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Abstract
Annual forage crops have great importance for sustaining animal production in southern Italy. Knowledge of the
performance of legume-grass associations under management similar to systems encountered in farm practice is es-
sential for their effective exploitation of the available environmental resources. The purpose of this investigation
was to estimate the effects of five cutting managements on the productivity and botanical composition of ten an-
nual fodder crop mixtures in two Mediterranean environments. Ten ternary combinations of one grass (Avena sati-
va L., oat and Lolium multiflorum Lam., Italian ryegrass), one clover (Trifolium alexandrinum L., berseem; Trifoli-
um incarnatum L., crimson and Trifolium squarrosum L., squarrosum) or burr medic (Medicago polymorpha L.)
and common vetch (Vicia sativa L.) were compared in a field trial (split-plot design, 3 replicates) in two locations
(Cagliari and Foggia, Italy) during the 2000-2001 growing season. The cutting treatments included a winter grazing
simulation (G), a cutting only regime at early (EF) or late flowering (F) of legumes and a combination of treat-
ments (GEF and GF). Plant density (no. m-2) prior to cutting, dry matter yield (g m-2) and botanical composition
(%) were evaluated. Considerable differences were observed in the harvestable dry matter yields of mixtures among
cutting treatments in both localities, with treatment F showing the higher values (787.1 and 415.7 g m-2 for Cagliari
and Foggia, respectively). The forage species were able to compete and establish good growth during their initial
phase in both localities. However, the botanical composition between the two sites differed considerably after the
winter period. Particularly, at Foggia, grass dominance was a permanent feature of all treatments, and all the mix-
tures contained about 84% of grass. Italian ryegrass was the most representative species under all treatments in
both sites. Mixtures with Italian ryegrass, crimson or berseem clovers and vetch showed higher adaptability to cut-
ting treatments particularly at Cagliari. Our results showed that the forage species associations studied can be grown
successfully under simulated grazing treatment during the winter season and under the double land-use system (in-
tegrated grazing and cutting) adopted at Cagliari. These treatments provide a reasonably economical means of as-
sessing mixtures under diverse farming conditions. However, as a fraction of the plant population in swards of this
experiment diminished over time, particularly at one site, the optimum of species present in these forage species
associations have yet to be determined.

Key-words: legume-grass mixtures, cutting management, dry matter yield, botanical composition.

1. Introduction

In the Mediterranean environment the chief
limiting factor to productivity is the concentra-
tion of rainfall during the cold winter season
and its total absence during the hot summer
with a high intra and inter annual variability. As
reported by Blondel and Aronson (1999) and by

Del Pozo and Aronson (2000), annual plants oc-
cur widely in the Mediterranean Basin where
they often constitute half the regional vegeta-
tion, whereas they rarely amount to more than
one-tenth in other parts of the world, despite
the fact that annuals have cope with highly sea-
sonal environments and a considerable degree



of climatic unpredictability. As consequence,
grasslands consist of mainly annual grasses and
legumes, most of which escape over summer as
seed (Sitzia et al., 2000).

Annual forage crops with autumn-spring cy-
cles are the most interesting for a sustainable
production and commonly grown crops in the
regions of southern Italy; they cover a relative-
ly small area but constitute the most productive
part of forage resources. They are mainly used
for the production of hay or silage and only
complementarily for grazing (Papanastasis and
Mansat, 1996). Furthermore, among the differ-
ent types of use, the legume-grass association is
the cropping system able to achieve the highest
forage biomass yield under the weather condi-
tions of Mediterranean environments (Ca-
ballero, 1993). Mixtures used for haying gener-
ally consist of two or three species, one grass
and two legumes that are very important in sta-
bilizing herbage production over the years and
in yielding a more balanced forage composition
(Corleto, 1988).

Grass is essential in a mixture for high yields
and dense swards, but the benefit of including
legumes in mixtures with grasses has long been
recognised: legumes generally have higher
palatability, forage digestibility, protein concen-
tration, and better quality than other forages.
Furthermore, legume-grass mixtures produce
more forage than pure stands of grasses receiv-
ing no or moderate amounts of N fertiliser (Bar-
nett and Posler, 1983; Dobson et al., 1976; Jones
et al., 1988). As reported by Kessler and
Lehmann (1998), in order to combine the ad-
vantages of both legumes and grasses, mixed
swards should be 30 to 50% composed by
legumes and 50% to 70% by grasses. However,
herbage yields and quality of legume-grass mix-
tures often decline with time because of the loss
of legume plants (McBratney, 1981, 1984; Sheaf-
fer et al., 1984). Furthermore, because the
growth conditions and sward productivity de-
pend on climate, soil properties, topography and
farm-specific utilization, a wide spectrum of dif-
ferent mixtures is required. Hence, the possibil-
ity to obtain quantitatively and qualitatively
profitable yields depends on the choice of
botanical components and variety in addition to
the seed rate (Evans et al., 1990).

