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Abstract. Pistacia atlantica has a lot of medical, pharmaceutical and economic benefits, and its variability shows its evolutionary 
potential. The objective of this study was to investigate morphological and micro-morphological variability of these trees within 
different ecological regions. This study offers a general description of sites, an analysis of morphological variability of twenty 
quantitative and qualitative parameters based on the impact of natural and artificial conditions, and leaf anatomical analysis. The 
results showed that the population exhibited heterogeneity in all parameters of the leaf related to changes in soil, density, climate 
and slope. Variability in nut size was also demonstrated which was due to the effects of climate, type of soil and topographic 
factors. The results of electron microscope scanning of leaf anatomy showed the existence of large micro-morphological variability 
between study sites.
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1. Introduction 

 Geographical situation and multitude of climates in 
Algeria created perceptible biodiversity of flora and 
fauna. Pistacia atlantica constitutes a kind of notable 
morphological biodiversity, as it shows rare plasticity 
attracting attention of specialists to its current knowledge 
and its interaction with different environments. This tree 
is characterized by ecological amplitude since it occurs 
from inside the Sahara to margins of humid bioclimate 
(Quézel & Médail 2003). It adapts to low rainfalls 
of about 150 mm and sometimes less (Benhssaini & 
Belkhodja 2004). This species does not require much 
rainfall, it is satisfied with very low rainfalls ranging from 
200 to 400 mm isohyet (Khaldi & Khoudja, 1996), the 
Atlas pistachio is a heliophilous species present where 
average temperature is between 7 and 7.5 °C (Larouci 
1987), it is indifferent to soil type (Zohary 1996), thus it 
grows well in clay or silty soil (Khaldi & Khoudja 1996). 
Pistacia atlantica occupies a large area and can be found 
in the Canary Islands, in Libya (Cyrenaica) in Cyprus 
and the Middle East (Quézel & Médail 2003). However, 

Baba Aissa (2000) adds that this tree is an endemic North 
African species (Morocco, Algeria, Tunisia).
 Pistacia atlantica tree is called “Betoum” in Algéria, 
“Botma” in North Africa and “Boutmela” in the Middle 
East and it is also known as wild pistachio or false 
pistachio (Monjauze 1980). It is described as a strong 
tree which can reach 20 m of height (Benhssaini & 
Belkhodja 2004) having an impressive aspect in adult age 
with a large and rounded crown of tight foliage. Leaves 
are deciduous, composed, alternate and pennate made 
up of 7 to 11 leaflets per leaf (Larouci 1987) or 3 to 15 
leaflets per leaf (Belhadj 1999), more or less leathery. 
They are from 2.5 to 6 cm in length, rarely – 12 cm, and 
0.5 to 1.5 cm in width. It is a monoecious tree in which 
male flowers are gathered in terminal clusters and female 
flowers in axillary clusters of greenish-yellow colour. 
 Flowering occurs between February and March, 
the appearance of fruits between March and May 
depending on space conditions. Fruits are reddish at 
ripeness and become dark green, black or brownish 
by the end of August, September and beginning of 
October. However, economic, ecological and even 
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Fig. 1. Location of the study area (base map: Google Earth)
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medicinal values of Pistacia atlantica tree remain less 
known, although it is a very useful and productive 
tree at the same time (Monjauze 1967) and has many 
medicinal, pharmaceutical, and economic benefits and 
even plays an important role in landscape conservation. 
In the oriental part of the Mediterranean zone, it has 
been already used in production of resin – mastic for 
medical purposes and as a rootstock in the cultivation 
of pistachio vera, for preservation purposes of arid and 
semi-arid regions. Its wood is used in production of soap 
(Benabid 1986). In Algeria, this interest grows with its 
exploitation by steppe populations in particular, who use 
it for themselves and their livestock. Leaves and bark are 
used in decoration, as medicine for stomachaches and 
gastric pains via inhalation (Baba Aissa, 2000); leaves 
are used as a febrifuge, galls are used as powder, alone 
or with round nutmeg as anti-diarrhea and stomachic 
powder. The lipid extracted from pistacia grains is rich 
in triglycerides, unsaturated fatty acids and phytosterols 
which are responsible for hypocholesterolemic effects 
(Mahmoud et al. 2015). Drupes play an important role in 
prevention of some metabolic problems, cardiovascular 
diseases and cancer (Rezaei et al. 2012). It was confirmed 
that essential oil and resin show antibacterial activities 
and phenolic and lipid extracts were discovered to show 
antileishmanial properties (Taran et al. 2010).
 This abundant species continues to regress year after 
year due to anthropogenic factors as well as problems 
with natural regeneration (Ait Said 2011). Other factors 
such as devastation, diseases and drought contributed to 
its degradation (Benhssaini & Belkhodja 2004).
 The objective of the study was to investigate 
morphological variability and characterise Pistacia 
atlantica in Algeria and to show the impact of environ-
mental conditions on this variability. Our study was based 
on leaf morphological and micromorphological varia-
bi lity of the best populations in Algeria in different 
ecological regions (Batna, Tlemcen, Saida, Tissemssilt, 
Laghouat) focusing on environmental factors that 
contribute to this variability. In addition, variability 
at different levels was measured: interpopulation – 
to recognise variability that exists between several 
regions found in different environmental conditions 
and intrapopulation – to measure variability inside each 
population.

