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Abstract The assessment of the effects of long-term
management practices is relevant in understanding the
current patterns of plant assemblages in semi-natural
ecosystems. We hypothesized that the variety of
management practices across different farming sys-
tems under the same ecological conditions directly and
indirectly shapes these patterns via the long-term
changes induced in soil features. The aims of this
paper were to evaluate the influence of two sets of
variables describing long-term management practices
and soil features on plant assemblages and their
importance in the context of Mediterranean silvo-
pastoral systems. The analysis of variance revealed
that richness and grazing value were not affected at all
by grazing livestock species and soil tillage frequency
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and that they both showed relatively high absolute
values for the specific context under study. Trifolium
subterraneum was a key species in contributing to
grassland grazing value and habitat biodiversity. The
Canonical Correspondence Analysis highlighted the
influence of management practices and soil features on
plant assemblage composition, which was signifi-
cantly affected by grazing livestock species and
stocking rate and by soil pH and K content. The
Redundancy Analysis showed that soil pH and related
features were in turn affected by stocking rate,
supporting our hypothesis that management practices
influenced plant assemblage composition directly and
indirectly via their long-term effects on soil features.
The results also highlighted that a systemic analytical
perspective applied at a grazing system scale can be
effective in addressing sustainable grassland manage-
ment issues in Mediterranean silvo-pastoral systems.
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Introduction

Semi-natural grasslands represent one of the most
relevant land uses in marginal rural areas for their role
in nature conservation (European Commission 1992;
Bignal and McCracken 2000) and the associated
ecosystem services (Bagella and Caria 2011). Plant
assemblage composition in these agroecosystems is
shaped in the long term by the interplay between
natural laws and management practices (Fernandez-
Moya et al. 2011).

The dramatic changes towards intensification and
abandonment that are occurring in the grasslands and
agro-silvo-pastoral systems of many less-favoured
areas in the world (Caballero 2007) can result in a
general decline of grassland plant assemblage diver-
sity (Strijker 2005; Peco et al. 2006; Klimek et al.
2007) and associated productivity (Karakosta and
Papanastasis 2007). In the European Union, the
biodiversity issues are being addressed by various
policy schemes (European Commission 1992; Kleijn
and Sutherland 2003). However, the efficiency and
effectiveness of such schemes have been questioned
(Kleijn et al. 2006) also because they are often
insufficiently supported by scientific knowledge on the
relationships between long-term management prac-
tices and vegetation dynamics.

Cork oak silvo-pastoral systems are agroforestry
grassland-dominated landscapes occurring in the
warmer parts of the western Mediterranean basin,
covering approximately 1.5 Mha in Europe and
1.0 Mha in North Africa (Bugalho et al. 2011). They
have a sparse cork oak tree cover with a heterogeneous
shrubby understorey interspersed with grasslands,
fallows and, less often, cereal and other crops (Diaz
et al. 1997), looking like a savanoid ecosystem
(Rackham 2007). In these contexts, the productivity
is constrained by summer drought, erratic early
autumn precipitation regime and low soil fertility
(Gallardo 2003; Gea-Izquierdo et al. 2009), and
grazing is the main farming activity (Montero et al.
2000). These kind of ecosystems, which are known in
other regions with different names (e.g. dehesa in
Spain, montado in Portugal), are of interest for a wide
scientific community which is addressing the changes
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in ecosystem services associated with the dynamics of
grassland plant assemblage composition as influenced
by long-term management practices (Bugalho et al.
2011).

Although there is evidence that management by
grazing at a moderate level contributes to improve
diversity (Klimek et al. 2007), there is considerable
debate around which management practices can con-
tribute in the long term to the maintenance of diverse and
productive grasslands (Rook et al. 2004; Catorci et al.
2011). In particular, the knowledge on the most suitable
indicators of long-term effects of the grazing manage-
ment systems in different contexts is often unclear or
based on fragmentary evidence (Rook et al. 2004).

