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Introduction

Pine forests arguably constitute the
largest forested areas in the northern
hemisphere, with a range expansion from
subtropical to subarctic zones, coastal
plains, high plateaus, and mountains (Ri-
chardson 1998). Several biotic and abiotic
agents have altered these forests for years,
influencing their current cover and distribu-
tion worldwide, especially in the Mediter-
ranean region (Richardson et al. 2007).
Pines are the most used species in af-
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This review synthesizes current knowledge on Pinus halepensis Mill. with a
specific emphasis on its ecological importance, growth dynamics, and interac-
tions with soil in the Mediterranean region. As a dominant species in afforesta-
tion projects globally, particularly in the Mediterranean Basin, this article of-
fers a concise overview of the distribution, adaptability to arid environments,
and diffusion mechanisms of Aleppo pine trees. Emphasis is placed on the
characteristics of aboveground growth, specifically examining the factors that
affect radial growth based on dendrological analysis. The impact of soil on Pi-
nus halepensis growth is scrutinized, highlighting its capacity to adapt to low
fertility and salinity while addressing water retention and erosion control chal-
lenges. The information presented here provides valuable insights into Aleppo
pine forest management and conservation efforts in the Mediterranean con-

text.
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Ecological Importance.

forestation projects, with nearly 20% of
planted forests worldwide, due to their
commercial value, soil protection, and re-
habilitation purposes (Lavi et al. 2005,
Bonari et al. 2017). The genus Pinus is
among the top five genera in terms of the
volume of growing stock in forests, regard-
less of whether it is composed of native or
introduced species. This genus represents
the first growing stock in Europe, the sec-
ond in Asia and North America, and the
fifth in Africa (FAO 2020). Given the num-
ber of species belonging to the genus, it is
the richest genus of conifers, with approxi-
mately 115 verified species (Zhao et al.
2018). Ten of these species are found in the
Mediterranean area, and four of them are
considered native to the region in terms of
climatic requirements and distributional
range: Pinus halepensis Mill., Pinus pinaster
Ait., Pinus pinea L. and Pinus brutia Ten
(Quézel 2000, Bonari et al. 2021).

This work focuses on the Aleppo pine, Pi-
nus halepensis Mill., particularly in its natu-
ral habitat in the Mediterranean region.
This paper aims to review recent literature
regarding the importance, productivity,
and factors affecting the growth of this
valuable Mediterranean species.

Ecological characteristics of
Aleppo pine

Description and distribution

P. halepensis is a circum-Mediterranean
species known as the most widely distrib-
uted pine species in the region, covering
nearly 3.5 million hectares. (Girard et al.
2012). Aleppo pine grows naturally in al-
most every Mediterranean country but is
mainly concentrated in the basin’s western
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side, in Spain and southern France (Fig. 1)
(De Luis et al. 2013, Vieira et al. 2022). It is
usually a low-elevation species, but it can
grow at higher altitudes up to 1700 m a.s.l.
in Morocco (Farjon 2017). The plasticity,
drought tolerance, and rapid growth rate
of the species make it suitable for harsh
semi-arid environments (Novak et al. 2016),
and it is a favorite candidate in afforesta-
tion projects in these areas. Aleppo pine is
a perennial evergreen tree that can grow
up to 20 meters in height and reach a diam-
eter of 100 cm at breast height, with a po-
tential lifespan exceeding 150 years. How-
ever, it is typically shorter in height and
susceptible to disturbances such as wild-
fires (Al-Fitori et al. 2019, Mauri et al. 2016,
Alsanousi & Ali 2018). The species has thick,
cracked bark and pedunculate cones. It is
also characterized by delicate, pliable, light
green needles (El Omari et al. 2021). As
early as three years of age, Aleppo pine
starts the production of female cones. No-
tably, this species is distinguished by a well-
developed root system featuring a sub-
stantial woody taproot and robust lateral
roots (Zeiner et al. 2019).