At present, Italian farmers can evaluate the
potential of individual species and varieties by

using the National List of fodder crops which is
based largely on small-plot trials managed un-
der one cut of forage made at heading or flow-
ering. There is no information available about
the potential yield of mixtures and the contri-
bution made by single fodder species to a mix-
ture. Since annual grass and legume forage
crops are used both for hay and grazing, it is
important that the yield potential of each vari-
ety is assessed by an evaluating procedure which
simulates as closely as possible the one prac-
tised on farms. Furthermore, the interaction be-
tween forage species and cutting management
emphasizes the need to use suitable comparison
techniques (i.e. two contrasting frequencies of
cutting, forage harvest and simulated grazing).

For a more realistic evaluation of productive
potential of annual fodder crops in association,
an experiment was designed to assess the effects
of the cutting regimes on dry matter yield and
botanical composition of ten legume-grass mix-
tures grown at two localities in southern Italy.

2. Materials and methods

Two field experiments were carried out during
the 2000-2001 growing season at the Forage
Crop Institute of Cagliari (9°38’W, 39°29’N; 68
m above sea level) and Foggia (15°33’E,
41°31’N; 76 m above sea level), both located in
southern Italy, using annual populations, eco-
types and cultivars of clovers: berseem (Trifolium
alexandrinum L., cv. “Sacromonte”), crimson (T.
incarnatum L., population “Ungherese” and
population “USA”) and squarrosum (T. squar-
rosum L., population “Commerciale”); burr
medic (Medicago polymorpha L., cv. “An-
glona”); common vetch (Vicia sativa L., cv.
“Catarina” and cv. “Mirabella”) and gramina-
ceous species: oat (Avena sativa L., cv. “Ar-
gentina” and cv. “Tropicale”) and Italian rye-
grass (Lolium multiflorum Lam., cv. “Asso”). At
Cagliari the trial was established on a sandy clay
loam soil (USDA classification) with the fol-
lowing characteristics: clay 28%, silt 26%, sand
46%, pH 8 (in H2O), available P 33 mg kg-1

(Olsen method), exchangeable K 311 mg kg-1

(NH4Ac), organic matter 21 g kg-1 (Walkey-
Black method). The soil at Foggia is a loam soil
(USDA classification) with the following char-
acteristics: clay 21%, silt 43%, sand 36%, pH 8
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(in H2O), available P 15 mg kg-1 (Olsen
method), exchangeable K 800 mg kg-1 (NH4Ac),
organic matter 21 g kg-1 (Walkey-Black me-
thod). The forage species were grown in mix-
tures containing one grass and two legumes; the
details of botanical composition, genotype,
mean flowering or heading date, mixture seed
rate and ratio of each component are shown in
Table 1. The experiments were established at the
beginning of November (05/11/2000) and De-
cember (07/12/2000) at Foggia and Cagliari, re-
spectively. Plot size was 6 m2 (2 m long by 3 m
wide) and consisted of ten rows about 20 cm
apart. The mixtures were sown in alternate rows
with the same row spacing by hand. To avoid
possible confounding results of residual effects
of the previous year’s treatments, each experi-

ment was established on an area previously
cropped with tall fescue (Festuca arundinacea
Schreb.) and durum wheat (Triticum durum
Desf.) at Cagliari and Foggia, respectively. In
both trials, a chemical fertilizer (32 kg ha-1 of ni-
trogen as ammonia and 70 kg ha-1 of P2O5 as
triple superphosphate) was applied prior to sow-
ing. Nitrogen fertilization was repeated in early
March at the rate of 100 kg ha-1. Monthly mean
of minimum and maximum temperatures and
precipitation data collected during the trial at
each research site are reported in Table 2.

The cutting management involved five treat-
ments: two cuts simulating grazing during the
winter when the crop was about 10 cm high (G),
one cut for forage when 10% of the clover or
burr medic stems were at the flowering stage
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Table 1. Details of the fodder crop mixtures to three components.

