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Abstract We investigated the temporal and among-site
differentiation of soil functionality properties in fields
under different grazing intensities (heavy and light) and
compared them to those found in their adjacent hedge-
rows, consisting either of wooden shrubs (Rubus
canescens) or of high trees (Populus sp.), during the
cold and humid seasons of the year. We hypothesized
that greater intensity of grazing would result in higher
degradation of the soil system. The grazing factor had a
significant effect on soil organic C and N, microbial
biomass C, microbial biomass N, microbial activity,
and β-glucosidase, while acid phosphatase and urease
activity were not found to differ significantly among the
management systems. The intensity of grazing affected
mostly the chemical properties of soil (organic C and N)
and altered significantly the composition of the soil
microbial community, as lower C:N ratio of the micro-
bial biomass indicates the dominance of bacteria over
fungi in the heavily grazed fields. All estimated biolog-
ical variables presented higher values in the humid

period, although the pattern of differentiation was sim-
ilar at both sampling times, revealing that site-specific
variations were more pronounced than the time-specific
ones. Our results indicate that not all C, N, and P
dynamics were equally affected by grazing. Manage-
ment plans applied to pastures, in order to improve soil
quality properties and accelerate passive reforestation,
should aim at the improvement of soil parameters relat-
ed primarily to C and secondly to N cycle.

Keywords Land use .Microbial biomass . Soil enzyme
activities . Soil management . Soil quality assessment

Introduction

Grazing of pasture and range lands by livestock consti-
tutes a common practice of land management that can
alter the spatial heterogeneity of vegetation, influencing
ecosystem processes and biodiversity (Adler et al.
2001). Livestock grazing is often regarded as one of
the principal causes of vegetation and soil degradation
(Wu et al. 2009; Deng et al. 2014). Grazing has been
found to affect the physical, chemical, and biological
properties of soil (Altesor et al. 2006; Stephens et al.
2008; Zhu et al. 2016). The effects of grazing pressure
on soil quality variables are consequences from several
activities of domestic herbivores, e.g., defoliation, ex-
creta deposition, and trampling (Cingolani et al. 2003;
Köhler et al. 2005; Wang et al. 2011). Soil biological
properties, such as the size and the activity of the soil
microbial biomass (Liu et al. 2015), as well as the
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activities of soil enzymes that are fundamental to the
cycling of C, N, and P (Su et al. 2004), have been found
to be affected by grazing. Additionally, changes on litter
accumulation and decomposition have a strong effect on
the amount and composition of soil organic matter
(Nautiyal et al. 2010).

The intensity of grazing is a significant factor affect-
ing soil properties and functions; light grazing, com-
pared with grazing exclusion, is generally believed to
be beneficial, enhancing water retention capacity and
soil fertility (Su et al. 2005; Peco et al. 2006, 2012), as it
affects the spatial distribution of nutrients in soil by
altering the composition of the natural vegetation as
well as by contributing to the redistribution of nutrients
through feces from sheltered areas under shrubs to ex-
posed locations between shrubs (Papatheodorou 2008).
On the other hand, heavy grazing can cause severe loss
of soil fertility and productivity, as a consequence of
reduction in vegetation cover and may finally lead to
soil degradation (Thornes 2007; Deng et al. 2014; Zhu
et al. 2016). However, it is not yet clear whether differ-
ent levels of grazing intensity affect similarly soil mi-
crobiological properties that determine soil processes.
Different studies that have focused on the effect of
grazing intensity on soil characteristics have shown
contradictory results (Peco et al. 2006; Deng et al.
2014; Zhu et al. 2016). Therefore, further research
should be conducted to study the influence of grazing
intensity on soil ecosystem processes.

