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Introduction

Over the last few decades, the abandon-
ment of agricultural practices in many mar-
ginal areas of different European countries
had significant effects on land cover (Zech-
meister et al. 2003). Many of these chan-
ges affected the grasslands of the less pro-
ductive areas, where pastoral activity has
almost disappeared (Peeters 2008, Targetti
et al. 2010) and a gradual colonization by
invasive plants and shrubs occurred (Alday

The abandonment of pastures often leads to a remarkable deterioration of
grasslands, caused by the spread of intrusive, herbaceous and woody species
which reduces the general quality of pastures. Different treatments aimed at
improving the grassland and enhancing the forage quality of herbaceous re-
sources have been developed to face this problem. We report the results of a
five-year experiment conducted in a protected area of central Italy (the
“Laghi di Suviana e Brasimone” regional park) on an abandoned pasture inside
a beech forest encroached by intrusive species (mainly bracken). We analyzed
the effect on sward’s specific composition and grazing value of two agronomic
factors: (i) the establishment method (ploughing followed by sowing of a for-
age mixture versus no intervention), and (ii) the number of cuts performed on
vegetation during the growing season (0, 1 or 2 cuts). Plots were arranged
according to a split-split-plot experimental design with three replications, with
the sampling dates as the main factor, the establishment technique as the sub-
plot factor, and the number of cuts as the sub-subplot factor. In each plot,
data were recorded once a month from June to September every year from
2006 to 2010, in order to assess the botanical composition and the quality of
the sward. The main pastoral and botanical parameters of pastures were signi-
ficantly affected by both cutting and sowing. Establishment by sowing signifi-
cantly reduced the presence of bracken, even with no cuts, with strong ef-
fects on the qualitative value of the pasture. A single cut resulted in an effi-
cient recovery of the pasture as compared to cutting twice, especially in sown
plots. Our results confirmed that the regular and continued maintenance of
the recovered areas is crucial to ensure the long-term preservation of the re-
sults achieved by the improvements.
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et al. 2012). This evolution affects not only
the floristic composition of pastures (Rook
& Tallowin 2003, Cervasio et al. 2009), but
also other important aspects such as biodi-
versity, ecological service provision and the
forage quality of wooded grasslands (Mack
et al. 2000, Argenti et al. 2012, Bagella et al.
2013, McAllister et al. 2014, Rossetti et al.
2015). In addition, the replacement of open
areas by woody species has a remarkable
impact on the homogeneity of territory, in
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terms of fragmentation of such habitats
(Laiolo et al. 2004, Lengyel et al. 2008). For
these reasons, conservation actions are
often planned and implemented in order to
restore the grassland ecosystems (Cox et
al. 2007, Stewart et al. 2008), particularly in
susceptible environments such as upland
regions or protected areas (Genghini & Ca-
pizzi 2005).

The most common consequence of pas-
ture abandonment is their colonization by
bracken (Pteridium aquilinum (L.) Kuhn),
one of the most invasive plants, which
develops on acidic soil in many regions of
the world (Marrs & Watt 2006, Smart et al.
2007, Cox et al. 2008). Bracken encroach-
ment compromises the forage quality of
pastures (Le Duc et al. 2000a) and pro-
duces a dense litter hampering the establi-
shment of other species (Frankland 1976,
Birch et al. 2000), thus lowering species
diversity in these areas (Pakeman & Marrs
1992). For the above reasons, the recovery
of the original plant community is a major
issue in these environments. Nevertheless,
areas encroached by bracken are difficult
to restore and improve, since bracken pro-
duces a dense frond cover (Marrs et al.
2000) and has rhizomes with large carbo-
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Fig. 1 - Arrangement and size of plots used in the experiment. Black numbers in each
plot (box) indicate the number of cuts applied (0, 1, or 2 cuts year™). Grey boxes repre-
sent the plots where sowing was applied, while white boxes are plots with no sowing.

hydrate reserves, favoring its resprouting
(Le Duc et al. 2003).

