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Legume facts for policy makers

Legume crops such as peas and beans and forages
such as clover and alfalfa have special agricultural and
environmental features. This has raised their profile in
agricultural policy debate, especially in the context of
CAP reform. This briefing outlines the key features of
legumes that determine their special relevance to
European agricultural policy. The purpose of the
briefing is to outline biological and agricultural
processes affecting the development of legumesupported cropping systems. A further briefing deals
with the policy implications in greater depth.

biological processes. In natural ecosystems, such
biologically fixed nitrogen is the primary source of
reactive nitrogen. The legume plants themselves do
not fix nitrogen. The nitrogen is fixed by a partnership
(symbiotic association) between the plant and a
special class of bacteria, collectively termed ‘rhizobia’.
The rhizobia infect legume roots and induce the
formation of root-nodules which support the fixation
process. Like synthetic nitrogen fixation (N fertiliser
manufacture) BNF is an energy demanding process.
The legume plant delivers this energy as plant
photosynthate and in return uses the nitrogen fixed by
the rhizobia.

What are legumes?
Legumes
are
members
of
the
Fabaceae
(Leguminosae) family of flowering plants, the third
largest family of plants on earth. The species of
agricultural significance belong to the sub-family
Papilionoideae which are characterised by flowers with
five unequal petals. A common feature of legumes is
that their seeds form inside pods. These legumes
include beans, peas, clovers, lupins, alfalfa and soy.
The legumes grown for seed are known as pulses.

The amount of nitrogen fixed varies typically in the
range 100 to 250 kg N/ha/year. The energy required is
amounts to a minimum of about 3g of carbohydrate per
gram N fixed. This cost of BNF partly explains the
lower yield of legumes compared to cereals.

The root of a faba bean with the white nitrogen fixing
nodules (Photo: DMB for Legume Futures)
Legumes and our protein supplies
The pea flower showing one the key features of the
legumes used in agriculture. (Photo: Daniel Gasteiger)
Nitrogen fixation
All legumes of agricultural significance support
biological nitrogen fixation (BNF). Di-nitrogen (N2) in
the atmosphere is fixed to reactive forms essential to

Nitrogen is the key limiting building block of amino
acids and therefore protein. Linked to the plentiful
supply of nitrogen from BNF, legumes are naturally
rich in protein and play a key role in our protein
supplies, either directly through our consumption of
peas, beans, lentils etc., or indirect through the
provision of high-protein animal feeds.
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The protein content of legume seeds varies between
about 23 and 40%, compared with 9 to 13% for smallgrained cereals such as wheat and barley. The
legume forages such as clover and alfalfa are high in
high quality protein for feeding cattle and sheep.
In addition to protein, legume seeds are rich in a
diverse range of carbohydrates and some are
relatively rich in oil (e.g. soy and lupins). There are
also a range of secondary plant compounds and a
fibre fraction which have additional nutritional or health
benefits. This all means legumes play a particularly
important role in sustainable healthy diets.
Legumes in European agriculture
Despite the advantages of legumes for famers and
wider society, legume production in Europe is low.
The use of legumes as crops and forage has declined
throughout the EU from 11.3 million ha in 1961 to
about 3.4 million ha in 2005. Grain legumes grown for
their seeds (i.e. grain peas, grain beans and lupins)
were cultivated on only 1.6 million hectares in 2010
compared with 5.8 million ha in 1961 (FAOSTAT).
Most of Europe’s legume-based produce (about 75%)
is from only five countries. Grain legumes occupy
about 1.5% of European agricultural land, compared
with 8% in Australia and western Canada.

On-farm effects
Grain legumes
The best-known effect of legumes is the benefit of their
high-nitrogen residues for subsequent crops. This is
the foundation of the rotational effect. However, it is
not the only reason for it.
Grain legume crops such as peas and beans leave
100-200 kg of nitrogen for subsequent crops.
Residues from perennial forage crops such as alfalfa
are even higher. In addition, the tap root of many
legumes improves soil structure and cereal disease
cycles are broken. The overall result is the yield of
cereal crops grown after legumes is commonly 25%
higher than after cereals and also higher than after
other non-cereal crops. This benefit is consistent even
where high rates of N fertiliser are used in the cereal
crop (Fig. 2).

