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ABSTRACT 

 

Bared, Mourad and Mohamed Berrichi. 2018. Evaluation of the influence of dendrometric and ecological factors 

on the natural regeneration of “Cedrus atlantica mannetti” In Ain Antar forest, Algeria. Lebanese Science 

Journal, 19(1): 85-94. 

 
This study aims to evaluate the effect of dendrometric and ecological factors on the natural regeneration of 

the Atlas cedar "Cedrus atlantica Mannetti" in Ain Antar forest, Algeria. This study was carried out in 14 circular plots 
of 500 m2 area. In order to quantify the seedling classes, six sub-plots of 1 m2 were installed in each plot. The results 
of the dendrometric data showed the presence of a "Gaussian distribution" with a dominance of fruiting diameters 
(37.5 and 57.5 cm). The results of ecological parameters revealed that in high altitudes, above 1300 m, natural 
regeneration seemed to be relatively difficult (30% compared to low and medium altitudes). On slopes greater than 

30%, seedlings of less than one year old were less present (20 % compared to the seven first plots). The role of the 
vegetation cover (40– 0%), the litter cover (30–40%) and of the soil depth (shallow and deep) appeared to favor the 
survival of seedlings, especially when they were still young. The correlation analysis indicated that the different 
seedling classes became less numerous when altitude, slope and basal area increased. 

 
Keywords: Natural regeneration, seedling classes, Atlas cedar, Ain Antar forest. 
 

INTRODUCTION 

 

The cedrus genus is located in three distinct regions in North Africa and Asia, and composed of four species: 
Cedrus atlantica Manetti, Cedrus libani A. Rich, Cedrus brevifolia Henry and Cedrus Deodara G. Don   (M’hirit, 
1994; Toth, 2005). The Atlas cedar is a forest species endemic to the North African mountains. In Morocco, cedar 
forests are exposed to moisture-laden west winds and cover 132,000 ha. Algerian cedar forests cover 32,000 ha, 
occupying two different climatic zones: the Saharan Atlas zone, which is characterized by the most severe climatic 
conditions and is subject to Saharan influences and the zone of Atlas tellien, with a particularly favorable climate, 
located near the sea (Derridj, 1990; M’hirit, 1994; Quezel, 1998). 

 

Compared to its longevity and early fruiting that appears from 15-20 years, natural regeneration or seedling 
cycle of the Atlas cedar is subject to strict environmental constraints; determined by the requirements of the species 
vis-a-vis water, soil and cold (Toth, 1980; Illoul et al., 2004; krouchi et al., 2004). Hinesley et al. (1994) and Jull and 
Blazich (2000) reported the inability of Atlas cedar to compete on dry sites. Drought is an important factor in seedling 
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mortality. Three or four wet years not interspersed with dry years are necessary for an adequate regeneration (Dalling 
et al., 1998; Ezzahiri & Belgazi, 2000; Delissio & Primack, 2003). The influence of the soil is important when the 
climate is dry. Lepoutre (1963) and Gross (1990) and Ezzahiri and Belgazi (2000) noted that deep soil and below the 
litter, is moist. The germination of the cedar seed is more important if it is placed at a temperature of 4 °C and kept 
moist (Malki, 1992). Navarro-Cerrillo et al. (2013) noted that in the Middle Atlas cedar in Morocco, the forest structure 
and regeneration dynamics are related to the level of stand perturbation, such as management practices, pasture, fire 
and climate change. 

 

 By the uncontrolled effect of man, combined with the dieback and the action of some diseases and pests, this 
spectacular specimen tree is exposed to a continuous degradation, which could compromise its existence in some sites 
of its natural range (Khemici, 2001; krouchi et al., 2004; Bentouati & Bariteau, 2006; Talbi & Bouhraoua, 2015).  For 
the above-mentioned reasons, in 2013 the International Union of Nature Conservation has considered changing the 
status of Atlas cedar as a species of "minor concern" to "endangered". 

