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This research strategy is the result of intensive discussions between experts from the research, farming and food communities. These
discussions were initiated in January 2011 with
the establishment of the Legumes Expert Forum by the German Agricultural Research Alliance (DAFA). The purpose of the Forum is to
examine and report on the research required
to support the use of legumes in Germany. A
steering group led more than 40 discussions
with experts and organised a conference in
June 2011 which was attended by more than
100 scientists, representatives from farming,
agri-business, policy, civil society and research
funders. The conference led to the formation of
a planning group which drove the development
of the strategy forward. As the responsible ministry, the Federal Ministry of Food, Agriculture
and Consumer Protection (BMELV) was kept
informed of the strategy process and results as
it progressed.

projects. The development of research at the
level of individual projects is a matter for the
research funders, researchers and their cooperating partners.
Because of the breadth of participation in discussions, this strategy is independent from the
LQWHUHVWV RI VSHFL¿F UHVHDUFK IXQGHUV RU VSHFL¿F SROLWLFDO FRPPHUFLDO DQG VRFLHWDO YLHZpoints. The document should not be regarded
as a complete account of all research questions
relevant to the development of legume crops.
It is particularly relevant to guiding policy in the
development of a wider strategy for supporting
protein crop production. The DAFA research
strategy recommendations can be regarded
as a contribution to the formation of wider support measures relevant to the development
of legume-supported cropping systems and a
contribution to the development of a policy for
a sustained research effort aimed at enabling
the realisation of the potential of legumes.

5HÀHFWLQJ WKH VFLHQWL¿F FKDUDFWHU RI WKLV SUR
cess, this research strategy is presented in
WKH IRUP RI D FRPSUHKHQVLYH DQG VFLHQWL¿F
document. Details of the potential of legumes
in relation to acknowledged socio-economic
challenges, the state of research on legumes,
and the research needs arising from these are
presented in the relevant chapters.
A wide range of research questions emerged
from the expert discussions. Based on these,
the strategy sets out a research framework and
makes proposals at the programme level. It addresses research policy directly and sets out
research priorities. The presentation of the research priorities in Chapter 4 is structured sciHQWL¿FDOO\ DQG WKHLU RUGHU VKRXOG QRW EH VHHQ
as a ranking of their importance. The research
QHHGVLGHQWL¿HGDUHQRWSURSRVDOVIRUVSHFL¿F
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An increase in the production of legumes species (e.g. beans, peas and clover) on farms in
Germany and in many European regions in the
next decades would provide far-reaching benH¿WV:K\"
Today’s agriculture is expected to produce
more than just food. Farmers must deliver a
range of environmental services, high-quality
affordable food, feed, and raw materials for
energy production and other non-food applications. Production must conserve non-renewable resources, protect water bodies from depletion and pollution, minimise greenhouse gas
and other emissions, and protect and enhance
farmland biodiversity. There is also an increasing societal awareness of the broad and intrinVLFEHQH¿WVRIPRUHGLYHUVHURWDWLRQVDQGFURSping sequences. The production of legumes in
Europe helps to meet these demands. These
protein-rich crops that improve soil fertility and
enhance agricultural biodiversity can make an
essential contribution to the sustainable development of the farming and food sectors.

7KHVWUDWHJ\LGHQWL¿HVWZRIXQGDPHQWDOQHHGV
 A coherent research effort is required. Continuation of a fragmented approach that provides a large number of individual research
¿QGLQJV ZLOO QRW OHDG WR HIIHFWLYH SUDFWLFDO
solutions.
 Agricultural policy (e.g. support from the
“greening” of the CAP) alone will not deliver a
long-term breakthrough. Progress in plant
breeding and production and new approaches
to the processing and use of legumes on farms
are needed to make legume crops competitive.
Research programmes need to address coherent research questions aimed at increasing the competitiveness of legume production.
Six strategic science and technology outcomes
DUHRIVSHFL¿FUHOHYDQFH

Strategic science and technology outcomes
 Increased investment in pre-breeding
and breeding

:KDW QHHGV WR EH GRQH"7KH '$)$ *HUPDQ
Agricultural Research Alliance) has developed
 Exploitation of production potential
this research strategy ‘Science, economy and
 Valuation of ecosystem services to
society – making ecosystem services from
support farm business decision-making
legumes competitive’ to provide a foundation
 Exploitation of regional opportunities
for planning public investment in research. It
to develop supply chains
is the result of intensive discussions between
 Removal of barriers to the use of
farmers, advisors, processors, trade reprelegumes in livestock feeds
sentatives, policy-makers and organisations
responsible for publicly funded research. It has
 Implementation of dietary concepts to
become clear during the development of this
H[SORLWWKHSRWHQWLDOKHDOWKEHQH¿WV
strategy that legume production and use is an
opportunity for the whole farming and food sector. Representatives of organic and convention- Coming from this background, the DAFA real farming worked together on the strategy from commends that the development of research
investment should emphasise programmes
the beginning.
that coherently support research in six areas:
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Research areas

1. Sustainable healthy diets
with emphasis on:

4. Crop productivity
with emphasis on:

 nutritional and physiological
effects of foods containing
legume products;

 improving the genetic potential
for yield and quality;
 improving crop production.

 quality and attractiveness
of legume-containing foods.

2. Sustainable protein
sources for animal feeds
with emphasis on:
 valuation of feed ingredients;

 processing technologies to
optimise value;

5. Resource protection
with emphasis on:
 soil and water;

biodiversity in agricultural
landscapes;

 additional value chains.


climate change adaptation
and mitigation.

3. Non-food uses
with emphasis on:

6. Socio-economic research
with emphasis on:

 optimising the use of land;

IDUPLQJV\VWHPFRVWEHQH¿W
assessments;

 identifying potential
raw material uses.

 economic assessments of
 SXEOLFEHQH¿WV
 market development.
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These research areas are important not only
because of their individual impacts. They are
also important because of the synergy between
them. Research areas 1 to 3 align with the supSO\FKDLQVWKDWGHOLYHUWKHEHQH¿WVRIOHJXPHV
Research areas 4 to 6 strategically underpin
these being relevant to all uses of legumes.
Combining these by integrated programming is
proposed as a key to success.

This concept is illustrated by the DAFA Legume
Research Matrix. It shows how the research
areas are inter-linked and mutually supportive.
The matrix illustrates a concept that should be
a guiding principle in developing this research
and for implementing funding schemes and the
design of individual projects.

Figure 1: Legume Research Matrix

The DAFA recommends that organisations
involved in developing research programmes

Sustainable
healthy diets

Sustainable
protein supplies

Socio-economic assessment

Crop Productivity

Resource protection

Delivering real solutions and impact will depend
on (i) research funding concepts designed to
meet the needs of the legume research challenge and (ii) research frameworks that effectively address complex research questions.

1. support long-term research on
legumes to enable, for example, research
supporting pre-breeding and the development of production systems;
2. enable the formation of consortia to
conduct trans-disciplinary research;
3. support integrative research to address supply chain questions and needs;

Non-food uses

4. stimulate regional crop centres that
provide reference systems, pilot testing
and demonstration;
5. stimulate exploitation of research
results by systematically engaging organisations involved in education, training and
the provision of advice; and
6. promote the production and utilization
of legumes via agricultural policies.
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Why is research to support legume
production needed?

position is shared by a large number of German
actors in academia, business, government and
non-governmental organizations. This shared
The legume crop area in Germany dropped stance is also evident across groups focused
from 1.4 million to 0.4 million ha between 1949 RQ VSHFL¿F SURMHFWV DQG WKHPHV DV ZHOO DV
and 1991. The area has remained stable at organisations operating predominantly at the
this low level since 1991. Why has this hap- strategic level. All these actors share the goal
SHQHG" $ PDMRU UHDVRQ LV WKH DYDLODELOLW\ RI of strengthening the sustainable development
relatively cheap imported soy meal combined of the wider bio-based economy.
with the increased production of forage maize
and cereals displacing home-grown legumes. The DAFA ‘legumes’ strategy serves a central
Under current market conditions, the displace- goal: the expansion in the production of legumes
ment of legumes grown on Europe’s farms is in Germany and Europe. Only through this exunderstandable. Low production has a knock- pansion can these crops play a role in farming
on effect on commercial breeders who have WKDWUHÀHFWVWKHLUEHQH¿WVIRURXUVRFLHW\
abandoned many of their efforts to improve
legumes. This has led to a cycle of decline.
Farm-level economic performance is the driving force behind these changes. The sum of
commercial decisions made at the farm level
does not always lead to an optimal allocation
of resources from a wider societal viewpoint.
7KHHFRV\VWHPEHQH¿WVRIOHJXPHVDUHWLJKWO\
linked to the location of production and so are
forfeited where imported legumes displace local production. This is the situation today; most
of the legumes we use are imported from South
America. In addition to forfeiting the ecosystem
EHQH¿WVRIWKHLUSURGXFWLRQLQ(XURSHLWZRXOG
be unacceptable in the longer term to ignore
the potential of legumes in healthy diets and
not to explore the innovation potential of nonfood uses. The system or market failure giving
rise to this situation provides the rationale for
the DAFA as an association of German agricultural and food scientists to focus on legumes.
The scope and depth of the DAFA research
strategy demands a wide-ranging and systematic approach to research planning. The DAFA’s
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Grain peas (Pisum sativum)

Mixed cropping of winter peas and rye.
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1

Introduction
Legume crops protect and enhance public goods. However, the area of legumes grown in
Germany has stagnated over the last 20 years and has been about 400,000 ha over the last
10 years. Parallel to this, the number of breeding programmes has declined to about one
per crop species or has ceased completely for some species. The result is that our cropping
V\VWHPVDUHQRWGHOLYHULQJWKHEHQH¿WVWRVRFLHW\WKDWOHJXPHVFDQRIIHU7RUHDOLVHWKHVH
SXEOLFEHQH¿WVSXEOLFVXSSRUWIRUDVLJQL¿FDQWLQFUHDVHLQWKHFXOWLYDWLRQDQGXVHRIOHJXPHV
LQ*HUPDQ\LVMXVWL¿HG7RDFKLHYHWKLVLQYHVWPHQWLQUHVHDUFKDQGGHYHORSPHQWWKDWFRQVLGHUV
VFLHQWL¿FHFRQRPLFDQGZLGHUVRFLHWDOLQWHUHVWVLVUHTXLUHG
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Society rightly expects agricultural and food
research to deliver insights and solutions relevant to global food security, scarcity of fossil
resources, loss of biodiversity, climate change
and the development of rural areas. These
challenges cannot be met with simple approaches. Increasingly, integrated and holistic
strategies are required that acknowledge the
complexity of these themes and address the
needs of the various groups involved.