Fig. 2. Grain yield of wheat as affected by various precrops (wheat, sunflower, faba bean and chick pea) and
the application of fertiliser nitrogen (Site: near Cordoba
in Spain).

Changes in the area of legume crops in the EU27.
The area of forage legumes is difficult to assess as the
legumes are mixed with grass in many situations.
However, the experience of Legume Futures scientists
indicates that the use legumes in forage has also
declined. In Germany, the area of forage legumes has
declined in line with that of grain legumes. In Ireland,
even though white clover is included in almost all
grass seed mixtures, the levels of clover in pasture
has declined as nitrogen fertiliser use has increased.
Overall, it can be concluded that the use of legumes in
European agriculture is at a very low level.

Legumes can be grown as intercrops and catch crops.
Intercropping is the simultaneous cultivation of two or
more crops on the same area of land, for example
peas mixed with wheat. A catch crop is a crop with a
short growing season grown between two main crops,
often to absorb (‘catch’) nitrogen release in autumn.
Recent research shows that intercropping with
legumes is particularly beneficial where the supply of
nitrogen is constrained, for example in organic farming
systems. Under favourable conditions, intercropping
can yield less than the same crops grown separately.
In general, legumes effectively counteract the negative
on-farm effects of intensive cereal production, which
dominates in most the Europe’s crop production
regions. They break the cycle of diseases and pests in
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cereals and rapeseed. They also counteract weeds
that are particularly serious in cereals, and that are
becoming a major problem over wide areas of Europe
due to increasing resistance to herbicides.

that have special functions of interest in the
pharmaceutical and other chemical industries.
Wider agricultural and environmental effects

Faba beans at the start of flowering
Forage legumes
The on-farm effects of forage legumes are analogous
to those of grain legumes. Pasture-based systems
using grass-clover mixtures with low fertiliser N inputs
are competitive economically with pure grass-based
systems with high nitrogen fertiliser use under current
nitrogen fertiliser prices. This means that the use of
white clover in grass-based systems is already
economic at farm level.
Similarly, red clover grown for harvested forage within
an arable rotation is economically competitive in some
farming situations, particularly in Scandinavia. Alfalfa
is a deep-rooted perennial forage legume that is
resistant to drought and productive in regions with
warm summers.

The European Nitrogen Assessment (http://www.nineesf.org/ENA) identified the two major sources of
reactive nitrogen in European agriculture as nitrogen
fertilisers (11.2 million tonnes N per year) and imported
feed (3.5 million tonnes). The manufacture of fertiliser
nitrogen requires a large amount of energy, a minimum
energy requirement being the equivalent to about 1 kg
crude oil per kg N fertiliser produced. In addition to
carbon dioxide emissions, this manufacture and use of
nitrogen produces emissions of nitrous oxide, which is
a very potent greenhouse gas. Using the ability of
legumes to fix nitrogen biologically and exploiting
legumes locally has the potential to improve the
energy and nutrient efficiency of agricultural systems
while substantially reducing agricultural greenhouse
gas emissions.
Nitrous oxide emissions
Much of this emissions benefits is due to effects on
nitrous oxide. After carbon dioxide, nitrous oxide
(N2O) is the second most important greenhouse gas
caused by man’s activities. About two thirds of
emissions come from agricultural soils driven by
nitrogen fertilisation. There is now increasing evidence
that the inclusion of legumes in cropping systems
reduces nitrous oxide emissions compared with
systems based on entirely on non-leguminous crops.
The IPCC guidelines for estimating nitrous oxide
emissions assume that the emissions from the
nitrogen fixed and used by legumes is zero. This,
combined with the avoidance of fertiliser nitrogen
manufacture means that legumes play a major role low
GHG emission agricultural production systems.
Biodiversity
Through counteracting the trend towards cereal
dominated monocultures, the inclusion of legumes
supports farmland biodiversity. In addition, the mass
flowering habit of legumes is an excellent source of
food for insect species that have co-evolved with
legumes. Legumes are also expected to improve soil
biodiversity.
Reasons for the decline in legumes

