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ABSTRACT

Aleppo pine is the most important forest species in Algeria. This species has been
used for a long time in reforestation programs, notably the “green dam” planted in
the 1970s. Despite this importance, the Aleppo pine continues to undergo all kinds
of degradation such as land clearing, illegal cutting and fire. This situation is
causing reduction of potential wood production, also jeopardizing the vitality of the
stands and their regeneration. This work aims to describe the typology,
productivity and dynamics of Aleppo pine stands in the Ouarsenis massif (West of
Algeria). 27 plots were installed to describe the stands (composition of forest
species, dbh , total height, and basal area). Regeneration was estimated by the rate
of juvenile individuals (dbh<5cm). The results obtained shows that the Aleppo pine
develops different conditions for altitude, climate and type of soil. These
conditions have a direct influence on the structure of the Aleppo pine and its
productivity. The best populations develop on an average altitude (500 to 1400 m),
in subhumid and semi-arid climates, on southern exposures and on limestone soils.
The stands are mostly young (age <70 years) with good natural regeneration. These
results put focus on the factors of degradation of the Aleppo pine, in particular the
recurring fires and the lack of silvicultural management which application can
improve the productivity and the vitality of the stands.
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INTRODUCTION
The Aleppo Pine (Pinus halepenis Mill) is one of the most characteristic species of
the Mediterranean basin, particularly the western part (Quézel, 2000; de Luis et al.,
2013), where it occurs both on the north and south shore of the Mediterranean
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(Quézel and Médail, 2003). In Algeria, this species occupies an important place in
the country's forest policy, both through its spontaneous presence in almost all of
northern Algeria; except from the Numidian and Kabyle coastlines (Boudy, 1950;
Kadik, 1987), and for its use for more than 50 years in reforestation programs
(Bensaid, 1995). A hardy species that tolerates drought, this species is nevertheless
very sensitive to forest fires which devastate tens of thousands of hectares each
summer (Meddour-Sahar et al., 2008). This species has been the subject of several
studies in Algeria, notably on the description of forest stands (Boudy, 1950);
productivity (Kadik, 1987; Bentouati, 2006), dendroecology (Mederbel, 1992;
Safar, 1994; Sarmoum et al., 2016) and phytosciology (Kadik, 2005).

This work is focused on the Ouarsenis massif (western Algeria), the choice of this
area is dictated by the presence of several Aleppo pine stands which develop under
variable ecological conditions. These stands have not been the subject of previous
studies or silvicultural management. This work consists in (i) describing the current
state of Aleppo pine stands in the Ouarsenis massif (ii) studying the long-term
dynamics of tree growth (iii) studying the productivity of this species by depending
on the environmental conditions.

MATERIALS AND METHODS

Description of the study area

The Ouarsenis massif is the most important forest massif in western Algeria.
Several geological formations generating a variety of substrates and soils
(Mattauer, 1958; Sari, 1977). The climate varies from semi-arid to humid with an
altitudinal gradation ranging from 400m to 1985m. The Massif shelters several
species and forest formations, among others, Atlas cedar (Cedrus atlantica (Endl.)
Manetti ex Carriére)., Aleppo pine, holm and cork oaks (Quercus ilex L., Q. suber
L.), Berber thuja (Tetraclinis articulata (Vahl) Masters) (Boudy, 1950). The pine
forests occupy nearly 70% of the forest cover (BNEDER, 2009). Having been
overexploited in the last century and suffered very severe fires, especially in 1893
and 1936 (Boudy, 1950) and others repeated in recent years, these formations are
currently more or less degraded (BNEDER, 2009).

Sampling and data analysis

An stratified sampled based on altitude, slope, aspect, soil type and stand structure
(age, density, anthropogenic disturbance... etc.) was conducted in the Ouarsenis
massif between 2016 and 2018 (Gounot, 1969). A total of 9 sites each comprising
three (3) rectangular plots of 0.1 ha (50 * 20 m) were set up (Tab.1). At the level of
each plot, total and dominant height (e.g. the average height of the 100 largest
stems in the stand), dbh and basal area of all the individuals of forest species with
dbh>5 cm were measured. Frequency of forest species (%) and density were also
estimated. The density of juvenile stages (5 cm<diameter <10 cm) was used to
estimate the regeneration of forest species (Dobrowolska and Veblen, 2008).

The dendrometric data collected at the level of each plot were grouped by site to
calculate the statistical parameters (mean, standard deviation) relating to each
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variable studied. Post-hoc comparison of means was performed by Tukey's test
after single-factor analysis of variance (ANOVA). For all statistical tests applied,
the null hypothesis was rejected at the significance level of P <0.05. Statistical
processing was performed using SPSS 16.0 package.

