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Establishment of a planted field with
Mediterranean shrubs in Sardinia and its
evaluation for climate mitigation and to
combat desertification in semi-arid regions

De Dato GD, Loperfido L, De Angelis P*, Valentini R

Forested areas are important in arid and semi-arid regions primarily to combat
desertification, but also to increase carbon sinks. To reverse the land degrada-
tion processes, restoration in the Mediterranean Basin had been frequently ob-
tained by planting indigenous and exotic conifers, but it has been demon-
strated that shrubs are nurse species for tree seedlings. Furthermore, planting
indigenous shrubs is more efficient than allochthonous in restoring degraded
soils. The aims of this work were: 1) to illustrate an experimental area in
Sardinia used as a test-site to build up afforestation and reforestation activities
in arid and semi-arid areas with autochthonous shrub species; 2) to show the
results on plant survival and biomass one year after plantation trying to explain
the role of different densities and specific compositions; 3) to hypothesize
some trends of C accumulation of this “artificial” Mediterranean semi-arid
shrubland by comparison with data found in the literature. The area is located
in North West Sardinia, and is characterized by a Mediterranean climate. The
revegetation was set up in February 2006, planting local species (Juniperus
phoenicea, Pistacia lentiscus and Rosmarinus officinalis). Three densities and
three specific compositions (monospecific plots with P. lentiscus, monospecific
plots with J. phoenicea and mixed plots with the three cited species) were
combined. One month after plantation, almost all plants were alive, but mor-
tality increased after summer, independently of the treatments, likely due to
summer drought. During the first year, no differences among the densities and
the specific compositions were observed. Total above-ground biomass was in
the range of 0.8-3.0 g m, Below-ground biomass was in the range of 0.9-1.7 g
m2. A significant lower biomass was measured in October, especially in the
Pistacia plots. Higher densities and plant mixing seemed to better perform, al-
lowing establishment of species with a strong pioneer behaviour and aridity
resistant characteristics. Data collection on initial conditions and recurrent
monitorings will be basic for evaluating in the long term the potential positive
effects on C stock and on biodiversity of afforestation activities in arid and
semi-arid areas.
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Introduction
Forested areas are important in arid and
semi-arid regions primarily to combat deser-
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tification, but also to increase carbon sinks
(Lal 2001). The Mediterranean basin is par-
ticularly vulnerable to the desertification, as
consequence of a mixed of environmental
factors and human pressures. In the first cat-
egory we can cite the occurrence of pro-
longed drought spells, the presence of highly
erodible soils, the high flammability of the
species; in the latter, the most relevant phe-
nomena are land abandonment and urbaniza-
tion of the coastal areas (Yaalon 1997,
Loépez-Bermudez et al. 1998, Begni et al.
2001, Corona 2005). According to several
studies (Costantini et al. 2004, see also
http://dismed.eionet.europa.eu/index html),

Sardinia is an island with high risk of deser-
tification. To reverse the land degradation
processes, restoration in the Mediterranean
Basin had been frequently obtained by plan-
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ting indigenous and exotic conifers (Pausas
et al. 2004), because of their rapid growth
and aridity resistance. In Sardinia, in particu-
lar, this type of reforestation covered more
than 40,000 ha in the 70’s (Bianchi et al.
2005). On one hand, these interventions
provided job for local people, but on the o-
ther hand, they substantially altered the ori-
ginal landscape and made erosion processes
start (Bianchi et al. 2005). Maestre & Cor-
tina (2004) wrote a comprehensive review of
the ecological effects of Pinus halepensis
plantations in the Mediterranean Basin. Ac-
cording to these authors, supported by seve-
ral other studies (Maestre et al. 2003, Bellot
et al. 2004, Bonet 2004, Maestre et al. 2004)
classic reforestation by Pinus did not effec-
tively facilitate the establishment of late-suc-
cessional shrubs under tree canopy. Further-
more, a forest cannot be representative of
later stages of succession under semi-arid
conditions, because of the scarcity of water
resources (Bonet 2004).

