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Pistacia atlantica, an Irano-Touranian member of the Anacardiaceae family, is known

for its distinctive ecological plasticity. Both ecological plasticity and phenotypic

plasticity are closely related. This latter concept is defined as the variability of

phenotypic expression of one genotype exposed to different environmental conditions

and producing a large phenotypic range. It is likely that phenotypic plasticity plays an

important role in diversification. The morphological features are very important for

species characterization. They have mono or a polygenic determinism but they can be

influenced by the environmental factors. In the current review, a taxonomic

retrospection of Pistaciaatlanticais exposed focusing essentially on its taxonomic

status evolution, followed by a botanical characterization of Pistaciaatlantica subsp.

atlantica, the only observed representative of the species in North Africa.
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1. Introduction

The Mediterranean region is located 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
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of thermo and meso-mediterranean vegetation to the detriment of some taxa which are mostly

in extinction orwhich 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). 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 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 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., 2009b). The current paper aims to outline a pertinent data on the taxonomic and

monographic review of the genus Pistacia and especially the species P. atlantica. Itwill bring



Arabian Journal of Medicinal & Aromatic Plants Taxonomic and botanical retrospective review of
Pistacia atlantica

AJMAP V5N3, 2019 49

to date our knowledge through previous relevant researches to the topic of the evolution of the

genus taxonomic status.

2. Historical overview

The name pistachio probably derives from the word Pista-pistak in the ancient Persian

language Avestan (Joret, 1976). The origin of the genus Pistacia isstill 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) 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) 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 afterwards (Weeks et al., 2005). Al-Saghir’s hypothesis (Al-Saghir,

2006) may also be supported by the cladistic analysis of NIA-i3 gene region which showed
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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).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).

3. Evolution of Pistacia taxonomic status

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

hierarchical levels. The genus members 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.

3.1 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, 2016)

places the genus in Eudicots; core Eudicot; Rosid; Eurosid II.

3.2 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 ‘Amentaceæ1’. This classification was

done on the base of the resemblance of some characters of the flowers (reduced, small and

1 The endings ‘ceæ’ was given in this classification for the orders.
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unisexual flowers). Subsequently, several orders have been proposed (Terebinthinæ,

Terebinthaceæ1, Terebinthales, Sapindales, Rutales and Burserales) (Table 1).

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) (Gadek et al., 1996; Chase et al., 1993; APG, 1998, 2003, 2009.

Bremer et al., 1999; Savolainen et al., 2000a, 2000b; Stevens, 2008).

Table 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)

Fig.1 Position of the Anacardiaceae family (framed) in the phylogenetic tree of the Sapindales order (modified

from Gadek et al., 1996)
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3.3 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 morphology (with up to eight apertures, and plumose styles with the 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. De 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 agrees 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). The morphological data exposed by Wannan and

Quinn (1991) and many molecular data (Pell, 2004; Yi et al., 2004, 2007) support this

classification.

3.4 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
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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 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

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

Terrazas (1994) and Pell (2004) placed Pistacia in the subfamily Anacardioideae.

3.5 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. mexicanaas 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 asynonym of P. vera) and P.

narbonensis(considered as an hybrid between P. vera and P. terebinthus). Hesuggests that P.

palaestina is a subspecies of P. terebinthus; when P. simarubais Bursera simariba (L.)

Sarg.,a 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, leaflet, inflorescence, flowers, fruits,

and the seedlings, into four sections: Lenticella (Zoh.) (Sub-persistent leaves, including P.
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mexicana , P. texana Swingle), Eu Lentiscus (Zoh.) (Persistent and paripinnate leaves,

including P. lentiscus, P. saportaeBurnat, 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).

Besides 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, Lentiscus and Terebinthus. Section Lentiscus (including

Zohary’s sections Letiscellaand Eu Lentiscus) consists of the evergreen species with

paripinnate leaves and smaller seeds. Section Terebinthus (Butmelaand Eu Terebinthus

Zohary’s sections) includes the deciduous species with imparipinnate leaves and large seeds.

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 (2006)

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, ecologically and genetically

similar (Zohary, 2000; Kafkas and Perl-Treves, 2002; Al-Saghir, 2006). This opinion is

supported mainly by molecular data (Golan-Goldhirsh et al., 2004; Yi et al., 2008). According

to Kokwaro and Gillett (1980), a new species from East Africa, P. aethiopicaKokwaro, 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

(2006) 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
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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. Finely, 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 treat 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).

4.Evolution of Pistacia atlantica 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. 2) where he described the

species and gave it the scientific name Pistacia atlantica according to the Atlas Mountains of

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

recognised 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. 2 Desfontaines’s description of Pistacia atlantica in Flora Atlantica2(Desfontaines, 1800) (on the left);

Portrait of Rene Louiche DESFONTAINES [1750-1833] (on the right)

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

terebinthusDesf. Lapie and Maige (1924) considered P. atlantica as a big variety P.

terebinthus of with 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. cypricolaH.Lindb., Pistacia chia Desf., Pistacia choulettei Gand., Pistacia muticaf.

multijugaEngl…) however, P. atlantica is the only name considered as validly published

(IPNI, 2010).

4.1 Taxonomic review of Pistacia atlantica complex

4.1.1Morphological studies

2Digitized version; (accessed on 31/10/2014)
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Pistacia atlantica is one of the Irano-Touranian taxa which is largely distributed 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 atlanticais found

from Northern and Western Pakistan to central and South Afghanistan, South and West Iran,

the Southeast Caucasus, North Iraq, South Turkey, Syria, Lebanon, Palestine to Jordan.

In this large area, 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.

atlanticasubsp.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.

atlanticasubsp.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. atlanticasubsp.kurdica from the subspecies to the species rank. He

proposes a key based on the 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. cabulicaas P.atlanticasubsp.cabulica, P. muticaas P. atlanticasubsp. mutica,

and P.eurycarpa as P.atlanticasubsp. kurdica. Al Yafi (1978) describes four subspecies for P.

atlantica. He retained Rechinger's subdivision adding P. atlanticasubsp. atlantica which

represents the species in North Africa. He proposes his key, based primarily 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. atlanticasubsp. kurdicaand

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. He

states that this taxon is different from P. atlantica complex. The name he gave does not have

much consideration, and the taxon retains the name P. eurycarpa or P. atlanticasubsp.

kurdica.
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The last key proposed for the three subspecies of P. atlantica and for P. kurdica (sensuAl

Yafi) = P. eurycarpa (sensu Yaltirik) is established by Al Yafi (1979) and is summarized as

follows:

P. atlantica subsp. atlantica:

- leaves deciduous, imparipinnate, terminal leaflet sessile, leaflets oblong-lanceolate, hairy

(under abinocular loupe) with ciliated midrib and ciliated ribs, 3-5 Paired; - rachis widely

winged, wings exist along all of the rachis.

