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ABSTRACT: This research dealt to two 
grasslands potentially developing the same vege-
tation type because sited in the same environmen-
tal contest (bioclimate, substratum, soil, slope, 
altitude) but under diverse management regimes 
(grazing and mowing) for many decades. The evi-
denced differentiation between the two pastoral 
vegetations can be attributed to disturbance type 
and the statistical functional analysis performed 
through seven plant traits (prostrate form, early 
flowering, storage organs, clonal ability, basal 
meristems, chemical defences and hairs), revealed 
the distinguishing patterns. 

Discriminant analysis pointed out typical bio-
logical attributes for each disturbance conditions, 
while from correlation analysis emerged different 
possible traits combinations which do not follow 
the previous traits separation. Such outcomes are 
explainable because both grazing and mowing 
provoke aboveground phytomass removal, al-
though grazing is a selective pressure, while mow-
ing gives to all the species the same development 
chances. It is reasonable to conclude that conver-
gent strategies within the two systems are possible 
and frequent.

KEY WORDS: disturbance type, graz-
ing, floristic differentiation, functional traits, 
mowing

1. INTRODUCTION

In the whole Europe, semi-natural cal-
careous grasslands are in strong decline in 
extension and  are threatened by abandon-
ment (Riecken et al. 2002). These managed 
pastures, being very rich-species ecosystems 
and representing priority habitat for Euro-
pean Union (92/43/EEC Directive) are note-
worthy of conservation (Pär tel  et al. 1999, 
Norderhaug et al. 2000, Myklestad and 
Sætersdal  2004, Kl imek et al. 2006, S e-
bast ià  et al. 2008). The importance of regu-
lar grazing (Mi lchunas  and L auenroth 
1993, Biondini  et al. 1998, C ol l ins  et al. 
1998, Adler  et al. 2001, Bul lock et al. 2001, 
Frank 2005, Altesor  et al. 2006, de  B el lo 
et al. 2006, 2007) and mowing (Hansson 
and Fogel fors  2000, Moog et al. 2002, 
Kohler  et al. 2005) and the consequences of 
variations in land-use and grassland manage-
ment (Wilson et al. 2003, de  B el lo  et al. 
2006, Kal igar ić  et al. 2006) for species com-
position maintenance is well demonstrated.

The role of disturbance in the dynamics 
of ecological systems is currently assumed to 
be one of the basic ideas in modern ecology 
(Pickett  and White  1985, L avorel  et al. 
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1999a, b, Gr ime 2001, 2006) and the un-
derstanding  of disturbance effects has high 
priority (Walker  et al. 1999). L avorel  et 
al. (1997) proposed to use plant functional 
classifications as a tool to achieve this aim. 
There is considerable and growing interest in 
the response of functional groups of p  lants 
(Simms 1992, Sternberg et al. 2000) to 
grazing as well as the link with plant traits 
(Watkinson and Ormerod 2001). Plant 
functional traits are defined as biological 
characteristics of plant species responding 
to the dominant processes in an ecosystem 
(Keddy 1992, Kel ly  1996, Gitay  and No-
ble  1997, L avorel  et al. 1997, Kahmen and 
Poschlod 2008). The advantage of dealing 
with traits instead of species is that different 
vegetation types or even floras may be com-
pared and general trends may be exposed 
(Díaz  et al. 2001). Therefore, functional 
trait responses give information about the 
mechanisms of processes like management 
treatments (Thompson et al. 1996, Gi l l i -
son and Carpenter  1997, Díaz  et al. 1999, 
Bul lock  et al. 2001), allowing the assessment 
of functional differences and shifts acting in 
complex ecosystems. The comprehension of 
these mechanisms enables to predict vegeta-
tion changes induced by different manage-
ment types (Bakker  et al. 1996, Noble  and 
Gitay  1996, Rober ts  1996, Campbel l  et 
al. 1999, Kleyer  1999, Pausas  1999). Sev-
eral previous studies had already addressed 
functional responses to management, most 
of them to grazing pressure (Br iemle  and 
S chreiber  1994, L avorel  et al. 1999b, 
Bul lock  et al. 2001, Dupré  and Diek-
mann 2001), but also to mowing practice 
(Kramberger  and Kal igar ic  2008). There 
are some general findings in trait responses 
to grazing from temperate (Díaz  et al. 1992, 
McIntyre  et al. 1995, Bul lock et al. 2001, 
Dupré  and Diekmann 2001), Mediter-
ranean (Noy-Meir  et al. 1989, Perevo-
lotsky and S el igman 1998, Hadar  et al. 
1999, L avorel  et al. 1999a, b, Sternberg et 
al. 2000) and arid grasslands (L andsberg 
et al. 1999), suggesting that differential de-
foliation and soil disturbances are the main 
processes conditioning trait responses, but 
few studies refer to the transitional landscape 
between the Mediterranean and the boreo-
alpine biographical regions (de  B el lo  et al. 

