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Abstract 
Background and aims  Decline in tree species is a 
complex phenomenon involving multiple factors, 
among edaphic conditions are assumed to play an 
important role as factor of predisposition of forests to 
this process. In this regard, scarce information exists 
on the effects of the internal variability of the soil 
with depth on the predisposition to decline, an aspect 
that requires further evaluation.
Methods  Characterization of the internal variability 
of soil was carried out at 20 sites (10 with evidence 
of decline and 10 with no signs of decline) and the 
results analyzed to determine their role in modulating 
the effect of drought, which is the main cause of the 
observed decline in Aleppo pine stands in the Comu-
nidad Valenciana (Spain).
Results  The soil properties found to be the most 
explanatory were those associated with soil quality in 

terms of available space for root exploration, which is 
vital for nutrition and, above all, water uptake. Epi-
sodes of decline are associated with stands where 
soils have a shallow effective depth due to a low 
degree of profile development or through marked tex-
tural anisotropy because of particularly clayey hori-
zons that cause abrupt changes in permeability and 
aeration.
Conclusion  The internal variability of the soil, 
closely linked to the degree of pedogenetic develop-
ment, is identified as a factor that plays an important 
role in predisposing the vegetation to the effects of 
drought.

Keywords  Edaphic heterogeneity · Forest dieback · 
Textural anisotropy · Mediterranean climate · Degree 
of soil evolution

Introduction

The phenomenon of decline and death of tree species, 
common in natural systems (Franklin et  al. 1987), 
is particularly complex as it involves a varied set of 
commonly interdependent factors (Manion 1991; 
Ceilsa and Donaubauer 1994). All of the factors 
involved interact with each other, driving multiple 
mechanisms that operate at differing intensities across 
the landscape. These mechanisms are not mutually 
exclusive and act in an interdependent (or compen-
satory) way, favoring the appearance of complex 
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spatio-temporal patterns of decline that show a 
marked stochastic character (Fensham and Holman 
1999; Das et al. 2008).

According to the waterfall model of Manion 
(1991), the decline process begins with predispos-
ing factors, which weaken individual resilience and 
increase susceptibility to the damaging defects of 
other factors that lead to tree morbidity, considered as 
either initiating or contributing factors (Manion and 
Lachance 1992; Ciesla and Donaubauer 1994).

Drought stress (whether accompanied or not by 
high temperatures) is a key factor in understanding 
the dynamics of many terrestrial ecosystems through-
out the world (Dobbertin et  al. 2005; Gitlin et  al. 
2006; Miao et  al. 2009; Anderegg et  al. 2012). An 
unusually severe decrease in rainfall can lead to high 
mortality in forest stands that are particularly vulner-
able to the effects of drought. Even within the eco-
logical optimum of their geographic distribution, a 
severe lack of rainfall can lead to trees being affected 
in areas where conditions predispose them to pos-
sible decline. In the Mediterranean area, this is the 
most common initiating factor in the decline of for-
est stands (Peñuelas et al. 2001; Gea-Izquierdo et al. 
2014; Sánchez-Salguero et al. 2012; Camarero et al. 
2015).

At forest-stand scale, certain site characteristics 
interact with density-dependent processes, such as 
competition or facilitation, defining the degree of pre-
disposition to processes that lead to decline (Suarez 
et al. 2004; Koepke et al. 2010; Hosseini et al. 2017; 
Brown et al. 2018). For example, high densities ​​fre-
quently lead to mortality as a result of exacerbated 
competition for water and / or high activity of biotic 
agents (Lloret et al. 2004; Greenwood and Weisberg 
2008).

Regarding drought, the combination of stand age, 
density and structure along with the specific site 
conditions (physical environment) produce complex 
spatial patterns of predisposition to decline, which 
are very difficult to predict (Fensham and Holman 
1999; Das et al. 2008). The consequence is that for-
est decline episodes frequently manifest diffuse and 
irregular spatial boundaries (fronts) as well as highly 
variable degrees of mortality (Dobbertin et al. 2005: 
Miao et al. 2009; Klos et al. 2009).