Since 1988, in the European Union, a common prac-
tice for enlarging the areas of natural vegetation is the
set-aside of agricultural land (Matthews 2013). This is
considered to be one of the most widely applied mea-
sures to counteract the rapid loss of species diversity and
conserve the remaining diversity, especially within the
zones of protected areas (Wade 1997). Previous studies
have shown that plant species succession towards natu-
ralized grasslands strongly correlates with the soil eco-
system and nutrient availability (Berg and Hemerik
2004;Wan et al. 2010). Long-term grazing management
practices are known to affect negatively many soil bio-
chemical characteristics related to soil functionality and
nutrient cycles (Prieto et al. 2011). Consequently, it is
important to know the level of soil degradation, in terms
of functionality, in order to suggest the proper manage-
ment plans that could accelerate the restoration of these
systems in terms of soil quality.

In our study, we assessed how different levels of
grazing affect soil variables related to soil quality

compared to those found in their adjacent hedgerows,
within a protected area. Fields under heavy and light
grazing management, located within the protected zone
around Pamvotis Lake, were selected. Hedgerows, on
the border line of these fields, remnants of pre-existing
natural vegetation, consisted either of wooden shrubs
(Rubus canescens) or of high trees (Populus sp.) were
chosen to represent two types of natural ecosystems. We
studied soil characteristics related to soil functionality
(nutrient concentrations, the activities of urease, alkaline
phosphatase, and dehydrogenase, which are involved in
N, P, and C transformations in soil) and microbial struc-
ture (microbial biomass C and N) and activity. Our aims
were to examine (i) the temporal and among-
management system variability of soil enzyme activi-
ties, microbial biomass and activity, and available nutri-
ents, (ii) the magnitude of soil degradation based on the
level of grazing, and (iii) which of the biological C, N,
and P cycles is most influenced by grazing. We hypoth-
esized that greater intensity of grazing would result in
higher degradation of the soil system, modifying ac-
cordingly the soil biochemistry of these fields. We fur-
ther hypothesized that grazing would have an equal
negative effect on soil C, N, and P dynamics.

Materials and methods

Study site

The study area is located in the surrounding land region
of Lake Pamvotis, situated at 470 m a.s.l. in northwest-
ern Greece (39° 40′ N, 20° 51′ E). The lake occupies an
area of 22.8 km2 and is located in the vicinity of the city
of Ioannina. The soil of the surrounding land areas is
alluvial and originates from the surrounding hills where
the parental rock is mainly limestone (Tzialla et al.
2006). Ioannina area belongs to the humid Mediterra-
nean bioclimatic belt. The mean annual precipitation is
about 1100mm, fallingmostly duringwinter and spring,
and the mean monthly temperature is 14.3 °C, while the
mean January–June temperature difference is 20.1 °C
(Hellenic National Meteorological Service 2011). For
the past 50 years, a large part of the area around the lake
(495 ha) has been developed in a mosaic of small grazed
fields (0.7–3.6 ha), interspersedwith remnants of natural
vegetation. The latter, although covering areas almost
equal to those of the grazed fields, they serve as hedge-
rows, separating pasture lands. The vegetation of these
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hedgerows is similar and consists either of Populus sp.
or of R. canescens. The vegetation of the grazed fields is
dominated by herbs like Mentha aquatica, Geranium
columbinum, Galium aparyne, Epilobium sp.,
Rapistrum sp., Senecio sp., Capsella bursapastoris,
and Urtica dioica (Buka 2012).

Lake Pamvotis and its surrounding region have
been recognized as an internationally important con-
servation site and are listed in the Special Conser-
vation Areas (SCAs) under the European Communi-
ty Council Directive on the conservation of natural
habitats and of wild fauna and flora (Habitats Direc-
tive, EC, 92/43). A wetland reserve program is de-
signed for the protection and restoration of the area,
which includes the retiring of any future use of
agricultural land.