P. atlantica subsp. cabulica:

- leaves deciduous, imparipinnate, terminal leaflet sessile, leaflets oblong-lanceolate, with

ciliated midrib, ribs and veins, 3-5 Paired; - rachis winged, wings exist along all of the rachis.

P. atlantica subsp. mutica:

- leaves deciduous, imparipinnate, terminal leaflet sessile, leaflets oblong-ovate with ciliated

midrib, ribs but rarely the veins, 2-4 (-5) Paired; rachis winged, wings exist between the two

last pairs.

P. atlantica subsp. kurdica

- Leaves deciduous, imparipinnate, terminal leaflet subsessile or petiolulated, leaflets oblong-

ovate sometimes acuminate; - rachis tightly winged, wings exist between the two last pairs.

Additionally, Behboodi (2004) described leaves and fruits of the three subspecies found in

Iran. The Drupes are slightly broader than long in P. atlanticasubsp. mutica; are globouse,

with equal long and broad in P. atlantica subsp. cabulica; and are depressed globouse, 5-8

mm x 8-10 mm in P. atlantica subsp. kurdica.

El Zerey-Belaskri and Benhassaini (2016) revised the key determination of the subspecies

representing the genus in the Maghreb. Pistacia atlanticasubsp. atlantica is characterized by

an important morphological variability and its determination key was updated as follow:

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 paripinnateby

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, 2016)
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Besides, the pollen morphology studied by Behboodi and Ghaffari (2005) does not show a

significant difference in the type. Pollen is circular in equatorials, perforate (pentaforate) and

foveolate on the surface. However, the authors reveal that Pistacia atlantica subsp. cabulica

is different according to the pollen size and should be considered as a distinct species (P.

cabulica). Pistacia atlanticasubsp. atlantica showed similarly spheroidal and pantoaperturate

pollen (Belhadj et al., 2007a).

4.1.2 Molecular studies

In order to contribute to sort out the taxonomic confusion that still exists within Pistacia

atlantica complex. Genetic relationships among Pistacia atlantica subspecies is attempted

towards several molecular techniques (i.e. SAMPL, restriction fragment length

polymorphisms (RFLP), randomly amplified polymorphic DNA (RAPD), amplification

fragment length polymorphisms (AFLP) and simple sequence repeat (SSR) (Kafkas, 2006;

Karimi et al., 2009a ; Arabnezhadet al., 2011; Karimi and Kafkas, 2011; Zaloğlu et al., 2015).

Recently, the first molecular characterization of P. atlanticain Alegria markers was performed

using SSR by El Zerey-Belaskri et al. (2018). Phylogenetic relationship between

Pistaciaatlantica subspecies using amplified fragment length polymorphism (AFLP) and

treated by UPGMA analysis separated P. atlanticasubsp. mutica and cabulica from P.

atlanticasubsp. atlantica and P. eurycarpa (Karimi et al., 2009a). These authors propose that

P. atlanticasubsp. 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 showed that P.

eurycarpa is asynonym for P. atlanticasubsp. kurdica. Itis closely related to P. atlantica and

shows a closer genetic similarity to P. atlanticathan 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.

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

4. 2 Pistacia atlantica botanical review
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Pistacia atlantica is called in arabic ‘Al bottm, or ‘El buttum al atlassi’ to distinguish it to

Pistacia terebinthusor Pistacia palestina which are also called sometimes El buttum.

Themorphological 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). 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).

Pistacia atlantica trees are strong and vigorous, reaching 15–20 m in height; however,

intermediate trees are also observed. 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. 3) (Desfontaines, 1799; Battandier and Trabut, 1888; Monjauze, 1980; Quezel and

Santa, 1963). El Zerey-Belaskri (2016) noted that the bark is white-beige in the steppic and

Southern populations of Algeria. The trunk is mostly single (Quezel and Santa, 1963) but can

be branched from thebase. Pistacia atlantica is a hardwood species. 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 atlanticasubsp. atlantica in Algeria. Young pistachio plants

produce an initial orthogeotropic root which subsequently sends out several secondary

ramifications. 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. 4). El Zerey-Belaskri (2016)

reported the presence of a tree (in the region of Sidi Bel Abbes, Northwest Algeria) with 30 m

root length; et alPistacia atlantica root system is known as the most resistant to asphyxia root

as the other species of the genus (Behboodi, 2005).

Atlas pistachio trees are characterized by dense foliage. The leaves are more or less

coriaceous, deciduous, composed of one to eight leaflet pair and a terminal leaflet

(imparipinnate) (El Zerey-Belaskri and Benhassaini, 2016). The character of pinnate
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compound leaves is a synapomorphy for the Sapindales order. The leaves are symmetric with

opposite leaflets. However, asymmetric insertion on the rachis is very often observed (Inbar

and Kark, 2007; El Zerey-Belaskri, 2016). According to Graham et al. (1993) and Inbar and

Kark (2007), these phenomena may be considered as anindicator of developmental instability.

Inbar and Kark (2007) did not record any correlation between the phenomena and the

environmental conditions or biotic stress. By losing the terminal or the preterminal leaflet,

paripinnate leaves are observed (El Zerey-Belaskri and Benhassaini, 2016).

The leaflets are in variable shapesand many descriptions were interested in their

morphological variability (Engler, 1883; Zohary 1952; Quezel and Santa, 1963; Monjauze,

1968; Al Yafi, 1978; Kafkaset al., 2002; Belhadj et al., 2008; El Zerey-Belaskri and

Benhassaini, 2016). In Algeria, Pistacia atlantica subsp. atlantica leaf morphology shows

significant inter and intra-populational variability (El Zerey-Belaskri, 2016; El Zerey-Belaskri

and Benhassaini, 2016). The morphological leaf variability is observed on several characters

and divergences in leaf and leaflet sizes and shapes, in leaflet number, and in leaflet insertion

on the rachis; imparipinate and paripinate leaves, petiolulated and sessile terminal leaflets are

also observed.The petiole is flattened and the rachis is winged. The winged rachis is present in

this species but differs from a subspecies to another (Al Yafi, 1978). Trees lose leaves in

December and begin dormant from December through February.

