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Atlas was undergoing an accelerated degrada-
tion process, characterised by habitat fragmen-
tation and a severe loss of their original area. 
While climatic fluctuations marked by recurrent 
droughts weakened these stands, direct anthro-
pogenic actions remained the main driver of 
this regression. Chronic overgrazing that an-
nihilated natural regeneration, repeated forest 
fires, illegal logging for timber and heating, as 
well as excessive branch lopping for livestock, 
combined to disrupt the sylvan balance. This 
overexploitation disrupted the cycle of popula-
tion renewal, leading to the ageing of trees and 
an opening of the canopy. This phenomenon 
triggered a downward ecological trajectory.

According to M.A.  Sánchez-Sánchez & 
A. Albacete  (2025), it was established that the 
Oaks (Quercus L., Fagaceae) were one of the 
most important and diverse elements of forest 
ecosystems in the northern hemisphere. They 

Introduction
Mediterranean forest ecosystems had been un-
dergoing profound changes for several decades, 
exacerbated by global climate changes and the in-
tensification of anthropogenic pressures. In North 
Africa, and particularly in Algeria, these distur-
bances threatened the biodiversity and structural 
integrity of noble forest formations. Among them, 
the forests of the Portuguese oak (Quercus faginea 
Lam.) occupied a crucial ecological and socio-eco-
nomic position. Endemic relic species of the Al-
gerian-Tunisian humid and subhumid zone, the 
Portuguese Oak stood out for its high silvicultural 
value, its contribution to water regulation, and 
its role as a refuge for remarkable biodiversity.

However, this unique forest heritage was 
facing an alarming regressive dynamic, as 
per investigation conducted by S.A.  Aouadj  et 
al.  (2020), S.A.  Aouadj  (2021) and B.  Babali  et 
al. (2025). Historically resilient, the Portuguese 
oak (Quercus faginea Lam.) of the Algerian Tell 

was to assess the current status of the Portuguese oak ecosystem and examine the effects of 
human proximity and diameter structure on natural regeneration, as well as to characterise the 
physicochemical properties of soils at the investigated sites. The study used stratified random 
sampling based on 100 circular plots of 400  m2 distributed according to predefined distance 
classes. Results indicated that the distance from the nearest agglomerations significantly affected 
stand density across all diameter classes. The coefficients of determination ranged from 0.75 to 
0.91, indicating that distance from human agglomerations explained a substantial proportion of 
the variation in the density of different diameter classes. Stand density increased with distance 
from human settlements, while seedlings and mature seed-bearing trees predominated and 
the intermediate diameter classes remained poorly represented. Natural regeneration through 
seedlings was also found to be associated with diameter structure: seedling density increased with 
the density of trees in the other diameter classes, with R2 values ranging from 0.54 to 0.68. Soil 
pH ranged from 5.0 to 6.3 and generally decreased with depth. The surface horizons contained 
higher levels of organic matter, carbon and nitrogen, whereas clay accumulation in the deeper 
horizons was particularly evident at the Djefal and Aïn El Hadjer sites. These findings highlighted 
the vulnerability of the Portuguese oak ecosystem to anthropogenic pressure and suggest the 
need for appropriate conservation and restoration measures, particularly the protection of natural 
regeneration and the reduction of grazing pressure near human settlements. This study could serve 
as a baseline for monitoring vegetation dynamics and changes and for planning the conservation 
and restoration of Portuguese oak stands

Keywords: diameter classes; distance; seedling density; human proximity; anthropogenic pressure



Vol. 17, No. 2, 2026		 Ukrainian Journal of Forest and Wood Science 41

Aouadj et al.

were common in a wide variety of habitats, in-
cluding temperate deciduous forests, subtropi-
cal and tropical savannas, cloud forests, tropical 
montane forests, and Mediterranean forests, 
as per investigation conducted by J.  Vieira  et 
al.  (2022). The deciduous oak forest in Algeria 
covered an area of nearly 65,000 hectares in 
1990. It was mainly composed of the two spe-
cies, Portuguese oak (Quercus faginea Lam.) 
and Q. afares Pomel. However, A.  Bouandas  et 
al.  (2024) noted that these numbers (65,000 in 
1990) should be taken with caution given the 
speed of degradation of the vegetation cover due 
in particular to fires, deforestation, and grazing, 
in addition to the difficulty of updating the data.

Among the 25 deciduous species repre-
senting the genus Quercus around the Mediter-
ranean basin, Portuguese oak (Quercus faginea 
Lam.) was an endemic and threatened species 
of the Ibero-Maghreb region (Spain, Portugal, 
Morocco, Algeria, Tunisia). In order for the for-
est to best meet the various objectives set in 
terms of production, conservation, protection, 
and recreation, several attempts had been made 
to develop tools for planning growth and pro-
duction. Few studies on the overall dynamics of 
Portuguese oak (Quercus faginea Lam.) popula-
tions in the face of global changes (anthropo-
genic and climatic) in the Algerian forest since 
the heavy exploitations of the 1940s posed the 
problem of knowledge, conservation, and eval-
uation of wood production (Benabdeli, 1996).

To address this knowledge gap, it was nec-
essary to obtain quantitative evidence on the 
factors associated with the natural regenera-
tion of Portuguese oak (Quercus faginea Lam.) 
in Algerian forests.

