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Intensification of EU livestock farming systems has been accompanied by the devel-
opment of maize silage and intensively fertilised grasses at the expense of forage
legume crops. However in the new context of agriculture, the development of forage
legumes constitutes one of the pillars for future livestock farming systems with high
environmental and economical performances. Yield benefits of grass-clover mixtures
are equivalent fertiliser N inputs of 150 to 350 kg/ha, and productive grass-clover
mixtures can fix 100 to 380 kg N per hectare symbiotically from the atmosphere.
Animal intake of legumes is high and the rate of decline of legume nutritional
quality with advancing maturity is less than for grasses, especially in the case of
white clover, which makes mixed pastures easier to manage. Animal performances
at grazing are identical or higher on clover-enriched pastures. Due to their high
protein concentration, conserved forage legumes fit well with maize silage. Forage
legumes increase the concentration of beneficial a-linolenic acid in ruminant prod-
ucts. Environmental balance of forage legumes is positive. Increasing the propor-
tion of white clover at the expense of mineral N fertilisation can reduce the risk of
nitrate leaching. Because forage legumes only require solar energy to fix N from the
air, they also reduce energy consumption and associated impacts. They contribute
to reduce the global warming potential of livestock systems by reducing emission
of enteric methane and nitrous oxide from pasture and crop production. As an
element of arable crop rotations, grass-clover leys suppress pests, diseases and
weeds, improve soil structure and prevent soil erosion and nitrate leaching.
Nevertheless, forage legumes have some limitations: expensive to harvest, difficulties
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of conservation, management of the associations. To take full advantage of forage
legumes in the future, new research and development are required as well as finan-

cial support from the EU.
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Introduction

The area of pure forage legume crops has
been decreasing for several decades in
many European countries associated with
the development of maize silage and the
low price of purchased soybean meal. For
example, in France, the acreage of lucerne
(LUC) and red clover (RC) decreased by
75% during the last 30 years. These for-
age legumes covered 1.0 M hectares in
1970 but only 321,000 in 2000 (Pflimlin et
al., 2003) whereas in the same time maize
silage increased from 350,000 to 1.4 mil-
lion ha. Mixed pastures have been more
resistant to this decline. The development
of pastures based on mixtures of white
clover (WC) and perennial ryegrass (PRG)
in the west of France can be regarded as
emblematic of a certain renewed interest
in forages legumes. Today 50% of sown
pastures are mixed grasses and white clo-
ver in the west part of France compared
to less than 10% in 1985. In temperate
grasslands WC is by far the predominant
forage legume in grazing pastures but is
rarely used for silage production because
its dry matter and sugar concentrations
are low. Red clover is occasionally used
for grazing in multi-species pastures but
its persistency is poor and its contribution
to the annual yield decreases rapidly after
2 to 3 years. It is most often use for silage
production (Le Gall, 1993). Lucerne is
mainly used for silage and hay making but is
also used as dehydrated forage in France.

In contrast to most European countries
grass-clover mixtures have a long tradition
in Switzerland and, more importantly,
they have always formed the backbone of

forage production on cropland. In the last
30 years the area under grass-clover leys
even increased by 15% and today is four
times greater than the area of maize for
silage. Leys are almost exclusively sown
with grass-clover mixtures while pure
legume leys or heavily N-fertilised pure
grass leys are not found in Switzerland.
A system of standard mixtures was intro-
duced in 1955, when the Federal Research
Stations published the first prescriptions
for grass-clover mixtures (Frey, 1955).
Since then, the standard mixtures have
been revised and published every 4 years
(Suter et al., 2008) based on systematic
variety testing and mixture development
programmes (Kessler and Suter, 2004).
The large and sustained success of the
Swiss standard mixtures is not only due to
the numerous advantages of grass-clover
mixtures described in this paper, but also
due to the very high quality of the mix-
tures. These are distinguished with a qual-
ity label of the Swiss Grassland Society
and are due to an exemplary collaboration
between research, extension and industry.
In Switzerland important efforts such as
modified fertilisation and management
systems and overseeding are undertaken
to also increase legume proportions in
permanent grasslands.

Legumes can make an important con-
tribution to the future sustainability of
ruminant production systems in Western
Europe. They have significant potential to
reduce inputs of purchased mineral N and
concentrate N, given their ability to use
atmospheric N for producing home grown
proteins and their high nutritional value.
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They also have potential for improving the
environment and to some extent the qual-
ity of the animal products. It is also impor-
tant to consider that 55 MJ are required
to produce, transport and spread 1 kg
of mineral N while legumes only require
solar energy to fix N from the air. Thus,
legumes can positively contribute to the
energy balance of the agricultural sector,
to reducing its contribution to the global
warming and to limiting the utilisation of
non-renewable energy.

Our objective in this paper is to review
different aspects of the potential of
legumes to increase sustainability of rumi-
nant production systems in the future.
The issues covered are agronomic value,
animal production of milk and meat and
environmental effects of legumes. We will
consider both animal responses, forage
system and whole farm levels because the
potential of forage legume utilisation lies
at these different levels. Besides practi-
cal considerations our objective is also to
focus on underlying mechanisms.

