 

RÉSUMÉ 

 

APPROCHE MULTIDISCIPLINAIRE POUR LA CARACTERISATION DE LA 

DIVERSITE CHEZ Pistacia atlantica Desf. subsp atlantica EN ALGERIE NORD-

OCCIDENTALE  

 

La présente étude porte sur la caractérisation de la diversité chez Pistacia atlantica Desf. subsp atlantica en Algérie 

Nord-occidentale. 

Seize populations naturelles de Pistacia atlantica Desf. subsp. atlantica ont été prospectées sur un gradient 

longitudinal. Les données pluviothermiques des sites prospectées ont été utilisées pour la caractérisation climatique. 

L'étude a examiné morphologiquement 10 arbres matures par sites (mâles et femelles) et morphométriquement 3520 

feuilles composées matures. Une corrélation significative entre les paramètres climatiques et la morphologie des 

feuilles a été montrée. Nous notons pour la première fois sur les échantillons observées que la longueur et la largeur de 

la feuille atteint jusqu'à 24,5 cm / 21,9 cm, le nombre des folioles jusqu'à 18 folioles / feuille et la longueur du 

pétiolule de la foliole terminale atteint jusqu'à 3,4 cm. Ces mesures nous ont permis de proposer et mettre à jour la clé 

d'identification de Pistacia atlantica subsp. atlantica. La variabilité intraspécifique chimique a été évaluée par la 

caractérisation des huiles essentielles des feuilles et des polysaccharides pariétaux. Les huiles essentielles ont été 

extraites par hydrodistillation puis analysées par chromatographie en phase gazeuse (GC) et chromatographie couplée 

à la spectrométrie de masse (GC/MS). Le rendement a varié de 0,1% à 0,42%. Terpinene-4-ol, α-pinène, germacrène D 

et E-caryophyllène ont été observés comme composants majoritaires. Les deux derniers composés n’ont jamais été 

mentionnés comme constituants majoritaires pour l’huile essentielle de cette espèce. L’analyse multivariée a montré 3 

types d'huile essentielle compte tenu des constituants prédominants: 1) Terpinène-4-ol ; 2) α-pinène/camphène; 3) α-

pinène/germacrène D. La cellulose et les hémicelluloses pariétales ont été isolées et dosées avec des rendements 

variant de 21,25% à 51% et de 7% à 27,6% respectivement à partir d’un rendement variant de 36,2% à 69,5% de 

résidu pariétal. L'estimation de la taille du génome a été effectuée par cytométrie en flux. L'intensité de fluorescence 

du iodure de propidium (IP) montrent que tous les échantillons analysés sont diploïdes (2n = 2x). La cytométrie en flux 

a permis d’estimer un très petit génome (2C = 1,21 ± 0,02 pg). Aucune différence statistique n’a été enregistrée entre 

les tailles génomiques des 97 échantillons analysés. Des préparations de ‘Squash’ pour le dénombrement 

chromosomique ont été réalisées sur des bourgeons floraux fixés. Les celllules somatiques méristématiques de 

bourgeons de fleurs mâles ont montré les meilleures prométaphases sur lesquelles le nombre  (2n = 30) a été observé. 

Deux chromosomes présentant des satellites ont montré de constrictions secondaires grandes et évidentes. Pour 

l'évaluation de la diversité génétique, 61 génotypes ont été caractérisés par 6 microsatellites SSR. Un total de 26 allèles 

a été amplifié. Le nombre d'allèles effectifs a varié de 1,92 à 4,34. Les fréquences alléliques ont varié de 0,008 à 0,68. 

Huit allèles (30,8%) ont été observés comme des allèles rares. L'hétérozygotie observée (Ho) a varié de 0,35 à 0,67, 

tandis que l'hétérozygotie attendue (Ha) a varié de 0,48 à 0,77. Cinq des six loci ont montré un déficit global 

d’hétérozygotie; cependant, aucun des loci analysés n’a affiché un déficit important. Deux loci ont montré un écart 

important par rapport à l’équilibre Hardy-Weinberg (HWE), tandis qu'aucun écart significatif (p <0,01) par rapport aux 

proportions de Hardy-Weinberg n’a été montré pour quatre loci. Quatre des six marqueurs ont été classés comme des 

marqueurs très informatifs. L'analyse moléculaire de la variance (AMOVA) a montré une différenciation modérée dans 

les fréquences alléliques entre les quatre groupes géographiques et que 87,65% de la variation est originaire de la 

variabilité entre les génotypes. L'analyse basée sur la distance euclidienne en utilisant la méthode (UPGMA) a permis 

d'observer des divergences entre les génotypes à l'intérieur du site et entre les sites. La présente étude indique une 

diversité évidente probablement dû à un flux génétique entre les populations. 

 

Mots clés: Pistacia atlantica Desf. subsp. atlantica; Algérie Nord-Occidentale ; caractérisation climatique; variabilité 

morphologique;  clé d’identification; huile essentielle; polysaccharides pariétaux; taille du génome; cytométrie en 

flux ;  nombre de chromosome; polymorphisme génétique; marqueurs microsatellites. 
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 INTRODUCTION 

 

 

The Mediterranean region is situated between Laurasia and the Gondwana vestiges where 

vegetation is originated from both areas (Quezel, 1960; 1985; Suc et al., 1995; Pons and Quezel, 

1998; Fauquette et al., 1999). The flora in this region was predominantly Mediterranean with a 

number of tropical and temperate elements (Le Houerou, 1997). The Mediterranean region has 

known between -3.5 Ma and -2.6 Ma a subsequent dry phases which modified the Mediterranean 

Landscape (Suc, 1984; Suc et al., 1995). The climatic changes following the last glacial retreat 

have greatly influenced the vegetation structure in the region (Bazile-Robert et al., 1980). In 

North Africa, those changes favored the installation of thermo and meso-mediterranean vegetation 

to the detriment of some taxa which are mostly in extinction or which have found a refugium in 

particular zones (Van Campo, 1975; Van Zinderen Bakker and Maley, 1979; Maley, 1980; El 

Hamouti et al., 1991; Stambouli-Essassi, 2003; Benslama et al., 2010). Climate change that 

occurred from Holocene to Upper Pleistocene epochs had modified the vegetation structure; 

however, many paleoecological studies showed that Man had shaped the nature and especially the 

vegetation (Frenzel, 1979; Leveau et al., 1998) jointly with the contemporary climatic changes 

(Le Houerou, 1991). Actually, the deepest studies on the global warming in the Mediterranean 

region remain insufficient to draw conclusions (Quereda-Sala et al., 2000; IPCC, 2001; Alpert et 

al., 2002; UNEP-GEF, 2002; Ulbrich et al., 2005; Benslama et al., 2010).The thermal value 

reported on the global warming in the Mediterranean region remains modest; however, the impact 

on the vegetation would not be negligible (Agoumi, 2003; Medail and Quezel, 2003).  

 

Even if the plant responses to environmental changes cannot be observed on all the plant 

communities, they can be viewed individually on the species (Huntley, 1991; Birks and Line, 

1993). Many studies are focused on the impact of climatic changes on the genetic variability and 

the long-term survival of living beings (Asch et al., 2007; Willis et al., 2008; 2010; Hoffmann and 

Sgrò, 2011). This issue is the most important since the current fragmentation of natural habitats 

strongly restricts the opportunities of the dispersal of species, as well as, the gene flow among 

populations. When species exhibits a large range, the fragmentation of the habitats and the 

adaptive potentialities to the ecological variability may lead to intra-specific subdivisions, 

breeding subspecies, varieties, and ecotypes. This is the case of the Atlas Pistachio, Pistacia 

atlantica Desf. [Fl. Atlant. 2:364. 1799] (Desfontaines, 1799; 1800). It is an Irano-Touranian 

species with a large geographic range (Zohary, 1952). Irano-Touranian plants would have existed 

in the Mediterranean region during the dry and the cold climatic phases of the Miocene (Benslama 



Introduction 

 

3 
 

et al., 2010; Biltekin et al., 2015). The Plio-Pleistoncene glaciations were propitious for their 

establishment in the region. Even if its range is more or less discontinuous, Pistacia atlantica is 

one of the most widely distributed wild species of the genus. It occurs from the Canary Islands to 

Pamir Mountains (Zohary, 1952). Over this large area and under different ecological conditions, 

P. atlantica populations adapt differently; the morphological characters of the species are very 

variable, leading to taxonomic confusion mainly in the infraspecific level. Until then, 3 subspecies 

are admitted (P. atlantica subsp. atlantica, P. atlantica subsp. cabulica, P. atlantica subsp. 

mutica) (Yaltirik, 1967a; 1967b; Al yafi, 1979), while Rechinger (1969) and Al yafi (1978) 

recognized P. atlantica subsp. kurdica (already described by Zohary (1952)) as a subspecies. This 

taxon is considered by Yaltirik (1967a; 1967b) and Al yafi (1979) as a distinct species.  

Pistacia atlantica’s subspecies are qualified as eco-geographical ecotypes (Rechinger, 1969; 

Browicz, 1988). Morphologically, they are related by an intermediaries and they transgress 

geographically, more or less, the areas assigned to them (Monjauze, 1968). In fact, the subspecies 

atlantica which is qualified as the North-African representative (Zohary, 1952) and considered to 

be native to Maghreb countries (Browicz, 1988) is nevertheless cited among the subspecies 

studied in the Asiatic area of the species (eg. Syria and Turkey) (Karimi et al., 2009).  

 

Problematic and objectives 

As for the species ‘Pistacia atlantica’, within the extensive region of its subspecies, the taxon is 

subject to a significant variability in environmental conditions. In order to respond effectively to 

the different living needs, the subspecies adopts several adaptive strategies which have interested 

plenty of studies mainly in Algeria. The leaf morphological variability was investigated in the 

Algerian central steppe (Belhadj et al., 2008), in the region of Tiaret (Dahmani, 2011; Mehdeb, 

2011) and in the western Algerian Sahara (region of Bechar, Ait Said et al., 2011a). Important 

pollen shape and size diversity has been revealed by Belhadj et al. (2007a). Phytodermological 

studies examined stomatal complex and trichomes in different regions in Algeria showing a high 

variability between the studied populations (Kadi Bennane et al., 2005; Belhadj el al., 2007b, 

2008; Tirse et al., 2014). However, the origin of this variability was not deeply studied.  

 

The morphological variability of P. atlantica in Algeria is a long-standing issue. Zohary (1952) 

reports the presence (in the Northwest and the Northeast of Algeria) of a variety where the leaves 

and the fruits are larger and look like those of the var. latifolia Zoh.  Monjauze (1982) reports that 

the specimen of Desfontaines herbarium (DF-58/17; DF-58/20; see Bruns-Balogh, 1991) showed 

a microphyllious variety which is different from some specimens observed in the country. 

Monjauze (1982) reported also the possibility to have a different variety in the Algerian steppe 
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with a round and black fruits. He alluded to a certain resemblance to P. atlantica subsp. kurdika 

Zoh. More recently, Belhadj et al. (2008) queried the existence of any other varieties or 

subspecies in Algeria without, nevertheless, providing any answers.     

  

The objective of the current thesis is to investigate the origins of the diversity showed by Pistacia 

atlantica in Algeria. The response to this issue requires a multidisciplinary study. Natural 

populations of P. atlantica subsp. atlantica in a large area in Northwest Algeria, where some 

populations which had aroused the curiosity of some famous botanists (Zohary 1952; Monjauze 

1982), are the focus of this study.  

 

 

Thesis design 

The structure of the current thesis is as follows:  

 

Chapter 1. State of the art review:  

Pistacia L., Pistacia atlantica complex: taxonomic retrospection and monography  

This section outlines a pertinent data on the taxonomic and monographic review of the genus 

Pistacia and especially the species P. atlantica. This section brings to date our knowledge through 

previous researches relevant to the topic of the evolution of the genus taxonomic status. 

The botanical description and the ecological characteristics of Pistacia atlantica summarized in 

this chapter were useful firstly to guide the research aims and secondly to discuss the findings of 

this thesis. Convinced of their originality, the researcher added, to this chapter, personal photos 

from field collection hoping to enrich the species monography.    

 

Chapter 2. Climatic characterization of Pistacia atlantica subsp. atlantica natural 

area in Northwest Algeria 

The diversity study in spacio-temporal context is so important, mainly in the intraspecific level. 

The impact of climate on the observed variability could not be neglected. Thus, in the current 

study, the climatic factors in Northwest Algeria were targeted. The climatic characterization of the 

studied sites will be detailed in this chapter. The climatic conditions inform on the ecological 

characteristics of species. Thus, at the end of this chapter, the results of climatic characterization 

of the sites were discussed to better understand the factors influencing the dynamics of Pistachio 

populations.  
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Chapter 3. Morphological characterization and morphological variability analysis 

of Pistacia atlantica subsp. atlantica natural area in Northwest Algeria 

The assessment of phenotypic variation focuses on morphological traits that define the shape and 

appearance of a set of individuals. In this chapter, the variability was assessed at the phenotypic 

level and the morphological characterization was checked within and between populations. 

Furthermore, we had to ascertain if the morphological variability is significant and what this 

variability might provide to the database of the subspecies and to its identification key. 

In the light of the results achieved in chapter 2, climatic and morphologic data should be used to 

investigate if the climatic variation affects the leaf morphology of the species; but also what are 

the most important climatic parameters that influence Atlas pistachio variability. Climatic and 

morphological correlations will be assessed and discussed in this chapter.  

 

Chapter 4 & Chapter 5 

The multidisciplinary approach could be properly conducted if we examine also the biochemical 

profile of Pistachio populations. The produced metabolites of plants have very often served the 

taxonomic studies. Hence, the chemical variability of the essential oils and the cell wall 

polysaccharides will be investigated. The two aspects will be given in Chapter 4 and Chapter 5, 

respectively.  

Chapter 4. Intraspecific chemical variability of Pistacia atlantica Desf. subsp. 

atlantica essential oil from Northwest Algeria 

This chapter exposes the quali-quantitative and characterization of Pistacia atlantica subsp. 

atlantica essential oil, the inter-population chemical variability of Pistacia atlantica subsp. 

atlantica essential oil and the analysis of the environmental factors effect on the chemical 

variability.  

Chapter 5. Quantitative characterization of cell wall polysaccharides from 

Pistacia atlantica leaves through cellulose and hemicelluloses dosage 

This chapter reports preliminary quantitative and qualitative characterization of cell wall 

polysaccharides extracted from mature leaves. This study is, to our knowledge, the first to 

consider cell wall polysaccharides’ valorization in Pistacia atlantica. 

   

Chapter 6 & Chapter 7 

We have to verify if the phenotypic variability depends on cytogenetic or genetic variability. For 

some years, the study of both the two aspects is possible in the intra-specific level using the 

molecular tools. The molecular characterization will be presented in chapter 6 and Chapter 7, 

respectively.    
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Chapter 6. Genome size determination and Chromosome assessment in Pistacia 

atlantica Desf. subsp. atlantica from Northwest Algeria 

The chapter 6 exposes the cytogenetic characterization focusing on the determination of the 

genome size and the chromosome number of Pistacia atlantica subsp. atlantica. In this field, data 

is still missing for the genus and especially for the species. The few previous studies are, however, 

still confusing. The causes of these confusions will also be discussed in this chapter. 

 

Chapter 7.  Molecular characterization and evaluation of intraspecific genetic 

diversity of Pistacia atlantica Desf. subsp. atlantica in Northwest Algeria, using 

SSRs markers 

The chapter 7 presents a contribution of genetic fingerprinting of Pistacia atlantica subsp. 

atlantica using molecular markers. The genetic characterization of the natural populations in 

Northwest Algeria taken as sample for the current study will contribute to assess the genetic 

diversity of this subspecies and to evaluate the interpopulational genetic relationships. 

 

General conclusion and prospects  

The purpose of this chapter is to discuss the overall results obtained in the different steps of this 

study.  The findings of the current study are the proud achievement of more than five years of 

field investigation. The discussion helps us to understand the origin of diversity and to answer 

many previous questions about the morphological variability in Algeria.  Nevertheless, it opens up 

new prospects for deep and detailed characterization in order to understand the structure of 

Pistacia atlantica subsp. atlantica natural populations in Algeria and its evolutionary history.   
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1 STATE OF THE ART REVIEW: Pistacia L., Pistacia atlantica: TAXONOMIC 

RETROSPECTION AND MONOGRAPHY  

 

1.0 Background  

The origin of the genus Pistacia is still questionable. Based on fossil records (Weyland, 1941), 

Zohary (1952) supposed that the origin center of Pistacia species is placed in central and 

Southwestern Asia and that the genus as a whole probably developed more than 80 million years 

ago. Numerous archaeological excavations (Ramirez and Cevallos-Ferriz, 2002) report the finding 

of pistachio nuts in Neolithic settlements, West of the Zagros Mountains (mountain range situated 

in Western Iran) from the eight until the sixth millennium B.C. (in Hormaza, 1995). Nevertheless, 

other researchers did not agree with this hypothesis, since Anacardiaceae pollen and wood first 

appear in the Paleocene epoch, 65 to 55 million years ago and is found throughout the world (Hsu, 

1983; Muller, 1984). The origin for the order in which the Anacardiaceae occurs, Sapindales, 

dates back approximately 84 to 65 million years before present (Magallon and Sanderson, 2001; 

Wikstrom et al., 2001).  

 

In fact, Al-Saghir (2006; 2009) hypothesizes that Pistacia originated in the Paleocene epoch and 

postulates that ancestral species of Pistacia came from North America since, Anacardiaceae is 

pantropical in its distribution and North and South America represent major diversification centers 

of the family. Given the geographical distribution of Pistacia, Al-Saghir’s hypothesis (Al-Saghir, 

2006; 2009) is supported by Pistacia fossil records from the Paleocene of Wyoming and Colorado 

(Edwards and Wonnacott, 1935). Migration may have taken place from Western Laurasia (North 

America) to Eastern Laurasia (Europe and Asia) ending up in Central Asia via Europe where the 

genus radiated within Asia (West Asia and Mediterranean Basin) as hypothesized by Weeks et al. 