Spatial patterns of drought-induced mortality are 
closely related to spatial and temporal variability 
in the conditions of the physical environment that 

determine water availability. Although climate deter-
mines water availability at larger scales, the physi-
ographic characteristics (such as slope, exposure and 
position within the landscape) along with soil status 
(stoniness, texture and depth of the soil) act as local 
controllers of water availability for vegetation (Brown 
et al. 2018; Preisler et al. 2019). The role of these fac-
tors is especially relevant in the summer months in 
regions with Mediterranean climate, when water lost 
through evapotranspiration continuously exceeds pre-
cipitation (Prieto-Recio et al. 2015).

Despite the important influence of non-climatic 
conditions on water availability and therefore on 
the spatial patterns of tree decline, few studies have 
specifically evaluated this influence (Galiano et  al. 
2010). In the scarce research addressing this issue, 
the focus tends not to be on physiographic factors but 
rather, these are dealt with as secondary or comple-
mentary aspects, with the exception being the effect 
of altitude, which has been analyzed in several studies 
(Guarin and Taylor 2005; Candel-Pérez et al. 2012).

Much less attention has been directed towards 
evaluating the relationship between site soil condi-
tions and decline, despite clear indications that site-
scale soil characteristics play an important role in the 
predisposition of vegetation to decline (La Manna 
and Rajchenberg 2004; Dobbertin et al. 2005; Prieto-
Recio et  al. 2015). By modulating water availability 
in periods of maximum water deficit, soil is assumed 
to be an especially important component in the mech-
anisms that regulate the effects of drought at local 
scale (Lloret et  al. 2004; Galiano et  al. 2012; Peter-
man et al. 2012). Empirical evidence for this notion is 
particularly scarce, and studies documenting drought-
induced decline rarely include detailed sampling of 
soil conditions at sites where mortality is observed, 
which is essential to capture small-scale variability 
(at stand and tree level) and thus relate soil conditions 
to the individual health status of the trees or the stand 
as a whole (Brunner et al. 2009; Galiano et al. 2010; 
Brown et al. 2018).

Assuming that the availability of water to tree roots 
depends largely on the volume of soil that can be 
explored and its porosity, both attributes are nuanced 
by properties such as stoniness, which increases the 
infiltration capacity of the soil but reduces its effec-
tive volume (Hlaváčiková et  al. 2016; Preisler et  al. 
2019), the textural class, understood as a combination 
of percentages of sand, silt and clay that determine 
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the state and behavior of water and air in edaphic 
volumes (Gitlin et  al. 2006; Colins and Bras 2007; 
Koepke et al. 2010; Soil Survey Division Staff 2017) 
and the content of organic matter, as a structure-cre-
ating agent, this being an important determinant of 
porosity (Six et al. 2004).

These properties are not homogeneous throughout 
the entire depth of the soil, so the soil profiles show 
different degrees of internal variability that delimit 
spaces with different aptitudes for the storage and 
transmission of water and for the exploration of root 
systems (Suarez et al. 2004). Consequently, the spa-
tial variability in this markedly anisotropic behavior 
with respect to depth, closely linked to the degree 
of pedological evolution (differentiation of genetic 
horizons), is considered to be transcendent in the pre-
disposition to decline. Based on this hypothesis, the 
main objective of this study is to evaluate the role of 
intrinsic soil variability in forest decline processes, 
focusing in particular on determining the effect that 
the variability of edaphic properties along the profile 
can have on the predisposition of forest stands to suf-
fer episodes of decline.

