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Abstract: A large portion of the Mediterranean basin suffers from a lack of organic carbon in the
soil and low woody cover percentages, resulting in a very high risk of desertification. In such
conditions, knowing the effects on below and above ground carbon sequestration of pioneer woody
species is of great importance, although barely assessed at the individual level. In this study, we first
investigated whether almond-leaved pear (Pyrus spinosa) individuals influence soil organic carbon
(SOC) concentration and stock in comparison with surrounding pasturelands inside a natural reserve
in Sicily, Italy. Second, we evaluated inter individual variability on such storage, testing the effects
of plant height, basal diameter, canopy cover and tree structure (single or multiple stems). Soils
under pear presented, on average, a significantly higher SOC than pasturelands (3.86% and 3.16%,
respectively) as well as a lower bulk density (1.09 and 1.28 g cm−3, respectively). Due to a lower soil
compaction, SOC stocks (130.3 and 113.9 Mg ha−1, respectively) did not differ significantly. Below
and aboveground biomass carbon accounted for a small fraction of carbon stock, while neither pear
structure, age nor tree structure significantly influenced SOC concentration and SOC stock. Despite
the need of further investigations, our results indicate that pear may represent an excellent tree
species to improve carbon storage, both while triggering the restoration of Mediterranean woodlands
or increasing biodiversity in pasturelands and agroforestry systems, that, indeed, can hold high SOC
if well managed.

Keywords: agroforestry; desertification; ecological restoration; silvopastoral systems; soil organic
carbon; plant biomass; woody encroachment

1. Introduction

The Mediterranean is the European biogeographical region with the lowest amount
of soil organic carbon (SOC) and woody cover, and, consequently, presenting the highest
risk of desertification and susceptibility to climate change [1–3]. SOC is a key element for
soil fertility, water retention, as well as being strongly related to microbial biomass and
activity [4]. Shrublands and forests, covering more than 25 million hectares in the Mediter-
ranean region, are the potential woody vegetation cover for most Mediterranean areas,
and are crucial for biodiversity conservation and ecosystem services provision [5,6]. In
turn, agriculture is a dominant land cover shaping the Mediterranean since centuries, and,
generally, agricultural practices are responsible for SOC depletion and woody cover loss,
with agricultural fields presenting much lower SOC than abandoned fields, shrublands,
forests and afforestation [7–9]. For instance, an overall SOC accumulation rate of +2.3%
year−1 post-agricultural abandonment was found in a peninsular in Spain [8]. Along sec-
ondary succession processes in Mediterranean island ecosystems, soil carbon considerably
increased from about 33 Mg ha−1 in vineyards to about 69 Mg ha−1 in old growth forests [7].
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Pasturelands, including wood-pastures [10], account for a relevant proportion of agricul-
tural land use, covering more than 70 million of ha in Europe [11]. Generally, pasturelands
present higher SOC values than bare lands and crop fields, because of low soil management
(e.g., no tillage) as well as high animal manure deposition [12,13]. However, pasturelands
may induce soil compaction due to livestock trampling, influencing vegetation composition
and the soil carbon pool by reducing organic matter turnover and permeability, although
an increased bulk density may determine higher carbon stocks [2,14,15]. Pasturelands
store lower SOC content than shrublands and forests, and even isolated woody individuals
scattered through the pastureland may contribute to SOC accumulation [16–18]. Indeed,
woody encroachment over pasturelands has been pointed out as a relevant carbon sink,
therefore helping mitigating climate change and desertification while contributing to the
achievement of international commitments such as the European Green Deal and the re-
cently approved nature restoration law [13,19,20]. However, woody encroachment greatly
reduces pasturelands carrying capacity and herbaceous plant diversity, representing a
threat to historical pastureland economic activity, also pushing grazing over forest areas
and increasing fire risk and reducing microbial activity [21,22]. In this sense, wooded pas-
turelands might be an alternative to increase carbon accumulation and overall biodiversity
in pasturelands [17,23]. The combination of pasturelands and trees generates important
landscapes in the Mediterranean (e.g., Dehesas in Spain and Montado in Portugal), with
trees enhancing not only the food supply for the animals, but also increasing biodiversity
and carbon stocks [10,24]. However, most of the actual knowledge comes from pasturelands
with oaks, while the carbon sink potential of other native species, as well as the magnitude
of inter and intra-individual variations, is still under investigation [16]. Fulfilling such gap
is relevant both in the case of forest restoration and for the maintenance of high nature
values agro-pastoral systems, particularly when considering species that provide different
ecological services while being robust against desertification, fire and herbivory [25].