(2005) for the Burseraceae (a family closely related to Anacardiaceae). This migration may have 

been facilitated by the boreotropical land bridge (Tiffney, 1985; Tiffney and Manchester, 2001), 

which spanned the North Atlantic during the early to middle Eocene. Global temperatures during 

the Eocene were highest during this time period and tropical vegetation is known to have occurred 

in this land corridor (Wolfe, 1978; Zachos et al., 2001). Cooler temperatures during the Middle 

Eocene extirpated frost tolerant taxa in this region and the physical land connections disappeared 

sometime afterward (Weeks et al., 2005). Al-Saghir’s hypothesis (Al-Saghir, 2006; 2009) may 

also be supported by the cladistic analysis of NIA-i3 gene region which showed astonishing close 

relationships between the P. atlantica - P. khinjuk - P. vera clade and the P. mexicana - P. texana 

clade (Yi et al., 2008). The last two species represent the genus in America (Zohary, 1952). 
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Nevertheless, it is believed that the Eastern part of Zagros Mountains is one of the main centers of 

diversity for Pistacia. However, the pistachio nuts found in Neolithic settlements in the region and 

reported as true pistachio nuts (from P. vera) could easily be nuts from other Pistacia species such 

as P. palaestina or P. atlantica which are indigenous to those areas and whose seeds are eaten by 

local people (Hormaza, 1995). The genus extended its distribution range by passive dispersal 

mediated by wind, water, birds or even by people (Al-Saghir, 2006). This is supported by 

evolution toward a smaller seed with a hard endocarp paralleling a change in reproductive strategy 

from distribution by ground squirrels (burying the seed, as with walnuts and oaks) to bird- or 

wind-mediated distribution, which would require a seed capable of passing through a bird’s 

digestive system or being blown by the wind (Jordano, 1989). The name pistachio probably 

derives from the word Pista-pistak in the ancient Persian language Avestan (Joret, 1976). 

 

1.1 Pistacia atlatica ‘El Buttum’ in the history of mankind 

It is beautiful in its greatness, it is generous by its products, it touched the human life since the old 

history. Atlas pistachio, called in arabic ‘El Buttum’ is cited many centuries before Christ, the old 

writing stands witness (Jung, 1954). Additional references to Atlas pistachio are found in the bible 

(eg. Genesis 35:4). Jung (1954) reports that these trees have been from ancient time symbols of 

the Semetic love and mother goddess, that oaks and terebinths1 (turpentine tree) are, in the Old 

Testament, oracle trees.  

 

According to Ibn Kathir [≈ 700 - 774 A.H], in the tale of the prophet Yusuf [Joseph (pbuh)], he 

reported that the prophet Yusuf was rescued from the well by traders of pistachio, pine and Atlas 

pistachio fruits. It is also reported that in the ancient Egypt, a guarded missions were sent to look 

for a honey in the pistachio stands in the Sahara (Adra, 2011). In addition, according to historians, 

Atlas pistachio was planted in the gardens and the temples of the Pharaohs to benefit from the 

trunk exudates such as the resin used as chewing gum and mainly in their receipts of 

aromatherapy and mummification procedure (Al Dassouki, 2011). Furthermore, it is mentioned in 

the historical Islamic texts that somewhere in the Syrian Desert, an Atlas pistachio tree has shaded 

the prophet Muhammad (SAW)(as young boy) on one of the trade journey from Mecca to Syria 

(Adra, 2011).  

 

Because of its large size and great age, ‘El Buttum’ trees were well-known landmarks and were 

used as memorials for the dead (Fig. 1.1 and Fig. 1.2), a practice followed until recently in some 

                                                             
1
 The noun ‘terebinth’ cited on the references translated from the ancient languages refers to Pistacia atlantica; 

many authors relied on the botanical description of the tree to substantiate their arguments. 
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Arab villages (Middle East and Maghreb). In Cyprus (Italy), an old city with a temple was called 

Tremithounta (Ôñåìéèïýíôá in Greek) from the Greek name of Pistacia atlantica (Elizabeth, 

2008). In Algeria, the spiritual statute of Atlas pistachio has often contributed to the preservation 

of the species. 

    

 

 

Fig. 1.1 One of the memorials of the prophet 

Yusha [Joshua (pbuh)] in Atlas pistachio stand 

(Safad- Palestine, Mars, 2005) (Webmaster1) 

 Fig. 1.2 A saint’s tomb and a cemetery in 

Atlas pistachio stand (Betaim- Tlemcen 

Algeria, Mars 2013) 

 

 

 

1.2 Pistacia L.: Evolution of taxonomic status 

Pistacia atlantica has known a long taxonomic history and several revisions in all its higher 

hierarchical levels. Before the identification of Pistacia atlantica, the other members of the genus 

were grouped separately by Tournefort (1700) into two genera (Lentiscus and Terebinthus). In his 

‘Species Plantarum’, Linnaeus (1753) was the first to establish, officially, the genus Pistacia. 

 

The class level  

In ‘Systema Naturæ’, Linnaeus (1735-1758) places the genus into the class Dioecia, Pistacia has 

been merged, afterwards, into many classes: Terebinthineæ (Spach, 1834; Endlicher, 1836-1840), 

Magnoliopsida (Subclass: Rosidae) (Cronquist, 1981), (Subclass: Malvidaæ) (Throne and Reveal, 

2007). The Angiosperm Working Group (APG, 1998, 2003, 2009) places the genus in Eudicots; 

core Eudicot; Rosid; Eurosid II. 

 

The order level 

Linnaeus (1735-1758) places the genus into the order Pentandria., then the genus appears with the 

oak trees and the walnut trees into the order ‘Amentaceæ2’. This classification was done on the 

base of the resemblance of some characters of the flowers (reduced, small and unisexual flowers). 

                                                             
2 The endings ‘ceæ’ was given in this classification for the orders. 
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Subsequently, several orders have been proposed (Terebinthinæ, Terebinthaceæ2, Terebinthales, 

Sapindales, Rutales and Burserales) (Table 1.1).  

 

Table 1.1 Proposed ordinal affinities of Pistacia based on morphological or molecular data 

Order                                               References 

       Morphological data                                         Molecular data 

Amentaceæ2 Linnaeus (1735-1758)  

Rutales Gundersen, 1950; Thorne 1992  

Burserales  Takhtajan, 1997  

Sapindales  Engler, 1892; Rendle, 1925; Hutchinson, 

1926; 1973; Takhtajan, 1954; Dahlgren, 

1980; Cronquist, 1968, 1981, 1988; 

Bhattacharyya and Johri, 1998. 

Chase et al., 1993; 

Gadek et al, 1996; 

APG 1998, 2003; 2009; 

Bremer et al., 1999, 

Savolainen et al., 2000; 2000 

Terebinthaceæ2 A.L. De Jussieu (1789)  

Terebinthinæ  Eichler (1875-1878) ; Hallier, 1908 

(Terebinthinæ);  

Wettstein, 1935 & 1944 (Terebinthales) 

 

Modified from Pell (2004) 

 

 

The Sapindales are mostly woody plants with a 

synapomorphic prominent nectariferous disc and a 

syncarpous gynoecium usually with one or two 

ovules per locule (Gadek et al., 1996). Besides these 

features, the recent molecular studies retain the 

classification of the genus into the Sapindales (Fig. 

1.3) (Gadek et al., 1996; Chase et al., 1993; APG, 

1998, 2003; 2009; Bremer et al., 1999; Savolainen 

et al., 2000a, 2000b, Stevens, 2008). 

 

The Family level  

Based on morphological details, the genus Pistacia 

was firstly the unique representative of its own 

family, Pistaciaceæ by Adanson (1763). Many 

studies showed the particularity of certain 

characteristics of the genus. Pistacia species are 

dioecious,  have  reduced perianth,  unusual pollen  

 

 

Fig.1.3 Position of the Anacardiaceae 

family (framed) in the phylogenetic tree 

of the Sapindales order (modified from  

Gadek et al., 1996) 
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morphology (with up to eight apertures, and plumose styles with associated increased stigmatic 

surface area) (Erdtman, 1971; Mabberley, 1997; Pell, 2004; Belhadj et al., 2007a). All These 

morphological features are adaptations for wind pollination. In 1825, De Candolle, working on the 

order of Terebinthaceæ of A. L. Jussieu (1789), establishes the Family ‘Terebinthaceæ’(cited 

‘Térébinthacées’ in his ‘Mémoire sur la famille des légumineuses’). In 1830, Lindley, in his ‘An 

Introduction to the natural system of botany’, states that he agree with the botanists who abandon 

the name ‘Terebinthaceæ’. He validates, so, the family of the Anacardiaceæ. This family was 

firstly proposed by Brown (1818) who constitutes it by the species related to the Anacardium. 

Lindley  (1830)  gives the diagnosis,  the anomalies,  the essential character,  the affinities,  the  

geography and  the properties  of the validated family and cites 

the genus Pistacia as member of this  family  with  the  

Cashew and the Mango. Working on the class of 

Terebinthinaæ Barling, Spach (1834) includes the genus 

Pistacia in the family of Cassuvieæ. This opinion was not 

adopted for a long time. Lindley’s classification dominates. 

The flowers of the Anacardiaceæ are generally not highly 

prominent but are discerning by an intrastaminal nectariferous 

disc. Based on the synapomorphies of a single apotropous 

ovule (an ovule with a raphe that is ventral when ascending 

and dorsal when descending, Fig. 1.4). The morphological 

data exposed by Wannan and Quinn (1991) and many 

molecular data (Pell, 2004; Yi et al., 2004; 2007) support this 

classification.  

 

 
Fig. 1.4 Apotropous ovule 

(as found in 

Anacardiaceæ):  

A): descending ovule with 

a dorsal raphe;                    

B): ascending ovule with a 

ventral raphe (Redrawn and 

modified by Pell (2004) 

from Geesink et al., 1981) 

 

 

The infrafamilial level (Subfamily and Tribe) 

Eichler (1875-1878) treated Pistacia as a distinct group. Takhtajan (1997) divided the 

Anacardiaceae into four subfamilies (Anacardioideæ Link, Spondioideæ Link, Julianioideæ and 

Pistacioideæ Burnett.) and puts the genus Pistacia in the last one. On the basis of wood anatomy, 

fruit and flower morphology, and flavonoid chemistry, Wannan and Quin (1991) divided the 

Anacardiaceae into two groups, A and B. These groups overlap the subfamilies Spondioideae and 

Anacardioideae within molecular studies of Terrazas (1994) and Pell (2004). Pistacia was placed 

in the subfamily Anacardioideae in both studies. The genus Pistacia was classified in the tribe 

Anacaredieæ by certain authors as Spach (1834) and De Candolle (1928), then treated as a distinct 

tribe or a subfamily (Pistacioideae) (Marchand, 1869; Eichler, 1875 1878; Takhtajan, 1987, 1997; 

Mitchell et al., 2006). Engler (1876) placed Pistacia in the tribe Rhoideæ (= Rhoeæ). This 
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treatment was followed by Engler (1883, 1892). The Rhoeae was cited by Takhtajan (1997) 

included within the subfamily Spondioideæ. The most widely accepted classification divides the 

Anacardiaceae into five tribes: Anacardieae, Semecarpeae, Spondiadeae, Dobineae and Rhoeae  

(Mitchell and Mori, 1987; Wannan and Quinn, 1991). Pistacia was assigned to the last one 

(Mitchell and Mori, 1987); in fact, it resembles the Rhoeae members by having three syncarpous 

carpels, unilocular fruits, and a thin exocarp. If the last subfamily classification (Terrazas, 1994; 

Pell, 2004) and the last tribe classification (Mitchell and Mori, 1987; Wannan and Quinn, 1991) 

are the most accepted, the Rhoeae could not be included within the Spondioideae (sensus 

Takhtajan, 1997) but in the Anacardioideae (sensu Terrazas, 1994 ; Pell, 2004). Terrazas (1994) 

and Pell (2004) placed Pistacia in the subfamily Anacardioideae. 

 

The genus level 

As it was mentioned above, Linnaeus (1753) was the first to establish the genus, recognizing six 

species: Pistacia lentiscus L., P. terebinthus L., P. vera L., P. narbonensis L., P. trifolia L. and P. 

simaruba L. Many other species was added to the genus; Desfontaines (1799) described P. 

atlantica while Humboldt et al. (1824) described P. mexicana as a new species. Marchand (1869) 

included to the genus four species (P. chinensis Bunge. (described by Bunge (1835)), P. mutica 

Fisch. (described by Fischer and Meyer (1838)), P. Khinjuk Stocks (described by Stockmans (in 

Stockmans and Hooker, 1852)) and P. palaestina Boiss. (described by Boissier (1849)). Engler 

(1883) provides the first monograph of the genus and withdraws from Linnaeus’s list:  P. trifolia 

(considered as synonym of P. vera) and P. narbonensis (considered as an hybrid between P. vera 

and P. terebinthus). He suggests that P. palaestina is a subspecies of P. terebinthus; when P. 

simaruba is Bursera simariba (L.) Sarg., member of the closely related Burseraceæ.  

 

Subsequently, many species are described and added to the genus Pistacia: P. falcate (Martelli, 

1886) P. weinmannifolia (Franchet, 1886) and P. texana (Swingle, 1920). It is known that the first 

and the most complete classification of the genus is done by Zohary (1952). He considers 11 

species for the genus and puts them, on the basis of the morphology of leaves (Fig. 1.5), leaflet, 

inflorescence, flowers, fruits, and the seedlings, into four sections:  Lenticella (Zoh.) (Sub-

persistent leaves, including P. mexicana , P. texana Swingle), Eu Lentiscus (Zoh.) (Persistent and 

paripinnate leaves, including P. lentiscus, P. saportae Burnat, P. weinmannifolia Poiss. ex 

Franch.), Eu Terebinthus (Zoh.) (Deciduous and pari/imparipinnate leaves, including P. 

chinensis, P. khinjuk, P. palaestina, P. terebinthus, P. vera) and Butmela (Zoh.) (deciduous and 

imparipinnate leaves, where Pistacia atlantica is the only member). 
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Fig.1.5 Leaf morphology of the various species in the genus Pistacia L. (adapted from 

Zohary M., 1952 by Zohary D. 1996) 

 

Beside the leaf and seed morphological characters, on 

the basis of restriction fragment length polymorphism 

analysis of the Pistacia cpDNA, Parfitt and Badenes 

(1997) suggest to divide the genus into two sections 

(Fig. 1.6), Lentiscus and Terebinthus. Section 

Lentiscus (including Zohary’s sections Letiscella and 

Eu Lentiscus) consists of the evergreen species with 

paripinnate leaves and smaller seeds. Section 

Terebinthus (Butmela and Eu Terebinthus Zohary’s 

sections) includes the deciduous species with 

imparipinnate leaves and large seeds.  

 

Fig. 1.6 Phylograms from mixed Dollo 

parsimony analyses of 10 Pistacia 

species and Schinus molle as outgroup 

(Parfitt and Badenes, 1997) 

Many molecular studies support this division (Kafkas and Perl-Treves, 2001, 2002; Golan-

Goldhirsh et al., 2004; Kafkas, 2006). Zohary (1972) revises his last classification and suggests P. 

saportae to be an interspecific hybrid. The genus Pistacia has known after Zohary’s classification 

several new species. The taxonomic status of the genus members has been continually reviewed. 

Yaltirik (1967a, 1967b) adds a new species (P. eurycarpa) which was described by Zohary (1952) 

as P. atlantica var. kurdika. The data shown by the phenotypic cluster analysis made by Kafkas 

and Perl-Treves (2001) and AL-Saghir (2010a) confirms the taxonomic placement of P. 

eurycarpa as a separate species. Yaltirik (1967a, 1967b) considers P. palaestina as a variety of P. 

terebinthus. In fact, the same consideration was done by Engler (1883); but P. palaestina has been 

raised to the rank of a species by Zohary (1952). Yaltirik’s opinion is shared by other authors 

suggesting close relationships between the two species; the two entities are morphologically, 
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ecologically and genetically similar (Zohary, 2000; Kafkas and Perl-Treves, 2002; AL-Saghir, 

2010a). This opinion is supported mainly by a molecular data (Golan-Goldhirsh et al., 2004; AL-

Saghir and Porter, 2006; Yi et al., 2008). According to Kokwaro and Gillett (1980), a new species 

from East Africa, P. aethiopica Kokwaro, is described by Kokwaro. However, its status has not 

been confirmed. This taxon was described by Zohary (1952) as a variety of P. lentiscus. AL-

Saghir (2006) supports Zohary’s classification considering P. aethiopica as P. lentiscus var. 

emarginata. Then, AL-Saghir and Porter (2012) suggest that this taxon should be treated as a 

subspecies of P. lentiscus, not as a variety (Pistacia lentiscus subsp. emarginata (Engl.) AL-

Saghir, Comb. Nov.). Other species are cited in the different studies concerning the genus. Their 

taxonomic position within the genus remains to be discussed. P. integerrima is considered as a 

separate species (Parfitt and Badenes, 1997; Yi et al., 2008) but as a subspecies of P. chinensis 

(AL-Saghir and Porter, 2012). Finely, it is reported (AL-Saghir and Porter, 2012) that fifty-five 

binomials for Pistacia species were listed in the International Plant Name Index (IPNI, 2010).  

Nevertheless, most of them are not recognized. The most important studies which treats the 

systematic of the genus admit the following list: P. chinensis (including the subspecies: chinensis, 

falcate, integerrima), P. eurycarpa, P. khinjuk, P. lentiscus (including the subspecies emarginata, 

lentiscus), P. mexicana, P. palaestina,P. terebinthus, P. texana, P. vera, P. weinmannifolia. P. 

atlantica (including the subspecies: atlantica, cabulica, and mutica).  

 

 

1.3 Pistacia atlantica: Evolution of taxonomic status  

As cited previously, Man has known Pistacia atlantica for very long. However, the botanists 

before 1779 have always considered it as a variety of Pistacia terebinthus. The distinction 

between the two taxa was done by René Louiche Desfontaines when he saw the tree in Gafsa 

(Tunisia), during his botanical exploration he led in Tunisia and Algeria from 1783 to 1786. He 

published so ‘Flora Atlantica’ (Desfontaine, 1798; 1800) (Fig. 1.7) where he described the 

species and gave it the scientific name Pistacia atlantica according to the Atlas Mountains (Fig. 