The operations carried out for bracken
removal involve both chemical (Lowday &
Marrs 1992, Stewart et al. 2007) and/or
mechanical interventions (Godefroid et al.
2007, Ponzetta et al. 2010). Mechanical
intervention is more suitable in fragile envi-
ronments, such as protected areas (Argen-
ti et al. 2012), as it reduces the strength of
rhizomes and their carbohydrate content.
This practice, combined with frond cutting
in the periods of higher consumption of
reserves, allows a consistent reduction of
bracken diffusion (Pienkowski et al. 1998,
Marrs et al. 2000). The phenological stage
at the time of cutting and the number of
cuts are key factors for the efficient remo-
val of bracken, since they can hinder the
recovery of reserves in the rhizomes (Can-
tiani & Talamucci 1985, Marrs et al. 1992).
After the mechanical elimination of unde-
sirable species, a forage species mixture is
sometimes sown to rapidly enrich species
composition and improve the forage qua-
lity of the restored areas (Di Tomaso et al.
2010). To reduce sowing failure and attain
revegetation goals, the choice of a mixture
of species well-adapted to site conditions is
critical (Stevens 2004).

The main objective of this investigation
was to provide useful and practical infor-
mation on the techniques for establishing
and maintaining grassland restoration in
protected areas. To this purpose, an experi-
mental trial was carried out in an abando-
ned pasture within a beech forest, which
was highly encroached by Pteridium aquil-
inum. The experiment area was monitored
for several years following the recovery to
properly assess the canopy’s response to
the studied treatments. Agronomic factors
involved in the experiment were the soil
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tillage and seeding of a forage mixture,
combined with the number of cuts of the
bracken fronds along the growing season.
The main focus was on the effectiveness of
different grassland restoration methods, in
order to provide options for the mainte-
nance of these habitats, and to analyze the
evolution of the restored grasslands since
pasture recovery (which is fairly uncom-
mon in the literature), with particular at-
tention to botanical and qualitative as-
pects.

Materials and methods

The experimental site “Poggio alle Vec-
chiette” is a grassland area inside a beech
forest that has been highly encroached by
bracken (Cervasio 2009). It is located in the
“Laghi di Suviana e Brasimone” regional
park (northern Apennines, Emilia Roma-
gna, Italy). The site (44° 07’ N, 11° 05’ E, 1140
m a.s.l.) is mainly flat, faces south-west on
sandstone soil, and is dominated by Pteri-
dium aquilinum since grassland abandon-
ment (Cervasio 2009). Previous studies car-
ried out in the same area focused on the
efficiency of different restoration techni-
ques based on the qualitative and pastoral
characteristics of herbaceous resources en-
croached by bracken (Cervasio et al. 2007,
2009, Ponzetta et al. 2010, Argenti et al.
2012). The recovery of encroached grass-
lands was mainly undertaken to improve
habitat for wild animals, as the area repre-
sents one of the most important sites for
red deer in the northern Apennines (Argen-
ti et al. 2012).

In the experimental area (about 0.2 ha
wide), 18 plots (3x5 m wide) were delimi-
ted and subjected to different agronomic
treatments (Fig. 1):