2. Materials and methods

2.1. Study area

 The study area covered a large geographic area of 
the best population of this tree in different ecological 
zones (from North to South and from West to East of 
the Atlas Tellian Mountains) (Fig. 1). After targeting the 
best populations of Pistacia atlantica in the five sites, it 

was decided to establish circular plots of 25 m radius in 
each site.
 In the west site, Tlemcen and Saida are located in 
Tellian Atlas. The site of Saida is represented by the 
Dhaya Mountains and the northern limit of the high plain 
in semi-arid climate. They include soils of the region 
classified into three groups: limestone soils, red soil 
and the litho soils (S.A.T.E.C. 1976; B.N.D.E.R. 2008; 
Pietracarprina 1988; Halitim 1988). The site of Tlemcen 
is situated in the Northwest of Algeria. It belongs to a 
semi-arid Mediterranean climate characterized by two 
contrasting seasons, hot and dry summer and cold winter 
with abundant rainfall depending on altitude.
 In the East, the site of Batna is located between the 
Tellian Atlas and the Saharan Atlas, in arid climate and 
on poorly evolved soils; they are characterized by shallow 
depth and are often rich in limestone. Slopes are often 
steep, up to about 18%. This site experiences abundant 
grazing and moderate competition.
 Tissemssilt site is located in the centre of the country, 
in the national park of Theniet El Had, in subhumid 
climate and cold winters. The soil here is thin, less 
profound (Melazem 1990). This site is subject to 
abundant grazing and strong competition. In the south, 
the site of Laghouat spreads out in Saharan climate. The 
soil is of light texture (Table 1).

2.2. Sampling and measurements

 At each site (Batna, Tlemcen, Saida, Tissemssilt, 
Laghouat), thirty trees were randomly selected, followed 
by a topographic and edaphic description and the status 
of Pistacia population. On the sides of each tree, 30 
leaves were collected in May and 30 nuts were collected 
in September: a total of 150 healthy and mature trees of 
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the same age class (>100 years), 4500 leaves and 4500 
nuts were sampled.
 Leaves and nuts were stored in the laboratory for 
biometric, quantitative, qualitative morphological 
measurements using the method described for the species 
of Pistacia genre by Zohary (1952): leaf length (L.L), 
leaf width (L.W), petiole length (P.L), basal leaflet length 
(B.L.L), basal leaflet width (B.L.W), terminal leaflet 
length (T.L.L), terminal leaflet width (T.L.W), leaflet 
number (L.N), leaf colour (L.C), cluster length (C.L), 
nut number (N.N), peduncle length (Pe.L), peduncle 
width (Pe.W), terminal nut length (T.N.L), terminal nut 
width (T.N.W), basal nut length (B.N.L), basal nut width 
(B.N.W). 

2.3. Statistic analysis

 Descriptive statistics for each morphological para-
meter of the tree in each site was calculated, and then 
one-way variance analysis (ANOVA1) was applied 
between means of morphological parameters in different 
sites. Duncan test was also used to analyze the variance 
just to compare the means. The test applied probability 
level of (p=0.05). Principal component analysis (PCA) 
was used to regroup the sites of study based on ecological 
parameters, then Pearson correlation analysis was 
employed to examine the relation between morphological 
parameters and study sites .

2.4. Anatomy of the leaf

 Another harvest of leaves in the four sites (Saida, 
Laghouat, Tlemcen, Tissemssilt) was collected in 2019 
to make a micro-morphological comparison of leaflets 
between previously mentioned sites employing scanning 
electron microscope (type Carl Zeiss EVO LS 10). 
The studied leaflets were carefully cut into portions 
of about 1 cm2 taking into account the principal vein. 
Samples were cleaned with alcohol and then placed in 

the electron microscope to see the upper side using 500X 
magnification to observe the following organs: epidermal 
cells, trichomes, stomata, waxes, conductive devices.