1.8) of the Maghreb (Desfontaines, 1799, 1800). Later, De Candolle (1825) and Engler (1883) 

recognized the species in the revision of the genus. Nevertheless, even after Desfontaines’s 

description, and Engler’s monograph a degree of confusion still reigns and many explorers, 

mainly in the Maghreb, reported El buttum as ‘Terebinthe’ and cited it as a subspecies or variety 

of Pistacia terebinthus. Battandier and Trabut (1888) described in the genus Pistacia the two 

species separately however; P. atlantica is cited again as a subspecies of P.terebinthus by 

Battandier and Trabut (1902). Then in 1910, Battandier noted that P. atlantica should be treated 

as a variety of P terebinthus. 
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Fig. 1.7 Desfontaines’s description of Pistacia atlantica in Flora Atlantica 3(Desfontaines, 1800) 

(on the left); Portrait of Rene Louiche DESFONTAINES (on the right) ( (© Michael Nicholson/ 

CORBIS)4 

 

 

Fig. 1.8 Pistacia atlantica, the tree and the Saharian Atlas in the background (El Bayadh, Algeria, 

March, 2014) 

                                                             
3
 Digitized version by © Google (accessed on 31/10/2014) 

4
 http://www.magnoliabox.com/artist/7878/corbis (accessed on 8/11/215) 

http://www.magnoliabox.com/artist/7878/corbis
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In his thesis, Lapie (1909) did not distinguish between the two species and called P. atlantica 

‘Terebinthe’; as well, Mathey-Dupraz (1924) cited the species as P. atlantica vel terebinthus 

Desf. Lapie and Maige (1924) considered P. atlantica as a big variety P. terebinthus of with a 

small leaves. In 1952, Zohary removed any confusion, agreed with Desfontaines (1799), De 

Candolle (1825) and Engler (1883); and stated P. atlantica as a species. Many synonyms are 

known for P. atlantica (P. cypricola, Pistacia atlantica Desf. subsp. cypricola H.Lindb., Pistacia 

chia Desf., Pistacia choulettei Gand., Pistacia mutica f. multijuga Engl…) however, P. atlantica 

is the only name considered as validly published (IPNI, 2010).  

 

 

1.4 Taxonomic review of Pistacia atlantica complex   

Morphological studies 

Zohary (1952) subdivides P. atlantica into two subspecies (P. atlantica subsp. Kurdica and P. 

atlantica subsp. latifolia). He does not list P. mutica and P. cabulica which were added previously 

to the genus by some authors (Fischer and Meyer, 1838; Hohenacker, 1838; Engler, 1883; 

Marchand, 1869). He considers them as P. atlantica subsp. latifolia, while P. mutica has been 

judged as the variety of P. terebinthus by Nadkarni (1908).  

 

Rechinger (1963) classifies three subspecies for P. atlantica in Iran: P. atlantica subsp. kurdica 

and the two subspecies which were not admitted by Zohary (1952) (subsp. mutica and subsp. 

cabulica). Yaltirik (1967a, 1967b), describing Pistacia species in Turkey, elevates P. atlantica 

subsp. kurdica from the subspecies to the species rank. He proposes a key based on presence or 

not of the rachis wings, fruit shape and leaflet shape (Yaltirik, 1967).  Rechinger (1969) does not 

agree, he proposes to consider all the members of the section Butmela as Pistacia atlantica 

subspecies and qualified them as geographical races. He considers P. cabulica as P.atlantica 

subsp. cabulica, P. mutica as P. atlantica subsp. mutica, and P.eurycarpa as P.atlantica subsp. 

kurdica.  

 

Al Yafi (1978) describes four subspecies for P. atlantica. He retained Rechinger's subdivision 

adding P. atlantica subsp. atlantica which represents the species in North Africa. He proposes his 

key based mainly on the presence of hairs on the leaflets, the rachis shape, the leaflet shape and 

the apex leaflet shape. Nevertheless, he separates again in his thesis (Al Yafi, 1979) P. atlantica 

subsp. kurdica and propose to consider it again, as a distinct species, he calls it P. kurdica (ZOH) 

ALYAFI comp.nov.= P. eurycarpa YALT = P. atlantica subsp. kurdica (ZOH) RECHINGER. 
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et al., 2009a). These authors propose that P. atlantica subsp. mutica could be classified as a 

distinct species as P. mutica and the cabulica as a subspecies of P. mutica. Nevertheless, previous 

morphological and molecular studies retained P. mutica as the subspecies of P. atlantica (Zohary, 

1952; Kafkas, 2006) within the group of Eu-Butmella (Zohary, 1952). Arabnezhad et al. 

(2011) show that Pistacia atlantica and P. mutica were the closest species using SSR 

characterization, therefore P. mutica should be considered as a subspecies of P. atlantica. Several 

studies show that P. eurycarpa is synonym for P. atlantica subsp. kurdica. It is closely related to 

P. atlantica and shows a closer genetic similarity to P. atlantica than the other species in the 

genus, but should be considered distinct from P. atlantica (Kafkas and Perl-Treves, 2001; 2002; 

Karimi et al., 2009a; Karimi and Kafkas, 2011). In addition, the phylogenetic analysis using the 

SAMPL marker method permits to Karimi and Kafkas (2011) to postulate that P. atlantica, P. 

atlantica subsp. mutica and P. atlantica subsp. cabulica are descendents of P. eurycarpa.  

 

 

1.5 Botanical description  

Pistacia atlantica is called in arabic ‘Al bottm, or ‘El buttum al atlassi’ to distinguish it to 

Pistacia terebinthus which is also called sometimes El buttum. Many vernacular names are known 

in the different areas where it occurs (btom, bettam, battach, iggt, iqq, idj, or botma for an 

individual tree) (Burnet, 1939; Quezel and Santa, 1963). It is called by the Amazighs (berber 

populations of the Maghreb) tismelelt and tesemhalt (Burnet, 1939). It is called ‘Atlantik sakizi’ 

in Turkish, ‘Treminthos’ in Italian (Gregoriou, 2001), ‘Almácigo de Canarias’ or ‘Lengua de 

oveja’ in Spanish (Mansf Ency, 2001). This species is called Atlas pistachio as a common name in 

English.  

 

It is great to know that the rural populations regroup P. atlantica, P. lentiscus and P. terebinthus 

into the same family that they name vernacularly ‘Al Khachchab’ family which means plants 

giving a lot of branches (El Zerey-Belaskri et al., 2014a), it is in fact the Anacardiaceae family. 

Pistacia atlantica trees are strong and vigorous (Fig. 1.11), reaching 15–20 m in height. The trunk 

of adult trees can exceed 1 m in diameter and 6 m in circumference (according to our field work, 

data not shown), with a striated dark grey bark (Fig. 1.11 B) (Desfontaines, 1799; Battandier and 

Trabut, 1888; Monjauze, 1980; Quezel and Santa, 1963). The researcher notes that the bark is 

white-beige in the steppic and Southern populations of Algeria (Fig. 1.11 C).  

 

The bark is rich in tannin and is mostly used for tan skins (Bozorgi et al., 2013). The trunk is 

mostly single (Fig. 1.11 D) (Quezel and santa, 1963) but can be branched from base (Fig. 1.11 E). 
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Fig. 1. 13. Pistacia atlantica tree providing shade and grazing (the photos showed that accessible 

leaves are grazed by sheep) 

 

 

This species has a strong root system which allowed it to occupy arid lands. Limane et al. (2014)  

described three root architecture types for Pistacia atlantica subsp. atlantica in Algeria. Young 

pistachio plants produce an initial orthogeotropic root which subsequently sends out several 

secondary ramifications (Fig. 1.14). It may evolve in developing a shallow root network in sandy 

soil. In loamy or calcareous soils, the root system develops extensive deep roots which are 

developed to mine deeper water reserves. The deep roots protected trees against hydrous and wind 

erosions, very common phenomena in areas where the pistachio grows (Fig. 1.15). The researcher 

had the opportunity to see a tree with 30 m root length; these powerful roots are used by an old 

farmer to go down during maintenance of his well. Pistacia atlantica root system is known as the 

most resistant to asphyxia root as the other species of the genus (Behboodi, 2005). 

 

 

Fig. 1.14 Evolution of Atlas pistachio root system in relation to underlying soils (from, Limane et 

al. 2014) 
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In Anacardiaceae family, the flowers are generally not highly conspicuous but are distinctive in 

having an intrastaminal nectariferous disc. The flowers are almost always unisexual in 

Anacardiaceae and the genus Pistacia is characterized by its dioecious reproductive system 

(Mabberley, 1997).  

 

Some cases of exceptional sex types were reported in the literature; Ozbek and Ayfer (1958) 

observed two hermaphrodite trees in Turkey. They reported that these trees were either seedlings 

of P. vera, or hybrids between P. vera and P. terebinthus. Pistacia atlantica is dioecious 

(Desfontaines, 1799) which showed an exceptional monoecious and/or hermaphrodite trees 

(Crane, 1974; Kafkas et al., 2001; İsfendiyaroğlu, 2007; Yaaquobi et al, 2009). This exceptional 

trait may have arisen as a somatic mutation and may be expressed as result of an interaction with 

an unknown biotic/abiotic environmental factor (Kafkas et al., 2001).  

 

Pistacia is distinguished from other Anacardiaceae members by its reduced flower structure, 

plumose styles, unusual pollen morphology (Pell, 2004; Perveen and Qaiser, 2010), the absence of 

nectariferous disc and the petals. The two last characters explain the strict anemophilous 

pollination of the genus. Nevertheless, the bees may visit the male flowers to feed on pollen 

(Brichet, 1923). In Pistacia atlantica flowers are unisexual, actinomorphic and apetalous. The 

haplostemonous male flowers in the genus Pistacia supported its position within the tribe Rhoeae 

(Engler, 1876; Mitchell and Mori, 1987).  

 

Flowering occurs before vegetative development and males tend to flower before females 

(Protandry) (Fig. 1.17 B, B', C, C') (Rostamikia  and  Akbar, 2009). Males invest more resources 

in flowering early in the season before leaf production (Delph, 1999). So resources allocated to the 

development of vegetative growth, including photosynthetic tissues (leaf) may be limited or 

unsteady (Inbar and Kark, 2007). The researcher observed that unlike in flower development, 

female trees develop leaf buds before males (Fig. 1.17 D, D', E, E', F, F', G, G'). 

 

Briefly, trees begin to bloom with the arrival of warmer weather in March; the male pollinates the 

females via the April winds (Zohary, 1952). The male flowers are clustered in a terminal 

racemous-thyrsoid disposition (Fig. 1. 17 D, D'), joined at the base and supporting yellow round-

shaped pollen sacs).  

http://en.journals.sid.ir/SearchPaper.aspx?writer=263919
http://en.journals.sid.ir/SearchPaper.aspx?writer=153381
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1.6 Geographic distribution and ecology 

Pistacia atlantica is one of the Irano-Touranian taxa which is largely distributed (Fig. 1.23) in the 

Mediterranean region (Zohary 1952). The Mediterranean and the Irano-Turanian regions have 

many common taxa because they belong to the same climate type and are in contact since ancient 

geological times (Eig, 1932).  

 

Monjauze (1980) describes it as the most ubiquitous tree in North Africa and the Middle East. In 

Europe, the species grows in Greece (in Attica region and in the islands of Rhodos and Chios) 

(Rouskas, 1996), in Serbia (Al Saghir, 2006) and in Ukraine (Krym) (USDA/ARS/GRIN, Online 

Database). In Asia, Pistacia atlantica is found from Northern and Western Pakistan, to central and 

South Afghanistan, South and West Iran, the Southeast Caucasus, North Iraq, South Turkey, 

Syria, Lebanon, Jordan to Palestine.  

 

 

 

Fig. 1.23 Pistacia atlantica distribution map: global distribution according to Al Saghir (2006) 

(A), to Borowicz (1988) and Zohary (1996) (modified in (B)). Distribution map in Algeria (C) 

modified from DGF (2015) 
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In North Africa, it occurs in isolated stands in Egypt and Lybia but builds massive stands in 

Tunisia, Algeria and Morocco (Desfontaines, 1779; Zohary, 1952; Quezel and Santa, 1963; 

Monjauze, 1968; Browicz, 1988). It reapers in Canary Islands (Ceballos and Ortuño, 1976), 

western limit of its wide distribution area. It is believed that P. atlantica is originated of Persan 

region (Iran) from where it has expended to Southwest of Europe, to North Africa and the Canary 

Islands Zohary (1952). In these different geographic locations it occurs with its different 

subspecies (Monjauze, 1968; Behboodi, 2004). 

 

Pistacia atlantica subsp. cabulica mostly grows in regions with less altitude, but it is found until 

2500 m. It is distributed in regions which have less than 100 mm rain yearly, and is spread to the 

regions until 200 mm. This subspecies is the most resistant to the lack of water (Behboodi, 2005). 

This subspecies is found in Afghanistan, Pakistan, and Iran (Rechinger, 1969; Behboodi, 2004). 

 

 Pistacia atlantica subsp. mutica occurs  in high altitude, between 900-2800 m. It grows in 

regions that have 200-400 mm of yearly rain; it is found in Armenia, Crimea, Turkey, Iran and the 

Caucus (Brichet, 1931; Rechinger, 1969; Behboodi, 2004; 2005). Pistacia atlantica subsp. 

kurdica (=P. eurycarpa ) is also found in high altitude (900-2800 m) and is distributed in regions 

with 500-600 mm of rain per year. It occurs in Iran, Iraq, Syria, Turkey and Palestine (Rechinger, 

1969; Behboodi, 2004; 2005). 

 

Pistacia atlantica subsp. atlantica is native to the Maghreb countries (Bowicz, 1988). It is 

possible that this was the reason which leaded Quezel and Santa (1963) and Ozenda (1983) to 

describe P. atlantica as endemic to North Africa. However, the subspecies is cited in Syria, 

Lebanon and Turkey (Karimi and Kafkas, 2011; Al Saghir and Porter, 2012). This subspecies is 

found in limited sites in Egypt and Libya probably because of the latitude, but it occurs in more 

large areas in Tunisia, Algeria and Morocco. P. atlantica grows at altitudes ranging from 100 m 

(Kalaa, Tunisia) to very high elevations (2000 m, in Algeria) (Boudy, 1952; Monjauze, 1968). It 

is xerophilous tree, known for its exceptional drought plasticity which could be its main trait 

(Monjauze, 1980). It builds up park-forests (Fig. 1.24) and often grows as a dominant constituent 

of steppe-forest formations (Fig. 1.25) (Zohary, 1996).  

 

Atlas pistachio occupies a wide variety of soils. It shows no soil preference and thrives well in dry 

and poor soils, in clay or silty soils (Boudy, 1952; Limane, 2014). It has the capacity to colonize 

the rocky soils (Fig. 1.26) where roots insinuate and develop inside cracks and where it can 

overcome many other species in growing competition (Monjauze, 1968; 1980). 
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Fig. 1.24 Pistacia atlantica in a park-forest in the region of Ain Fras, Mascara (April 2013) 

 

 

 

 

Fig. 1.25 Pistacia atlantica trees from an old steppe-forest in the region of El Abiod Sidi Echikh, 

El Bayadh (March 2014) 



 

This chapter was discussed at the ‘2nd International Conference of Plant 

Biodiversity’ Marrakech (Morocco) march 27-29, (El Zerey-Belaskri et al., 2014a).                                                                                                        
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2 CLIMATIC CHARACTERIZATION OF Pistacia atlantica subsp. atlantica 

NATURAL AREA IN NORTHWEST ALGERIA 

 

 

2.0 Background  

The definition of climate change is given by Intergovernmental Panel on Climate Change (IPCC) 

as follows: “A change in the state of the climate that can be identified (e.g., by using statistical 

tests) by changes in the mean and/or the variability of its properties, and that persists for an 

extended period, typically decades or longer. Climate change may be due to natural internal 

processes or external forcing or to persistent anthropogenic changes in the composition of the 

atmosphere or in land use” (IPCC, 2007). Climate change induces climate variability of 

temperature and precipitation as well as the frequency and severity of weather events. Climate 

change includes indirectly changes in land and water condition, soil moisture, change in 

frequency of fire and pest infect and the distribution of diseases. The concept of „„Mediterranean‟‟ 

climate is characterized by mild wet winters and warm to hot, dry summers and may occur on the 

west side of continents between about 30° and 40° latitude. However, the presence of a relatively 

large mass of water is unique to the actual Mediterranean region (Lionello et al., 2006). The 

Mediterranean Region has many paleontological and geomorphological characteristics which 

make its climate scientifically interesting (Lionello et al., 2006).Climate variability is one of the 

main factors shaping the morphology, the physiology, and genetic differentiation of plants 

(Linhart and Grant 1996; Hufford and Mazer 2003; Jump and Penuelas 2005; De Jong 2005). It 

affects also the productions and prices in agriculture field (Oxfam, 2006). Bradshaw (1965) 

suggested that a variable environment within the life span of an organism should favor a flexible 

phenotype. Many investigations mainly focused on the morphological and biochemical variability 

on Pistacia atlantica were carried out in the southeast and the southwest of Algeria (Belhadj et 

al., 2007; Ait Said et al., 2011). Many other studies are done in other regions (High central plains 

of Algeria) (Mehdeb, 2011; Dahmani, 2011). The Northwestern populations have not been 

previously considered. In this large area, many natural populations occur under different 

environmental factors. Before beginning any biological investigation on the target populations, it 

is important to conduct a study on the climatic situation in the area. In the current study, the 

climatic characterization was done according to the best known methods and index for the 

Mediterranean climate and region (De Martonne, 1926; Emberger 1930; 1941; Debrach, 1953; 

Musset, 1953; Emberger 1955; Stewart, 1969). The bioclimatic synthesis carried out on the study 

area informs about the ecological character of Pistacia atlantica. In addition, it is a useful data to 
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The sites were prospected from fourteen natural populations : Bétaim (BTM), Chigguer (CH), 

Ourit (OR), Ain Fezza (AF1 + AF2), Ouled Mimoun (OM), Tallout (TA) belong to the 

administrative region (wilaya) of Tlemcen; Ben Badis (BB), Sidi Bel Abbes (SBA), Mustpha Ben 

Brahim (MBB1 + MBB2), Sfisef (SF1 + SF2), Beni Tala (BT) belong to the administrative region 

of Sidi Bel Abbes; Graia (GR), Bouhanifia (BH) and Trois rivières (3R) belong to the 

administrative region of Mascara.  