Agronomic value of forage legumes
Higher yield and less unsown species with
grass-clover mixtures: A pan-European
experiment carried out at 28 sites in 17
countries across Europe (Figure 1) showed
strong benefits of grass-clover mixtures
containing four species were compared
to these species sown in monoculture
(Kirwan et al., 2007; Kirwan et al., 2009;
Liischer et al., 2008). At each site, the two
most important forage grasses and the
two most important forage legumes were
tested and the management of the swards
followed local recommendations for best
agricultural practice. The species varied
according to the growth conditions at the
site. At mid-European sites (15 sites) the
species examined were Lolium perenne,
Dactylis glomerata, Trifolium pratense and
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Trifolium repens. Eleven four-species mix-
tures were sown and varied widely in their
species proportions: four mixtures were
dominated in turn by each species (sown
proportions of 70% of dominant and 10%
of each other species), six mixtures were
dominated in turn by pairs of species (40%
of each of two species and 10% of the
other two) and the centroid mixture con-
tained equal proportions of each species
(for details, see Kirwan et al., 2007).
Compared to the mean of the four spe-
cies in monoculture, the increased yield
of the centroid mixture (overyielding)
was 47% when averaged over all 28 sites
(Kirwan et al., 2007). There was even sig-
nificant transgressive overyielding (higher
yield than best monoculture yield) for
most of the mixtures in the first harvest
year (Figure 2). For the mid-European
and north-European sites, all the mix-
tures yielded more than the best mono-
culture (Figure 2). This occurred even
though mixtures were sown with widely
varying species proportions (10 to 70%
for each species). Preliminary analysis of
mid-European sites indicated that this
result persisted over the 3 years of the
experiment, with transgressive overyield-
ing being 6%, 20% and 16% in years 1 to
3, respectively. The performance of the
mixture depended on its clover propor-
tion. This is shown in Figure 3 for three
different levels of fertiliser N (50, 150 and
450 kg ha™! y!) for the Swiss site. The max-
imum yield of the mixtures was reached at
a clover percentage in the sward between
36 and 70% depending on the year and the
fertiliser N treatment (Nyfeler ez al., 2009).
More importantly, at the low and the
moderate N levels, the annual dry matter
(DM) yield of the mixture was higher or at
least as high as that of the highest yielding
monoculture (11.8 t/ha) over a wide range
of about 15 to 90% clover percentage in
the sward (Figure 3; Nyfeler et al., 2009).
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Figure 1. Location of the 28 experimental sites in 17 European countries. Sites with the same
symbol show the same set of species examined: (B) mid-European, (®) north-European, (A )
moist Mediterranean, (%) dry Mediterranean and (% ) others (from Kirwan et al., 2007).

Over the three years of the pan-
European experiment, unsown spe-
cies contributed progressively more to
the total yield of monocultures, but in

the mixtures, invasion of unsown species
was minimal (Figure 4 for monocultures
and the centroid mixture). All these find-
ings clearly demonstrate that grass-clover
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Figure 2. Total dry matter (DM) yield across sites of four monocultures (#) and 11 grass-
legume mixtures with strongly varying species proportions (<) for harvest year 1 within each
of four groups of species examined and significance of differences between monocultures and
mixtures: ME = mid-European (15 sites), NE = north-European (5 sites)) MM = moist
Mediterranean (3 sites), DM = dry Mediterranean (2 sites) (taken from Kirwan et al., 2007).
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Figure 3. Predicted annual dry matter (DM) yield of mixtures with increasing clover propor-
tions in the sward and three fertiliser N levels in the second experimental year at the Swiss site
in Zurich. Predictions are based on regression analysis from 86 experimental plots (for details
see Nyfeler et al., 2009). Mixture yields are for N inputs of 50 (....... ), 150 (-----), and 450
(—) kg ha™ y~!. The DM yield of two grass monocultures fertilised with N (450 kg ha™ y™!)
are indicated with the horizontal lines: Lolium perenne (14.3 t/ha) and Dactylis glomerata
(17.2 t/ha).



120

IRISH JOURNAL OF AGRICULTURAL AND FOOD RESEARCH, VOL. 48, NO. 2, 2009

14 O Unsown
O Sown
~ 12t — —
I> — —
‘s 10 — — -
< - —]
s O - = _
s 8 - ]
> — || — 1 —
- L - L -
a 6
- -
(9]
S 4F B
5 L
Q
a ol
0 Y £ Y
\52009,3/\@@ \9&/\‘“\@6 \ng),@/\;o\b
& N &
9 9 )
O O O
Year 1 Year 2 Year 3

Figure 4. Predicted dry matter (DM) yield of sown and unsown species for each monoculture
and the centroid mixture for each year from the combined analysis across mid-European sites.
(Lp = Lolium perenne, Dg = Dactylis glomerata, Tp = Trifolium pratense, Tr = Trifolium
repens, Centroid = mixture with 25% sown proportion of each of the four species) (from

Liischer et al., 2008).

mixtures have significant advantages when
compared to their monocultures that are
managed at the same cutting frequency
and fertiliser input. Hence, it does not
matter whether the clover-grass-mixtures
are compared to the clover or to the grass
monocultures: they were better than any
of the monocultures. These advantages of
the mixtures were surprisingly robust: they
occurred over the whole gradient of cli-
matic conditions from the Mediterranean
to the Arctic, and they occurred in every
experimental year and over a wide range
of clover proportions in the mixture.