* Sowing method. Half of the plots were
ploughed (30 cm depth) and then seeded

with a suitable forage mixture, composed
as follows: Phleum pratense (cv. CLIMAX,
10% by seed weight); Festuca rubra (ECHO,
25%); Dactylis glomerata (AMBA, 25%);
Lolium perenne (BELIDA, 20%); Trifolium
repens (HUIA, 10%); Trifolium hybridum
(AURORA, 5%); and Lotus corniculatus
(LEO, 5%). Sowing was performed on April
23" 2006 with a total seed rate of 80 kg
ha'. The other half of the plots was not
subjected to any ploughing or seeding,
i.e., it represented the natural condition
in the area;
Number of cuts. Plots were subjected to
a different number of cuts of vegetation
(0, 1 or 2 cuts) along the growing season.
The first cut was done when bracken
fronds were completely opened (about
the beginning of July), while the eventual
second cut was performed on new
shoots, before the reconstitution of re-
serves in the rhizomes (about the begin-
ning of September).
Data collection was performed every
month during the growing season (June,
July, August and September) over the
period 2006-2010. The plots were arranged
as a split-split-plot, with a complete ran-
domized block design and three replicates
(Gomez & Gomez 1984). The sampling date
was the main factor, sowing was the sub-
plot factor, and the number of cuts repre-
sented the sub-subplot factor (Fig. 1). To
avoid grazing on experimental plots, the
site was completely fenced with a mesh
net 2.5 m high.

In each plot the following parameters
were recorded at each sampling date:
* the botanical composition, along a diago-
nal transect of each plot, according to the
method of Daget & Poissonet (1969), in
order to quantify the absolute frequency
of each species. This was used to estima-
te the specific contribution (SC), i.e., the
relative occurrence of a given species in
the sward, including the bare soil (Argenti
& Lombardi 2012). The floristic richness of
the canopy was estimated as the number
(N) of species detected along the tran-
sects;
the grazing value (GV), a synthetic para-
meter to estimate pasture quality based
on the botanical and qualitative charac-
teristics of the herbaceous species. It was
calculated for each transect according to
Daget & Poissonet (1972) as follows (eqn.

1):

GV=02-Y.(SC,SI,)

where SI is a specific index ranging from o
to 5, which summarizes the forage value of
a species and takes into account its quality,
palatability and productivity (Roggero et
al. 2002, Cavallero et al. 2007). The analysis
of the botanical composition of pastures
was performed by aggregating single spe-
cies values into functional groups, repre-
sented by species belonging to grasses and
legumes (families with highest forage
importance) and species belonging to
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. o . >
?ther bqtamcal families, as is usually per- Tab. 1 - Outline of the ANOVA for the experiment with sources of variation and their e
ormed in pastoral research (Cavallero et d £ froed df b ) - d to test the signifi P n
al. 2002). The bracken contribution was egrees of free om ( '). (a, ) c)..approprla e errors used to test the significance o v
taken into account, separately. different factors or their combination. 8
ANOVA was performed to test the effects — -
of the sampling date, the agronomic treat- Source F’f variation df =
ments (sowing and number of cuts) and Replication 2 :
their interactions, as summarized in Tab. 1. sampling date 19 (]
. . . Error (a) 38 v
The sampling date was introduced in the Sowing 1 5
model to take into account possible sea- ; ; a=
sonal weather variations occurred across Zar\rrg;r)l(lg;g date x sowing ‘118 a
the five-year survey. All factors were con- Number of cuts 2 8
sidered as fixed. Comparison of the means Sampling date x number of cuts 38 1)
was carried out by the post-hoc Tukey’s Sowing x number of cuts 2 i
test. All the analyses were performed using Sampling date x sowing x number of cuts 38 m
the GLM procedure of the SAS® statistical Error (c) 160 _.L
software (SAS 2003). Total 359 n
S
Results Tab. 2 - Results of ANOVA for sampling date, sowing and number of cuts, and their !-Ig
Measurements taken during five years of  interactions. (SC): specific contribution; (N): number; (ns): not significant; (*): P<0.05;
observation (2006-2010) provided informa-  (**): P<0.01.
tion on the effect of treatments designed
to control bracken infestation, i.e., both sc N
the botanical composition of the sward w 9 = w 2 Grazing
and its productivity as fodder. The sam-  Source of variation 4 E B < 2 E 8 Lale
pling date effect was significant for all o gn e © o gn o
parameters. Both agronomic treatments _ © o @ © a
(sowing and number of cuts) significantly ~ Sampling date S - -
affected the analyzed variables. Moreover, ,S\IOW'Eg f cut e e o e e "
in many cases the interactions between S;nTpl?r:godactuesx sowing KRk ok ok W ax % -
factors were significant (Tab. 2). With the Sampling date x number of cuts g m w ns * ns .
exception of the SC of legumes, all the ve- Sowing x number of cuts L ns ns ** o
getation components (in terms of presen-  sampling date x sowing x number of cuts ** ns **  ** ns * ns *

ce) and grazing values were strongly affec-
ted by the tested factors or by their inter-
actions. On the contrary, factors involved
in the experiment had a less clear effect on
the floristic richness.