 

2.1.2 Climatic characterization of the study area  

To characterize bioclimatically the different sampling sites, climatic data averaged over the last 30 

years was used. The basic data was provided from the National Office of Meteorology (ONM, 

1981; 2005; 2011). Two capital parameters were taken into account, precipitation and 

temperature. The following climatic index was determined:  

a/ average monthly precipitation and average annual precipitation; 

b/ seasonal rainfall regime according to Musset (1953)‟s coefficient; This coefficient (Srr= 

Ps*4/P) ranks the seasons in decreasing order of rainfall, where Ps is the seasonal precipitation 

and P is the average annual precipitation; 

c/ average monthly temperature, average annual temperature; 

d/ Continentality index (M-m) according to Debrach (1953): Thermal classification of the 

climates according to Debrach (1953) is based on the temperature range (M-m): [Insular climate: 

M-m < 15 °C; Littoral climate: 15 °C < M-m < 25 °C; Semi-continental climate: 25 °C < M-m < 

35 °C; Continental climate: 35 °C < M-m]. Another classification is proposed by the author based 

on the formula (M+m/2): [Warmer climate: M+m/ 2>20 °C; Moderate climate 15 

°C<M+m/2<20°C; Cold climate 10 °C<M+m/2<15 °C; Very cold Climate M+m/ 2<10 °C]; 

e/ Summer drought index (Emberger, 1941): This index (Is= P/M) is the ratio of the total amount 

of average summer precipitation to the mean of the average highest temperatures of the warmest 

month; 

f/ Aridity index (De Martonne, 1926): This index can be calculated for yearly, half yearly, 

seasonal or monthly reference periods. Lower values indicate drier areas. In our analysis the 

aridity index was calculated as yearly values according to De Martonne's method (De Martonne 

1926). The Aridity Index (IDM = P/T+10) is the ratio of the average annual precipitation to (the 

average annual temperature to which the constant 10 is added). The bioclimatic type is described 

according to a scale [Hyper arid: 0<IDM<5; Arid: 5< IDM <10; Semi-arid: 10< IDM <20; Sub-

humid: 20< IDM <30; Humid: 30< IDM <55; Perhumid: 55< IDM];  

g/ Pluviothermal quotient according to Stewart (1969): Based on Emberger‟s pluviothermal 

quotient „Q2‟ (Emberger, 1930; 1955), Stewart (1969) has established for the Algerian bioclimate 
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Average monthly precipitation and average annual precipitation 

Among the sampling sites, AF and OR are the rainiest with respectively 537.36 mm and 501.48 

mm of total precipitation average. The sites BB and MBB are in the second position with 

respectively 388.33 mm and 378.7 mm (Table 2.1). January and March are the rainiest months in 

AF, OR, TA and BB. The two first sites record the most important rainfalls. March and November 

are the rainiest in BTM. For the rest of the locations, January and November are the rainiest 

months (Fig. 2.2).   

 

Seasonal rainfall regime according to Musset (1953)’s coefficient 

Two courses are observed in the study area (Fig. 2.3). Among the harvested sites, BTM, CH, OR, 

AF, TA, BH and 3R follow the course as WSASu, which means that winter and spring are the 

rainiest seasons. The second group contains the other sites SBA, MBB, SF, BT, and GR which 

follow the course as WASSu, where winter is the rainiest season.  

 

Average monthly temperature and average annual temperature 

In the current study area, the average annual temperature ranges between 16.51°C and 21.86°C 

(Table 2.1). January is the coldest month (Fig. 2.4) with average temperature raging between 8.91 

to 14.58 °C. July is the warmest month in OM and TA with respectively 26.01°C and 26.63°C. 

For the other sites, August is the warmest month recording 26.34 °C to 32.35°C. The maximum 

temperature of warmest month ranges between 32.98°C and 41.43, while the minimum 

temperature of coldest month varies between 3.11°C and 6.41°C. 

 

Continentality index (M-m) (Debrach, 1953) 

Referring to (M-m), 9 sites are under „Semi-continental‟ climate, while 5 sites are under 

„continental climate. Referring to (M+m/2), 6 sites are under moderate climate while 8 are under a 

warmer climate. Taking into account the two classifications, we obtain:  BTM, CH, SBA, SF, BT 

and GR under a Moderate semi-continental climate; OR, AF and MBB under a warmer Semi-

continental climate; and OM, TA, BB, BH and 3R under warmer continental climate (Table 2.1). 

Several climatic index were developed by combining usually data of rainfall, evaporation, and 

temperature. The use of bioclimatic index could be a major step forward in the methodology of 

ecological studies. Three index were investigated in the current study to characterize the different 

sites where occur the natural populations of Pistacia atlantica subsp. atlantica. 
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Fig. 2.2 Average monthly precipitation in the different study sites (1980-2010) 

 

 

Fig. 2.3 Seasonal rainfall distribution according to Musset (1953)‟s coefficient (1980-2010) 

 

 

Fig. 2.4 Average monthly temperature in the different study sites (1980-2010) 
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Summer drought index (SDI), Aridity index (dMI) and Pluviothermal quotient (Q3) 

The summer drought index calculated for all the sites is below 1 (table 2.1). Low values of this 

index indicate an important summer drought, with scarce rains and high temperatures. The sites 

OR and AF have recorded a drought index higher than 30. They are under a humid climate 

according to De Martonne‟s index. Except the sites BH and 3R which are under arid climate, the 

other sites are under semi-arid climate. Among the different sites of the study area, CH, OR, AF, 

OM, TA, SBA and GR are under Semi-arid with temperate winter bioclimate according the 

Emberger‟s pluviothermal quotient. The sites BTM, MBB, SF, BT, BH and 3R are under Arid 

with temperate winter. 

 

2.2.2 Classification of sampling sites in bioclimatic homogenous areas 

At the end of this characterization, the bioclimatic data submitted to the Ascendant Hierarchical 

Classification defines five groups of bioclimatically homogeneous area; (Fig. 2.5). BTM group  

contains (BTM, CH and GR) according to 

the altitude;  OM group contains (OM, TA, 

BB, and MBB) according to altitude, climate 

type (sensu De Martonne) and temperature 

range; SBA group with (SBA, SF, BT) 

according to climate type (sensu De 

Martonne) and temperature range; BH group 

containing (BH and 3R) according to 

bioclimatic stage and temperature range; and 

OR group containing (OR and AF) according 

to altitude, climate type (sensu De 

Martonne), temperature range and 

bioclimatic stage. 

 

Fig. 2.5 Classification of the sampling sites in 

bioclimatic homogenous areas (obtained by two 

dimensional dendrogram; Horizontal: similarity 

levels between sites. Vertical: investigated sites 

 

2.3 Discussion  

The study area is under Mediterranean climate (Emberger 1942; 1955; Seltzer 1946; Angot 1981), 

and the climate is the first characteristic of the Mediterranean ecosystem (Daget 1977; Aidoud 

1989). One of the most essential purposes of the Mediterranean ecology is to check out the 

relation between the plant formations and the climate, seen from a bioclimatic perspective. The 

climatic characterization of the studied sites still indicates the ecological plasticity of this species. 

It shows that Pistacia atlantica occurs in North Algeria under different climatic conditions. 

Rainfall in the study area ranges from 225 mm/y to 537.36 mm/y. The populations of AF and OR 
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are located on Tlemcen Mountains, one of the rainiest regions in Northwest Algeria (Meddi and 

Hubert 2002).  

 

In fact, this species grows in a wide range of rainfall. Monjauze (1968) found it in Algeria 

between 68 mm and 1200 mm of annual rainfall. In the region of Bechar (South-west of Algeria), 

Atlas pistachio populations are under 58 mm (Ait Said et al,. 2011), while in Hoggar mountains, 

some specimens survive with 20 mm to 48 mm of rainfall (Monjauze 1968; Kadi-Benane 2004). 

Boudy (1952) states that 150 mm to 250 mm of rain is sufficient for this species. In Tunisia, it 

occurs under 150 mm to 480 mm (Ghorbel et al., 1998), and in Lebanon, it grows under 400 mm 

to 600 mm of rain (Talhouk et al,. 1998). 

 

According to Musset‟s Seasonal Rainfall Regime, the study area is under two groups of regime. 

The first type (WSASu) is a „classical‟ rainfall regime in Algeria where winter is the rainiest 

season (Daget, 1980; Benabadji and Bouazza, 2000; Meddour 2010). In the Northwestern area of 

Algeria, particulary in the region of Tlemcen, winter and spring are the rainiest seasons (Aboura, 

2006). The second type (WASSu) is also very common in Northwest Algeria. Summer is in all the 

sites the driest season. In fact, this is one of the characters of Mediterranean climate. The seasonal 

rainfall is an important data for studying plant water demands. In the current study area, the lower 

temperature is recorded in January (8.91 °C) and the highest one in august (30.58°C). It is 

reported that Atlas pistachio supports more than 43 °C as maximum temperature and 0.3 °C as 

minimum temperature (Monjauze, 1968). It may survive in lower temperatures mainly in steppe 

and desert.  

 

The thermal amplitude measured according to Debrach‟s index indicates the continentality of the 

study area. In North Africa, the declining summer precipitation should lead to the accentuation of 

the phenomena of continentality, which induce the steppisation or the desertification (Medail and 

Quezel 2003). The summer drought index (Emberger, 1942), calculated for the different sites 

show a marked Summer drought which is a discriminate character for the mediterraneity (Daget, 

1977). However, even under those conditions, the species of this area are well adapted to the 

drought (besancenot, 1986). Alcaraz (1969) notes that in West Algeria, many species are adapted 

to low index (less than 2). In Mediterranean countries, P. atlantica colonizes regions with dry and 

a pronounced hot season (monjauze, 1980). De Martonne‟s Aridity index (De Martonne, 1926) 

was successfully used in different species distribution studies (Rol, 1937; Claessens and Thibaut, 

1995; Laaidi, 1997; Charnay, 2001).  
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Our results show that Pistacia atlantica is well widespread in the area where Aridity index is 

comprised between 20 and 30, and it can reach humid areas where Aridity index is comprised 

between 30 and 55.  

 

According to Emberger (1955), the Mediterranean climate is drier when the quotient is small. In 

the current study area, Atlas pistachio occurs under three bioclimatic ranges (sensu Emberger), 

from the arid to the sub-humid. This distribution was always noted for this species known for its 

plasticity and its distinctive xerophytic character (Boudy, 1950; Monjauze 1980; Zohary 1996). In 

addition to the climatic plasticity, the altitudinal range of P. atlantica is very wide. In this study, 

Atlas pistachio populations are observed between 305 to 821 m. In Algeria and Morocco, it is 

found from 500 m to 2000 (Monjauze, 1980; Chenoune, 2005; Benhassaini et al., 2007b). It is 

observed in Tunisia from 100 m to 2000 m (Ghorbel et al., 1998). In its Asian area, it is cited 

between 300 and 1800 m in Turkey, between 900 and 3000 m in Iran, between 600 and 1800 m in 

Iraq, between 900 and 1400 m in Pakistan, between 850 and 2500 m in Afghanistan and between -

50 and 1200 m in Palestine (Zohary, 1996; Behboodi, 2005). 

 

 

2.4 Conclusion 

The climatic characterization in this chapter showed that Atlas pistachio populations are under 

different climatic conditions ranging from humid to arid climate (sensu De Martonne) and from 

sub-humid to arid bioclimate (sensu Emberger). Annual precipitation, average annual temperature 

and elevation varied between 225 and 537.36 mm, between 16.51 T°C and 21.86 T°C, and from 

305 to 821 m respectively. The results of this chapter refer to the ecological plasticity of Atlas 

pistachio.  

  

 



 

Part of this chapter is published as ‘El Zerey-Belaskri A. and Benhassaini H. 2015. 

Morphological leaf variability in natural populations of Pistacia atlantica Desf.subsp. 

atlantica along climatic gradient: new features to update Pistacia atlantica subsp. 

atlantica key. International Journal of Biometeorology, doi 10.1007/s00484-015-1052-4. 
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3 MORPHOLOGICAL CHARACTERIZATION AND MORPHOLOGICAL 

VARIABILITY ANALYSIS OF Pistacia atlantica subsp. atlantica IN NORTHWEST 

ALGERIA 

 

3.0 Background 

As seen previously, Pistacia atlantica is known for its distinctive ecological plasticity (Boudy, 

1950; Monjauze, 1980; Zohary, 1996; Ait Said et al., 2011; El Zerey-Belaskri et al., 2014a). Both 

ecological plasticity and phenotypic plasticity are closely related (West-Eberhard, 1989). This 

latter concept is defined as the variability of phenotypic expression of one genotype and it is 

measured by its ‘Reaction Norm’ (Agrawal, 2001). The reaction norm is defined as the phenotype 

range produced by one genotype when exposed to different environments (Trevor et al., 2003). It 

is likely that phenotypic plasticity plays an important role in diversification (West-Eberhard, 

1989). This plasticity is expressed by different levels of morphological variability which give to 

the species phenotypic characteristics. These characteristics are an unavoidable tool for the 

classification and the organism taxonomy. They serve also to recognize the hybrids or the 

contaminations (in the case of the microorganisms). The morphological features are very 

important for the species characterization. They have a mono or a polygenic determinism but they 

can be influenced by the environmental factors. When De Candolle (1868) conceived the notion 

of ‘the characteristic leaf’, he means that the species is not characterized only by the reproductive 

traits in flower and fruit on which the Linneaus system was based; but also by vegetative traits. 

Indeed, in the genus Pistacia, the diagnostic traits used by Zohary (1952, 1972) to distinguish 

between the various species are mainly leaf characteristics and nut morphology since Pistacia is 

characterized by its homeochlamydic perianth (Mabberley, 1997) and reduced flower structure 

(e.g. naked flowers) (Pell, 2004). 

 

The morphological features are determined by the biometric measurements (organs size and 

shape) and qualitative data (organs color, texture and smell). They are selected and standardized 

as descriptors (Painting et al., 1993). Plant Descriptor is an identifiable and quantifiable 

characteristic (mainly botanic and taxonomic features) of one species used in the characterization 

of the populations aiming to distinguish, classify, store and recover the data (Painting et al., 

1993). The International Plant Genetic Resources Institute (IPGRI) has published descriptor lists, 

which provide detailed information about how to collect phenotypic data for the characterization 

of Pistacia species (IPGRI, 1997; 1998). The first report (IPGRI, 1997) describes Pistacia vera 

while the other species are standardized in IPGRI (1998).  
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Purposes 

The objective of the morphological study is to characterize the morphological diversity in natural 

populations of Pistacia atlantica subsp. atlantica in Northwest Algeria; to analyze the 

morphological variability within and between individuals and populations; to update the 

morphometric data of Pistacia atlantica subsp. atlantica. Finally, the effect of climatic variation 

on the observed morphological variability is to check.      

 

3.1 Material and methods 

3.1.1 Plant material 

The quantified description of species leaf shape faces many biological and physiological 

constraints. According to Mouton (1967), the typical leaf of a given species is the one having 

completed its growth. That is why the sampling, in the current study, was conducted in the period 

October to December (2010 to 2013). The foliar measurements were performed on mature leaves, 

median and terminal leaflets excluding (young leaves, leaves developing from adventitious buds 

and infested leaves). Six vigorous trees per site were selected (3 male and 3 female trees). From 

each tree and from each aspect (North, south, west, east) ten (10) leaves were collected and were 

put in labeled plastic bags, totaling 40 leaves per tree. For the tree description, more trees are 

taking into account (5 to 10 trees are described per site).  

 

Tree descriptors  

The measurement and the description have been done according to (IPGRI, 1998). Pistacia 

atlantica trees were described according to three criteria:  

a. Tree vigour: Low, Intermediate or High; 

b. Growth habit: Tree with single trunk, Tree much branched form base;  

c. Branching habit: Sparse, Intermediate, Dense. 

 

Leaf descriptors  

Once in the laboratory, on 3520 leaves, 15 leaf characters (10 quantitative and 5 qualitative) are 

described according to IGPRI (1998). The measurement were done, using ‘a precision caliper 

(0,01mm)’, leaf length and width, petiole and rachis length, terminal leaflet length and width, 

terminal leaflet’s petiolule length, and terminal and median leaflets thickness (Fig. 3.1). In 

addition, the number of leaflets was scored. The leaflet shape, the median and terminal leaflet 

apex shapes and the median and terminal base shapes were described according to (IGPRI, 1998; 
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Judd et al., 2002). The leaflet color was defined according three descriptors (light green, dark 

green, very dark green) (IGPRI, 1998).  Hand drawings were performed. 

 

 

Fig. 3.1 Diagram of leaf measurement: [a-d] leaf length, [c-d] petiole length, [b-c]rachis length, 

[e-f] leaf width, [g-i] terminal leaflet length, [h-i] terminal petiolule length, [k-j]terminal leaflet 

width, [l] thickness measurment.     

 

 

3.1.2 Statistical analysis 

The data obtained in this study is submitted to a multivariate statistical analysis using Statistica 

software (Copyright© Stat Soft.Inc. 1984-2008).  

- The morphometric data is recorded, processed by a nested ANOVA and classified by a 

hierarchical clustering (HAC) using Ward linkage with square Euclidean distance. 

- Aiming to check the correlation between the morphological variability and the climate factors 

the correlation coefficient (co) was calculated. The clusters performed on the climatic and the 

morphological data were compared. 

 

3.2 Results 

3.2.1 Habitus characterization  

Pistacia atlantica trees (Fig. 3.2), observed in the study area, are mostly robust. Vigorous trees are 

observed in all the sites, however, intermediate trees are observed in three sites (18.75%) (Table 

3.1). Referring to growth habit and branching habit, most of the trees have a single trunk, while 

some individuals are branched from base in four sites (character frequency: 25%). Atlas pistachio 

trees in the current study show dense foliage in all the sites.  All the sites contain male and female 

trees.  
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Fig. 3.2 Pistacia atlantica tree description: (a) high vigour, individual trunk and dense foliage 

(May, 2013); (b) intermediate vigour, individual trunk (September, 2011); (c) intermediate vigour, 

branched from base (April, 2013). 

 

Table 3.1 Pistacia atlantica tree description in the different studied sites according to IPGRI 

descriptors (IPGRI, 1998)  

 

 

3.2.2 Morphological and morphometric leaf characterization  

Morphometric analysis 

The morphometric leaf characterization in the different sites show significant inter and intra 

populational variability.  

The mean leaf length and wide are variable (Fig. 3.3). The mean leaf length varies between 

9.1±1.7 cm and 14.23±1.8 cm. The longest leaves are observed in AF (24.5 cm), SF1 (20.3 cm), 

BT (19.95 cm) and OR (18.3 cm), while the smallest leaf measures 3.4 cm (in CH). The mean leaf 

width varies between 6.68±1 cm and 11±1.4 cm. The largest leaves are observed in AF (21.9 cm), 

BT (15.9 cm) and OM and MBB2 (15.8 cm), while the less large leaf measures 1.6 cm (in OM). 
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Fig. 3.5 Mean variation of leaf petiole length (a) and rachis length (b) in Pistacia atlantica 

subsp. atlantica 

 

The terminal leaflet measures are variable between the sites (up to 13.6 cm long and 4.3 cm wide 

(in AF). The mean of the terminal leaflet length varies (Fig. 3.6) from 5.15±1.1 cm to 3.3±1.1 cm, 

while the mean of the terminal leaflet width varies from 1.83±0.2 cm to 0.2±0.03 cm. The 

terminal leaflet may be sessile or petiolulated (see Fig. 3.4). In this case, the terminal leaflet 

petiole attains a length of 3.4 cm (in MBB1). The leaf length is positively correlated to the 

terminal leaflet length (r= +0.8).  