Experimental design and sampling

Soil samples were collected from lightly grazed
fields (five sheep per day per hectare), heavily
grazed fields (18 sheep per day per hectare), and
the adjacent hedgerows, consisted either of Populus
sp. or of R. canescens. For each management system
(heavily grazed, lightly grazed, R. canescens hedge-
rows, Populus sp. hedgerows), four replicate fields
were randomly selected. On each sampling occasion,
five soil samples were taken randomly from each
replicate field (grazed or hedgerow) with a cylindri-
cal auger (12-cm depth and 7.5-cm diameter). In all
cases, litter layer was removed before sampling.
Immediately after collection, soil samples were
intermingled so that a single composite sample was
formed for each replicate field. Samples were stored
in plastic bags and transported to the laboratory.
They were sieved through a 2-mm mesh for the
removement of stones, roots, and organic debris,
stored at a constant temperature of 4 °C, and ana-
lyzed within the same week. Samples were taken in
January (winter sampling—trees without foliage)
and May (spring sampling—after foliation of the
trees) 2013. The overall full factorial experimental
design consisted of four replicate fields × four man-
agement regimes × two sampling occasions.

Analyses of soil chemical and biochemical variables

Soil pH was determined using an electrode pH meter
in a 1:2 soil/water suspension (McLean 1982). Soil

organic C was determined by a wet oxidation titra-
tion procedure using an acid dichromate system
(Allen 1974). Soil organic N was measured by the
Kjeldahl method. Soil microbial biomass C (MBC)
was measured by the fumigation incubation method
of Jenkinson (1976), as modified by Ross (1990) in
samples adjusted to 60% of their water holding
capacity. The Kc factor was 0.45 (Jenkinson 1976).
Soil microbial biomass N (MBN) was determined by
the fumigation–extraction method using a factor of
0.54 to convert N-flush to MBN (Brookes et al.
1985).

Acid phosphatase and β-glucosidase activities
were determined according to the procedures of
Allison and Jastrow (2006), modified for 96-well mi-
croplates. Approximately 1–2-g fresh soil (0.5-g dry
weight equivalent) were added in 60 ml of 50-mM
sodium acetate buffer, pH 5, and homogenized in a
blender for 1 min. Then 50 μL of homogenized soil
slurry was combined with 150-μL substrate solution
and incubated for 2 h (β-glucosidase) or 1 h (acid
phosphatase) at 21 °C under constant shaking. Sub-
strate solutions were 5-mM p-nitrophenyl-β-
glucopyranoside forβ-glucosidase and 5-mM p-nitro-
phenyl-phosphate for acid phosphatase, all in acetate
buffer. After incubation, 100 mL of the slurry-
substrate supernatant (without soil particles) was care-
fully transferred to another microplate for colorimetric
determination of product concentrations. The p-nitro-
phenol (pNP) reaction product from the acid phospha-
tase and β-glucosidase assays was measured at
405 nm after addition of sodium hydroxide. Eight
replicates were run per sample; in each case, we in-
cluded appropriate controls to estimate the back-
ground absorbance of the substrate and homogenate.
The activity of the two enzymes is presented in units
of μmol pNP g−1 dry soil h−1.

For the estimation of urease activity, the method
of Sinsabaugh et al. (2000) was used. The micro-
plate configuration was similar to that described for
the NAG assay. The concentration of urea in the
assay wells was 20 mM. The plates were incubated
at 20 °C for approximately 18 h. Ammonium re-
leased by the reaction was quantified using colori-
metric salicylate and cyanurate reagent packets from
Hach. Urease activity was measured spectrophoto-
metrically at 610 nm. Activity is expressed as mi-
cromole of ammonium released per hour per gram
soil (μmol NH4

+ g−1 h−1).
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Statistical analyses

One-way ANOVA was used to identify differences in
soil texture (percentage contribution of sand, clay, and
silt) among the study management systems. Additional-
ly, to explore temporal and among-system variations of
soil biochemical variables, a two-way ANOVA was
used to determine the effect of sampling time, manage-
ment system, and their interaction. In the case of signif-
icant effects, a least significant difference test was per-
formed. When the assumptions of the ANOVA (normal
distribution, independence between means, and vari-
ance) were not met, data were transformed properly.