Management is a key factor affecting species
richness and composition of semi-natural grasslands
(Klimek et al. 2007; Cousins et al. 2009); however,
soil properties such as pH and nutrient concentrations
are also important (Lagomarsino et al. 2011; Merun-
kova and Chytry 2012). In the long term, management
can also affect soil features that in turn are relevant in
understanding actual plant assemblage patterns (De-
cocq 2000; MacDonald et al. 2000; Catorci and Gatti
2010; De Sanctis et al. 2012).

This paper is focused on the ex-post assessment of
long-term effects of grazing and soil management
practices on plant assemblage composition, richness
and grazing value (GV) of grassland vegetation in
Mediterranean silvo-pastoral systems. The changes in
vegetation are interpreted here not only according to a
pure environmental spatial scale, as prescribed for
example by the EU Habitat Directive (European
Commission 1992), but also in relation to the changes
associated with the farming systems, as emerging from
the managerial decisions and practices of the farmers,
which in turn shape the environment and can generate
new habitats.

Starting from the general assumption that under the
same ecological conditions, different land use histo-
ries are relevant in shaping plant assemblages at
different spatial scales (Poschlod et al. 2005; Gustavs-
son et al. 2007; Catorci and Gatti 2010), we hypoth-
esized that in Mediterranean silvo-pastoral systems

(1) Grassland plant assemblage richness and GV
were affected by livestock species and soil tillage
frequency (Cousins et al. 2009);

(2) Grassland plant assemblage composition was
also affected by management practices
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associated with the specific livestock farming
systems, including grazing livestock species
(OIff and Ritchie 1998; Adler et al. 2001) and
soil tillage frequency (Austrheim and Olsson
1999; Rémermann et al. 2005), and by the
specific soil features (Robson et al. 2007);

(3) Long-term management practices induced
changes on soil features (Peco et al. 2006), which
in turn affected plant assemblage composition.

To test these hypotheses, we evaluated the influence
of arange of long-term field management practices and
soil features on the variability of grassland plant
assemblages and the effects of the same management
practices on soil features, in the context of a typical
Mediterranean cork oak silvo-pastoral system.

Materials and methods
Study sites

The experimental sites were located in NE Sardinia
(Ttaly) at 250-300 m a.s.l. (40°47'N; 9°15'E). The
natural potential vegetation is represented by cork oak
woods of the Violo dehnhardtii-Quercetum suberis
association (Bagella et al. 2013). Average annual
precipitation is 632 mm, with at least 70 % of rain
falling from October to May, and mean annual
temperature is 14.2 °C. We chose sites characterized
by the same soil type (Typic Dystroxerept, Soil Survey
Staff 2010) and morphology on a granitic substratum.

In this area, grazing is practiced since centuries and to
test the hypotheses we identified fields that have been
managed in the same way for over 50-60 years. The
grazing systems are mainly based on pasture as the
feeding source (Caballero et al. 2009): animals graze hay
crops, fallow grasslands and occasionally shrubs all year
round according to a mix of continuous and rotational
schemes. Sheep are occasionally sheltered overnight
when necessary in winter. Pastures on average contribute
to 73 and 82 % of the total energetic requirements of
sheep and cattle, respectively, and are closely grazed
during winter (Salis 2011). Grazing livestock are mainly
Sarda dairy sheep or crossbred beef cattle.

Soils are periodically (between 2 and more than
10 years) fertilized and tilled at a depth of 20-25 cm
using mouldboard or most frequently disc plough to
clear the fallow grassland from thorny weeds and to

establish hay crops of annual forage grasses (oats or
Italian ryegrass) and legumes (clovers or vetch) that start
a new grass fallow period, relying on the seed bank.

Experimental design

The experimental sites were represented by fields of at
least 1 ha characterized by uniform management for
at least the past 50 years. They were selected accord-
ing to an unbalanced factorial design considering
(i) grazing livestock species, sheep (6 sites) or cattle
(7 sites), and (ii) soil tillage frequency; con-
trol: >20 years (4 sites); intermediate: 5-10 years (5
sites); and frequent: 2 years (4 sites). Three replicated
sampling areas (5 x 5 m?) were randomly chosen in
the unshaded areas of each field and fenced to assess
plant assemblage composition, GV and richness. Soil
and grazing management practices were also surveyed
in each site.