 

 

Fig. 3.6 Mean variation of terminal leaflet length (a); terminal leaflet width (b) and terminal 

leaflet petiole length (c) in Pistacia atlantica subsp. atlantica 
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Table 3.3 ANOVA table for leaf measurement (P<0.05) 

 

 

Leaflet thickness 

The thickness measurement (Table 3.4) shows that the mean of the median leaflet thickness ranges 

from 0.16±0.4 mm (in SF1) to 0.49±0.3 mm (in CH). The maximal value of median leaflets 

thickness (0.67 mm) is recorded in the site BB. The median leaflet thickness shows high values in 

OM (0.57 mm), SF1 and SF2 (0.56 mm). The mean of the terminal leaflet thickness varies 

between 0.17±0.3 mm (in OR) to 0.5±0.4 mm (in SF2). The maximal value is noted in SF2 (0.61 

mm) and in OM (0.59 mm). ANOVA analysis for the median and terminal leaflet thickness shows 

highly significant difference (P<0.001) between the investigated sites (Sum of squares (SS=0.33); 

P=1.7597E-09). However, no significant difference has been shown between the two characters 

within site (Sum of squares (SS=0.003); P=0.26). A weak negative correlation is recorded 

between the leaf ratio (Length/width) and the terminal leaflet thickness (r= -0.05) and the median 

leaflet thickness (r= -0.22). 

 

Table 3.4 Thickness measurement of Terminal leaflet and median leaflet of P. atlantica subsp. 

atlantica (Me, M, m: mean, maximum, m: minimum value respectively) 
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3.2.3 Correlation between ecological factors and morphological characters  

The morphological data is classified by a hierarchical clustering (Fig. 3.15). This analysis retained 

three main groups. The cluster I contains the sites BTM, CH, GR and BH which are characterized 

by  high  number of  leaflets (14 to 18).  The cluster  II corresponds  to  the sites with a high leaf  

length, leaf width and petiole length (SF1, 

AF, OR). The rest of sites are retained in 

cluster III where no particular character 

dominates, nevertheless, the variability is 

clearly observed by the clustering at 

different distances. Taking into account the 

five bioclimatic homogenous groups 

obtained by the Ascendant Hierarchical 

Classification applied to the climatic 

conditions of the investigated sites (Fig. 

2.5; see Chapter 2,), the correlation 

between the morphological characteristics 

and the climatic factors is checked. The 

leaf length shows a strong correlation (r=  

 

Fig. 3.15 Two dimensional dendrogram obtained 

in the hierarchical cluster analysis of the 

morphometric data of P. atlantica subsp. atlantica 

leaves. Horizontal: similarity levels between sites. 

Vertical: investigated sites 

0.87) with the altitude and with the annual precipitation  (r= 0.7). The leaf width shows a strong 

correlation with the annual precipitation (r= 0.79) and the altitude (r= 0.95), and a moderate 

correlation (r= 0.6) with mean minimum temperature of the coldest month (m°C).The terminal 

leaflet length is moderately correlated to the annual precipitation (r=0.6) and strongly correlated 

to the altitude (r= 0.81). The leaflet number is negatively correlated to the altitude (r= 0.63). A 

moderate to strong negative correlation is found between terminal leaflet thickness and the 

temperature (r= -0.63), while a strong negative correlation is recorded between terminal leaflet 

thickness and the mean minimum temperature (r= -0.65). The median leaflet thickness is 

negatively strongly correlated (r= -0.7) to the temperature.  

 

Comparing between the two dendrograms (Fig. 2.5; see Chapter 2) and (Fig. 3.15), we note that in 

the hierarchical classification illustrated in (Fig. 2.5), BTM, CH and GR are retained in the same 

group according to the annual precipitation, mean temperature and altitude. These sites are also 

retained in the same group by the hierarchical classification illustrated in (Fig. 3.15) according to 

the maximum leaflet number and the terminal leaflet length. While OR and AF are retained in the 

same group in (Fig. 2.5) according to the most important annual precipitation and the high altitude 
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In this respect, taking into account the keys proposed by Al Yafi (1978) and the Al-Saghir and 

Porter (2012), and responding to the findings of the current study, we propose to update the 

determination key of Pistacia atlatica Desf.subsp. atlantica as follows: 

 

Pistacia atlantica Desf.  

Leaves large, imparipinnate, deciduous, leaf rachis winged. 

1-Leaves imparipinnate 1.4 – 24.5 cm long, 1.6 – 21.9 cm wide, sometimes paripinnate by 

losing the terminal or the preterminal leaflet. Leaflets (1–) 2–8 (−9) pairs lanceolate, oval, 

elliptic, oblong, rhomboid, obovate, (falciform); obtuse, acute, acuminate, mucronated, 

emarginate, rounded, retuse, and attenuate apex leaflet. The terminal leaflet is sessile or 

petiolulated (0.1 – 3.4 cm long)...........................................................................subsp. atlantica. 

 

(El Zerey-Belaskri and Benhassaini, 2015) 

In bold: the updated features 

 

3.3 Discussion 

 

3.3.1 Morphological characterization  

The current study supports that Pistacia atlantica subsp. atlantica trees are characterized by their 

vigour, silhouette, vigorous trunks and their dense foliage.  

 

The old descriptions of P. atlantica were given by many botanists who explored North Africa and 

the Middle East. Desfontaine (1799), the first who described the species in his ‘Flora atlantica’, 

mentioned an odd-pinnate leaves with about 7 to 9 leaflets. Zohary (1952) has cited the species 

within the section Butmela, characterized by deciduous odd-pinnate leaves, composed by 2-5 

pairs. Monjauze (1968) accorded with Zohary (1952) mentioning 11 leaflets. Al Yafi (1978) 

describing a key for the four subspecies (atlantica, cabulica, kurdica, and mutica) mentioned as 

maximum 5 pairs of leaflets for both of them. Recently, the key proposed by Al-Saghir and Porter 

(2012) for the genus Pistacia gave the same maximum number of leaflets (11). In Algeria, more 

leaflet number was observed; Belhadj et al. (2008) recorded 7 pairs. In this study, P. atlantica 

subsp. atlantica developed in BTM 18 leaflets (9 pairs), a number which has been never observed 

before on P. atlantica.  
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In the key proposed by Al-Saghir and Porter (2012), the genus Pistacia is devised into two 

groups, small leaves and large leaves including P. atlantica. The measurements recorded in this 

study (Table 3.2) exceed significantly those described in the previous keys (Desfontaines, 1799; 

Quezel and Santa, 1963; Al Yafi, 1978; Al-Saghir and Porter, 2012) and in the studies done on the 

morphological variability of the species and mainly of the subspecies P. atlantica subsp. atlantica 

in different countries (Belhdj et al., 2008; Karimi et al., 2009; Yaaqobi et al., 2009; Ait said et al., 

2011; Benabdallah, 2012; Louzabi et al., 2014; Benaradj et al., 2014).  

 

In the key proposed by Al Yafi (1978), the terminal leaflet is sessile in P. atlantica but subsessile 

with a petiolule in P. atlantica subsp. kurdica, in the current study, cases of petiolulated terminal 

leaflet were observed and the petiolule was about 0.1 – 3.4 cm long. Pistacia atlantica leaves are 

imparipinnate (Desfontaine, 1800; Zohary, 1952), however paripinnate leaves were observed 

(13.33%) in the current study because of the absence of terminal or preterminal leaves. similar 

results were recorded by Inbar and Kark (2007).  In addition to this finding, the leaflets were 

alternate on the rachis in many cases. The two phenomena were observed by Inbar and Kark 

(2007). According to Graham et al. (1993) and Inbar and Kark (2007) these phenomena may be 

considered as indicator of developmental instability. Inbar and Kark (2007) did not record any 

correlation between the terminal leaflet absence and the asymmetry, neither between the 

phenomena and the environmental conditions or the biotic stress.      

 

The lanceolate, oval, elliptic, oblong and rhomboid shapes were already described (Quezel and 

Santa, 1963; Monjauze, 1968; Al Yafi, 1978; Belhadj et al., 2008). However, the two shapes 

obovate and falciform have never been mentioned before in P. atlantica subsp. atlantica. The 

terminal leaflet apex is an important differential character within and between Pistacia species 

(Zohary 1952). Eight apex shapes were observed, in the current study, on P. atlantica leaflets. 

Some of them (obtuse, acute, and acuminate) were previously described (Engler, 1883; Quezel 

and Santa, 1963; Kafkas et al., 2002; Belhadj et al., 2008). In their keys, Engler (1883) and Al 

Yafi (1978) stated that P. atlantica did not show a mucronated apex leaflet. Nevertheless, Kafkas 

et al. (2002) have observed this shape on the species. The results of the current study are 

consistent with the last author, the mucronated apex was observed in two sites (OM and BH). The 

other shapes (emarginate, rounded, retuse and attenuate) were not previously observed. The leaflet 

base has not been described in detail; Ghorbel et al. (1998) noted the rounded shape; while six 

shapes (cuneate, attenuate, obtuse, rounded, deccurent, oblique) are observed in the current study. 

The updated Key in the current study brings supplementary data for the morphological 
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identification of the species P. atlantica in general and for the subspecies P. atlantica subsp. 

atlantica specifically.   

 

Leaf colour is one of the most useful characters to take into account as descriptors for Pistacia 

species classification (Kafkas et al., 2002). The major cause of leaf colour change involves both 

external and internal factors. In the current study, the leaf colour was investigated in the different 

sites. It appears that Pistacia atlantica subsp. atlantica leaves are in four green colour degrees 

(Light green, dark green, very dark green and military green). The three first degrees were already 

observed in this species. In five sites a high percentage of dark green was observed; while in four 

sites, the frequency of ‘very dark green’ leaves was the highest, in agreement with Kafkas et al. 

(2002) who stated that Pistacia atlantica has the darkest leaves comparing to the other species (P. 

eurycarpa, P. terebinthus, and P. khinjuk). Belhadj et al. (2008) noted that the leaves in this 

species are mostly green while in 2 sites, they are darker than the other. In the present study, the 

light green leaves have been recorded in a high percentage in 6 sites; nonetheless, this feature is 

not very common in Pistacia atlantica. Belhadj et al. (2008) have observed this colour in 1/8 site 

and with a low percentage (7.8%). The military green was observed exclusively in one genotype, 

(coded as PaaAF23FG). This genotype is characterized also by long and large leaves. 

 

 In general, a specific character appears when hybridization occurs between two Pistacia species 

(Kafkas et al., 2002); however, in our case, no other species was found in the site. Yet, in the 

current study, other leaves showed resemblance in shape to the subspecies (subsp. cabulica and 

subsp. kurdica ( P. euryparpa). In fact, Zohary (1952) reported that P. atlantica subsp. atlantica 

and P. atlantica subsp. latifolia (synonym P. atlantica subsp. mutica and cabulica) are merely 

derivatives of P. atlantica subsp. kurdica (=P. eurycarpa). Leaf resemblance was also observed 

between some study’s samples and P. vera and P. khinjuk. The appearance of this feature in 

Pistacia atlantica leaves may be due to the close relationships between this species and (P. vera, 

P. khinjuk and P. eurycarpa) which are considered as the most primitives, from which the other 

species desended (Zohary, 1952 ; Karimi et al., 2009; Karimi and Kafkas, 2011).  An explanation 

can be found in some genetic studies performed using molecular techniques. The AFLP and 

SAMPL marker techniques and RAPD analysis led to postulate that P. eurycarpa may be an 

hybrid between P. vera and P. khinjuk, and that P. atlantica, and P. atlantica subsp. cabulica are 

descendents of P. eurycarpa (Kafkas and Perl-Treves, 2001; 2002; Al-Saguir et al., 2006; Karimi 

et al., 2009; Karimi and Kafkas, 2011). 
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3.3.2 Correlation between climatic factors and morphological characters  

The leaf shape and structure are defined mainly in a brief period of primary morphogenesis based 

on the possible role of reaction–diffusion systems and can be altered by the allometric expansion 

(Franks et al. 2000; Dengler and Kang 2001). The final size of a leaf depends on cell division and 

expansion. Any factor that can influence the number and size of leaf cells may affect the 

dimensions and size of the leaf (Tsukaya, 2003). Phenotypic plasticity also occurred to produce a 

range of leaf traits that are environmentally affected (Kessler and Sinha 2004; Barkoula et al., 

2007). In many plants, morphological characters are developed as a response to climatic factors 

(Meinzer et al. 1985; Körner et al., 1989; Stenström et al. 2002). The leaf size tends to decline 

with decreasing mean annual rainfall (Beard 1945; Cowling and Campbell 1980; Givnish 1984; 

Stone and Bacon 1995; Wolfe 1995). 

 

In the current study, the leaf measurements are mostly correlated with climatic factors. The leaf 

length and width and the terminal leaflet length are strongly correlated with the precipitation and 

the altitude. The largest leaves and leaflets are observed mainly in the temperate sites, while in the 

dried sites the leaves and the leaflets are mostly narrows. The leaves become narrower and 

thought to be an adaptation to xeric environments (the narrow leaves could reduce the 

transpiration) (Xu et al., 2008). Besides, the leaflet thickness is negatively correlated to the mean 

temperature and the minimum temperature, in agreement with Ait said et al. (2011) who showed 

(in the same species) correlations between the morphological, the anatomical measurements and 

aridity. On other taxa, it has been demonstrated that leaf thickness increases through an increase 

in cell size when development takes place at low temperature (Wilson and Cooper, 1969; Ludlow 

1983; Yang et al. 2011). Moreover, the climatic factors can have a synergetic interaction and 

many environmental factors (biotic,eg. competition and abiotic, eg. grazing,) can interact 

(Douglas 1981). 

 

The factors that affect leaf colour change are multiple and somewhat interrelated. The larger 

external causes are temperature, light levels, wind, and precipitation. Internal factors include 

photosynthetic rate, respiration rate, and protein levels. The increase in light intensity leads, 

through two ways, to the intensity of colour leaves. At the chloroplast level, the increase in light 

intensity causes an increase in the overall content of chlorophyll per unit leaf area by increasing 

the foliar volume and the number of chloroplasts. While in the leaf level, the increase in light 

intensity induce a limb thickening which leads to increase in chloroplast number by increasing the 

cellular layers in the palissadic parenchyma. The leaf colour intensity increases also at altitude 
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gradient due to the increase in the content of chlorophyll (Chl a & Chl b) and of flavonoids. 

Flavonoids also facilitate absorption of light ( Lichtenthaler et al., 2007;  Rajsnerová et al., 2015). 

Furthermore, flavonoids in the leaf epidermis absorb ultraviolet light and protect chlorophyll from 

photo-oxidation. It follows that high elevation plants receive a greater amount of UV radiation 

and have more flavonoids (Rajsnerová et al., 2015). This is why alpine flowers have such intense 

colour. This may explains the dark green colour observed in the sites AF, OM, and BT 

characterized by a high altitude. The same case was stated by Belhadj et al. (2008).  The leaves 

exposed to light for a long time produce more polyphenols (Meyer et al., 2006). These 

compounds emit a blue-green fluorescence (BGF) between 400 and 600 nm as a response to 

environmental factors (Cerovic et al., 1999). However, Murchie and Horton (1997) showed that 

these mechanisms are not universal mainly in the case of leaves with a phenotypic plasticity. 

Thus, very dark green leaves were found in the site CH at an altitude of 354 m. This site was 

characterized by an open stand where no concurrence occurs and the trees are largely profiting 

from the light intensity. Conversely, the chlorophyll pigment rate decreases at drought gradient 

(Fahmi et al., 2011) and when plants are exposed to drought stress which leads to a pigment 

oxidation. Leaves are so light green. This phenomena was observed on P. mutica (P. atlantica 

subsp. mutica) and P. khinjuk by Ranjbarfordoei et al. (2001). 

 

 

3.4 Conclusion 

In the current chapter, the morphological characterization was carried out to examine the 

morphological and the morphometric leaf variability. Two descriptors were used; tree descriptors 

and leaf descriptors showing a high level of variability. The trees are mostly robust, vigorous, 

with single trunk and dense foliage. However, Pistacia atlantica was also observed branched from 

base and with an intermediate vigour. The morphological and morphometric leaf characterization 

showed an important inter and intra-populational variability and the ANOVA analysis applied on 

the leaf measurement showed highly significant difference. The leaflet thickness measurement 

revealed variable values and the ANOVA analysis showed highly significant difference between 

the sites. The leaf colour was very variable ranging from the light green (the most frequent colour) 

to the very dark green colour. In this chapter, a significant variance at the phenotypic level was 

reported between individuals within the same site and between the different sites. It was 

demonstrated that the morphological characters were significantly correlated with climatic factors. 

Furthermore, the data obtained in this study was used to update the key determination of the 

subspecies.  



The findings of this chapter were discussed at the ‘5th International 

Congress on Medicinal and Aromatic Plants’. CIPAM2014. ZARZIS, TUNISIA: 17-

20 March. (El Zerey-Belaskri et al., 2014b). 
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4 INTRASPECIFIC CHEMICAL VARIABILITY OF Pistacia atlantica Desf. subsp. 

atlantica LEAF ESSENTIAL OIL FROM NORTHWEST ALGERIA 

  

 

4.0 Background 

During the last century, phytochemical studies have known a great deal of change, not only for the 

data they provide on the chemical compositions and for the described compounds but also in 

valuation prospects of these compounds. The evolution of this area resulted therefore a relevant 

development in other fields (pharmacology, biochemistry, paleobotany, plant physiology, 

ethnography and mainly systematic). Phytochemistry has made considerable progress, most likely 

due to the rapidly advancing of chromatography techniques.  

 

In plants, if basic metabolisms comprise all pathways necessary for the survival of the cells, 

secondary metabolisms are products that occur usually only in special, differentiated cells and are 

not necessary for the cells themselves but may be useful for the plant as a whole (Kössel, 1891). 

Plant secondary compounds have multiple biotic and abiotic functions. They are well known to 

provide UV protection (Close and McArthur, 2002) or carbon/nutrient balance adjustment in 

response to sunlight (Shure and Wilson, 1993), and to act as a chemical defense against 

herbivores and pathogens (Levin, 1976; Bryant et al., 1991). They may modulate interactions with 

competing plants (Rice, 1979; Ehlers and Thompson, 2004) and pollinators (Beker et al., 1989; 

Ayasse et al., 2000). Although the functions of many secondary metabolites are already well-

known; for the greatest part of them, the value to the plant is still unknown (Evans, 2002). 

Secondary metabolites are extremely diverse and produced sometimes as a characteristic mix that 

can be used in certain case as taxonomic characters in classifying plants.  