3. Results

3.1. Principal component analysis (PCA)

 The PCA was done along three axes (Fig. 2) which 
represented 96% of the total information, the first 
factorial axe representing 44.14%, the second – 28.74% 
and the third – 23.21%. The first axis consisted of the 
variables (aspect, competition, grazing), the second axis 
– (climate, elevation and density) and the third axis – of 
variables (slope and type of the soil) (Table 2). 
 PCA is used to explain the variance-covariance 
structure of a set of variables, in this case, multiple 
ecological parameters, through linear combinations. 
We noticed presence of the site of Batna, forcefully 
distant on the third axis and it represented the slope or 
the topographical action as compared to other sites. In 
contrast, Tissemssilt and Saida were negatively correlated 
with the third axis (low slope). 

3.2. Morphological parameters of the leaf

 Table 3 shows the analysis of leaf parameters in five 
studied sites, and Table 4 shows the correlation between 
leaf parameters and factorial axes which represented 
ecological factors of the sites. 
 The average leaf length of all the trees of the five 
sites was 7.63 cm. The minimum length was (2.47 cm) 
in Batna, and the maximum length was (12.50 cm) in 
Tlemcen. Variance analysis indicated a highly significant 
difference between the sites. Duncan homogeneity test 
showed existence of four distinct groups (G1: Batna, G2: 
Saida, G3: Laghouat, G4: Tlemcen and Tissemssilt). A 
negative correlation was observed between leaf length 
and the second and the third axes. 

Table 1. Characteristics of study sites

Sites Batna Tissemssilt Tlemcen Saida Laghouat
Climate arid subhumid upper semi-arid lower semi-arid Saharan
Annual average temperature 

(min-max)
8.3-22.5 6.4-16.3 12-24.4 10.2-23.8 12.2-25.5

Geographic coordinate X 5° 58’ 31.92’’ 1° 58’ 29.25’’ 0° 57’ 54.37’’ 0° 44’ 53.87’’ 2° 08’ 51.24’’
Y 35° 17’ 08.06’’ 35° 49’ 32.92’’ 34° 55’ 52.48’’ 34° 56’ 44.04’’ 33° 56’ 02.10’’

Topographic and 
pedological description

Elevation [m] 1030 1243 749 869 1158
Slope [%] 42 20 14 7 15
Aspect Northeast Southeast North Northeast East
Soil type limestone clayey fertiallitic 

limestone
alluvial light clay

Grazing heavy heavy absent absent low
Competition moderate strong absent moderate absent
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 Average value of leaf width in all the studied sites was 
6.71 cm with extreme values, minimum in Batna (2.72 
cm), maximum in Tissemssilt (12 cm). The analysis of 
variance showed a highly significant difference between 
the sites. Duncan test for the variable L.W showed the 
existence of three distinct groups (G1: Batna, G2: Saida, 
Tlemcen and Laghouat, G3: Tissemssilt). The correlation 
coefficient confirmed existence of a negative correlation 
between leaf length and the third factorial axis which 
represented the slope factor. 
 Average petiole length was 2.40 cm in the studied 
sites. Minimum and maximum values were: 0.50 cm in 
Laghouat and 4.22 cm in Tlemcen, respectively. Variance 
analysis was highly significant showing very large 
variability between different sites for the PL parameters 
(p=0.000). The Duncan homogeneity test for the variable 
PL yielded two groups: (G1: Laghouat, Batna and Saida, 
G2: Tissemssilt and Tlemcen). 
 Correlation test showed that the petiole length and 
the factorial axis 2 were negatively correlated (Table 4). 

Table 2. Component matrix

Component

1 2 3
Climate -0.470 0.804 0.188
Slope 0.336 0.263 0.837
Elevation 0.555 0.812 0.071
Density -0.106 -0.942 0.310
Grazing 0.919 0.006 0.365
Competition 0.982 -0.088 0.100
Soil 0.039 0.438 -0.869
Aspect 0.975 0.200 -0.038