Mixture Species Genotype Mean flowering Mixture Ratio
or heading date seed rate (%)

(day of year) (kg ha-1)

1 Avena sativa L. cv. Argentina† 127 120 30
Trifolium incarnatum L. pop. USA 133 20
Vicia sativa L. cv. Mirabella 120 50

2 Lolium multiflorum Lam. cv. Asso 134 100 30
Trifolium incarnatum L. pop. USA 133 20
Vicia sativa L. cv. Mirabella 120 50

3 Avena sativa L. cv. Tropicale 135 120 30
Trifolium incarnatum L. pop. Ungherese 130 20
Vicia sativa L. cv. Catarina 140 50

4 Lolium multiflorum Lam. cv. Asso 134 100 30
Trifolium incarnatum L. pop. Ungherese 130 20
Vicia sativa L. cv. Catarina 140 50

5 Avena sativa L. cv. Tropicale 135 120 30
Trifolium squarrosum L. pop. commerciale 144 20
Vicia sativa L. cv. Catarina 140 50

6 Lolium multiflorum Lam. cv. Asso 134 100 30
Trifolium squarrosum L. pop. commerciale 144 20
Vicia sativa L. cv. Catarina 140 50

7 Avena sativa L. cv. Tropicale 135 120 30
Trifolium alexandrinum L. cv. Sacromonte 147 20
Vicia sativa L. cv. Catarina 140 50

8 Lolium multiflorum Lam. cv. Asso 134 100 30
Trifolium alexandrinum L. cv. Sacromonte 147 20
Vicia sativa L. cv. Catarina 140 50

9 Avena sativa L. cv. Argentina 127 120 30
Medicago polymorpha L. cv. Anglona 118 20
Vicia sativa L. cv. Mirabella 120 50

10 Lolium multiflorum Lam. cv. Asso 134 100 30
Medicago polymorpha L. cv. Anglona 118 20
Vicia sativa L. cv. Mirabella 120 50

†cv. = cultivar; ec. = ecotype; pop. = population.



(EF), one cut for forage when 100% of the
clover or burr medic stems were at the flower-
ing stage (F), as G and one regrowth cut ap-
plied according to EF (GEF), and as G and one
regrowth cut applied according to F (GF). These
last two treatments were only carried out at
Cagliari trial. Each mixture was individually
harvested at the established physiological stage,
except under treatment G when all plots were
cut at the same time. The traits assessed were
the number of plants per m2 before cuts of the
first treatment (G) were applied, herbage dry
matter yield (g m-2) and the proportion of
botanical component (on dry matter basis).
Herbage was cut by a plot harvester at about 5
cm from ground level. A 1 m2 subsample was
previously taken from the centre of the plot at
each harvest to determine dry matter content
and for manual separation into grass, clover or
burr medic and vetch. Dry matter content was
determined from fresh samples dried at 60 °C
with forced ventilation for 72 h. For treatment
G the total dry matter yield was reported as a
total over two cuts.

The experimental design was a split-plot
with three randomized complete blocks. The
main plot was a cutting management and mix-
ture as subplots. The ANOVA used a mixed
model, with localities and replications as ran-
dom effects and cutting managements and mix-
tures as fixed effects. The effects of locality, mix-
ture and cutting management and their interac-

tions were tested with the appropriate error
terms. Locality x cutting treatment interaction
occurred for most the traits, so data from each
treatment were analysed separately. Separation
of means was conducted using the LSD test
when the F test was statistically significant at P
≤ 0.05. The arcsin transformation was made on
percent data before analysis; back-transformed
means are presented. A regression equation was
developed to measure the contribution made by
grass to total dry matter yield and to compare
proportions of legume and grass components
under different cutting treatments.

3. Results

Weather conditions during growth had different
effects on the development of legumes in asso-
ciation with graminaceous species. As shown in
Table 2, lower temperatures, particularly during
winter months (average minimum temperature
from November to February was 6.1 °C and 9.8
°C for Foggia and Cagliari, respectively) and
drier weather (except in January and April)
were recorded at Foggia compared with
Cagliari.

There was no difference between the two lo-
calities in the plant density of each component
recorded prior to cutting (13/12/2001 and
15/01/2001 at Cagliari and Foggia, respectively),
however the mixtures were statistically different
(Table 3). In particular, mixtures 6 and 8 (with
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Table 2. Weather data (monthly means) during the course of the experiment in 2000 and 2001, and the long-term average
(1979-1999) for each parameter at Cagliari and Foggia.