 

Secondary metabolites including „the Essential oils‟ (natural aromatic and volatile compounds) 

are found in many parts of plants. Essential oil, also defined as essence, volatile oil, etheric oil or 

aetheroleum, is a complex mixture of volatile constituents biosynthesised by living organisms 

(Hüsnü et al., 2007). If higher plants are the best-known and most important source of essential 

oils, some mosses, liverwrots, seaweeds and some terrestrial and marine animals (sponges), 

insects, fungi, and microorganismes are also known to biosynthesise volatile compounds  

(Katayama, 1955; 1962; Joshi and Gowda, 1975). According to the International Standard 

Organization on Essential Oils, ISO 9235 (1997) of the ISO/TC, the concept of essential oil is 

restricted to the products obtained exclusively by distillation of plant material, with or without 

water steam, or by mechanical processes applied to the epicarp of fruits of the genus Citrus L. 
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Essential oil is defined by the “Association Française de Normalisation” (AFNOR, 1998) and the 

European Pharmacopoeia (Eur. Ph., 2008) as “an essential oil is clearly defined as a manufactured 

product from pure, identified raw materials of plant origin, obtained by steam distillation, 

mechanical processes (e.g., EO from Citrus), or by „dry‟ distillation for some woods”. Essential 

oils may comprise volatile compounds of terpenoid or non-terpenoid origin. All of them are 

hydrocarbons and their oxygenated derivatives. Nitrogen or sulphur derivatives may exist in the 

form of alcohols, acids, esters, epoxides, aldehydes, ketones, amines, sulphides, etc (Connolly and 

Hill, 1991; 2005; Dewick, 1999; Degenhardt et al., 2009). As in most of living beings, the 

secretion of different substances occurs in specialized cells. Essential oil is secreted in many types 

of structures (secretory structures) (Svoboda and Svoboda, 2000; Ascensão, 2007). In 

Anacardiaceae, substance secretion such as gum, resin and oil occurs in the ducts (Muller 1866-

1867; Sieck, 1895; Engler, 1896; Tschirch, 1900). In fact, Secretory ducts (Fig. 4.1) are 

characteristic of this family (Joel et al., 1978; Carmello-Guerreiro and Sartori Paoli, 2002). They 

are located both in the primary and secondary phloem (Metcalfe and Chalk, 1950). In 

Anacardiaceae, beside the single apotropous ovule per locule, the vertical resin ducts in the 

phloem is the second character distinguishing the family from the Burseraceae (Metcalfe and 

Chalk, 1950; Joel et al., 1978. Carmello-Guerreiro and Sartori-Paoli, 2002). 

 

 

Fig. 4.1 Photomicrographs of secretory ducts (dc) in secondary phloem in some 

Anacardiaceae: in Pistacia sp. (A, B) (El-Oqlah, 1996), in Rhus glabra (C, D, E)  (Fahna and 

Evert, 1974) 

 

 

Chemical markers, such as essential oil compounds are being widely used in taxonomy as well as 

for biodiversity studies (Ge et al., 2008). Their quail-quantitative status varies through the 

ontogenetic development and is under the influence of abiotic and biotic environmental factors 

(Adams, 1998; Demetzos et al., 2002; Dong et al., 2011; Tavares et al., 2014).  
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Purposes 

The purposes of this chapter are the quantitative and qualitative characterization of Pistacia 

atlantica subsp. atlantica essential oil in different populations; the investigation of inter-

population chemical variability of Pistacia atlantica subsp. atlantica essential oil; and the analysis 

of the environmental factors effect on the chemical variability. 

 

4.1 Material and Methods 

4.1.1 Plant Material 

Healthy leaves were collected from male and female trees in March 2013 and air-dried in the 

shade. samples were coded with „capital letters‟ which correspond to the names of the different 

sampling sites BTM, CH; OR;  AF1; AF2; OM; TA; BB; SBA; MBB; SF1; SF2; BT; GR; BH; 

3R.  The codes were followed by „m‟ or „f‟ when the sample came from male or female tree, 

respectively.  

 

4.1.2 Essential oil extraction and analysis   

Essential oils were isolated by water distillation (Fig. 4.2, A) for 3h, in two continuous cycles 

(from 200gr of dried materiel/cycle), using a Clevenger-type apparatus according to the procedure 

described in the European pharmacopoeia (Council of Europe, 1997). Essential oil extraction was 

done in the laboratory „Biodiversité Végétale: Conservation et Valorisation, Faculté des Sciences 

de la Nature et de la Vie, Université de Sidi Bel Abbes, Algérie’. Oils were kept in dark at 4°C 

until analysis. 

 

4.1.3 Gas chromatography (GC) 

 The following analysis was performed at the Laboratory of Pharmacognosy, Faculty of Pharmacy 

CEF, University of Coimbra, Portugal.  

 

Analytical GC was carried out using a Hewlett Packard 6890 (Agilent Technologies, Palo Alto, 

CA, USA) gas chromatograph with HP GC ChemStation Rev. A.05.04 data handling system, 

equipped with a single injector and two flame ionization detectors (FID). Agraphpak divider 

(Agilent Technologies, Part Number 5021-7148) was used for simultaneous sampling in two 

Supelco (Supelco Inc., Bellefonte, PA, USA) fused silica capillary columns with 

differentstationary phases: SPB-1 (polydimethylsiloxane 30 m × 0.20 mm, film thickness 0.20 

_m), and SupelcoWax 10 (polyethyleneglycol 30 m×0.20 mm, film thickness 0.20 _m). Oven 

temperature program: 70–220 ◦C (3 ◦C/min), 220 ◦C (15 min); injector temperature: 250 ◦C; 
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carrier gas: helium, adjusted to a linear velocity of 30 cm/s; splitting ratio 1:40; detectors 

temperature: 250 ◦C. 

 

4.1.4 Gas chromatography–mass spectrometry (GC–MS) 

Analyses were carried out using a Hewlett Packard 6890 gas chromatograph fitted with a HP1 

fused silica column (polydimethylsiloxane 30 m×0.25 mm, film thickness 0.25 _m), interfaced 

with an Hewlett Packard mass selective detector 5973 (Agilent Technologies, Palo Alto, CA, 

USA) operated by HP Enhanced ChemStation software, version A.03.00. GC parameters as 

above; interface temperature: 250 ◦C; MS source temperature: 230 ◦C; MS quadrupole 

temperature: 150 ◦C; ionization energy: 70 eV; ionization current: 60 _A; scan range: 35–350 u; 

scans/s: 4.51. 

 

4.1.5 Qualitative and quantitative analyses 

The identity of the compounds was achieved from their retention indices on SPB-1 and 

SupelcoWax 10 columns and from their mass spectra. Retention indices, calculated by linear 

interpolation relative to retention times of C8–C22 n-alkanes, were compared with those of 

authentic samples included in Pharmacognosy laboratory database (University of Coimbra). 

Acquired mass spectra were compared with corresponding data of components of reference oils 

and commercial available standards from a home-made library or from literature data (Joulain and 

Konig, 1998; Adams, 2004). Relative amount of individual components was calculated based on 

GC peak areas without FID response factor correction. The relative percentage of components 

which co-elute on apolar column was calculated on SupelcoWax 10 column. 

 

4.1.6 Statistical analysis 

To analyze the chemical variability of P. atlantica essential oils and taking into account the 

compounds which registered a percentage equal or higher than 2%, 775 data (25 constituents x 31 

individual) were submitted to multivariate statistical analysis using Statistica (Copyright© Stat 

Soft.Inc. 1984-2008). Among the total chemical composition, twenty-one main constituents were 

selected and submitted to the principal-components analysis (PCA). Sixteen constituents over 

1.0% were used as variables for analysis. Cases were classified by a hierarchical clustering using 

Ward linkage with square Euclidean distance measure. Factor analyses using the principal 

components extraction method (PCA) was used to achieve the most relevant variables in the total 

variance. 
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4.2 Results 

Pistacia atlantica leaves gave a clear essential oil with a light yellow colour (Fig. 4.2, B). The 

essential oil yield obtained in this study varies from 0.11 to 0.42%. The qualitative and 

quantitative analyses results are shown in Table 4.1, totaling 71 compounds, accounting for 76.9 

to 98.6 % of the volatile oil constituents. Thirteen constituents (followed by * in the table 4.1) 

have never been reported in the composition of P. atlantica essential oils (Barrero et al., 2005; 

Tzakou 2007; Mecherara-Idjeri et al., 2008; Gourine et al., 2010a, b; Ait Said et al., 2011a).  

 

The ratio monoterpenes/sesquiterpenes was different among the samples. The monoterpenes 

hydrocarbons (Fig. 4.3) were the main group of constituents (88.2-39.4%) in 28/31 of the 

analyzed samples. The sesquiterpenes hydrocarbons (34.4-34.2%) were predominant in two 

samples, while the oxygen containing sesquiterpenes (35.4%) and the monoterpenes hydrocarbons 

(35.9%) were the main groups in one sample. 

                 

 Fig. 4.2 Essential oil 

extraction: (A) by 

hydrodistillation;  

(B) a light yellow essential 

oil 

 

 
Fig. 4.3 Variability distribution of Hydrocarbon monoterpenes 

(HM), Oxygen containing monoterpenes (OM), Hydrocarbon 

sesquiterpenes (HS), Oxygen containing sesquiterpenes (OS) 

and Aldehyde compounds (AC) in Pistacia atlantica subsp. 

atlantica essential oils 
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β-pinene, sabinene, α-terpinene, δ-cadinene, spathulenol, myrcene, α-cadinol. The multivariate 

analysis data (Fig. 4.4) allowed us to establish two main types of essential oils: terpinen-4-ol 

(cluster I) and α-pinene (cluster II). In the last type, two subgroups could be differentiated: α-

pinene/camphene (cluster II.1) and α-pinene/germacrene D (cluster II.2). The essential oils of 

cluster I (65.5% of the samples) are characterized by a significant content of terpinen-4-ol (mean 

22.6%, S.D. = 6.53). While the chemical composition of samples of cluster II (35.5% of the 

samples) is characterized by a high content of α-pinene (47.5%, S.D. = 8.48), an appreciable 

percentages of camphene in the cluster II.1 (mean 9.9% S.D. =2.7) and germacrene D in the 

cluster II.2 (mean 15.5% S.D. =2.38). The principal-components analysis (PCA) allowed to put 

the samples into three principal groups according to the four major compounds (Fig. 4.5). The 

first group includes fifteen samples (15/31) defined by Terpinen-4-ol type. The second group 

includes thirteen samples (13/31) being α-pinene the main compound. Three samples (3/31) are 

gathered in the third group on the base of their major compounds germacrene D and E-

caryophyllene.  

 

 

 

Fig. 4.4 Two dimensional dendrogram 

obtained in the hierarchical cluster analysis of 

the essential oils of individual plants of 

Pistacia atlantica subsp. atlantica. Horizontal: 

similarity levels between samples. Vertical: 

samples analysed 

Fig. 4.5   Two dimensional PCA of the 

main constituents of the essential oil 

chemical compositions of individual 

plants of Pistacia atlantica subsp. 

atlantica 
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The PCA, applied separately to the female and male data (Fig. 4.6), shows an important chemical 

variability. The positive side of the axis 1 in Fig. 4.6 (a) and the negative side of the axis 1 in Fig. 

4.6 (b) retain the „group I‟ which is characterized by terpinen-4-ol as a major compound. In the 

male essential oil composition (Fig. 4.6 (b)), spathulenol, bicyclogermacrene and terpinolene were 

correlated to terpinen-4-ol, type. However, these compounds have formed an independent group 

„Group III‟ in the female composition (Fig. 4.6 (a)) characterized by a correlation with γ-

terpinene. In the negative side of the axis 1 in the female PCA (Figure 3 (a)) and the positive one 

of the male PCA (Fig. 4.6 (b)), a second group (GroupII) is defined on the basis of the major 

compound „α-pinene‟. A particular group (Group III in Fig. 4.6  (b)) appears in the male PCA 

with two main compounds „germacrene D and E-caryophyllene‟.  

 

 

Fig. 4.6 Two dimensional PCA of the main constituents of the essential oil chemical compositions 

of individual plants of Pistacia atlantica subsp. atlantica; (a): Female composition, (b): male 

composition 

 

4.3 Discussion  

The chemical composition of the Pistacia atlantica essential oil was investigated previously in 

many studies which give continuously news data (Barrero et al., 2005; Tzakou 2007; Mecherara-

Idjeri et al., 2008; Gourine et al., 2010a, b; Ait Said et al., 2011a). 

 

Essential oil yield obtained in this study is clearly higher than that obtained from the southern 

Atlas pistachio populations in Algeria (Mecherara-Idjeri et al., 2008; Gourine et al., 2010b; Ait 

Said et al., 2011a). We note that this difference could be due to two factors, the climatic 

conditions and the sampling period. In fact, our sampling area is under sub-humid to semi-arid 
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bioclimate and the leaves were harvested in March (spring season). All the works previously cited 

are done on populations under arid to saharian bioclimate and the leaves have been collected 

between june to october (Summer/Autumn seasons).  

 

Data obtained from PCA distinguished two groups which corresponds to the samples representing 

the chemotype „Terpinen-4-ol‟ known for the Atlas pistachio in Morroco (Barrero et al., 2005), in 

Greece (Tzakou, 2007), and recently in Algeria (Gourine et al., 2009) and the samples 

representing the chemotype „α-pinene‟ known for this species (Gourine et al., 2009). The latter 

author describes the type α-pinene/camphene however; the present study reveals two types in the 

chemotype (α-pinene‟), α-pinene/camphene and a new type α-pinene/germacrene D. Germacrene 

D and E-caryophyllene, recorded as major compounds in three samples and recorded among the 

main constituents in other samples, have never been identified before as major compounds in the 

essential oils of Pistacia atlantica. This group may characterize the northern populations of P. 

atlantica in Algeria. 

 

The current investigation showed an inter/intra-populational chemical variability in Pistacia 

atlantica subsp. atlantica essential oil. In some sites (such as OR, SBA, MBB, GR, 3R), the male 

and the female compositions belong to different chemical types. In this case, the individual sex 

may be targeted to explain the essential oil variability. However, for the other sites, both male and 

female compositions were part of the same group. In agreement with our results, Tzakou et al., 

(2007) reported that the chemical composition of P. atlantica essential oil, from male and female 

individual, may present the same major compounds as it can vary depending on the sex of the 

individuals. The second effect we can look for is the climate. Many studies mentioned that 

essential oil production and that of secondary metabolites in general is extremely dependent on 

weather conditions (Reeve, 2005; Selmar et al., 2013). Turtola et al., 1995 showed that under 

induced stress conditions of drought the total amount of terpenes and resin acids increased. 

However, it was not possible in the current study to show the effect of the climatic conditions; 

mainly when individuals under similar environmental conditions recorded variable chemical 

compositions (eg. OR samples), and conversely, individuals in different conditions belonged to 

the same chemical type (eg. ORf/SF1m) (Fig. 4.7).  

 

In this study, two new major compounds (Germacrene D, E-caryophyllene) were recorded. 

Germacrene D was observed in a high content in many samples and as major constituent in SBAm 

and 3Rm. Germacrene D is found with a high account in Atlas pistachio population under a high 
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aridity in the southwest Algeria (Ait Said et al., 2011a). The 

authors explain the high concentration by water stress. It has 

been reported that the content of germacrene D from Pistacia 

lentiscus increased four times during the summer season 

compared to spring Gardeli et al. (2008).  

Nevertheless, it is not the case in this study, the individuals of 

this group occur closely to rivers and don‟t seem be under 

water stress. As for our opinion, we suppose that it may be due 

to two factors. The first is about the age, since these 

individuals are among the oldest ones. A high percentage of 

germacrene D was recorded in the chemical composition of the 

Atlas pistachio of the botanical garden of the National Institute 

of Agriculture (Algiers-Algeria) (Mecherara-Idjeri et al., 

2008), which is an old specimen. The second factor is related 

with insect attack. Plants of the genus Pistacia serve as 

obligate hosts for a group of specialized gall forming aphids 

(Homoptera: Fordinae and Aphididae) (Inbar, 2008). During 

our investigation, two month after collecting the leaves, we 

have noticed that these populations are the most attacked by 

the insects. Germacrene is the bitter sesquiterpene olefins 

produced by a number of plants representing compounds that 

possess antifeedant, antimicrobial and insecticidal properties 

(Govindarajan, 2010; Sosa et al., 2012).  Germacrene-D was 

identified in the oleoresin of P. atlantica harvested in the same 

study area by Benhassaini et al. (2008), while it was not noted 

in the oleoresin of the other subspecies. This compound is very 

common in different species of the genera Pistacia (Couladis 

et al., 2003; Roitman et al., 2011; Bozorgi et al., 2013) and 

Schinus (Anacardiaceae), and in Commiphora and Bursera of 

the Burseraceae family which is closely related to the 

Anacardiaceae (Gadek et al., 1996). Noge and Beccera (2009) 

suggest that producing germacrene D might be an ancient trait 

in the genus Bursera. This theory might be projected on the 

Anacardiaceae.  

 

Fig.4.7  Main compounds 

variation in leaf essential oils of 

33 Pistacia atlantica subsp. 

atlantica samples   
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This component could be identified with high content in other samples of the natural populations. 

However,  E-caryophyllene has never been identified in a high percentage in P. atlantica essential 

oil, it is an important constituent in the essential oils of some species of the Anacardiaceae family, 

such as P. lentiscus (Ait Said et al., 2011b), Anacardium humile and A. occidentale (Montanari et 

al., 2012) and P. terebinthus. E-caryophyllene is a biociclic-sesquiterpene, with strong woody and 

spicy odor, widely used in cosmetology and perfumery for its aroma quality (Skold et al., 2006). 

Caryophyllene is known for its anti-inflammatory effect (Ghelardini et al., 2001; Fernandes et al., 

2007; Michielin et al., 2009) and antiallergic effect (Michielin et al., 2009). It has an analgesic 

activity and cytoprotectif gastric effect (Ghelardini et al., 2001). It is very used in medical and 

pharmacological fields. Especially in the locations where this compound has a high account in the 

essential oils, the leaves of the autumn season are often used by the local population as an 

efficient treatment for stomach and gastric diseases (according to our own ethnobotanical survey, 

data not shown). Moreover, this compound is approved by the U.S. Food and Drug 

Administration as food additive.  

 

So, more investigations in the populations of this group (third type) may bring out a new 

chemotype for this species. 