Yield benefits of grass-clover mixtures are
equivalent to 150-350 kglha fertiliser N:
Comparing the yield of heavily N-fertilised
grass swards with the yield of moderately
fertilised grass-clover mixtures illustrates
the potential N fertiliser savings associat-

ed with grass-clover mixtures. At the Swiss
site in Zurich, additional plots were sown
alongside the pan-European experiment
to investigate the effect of three fertiliser
N levels (50, 150 and 450 kg N ha™! y';
for details see Nyfeler et al., 2009). Grass-
clover mixtures fertilised with 50 or 150
kg ha! y! attained annual DM yields in
the range of the heavily fertilised (450 kg
N per hectare per year) monocultures of
the highly productive grass species Lolium
perenne (14.3 t/ha) and Dactylis glomerata
(17.2 t/ha) if the mixture’s clover percent-
age was between 30 and 80% (Figure 3).
In this experiment, amounts of nitrogen
harvested with the sward that derived
from symbiotic atmospheric N, fixation
up to 300 kg/ha if fertiliser N input was
low or moderate. This is in line with the
range of N derived from symbiosis of 100
to 400 kg ha™' y~! measured in other field
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experiments under comparable conditions
(Boller and Nosberger, 1987; Zanetti et
al., 1996; Zanetti et al., 1997; Luscher
et al., 2000; Luscher and Aeschlimann,
2006). High levels of symbiotic N, fixation
by legumes was not only found in leys but
also in permanent grasslands on different
soils and up to high altitudes (Jacot et al.,
2000a,b). Symbiotic N, fixation is a major
reason for the yield advantage of grass-
clover mixtures over grass monocultures.
There are other reasons, however, includ-
ing: (i) characteristic within-season growth
patterns favouring the grasses in spring
during reproductive growth (Menzi, Blum
and Nosberger, 1991; Daepp, Nosberger
and Lischer, 2001) and the legumes in
summer when temperatures are high
(Liischer, Fuhrer and Newton, 2005), (ii)
deep tap roots of Trifolium pratense which
may be relevant for nutrient (e.g. min-
eral N) and water uptake from deeper
soil horizons in contrast to the shallow-
rooting grasses (Boller and Nosberger,
1988; Nyfeler et al., 2009) and (iii) lower
variability in mixture yield between years
resulting in an advantage in total DM yield
over the whole 3 year experimental period
(Nyfeler et al., 2009).

The potential of mixed pastures com-
pared to pure grass stands in different soil
and climatic conditions in the western part
of France was investigated in a study of
more than 400 fields in commercial farms
over several years (Pflimlin et al., 1993;
ITEB, 1997; Institut de I’Elevage, 2004).
The study confirmed that the productivity
of mixed pastures is directly related to the
contribution of clover. It was established
that the DM production of mixed pastures
increased by 7.2 to 7.9 and 9.2 t/ha for clo-
ver contributions of, respectively, less than
20, 20 to 40 and 40 to 60% in summer (Le
Gall, 1999). On good and deep soils and
with a sufficient water supply in summer,
mixed pastures with low or no fertiliser N

input produce almost as much DM as the
pure grass pastures receiving N inputs of
200 to 250 kg/ha (9.6 vs. 9.8 t/ha). Under
dry conditions, mixed pasture produced
less than the pure stands because the
reduction or arrest of growth during the
summer, does not make it possible to com-
pensate for the late spring start of produc-
tion for mixed pastures. Mixed pastures
also produce less DM (500 kg/ha) than
pure grasses on soils susceptible to water-
logging (Pflimlin et al., 1993). Production
of mixed pasture starts less quickly at the
end of winter than the production of pure
grass pastures. This effect is all the more
marked in cold soils. Indeed the soil tem-
perature must be about 9 °C at least before
clover nodules start to absorb atmospheric
N. On the other hand, the WC grows at a
faster rate than PRG under relatively high
temperatures. Therefore mixed pastures
generally produce more biomass in sum-
mer than pure grass pastures.

Difficulties in maintaining well bal-
anced grass-legume mixtures and their
tendency to lose key species (Guckert and
Hay, 2001) may be a main reason for the
preference of pure grass swards. Indeed
in the pan-European experiment legume
proportion strongly decreased in the third
year. Adaptive management practices with
reduced N fertilisation and/or increased
cutting frequencies can contribute to
increase clover proportion (Schwank,
Blum and Nosberger, 1986; Hebeisen et
al., 1997; Nyfeler et al., 2009). Optimised
composition of the seed mixture (which
species included, which cultivar included,
which proportions of the species) is anoth-
er option to ameliorate the stability of
grass-clover mixtures. This is evident from
the Swiss site of the pan-European experi-
ment where besides the experimental
four-species mixtures (described above)
also Swiss Standard Mixtures (Suter ef al.,
2008) were examined. While the decrease
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of clover percentage in the sward from the
first to the third year was from 35 to 10%
for the experimental mixtures, it was only
from 43 to 30% for the Swiss Standard
Mixtures. Selection of species and cultivars
may contribute to maximise gains of mix-
tures by two ways (Liischer and Jacquard,
1991): selection for ‘combining ability’
would result in better resource exploita-
tion through niche differentiation (Hill,
1990), while selection for more balanced
‘competitive ability’ would result in more
balanced and stable mixtures (Liischer,
Connolly and Jacquard, 1992).