plots. In the subsequent years, SC of the
control plots (no sowing, no cuts) decrea-
sed over time, whereas the occurrence of

cond year (Fig. 4a), when a remarkable dif-
ference between the effect of cuts (1 or 2)
and no cuts was detected in the non-sown

The effect of agronomic factors (sowing
and/or cutting) on the specific contribution

. ; o 60 Fig. 2 - Effect of
of bracken in the sward is reported in Fig. 5 ON.of cuts 0 ON.of cuts1 ®N. of cuts 2 8. - 0
; the interaction
2. Regardless of sowing, bracken abundan- 50 .
. . c between sowing
ce dramatically decreases after just one o
. L . S and the number
vegetation cut. Indeed, no significant dif- S 40
S of cuts on the
ferences were observed between the ef- a S
5 b average specific
fects of 1 or 2 cuts along the season, as 1 30 b o
- . . S contribution of
cut was sufficient to improve the botanical =
> 32 bracken. Bars
composition of the grassland. Moreover, £ 20 -

h . £ labeled with the
sowing generally resulted in a remarkable S same letter are
reduction of bracken abundance as com- £10 1 d -

= d not significantly
pared to the control, regardless of the cut- g e different after
ting regime. 210 Tukey’s test

Fig. 3 shows the effects of the same fac- NO s TES v
. owing (P>0.05).
tors on the grazing value (GV) of the
experimental plots. Even in this case, cut-
ting significantly increased the grazing va- 80 Fig. 3 - Effect of
lue of both sown and non-sown plots. The Oiaeen Wi metsd  MEanes 2 o the interaction
effect of the cutting treatment was greater = between sowing
in the non-sown plots, with marked diffe- 60 and the number
rences between 2 cuts, 1 cut and no cut- of cuts on the
ting, as 2 cuts were necessary to achieve a average grazing
general improvement in the grassland > 44 value (GV). Bars
composition. On the other hand, in the o . labeled with the
plots subjected to sowing one cut was d same letter are
enough to obtain and maintain a high level 50 not significantly
of pasture quality, with no differences with e different after
plots that were cut twice. Tukey’s test
Regarding the evolution of the specific (P>0.05).

contribution (SC) of grasses over time, the 0
combined effects of sowing and cutting NO Sow YES
regimes were observed as early as the se- Al
iForest 9: 490-496 492
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Fig. 4 - Effect of the inter-
action between sowing
and the number of cuts
on the specific contribu-
tions (SC) of (a) grasses
and (b) forbs over the
whole sampling period
(2006-2010). Lines repre-
sent the evolution
through time of the SC
parameter in the diffe-
rent treatments. Error
bars represent the stan-
dard error.
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at least 1 cut allowed non-sown plots to
reach values similar to those observed in
the sown plots. At the end of the experi-
ment, the effect of 2 cuts on non-sown
plots was remarkable, so that the SC of
grasses was higher than that of sown plots

100
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25

0

Jun

with no cuts. As expected, the effect of the
same treatments on the SC of forbs (Fig.
4b) was the opposite. Over time, a pro-
gressive increase in the presence of forbs
(mainly represented by bracken) was re-
corded in the plots not subjected to cuts

(especially those not subjected to sowing),
with percentage reaching nearly 90% at the
last sampling date. At the end of the expe-
riment, the percentage of forbs in sown
plots not subjected to any cuts was compa-
rable to that of non-sown plots that had

Fig. 5 - Effect of the inter-
action between sowing
and the number of cuts
on the grazing value (GV)
of plots over the whole
sampling period (2006-
2010). Lines represent
the evolution through
time of the GV parameter
in the different treat-
ments. Error bars repre-
sent the standard error.
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been cut once. Overall, the best perfor-
mances were obtained by sown plots (cut
once or twice a year) and non-sown plots
that had been subjected to two cuts.