Fig. 2. Results of a principal component analysis

Average petiole width was 0.3 cm in all the sites of the 
study ranging from a minimum length of (0.03 cm) in 
Saida and a maximum length of (0.2 cm) in Tissemssilt. 
The sites of Batna and Tlemcen revealed the same 
average length of (0.14 cm). Analysis of variance was 
highly significant explaining very large variability 
between the sites of Saida and Tissemssilt (p=0.000). 
Duncan test for the PW variable demonstrated existence 
of three groups (G1: Saida and Laghouat, G2: Batna and 
Tlemcen, G3: Tissemssilt). There was no link between the 
groups. The petiole width and the factorial axes 1 and 3 
were positively correlated. By contrast, it was correlated 
negatively with axis 2. 
 Basal leaflet lengths in all the sites of the Pistacia 
atlantica exhibited average length of 3.13 cm. The 
longest leaflets reached 5.50 cm in Tissemssilt, while the 
shortest of 1.22 cm were observed in Batna. The variance 
analysis was very highly significant which explained 
very large variation between different studied sites for 
the BLL parameters (p=0.000). The test of Duncan for 
this variable demonstrated existence of three groups 
(G1: Batna, G2: Saida and Laghouat, G3: Tlemcen and 
Tissemssilt). The basal leaflet length was negatively 
correlated with axes 2 and 3. 
 Average basal leaflet width of the five sites was 
1.12cm. The largest leaflets were 3 cm wide and were 
found in Saida, while the smallest ones – 0.42 cm were 
recorded in Batna. The variance analysis of the sites was 
highly significant (p=0.000). Duncan test for the BLW 
was formed by four groups (G1: Batna, G2: Laghouat, 
G3: Saida and Tlemcen, G4: Tissemssilt). There was a 
negative correlation between the width of the basal leaflet 
and axes 2 and 3. 

Effect of environmental conditions on morphological variability of leaves and fruits...Taib Nadjat & Sitayeb Tayeb
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 Average length of terminal leaflets was 3.34 cm. 
This length varied between minimum value of 1.08 
cm registered in Batna and maximum value of 6 cm 
observed in Saida. Analysis of variance was highly 
significant (p=0.000) accounting for very large variability 
between different sites. Duncan test for the variable 
TLL demonstrated existence of three different groups 
(G1: Batna, G2: Laghouat, G3: Tlemcen, Saida and 
Tissemssilt). A negative correlation between the terminal 
leaflet length and axes 2 and 3 was recorded.
 Average terminal leaflet width in all studied stands 
was 1.05 cm. It varied between 0.36 cm in Batna and 
3 cm in Tissemssilt. The variance analysis was highly 
significant (p=0.000) accounting for inter-populating 
variability. Duncan test for variable BLW demonstrated 
existence of three groups (G1: Batna, G2: Laghouat 
and Saida, G3: Tlemcen and Tissemssilt). There was 
a negative correlation between the the terminal leaflet 
length and factorial axes 2 and 3. 
 The colour was quite difficult to define and colour 
overlapping was observed. This is why three more 
dominant colours were considered, namely: green, yellow 
and red. This parameter was considered as a qualitative 
variable which was viewed through the average of the 
green colour that was dominant in all the studied sites. 
The variance analysis was highly significant (p=0.000) 
explaining very large variability between sites. Duncan 
test for the variable leaf colour showed existence of two 
groups (G1: Saida and Tissemssilt, G2: Tlemcen, Batna 

Table 3. Morphological parameters of leaves originating from five studied localities

Parameters*
Sites

Batna Tlemcen Saida Tissemssilt Laghouat

Leaf length 4.32
(2.47-7.08)

8.55
(5.83-12.50)

7.80
(6.00-10.00)

9.39
(6.40-12.30)

8.08
(5.60-11.00)

Leaf width 4.36
(2.72-6.14)

7.07
(4.71-11.63)

6.10
(4.70-8.00)

8.65
(5.30-12.00)

7.37
(4.50-9.50)

Petiole length 2.06
(0.76-3.48)

2.74
(1.50-4.22)

2.68
(2.00-3.70)

2.51
(1.50-4.20)

2.04
(0.50-3.90)

Petiole width 0.14
(0.10-0.20)

0.14
(0.10-0.20)

0.09
(0.03-0.1)

0.17
(0.1-0.2)

0.1
(0.1-0.1)

Basal leaflet length 2.13
(1.22-3.36)

3.44
(2.20-5.08)

3.18
(2.00-4.20)

3.63
(2.20-5.50)

3.26
(1.80-4.50)

Basal leaflet width 0.70
(0.42-1.02)

1.27
(0.60-2.08)

1.18
(1.00-3.00)

1.36
(0.80-2.10)

1.08
(0.50-1.50)

Terminal leaflet length 1.98
(1.08-3.16)

3.59
(2.30-5.08)

3.76
(3.00-6.00)

4.01
(2.50-5.80)

3.36
(2.40-5.00)

Terminal leaflet width 0.58
(0.36-0.95)

1.29
(0.90-2.30)

1.08
(0.60-3.00)

1.31
(0.80-2.00)

0.98
(0.70-1.40)

Leaf color 1.57
(1-2)

1.40
(1-3)

1.00
(1-1)

1.00
(1-1)

1.63
(1-3)

Leaflet number 8.40
(5.60-10.26)

8.60
(7.00-11.00)

8.44
(6.60-9.80)

9.43
(7.00-11.00)

9.36
(7.00-11.00)