Against this background, the study aimed 
to assess the current structural condition and 
natural regeneration of Portuguese oak stands 
in the Saïda region of Western Algeria. The 
objectives were to: 1)  characterise the overall 
diameter structure of the stands; 2) determine 
changes in the density of different diameter 
classes in relation to distance from nearby ag-
glomerations; and 3) examine the relationship 
between stand diameter structure and natural 
regeneration through seedlings.

Materials and Methods

The research was conducted in compliance 
with ethical standards (Convention on Biologi-
cal Diversity, 1992). The Tellian Atlas of region 
of Saïda is located in western Algeria and is 
characterised by mounts and hilly terrain. It 
forms part of the forested Saïda Mounts and 
extends for approximately 20  km west of the 
city of Saïda. The study area was located, ac-
cording to the WGS84 (World Geodetic System 
1984) geographic coordinate system, between 
34.8068° and 34.9674° N latitude and between 
0.1120° W and 0.1495° E longitude (Fig. 1). The 
site characteristics of the 4 sites areas are pre-
sented in the Table 1.

Figure 1. The study area
Source: Google Earth
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Given the area of the Saida region and the 
nature of the stand (a pure stand of Portuguese 
oak), it was opted for stratified random sam-
pling. Circular plots of 400  m2 were randomly 
established. The coordinates of each plot cen-
tre, along with altitude and orientation, were 

recorded using Global Positioning System 
(GPS). These geographic positions were subse-
quently mapped at a scale of 1:25,000. In total, 
100 circular plots of 400  m2 each were evenly 
distributed across four distance classes from 
the closest villages (Table 2).

Altitude 
(m)

Slopes 
(%) Exposure Bioclimate

Annual 
precipitation 

(mm/year)

Average annual 
temperature 

(°C)

Djefal 1,150 20 N-W Semi-arid, riparian forest 300 11

Makhnez 1,280 25 N Semi-arid 350 10

Guetna 1,080 15 N-W Semi-arid, riparian forest 300 12

Ain El Hadjer 1,000 18 N Semi-arid 280 12.8

Table 2. Ecological characteristics of the stations

Table 1. Topography and climate characteristics of study sites

Source: developed by the authors

Source: developed by the authors

Station Number 
of Plots Ecological characteristics

Djefal 25

Belongs to the semi-arid bioclimatic zone, with microclimates and riparian woodlands. 
The main species present are Aleppo pine and thuja, accompanied by maquis species 

such as mastic tree (Pistacia lentiscus), tree heath (Erica arborea),  
and rough bindweed (Smilax aspera).

Makhnez 25
This area shares the same bioclimatic characteristics as the previous site. The 

vegetation is primarily composed of Phillyrea and Pistacia lentiscus, accompanied  
by maquis species such as Erica arborea and Olea europaea.

Guetna 25
It shares the climatic characteristics recorded at Djefal. The main tree species include 

Aleppo pine and Thuja, along with maquis species such as Pistacia lentiscus,  
Erica arborea, and Smilax aspera.

Ain El 
Hadjer 25

This area belongs to the semi-arid bioclimatic zone. The primary species are Aleppo 
pine and thuja, accompanied by maquis species such as Pistacia lentiscus,  

Olea europaea, Kermes oak, and Erica arborea.

During data collection, the main anthropo-
genic variables (human and livestock pressure 
in relation to distance from settlements) and 
dendrometry characteristics were recorded. 
These included the density of different diam-
eter classes, seedling density, and the diame-
ter and height of young plants. To characterise 
each plot, field data sheets were prepared and 
completed during visits to the sampling plots. A 
summary of the main ecological characteristics 
of the study stations is presented in Table  1, 
Table  2 and Figure  2. During the field survey, 

individual dendrometry characteristics of the 
studied species were measured in each plot, in-
cluding diameter at breast height Diameter at 
Breast Height (DBH), measured at 1.3 m above 
ground level, in cm, and total tree height (m). 
For each plot, mean diameter, mean height, and 
tree density per hectare were also calculated. 
To describe the current stand structure of the 
Portuguese oak (Quercus faginea Lam.) forest, 
tree diameters were classified into the cate-
gories proposed by B. Hasnaoui (1992), as pre-
sented in Table 3.
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To assess the influence of edaphic factors 
on the dynamics of the Portuguese oak forest, a 
soil profile was excavated at each station. A total 
of four profiles were excavated. At each site, two 
samples were collected at two distinct depths 
(20 cm/60 cm), for a total of eight soil samples. 
The physicochemical analyses focused on ten 
parameters: content of pH: H2O; fine silt: FSi; 
coarse silt: CSi; fine sand: FS; coarse sand: CS; 
clay: C; organic matter: OM; total nitrogen: TN; 
total carbon: TC; carbon nitrogen ratio: C/N.

The standard protocol for determining soil 
pH in the laboratory (generally water pH) was 
based on the ISO 10390:2021  (2021) method 
(official French technical standard and Inter-
national Organization for Standardization). 

The pH meter was first calibrated using buffer 
solutions (pH 7 and pH 4 for an acidic soil, or 
pH 7 and pH 10 for a basic soil). Then, 10 g of 
sieved soil was weighed into a beaker and 50 mL 
of distilled water was added, maintaining a 1:5 
soil-to-water ratio. The suspension was stirred 
with a magnetic stirrer for 5 minutes to release 
the ions, then left to rest for at least 2 hours – 
although, if agitation was thorough, about 1 
hour was often enough for complete sedimen-
tation. The pH meter electrode was immersed 
in the middle of the suspension, avoiding con-
tact with the sediment at the bottom, and the 
value was read once the display stabilizes.