In this context, the use and optimisation
of ecosystem services that are delivered
by legume crops is of strategic importance.
Ecosystem services encompass all the
utility provided to mankind by ecosystems.
This includes the sustainable production
RIIRRGWKHHFRQRPLFEHQH¿WVRIIRRGDQG
raw materials produced, and the environmental, climate and resource protection
enabled by ecosystems.1

&ROODERUDWLRQRQWKHJURXQG±D¿HOGPHHWLQJEHWZHHQ
breeders, agricultural researchers, farmers, representative
bodies and policy makers.

&RQVLGHULQJ WKH PXOWLSOH EHQH¿WV RIIHUHG E\
legumes in the sustainable development of
our agriculture and food sectors, integrated research and policy measures are required that
engage the various research disciplines and
The range of ecosystem services delivered by interest groups from science, business, policy,
legume crops are set out in the following chap- farming and wider society. To pursue the benters. Of particular economic and agro-ecologi- H¿WV FRQVLVWHQWO\ IRFXVHG UHVHDUFK PXVW EH
cal relevance are, for example, the support of conducted across the full range of ecosystem
healthy sustainable diets and climate protec- services delivered. The wider impact potential
tion. The substitution of soy imports is often the of such research can only be realised if the
IRFXVRIFXUUHQWSXEOLFGHEDWHEXWWKHEHQH¿WV cultivation of legumes in Germany is expanded
of legume production in Germany extend be- and sustained.
yond this.

1

Cf. Millennium Ecosystem Assessment, 2005: Ecosystems and Human Well-Being: Synthesis. Island Press, Washington, D.C.,
pp. 1-137
Additionally cf.: Burkhard, B., Groot, R. de, Costanza, R., Seppelt, R., Jörgensen, S.E. & Potschin, M., 2012: Solutions for sustaining
natural capital and ecosystem services. Ecological Indicators, 21, 1-6, doi:10.1016/j.ecolind.2012.03.008
UK National Ecosystem Assessment, 2012: Ecosystem Services, http://uknea.unep-wcmc.org/EcosystemAssessment Concepts/
EcosystemServices/tabid/103/Default.aspx (Date: 11.04.2012)
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2

Ecosystem services:
societal goals and
the potential of legumes
The cultivation of legumes delivers a wide range of ecosystem services that are demanded
by society. These contribute to protecting the environment and natural resources, deliver
valuable raw materials for food, feed and other supply chains, and support healthy and
sustainable diets.
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The German government recognises that global food security, climate change and environmental protection, and a higher independence
from fossil resources are all themes directly
relevant to the development of agriculture.2 It
follows that for the development of sustainable
solutions, the whole system from farm production to the point of consumption needs to be
considered.3
Because of the increasing burdens on the environment, constraints on agricultural land and
depletion of high quality phosphorus fertilisers,
increasing the productivity of cropping systems
while minimising the use of pesticides and fertilisers are central challenges. This needs to be
achieved while reducing greenhouse gas emissions and contamination of water resources.4
In 2011, the German Federal Ministry for
Agriculture, Food and Consumer Protection
(BMELV) initiated a public debate about the
role and future of the farming and food sectors
in Germany. The result of this debate was incorporated into the Charter for Agriculture and
Consumers. The Charter process showed how
important broad acceptance and consensus in
society is to advancing the sustainable development of agriculture and food. A wide range
of public goods from agricultural resources and
activities are increasingly expected. These include global food security with access to safe
food, protection of the environment and natural
resources, rural development, and high process standards in production.5

Discussing protein crops and the BMELV protein
crop strategy under the frame of the Charter process in
June 2012.

The current reliance on a few crop species is
a cause of problems in crop production and
increases the vulnerability of German agriculture. If we are to protect agri-biodiversity and
soils, we need to grow a wider range of crops
in more diverse rotations and cropping sequences.6 The current neglect of legumes has
negative implications for the sustainable production of crops and the development of new
value chains.

2

BMELV, 2011: Moderne Landwirtschaft – nachhaltig und verbraucherorientiert, www.bmelv.de/SharedDocs/
Standardartikel/Ministerium/Leitung/Namensbeitraege/Aigner-ModerneLandwirtschaft.html
3
BMELV, 2008: Nachhaltigkeit konkret.
4
1DWLRQDOHU$NWLRQVSODQ]XUQDFKKDOWLJHQ$QZHQGXQJYRQ3ÀDQ]HQVFKXW]PLWWHOQ 1$3 OW%HVFKOXVVGHU$JUDUPLQLVWHUNRQIHUHQ]
vom 11. April 2008
5
de Haen H, Reisch L, 2011: Charta für Landwirtschaft und Verbraucher. Ergebnisse des Dialogs mit gesellschaftlichen Gruppen:
Handlungsfelder und Empfehlungen. Göttingen, Kopenhagen, September 2011
6
BMELV, 2008: Bericht des BMELV für einen aktiven Klimaschutz der Agrar-, Forst- und Ernährungswirtschaft und zur Anpassung
der Agrar- und Forstwirtschaft an den Klimawandel
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Our consumption patterns, our food culture
and how we value food products have changed
radically in recent decades. There is increasing emphasis on the enjoyment of food and on
healthy eating. These trends have resulted in
the growth of parts of the food industry and offer further potential for the introduction of innovative products.7 A transition to healthier eating
is a high priority for public policy. The increased
demand for foods that are produced under high
production standards, support healthier eating, and provide enhanced eating experiences
presents a long-term challenge for the agricultural and food sector. In addition to providing
KLJKTXDOLW\SURWHLQDQG¿EUHOHJXPHVGHOLYHU
biologically active compounds that play a role
in functional foods.

The public debate about the sustainable development of agriculture and food has resulted
in an increased scrutiny of the quality of processes used in producing food.8 Consumers
increasingly express preferences in relation
to how food is produced.9 There is increasing demand for regional foods and foods that
are produced at high standards in terms of
environmental protection and animal welfare.
There is increased interest in traceability and
in using plant-based raw materials. Consumers increasingly demand food that is authentic
to particular cultural traditions and that contributes to diversity in cuisine.10

'H¿QLQJOHJXPHV
The legume family (Fabaceae or Leguminosae) is one of the largest plant families.
Worldwide it comprises almost 20,000
cultivated and wild species. This includes
annual, biennial and perennial plants, including woody species such as trees and
lianas. Most legumes host rhizobium bacWHULD WKDW ¿[ QLWURJHQ LQ QRGXOHV RQ WKHLU
roots. Through this biological nitrogen
¿[DWLRQPRVWOHJXPHFURSVDUHLQGHSHQGent from soil nitrogen supplies and play
a major role in maintaining soil fertility. This
unique agricultural characteristic combined
with the high protein content of the seeds
means that legumes are used in all agricultural systems, from the tropics to high
latitudes.11

7

In German agriculture, the important legumes include the annual pulse crops such
DV SHDV ¿HOG EHDQV )DED  DQG OXSLQHV
as well as various perennial forage species such as clover and alfalfa (lucerne).
These crops are grown particularly for animal feed and forage, or to build soil fertility via green manuring and to protect soils
from erosion. For direct human consumption, lentils and soy, peas, green beans,
and faba beans are important. All these
are annual plants.

BMBF, 2010: Studie zum Innovationssektor „Lebensmittel und Ernährung“. Freising, Berlin, 2010
BMELV, 2008: Fn. 6, S. 19
9
Internet resources supporting the charter for agriculture and consumers;
http://www.bmelv.de/DE/Ministerium/Charta-Diskussion/Prozess/Prozess_node.html
10
BMELV, 2011: Workshopbericht zur Charta für Landwirtschaft und Verbraucher – Thema Lebensmittel.
Vierter Workshop zur Charta für Landwirtschaft und Verbraucher, Berlin, 7. Juni 2011
11
:HUQHU 1HZWRQ1LWURJHQ¿[DWLRQLQDJULFXOWXUHIRUHVWU\HFRORJ\DQGWKHHQYLURQPHQW
8
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7KH¿[DWLRQRIQLWURJHQLQQRGXOHVRQWKHURRWV
of legumes plays a central role in ecosystem
service provision. Up until the development of
the Haber-Bosch process used to synthesise
nitrogen fertiliser, agricultural production was
almost totally dependent on legume-based
QLWURJHQ ¿[DWLRQ 2UJDQLF IDUPLQJ V\VWHPV
remain largely dependent on legumes for the
supply of reactive nitrogen. In addition, some
species such as lupine and alfalfa can mobilise
other soil-based nutrients through their deep
and extensive root systems.