Red clover growing with grass within an arable rotation
in Finland (Photo: DMB for Legume Futures)
Non-food legumes
Legumes also have potential non-food uses. Apart
from the non-food effects of nitrogen-fixation, legumes
are characterised by a wide range of secondary plant

Grain yield
The over-riding reason for the low level of grain
legume production is competition for land from starchrich crops such as wheat, barley and maize which are
particularly high yielding under many European
conditions. Cereal production in the EU is protected
by import tariffs.
Soy competing with European
legumes is imported tariff free. The combination of
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relatively inexpensive nitrogen fertilisers, a wide range
of pesticides and high performance varieties means
cereals and rapeseed crops provide high yields in
relatively simple cropping systems over large areas.
The average yield of cereals exceeds 7 tonnes/ha
over most of the cereal growing regions and averages
5t/ha across the EU27. The average yield of faba
beans, soy and peas is half this level. That Europe
has excellent potential for growing legumes is shown
by the fact that grain legume yields in the EU are
higher than in legume-exporting countries. However, in
the present constellation they are often not
commercially attractive to farmers.

Italy) cereal production for animal feed is the priority.
Where there is a surplus of nitrogen from livestock
manures, legumes may even aggravate a nutrient
surplus problem. In these regions, the demand for
land for slurry disposal and maize/cereal production
has forced legumes out of systems.
Once an agricultural system has moved towards
simplified specialised production it is expensive to
reinstate complexity, for example the complexity
associated with traditional mixed farming systems.
There is however still potential to improve resources
flows between specialist arable and livestock
enterprises. The inefficiency and risks associated with
the specialised farming systems are clear when we
consider the fate of nutrients, especially nitrogen. For
every 100 kg of nitrogen entering the pig production
system as fertiliser or through biological fixation, only
about 17% ends up in meat; 83% of the nitrogen is
lost. Because of such effects, the Commission
Communication on the CAP towards 2020 discusses
synergies between crop and livestock farming.
Locally-grown legumes have a role to play in
developing such systems.
Failure to capture long-term farm benefits
Some of the on-farm benefits of grain legumes are
long-term and certainly extend beyond the current
cropping season. These include all the rotational
effects outlined above.
The regional Case Studies carried out in Legume
Futures show that many farmers are unaware of the
longer-term benefits of legumes in cropping systems.
In addition, on-farm economic assessments based on
annual gross margins under-estimates the economic
performance of legumes over rotations.

The EU’s virtually traded arable land. The data
graphed are the export of crop commodities expressed
in terms of arable land used in production. From von
Wirzke and Noleppa (2010) (http://www.agrar.huberlin.de/fakultaet/departments/daoe/ihe/Veroeff/opera
-final_report_100505.pdf .
As a result of the trade arising, about a quarter of the
arable land needed to support European food systems
is provided by countries outside the EU.
Specialisation and system simplification
The more specialised cereal-based cropping systems
are simpler to manage but do not facilitate effective
nutrient recycling and beneficial interactions between
crops in the rotation. In regions where there is a high
concentration of livestock (e.g. over much of the
Benelux countries, north-west Germany and northern

Yield instability
Even though legumes tend to improve the yields of
other crops in rotation, some legume crops have a
reputation for yield instability. This means their yields
fluctuate greatly from year to year and from site to site.
Challenges for policy makers.
The reform of the CAP raises special challenges for
legumes. There is increasing concern in society about
the consequences of our reliance on imported soy and
about the simplification of cropping and faming
systems (‘monoculture’ and ‘specialisation’). More
legumes in Europe clearly help. However, policy
makers are constrained by WTO agreements, the
need for transparent and workable support systems,
and a political consensus that support systems must
remain ‘decoupled’. There is no single political or
technical ‘silver bullet’ and so development will depend
on several well designed complementary measures.
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