To determine the OM content of a soil 
in the laboratory, it was used the chemical  

Table 3. Diameter classes used for to represent the diametric structure

Figure 2. Graphical representation of the mechanism used
Note: a – workflow of the stratified random sampling design applied in the study area; b – layout of an individual 
circular sampling plot (400 , radius R = 11.28 m) and the data recorded at the plot centre using GPS
Source: developed by the authors

Source: B. Hasnaoui (1992) 

a

b

Diameter class Limits and stages of growth Tree development stage
C1 <5 cm (seedlings) Very young trees, typically established recently.
C2 5-10 cm (saplings) Young trees; stems are becoming woodier but are still small.
C3 10-20 cm (low perches) Reaching middle age; crown competition begins.
C4 20-30 cm (young forest) Mature enough for light lumber or commercial harvest.
C5 ≥30 cm (old-growth forest) Fully mature; often vital for wildlife habitats and hollows.



Vol. 17, No. 2, 2026		 Ukrainian Journal of Forest and Wood Science 44

Dynamics of natural regeneration in an endemic...

oxidation method of A.  Walkley & 
I.A. Black (1934). First, 1 g of finely ground soil 
(<0.2  mm) was precisely weighed into a flask. 
Oxidation was then carried out by adding 10 mL 
of potassium dichromate followed by the addi-
tion of 20  mL of concentrated sulfuric acid, a 
highly exothermic reaction. The mixture was 
shaken and left to react for 30 minutes away 
from light, after which it was diluted with dis-
tilled water, a coloured indicator was added, 
and the excess dichromate was titrated with 
Mohr’s salt solution until the colour changed. 
A blank test – the same procedure carried out in 
parallel without a soil sample – served as a con-
trol. Once the percentage of organic carbon was 
calculated using the volume of titrant used, the 
Van Bemmelen coefficient (1.724) was applied:

% organic matter = % organic carbon × 1.724. (1)

Granulometric analysis allowed deter-
mining the proportions of sand, silt, and C in 
the soil. In forest research, the official meth-
od was the Robinson pipette method (ISO 
11277:2020, 2020), based on the sedimentation 
rate of particles in water (Stokes’ Law). Before 
separating the minerals, it was necessary to 
eliminate the OM and the limestone that clump 
the particles together. First, 10  g of air-dried 
and 2 mm sieved soil was weighed into a large 
beaker. To destroy the OM, 15 to 20 mL of 30% 
hydrogen peroxide (H2O2) was added, and the 
mixture was heated on a hot plate until the ef-
fervescence (white foam) ended. If the soil was 
calcareous, the limestone was then destroyed 
by adding diluted hydrochloric acid (HCl) un-
til effervescence stopped, after which the sam-
ple was washed with distilled water to remove 
the acid. The particles were then chemically 
and mechanically dispersed: 25  mL of a sodi-
um hexametaphosphate solution ((NaPO3)6 at 
50 g/L) were added as a dispersant, separating 
the C sheets by saturating the complex with 
sodium. The mixture was transferred into an 
airtight bottle and mechanically agitated for 6 

to 12 hours (using a rotary or linear agitator) to 
completely destroy the micro-aggregates.

Separation then proceeded in two steps. In 
the first step, the sands were separated by wet 
sieving: the contents of the flask were poured 
onto a 0.05 mm (50 µm) sieve placed on a large 
funnel connected to a 1-L graduated cylinder, 
and rinsed abundantly with distilled water. The 
sands (particles >50 µm) remained on the sieve; 
they were dried in the oven at 105°C and then 
separated by dry sieving into CS (200 µm-2 mm) 
and FS (50-200 µm). The silts and C (<50 µm) 
passed into the test tube, whose volume was 
then filled to 1 L with distilled water.

In the second step, the silts and C were 
sampled using the Robinson pipette. The con-
tents of the 1  L test tube were shaken with a 
manual agitator to homogenize the suspension, 
and a stopwatch was started as soon as agita-
tion stopped. For the FSi and C, after a time cal-
culated by Stokes’ law (generally around 4 to 5 
minutes depending on water temperature), the 
Robinson pipette was immersed to a depth of 
10  cm and exactly 20  mL of liquid was taken; 
this was poured into a pre-weighed crucible, 
dried in an oven at 105°C, and the dry matter 
was weighed. For the C fraction alone, the test 
tube was left to sit undisturbed, and after 6 to 
8 hours (depending on temperature), the same 
20  mL collection was repeated at a depth of 
10 cm, then dried at 105°C and weighed.

The determination of TN in the soil was 
systematically carried out using the Kjeldahl 
method (ISO 11261:1995,  1995), the reference 
method in forest research. It was based on 
the transformation of organic nitrogen into 
ammoniacal nitrogen through acid minerali-
zation. The first stage, mineralization (diges-
tion), destroyed the OM to release nitrogen 
in the form of ammonium sulfate ((NH4)2SO4). 
Between 1 g (for organic-matter-rich soil) and 
5 g (for sandy or deep soil) of air-dried, finely 
ground soil (0.2 mm sieve, or 80 mesh) was pre-
cisely weighed and placed at the bottom of a 
glass mineralization tube. About 5 g of catalyst  



Vol. 17, No. 2, 2026		 Ukrainian Journal of Forest and Wood Science 45

Aouadj et al.

mixture and 10 to 15 mL of concentrated sul-
furic acid were then added, and the tubes were 
placed in the mineralization block and gradu-
ally heated to 360-380°C. Heating was main-
tained for at least 2 hours after the liquid had 
become clear and light green or blue-green in 
colour, after which the tubes were left to cool.