In addition to the morphological variability, the leaves show a prominent chemical variability

regarding the leaf essential oil and  constitute a valuable source of potent natural compounds

such as, 'α-pinene', 'Terpinen-4-ol', 'p-cymene'   (Barrero et al., 2005; Tzakou, 2007;

Gourine et al., 2009; 2010; Ait Said et al., 2011; El Zerey-Belaskri et al., 2017). Indeed,

certain distinct populations in the North and in the South of Algeria are primarily

distinguished by such compounds as Germacrene D, E-caryophyllen (El Zerey-Belaskri et

al., 2017) ; and δ-3-carene (Gourine et al., 2010).
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Fig.3Pistacia atlanticaDesf. subsp. atlantica: (A, D, E) the habit; (D) tree become bare during winter; (A,D)

Single trunk; (E) Branched form base; (B) dark grey bark; (C) white-beige bark; (F, G) resin secretion (yellow

arrows); (H) hemispherical foliage (black arrows). Photos: A. El Zerey-Belaskri

Fig. 4 Pistacia atlantica root architecture: (A, D: deep roots); (B, C vigorous lateral roots) (Nb. Root denudation
is due to soil erosion)Photos: A. El Zerey-Belaskri
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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

a 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). InPistaciaatlantica 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. 6 B, B', C, C'). 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). Inversely, El Zerey-Belaskri (2016) reported that unlike in flower development, female

trees develop leaf buds before males (Fig. 6 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. 6 D, D'), joined at the base and supporting yellow round-shaped pollen sacs.

The apetalous female flowers are gathered in short panicles (Fig. 6 E, E') (Desfontaines,

1799). The perianths of the female flowers are highly variable. Three types are reported by El-

Oqlah (2001): a perianth with a single bract and three sepals, a perianth with a single bract

and 5 sepals, and the third type is composed of two whorls, an outer with 3 to 5 lanceolate

sepals with a hairy apex, and an inner with 3 to 5 sepals. This feature is an exception in the

genus Pistacia (El-Oqlah, 2001).
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The perigynous flowers carry tricarpellous and uniloculary ovaries. According to Wannan and

Quinn (1991), these features characterize a particular clade in Anacardiaceae which

correspond to Anacardioideae defined by the molecular studies of Terrazas (1994) and Pell

(2004). Pistacia atlanica female flowers have single-ovule ovaries. The fruit is a syncarps

drupe, morphologically variable (Zohary, 1952; Belhadj et al., 2008, El Zerey-Belaskri,

2016), with thin and oleaginous exocarp. It is small in size (≤0,8/0,7 cm) (El Zerey-Belaskri,

2016), large-oval drupes, red turning to dark green when mature (August to September) . Its

single seed is ovate and yellow. An average of 37 fruits per infructescence was recorded in

adult individuals (Anwar and Rabbani, 1996).
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Fig. 5 Major Pistaciaatlanticasubsp. atlantica phenological stages in male and female trees (from dormancy to

first foliation): A:dormancy (≈from late December to late February or early March, depending on the weather);

B&B’: swollen floral bud (≈ early March); C&C’: Tight cluster (around the second week in March); D,D’, E,

E’: first bloom (around the third week in March); F&F’: bloom (late in March), f&f’: show that female trees

develop leaf buds before male trees; G: male inflorescences (1:male racemous-tyrse, 2: male grape, 3: male

flower, 4: male flower size, 5: leaf bud); G’: female inflorescence (1’:femalepanicule, 2’: female grape, 3’:

female flower, 4’: female flower size, 5’: first leafing) NB: Bars=1cm. Stages and timing were observed from

December to March: 2013- 2015. All the photos were taken in 2015, in a natural population in the region of Sidi

Bel Abbes. PhotosA. El Zerey-Belaskri
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4.3 Pistacia atlantica geographic distribution and ecology

Pistacia atlantica is one of the Irano-Touranian taxa which is largely distributed 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). 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 where roots insinuate and

develop inside cracks and where it can overcome many other species in a growing

competition (Monjauze, 1968, 1980).

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 atlanticais 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.

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 ofPersan

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

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

different subspecies described above (Monjauze, 1968; Behboodi, 2004).
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Fig. 7Pistacia atlantica Desf. atlantica in various ecological conditions in Algeria : (A) in the plain, in the region of Tallout, Tlemcen (April 2013); (B) in the steppe, in the
region of El Abiod Sidi Chikh, El Bayadh (March 2014); (C) in a rocky desert (Hoggar Mountains; (D, E) in rocky soils in Northwest Algeria, Chigguer, Saida respectively
(December 2013); (F) along a valley in the Saharian Atlas (Bechar, July 2014) (G) in a rocky soils Bechar (South Algeria, July 2014). Photos (A, B, D, E, F, G) A. El Zerey-
Belaskri, (C) offered to the author by Y. Chebbouti.
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Pistacia atlantica subsp. cabulica mostly grows in regions with less altitude, but it is found

until 2500 m. Itis 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 atlanticasubsp. muticaoccurs 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

atlanticasubsp. 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 atlanticasubsp. 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). 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 (Fig. 7) which could be its main trait

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

steppe-forest formations.

5. Conclusion

Based on several morphological and molecular studies carried out on Pistaciaintra/inter

genetic relationships (examined above), the IPNI (2010) retained 11 species for the genus.

This list was updated from that reported by Zohary (1952, 1972) in his first Pistacia

monographs. However, the taxonomic status within the genus remains discussable and still

shows a permanent evolution.Under different ecological conditions in its large geographical

distribution area, Pistacia atlantica is characterized by remarkable morphological variability

which is a relevant key fortheconservation of pistachio germplasm.The different studies and

investigations regarding Atlas pistachio variability (at morphological, chemical and genetic

levels) 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
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and pathways of P. atlantica. This mapping will avoid any irrational exploitation or any

genetic 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. It would be important to protect the populations especially those

characterized by their chemical, genetic or morphological features. Several studies were

undertaken aiming to understand the origin of Pistacia diversity and to answer many previous

questions about the morphological variability in many regions in its vast distribution area.

Nevertheless, all these investigations are continuously opening up new prospects for deep and

detailed characterization in order to understand the structure of Pistacia atlantica natural

populations and its evolutionary history.

Acknowledgements

The author acknowledges Dr Yahia Chebouti, from INRF, Algies for providing a photo of

Pistacia atlantica in the Hoggar (presented in Fig7).

References

Adanson, M., 1763. Familles des plantes. Vincent, Paris, France.

Ait Said, S., Fernandez, C., Greff, S., Derridj, A., Gauquelin, T., Mevy, J.P., 2011. Inter-population variability of

leaf morphoanatomical and terpenoid patterns of Pistacia atlantica Desf. ssp. atlantica growing along an

aridity gradient in Algeria. Flora 206 (4): 397-405.

Al-Saghir, MG., 2006. Phylogenetic Analysis of the Genus Pistacia (Anacardiaceae). PhD thes, Virginia

Polytechnic Institute and State University. 112p.