Ecological importance in the
Mediterranean region

The ability of P. halepensis to survive in
dry environments is characterized by its
adaptation to seasonal precipitation fluctu-
ations and isohydric response (De Luis et
al. 2013). Thus, the species’ potential to
grow on poor fertility and rocky calcareous
soils makes it a favored candidate in af-
forestation projects. Aleppo pine is a key
species in the Mediterranean ecosystem,
contributing to its ecological and economic
value. It plays a crucial role in facilitating
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Fig. 1 - Geographical distribution of Pinus halepensis Mill. in the Mediterranean Basin

(source: Vieira et al. 2022).

the establishment of perennial grasses and
shrubs, contributing to the overall biodi-
versity of the region (Maestre et al. 2003).
However, its allelopathic effects, particu-
larly the release of volatile organic com-
pounds, can inhibit herbaceous species’
germination and root growth (Santonja et
al. 2019). Regarding habitat, P. halepensis
forests have been found to host more diag-
nostic species of foredune habitats than
other pine forests, highlighting their
unique ecological characteristics (Bonari et
al. 2018). Moreover, the ability to adapt to
various soil types allows its growth even in
heavily polluted lands, such as mine tailing
and landfill sites, tolerating high concentra-
tions of heavy minerals like Zinc (Zn), Lead
(Pb), and Cadmium (Cd) (Kharazian et al.
2023). Furthermore, the species is suitable
for phytostabilization of metal(loid)-pol-
luted soils in semiarid environments in
Southeast Spain (Parraga-Aguado et al.
2014). P. halepensis is a pioneer species
(Fekih et al. 2014, Bellot et al. 2004) with
enormous potential to expand and colo-
nize nearby degraded and abandoned
lands. For example, Lavi et al. (2005) re-
ported that P. halepensis invaded the sur-
rounding natural vegetation of Quercus
ithaburensis Decne. and Pistacia lentiscus L.
in Israel. The broad distribution and sur-
vival traits of P. halepensis in the Mediter-
ranean Basin can be attributed partly to its
reproductive strategy, which involves pro-
ducing both serotinous and non-serotinous
cones (Moya et al. 2008). Aleppo pine
trees are typically planted in the region to
reduce soil and water losses and restore
vegetation cover. They represent a suitable
alternative in preventing excessive degra-
dation in susceptible arid regions (Per-
domo-Gonzadlez et al. 2023, Cerda et al.
2017).

Reproduction and expansion

Aleppo pine’s diffusion capacity has been
thoroughly studied, with seedlings ob-
served as far as 100 meters from the stand
edge and even at greater distances, form-
ing “islands” of pine trees amidst the natu-
ral vegetation (Lavi et al. 2005). Similar
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findings have been reported in several
places in the southern hemisphere, includ-
ing the Argentine pampas (Simberloff et al.
2010) and the Ernesto Tornquist Provincial
Park in Argentina (De Villalobos et al. 2011).
In further investigation, the authors found
that the structure and composition of the
natural Pampean grasslands may be im-
pacted by indirect consequences linked to
the presence of feral horses, which could
favor the establishment of P. halepensis.
Moreover, Osem et al. (2011) found that
cattle grazing of natural herbaceous vege-
tation can favor the emergence of Aleppo
pine seedlings in Ramat Hanadiv Nature
Park in Israel.

Aleppo pine has serotinous cones that fa-
cilitate regeneration after fires. These
cones remain closed on the tree for an ex-
tended period, acting as a “canopy seed
bank” until they are exposed to intense
heat, such as fire, which causes the cones
to open, releasing pine seeds (Moya et al.
2008). Pine trees in fire-prone habitats,
such as the Mediterranean basin, have a
higher proportion of serotinous cones than
trees in populations with few fires or no
fire history (Romero et al. 2023).

Aboveground growth attributes of
P. halepensis: what drives the
species radial growth?

Previous studies on the mean annual ra-
dial growth of P. halepensis have identified
several key factors influencing the ecologi-
cal performances of the species. P. hale-
pensis exhibits superior growth and carbon
sequestration compared to other pine
trees in the Mediterranean region (Del
Castillo et al. 2018, De Luis et al. 2013). Tree
size, competition indices, and water stress
indices are significant predictors of radial
growth, with thinning having a positive ef-
fect (Helluy et al. 2020). The species’ cam-
bial rhythm and cell differentiation vary
based on environmental conditions, indi-
cating high adaptability (Prislan et al. 2016).
The stand structure can modulate the
species’ response and long-term vulnerabil-
ity to drought. Indeed, trees in densely
forested stands can face a pronounced wa-

ter shortage due to the intense competi-
tion among individuals for soil moisture.
Consequently, these trees may be more
susceptible to drought compared to those
in more open, widely spaced woodland
stands, according to Moreno-Gutiérrez et
al. (2012).