A classification tree was applied to our dataset in
order to address the role of grazing intensity. More
specifically, we (a) examined whether soil samples from
the grazed fields were clearly separated from those from
the hedgerows, in terms of soil biological and physico-
chemical variables, (b) evaluated whether the manage-
ment system effect masked the temporal variability on
soil biochemical and microbial variables or vice versa,
and (c) assessed the importance of soil variables in this
separation. Decision tree modeling is a form of classifi-
cation that involves the use of an algorithm to obtain
repeated partitions of the dataset into increasingly ho-
mogeneous subsets with respect to the predictor vari-
ables (Breiman et al. 1984); in this case, they were the
soil variables. The process is recursive, growing from
the root node (the complete dataset) to the terminal
nodes (Friedl and Brodley 1997). To group the samples,
a variable combining the sampling date and site was
used, while the soil biochemical variables were used as
continuous predictors.

During the classification tree analysis, decision tree
algorithms go through a process of Bpruning^ the tree,
where the model is refined in order to result in the
simplest possible model given the constraints. Variables
that have a minimal predictive effect are pruned away
and the remaining variables are able to be ranked ac-
cording to their importance. In a bar graph, the impor-
tance of ranking on a 0–100 scale for each predictor
variable considered in the analysis can easily be picto-
rially shown. This plot can be used for visual inspection
of the relative importance of the predictor variables used
in the analysis and, thus, helps in concluding as to which
predictor variable is the most important predictor
(Breiman et al. 1984).

All statistical analyses were conducted using
Statistica 7 for Windows (StatSoft, Tulsa, USA).

Results

In all sampling systems, the soil texture was similar, as
no statistically significant difference was revealed by
ANOVA among the percentages of sand, clay, and silt
of the soil samples. Soils could be characterized as
loamy soils (Table 1).

The effects of sampling time, the management sys-
tem, and their interactions on all soil variables are shown
in Table 2 and Fig. 1. The interactive effect of the two
independent variables did not affect any of the estimated
soil variables. Six out of ten estimated soil variables
were significantly affected by time. The values of
MBC, MBN, MBC/MBN, microbial activity, as well
as the activity of β-glucosidase and urease increased
significantly from February to June, while the concen-
trations of organic C, organic N, the activity of acid
phosphatase, and pH values did not differ. Regarding
the effect of management system, the activity of urease
and pH were the only soil variables that did not present
any significant difference. MBC, microbial activity, or-
ganic C, and organic N presented a similar pattern as the
highest values were recorded in the hedgerow soil sam-
ples and the lowest in the grazed fields, especially in the
heavily grazed fields. MBC differed slightly from this
pattern since the heavily grazed fields presented higher
values than the lightly grazed ones. MBN and MBC/
MBN ratio followed the opposite pattern as the highest
values were recorded in the heavily grazed fields and
differed significantly compared to the other three sys-
tems, either hedgerows or grazed.

The results of the classification tree are presented in
Fig. 2. The tree consisted of eight terminal nodes. All
management system × time combinations of samples
constituted very cohesive groups (75–100% right clas-
sification). Three or four out of the four samples from
each system were classified in the same terminal node.
Populus sp. soil samples were characterized by high
acid phosphatase activity values and were clearly sepa-
rated from the other samples, where acid phosphatase
activity values were lower. MBC/MBN ratio further
discriminated R. canescens samples from the grazed
field samples. The grazed samples branch was further
dichotomized due to organic C concentrations, as the
heavily grazed field samples exhibited lower values of
organic C and were classified at the left, while the lightly
grazed samples with higher values of organic C formed
the right branch. In all cases, the branches from all four
management systems were further dichotomized based
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on the sampling date. The temporal discrimination of the
Populus sp. and R. canescens samples was based on the
values of urease activity, while the grazed field samples
from the two samplings were discriminated on the basis
of MBN concentrations. Predictor importance analysis
showed that among all soil variables, those with the
greatest classification power were MBC/MBN ratio,
MBN, organic C, acid phosphatase, and urease (Fig. 3).

Discussion

The effect of grazing on soil pH has been extensively
discussed in the literature. Shand et al. (2002) have
indicated that the addition of urine in grazed soils results
in elevated pH levels, especially in heavily grazed fields,
while others have found no significant difference across
sampling fields, no matter the intensity level of grazing
(Somda et al. 1997; Liu et al. 2005). In the present study,
the variability of soil pH (6.89–7.65) across manage-
ment systems and sampling times was not statistically

significant, indicating that alkalinity is not an important
issue that could affect soil fertility of the grazed fields.