On the contrary, it has been demonstrated
that shrubs are nurse species for tree seed-
lings, especially in the Mediterranean region
(Castro et al. 2002, Martinez 2003, Castro et
al. 2004b, Padilla & Pugnaire 2006). There-
fore, shrubs can protect and improve water
and light regime, allowing the germination
of seeds and the establishment of late-suc-
cessional species. Planting shrubs improves
physical and chemical soil properties, crea-
ting a favourable environment for soil mi-
crobes (Garcia et al. 2002, Pariente 2002,
Goberna et al. 2007). Furthermore, the re-
covery of soil characteristics is the first step
leading to reduction of desertification pro-
cesses (Kassas 1999, Lal 2001) and increa-
sing soil cover by plantation is a successful
way to preserve soil (Pariente 2002, Sarah &
Rodeh 2004).

In the present study, we planted three spe-
cies (J. phoenicea, R. officinalis, and P. len-
tiscus) selected among the pioneer species
colonizing soil after disturbances in this area
(Biondi et al. 2001). Several studies reported
that planting indigenous shrubs is more effi-
cient than allochthonous in restoring de-
graded soils (Olukoye et al. 2003, Caravaca
et al. 2003a, Rey Benayas & Camacho-Cruz
2004, Harris et al. 2006). In Mediterranean
areas, planting indigenous species adapted to
limited nutrient and water resources is essen-
tial to obtain high survival rates. But at the
same time, plenty of literature (Eliason &
Allen 1997, Estatn et al. 1997, Pascual et al.
2000, Ginsberg 2002, Rey Benayas et al.
2002, Caravaca et al. 2003a, Caravaca et al.
2003b, Caravaca et al. 2003c, Clemente et al.
2004, Sarah & Rodeh 2004, Green et al.
2005, Rey Benayas et al. 2005) indicates
seedling quality, weeding, irrigation, amend-
ants, mychorrizal inoculation, and the right
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timing of planting as other important factors.
The aims of this work were: 1) to illustrate
an experimental area in Sardinia used as a
test-site to build up afforestation and refor-
estation activities in arid and semi-arid areas
with autochthonous shrub species, using the
minimum amount of external energy input
(minimum tillage, no irrigation, etc.); 2) to
show the results one year after plantation try-
ing to explain the role of different densities
and specific compositions; 3) to hypothesize
some trends of C accumulation of this “arti-
ficial” Mediterranean semi-arid shrubland by
comparison with data found in the literature.

Materials and Methods

Experimental site and plant material

The experimental area is located in the pen-
insula of Capo Caccia (north-western Sardin-
ia), within the Natural Reserve Porto Conte -
Capo Caccia (40° 37’ N, 8° 10’ E). The geo-
logic substrate is Mesozoic limestone. The
main natural soil type is Terra Rossa (Lithic
Xerorthent and Typic Rhodoxeralfs - USDA
1993, Valsecchi 1976, Pietracaprina 1989),
rocky and shallow (20-30 cm), with a sandy
loam texture, an ABC profile, and neutral
pH. The experimental area (about 5 ha) was
established in abandoned arable soil, which
has been used in the past for wheat produc-
tion.

The climate is semi-arid: the average rain-
fall amount is 640 mm yr'; precipitation
falls in autumn and spring with a long dry
period from May to August, with about 60
mm. The mean annual temperature is 16.8
°C. The mean of minimum temperatures in
the coldest month is 7 °C, the mean of the
maximum temperatures in the hottest month
is 28 °C (meteorological station of Fertilia
Airport 40°38° N 8°17’ E; altitude 40 m asl;
sea distance 4273 m; period of observation
1961-1990).

In the Natural Reserve, four different ve-
getation types can be recognized: olm-oak
forest, saved from the overexploitation of the
XVI century (Biondi et al. 2001); an affores-
ted area, set up in the ’70s, with Pinus
halepensis Mill., P. pinea L., Cupressus
sempervirens L., Eucalyptus spp.; shrub-
lands, which are widespread all over the
area, particularly along the firebreak strips,
the slopes and under Pinus plantations
(Biondi et al. 2001); Cistus shrublands, re-
colonizing abandoned land and burned areas.
Cultivated surfaces are now abandoned.