2006, 2007). Small number of works concern 
functional responses of grassland vegetation 
to mowing (Lepš  1999), proving how mo-
wing favours tall species, promoting species 
coexistence.

As a general ecological processes in-
herent plant community dynamics, in both 
the disturbance and management type the 
interspecific competition strongly affects 
plant growth and phenology (Lemaire  and 
Chapman 1996).

The aim of this work was to understand 
if and how different disturbance types affect 
floristic compositions and plant functional 
traits set, thus the ecological functions, in 
central Apennine grasslands. The research 
goals were: i/ to identify the discriminant 
species leading the ecosystem processes in 
the two communities; ii/ to verify if there 
are some differential functional traits be-
tween the plant communities, and iii/ how 
plants can be organized into functional 
groups based on the relative expression of 
grazing/mowing resistance mechanisms. 
A further objective was to understand how 
these attributes are correlated each other, 
recognizing functional pattern through their 
correlations and providing a functional in-
tegrated vision.

2. MATERIAL AND METHODS

2.1. Study area

The study site is located along the moun-
tain ridge of Umbria-Marches Apennine 
(central Italy), at about 1500 m a.s.l., inside 
Sibillini Mountains National Park (mown 
system is sited at 43°01’16’’N, 13°13’36’’E and 
grazed grassland is located at 42°59’05’’N, 
13°08’40’’E). The two grasslands analyzed 
develop in two different sites, having same 
altitude, slope (5–10°), aspect (Northern), 
limestone substratum and encompassed in 
the lower supratemperate bioclimatic belt 
(Biondi  and Baldoni  1995, Catorci  et 
al. 2009) within temperate region (Rivas-
Mart inez  2004). In such conditions the 
length of growing season is 150–180 days per 
year. 

Traditional pastoral activities start on 
June and last until the end of October. The 
pastures surveyed undergo different manage-
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ment and from about thirty years one grass-
land is grazed by sheep while the other is 
mown once a year in July, representing a late 
hay cutting. 

2.2. Data collection

Soil characteristics were measured in 
both disturbance type, collecting soil samples 
in the field and then analyzing them. The 
considered soil parameters are: texture, sand, 
silt, clay, pH, total and active calcium carbon-
ate, organic matter, total nitrogen (N), avail-
able phosphorus (P), exchangeable potassium 
(K), cation exchange capacity (CEC) and car-
bon/nitrogen rate (C/N) made by Marche 
Region agrochemical analysis and research 
laboratories (following the methodological 
standard predicted by Italian Ministerial De-
cree 13/09/99) and depth (measured directly 
in the field through graduate pole). Thermo-
pluviometric data were collected since 30 
years and are caught in a station located close 
the study area at the same altitude (Biondi 
et al. 1995). Grassland vegetation survey was 
carried out using 1m2 point quadrat tran-
sect method (Bul lock  et al. 2001) and for 
each plant community 30 relevés have been 
made in June 2009, maintaining a constant 
distance of 10 m between each relevé, as-
sessing the cover percentage for each spe-
cies. Furthermore, phytosociological relevés 
(Braun-Blanquet  1964) have been carried 
out for each grassland, used then for the cal-
culation of pastoral values. Floristic nomen-
clature follows Pignatt i  (1982) and C ont i 
et al. (2005). Life form, mean and maximum 
height, families and four bioindication values 
(light request – L; nutrients need – N; humid-
ity demand – U; pH request – R) (E l lenberg 
1974, Pignatt i  2005) have been assigned to 
all the species collected. Moreover, for the 
plant species seven functional traits have 
been attributed (occurrence of the character 
in the species): prostrate form, early flower-
ing, storage organs, clonal ability, basal meri-
stems, chemical defences and hairs. The con-
sulted bibliography is referred to Pignatt i 
(1982), Gr ime et al. (1988), Klotz  et al. 
(2002), Ba l le l l i  and B el lomaria  (2005), 
Kl imešová and Kl imeš  (2006).