It is generally well-documented that grazing reduces
C and N stocks of grassland ecosystems (Pineiro et al.
2009; Wang et al. 2014). Similar results were recorded
in our study as the soil organic C and N content of the
hedgerows was significantly higher than the grazed
fields. Higher organic C and organic N values in
Populus sp. and R. canescens soil samples were proba-
bly due to the constant addition of organic matter inputs
from plant residues and root exudates to the soil
(Rutigliano et al. 2004; Singh et al. 2004). On the other
hand, the reduction in vegetation by herbivores (Gao
et al. 2008) and the lack of a widely developed root
system (Fterich et al. 2012) in the grazed fields might
result to reduced plant inputs and lower soil organic C
and N concentrations. Microbial activity is also affected
by soil organic matter quality (Liu et al. 2000). The
constantly higher amounts of easily degradable organic
inputs, in the form of animal feces, in the heavily grazed
fields resulted in greater soil emissions of CO2. The

Table 1 Mean values (±SE) of the percentage contribution of silt, clay, and sand and the differences in their values among the management
systems as revealed by ANOVA

Site % silt % clay % sand Soil texture

Populus sp. 22.9 ± 1.8 53.3 ± 3.2 23.8 ± 1.7 Loam

R. canescens 21.3 ± 1.9 53.1 ± 2.9 25.6 ± 1.5 Loam

Light grazing 22.2 ± 1.3 59.1 ± 3.7 17.7 ± 2.3 Loam

Heavy grazing 22.1 ± 2.1 57.0 ± 2.1 20.9 ± 2.1 Loam

LSD (P < 0.05) ns ns ns

Table 2 The effects of sampling time, management system, and their interaction on soil biochemical variables in two-way ANOVA

Biochemical variables Time (1 d.f.) Management system (3 d.f.) Time × system (3 d.f.)

F value P value LSD F value P value F value P value

pH 0.39 ns 0.46 ns 2.03 ns

MBC 52.52 *** Pa Rb LGd HGc 32.5 *** 1.09 ns

MBN 33.37 *** Pa Ra LGb HGc 55.3 *** 0.57 ns

MBC/MBN 7.41 * Pa Ra LGb HGc 157.2 *** 0.92 ns

Micr. activity 72.54 *** Pa Rbc LGc HGb 29.88 *** 1.66 ns

β-Glucosidase 8.39 ** Pa Ra LGb HGc 84.06 *** 2.45 ns

Urease 68.96 *** Pa Rb LGb HGb 39.07 *** 1.41 ns

Acid phosphatase 0.87 ns Pa Rb LGc HGc 26.84 *** 1.09 ns

Organic C 0.05 ns Pa Ra LGb HGc 21.48 *** 1.24 ns

Organic N 0.19 ns Pa Ra LGb HGc 27.56 1.33 ns
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decomposition of organic matter was faster than the
accumulation rate of carbon in these fields which caused
a greater net loss of organic matter (Morgan et al. 2004)

MBC concentration presented the same pattern with
organic C, higher values in the hedgerows, and lower in
the grazed fields. This was partly expected based on the
high correlation between these two soil variables
(Papatheodorou et al. 2013). On the contrary, heavy
grazing proved to enhance soil MBC compared to light
grazing. This finding could be explained in correspon-
dence with the high MBN values found in the heavily
grazed soil samples, indicating mainly an increase in
bacterial biomass, as bacteria accumulate in their bio-
mass greater amounts of nitrogen than fungi (Alexander
1977).MBC/MBN ratio has been extensively used as an
indicator of changes in soil microbial community com-
position. The grazed fields presented significantly lower
values of MBC/MBN ratio compared to the hedgerow
sites. Plant residues, like dead leaves and roots, which
are incorporated in the hedgerow soil systems consist of
more complex C compounds that favor fungi growth,
while in the grazed fields, the addition of more labile
substrates (animal excreta) favors bacteria. Additionally,
it has been reported that trampling can change microbial
community structure by destroying fungi micelles
(Hiltbrunner et al. 2012). Our results are in agreement
with those of Bardgett et al. (2001), who found that,
along a sequence of samples under different levels of
grazing, proportion of fungi relative to bacteria was at its
lowest in treatments that were most intensively grazed.