Data collection

Vegetation surveys were carried out in the fenced plots
in May 2009 using the point quadrat method (Bullock
1996). A needle was vertically lowered through the
vegetation every 20 cm along two 5-m-long parallel
transects. At each point, all plant species intercepted
by the needle were recorded. The specific percentage
contribution of each species (CSP;) for each site was
calculated as the average value from the three fenced
plots:
FS;

CSP; = SFS; 100
where FS; is the absolute specific frequency of species i.

Grazing value was assessed according to Daget and
Poissonet (1971) using the specific indices (Is) of
Roggero et al. (2002), which indicate the agronomic
value of each species contributing to the CSP (see
Electronic appendix):

GV =02) CSP; xIs;.
i=1
Species richness was calculated as the cumulative
value of all identified species over 12 monthly
sampling in each site in the year 2009 (Whittaker
et al. 2001). Plant nomenclature and life forms follow
Pignatti (1982).
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The farmers managing the surveyed sites were
interviewed using a structured questionnaire to collect
data on grazing livestock, stocking rate, tillage fre-
quency and fertilization practices. The average annual
nitrogen and phosphorus fertilization rates were
derived from the actual practices made in the last
10 years. The stocking rate was assessed as an average
annual value for each site from the information
collected on fortnight grazing management and it
was expressed as Livestock Units ha~' (ILU =
500 kg cattle live weight = 6.6 dairy ewes). Consid-
ering the seasonal changes in grazing management, the
stocking rate indicator was complemented by the
calculation of an overgrazing index, i.e. the ratio
between the energy requirements of the actual number
of grazing animals in each site and the estimated
energy offered by the grasslands, both expressed as
daily milk forage units (UFL ha~' day ") according to
Jarrige (1989). The energy offer of the grassland was
estimated on the basis of the average daily herbage
growth rate (kg DM ha™' day ™) as reported by Salis
(2011) and its estimated forage net energy (Jarrige
1989).

In each site, a soil profile was dug down to about
1 m depth and sampled according to the horizon to
check that the soil types of all sites were uniform and
comparable. A set of soil physical-chemical analyses
was performed following Violante (2000) and Pagliai
(2001) on a bulk sample taken from ten cores
(0-30 cm in depth) randomly taken in each site
(Conant and Paustian 2002). They included texture,
pF, cation exchange capacity, saturated conductivity,
pH in H,O and in KCl, Walkley—Black C (hereafter
named soil organic C), Kjeldhal N, Olsen P, ammo-
nium acetate extractable K (hereafter named K), BaCl,
extractable Ca Mg Na K and available water (soil
moisture at pF2.5-pF4.2).

Statistical analysis

To test hypothesis 1 whether plant species richness
and GV were directly influenced by the livestock
species x tillage frequency, an unbalanced factorial
ANOVA (completely randomized design, using the
three replicated fenced areas per site as pseudorepli-
cates) was performed to test the following null
hypOthCSCSZ HO:“Sheep = Heartes Ho'Heontrol = Mintermediate =
Hrequent; Ho = no animal species x tillage interaction.
Prior to ANOVA, the Cochran and Shapiro—Wilk tests
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were performed to check for homoscedasticity and
normality, respectively, and heteroscedastic variables
were log-transformed. The post hoc mean separation
was based on Fisher’s Protected LSD test (Steel and
Torrie 1992). Moreover, Pearson correlation coeffi-
cients (rp) were calculated to describe the linear
relationships between CSP values of the species
bearing the highest specific indices and the GVs of
each site.

Two separate Canonical Correspondence Analyses
were performed using Hill’s scaling with a focus on
sample distances to test hypothesis 2 whether man-
agement practices (CCAl) or soil features (CCA2)
influenced plant assemblage composition.

A Redundancy Analysis (RDA) was performed to
test hypothesis 3 whether management practices
influenced soil features.

The explanatory variable matrices were 13
sites X 9 management practices (CCA1) or x7 soil
features (CCA2), as listed in Table 1. The RDA
response variable matrix was 13 sites x 7 soil features.