2.3. Data elaboration and statistical analysis

Soil parameters have been compared 
through t-test of means, in order to under-
stand if there were statistical differences of 
pedological conditions.

To evaluate if the floristic composition of 
grasslands developing in grazed and mown 
conditions are statistically differentiated 
principal coordinates analysis (PCoA, binary 
Euclidean distance) is performed using the 
whole data set of species cover obtained from 
point quadrat survey, through Syntax 2000 
software (Podani  2001). Then, Sørensen in-
dex of community similarity (CC) (Magur-
ran 1988) have been assessed to quantify the 
plant community similarity between the two 
communities evidenced by the ordination 
procedure. To evaluate the pasture quality, 
pastoral value of both the grasslands has been 
assessed starting from the phytosociologi-
cal relevés. The pastoral value (PV) was cal-
culated after determining the specific qual-
ity index (IS) (Tomasel l i  1956, Daget  and 
Poissonet  1972) for each species. The spe-
cific index ranges from 0 (species that have 
null forage interest) to 5 (excellent forage) 
and is carried out by Bagel la  (2001), Rog-
gero et al. (2002) and Gatt i  et al. (2007b).

T-test for mean and standard error have 
been calculated for bioindication values and 
for mean and maximum plants height. Life 
form and species families percentage have 
been carried out for each disturbance condi-
tion in order to underline possible variations. 

One-way ANOVA is carried out for the 
identification of species which statistically 
explain the grassland-systems diversification, 
using weighted presence/absence data (inte-
grated with cover percentage values).

To the species overcoming the significant 
level of ANOVA (P ≤0.01) the selected plant 
traits have been attributed (weighted with spe-
cies cover percentage) and then processed with 
discriminant function multivariate analysis 
(DFA), in order to identify which functional 
shifts occur, and which traits and species are 
discriminant (Wilks’ Lambda P ≤0.000) within 
the two communities. Finally, Pearson correla-
tion coefficient has been performed for all the 
considered traits. One-way ANOVA, DFA and 
correlation analysis are performed using SPSS 
13.0 software package (2005).
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Table 1. The analyzed soil parameters for each disturbance condition (1 – corresponds to grazing distur-
bance; 2 – refers to mowing management). In bold significant differences between the two disturbances 
are indicated (P ≤0.05). 

Parameter Disturbance condition Mean ± SE

Sand (g kg–1)
1 608.6 ± 28.47

2 633.4 ± 12.45

Silt (g kg–1)
1 230.4 ± 16.6

2 228.8 ± 16.19

Clay (g kg–1)
1 161 ± 13.7

2 137.8 ± 6.66

pH
1 5.558 ± 0.09

2 5.51 ± 0.08

Total CaCO
3 
(g kg–1)

1 1.6 ± 0.75

2 1.6 ± 0.75

Active CaCO
3 
(g kg–1)

1 0.8 ± 0.37

2 0.8 ± 0.37

Organic matter (g kg–1)
1 119.14 ± 5.87

2 139.54 ± 10.43

Total N (g kg–1)
1 8.46 ± 0.07

2 8.78 ± 0.21

Assimilable P (mg kg–1)
1 2.2 ± 0.49

2 1.6 ± 0.60

Exchangeable K (mg kg–1)
1 150.8 ± 25.66

2 51.8 ± 12.01

CEC (meq 100g–1)
1 74.14 ± 1.01

2 74.1 ± 1.04

C/N
1 8.16 ± 0.34

2 9.22 ± 0.55

Depth (cm)
1 30.00 ± 1.00

2 27.6 ± 1.25

Fig. 1. PCoA outcome 
showing a clear separa-
tion between the two 
grasslands: relevés 1–30 
are referred to grazed 
system, while relevés 
31–60 are related to 
mown pasture.
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3. RESULTS

T-test outcome for mean differences of 
the considered soil parameters within the two 
different management type are reported in 
Table 1. It is worth of notice that only the ex-
changeable potassium (K) is statistically rec-
ognized at the significance level of P ≤0.05. 

Principal Coordinates Analysis (Fig. 1) 
highlighted that relevés re  ferring to plant 

communities developing under different 
management are separated. The left side of 
the graph identifies the mowing condition, 
while in the right part it is recognizable the 
grazed grassland. 