Soil enzyme activities are directly connected with
the functionality of the soil systems. β-Glucosidase
participates in the decomposition of cellulose and
other carbohydrate polymers that derive from plant
litter (Prieto et al. 2011) and thus reflects the state of
soil organic matter in the ecosystem. Populus sp.
and R. canescens hedgerow samples exhibited
higher β-glucosidase activity compared to the
grazed fields and this could be attributed to the high
amounts of organic C concentrations and soil micro-
bial biomass (Chodak and Niklińska 2010;
Mastrogianni et al. 2014). Woody shrubs and high
trees produce recalcitrant litter for decomposers en-
hancing the activity of β-glucosidase, while the
perennial grasses, along with animal excreta, supply
a more labile C-rich substrate of cellulolytic nature
that results in the decline in the activity of hydro-
lytic enzymes such as β-glucosidase (Aerts and
Chapin 2000; Carrera et al. 2005).

Urease is responsible for the decomposition of
urea to CO2 and ammonia and is a very important
enzyme in the N cycle since the availability of
ammonia to plants is a definitive parameter for
proper plant growth (Craine et al. 2009). Generally,
urease activity is strongly correlated with organic
matter content and higher urease activity is expected
in rich soils (Monokrousos et al. 2014). Ηowever,
Katsalirou et al. (2010) reported that soils subjected
to different levels of grazing had higher values of
urease activity compared to ungrazed soils, while
Trasar-Cepeda et al. (2008) found that the nitrogen
cycle enzymes show higher activities in pastures
than in oak soils. Our results showed that urease
activity presented similar values in all management
systems, despite the low soil organic matter content
of the grazed sites. The incorporation of animal
urine in these systems, throughout the year, rich in
readily decomposable nitrogen (Diaz-Fierros et al.
1988), probably resulted in high urease activity. The
presence of animals in the grazing fields preserved
properties related to the functionality of N cycle at a
high level. However, the removal of the grazing
factor could result in a direct decrease of urease
activity in the future due to the low content of
organic matter in these fields.

Populus sp. soil samples presented the highest acid
phosphatase activity values and differed from all the
other sites. Poplar trees form symbiotic associations
with ectomycorrhizas (Conn and Dighton 2000), which
secrete acid phosphatases in the rhizosphere (Lodge and
Whalley 1989). Therefore, enhanced activity of the
specific enzyme, contributing to the phosphorus nutri-
tion of the trees is to be expected in these hedgerow
systems. On the contrary, no significant differences were
observed in the acid phosphatase activity recorded
among the R. canescens hedgerows and the grazed
fields. The acid phosphatase values in the grazed fields
were also found to be similar to those recorded in
grassland sites of other studies (Keeler et al. 2009). This
could be interpreted as an indication that the P cycle has
not been affected significantly by the grazing factor and
the grazed fields do not present limitation on

Fig. 1 Mean values (±SE) of soil biochemical variables recorded
in January and May at the four management systems. “Time” and
“system,” on the top of the graphs, indicate a significant effect of
sampling time and management system, respectively as revealed
by two-way ANOVA (* P < 0.05, ** P < 0.01, *** P < 0.001, for
all cases n = 4)

b
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phosphorus production for plant growth. Although it is
usually assumed that grazing results in decreased en-
zyme activity due to changes in the soil organic matter
and microbial biomass content (Islam and Weil 2000;
Dilly et al. 2003), the results obtained here contradict
this assumption.