 
The objective of this study is to analyze the effect of ecological parameters (altitude, slope, soil depth, litter 

cover and vegetation cover) on the natural regeneration of the Atlas cedar, considering their dendrometric parameters: 

tree height, diameter and basal area. For this purpose, the Atlas cedar forest of Ain Antar located in the Ouarsenis 
Mountains of Algeria was selected for this study. 

 

MATERIALS AND METHODS 

 

Study area 

 
The study area “Atlas cedar forest” is located in Ain Antar municipality at 6 km northwest of Bordj 

Bounaama. This cedar forest is situated in the northern slope of the Ouarsenis mountain in the Atlas tellien. It covers 
502.5 ha. Its geographical coordinates are 35º 53' 26'’ in latitude North and 01º 40' 14’' in longitude East.  

 
The climate characteristics of the Ain Antar cedar are: semi-arid bioclimatic stage with fresh variant, 

maximum and minimum average temperatures recorded between 2000 and 2015 are respectively 31.42 ° C in July and 
1.06 ° C in January, annual rainfall average of 586 mm, and 10 weeks snow cover between November and March, with 
an average of 22.1 days/year. 

 

Plant diversity of the cedar forest of Ain Antar consists of the following species: Pinus halpensis Mill. ; 
Quercus ilex L.; Cupressus sempervirens L.; Juniperus oxycèdrus L.; Genista tricuspidata  Desf.; Calycotome spinose 
L. ; Ampelodesma mauritanica Poir. ; Crataegus monogyna Jacq. 

 
Ain Antar's cedar forest does not show symptoms caused by insects and/or fungal diseases. Pasture is 

practiced there at low and medium altitudes. This forest is also characterized by the absence of silvicultural activities 
and illicit harvesting of wood. 

 

Design and data collection 

 
Seedlings installation is evaluated by counting seedlings of less than one year and those more over one year 

old. In the case of seedlings older than one year, there are two classes: the class of seedlings with a height less than 50 
cm and the class of installed seedlings with a height between 50 and 150 cm. 

 
We have installed 14 plots of 500 m2 according to the different altitude levels (1000-1600 m). The centers of 

each plot were spaced by 50 m. In order to inventory the seedling classes, six subplots of 1m2 were installed in each 
plot (Figure 1). Figure 2 illustrates the categories of seedlings that were inventoried in the subplots. 
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Figure 1. Schematic representation of experimental design used to inventory seedlings classes. 

 

 
 

Figure 2. Categories of Atlas cedar seedlings in the subplots. 
A= seedlings < 1 year,   b= seedlings > 1 year (< 50 cm), c= seedlings > 1 year (50-150 cm). 

 

RESULTS 

 

Ecological parameters 

 
Table 1 and Figure 3 illustrate the synthesis of the ecological parameters of the 14 plots of the Atlas cedar. 

 

Table 1. Ecological Parameters of Atlas cedar (AIN ANTAR forest - Algeria) in different 14 plots. 

 

 

 

Ecological 

Parameters 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Altitude (m) 
117
8 

1182 1188 1191 1199 1207 1225 1303 1350 1412 1428 1481 1512 1555 

Exposure N N N N N N N N N N N N N N 

Slope (%) 20 18 20 21 30 39 59 61 60 60 61 62 62 64 

Soil depth D D D S D D D S S S Sp Sp Sp Sp 

Litter cover 

(%) 
> 40 > 40 > 40 > 40 >30 > 30 > 30 ≤ 30 ≤ 30 ≤ 20 ≤ 20 20-40 ≤ 20 ≤ 20 

Vegetative 

cover (%) 
25 25 35 35 50 65 70 75 70 50 35 25 25 30 

Sanitary 

state 
H H H H H H H H H H H H H H 

Pasture + + + + + + + + + - - - - - 

N= North, D= Deep, S= Shallow,   Sp= Superficial,    H= healthy,    += absence,    - = presence. 
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Figure 3. State of the ecological factors of the   Atlas cedar (Ain Antar forest, Algeria) 

a= slopes (%), b= altitude (m), c= vegetation cover (%), d= letter cover (%). 
 