Radial growth dynamic

From 15 dominant Aleppo pine individuals per plot, two cores at breast height
were taken using a Suunto® increment borer, in a direction parallel to the contour
lines, to study radial growth dynamics. The cores were mounted, sanded and
polished; the crossdating was performed under a binocular microscope, following
standard dendrochronological methods (Speer 2010). The ring width was measured
to the nearest 0.01 mm using a LINTAB measuring device and the Time Series
Analysis Program (TSAP). Two chronologies were created and the trend due to the
geometrical constraint of adding a volume of wood to a stem of increasing radius
was correctedby converting tree-ring widths into basal area increments (BAI) using
the formula: BAI= n(Rt2 — Rt-12) where R is the radius of the tree and t is the year
oftree-ring formation using the 3pBase program. Cumulative growth curves for
each series were established to study the effect of environmental conditions on the
productivity of each site.

Table 1. Description of the ecological stations sampled in the study area.

Station | Altitude | Exposure | Slope (%) Seil Coverage
(m) Global (%)

PIN1 1225 NNE 30-40 Sandstone 60%
colluvium

PIN2 1041 NW 40-50 Sandstone 70%
colluvium

PIN3 1143 NW 30-40 Sandstone 80%
colluvium

PIN4 1150 NNE 10-20 Limestone 60%

PIN5 1254 NW 20-30 Limestone 70%

PIN6 508 SW 30-40 Schist 60%

PIN7 815 SW 20-30 Limestone 60%

PINS 1030 SE 30-40 Limestone 80%

PIN9 1320 SE 40-50 Limestone 80%
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RESULTS AND DISCUSSION
Age
Studied Aleppo pine populations have a mean age ranging from 43 years (PIN7) to
112 years (PING6) (Table 2). We can therefore distinguish older populations (> 100
years): PIN5 and PIN6; moderately old (50-100 years) which are the PIN1, PIN2,
PIN3, PIN4 and PIN9 populations and young populations (<50 years) which are
the PIN7 and PINS8 populations.
Composition in forest species
Aleppo pine is found in its pure (PIN6 and PIN7) or mixed stands with holm oak
and cade juniper (Juniperus oxycedrus Sibth. & Sm.) (PIN1, PIN2, PIN3, PINS and
PIN9) and with Atlas cedar (PIN4 and PINS) (Table 2), ranging its proportions
from 100% to 36%. Pure stands are more frequently localized at low altitudes
(<1200 m), increasing the presence of holm oak (southern aspect) and Atlas cedar
(northern aspect) at higher altitudes.
Structure and regeneration
Aleppo pine density ranged from 110 (PIN6) to 790 trees ha™ (PIN7) (Table 2).
Three types of stands according to density can be described: low density (< 300
trees ha”', PIN2, PIN3, PIN4 and PIN6), medium density (300-500 trees ha™', PIN1
and PIN9), high density stands (> 500 trees ha"', PIN5, PIN7 and PINS).
Regarding the regeneration density, it ranged between 30 trees ha” (PIN2 and
PIN4) to 100 trees ha™ (PIN7). We also noted the total absence of Aleppo pine
regeneration for the PIN4 and PINO sites, where high values of Atlas cedar and
holm oak regeneration was found (Table 2).

Height and diameter

Minimum total and dominant heights were found at the PIN3 and maximum at the
PIN4 station, with significant differences (F=9.81; P <0.001) among height groups
(Table 2). This discrimination highlights the effect of environmental factors on the
total height. The highest values were located on limestone on the northern slope
(PIN4, PINS). On the other hand, the lowest values were recorded on a sandstone
substrate (PIN1, PIN2 and PIN3).

Mean diameter ranged from 13.86 cm (PIN7) to 49.56 cm (PIN4), distinguishing
six significant groups (F = 18.00; P<0.001): group a (PIN7), group ab (PIN1 and
PINS), group b (PIN2), group bc (PIN3 and PINS) , group cd (PIN9) and group d
(PIN4). This was related to the basal area which ranged from 11.19 m* h™" (PIN1)
to 52.9 m> h"' (PIN5). The most productive stations were located on limestone
substrate (PINS and PIN9) and/or in low-sloping land (PIN4) and less productive
on sandstone substrate (PIN1, PIN2 and PIN3) (Table 2).

Radial growth dynamic

Mean annual growth (MG) ranged from a minimum value of 1.98 mm year”
(PIN5) to a maximum value of 3.95 mm year” (PIN7). Comparison of the MG
values with other Mediterranean pine forests shows values that are clearly higher
than those obtained in the Saharan Atlas (Safar, 1994), rather high than those of
Orania (Mederbal, 1992) or even the south from France (Nicault, 1999), but
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corroborate with those obtained in Greece (Papadopoulos, 1992) and Tunisia (El
Khorchani et al., 2007).