The second stage, distillation, transformed 
the ammonium ions into gaseous ammonia 
(NH3), which was carried by steam and trapped. 
About 30 to 50 mL of distilled water was added 
to the cooled tube to dilute the acid, and the 
tube was placed in the distiller. A flask contain-
ing 25 mL of coloured boric acid (initially pink/
purple) was placed under the outlet tube of the 
condenser to trap the ammonia. The distiller 
then automatically injected an excess of NaOH 
(about 40 to 50 mL) into the tube to make the 
medium strongly basic, and steam was passed 
for 4 to 5 minutes: the ammonia escaped, con-
densed, and was captured by the boric acid, 
which turned green/blue. Titration allowed 
the nitrogen trapped in the boric acid to be 
quantified. The receiving solution (the green 
Erlenmeyer flask) was titrated with a standard 
solution of hydrochloric acid (HCl) or sulfuric 
acid (H2SO4) at 0.01 or 0.05 mol/L, and the titra-
tion was stopped as soon as the solution turned 
back to its initial colour (pink/purple), with the 
volume of acid poured (Vsol) recorded. A blank 
test, following the same protocol but without 
soil, was conducted in parallel to record the 
blank volume (Vblank).

To determine the TC content of the soil, it 
was applied the method of automated analysis 
by dry combustion (ISO 10694:1995,  1995). A 
small amount of soil (approximately 20 to 50 
mg) was precisely weighed directly into a metal 
capsule, which was then automatically intro-
duced into a high-temperature furnace (1,000°C 
to 1,200°C) under a flow of pure oxygen. All the 
carbon present in the sample was instantly con-
verted into carbon dioxide, and the gases passed 
through an infrared detector (NDIR: Non-Dis-
persive Infrared) that quantified the exact 

amount of carbon dioxide released. The device 
then displayed the percentage of TC. The C/N 
is an indicator of the biological quality of forest 
soil. It reflects the rate of decomposition of the 
litter and the availability of nitrogen for the re-
generation of trees, in this case, oaks. It is simply 
obtained by dividing the percentage of Organic 
Carbon by the percentage of TN in soil sample:

C/N= total organic carbon rate/
/total nitrogen rate.                    (2)

The statistical study to understand the dy-
namics of the evolution of diameter classes of 
Portuguese oak, the authors performed a linear 
regression using the software XLSTAT version 
2020.5.1. First, the linear regression of the di-
ameter classes of Portuguese oak was deter-
mined based on the distances closest to human 
settlements; second, the influence of the differ-
ent diameter classes of Portuguese oak on its 
natural regeneration. The study applied simple 
linear regression to model the annual increase 
in circumference as a function of initial diame-
ter, validating the fit of the Weibull distribution 
using the Kolmogorov-Smirnov (K-S) test. All 
analyses were conducted using a standard sig-
nificance level of α = 0.05.

Results and Discussion

Overall average stem structure by diameter 
class. Data collected from all plots by distance 
class, shown in Table 4, reveal that the average 
diameter distribution of Portuguese oak stands 
is predominantly represented by two classes: C1 
(seedlings) and C5 (mature seed-bearing trees). 
For individuals in the intermediate classes C2, 
C3, and C4, the densities are consistently low 
across all distance classes. Authors’ findings 
align with those of B.  Hosnaoui  (1994) and 
A.  Aissi  (2019), who noted that the diameter 
structure of Portuguese oak populations sug-
gests an unsatisfactory state, marked in par-
ticular by a notable disruption in the growth of 
young seedlings (Table 4).
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This pattern signals a potentially concern-
ing future for these Portuguese oak forests. 
The reasons behind this condition are likely 
varied: some are inherent to the studied spe-
cies in specific environments, some are tied to 
the nature and composition of the surrounding 
plant community, and others are shaped by di-
rect or indirect human impact. To describe the 
structural and demographic characteristics of 
a forest stand, tree diameter is considered to 
be an integrating parameter. In fact, the struc-
ture and dynamics of the stand can be assessed 
from the distribution of tree diameters, which 
indirectly reflects the age distribution. The age 
distribution can be used to identify different 
states of plant populations as a function of suc-
cession and reproductive strategy, according 
to demographic models of population ecology 
(Kohyama,  1991; Kubota,  1995). Interpreting 
diameter distributions provides information 
on stand dynamics, which may correspond to 
different states: stable, declining or degraded 
(Reader  et al.,  1995). In this sense, fitting the 
diameter distribution to the theoretical Weibull 
distribution provides a better characterisation 
of the structure of forest stands (Berkowitz  et 
al., 1995). This distribution is characteristic of 
monospecific stands, dynamic in regeneration 
and characterised by both C1 (seedlings) and C5 
(mature trees), and is right asymmetric or pos-
itive asymmetric.

Linear regression models for different 
diameter classes. The density of seedlings (C1) 

shows a significant dependence on the distance 
to the nearest agglomerations (P  <  0.0001; 
R² = 0.91). This correlation is expected, as there 
is a clear dominance of Portuguese oak seed-
lings in plots farther from agglomerations 
compared to those at closer and intermediate 
distances. Anthropogenic factors play a major 
role in the disturbance of Portuguese oak eco-
systems in northern Algeria, with denser stands 
found further from agglomerations, while 
closer stands face increased grazing pressure, 
resulting in lower densities. The recent surge 
in grazing pressure has led to significant con-
sumption of seedlings by livestock (sheep, cat-
tle, and goats) and wild boar.