The almond-leaved pear (Pyrus spinosa Forssk., hereafter pear) seems to be a very good
species for such purposes, although poorly studied and highly underused in practice. It is
a small deciduous hardwood tree up to 5–6 m high, native to the European countries of the
Mediterranean basin, from Spain to Turkey, but also occurring in Iran and Bulgaria [26]. It is
a markedly heliophilous, xerophilous and thermophilus plant, indifferent to soil type, with
wide ecological plasticity and phenotypic variability [26]. Additionally, this spiny species
is resistant against herbivores, has interesting pharmaceutical properties, insect-pollinated
flowers and edible fleshy-fruits consumed by many animals, including livestock. All these
traits amount to great value for the ecological restoration of Mediterranean woodlands or
for compose high nature value silvopastoral systems [26–28].

In this study, our objectives were (1) to assess the effect of pear on soil carbon stor-
age, also taking into account the above and below-ground biomass, compared to nearby
pasturelands and (2) to investigate the relationship between structural traits, age and tree
structure, and SOC concentration and SOC stock. We hypothesized that (1) soils under
pear have a higher carbon concentration than neighbour pasturelands, (2) older individuals
have a higher carbon concentration and stocks than younger ones and (3) SOC is higher
under multi-stemmed individuals than under single stem individuals, due to the exclusion
of trampling by large herbivores.

2. Materials and Methods
2.1. Study Area

The research was carried out at the Ficuzza Nature Reserve in northwestern Sicily [23].
Ficuzza is a large protected area, covering more than 7000 hectares, and hosting the last
large forest remnants in western Sicily, mostly composed of evergreen and deciduous oaks
such as Quercus ilex L. and Quercus pubescens Willd s.l. [29,30]. Field surveys were carried
out at the Alpe Cucco site, characterized by extensive wooded pasturelands mixed with
heterogeneous mantle vegetation dominated by shrub and tree species of the Rosaceae
family, such as Pyrus spinosa, Crataegus monogyna Jacq., Rubus ulmifolius Schott, Rosa canina
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L., Prunus spinosa L. [23]. The herbaceous layer is characterized by mesophilous species,
such as Cynosurus cristatus L. and Lolium perenne L., together with several other grasses and
legumes of the genera Trifolium, Medicago and Phalaris [31]. The study area (mean altitude of
950 m a.s.l.) falls within the meso-mediterranean upper sub-humid bioclimatic belt, with an
average rainfall of 850 mm, and mean annual temperatures of 14.3 ◦C, with an average of
9.4 ◦C in the coldest months (January and February) and an average of 23.5 ◦C in the hottest
months (July and August) [32]. The soils are deep (100 cm), sub-alkaline, clay-dominated
vertic haploxeralfs [33]. Extensive cattle raising has a long history as grazing permissions
date back to at least the end of 1800 century, and is still present nowadays, whereas an
active pastureland management program, including irrigation, ploughing, and seeding,
was developed during 1960–1990 [34].

2.2. Experimental Design

We assessed the effect of pear individuals on SOC concentration considering a paired-
site approach, commonly used to study the differences in SOC under different land uses
or plant species in the same ecological conditions. In May 2021, we selected eight pear
individuals, at least 30 m apart from each other and differing in age and tree structure
(Figure 1). Pear age was determined by analysing aerial and satellite images, considering
the year of 1992 as the last aerial image available after human management of the area
(see [23] for details on vegetation mapping). We verified the individuals in the field
that were clearly visible in the 1992 image (old, mean DBH = 32.2 cm) and selected two
with one single stem (hereafter single), and two with multiple stems (i.e., multi-stemmed
according to Gschwantner et al. [35]) (hereafter multi). We chose to compare these different
tree structures because of their expected influence on herbaceous vegetation cover and
herbivores passage and, in turn, on SOC. Then, we selected four individuals not visible in
the 1992 image (young), and, again, selected two with a single stem and two with multiple
stems (mean DBH = 14.5 cm).