Growth dynamics in response to
environmental factors

Climate change has negatively impacted
pine forests by causing significant growth
decline and dieback mortality due to ex-
tended drought periods. Moreover, envi-
ronmental variables such as rainfall and
temperature considerably affect radial
growth, influencing different stages of
growth and rest periods (Martin-Benito et
al. 2010, Camarero et al. 2015). P. halepensis
exhibits superior growth attributes and has
a larger potential for enhancing carbon fix-
ation than other pine species in the Iberian
Peninsula (Del Castillo et al. 2018). Mean
annual growth varies for P. halepensis trees
around the Mediterranean basin. Higher
mean annual growth (MAG) rates were
recorded from both pure and mixed stands
in The Ouarsenis massif in Algeria (Sar-
moum et al. 2020), Greece (Papadopoulos
et al. 2001) and Tunisia (El Khorchani et al.
2007). According to later studies, repeated
drought waves can significantly reduce ra-
dial growth and increase mortality rates.
On the other hand, far lower MAG rates
were observed in Morocco (Safar 1994)
and South France (Vennetier et al. 2010).
Vennetier et al. (2018) developed a site in-
dex model for height growth using Chap-
man-Richard’s equations based on local
site conditions and climatic factors from
512 plots of P. halepensis across France (Fig.
2). This model accurately applies to all
types of P. halepensis stands in France de-
spite sub-regional differences, indicating
that height growth patterns in France are
homogeneous, regardless of climatic vari-
ability. Additionally, this model holds the
potential for adaptation in similar Mediter-
ranean regions. A study on P. halepensis ra-
dial growth has revealed its sensitivity to
climate variability, particularly precipitation
and temperature (Toromani et al. 2015),
which is further influenced by local site and
stand characteristics, such as competition
and water stress (Helluy et al. 2020).
Aleppo pine exhibits a notable ability to ex-
ploit soil water during cooler seasons, par-
ticularly in winter and autumn, in the ab-
sence of other limiting environmental fac-
tors (Fotelli et al. 2019). In the adult stage,
Aleppo pine displays resilience and plastic-
ity in response to adverse environmental
conditions, modulating its physiological ac-
tivity based on environmental and seasonal
nuances (Gazol et al. 2022). Active growth
phases are most apparent during spring
and autumn when temperatures are favor-
able and soil water is available, especially in
coastal ecosystems compared to continen-
tal ones (Pacheco et al. 2018). Aleppo pine
can withstand drought and adverse envi-
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ronmental conditions, enabling it to re-
cover when more favorable conditions oc-
cur. For instance, Gazol et al. (2017) de-
monstrated the capacity of Aleppo pine to
absorb water during rainy seasons, foster-
ing robust growth during autumn and win-
ter. This adaptive strategy enables Aleppo
pine to successfully colonize nutrient-poor,
abandoned, and arid lands (Chambel et al.
2013), thus providing production and pro-
tection value to bare lands and forest eco-
systems. Both Olivar et al. (2015) and Sar-
moum et al. (2016) noted the primary influ-
ence of rainfall on the radial growth of
Aleppo pine. Moreover, supporting find-
ings reported that radial growth is related
to water availability in the soil during pre-
ceding wet seasons, specifically in spring
and winter (Camarero et al. 2020).

Exposure, altitude, and topographic loca-
tion also impact radial growth (Guit & Ned-
jimi 2020). In a study on P. halepensis trees
growing in The Atlas Mountains in Mo-
rocco, the authors proposed that recurrent
severe drought episodes, which are preva-
lent in the Mediterranean basin, might po-
tentially result in a dieback phenomenon
and subsequent loss of habitat for P. hale-
pensis if they persist (Vieira et al. 2022). The
strong correlation between radial growth
and environmental parameters, such as
precipitation, temperature, and seasonal
changes, highlights the species’ ability to
withstand climate change and demon-
strates its usefulness as a measure of tree
performance under different circum-
stances.