The abundance of other growth stages 
saplings (C2), low perches (C3), high perches 
(C4), and bearing trees (C5) is also significantly 
correlated with distance from agglomerations, 
with respective correlation coefficients of (P < 
0.0001; R² = 0.75, R² = 0.76, R² = 0.77, and R² 
= 0.8). Plots more distant from agglomerations 
are denser, while areas closer to settlements 
are less dense. Proximity to agglomerations im-
pacts the stability and structure of Portuguese 
oak populations, with more distant stands 
showing greater density. The denser stands 
are often located further from human activi-
ties, while those closer experience grazing, tree 
cutting, and brush clearance. The geograph-
ic position of plots relative to agglomerations 
significantly affects stand density, with great-
er distances associated with increased density. 

Table 4. Change in density ha-1 of each diameter class according to the distances  
of the nearest agglomerations

Note: Diameter class (C): C1: <5 cm; C2: 5-10 cm; C3: 10-20 cm; C4: 20-30 cm; C5: ≥30 cm. Distance class (D): 
D1: Immediate/Interface 0-200 metres; D2: Proximal/Functional 200-500 metres; D3: Urban Fringe 500-2,000 
metres (0.5-2 km); D4: Periphery 2,000-5,000 metres (2-5 km)
Source: cdeveloped by the authors

C1 C2 C3 C4 C5 Total

D1 15 4.4 6.8 8 10.3 44.5
D2 43 5.5 7.6 10.8 15.4 82.3
D3 85 9.6 12 15 26 147.6
D4 164 14 17 24 50 269

Average 76.7 8.37 10.8 14.4 25.4 135.8
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This substantial decline in mature trees is pri-
marily attributed to demographic pressures and 
illicit activities, such as firewood cutting, land 
clearing, and agricultural expansion. In gener-
al, grazing lands no longer meet livestock nu-
tritional needs. Authors’ findings are consistent 
with those of B.  Jdadi  et al.  (2014), who ob-
served that as proximity to agglomerations in-
creases, anthropogenic pressures, compounded 
by population growth, lead to deforestation, 
overgrazing, and acorn collection. According 
to these studies, stand density decreases clos-
er to agglomerations, where plots near settle-
ments are heavily frequented by livestock (cat-
tle, sheep, goats, etc.). O. Hasnaoui (2008) and 
Y.  Nasrallah  (2014) further demonstrated that 
overgrazing degrades pastoral resources, reduc-
es vegetation cover, impedes natural seedling 

regeneration, and increases erosion, destabiliz-
ing the entire silvo-pastoral ecosystem. 

In line with this, Y. Nasrallah (2014) report-
ed that overgrazing rates in this forest range 
from 77% to 83%. The average annual decline 
of seed-bearing trees (C5) with increasing prox-
imity to agglomerations is as follows: 0.75 indi-
viduals/ha/year (nearest agglomerations), 0.41 
individuals/ha/year (moderately distant), and 
0.12 individuals/ha/year (most distant). The 
annual regression rates for classes C2 and C3 
also decrease from the closest to the furthest 
areas from agglomerations (0.16 and 0.37 indi-
viduals/ha/year, and 0.08 and 0.12 individuals/
ha/year, respectively). The same study found 
that plot location relative to agglomerations 
significantly impacts stand density, with great-
er distances linked to higher densities (Fig. 3).
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Figure  3 shows a consistent positive re-
lationship between distance from the nearest 
agglomerations and the density of all diam-
eter classes of Portuguese oak. The strong-
est relationship was observed for seedlings 
(C1; R2  =  0.91, P  <  0.0001), indicating that 
natural regeneration was particularly sen-
sitive to proximity to human settlements. 
Significant relationships were also found 
for saplings (C2; R2 = 0.75), low perches (C3; 
R2  =  0.76), high perches (C4; R2  =  0.77) and 
mature seed-bearing trees (C5; R2 = 0.80); all 
relationships were significant at P  <  0.0001. 
Thus, stand density increased with distance 
from agglomerations across all developmen-
tal stages, although the particularly low den-
sities of the intermediate classes C2-C4 in-
dicated limited transition from seedlings to 
mature trees.

The lower density of Portuguese oak seed-
lings and trees recorded near human settle-
ments may reflect greater anthropogenic pres-
sure in these areas. S.A.  Aouadj  (2021), in a 
study of ecological restoration in the degraded 
forests of the Saïda Mountains, highlighted the 
importance of controlling anthropogenic dis-
turbances to support vegetation recovery. This 
finding is consistent with the present results, 
which showed increasing stand density with 
greater distance from nearby agglomerations. 
Nevertheless, because grazing intensity, tree 
cutting and other forms of human disturbance 
were not measured directly, their effects should 
be interpreted as possible explanations rather 
than confirmed causal factors.