Planting was performed in February 2006.
Autochthonous shrubs species were planted,
all grown in local nurseries managed by the
Regional Forest Service of the Autonomous
Region of Sardinia. The species were Juni-
perus phoenicea L. (JP), Pistacia lentiscus
L. (PL), and Rosmarinus officinalis L. (RO).
Plants derived from seed and were 2-3 years
old. Juniperus seedlings were transplanted
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Fig. 1 - An example of a block. The drawing is not scaled.

from 30 cm long phytocells; Rosmarinus and
Pistacia seedlings were transplanted from
squared pots (10 x 10 x 10 cm). Nine plots
(36 x 18 m, 10 m spaced), were located ac-
cording to a randomized block design with 4
replicates (36 plots). In each block (Fig. 1)
three different species compositions were
planted at three different densities: 2000
plant ha' (D1 - spaced 2 x 2.5 m), 2500
plant ha" (D2 - spaced 2 x 2 m), 3333 plant
ha (D3 - 2 x 1.5 m). The plot specific com-
positions were: monospecific with JP; mono-
specific with PL; plurispecific plots with JP,
PL and RO (MIX). Before planting, soil was
superficially ploughed at 35 cm depth. All
the area was fenced to avoid grazing.

Plant survival and plant biomass estim-
ation

Plant status (alive or dead) was measured
one, five and eight months after plantation,
i.e., March, July and October 2006. Plants
were recorded as dead when no live above-
ground parts were found or when no plant

were visible.

In February-March 2006, 16 plants in the
monospecific plots and 12-13 per each spe-
cies in the plurispecific ones were measured
for biomass estimation.

Above- and below-ground biomass estima-
tion was based on site species-specific allo-
metric equations, based on the following
model (eqn. 1):

biomass= f (dimensional parameter)

These equations were calculated on 32
plants of Juniperus phoenicea and 10 plants
of Rosmarinus officinalis, randomly selected
among plantation seedlings.

For each seedling, basal diameter (Dp),
height (H) and the two orthogonal maximum
crown diameters (D.; ¢ D) were measured.
The plants were separated in stem, branches,
leaves and roots, then dried at 70 °C until
constant weight. The root/shoot ratio (R/S)
was then calculated.

J. phoenicea aboveground and below-

Tab. 1 - Coefficients (£ SE) of the allometric regressions applied for biomass estimation.
AG: above-ground biomass; BG: below-ground biomass; Db: basal diameter; H: maximum
height; V.. apparent volume (= orthogonal maximum crown diameters x maximum height).

J. Phoenicea

R. officinalis P. lentiscus

Parameter B=a-e" B=a-H’ B=a-V,
AG BG AG AG
a 3.43 (1.50) 0.90 (0.36) 0.006 (0.01)  577.6 (17.4)
b 0.23 (0.05) 031 (0.05) 1.981 (0.68) ]
n 32 10 4
r 0.47 0.64 0.53 0.99
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Fig. 2 - Living plant percentage in the plots according to densities and specific composition. Error bars indicate SE of the mean (n=4). For
details about the statistical differences among the treatments, see Tab. 2.

Tab. 2 - Results of the ANOVA run for alive plants in the JP, PL and MIX plots.

Components df F P
specific composition 2 4.77 <0.01
density 2 1.93 0.15
time 2 287.08 <0.001
specific composition * density 4 2.92 <0.05
specific composition * time 4 9.96 <0.001
density * time 4 0.57 0.69
specific composition * density * time 8 0.42 0.91

ground biomasses were related to the basal
diameter (Tab. 1). R. officinalis aboveground
biomass was related to height (Tab. 1), while
no relationship was found for the below-
ground biomass. For this reason, its below-
ground biomass in the field was estimated
applying a fixed R/S (0.68), as found for the
plants used in laboratory for the calculation
of allometric regression. For Pistacia len-
tiscus, the allometric relation for the above-
ground biomass was taken from a previous
study in the same area (De Dato 2004). Be-
lowground biomass of P. lentiscus was cal-
culated applying the R/S (0.5) reported by
Maestre et al. (2003) for potted plants.