 

4.4 Conclusion 

In this chapter, leaf essential oil obtained from male and female from sixteen sites was 

characterized showing a significant chemical variability. Variance was observed within site and 

between sites. The essential oil yield obtained in this study varies from 0.11 % to 0.42%. The 

essential oil was analyzed by CG followed by CG/MS which reveals a total of 71 compounds with 

13 constituents never reported in the composition of Pistacia atlantica essential oils. The 

multivariate analysis data (hierarchical cluster analysis) allowed us to establish two main types of 

essential oils: terpinen-4-ol and α-pinene. The last type, two subgroups could be differentiated:                   

α-pinene/camphene and α-pinene/germacrene D. The principal-components analysis (PCA) 

allowed to distinguish three groups according to the four major compounds (Terpinen-4-ol,          

α-pinene, germacrene D and E-caryophyllene). The two last compounds were never cited as major 

compound for this species. These compounds may characterize the northern populations of P. 

atlantica in Algeria. 

 



Part of this chapter is published as ‘El Zerey-Belaskri A., Benhassaini H., Naimi W. and 

Rahoui S. 2013. Cellulosic and hemicellulosic fractions dosage of Pistacia atlantica Desf. 

subsp. atlantica leaves in western Algeria, Natural. Product. Research.: Formerly Nat. 

Prod. Let. 27:19, 1757-1763, doi:10.1080/14786419.2012.755679’. 
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5 QUANTITATIVE CHARACTERIZATION OF CELL WALL POLYSAC-

CHARIDES FROM Pistacia atlantica Desf. subsp. atlantica LEAVES THROUGH 

CELLULOSE AND HEMICELLULOSES DOSAGE  

 

 

5.0 Background 

Cell walls are essential to many fundamental processes in plants, such as growth and resistances 

plant. Most of plant cells produce a primary wall which is much thinner than cytoplasmic 

membrane. Certain cells deposit additional layers inside the primary wall to form a secondary 

wall. Polysaccharides constitute a major proportion of plant cell wall (McNeil et al., 1984; Carpita 

and Gibeaut, 1993), depending, of course, upon the species and the tissue under consideration. 

Cell walls define mainly the structure of plants. They play role in plant defense against pathogens. 

Although, all cell walls consist of celluloses, hemicelluloses, and pectins polysaccharides (McNeil 

et al., 1984). The proportions of each vary from species to species and with cell type. The 

variability can be observed also between populations of the same species. Cellulose occurs as 

crystalline, fibrillar aggregate of b-1,4-linked glucan chains (Frey-Wyssling, 1969; Carpita and 

Gibeaut, 1993). The term hemicellulose refers to a group of homo- and heteropolymers consisting 

largely of anhydro-β-(1→4)-D-xylopyranose, mannopyranose, glucopyranose, and 

galactopyranose main chains with a number of substituents (Timell, 1965).   Hemicelluloses are 

generally found in association with cellulose in the secondary walls of plants, but they are also 

present in the primary walls. 

 

Those polysaccharides have a great practical significance including important role in the material 

industry and in human and animal health as dietary fiber (Belhamri, 2005; Zeitoun, 2011). In 

addition, various lignocellulosic crops, non-recoverable for human food, are tested for the 

production of renewable energy vectors. The lignocellulosic biomass has been recognized as a 

major world renewable energy source to supplement declining fossil fuel resources (Ozçimen and 

Karaosmanoglu, 2004). It is used as feedstock for second generation bioethanol production. The 

energy recovery potential efficiency of the lignocellulosic crops depends on their content in 

cellulose and hemicelluloses (Carpita et al., 2000; Houghton et al., 2006; Godin et al., 2010). In 

Turkey, Pistachio (P. vera) shell is being considered as a very important candidate for a source of 

fuels and chemical feedstock (Demiral et al., 2009). Also in China, Pistacia chinensis seed oil is 

proposed as a promising non-edible feedstock for biodiesel production (Qin et al., 2012). 
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Pistacia atlantica is a deciduous tree. Deciduous trees are plants that drop their leaves for a part of 

every year, usually during periods of dryness or cold weather. Their branches remain free of 

foliage until conditions improve. For the tree, this means that it can save energy by not working to 

keep the leaves green and healthy. The researcher believes that these deciduous leaves should be 

valorized before leaf fall.  

 

Purposes  

Despite the significant biomass potential of Pistacia atlantica in the plain and steppe areas, the 

valuation of areal biomass of P. atlantica through the cell wall polysaccharides has not been 

studied until our work (El Zerey-Belaskri et al., 2013). The aim of this study is to valorize 

Pistacia atlantica leaves by the dosage of cell wall cellulosic and hemicellulosic fractions. 

 

5.1 Material and methods 

5.1.1 Plant material 

Leaves were harvested in the period of October to December (2010 to 2013) from natural 

populations in the sites of BTM, CH, OR, AF, OM, TA, BB, SBA, MBB1, MBB2, SF1, SF2, BT, 

GR, BH, 3R. The leaves are dried at 60°C for 48 hours then ground into powder using a cutting 

mill. 

 

5.1.2 Determination of moisture content 

The moisture content of the sample material is calculated from the leave initial masse by the 

followed formula:   

 

  

5.1.3 Isolation of cell wall residue 

It is the first step in cell wall polysaccharides isolation. The cell wall residue was obtained 

according to Timell (1965) modified by Harche et al. (1991). So, 50 g of the powder were 

extracted with 100 ml methanol-chloroform (v/v), in the hood under stirring for 14 h. this step 

should be repeated toice in order to eliminate lipids, tannins and other cytoplasmic component. 

After filtration using a bolthing cloth, the wall residue was extracted with 100 ml ethanol under 

stirring for 2h in order to remove all traces of chloroform. After filtration, the residue was rinsed 

in distilled water for four times, followed by one rinse with acetone. The residue was dried in the 

oven at 60°C for 48h in order to determine wall residue yield. 
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5.1.4 Isolation of cellulose and hemicelluloses cell wall  

The cellulose and the hemicelluloses cell wall were isolated according to Chanda et al. (1950). 

This protocol is very simple and it does not require any special equipment. So, 5 g of the wall 

residue were extracted with 100 ml NaOH (4%) in the hood, under stirring for 14h. After filtration 

using bolting cloth, the filtrate (Filtrate 1) is preserved for later use. The obtained residue was 

extracted once again according to the same procedure. After filtration, the filtrate (Filtrate 2) is 

preserved for later use. The residue obtained was rinsed in distilled water for four times, followed 

by one rinse with acetone. The residue is dried in the oven at 60°C for one night, weighted to 

determine the cellulose content expressed also in percentage. The two filtrates (Filtrate 1+ Filtrate 

2) previously obtained are neutralized by a pure acetic acid, precipitated in ethanol (1/3v) for one 

night, then centrifuged for 30 mn at 3600 r.p.m. The sediment is rinsed in distilled water for four 

times, followed by one rinse with acetone. The obtained residue is dried in the oven at 60°C for 

one night then weighted to determine the hemicelluloses content expressed also in percentage.   

 

5.1.5 Statistical analysis 

The data concerning the moisture content and the wall residue yield are submitted separately to 

one-way analysis of variance (ANOVA1, (α=5%)). The data concerning the cellulosic and the 

hemicellulosic fractions are submitted to two-way analysis of variance (ANOVA2, (α=5%)). The 

correlation between the leaf morphological characters and the data obtained in the present work is 

checked by the correlation coefficient (co). 

 

5.2 Results 

5.2.1 Determination of moisture content and wall residue yield    

The moisture content is determined vs. the initial 

weight of fresh material. Looking at the overall 

percentage of moisture composition (Table 5.1), it 

ranged between 36.54 % and 70.21 % and was 

highest in the samples of MBB2 and MBB 1 

followed by SBA and AF. The samples of BT and 

BH recorded the lowest moisture content. The 

data concerning the moisture content submitted to  

one-way  analysis  of  variance indicate                  

a  significant    difference   between  the  different 

Table 5.1 Means of moisture content 

and wall residue yield in mature leaves 

(expressed in percentage ± sd)  
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sites (P = 0.02, P <0.05). The wall residue yield is determined vs. the initial weight of plant 

powder. The wall residue yield is variable and ranges from 36.2 % (in GR) to 69.5% (in BB) 

(Table 5.1).Others highest yields are recorded in MBB2 and MBB1 and in BTM. The data 

concerning the wall residue yield submitted to one-way analysis of variance indicate a 

significant difference between the different sites (P = 0.03, P<0.05). 

 

5.2.2 Determination of cellulose and hemicelluloses cell wall yields  

The cellulose and hemicelluloses cell wall yields (Fig. 5.1) are determined vs. the initial weight of 

wall residue. 

 

 

Fig. 5.1 Extracted cell wall polysaccharides from Pistacia atlantica subsp. atlantica leaves:          

A : Wall residue, B: Wall Cellulose, C: Wall hemicelluloses 

 

 

The dosage of the two fractions shows that the 

cellulosic fraction is more important than the 

hemicellulosic fraction (Fig. 5.2). The cellulose 

cell wall yield is variable and ranges from 

21.25% to 51% (Fig. 5.3). The highest yields 

are noted in SBA, BT and TA; while the lowest 

yield is recorded in SF1. The hemicelluloses 

cell wall yield varies from 7% to 27.6% in the 

mature leaves (Fig 5.4). The highest yields are 

noted in OR, BTM and SBA; while the lowest 

yield  is  recorded  in MBB1 and TA. 

 

 

Fig. 5.2 Cellulosic fraction dominance 

compared to hemicellulosic fraction in 

Pistacia atlantica subsp. atlantica mature 

leaves 

The data concerning the two fractions submitted to two-way analysis of variance indicate a very 

high significant difference between the cellulosic fraction and the hemicellulosic fraction 

(P=1.0951E-07), while no difference was recorded between the different sites both for the 

cellulosic and the hemicellulosic yields (P=0.45). A negative weak correlation is recorded 
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between the wall residue yield and the cellulosic yield (r= -0.38), and a weak correlation is found 

between the wall residue yield the hemicellulosic yield (r=0.13). The correlation checked with the 

morphological measurement indicate a negative correlation between the cellulosic yield and both 

leaf length (r= -0.54) and leaf width (r= -0.54), while a weak correlation is showed between the 

hemicellulosic yield and both leaf length (r= 0.14) and leaf width (r= 0.15). 

 

  

Fig. 5.3 Variation in mean of cellulosic yields in 

mature leaves in Pistacia atlantica subsp. 

atlantica  

Fig. 5.4 Variation in mean of hemicellulosic 

yields in mature leaves in Pistacia atlantica 

subsp. atlantica 

 

 

5.3 Discussion 

The aim of this research was to highlight the cell wall cellulose and the hemicelluloses in Pistacia 

atlantica leaves.  These polysaccharides are natural products with a large interest.  

 

Cellulose is the most abundant biopolymer on Earth (Klemm et al., 2005). For a long time, it is 

ideal for paper making but it is also used in a wide variety of areas: in the pharmaceutical 

industry, it is chemically treatment and transformed into a cotton wool. The chemical treatment of 

the cellulose provide many other products such as the cellulose nitrate used in the manufacture of 

explosives and the cellulose acetate used in the manufacture of the photographic films. 

Hemicelluloses are homo and heteropolysaccharides that the composition differs between species. 

They are very used as dietary fibers which are preventative products for many diseases, notably 

digestives diseases. In addition, hemicelluloses also form the basis of many drugs. In this 

research, we do not dry leaves only in order to determine the content of moisture but also in order 

to increase the polysaccharides yield. Indeed, previous studies showed that the chemical 

composition (contents of cellulose, proteins, vitamins…) is more important in the dry matter than 

in the fresh matter (Ndong, 2007). 
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The wall residue (called also the insoluble fraction) yield of the different sites is variable. The 

difference between the wall residue yields in the sixteen sites may be due to the variation in the 

climatic factors. It has been reported that under arid conditions, plants produce more insoluble 

polysaccharides and they store less soluble sugars (Belyea and Ricketts, 1993; Chenost and 

Kayouli, 1997). In other studies using the same protocols, similar wall residue yields have been 

obtained with other species: Urginea pancration (Bouzidi et al., 2010), and Ammophila arenaria 

(Bendimered, 2014). The plant cells have a complex structures and their compositions vary 

according to different factors (plant species, age, type of tissue). In the case of durum, wall 

residue yield is about 50% (Bertrand et al., 2006). In addition, Cleland (1977) note that chemical 

nature may be influenced and changed by phytohormones such as auxin, and consequently, the 

physical properties of the wall polymers to such extent that the rate of wall expansion is increased. 

The cellulosic and the hemicellulosic fractions vary among species. They vary within a single 

plant (root, stems, leaves) (Bertrand et al., 2006; El Bouhissi, 2011), with age, stage of growth (El 

Zerey-Belaskri et al., 2013) and with the conditions under which the plant grows (Jeffries, 1994). 

The cellulose yields in Pistacia atlantica leaves in the sites SF1 and MBB2 are comparable to 

those obtained by other researches (Simson and Timell, 1978a,b). However, the yields recorded in 

the other sites are more important.  

 

We also note that the cellulose yields obtained in the current study are more important than the 

yield observed in Stipa tenacissima and S. barbata (Bessam, 2008). The later result is obtained in 

the same laboratory, using the same protocol. The hemicellulosic yield obtained is similar to that 

mentioned by several authors in Ammophila arenaria, Helianthus annuus, Medicago sativa 

(Cindy et al., 1987; Tissoura, 2001; Bendimered, 2014). 

 

Generally, the cellulose is the major component of the plant residue followed by the 

hemicelluloses (Preston, 1986). However, young leaves contain more hemicelluloses than 

cellulose (Bergnans et al., 1996; Raynal, 1996; El Zerey-Belaskri et al., 2013). In fact, in the 

young leaves, cells are not yet producing secondary wall. In the primary wall, the hemicelluloses 

are very important because they give to the wall structure the elasticity which is essential to the 

plant growth. 

 

 

5.4 Conclusion 

The chemical characterization was done in the current study through the cell wall polysaccharides. 

The wall residue yield is variable and ranged from 36.2 % to 69.5 %. Cell wall polysaccharides 
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were extracted from mature leaves. The obtained yields showed that the cellulosic fraction 

(ranging between 21.25% and 51%) is more important than the hemicellulosic fraction (varying 

from 7% to 27.6%).  

 

If Pistacia atlantica leaves are an important source of monoterpenes and sesquiterpenes, it 

appears that cell wall polysaccharides in Pistacia atlantica leaves open up also new opportunities 

to valorize the deciduous leaves in other fields. 
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6 GENOME SIZE DETERMINATION AND CHROMOSOME ASSESSMENT IN 

Pistacia atlantica Desf. subsp. atlantica FROM NORTHWEST ALGERIA 

 

 

6.0 Background 

The genetic diversity is measured in terms of amount of DNA and chromosome number, which 

have both biological and ecological consequences that affect the distribution and persistence of 

biodiversity.  

 

The ‘DNA amount’ is also called the DNA C-value (Swift, 1950). Swift (1950) was the first who 

used the ‘C value’ with C for ‘Constant’ (see Bennett and Leitch 1995). Bennett and Smith (1976) 

defined the ‘nuclear DNA amount’ as the DNA content of the unreplicated haploid chromosome 

complement’. ‘DNA C-value’ and ‘genome size’ are often also used synonymously (Greilhuber et 

al., 2005). However, many ambiguities were noted in the use of all this terminology. Greilhuber et 

al. (2005) discussed the unstable usage of the terms ‘genome size’ and ‘C-value’, and proposed a 

new unified terminology that can describe nuclear DNA contents with ease, but without 

ambiguity. Greilhuber et al. (2005) defined the DNA content as the amount of DNA in any given 

cell nucleus irrespective of the state of replication, degree of endopolyploidy, etc. The ‘Genome 

size’ is, according to Greilhuber et al. (2005), ‘‘covering term for the amount of DNA in the 

holoploid genome of an organism and also in the monoploid constituent genomes in polyploids’’.  

 

The ‘Nuclear DNA amount’ and the ‘genome size’ are important biodiversity characters with 

fundamental biological significance and many uses (Bennett and Leitch, 1995; Bennett et al., 

2000).The diversity of eukaryotic genome sizes has long fascinated, but at the same time puzzled, 

scientists. Genome size is a highly important factor in plant biodiversity, especially in plant 

biology branches such as physiology, systematics, evolutionary biology, and ecology (Ohri, 1998; 

2005). In prokaryotes, pulsed field gel electrophoresis and complete genome sequencing are the 

predominant methods of genome size determination. However, in eukaryotes, the nuclear genome 

size is typically measured using either densitometric measurements of Feulgen-stained nuclei 

(previously using specialized densitometers), now more commonly using computerized image 

analysis (Hardie et al., 2002) or flow cytometry ‘FCM’ (Shapiro, 2004; 2007). The last author 

developed originally this technology in the late 1950s for rapid counting and analysing of blood 

cells in clinical research and practice. It took two more decades before FCM started to be used in 

various fields of biological science, including experimental and field botany, with the advent of 

user-friendly and versatile bench-top instruments, discovery of new fluorochromes and 
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development of convenient protocols (Doležel et al., 2007; Bennett and Leitch, 2005; Doležel and 

Bartoš, 2005). Experimental techniques for genome size led to demonstrate high variable sizes 

among eukaryotic organisms. In tracheophytes, a minimum of 1C = 63.57 Mbp is present in 

Genlisea margaretae (Lentibulariaceae; Lamiales) (Greilhuber et al., 2006) and, for a long time, a 

known maximum of 1C = 124597.2 Mbp has been reported for the geophyte Fritillaria assyriaca 

(Liliaceae; Bennett and Leitch, 2005). However, two larger genomes were reported in another 

geophytic species, Trillium hagae (Melanthiaceae) with 1C = 129536.1 Mbp (Zonneveld, 2010), 

and Paris japonica (Melanthiaceae) with 1C = 148880.9 Mbp (Pellicer et al., 2010).  

 

Flow cytometry is a laser-based, biophysical technology employed in various molecular biology 

studies. Many applications of FCM include cell counting, cell sorting, biomarker detection and 

protein engineering (Leitch and Bennett, 2007; Leitch et al., 2009). In the current study, the FCM 

was used for the genome size determination of Pistacia atlantica subsp. atlantica from Northwest 

Algeria. Actually, flow cytometry is considered as the method of choice for genome size 

determination studies (Catrice et al., 2006; Doležel et al., 2007; Loureirou et al., 2010). Using this 

technique, the size of the genome is estimated by comparing the fluorescence emitted by an 

intercalating DNA fluorochrome of a sample together with a reference standard with known 

genome size. Given that a flow cytometer is available, the method provides reliable estimates of 

genome size in a very short period of time (10 min.) and can be considered a fast and relatively 

cheap alternative to other molecular tools (D’Hondt et al., 2011).  

