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ABSTRACT The aim of our study is to define the factors influencing the natural regeneration of Aleppo 
pine (Pinus halepensis Miller, 1768) in the Mediterranean forest, particularly in the most im-
portant forest (massif of Senalba Chargui) in Algeria, characterized by its semi-arid climate. 
Stratified and subjective sampling are adopted in our work; stratified sampling makes it pos-
sible to obtain representative stations for the various existing ecological situations. We divided 
our study area into 4 stations according to the massif, the slope exposure and the type of the 
soil. For every station, subjective sampling method is used to install temporary observation 
plots; we installed in our study stations seventy (70) temporary plots, and the plot is a circular 
sampling unit that covers an area of 400 square meter. In each plot, a phytoecological survey 
was carried out to determine the environmental parameters, such as altitude, the slope expo-
sure, lithology, anthropic influence (pasture and cutting); as well as other factors related to 
the structure of the vegetation, such as the second and third dominant species, overall and 
per-stratum cover and the elements of the soil cover. We used principal component analysis 
(PCA) to identify the homogeneous sample plots (compared to the regeneration), descriptive 
statistics, and the correlation coefficient. The number of seedlings per square meter varies 
between 0 and 0.23, and there are several factors affecting these results.  

INTRODUCTION 
 

The Aleppo pine (Pinus halepensis Miller, 
1768), by its forest cover - over than 3.5 million 
hectares - its remarkable plasticity and its socio-
economic role, is considered an essential compo-
nent of the Mediterranean forest and represents a 
capital of great value for most of Mediterranean 

countries (Quézel & Barbéro, 1992). Currently, 
many natural and reforestation Mediterranean 
forests are in imbalance, many dieback areas have 
been noticed in recent years. This degradation is the 
result of the reduction of natural regeneration, the 
fragility of ecosystems and the loss of biodiversity. 

In Algeria, the Aleppo pine covers 35% of the 
wooded areas of northern Algeria (Kadik, 1983), it 
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MATERIAL AND METHODS 
 
Study area 
 

The Senalba Chargui forest constitutes one of 
the main natural Aleppo pine forests in the semi-
arid zones of the Saharan Atlas in Algeria (Fig. 1). 
This national forest is located 2 Km west of the city 
of Djelfa (300 Km south of Algiers), it covers an 
area of 20,000 Ha (hectare) and the altitude is be-
tween 1190 m and 1450 m. The regional bio-cli-
mate is Mediterranean semi-arid with a cold winter 
(Emberger, 1971), rainfall is around 310 mm (mil-
limeter) and the average temperatures are between 
26 °C (Degree Celsius) in July and 5.4 °C in Janu-
ary. The precipitation regime is of the A.P.H.E type 
(autumn, spring, winter, summer); two classes of 
soils are noted for Senalba: Rendzines and calcare-
ous brown soils (Kadik, 2005). 
 
Sampling 
 

The sampling adopted in this work is stratified 
and subjective. Stratified sampling makes it possi-
ble to obtain representative stations for the various 
existing ecological situations. We divided our study 
area into 4 stations according to the massif, the 
slope exposure and the type of the soil; and for 
every station, temporary observation plots are in-
stalled through subjective sampling. This method is 
used to study heterogeneous ecological environ-
ments. 

We have installed in our study stations seventy 
(70) temporary plots (Table 1). The temporary sam-
ple plot is a circular sampling unit that covers an 
area of 400 m2. 
 
Choice of indicators 
 

The indicator used for the Aleppo pine regener-
ation phenomenon is the regeneration index, this 
index is the number of seedlings per square meter. 
Considering that the regeneration of Aleppo pine in 
semi-arid zones is episodic (irregularity and vari-
ability of precipitation), we considered as juveniles 
all the pines with their DBH (Diameter at Breast 
Height) less than 10 cm; after the evaluation of this 
indicator in each plot, we classified them according 
to their numbers and their heights (Table 2). 

The phytoecological study reflects the combina-

is approximately 800,000 ha (Bentouati et al., 
2005). The Algerian climax forests of this species 
are located in the semi-arid and lower sub-humid 
bioclimatic stages; the Aleppo pine is largely lo-
cated in its natural state in the eastern and central 
regions of the country mainly in the Atlas, Tellien 
and Saharan (Louni, 1994).  