The ecosystem services
provided by legumes
A wide range of important ecosystem services
are provided by legumes:
 Protection of soil, water and fossil
resources.
 &URSURWDWLRQEHQH¿WV
 Enhanced farmland biodiversity.
 Adaptation to climate change.
 Reduced greenhouse gas emissions.
 Healthy and sustainable foods.
 A wide range of valuable raw materials
Some of these ecosystem services do not depend on the legumes being produced in GerPDQ\7KLVDSSOLHVIRUH[DPSOHWREHQH¿WVDULVing from the use of legumes in healthy diets.
Other ecosystem services are delivered where
the legume crops are grown, which currently is
mostly outside Germany. This applies in parWLFXODU WR EHQH¿WV IRU VRLOV VXFFHHGLQJ FURSV
and biodiversity.
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Figure 2: Role of legumes in the cropping system nitrogen supply
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6FKHPDWLFUHSUHVHQWDWLRQRIQLWURJHQ¿[DWLRQLQWKHFRPELQDEOHFURSSLQJSDUWRIWKHURWDWLRQZLWKRXWRUJDQLFRUPLQHUDO
N fertilisation or nitrogen from the soil organic matter pool.

Ecosystemservices of legumes
at detail:

*HUPDQ\LWLVHVWLPDWHGWKDWQLWURJHQ¿[DWLRQ
in legumes could replace about 215,600 t fertiliser nitrogen with an estimated value of about
&URSSLQJVHTXHQFHRUURWDWLRQDOEHQH¿WV
100 million Euro per year if the area of legumes
%LRORJLFDOQLWURJHQ¿[DWLRQLQWKHURRWQRGXOHV increased to 7% of the cropped area.12
provides the legume plant with the nitrogen it
needs. Residues of legumes crops make this Soil fertility
nitrogen available to subsequent crops and, Many legume species (e.g. alfalfa, red clover,
via the organic matter in the crop residues, im- VDLQIRLQ OXSLQH ¿HOG EHDQV  DUH GHHSURRWHG
prove soil fertility generally. Other crops grown and reduce soil compaction. The perennial forDIWHU OHJXPHV EHQH¿W IURP WKH ZHOONQRZQ age species in particular have positive effects
rotation or cropping sequence effect. Through on the humus balance of the soil. In addition,
this crop sequence effect, legumes play a key lupine and some other legumes have special
role in developing and maintaining soil fer- advantages when cropped on light soils.13 The
tility in some farming systems. As much as ¿QH URRW V\VWHPV IRU H[DPSOH WKRVH RI WKH
 NJ 1KD\HDU FDQ EH ¿[HG ,Q )UDQFH vetches, play a special role in improving the
where legumes are more widely grown than in water-holding capacity of soils. In addition to

&DYDLOOqV(/DUHODQFHGHVOpJXPLQHXVHVGDQVOHFDGUHG¶XQSODQSURWpLQHTXHOVEpQp¿FHVHQYLURQQHPHQWDX["
Etudes & Document n°15, CGDD, MEEDDM (42 p.), www.developpement-durable.gouv.fr
13
'HXWVFKH/DQGZLUWVFKDIWVJHVHOOVFKDIW=ZLVFKHQIUXFKWDQEDXDXIOHLFKWHP%RGHQ+HIW$XÀDJH
Sprengel, C., 1838: Die Lehre von den Urbarmachungen und Grundverbesserungen, Baumgartner Verlag, Leipzig
12
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Figure 3: Tapping soil resources using deep rooted legumes

The roots of some legumes can reduce the effects of soil compaction and break through plough pans. Crop access to
WKHZDWHUDQGQXWULHQWUHVRXUFHVRIWKHVRLOLVLPSURYHGZLWKEHQH¿WVIRUWKHZKROHFURSSLQJVHTXHQFH

the direct effect of these roots systems on soil
structure, legume crops promote earthworm
activity due to the larger crop residue, the
shading of soils and the reduced disturbance
in the case of perennial crops. In cropping systems using red clover and alfalfa, the earthworm deposits combined with the effect of the
¿QHDQGGHHSURRWV\VWHPOHDGWRDQLQFUHDVH
and stabilisation of the medium-sized pores,
especially in sandy soils. Wind and water eroVLRQ LV JUHDWO\ UHGXFHG 7KLV HURVLRQ EHQH¿W
can also be gained using catch crops, undersowing or intercropping. In addition to the general soil protection effects, catch cropping offers additional cropping opportunities on light
or drought-prone sites.

1XWULHQWHI¿FLHQF\
7KH HI¿FLHQF\ RI WKH XVH RI PLQHUDO QLWURJHQ
in the soil is less than 50% in most cropping
systems. This is manifest in the chronic surplus of nitrogen in German agriculture that has
remained constant at about 100 kg N/ha. The
target for 2011, to reduce this to 60 kg N/ha,
has not been met.14 While the use of phosphorus and potassium has been reduced by about
43% in this period, even though crop yields
have risen, the use of nitrogen fertiliser has
remained remarkably stable, declining by just
2.3% in the same time period.157KHSRRUHI¿
ciency of nitrogen use has not only economic
consequences, but is also the driving force behind emissions of ammonia to air, emissions of
nitrous oxide from soil, and nitrate pollution of

14

Bundesministerium für Ernährung, Landwirtschaft und Verbraucherschutz, 2012: Statistischer Monatsbericht 04/2012, S. 258 f.
 9HURUGQXQJEHUGLH$QZHQGXQJYRQ'QJHPLWWHOQ%RGHQKLOIVVWRIIHQ.XOWXUVXEVWUDWHQXQG3ÀDQ]HQKLOIVPLWWHOQQDFKGHQ*UXQGVlW]HQ
der guten fachlichen Praxis beim Düngen (Düngeverordnung - DüV) in der Fasung vom 27.02.2007, § 6, Abs. 2, 1d
15
Umweltbundesamt, 2011: Nationale Trendtabellen für die deutsche Berichterstattung atmosphärischer Emissionen
seit 1990 (Stand: 15. April 2011), www.umweltbundesamt.de/emissionen/publikationen.htm
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legumes such as alfalfa or blue lupine access
phosphorus and other nutrients and make
these available for the whole cropping system.
Carbon balance
Legumes, particularly the perennial forage legumes, leave a large crop residue in the form of
stubble and roots. The production of legumes
in general results in a positive carbon balance.
Crops such as alfalfa can make a very important
contribution to the restoration of degraded soils.
Energy balance
%LRORJLFDOQLWURJHQ¿[DWLRQLVDQDOWHUQDWLYHWR
V\QWKHWLF QLWURJHQ ¿[DWLRQ 6\QWKHWLF QLWURJHQ
¿[DWLRQ W\SLFDOO\ XVHV QDWXUDO JDV DV WKH HQUsing the soil loosening effects of some legume species,
ergy supply. Nitrogen fertiliser manufacture is
the crop carbon gain can be increased and energy use
energy-demanding (approx. 49 MJ Primary
reduced using direct drilling.
Enengy/kg N).17 Legume-based cropping sysground and surface waters. However, this low tems reduce the use of such energy because:
QLWURJHQXVHHI¿FLHQF\RIIHUVRSSRUWXQLWLHVIRU (i) the legume crop itself does not require N
fertiliser, (ii) the following crops require less N
VLJQL¿FDQWLPSURYHPHQWV
fertiliser and (iii) the energy required for soil
The greater use of legumes in cropping sys- cultivation and pesticide manufacture and apWHPV FRXOG PDNH D VLJQL¿FDQW FRQWULEXWLRQ WR SOLFDWLRQLVUHGXFHGGXHWRWKHRWKHUEHQH¿WV$
reducing nitrogen-related problems. The natu- cropping sequence using legumes once every
ral and close connection between biological ¿YH\HDUVZDVHVWLPDWHGWRUHGXFHWKHSULPDU\
QLWURJHQ ¿[DWLRQ DQG XSWDNH LQ WKH URRW ]RQH energy input into crop production by 14% for a
(synlocation) and the subsequent slow release German site.18
of mineral nitrogen from the residues of the
legume plants offers opportunities to design Mitigation of greenhouse gas (GHG)
cropping systems around a legume compo- emissions
nent with the aim of increasing nitrogen use Due to the reliance on natural gas in particular,
HI¿FLHQF\ DQG UHGXFLQJ WKHVH HQYLURQPHQWDO the production of synthetic nitrogen fertiliser
problems.16 7KH QLWURJHQ ¿[HG E\ OHJXPHV results in large CO2 and N2O emissions. In adneeds to be considered particularly carefully dition, nitrogen enrichment of soils increases
in regions characterised by intensive animal emissions of N2O.19 Reducing the use of synproduction or the production biogas from crops thetic fertiliser using legumes provides oppor(e.g. maize) when making nutrient balances tunities to reduce GHG emissions. In addition,
and devising cropping strategies. Deep-rooted the soil loosening effects of legumes can re16