Soil carbon and nitrogen

To estimate the initial values of soil total
organic carbon (TOC) and nitrogen (TN),
144 soil cores (4 samples per plot) at two
depths (0-20 cm and 20-40 cm) were collec-
ted just before the plantation. The samples
were dried at air temperature and sieved at 2
mm. Sub-samples of each core were then
dried at 105 °C and analysed by an Elemen-
tal Analyser (Flash EA 112 - Thermo Elec-
tron, Italy), after the reaction with HCI to re-
move the inorganic carbon (Method ISO
10694).

Statistical analysis
Statistical differences (p<0.05) of plant sur-

© SISEF http://www.sisef.it/iforest/

vival rates among the different specific com-
positions and densities were detected by AN-
OVA, with Bonferroni post-hoc test when
the factor was significant. ANOVA was also
run to test plant survival rates among species
and densities inside the MIX plots. Prior to
analysis, survival data were transformed by
taking the arcsin of the square root of per-
centage survival.

Statistical differences (p<0.05) of plant
biomass among the different specific com-
positions and densities were analysed by
ANOVA, with Bonferroni post-hoc test
when the factor was significant. ANOVA
was also run to test biomass differences
among species and densities inside the MIX
plots.

ANOVA was used to highlight statistical
differences (p<0.05) in soil total organic car-
bon (TOC) and total nitrogen (TN) content at
the different depths (0-20 cm and 20-40 cm)
and treatments (specific composition and
density).

All analyses were performed by SYSTAT
11 (SPSS Inc., Chicago, Illinois).

Results
Living plants
Taking root results are summarized in Fig.

2 and Tab. 2. In March, almost all plants
were still alive (99% on average), with no
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differences among the densities and the spe-
cific compositions. In July, the average sur-
vival percentage was 93%. No difference
was found among densities and specific
compositions at this sampling date. In Octo-
ber, the living plants were on average 34%.
Alive plants significantly (p<0.001) de-
creased from July to October, while no dif-
ference was observed between March and
July. The decrease in living plants between
July and October was affected by the speci-
fic composition (p<0.001): the highest mor-
tality was observed in PL plots (from 95% of
living plants to 11%), while in JP and MIX
plots survival decreased from 92% to 45%.
This reduction affected the average annual
survival: PL was significantly poorer in
plants (69%, p<0.001) than JP and MIX
(79% and 78%, respectively). On average,
D3 plots showed a slight tendency (p=0.1) to
have more living plants (79% compared to
74% in the D1 and 73% in D2 plots), but dif-
ferences among the three densities were not
significant. The three specific compositions
did not have different survival rates at the
different densities. Only at one occasion
(October) there were more alive plants in the
JP planted at D3 (p<0.01) than in the PL
plots at the same density.

In the MIX plots (Fig. 3, Tab. 3), Pistacia
had on average lower (p<0.001) survival

Tab. 3 - Results of the ANOVA run for
alive plants in the MIX plots for the three
different species.

Components df F P
species 2 13.45 <0.001
density 2 202 0.14
time 2 194.01 <0.001
species*density 4 027 0.90
species*time 4 267 <0.05
density*time 4 047 0.76
species*density*time 8  0.65 0.73

iForest (2009) 2: 77-84
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Fig. 3 - Living plants (%) in the MIX plots at different densities and sampling time. Error bars indicate SE of the mean (n=4). Black column
= J. phoenicea; grey column = P. lentiscus; white column = R. officinalis. For details about the statistical differences among the treatments,

see Tab. 3.

Tab. 4 - Estimated above-ground (AB) and below-ground biomass (BG) = SE in March

2006 (A) and October 2006 (B).