 

In spite of the systematic, cytological, and evolutionary importance of the chromosome numbers 

(Raven, 1975; Stuessy, 1990), the genus Pistacia has been scarcely studied and the most targeted 

species, in this way, was P. vera. The first chromosome investigation on the genus was done by 

Zohary (1952) who reported three chromosome counts (2n=24 in P. lentiscus), (2n=28 in P. 

atlantica), and (2n=30 in P. vera). Later, the chromosome counts were evaluated by others 

researchers showing sometimes different chromosome numbers in the same species (Table 6.1). 

 

However, cytogenetic data on Pistacia species are still rather few. Poor protocols are used and are 

faced to difficulties such as the small chromosome size but also to the germination and root 

development constraints, a circumstance that also prevents building karyotypes (Vogt and 

Aparicio, 1999; Fasihi Harandi and Ghaffari, 2001; Ila et al., 2003). More, for the species P. 

atlantica, most of works have been done on the subspecies occurring in Asia (Turkey and Iran), 

including (subsp. cabulica, subsp. mutica and subsp. kurdica (P. eurycarpa). 
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7 MOLECULAR CHARACTERIZATION AND EVALUATION OF 

INTRASPECIFIC GENETIC DIVERSITY OF Pistacia atlantica Desf. subsp. 

atlantica IN NORTHWEST ALGERIA, USING SSR MARKERS  

 

 

7.0 Background 

Molecular markers are useful tools for analyzing genetic variation and provide efficient means to 

link phenotypic and genotypic variation. These markers play a key role in the studies of genetic 

variability and diversity and can be used to select traits that are difficult to measure using 

phenotypic assays (Varshney et al., 2005; Appleby et al., 2009; Kalendar et al., 2011).  

 

Several genetic marker systems have been developed in the last three decades (AFLP1, RAPD2, 

ISSR3, RFLP4, SRAP5 and SNP6, SSR7) and have gained considerable importance in plant 

genetics (Poczai et al., 2013). Among these systems, microsatellites have been the preferred 

choice for various applications, such as variety identification, genetic diversity evaluation, 

phylogenetic analyses, genetic map construction, marker-assisted selection and comparative 

mapping (Beckmann et al., 1990; Gupta et al., 2000; Parida et al., 2009). Microsatellites (Litt and 

Luty, 1989) are also known as Simple Sequence Length Polymorphism (SSLP) (Tautz, 1989), 

Short Tandem Repeats (STRs) (Edwards et al., 1991) or Simple Sequence Repeats (SSRs) (Jacob 

et al., 1991), being the latter name the most commonly used.  

 

These markers consist of motifs of 1 to 6 nucleotides repeated several times that have a 

characteristic mutational behaviour (Kelkar et al., 2010). As a consequence of their elevated 

mutation rates, SSRs are typically highly polymorphic: different individuals exhibit variation 

manifested as differences in the number of repeats. They have a frequent occurrence in all 

prokaryotic and eukaryotic genomes analyzed to date (Zane et al., 2002). The abundance of 

microsatellites in plants was confirmed by Delseny et al. (1983) and Tautz and Renz (1984). 

Plants are rich in AT repeats, whereas in animals AC repeat is the most common. This appears to 

be the general feature distinguishing plant and animal genomes (Powell et al., 1996). SSRs can 

also be found in the chloroplastic (Provan et al., 2001; Chung et al., 2006) and mitochondrial 

(Soranzo et al., 1999; Rajendrakumar et al., 2007) genomes. SSRs are characterized by a low 

degree of repetition per locus (5–100), random dispersed distribution of about 104–105 per 

genome (Tautz, 1993) and high degree of length polymorphism (Zane et al., 2002). The high 

                                                             
1(Amplified Fragment Length Polymorphism), 

2
(Random Amplified Polymorphic DNA) 

3
(Inter-Simple Sequence Repeat) 

4
(Restriction Fragment 

Length Polymorphism) 
5
(Sequence-Related Amplified Polymorphism) 

6
(Single Nucleotide Polymorphisms) 

7
(Simple Sequence Repeat). 
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 GENERAL CONCLUSION AND PROSPECTS  

 

The current thesis focused mainly around the investigation of the variability of various characters 

in Pistacia atlantica subsp. atlantica and the assessment of genetic diversity of the subspecies in 

Algeria: a controversial topic for long time. Species with a long generation time and long lifespan 

delay reproductive maturity and establish variable phenotypes and genotypes within existing 

populations.  

 

First of all, this work integrated the climatic characterization of the study area in which                 

P. atlantica occurs in natural populations. The study area is located in Northwest Algeria and the 

targeted sites were chosen in longitudinal gradient from the extreme West in the region of 

Maghnia to the region of Mascara through the regions of Tlemcen then Sidi Bel Abbes.                

P. atlantica subsp. atlantica in Northwest Algeria occurs under heterogeneous climatic 

conditions. From 305 to 821 m of elevation, Atlas pistachio populations are under 225 mm/y to 

537.36 mm/y of average annual precipitations, moderate to warmer climate (sensu Debrach), arid 

to humid climat (sensu De Martonne) and arid to subhumid bioclimate (sensu Emberger). The 

area is characterized by a large temperature range and a low summer drought index in many sites. 

The potential for a population to adapt to variation in climatic conditions will in part be governed 

by the average lifespan of individuals and the age at which they reach reproductive maturity. The 

adaptation of long-lived species to such local environmental heterogeneity is attained by the 

phenotypic plasticity. It is the case of P. atlantica in North Africa. The finding of the current 

study is the result of four years of field investigation aiming at characterizing the morphological 

variability of P. atlatica subsp. atlantica in Northwest Algeria. In this study, P. atlantica leaf 

morphology shows an important variability which is significantly correlated to the climatic 

conditions. New features were observed, up to 18 leaflets, up to 24.5 cm leaf length, up to 21.9 cm 

leaf width. The terminal leaflet may be petiolulated. In the plant, the leaves are the most exposed 

organs to the aerial conditions and the changes of their characters have been interpreted as 

adaptations to specific environments. In addition, taking into account the previous keys proposed 

by Al Yafi (1978) and the Al-Saghir and Porter (2012) and the new feature exposed for the first 

time in the leaf morphology of the subspecies, the number of leaflets and the measurement 

recorded on the leaf, the petiole, the terminal leaflet which surpass significantly those described in 

the previous literature, we proposed to update the determination key of Pistacia atlatica Desf. 

subsp. atlantica. At the end of this part, we believe that the morphological characterization given 

in this thesis, will be a helpful tool in the differentiation between P. atlantica subspecies where P. 

atlatica Desf.subsp. atlantica and the other subspecies occur together. 
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The essential oil of Atlas pistachio is characterized by a wide variability which may enhance the 

opportunities of its valorization. Two new major compounds were identified in this study, 

germacrene D and E-caryophyllene. Furthermore, thirteen constituents have never been cited in P. 

atlantica leaf essential oils.  The chemical variability reported in this study points to the need to 

preserve the natural Atlas pistachio populations. In Algeria, pistachios branches and drupes are 

used as source of fuel wood. Among the multiple virtues of P. atlantica, its dense foliage appears 

promise more interests in cell wall polysaccharides fields and advantages the use of P. atlantica in 

paper industry, as raw material for biofuels production and in pharmaceutical fields. Cell wall 

polysaccharides in pistachio leaves have not been studied much until now. For that reason, the 

current study is a prospective study in order to judge to the opportunity to any potential 

exploitation and valuation. 

 

The current study reported for the first time the genome size of P. atlantica and the chromosome 

count of P. atlantica subsp. atlantica. The Flow Cytometry (FCM) method was a rapid tool to 

guide us and an efficient technique to check the genome size variability. The finding showed no 

significant difference of genome size between the individuals and qualified P. atlantica as having 

a very small genome with 2C = 1.21±0.02 pg. The current FCM analysis and the chromosome 

counting confirm the diploidy of P. atlantica subsp.  atlantica. In fact, in the current study we 

counted 30 chromosomes (=2n) in prometaphase and we showed the separation of satellites from 

two chromosomes through the secondary constrictions. We suppose that this observation justified 

previous notes about previous errors done in the counting of Pistacia ssp. chromosomes. At the 

end of the current study, it was important to assess genetic diversity in P. atlantica subsp. 

atlantica. It was the first essay of genetic characterization of the subspecies through microsatellite 

markers. The SSRs molecular markers used allowed us to estimate the overall genetic diversity 

and genetic fingerprinting in natural populations of P. atlantica subsp. atlantica in Northwest 

Algeria. In the UPGMA analysis, no significant correlation was observed between geographic 

distance and genetic diversity. Thus, the geographic distance seems to do not be an obstacle to 

gene dispersal between populations of P. atlantica subsp. atlantica in Northwest Algeria. Many 

factors can explain this finding such the edibility and lightness of seeds, the dioecy, and the 

anemophily. Nevertheless, we can observe genotypes from the same site closely related to each 

other. It was interesting to see the sites AF2 and OM closely genetically related knowing they are 

closely geographically located and they shared the characteristics of large leaves and leaflets and 

of the very dark green leaf colour according to the morphological characterization. In addition, the 

sites SBA and 3R were genetically closely related and they were characterized by germacrene D 

and E-caryophyllene as major compounds in the chemical composition of essential oils. To 
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confirm the available pattern it is necessary to use more SSR markers and more number of 

accessions. More genetic diversity studies are required to learn about the structure and the 

evolution of natural P. atlantica subsp. atlantica in Algeria. It would be premature to comment 

precisely, in this study, about the structure of the natural populations of P. atlantica. Nevertheless, 

the overall findings and mainly the divergences observed in the morphological, the chemical and 

the genetic characterizations tend to discount the hypothesis to have other subspecies in Algeria. It 

would be rather one taxon with significant variability originated from various factors.  Our results 

suggest that under climatic variation, the phenotypic plasticity and the genetic diversity of P. 

atlantica are likely to play a crucial role in allowing the species to persist in its environment. The 

genetic diversity probably originated from long-range dispersal and the mosaic population 

structure is likely a result of dispersal of pollen or seeds.   

 

This preliminary work was done on a relatively small area if we take into account the vast 

pistachio range in Algeria or even in the Maghreb, since the issue of morphological variability 

was also raised by colleagues in Morocco (Yaaqobi et al., 2009). It would be interesting to 

compare these results to larger areas with different disturbances, under different environmental 

conditions and using more molecular markers in order to demonstrate the process of the evolution 

and the structuring of Atlas pistachio natural populations. It is very difficult to separate the 

ecological effects caused by climatic and atmospheric changes from those caused by changes of 

the mode of land use and the considerable anthropogenic pressure. Atlas Pistachio which was able 

to develop special strategies to persist in the environment may nevertheless show a weakness 

against anthropogenic disasters. A critical task is to map the spatial structure of the genetic 

variation and to relate this to its robustness to further habitat transformation. If this is the role of 

the researches, several conservation methods of both in situ and ex situ need to be applied to have 

a successful conservation strategy and to optimize conservation management plans for the species. 

P. atlantica is qualified as ‘multi-use species’; moreover the trees constitute a particular forest 

formations mainly in the Algerian steppes and in the desert. But also in the North, they constitute 

a dense formation where the forest species are not yet installed. We believe that both of these 

plant formations are essential in ecosystem composition in Algeria and both of them should be 

preserved.  

 

The results of the current work and those of others conducted in other Algerian universities seem 

promising and could be combined and exploited to develop a mapping based on the macro/micro-

morphological, chemical and genetic characterization and also a mapping of valuation fields and 

pathways of P. atlantica. This mapping will avoid any irrational exploitation or any genetic 
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pollution in the case of in-situ and ex-situ conservation programs. In this way, we believe that it is 

very important to pay attention to seed origins in ‘ecological restoration and biological 

conservation purposes and programs’. It is wise for example that seeds from every population or 

at least from every area should be used to produce seedlings for the restoration of the same 

population. Conservation and protection of this species require multidisciplinary and multi-

sectorial actions. It is time to engage all actors in society for organized and standardized 

strategies. It would be important to protect the populations of any particularity (chemical, genetic 

or morphological) and populations under perturbations generating regeneration problems. We 

regret to mention here that we investigated some populations where only 5 individuals remain and 

where downsizing populations may lead to a loss in genetic diversity. The irreversible loss of 

alleles is of great concern because it is the basic functional unit of heredity and the primary source 

of variation in appearance, characteristics and behavior of plants. This is why, it would be 

appropriate to establish some protected areas, strategic reserves and/or Biosphere reserves 

according to the characteristics and the potentialities of the populations. For academic and 

research institutions, it is imperative to create official herbarium and official seed, pollen and gene 

banks. The ex-situ conservation is an important complementary approach to the in-situ 

conservation.   

 

At the end of this thesis ‘I’ personally regret to finish it with a bitter feeling because of the loss of 

two huge trees in my study area. But more distressing is that the legislative texts relating to the 

protection of plants (knowing that the Atlas pistachio is among the list of protected species in 

Algeria (Journal official de la République Algérienne Démocratique et Populaire, N°3: Mercredi 24 

Safar 1433, Correspondant au 18 janvier 2012) are not sufficient to protect the spontaneous flora in 

Algeria. ‘I’ believe that they require a serious revision and a strict application. Protection against 

the loss of genetic diversity is urgently recommended. 

                                     

WHEN IGNORANCE ACTS        
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Cellulosic and hemicellulosic fractions dosage of Pistacia atlantica Desf.
subsp. atlantica leaves in western Algeria
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The aim of this study was to valorise a deciduous tree called Pistacia atlantica. Cell
wall polysaccharides (cellulose and hemicelluloses) were isolated and dosed from
mature and young pistachio leaves. The samples were collected from six different
locations in the Sidi Bel Abbes region (western Algeria). The wall residue yield varied
from 39.06% to 69.5%. The cellulose and the hemicellulose’s cell wall yield varied
from 21.25% to 40.6% and 0.11% to 13.6%, respectively. In the mature leaves, the
cellulosic fraction is more important than the hemicellulosic fraction. The highest yield
is noted in the young leaves.

Keywords: Pistacia atlantica Desf; cell wall polysaccharides; cellulose;
hemicelluloses; valorisation; Sidi Bel Abbes

1. Introduction

Cell walls are essential to many fundamental processes in plants, such as growth and resistance.

Most plant cells produce a primary wall which is much thinner than cytoplasmic membrane.

Certain cells deposit additional layers inside the primary wall to form a secondary wall.

Polysaccharides constitute a major proportion of the plant cell wall, depending, of course, on the

species and the tissue under consideration. Cell walls define mainly the structure of plants. They

play a role in plant defence against pathogens. Although all cell walls consist of celluloses,

hemicelluloses and pectin polysaccharides, the proportions of each vary from species to species

and with cell type. The variability can be observed also between populations of the same

species. Cellulose occurs as crystalline, fibrillar aggregate of b-1,4-linked glucan chains (Frey-

Wyssling, 1969). Different types of sugars constitute the hemicellulosic fraction in plant cell

walls. The most common are xylans, arabinoxylans, galactomannans and xyloglucans (Timell,

1965).

Those polysaccharides have great practical significance including important role in the

materials industry and in human and animal health as dietary fibre (Belhamri, 2005; Zeitoun,

2011). In addition, various lignocellulosic crops, non-recoverable for human food, are tested for

the production of renewable energy vectors. The lignocellulosic biomass has been recognised as

a major world renewable energy source to supplement declining fossil fuel resources (Ozc�imen
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Among the multiple virtues of P. atlantica, its dense foliage appears to promise more

interests in cell wall polysaccharides fields. According to the obtained results, the cellulosic

fraction that varies from 21.25% to 40.6%, advantages the use of P. atlantica in the paper

industry or as raw material for biofuels production.

Supplementary material

Supplementary material relating to this article is available online, alongside Figures S1 and S2.
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Bessam, F.Z. (2008). Contribution à l’étude de Stipa tenassicima L.: Germination Caractérisation de certains
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Abstract The effect of bioclimate range on the variation in
Pistacia atlantica Desf. subsp. atlantica leaf morphology was
studied on 16 sites in Northwest Algeria. The study examined
biometrically mature leaves totaling 3520 compound leaves.
Fifteen characters (10 quantitative and 5 qualitative) were
assessed on each leaf. For each quantitative character, the
nested analysis of variance (ANOVA) was used to examine
relative magnitude of variation at each level of the nested
hierarchy. The correlation between the climatic parameters
and the leaf morphology was examined. The statistical analy-
sis applied on the quantitative leaf characters showed highly
significant variation at the within-site level and between-site
variation. The correlation coefficient (r) showed also an im-
portant correlation between climatic parameters and leaf mor-
phology. The results of this study exhibited several values
reported for the first time on the species, such as the length
and the width of the leaf (reaching up to 24.5 cm/21.9 cm), the
number of leaflets (up to 18 leaflets/leaf), and the petiole
length of the terminal leaflet (reaching up to 3.4 cm). The
original findings of this study are used to update the
P. atlantica subsp. atlantica identification key.

Keywords Climatic variation .Morphological leaf
variability .Pistacia atlanticaDesf. subsp. atlantica .

Identification key

Introduction

Many studies are focused on the impact of climatic changes on
the genetic variability and the long-term survival of living
beings. This issue is the most important since the current frag-
mentation of natural habitats strongly restricts the opportuni-
ties of the dispersal of species as well as the gene flow among
populations. When a species exhibits a large range, the frag-
mentation of the habitats and the adaptive potentialities to the
ecological variability may lead to intraspecific subdivisions,
breeding subspecies, varieties, and ecotypes. This is the case
of the Atlas pistachio, Pistacia atlantica Desf. It is an Irano-
Touranian species with a large geographic range (Zohary
1952). It would have existed in theMediterranean region since
the dry and the cold climatic phases of the Miocene. The Plio-
Pleistocene glaciations were propitious for pistachio establish-
ment in the region. Although its range is more or less disjunct,
P. atlantica is one of the most widely distributed wild species
of the genus. It occurs from the Canary Islands to the Pamir
mountains (Zohary 1952).

Over its large distribution area and under different ecolog-
ical conditions, P. atlantica populations adapt differently; the
morphological characters of the species are very variable,
leading to taxonomic confusion.Many revisions in the species
level (between subspecies) were proposed. The last subspecies
description was done by Al Yafi (1978, 1979) who described
four subspecies for P. atlantica. He retained Rechinger’s sub-
division adding P. atlantica subsp. atlantica which represents
the species in North Africa. This classification was based on
morphological characters, while Kafkas and Perl-Treves
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characterization is recommended to study the genetic intraspe-
cific relationships in P. atlantica subsp. atlantica.
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