The region of the high plains of southern Al-
giers and the Saharan Atlas is subject to a climate 
characterized by a long summer season, often very 
dry, and to pressures due to human action (Dah-
mani, 2018). The natural regeneration of the 
Aleppo pine, like some other Mediterranean 
species, is facing serious problems (Calama & 
Montero,  2007); it is difficult and very insufficient 
in the Saharan Atlas, leading several forests to a 
process of degradation. 

The aim of our study is to define the phytoeco-
logical factors influencing the natural regeneration 
of Aleppo pine in a natural forest process (not to ap-
propriate silvicultural interventions), in the pine for-
est of Senalba Chargui. This forest, found in one of 
the massifs of the central Saharan Atlas, is consid-
ered one of the most beautiful pine forests (Louni, 
1994) and the most important in Algeria (Boudy, 
1950) and constitutes the last southern refuge of the 
range of this species. 
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Figure 1. The study area: Senalba Chargui = Senalba East 
forest in Algeria.
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tion, or the relationships between vegetation and 
ecological factors, which play an active role in their 
distribution and development. There are three 
phases of the study; the first is to determine the 
types of vegetation, then to identify the active fac-
tors of the environment, and the last one to identify 
species-factor links (Kadik & Godron, 2004). In 
each plot, a phytoecological survey was carried out 
to determine the environmental parameters, such as 
altitude, the slope exposure, lithology, anthropozoic 
influence (pasture and cutting); as well as other fac-
tors related to the structure of the vegetation, such 
as the second and third dominant species, overall 
and per-stratum cover and the elements of the soil 
cover. 

We used the principal component analysis 
(PCA) and the analysis of variance (ANOVA) to 
identify the homogeneous sample plots (compared 
to the regeneration). It should be noted that all sta-
tistical analyses (descriptive statistics, the correla-
tion coefficient) were made with “Statistica 8”. The 
geographical data was mapped using the software 
“MapInfo 11”. 
 
 
RESULTS AND DISCUSSIONS 
 

Aleppo pine regeneration is low to zero in more 
than 54% of the plots studied (group C) (Fig. 3), 
and it is average in more than 15% of the plots, and 
only in 30% of plots the regeneration is very good 
to good with rates respectively equal to 21.42% and 
8.57%. More than 87% of the plots have no 
seedlings and the others (more than 11%) have 
seedlings between one and four, only one plot with 
a high seedling value equal to 32 (group B) (Fig. 
3); 10% of the studied plots have seedlings of 25 
cm, and more than 25% of all the plots have 
seedlings of 50 cm; more than 41% of the plots 

have seedlings of 50-100 cm with a number varies 
between one and fifty seedlings; and between one 
and eighteen seedlings of 100-150 cm are found in 
more than 42% of the plots. More than 38% of the 
plots have seedlings of 150 cm to 200 cm and 
seedlings from 200 cm to 300 cm are found in 30% 
of the plots studied; therefore the regeneration index 
varies between 0.0 to 0.23 plants per square meter. 

The stands most represented in our sampling are 
in the age group between 80 and 120 years, in gen-
eral are even-aged stands, with a rate of 45% of all 
the plots studied; and followed by older stands, over 
120 years old and can reach more than 180 years 
with a rate of 37%. The least represented stand 
(<2%) is where the age is between 30–40 years. The 
age group of 60 to 120 years is collected over 86% 
of the plots where the regeneration is very good and 
50% of the class of good regeneration; contrary to 
the oldest stands (over 120 years) where more than 
61% of the plots have low regeneration; this is ex-
plained by the low productivity of the seeds. The 
analysis of variance (ANOVA) indicates that there 
exists a significant effect of stand age on Aleppo 
pine regeneration, with the age range from 80 to 
120 years encompassing the highest regeneration 
indexes (Fig. 4). 

To assess the health status of Aleppo pine, we 
studied the number of plants with diebacks in the 
plot, yellowing of leaves and defoliation. Aleppo 
pine in the Senalba Chargui massif is generally in 
good condition, however, more than 72% of the 
plots are in good to very good condition and only 
5.7% are in out of condition. The Aleppo pine in out 
of condition regenerates very poorly, 100% of the 
stands have no regeneration where the Aleppo pines 
were in poor health; this situation is due to the 
mediocre quality and quantity of seeds produced by 
bad pines trees. 