The mean species number for each 1m2 
point quadrat relevé is 18 and 26 respectively 
for grazed and mown conditions (differences 
statistically confirmed P ≤0.000) and also the 
total number of species collected in all the 

Table 2. Mean bioindication (Ellenberg’s) values (light request – L; humidity demand – U; pH re-
quest – R; nutrients need – N) with standard error. T-test of means did not highlight significant shifts 
between the two disturbance conditions.

Bioindication values Grazing Mowing

L 7.87 ± 0.21 7.54 ± 0.15

U 3.44 ± 0.18 3.64 ± 0.15

R 5.32 ± 0.36 5.16 ± 0.32

N 2.77 ± 0.20 2.75 ± 0.18

Table 3. Frequency of different families in the whole data set in each disturbance condition.

Family Grazing Mowing

Asteraceae 14 13

Poaceae 14 9

Fabaceae 8 10

Rosaceae 8 4

Ranunculaceae 8 3

Rubiaceae 8 3

Scrophulariaceae 4 6

Cyperaceae 2 3

Lamiaceae 2 6

Plantaginaceae 2 6

other 29 37

Table 4. Function at group centroids (1 correspond to grazing system and 2 to mowing grassland) and 
discrimant traits by DFA (Wilks’ Lambda P <0.000). In the lower part of the table, negative values are re-
ferred to grazing system (1) and characterized by clonal ability, basal meristems and hairs traits; positive 
values are referred to mowing system (2) and distinguished by prostrate form, early flowering, storage 
organs, chemical defences traits. 

Functions at group centroids

Disturbance regime Function 1

1 –0.222

2 0.222

Standardized canonical discriminant function coefficients

Traits Function 1

Prostrate form 0.283

Early flowering 0.092

Storage organs 5.112

Clonal ability –2.341

Basal meristems –2.125

Chemical defences 0.663

Hairs –0.860
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transects confirm this trend (49 in grazed 
pasture and 68 in mown system). The result 
of Sørensen index of community similarity 
(CC) between the two plant communities is 
0.56 evidencing that the systems have a floris-
tic similarity of 56%.

The pastoral value increases from 18.52 
under mowing system to 23.65 in grazed con-
dition. 

Mean and standard error of bioindication 
values for each management type are shown 
in Table 2; the selected bioindication values 
do not show particular changes. Instead, 
plant height analysis evidences an increas-
ing pattern moving from grazed to mown 
pastures, both average and maximum species 
heights (passing from 27.8 cm to 32.8 cm the 
average height and from 38.7 cm to 46.5 cm 
the maximum height) (Fig. 2). 

Concerning the life forms (Fig. 3), scapose 
hemicryptophytes and rosulate hemicryp-
tophytes show the same frequency in both 
the disturbance conditions, while caespitose 
hemicryptophytes and scapose therophytes 
decrease in mown pasture. Bulbose geophytes 
increase in mown condition, and the other 
life forms are present only in this grassland 
(reptant hemicryptophytes, reptant, succu-
lent and sufruticose chamaephytes, biennal 

hemicryptophytes). Overall, mown pasture 
presents ten life forms, while grazed has five 
forms.

Regarding species families occurrence 
(Table 3), it is observable that Asteraceae and 
Cyperaceae have almost the same occurrence 
percentage; Poaceae, Ranunculaceae and Ro-
saceae increase under grazed condition while 
Fabaceae, Scrophulariaceae, Lamiaceae and 
Plantaginaceae decrease in pasture condi-
tions.

One-way ANOVA (P ≤0.01) shows that 
there are 40 species that differentiate the 
two grasslands. To the species h  ighlighted 
by ANOVA the seven plant traits mentioned 
above have been attributed, then processed 
with DFA (Wilks’ Lambda P <0.000). The 
traits which are discriminant within the two 
communities are reported in Table 4 together 
with function at group centroids. Along the 
linear axis, the negative part is occupied by 
the traits characterizing the grazed system 
(clonal ability, basal meriste  ms and hairs), 
while the positive sector distinguishes the 
mown grassland (prostrate form, early flow-
ering, storage organs and chemical defences). 
From such analysis it was possible to high-
light which species characterize the two dis-
turbance conditions with their presence as 
well as  their absence (Table 5). 

It is possible to note that the two systems 
differentiation is due to species with higher 

Fig. 2. Mean of average and maximum plant 
heights of the species in the two disturbance con-
ditions with standard error (statistically not sig-
nificant P> 0.05). Black bars indicate maximum 
species heights while grey colour shows average 
heights.