2.3. Plant Traits and Aboveground Biomass

Pear individual structure was characterized by measuring the following parameters:
plant height (m), diameter at breast height (DBH) for single stems or diameter at stump
height (DSH) for multi-stemmed (both in cm), and crown projections along four cardinal
directions (m) to calculate canopy cover. For multi-stemmed individuals, DBH was es-
timated from DSH through the equation developed by Boyce and Ocasio [36] for Pyrus
calleryana Decne.:

DBH = −1.43476 + 0.9574 × DSH.

To estimate the aboveground woody biomass, we first estimated the wood volume
of pear trees using the double-entry tree volume tables following the National Inventory
of Forests and Carbon Sinks of Italy [37], based on DBH and plant height. Then, volume
was converted into biomass using the Pyrus communis L. wood density (690 kg m−3), once
no specific data was available for Pyrus spinosa [38]. Finally, the aboveground biomass per
hectare (Mg ha−1) was calculated by multiplying the mean biomass of pear individuals
(in single stems or multi-stemmed) by the mean pear density in the study area (64 individ-
uals ha−1 [23]). Carbon concentration was assumed to be 50% of the biomass, according
to the most commonly conversion factor adopted for tree species [39]. Belowground pear
biomass was estimated by multiplying the aboveground biomass per 0.84, as an average
value of shoot-root ratios reported by [40,41] for Mediterranean woody species.
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Figure 1. Location of the study site (Ficuzza Natural Reserve, Sicily) and the 8 pear individuals
inside the Alpe Cucco pastureland (coordinates in UTM). P1 and P2 are old and multistemmed pear
individuals, P3 and P4 are old and with single stem, P5 and P6 are young and multistemmed, P7 and
P8 are young and with single stem. (A) Structural appearance of one single stem pear individual
and position of the diameter measurement (DBH). P3 and G3 represent the pear with its respective
paired grassland patch. (B) Example of one multi-stemmed individual with position of diameter
measurement (DSH). (C) Canopy view of a pear individual with the spatial configuration of the
paired sampling, with the 3 soil samples collected under the pear at 0.5 m away from the main stem
and two samples collected at the pastureland at 5 m. Tree images: Freepik.com.

Above and belowground biomass and C stock, as well as root-shoot ratio, of pasture-
land were estimated based on literature data. Due to a high heterogeneity of grassland
species composition, we selected studies specifically reporting the dominant grass species
occurring in our study site (Cynosurus cristatus [31]) and limited this to areas with similar en-
vironmental conditions [17,42–44]. Particularly, we considered cork oak wooded grasslands
in Sardinia [17] and pasturelands with Cynosurus cristatus in Calabria [43]. For what con-
cerns the root-shoot ratio, instead, we considered and averaged two works specifically re-
porting the values for Cynosurus cristatus [42,43]. Therefore, the aboveground biomass was
found to be 2.59 ± 2.11 (Mean ± SD) Mg ha−1 and belowground was 1.04 ± 1.25 Mg ha−1,
with the ratio of 0.45 for the conversion of biomass into carbon content [45].