Table 1 and figure 3 show that the last seven plots have a slope greater than 50 % and are at altitudes greater 

than 1225 m. The rate of vegetation cover varied from 25% to 60%, and was higher at medium altitude (1200-1400 m). 
Litter cover gradually decreased with altitude. 
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Dendrometric parameters 

 
Table 2 presents the dendrometric measurements data of the 14 plots of the Atlas cedar.  

 

Table 2. Dendrometric Parameters of Atlas cedar (Ain Antar forest, Algeria) 14 plots. 
 

 
Table 2 indicates that Ain Antar Atlas cedar is characterized by an average density of 260 to 360 trees/ha, 

(68% of calculated densities), a height average between 12.5 m and 13 m and an average basal area of 23.1 (m2/ha). 
Compared to the dendrometric results of partially depleted cedar forest in the national park of Thniet El Had (Taleb et 
al., 2016) and according to Cordonnier et al. (2007), the dendrometric results indicated that the cedar forest of Ain 
Antar was between little dense and dense  and constituted by young trees.  According to Navarro-Cerrillo et al. (2013), 
in the different management gradients of the cedar national park (Ifrane, Morocco), the height, diameter and basal area 
were superior to those of Ain Antar cedar. 

 
 Bouchon (1979) and McElhinny et al. (2005) noted that the distribution of trees according to diameter classes 

defines the structure of a forest. In the Atlas cedar of Ain Antar forest, the general appearance of this distribution had 
a bell shape, forming a "Gaussian distribution", as shown in Figure 4. This structure characterizes a forest where all 
trees have similar age with similar diameters and where all stages of evolution are present. The classes of diameters 
most presented were between 37.5 cm and 57.5cm.  
 
 

 
 
                                                    
 
 
 
 
 

 
 
 
 
 
 
 

 

Figure 4. Forest structure of Atlas cedar (Ain Antar forest, Algeria). 

 

Parameters of natural regeneration  

 
The preliminary diagnosis of the natural regeneration of the Atlas cedar gave the results presented in Table3. 

 

 

 

Parameters 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Height (m) 12.6 12 11.6 12,7 12,2 11,4 12,9 12,89 12,7 12,5 12,7 13,1 12,2 12,43 

Diameter(cm) 45.7 42.5 39.5 44.95 43 37.90 46.90 46.08 46.17 47 45.62 48.38 45.57 47.56 

Basal area 

“g” (m2) 
0.166 0.145 0.127 0.162 0.150 0.147 0.131 0.172 0.173 0.179 0.175 0.220 0.170 0.187 

Basal area 

“G” (m2/ha) 
16.6 14.5 12.7 19.4 21.0 14.7 13.1 20.64 24.22 25.06 28.0 36.0 23.8 29.92 
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Table 3. State of seedlings in 14 plots of Atlas cedar (Ain Antar forest, Algeria). 

 

 
Table 3 shows that all seeding categories were more abundant in the first seven plots in the lower and middle 

altitudes. At high altitude, seedlings were slightly present. 
 

DISCUSSION 

 

Influence of altitude on seedlings of the Atlas cedar 

 
Figure 5 indicates that seedlings having younger than one year are present in large numbers in low and 

medium altitude, 705 and 548 seedlings/ha, respectively. At high altitude, the density of this class was only 120 
seedlings/ha. 

 
At low altitude, seedlings less than 50 cm high and older than one year were present at a rate of 420 per 

hectare. At medium and high altitude, the rates were 372 and 120 seedlings per hectare, respectively. Regeneration 
appeared to be relatively better at low and medium altitude. 

 
The cold weather of high altitude delayed the mechanism of regeneration up to 2-3 months. This time lag led 

to the death of seedlings during the summer months, seedlings cannot develop deep roots to escape the water stress in 
shallow profiles (Lepoutre, 1963; Pujos, 1966; Krouchi et al., 2004). 
 

 
 

Figure 5.  Influence of altitude on seedlings of the Atlas cedar (Ain Antar forest, Algeria). 