Dendroclimatological insights into P.
halepensis growth

Several dendrochronological investiga-
tions have been carried out in the Mediter-
ranean region to examine growth patterns
and past events impacting forest ecosys-
tems. Among different tree species used,
P. halepensis was documented as a reliable
species for dendrochronological studies in
the region (Papadopoulos et al. 2001, De
Luis et al. 2011, Novak et al. 2016, Pasho et
al. 2012, Battipaglia et al. 2014, Toromani et
al. 2015, Bouachir et al. 2017, Royo-Navas-
cues et al. 2021). Most of these studies dis-
cussed the annual-rings width relationship
with climatic parameters like accumulated
annual precipitation and monthly average
temperatures. Pine’s wood structure has
easily distinguishable annual rings of clear
earlywood (EW) and latewood (LW), with a
readily detectable gradual transition be-
tween both formations (Schweingruber
1988). Variation in tree-ring width could be
attributed to specific tree factors like age,
location, and applied silvicultural practices
or to various climatic factors such as pre-
cipitation and temperature (Garcia-Sudrez
et al. 2009). In low-elevation sites, precipi-
tation is considered the most common fac-
tor responsible for variability in width for
conifers annual rings (Towner 2002, Papa-
dopoulos et al. 2001). Pines and other tree
species in the arid Mediterranean habitat
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Fig. 2 - Aleppo pine
height growth
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exhibit distinct seasonal fluctuation. Spring
and autumn precipitation are responsible
for bimodal growth patterns for pine spe-
cies in the region rather than the cold win-
ter and hot summer seasons (De Luis et al.
2011). These bimodal patterns are related
to the start of cambial activity, which typi-
cally begins in spring under Mediterranean
climatic conditions due to increasing tem-
perature and prolonged photoperiod dura-
tion (Vieira et al. 2014). In a dendroclimato-
logical study on 32 P. halepensis Mediter-
ranean forests, Camarero et al. (2020) re-
vealed a significant augmentation in the
growth of Aleppo pine within more humid
sites, demonstrating the species’ adaptabil-
ity to varying climatic conditions. The tree-
ring width of P. halepensis was positively
correlated with winter and spring precipi-
tation and negatively correlated with sum-
mer temperature, as Vieira et al. (2022) re-
ported in their study on the growth decline
of the species in the Atlas Mountains in
Morocco. In a study on the growth of
mixed Quercus ilex and Pinus halepensis
Mediterranean forest near Barcelona,
Spain, Campelo et al. (2021) used the
Vaganov-Shashkin (VS)-Lite model to ana-
lyze the species annual growth patterns.
Both species exhibited bimodal growth
curves, with two growth peaks occurring
during the spring and fall seasons, coincid-
ing with the greatest precipitation periods.
The VS model has been proven sufficient to
analyze growth bimodality in tree species
under Mediterranean environments, with
better performance in dry-arid sites rather
than humid and sub-humid sites (Camarero
et al. 2020). Moreover, Valeriano et al.
(2023) found robust bimodal growth
among pine species compared to junipers
in their study on four pine and four juniper
stands in eleven sites across Spain. They
concluded that the pine growth rate im-
proved in wet winter-spring seasons in ear-
lywood (EW) formation and wet autumn

100 120 140

conditions in latewood (LW) formation in
most coastal and less continental pine
sites. Variations in P. halepensis ring width
significantly correlate with periods of expe-
rienced drought seasons, and this may neg-
atively alter the species’ seasonal wood
formation as a response to such severe
events (Pasho et al. 2012). Higher propor-
tions of EW were observed in habitats with
wetter conditions, while in contrast, LW
proportions were higher in areas with
more xeric conditions in the Iberian Penin-
sula (Royo-Navascues et al. 2021). Precipita-
tion, particularly autumn rainfall, can im-
prove P. halepensis growth and its cambial
activity after a long dry summer (Toromani
et al. 2015, Camarero et al. 2010). Tempera-
ture, on the other hand, is expected to
have a variable impact on the growth of P.
halepensis (Vicente-Serrano et al. 2010).
High temperatures often lead to water
stress and high rates of evapotranspira-
tion, which negatively impact soil moisture
availability. Variations in temperature dur-
ing rainy seasons and soil moisture during
dry seasons are the main drivers for in-
creasing the growth rate of P. halepensis in
southern lItaly, according to Attolini et al.
(1990). The role of winter temperature as a
crucial factor affecting annual ring growth
is more evident in sites with colder winter
seasons (De Luis et al. 2013). On the con-
trary, high-temperature records during the
summer season negatively affected the
width of P. halepensis tree rings, and the
species growth was highly dependent on
the resumption of favored climatic condi-
tions during the summer-early autumn pe-
riod, as reported in a dendrochronological
study in Albania (Toromani et al. 2015). It is
well concluded that soil water availability is
the most crucial factor responsible for pine
growth in temperate and semi-arid regions
such as the Mediterranean region (Gon-
zdlez-Zamora et al. 2021).