Arlauskiene A. and Maiksteniene S., 2007: Effect of legume catch crops management on the dynamics of soil mineral nitrogen and
nitrate leaching. Permanent and temporary grassland: plant, environment and economy. Proceedings of the 14th Symposium of the
European Grassland Federation, Ghent, Belgium, 3-5 September 2007, Pages: 331–334
17
Patyk, A. and Reinhardt, G.A., 1997: Energie- und Stoffstrombilanzen von Düngemitteln, Friedr. Vieweg & Sohn Verlag,
Braunschweig/Wiesbaden
18
Nemecek, T., von Richthofen, J.-S., Dubois, G., Casta, P., Charles, R., Pahl, H., 2008: Environmental impacts of introducing grain
legumes into European crop rotations. European Journal of Agronomy 28:380–393.
19
Kern, J., Hellebrand, H.-J., Scholz, V., Linke, B., 2010: Assessment of nitrogen fertilization for the CO2 balance during the production
of poplar and rye. In: Renewable and Sustainable Energy Reviews, 14, S. 1453–1460
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duce N2O emissions. A holistic assessment of
emissions from cropping sequences shows
that the use of legumes reduces these emissions because of the direct and indirect effects
RIELRORJLFDOQLWURJHQ¿[DWLRQRQ&22 and N2O
emissions.20 Greater use of legumes in cropping systems is expected to result in a net
reduction of GHG emissions from agricultural
systems.21
Adaptation to climate change
The combination of deep rooting, increased
earthworm activity, and the positive carbon
EDODQFH UHVXOWV LQ LQFUHDVHG ZDWHU LQ¿OWUDWLRQ
and water holding capacity which is particularO\ EHQH¿FLDO ZKHUH GURXJKW SHULRGV DUH LQWHU- /HJXPHÀRZHUVDUHDQH[FHOOHQWVRXUFHRIIRRG
rupted by heavy rainfall. The deep root system for insects.
reaches soil water resources not accessed by
other crop types. These characteristics help
cropping systems adapt to the type of climate :LWKWKHLUÀRZHULQJV\VWHPWKDWKDVHYROYHGWR
facilitate insect pollination, legumes offer opchange expected in Germany.
portunities for a wide range of nectar feeding
insects. Such opportunities are very valuable
Agricultural biodiversity
The introduction of legumes into the cropping ZKHUHWKHVHLQVHFWVKDYHGLI¿FXOW\¿QGLQJQHFsystem increases the taxonomic range of the tar sources in the agro-ecosystem. With the
crops grown. It also extends the crop cover time use of legumes in catch crops, nectar sources
DQGKDVDSRVLWLYHHIIHFWRQQRQFURSÀRUDLQ- are provided in late summer and autumn up
sects, and mammals. Some of the characteris- XQWLOWKH¿UVWIURVW7KLVLVRIJUHDWVLJQL¿FDQFH
tics of legume species are very rare in agricul- for endangered pollinator insects.23 Apart from
tural ecosystems. In particular, the crop cover addressing the problem of the decline of these
diversity brought by legumes combined with the LQVHFWV WKLV HFRV\VWHP VHUYLFH KDV EHQH¿WV
HIIHFWV RI OHJXPH ÀRZHULQJ KDV EHQH¿WV IRU for food chains that rely on pollinator insects.
LQ¿HOGELRGLYHUVLW\)RUH[DPSOHJUDVVFORYHU A positive and interesting direct economic efVZDUGV VKRZ WKH KLJKHVW RFFXUUHQFH RI ¿HOG fect arises from honey production supported by
birds and hares compared to other crop types.22 some annual and woody perennial legumes.
The co-evolution of legumes and the insects
WKDWIHHGRQWKHLUÀRZHUVUHVXOWVLQPXWXDOEHQH¿WV ZLWK LQVHFW DFWLYLW\ HQKDQFLQJ SROOLQDWLRQ
and seed set.
20

Healthy and sustainable human diets
Research on the health effect of diet is of increasing interest to the food sector.24 In this
context, legumes have the potential to contribute

Nemecek T, et. al., Fn. 18 or cf. v Richthofen, J.S., Pahl, H., Nemecek, T., 2006: Was Körnerleguminosen in Anbausystemen leisten.
RAPS 1/2006:35-39, www.proplant.de/data/2006/2006-01_Raps_vonRichthofen_Koernerleguminosen.pdf
Nemecek et. al., 2008, report the legume-supported rotation emitted 11 % less greenhouse gas emissions than the comparison rotation.
Cavaillès, E., 2009: Fn.12
22
Stein-Bachinger, K., Fuchs, S., Gottwald, F., 2010: Naturschutzfachliche Optimierung des ökologischen Landbaus – „Naturschutzhof
Brodowin“ . Naturschutz und Biologische Vielfalt 90, 409 S, ISBN 978-3-7843-3990-0
 /DQJ- *RGW-3UR¿WLHUWGHU)HOGKDVHYRP|NRORJLVFKHQ/DQGEDX",Q0D\HU-$OI|OGL7/HLEHU)HWDO +UVJ 
Werte - Wege - Wirkungen: Biolandbau im Spannungsfeld zwischen Ernährungssicherung, Markt und Klimawandel. Beiträge
 ]XU:LVVHQVFKDIWVWDJXQJgNRORJLVFKHU/DQGEDX=ULFK±)HEUXDU%DQG%RGHQ3ÀDQ]HQEDX$JUDUWHFKQLN
Umwelt- und Naturschutz, Biolandbau international, Wissensmanagement. Verlag Dr. Köster, Berlin, S. 434–437
23
UNEP, 2011: Global honey bee colony disorders and other threats to insect pollinators.
www.unep.org/dewa/Portals/67/pdf/Global_Bee_Colony_Disorder_and_Threats_insect_pollinators.pdf (besucht 12.12.2011)
24
BMBF, 2012, Fn. 7
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Legumes are not just sources of nutrients in the human
GLHWRWKHUFRPSRQHQWVKDYHLPSRUWDQWKHDOWKEHQH¿WV

Domestic legumes deliver valuable raw materials
(here lupine seeds).

to solutions. The provision of proteins is a key
consideration in developing diets. Worldwide,
legumes such as beans, soy, lentils, chickpeas, peas and groundnuts are the most important sources of plant protein. In addition,
some legumes are characterised by proteins
ZLWK DQ DPLQR DFLG SUR¿OH WKDW FRPSOHPHQWV
that of cereals. These are particularly valuable
in animal feeding and in human diets that are
low in meat and dairy products.

LQWDNH RI XQVZHHWHQHG DQG XQIULHG LVRÀDYLQ
rich soy-based foods and the risk of type 2
diabetes.26

For human nutrition, legumes have a range
of health-enhancing characteristics independent from the provision of protein and carbohydrates. Human and animal-based studies
in Germany show that the presence of some
lupine components in food reduces total and
LDL cholesterol in the blood. These also have
EHQH¿WV IRU WKH FLUFXODWRU\ V\VWHP JHQHUDOO\
the health of the intestine, and lipid metabolism.25 Studies of a sub-population in China
point to an inverse relationship between the
25

Strategies to support healthy and sustainable
HDWLQJ PXVW HQFRXUDJH D VLJQL¿FDQW UHGXFWLRQ
in the consumption of animal-based protein.27
Due to their high protein content, healthenKDQFLQJ¿EUHFRPSRQHQWVDQGWKHHIIHFWRIVHFondary plant compounds, legumes can play a
key role in such diets.
Valuable raw materials
for a wide range of uses
The material harvested from legume crops has
high potential as raw material. Besides oil extraction from soybeans, legumes are mostly used
for feed purposes. Legumes are used less in
human nutrition but these uses offer high value markets to producers. Apart from food and
feed uses, there is further potential in non-food
uses in both energy and other supply chains.

Sirtori, C.R., Galli, C., Anderson, J.W., Arnoldi, A., 2009: Nutritional and neutraceutical approaches to dyslipidemia and atheriosclerosis
prevention: Focus on dietary proteins. Atheriosclerosis 203:8
 )HFKQHU$6FKZHLJJHUW8+DVHQNRSI. -DKUHLV*/XSLQHNHUQHO¿EHUPHWDEROLFHIIHFWVLQKXPDQLQWHUYHQWLRQVWXGLHV
 DQGXVHDVDVXSSOHPHQWLQZKHDWEUHDG,Q953UHHG\55:DWVRQ9%3DWHO (GV )ORXUDQGEUHDGVDQGWKHLUIRUWL¿FDWLRQLQ
health and disease prevention, pp. 463-473.
26
Mueller, N.T., Odegaard, A.O., Gross, M.D., Koh, W.-P., Yu, M.C., Yuan, J.-M., Pereira, M.A., 2011: Soy intake and risk of type 2
diabetes in Chinese Singaporeans. European Journal of Nutrition (DOI 10.1007/s00394-011-0290-4)
27
Woitowitz, A., 2007: Auswirkungen einer Einschränkung des Verzehrs von Lebensmitteln tierischer Herkunft auf ausgewählte
Nachhaltigkeitsindikatoren – dargestellt am Beispiel konventioneller und ökologischer Wirtschaftsweise. Dissertation TUM.
Von Koerber, K., Kretschmer, J., 2000: Zukunftsfähige Ernährung – Gesundheits-, Umwelt-, Wirtschafts- und Sozialverträglichkeit
im Lebensmittelbereich. Zeitschrift für Ernährungsökologie 1, 39-46.
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3

Legume production and research:
Status quo
Both the ecosystem services provided by legumes and the knowledge that support their development are for the most part public goods that cannot be optimally provided by markets without
public intervention. Many of the ecosystem services have both regional and global impacts.
Research is essential to legume crop productivity and competitiveness with other cash crops.
However, their production area has declined in recent years with this decline linked to weak
processing and other supply chain infrastructure. This raises the question why legumes play
such a small role in German agriculture.

22

Legumes Expert Forum

Despite the many advantages for society from
their production, legumes remain uncompetitive
in the context of current agricultural systems.
 The energy used by legumes to reduce atmospheric nitrogen to reactive nitrogen in
the root nodules is provided by the plant
through photosynthesis. This physiological
FRVW RI ELRORJLFDO QLWURJHQ ¿[DWLRQ DQG WKH
comparatively modest efforts in plant breeding mean that the grain yield of pulse crops
is lower than that of other crops, notably
cereals. While producing legumes brings
EHQH¿WVIRUVRFLHW\OLQNHGWRWKHGLYHUVLW\RI
cropping, this diversity often increases farm
management costs linked to the complexity
of the cropping system.