Fig. 3. Life forms percentage distribution in the 
whole data set for each disturbance situation. 
(H scap – scapose hemicryptophytes; H caesp – 
caespitose hemicryptophytes; H ros – rosulate 
hemicryptophytes; G bulb – bulbose geophytes; 
T scap – scapose therophytes; H rept – reptant 
hemicryptophytes; Ch rept – reptant chamae-
phytes; Ch succ – succulent chamaephytes; Ch 
suffr – sufruticose chamaephytes; H bienn – bien-
nal hemicryptophytes).
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cover in one condition and smaller presence 
or absence in the other. 

Some graminoids appear to be discrimi-
nant for strong occurrence in grazed grass-
land (Bromus erectus Huds. ssp. erectus, Fes-
tuca circummediterranea Patzke, Koeleria 
cristata Pers., Luzula campestris (L.) DC.) 

even if there are also grasses which distin-
guish for their abundant presence the mown 
condition (Brachypodium genuense (DC.) 
Roem. et Schult., Carex macrolepis DC., Poa 
alpina L. ssp. alpina). Other species increase 
in abundance  or are exclusively present with 
grazing; they are toxic (e.g. Ranunculus sp.) 

Table 5. Species evidenced by one-way ANOVA (P≤0.01) and discriminant species by DFA for pres-
ence (p) or absence (a) within the two disturbance conditions. Discriminant species for bigger (p+) or 
smaller frequency (p–). 

Species P Grazing Mowing 

Achillea millefolium L. ssp. millefolium 0.00 p a

Ajuga reptans L. 0.01 a p

Arabis hirsuta (L.) Scop. 0.00 a p

Armeria canescens (Host) Boiss. 0.00 p

Brachypodium genuense (DC.) Roem. et Schult. 0.00 a p

Bromus erectus Huds. ssp. erectus 0.00 p

Campanula glomerata L. 0.01 a

Carex macrolepis DC. 0.00 a p

Crocus vernus (L.) Hill ssp. vernus 0.00 p– p+

Cyanus triumfetti (All.) Dostál ex Á. Löve et D. Löve 0.00 a p

Dactylorhiza sambucina (L.) Soó 0.00 a p

Dianthus monspessulanus L. 0.00 a p

Festuca circummediterranea Patzke 0.00 p

Filipendula vulgaris Moench 0.00 p– p+

Knautia purpurea (Vill.) Borbas 0.00 a p

Koeleria cristata Pers. 0.00 p a

Leontodon cichoraceous (Ten.) Sanguin. 0.00 p

Leucanthemum adustum (Koch) Gremli 0.00 a p

Linum alpinum Jacq. 0.01 a p

Luzula campestris (L.) DC. 0.00 p

Myosotis alpestris F. W. Schmidt 0.00 p a

Narcissus  poëticus L. 0.00 a p

Pedicularis tuberosa L. 0.00 a p

Plantago lanceolata L. 0.00 a

Poa alpina L. ssp. alpina 0.00 p– p+

Potentilla rigoana Th. Wolf 0.00 p

Ranunculus milllefoliatus Vahl 0.00 p a

Ranunculus pollinensis (Terr.) Chiov. 0.00 p

Rhinanthus minor L. 0.00 a p

Saxifraga bulbifera L. 0.00 p a

Saxifraga granulata L. 0.00 p a

Sedum rupestre L. 0.00 a p

Senecio scopolii Hoppe et Hornsch. ssp. flocculosus (Bertol.) Greuter 0.00 p

Thesium linophyllon L. 0.00 a p

Thymus longicaulis Presl ssp. longicaulis 0.00 p

Tragopogon pratensis L. 0.00 a p

Trifolium montanum L. ssp. rupestre (Ten.) Nyman 0.00 p– p+

Trifolium ochroleucum Huds. 0.00 p

Valeriana tuberosa L. 0.00 p+ p–

Viola eugeniae Parl. ssp. eugeniae 0.01 a p
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and/or are characterized by early flowering 
(Saxifraga sp.) and rosette and semi-rosette 
and prostrate form (Leontodon cichoraceous 
(Ten.) Sanguin., Potentilla rigoana Th. Wolf, 
Thymus longicaulis Presl ssp. longicaulis). On 
the other hand, species having storage organs, 
early flowering and high palatability increase 
or appear when mowing practices are applied 
(Arabis irsuta (L.) Scop., Crocus vernus (L.) 
Hill ssp. vernus, Dactylorhiza sambucina (L.) 
Soó, Knautia purpurea (Vill.) Borbas, Narcis-
sus poeticus L., Tragopogon pratensis L., Tri-
folium montanum L. ssp. rupestre (Ten.) Ny-
man, Viola eugeniae Parl. ssp. eugeniae).