Utilisation of forage legumes by
ruminants

The nutritional value of forage legumes is
high, particularly that of WC: The nutri-
tional advantage of WC over grasses is
well established (Thomson, 1984; INRA,
2007). A series of experiments conduct-
ed in Rennes with fistulated dairy cows
(Peyraud, 1993 and unpublished) has
shown that WC increases organic matter
(OM) digestibility (0.80 vs. 0.78 kg/kg) and
the amount of non-ammonia N entering
the intestine (28.9 v 24.3 g/kg DM intake)
which reflected the supply of metabolis-
able protein (expressed by the digestible
protein in the small intestine in the French
system of feed evaluation (PDI; INRA,
2007) compared to perennial ryegrass
(PRG). With WC, both alimentary N flow
and efficiency of microbial protein synthe-
sis are increased. These results reflect the
absence of structural components which
are less digestible than cells contents.

Red clover and LUC are less digest-
ible and their net energy concentration
(expressed in UFL in the French system
of feed evaluation where 1 UFL = 7.1
MJ; INRA, 2007) is lower than for WC at
a similar stage of growth, the difference
being more important for LUC (respec-
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tively 0.78; 0.86 and 1.01 UFL per 1 kg
DM for LUC, RC, and WC; INRA, 2007).
These values are further reduced in silage
and hay. The low energy concentration
may limit the utilisation of LUC in the diet
of high producing dairy cows. Therefore
LUC, and to a lesser extent RC, should
be cut at an early stage of growth. By
contrast their protein feed value remains
near to 100 g PDIE (PDI when energy
is limiting) per 1 UFL when fed as fresh
forages (Figure 5), which is close to the
recommended level for optimal feeding of
dairy cows (INRA, 2007) and higher than
recommendations for low producing ani-
mals. Hay making allows maintaining the
high protein level but ensiling reduces the
protein value (-30 g PDIE per 1 UFL).
Voluntary DM intake of legumes mea-
sured using sheep at maintenance is 10 to
15% greater than that of grasses of simi-
lar digestibility and this is true whether
forage legumes are fed as silage, hay or
fresh (INRA, 2007). This is illustrated in

Fresh
forages

Silage
200 A

180 A

_ 4
A O
o o
1 1

1204 .

g PDIN/UFL

100~
1

100 120
g PDIE/UFL
Figure 5. Protein feeding value of legumes
compared to perennial ryegrass and fed as
fresh forage, silages and hay (adapted from
INRA, 2007). WC = white clover, LUC =

lucerne; RC = red clover, PRG = perennial
ryegrass.
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Figure 6 for WC and RC. These differenc-
es are attributed to both a lower resistance
of legumes to chewing and a higher rate of
particles breakdown, digestion and clear-
ance from the rumen (Waghorn, Shelton
and Thomas, 1989; Steg et al., 1994). In a
recent experiment, Dewhurst et al. (2003)
reported that silage dry matter intake is
increased by 2 to 3 kg when cows are fed
RC or WC silage compared to PRG silage.
Because WC is often used in mixture with
PRG, the question of the optimal propor-
tion of WC in the mixture arises. Harris et
al. (1998) showed that DM intake was at
its maximum when the proportion of WC
reached 60% in housed dairy cows.

At grazing, herbage intake is mark-
edly higher (+15 to +20%) with pure
legume relative to pure grass pastures
(Alder and Minson, 1963). The benefi-
cial effects of WC on animal intake and
performance within a WC-grass pasture
have been demonstrated by Wilkins et al.
(1994), the difference increasing with the
clover content. In the studies conduct-
ed in Rennes (Ribeiro-Filho, Delagarde
and Peyraud, 2003; 2005), mixed pastures
steadily increased DM intake and milk
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yield (on average 1.5 kg/day) whatever the
level of herbage allowance. In addition to
the positive effect of legumes on voluntary
intake, it is also probable that leaves of
legumes are more favourable for prehen-
sion than steams and sheaths of grass-
es. Thus Ribeiro-Filho et al. (2003) have
reported that higher intake on WC-grass
pastures is mediated through a higher rate
of intake on mixed pastures compared to
pure PRG pastures.

One of most decisive advantages of
white clover is that the rate of decline of
nutritional quality throughout the plant-
ageing process is far less than for grasses.
Digestibility and voluntary DM intake of
grasses decrease by 20 g/kg and 0.2 kg/day
per week, respectively, whilst their decline
was two times less for WC. In particular,
Peyraud (1993) and Delaby and Peccatte
(2003) reported digestibility higher than
0.75 kg/kg after 7 weeks regrowth or at
flowering stage during the first growth.
At grazing the difference in DM intake
between pure grass pastures and WC-
grass pasture increases with increasing age
of regrowth. Ribeiro-Filho et al. (2003)
showed that herbage DM intake declined
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Figure 6. Relationship between organic matter (OM) digestibility and voluntary dry matter

(DM) intake.
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by 2.0 kg/day on PRG pasture compared
to 0.8 kg/day on mixed pastures (Figure
7). This makes mixed pastures easier to
manage than pure grass pastures. Age of
regrowth can be increased without adverse
effects on quality. For LUC and RC, the
decline of nutritional quality with advanc-
ing maturity is intermediate between WC
and grasses (INRA, 2007).