Soil organic C and N did not display any differ-
entiation between the two sampling dates. Soil or-
ganic matter responds slowly to changes, and these
may require many years to be detected (Srivastava
2012). The differences found among the grazed and

the hedgerow sites are the result of long-term graz-
ing of the pasture land. On the contrary, seasonal
variations in soil microbial biomass and enzyme
activity may be ascribed to a combination of vari-
ables such as soil temperature, root activity, and
litterfall (Bardgett et al. 1999; Krämer and Green
2000). ANOVA showed that soil samples collected
in May presented higher values in the majority of
the estimated soil biological variables (MBC, MBN,
soil respiration, urease, and β-glucosidase activity).
This could be attributed mostly to the low winter
temperatures of the study area that could suppress
microbial growth and activity (Wardle 1992), as well
as enzyme activities (Pavel et al. 2004), as most of
them are of microbial origin. The only biological
variable that did not present differences between
the two samplings was acid phosphatase, for any
of the study systems. Acid phosphatase is positively
correlated with soil water availability (Krämer and
Green 2000) and given the high precipitation rate of
the Ioannina region, the activity of the specific en-
zyme was not affected by sampling time.

The decision tree classification of the soil samples
could be used as a gradient of the state of soil quality in
the studied management systems. Soil samples from the
four different systems, no matter the sampling time,
constitute four separate groups; the tree hedgerow sys-
tem was classified at the right edge, the grazed fields at
the left edge, and the woody R. canescens shrubs in the
middle. The management system effect was much more

Fig. 2 Classification tree of soil samples collected from different
management systems (P Populus sp., R R. canescens, LG light
grazing, HG heavy grazing) on two sampling occasions (1 Janu-
ary, 2 May). The variables used for the classification of the soil

samples were the soil biochemical parameters. The number of
samples in each terminal node is indicated. Bold letters indicate
the fraction of samples that were classified correctly (for all cases
n = 4)

Fig. 3 The contribution of different biochemical variables to the
configuration of samples on the classification tree that was derived
from the our study dataset
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pronounced than that of the period of sampling as the
classification was based according to the management
system and secondly according to the time period. Soil
samples collected from the grazed fields were classified
closely and were separated from the hedgerow one,
indicating the similarity in their soil biochemical char-
acteristics. However, the intensity of grazing affected
significantly mostly the organic C content which is
responsible for the discrimination between samples
from the heavily and the lightly grazed fields. Grazing
influenced the potential of organic matter decomposi-
tion triggering fast carbon cycling and resulting in low
soil organic matter content. The higher the intensity of
grazing, the faster the depletion of stored nutrients.
Therefore, a return to a slow-cycling (C-storing) eco-
system is required to build new organic reserves
(Bardgett et al. 2001), and an equilibrium between the
input of plant litter and the losses to decomposition and
nutrient mineralization processes has to be established
(Nyssen et al. 2008). Moreover, the grazing factor af-
fected the composition of the soil microbial community,
as MBC/MBN ratio was likely the most important var-
iable that discriminated the grazed fields from the
hedgerows. Complete cessation of grazing will gradual-
ly result to a more fungal than a bacterial based energy
channel in the decomposer food web (Moore and Hunt
1988; Bardgett et al. 1998). Plenty of studies have
shown that microbial community of soil becomes in-
creasingly dominant of fungi as succession proceeds
(Bardgett et al. 1999; Ohtonen et al. 1999).

In terms of management, cessation of grazing alone
could possibly improve the nutrient cycles without the
need for active restoration. Nevertheless, untended for a
long period, degraded landmay recover to an extent, but
it rarely recovers to its original condition. More often,
degradation will get worse before it gets better and
restoration action is required to reverse the trend. Our
results, along with the fact that the importance analysis
showed MBC/MBN ratio, MBN, and organic C vari-
ables as the most important ones for the classification of
the samples, indicate that grazing, in terms of soil func-
tionality, induced changes that are mainly expressed in
soil parameters related to the C and N cycles. Manage-
ment plans should aim at the improvement of variables
related to these two cycles in order to favor passive
reforestation from herbaceous to woody vegetation
(Laskurain et al. 2013). Management plans regarding
the P cycle could be applied at later stages, when woody
vegetation will be well-established.
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