 

Influence of slopes on seedlings of the Atlas cedar 
 

Figure 6 shows dominance of < 1 year seedlings (786 plants/ha) on slopes below 20%. On the medium slopes 
of 21 to 30%, their number was also dominant (680 plants/ha). On steep slopes between 31 and 60%, almost all seedling 

classes were present in the same order of importance. 
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Seedling < 1 

year 
540 780 500 1000 900 580 400 160 360 120 140 160 100 80 

Seed
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> 1 

year 

S < 

0,5m 
500 340 300 540 600 340 300 80 200 100 80 100 120 120 

0,5 < S 
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240 260 280 440 360 300 160 120 240 120 200 100 60 200 

Total 
Seedlings /ha 

1280 1380 1080 1980 1860 1220 860 360 800 340 420 360 280 400 
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A rugged terrain was less favorable to the natural regeneration of the cedar. Nsibi et al. (2006) have noted 
the same result in oaks. On rough terrain subjected to strong water erosion, seeds are less numerous and seedlings 
cannot develop a sufficient root system that can withstand drought (Zobel et al., 1993; Demarteau et al., 2007). 

 

 
 

Figure 6. Influence of slopes on seedlings of the Atlas cedar (Ain Antar forest, Algeria). 

 

 Influence of rate of vegetation cover on seedlings of the Atlas cedar 
 

Through its action on luminous intensity, air temperature and humidity and vegetation cover play an 
important role in regeneration (Marchi, 2010). At low altitudes, green oak has a positive role in protecting young 
seedlings of Atlas cedar. However, at high altitudes, the role of vegetation cover can be dangerous. Indeed, shading 
delays seed germination (M'Hirit, 1987; Grieu & Aussenac, 1988; Ezzahiri & Belghazi, 2000). In the case of Atlas 
cedar, rates of vegetation cover up to 50% were usually favorable to regeneration as opposed to extreme recoveries 

(Ezzahiri and Belghazi, 2000). 
 

Influence of litter cover on seedlings of the Atlas cedar 
 

Figure 7 summarized the relationship between the rate of soil cover by litter and seedlings density. The main 
conclusions from this relationship are: (i) the presence of seedlings is low when litter is poorly present and vice versa, 
(ii) the proportion of installed seedings is more prevalent with increasing litter, (iii) the role of the litter appears to be 
in favor of the survival of seedlings, especially when they are still young. Several workers (Ezzahiri and Belghazi, 

2000; Boeken and Orenstein, 2001; Loydi et al., 2013) showed that a thick layer of litter prevents root contact with the 
soil, limiting their chances of survival. 

 

 
 

Figure 7. Influence of litter cover on seedlings of the Atlas cedar (Ain Antar forest, Algeria). 

 

Influence of soil depth on seedlings of the Atlas cedar 

  
Figure 8 shows the distribution of Atlas cedar seedlings at different levels of soil depth. The density of all 

seedling categories exceeds 1200 seedling / ha on deep soils. On shallow soil, the density is 885 seedlings / ha and on 

surface soil, the number of seedlings does not exceed 400 seedlings / ha. On shallow soil. The proportion of the different 
seedling classes of cedar increases proportionally with the thickness of the soil. The depth of the soil and its moisture 
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promote the seed germination and especially the development of the root system of seedlings (Ezzahiri et al., 1994; 
Danjon & Fourcaud, 2009). 

 

 
 

Figure 8. Influence of soil depth on seedlings of the Atlas cedar (AIN ANTAR forest - Algeria). 

 

Correlation coefficients 

 

Table 4 summarizes the correlation coefficient of the various parameters. 
 

Table 4. Correlation coefficient between parameters affecting the natural regeneration of Atlas cedar (AIN 

ANTAR forest - Algeria).  
 

 

The analysis of the Pearson correlation matrix (Table 4) carried out on the traits studied shows the degree of binding. 
When the correlation coefficient approaches (+ 1), the other variable tends to increase as well. Otherwise, if the 
coefficient tends to (-1), the other variable tends to decrease. Evans (1996) suggests a "strong" and "very strong" 
correlation for the absolute value of "r" respectively of "0.60-.79" and ".80-1.0". The results of the correlation matrix 
show that the number per hectare of all seeding classes decreases as the altitude, slope and base area become more 
important. However, the vegetation cover has no direct effect on seedlings (correlation coefficient near to 0). 
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