Sowing and/or cutting effects on the gra-
zing value (GV) of the investigated plots
were less remarkable at the beginning of
the experiment than at the end (Fig. 5). It
is worth to notice that this parameter is
highly affected by sowing that introduced
species of remarkable forage interest,
thereby sown plots showed very high va-
lues, regardless of the cutting regime. In-
deed, non-sown plots not subjected to any
cuts had very low GV (nearly 5) both in the
second year and at the end of the experi-
ment. In contrast, non-sown plots under-
gone to 1 or 2 cuts showed acceptable
grazing values. The effects of sowing on
uncut plots was maintained for a long pe-
riod. Only at the end of the experiment the
performance of non-sown plots that had
been cut twice was comparable to sown
plots that had not been subjected to any
cuts. With regards to grazing value, sown
plots, cut once or twice, achieved better
results over the entire duration of the
experiment.

Discussion

The trial was carried out to systematically
analyze the effect of different agronomic
interventions on the improvement of
sward composition in open areas within a
beech forest and encroached by Pteridium
aquilinum. The survey carried out over a
long period (5 years) allowed a proper
assessment of the effects of the different
treatments (sowing and/or cutting) on the
main grassland characteristics (Tocco et al.
2013).

The positive effect of sowing was evi-
dent; particularly, an increase in the pre-
sence of the main forage families (grasses
and legumes) was observed both in terms
of specific contribution and species num-
ber, thus raising the grazing value of the
sown plots. This result, of course, could be
partially due to the presence of forage
species in the original sowing mixture. Mo-
reover, ploughing before sowing caused a
large reduction in forbs (particularly bra-
cken) by removing their rhizomes and thus
limiting possible resprouting. Therefore,
grassland improvement seem to be related
to both a positive effect on canopy renova-
tion and a detrimental effect on bracken.
The reduction of forbs, that generally have
no forage interest, has proven to be an
important factor in improving the botanical
composition of pastures and the quality of
swards (Pakeman et al. 2002).

Sowing after ploughing led to the reap-
pearance of other species in the sward,
which were previously inhibited by the
presence of the bracken. Similar results
were found in a previous study carried out
in nearby locations (Cervasio et al. 2007).
According to Ward & Jennings (1990),
bracken removal is critical to improve the
re-colonization of open areas by sponta-
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neous species and enhance the ecological
parameters of the canopy. Similar results
are also reported by Prach et al. (2014),
with particular regards to some target
botanical species.

Cutting management influenced the pres-
ence of botanical families in different ways,
as grasses were only influenced by the cut
occurrence, regardless of the number,
while legumes were significantly increased
by 2 cuts a year. This was a direct conse-
quence of the growth habit and heliophi-
lous behavior of legumes (Den Ouden
2000), which can be repressed because of
the competition for light by tall species,
such as grasses or bracken (Dolezal et al.
2011). Legumes were positively affected by
the restoration treatment, as already
found by previous research in the same
area (Argenti et al. 2012). Our data were
highly consistent with the results of a
study carried out in central Italy (Tuscany),
by Messeri et al. (2010), who report the
presence of an average number of legume
species that is three times higher in im-
proved areas as compared to natural ones.
Furthermore, the long-run effect of the
cutting regime applied on the specific con-
tribution of forbs followed the same trends
reported by Cox et al. (2007), who demon-
strated that cutting treatments had a weak
effects at the beginning, but that their
impact increased during the following
period, especially by cutting twice a year.
In general, to enhance the botanical com-
position of the sward, we observed that it
should be mowed twice. Indeed, by apply-
ing only a single cut, the presence of forbs
demonstrated a decreasing trend. Conse-
quently, cutting once a year could be a use-
ful practice to optimize the exploitation of
open areas by wild ungulates, which also
feed on spontaneous species not necessa-
rily utilized by livestock (Cervasio et al.
2009). The effects of the cutting regime
were greater in non-sown plots, as sowing
produced remarkable changes in the vege-
tation composition; therefore, the impor-
tance of the cutting treatment on natural
grassland in our case is greater that on
sown ones, and this increases in importan-
ce over time. Hence, our findings are con-
sistent with Wilsey & Martin (2015), who
stated that a reduced utilization can mimic
the grazing behavior of wild animals, thus
maintaining a certain level of diversity in
grassland-dominated habitats.