2.4. Soil Sampling and Parameters

Our objectives were also to check micro-scale variabilities in SOC spatial distribution
under each pear individual. First, we removed the litter and collected three soil samples
(0–30 cm depth, n = 24) at a 50 cm distance from the trunk, using a standard position based
on degrees (0◦, 120◦, 240◦; Figure 1). Then, we collected two paired samples at the nearby
pastureland (n = 16), one oriented to the east (90◦) and one oriented to the west (270◦), in
order to standardize sunlight exposition, and at 5 m from the edge of the pear crown. The
SOC (%) content was analysed using an elemental analyser (NA1500 Carlo Erba, Milan,
Italy) and was converted to soil carbon stock (SOC stock, Mg ha−1) as follows:

SOC stock = SOC (%) × BD × SD × A/100
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where SD is the soil depth (m), A is the area (ha) and BD is bulk density (g cm−3), which
was measured using the tube core method [46,47], based on the ratio between the volume
of the collected sample (5 × 15 cm cylinder) and the soil dry weight (g) of the sample. To
compare the paired sites, that is the pear and its respective pastureland plots, we used the
ratio between the average value of the samples under pear divided by the average value of
the pastureland samples.

2.5. Statistical Analysis

To check for differences on the SOC (log transformed) and SOC stock between soils
under pear and pastureland, we used a two-tailed t test after checking for normality
(Shapiro–Wilk p > 0.05) and equality of variances (Levene test p > 0.05). To test the effects
of plant structural variables (diameter, height, cover) and tree structure (single stem or
multi-stemmed), we used multiple linear regressions, checking model fit after assessing
normality on the residuals (Shapiro–Wilk p > 0.05). The continuous predictors (diameter,
height, cover) were standardized by subtracting the mean and dividing by the standard
deviation for each value. To compare the total SOC stock, we summed the SOC values
plus the below and aboveground biomass carbon of each pear individual or pastureland
estimates, using the average value of the soil sample replicates taken at each sampling site,
and used a t test. All analyses were performed with R 4.1.2 [48].

3. Results
3.1. Pear vs. Pastureland

SOC content under pear individuals was, on average, 22% higher compared to pas-
tureland, differing significantly (Tables 1 and 2, Figure 2). SOC stock was also higher
underneath pear than in pasturelands, with a net gain of 16.4 Mg ha−1, although no statisti-
cal difference was observed (Table 1). Such result was affected by the significantly higher
soil BD under pasturelands than under pear individuals.

Table 1. Mean (±SD) of SOC content, SOC stock and bulk density found in the pastureland and
under pear individuals and respective t test to check for differences between them.

Pastureland Pear t p

SOC (%) 3.16 ± 0.68 3.86 ± 1.21 2.18 0.035
SOC stock (Mg ha−1) 113.9 ± 30.3 130.3 ± 47.1 1.33 0.188
Bulk density (g cm−3) 1.24 ± 0.21 1.09 ± 0.17 −2.49 0.018

Table 2. Summary of the pastureland and pear structural variables, age, tree structure and average
(±SD) values of bulk density, soil organic carbon (SOC) concentration, SOC stock, biomass C stock,
total C stock, and concentration (%) of carbon biomass to total C stock.

Land Use ID Age Tree
Structure

DBH
(cm)

Canopy
Cover
(m2)

Height
(m)

Bulk Density
(g cm−3)

SOC (%) SOC Stock
(Mg ha−1)

Biomass
C Stock

(Mg ha−1)

Total C
Stock

(Mg ha−1)

C
Biomass/C
Total (%)

Pear

P1 old multi 27.3 30.66 4.8 0.87 (±0.03) 3.50 (±0.43) 93.41 (±11.37) 3.42 96.83 3.53
P2 old multi 32.8 32.96 5.1 1.13 (±0.03) 6.49 (±0.49) 224.87 (±17.08) 4.49 229.36 1.96
P3 old single 41.5 36.83 6.2 1.15 (±0.03) 2.81 (±0.65) 98.69 (±23.07) 7.53 106.21 7.09
P4 old single 27.4 21.38 4.6 1.28 (±0.06) 3.70 (±0.19) 142.88 (±7.27) 2.29 145.16 1.58
P5 young multi 15.3 13.20 4.1 0.94 (±0.04) 3.11 (±0.9) 92.83 (±26.78) 3.99 96.82 4.12
P6 young multi 11.6 12.78 3.2 0.86 (±0.06) 3.67 (±0.36) 96.45 (±9.59) 1.12 97.58 1.15
P7 young single 16.5 8.55 3.4 1.28 (±0.1) 3.00 (±0.31) 122.85 (±12.66) 0.79 123.64 0.64
P8 young single 13.2 12.22 3.7 1.23 (±0.07) 4.57 (±0.15) 170.61 (±5.45) 0.60 171.21 0.35