Forest management approaches, includ-
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Tab. 1 - Macronutrients soil elements (N, P, K), organic matter (OM) content, and soil texture for unburned natural/planted Aleppo
pine forests in several Mediterranean regions, according to recent literature.

Stand Soil

Organic N content

K

Study Area type Texture matter (%) (%) content content Source

Cerros Concejiles and Plantations Sand-silty/clay 0.81 £ 0.44 0.19 13.2 £ 1.9 22.4 £ 8.5 Morcillo et al. (2019)

Cerro Palomero (Central (1:2) ppm ppm

Spain)

Beni Sohane (Morocco)  Plantations Clay- silty/clay 1.51 0.14 2.43 152.4  Benarchid et al. (2022)
(1:1) ppm mg kg

Castile and Leon region  Plantations Clay/loam 1.54 0.13 2.23 0.70 Bueis et al. (2018)

(N Spain) mg/kg  cmol® kg

Calasparra, Murcia 1.96

(SE Spain) Plantation Loamy 5.50 0.2 mg kg™ - Hedo et al. (2015)

Serra de Senadelles Natural forest Clay-silt-sandstone 5.58 0.29 260.05 Xifré-Salvado et al. (2021)

(NE Spain) ppm

Castilla-La Mancha Mixed natural Sand/silt/clay 2.44 + 0.64 0.21 1.27 541.17 Plaza-Alvarez et al. (2021)

(Spain) forest (1:1:2) ppm ppm

Al Jabal Al-Akhdar Plantation Sand/silt/clay 1.15 0.15 2.57 0.42 meq. Eldiabani et al. (2018)

NE Libya) (1:3:1) ppm 100 g soil”’

ing applying proper silvicultural treatments
such as thinning, may enhance the radial
growth of P. halepensis in vulnerable water-
stressed populations. In a study on a 60-
year-old P. halepensis plantation in one of
Spain’s driest regions, Olivar et al. (2014)
found that thinning, which reduced stand
density by 30%-45%, significantly enhanced
radial growth in both dominant and sup-
pressed trees by improving overall growth
conditions. This trend of P. halepensis ring-
width response to climatic factors appears
steady throughout the region and not lim-
ited only to specific areas or countries. De
Luis et al. (2013) constructed a series of
tree-ring chronologies from over 60 sites
representing several Mediterranean coun-
tries (Algeria, France, Greece, Israel, Italy,
Jordan, Slovenia, Spain, and Turkey). Their
findings highlighted the importance of pre-
cipitation as the primary climatic factor in-
fluencing the variability in annual ring
width. However, radial growth patterns ex-
hibited distinct variations across Mediter-
ranean countries located in the northern
and southern regions. These variations ap-
pear to represent P. halepensis trees’ adap-
tive responses to the dry and hot condi-
tions in the southern half and the cool and
moist conditions in the northern part of
the Mediterranean basin.

The impact of soil on P. halepensis
growth

Soil plays a critical role in supporting the
growth of forest trees and preserving fer-
tility and stability throughout different
stages of forest development (Cerda et al.
2017). Conversely, vegetation plays a cru-
cial role in modifying soil properties, en-
hancing the functioning and dynamics of
ecosystems (Valiente-Banuet et al. 2006).
P. halepensis has been shown to exert vary-
ing effects on soil properties. For instance,
Hedo et al. (2015) reported that the tree’s
canopy coverage had little influence on al-
tering soil characteristics, but the climate
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had a more substantial effect. In contrast,
studies by Jeddi & Chaieb (2010) and Ro-
meo et al. (2020) reported positive effects,
including increased organic carbon, total
nitrogen, and available phosphorus, as well
as enhanced soil moisture content beneath
the tree canopy. Furthermore, these stud-
ies also noted the facilitation of understory
vegetation and enhanced seedling regen-
eration. Hence, the correlation between
the development of Aleppo pine trees and
soil characteristics is complex, and under-
standing soil’s physiological and chemical
effects on growth patterns is essential for
improved forest management.

