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Pinus halepensis Mill. in the Mediterranean region: a review of 
ecological significance, growth patterns, and soil interactions
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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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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-

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 

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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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-González  et  al.  2023,  Cerdà  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 

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 (Martín-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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Fig. 1 - Geographical distribution of  Pinus halepensis Mill. in the Mediterranean Basin 
(source: Vieira et al. 2022).
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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 (García-Suárez 
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 

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 

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 Italy,  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-
zález-Zamora et al. 2021). 

Forest  management  approaches,  includ-
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Fig. 2 - Aleppo pine 
height growth 
model and limits 
of fertility classes 
in France. Within 
40-110 years, the 
average prediction 
error on tree SI 
compared to the 
real value from 
stem analysis is 
always less than 
10% (Source: Ven-
netier et al. 2018).
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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 (Cerdà 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 

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  Río  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-
Salvadó  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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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.

Study Area
Stand
type

Soil
Texture

Organic
matter (%)

N content
(%)

P 
content

K
content

Source

Cerros Concejiles and 
Cerro Palomero (Central 
Spain)

Plantations Sand-silty/clay
(1:2)

0.81 ± 0.44 0.19 13.2 ± 1.9
ppm

22.4 ± 8.5
ppm

Morcillo et al. (2019)

Beni Sohane (Morocco) Plantations Clay- silty/clay
(1:1)

1.51 0.14 2.43
ppm

152.4
mg kg-1

Benarchid et al. (2022)

Castile and Leon region
(N Spain)

Plantations Clay/loam 1.54 0.13 2.23
mg/kg

0.70
cmol+ kg-1

Bueis et al. (2018)

Calasparra, Murcia 
(SE Spain) Plantation Loamy 5.50 0.2

1.96
mg kg-1 - Hedo et al. (2015)

Serra de Senadelles 
(NE Spain)

Natural forest Clay-silt-sandstone 5.58 0.29 - 260.05
ppm

Xifré-Salvadó et al. (2021)

Castilla-La Mancha
(Spain)

Mixed natural
forest

Sand/silt/clay
(1:1:2)

2.44 ± 0.64 0.21 1.27
ppm

541.17
ppm

Plaza-Álvarez et al. (2021)

Al Jabal Al-Akhdar 
NE Libya)

Plantation Sand/silt/clay
(1:3:1)

1.15 0.15 2.57
ppm

0.42 meq.
100 g soil-1

Eldiabani et al. (2018)
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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, 
Cerdà 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-Rodríguez  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 (Cerdà 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-Salvadó et al. 2021). Wild-
fires and logging have been found to have 

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 (Delač et al.  2022). Addi-
tionally,  Perdomo-González  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.

References
Al-Fitori MO, Kherallah IE, El-Baha AM, Abo-Gazia 

HA, El-Settawy AAA (2019). Evaluation of some 
man-made  forests  at  Al-Jabal  Al-Akhdar  in 
Libya.  Alexandria  Journal  of  Agricultural  Sci-
ences 64 (3):  173-194.  -  doi:  10.21608/alexja.20 
19.70132

Alsanousi AA, Ali AM (2018). Age structure and 
current status of Aleppo pine (Pinus halepensis) 
trees on the western side of Sidi Alhumry pine 
plantation in Aljabal Al-Akhdar region. Al-Mukh-
tar  Journal  of  Sciences  33  (3):  190-196.  -  doi: 
10.54172/mjsc.v33i3.209

Attolini MR, Calvani F, Galli M, Nanni T, Ruggiero 
L,  Schaer E,  Zuanni  F (1990).  The relationship 
between climatic variables and wood structure 
in  Pinus halepensis Mill.  I  -  Effects of humidity 
and temperature.  Theoretical  and Applied Cli-
matology 41: 121-127. - doi: 10.1007/BF00866435

Battipaglia G, Strumia S, Esposito A, Giuditta E, 
Sirignano C, Altieri S, Rutigliano FA (2014). The 
effects of prescribed burning on Pinus halepen-
sis Mill.  as  revealed  by  dendrochronological 
and isotopic analyses. Forest Ecology and Man-
agement 334: 201-208. - doi:  10.1016/j.foreco.20 
14.09.010

Bellot J, Maestre FT, Chirino E, Hernández N, De 
Urbina  JO  (2004).  Afforestation  with  Pinus 
halepensis reduces native shrub performance in 
a Mediterranean semiarid area. Acta Oecolog-
ica 25 (1-2):  7-15.  -  doi:  10.1016/j.actao.2003.10. 
001

Benarchid K, Khatori M, Hilali S (2022). Effect of 
Pinus halepensis reforestation on soil fertility in 
the forest of  Beni  Sohane (Ribat Al  Kheir  Re-
gion  -  Morocco).  Ecology,  Environment  and 
Conservation  28  (1):  78-85.  -  doi:  10.53550/ 
eec.2022.v28i01.011

Bonari G,  Acosta ATR, Angiolini  C (2017). Medi-
terranean  coastal  pine  forest  stands:  under-
storey  distinctiveness  or  not?  Forest  Ecology 
and Management 391: 19-28. - doi:  10.1016/j.for 
eco.2017.02.002

Bonari G, Acosta ATR, Angiolini C (2018). EU pri-
ority habitats: rethinking Mediterranean coast-
al  pine  forests.  Rendiconti  Lincei  -  Scienze 
Fisiche e Naturali 29 (2): 295-307. - doi: 10.1007/ 
s12210-018-0684-9