Forage legumes can sustain high animal
performances: Several trials have shown
that pure legume silage and legume-
dominated silage can increase milk pro-
duction compared to pure grass silage
(Castle, Reid and Watson, 1983; Thomas,
Aston and Daley, 1985; Dewhurst et al.,
2003). Chenais (1993) summarised 10
French experiments on the effect of a
mixed diet based on maize silage and RC
silage or LUC silage compared to pure
maize silage based diets. The mixed diets
led to similar dairy performance when the
legume silages are of good quality and in
particular when their DM concentra-
tion is higher than 30%. The LUC silage
led to lower milk production than RC
silage and reduced body condition score
recovery of the cows. In the same way
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% 13 —a— PRG
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Age of regrowth (days)

Figure 7. Effect of the age of regrowth
on herbage organic matter (OM) intake
by dairy cows on mixed (WC-PRG) or
pure grass (PRG) pastures (adapted from
Ribeiro-Filho et al., 2003).
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for beef production, the RC silage makes
it possible to obtain growth identical to
the maize silage when it is well preserved
(Weiss and Raymond, 1993). It should be
pointed out that difficulties of conserva-
tion (quality of silage; losses of leaves
during hay making) are often a hazard for
the quality of conserved legumes and that
special care must be taken to produce
conserved legumes (Arnaud, Le Gall and
Pflimlin, 1993).

Increasing the content of WC in pasture
increased milk yield by 1 to 3 kg per cow
per day in several short term trials when
stocking rate was reduced on the WC-
grass pastures so that the same amount of
herbage DM was on offer (kg cow™! day™)
in the two systems (Philips and James,
1998; Philips, James and Nyallu, 2000;
Ribeiro-Filho et al., 2003). The difference
increases with clover content and reaches
a maximum when WC content averages
50 to 60% (Harris et al., 1998). As a con-
sequence of higher energy intake, milk
protein concentration tends to increase
on WC-grass pastures. However, in trials
carried out over several years, with well
managed pure grass pasture and WC con-
tent between 20 to 40% the performances
are comparable between the two types of
pastures (Figure 8). For example, in the
trials carried out in Brittany (Pflimlin,
1993), the milk yield was identical between
PRG pastures receiving fertiliser N input
of 350 kg/ha and WC-grass pastures with
no fertiliser N and grazed with a 10 day
longer regrowth period to achieve similar
biomass per hectare in the two systems.
Milk yield was reduced when the propor-
tion of clover was low (<20%, Institut
de I'’Elevage, 2004). As mixed pastures
are managed with very low fertiliser N
inputs, the biomass per hectare is often
lower compared with highly fertilised
PRG pastures at a same age of regrowth.
To allow the same amount of herbage the
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Figure 8. Comparison of animal performance (a = milk yield; b = growth rate of cattle,
¢ = growth rate of lambs) grazing on pure perennial rye grass pasture or on WC-rich pasture
(adapted from Institut de I’Elevage, 2004).

stocking rate should be reduced on WC- RC mixed pastures compared to PRG
grass pastures thus penalizing productiv- pastures (Fraser et al., 2004).
ity. Another alternative is to extend the
regrowth period. The main advantage Forage legumes improve nutritional quality
of WC-grass pastures is their good flex- of lipids in ruminant products: Reducing
ibility which allows intervals between two the intake of saturated fatty acids (SFA)
successive grazing of more than 4 to 6 and increasing the intake of omega-3 poly-
weeks in summer for compensating lower unsaturated fatty acids (omega-3 PUFA)
productivity without penalizing the per- are highly recommended to reduce cardio-
formances of the cows. vascular risk (WHO, 2003). Because rumi-
Growth rate of growing cattle (heifers, nant products are rich in SFA and poor
beef) do not largely differ with the type in omega-3 PUFA compared to oils, fish,
of pasture (Figure 8). Nonetheless on set eggs and others meats, there is huge inter-
stocked swards maintained at a similar est in decreasing SFA in ruminant prod-
height growth rate tends to be higher ucts and increasing omega-3 PUFA. The
on WC mixed sward. The pasture with dominant omega-3 PUFA in ruminant
legume grass mixtures led to a little higher product is o-linolenic (C18:3 n-3). The
growth of lambs than fertilised grass pas- dominant conjugated linoleic acid (CLA)
tures (Figure 5 and Speijers et al., 2004). in ruminant products is the cis-9, trans 11
Orr et al. (1990) showed that continuously isomer (rumenic acid, RU) and it has been
grazed WC mixed swards managed at 6 shown to exert anti-carcinogenic proper-
cm allowed the same lamb growth rate as ties in a range of human cell lines (De la
highly fertilised PRG pastures. WC-grass Torre et al., 2006). There is also interest in
pastures increased the lamb growth rate increasing this fatty acid.
when they were managed at 9 cm but Feeding fresh PRG compared to maize
reduced live weight output per hectare silage diets results in higher concentra-
as stocking rate was reduced. Red clover tion of linolenic acid (0.7 vs. 0.2%),
is rarely used for grazing. However, one lower proportion of SFA (29 v 36%) and
trial reported a significantly higher live higher proportion of RU (1.7 v 0.5%) in
weight gain for finishing lamb grazing of milk (Couvreur et al., 2006). Botanical
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composition of herbage is another fac-
tor of variation. Grazing WC or RC
mixed pastures relative to PRG pastures
increases the deposition of o-linolenic
acid in muscle lipids and subcutaneous
fat of cattle and sheep (Scollan et al.,
2002; Lourenco et al., 2007) but hardly
affects SFA and rumenic acid deposi-
tion. It also increases the deposition of
linoleic acid (C18:2 n—-6) which is not
considered as a positive effect from a
nutritional point of view. However the
increase is greater for C18:3 n-3; thus
the ratio n—6/n-3 is improved when for-
age legumes are fed. Feeding mixture
of grass and clover silages (both WC
and RC) relative to grass silage alone
increased the deposition of linolenic acid
in milk fat (Dewhurst et al., 2006) and in
muscle of cattle (Scollan et al., 2006) but
again rumenic acid deposition is unaf-
fected and C18:2 n—6 deposition increas-
es slightly. Feeding dehydrated LUC in
a maize-based diet also increases linole-
nic acid concentration in milk (Peyraud
and Delaby, 2002). Among legumes, RC
seems to be more efficient than WC for
increasing o-linolenic concentration in
animal product (Dewhurst et al., 20006).
The presence of forage legumes in the
diet of ruminants has been associated
with an increased rumen PUFA outflow
which is likely due to a faster rate of pas-
sage limiting forage PUFA hydrogenation
(Dewhurst et al., 2006). For RC this also
might be associated with the presence of
polyphenol oxidase, which reduces lipoly-
sis during ensiling (Lourenco, Van Ranst
and Fievez, 2005) and rumen fatty acid
hydrogenation (Lee et al., 2007).