Materials and methods

The study was undertaken in a set of Pinus halepen-
sis Mill forest stands in the Comunidad Valenciana 
(Spain), a region which is particularly characteristic 
of the Mediterranean area of the Iberian Peninsula. 
These plant communities are a common element in 
the configuration of the current landscape, presenting 
a rich variety in terms of origin, maturity conditions 
and vegetative vigor (Del Río et al. 2009). Given the 
highly frugal and drought-resistant nature of the spe-
cies, it was routinely used in reforestations undertaken 
in the second half of the 20th century, often on mar-
ginal land as regards physical environmental require-
ments (García de la Serrana et al. 2015; Gómez-Sanz 
2019). In recent years, episodes of notable decline 
have been observed in the woodlands of this circum-
Mediterranean species, which have caused its com-
plete disappearance in the most extreme cases (Allen 
et al. 2010).

In this biogeographic context, a total number 
of 10 study locations were selected: two in Cas-
tellón province, six in Valencia and two in Alicante 
(Fig.  1). Their UTM coordinates and general site 

characteristics are included in Table  1. Elevation 
ranges from almost sea level (Almenara, Castellón) to 
more than 750 m in Jalance (Valencia), which obvi-
ously affects the variability of climatic conditions at 
each of the analyzed locations.

Based on the hypothesis that the internal variabil-
ity of soil characteristics can have a notable influence 
on the decline process, a paired sampling was pro-
posed in each location. The aim was to eliminate the 
effects of climatic variability as well as stand origin 
and management, thus allowing the small-scale vari-
ability of site conditions to be determined. Conse-
quently, taking the notable presence of tree crowns 
with evident signs of recent death (crowns that still 
retain almost all of the completely withered leaves)
as the selection criterion, two different situations 
were established: (1) stand with a satisfactory physi-
ological state, where more than 85% of the trees had 
crowns that showed no clear signs of decline (site 
with a label ending in “N”); (2) stand geographi-
cally and physiographically close to the latter, with a 
similar origin, but in which evidence of recent death 
was found in more than 15% of the trees (site with a 
label ending in “D”). The spatial pattern of mortality 
was relatively heterogeneous in the sites with decline 
and their immediate surroundings. Some sites pre-
sented isolated dead trees in the same physiographic 
situation, while in others the dead trees appeared in 
relatively contiguous groups in similar physiographic 
situations. In the most severe cases, mortality affected 
all, or almost all, of the cover previously present at 
the site.

In the field work undertaken at each of the sites, 
a representative point of dominant physiographic 
and canopy conditions was selected, followed by a 
detailed ecological inventory. For this task, a circular 
plot of 500 m2 was established, in which dasometric 
and botanical information was recorded. Further-
more, a soil profile study was carried out, opening the 
corresponding pit, identifying and describing differ-
ent soil horizons, and taking a representative sample 
from each of them for laboratory analyses. The pres-
ence of non-sampleable stoniness (NSS) was esti-
mated visually in percentage by volume (FAO 2006).

Soil samples were air dried and passed through a 
2 mm sieve, determining the percentage by weight of 
the material retained in the sieve (coarse elements, 
CE). The USDA textural fractions (sands, SAN; silts, 
SIL; clays, CLA) were obtained by the Bouyoucos 
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method, and the organic matter (OM) content was 
determined by volumetry redox (Walkey-Black 
method). In addition, the pH in water (WPH) was 
measured by potenciometry in a soil:solution ratio of 
1:2.5, and the presence of total carbonates (CT) was 
obtained using the Bernard calcimetry method. The 
soil profile characterizations in inventoried plots are 
summarized in Table 2.

In turn, genetic horizons were identified for each 
profile, thus allowing us to approximate the degree 
of evolution and assess changes in physical condi-
tions (textural and structural) derived from the pres-
ence of markedly clayey and/or strongly cemented 
horizons or of relatively continuous hard rock. 
Given its significance in the amount of edaphic 

space that can be explored by root systems, the 
depth at which a notable change was observed in 
textural conditions between genetic horizons was 
established as a new study variable, termed “depth 
easily explored” (EED). To determine the latter var-
iable, the criterion used was the change in USDA 
textural class in the underlying genetic horizon such 
that the textural conditions lead to a decrease in 
the conditions of permeability, aeration and water 
retention capacity due to an increase in the presence 
of fine particles (Soil Survey Division Staff 2017). 
Each value obtained was corroborated through con-
firmation of marked differences in biological activ-
ity (especially degree of root abundance) observed 

Fig. 1   Spatial distribution 
of study locations
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between the two genetic horizons in which the 
change in textural class is identified.