Prior to run CCA or RDA, a Detrended Correspon-
dence Analysis was performed to select the appropri-
ate canonical ordination (ter Braak and Smilauer
2002). A subset of variables derived from the 12 most
relevant soil features that were likely to be indepen-
dently influenced by the long-term management
practices (soil organic C, C/N, pH in H,O, Olsen P,
K, cation exchange capacity, BaCl, extractable K, Ca,
Mg and Na % base saturation, available water) was
used to build the explanatory matrix for the CCA2 and
the response variable matrix for the RDA. Variables
with variation inflation factors >20 were removed
from the analysis to prevent high collinearity (McCu-
ne and Grace 2002). Consequently, the CCA’s
response variable matrix was composed by 13
sites x 23 plant species CSP. Grazing livestock
species and tillage frequencies were included in the
analyses as dummy variables. Prior to submitting to
the CCA or RDA, soil features (except pH) and
management practices were (log, + 1) transformed
and CSP values were square-root-transformed and
down-weighted for rare species. The statistical signif-
icance of axes 1 and 2 was tested by a Monte Carlo test
with 499 permutations under the full model.

All multivariate analyses were carried out using
CANOCO v4.5 for Windows (ter Braak and Smilauer
2002), ANOVA with SAS software (SAS Institute
1999).
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Results

In all, 151 plant species were identified within the fenced
plots. Therophytes (67 %) were much more abundant
than perennials, mainly represented by hemicriptophytes
(see Electronic appendix). Legumes and grasses repre-
sented on average 23 and 34 % of the total CSP,
respectively. Unpalatable species were the most numer-
ous, whilst the only excellent forage species were Lolium
rigidum, Trifolium subterraneum, T. incarnatum and T.
michelianum. Overall, six species contributed to 77 % of
the total GV: T. subterraneum, L. rigidum, Avena
barbata, Medicago arabica, Vulpia ligustica and Hord-
eum leporinum.

The results of the ANOVA (Fig. 1) confirmed the
null hypothesis 1 as no significant differences in terms of
species richness or GV were found between tillage
frequencies (F,7; = 0.72and F, 7 = 0.31, respectively)
or livestock species (F;7 =230 and F;; = 0.58,
respectively), and the livestock species x tillage fre-
quency interaction was not significant (richness:
Fr7=042; GV: F,; = 143). GV was significantly
and positively correlated to the sum of T. subterraneum

100 ~ r 50
80 {' '} - 40
Q
7 I '_‘3
Q 60 I r3 g
5 g
240 F20 °§
-
&b
20 r 10
0 T 0
Sheep Cattle
100 + r 50
80 + * + 40
Q
=
é 60 - I I I F30 g
£ 2
240 A 20 S
=
2
20 A + 10
0 T T 0
Control Intermediate Frequent
richness  ® grazing value

Fig. 1 Richness and grazing values under the different grazing
livestock species (sheep vs cattle) and tillage frequencies
(control vs intermediate vs frequent). Vertical bars indicate
the SE
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and L. rigidum CSP under sheep grazing (r, = 0.91%;
n=06) and to L. rigidum CSP (r, = 0.87% n =17)
under cattle grazing.

The estimated average stocking rate ranged between
0.4 and 2.2 LU ha~'. Sheep farms showed a higher
stocking rate than cattle farms (1.5 vs 0.6 LU,
P < 0.009) and a higher overgrazing index (0.55 vs
0.23, P < 0.02). Nevertheless, the overgrazing index
was always less than 1, indicating no overgrazing in any
of the sampled sites. Fertilization rates ranged from no
application to 120 kg ha™' year™" both for N and P,Os5
mineral fertilizers (Table 1).

The soils had a uniform sandy loam texture
(67 £ 3 % sand, 22 + 2 %ssilt 11 £ 1 % clay), with a
medium-low water-holding capacity, medium CEC, pH
ranging from very strong to slight acid, corresponding to
a % base saturation ranging from 12 to 51 %, mostly
represented by Ca (69 & 2 %) and Mg (16 £ 2 %) ions,
and variable contents of SOC, C/N, P and K (Table 1).