Al Yafi, J., 1978. New characters differentiating Pistacia atlantica subspecies. Candollea, 33 (2): 201-208.

Al Yafi, J., 1979. Approches systématique et écologique du genre Pistacia L. dans la région méditerranéenne.

Thès doc Univ. D’Aix-Marseille St Jérome France.

Anwar,R.,Rabbani, M.A.,2001. Natural  occurrence,  distribution  and  uses  of Pistacia species  in Pakistan. In

Padulosi, S., Hadj-Hassan, A.,(eds.) Project on Underutilized Mediterranean Species. Pistacia: towards a

comprehensive documentation of distribution and use of its genetic diversity in Central & West Asia,

North Africa and Mediterranean Europe. Report of the IPGRI Workshop, 14-17 December 1998, Irbid,

Jordan.

APG (Angiosperm Phylogeny Group) 1998. An ordinal classification for the families of flowering plants. Annals

of the Missouri Botanical Garden 85:531-553.

APG (Angiosperm Phylogeny Group) 2003. An update of the Angiosperm Phylogeny Group classification for

the orders and families of flowewring plants: APGII. Botanical Journal of the Linnean Society 141: 399-

436.



AJMAP V5N3, 2019 70

APG (Angiosperm Phylogeny Group) 2009. An update of the Angiosperm Phylogeny Group classification for

the orders and families of flowering plants: APGIII. Botanical Journal of the Linnean Society, 161: 105–

121. With 1 figure.

Arabnezhad, H., Bahar, M., Pour, A.T., 2011. Evaluation of genetic relationships among Iranian pistachios using

microsatellite markers developed from Pistacia khinjuk Stocks. Scientia Horticulturae, 128: 249-254.

Barrero, A.F., Herrador, M.M., Arteaga, J., Akssira, M., Mellouki, F., Belgarrabe, A., Blàzquez, M., 2005.

Chemical composition of the essential oils of Pistacia atlantica Desf., Journal of Essential  Oil Research,

17: 52-54.

Battandier, J.A., 1910. Flore d'Algérie: Supplément aux phanérogames. Paris, P. Klincksieck. P 35.

Battandier, J.A., Trabut, L., 1888. Flore d’Algérie.  Alger : Adolphe Jourdan libraire-éditeur, Paris p191.

Battandier, J.A., Trabut, L., 1902. Flore analytique et synoptique de l’Algérie et de la Tunisie. Alger : Vve Giralt

imprimeur-éditeur.

Bazile-Robert, E., Suc, J.P.,Vernet, J.L., 1980. L'Histoire floristique des régions méditerranéennes depuis le

début du Pliocène. Naturalia Monspeliensia.237: 311-312.

Behboodi, B.S., 2004. Pistaciaatlantica Desf. 1800 in Iran. FAO-CIHEAM - Nucis-Newsletter, 12: 27-29.

Behboodi, B.S., 2005. Ecological distribution study of wild pistachios for selection of roostock . in : Oliveira

MM (ed.), Cordeiro V. (ed.). XIII GREMPA Meeting on Almonds and Pistachios. Zaragoza: CIHEAM,

Option Méditerranéenne 63 : 61-67.

Behboodi, B.S., Ghaffari, M., 2005. Pollen morphology and analysis of Iranian wild pistachio. in : Oliveira

M.M. (ed.), Cordeiro V. (ed.). XIII GREMPA Meeting on Almonds and Pistachios . Zaragoza :

CIHEAM, p. 123-127. (Options Méditerranéennes : Série A. Séminaires Méditerranéens; n. 63).

Belhadj, S., Derridj, A., Civeyrel, L., Gers, Ch., Aigouy, Th., Otto, Th., Gauquelin, Th., 2007a. Pollen

morphology and fertility of wild Atlas pistachio (Pistaciaatlantica Desf., Anacardiaceae). Grana, 46 (3):

148-156 doi: 10.1080/00173130701520310

Belhadj, S., Derridj, A, Aigouy, Th, Gers, Ch, Gauquelin, Th, Mevy, J.Ph., 2007b. Comparative morphology of

leaf epidermis in eight populations of Atlas Pistachio (Pistaciaatlantica Desf., Anacardiaceae).

Microscopy research and technique 70:837-846.

Belhadj, S., Derridj, A., Auda, Y., Gers, C., Gauquelin, T., 2008. Analyse de la variabilité morphologique chez

huit populations spontanées de Pistaciaatlantica en Algérie. Botany 86 : 520-532.

Benslama, M., Andrieu-Ponel, V., Guiter, F., Reille, M., de Beaulieu, J.L., Migliore, J., Djamali, M.,2010.

Pollen analysis from two littoral marshes (Bourdim and Garaat El-Ouez) in the El-Kala wet complex

(North-East Algeria). Lateglacial and Holocene history of Algerian Vegetation. Comptes Rendus

Biologies 333: 744-754.

Bhattacharyya, B., ohri, B.M., 1998. Flowering Plants: Taxonomy and Phylogeny. Springer Verlag, Berlin,

Germany.

Biltekin, D., Popescu, S.P., Suc, J-P, Quézel, P., Moreno, G.J., Yavuz, N., Cagatay, M.N.,2015. Anatolia: a long-

time plant refuge area documented by pollen records over the last 23 Million years. Review of

Palaeobotany and Palynology, Elsevier, 215:1-22.

Boissier, E., 1849., Diagnoses Plantarum Orientalium Novarum. Paris, Typis Marci Ducloux et Cons. Series 1, 2

(9): 1.



AJMAP V5N3, 2019 71

Borowicz, K., 1988. Chorology of trees and shrubs in South-West Asia and adjacent regions. Polish Scientific,

Warszawa Poznan.

Boudy, P., 1950. Economie forestière Nord africaine. Tome II, monographie et traitement des

essences forestières. Larousse (edn) Paris 610p

Boudy, P., 1952. Guide forestier en Afrique du Nord. La Maison Rustique (edn), Paris, p196.

Brichet, M., 1931. Compte rendu du livre des journées de l’arbre fruitier, Alger,  735p.

Brown, R., 1818. Observations, systematical and geographical, on Professor Christian Smith’s collection of

plants from the vicinity of the River Congo. In J.H. Tuckey, Narrative of an expedition to explore the

River Zaire. London, 420-485.

Bunge, A., 1835. Mémoires des savantes étrangers de l’academié de Saint - Pétersbourg. 2: 89.

Ceballos, L.,Ortuño, F., 1976. Estudio sobre la vegetación y flora forestal de las Canarias Occidentales. Excmo.

Cabildo Insular, Santa Cruz de Tenerife p 354.