Pearson correlation analysis reveals that 
some functional traits are correlated in diffe-
rent ways within the two disturbed grasslands 
(Tables 6 and 7). 

This correlation analysis points out how 
many functional traits are correlated each 
other, even if in grazed condition about 39% 
(19/49) are not significantly correlated, while 
under mowing practice about 26% (13/49) 
are not correlated. It is interesting to consider 
the differential combinations (correlations) 
between the two management situations: un-
der grazing pressure the combination among 
prostrate form, early flowering and chemical 
defences results to be the distinguishing in-

tegrated functional traits strategy. In mowing 
condition three peculiar traits combinations 
are highlighted: prostrate form, storage or-
gans and basal meristems; early flowering, 
storage organs and basal meristems; storage 
organs, chemical defences and basal meri-
stems. It does not mean that the other signifi-
cant correlations are not relevant (e.g. clonal 
ability is correlated with all the other traits in 
both the conditions); in fact all the evidenced 
correlations are positively selected by the sys-
tems. This step allows to understand which 
combinations mostly characterize the two 
disturbance conditions.

It is possible to observe from the traits 
table elaborated and utilised for such func-
tional analysis that some species have the 
following differential traits set: in grazing 
grassland Potentilla rigoana Th. Wolf shows 
the differential combination (prostrate form, 
early flowering and chemical defences). In 
mowing condition Ajuga reptans L., Plantago 
lanceolata L. and Trifolium montanum L. ssp. 
rupestre (Ten.) Nyman have prostrate form, 
storage organs and basal meristems combina-
tion; Ajuga reptans L., Carex macrolepis DC. 
and Plantago lanceolata L. have early flow-
ering, storage organs and basal meristems 
combination; Ajuga reptans L., Brachypodium 

Table 6. Pearson coefficient of correlation between the functional traits under grazing disturbance. 
*Correlation is significant at the 0.01 level.

Traits
Prostrate 

form
Early flow-

ering
Storage 
organs

Clonal 
ability

Basal meri-
stems

Chemical 
defences

Hairs

Prostrate form 1 0.760* –0.019 0.146* –0.019 0.949* 0.165*

Early flowering 0.760* 1 –0.018 0.116* –0.03 0.806* 0.123*

Storage organs –0.019 –0.018 1 0.985* 0.990* –0.026 0.928*

Clonal ability 0.146* 0.116* 0.985* 1 0.975* 0.145* 0.946*

Basal meristems –0.019 –0.03 0.990* 0.975* 1 –0.03 0.920*

Chemical defences 0.949* 0.806* –0.026 0.145* –0.03 1 0.156*

Hairs 0.165* 0.123* 0.928* 0.946* 0.920* 0.156* 1

Table 7. Pearson coefficient of correlation between the functional traits under mowing disturbance. 
*Correlation is significant at the 0.01 level.

Traits
Prostrate 

form
Early flow-

ering
Storage 
organs

Clonal 
ability

Basal meri-
stems

Chemical 
defences

Hairs

Prostrate form 1 0.018 0.275* 0.337* 0.301* 0.033 0.382*

Early flowering 0.018 1 0.492* 0.372* 0.361* –0.012 0.123*

Storage organs 0.275* 0.492* 1 0.943* 0.938* 0.567* 0.838*

Clonal ability 0.337* 0.372* 0.943* 1 0.974* 0.615* 0.787*

Basal meristems 0.301* 0.361* 0.938* 0.974* 1 0.600* 0.766*

Chemical defences 0.033 –0.012 0.567* 0.615* 0.600* 1 0.661*

Hairs 0.382* 0.123* 0.838* 0.787* 0.766* 0.661* 1
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genuense (DC.) Roem. et Schult., Filipendula 
vulgaris Moench and Knautia purpurea (Vill.) 
Borbas have storage organs, chemical defenc-
es and basal meristems combination. 