The studied plots are characterized by an altitu-
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Table 1. Geographic characteristics for  
each study station. 

Table 2. Classification of pine juveniles  
(number and height).



dinal slice of 1184 m to 1391 m. The statistical re-
sults show that there is no significant relationship 
between the regeneration of the Aleppo pine and the 
altitude of the studied plots. 

The northern “ubac” slope of Senalba Chargui 
represents the best regenerations of Aleppo pine 
with a rate of over 45% where the regeneration has 
been good to very good, and 30.9% of the plots 
have low or no regeneration; on the contrary, the 
southern slope “adret” represents more than 61% of 
the plots have low or no regeneration, and only 
23.4% where the regeneration was good to very 
good. Kadik (1983) observed in the same massif 
(Senalba Chargui) that the temperature differences 
between the North and South slopes can exceed 
8°C, and the difference between the two exposures 
is accentuated during the cold period of the year 
from October to April, and it is unimportant during 
the dry period. 

The regeneration is positively proportional with 
the rate of the tree cover and the shrub cover; where 
the heights are between 0.6 m to 2 m the correlation 
coefficient is equal to r = 0.34,  and for heights from 
2 to 4m the correlation coefficient equal to r = 0.28; 
Pardos et al. (2007) demonstrate that for low to 
moderate light intensities, herbaceous vegetation 
has minimal impact on the germination and emer-
gence of pine seedlings. The growth of vegetation 
and seedlings is then positively correlated with the 

increase in light. For higher light intensities, the de-
velopment of interfering vegetation is always posi-
tively related to the lighting, but over time it 
becomes too dense and inhibits the development of 
pine seedlings. The negative effect of competition 
on pine seedlings is only noticed for high light in-
tensities (Noemie, 2010). 

The overall vegetation cover is the projection of 
the cover of shrub and herbaceous strata in the stud-
ied plots, it is between 15% and 85% with an aver-
age of 55.15%, these cover rates are positively 
correlated with regeneration (r = 0.26). This rela-
tionship is because of the advantageous role of this 
covering to protect young seedlings and seedlings 
against direct sunlight and mitigate the effects of 
high temperatures. 

The litter cover, in its integral composition, has 
no relationship with the natural regeneration of 
Aleppo pine; but the rate of twigs shows a positive 
correlation with the regeneration index (R = 26). 
Twigs can limit vegetation competition and evapo-
ration through the mulching effect (Johansson et al,   
2006), and also, they can offer to young seedlings 
a shelter favoring a microclimate (Castro et al., 
2011). It should also be noted that there is a non-
apparent opposite action between the fraction of 
twigs and those of leaves, explained by the low neg-
ative correlation between the regeneration and leaf 
cover rate (r = -19). Fernandez  et al. (2008) and  

Figure 2. The principal component analysis  
(PCA) (variables). 

Figure 3. The principal component analysis  
(PCA) (sample plots).
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Bonin et al. (2007) show that there is autotoxicity 
induced by allelochemicals present in Aleppo pine 
leaves that affect the germination and growth of its 
seedlings. 

Sheep pasture is more dominant in the forest of 
Senalba Chargui. It was intense and very intense in 
63.85% of the studied plots, and this rate is very 
minimal in 5.7% of the plots where pastures was 
low but not zero. Pine regeneration was low or non-
existent in 57.57% of the plots that were subjected 
to intense pasturage, and over 63% of the plots that 
were subjected to very intense pasturage; 75% of 
the plots where pasturage is low show good to very 
good regeneration. The analysis of variance shows 
that the intensity of pasture has a negative signifi-
cant effect on the regeneration of Aleppo pine (Fig. 
5). Pasturage, especially in the period of shortage, 
stripped the shrub strata, reduced the quality of the 
soil (trampling, erosion, etc.), and consequently, it 
reduces the receptivity of the soil for regeneration, 
thus, it promotes the establishment of thermophytic 
species, especially poaceae, which is very compet-
itive for Aleppo pine seedlings. 