Amongst the nine explanatory variables included in
the CCA1l (Fig. 2) to test hypothesis 2 regarding the
effects of management practices on plant assemblage
composition, only stocking rate and livestock species
were significant (Table 2), explaining 51 % of the total
variance. Plant species associated with sheep grazing and
higher stoking rates, e.g. Carlina corymbosa, Onopor-
dumillyricum, Sherardia arvensis, T. michelianum and V.
ligustica, were positioned towards the right side of the
graph. The most abundant species associated with cattle
grazing and lower grazing pressure, positioned on the left
side, were Echium plantagineum, M. arabica, M. hispida
and L. rigidum. Therefore, sheep and cattle grasslands
differed substantially in plant assemblage composition.
Furthermore, cattle grassland plant assemblages were
more variable than sheep grasslands. 7. subterraneum,
which was the most abundant species, was positioned in
the centre of the graph, since its CSP was similar under all
the management conditions.

Amongst the seven explanatory variables included
in the CCA2 (Fig. 3) to test hypothesis 2 regarding the
effects of soil features on plant assemblage composi-
tion, K and pH were the most significant, explaining
53 % of the total variance (Table 2). Plantago coron-
opus and Lophochloa cristata were abundant under
low soil K levels, whilst Bunias erucago and Daucus
carota were abundant under high soil pH.

The RDA, performed to test hypothesis 3, (Fig. 4)
revealed that stocking rate was the only significant
indicator of management practices influencing soil
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Fig. 2 Triplot from the CCA1 showing the position of (i) [J
sampling sites (1-13); (ii) < plant species with a specific
contribution higher than 10 %; (iii) significant (black arrows)
and not significant (grey arrows) management practices.
Dummy variables are represented by solid triangles. Eigen-
values: axis 1 = 0.189; axis 2 = 0.154; axis 3 = 0.03. Cumu-
lative percentage variance: axis 1 = 24.0; axis 2 = 43.6; axis
3 =54.1. CO control; FR frequent tillage frequency; IN
intermediate tillage frequency; Ng. Nitrogen fertilization rate;
OI Overgrazing Index; Py, Phosphorus fertilization rate; SR
Stocking rate. The correspondence between codes and taxa
names is given in the Electronic appendix

features (Tab. 2), explaining 36 % of the total
variance. Stocking rate was collinear with overgrazing
index. The RDA results also revealed that stocking
rate or overgrazing index were inversely related to pH,
whilst they were roughly orthogonal to soil organic C,
C/N, cation exchange capacity and K.

Discussion

The ex-post analysis of the effects of the long-term
management practices on grassland plant assemblages

Fig. 3 Triplot from the CCA2 showing the position of the
following: (i) (J sampling sites (1-13); (ii) <-plant species with a
specific contribution higher than 10 %; (iii) significant (plain
black arrows) and not significant (plain grey arrows) soil
features. Eigenvalues: axis 1 = 0.201; axis 2 = 0.143; axis
3 = 0.066. Cumulative percentage variance: axis 1 = 25.5;
axis 2 = 43.7; axis 3 = 52.1. AW available water; CEC cation
exchange capacity; K acetate extractable K; P Olsen P; SOC
Walkley—Black soil organic C. The correspondence between
codes and plant names is given in the Electronic appendix

revealed the inconsistency of hypothesis 1, as plant
species richness and GV were not affected at all;
confirmed hypothesis 2, as plant assemblage compo-
sition was influenced by grazing livestock species,
stocking rate and soil features (K and pH); and
confirmed hypothesis 3, as stocking rate significantly
affected soil features.