Physical soil attributes of Aleppo pine
forests

The physical properties of forest soils are
influenced by a range of factors, including
the presence of inorganic and organic
solids, solutes, liquids, and gases (Osman
2013). These properties can vary signifi-
cantly between forest and arable soils,
with differences in bulk density, water con-
tent, and soil matrix potential (Paltineanu
et al. 2020). The physical and chemical
properties of forest soils play a crucial role
in supporting forest productivity (Tab. 1),
with soil texture being a particularly impor-
tant factor (Masood et al. 2016). The for-
mation of dense surface horizons in forest
soils is linked to the active eluviation of
iron under reducing conditions (Funakawa
et al. 1993). Various factors influence the
effect of P. halepensis on soil physical prop-
erties. Del Rio et al. (2014) reported that
higher Site Index (SI) values are correlated
with clay or loamy soil textures, while, on
the other hand, lower SI values are com-
mon with soils with low clay contents.
Moreover, Eldiabani et al. (2018) found
that silt loam is the most common soil tex-
ture in burned and unburned pine planta-
tion soils in Northeast Libya, with clay rep-
resenting only a small fraction of the soil
profile. They also noted that the soil in this

region is deficient in organic matter, with
higher concentrations confined to the sur-
face layers (0-15 cm). Depending on fire
severity, burned soils typically exhibit more
sand particles than clay at the surface (Li et
al. 2021). Additionally, soil bulk density and
electrical conductivity (EC) are reported to
increase in burned areas compared to un-
burned lands. However, in comparing
burned and unburned forests in Libya, fire
did not significantly impact physical soil at-
tributes (Eldiabani et al. 2014). P. halepensis
exhibits a strong correlation between its
electrical signal, which refers to a continu-
ous electrical potential between the elec-
trodes inserted in the tree’s phloem and
the surrounding soil, and environmental
factors such as rainfall and temperature
(zapata et al. 2021). Fires of low intensity
and severity tend to have minimal to low
impact on both organic matter and mineral
content, particularly at the uppermost sur-
face soil layers under P. halepensis stand
canopies in the NE Iberian Peninsula (Xifré-
Salvadd et al. 2021). Hedo et al. (2015)
found that the canopy coverage of this
species did not significantly impact soil
properties, with climate and season playing
a more significant role. However, Maestre
& Cortina (2004) underscored that the
planting methods for P. halepensis may ex-
acerbate runoff and soil erosion while of-
fering only marginal benefits to physio-
chemical properties. Nevertheless, pine
plantations are widely used as a restora-
tion strategy to mitigate soil erosion and
manage water runoff in arid and semi-arid
regions. For instance, P. tabulaeformis plan-
tations in the Anjiagou watershed of the
Gansu region in China have proven effec-
tive in reducing erosion and runoff, achiev-
ing a 6%-17% decrease in runoff and a 48%-
72% reduction in erosion rates, as demon-
strated by long-term experimental plots
compared to agricultural lands planted
with wheat (Hu et al. 2022). Similarly, the
average annual soil loss in planted areas of
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Anatolian Black pine (Pinus nigra) was
found to be around 5.5 times less than that
of barren areas at soil depths of 0-50 cm in
a study conducted in Ankara province, Tur-
key (Hacisalihoglu 2018). Although Aleppo
pine is widely planted in semi-arid regions
for surface runoff and erosion control,
Cerda et al. (2017) found that soil and wa-
ter loss in these plantations were ten times
higher than in Holm oak forests growing in
the same area in eastern Spain. Other site
factors, such as hillside orientation and
length, but not the slope’s steepness, can
accelerate erosion rates in addition to P.
halepensis cover (Pérez-Rodriguez et al.
2007). Furthermore, the introduction of P.
halepensis has been shown to negatively
affect soil moisture and hinder the growth
of native shrubs, especially at higher tree
densities (Bellot et al. 2004). Afforestation
projects using Aleppo pine trees in semi-
arid regions, particularly those with impov-
erished and shallow soils, may not inher-
ently enhance water retention and reduce
soil erosion rates, and their impacts may be
reversible (Romero-Diaz et al. 2010).