Chase, M.W., Soltis, D.E., Olmstead, R.G., Morgan, D., Les D.H., Mishler, B.D., Duvall, M.R., Price, R.A.,

Hills, H.G., Qiu, Y., Dron, K.A., Rettig, J.H., Conti, E., Palmer, J.D., Manhart, J.R., Sytsma, K.J.,

Michaels, H.J., Kress, W.J., Karol, K.G., Clark, W.D., Hedrén, M., Gaut, B.S., Jansen, R.K., Kim, K.,

Wimpee, C.F., Smith, J.F., Furnier, G.R., Strauss, S.H., Xiang, Q., Plunkett, G.M., Soltis, P.S., Swensen,

S.M., Williams, S.E., Gadek, P.A., Quinn, C.J., Eguiarte, L.E., Golenberg, E., Learn, G.H., Graham, J.R.,

Barrett, S.C.H., Dayanandan, S., Albert., VA., 1993. Phylogenetics of seed plants: an analysis of

nucleotide sequences from the plastid gene rbcL. Annals of the Missouri Botanical Garden 80: 528-580.

Crane, J.C., 1974. Hermaphroditism in Pistacia. Calif. Agr. 28(2):3-4.

Cronquist, A.,1968. The evolution and classification of flowering plants. Nelson. London.

Cronquist, A., 1981. An integrated system of classification of flowering plants.

Columbia University Press, New York, New York , USA.

Cronquist, A., 1988. The evolution and classification of flowering plants. 2nd ed., New York

Botanical Garden, New York, 555 pages. QK 495 A1C75.

Dahlgren, R.M.T., 1980. A revised system of classification of the angiosperms. Botanical Journal of the

Linnaean Society 80: 91-124.

De Candolle, A., 1825. Prodromus systematis naturalis regni vegetabilis. Paris, Treuttel & Würtz. 2: 61-92.

Delph,  L.F., 1999.  Sexual  dimorphism  in  life  history. in: Geber, M.A., Dawson, T.E., Delph, L.F. (eds),

Gender and sexual dimorphism in flowering plants. Springer-Verlag, pp. 149-173.

De Candolle, A., 1928. Origines des plantes cultivées. Paris : Germer Baillière [English translation 1884. Origin

of cultivated plants. London : Kegan Paul, Trench].

De Candolle, C., 1868. Théorie de la feuille. Archivesdes Sciences Physiques et Naturelles (Bibliott.

universelle), 32, 32-64.

De Jussieu, AL., 1789. Genera plantarum secundum ordines naturales disposita. Paris: Herrissant & Barrois.

Desfontaines, RL., 1799-1800. Floraatlantica; sivehistoriaplatariumquaeinatlante, agro Tunetano et algeriensi

crescent. Paris, L. G. Desgranges 2: 364.

DGF,2015. (Direction Générale des Forêts, 2015). Etude portant sur le diagnostic écologique des peuplements

du Pistachier de l’Atlas et proposition d’un plan d’action pour leur réhabilitation et leur extension.

Présentation de la phase 1 de l’étude – Siège de la DGF (Alger, Algérie).



AJMAP V5N3, 2019 72

Edwards, W.N., Wonnacott, F.M., 1935. Anacardiaceae. Fossilium catalogus II Plantae. Berlin, W. Junk.

Eichler, AW., 1875-1878. Bluthendiagramme construirirt und erlautert, vol. 2. Wilhelm Engelmann, Leipzig,

Germany.

Eig, A., 1931-1932. Les éléments et les groups phytogéographiques auxiliaires dans la flore palestinienne. 2

Parts, Feddes. Rep. Spec. Nov. Reg. Veg. Beih, 63 : 1-121, 1-120.

El-Hamouti, N., Lamb, HF., Fontes, JC, Gasse, F., 1991. Changements hydroclimatiques abrupts dans le moyen

atlas marocain depuis le dernier maximum glaciaire, Comptes Rendus de l'Académie des Sciences, Paris,

Ser. II 313: 259-265.

El-Oqlah, AA., 1996. Biosystematic research on the genus Pistacia in Jordan. in: Padulosi S, Caruso T, Barone

E (eds) Taxonomy, distribution, conservation and uses of Pistacia genetic resources. IPGRI, Palermo,

Italy, pp 12–19.

El Zerey-Belaskri, A., 2016. A multidisciplinary approach for the characterization of Pistacia atlantica Desf.

subsp. atlantica diversity in Northwest Algeria. Unpublished PhD Thesis, Sidi Bel Abbes University

(Algeria) 143p.

El Zerey-Belaskri, A., Benhassaini, H., 2016. Morphological leaf variability in natural populations of

Pistaciaatlantica Desf. subsp. atlantica along climatic gradient: new features to update Pistaciaatlantica

subsp. atlantica key. Int J Biometeorol, 60: 577–589. doi:10.1007/s00484-015-1052-4.

El Zerey-Belaskri, A., Cavaleiro, C., Romane, A., Benhassaini, H., Salgueiro, L., 2017. Intraspecific chemical

variability of Pistacia atlantica Desf. subsp. atlantica essential oil from Northwest Algeria, J Ess Oil Res

29:1, 32-41, doi: 10.1080/10412905.2016.1185470.

El Zerey-Belaskri A., Ribeiro T., Alcaraz M.L., El Zerey W., Castro S., Loureiro J., Benhassaini H., Hormaza

J.I. 2018. Molecular characterization of Pistaciaatlantica Desf. subsp. atlantica (Anacardiaceae) in

Algeria: Genome size determination, chromosome count and genetic diversity analysis using SSR

markers, ScientiaHorticulturae, 227: 278–287. DOI.org/10.1016/j.scienta.2017.09.016

Endlicher, SL., 1836-1840. Genera plantarum. Wien.

Engler, A., 1876 . Anacardiaceae. inC. F. P. Martius (eds.), Flora Brasiliensis, 12 (2): 367-418. F. Fleischer,

Munchen and Leipzig, Germany.

Engler, A., 1883. Anacardiaceae.in: De Candolle ALP (ed.), Monographiae phanerogamarum.

Engler, A., 1892. Anacardiaceae. inA. Engler and K. Prantl (eds.), Die natürlichen Pfl anzenfamilien, 3 (5): 138

– 178. W. Engelmann, Leipzig, Germany.

Engler, A., 1896. Anacardiaceae. In: Engler A and Prantl K (eds.) De natürlichen Pflantzenfamilien, T. 3, Abt. 5.

Wilhelm Engelmann, Leipzig, pp. 138-178.

Erdtman, G., 1971. Pollen Morphology and Plant Taxonomy. Hafner Publishing Company, New York, USA.