Effect of different diameter classes 
on the regeneration of Portuguese oak 
through seeding. Regeneration is the basis 

Figure 3, Continued
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of silviculture. Portuguese oak regenerates 
by natural seeding, stump germination and 
suckering, and by assisted regeneration (Mes-
saoudene, 1989). Mature stands of Portuguese 
oak regenerate naturally from their own seed. 
In the case of assisted regeneration, prior se-
lection of elite seedlings using intrinsic and 
extrinsic criteria and based on data collected 
from the plots, authors assessed the impact 
of diameter structure on the density of Por-
tuguese seedlings (C1). Natural regeneration 

corresponds to the seedling stage, when the 
young plants have not yet grown beyond the 
herbaceous layer and are between 15 and 40 
cm in height. According to Figure 4, there is 
a significant effect (P < 0.001) of different di-
ameter classes C2 (R2 = 0.58), C3 (R2 = 0.54), C4 
(R2 = 0.54), and C5 (R2 = 0.68) on seedling den-
sity (C1). The same figure generally shows 
that seedling numbers increase with the 
density of other diameter classes (C2, C3, C4,  
and C5) (Fig. 4). 

Figure 4. Distribution of Portuguese oak stems by each diameter class as a function of distances 
from metropolitan area

Source: developed by the authors

According to Figure  4, the average distri-
bution of the diameter classes of Portuguese 
oak stands in Saida region was dominated by 2 
classes seedlings C1 and seed trees) C5. Regard-
ing individuals belonging to each intermediate 
classes C2, C3 and C4, the average numbers of 
individuals are low for all the distance classes. 
Low densities in classes C2, C3, C4, and C5 re-
flect challenges faced by the Portuguese oak 
ecosystem in naturally regenerating through 
seedlings (Fig. 5).

Indeed, these low densities across differ-
ent diameter classes result from the interplay 
between orographic factors (slope, altitude, 
and exposure) and anthropogenic factors 
(proximity to the nearest agglomerations). 
It is evident that germination and seedling  

establishment are considerably hindered by 
human activities and livestock, with the cutting 
of both underbrush and trees for various uses, 
such as firewood and charcoal production. A. 
Letreuch-Belarouci  et al.  (2009) demonstrat-
ed that excessive pruning has been damaging, 
as over-pruning weakens trees, making them 
more susceptible to drought and disease. Fur-
thermore, significant thinning of tree cano-
pies allows light-demanding species to invade 
the understory, degrading the Portuguese oak 
ecosystem. Y. Nasrallah  (2014) observed that 
selective grazing by livestock tends to elimi-
nate more palatable flora in favour of toxic and 
unpalatable species, leading to an imbalance in 
vegetation structure and hindering natural re-
generation through seedlings.
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Ecologically, the observed aggregation of 
trees can be explained either by variation or 
heterogeneity in environmental characteris-
tics, or by genetic characteristics and behaviour 
of organisms of the same species, which often 
tend to group (Dale, 1999; Dajoz, 2006). In the 
open forest of Saida, the aggregated pattern of 
spatial distribution of trees can be explained 
by variations in soil characteristics. The soil 
is stony on the hilltops, whereas it is relative-
ly deep and fine on the flanks and towards the 
shallows. In addition, the spatial structure de-
termines the local environment surrounding 
each tree (in particular the number of neigh-
bours) and thus its growing conditions. This 
local environment can lead to local monospe-
cific composition (Barot et al., 1999a; Barot et 
al., 1999b) by modifying the expression of nat-
ural processes such as stand growth, mortality 
and regeneration. This trend is confirmed for 
the Saida open forest.

M.R.T.  Dale  (1999), R.  Dajoz  (2006) and 
S.  Barot  et al.  (1999a; 1999b) state that den-
sity is a particularly important concept in for-
est management because it is an indication 
of the degree of stand occupancy. In the case 
of the Saida open forest, the fact that there 
is a balance in terms of natural regeneration 
means that there is no need to introduce other  

species for reforestation. Furthermore, the 
density of 50 trees/ha is within the range 
known for Africa (Sonké, 1998). However, the 
density of trees observed in the Saida open for-
est indicates that there is intense competition 
between these trees for resources. More infor-
mation about the future of this ecosystem is 
provided by the behaviour of the juvenile stage 
of the Saida open forest. Regenerating a spe-
cies depends on the density and spatial distri-
bution of individuals (Dubourdieu, 1997). The 
predominance of seedlings in the Saida forest 
is therefore a sign of balanced regeneration. 
This conclusion confirmed the observations of 
Y. Kubota (1995), R.J. Reader et al. (1995) and 
A.R. Berkowitz et al. (1995).

Analysis of soil samples collected in 
the 4 sites. To characterise the edaphic con-
ditions associated with Portuguese oak stands, 
soil samples collected from the four study sites 
were analysed at two depths: 0-20 cm and 20-
60 cm. The analysis covered the principal phys-
icochemical properties of the soil, including pH, 
particle-size distribution, TC, TN, OM content 
and the C/N. Comparing the surface and deeper 
horizons made it possible to identify both spa-
tial differences among the study sites and verti-
cal changes in soil properties. The results of the 
soil analyses are presented in Table 5.