Finally, all analyzed profiles were classi-
fied, using the classification system proposed by 

FAO-UNESCO (IUSS Working Group 2014), for 
which different diagnostic elements were previously 
identified in accordance with criteria established by 
this taxonomic system.

Table 2   Soil variables at each study site (final letter of the site label indicates whether it shows decline, letter D, or if it does not, let-
ter N)

NNS non-sampleable stoniness (%), CE coarse elements (%), SAN sands (% in fine earth fraction), SIL silts (% in fine earth fraction), 
CLA clays (% in fine earth fraction), OM organic matter (% in fine earth fraction), CT  total carbonates (% in fine earth fraction), 
WPH pH in water (1:2.5)

Location Site Genetic 
Horizon

Depth  (cm) NNS CE USDA Texture OM CT WPH

SAN SIL CLA Texture classes

Almenara S01N 1 20 10 68.6 40.7 27.0 32.3 Clay loam 3.06 24.7 8.2
2 30 5 29.4 33.4 30.6 36.0 Clay loam 1.20 32.2 8.3

S01D 1 20 40 39.2 68.7 24.0 7.3 Sandy loam 3.71 0.0 5.7
2 20 20 44.6 57.4 17.6 25.0 Sandy clay loam 1.03 0.0 6.8

Soneja S02N 1 25 30 46.9 40.7 38.0 21.3 Loam 4.68 41.4 8.3
2 25 15 6.7 53.4 35.6 11.0 Loam 1.19 54.4 8.6

S02D 1 15 15 36.4 66.7 24.0 9.3 Sandy loam 1.01 0.0 6.8
2 15 20 56.2 60.7 21.0 18.3 Sandy loam 0.96 0.0 7.2

Gilet-Sagunto S03N 1 15 40 24.3 56.7 20.0 23.3 Sandy clay loam 2.17 0.0 8.3
2 25 20 20.8 55.4 19.6 25.0 Sandy clay loam 0.89 0.0 8.1

S03D 1 20 40 26.5 62.7 24.0 13.3 Sandy loam 4.51 0.0 5.7
2 20 20 8.1 38.4 9.6 52.0 Clay 1.63 0.0 6.9

Sagunto S04N 1 30 5 54.0 62.7 22.0 15.3 Sandy loam 1.79 11.8 8.4
2 35 10 29.4 67.4 16.6 16.0 Sandy loam 0.77 9.2 8.4

S04D 1 25 10 31.5 64.7 22.0 13.3 Sandy loam 2.25 5.0 8.3
2 20 10 28.7 53.4 26.6 20.0 Loam 0.84 0.0 8.2

Jalance S05N 1 35 20 14.9 49.4 26.6 24.0 Sandy clay loam 2.95 9.4 8.2
S05D 1 10 90 40.8 61.4 14.6 24.0 Sandy clay loam 6.52 11.7 8.3

Guadassuar S06N 1 15 10 4.3 35.4 42.6 22.0 Loam 2.37 5.0 8.4
S06D 1 20 10 4.1 45.4 32.6 22.0 Loam 1.96 0.0 8.3

Lliria S07N 1 20 20 52.8 44.4 37.6 18.0 Loam 4.92 45.2 8.3
S07D 1 20 30 39.6 44.4 35.6 20.0 Loam 2.93 67.5 8.5

Vilamarxant S08N 1 30 15 44.0 51.4 24.6 24.0 Sandy clay loam 2.45 28.5 8.5
2 15 30 40.9 53.4 25.6 21.0 Sandy clay loam 0.68 25.5 8.2

S08D 1 30 50 39.7 77.4 15.6 7.0 Loamy sand 0.98 0.0 8.3
2 > 70 65 22.2 71.4 11.6 17.0 Sandy loam 0.61 0.0 8.7