. AG biomass BG biomass
Date Species Plots (@m?) (g m?)
(A) March 2006 JP Dl 2.43 (0.67) 1.17 (0.29)
D2 1.10 (0.59) 0.60 (0.22)
D3 3.36 (1.28) 1.62 (0.56)
PL D1 0.45 (0.02) 0.22 (0.01)
D2 0.71 (0.09) 0.35 (0.05)
D3 1.13 (0.32) 0.56 (0.16)
MIX D1 1.34 (0.11) 0.64 (0.05)
D2 1.49 (0.21) 0.79 (0.08)
D3 2.27(0.51) 1.33 (0.16)
(B) October 2006 JP D1 0.43 (0.24) 0.17 (0.10)
D2 0.23 (0.09) 0.10 (0.03)
D3 1.70 (0.74) 0.79 (0.36)
PL Dl 0.00 (0.00) 0.00 (0.00)
D2 0.00 (0.00) 0.00 (0.00)
D3 0.01 (0.01) 0.00 (0.00)
MIX D1 0.33 (0.18) 0.15 (0.08)
D2 0.70 (0.24) 0.34 (0.11)
D3 0.89 (0.39) 0.47 (0.21)

rates than Juniperus and Rosmarinus. In
March, all plants belonging to all species and
densities were recorded as alive. In July, per-
centage of living plants was on average 94%,
without any difference among species and
densities. In October, the average survival
rate was 41%, but significant lower rates
(p<0.001) were recorded for Pistacia plants
(21%, compared to 55% and 48% respec-
tively for Juniperus and Rosmarinus), inde-
pendently on the density. Survival rate
changed over time (p<0.001), with lower a-
verage values in October, independently on
species and density.

Plant biomass
Total biomass in March 2006 ranged

iForest (2009) 2: 77-84

between 0.7 and 5.0 g m? with an average
value of 2.3 g m? (Tab. 4). Aboveground

(AG) biomass was on average 1.5 g m?, ran-
ging between 0.4 and 3.4 g m™. On average,
PL plots had less AG biomass (0.8 g m?;
p<0.01, after post-hoc test) than JP plots (2.3
g m?), independently on density, but not
than the MIX plots (1.7 g m?). MIX and JP
AG biomasses were not different between
each other. On average, D3 plots had a tend-
ency (p=0.061, after post-hoc test) to have
more AG biomass (2.3 g m?) than the other
two densities (1.4 and 1.1 g m? respect-
ively).

Mean belowground (BG) biomass in
March was 0.8 g m?, varying between 0.2 g
m? and 1.6 g m™>. Mean BG biomass in PL
plots was lower (p<0.01; 0.4 g m™) than in
JP (1.1 g m?) and MIX (0.9 g m?) plots. On
average, in D3 plots there was a higher
(p<0.05) amount of BG biomass compared
to both the other two densities.

Biomass in October was on average 80%
of that of March (p<0.001), having values in
the range of 0 to 2.5 g m™. PL plots had sig-
nificant lower AG biomass (about zero;
p<0.05) than in the other two specific com-
positions (0.8 and 0.6 respectively for JP and
MIX), independent of density. D3 plots had
on average higher AG biomass (0.9 g m?;
p<0.05) compared to D1 (0.3 g m™) but not

Tab. § - ANOVA results of biomass data, calculated in February and March 2006.

March October
Biomass Components
df F P df F P
Above-ground specific composition 2 575 <0.01 2 539 <0.05
biomass density 2 326 0.054 2 357 <0.05
specific composition * density 4 095 045 4 197 0.13
Below-ground specific composition 2 807 <0.01 2 046 <0.05
biomass density 2 536 <005 2 034 <0.05
specific composition * density 4 1.21 033 4 0.17 0.15
Total biomass specific composition 2 638 <0.01 2 528 <0.05
density 2 403 <005 2 3.64 <0.05
specific composition * density 4 097 044 4 192 0.14
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Fig. 4 - Monthly values of air temperature and precipitation during the years 2006: a) mean temperature (full circle with continuous line),
mean maximum temperature (open square with short dashed line) and mean minimum temperature (closed triangles with long-dashed line);
b) monthly precipitation. The climate station is located 1 km far from the plantation.

Tab. 6 - Soil nutrient (= SE; n=3) just before
the plantation at two depths. Different lower-
case letters indicate significant differences
(p<0.05) between the two depths inside each
parameter.

Layer

N% C% CIN
(cm)
020  0.15 1.71 11.68
(0.01)a  (0.07)a (0.16)a
20-40  0.14 1.56 11.33
(0.01)a  (0.07)a (0.16)a

Tab. 7 - Average values of global radiation
and air temperaturte and total precipitation
during the year 2006. Concerning air tem-
perature, the three values displayed are an-
nual averages of the mean, minimum and
maximum temperatures, respectively.