Pastureland

G1 1.25 (±0.06) 3.24 (±0.08) 117.67 (±3.01) 1.75 119.41 1.46
G2 1.54 (±0.04) 2.74 (±0.81) 128.24 (±37.83) 1.75 129.99 1.34
G3 0.92 (±0.02) 4.02 (±1.18) 124.02 (±7.88) 1.75 125.77 1.39
G4 1.11 (±0.01) 2.95 (±0.29) 78.64 (±7.83) 1.75 80.39 2.17
G5 1.1 (±0.03) 2.66 (±0.94) 70.89 (±25.06) 1.75 72.64 2.41
G6 1.29 (±0.03) 2.68 (±0.73) 107.08 (±28.96) 1.75 108.82 1.61
G7 1.3 (±0.01) 3.39 (±0.23) 131.59 (±9.04) 1.75 133.33 1.31
G8 1.44 (±0.03) 3.60 (±0.29) 153.20 (±6.39) 1.75 154.95 1.13
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Figure 2. Boxplots with the values of SOC concentration (%), SOC stock (Mg ha−1) and bulk density
(g cm−3) of soils under pasturelands and pear individuals separated by tree structure (single stem or
multi-stemmed) and age.

Considering a paired comparison (each pear individual and its nearby pastureland),
SOC was, on average, 26% higher under pear (−29% to +137%), with an average ratio of
1.26 (0.7–2.37) (Figure 3). SOC stock was 17.7% higher under pear (−20.71% to +81.7%),
with an average ratio of 1.18 (0.79–1.82). BD was lower under pear, with an average ratio
of 0.9 (0.67–1.26). In two cases, soils under pear had more SOC but lower SOC stock than
pasturelands, as result of lower BD. We found a high micro-scale variability in SOC and
SOC stock, with an average standard deviation of 0.63 (range 0.14–0.89) in SOC and 14.6
(5.44–26.78) in SOC stock under pear individuals and 0.57 (0.08–1.18) in SOC and 15.75
(0.3–37.83) in SOC stock of grasslands (Table 2, Figure 2).

Below and aboveground biomass carbon accounted for, on average, 2.55% of the
total C stock (soil + biomass) of pear (134.4 ± 47.3 Mg ha−1), and 1.59% of total C stock
of pasturelands (115.6 ± 30.3 Mg ha−1), an increase not sufficient to make significant
differences between pear and pastureland (p = 0.35).
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Figure 3. Comparison between the ratio (pear/pastureland) of the average values of SOC, SOC
stock and bulk density for each paired site. Paired sites represent pear individual P and respective
pastureland G on Table 1. P1 and P2 are old and multistemmed, P3 and P4 are old and with single
stem, P5 and P6 are young and multistemmed, P7 and P8 are young and with single stem.

3.2. Intra and Inter Pear Individual Variation

According to our expectations, SOC was higher in pear with a multi-stemmed tree
structure (4.19 ± 1.54%) than in pear with a single stem (3.52 ± 0.79%). Old pears also
presented higher SOC (4.12 ± 1.62%) than young individuals (3.58 ± 0.71%; Figure 2).
However, the multiple regression indicated that none of the structural variables (height,
diameter and canopy cover) neither tree structure, age or their interactions were good
predictors of SOC and SOC stock (Table 3). Indeed, the highest values of SOC and SOC
stock were found underneath one old and multi-stemmed pear individual. For BD, the
multiple regression showed that tree structure was the only significant predictor, with
single stem individuals presenting higher values than multi-stemmed (Table 3), a pattern
observed for both young (t = 3.23, p = 0.012) and old individuals (t = 8.6, p < 0.001).

Table 3. Results of the multiple linear regression testing for the effects of structural traits and
differences between age and tree structure of pear individuals in SOC, SOC stock and bulk density.
In round brackets the reference variable.