Orihuela S09N 1 15 25 49.3 53.4 32.6 14.0 Loam 6.15 47.6 8.2
2 40 35 42.1 59.4 33.6 7.0 Sandy loam 1.54 77.2 8.5
3 > 60 50 33.3 57.4 35.6 7.0 Sandy loam 1.43 86.6 8.4

S09D 1 25 40 33.1 37.4 34.6 28.0 Clay loam 2.68 48.2 8.3
2 15 50 43.0 27.4 40.6 32.0 Clay loam 0.77 41.3 8.5
3 > 60 60 61.1 37.4 34.6 28.0 Clay loam 0.41 49.7 8.5

Jijona-Alicante S10N 1 40 35 59.7 53.4 30.6 16.0 Loam 1.68 71.5 8.6
2 > 60 45 76.7 54.4 32.6 13.0 Loam 1.57 73.1 8.4

S10D 1 15 40 58.1 29.4 66.6 4.0 Silt loam 2.14 84.9 8.5
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The information obtained from the analyzed sam-
ples was statistically treated as paired observations. 
Hence, Normality in distribution of differences 
between sites with and without decline was verified 
(Kolmogorov-Smirnov test) and a Student’s t-test was 
performed for paired data. The significance level for 
hypothesis testing of means equality in paired differ-
ences was set at 0.05.

Results

The set of soils evaluated presents a range of internal 
variability at profile level that allowed the proposed 
objectives to be addressed. The depths of the pro-
files vary sufficiently, although 80% present more or 
less continuous hard rock at a depth of less than 1 m 
(leptic conditions according to WRB (IUSS Working 
Group 2014).

In general, there is a notable presence of non-sam-
pleable stoniness and coarse elements, with 80% of 
the profiles having less than 40% fine earth (skeletic 
or hyperskeletic features for WRB (IUSS Working 
Group 2014).

As regards texture, equilibrated texture horizons 
dominate (loam and sandy clay loam), making up 
around 50% of the total. There are also horizons 
of coarse textures (sandy loam and loamy sand), 
accounting for approximately 30%, and of slightly 
imbalanced fine textures (clay loam and silt loam), 

and even fine textures (clay). The profiles are mostly 
homogeneous in terms of texture, although some 
present a marked heterogeneity, which leads to sud-
den changes in permeability and aeration conditions 
within the profile (abruptic qualifier of WRB (IUSS 
Working Group 2014).

From a biochemical perspective, organic matter 
content is moderate-low, and dominant soil reac-
tion is either strongly or extremely basic, especially 
in sites that do not show decline. Furthermore, the 
majority of sites where decline is observed present 
a scarcity or absence of carbonates (non-calcareous 
material). No significant differences were observed 
among the mean values of the textural and bio-
chemical variables studied for each profile (Fig. 2) 
according to the decline factor (all paired t test gave 
a p-value greater than 0.05).

The same is not the case for the variables 
related to the volume of available soil, that is, for 
the total depth of the soil (TD) and for the easily 
explored depth (EED) by the roots within the pro-
file (Fig.  3). The former shows no significant dif-
ferences between the profiles at sites with decline 
and those without (p-value of 0.385 for a paired t 
statistic of 0.91; n = 10), while the latter does show 
statistically significant paired differences. The mean 
difference between EED pairs is 22.5 cm (standard 
deviation 25.74  cm), with a p-value for the paired 
t test of 0.022 (t statistic = 2.76; n = 10). Therefore, 
this variable is the only one of those analyzed that 

Fig. 2   Mean values per 
profile of the textural and 
biochemical variables in the 
profiles with and without 
decline
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explains the differences between sites with and 
without decline.

Regarding the degree of development, there is a 
wide variation among the profiles, from scarcely-
developed young soils, without intermediate horizons 
and which usually lay directly over consolidated bed-
rock (profile type “A - R”), to soils with intermediate 
horizons of alteration (profile type “A - Bw - C - R”) 
or with highly evolved profiles, in which there is a 
genetic horizon of accumulation, with a notable pres-
ence of clay (profile type “A - Bt - C - R”).