Fauquette, S., Suc, J-P, Guiot, J, Diniz, F, Feddi, N, Zheng, Z, Bessais, E., Drivaliari, A., 1999. Climate and

biomes in the West Mediterranean area during the Pliocene. Palaeogeography, Palaeoclimatology,

Palaeoecology, 152: 15-36.

Fischer, F,G,, Meyer, A., 1838. Enumeratio plantarum quas in Provincia Talysch collegit. Bulletin de la société

impériale des naturalistes de Moscow, 4: 338-339.

Franchet, A., 1886. Plantae Yunnanenses. Bulletin de la Société Botanique de France, Paris, 33: 467.



AJMAP V5N3, 2019 73

Gadek, P,A,, Fernando, E,S,, Quinn, C,J,, Hoot, S,B,, Terrazas, T., Sheahan, M.C., Chase, M.W., 1996.

Sapindales: Molecular delimitation and infraordinal groups. American Journal of Botany, 83: 802-811.

Golan-Goldhirsh, A., Barazani, O., Wang, Z.S., Khadka, D.K., Saunders, J.A., Kostiukovsky, V., Rowland, L.J.,

2004. Genetic relationships among Mediterranean Pistacia species evaluated by RAPD and AFLP

markers. Plant Systeme Evolution, 246, 9-18.

Gourine, N., Bombara, I., Yousfi, M., Gaydou, E.M., 2009. Chemotype investigation for essential oil of leaves

of Pistacia atlantica Desf. from Algeria. Natural Product Communication, 4 (0): 1-6.

Gourine, N., Bombarda, I., Nadjemi, B., Yousfi, M., Gaydou., EM., 2010b. Chemotypes of Pistacia atlantica

leaf essential oils from Algeria. Natural Product Communications, 5(1): 115-120.

Graham, J.H., Freeman, D.C., Emlen, J.M., 1993. Antisymmetry, directional symmetry, and dynamic

morphogenesis. Genetica89: 121-137.

Gundersen, A., 1950. Families of dicotyledons. Chronica Botanica Company, Waltham, MA, USA.

Hallier, H., 1908. Über Juliania, veine Terebinthaceen gattung mit cupula, und die wahren Stammeltern der

Katzchenblutler. Beihefte zum Botanischen Centralblatt, Kassel, 23: 81-265.

Hohenacker, R.F., 1838. Pistacia mutica Fisch. & C. A. Mey. Bulletin de la Société des naturalistes de Moscou,

11 (4): 338 (Enum. pl. Talysch 102).

Hormaza, JI., 1995. PCR and the queen of Sheba. FAO - Nucis-Newsletter, 4: 15, 16.

Hsu, J., 1983. Late cretaceous and cenozoic vegetation in China, emphasizing their connections with North

America. Annals Missouri Botanical Garden, 70: 490-508.

Humboldt, F., Bonpland, A.J., Kunth, C., 1824. Nova genera et species plantarum. Paris, Sumptibus librariae

graeco-latini-germanicae 7: 22, t. 608.

Hutchinson, J., 1926. The families of flowering plants. MacMillan and Co., Limited, London, UK.

Hutchinson, J., 1973. The families of flowering plants. Clarendon Press, Oxford, UK.

Inbar, M., Kark, S., 2007. Gender-related developmental instability and herbivory of Pistacia atlantica across a

steep environmental gradient. Folia geobotanica, 42: 401-410.

IPNI (International Plant Name Index). 2010. http://www.ipni.org.

İsfendiyaroğlu, M., 2007. Hermaphroditism in Pistacia atlantica Desf: A New Report from İzmir/Turkey. E. Ü.

Ziraat Fak. Derg., 44 (3): 1-12.

Jordano, P., 1989. Predispersal biology of Pistacialentiscus (Anacardiaceae): Cumulative effects on seed

removal by birds. Oikos, 55: 357-386.

Joret, C., 1976. Les plantes dans l’antiquité et au moyen âge; histoire, usages et symbolisme. Slatkine Reprints,

Genève. Reprinted from the book first published in 1897-1904.

Kafkas, S., 2006. Phylogenetic analysis of the genus Pistacia by AFLP markers. Plant Systematics and

Evolution, 262 (1) : 113-124

Kafkas, F., Kaska, N., Perl-Treves, R., Gucluturk, H., Karaca, S. and Cetiner, M.S. 2001. Monoecious P.

atlantica in the Yunt mountains of Manisa province of Turkey. Options Mèditerranèennes 257-260.

Kafkas, S., Kafkas, E.,Perl-Treves, R.,2002. Morphological diversity and a germplasm survey of three wild

Pistacia species in Turkey. Genetic Resources and Crop Evolution, 261 (49): 261–270

Kafkas, S., Perl-Treves, R., 2001. Morphological and molecular phylogeny of Pistacia species in Turkey.

Theorical and Applied Genetics,102 (6): 908-915.



AJMAP V5N3, 2019 74

Kafkas, S., Perl-Treves R., 2002. Interspecific relationships in Pistacia based on RAPD fingerprinting.

Horicultural Science,37 (1): 168-171.

Karimi, H.R., Kafkas, S., 2011. Genetic relationships among Pistacia species studied by SAMPL markers. Plant

Systematics and Evolution,297:207–212. doi 10.1007/s00606-011-0508-1

Karimi, H.R., Kafkas, S., Zamani, Z., Ebadi, A., Fatahi Moghadam, M.R., 2009a. Genetic relationships among

Pistacia species using AFLP markers. Plant Systematics and Evolution, 279 (1): 21-28. doi

10.1007/s00606-008-0117-9.

Karimi, H.R., Zamani, Z., Ebadi, A.,, Fatahi, M.R. 2009b. Morphological diversity of Pistacia species in Iran.

Genetic Resources and Crop Evolution, (56):561-571.

Kokwaro, JO, Gillett JB., 1980. Notes on the Anacardiaceae of eastern Africa. Kew Bulletin, 34 : 745 -760 .

Lapie, G., 1909. Etude phytogéographique de la kabylie du Djurdjura. Thès. Doc Univ. Paris, 156p.

Lapie, G., Maige, A., 1914/1924. Flore forestière de l'Algérie. Orlagh (Edn). Paris. 358 p. Manuscrit remis le 14

novembre 1924. Dernières épreuves corrigées le 5 décembre 1924

Le Houérou, HN., 1997. Climate, flora and fauna changes in the Sahara over the past 500 million years. Journal

of Arid Environments, 37: 619-647.

Limane, A., Smail-Saadoun, N., Gradziel, T., 2014. Root architecture of Atlas pistachio in relation to underlying

soil properties under arid conditions. African Journal of Agricultural Research, 9(6): 620-626, doi:

10.5897/AJAR2013.7291.