Global Radiation MJ m?d’ 15.0
Air temperature °C 15.5
11.1
20.7
Total precipitation =~ mm 434

compared to D2 (0.3 g m?).

BG biomass in October was on average 0.2
g m?, with a lower amount in PL plots
(p<0.05). BG biomass in D3 plots (0.4 g m?)
was significantly higher than what observed
in D1 (0.1 g m?; p<0.05), but not in D2. D1
and D2 BG biomass were not different.

Concerning Juniperus phoenicea, its R/S in
March was in the order of 0.9-0.6 in the
monospecific and mixed plots, respectively,
with no differences among the densities.

© SISEF http://www.sisef.it/iforest/

Similarly, no effect of specific composition
and density was observed in October, with
values in the range of 0.5-0.6. Time did not
affected R/S at all specific composition and
densities.

Soil carbon and nitrogen

The soil N content was 0.11-0.17%; the
soil C content varied between 1.2% and 2%
(Tab. 2). No significant differences were
found between the TOC content at the two
depths and among densities and specific
compositions, as also found for the TN va-
lues (Tab. 6). The C/N ratio was on average
11.5, not different at the two depths and
among densities and specific compositions
(Tab. 6).

Discussion

Seedling survival after eight months ranged
between 40-50%. These values are similar to
those reported in other studies concerning
plantations in Mediterranean region with dif-
ferent species (Clemente et al. 2004, Rey
Benayas & Camacho-Cruz 2004, Navarro
Cerrillo et al. 2005). Only P. lentiscus
showed a very high mortality rates, similar
to those found by Garcia-Fayos & Verdu
(1998) and Maestre et al. (2006).

The high mortality rate is normally associ-
ated to summer aridity (Castro et al. 2004a,
Castro et al. 2004b, Maestre et al. 2006). In
this study the late planting time (February),
added to an early aridity in April 2006, when
it rained only 7 mm (Fig. 4, Tab. 7), might
have reduced root development before the
occurrence of summer drought, affecting
seedling survival (Lloret et al. 1999, Padilla
& Pugnaire 2007).

The different mortality observed among the
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three planted species could be related to the
plant functional types (PFT) they belong. P.
lentiscus is a hygrophytic sclerophyll shrub,
while R. officinalis and J. phoenicea are both
xerophytic with a semi-deciduous and a
sclerophyll habit, respectively (Ain-Lhout et
al. 2004). P. lentiscus has an evergreen
broad-leaf habit compared to the other two
species: this characteristic makes it weaker
in front of summer drought, when water
table is not achievable, due to a lower con-
trol of water balance. Similarly, Gratani &
Varone (2004) asserted that during drought
R. officinalis has a higher decrease of photo-
synthesis and stomatal conductance followed
by a higher recovery capacity than P. len-
tiscus. In the future, physiological measure-
ments will be necessary to make clear this is-
sue.

Plants compete for water and nutrient re-
sources, and this competition may result in a
negative effect on growth and on seedlings
survival (Lof et al. 2006, Perez-Devesa et al.
2008). Our results showed that higher densi-
ties had more biomass and had a tendency
towards higher survival rates. This positive
effect of density on biomass, concomitant
with the unchanged R/S (at least for Juniper-
us) can be interpreted as a lack of interaction
and competition among plants for water and
nutrient resources, likely due to the small di-
mension of plants. The lack of difference in
mortality rates of J. phoenicea and P. len-
tiscus in the mixed plots compared to those
of the same species in the monospecific plots
support the same conclusion.

Frequently in the past, afforestation prac-
tices were done in areas where crops were
cultivated, where seed bank of forest species
were not available, making difficult the suc-
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cession and evolution of a stable ecosystem.
Our intervention, on the contrary, was set up
near a pine forest with an understory of P.
lentiscus, Phillirea spp. and other maquis
species. As reported by Bonet (2004) and
Pareliussen et al. (2006), reforestation and
restoration are likely to be more successful if
efforts are focused on expanding the existing
fragments of natural remnant vegetation sup-
plying seed bank, rather than on establishing
new fragments in openings.