Finally, Fig.  4 presents a classification of soils 
evaluated according to the FAO-UNESCO WRB 
(IUSS Working Group 2014) and its relation with 
decline. The soils in which it is possible to identify 
an argic diagnostic horizon are associated in all cases 
with sites where decline is observed.

Discussion

The results indicate that of the set of soil character-
istics, the depth of soil most easily explored by roots 
stands out as a property that can predispose trees to 
suffering decline. This variable affects the role of the 

soil in decoupling water availability from the purely 
climatic component associated with the rainfall pat-
tern, a key quality to vegetation survival (Nadal-Sala 
et al. 2017), especially in the Mediterranean area.

Development of root system consumes a large part 
of primary production (McDowell et  al. 2008), and 
therefore requires a compromise between developing 
and maintaining a larger root system and the addi-
tional water it can provide (Jackson et al. 2000). Con-
sequently, those sites with deep well developed soils 
will host individuals with a more extensive, hydrauli-
cally balanced root system, which implies an advan-
tage in water-limited environments over other indi-
viduals growing on shallow soils and therefore with 
less developed root systems (Nadal-Sala et al. 2017).

In shallow or poorly developed soils (Leptosols 
in WRB (IUSS Working Group 2014), the volume 
explored by roots systems is small, and this is fre-
quently accompanied by low water retention capac-
ity (these soils tend to be particularly stony, showing 
skeletic, or even hyperskeletic, conditions). On these 
edaphic conditions, trees cannot develop an adequate 
root system, which makes them especially vulner-
able to drought as a trigger of decline (Schenk and 
Jackson 2005; Preisler et  al. 2019). This is the case 

Fig. 3   Variation of the total 
depth of the profile and the 
easily explored depth for 
the profiles at sites with 
decline and without decline
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at sites where mortality is present in Jalance and 
Jijona-Alicante.

In more developed soils, the depth most eas-
ily explored is determined by the textural variabil-
ity according to the depth of the profile, which is 
closely related to the degree of soil evolution. The 
pedogenetic development of profiles that include 
genetic horizons with highly differentiated textural 
behavior implies a transcendent heterogeneity which 
conditions the development and distribution of root 
systems.

In this regard, water in an “argic” diagnostic hori-
zon (IUSS Working Group 2014) is less available to 
vegetation because it is more strongly retained by 
hygroscopic and capillary forces, which are of higher 
intensity. Hence, the presence of this kind of hori-
zon reduces the volume of soil most easily explored 
by roots in search of water and nutrients, causing 
root development to be limited almost entirely to the 
horizons above it in the profile (closest to the sur-
face). This situation is particularly evident in sites 
with decline, and especially in those soils exhibiting 
textural changes that can be classified as abrupt in 

their profiles (WRB abruptic qualifier (IUSS Work-
ing Group 2014). If, in addition, the surface horizon 
has a texture that does not promote water retention 
(sandy and/or low content in fine earth), as occurs in 
Vilamarxant, Almenara and Gilet-Sagunto, the pre-
disposition to decline is considerably accentuated.

The opposite occurs in the case of soils with rel-
atively isotropic profiles as regards their textural 
behavior with depth. These soils, that have a lower 
degree of pedogenetic development, may present 
genetic horizons of alteration (“cambic” type accord-
ing to WRB (IUSS Working Group 2014), although 
this does not imply significant textural changes affect-
ing the availability of water. Although effective depth 
may be limited by the presence of continuous hard 
rock at medium depths (WRB leptic qualifier (IUSS 
Working Group 2014), the soil volume is sufficient, 
especially if it is of a suitable textural class (not 
coarse unbalanced, nor coarse or very stony) provid-
ing a water retention capacity capable of sufficiently 
mitigating some levels of water stress, thus reducing 
or buffering the physiological dysfunctions that lead 
to decline.