4. DISCUSSION

The plant communities analyzed are lo-
cated in the same bioclimatic contest, bioin-
dication values and soil analysis do not show 
significant differences, except for exchange-
able potassium (K), that is relevant in grazing 
condition due to livestock urine contribution 
(Di  and Cameron 2004). From these con-
siderations it is assumable that the two grass-
lands potentially can develop the same plant 
community and the management type is the 
main environmental driver. Such scenario is 
coherent with other studies concerning the 
effects of management regime on plant com-
munities (L i ira  and Z obel  2000, Wilson et 
al. 2003, de  B el lo  et al. 2006, Kal igar ić  et 
al. 2006). This study has confirmed that the 
different  plant community and floristic com-
position, as evidenced by PCoA, correspond 
to different disturbance types (mowing and 
grazing). This pattern is supported by the Sø-
rensen index output, showing that two plant 
communities are similar only in 56%. Species 
richness significantly increases under mow-
ing condition and such result is in accordance 
with Wel ls  and C ox (1993). The different 
grassland management influences the species 
stem heights. This study demonstrated that 
its average and maximum value decreases 
under grazing pressure, accordingly with 
many other authors (Noy-Meir  et al. 1989, 
Fernández-Alès  et al. 1993, Hadar  et al. 
1999) asserting that grazing favours small 
statured species. Moreover species having 
photosynthetic tissues under the cut level but 
reproductive structures extended over cano-
py top appear to be winner species (e.g. Leu-
canthemum adustum (Koch) Gremli, Senecio 
scopolii Hoppe et Hornsch. ssp. flocculosus 
(Bertol.) Greuter), probably because they can 
be more visible to pollinators. Furthermore 
several studies have shown that mowing at 
moderate cutting intensity maintained plant 
species richness in grasslands (Hansson and 
Fogel fors  2000, Fischer  and Wipf  2002) 
and it is proved that grassland management 
plays a fundamental role for the maintenance 

of plant diversity by reducing the competi-
tive ability of dominant species (C ol l ins  et 
al. 1998, Olf f  and Ritchie  1998). Such size 
analysis supports the findings of Lemaire 
and Chapman (1996) and Kahmen and 
Poschlod (2008 ) on the plastic response of 
grasses species to frequent and severe defolia-
tion leading to a reduction in individual til-
lers dimension. 

Life forms number increases under mow-
ing condition, showing a double number of 
forms than in grazed pasture; about species 
richness a similar pattern is observed. Bul-
bose geophytes are more abundant in mow-
ing grasslands, because they are suppressed 
by grazing (Skarpe 2001). The similar oc-
currence percentage of rosulate forms can be 
explained like by Kahmen and Poschlod 
(2008), who proved that species with leaves 
located closely to the ground level are fa-
voured under condition of vertical defoliation 
which in this case is present in both distur-
bance regimes. Moreover, therophytes species 
are jointed to trampling phenomenon, thus 
to grazing. The chamaephytes forms occupy 
a temporal niche as they are characterized by 
later flowering period (when a drought stress 
occurs) (Gatt i  et al. 2007a), when they do 
not have other competitors and can get the 
reproductive success.

There is a relationship between caespi-
tose hemicryptophytes life forms and Poa-
ceae species. In fact many grasses belonging 
to this family show a remarkable increase in 
grazing disturbance, in which they contribute 
to the enhancement of the pastoral value (S e-
bast ià  et al. 2008) and consequently to the 
grassland quality. Regarding other families, 
the most notable trend is inherent Fabaceae 
species favoured by mowing management, as 
mentioned by L avorel  et al. (1999a) and I l -
marinen and Mykola  (2009). In this study 
emerged that Trifolium montanum L. ssp. rup-
estre (Ten.) Nyman is favoured by mowing, 
because in such condition is not disturbed 
by grazing; in fact grazers limit its develop-
ment being highly palatable species (Curl l 
and Wilkins  1982, Armstrong et al. 1993) 
and furthermore sheep urine scorches clover 
leaves, while grass leaves are more resistant to 
this damage (Davies  2001), coherent with K 
trend in grazed situation (Di  and Cameron 
2004). On the other hand, Trifolium ochro-
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leucum Huds. undergoes the urine injury, 
although being very pubescent and low palat-
able is advantaged in grazing system. 