Field bean (Vicia faba)

 The marginal role of legumes in German agri-  Weaknesses in market signals are also
evident in the development and approval of
culture means that private research and denew plant protection products (pesticides)
velopment costs, particularly in crop breeding,
that are used particularly for legumes. The
are high in relation to the market’s capacity
approval process is costly and this impacts
to generate returns to breeding. Breeding
particularly the development of products for
programmes cost approx. 500,000 Euro
minor crops such as legumes.
per year which is a high cost compared to
the returns to breeding possible in this small
market. In addition, these legumes are inbred self-pollinators. This means that farmers can save seeds from crops for the next
year without rewarding the breeder. As a
result, breeders investing in research and
GHYHORSPHQWFDQQRWH[SORLWWKHIXOOEHQH¿WV
of their work in the market. The end result is
weak market incentives for research and development supporting private breeding and
under-investment in relation to the full public
DQGSULYDWHEHQH¿WSRWHQWLDO
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In summary, the development of legume crops
is hindered by market failure with the result that
WKHSRWHQWLDOEHQH¿WVRIOHJXPHVIRUZLGHUVRFLety are not realised. The private costs of development are large in relation to the private bene¿WVZLWKWKHUHVXOWWKDWWKHUHLVXQGHULQYHVWPHQW
in relation to the full range of public and private
EHQH¿WVDFKLHYDEOH5DGLFDOFKDQJHLVUHTXLUHG
to stop the spiral of decline and to establish a
system that rewards mutually supporting public
DQGSULYDWHEHQH¿WV,QWKLVUHVHDUFKDQGGHvelopment play a very important role in reducing internal costs and in measuring, improving,
DQGUHDOLVLQJWKHH[WHUQDOEHQH¿WV,QDGGLWLRQWR
supporting conventional technical change, research helps develop mechanisms to internalLVHH[WHUQDOEHQH¿WVVRWKDWWKHIXOOVRFLRHFRnomic potential of legumes can be better realised.

3.1 Changes in
the production area
The yield per hectare of crops have increased
VLJQL¿FDQWO\LQUHFHQW\HDUVZLWKDQDQQXDOWR
LQFUHDVHLQWKHLPSRUWDQW¿HOGFURSV28 The
increase seems to have slowed for some crops
recently due to reductions in the use of inputs
and increased incidence of extreme weather
that lead to strong variation in yields. About
half of this growth can be traced to breeding
progress and half to improvements in production techniques such as fertilisation, crop protection and engineering advances.
Good markets for food and feed, and in recent
years for commodities used in energy markets,
have led to a situation where winter wheat,

Figure 4: Changes in the area of legume crops in Germany
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28

YRQ:LW]NH+.LUVFKNH'/RW]H&DPSHQ+1ROHSSD6'LHJHVDPWZLUWVFKDIWOLFKH9HU]LQVXQJGHU3ÀDQ]HQ]FKWXQJLQ
Deutschland – Endbericht. Agripol network for policiy advice, Berlin
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maize, winter oilseed rape and winter barley
account for 70 % of the cropped area.
The yields of forage and grain legumes have
increased, however not at the pace of species that are subject to intensive breeding
programmes. Because of the dominance of
imported soy in plant protein supplies for livestock feeds, and the conditions set out above,
the breeding and further development of homeJURZQOHJXPHVLVQRZFRQ¿QHGWRDIHZEUHHGing programmes. The growing of some species
for human consumption (e.g. lentils) has been
abandoned.
The role of legumes in arable production in
Germany is below its potential and production
is in long-term decline (Fig. 4). The area grown

on arable land has declined from 1.4 million
hectares in 1949 to about 0.4 million hectares
in 1991. It has remained relatively stable since
then. The reduction is largely due to the decline
in forage legumes. In 1949, 1.2 million hectares
of forage legumes were grown. By 1991, this
area had declined to 0.3 million hectares. This
decrease was associated with an increase in
the area of silage maize. The area of grain legumes declined 50 % up until 1980. Since then,
WKHDUHDRIJUDLQOHJXPHVKDVÀXFWXDWHGJUHDWO\
(Fig. 5) and amounted to ca 225,000 ha in 1998.
The area has declined further and was about
95,000 ha in 2011. This represents just 0.9 % of
the arable area. Organic farming accounts for
25 to 30 % of the grain legume area. The area
of grain legumes on organically farmed land
was about 6 % in Germany in 2010.

Figure 5: Changes in the pulse crop area in Germany

– All pulse crops – Arable grain legumes – Legumes for human nutrition (food pulse crops FRG and GDR)
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The area of forage legumes on organic farms
is higher at 36 % of the organically farmed area
in 2010.29
The area of soybeans grown for animal feed
in organic farming systems and for human
FRQVXPSWLRQKDVJURZQVLJQL¿FDQWO\LQUHFHQW
years in Germany in regions with suitable climate, but from a low base. It reached about
5,000 ha in 2011. The production of legumes
LQ (XURSH LV JUHDWO\ LQÀXHQFHG E\ DJULFXOWXUDO
policy instruments.30 The GATT/WTO negotiations after the Second World War allowed
duty-free imports of oilseed products, including
soy. Against this, EU compensation payments
for the production of oil and protein crops were
higher that those for cereals through the 1990s
(Fig. 6). At the same time, the introduction of

GMO soybean cultivars and the expansion of
the world soy area were drivers of a considerable increase in the global soy production.
This expansion is at least partly responsible for
increased land-use change (e.g. deforestation)
in production regions of South America.
European-grown grain legumes compete with
low-cost soybeans and soybean meal imports
from North and South America. The use of soybean meal in Germany rose to about 5 million
tonnes in 2007 (Fig. 7). Since 2007, the use
of soy meal for animal feed has stabilised at
about 4.5 million tonnes and the net import
of soybeans and soybean products seems to
have stabilised.

Figure 6: Changes in the EU support payments
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BÖLW, 2012: Zahlen, Daten, Fakten: Die Bio-Branche 2012
Cf. for the politics in the 1990s e.g. AID, ZMP (Hrsg.) 1997: Agrarmarktordnungen in der Europäischen Union und Agrarmärkte in
Deutschland, Kap. B, C, F, G,
CAP Monitor 2002: Oilseeds and protein crops, Agra Europe (London) Ltd., 01.11.2002
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This change in the use of soy meal over the
ODVW  \HDUV UHÀHFWV FKDQJHV LQ DQLPDO SURduction in Germany. Since the early 1970s,
the number of pigs has increased by about
40 % and poultry production has grown by
300 %. During the same period, the cattle population has declined by about 5 %. This structural change in the livestock sector increased
the demand for protein from pulses.31

Under the last CAP reform, agricultural support
instruments to promote directly and indirectly
the use of legume on up to 10 % of the arable
area were available for use in Germany. These
measures have been used in only a few Federal States. Meanwhile, a number of measures
proposed for reform of the Common Agricultural
Policy from 2014 are relevant to the production
of legumes. Some sector and NGO groups argue for a requirement to grow legumes and the
consideration of legume crops as areas of high
ecological value under the ‘greening’ proposals.

Figure 7: Changes in the use of soy meal in animal feeds in Germany
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ISTA Mielke GmbH, 2011: Oil World Annual 2011, Vol. 1 - up to 2010/11, Global Analysis of all Major Oilseeds, Oils & Oilmeals –
Supply, Demand and Price Outlook, Hamburg
UN comtrade 2012: Datenbankabfrage Sojabohnen, SITC / Rev. 2, abgerufen am 16.03.2012,
http://comtrade.un.org/db/dqBasicQuery.aspx
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3.2 Past and current research

Funds from other federal sources were used
to support a range of projects.32 Three of these
A wide range of research projects on protein incorporated partners are from the relevant
crops have been conducted in Germany over supply chains, “PlantsProFood” (Blue Lupine),
the last 25 years. These have delivered a wide “LeguAN” (Field beans, grain peas) and
UDQJH RI UHVXOWV RQ VSHFL¿F DQG VHSDUDWH UH- “Extending the production of soy in Germany”.
search questions and they have contributed The other projects addressed key questions
to slowing the decline in production. While the regarding crop production, crop breeding, and
decline in production was due mainly to mar- animal nutrition. Two collaborative projects on
ket and policy forces, the research effort was soil fertility and a project started in 2012 on aninot designed to support crop development. mal nutrition take multi-disciplinary approachThere are several reasons for this. Many of the es with a strong focus on practical relevance
research projects were individually focused and knowledge transfer. These and further
RQ VSHFL¿F LVRODWHG VFLHQWL¿F TXHVWLRQV DQG grant-funded research projects addressing
conducted with little reference to the wider nutritional/physiological issues are timeeconomic realities. The normal project and limited typically running over 2 to 3 years.
programme timeframe is not long enough to Economic analysis and the analysis of agriculeffectively address some long-term research tural policy measures was the subject of only
challenges, notably in plant breeding.
a few projects.
Between 1986 and 2012, 136 research projects
on protein plants received public funds from
the German Federal Ministry of Food, Agriculture and Consumer Protection (BMELV). Of
these, 93 addressed crop production questions, 18 addressed animal production issues,
and 25 were connected to measures to support
the material use of biomass. Over time there
was increasing emphasis on collaborative
projects that included farm and practice-based
partners. These looked at cross-disciplinary
research themes, mainly relevant to grain legumes such as beans, peas and lupines.