Linnaeus, C., 1743. Genera Plantarum. Paris: Michaelis Antonii David, - Systema Naturæ.

Linnaeus, C., 1753. SpeciesPlantarum, Laurentii Salvii, vol. 2, pp. 1025-1026.

Lindley, J., 1830. An introduction to the Natural System of Botany. Longman, Rees, Orme, Brown and Green,

London, England.

Lindley, J., 1853. The vegetable kingdom; or, the structure, classification, and uses of plants, illustrated upon the

natural system. 3d ed. London: Bradbury and Evans.

Mabberley, D.J., 1997. The Plant Book. Cambridge University Press, Cambridge, UK.

Magallon, S., Sanderson, M.J., 2001. Absolute diversification rates in angiosperm clades. Evolution, 55: 1762-

1780.

Maley, J., 1980. Les changements climatiques de la fin du Tertiaire en Afrique: leurs conséquences sur

l’apparition du Sahara et de sa végétation. In: Williams AJ and Faure H. (eds), The Sahara and the Nile,

pp. 63-86. Rotterdam: Balkema AA. 607.

Marchand, NL., 1869. Révision du groupe des Anacardiacées. Bailliére JB and Sons, Paris, France.

Martelli, U., 1886. Florula Bogosensis. Enumerazione Delle Plante Dei Bogos. Firenze, Tipografia di Mariano

Ricci. p. 24.

Mathey-Dupraz, A., 1924. Notes sur la flore du département d'Alger. Bulletin de la Société Neuchâteloise des

Sciences Naturelles.

Mitchell, J. D., Daly, D. C., Pell, S. K., Randrianasolo, A. 2006. Poupartiopsis gen. nov. and its context in

Anacardiaceae classification. Syst. Bot. 31, 337–348. doi: 10.1600/036364406777585757

Mitchell, J.D., Mori, S.A., 1987. The cashew and its relatives (Anacardium : Anacardiaceae). Memoirs of the

New York Botanical Garden42: 1-76 .



AJMAP V5N3, 2019 75

Monjauze, A., 1968. Répartition et écologie de Pistacia atlantica Desf. En Algérie. Bulletin de la  Société

Naturelle d’Afrique du Nord, 56: 10-43.

Monjauze, A., 1980. Connaissance du bétoum Pistaciaatlantica Desf. Biologie forestière, 4 (32) : 356- 363.

Muller, J., 1984. Significance of fossil pollen for angiosperm history. Annals of the Missouri Botanical Garden,

71: 419-443.

Nadkarni, K.M., 1908. Indian Materia Medica. Popular Prakashan PVT.LTD. Mumbai 2, p. 975.

Ozbek, S., Ayfer, M., 1957. Pistacia turleri uzerinde sitolojik arastirmalar. Ankara, Univ. Ziraat Fakultesi

Yilligi, 3: 203-222.

Ozenda, P., 1983. Flore du Sahara.: CNR Ed. 622p.

Parfitt, D.E., Badenes M.L., 1997. Phylogeny of the genus Pistacia as determined from analysis of the

chloroplast genome. Proceeding National Acaddemy of Sciences. USA 94, 7987-7992.

Pell, SK., 2004. Molecular systematics of the cashew family (Anacardiaceae). PhD Dis. Louisiana State

University, Baton Rouge, LA, USA.

Perveen, A., Qaiser M., 2010. Pollen flora of pakistan – LXVI: Anacardiaceae Pak. J. Bot., 42(3): 1401-1406.

Pons, A., Quezel, P., 1998. A propos de la mise en place du climat méditerranéen. Comptes Rendus de

l'Acaddmie des Sciences, Sciences de la terre et des plantes, 327: 755-760.

Quezel, P., 1960. Flore et palynologie saharienne. Bulletin de l’Institut Fondamental d’Afrique Noire, 22 (A2):

353-359.

Quezel, P., 1985. Definition of the Mediterranean region and the origin of its flora (9-24). inC. Gomez-Campo

(ed.), Plant Conservation in the Mediterranean Area. Junk,Dordrecht: 9-24.

Quezel, P., Santa, S., 1963. Nouvelle flore de l’Algérie et des régions désertiques méridionales. Centre National

de la Recherche Scientifique, Paris T2, Pp : 611,612.

Ramirez, J.L., Cevallos-Ferriz, S.R.S., 2002. A diverse assemblage of Anacardiaceae from Oligocene sediments,

Tepexi de Rodriguez, Puebla, Mexico. American Journal of Botany, 89,535-545.

Rechinger, K.H., 1963. Anacardiaceae. in: Rechinger KH (ed) Flora Iranica, Akademische Druck- und

Verlagsanstalt, Graz, 63: 1-9.

Rechinger, K.H., 1969. Flora Des iranischen hochlandes und der umrahmenden gebirge, N°.63. Akademische

Druck-u. Verlagsanstalt, Graz (Austria).

Rendle, A.B., 1925. The classification of flowering plants. Cambridge University Press, Cambridge.

Rouskas, D., 1996. Conservation strategies of Pistacia genetic resources in Greece. in Padulosi, S., Caruso, T.,

Barone, E., (eds). Taxonomy, distribution, conservation and uses of Pistacia genetic resources. Report of

the IPGRI workshop 29-30 June 1995 Palermo, Italy. 37-41.

Savolainen, V., Chase, M.W., Hoot, S.B., Morton, C.M., Soltis, D.E., Bayer, C., Fay, M.F., De Bruijn, A.Y.,

Sullivan, S., Qiu, Y.L., 2000a. Phylogenetics of flowering plants based on combined analysis of plastid

atpB and rbcL gene sequences. Systematic Biology, 49:306-362.

Savolainen, V., Fay, M.F., Albach, D.C., Backlund, A., Van Der Bank, M., Cameron, K.M., Johnson, S.A.,

Lledó, M.D., Pintaud, J-C, Powell, M., Sheahan, M.C., Soltis, D.E., Soltis, P.S., Weston, P., Whitten,

W.M., Wurdack, K.J., Chase, M.W., 2000b.. Phylogeny of the eudicots: a nearly complete familial

analysis based on rbcl gene sequences. Kew Bulletin, 55:257-309.



AJMAP V5N3, 2019 76

Spach, ME., 1834. Histoire naturelle des végétaux phanérogames. vol. 2, p11, Librairie Encyclopedique de

Roret. Paris.

Stambouli-Essassi, S., 2003 Etude palynologique en Tunisie septentrionale et reconstitution de l’évolution de

l’environnement de 40 000 ans à l´époque présente. Thès. Univ. Liège Belgique.

Stevens, PF., 2008. Angiosperm Phylogeny Website, Version 9. http://www.mobot.org/MOBOT/research/

Apweb/ (consulted februay 2014).