A common characteristic of all the grassland sites
under study was a higher plant species richness than that
found in similar habitats (Tarrega et al. 2009; Farris et al.
2010), which was related to the moderate grazing
pressure (Noy-Meir et al. 1989). The dominance of
therophytes is typical of cork oak silvo-pastoral grass-
land communities (Tarrega et al. 2009; Fernandez-
Moya et al. 2011) because this life form is particularly
well suited to disturbance tolerance (Grime 1977) and
soil disturbance by trampling favoured seedling

Table 2 Significant

Janat iabl d Response Ordination Explanatory % of the total Probability
explanatory variabies an variables variables explained variance level
related percentage of the total
explained variance resulting CSp CCAl Livestock species 32.0 0.008
from CCA1l, CCA2 and RDA )

Stocking rate 18.8 0.050

CSp CCA2 K 30.5 0.002

) pH 229 0.020

CSP percentage specific Soil features RDA Stocking rate 36.1 0.006

contribution
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Fig. 4 Biplot from the RDA showing the position of the
following: (i) soil features (dotted arrows); (ii) significant (plain
black arrows) and not significant (plain grey arrows) manage-
ment variables. Dummy variables are represented by solid
triangles. Eigenvalues: axis 1 = 0.343; axis 2 = 0.140; axis
3 = 0.088. Cumulative percentage variance: axis 1 = 34.3;
axis 2 = 48.3; axis 3 = 57.2. AW available water; CEC cation
exchange capacity; K acetate extractable K; P Olsen P; SOC
Walkley—Black soil organic C; CO control; FR frequent tillage
frequency; IN intermediate tillage frequency; Np. nitrogen
fertilization rate; OI overgrazing index; Pg, phosphorus
fertilization rate; SR stocking rate

recruitment (Noy-Meir et al. 1989). The non-significant
effects of management practices on the GV are consis-
tent with the small proportion of species with high
specific indices contributing to the GV and to the fact
that the differences amongst plant assemblages were
related to ungrazed or occasionally grazed species.
Despite the climatic and soil acidity constraints, the GV's
were reasonable, being above 25 in all sites, when
compared to the ones reported in the literature (Bagella
2001; Bagella and Roggero 2004; Argenti et al. 2006;
Catorci et al. 2009). The lack of clear effects of tillage
frequencies on plant species richness and GV may not be
widening. The plentiful soil seed bank of the annual
grasslands was not hampered by the recurrent shallow
tillage practices adopted to clear the pasture of shrubby
and thorny species (Diaz-Villa et al. 2003). Similarly, in
the Spanish dehesa, a few years of fallow grazing were
sufficient to allow the recovery of the annual grassland
vegetation following several years of cereal cropping
(Hernandez et al. 2003). In similar contexts, ploughing
caused species loss, but after few years, the original
diversity was recovered in most cases (Montalvo et al.
1993).
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The differences found in plant assemblage compo-
sition emerged from a variety of long-term manage-
ment practices associated with the different livestock
farming systems (CCAL). Such practices include the
choices made by the farmers on grazing management
and stocking rates, which add up to the different
behaviour of livestock species (Caballero et al. 2009).
Even if the stocking rate was generally lower than the
carrying capacity of the grasslands, a higher stocking
rate characterized the sheep than cattle livestock
systems, as already observed in the dehesa (Moreno
and Pulido 2009). The analyses of the discriminant
plant species between the cattle and sheep grazing
systems pointed out that they were mostly ruderal or
very common and hence not very effective in quali-
fying the quality of grassland, with few exceptions.
For instance, the thorny O. illyricum and the good
forage species T. michelianum were more frequent
under sheep grazing and the good forage species L.
rigidum and M. arabica were more frequent under
cattle grazing. T. subterraneum was equally associated
with sheep or cattle grazing. This species provides a
significant contribution to the overall GV and is an
indicator of biodiversity at the habitat level. It is
characteristic of the phytosociological class Poetea
bulbosae which is related to the EU priority habitat
type 6220*-Pseudo-steppe with grasses and annuals of
the Thero-Brachypodietea and includes many associ-
ated species that are well adapted to sheep treading
and inorganic fertilizer application (Galan de Mera
etal. 2000). The similar abundance of 7. subterraneum
under both sheep and cattle grazing indicates that
some common management practices of the two
grazing systems enhanced the competitive ability of
this species which is favoured vs. annual grasses by
close grazing in winter and its self-reseeding allowed
under relatively low stocking rates in spring (Smetham
2003). Besides the differences, it was also observed
that a higher extent of heterogeneity in plant assem-
blage composition was associated with cattle than with
sheep grazing, which is in agreement with the
observations of Sebastia et al. (2008). This was
interpreted as a consequence of the more flexible
choices of fertilization and grazing management
practices by cattle breeders (Salis 2011).