Bonari G, Fernández-González F, Coban S, Mon-

iForest 18: 30-37 34

iF
or

es
t 

– 
B

io
ge

os
ci

en
ce

s 
an

d 
Fo

re
st

ry

https://doi.org/10.21608/alexja.2019.70132
https://doi.org/10.21608/alexja.2019.70132
https://doi.org/10.1007/s12210-018-0684-9
https://doi.org/10.1007/s12210-018-0684-9
https://doi.org/10.1016/j.foreco.2017.02.002
https://doi.org/10.1016/j.foreco.2017.02.002
https://doi.org/10.53550/eec.2022.v28i01.011
https://doi.org/10.53550/eec.2022.v28i01.011
https://doi.org/10.1016/j.actao.2003.10.001
https://doi.org/10.1016/j.actao.2003.10.001
https://doi.org/10.1016/j.foreco.2014.09.010
https://doi.org/10.1016/j.foreco.2014.09.010
https://doi.org/10.1007/BF00866435
https://doi.org/10.54172/mjsc.v33i3.209


Alsanousi AA et al. - iForest 18: 30-37

teiro-Henriques T, Bergmeier E, Didukh YP, Xys-
trakis  F,  Angiolini  C,  Chytry  K,  Acosta  ATR, 
Agrillo E, Costa JC, Danihelka J, Hennekens SM, 
KavgacA, Knollová I, Neto CS, Tichy M, Chytry 
M  (2021).  Classification  of  the  Mediterranean 
lowland to submontane pine forest vegetation. 
Applied Vegetation Science 24 (1): e12544. - doi: 
10.1111/avsc.12544

Bouachir BB, Khorchani A, Guibal F, El Aouni MH, 
Khaldi  A (2017).  Dendroecological study of  Pi-
nus  halepensis and  Pinus  pinea  in  northeast 
coastal dunes in Tunisia according to distance 
from the shoreline and dieback intensity. Den-
drochronologia  45:  62-72.  -  doi:  10.1016/j.den 
dro.2017.06.008

Bueis T, Turrión MB, Bravo F, Pando V, Muscolo 
A (2018). Factors determining enzyme activities 
in  soils  under  Pinus  halepensis and  Pinus  syl-
vestris  plantations in  Spain:  a  basis  for  estab-
lishing sustainable  forest management strate-
gies. Annals of Forest Science 75 (1): 141. - doi: 
10.1007/s13595-018-0720-z

Burgess-Conforti  JR,  Moore  PA,  Owens  PR, 
Miller DM, Ashworth AJ, Hays PD, Evans White 
MA,  Anderson  KR  (2019).  Are  soils  beneath 
coniferous  tree  stands  more  acidic  than  soils 
beneath deciduous tree stands? Environmental 
Science  and  Pollution  Research  26:  14920-
14929. - doi: 10.1007/s11356-019-04883-y

Camarero JJ, Olano JM, Parras A (2010). Plastic 
bimodal xylogenesis in conifers from continen-
tal  Mediterranean  climates.  New  Phytologist 
185 (2): 471-480. -  doi:  10.1111/j.1469-8137.2009. 
03073.x

Camarero JJ, Gazol A, Sangüesa-Barreda G, Oliva 
J, Vicente-Serrano SM (2015). To die or not to 
die: early warnings of tree dieback in response 
to a severe drought. Journal of Ecology 103 (1): 
44-57. - doi: 10.1111/1365-2745.12295

Camarero JJ, Sánchez-Salguero R, Ribas M, Tou-
chan R, Andreu-Hayles L, Dorado-Liñán I, Meko 
DM, Gutiérrez E (2020).  Biogeographic,  atmo-
spheric,  and  climatic  factors  influencing  tree 
growth in Mediterranean Aleppo pine forests. 
Forests 11 (7): 736. - doi: 10.3390/f11070736

Campelo F,  Ribas M, Gutiérrez E (2021).  Plastic 
bimodal growth in a Mediterranean mixed-for-
est  of  Quercus ilex and  Pinus halepensis.  Den-
drochronologia 67:  125836.  -  doi:  10.1016/j.den 
dro.2021.125836

Cerdà  A,  Lucas  Borja  ME,  Ubeda  X,  Martínez-
Murillo  JF,  Keesstra S  (2017).  Pinus  halepensis 
Mill.  versus  Quercus  ilex  subsp. rotundifolia  L. 
runoff and soil  erosion  at  pedon scale  under 
natural rainfall in Eastern Spain three decades 
after a forest fire. Forest Ecology and Manage-
ment 400: 447-456. - doi:  10.1016/j.foreco.2017. 
06.038

Chambel MR, Climent J, Pichot C, Ducci F (2013). 
Mediterranean pines (Pinus halepensis Mill. and 
P. brutia Ten.). In: “Forest Tree Breeding in Eu-
rope” (Pâques L eds). Series “Managing Forest 
Ecosystems”, vol. 25. Springer, Dordrecht, Ne-
therlands, pp. 229-265. - doi:  10.1007/978-94-00 
7-6146-9_5

De  las  Heras  J,  Hernández-Tecles  EJ,  Moya  D 
(2017). Seasonal nutrient retranslocation in re-
forested Pinus halepensis  Mill. stands in South-
east Spain. New Forests 48 (3): 397-413. - doi: 
10.1007/s11056-016-9564-2

De Luis M, Cufar K, Di Filippo A, Novak K, Papa-

dopoulos  A,  Piovesan  G,  Rathgeber  CBK,  Ra-
ventós J, Saz MA, Smith KT (2013). Plasticity in 
dendroclimatic  response  across  the  distribu-
tion  range  of  Aleppo  pine  (Pinus  halepensis). 
PLoS One 8 (12). - doi: 10.1371/journal.pone.008 
3550

De Luis M, Novak K, Raventós J, Gričar J, Prislan 
P, Cufar K (2011). Climate factors promoting in-
tra-annual  density fluctuations in Aleppo pine 
(Pinus halepensis) from semiarid sites. Dendro-
chronologia 29 (3): 163-169. - doi:  10.1016/j.den 
dro.2011.01.005

De Villalobos AE, Zalba SM, Peláez DV (2011).  Pi-
nus  halepensis invasion in  mountain  pampean 
grassland:  effects  of  feral  horses  grazing  on 
seedling  establishment.  Environmental  Re-
search  111  (7):  953-959.  -  doi:  10.1016/j.envres. 
2011.03.011