Explanation: * − significance level for all parameters: 0.000 at 0.05 level

Table 4. Correlation between morphological parameters of leaves 
and factorial axes

Parameters Axe 1 Axe 2 Axe 3 
Leaf length -0.06 -0.28** -0.69**
Leaf width -0.09 -0.12 -0.59**

Petiole length -0.00 -0.38** -0.14
Petiole width -0.31** -0.24** -0.18*

Basal leaflet length -0.01 -0.22** -0.52**

Basal leaflet width -0.04 -0.30** -0.46**

Terminal leaflet length -0.07 -0.29** -0.63**

Terminal leaflet width -0.00 -0.42** -0.49**

Leaf color -0.27** -0.22** -0.19*

Leaflet number -0.07 -0.14 -0.22**

Explanations: **, * − significant at the 0.01 and 0.05 levels, respectively

and Laghouat). A negative correlation was observed 
between leaf colour and axis 1 and a positive correlation 
with axes 2 and 3.
 Average number of leaflets per leaf in all the studied 
sites was 8.83 with the same average of maximum 
number (11 leaflets per leaf) in the three sites: Tlemcen, 
Tissemssilt and Laghouat, and an average of minimum 
number (5.60 leaflets per leaf) in Batna. Variance analysis 
was highly significant between the studied sites (p = 
0.000). Duncan test for the LN variable showed existence 
of two groups (G1: Batna, G2: Tlemcen, Saida, Laghouat 
and Tissemssilt). A negative correlation existed between 
this parameter and axis 3. 

Biodiv. Res. Conserv. 58: 1-12, 2020
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3.3. Morphological parameters of the nut

 Table 5 shows the analysis of variance of nut 
morphological parameters in five studied sites, and Table 
6 shows the correlation between the parameters of the nut 
and the three factorial axes which represented ecological 
factors of the sites. 
 Average cluster length in the five sites was 7.66 cm; 
minimum length – 5.20 cm and maximum length – 12 cm 
in the same site of Laghouat. Variance analysis (p=0.3) 
showed that there was no difference between sites 
accounting for absence of inter-populating variability of 
this variable. Correlation coefficient analysis revealed no 
environmental impact on this parameter. 
 Average number of nuts was 25.72 in the five studied 
sites and it varied between 9 in Laghouat and 66 in 
Tissemssilt. Variance analysis was highly significant 
(p=0.000) showing very large variability in the number 
of nuts per cluster between the sites. Duncan test for LN 
variable showed existence of two groups (G1: Laghouat, 

Saida and Batna, G2: Tlemcen and Tissemssilt). Negative 
correlation was observed between the number of nuts per 
cluster and axis 2. 
 Our measurements showed that average peduncle 
length of the nut was 2.12 cm, with minimum of 0.5 cm 
in Tlemcen and maximum of 5 cm in Batna and Saida. 
Variance analysis was not significant (p=0.1). Besides, 
there was no correlation between peduncle length and 
environment factors. 
 Average peduncle width of nuts was 0.36 cm with 
minimum of 0.20 cm registered in three sites (Tlemcen, 
Tissemssilt and Laghouat) and maximum – 0.5 cm 
registered in the remaining sites (Batna and Saida). 
Variance analysis was not significant; there were no 
differences between sites and no correlation was found 
between peduncle width of nuts and environmental 
factors.
 Average length of the nut terminal was 0.75 cm 
and ranged from 0.40 cm in Laghouat to 0.9 cm in 
Tissemssilt. The analysis of variance was not significant: 
no difference was observed and no correlation was 
recorded between the length of the nut terminals and the 
environmental factors.
 Average width of the nut terminal in the five sites was 
0.52 cm and varied between 0.4 cm in Tissemssilt and 
Laghouat and 0.8 cm in Tlemcen. Variance analysis was 
highly significant (p=0.000) explaining large variability 
between the sites. Duncan test for TNW variable 
showed existence of three groups (G1: Laghouat, G2: 
Batna, Saida and Tissemssilt, G3: Tlemcen). A negative 
correlation occurred between the length of the nut ter-
minals and axis 2. 
 Average length of nut basal of trees was 0.57 cm 
for all studied populations. It varied between 0.4 cm in 

Table 5. Morphological parameters of nuts originating from five studied localities

Parameters
Sites

Significance level
Batna Tlemcen Saida Tissemssilt Laghouat

Cluster length 7.92
(6.30-9.60)

8.14
(6.20-11.20)

7.73
(6.30-9.60)

7.93
(5.50-11.00)

6.69
(5.20-12.00) 0.326

Nut number 22.41
(13-35)

35.88
(16-62)

21.60
(11-35)

41.16
(17-66)

15.70
(9-23) 0.000

Peduncle length 2.60
(1.00-5.00)