The values of the standard deviation (SD) show a strong interannual variability of
the radial growth due to the fluctuations of the random factors which act on the
radial growth (climate, thinning, attack of parasites), but also the effect of the age.
In fact, older populations (PIN5 and PIN6) exhibit greater fluctuations than
younger populations (PIN7 and PINS). The highest MG values were obtained in
young populations (PIN7 and PINS), which is in concordance with previous studies
showing that the Aleppo pine reaches its maximum productivity at the age of 70
years; beyond this age its productivity begins to decline (Bentouati, 2006;
Vennetier et al., 2010).

The spatio-temporal variations of the ring surfaces of Aleppo pine populations
(Fig. 1) show linear profiles for most populations (except for PIN2 and PIN3). The
high and medium frequency variations are expressed by periods of rapid annual
increases following by decreases. These variations were analogous to those
observed for radial growth, but they show quite different long-term variations (low
frequency variations), in that there is an increase in basal area over time, as we
excepted for the PIN2 and PIN3 populations.

Populations of the Aleppo pine showed very marked differences in production (Fig.
2). At approximately the same age, populations do not exhibit the same ability to
grow, so site factors seem to play an important role on population growth. Indeed,
at a common age of 40 years, the PIN4 and PIN2 populations were more
productive, the PIN3, PIN9, PIN1 and PIN6 populations were moderately
productive and finally, the PIN7, PIN8 and PIN9 populations showed weak
production. The latter, because of their young age, also present linear profiles
indicating a low silvicultural intervention. The PIN2 and PIN4 populations showed
an exponential growth profile which attests to the good conditions for tree growth
apart from environmental disturbances. The PIN6 population showed a spectacular
increase in productivity in the 1950s and 1970s. This singularity cannot be
explained by the single climatic variable which acts homogeneously on the
populations of the same region, but by the anthropogenic factors (cutting, and
thinning) which promoted the growth of certain trees in the population. On the
other hand, the other populations (PIN1, PIN3 and PINS) started to show a change
in trend from the 1980s.
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Table 2. Structure and dendrometric parameters of Aleppo pine stands in the study
area. The different letters indicate the post-hoc comparison (Tukey test). Hd:
Dominant height, Ca: Cedrus atlantica, Qi: Quercus ilex, Ph: Pinus halepensis, Jo:
Juniperus oxycedrus.

Sites Composition | Total Density of | Total hight (Hd) | Diameter Basal area
(%) density juvenile m (cm) (m’.ha™)
(ha'l) stages (ha‘l) (m)
PINL | b g7 s) 280,3 30 TAS£217 O | 500350 140 | 1077
Qi (12,5) 403 10 ab 11,54+1,53 0,42
Total 1S 320,6 40 3324092 L 11,19
PIN2 | by ey 260 20 6,77+2,80 (9,4) 3035615826 | 237
Qi (13) 40 10 ab 10,66+2,08 0.4
Total | <! 300 30 2,92+0,95 DO=2 24,1
PIN3 | Ph(73) %0 ;g 6,0542,42 (8,1)a | 33,81+19,04 be (2)567
Qi (24) 10 0 2,1140,86 9,5545,11 ol
Total | Jo(3) 300 20 3,540,7 11,4643,2 264
PINA | o ss) 160 0 15,76+ 8,71 s056:2302d | 37
80 (13)d 0.2
Ca (28) 20 3,14+1,8
Jo (17) 30 10 2,010,227 06,05+3.41 01
Total | *° 290 30 1,78+ 0,53 s 373
310 30 11,87+ 7,32 33,13+ 19,04 39,26
PINS 1():2 8?) 150 30 (19,7) cd be 13.44
Qi (079 40 20 7.64+522 25,1523 34 0,1
Total | 1 1(11) 60 10 337+ 1,63 5254237 0,1
ota © 560 90 1,61+ 0,45 03,18+1,96 52,9
PING
110 10 10,90+6,81 (14,6) 28,19
Pa (100) o 10 be 4939430.13d | 21
Total
PIN7
790 100 8,29+3.5 (11,60) 13,8
Total | Ph (100) 790 100 e 13,86+5,60 a 138
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Figure 1. Curves of annual growth ring area in Aleppo pine.
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Figure 2. Curves of annual cumulative growth areas of tree rings as a function of
age in Aleppo pine

CONCLUSION

This work shows a current and retrospective assessment of the Aleppo pine stands
in the Ouarsenis massif (Algeria). The results obtained show a close relationship
between the dendrometric and dendroecological parameters and the environmental
conditions. The latter also intervene to explain the structure of stands and their
productivity. As a result, the best stands develop on a limestone substrate, in
southern exposures and in medium altitudes. Human action can also modify these
parameters. Silvicultural intervention sometimes seems necessary to improve the
health status of the stands, promote their regeneration and productivity and reduce
the frequency of fires.
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