We evaluated the cut by the number of stumps 
present in the plots. Cutting trees in the forest of 
Senalba is necessary to clean the forest of dead sub-
jects after a dieback or because of various ailments, 
but not for a type of oriented plan. Cutting was im-
portant or very important in 58.57% of the plots 
studied, and it is low in 14.28% of the plots, 40% 
of the plots where regeneration is very good are 
plots characterized by significant cuts, significant 
cuts are also noted in 66.67% of the plots where re-
generation is good. Cutting decreases the density 
and competition of adult crowns, and creates holes  
which favors Aleppo pine regeneration if other con-
ditions are favorable. 

The Aleppo pine and Juniperus oxycedrus L.  
grouping represents 57.14% of the totality of the 
plots studied (physiognomic dominance in 2nd order 
of Juniperus oxycedrus after Aleppo pine); fol-
lowed by the groups of Aleppo pine with Cistus 
libanotis L.  and Aleppo pine with Juniperus 
phoenicea L. with a rate of 12.85% for each group. 
The other groupings of Aleppo pine with other 
species - Stipa tenacissima L., Quercus ilex L., 
Phillyrea angustifolia L., Rosmarinus tournfortii  
(Noë ex Jord. & Fourr.) Jahand. & Maire, 1898 and 
Globularia alypum L. - represent only minimal per-
centages varying between 1.42%and 4.28%. 

Figure 4. The effect of stand age on the  
regeneration of Aleppo pine.

Figure 5. Effect of pasture on the regeneration  
of Aleppo pine.

Figure 6. The potential of natural regeneration of Aleppo 
pine in different vegetation groups.
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The most dominant species in 3rd order with the 
Aleppo pine is Stipa tenacissima L. with a fre-
quency of 44.28%, followed by Cistus libanotis L. 
and Phillyrea angustifolia L. with a rate of 25.70% 
and 7.14% respectively; the other species - Junipe-
rus phoenicea L., J. oxycedrus L., Pistacia lentis-
cus L., Cistus villosus L., Ampelodesma 
mauritanicus (Poir.) T. Durand & Schinz and in last 
position Rosmarinus tournefortii De Noé - are less 
represented with rates varying between 1.42% and 
5.71%. The analysis of variance shows that there 
exists a very significant difference between the var-
ious plant groups regarding the potentiality and the 
natural regeneration capacity of Aleppo pine (Fig. 
6). The Pinus halepensis, Juniperus oxycedrus 
grouping is contributed by more than 60% of the 
plots where regeneration is very good, and by 50% 
in the class of good regeneration. Of the plots of 
Pinus halepensis groups with Cistus libanotis, 
66.66% of them have low to no regeneration. This 
rate (66.66%) is observed in the group of Pinus 
halepensis with Juniperus phoenicea and the group 
Pinus halepensis with Quercus ilex. The Pinus 
halepensis with Rosmarinus tournefortii and Pinus 
halepensis with Globularia alypum L. groups are 
less represented in our study (3 plots in total) where 
the quality of regeneration is very good. 
 
 
CONCLUSIONS 
 

The objective of our work was to analyze the 
effects of ecological and anthropogenic parame-
ters on the natural regeneration of Aleppo pine 
(Pinus halepensis) in the forest massif of Senalba 
Chargui (Djelfa in Algeria) characterized by in a 
semi-arid climate. The regeneration index varies 
between 0 and 0.23 seedlings/m2, and 60% of the 
plots studied have low or no regeneration. The mi-
croclimate, provided by the northern slope, is 
more favorable to the regeneration of Aleppo pine 
compared to the circumstances of the southern 
slope. The regeneration of Aleppo pine is success-
ful in an open environment (not smothered) and 
supported by trees in vigorous condition and an 
age between 60 to 100 years. Moderate covers by 
shrubs and twigs have advantageous effects for re-
generation; they protect young seedlings and con-
tribute to the inhibition of establishment of 
therophytes, especially Poaceae, which are very 

competitive for seedlings. Concerning anthro-
pogenic pressure, pasturage is a perpetual threat to 
regeneration; on the contrary, cutting is an action 
that could promote regeneration by creating holes. 
The ecological environment, including the dynam-
ics and the structuring, of Pinus halepensis group-
ings with Juniperus oxycedrus, or with 
Rosmarinus tournifortii or with Globularia aly-
pum is the most favorable for the regeneration of 
Aleppo pine. 
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