32

A list from 05/2012 with 27 ongoing and recently completed projects is available at
http://www.dafa.de/de/startseite/fachforen/leguminosen.html
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Soybean *O\FLQHPD[

White lupine (Lupinus albus)

Blue lupine (Lupinus angustifolius)

Yellow lupine (Lupinus luteus)
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Complementing contract research projects,
core-funded research is conducted on faba
beans, Andean lupines, blue lupines, yellow
lupines, white lupines, and soybeans at the Julius Kühn-Institut (the Federal Research Centre
for Cultivated Plants). Most of this is focused
on plant breeding, with work done also on the
development of early maturing soybean crops.
Research relevant to the production of legume
crops is conducted at the Johann Heinrich
von Thünen Institute (The Federal Research
Institute for Rural Areas, Forestry and Fisheries). This includes research on grain legumes
(peas, faba beans, blue and white lupines) with
emphasis on inter-cropping and on assessing
the feeding value for organic farming, including
the calibration of near-infrared spectrometry
(NIRS) for this purpose.

30

At the Federal State level, the Bavarian action
programme for home-grown protein crops and
the associated protein strategy of the Bavarian Agency for Agriculture has funded about
30 projects. These are mostly 1 to 2 year
projects on soybeans, alfalfa and other legume
crops with questions addressing economics,
crop production and animal nutrition.
Along with these research activities, Federal
States test varieties for yield and qualitative
parameters. The industry group “Union for supporting oil and protein crops” (UFOP) has conducted about 25 research projects and has delivered support to advisors and other measures
relevant to the development of legume crops.
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Alfalfa (Medicago sativa)

Red clover (Trifolium pratense)

White clover (Trifolium repens)

Bird’s-foot trefoil (Lotus corniculatus)

31

Legumes Expert Forum

A range of research activities in Germany are
supported at the European level under Framework Programmes 6 and 7 (e.g. LegSil, Leggraze, EU-COST 841, EU-COST 852, Capacities, LegumePLUS). In 2012, three relevant
EU projects involve German partners. These
include two projects focused on processing
(gluten-free baking products, and research
on meat substitutes) and the EU project titled “Legume-supported cropping systems for
Europe” (Legume Futures). Legume Futures
covers all legume crops and forages and is focused on developing new cropping systems for
European regions. A preliminary assessment
from Legume Futures of on-going research in
Europe indicates that this area is characterised
by fragmentation with diverse activities at the
national and regional level. Much of this research is funded under programmes targeted
at organic farming.

Agriculture and food research in Framework
Programme 6 which ran from 2002 to 2006 was
focused on food quality and other consumerrelated themes. This included a large Integrated Project (IP) called the “Grain Legumes Integrated Project” (GLIP) which received funds of
14.4 million Euros from the European Commission. GLIP was focused on genomics.
7KH SURMHFW FRQWULEXWHG VLJQL¿FDQWO\ WR WKH
sequencing of the model legume Medicago
truncatula (Barrel Medic) focused in particular
on sequencing relevant to environmental and
seed quality traits. The GLIP interacted with
a wide range of private sector interests using
the Grain Legumes Technology Platform (GLTTP). In addition, the Paris-based “European
Association for Grain Legumes Research”
(AEP) provided means of networking all researchers in Europe involved in the development of grain legumes.
The GLIP project ended in 2008. The GLTTP closed one year later and the AEP was
disbanded in 2010. Also closed then was the
internet-based service that was established by
the GL-Pro project under FP5 (European Extension Network for the Development of Grain
Legume Production in the EU; 2003 – 2006).
In summary, it is clear that the EU has invested
VLJQL¿FDQWO\LQUHVHDUFKUHOHYDQWWRWKHGHYHOopment of legume crops. However, in many
instances, the impacts of the results and infraVWUXFWXUHGHYHORSHGGLGQRWH[WHQGVLJQL¿FDQWO\
beyond the projects themselves. A sustainable
impulse for the development of legume crops
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Vetch (Vicia sativa)

Lentil (Lens sativa)

Sainfoin (Onobrychis viciifolia)

Serradella (Ornithopus sativus)

33

Legumes Expert Forum

4

Research priorities
Six strategic requirements and outcomes are particularly important: an increased investment in
pre-breeding and breeding, the realisation of crop production potential, the valuation of ecosystem services for farmers and society, the exploitation of regional opportunities to develop supply chains, the removal of barriers to the realisation of the value of German-grown legumes as
DQLPDOIHHGDQGWKHGHYHORSPHQWRIQXWULWLRQDOFRQFHSWVWRUHDOLVHWKHKHDOWKEHQH¿WVRIOHJumes in the human diet. A strategic research programme aiming to achieve these goals should
DGGUHVVVSHFL¿FLQWHUHVWVDORQJWKHVXSSO\FKDLQVIRUIRRGIHHGDQGQRQIRRGDQGIRVWHUEURDG
interaction with the overarching research efforts aimed at increasing crop productivity, resource
protection and socio-economics.
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The account of the current situation in the proGXFWLRQDQGXVHRIOHJXPHVVKRZVWKDWVLJQL¿cant action is required on several levels.
What are the strategically important challenges
and opportunities that must be addressed by

Strategic science and
technology outcomes
Increased investment
in pre-breeding
A sustainable extension of prebreeding activity will provide the
strategic foundation for the breeding
of improved cultivars of important
legume species supporting the
improved productivity and potential
for ecosystem services provision.

Exploitation of
production potential
The genetic potential of homegrown legumes is realised by
optimized crop production systems. This requires farm-level
improvements in crop cultivation
and protection.

Valuation of ecosystem
services to support farm
business decision-making
A valuation of the ecosystem
performance of legumes in relation to farm business goals would
support farm business decisionPDNLQJ7KHLGHQWL¿FDWLRQYDOXDtion and application of incentives
would result in an increased cropping of legumes.

research to optimally support the goal of making the provision of ecosystem services from
OHJXPHVPRUHFRPSHWLWLYH",QWKHYLHZRIWKH
DAFA, this research must support six strategic
science and technology outcomes.

Exploitation of regional
opportunities to develop
supply chains
By activating regional potential,
from crop production and harvesting techniques through to processing, the development of supply chains and the marketability
of products will be supported.

Removal of barriers to the use
of legumes in livestock feeds
A continuous supply of raw materiDOVLQVXI¿FLHQWTXDQWLWLHVDQGTXDOity leads to a greater use of homegrown pulse legumes in animal
feed. The extension of the uses of
feed grain legumes through their
development, assessment and use
as a source of pure protein and
green meal as well as the technical improvement of forage harvesting and storage improve their
economic competitiveness and
increase the production area.

Implementation of dietary
concepts to exploit the potenWLDOKHDOWKEHQH¿WV
Through the development of concepts harnessing legumes or functional components of legumes
for the development of diets, public
KHDOWKEHQH¿WVDUHVXSSRUWHG
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Research needs

The inter-connection between the supply
chain research activities and the cross-cutting
research themes that support them form a research matrix (Fig. 8). This interaction should
be kept in mind in considering each of the
research needs. These six research areas are
described here in detail.

Achieving the science and technology outcomes presented above requires collaboration
between relevant groups in society: from science, business and civil society. A strategic approach to the design of complementary activities is required. To facilitate a targeted strategy,
WKH'$)$LGHQWL¿HGUHVHDUFKQHHGVLQUHODWLRQ
to the development of three value-chain areas
that are key to harnessing the potential of leg- Figure 8: The legumes research matrix – three
cross-cutting research themes underpinning
umes in agriculture and food in the future:
the development of supply chain orientated
research activities.
 healthy and sustainable diets;
 sustainable protein supplies for
animal feeding; and
 non-food uses.

 plant productivity;
 resource protection; and
 socio-economics.
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Sustainable
healthy diets

Sustainable
protein supplies

Non-food uses

Socio-economic assessment

Complementing and supporting these, the
'$)$KDVLGHQWL¿HGWKUHHUHVHDUFKWKHPHVWKDW
underpin the functionality of these value chains
and therefore have a cross-cutting character:

Crop Productivity

Each of these three supply chains represents
a bundle of environmental, economic and sociHWDORSSRUWXQLWLHVWKDWUHTXLUHVSHFL¿FUHVHDUFK
or other investments.

Resource protection
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4.1 Healthy sustainable
human nutrition
Our current knowledge indicates that legumes
could provide raw materials for foods which society will appreciate as having a regional character, as sustainable, traceable, plant-based
source of proteins, and of high value in terms
of health and well-being.
With their high protein content and good amiQRDFLGSUR¿OHOHJXPHVDUHDYDOXDEOHVRXUFH
of protein complementing cereal proteins and
offering an alternative to meat protein. Apart
from the provision of important nutritional
components, legumes have important health
Positive nutritional effects can be delivered using
SURPRWLQJHIIHFWV7KH¿EUHLQOXSLQHDQGVR\ innovative products.
seeds have an extraordinary potential to bind
bile acids which contributes to the regulation of
cholesterol levels in patients with hypercholes- Other positive effects can be attributed to secterolemia. There are also the sensory proper- ondary plant metabolites.34
ties of these fractions which allow their use in a
 The nutritional effects of legume compowide range of foods.
nents or whole seeds require investigation
through studies on humans. Such studies
Data are required to support the exploitation
would quantify and validate these effects.
of the nutritional as well as the food technical characteristics of legume raw materials
and their assessment in relation to consum-  Similar questions arise in relation to the
interaction between components in the deers’ needs. There are gaps in our knowledge
velopment of food products that use a wide
regarding the suitability of legume raw materange of ingredients. The effect of the marials for the production of products designed
terial matrix structuring these food products
to meet contemporary consumer demands.
on the bio-availability and thus the effect of
7KHVH JDSV VKRXOG EH ¿OOHG ZLWK WDUJHWHG UHcomponents is not well understood.
search activity set out here.
 The role of processing, storage and prepaa. Nutritional effects of foods containing
UDWLRQ LV DOVR LQVXI¿FLHQWO\ UHVHDUFKHG )RU
legume products
example there is evidence that freezing
Nutritional and physiological research has
and thawing during the storage of bakery
VKRZQ WKDW WKH SURWHLQ DQG ¿EUH IUDFWLRQV RI
33
products nearly eliminates the biofunctional
legume seeds have positive health effects.
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Belski, R., Mori, T.A., Puddey, I.B., Sipsas, S., Woodman, R.J., Ackland, T.R., Beilin, L.J., Dove, E.R., Carlyon, N.B., Jayaseena, V., Hodgson,
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Rochfort, S., Panozzo, J., 2007: Phytochemicals for health – the role of pulses. Journal of Agricultural and Food Chemistry 55:7981–7994.