The functional study allowed to identify 
the plant traits distinguishing the two dis-
turbance conditions. In fact, from statistical 
analysis emerged a clear separation between 
discriminant attributes favoured within both 
communities. The biological traits characte-
rizing grazing condition are hairs that allow 
the species to be low palatable and together 
with clonal ability represent avoidance strate-
gies. This evidence is coherent with L avorel 
et al. (1999a) that demonstrated how lateral 
spread is induced by grazing. Other attribute 
having importance in this condition is the 
occurrence of basal meristems, represent-
ing a tolerance mechanism that promotes 
re-growth following defoliation conferring 
a further chance to survive and resistance 
to the pressure (Br iske  1996). This attri-
bute is typical of graminoids, growing in rich 
environmental condition (McNaughton 
and Chapin 1985) evidenced also by the 
enhancement of Poaceae species in grazed 
grassland. The mowing condition is distin-
guished by traits representing avoidance 
and tolerance strategies. According to L ack 
(1982), early flowering is a winner adaptation 
to hay grasslands and a reduction or elimina-
tion of species was observed with this attri-
butes through the conversion of meadows to 
permanent pastures (Baker  1937, Rodwel l 
1992, Je f ferson 1999). Species equipped 
with such trait can reach fruiting phenologi-
cal phase before the sward cut, thus having 
a reproduction advantage regards the other 
species. Moreover this represents a further 
adaptation against late-flowering tall grasses 
in the competition for light, useful in early 
spring before being shaded by big-statured 
plants (Givnish 1982, Grubb et al. 1982, 
Gr ime 2001). Another attribute which con-
sents to escape from the hay cutting is the 
prostrate form, because plant showing this 
feature remain under the cut level. Other-
wise, the occurrence of storage organs is a 
tolerance mechanism, in fact after the mow-
ing practice, species owning this trait can 
develop new photosynthetic tissue as well as 
reproductive structures (e.g. Tragopogon pra-
tensis L.). Therefore this feature represents a 
re-growth capacity allowing to overcome this 

kind of disturbance. Surprisingly, chemical 
defences are associated to mowing grassland, 
but typically this trait is considered to be an 
avoidance response to grazing (B ergström 
1992, Skarpe 2001). 

Interesting considerations can be deve-
loped  from traits correlation analysis (Pear-
son coefficient), which at a first approach 
could appear divergent regards the other 
functional analysis derived from DFA. In-
deed, while DFA assigns different traits to 
mowing and to grazing condition, the cor-
relation analysis shows that if they are com-
bined together the net borders are deleted. It 
has been demonstrated that there are many 
possible traits combinations, some of which 
are differential for each disturbance and ob-
viously, there are common correlations be-
tween the two different plant communities. 
Moreover, grazing system is distinguished by 
one differential traits combination with one 
species (Potentilla rigoana Th. Wolf), while 
mowing disturbance showed three differen-
tial traits set and seven species equipped with 
such characters (Ajuga reptans L., Brachypo-
dium genuense (DC.) Roem. et Schult., Carex 
macrolepis DC., Filipendula vulgaris Mo-
ench, Knautia purpurea (Vill.) Borbas, Plan-
tago lanceolata L., Trifolium montanum L. ssp. 
rupestre (Ten.) Nyman). Particularly, Ajuga 
reptans L. is furnished of all the three com-
binations and Plantago lanceolata L. has two 
of them so having further competitive ability. 
Thus, it is assumable that mowing allows to 
plants to have larger functional chances and 
it is consistent with how it is observed from 
floristic richness,  in accordance with Navas 
and Viol le  (2009).

5. CONCLUSIONS

This research demonstrated how diffe rent 
disturbance types lead the separation of floris-
tic composition and that late-mowing favours 
a higher species richness, life forms and func-
tional strategies; grazing is a more selective dis-
turbance regime than mowing. Species having 
different functional adaptations, as represent-
ed by traits combinations, are advantaged by 
the system. Grazing favours grasses (especially 
Poaceae species) while mowing advantages 
tall species. Mowing favours the affirmation 
of species equipped with dominant strategies 
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(B. genuense and C. macrolepis) that probably 
are not under control in late mowing man-
aged grassland, having involvement for spe-
cies richness and distribution responding to 
Grime’s hump-back model (2001). This could 
highlight that probably in central Apennine 
grasslands only mowing cannot ensure the 
long-term maintenance of the floristic pecu-
liarities, thus it should be suitable an integrated 
management strategy, planning a late mowing 
followed by a moderate grazing. Both grazing 
and mo wing provoke aboveground phytomass 
remove but act in different ways on plant com-
munity: grazing is a selective pressure, while 
late-mowing gives to all the species the same 
development chances. Hence, it is understand-
able that convergent strategies within the two 
systems are possible and frequent. 

Finally this study has confirmed how dis-
turbance represents the main environmental 
driver for plant community differentiation, 
either at floristic and functional traits level, in 
central Apennine landscape too.
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