But utilisation of N from forage legumes
by the ruminants is inefficient: Ruminal
N losses in ruminants that are fed legumes
are always high due to the unbalanced
level of degradable N and fermentable
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energy in the forage. This leads to an
inefficient utilisation of forage N and
high urinary N excretion. This is clearly
illustrated by the studies conducted in
Rennes with fistulated cows (Peyraud,
1993). White clover increases N excre-
tion relative to PRG from 20.1 to 29.8
g/kg DM intake and duodenal N is always
far below N intake, averaging 75% of N
intake with WC while it averaged 93%
for PRG. Therefore N excretion at graz-
ing should increase on mixed pasture.
From the data of Ribeiro-Filho et al.
(2005) it could be calculated that N
excretion increased on mixed pastures
compared to ryegrass pastures from 17.0
to 20.7 g/kg milk.

Lucerne and RC also contain high levels
of rapidly degradable N and this is reflect-
ed in the difference between PDIN and
PDIE values (INRA, 2007, see Figure 2).
The situation is worse when considering
silages, as the difference between PDIN
and PDIE still increases compared to the
fresh forages (Figure 5). The supplemen-
tation with energy-rich concentrate which
is required to overcome the relatively low
energy concentration of legume silage will
reduce urinary N losses (Cohen, Stockdale
and Doyle, 2006). Legume silages or dehy-
drated Lucerne (Peyraud, Delaby and
Marquis, 1994) might be good companions
of maize silage in mixed diets as they may
provide both degradable and undegrad-
able protein and they offer some potential
to substitute purchased soybean meal with
home grown proteins. The selection of
legumes with high concentration of poly-
phenol oxidase, which reduces ruminal
proteolysis (Jones, Muck, and Hatfield,
1995), or the use of some essentials oils
(Mclntosh et al., 2003; Newbold et al.,
2004) are promising ways to reduce the
imbalance between degradable N and fer-
mentable energy in diets based on legume-
dominated silage.
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Forage legume based systems have
potential for reducing negative effects of
livestock systems on the environment
Despite an apparently negative effect on N
excretion by the ruminants, legumes pro-
vide opportunities for reducing N losses at
the system level. For example at grazing, it
should be kept in mind that a molecule of
N can be ingested by the ruminant, then
excreted on the pasture, re-incorporated
in the forage (and/or reorganised in soil
OM) and ingested again without being lost
outside of the system. Thus high urinary
losses at the animal level do not neces-
sarily imply high levels of nitrate leach-
ing because a lot of factors may interact
at larger scales. Legumes also provide
opportunities for reducing the consump-
tion of non-renewable energy and associ-

ated greenhouse gas emissions.

Grass-clover pastures reduce the risk of
nitrate leaching compared to highly fertilised
pure grass pastures: Increasing the pro-
portion of WC in PRG pastures at the
expense of mineral N fertilisation has
been suggested as an important com-
ponent of low-input sustainable systems
for livestock production (Thomas 1992;
Pflimlin et al., 2003).

Milk yield and the quantities of N
excreted per grazed hectare can be
expressed as the product of daily milk
yield or daily N excretion per cow and
the number of grazing days (GD) per
hectare, where GD represents the num-
ber of grazing days realised per hectare
over the grazing season. The N surplus at
field level can be calculated as the differ-
ence between total N input on the field
(i.e. fertilizer, concentrate, symbiotic fixa-
tion, atmospheric deposition) and total N
output (i.e. milk, harvested forages and
transfer of N from the field to the lanes
and milking shed via excreta) (Farrugia
et al., 1997). The transfer of N from the
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field to the lanes and milking shed via
cow excreta corresponds to a removal
from the pasture of 15% (Ledgard, Penno
and Sprosen, 1999) to 20% (Delaby et al.,
1997) of the N excreted. The internal N
flows (i.e. N produced in grass and grazed
by the cows, N excreted on the field and
N falling from grass herbage in litter) are
not taken into account in the calculation
of the N surplus at field level.

Ledgard et al. (1999) have measured
the N inputs and outputs and N flows
over 3 years in a trial involving three dairy
farmlets (i.e., the herd and the experi-
mental area required to feed the herd).
Each farmlet received a specific input of
fertilizer N (Table 1). The grass-clover
pastures were grazed throughout the year.
N fertilisation reduced white clover con-
tent by 70%. On the 0 N farmlet, N,
fixation by WC was the sole source of N
input and total N inputs were only 40%
of those in the 400 N farmlet. N, fixa-
tion decreased with increasing level of N
fertilisation as clover proportion in the
pasture decreased. Milk N represented
the major form of N output. Compared
to white clover, fertiliser input resulted
in a small increase in removal of N via
milk. The response was lower than that
reported by Delaby and Peyraud (1998)
mainly because the stocking rate was kept
constant in this experiment. The results
clearly indicate that from an environmen-
tal point of view, intensively managed
WC-grass pastures are relatively efficient
in terms of conversion of N inputs from N,
fixation into milk and to reduce N surplus
at the field level.