37

Legumes Expert Forum

/RZIDWSURWHLQEDVHGIRRGLQJUHGLHQWVFDQEH
manufactured from lupine isolates.

effects of yeast in the product.35 The effect
of process parameters such as pH, salt
content, pressure and temperature on the
functionality of food components requires investigation. There is generally a great need
for research in this area conducted in collaboration with the food industry to identify
how the nutritional and other physiological
effects of legumes can be fully exploited in
human diets.
b. Quality and attractiveness of
legume-containing foods
Due to their high protein content and the strucWXUH RI WKH ¿EUH FRPSRQHQWV JUDLQ OHJXPHV
provide raw material of interest for the producWLRQRISURWHLQDQG¿EUHSUHSDUDWLRQVIRUXVHLQ
food manufacturing. Such preparations, which
can be used across the food industry, have the
advantage of being alternatives to eggs, milk,
and gelatine. Only by offering a wide selection
of foods that meet the expectations of consum-

35

ers with respect to organoleptic properties can
legumes contribute to a sustained change in
consumption patterns. These preparations
must meet very high technical and sensory
requirements. Protein preparations need to
be able to stabilise emulsions in drinks or in
products such as mayonnaise, to contribute
to jellies and foams in confectionary, to bind
water or oil in solid foods such as sausages or
spreads, or to regulate the moisture content of
bakery products. Legume-based preparations
may be required to replace oils and fats. These
properties are not fully developed in existing
legume preparations which explains their limited use and availability. To successfully extend
the use of these preparations in the food industry, research to improve organoleptic properties is required.
 In close cooperation with plant breeding,
production and processing, raw materials
that have functional protein fractions with
few undesirable taste effects need to be
LGHQWL¿HG7KHODWWHULVSDUWLFXODUO\LPSRUWDQW
for the development of neutral-tasting functional ingredients incorporated into various foods without changing taste or other
sensory characteristics.
 Research collaborations between research
organisations and food manufacturers are
required to develop procedures and processes to gain highly functional products from
these raw materials. Emulsifying properties,
foam forming structures and the properties required to substitute fats require consideration.

/DQ3LGKDLQ\;%UXPPHU<7RVK60:ROHYHU70:RRG3-5HGXFLQJEHWDJOXFDQVROXELOLW\LQRDWEUDQPXI¿QVE\IUHH]H
thaw treatment attenuates its hypoglycemic effect. Cereal Chemistry, 84, 512-517.
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4.2 Sustainable protein sources
for animal feeds
The variation in feed properties found across
the legumes, as determined by species, cultivar, origin and the location of cultivation, is
a barrier to increasing the inclusion of homegrown legumes in animal feeds. The development of quality assessment procedures
calibrated by experiments on animals could be
helpful in addressing this. Technical approaches to processing could be optimised from a
FRVWEHQH¿W YLHZSRLQW $SSOLFDWLRQV LQ DTXDculture and pet food can be developed. More
than other feed components, grain legumes
are characterised by so-called secondary metabolites. Some of these components have, in
high concentrations, adverse effects on animal
health and performance, especially in pigs and
poultry. These components are therefore called
anti-nutritional substances (ANS). In some
modern conventionally-bred grain legumes,
the concentration of anti-nutrition substances
has been reduced so that it is possible to have
high inclusion rates without adverse effects
on performance. These secondary metabolites may also have useful feed properties. For
example condensed phenolic compounds are
known to suppress gastro-intestinal parasites
in ruminants. Investigations of such effects in
other animals should be performed, not least to
reduce the medical costs in animal production.
In ruminant feeding, in addition to providing
protein and energy, forage legumes play a speFLDOUROHDULVLQJIURPWKHLULQÀXHQFHRQIHHGLQtake and their structural properties. In addition
to optimising their supply, research can examine how feed value can be improved through
forage conservation techniques.

*UDLQOHJXPHVFDQEHDQLPSRUWDQWFRPSRQHQW
of feed for pigs.

a. Valuation of feed ingredients
The characterisation of the feed value of all relevant legume species and their varieties using
standardised innovative laboratory-based techniques and animal experiments should be
developed. The goal is to provide reliable
and authoritative data that can be used in feed
formulation.
 Comprehensive chemical characterisation
of feed ingredients is essential for optimising the inclusion of legumes in concentrate
feeds and for the optimal use of those feeds
in livestock production systems. Gaps in the
GDWDQHHGWREH¿OOHGDQGH[LVWLQJGDWDQHHG
to be validated using additional tests.
 Standardised digestibility testing with respect to the energy provided by forage legumes needs to be conducted in all main farm
animal species. Further questions relate to
synergies between forage components as
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Fresh or dried alfalfa and red clover are sources of high
TXDOLW\SURWHLQIRUFDWWOH

The processing of grain legumes and their mixing plays an
important role in optimising use in animal feeds.

well as the synergistic effects of secondary  Practical means of the estimation of grain legume quality by farmers, traders and advisors
compounds. All technical processes that
considering the practices and circumstances
FRXOGLQÀXHQFHWKHYDOXHRIFRPSRQHQWVLQ
under which grain legumes are developed,
feed, for example starch, need to be subject
traded and processed need to be developed.
WRFRVWEHQH¿WDQDO\VHVZLWKUHVSHFWWRGLIferent animal species and age groups.
b. Processing technology
to optimise value
 Strategies to use newly developed protein
valuation systems need to be developed to The harvesting and treatment of forage legfurther the optimal use of protein fractions, umes and the subsequent processes have a
for example through more precise combina- JUHDW LQÀXHQFH RQ WKH HI¿FLHQW XVH RI IRUDJH
tions of protein-rich components comple- legumes as feed components. Conservation
mented by amino acids.
and, where used, chemical and hydrothermal
treatments are also important. These pro Optimal harvesting and, where relevant, cesses used in forage and concentrate feed
grazing systems for the main forage leg- manufacture need to be optimised and subject
umes need to be developed. Their relevance WRFRVWEHQH¿WDQDO\VHVLQFORVHFROODERUDWLRQ
with the feed manufacturers. These analyses
to non-food uses should be considered.
QHHG WR IRFXV RQ HI¿FLHQF\ WKH SUHVHUYDWLRQ
and improvement of feeding value in the context of a fully functioning processing chain.
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7KH SHUHQQLDO IRUDJH OHJXPHV UDLVH VSHFL¿F
questions. They have great potential for resource protection but, compared to grain legumes,
present the feed industry with particular processing challenges. This has contributed to
the decline in their use. To improve the competitiveness of forage legumes (alfalfa, red
clover, other clovers, vetches and sainfoin) in
the feed industry, research is required on their
cost-effective use of in providing protein isolates
and options for technical improvements in harvesting and conservation need to be examined.

es; competition for land used for food and feed
production must be avoided.

Legume crop material can be used for energy with the residue of the energy conversion
process use as fertiliser. This offers a technology bridging function to the expansion in the
production of legumes, particularly in regions
where markets are under-developed. However, the potential of legumes extends well
beyond such energy uses. In parallel food,
feed and bioenergy systems, co-products not
needed or suitable for food, feed or material
uses (e.g. chemical feedstocks) can be used
c. Additional value chains
To increase the use of legume raw materials (in for biogas production with recycling of nutrients
particular protein concentrates and isolates) in (e.g. nitrogen, phosphorus and potassium) in
pet foods and aquaculture, gaps in our know- digestate. Food and feed uses focused on the
ledge relating to nutritional and physiological protein and digestible carbohydrate factions
FKDUDFWHULVWLFV RI VSHFL¿F UDZ PDWHULDOV DQG complement the extraction of secondary plant
the secondary compounds they contain need compounds (e.g. phytopharmaceuticals) thus
WREH¿OOHG,QQRYDWLRQLQSURFHVVLQJWRLQFUHDVH supporting two major applications simultaneously. The development of parallel and casdigestibility needs research support.
cading food and non-food uses increases the
HI¿FLHQF\RIODQGXVHDQGRSHQVXSRSSRUWXQLties for innovation.

4.3 Non-food uses
As raw materials, legume seeds and other plant
parts contrast with the major agricultural crops,
particularly cereals, in some special respects.
This arises from the combination of high protein content, secondary plant compounds, carbohydrates that contrast with those of cereals,
DQGD¿EUHIUDFWLRQZLWKVRPHVSHFLDOSURSHUties. This range of constituents, particularly
the combination of secondary compounds and
macro-nutrients, opens up opportunities for
combining food and non-food uses in interconnected and cascading supply chains. This is
particularly relevant to contemporary challeng-

Legumes for non-food uses include grain and
forage legumes, legume mixtures, legumes as
catch and nurse crops, and by-products from
legume processing. The robinia tree (Robinia
pseudoacacia) has potential to economically
deliver raw materials on marginal land. These individual opportunities have not been fully explored in practice, and knowledge of impacts on
resource cycles is lacking. The environmental
impact of legume-based catch-cropping in comparison to that of other green manure crops is
the subject of controversial debate. These considerations give rise to the research needs set
out here.
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The different components of lupine seed: the foundation
of a wide range of uses.