Fig. 4   Relationship between general soil condition according to the FAO-UNESCO WRB categories (IUSS Working Group 2014) 
and observed decline (final letter of the site label indicates whether it shows decline, letter D, or not, letter N)
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Other soil characteristics have not proven to be 
as decisive. Differences in biological (organic mat-
ter content) and chemical (soil reaction and presence 
of carbonates) properties do not appear to be related 
to the observed response. Although acidic or neu-
tral reaction soils are associated with sites showing 
decline in all the cases analyzed, according to their 
autoecology (Gandullo and Sánchez 1994), Aleppo 
pine is tolerant to these acidity values (pH in water), 
so the effect on predisposition to decline is not suf-
ficiently clear. However, the metabolic response to 
these chemical conditions could predispose the trees 
growing under these conditions to the synergistic 
effect of other factors that contribute to decline.

At Guadassuar, Lliria and Orihuela, the soils in 
sites with decline are similar to those in sites where 
decline is not present. In this case, the observed 
decline cannot be attributed to differences in intrin-
sic edaphic variability at site level, so the causes must 
be sought among other predisposing factors, such as: 
(a) the consequences of different disturbances which 
generate physiological dysfunctions (for example, 
soil compaction due to recreational use in Guadas-
suar); (b) the situation in locally drier landscape posi-
tions (Suarez et al. 2004) in the case of Lliria; (c) the 
exacerbated marginal climatic conditions (Gómez-
Sanz 2019), as in the case of Orihuela. In this latter 
location, situated in a climatic environment which 
is clearly inadequate for the development of stable 
populations of the species, the good soil conditions 
(deep, texturally homogeneous profile) favor exces-
sive extension of the root system in exacerbated non-
drought years, making it hydraulically unviable when 
a relatively intense drought episode occurs (Martínez-
Vilalta and Piñol 2002; Collins and Bras 2007) as was 
the case in 2014 in the studied area (García de la Ser-
rana et al. 2015).

The decline of trees is a complex process in which 
all the factors involved interact with each other, driv-
ing multiple mechanisms that operate with differ-
ent intensities across the landscape. Among these 
factors is the orientation of the site to the incident 
solar radiation, generating greater water stress in the 
Northern Hemisphere in sites with a marked south-
ern orientation, especially in summer, when the 
demand for water is greater. Although empirical sup-
port is scarce and often contradictory, it is assumed 
that orientation is also a pedogenetic factor (Schaetzl 
and Anderson 2005), which enhances some processes 

that favor textural anisotropy on south-facing slopes. 
Consequently, the aspect of the slope and the eas-
ily explored depth may show highly correlated. The 
internal variability of soil quality in terms of its abil-
ity to store water and make it available to the vegeta-
tion efficiently is incorporated as a mechanism that 
synergistically contributes to the global effect attrib-
utable to orientation as a predisposition factor to 
decline.

Conclusions

Within a synoptic region prone to drought, specific 
episodes of decline are significantly associated with 
stands where the soils have a smaller easily explored 
volume, due to a low degree of development of the 
edaphic profile or the presence of a marked textural 
anisotropy in the soil, caused by the development of 
particularly clayey horizons, which cause transcend-
ent changes in the soil’s capacity to offer water to the 
vegetation in a manner decoupled from the precipita-
tion regime.

The conditions of internal variability of the soil, 
closely linked to its degree of pedogenetic develop-
ment, have thus been identified as an important pre-
disposing factor that modulates the effects of drought 
as a triggering factor for the decline of Aleppo pine 
stands in the Mediterranean biogeographic area.

The notion that the climate in the Mediterranean 
basin will evolve towards warmer and more arid 
scenarios is constantly garnering greater accept-
ance  (Allen et  al. 2010). The consequences of this 
predicted climate change on tree stands in general, 
and Aleppo pine stands in particular, will be highly 
nuanced by specific site conditions, especially those 
relating to the internal variability of soil condi-
tions, giving rise to highly heterogeneous patterns of 
decline at local scale. The planning and implemen-
tation of adaptive management models should not, 
where possible, ignore this reality.
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