Chemical soil attributes of Aleppo pine
forests

Soil fertility is crucial for growth and sta-
bility throughout forest developmental
stages (Cerda et al. 2017). P. halepensis is
well-adapted to low soil fertility and salin-
ity, making it suitable for phytostabilization
of metal(loid)-polluted soils (Parraga-Agua-
do et al. 2014). In the southern Mediter-
ranean countries, P halepensis can im-
prove soil fertility and enhance growth
conditions, although its effectiveness is
significantly less than that of native scle-
rophyllous shrubs (Benarchid et al. 2022).
In southern Tunisia, newly established
stands of P. halepensis have been shown
to improve total carbon, nitrogen, phos-
phorus, and soil moisture content com-
pared to nearby open areas. These en-
hancements become more significant as
the stands mature, creating favorable con-
ditions for the growth of diverse under-
story vegetation (Jeddi & Chaieb 2010). On
the contrary, using this species in refor-
estation projects was found to have a neg-
ative impact on total soil nutrients, espe-
cially phosphorus and boron (Benarchid et
al. 2022). In dry and fire-susceptible ecosys-
tems, the nutrient content in P. halepensis
foliar parts showed resilience and adapt-
ability, decreasing during spring and in-
creasing during autumn (De las Heras et al.
2017). Most of the literature investigating
the impact of P. halepensis on soil (and vice
versa) primarily examined changes in soil
attributes following disturbance events,
particularly fires (Leone et al. 2000, Lucas-
Borja et al. 2020, Romeo et al. 2020). Low-
intensity fires in a P. halepensis forest in-
creased total carbon, organic carbon, total
nitrogen, electrical conductivity, and potas-
sium, indicating a short-term positive im-
pact on soil (Xifré-Salvadé et al. 2021). Wild-
fires and logging have been found to have
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short-term impacts on soil functionality in
P. halepensis forests, with burned plots
showing higher organic matter and total ni-
trogen content (Lucas-Borja et al. 2020).
The common belief that conifers usually
lower soil pH, resulting in increased acidity,
may not be as significant as previously
thought. Moya et al. (2018) observed that
pH levels increased shortly after severe
fires in their study of burned P. halepensis
forests in the southeastern Iberian Penin-
sula. The pH increase was attributed to the
combustion of organic matter and the sub-
sequent release of inorganic ions. Knowing
the acidity level is crucial for understanding
microbial activities in the soil profile. For in-
stance, soil pH and water availability are
major constraints for enzyme activities in
acidic and calcareous soil underneath pine
plantations (Bueis et al. 2018). Relevant
findings on pH levels were reported in a
conducted mulching treatment experiment
using Pinus halepensis and Olea europaea
leaves in Croatia (Dela¢ et al. 2022). Addi-
tionally, Perdomo-Gonzalez et al. (2023)
observed that soils under newly estab-
lished P. halepensis stands in the Canary Is-
lands had a saline nature with a pH value of
7.9. Further, Burgess-Conforti et al. (2019)
reported no significant differences in soil
acidity between coniferous and deciduous
stands in an Ozark National Forest in Ar-
kansas experiment. In acidic Mediterra-
nean soils in northern Spain, the carbon
content was higher in the forest floor of
pine stands compared to oak stands (Her-
rero et al. 2016). However, Maestre & Cor-
tina (2004) highlighted potential negative
effects of P. halepensis plantations, such as
enhanced runoff and soil losses, limited im-
provement in physio-chemical properties,
and reduced biodiversity.

Conclusion

This review sheds light on the multifac-
eted ecological importance of P. halepensis
in the Mediterranean region. As a domi-
nant species in afforestation projects,
Aleppo pine stands out as a resilient and
versatile species, well-suited to the chal-
lenging environmental conditions of the
Mediterranean region. Its ecological impor-
tance, adaptability, and growth potential
make it a critical component of forest man-
agement and conservation efforts. As the
Mediterranean region faces increasing
pressures from climate change and human
activities, the role of P. halepensis in main-
taining ecosystem stability and supporting
biodiversity will become more significant.

The aboveground growth attributes, ex-
plored in detail through dendrological anal-
ysis, reveal the species’ dynamic responses
to environmental variability, with factors
like rainfall, temperature, and soil condi-
tions influencing radial growth patterns.
The species’ growth response to climatic
factors, particularly its ability to capitalize
on favorable conditions during cooler and
wetter periods, highlights its potential for
carbon sequestration and its role in miti-

gating the impacts of climate change in the
region. The impact of P. halepensis on soil
characteristics is a key focus, highlighting
both positive and negative effects on soil
fertility and stability. While the species is
adaptable to low soil fertility and salinity,
its introduction in specific contexts may
lead to changes in the soil nutrient balance.
The intricate interplay between Aleppo
pine and soil conditions underscores the
need for careful forest management prac-
tices, considering both the edaphic condi-
tions and the species’ ecological require-
ments.

Overall, this review contributes to the
current knowledge base on Aleppo pine in
the Mediterranean, offering insights crucial
for informed decision-making in forest con-
servation, afforestation strategies, and sus-
tainable land management in the Mediter-
ranean region.
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