1.71
(0.50-3.50)

2.54
(1.00-5.00)

1.51
(0.50-2.20)

1.86
(0.80-3.00) 0.101

Peduncle width 0.40
(0.30-0.50)

0.31
(0.20-0.40)

0.40
(0.30-0.50)

0.35
(0.20-0.50)

0.34
(0.20-0.50) 0.102

Terminal nut length 0.55
(0.50-0.60)

0.66
(0.50-0.80)

1.23
(0.60-0.65)

0.78
(0.70-0.90)

0.59
(0.40-0.80) 0.396

Terminal nut width 0.5
(0.50-0.50)

0.61
(0.50-0.80)

0.51
(0.50-0.60)

0.56
(0.40-0.70)

0.47
(0.40-0.60) 0.000

Basal nut length 0.55
(0.50-0.60)

0.57
(0.50-0.60)

0.65
(0.60-0.70)

0.63
(0.50-0.70)

0.50
(0.40-0.60) 0.000

Basal nut width 0.48
(0.40-0.50)

0.55
(0.50-0.70)

0.51
(0.40-0.60)

0.48
(0.40-0.60)

0.44
(0.30-0.50) 0.008

Table 6. Correlation between morphological parameters of nuts 
and factorial axes

Parameters Axe 1 Axe 2 Axe 3 
Cluster length -0.10 -0.26 -0.15
Nut number -0.17 -0.51** -0.01
Peduncle length -0.10 -0.07 -0.21
Peduncle width -0.24 -0.10 -0.16
Terminal nut length -0.09 -0.11 -0.15
Terminal nut width -0.06 -0.55** -0.01
Basal nut length -0.41** -0.49** -0.17
Basal nut width -0.09 -0.50** -0.06

Explanations: **, *  − significant at the 0.01 and 0.05 levels, respectively

Effect of environmental conditions on morphological variability of leaves and fruits...Taib Nadjat & Sitayeb Tayeb
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Laghouat and 0.7 cm in Saida and Tissemssilt. Variance 
analysis was highly significant (p=0.000) for BNL 
variable. Duncan test showed existence of three groups 
(G1: Laghouat and Batna, G2: Tlemcen, G3: Tissemssilt 
and Saida). A correlation existed between the length of 
the nut basal and environment factors. It was positively 
correlated with axis 1 and negatively – with axis 2. 
 Average width of the nut basal in the studied po-
pu lations of Pistacia atlantica trees was 0.49 cm with 
minimum width of 0.30 cm in Laghouat and maximum 
of 0.7 cm in Tlemcen. Variance analysis was highly 
significant (p=0.008). Duncan test for BLW variable 
showed existence of three groups (G1: Laghouat, 
Tissemssilt and Batna, G2: Saida, G3: Tlemcen). 
A negative correlation occurred between widths of the 
nut basal and axis 2. 

3.4. Anatomy of the leaf

 Pictures obtained from electron microscope scanning 
(Carl Zeiss EVO LS 10) made it possible to compare leaf 

parameters (epidermal cells, stomata, trichome, wax, and 
vessel element) in the four sites (Fig. 3)
 The upper side of the leaflet was generally smooth 
in Saida, Laghouat and Tlemcen sites; however, in 
Tissemssilt it was corrugated. The shape of epidermal 
cells was different in four sites. In Saida, cells were 
elongated flat, in Laghouat, cells formed groups of 
striated cells with rays oriented towards the centre, in 
Tlemcen, they had irregular shapes although majority 
were rectangular. However, cells in Tissemssilt were 
regularly ordered in a convex, isodiametric and were 
cross-linked forming rounded ridges.
 Stomata occurred in various numbers and shapes. 
The main types of stomata observed were: anomocytic, 
actinocytic, which were most abundant, especially in 
Tissemssilt; these two types were found in all sites in a 
variety of forms: oval, oblong, circular. However, they 
were rectangular Tlemcen. In the remaining three sites 
(Saida, Laghouat, Tlemcen), stomata were placed near 
the central vein, elliptical. Hairs or rays around stomata 
were observed in Saida and Tissemssilt sites.