October November December January February March April May Total 

Minimum temperature (°C)
Cagliari (CA) 16.1 15.2 10.0 7.4 6.4 8.8 10.7 14.8 -
Foggia (FG) 12.5 9.0 5.8 6.1 3.6 10.2 7.0 12.5 -
20-year average CA 14.1 9.9 6.9 5.8 5.6 7.4 8.9 12.1 -
20-year average FG 13.0 8.5 5.4 3.9 3.3 5.1 7.6 12.1 -

Maximum temperature (°C)
Cagliari (CA) 25.5 25.2 18.3 15.7 13.8 17.4 18.2 26.6 -
Foggia (FG) 23.0 17.5 14.9 13.5 13.5 20.6 18.6 25.9 -
20-year average CA 25.3 18.8 14.6 13.8 14.3 16.8 19.1 23.3 -
20-year average FG 23.5 16.8 13.3 12.3 12.9 16.3 19.9 25.6 -

Rainfall (mm)
Cagliari (CA) 87.6 101.2 87.2 69.4 35.0 22.4 22.8 33.2 458.8
Foggia (FG) 12.3 32.4 25.0 96.7 16.4 9.8 63.7 15.4 271.7
20-year average CA 42.4 43.9 28.1 35.4 36.4 38.7 36.0 26.4 287.3
20-year average FG 40.4 66.1 38.0 39.7 39.6 37.2 33.3 36.6 330.9



Italian ryegrass as grass component) showed the
highest number of plants per m2 (1000 and 1034,
respectively), while 1 and 9 (with oat as grass
component) the lesser ones (483 and 455, re-
spectively).

There was a significant difference in total dry
matter yield between localities with Foggia
showing higher values under G treatment only
(Tables 4 and 5). Mean dry matter yields were
significantly affected by tha cutting manage-
ments at both sites, the higher values were
achieved in spring under F treatment (787.1 and
415.7 g m-2 for Cagliari and Foggia, respective-
ly); whereas production under treatments GEF
and GF decreased to 282.3 and 372.1 g m-2 at
Cagliari (Table 5). There were significant dif-

ferences among the mixtures for dry matter
yield. In paricular, mixture 2 showed the high-
est mean value at Cagliari (541 g m-2) and mix-
tures 8 and 10 were the most productive at Fog-
gia (431.3 and 418.8 g m-2, respectively ).

As shown in Table 6, botanical composition
was greatly affected by the cutting treatment.

In both localities and under all cutting treat-
ments, Italian ryegrass was the most represen-
tative of the grass species. At Cagliari, under
treatments EF and F, clovers or burr medic con-
tributed very little (about 6%) to mixture pro-
duction. Furthermore, clovers tended to in-
crease from hay utilization treatments to those
with winter simulated grazing (about 23% of av-
erage G, GEF and GF). The vetch showed, as
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Table 3. Plant density (n m-2) before the cuttings for ten mixtures in two localities.

Plant density 
Botanical  
composition† Grass Clover or Vetch Total

burr medic 

Mixture (M)
1 As + Ti + Vs 82.7 c 292.8 bc 107.8 a 483.3 de
2 Lm + Ti + Vs 477.7 b 226.7 c 73.5 bc 777.8 b
3 As + Ti + Vs 95.7 c 329.2 ab 111.2 a 536.0 cde
4 Lm + Ti + Vs 547.3 ab 345.7 ab 94.0 ab 987.0 a
5 As + Ts + Vs 164.8 c 335.3 ab 108.8 a 609.0 c
6 Lm + Ts + Vs 608.5 a 320.3 abc 71.5 bc 1000.3 a
7 As + Ta + Vs 101.2 c 389.8 a 99.0 a 590.0 cd
8 Lm + Ta + Vs 573.0 ab 398.2 a 62.5 c 1033.7 a
9 As + Mp + Vs 83.0 c 282.3 bc 89.8 ab 455.2 e
10 Lm + Mp + Vs 504.3 ab 280.5 bc 73.7 bc 858.5 b

LSD (P ≤ 0.05)
Locality (L) NS NS NS NS
Mixture (M) 118.9 95.4 24.7 118.9
L x M NS NS NS NS

†As = Avena sativa; Lm = Lolium multiflorum; Ta = Trifolium alexandrinum; Ti = Trifolium incarnatum; Ts = Trifolium squarro-
sum; Mp = Medicago polymorpha; Vs = Vicia sativa.
Values within a column not followed by the same letter are significantly different at P ≤ 0.05.