Del  Castillo  EM,  Tejedor  E,  Serrano-Notivoli  R, 
Novak  K,  Saz  MA,  Longares  LA,  De  Luis  M 
(2018). Contrasting patterns of tree growth of 
Mediterranean  pine  species  in  the  Iberian 
Peninsula.  Forests  9  (7):  416.  -  doi:  10.3390/ 
f9070416

Del Río M, Rodríguez-Alonso J, Bravo-Oviedo A, 
Ruíz-Peinado R, Cañellas I,  Gutiérrez E (2014). 
Aleppo pine vulnerability to climate stress is in-
dependent of site productivity of forest stands 
in southeastern Spain. Trees 28 (4): 1209-1224. - 
doi: 10.1007/s00468-014-1031-0

Delač D,  Kisić  I,  Pereira P (2022).  Temporal  im-
pact of mulch treatments (Pinus halepensis Mill. 
and  Olea europaea  L.) on soil  properties after 
wildfire disturbance in Mediterranean Croatia. 
Agronomy 12 (10): 2484. - doi:  10.3390/agrono 
my12102484

Eldiabani GS, Hale WH, Heron CP (2014). The ef-
fect of forest fires on physical properties and 
magnetic  susceptibility  of  semi-arid  soils  in 
north-eastern  Libya.  International  Journal  of 
Environmental and Ecological Engineering 8 (1): 
54-60.

Eldiabani GS, Hale WHG, Heron CP (2018). Study 
of the effect of burning on organic matter, the 
total N, the total P and the exchangeable K of 
the  soils  along  the  Northern-East  district  of 
Libya.  Journal  of  Environmental  Analytical 
Chemistry 5 (242): 2380-2391.

El Khorchani A, Gadbin-Henry C, Bouzid S, Khaldi 
A (2007). The impact of drought on the growth 
of  three  forest  species  in  Tunisia  (Pinus  hale-
pensis Mill.,  Pinus  pinea  L.  and  Pinus  pinaster 
Sol.).  Science  et  Changements  Planétaires/
Sécheresse 18 (2): 113-121.

El Omari N, Fatima Ezzahrae G, El Menyiy N, Be-
nali T, Aanniz T, Chamkhi I, Balahbib A, Taha D, 
Shariati MA, Zengin G, El-Shazly M, Bouyahya A 
(2021).  Phytochemical  and biological  activities 
of Pinus halepensis Mill., and their ethnomedici-
nal  use.  Journal  of  Ethnopharmacology  268: 
113661. - doi: 10.1016/j.jep.2020.113661

FAO (2020). Global forest resources assessment 
2020: main report”. Food and Agriculture Orga-
nization of the United Nations, Rome, Italy, pp. 
184. - doi: 10.4060/ca9825en

Farjon A (2017). A handbook of the world’s coni-
fers (2nd edn). Brill, Leiden, Netherlands, pp. 22. 

Fekih  N,  Allali  H,  Merghache  S,  Chaïb  F,  Mer-
ghache  D,  El  Amine  M,  Djabou  N,  Muselli  A, 
Tabti  B,  Costa J (2014).  Chemical  composition 
and  antibacterial  activity  of  Pinus  halepensis 

Miller growing in West Northern Algeria. Asian 
Pacific Journal of Tropical Disease 4 (2): 97-103. 
- doi: 10.1016/S2222-1808(14)60323-6

Fotelli MN, Korakaki E, Paparrizos SA, Radoglou 
K, Awada T, Matzarakis A (2019). Environmen-
tal controls on the seasonal variation in gas ex-
change  and  water  balance  in  a  near-coastal 
Mediterranean  Pinus halepensis  forest. Forests 
10 (4): 313. - doi: 10.3390/f10040313

Funakawa  S,  Nambu  K,  Hirai  H,  Kyuma  K,  Fu-
nakawa S (1993). Physical properties of forest 
soils in northern Kyoto with special  reference 
to  their  pedogenetic  processes.  Soil  Science 
and Plant Nutrition 39 (1): 119-128. - doi: 10.1080/ 
00380768.1993.10416981

García-Suárez AM, Butler CJ, Baillie MGL (2009). 
Climate  signal  in  tree-ring  chronologies  in  a 
temperate  climate:  a  multi-species  approach. 
Dendrochronologia 27 (3): 183-198. - doi: 10.1016 
/j.dendro.2009.05.003

Gazol  A,  Oliva J,  Valeriano C,  Colangelo M, Ca-
marero JJ (2022). Mixed pine forests in a hotter 
and drier world: the great resilience to drought 
of Aleppo pine benefits it over other coexisting 
pine  species.  Frontiers  in  Forests  and  Global 
Change 5: 129. - doi: 10.3389/ffgc.2022.899425

Gazol  A,  Ribas  M,  Gutiérrez  E,  Camarero  JJ 
(2017).  Aleppo pine forests from across Spain 
show drought-induced growth decline and par-
tial recovery. Agricultural and Forest Meteorol-
ogy 232: 186-194. - doi: 10.1016/j.agrformet.2016. 
08.014

Girard F, Vennetier M, Guibal F, Corona C, Ouar-
mim S, Herrero A (2012).  Pinus halepensis  Mill. 
crown development and fruiting declined with 
repeated drought in Mediterranean France. Eu-
ropean Journal of Forest Research 131: 919-931. 
- doi: 10.1007/s10342-011-0565-6

González-Zamora A, Almendra-Martín L, De Luis 
M,  Martínez-Fernández  J  (2021).  Influence  of 
soil  moisture  vs. climatic factors in  Pinus hale-
pensis growth variability in Spain:  a study with 
remote  sensing  and  modeled  data.  Remote 
Sensing 13 (4): 757. - doi: 10.3390/rs13040757