Fig. 3. SEM images of leaflets originating from four studied localities showing epidermal cells, stomata, and stripes of cuticle
Explanations: A – Saida, B – Laghouat, C – Tlemcen, D – Tissemssilt

A B

C D
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 Trichomes were epidermal extracts on the leaflet 
in various forms. Saida site contained two types: glan-
dular and arched but they were situated above the main 
vein.
 Leaflets in Laghouat site rarely had trichomes, 
whereas they were very abundant in Tlemcen, their 
extracts were present on the whole surface of the leaflet 
in two different forms elongated unicellular and the other 
was glandular. Leaflets in Tissemssilt site contained 
abundance of trichomes in various forms: glandular, 
elongated, and arched. 
 Microscopic examination of leaflets showed wax 
in the form of crystals, balls and, sometimes, as a flow 
near stomata. Wax was found in all sites, but it was more 
notable in Tlemcen and Tissemssilt. In Laghouat, wax 
flows were observed particularly in and around the main 
vein. 
 Microscopic examinations distinguished differences 
in the form of the vessel element. In Saida, it appeared 
intertwined, in Laghouat and Tlemcen – elongated 
and regular, whereas in Tissemssilt, it was elongated, 
intertwined, eminent and swollen. 

4. Discussion

4.1. Morphological parameters

 Intra and inter-populating variability observations 
of specific morphological parameters are sometimes 
sufficient to distinguish different species. In some 
cases, one observed feature allows to identify a species 
or a group of species. However, in other cases, a set of 
features had to be considered to characterize a species 
(Lesins & Lesins 1979). In this study, variability 
evaluation of specific features, like leaf or fruit morpho-
logy, was a good evaluation tool. The obtained data clearly 
showed that the studied populations of Pistacia atlantica 
are characterised by a high intra and inter-population 
morphological variability. Such a high phenotypic 
variability resulted from multiple indicators related 
to the diversity of edaphic, topographic, climatic and 
anthropic factors. It may result from a strong genotypic 
heterogeneity and influence of environmental factors 
(Bonny & Dje 2011), or environmental degradation due 
to overgrazing and global climatic changes leading to 
increasing length and severity of drought periods that 
compromise P. atlantica natural regeneration (Zaafouri 
& Chaieb 1999). In Turkey, Vargas et al. (1997) and 
Kafkas and Kaska (1998) demonstrated the occurrence 
of a significant genetic variability of this species. 
 According to Monjauze (1980), leaf length in Pistacia 
atlantica trees rarely exceeds 12 cm. Doghbage et al. 
(2018) claim that leaf length and width vary, depending 
on stations, between (10.69- 11.04 cm) length and 
(7.14-7.44 cm) width, it has between 3 to 11 leaflets, the 
terminal leaflet is 3.61 cm long and 1.12 cm wide, the 

petiole is 2.22 cm. According to Berrichi et al. (2017), 
average leaf length is 12.6 cm and width – 9.25 cm with 
a petiole 2.73 cm long. The big leaflet is 5.16 cm long 
and 1.72 cm wide, while the small leaflet is 3.41 cm long 
and 1.30 cm wide. Quézel and Médail (2003); Ait Said 
et al. (2011); Benabdallah (2012) and Benfoddil (2015) 
mentioned that the parameters of the leaf, leaflet, and 
petiole of Pistacia atlantica tree in the region of Tlem-
cen showed more elevated vegetative values than those 
in the Saharan and arid zones. 
 As far as the leaf colour is concerned, it is green or 
dark green (Belhadj 2008; Kafkas et al. 2002; Yaltirik 
1967). Thus, our study explained this heterogeneity 
by differences in environmental factors: soil, density, 
climate and slope, for all the parameters of the leaf. 
According to Royer et al. (2008), dimensions and 
morphology of leaves are affected by the climate which 
leads to variations in the same species, the reduction 
in the leaf size is correlated with the decrease of 
perspiration Fahn (1967). Barboni et al. (2004) noted 
that dimensions of the leaf may vary under the impact 
of certain ecophysiological phenomena in relation with 
chlorophyll pigments on the one hand, and on the other 
hand, with chlorophyll contents tending to change its 
function depending on the availability of water because 
water stress can cause oxidation of chlorophyll pigments 
resulting in a fair green colour of leaves. The number 
of pairs as well as the colour of the leaflets are the most 
affected features by ecological factors and can also 
vary due to leafage and longitudinal gradient (Zohary 
1952; Alyafi 1979). Small leaves tend towards being 
very abundant in highlands and cold regions (Barboni 
et al. 2004). Nevertheless, part of the influence of the 
genetic factor on the population under the influence of 
the environment and which is implied in the adaptation 
with environmental changes cannot be omitted (Maxted 
et al. 1997). 
 Hence, nut features are used to differentiate the four 
species of Pistacia (Alyafi 1979; Behboodi 2004). In 
this study, the length of the nut was almost the same, 
whereas the width varied. According to Yaltirik (1967); 
Belhadj et al. (2008), the width of the fruit is between 
0.5 and 0.6 cm. This difference is explained by the effect 
of climate, soil type and elevation factors. The cross 
fecundity (allogamy) may explain differences observed 
at individual levels of fruits and grains (Holaly et al. 
2015), so this difference allows for a better adaptation 
to the environment (Hamrick & Godt 1990; Legg et al. 
1992).
 Morphological and anatomical variability allows the 
species to adapt and survive in different environments, 
these variations include: decrease in size, winding of 
leaves and density of stomata (Bosabalidis & Kofidis 
2002). As mentioned by Martins and Zeini (2003), 
anatomical features can be used as indicators of tole-
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rance during drought. So the epidermal surface, the 
trichome and wax can modify gas exchange flow.