Table 4. ANOVA F test results for total dry matter yield (g m-2) of ten mixtures in two localities under different cutting
managements.

Cutting management†

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
df G EF F GEF GF

Locality (L) 1 ** * * - -
Mixture (M) 9 * NS NS * NS
L x M 9 NS ** NS - -
† Cutting management: G = two simulated grazings; EF = one cut at early flowering; F = one cut at full bloom; GEF = as G and
regrowth cut as in EF; GF = as G and regrowth cut as in F.
NS, *, **: not significant and significant at P ≤ 0.05 and P ≤ 0.01, respectively.



expected, a higher percentage contribution un-
der treatments EF and F (51% on average). At
Foggia, grass dominance was a permanent fea-
ture of all treatments, and all the mixtures con-
tained about 84% of grass.

However, when the composition of the mix-
tures was examined there were great differences
in grass contribution to total production in both
localities ranging from 16% (mixture 7 in GEF)
to 70% (mixture n. 10 in GEF and GF) at
Cagliari and from 38% (mixture 3 in EF) to
100% (mixtures 6, 8 and 10 in F) at Foggia (Fig-
ure 1). The percentage contribution of grass dry
matter was significantly correlated with total
dry matter production (g m-2) at Foggia (r =
0.54**, n = 30) but not at Cagliari.

In all treatments a predominance of Italian
ryegrass was found with respect to oats (mix-
tures 2, 4, 6, 8 and 10), probably due to a high-
er aggressiveness and earliness (particularly for
cv. “Asso”). As a consequence, there were large
effects of grass species on legume species par-

ticularly in the clover or burr medic component.
There were few differences in percent con-

tribution within each cutting treatment between
crimson and squarrosum clovers with both oat
(mixtures 1, 3 and 5) and Italian ryegrass (mix-
tures 2, 4 and 6) in each locality. Moreover, un-
der treatment G, the percentage contribution of
berseem clover (mixtures 7 and 8) was superior
(30% on average) to those of other clovers and
burr medic (17% on average), both in mixture
with oat and Italian ryegrass at Cagliari only.

The effect of the clover variety was not very
pronounced (see mixtures 3 and 5). For Cagliari,
the mixtures were characterized by a good pro-
portion of legumes and grasses, associations 2
and 8 showing the highest total dry matter yield
(average 541.0 and 530.9 g m-2 over treatment).

4. Discussion

Forage yields were affected by the climatic con-
ditions occurring in the two localities during the
experimental period. Thus, the higher rainfall
and temperatures as well as a greater consis-
tency recorded for these climatic parameters
during the growing season probably promoted
the growth of legume plants at Cagliari. Our re-
sults showed that mixtures were well established
and botanical species were equally distributed
in both localities. However, each association dif-
ferently evolved at the two sites during the
growing period.

It is well known that rapidly developing
plant species ensure good establishment and
early yield. However, another factor in deter-
mining the expected botanical composition of
the forage mixtures is the seed ratio between
components. As reported by Kessler and
Lehmann (1998) in order to enable a weak com-
petitor to become establish, the seeding rate of
strong competitors has to be below their “critical
seed density” (i.e. the threshold value of plant
density to prevent intraspecific competition ef-
fects). Furthermore, the optimum seeding rate for
the species included must consider both their spe-
cific “critical seed density” and their competing
ability with other species. Corleto (1988) re-
ported that in a Mediterranean environment the
most aggressive grasses should represent 20-
40% of the total weight of the mixture.

The ten legume-grass mixtures examined
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Table 5. Total dry matter yield (g m-2) for ten mixtures un-
der different cutting managements in two localities.