However, total N inputs in WC-grass
pastures are very dependant on N, fixa-
tion by WC as the sole main source of
N. In the study of Ledgard et al. (1999),
the contribution from this source varied
by up to 2 fold between years (101 to 235
kg/ha) mainly due to climatic differences.
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The challenge of these mixed pastures will
be to maintain a clover content of around
30 to 40% to allow sufficient grass pro-
duction and stability of the system from
year to year. Indeed, the production of
mixed pastures is most often lower than
that observed on highly fertilised grass
pastures.

In their study, Ledgard et al. (1999)
have quantified the different routes of N
surplus. They have shown that nitrate-N
is the major form of N loss to the environ-
ment. Leaching of nitrate-N was minimal
for the WC based system and increased
very rapidly with the level of fertilisa-
tion and decreased proportion of clover
(Table 1). Losses of N by denitrification
remained small but were reduced on
WC-grass pastures. Hooda et al. (1998)
has also reported lower annual nitrate
leaching losses from intensively man-
aged WC-grass pastures compared to
pure PRG pastures receiving fertiliser
N input of 250 kg/ha although both pas-
tures annually received more than 150
kg/ha slurry N. In the study of Ledgard
et al. (1999), the amount of nitrate-N
leached varied greatly (20 to 74 kg/ha) in
the WC-grass pastures and these varia-
tions are linked to the N, fixation by
WC. Loiseau et al. (2001) have reported
higher leaching losses from lysimeters,
when pastures were sown with pure WC
compared to PRG (28 to 140 kg/ha N)
whereas the losses from WC-grass pas-
tures were lower than 20 kg/ha over the 6
years of the experiment. Indeed leaching
under WC-grass pastures would rise with
increasing legume content as shown by
Schils (1994) because level of N, fixation
per hectare, dry matter yield and stocking
rate can increase. Mixed pastures reduce
the risk on nitrate leaching primarily
because they can not sustain the same
level of stocking than highly fertilized
grasses pastures.
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Table 1. Annual N inputs and outputs (kg/ha) for
dairy farmlets varying in N fertilizer input and
white clover content!

Item Fertiliser N input (kg/ha)
0 200 400
Stocking rate (cow/ha) 33 33 33
N input from
Fertiliser 0 215 413
N, fixation 174 117 40
Purchased feed 3 4 3
Atmospheric deposition 2 2 2
N output via
Milk and meat 80 95 98
Harvested forage 1 15 28
Transferred N excreta? 57 78 84
N surplus? 41 150 248
Denitrification 5 15 25
Volatilisation 16 38 61
Leaching 40 79 150
N balance* -20 18 12

! Adapted from Ledgard, Penno and Sprosen (1999) —
mean of 3 years with 3.3 cow/ha.

220% of total N excreted is excreted outside.

3 Calculated as N in fertiliser + N in feed + N depo-
sition + N fixation — N in products — N transferred
from the field to the lanes and milking shed — N
harvested as grass.

4 Calculated as N surplus — N losses.

Forage legumes can contribute to reduce
global warming potential and energy con-
sumption from livestock production systems:
A report by FAO in 2006 stressed the
issue of greenhouse gas (GHG) produc-
tion from livestock systems. Even if its
conclusions are debatable, it is extremely
probable that the limitation of GHG emis-
sions (and/or development of mitigation
strategies) will be a new constraint for live-
stock systems in the future. In addition, the
expected increased price for fossil energy
(and thus of N fertiliser) could strongly
modify ruminant systems and in particular
dairy systems.

Methane produced in the rumen is a
large contributor to the GHG emissions
of dairy systems. Methane produced in
the rumen represents 8% of the gross
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energy intake (Vermorel, 1988). Many
nutritional strategies are currently being
explored to reduce ruminal methano-
genesis. Utilisation of plant secondary
compounds (tannins, saponins, essential
oils) produces highly variable responses
(Martin, Doreau and Morgavi, 2008).
Actually, the most promising alternative
is the addition of dietary fats and special
attention should be paid to linoleic acid
(Beauchemin et al., 2008; Martin et al.,
2008), which also contributes to improved
quality of fatty acids in ruminant products.
Many data suggest that a high proportion
of concentrates in the diet leads to a
sharp reduction in methane production
(Martin et al., 2008), however, because
other factors affect the total GHG emis-
sions (i.e. extra concentrate needs to be
grown, processed and associated GHG
emissions need to be accounted for) this
strategy needs to be evaluated at the
whole farm level. Legumes might contrib-
ute to reduced ruminal methane produc-
tion. Animals fed legume forages emit
less methane compared to emission from
grass-fed animals (Beever er al., 1985;
Waghorn, Tavendale and Woodfield,
2006). This may be due to the high digest-
ibility (in the case of WC) and thus a
modified ruminal fermentation pattern
toward propionate (which is a hydrogen
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carrier) combined with an increased pas-
sage rate of legume particles.