SOC SOC Stock Bulk Density
Estimate SE t p Estimate SE t p Estimate SE t p

Intercept 1.31 0.06 21.67 <0.0001 130.32 10.44 12.48 <0.0001 1.09 0.02 52.47 <0.0001
Diameter −0.43 0.29 −1.46 0.162 −28.78 50.53 −0.57 0.576 0.12 0.10 1.20 0.247

Height 0.05 0.18 0.30 0.770 0.29 30.96 0.01 0.993 −0.05 0.06 −0.79 0.437
Cover 0.13 0.15 0.89 0.384 11.09 25.54 0.43 0.669 −0.04 0.05 −0.86 0.402

Age (young) −0.30 0.17 −1.78 0.092 −27.32 29.43 −0.93 0.366 0.03 0.06 0.49 0.628
Tree structure

(single) 0.04 0.10 0.38 0.709 11.22 16.57 0.68 0.507 0.11 0.03 3.24 0.004
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3.3. Comparison with Other Studies

From the values obtained from selected studies in the Mediterranean, SOC content of
Ficuzza pastureland was, on average, 107% higher than the other sites, ranging from −18
to 327% (Table 4). SOC stock was, on average, 83% higher, ranging from 25 to 219% in both
cases, showing the second highest value of each study. Specifically, SOC and SOC stock
values were 51% and 74% higher than other meso-mediterranean pasturelands in Sicily
and Sardinia.

Table 4. Summary of SOC concentration (in ascending order within bioclimate), SOC stock,
soil type, soil depth and bulk density inside each of the three broad Mediterranean bioclimates
(Thermo = Thermo-Mediterranean; Meso = Meso-Mediterranean; Supra = Supra-Mediterranean) and
study regions of the Mediterranean pasturelands used as references values in this study.

SOC
(%)

SOC Stock
(Mg ha−1) Bioclimate Soil Type Soil Depth

(cm)

Bulk
Density
(g cm−3)

Region (Country) Reference

0.74 - Thermo Vertisols 0–20 - Wadi Beja (Tunisia) [49]
1.22 70.0 Thermo Vertic Cambisols 0–40 1.43 Calabria (Italy) [50]

1.29 35.7 Thermo Endoleptic
Regosols 0–30 1.43 Sicily (Italy) [18]

1.12 - Meso Different types 0–25 - Spain [51]
1.13 50.6 Meso Dystric Cambisols 0–30 1.47 La Rioja (Spain) [9]
1.99 - Meso - 0–30 - Sardinia (Italy) [52]
2.03 82.0 Meso Typic Dystroxerept 0–35 - Sardinia (Italy) [53]
2.11 - Meso - 0–30 - Calabria (Italy) [52]

2.24 54.2 Meso Endoleptic
Regosols 0–30 1.30 Sicily (Italy) [18]

3.86 130.3 Meso Vertic Haploxeralfs 0–30 1.09 Sicily (Italy) Our study
(Pyrus)

3.16 113.9 Meso Vertic Haploxeralfs 0–30 1.24 Sicily (Italy) Our study
(Grassland)

3.11 73.3 Supra Haplic Luvisols 0–30 1.27 Sicily (Italy) [18]
2.71 85.0 Supra Phaeozems 0–30 1.32 Apenin (Italy) [54]
3.89 91.0 Supra Cambisols 0–30 1.34 Apenin (Italy) [55]

4. Discussion
4.1. Pear Effect on Carbon Storage

According to our hypothesis, soils under pear presented 22% more SOC than nearby
pasturelands. A similar percentage was found in a study in Sardinia with oaks, although
the pastureland considered there had lower SOC than in our study site [53]. On the other
side, Rolo et al. [16] found a rather equal SOC content under two native shrub species
in comparison with pasturelands, while SOC under oak trees was significantly higher.
Compared to other land uses such as croplands, oaks were able to increase up to 50%
SOC [56,57], and we expected that pear presence in such carbon-poor systems would have
also greatly enhanced SOC. Indeed, SOC stocks were 15.6% higher under pear than in
pasturelands; despite this, we did not find significant differences. In general, pasturelands
showed relatively high SOC stocks due to the higher bulk density, as a consequence of
livestock trampling. Effectively, only in two cases, the BD ratio was positive (Figure 3).