Guit  B,  Nedjimi  B  (2020).  Radial  growth  of 
Aleppo pine  (Pinus  halepensis  Mill.)  according 
to biotope parameters for the natural forests 
of  Algeria’s  Saharan Atlas.  Bois  et  Forets  des 
Tropiques 345: 3-11. - doi:  10.19182/bft2020.345. 
a31803

Hacisalihoglu  S  (2018).  Semi-arid  plantation  by 
Anatolian black pine and its effects on soil ero-
sion and soil properties. Turkish Journal of Agri-
culture  -  Food Science and Technology 6 (4): 
500-507.  -  doi:  10.24925/turjaf.v6i4.500-507.18 
57

Hedo  J,  Lucas-Borja  ME,  Wic-Baena  C,  Andrés-
Abellán M, De las Heras J (2015). Experimental 
site and season over-control the effect of Pinus 
halepensis in microbiological properties of soils 
under semiarid and dry conditions.  Journal of 
Arid  Environments  116:  44-52.  -  doi:  10.1016/j. 
jaridenv.2015.01.014

Helluy M, Prévosto B, Cailleret M, Fernandez C, 
Balandier  P  (2020).  Competition  and  water 
stress indices as predictors of  Pinus halepensis 
Mill. radial growth under drought. Forest Ecol-
ogy  and  Management  460:  117877.  -  doi: 
10.1016/j.foreco.2020.117877

Herrero C, Turrión MB, Pando V, Bravo F (2016). 
Carbon content of forest floor and mineral soil 

35 iForest 18: 30-37

iF
or

es
t 

– 
B

io
ge

os
ci

en
ce

s 
an

d 
Fo

re
st

ry

https://doi.org/10.1016/j.foreco.2020.117877
https://doi.org/10.1016/j.jaridenv.2015.01.014
https://doi.org/10.1016/j.jaridenv.2015.01.014
https://doi.org/10.24925/turjaf.v6i4.500-507.1857
https://doi.org/10.24925/turjaf.v6i4.500-507.1857
https://doi.org/10.19182/bft2020.345.a31803
https://doi.org/10.19182/bft2020.345.a31803
https://doi.org/10.3390/rs13040757
https://doi.org/10.1007/s10342-011-0565-6
https://doi.org/10.1016/j.agrformet.2016.08.014
https://doi.org/10.1016/j.agrformet.2016.08.014
https://doi.org/10.3389/ffgc.2022.899425
https://doi.org/10.1016/j.dendro.2009.05.003
https://doi.org/10.1016/j.dendro.2009.05.003
https://doi.org/10.1080/00380768.1993.10416981
https://doi.org/10.1080/00380768.1993.10416981
https://doi.org/10.3390/f10040313
https://doi.org/10.1016/S2222-1808(14)60323-6
https://doi.org/10.4060/ca9825en
https://doi.org/10.1016/j.jep.2020.113661
https://doi.org/10.3390/agronomy12102484
https://doi.org/10.3390/agronomy12102484
https://doi.org/10.1007/s00468-014-1031-0
https://doi.org/10.3390/f9070416
https://doi.org/10.3390/f9070416
https://doi.org/10.1016/j.envres.2011.03.011
https://doi.org/10.1016/j.envres.2011.03.011
https://doi.org/10.1016/j.dendro.2011.01.005
https://doi.org/10.1016/j.dendro.2011.01.005
https://doi.org/10.1371/journal.pone.0083550
https://doi.org/10.1371/journal.pone.0083550
https://doi.org/10.1007/s11056-016-9564-2
https://doi.org/10.1007/978-94-007-6146-9_5
https://doi.org/10.1007/978-94-007-6146-9_5
https://doi.org/10.1016/j.foreco.2017.06.038
https://doi.org/10.1016/j.foreco.2017.06.038
https://doi.org/10.1016/j.dendro.2021.125836
https://doi.org/10.1016/j.dendro.2021.125836
https://doi.org/10.3390/f11070736
https://doi.org/10.1111/1365-2745.12295
https://doi.org/10.1111/j.1469-8137.2009.03073.x
https://doi.org/10.1111/j.1469-8137.2009.03073.x
https://doi.org/10.1007/s11356-019-04883-y
https://doi.org/10.1007/s13595-018-0720-z
https://doi.org/10.1016/j.dendro.2017.06.008
https://doi.org/10.1016/j.dendro.2017.06.008
https://doi.org/10.1111/avsc.12544


Ecology of Pinus halepensis Mill. in the Mediterranean Basin

in Mediterranean  Pinus spp. and  oak stands in 
acid soils in Northern Spain. Forest Systems 25 
(2): e065. - doi: 10.5424/fs/2016252-09149

Hu Y, Tian Q, Zhang J, Benoy G, Badreldin N, Xing 
Z, Luo Z, Zhang F (2022). Effectiveness of Chi-
nese  pine  (Pinus  tabulaeformis)  plantation  at 
reducing runoff and erosion rates in Anjiagou 
Watershed in semi-arid region of Gansu, China. 
PLoS One 17 (7): e0271200. - doi: 10.1371/journal. 
pone.0271200

Jeddi  K,  Chaieb  M  (2010).  Soil  properties  and 
plant  community in different aged  Pinus hale-
pensis Mill.  plantations  in  arid  Mediterranean 
areas:  the  case  of  Southern  Tunisia.  Land 
Degradation  and Development  21  (1):  32-39.  - 
doi: 10.1002/ldr.964

Kharazian P, Bacchetta G, Cappai G, Piredda M, 
De Giudici G (2023). An integrated geochemical 
and  mineralogical  investigation  on  soil-plant 
system of  Pinus halepensis pioneer tree grow-
ing on heavy metal polluted mine tailing. Plant 
Biosystems 157 (2): 272-285. - doi:  10.1080/1126 
3504.2022.2100502

Lavi  A,  Perevolotsky  A,  Kigel  J,  Noy-Meir  I 
(2005). Invasion of  Pinus halepensis from plan-
tations into adjacent natural habitats. Applied 
Vegetation  Science  8  (1):  85-92.  -  doi: 
10.1111/j.1654-109X.2005.tb00632.x