Site pH 
H2O

Particle size fractions (%)
% of CT % of NT % of MO C/N

CS FS CSi FSi C

Djefal
S1(0-20 cm) 5.9 30 32 8.1 9 20.9 0.7 10 13 4.5
S2(0-60 cm) 5.1 24 5.5 2.2 2.2 66.1 0.4 7 9.5 2.2

El Makhnez
S1(0-20 cm) 5.6 11.5 47 12.6 12.8 10.5 0.8 11 12 5.3
S2(0-60 cm) 5.3 23 38 11.9 12.8 09 0.5 6 10 3.1

Guetna
S1(0-20 cm) 6.3 13 22 22 23 13.7 0.8 10 13 5.2
S2(0-60 cm) 5.4 18 09 20 21 26.6 0.4 5 13 4.3

Ain El Hadjer
S1(0-20 cm) 6.1 30 40 8 8 7.9 0.4 9 16 6.4
S2(0-60 cm) 5 26 8 4 5 52 0.2 4 14 4.1

Table 5. Analysis of soil samples collected in the 4 sites

Note: S; C/N; CS; NT; FS; CSi; OM; FSi; CT; C
Source: developed by the authors

The table presents the physicochemi-
cal properties of soil samples collected from 
four distinct study sites (Djefal, El Makhnez,  

Guetna, and Ain El Hadjer) at two differ-
ent depths: S1: (0-0  cm, surface horizon) and 
S2:  (20-60  cm, deep horizon). The parameters 
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analysed include pH, texture (grain size frac-
tions) and C/N, and OM content. The socio-en-
vironmental and physico-chemical analyses 
reveal significant structural variations among 
the four studied sites, as well as a marked ver-
tical stratification between the surface S1 and 
deeper S2 horizons (Table  5). Overall, soil pH 
H2O ranges from 5.0 to 6.3, indicating an acid-
ic to moderately acidic environment. Across all 
monitored sites, a systematic acidification of 
the soil matrix occurs with increasing depth. 
This trend is particularly pronounced at Ain El 
Hadjer, where the pH drops by 1.1 units from 
the surface to the lower horizon. This vertical 
decrease reflects the leaching of exchangea-
ble bases Ca+2 and Mg+2 driven by water perco-
lation, combined with the potential buffering 
effect of OM accumulated in the upper layer. 
Regarding particle size distribution, the soil 
texture fractions highlight two distinct pedoge-
netic behaviours: an intense illuviation pro-
cess characterises the Djefal and Ain El Hadjer 
sites. The dramatic increase in C content at 
depth reaching 66.1% and 52.0%, respectively 
demonstrates the downward migration of col-
loids, strongly suggesting the development of 
a diagnostic argillic Bt accumulation horizon.
Conversely, the El Makhnez and Guetna sites 
display more balanced, loamy-sandy profiles. 
El Makhnez is notably characterised by a high 
proportion of FS (47.0% at the surface), which 
imparts greater macroporosity to the soil but 
consequently elevates its vulnerability to ero-
sion and leaching processes.

The organic component of the analysed 
soils exhibits highly specific characteristics. 
OM contents are exceptionally high for topsoils, 
ranging from 10.5% (El Makhnez) to 16.0% (Ain 
El Hadjer). Such substantial accumulation of 
surface biomass suggests specific environmen-
tal constraints such as low temperatures or sea-
sonal waterlogging that restrict the overall ac-
tivity of mineralizing decomposers. In line with 
classical pedological distribution models, a 
vertical decrease in OM, TC, and TN is observed 

across all sites. However, the most striking find-
ing lies in the particularly low C/N, which range 
between 2.2 and 6.4. A C/N below the critical 
threshold of 8 to 10 theoretically indicates an 
extremely advanced stage of humification and 
rapid mineralization of organic nitrogen. The 
drastic decline of this ratio at depth (reaching 
a minimum of 2.2 at Djefal) reflects a near-total 
depletion of easily biodegradable carbon frac-
tions in favour of a highly stable nitrogenous 
matrix. This configuration could be explained 
by a preferential accumulation of nitrogen-en-
riched microbial necromass in deeper horizons, 
or by historical exogenous nitrogen inputs that 
narrow the C/N baseline of the local microflora.

The soil properties recorded at the four 
sites differed from those reported by M. Zoui-
di  et al.  (2018) for arid Aleppo pine forests in 
western Algeria. M. Zouidi et al. (2018) identi-
fied predominantly sandy soils with an alkaline 
pH above 8, whereas the soils examined in the 
present study were acidic to moderately acidic 
and displayed greater textural variation among 
the sampling sites and soil depths. These dif-
ferences may be related to forest composition, 
parent material, topographic position and local 
climatic conditions, demonstrating that soil 
characteristics reported for arid coniferous for-
ests cannot be directly extrapolated to Portu-
guese oak stands in the Saïda region.

The higher OM content observed in the 
surface horizons may be associated with the 
accumulation and decomposition of plant litter 
and the greater concentration of fine roots near 
the soil surface. At Djefal and Aïn El Hadjer, the 
increase in C content in the deeper horizons 
indicated pronounced vertical differentiation 
of the soil profiles. Such differences in soil tex-
ture may affect water retention, aeration and 
root penetration, thereby creating different 
conditions for the establishment and subse-
quent development of Portuguese oak seed-
lings. J. Vieira  et al.  (2022) showed that envi-
ronmental conditions influenced seasonal and 
daily stem-diameter variation in Portuguese 
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oak, confirming the sensitivity of this species 
to changes in resource availability. The ob-
served spatial variation in soil properties may 
therefore be among the factors contributing to 
differences in stand growth and regeneration, 
although this relationship requires further sta-
tistical assessment.

The identified soil heterogeneity should 
also be considered when planning the resto-
ration of degraded stands. S.A. Aouadj  (2021), 
based on research conducted in the forests of 
the Saïda Mountains, highlighted the impor-
tance of adapting restoration measures to the 
ecological characteristics of individual sites. 
Accordingly, the management of Portuguese 
oak stands should take into account not only 
their distance from human settlements and ex-
posure to anthropogenic pressure but also local 
soil acidity, texture and OM content. Site-spe-
cific assessment may therefore improve the se-
lection of areas suitable for natural regenera-
tion, protection or assisted restoration.