4.2. Anatomic parameters of the leaf

 The microscopic study has specified the examination 
of the leaf epidermis which can be used in the 
identification of species and types of species (Navarro 
& El Oualidi 1999; Newton 1972; Stant 1973) and their 
aridity plays a role in survival and growth of the Pistacia 
atlantica tree (Ait Said et al. 2004 ), the trichome is 
considered as a taxonomic trait (Salmaki et al. 2009; 
Shaheen et al. 2009; Krak & Mraz 2008), it has an 
adaptive and a defensive role (Jeffree 1986) against 
mollusc, insects and herbivores (Duffey 1986), also the 
type of glandular trichome has an important role in the 
production and storage of essential oils (Polichuk et al. 
2007; Giuliani & Bini 2008; Biswas et al. 2009). Stomata 
play a significant role in gas and water exchanges 
between the leaf and the atmosphere (Miyashita et al. 
2005), they open and close depending on environmental 
factors (light, the CO2 concentration of water), and even 
some cations (potassium, calcium), anions (chloride) are 
actively involved in opening and closing the stromata, 
wax reduces wasting water after closing the stomata 
delaying severe water stress (Kozlowski & Pallardy 
1979). 
 Results of electron microscope scanning of micro-
morphology of the leaflets made it possible to distinguish 
large micro-morphological variability in the four studied 
sites due to environmental conditions where stomata 
variability was observed. This mechanism of stomatic 
control is very efficient in saving intracellular water of 
the leaf (Flexas & Medrano 2002; Gallé et al. 2007). 
 According to Ait Said et al. (2004), presence of 
half-open stomata in the most arid sites is due to huge 
resistance to aridity, In our study, two different types 
of stomata (anomocytic and actinocytic) were found 
(Belhadj 2008). Also a high variability of trichomes was 
observed. Elevation and ow temperature play a key role in 
the in the occurrence of trichomes and their distribution 
(Belhadj 2008). Although the stomata are declared by 
Metcalfe and Chalk (1950) to be anomocytic, Lin et 
al. (1984) pointed out the presence of actinocytic ones. 
The differences in the amount of wax on the surface 
of the leaflets noticed in our sites, can be explained by 
environmental differences (Carpenter et al. 2005; Holmes 
& Keiller 2002; St-Laurent et al. 2000). In certain sites, 

stomata close and are covered by trichomes or wax; 
according to (Fahn 1967), this mechanism is notable in 
xeromorphic plants to prevent water waste. 

5. Conclusion

 The presence of Pistacia atlantica tree in Algeria 
and its adaptation to different environments encouraged 
us to investigate whether morphological and micro-
morphological variability of leaves of this species occurs 
in all sites under different environmental conditions 
(Batna, Tlemcen, Saida, Tissemssilt and Laghouat). In 
five studied populations, average measurements were: 
leaf – 7.63 cm length and 6.71 cm width, petiole – length 
2.40 cm and width 0.3 cm. the basal leaflet was 3.13 cm 
long and 1.12 cm wide, terminal leaflet was 3.34 cm 
long and 1.05 cm wide. The number of leaflets per leaf 
was 8.83 with three main colours (green, yellow and 
red). Each cluster held 25.72 nuts with average length of 
7.66 cm, its terminal nut was 0.75 cm long and 0.52 cm 
wide, whereas its basal nut was 0.57 cm long and 0.49 cm 
wide. Length and width of the peduncle were 2.12 cm 
and 0.36 cm, respectively.
 Environmental factors were found to exert a remar-
kable impact on heterogeneity of almost all studied 
features where differences in all leaf parameters were 
caused by soil change, climate, density and slope. The 
nut length variability was explained by climate, soil and 
elevation effect. 
 Pictures obtained from electron microscope scanning 
showed differences in leaf anatomy between four studied 
sites. Majority of epidermal surface was smooth. The 
observed stomata were anomocytic and actinocytic. 
Different types of trichomes: glandular, arched and 
elongated were observed in studied sites. Wax was found 
to occur in all sites and there were differences in the 
architecture of vessel elements.
 This phenotypic variability of natural populations 
offers choice possibilities to select a vegetative material 
adaptable to different regions. 
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