Spatio-temporal variations of SOC are expected to occur along secondary succession,
although such trends are usually observed under a macro-scale perspective [7,8]. Small-
scale (i.e., 28 m) spatio-temporal dynamics in carbon concentration have been described
in a Mediterranean perennial pastureland, with higher SOC concentrations and higher
organic matter stability found under tree canopies [58]. This study also attributed the
higher values to manure deposition by livestock. However, micro-scale variations in carbon
storage dynamics are still poorly understood [57]. We found a high micro-scale variation in
SOC even under the same individual and respective paired pastureland (Figure 2), reaching
up to a two percent point difference between the soil samples. Interestingly, the highest
variations were found under old and multi-stemmed individuals, where livestock direct
influence is null. Hence, we expect that such micro-scale variations are the result of micro-
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topography configuration, with small depressions accumulating organic matter flushed
away with the rain. On the contrary, under single trees, cattle were frequently observed,
also eating the fruits [28], resulting in contrasting effects, with higher compaction and
consequent reduced carbon turnover and litter leaching, but also manure deposition [58].
However, the lower SOC content indicates that the negative effects are prevailing. In any
case, our results demonstrate the need to consider such micro-scale spatial variations while
characterizing the soil properties of a site affected by grazing and different land uses. Pear
is a fleshy-fruited and deciduous tree species, so its effect is expected to be even higher
once we did not consider litter input, fruit fall and woody debris contribution, which are
important sources of carbon and food for detritivore animals [13].

4.2. Influence of Age and Tree Structure

Contrary to our expectations, we did not find a clear relationship between pear
diameter, height, canopy cover and SOC concentration and stock. This lack of relationship
suggests that the cumulative temporal deposition of litter and woody debris, which is
expected to be higher in larger and older individuals, was offset by tree structure influence.
Effectively, single stem individuals showed significantly higher BD, which can be linked
to the lower soil protection against environmental factors (e.g., rain) as well as against
herbivores trampling. Soil compaction is known to negatively affect soil carbon turnovers
and microbial activity, and to increase erosion processes and decrease organic matter
stability, therefore affecting SOC concentration [14,59]. Pear biomass accounted for just a
small fraction of total C stock in our study site (average 3.3 Mg C ha−1; Table 3), which can
be expected due to the relatively small size of pear individuals and their low density. In
turn, the average biomass C stock of Mediterranean pastures and/or grasslands ranges
from 0.5–3.0 Mg C ha−1 [44,60], so the pear presence, even in such low densities, was able
to double the biomass carbon stock. This result, by one side, reinforces the role of soils
in the carbon storage for such woody pastoral systems. However, the low potential of
biomass carbon storage in comparison with forests is evident, where plant biomass can
account for more than 50% of total C stock [7]. Despite the increasing availability of biomass
data for woody species in the Mediterranean basin, no specific information about Pyrus
spinosa was found. The average pear aboveground C stock (3.3 Mg C ha−1) is slightly lower
than the lower limit found in Mediterranean shrublands, including small trees and shrubs
such as Myrtus communis L., Rhamnus alaternus L. and Pistacia lentiscus L., with a range
from 3.5 Mg C ha−1 to 10 Mg C ha−1 [61,62]. In more complex and richer Mediterranean
maquis communities, the aboveground C stock was found to increase from 15 Mg C ha−1 to
35 Mg C ha−1 following the progressive increase in Quercus ilex L. cover along a secondary
succession in volcanic substrates [7].