However it is at the level of the whole
system that the strength of forage legumes
lies. Global warming potential (GWP) of
livestock systems include methane emis-
sion, N,O emission and CO, emission.
GWP of methane and N,O are respec-
tively 24 and 310 times higher than that of
CO,. Basset-Mens, Ledgard and Carran
(2005) have compared, using life cycle
assessment (LCA) and emission coeffi-
cients, the GWP for some European milk
production systems, in Sweden (Cederberg
and Mattsson, 2000), Southern Germany
(Hass, Wetterich and Koépke, 2001) and
the New Zealand dairy farm system (Table
2). The New Zealand system relies essen-
tially on permanent WC-grass pastures
grazed all around the year with a fertiliser
N input of 100 kg/ha per year and less
than 10% of the feed requirement of the
cows provided by feed supplements. They
showed that global warming potential per
1 kg milk is 30 to 80% lower in the New
Zealand system. The breakdown of the
three main emissions are similar between
New Zealand and European organic sys-
tem and extensive systems, 60% of the
GWP was due to methane emission during
digestion and 40% was associated with the
production of pasture and crops for feed

Table 2. Comparison of global warming potential (GWP) and energy use consumption for different milk
production systems!

Production system

NZ Organic Conventional extensive ~ Conventional intensive
(Sweden) (Germany) (Sweden, Germany)

GWP (CO,-equivalent g/kg milk) 718 950 1000 1200
Percentage due to

Digestive CH, 57 60 50

Pasture and crop production 402 402 30

As CO, 9 10 20
Energy use (MJ/kg milk) 1.5 2.5 1.3 3.1

! Adapted from Basset-Mens, Ledgard and Carran (2005).

2 Mainly due to N,O which constitute 85% of the total.
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supplement. In intensive European dairy
farms, where utilisation of legumes is rare
and cows are offered high amounts of
concentrates, GWP is high, the contribu-
tion of methane is reduced in proportion
at the expense of CO, contribution, which
dramatically increased (3.7 times higher
than for New Zealand system) due to
the production and transport of concen-
trated feed and mineral fertiliser and also
linked to effluent management. Schils et
al. (2005) compared the GWP of dairy
systems in Netherlands, either based on
fertilised ryegrass or on grass-clover pas-
tures (i.e. mineral N inputs of 208 and 17
kg ha™! year™), using IPCC emission fac-
tors. Calculated N,O emissions and total
GWP per 1 kg of milk were 20% lower for
the system based on grass-clover pastures.
Similarly, under New Zealand conditions
with grazing as the sole feed source for
dairy cows, GWP per kilogram of milk was
reduced by 15% for grass-clover pasture
receiving zero N compared with a system
receiving annual fertiliser N input of 139
kg/ha (Basset-Mens, Ledgard and Boyes,
2009). In these two trials the lower GWP
for grass-clover pasture receiving low/zero
N fertiliser inputs was mainly due to the
reduction in N,O emissions.

Ruminant livestock production systems
relying on grazing and legume utilisation
can reduce energy consumption because
in such pasture-based systems, cows ingest
their feed from, and apply their excre-
ta directly on, pasture. This reduces the
energy consumption, and all associated
impacts, for manure management and
feed distribution as well as to produce,
transport and spread mineral N. Energy
efficiency, calculated as herbage UFL pro-
duced per 1 MJ of energy consumed is 3
times higher for WC-grass pastures com-
pared to fertilised grasses pastures (2.5 v
0.8 UFL/MJ, Besnard, Montarges-Lellahi
and Hardy, 2006). It is also noticeable
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that total energy consumption per 1 kg of
milk is two times less in the New Zealand
system than in intensive systems (Table 2).
Similarly, Le Gall (unpublished) has shown
that energy consumption decreases from
5.0 MJ/kg milk for intensive dairy farm in
Netherlands to 4.0 MJ/kg for French farms
using maize silage and fertilised grasses
and to 3.1 and 1.4 MJ/kg for systems based
on grazing in Ireland and in New Zealand,
respectively.

The higher energy consumption in Irish
grassland-based systems appears to be
linked to the utilisation of high amounts of
N fertiliser on pure PRG pastures. Data in
literature are still relatively scarce and it is
worthy of further investigation to precisely
quantify the benefits of forage legumes
used for grazing or as conserved forages
in comparison to pure grasses and maize
silage based systems.

Conclusions
The previous and new interest in for-
age legumes are numerous and should
become more important during the next
years. New opportunities have emerged
in recent years to match in a positive
way the environmental stakes of livestock
farming. The reduction in the consump-
tion of fossil energy and in its effects on
greenhouse gas emissions, the limitation
of N losses, the protein self-sufficiency
at farm and country levels, the signifi-
cant development of organic farming and
the emergence of consumer demand for
quality and image of livestock products
are factors which open new prospects
for development of forage legumes. The
development of forage legumes undoubt-
edly constitutes one of the pillars for the
development of future livestock farming
systems with high environmental and eco-
nomic performances. But they still suffer
from a number of limitations. The har-
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vest of forage legume is expensive and it
is still difficult to produce conserved for-
ages of high quality. In several European
countries maize silage is a major competi-
tor because of its ease of production and
conservation. Finally, bloat remains a
specific health problem related to the use
of legumes. All aspects of forage legume
production and utilisation should be re-
examined such as selection of varieties
adapted to production in mixed pastures,
management of these pastures (fertilisa-
tion, weed control, etc.), animal nutrition
and management and evaluation of the
whole system.
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