Leone V,  Borghetti  M, Saracino A (2000).  Ecol-
ogy of post-fire recovery in  Pinus halepensis in 
southern Italy. In: “Life and Environment in the 
Mediterranean”  (Trabaud  L  eds).  Wit  Press, 
Southampton,  UK,  pp.  129-154.  [online]  URL: 
http://hdl.handle.net/11563/7612

Li Q, Ahn S, Kim T, Im S (2021). Post-fire impacts 
of  vegetation  burning  on  soil  properties  and 
water repellency in a pine forest, South Korea. 
Forests 12 (6): 708. - doi: 10.3390/f12060708

Lucas-Borja  ME,  Ortega  R,  Miralles  I,  Plaza-Al-
varez PA,  González-Romero J,  Peña-Molina  E, 
Moya D, Zema DA, Wagenbrenner JW, De las 
Heras J (2020). Effects of wildfire and logging 
on soil functionality in the short-term in  Pinus 
halepensis M. forests. European Journal of For-
est  Research  139  (6):  935-945.  -  doi:  10.1007/ 
s10342-020-01296-2

Maestre FT, Cortina J, Bautista S, Bellot J (2003). 
Does  Pinus  halepensis facilitate  the  establish-
ment of shrubs in Mediterranean semi-arid af-
forestations? Forest Ecology and Management 
176 (1-3):  147-160.  -  doi:  10.1016/S0378-1127(02) 
00269-4

Maestre FT, Cortina J (2004). Are Pinus halepen-
sis plantations  useful  as  a  restoration  tool  in 
semiarid Mediterranean areas? Forest Ecology 
and  Management  198  (1-3):  303-317.  -  doi: 
10.1016/j.foreco.2004.05.040

Martín-Benito  D,  Del  Río  M,  Cañellas  I  (2010). 
Black pine (Pinus nigra Arn.) growth divergence 
along a latitudinal gradient in Western Mediter-
ranean mountains. Annals of Forest Science 67 
(4): 401. - doi: 10.1051/forest/2009121

Masood Z, Jamil N, Sajjad N, Ashraf H, Bazai A, 
Khan R (2016). Physical and chemical properties 
of soil quality indicating forests productivity: a 
review.  American-Eurasian  Journal  of  Toxico-
logical  Sciences  8  (2):  60-68.  -  doi:  10.5829/ 
idosi.aejts.2016.8.2.10312

Mauri A, Di Leo M, De Rigo D, Caudullo G (2016). 
Pinus halepensis and Pinus brutia in Europe: dis-
tribution, habitat, usage and threats. In: “Euro-

pean Atlas of Forest Tree Species” (San-Miguel-
Ayanz J, De Rigo D, Caudullo G, Houston Dur-
rant T, Mauri A eds). Publication Office of the 
European Union, Luxembourg, pp. e0166b8.

Morcillo  L,  Gallego  D,  González  E,  Vilagrosa  A 
(2019). Forest decline triggered by phloem par-
asitism-related  biotic  factors  in  Aleppo  pine 
(Pinus  halepensis).  Forests  10  (8):  608.  –  doi: 
10.3390/f10080608

Moreno-Gutiérrez C,  Battipaglia G,  Cherubini  P, 
Saurer M, Nicolás E, Contreras S, Querejeta JI 
(2012).  Stand  structure  modulates  the  long-
term vulnerability of Pinus halepensis to climatic 
drought  in  a  semiarid  Mediterranean  ecosys-
tem. Plant, Cell and Environment 35 (6): 1026-
1039. - doi: 10.1111/j.1365-3040.2011.02469.x

Moya D, Saracino A, Salvatore R, Lovreglio R, De 
Las  Heras  J,  Leone  V  (2008).  Anatomic  basis 
and  insulation  of  serotinous  cones  in  Pinus 
halepensis Mill. Trees 22: 511-519. - doi:  10.1007/ 
s00468-008-0211-1

Moya D,  González-De Vega S,  García-Orenes F, 
Morugán-Coronado A, Arcenegui V, Mataix-Sol-
era  J,  Lucas-Borja  ME,  De las  Heras  J  (2018). 
Temporal characterisation of soil-plant natural 
recovery related to fire severity in burned Pinus 
halepensis Mill. forests. Science of the Total En-
vironment 640: 42-51. - doi:  10.1016/j.scitotenv. 
2018.05.212

Novak K, De Luis M, Saz MA, Longares LA, Ser-
rano-Notivoli R, Raventós J, Cufar K, Gričar J, Di 
Filippo  A,  Piovesan  G,  Rathgeber  CBK,  Papa-
dopoulos A, Smith KT (2016).  Missing rings in 
Pinus halepensis - The missing link to relate the 
tree-ring  record  to  extreme  climatic  events. 
Frontiers in Plant Science 7 (e83550): 660. - doi: 
10.3389/fpls.2016.00727

Olivar J, Bogino S, Rathgeber C, Bonnesoeur V, 
Bravo F (2014). Thinning has a positive effect on 
growth dynamics and growth-climate relation-
ships in Aleppo pine (Pinus halepensis) trees of 
different  crown classes.  Annals  of  Forest  Sci-
ence 71 (3): 395-404. -  doi:  10.1007/s13595-013-
0348-y

Olivar  J,  Bogino S,  Spiecker  H,  Bravo F  (2015). 
Changes  in  climate-growth  relationships  and 
IADF formation over time of pine species (Pi-
nus halepensis,  P.  Pinaster and  P.  sylvestris)  in 
Mediterranean  environments.  Forest  Systems 
24 (1): e010. - doi: 10.5424/fs/2015241-05885

Osem Y, Lavi A, Rosenfeld A (2011). Colonization 
of  Pinus halepensis in Mediterranean habitats: 
consequences  of  afforestation,  grazing  and 
fire. Biological Invasions 13 (2): 485-498. - doi: 
10.1007/s10530-010-9843-3