Because of land abandonment, shrubs in
the future will encroach (Goodale & David-
son 2002, Jackson et al. 2002), whereas, be-
cause of climate change, Mediterranean
forests will likely face considerable threats
(Resco de Dios et al. 2007). In a recent
work, Harris et al. (2006) wondered how ap-
propriate is to restore historical ecosystem
types when facing rapidly changes of bio-
physical conditions. According to the same
authors, recovery of threatened species and
ecosystems will be more difficult to achieve
in the future. Therefore, we used plants that
can cope with the altered climate conditions
(Hughes 2003, Ogaya et al. 2003, Bartolome
et al. 2005). Experimental evidence showed
that once established, those species have the
ability to recover rapidly after sever drought
effects (Hastings et al. 2005, Luo et al. 2007,
Pereira et al. 2007), and to sustain elevated
Net Ecosystem Exchange (NEE), compa-
rable to forests, as a consequence of the re-
lative low C loss via respiration.

According to the FAO Forest Resource As-
sessment (FAO 2005), 30 million ha are
covered by “other wooded lands”, including
shrublands, in the Mediterranean basin. As
far as Italy, the last National Inventory of
Forest and Carbon INFC dated 2005 (http:/
www.sian.it/inventarioforestale/jsp/home.js)
reported that shrublands cover about 991,000
ha, that include about 690,100 ha of Mediter-
ranean maquis and shrubs, while the remai-
ning surface is covered by shrubs of sub-
alpine and temperate climate. Considering
their vast diffusion, efforts should be done to
evaluate the potential of these ecosystems in
sequestering C in order to achieve the Kyoto
Protocol commitments. In this study, we
measured plant biomass and soil C, repre-
senting the first step of the inventory along
the time series. Therefore, only previsions
can be merely assumed, given the need of
long term monitoring, at least 5-10 years
(Post et al. 2001, Sudha et al. 2007). Some
authors reported a woody biomass increment
by 0.25-0.60 t ha™ yr' (Peressotti et al. 1999,
De Dato et al. 2008) for similar vegetation in
Mediterranean climate.

In a Mediterranean environment, La Man-
tia et al. (2007) showed a linear increase
from 13 to 85 t C ha™ of soil organic C along
a soil chronosequence of 0-30 years after
land abandonment. In an area close to our
experimental plantation, covered by a 30-
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year old maquis, soil C is about 87 t C ha™,
which is in agreement with the data given by
La Mantia et al. (2007). Presently in our
plantation, assuming a reasonable soil bulk
density of about 1.1-1.2 g cm™ (Caravaca et
al. 2003b, Celik 2005), soil C is about 0.7-
0.8 t ha''. Based on our soil CO, emissions
measurements (data not shown, but a likely
estimation would be 7 t C ha’ yr'") and on
the low biomass accumulation, the plantation
will be a net C source in the first stages. This
is in agreement with Paul et al. (2002), who
showed that soil C generally decreased in the
first years after plantation, as an effect of the
initial low C input from litter, while contem-
porarily the old C of the preceding agricul-
tural phase continued to decompose, until
this effect disappeared in the long term (> 30
years), when soil C became higher than in
the preceding agricultural soil.

Conclusions

Forest policy has changed in Italy and
Europe during the last decades. The main
goals that characterized forest plantations
until last decades were to give job to people
and to involuntary develop non-regenerating
forests, especially in case of lack of manage-
ment, as occurred for the Italian forests. The
likely positive long-term impacts of affores-
tation activities in arid and semi-arid envi-
ronments by shrubs species can make won-
der if these types of plantations might be a
valid alternative to classic revegetation acti-
vities when the goal of increasing biological
diversity, reducing soil erosion and creating
C sink are pursued (Pausas et al. 2004).
Higher densities and mixed specific compo-
sition seemed to better perform, allowing es-
tablishment of species with a strong pioneer
behaviour and aridity resistant characterist-
ics. Data collection on initial conditions and
recurrent monitorings will be effective for
evaluating the potential of C sequestration in
the long-term by afforestation in semi-arid
Mediterranean areas.
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