The observed relationships between plant assem-
blages and soil features (CCA2) confirmed that soil pH
is one of the key factors controlling grassland vegeta-
tion (Merunkova and Chytry 2012), particularly for
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plant assemblages with similar water and temperature
requirements (Catorci and Gatti 2010). Even within the
relatively narrow pH range explored in our sites, some
species known to be intolerant to strong acid soils
(Pignatti 2005) clearly responded to slightly increased
pH. Soil K has a major role in plant nutrition (Mahdi
et al. 1989) and is more abundant in grazed than in
ungrazed grasslands (Catorci et al. 2011). Our results
evidenced the relationships between very low K
content and the abundance of some minor species
adapted to oligotrophic soils (Pignatti 2005). However,
none of the chosen management practice indicators
explained soil K variability; hence, further studies are
worthwhile to better understand the role of this
macroelement in the Mediterranean grazing systems.
The results showed the relevance of stocking rate as
a proxy variable to assess the long-term impact of
grazing systems on soil features, particularly on soil
acidity and related fertility indicators. On the other
hand, the impact of occasional and relatively low rates
of N fertilizers was negligible. The relationships
between grazing and soil acidification, particularly in
legume-based pastures on sandy soils, are well doc-
umented as an outcome of, e.g. increased nitrate
leaching or heavy grazing (Bolan et al. 1991). In the
context of the cork oak silvo-pastoral systems of
Sardinia, legumes represent some 25 % of the sward
composition, and the typical water surplus in the cool
wet season under sandy soils and close grazing can
potentially lead to significant nitrate leaching (Sulas
et al. 2012). Our results suggest that soil acidification
is worth some attention in these ecosystems as it may
be enhanced by increased stocking rates even within
the observed moderate grazing pressures. However,
the seed bank of the weedy fallows of these grazing
systems proved to be very well adapted to such
pressures, particularly the very good wild germplasm
of forage legumes such as 7. subterraneum, T.
resupinatum and T. michelianum, and the related
Rhizobia, that already represent valuable genetic
resources of acid-tolerant forage legume varieties
and N-fixing bacteria strains (Nichols et al. 2007).
The comparison of the CCA2 and RDA provided a
rich picture of the effects of grazing management
practices, of which the stocking rate was a proxy, on
soil features and plant assemblage composition,
unveiling the links between management and farming
systems. This supports our hypothesis that the plant
assemblage composition was affected directly by

management practices and indirectly by the long-term
impact of management on some relevant soil features
such as pH and other fertility indicators.

Conclusions

Under the relatively uniform abiotic conditions which
characterize the cork oak silvo-pastoral systems, the
long-term practices associated with different animal
grazing species were most relevant in shaping plant
assemblages. In the specific case, all the systems under
comparison allowed the long-term maintenance of
relatively high levels of floristic richness and GV.
Moreover, the priority habitat 6620*, which was
previously linked to sheep grazing, was also maintained
under cattle grazing, independent of tillage frequency.

The long-term impact of grazing management
systems on soil fertility and plant assemblage compo-
sition was mainly related to the average stocking rate,
which in the specific context is associated with the
grazing animal species and hence quite different
farming systems. A trend of soil acidification was
associated with higher sheep stocking rates and whilst
this did not result in apparent negative effects on plant
assemblage composition, it is worth some attention to
prevent soil degradation.

This study revealed that the variation of Mediterranean
grassland plant assemblage composition emerged from
complex interactions of long-term management practices
associated with livestock grazing systems, the conserva-
tion of which is closely linked to the economic viability
and maintenance of the current farming systems. This has
implications on the rural development policies, the
investments on the capacity building of the farmers and
the generational turnover of the pastoral society.
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