Osman  K  (2013).  Physical  properties  of  forest 
soils. In: “Forest Soils - Properties and Manage-
ment”. Springer, Cham, Switzerland, pp. 19-44. 
- doi: 10.1007/978-3-319-02541-4_2

Pacheco A, Camarero JJ, Ribas M, Gazol A, Gu-
tierrez E, Carrer M (2018). Disentangling the cli-
mate-driven bimodal growth pattern in coastal 
and  continental  Mediterranean  pine  stands. 
Science  of  the  Total  Environment  615:  1518-
1526. - doi: 10.1016/j.scitotenv.2017.09.133

Paltineanu C, Lacatusu R, Vrinceanu A, Vizitiu O, 
Lacatusu  AR  (2020).  Comparing  soil  physical 
properties in forest soils and arable soils within 
heavy-clay Phaeozems: an environmental case 
study in Romania. Agroforestry Systems 94 (1): 
113-123. - doi: 10.1007/s10457-019-00373-9

Papadopoulos  A,  Serre-Bachet  F,  Tessier  L 
(2001).  Tree  ring  to  climate  relationships  of 
Aleppo pine (Pinus halepensis Mill.)  in Greece. 
Ecologia  Mediterranea  27  (1):  89-98.  -  doi: 
10.3406/ecmed.2001.1908

Parraga-Aguado I, Querejeta JI, González-Alcaraz 
MN, Jiménez-Cárceles FJ, Conesa HM (2014). El-
emental and stable isotope composition of  Pi-
nus halepensis foliage along a metal(loid) pol-
luted gradient:  implications for phytomanage-
ment of mine tailings in semiarid areas.  Plant 
and Soil 379 (1-2): 93-107. -  doi:  10.1007/s11104-
014-2038-4

Pasho E,  Julio Camarero J,  Vicente-Serrano SM 
(2012). Climatic impacts and drought control of 
radial growth and seasonal wood formation in 
Pinus  halepensis.  Trees  26:  1875-1886.  -  doi: 
10.1007/s00468-012-0756-x

Perdomo-González A, Pérez-Reverón R, Goberna 
M,  León-Barrios  M,  Fernández-López  M,  Vil-
ladas  PJ,  Reyes-Betancort  JA,  Díaz-Peña  FJ 
(2023). How harmful are exotic plantations for 
soils and its microbiome? A case study in an arid 
island.  Science of  the Total  Environment 879: 
163030. - doi: 10.1016/j.scitotenv.2023.163030

Pérez-Rodríguez  R,  Marques  MJ,  Bienes  R 
(2007). Use of dendrochronological method in 
Pinus halepensis to estimate the soil erosion in 
the  South East  of  Madrid  (Spain).  Science of 
the Total Environment 378: 1-2.), 156-160. - doi: 
10.1016/j.scitotenv.2007.01.042

Plaza-Álvarez P, Moya D, Lucas-Borja M, García-
Orenes F, González-Romero J, Rossa C, Peña E, 
De las Heras, J (2021).  Early spring prescribed 
burning in mixed  Pinus halepensis Mill.  and  Pi-
nus pinaster  Ait. stands reduced biological soil 
functionality in the short term. Land Degrada-
tion and Development 32 (3): 1312-1324.  - doi: 
10.1002/ldr.3800

Prislan P, Gričar J, De Luis M, Novak K, Del Cas-
tillo  EM, Schmitt  U,  Koch G,  Mrak P,  Cufar  K 
(2016). Annual cambial rhythm in Pinus halepen-
sis and  Pinus sylvestris as indicator for climate 
adaptation. Frontiers in Plant Science 7 (705): 
34. - doi: 10.3389/fpls.2016.01923

Quézel  P  (2000).  Taxonomy and biogeography 
of Mediterranean pines (Pinus halepensis and P. 
brutia).  In:  “Ecology,  Biogeography and Man-
agement of Pinus halepensis and P. brutia forest 
Ecosystems in the Mediterranean Basin” (Ne’e-
man  G,  Trabaud  L  eds).  Backhuys  Publishers, 
Leiden, Netherlands, pp. 1-12.

Richardson DM (1998). Ecology and biogeogra-
phy of Pinus. Cambridge University Press, Cam-
bridge, UK, pp. 3.

Richardson DM, Rundel PW, Jackson ST, Teskey 
RO,  Aronson J,  Bytnerowicz  A,  Wingfield  MJ, 
Proches S (2007). Human impacts in pine for-
ests: past, present, and future. Annual Review 
of Ecology,  Evolution, and Systematics 38 (1): 
275-297. - doi: 10.1146/annurev.ecolsys.38.09120 
6.095650

Romeo F, Marziliano PA, Turrión MB, Muscolo A 
(2020).  Short-term effects of  different fire se-
verities on soil properties and  Pinus halepensis 
regeneration. Journal of Forestry Research 31: 
1271-1282. - doi: 10.1007/s11676-019-00884-2