Total dry matter yield (g m-2)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
Cagliari          Foggia

Cutting management † (C)
G 218.2 d 348.4 b
EF 662.8 b 333.5 b
F 787.1 a 415.7 a
GEF 282.3 cd -
GF 372.1 c -

Mixture (M)
1 462.6 bcd 346.0 cd
2 541.0 a 351.0 bcd
3 407.0 de 296.3 d
4 420.4 cde 341.2 cd
5 487.1 abc 332.0 cd
6 486.4 abc 405.5 ab
7 498.0 ab 348.3 cd
8 530.9 ab 431.3 a
9 422.9 cde 388.3 abc
10 388.7 e 418.8 a

LSD (P≤0.05)
C 106.4 63.4
M 72.7 56.7
C x M 160.5 95.9

† Cutting management: G = two simulated grazings; EF = one cut
at early flowering; F = one cut at full bloom; GEF = as G and re-
growth cut as in EF; GF = as G and regrowth cut as in F.
Values within a column for each principal factor not followed by
the same letter are significantly different at P ≤ 0.05.



produced the highest dry matter yield when a
single cut was applied in spring (without graz-
ing simulation – treatments EF and F) com-

pared to fodder crops subjected to winter graz-
ing simulation. These results are in agreement
with those reported by Cazzato et al. (1999)
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Table 6. Mean and standard deviation of each botanical component (% on dry matter basis) over mixtures under
different cutting managements in two localities.

Botanical composition on dry matter basis (%) 

As‡ Lm  Ta  Ti  Ts  Mp  Vs 

Cagliari       
G† 39.9 ± 11.1 57.6 ± 11.8 30.1 ± 9.0 18.6 ± 8.1 16.8 ± 10.6 7.9 ± 8.1 32.6 ± 13.7
EF 41.8 ± 11.8 49.8 ± 23.1 8.3 ± 4.4 5.1 ± 3.3 5.5 ± 5.7 7.2 ± 6.8 47.9 ±17.4
F 35.6 ± 8.7 46.4 ± 22.4 6.2 ± 3.7 4.6 ± 2.4 6.3 ± 3.9 7.6 ± 7.1 53.1 ± 16.7
GEF 26.5 ± 13.1 58.5 ± 19.1 17.9 ± 9.3 25.5 ± 8.5 24.4 ± 14.4 13.7 ± 16.4 36.1 ± 21.0
GF 28.4 ± 9.9 61.4 ± 16.9 22.1 ± 5.1 31.8 ± 13.0 23.2 ± 11.5 16.4 ± 15.9 30.1 ± 16.0
LSD (P ≤ 0.05) 6.9 10.6 6.2 5.6 9.8 7.5 6.6

Foggia
G 65.7 ± 9.5 87.1 ± 4.4 13.6 ± 9.8 9.5 ± 6.0 9.7 ± 6.3 13.2 ± 8.2 12.5 ± 7.5
EF 64.5 ± 18.7 96.3 ± 5.4 11.7 ± 12.1 25.7 ± 24.8 15.9 ± 20.2 15.2 ± 10.4 0.9 ± 2.9
F 74.4 ± 10.8 98.6 ± 2.0 14.5 ± 18.4 16.0 ± 14.6 10.3 ± 14.0 9.9 ± 11.6 0.2 ± 0.6
LSD (P ≤ 0.05) 8.1 2.6 NS 8.7 NS NS 2.1
† Cutting management: G = two simulated grazings; EF = one cut at early flowering; F = one cut at full bloom; GEF = as G and
regrowth cut as in EF; GF = as G and regrowth cut as in F.
‡As = Avena sativa; Lm = Lolium multiflorum; Ta = Trifolium alexandrinum; Ti = Trifolium incarnatum; Ts = Trifolium squarro-
sum; Mp = Medicago polymorpha; Vs = Vicia sativa.
At each cutting management and locality, the botanical composition is given as average of mixtures containing each species.

Figure 1. Percentage contribution of the species components to total dry matter production for ten grass-legume mixtures
at five cutting managements in two localities. Cutting management: G, two simulated grazings; EF, one cut at early flowe-
ring; F, one cut at flowering; GEF, as G and regrowth cut as in EF; GF, as G and regrowth cut as in F. Locality: CA, Ca-
gliari; FG, Foggia.
In each graph h istograms, within each mixture, not having the same letter are significantly different by P ≤ 0.05 for total
dry matter (g m–2) trait.

Cutting 
management



with two different fodder crop mixtures (crimson
clover + common vetch + oat or Italian ryegrass)
in two inland areas of southern Italy. However,
under treatment F, the high yield was due firstly
to the contribution of grass and vetch at Cagliari
and of grass only at Foggia. Here, the un-
favourable winter conditions caused a consider-
able decrease of the vetch in the stand. Accord-
ing to Hill and Gleeson (1988), the most impor-
tant factors affecting competition among estab-
lishing seedlings are the relative vigour of the
seedlings and their densities. However, growth
habit, pattern of plant development and response
to the environment also has a significant effect.