4.3. Comparison with Literature Data on SOC in Mediterranean Pasturelands

The average values of SOC (3.15%) and SOC stock (113.9 Mg ha−1) found in the
pastureland in our study were high in comparison with those found in other Mediterranean
pasturelands, with an average SOC of 1.89% and SOC stock of 67.7 Mg ha−1 (Table 4). SOC
also generally tends to increase at milder climates, and a gradient is expected to occur from
thermo- to supra-Mediterranean bioclimates [18,51]. However, our results showed that
the SOC content of Ficuzza pasturelands was higher than most meso-Mediterranean sites,
and at the same levels of supra-Mediterranean sites, indicating that bioclimate alone is not
always a good indicator of SOC and SOC stock trends [1]. In turn, the few studies that
compared different areas with the same soil types found different SOC quantities, indicating
that land use might be a relevant factor in such cases. Probably, the high values at Ficuzza
are a result also of the low intensity use of the area, boosted by the presence of the natural
reserve on which no agricultural activity (e.g., croplands or tillage) was conducted in the
past decades. The extensive management of the area can also be inferred by BD values that,
even in pastureland patches, were found to be lower than the average found in the literature
(1.24 vs. 1.37 g cm−3). The SOC and SOC stock values were high even in comparison
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to Mediterranean shrublands or forests. For example, two forest sites in Tunisia had an
average SOC stock of 147 and 102 Mg ha−1 [63]. SOC stock increased from ≈71 Mg ha−1 in
vineyards to ≈163 Mg ha−1 in Mediterranean old-growth forests, while SOC, in the same
land uses, increased from 1.1% to 2.3% in the 0–30 cm soil depth [7]. Soil physico-chemical
parameters can vary in space and time, as well as the relationship between plants and soil
nutrients may be contrasting [16,58]; therefore, a long-term analysis is necessary to keep
track on those changes and evaluate the effective role of woody plants in soil properties
and pastureland productivity. By performing this comparison, we also noticed a variation
in sampling procedures (e.g., soil depth), indicating that a standardization of sampling
protocols is required to allow better direct comparisons among different studies.

4.4. Management Implications

We found a strong positive effect of pear on SOC, increasing carbon storage capac-
ity of pasturelands, while maintaining a heterogeneous vegetation structure with single
and sparse pear trees, including small nuclei [24], thus ensuring pastureland carrying
capacity [34]. Recent research has also found that pear is an important food source during
late autumn and winter for domestic and wild mammals, which disperses its seeds and
contributes to the colonization of new sites and consequent carbon storage [28]. Other than
composing woody pasturelands, pear is a particularly suitable species for afforestation
purposes in the Mediterranean, therefore contributing to the higher biomass carbon ac-
cumulation found in forest ecosystems. Effectively, pear was the most abundant tree in
the pastureland in our study site and was found to play a prominent role in the increase
in forest cover in the last 30 years [23]. For example, pear can be properly used in 13 out
of 23 ecologically homogeneous areas identified in Sicily, from 400 to 1100 m a.s.l., falling
within the thermo- and meso-Mediterranean bioclimatic belts [64]. Additionally, pear can
be used as rootstocks for cultivated pears [65], and we also encourage the use of almond
leaved pear in urban areas such as public parks in order to favour the re-establishment of
lost ecological interactions with native fauna while increasing carbon accumulation [66].
Indeed, the Sicilian Region has included Pyrus spinosa among the species usable in forestry
interventions funded by Regulation 2080/92 of the European Community, although it is
very rare to see it in reforestations.

5. Conclusions

The results of our study provide novel insights into the effects of native tree species
colonization on soil carbon dynamics in pasturelands and along secondary succession
processes in Mediterranean ecosystems. As the abandonment of agricultural and marginal
areas is expected to increase in the future, the carbon stored by woody plants could be
greatly enhanced via secondary succession processes. Further research might look for
other types of soil physico-chemical properties, nutrients, and microbiota, on which the
deposition of flowers, fruits, leaves and woody debris and the access or not of the livestock
might make a relevant difference in comparison to nearby pasturelands. Indeed, our
results indicate that almond-leaved pear can represent an excellent species to improve soil
conditions, protect against environmental stress factors, and increase SOC accumulation
while triggering the restoration of woodlands in Mediterranean areas as well as composing
high biodiversity wooded pasturelands and agroforestry systems.
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