Romero B, Scotti I, Fady B, Ganteaume A (2023). 
Fire frequency, as well as stress response and 
developmental gene control serotiny level vari-
ation in  a  widespread pioneer  Mediterranean 

iForest 18: 30-37 36

iF
or

es
t 

– 
B

io
ge

os
ci

en
ce

s 
an

d 
Fo

re
st

ry

https://doi.org/10.1007/s11676-019-00884-2
https://doi.org/10.1146/annurev.ecolsys.38.091206.095650
https://doi.org/10.1146/annurev.ecolsys.38.091206.095650
https://doi.org/10.3389/fpls.2016.01923
https://doi.org/10.1016/j.scitotenv.2007.01.042
https://doi.org/10.1016/j.scitotenv.2023.163030
https://doi.org/10.1007/s00468-012-0756-x
https://doi.org/10.1007/s11104-014-2038-4
https://doi.org/10.1007/s11104-014-2038-4
https://doi.org/10.3406/ecmed.2001.1908
https://doi.org/10.1007/s10457-019-00373-9
https://doi.org/10.1016/j.scitotenv.2017.09.133
https://doi.org/10.1007/978-3-319-02541-4_2
https://doi.org/10.1007/s10530-010-9843-3
https://doi.org/10.5424/fs/2015241-05885
https://doi.org/10.1007/s13595-013-0348-y
https://doi.org/10.1007/s13595-013-0348-y
https://doi.org/10.3389/fpls.2016.00727
https://doi.org/10.1016/j.scitotenv.2018.05.212
https://doi.org/10.1016/j.scitotenv.2018.05.212
https://doi.org/10.1007/s00468-008-0211-1
https://doi.org/10.1007/s00468-008-0211-1
https://doi.org/10.1111/j.1365-3040.2011.02469.x
https://doi.org/10.5829/idosi.aejts.2016.8.2.10312
https://doi.org/10.5829/idosi.aejts.2016.8.2.10312
https://doi.org/10.1051/forest/2009121
https://doi.org/10.1016/j.foreco.2004.05.040
https://doi.org/10.1016/S0378-1127(02)00269-4
https://doi.org/10.1016/S0378-1127(02)00269-4
https://doi.org/10.1007/s10342-020-01296-2
https://doi.org/10.1007/s10342-020-01296-2
https://doi.org/10.3390/f12060708
http://hdl.handle.net/11563/7612
https://doi.org/10.1111/j.1654-109X.2005.tb00632.x
https://doi.org/10.1080/11263504.2022.2100502
https://doi.org/10.1080/11263504.2022.2100502
https://doi.org/10.1002/ldr.964
https://doi.org/10.1371/journal.pone.0271200
https://doi.org/10.1371/journal.pone.0271200
https://doi.org/10.5424/fs/2016252-09149
https://doi.org/10.1002/ldr.3800
https://doi.org/10.3390/f10080608


Alsanousi AA et al. - iForest 18: 30-37

conifer, Pinus halepensis. Ecology and Evolution 
13 (3): e9919. - doi: 10.1002/ece3.9919

Romero-Diaz A, Belmonte-Serrato F, Ruiz-Sinoga 
JD (2010). The geomorphic impact of afforesta-
tions on soil  erosion in southeast Spain. Land 
Degradation and Development 21 (2): 188-195. - 
doi: 10.1002/ldr.946

Royo-Navascues M, Martinez Del Castillo E, Ser-
rano-Notivoli  R, Tejedor E, Novak K, Longares 
LA,  Saz  MA,  De  Luis  M  (2021).  When density 
matters: the spatial balance between early and 
latewood. Forests 12 (7): 818. - doi:  10.3390/f12 
070818

Safar W (1994). Contribution à l’étude dendroé-
cologique du pin d’Alep (Pinus halepensis Mill.) 
dans une région semi-aride d’Algérie: l’Atlas Sa-
harien  (Ouled  Naïl,  Aurès,  Hodna)  [Contribu-
tion to the dendroecological  study of  Aleppo 
pine (Pinus halepensis Mill.)  in a semi-arid re-
gion of Algeria: The Saharan Atlas (Ouled Naïl, 
Aurès, Hodna)]. Doctoral dissertation, Aix-Mar-
seille III, France, pp. 225. [in French]

Santonja M, Bousquet-Mélou A, Greff S, Ormeño 
E,  Fernandez  C  (2019).  Allelopathic  effects  of 
volatile  organic  compounds  released from  Pi-
nus halepensis needles and roots. Ecology and 
Evolution  9  (14):  8201-8213.  -  doi:  10.1002/ece 
3.5390

Sarmoum M, Navarro-Cirrillo R, Guibal F, Abdoun 
F (2020). Typology, productivity and dynamics 
of Aleppo pine stands in the Ouarsenis massif 
(Algeria). AGROFOR International Journal 5 (2): 
112-121. - doi: 10.7251/agreng2002114s

Sarmoum M, Guibal F, Abdoun F (2016). Effet des 
facteurs stationnels sur la croissance radiale et 
la réponse du pin d’Alep au climat dans le mas-
sif de l’Ouarsenis, Algérie [Effect of site factors 
on radial growth and the response of Aleppo 
pine (Pinus halepensis  Mill.)  to climate in the 
Ouarsenis  Massif,  Algeria].  Bois  et  Forêts des 
Tropiques  329  (3):  17-27.  [in  French]  -  doi: 
10.19182/bft2016.329.a31308

Schweingruber FH (1988). Tree rings: basics and 

applications  of  dendrochronology.  Kluwer, 
Dordrecht, Nethelands, pp. 276.

Simberloff D, Nuñez MA, Ledgard NJ, Pauchard 
A, Richardson DM, Sarasola M, Van Wilgen BW, 
Zalba  SM,  Zenni  RD,  Bustamante  R,  Peña  E, 
Ziller  SR  (2010).  Spread  and  impact  of  intro-
duced conifers in South America:  lessons from 
other  southern  hemisphere  regions.  Austral 
Ecology 35 (5): 489-504. - doi:  10.1111/j.1442-99 
93.2009.02058.x

Toromani E, Pasho E, Alla AQ, Mine V, Collaku N 
(2015). Radial growth responses of  Pinus hale-
pensis Mill. and Pinus pinea L. forests to climate 
variability  in  Western  Albania.  Geochronome-
tria 42 (1): 91-99. - doi: 10.1515/geochr-2015-0012

Towner  RH  (2002).  Archeological  dendrochro-
nology in the southwestern United States. Evo-
lutionary  Anthropology  11  (2):  68-84.  -  doi: 
10.1002/evan.10009