Stockmans, F., Hooker., 1852. Notes on Beloochistan plants. Hooker’s Journal of Botany and Kew Garden

Miscellany 4: 143.

Suc, J-P., 1984. Origin and evolution of the Mediterranean vegetation and climate in Europe. Nature, 307

(5950): 429-432.

Suc, J-P, Bertini, A., Combourieu-Nebout, N., Diniz, F., Leroy, S., Russo-Ermollm, E., Zheng, Z., Fauquette, S.,

Ferrmr, J., 1995. Structure of West Mediterranean and climate since 5,3 Ma. Acta zoologica cracoviensis,

38 (1): 3-16.

Swingle, W.T., 1920. A new species of Pistacia native to southwestern Texas, P. texana. Journal of the Arnold

Arboretum 2: 105-110.

Takhtajan, A., 1954. Origins of Angiospermous Plants. American Institute of Biological Sciences, Washington,

D. C., USA.

Takhtajan, A., 1987. Systema Magnoliophytorum. Leningrad: lzdatel'stvo Nauka.

Takhtajan, A., 1997. Diversity and classification of flowering plants. Columbia University Press, New York,

New York, USA.

Terrazas, T., 1994. Wood anatomy of the Anacardiaceae: Ecological and phylogenetic interpretation. Ph.D.

dissertation, university of North Carolina, Chapel Hill, North Carolina, USA.

Thorne, RF., 1992. Classification and geography of the flowering plants. Botanical Review, 58(3): 225-348.

Throne, R.F., Reveal, J.L., 2007. An Updated Classification of the Class Magnoliopsida ("Angiospermae"). The

Botanical Review, The New York Botanical Garden USA, 73(2): 67-182.

Tiffney, BH., 1985. The Eocene North Atlantic land bridge: Its importance in Tertiary and modern

phytogeography of the Northern Hemisphere. Journal of Arnold Arboretum, 66: 243-273.

Tiffney, B.H., Manchester, S.R., 2001. The use of geological and paleontological evidence in evaluating plant

phylogeographic hypotheses in the Northern Hemisphere Tertiary. International Journal of Plant Science,

162: 3-17.

Tournefort, J.P., 1700. Institutiones rei herbariae. Typographia Regia, Paris, France.

Tzakou, O., Bazos, I., Yannitsaros, A., 2007. Volatile metabolites of Pistacia atlantica Desf. from Greece,

Flavour and Fragrance Journal, 22 (5): 358-362.

Van Campo, M., 1975. Pollen analysis in the Sahara. in: Wendorf F and Marks AE (eds), Problems in

Prehistory: North Africa and the Levant, 45-64. Dallas TX: Southern Methodist University Press.

Van Zinderen Bakker, B., Maley, J., 1979. Late Quaternary palae-oenvironments of the Saharan region.

Palaeoecology of Africa, 10(11): 83-104.

Wannan, B.S., Quinn, C.J., 1991. Floral structure and evolution in the Anacardiaceae. Botanical Journal of the

Linnean Society,107:349-385.



AJMAP V5N3, 2019 77

Weeks, A., Daly, D.C., Simpson, B.B., 2005. The phylogenetic history and biogeography of the frankincense

and myrrh family (Burseraceae) based on nuclear and chloroplast sequence data. Molecular and

Phylogenetic Evolution, 35, 85-101.

Wettstein, R, Hirmer, M, Süssenguth, K, Wettstein, F., 1935. Handbuch der systematischen botanik. 1962 reprint

by Asher & Company, Amsterdam, The Netherlands.

Wettstein, R., Hirmer, M., Süssenguth, K., Wettstein, F., 1944. Tratado de botánica sistemática. Editorial Labor

SA, Barcelona, Spain.

Weyland, H., 1941. Beiträge zur Kenntnis der Rheiniscehin Tertiarflora: V. Dritte Erganzungen und

Berichtigungen zur flora der Blätterkohle und des Polierschiefers von Rott im Siebengebirge.

Paleontographic, 86, 79-112.

Wikstrom, N., Savolainen, V., Chase, MW., 2001. Evolution of the angiosperms: Calibrating the family tree.

Proceeding of Biological Sciences, 268: 2211-2220.

Wolfe, JA., 1978. A paleobotanical interpretation of Tertiary climates in the Northern Hemisphere. Amer5can

Scientists, 66: 694-703.

Yaaqobi, A., El Hafid, L.,Haloui, B., 2009. Etude biologique de Pistaciaatlantica Desf. de la région orientale du

Maroc . Biomatec Echo, 6 (3) : 39-49.

Yaltirik, F., 1967a. Anacardiaceae. in: Davis PH (ed) Flora of Turkey, Edinburgh University Press,2: 544-548

Yaltirik, F., 1967 b. Anacardiaceae. Contributions to the taxonomy of woody plants in Turkey. Notes R Bot

Gard Edinburgh, 28:11-12

Yi, T., Miller, A.J., Wen, J., 2004 . Phylogenetic and biogeographic diversifi cation of Rhus (Anacardiaceae) in

the northern hemisphere. Molecular Phylogenetics and Evolution, 33: 861-879.

Yi, T., Miller, A.J., Wen, J., 2007. Phylogeny of Rhus (Anacardiaceae) based on sequences of nuclear NIA-i3

intron and chloroplast trnCtrnD. Systematic Botany,32: 379-391.

Yi, T., Wen, J., Golan-Goldhirsh, A., Parfitt, D.E., 2008. Phylogenetics and Reticulate Evolution in Pistacia

(Anacardiaceae). American Journal of Botany, 95 (2) 241-251.

Zaloğlu, S., Kafkas, S., Doğan, Y., Güney, M., 2015. Development and characterization of SSR markers from

pistachio (Pistaciavera L.) and their transferability to eight Pistacia species. Scientia Horticulturae, 189 :

94 - 103

Zohary, D., 1996. The genus Pistacia L. in: Padulosi S, Caruso T, Barone E  (eds). Taxonomy, distribution,

conservation and uses of Pistacia genetic resources. Report of the IPGRI workshop 29-30 June 1995

Palermo, Italy.

Zohary, D., 2000. The taxonomic ranking of Pistacia terebinthus and P. palaestinia. FAO-CIHEAM-Nucis-

Newsletter, 09: 39-40.

Zohary, M., 1952. A monographical study of the genus Pistacia. Palestine. JournalofBotany, Jerusalem Series,

5: 187-228.

Zohary, M., 1972. Pistacia L. Flora Palestine. Academy of Science and Humanities, Jerusalem 2:297-300

Arabian Journal of Medicinal and Aromatic Plants

www.ajmap.inf ISSN 2458-5920