The sustainable management of natu-
ral areas relies on a careful balance between 
pastoral use, the preservation of flora, and 
the rehabilitation of degraded land. Optimiz-
ing grazing requires the implementation of a 
methodical rotation of plots. Dividing the land 
into several enclosures allows the vegetation 
to regenerate after each grazing period. This 
approach must be coupled with strict control 
of stocking rates limiting the number of an-
imals per hectare to prevent overgrazing and 
destructive soil compaction. Furthermore, 
regularly moving watering points and adher-
ing to a seasonal schedule that excludes live-
stock at the onset of the rains ensure an even 
distribution of grazing pressure and sustain 
the regrowth of herbaceous vegetation.

Conclusions

The diameter-structure analysis of the Por-
tuguese oak forest showed the dominance of 
seedlings (76.7 individuals/ha) and mature 
seed-bearing trees (25.4 individuals/ha), while 

saplings (8.37 individuals/ha), low perches 
(10.8 individuals/ha) and high perches (14.4 
individuals/ha) were less abundant. Lower 
densities of all diameter classes were record-
ed near agglomerations, which may reflect 
greater anthropogenic pressure, including 
overgrazing. However, the effects of individ-
ual anthropogenic factors were not measured 
directly. Natural regeneration was present, 
but the low abundance of intermediate di-
ameter classes indicated limited transition of 
seedlings to subsequent developmental stag-
es. The effect of overgrazing on the density 
of different diameter classes is very noticea-
ble in all the studied plots. The abundance of 
other growth stages saplings (C2), low perches 
(C3), high perches (C4), and bearing trees (C5) 
is also significantly correlated with distance 
from agglomerations, with respective cor-
relation coefficients of (P  <  0.0001; R2  =  0.75, 
R2 = 0.76, R2 = 0.77, and R2 = 0.8). 

Soil analysis revealed acidic soils (pH 5 
to 6.3) that became more acidic with depth, 
particularly at Aïn El Hadjer. The surface layer 
was naturally rich in carbon, nitrogen, and OM 
(up to 16%). These levels dropped sharply with 
depth, consistent with the expected biologi-
cal decomposition gradient, and the resulting 
low C/N indicated rapid and active minerali-
zation of OM. The Djefal and Aïn El Hadjer 
sites showed evidence of vertical leaching, 
with significant C accumulation in the deeper 
soil layers. The differences in soil acidity, tex-
ture and OM content indicated considerable 
edaphic heterogeneity among the four study 
sites, which should be considered when plan-
ning the protection and restoration of Portu-
guese oak stands. This dataset will serve as a 
database for the monitoring and conservation 
of this species. Monitoring the dynamics of 
Portuguese oak in the face of global changes 
is always continuous and ongoing. In future 
work authors will try to develop dendrometric 
equations for predicting future regeneration 
based on diameter classes.
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Анотація. Незважаючи на екологічне та лісівниче значення португальського дуба 
(Quercus faginea Lam.) у Північній Африці, динаміка його популяцій в умовах зростаючого 
антропогенного тиску залишається недостатньо вивченою, що обмежує можливості науково 
обґрунтованого планування природоохоронних заходів. Метою цього дослідження була 
оцінка сучасного стану екосистеми португальського дуба та вивчення впливу близькості 
до людських поселень і діаметральної структури деревостану на природне поновлення, а 
також характеристика фізико-хімічних властивостей ґрунтів на досліджуваних ділянках. 
У дослідженні застосовано стратифіковану випадкову вибірку на основі 100 кругових 
пробних ділянок площею 400 м², розподілених за заздалегідь визначеними класами 
відстані. Результати показали, що відстань до найближчих населених пунктів суттєво 
впливає на густоту деревостану у всіх діаметральних класах. Коефіцієнти детермінації 
коливалися від 0,75 до 0,91, що свідчить про те, що відстань до людських поселень пояснює 
значну частку варіації густоти дерев різних діаметральних класів. Густота деревостану 
зростала зі збільшенням відстані від населених пунктів, при цьому переважали сіянці та 
зрілі насіннєносні дерева, тоді як проміжні діаметральні класи були представлені слабко. 
Було також встановлено зв’язок природного поновлення (через сіянці) з діаметральною 
структурою: густота сіянців зростала зі збільшенням густоти дерев інших діаметральних 
класів, при значеннях R2 від 0,54 до 0,68. Показник pH ґрунту коливався від 5,0 до 6,3 і, 
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як правило, знижувався з глибиною. Поверхневі горизонти містили вищі рівні органічної 
речовини, вуглецю та азоту, тоді як накопичення глини у глибших горизонтах було особливо 
помітним на ділянках Джефаль та Айн-ель-Хаджер. Отримані результати підкреслюють 
вразливість екосистеми португальського дуба до антропогенного тиску та вказують на 
необхідність відповідних заходів з охорони та відновлення, зокрема захисту природного 
поновлення та зниження тиску випасу худоби поблизу населених пунктів. Це дослідження 
може слугувати базовим орієнтиром для моніторингу динаміки та змін рослинності, а 
також для планування охорони та відновлення насаджень португальського дуба

Ключові слова: діаметральні класи; відстань; густота сіянців; близькість до людини; 
антропогенний тиск