Valeriano C, Gutiérrez E, Colangelo M, Gazol A, 
Sánchez-Salguero R, Tumajer J, Shishov V, Bo-
net JA, Martínez De Aragón J, Ibáñez R, Valerio 
M, Camarero JJ (2023). Seasonal precipitation 
and  continentality  drive  bimodal  growth  in 
Mediterranean forests. Dendrochronologia 78: 
126057. - doi: 10.1016/j.dendro.2023.126057

Valiente-Banuet  A,  Rumebe  AV,  Verdú  M,  Call-
away RM (2006). Modern Quaternary plant lin-
eages promote diversity through facilitation of 
ancient  Tertiary  lineages.  Proceedings  of  the 
National  Academy  of  Sciences  USA  103  (45): 
16812-16817. - doi: 10.1073/pnas.0604933103

Vennetier  M,  Ripert  C,  Brochiéro  F,  Rathgeber 
CB, Chandioux O, Estève R (2010). valuation de 
la productivité du Pin d’Alep en région méditer-
ranéenne française [Evaluation of the produc-
tivity of Aleppo pine in the Mediterranean re-
gion of France]. Revue Forestière Française 62 
(5): 503-524. [in French]

Vennetier M, Ripert C, Rathgeber C (2018). Aute-
cology and growth of Aleppo pine (Pinus hale-
pensis Mill.):  a comprehensive study in France. 
Forest Ecology and Management 413:  32-47.  - 

doi: 10.1016/j.foreco.2018.01.028
Vicente-Serrano SM, Lasanta T, Gracia C (2010). 

Aridification  determines  changes  in  forest 
growth in  Pinus halepensis forests under semi-
arid Mediterranean climate conditions. Agricul-
tural and Forest Meteorology 150 (4): 614-628. - 
doi: 10.1016/j.agrformet.2010.02.002

Vieira J, Rossi S, Campelo F, Freitas H, Nabais C 
(2014).  Xylogenesis  of  Pinus  pinaster under  a 
Mediterranean  climate.  Annals  of  Forest  Sci-
ence 71 (1): 71-80. - doi: 10.1007/s13595-013-0341-
5

Vieira J, Nabais C, Campelo F (2022). Dry and hot 
years drive growth decline of  Pinus halepensis 
at  its  southern  range  limit  in  the  Moroccan 
High Atlas Mountains. Trees 36 (5): 1585-1595. - 
doi: 10.1007/s00468-022-02314-z

Xifré-Salvadó  MA,  Prat-Guitart  N,  Francos  M, 
Ubeda X, Castellnou M (2021). Effects of fire on 
the organic and chemical properties of soil in a 
Pinus  halepensis Mill.  forest  in  Rocallaura,  NE 
Spain. Sustainability 13 (9): 5178. - doi:  10.3390/ 
su13095178

Zapata R, Oliver-Villanueva JV, Lemus-Zúñiga LG, 
Fuente D, Mateo Pla MA, Luzuriaga JE, Moreno 
Esteve JC (2021). Seasonal variations of electri-
cal signals of  Pinus halepensis Mill.  in Mediter-
ranean forests in dependence on climatic con-
ditions.  Plant  Signaling  and  Behavior  16  (10): 
1948744. - doi: 10.1080/15592324.2021.1948744

Zeiner M, Kuhar A, Juranović Cindrić I (2019). Ge-
ographic  differences in  element  accumulation 
in  needles  of  Aleppo  pines  (Pinus  halepensis 
Mill.)  grown  in  Mediterranean  region.  Mole-
cules 24 (10):  1877.  -  doi:  10.3390/molecules24 
101877

Zhao YJ,  Cao Y,  Wang J,  Xiong Z  (2018).  Tran-
scriptome sequencing of Pinus kesiya var.  lang-
bianensis and comparative analysis in the Pinus 
phylogeny. BMC Genomics 19: 1-12. - doi: 10.1186 
/s12864-018-5127-6

37 iForest 18: 30-37

iF
or

es
t 

– 
B

io
ge

os
ci

en
ce

s 
an

d 
Fo

re
st

ry

https://doi.org/10.3390/molecules24101877
https://doi.org/10.3390/molecules24101877
https://doi.org/10.1080/15592324.2021.1948744
https://doi.org/10.3390/su13095178
https://doi.org/10.3390/su13095178
https://doi.org/10.1007/s00468-022-02314-z
https://doi.org/10.1007/s13595-013-0341-5
https://doi.org/10.1007/s13595-013-0341-5
https://doi.org/10.1016/j.agrformet.2010.02.002
https://doi.org/10.1016/j.foreco.2018.01.028
https://doi.org/10.1073/pnas.0604933103
https://doi.org/10.1186/s12864-018-5127-6
https://doi.org/10.1186/s12864-018-5127-6
https://doi.org/10.1016/j.dendro.2023.126057
https://doi.org/10.1002/evan.10009
https://doi.org/10.1515/geochr-2015-0012
https://doi.org/10.1111/j.1442-9993.2009.02058.x
https://doi.org/10.1111/j.1442-9993.2009.02058.x
https://doi.org/10.19182/bft2016.329.a31308
https://doi.org/10.7251/agreng2002114s
https://doi.org/10.1002/ece3.5390
https://doi.org/10.1002/ece3.5390
https://doi.org/10.3390/f12070818
https://doi.org/10.3390/f12070818
https://doi.org/10.1002/ldr.946
https://doi.org/10.1002/ece3.9919

	Pinus halepensis Mill. in the Mediterranean region: a review of ecological significance, growth patterns, and soil interactions
	Introduction
	Ecological characteristics of Aleppo pine
	Description and distribution
	Ecological importance in the Mediterranean region
	Reproduction and expansion

	Aboveground growth attributes of P. halepensis: what drives the species radial growth?
	Growth dynamics in response to environmental factors
	Dendroclimatological insights into P. halepensis growth

	The impact of soil on P. halepensis growth
	Physical soil attributes of Aleppo pine forests
	Chemical soil attributes of Aleppo pine forests

	Conclusion
	References