Annual clovers are known to be weak com-
petitors for resources compared with grasses,
which have an erect growth, a greater biomass of
thin roots and less specific climatic and nutri-
tional requirements. Furthermore, as reported by
Dunlop and Hart (1987), nitrogen application in-
creased the competitiveness of grasses for light
and nutrients and at the same time produced a
reduction in nodulation and N fixation in
legumes. Cazzato et al. (1999) reported that ni-
trogen fertilization applied in spring in forage
mixtures produced a decrease in the occurrence
of crimson clover and vetch and an increase in
grass species. In our case, the effect of nitrogen
being applied after cold damage suffered by
plants probably produced the dominance of grass
in all mixtures under treatments EF and F at
Foggia. According to Cazzato et al. (1999), at
Cagliari we recorded the lowest competitive abil-
ity of the clovers or burr medic when mixtures
were not subjected to winter grazing, but a high-
er ability of regrowth under grazing conditions.

Thus, cutting management and weather con-
ditions during growth had different effects on
the development of legumes in association with
graminaceous species. The potential benefits of
legumes, namely N fixation, improving nutri-
tional characteristics and intake, can be fully re-
alized only if they are found in sufficient
amounts in the sward (Thomson and Raymond,
1970). A legume content of 30 and 50% is the
desired agronomic level. Hence, the fact that de-
foliation treatments alter the legume-grass bal-
ance is obviously of importance in this context.

Starting from the same mixture type, the
proportion of grasses widely varied between the
two locations, reaching 100% at Foggia. This in-
dicates the difficulty in controlling forage com-

position. In this respect, the performance of
grass species, particularly Italian ryegrass, was
crucial because under favourable development
conditions they had the potential to outgrow
and to suppress the other components. Mar-
tiniello (1999) reported that the proportion of
legumes in binary mixtures depended on the
graminaceous species used and that the lower
legume percentages recorded in non-irrigated
mixtures showed that clovers are less able to
compete in water stress conditions than grami-
naceous species. Furthermore, compared to
grasses, legumes are less aggressive and com-
petitive, less shade tolerant, less productive and
some of them are less resistant to grazing (Pa-
panastasis and Papachristou, 2000).

Clear differences in the interaction between
clover or burr medic and grass species depend-
ed on localities. At Foggia, interaction between
these species appears to be based on competi-
tion effects: high grass yields occur with low
clover yields and vice versa. However, at
Cagliari, the relationship is more complex: high
grass yields can be supported without reduc-
tions in clover yields. Our results did not indi-
cate that there was major interaction between
clover varieties. Generally, each clover variety
responded in a similar way to their grass com-
panion. At Cagliari, the mixtures consisting of
Italian ryegrass, berseem or crimson clovers and
vetch showed the highest adaptability to both
cutting treatments.

5. Conclusions

The agronomic value of swards depends on
their botanical composition, which is influenced
by the seed ratio of the mixture and the man-
agement practice.

In an assessment programme of legume-
grass associations, “cutting only” management
has advantages in that it is an easily operated,
low-cost system. However, such evaluation
methods can prove unrealistic when the end-use
is for grazing management. Clearly, the main at-
traction of these fodder crop mixtures is the in-
crease in forage yield and higher feeding value,
but for guaranteed successful use effective con-
trol of grass growth is essential.

The herbage quality of the mixture, meant
both as variation of floristic composition and
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the relative chemical composition, is a function
of each species and of the type of management.
As reported by Castro et al. (2000) the substi-
tution of the only one botanical component pro-
duced a significant variation in the most im-
portant chemical compounds of the mixture (for
example: oat – vetch or wheat – vetch). Our re-
sults indicated that treatments imposed could
have great effects on subsequent quality and
quantity of the herbage available. Thus, the win-
ter grazing simulation and combined cutting
management (integrated grazing and cutting)
provided a reasonably economical tools for as-
sessing mixtures performances under diverse
farming conditions. However, as a fraction of the
plant population in swards of this experiment di-
minished over time, particularly at one site, the
optimum of species present in these forage
species associations have yet to be determined.
Further experiments will also be necessary to
study the mechanisms that affect the balanced
presence of all species belonging to the mixture,
and to assess the competitive relationships es-
tablished between grass and legume plants.
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