Nevertheless, we observed a significant
increase in the grazing value of pastures
with only 1 annual cut. This was likely due
to the reduction of competition exerted by
either bracken or other invasive species.
Even a single cut may restrain the negative
action of shade by bracken fronds on helio-
philous species (such as legumes), which
are often characterized by highly specific
indexes and contribute to increase the pas-
toral importance of the sward. This con-
firms the results obtained in similar habi-
tats by Messeri et al. (2010), who detected
a higher grazing value in restored grass-

lands subjected to 1 cut per year as com-
pared with natural areas, which were main-
ly encroached by bracken. The close and
inverse relationship between the presence
of bracken and GV was already found in
the same area by Argenti et al. (2012).
Therefore, an efficient and cost-effective
improvement of grasslands in this area can
be achieved by applying a single mechani-
cal intervention. In fact, maintenance ac-
tions are considered as one of the main
factors contributing to the prolongation of
the effects of original habitat restoration
(Cervasio 2009). Cox et al. (2008) high-
lighted the importance of cutting twice a
year to maintain the prolonged effective-
ness of the treatment. Therefore, the
adoption of regular programmes of main-
tenance are strongly encouraged for an
efficient and long-lasting recovery of areas
encroached by bracken (Pakeman et al.
2002), once the control operations are
accomplished (Le Duc et al. 2000b).

Conclusions

According to previous findings, this five-
year experiment confirms the efficacy of
cuttings and/or sowing in the restoration
of grasslands invaded by bracken. We
demonstrated that the above agronomic
factors highly affect both grazing value
and vegetation dynamics of the studied
pastures.

Soil tillage followed by sowing of a suita-
ble forage mixture led to an effective
improvement in the grassland and a better
control of bracken. The mixture sown did
enhance the quality of the grassland by
increasing GV, which was almost threefold
higher than that of non-sown plots. This
also had a positive effect on floristic rich-
ness and biodiversity of the sward.

The number of cuts applied was crucial
for the long-term maintenance of the
grassland botanical composition and the
quality of the pasture. Remarkable reduc-
tion in bracken abundance and significant
improvement in grazing value were obser-
ved with just one yearly cut. This means
that one cut could be an effective and eco-
nomic practice for grassland improvement
even when the use of tillage for seedbed
preparation is impractical or unfeasible,
e.g., wherever the surface of areas free of
wood is reduced. After some years of cut-
tings, we observed that the overall vegeta-
tion composition and the general grazing
value were similar to the sown areas not
subjected to any cuts. Moreover, cutting is
the only method to improve pastures in
protected areas, where chemical products
cannot be used, as well as in areas where it
is not possible to use domestic animals.

Our results confirmed that a regular and
continued maintenance of the recovered
areas is needed to preserve the results
achieved by the improvements. In fact, a
progressive increase over time in the diffe-
rence between plots subjected to 1-2 cuts
and those uncut was observed, particularly
in non-recovered grasslands. This was
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mainly due to the presence of bracken,
which had the following consequences: (i)
depression of legumes and other species
with high palatability; (ii) reduction of colo-
nization by autochthonous species; (jii)
worsening of the quality of pastures, often
making open areas inside the forests com-
pletely unfit for wildlife.
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