Robinia 5RELQLDSVHXGRDFDFLD

b. Identifying potential raw material uses
a. Optimising the use of land
3URFHVVHVWRLQFUHDVHWKHHI¿FLHQF\RIOHJXPH The screening of legume crops and their byproduction and processing require development. products is required in order to identify components that are potentially valuable to open up
The use of legumes such as robinia as short- innovation opportunities. These investigations
rotation coppice or grass-clover pastures on require support regarding insights into and
marginal forestry or infertile or otherwise mar- consideration of the processing requirements
ginal agricultural land requires research. The and economic viability.
harvesting of woody legumes, catch and nurse
crops present particular technical challenges The composition of legumes not only has posiarising from the high volume of material with tive nutritional or physiological implications in
high moisture contents. These challenges re- food production. The secondary plant comlate to cutting and comminution technology, pounds have potential in non-food applicainnovative post-harvest logistics concepts for tions, particularly in the pharmaceutical sector.
storage and transport, and processes up to the
¿QDOHQHUJ\RUPDWHULDOXVHV2QWKHEDVLVRI ,Q DGGLWLRQ WR LVRÀDYLQV WKDW KDYH D KLJK DQWLpilot plants, regional crop centres or on-farm oxidative potential (for use in preventing heart
demonstration, production systems and supply and circulatory diseases and atherosclerosis),
chains can be assessed from crop establish- legumes are rich in phenolic compounds that
ment up to the use of by-products.
have similar pharmaceutical properties. These
substances and their sites and modes of ac-
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To increase the use of legumes drawing on
WKLV GLYHUVLW\ DQG ÀH[LELOLW\ KHDOWK\ DQG SURductive crops are required to reliably provide
In addition to phenolic compounds, legumes adequate quantities and qualities of raw matehave other substances such as oligosaccha- rials and to support economically viable farm
rides, alkaloids and saponines that can have businesses. These preconditions for the develSRVLWLYH HIIHFWV RQ KHDOWK7KH ¿UVW ODERUDWRU\ opment of sustainable cropping systems are
investigations show that these can reduce QRWDOZD\VIXO¿OOHGE\FXUUHQWOHJXPHYDULHWLHV
EORRGSUHVVXUHDQGLQÀDPPDWLRQ7KHHYLGHQFH and production systems. The result is that legin this area is fragmented and further research ume crops often present higher economic risks
to the farmer compared to the crops that are
is required to support product development.
widely grown. As a consequence of years of
In order to identify and develop pharmaceutical decline in legume production, there is also a
uses of legumes, more extensive pharmaceu- gap between the know-how currently available
tical research (pharmacodynamics, pharmaco- on farms and that required for the developNLQHWLFVFOLQLFDOWULDOV LVUHTXLUHGWRGH¿QHWKH PHQW DQG LPSOHPHQWDWLRQ RI HI¿FLHQW OHJXPH
most promising secondary metabolites. Breed- supported production systems.
ing research that may open up opportunities to
GHYHORSYDULHWLHVZLWKLPSURYHGSUR¿OHVRU\LHOGV To address these constraints, research is required in two areas:
of these secondary materials is necessary.
tion in the human body require research in the
development of plant-based pharmaceuticals.

a. Genetic improvement for
yield and quality
The economic production and use of legumes
4.4 Crop productivity
in Germany is only possible with high-performA wide range of legume crop species suited to ance varieties that are well suited to local condifferent soil and climatic conditions are avail- ditions and that contribute effectively to regionable to support sustainable farming systems. al cropping systems. The availability of such
These include beans, grain peas, lupines, varieties increases the attractiveness of the
soybeans, as well as alfalfa, clover and vetch use of legumes to support cropping systems
species as forage legumes. The range of site in general. To achieve these objectives, plant
conditions that these species are suited to pro- breeding is a key technology. In particular, revides an opportunity to develop cropping sys- search is needed for the improvement of faba
WHPV PDWFKHG VSHFL¿FDOO\ WR ORFDO FRQGLWLRQV beans, grain peas, lupines, soy, clover and alDQG WKHUHE\ SURYLGLQJ VLWHVSHFL¿F FRPELQD- falfa. This research requires collaboration betions of crop production and ecosystem serv- tween the plant genetics and plant breeding
ice provision. With this goal, research to sup- research communities, the plant breeding and
port the development of cropping systems that seed sector, and companies involved in crop
exploit, maintain and enhance the diversity of processing and utilisation. Four areas are idenWL¿HGIRUVXFKFROODERUDWLRQV
OHJXPHFURSVLVRIVWUDWHJLFVLJQL¿FDQFH
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Productivity gains from breeding are an important founda
tion for the cultivation and use of legumes.

Production improvements can address many of the obsta
cles to exploiting the potential of legumes.

 Raising yield potential, for example using  Accessing novel plant genetic resources
heterosis, improving resistance to pod shat(PGR). This plays a central role in the genetic
ter, development and improvement of winter
improvement of legumes, including soy, for
forms and development of plant breeding
production in Germany. The use of germplasm
techniques and tools that accelerate breedwith useful traits but which is otherwise agroing progress.
nomically unsuited in breeding programmes
is a time-demanding process with high risks
 Yield stabilisation by improving resistance
of failure. The economic risk of introducing
to diseases and pests, increasing tolerance
such germplasm into breeding programmes
to stress and improving traits such as resistand developing elite material from it is high.
ance to lodging, threshing characteristics
7KHVHFRVWVDUHYHU\GLI¿FXOWWRUHFRYHULQSULand synchronity of maturity.
vate breeding programmes. Because of this,
public investment in pre-breeding is required
 Optimising crop quality with respect to seconthat uses advanced breeding tools to bridge
dary plant compounds.
the genetic gap between novel germplasm
and elite commercial breeding material. Using
pre-breeding to introduce new genetic material into breeding programmes is key to sustaining and developing the use of legumes in
German and European farming.
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 Optimal crop protection requires models
and thresholds to be developed with regard
to weeds, pests and diseases for each crop
species. These need to be based on models
of the interactions of these organisms and
crops. Weeds, pests and diseases affectLQJ \LHOG DQG TXDOLW\ PXVW EH LGHQWL¿HG IRU
 Research is needed to optimise the role of
each crop and assessed in relation to their
OHJXPHV LQ FURS URWDWLRQV VSHFL¿F WR SDUprevalence in crops. The aim is to develop
ticular farming systems considering their efsustainable and effective crop protection
fects on subsequent crops, on the biological,
measures for legume crops in both convenphysical and chemical components of soil
tional and organic production systems. This
fertility, and plant health effects. Concepts
includes research to support the registration
IRU FRQVHUYLQJ ELRORJLFDOO\ ¿[HG QLWURJHQ
of plant protection products for use in legDQGHI¿FLHQWO\XVLQJWKLVQLWURJHQLQFURSSLQJ
ume crops.
systems need development.
b. Improving crop production
Further improvement of crop production techniques is required to meet the needs of the
various species, uses, types of production and
regional conditions.

 There are interactions between legume
components in the crop rotation or cropping sequence that are determined by phytopathological factors. Research into these
interactions that result in ‘legume sickness’
is required and such research is only possible within the framework of a long-term comPLWPHQWWR¿HOGFURSUHVHDUFK

4.5 Resource protection
The production of legumes has many agronomic advantages such as the reduction of
the use of synthetic nitrogen fertiliser, benH¿WV IRU VRLO IHUWLOLW\ DQG RWKHU SRVLWLYH HIIHFWV
on subsequent crops that can be regarded as
ecosystem services. There are further positive
environmental effects. These include reductions in greenhouse gas emissions due to the
reduction in nitrogen fertilisation, reduced soil
tillage as well as the increased agro-biodiversity which in turn support ecosystem services.

 The agronomic suitability of crop species
and mixed-crop systems requires investigation in relation to technical requirements of
different uses and regional production conditions. In this context, the relevant traits include response to sowing time, early plant
development characteristics, crop establishment, irrigation needs, weed suppression, 7KH TXDQWL¿FDWLRQ YDOXDWLRQ DQG UHDOLVDWLRQ
ÀRZHULQJWLPHOHQJWKRIJUDLQ¿OOLQJSKDVH of the provision of ecosystem services associated with legume crop production are underripening and threshing characteristics.
developed. Information about the value of eco-
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7KHVRLOWKHIRXQGDWLRQRIDOOFURSSLQJV\VWHPVEHQH¿WV
in many ways from legumes.

The expansion of legume production will increase the
diversity of crops and increase the stability of cropping
systems.

system services is still too narrow and, as a
result, the ecosystem services arising from innovative legume-supported cropping systems
in the food, feed and non-food areas are not
fully acknowledged. This leads to the need for
research on the relevant processes, their valuation, and practical solutions assessed using
life-cycle assessment approaches.

fertility and site productivity, positive effects for
the farmer become more tangible. Moreover,
such processes can be analysed with respect
to provision of ecosystem services related to
business risks and regulating the hydrological
balance.

b. Biodiversity in
agricultural landscapes
The effects of a systematic inclusion of lega. Soil and water
The potential contribution of legume produc- umes in cropping systems on agro-biodiversity
tion to the protection of soil resources and wa- require more detailed investigation. To provide
ter are more extensive than has been recog- a comprehensive assessment of these effects,
nised until now. There is a lack of data on the TXDQWLWDWLYHUHVHDUFKDWWKH¿HOGDQGIDUPOHYHO
effect of legume crop production on the devel- needs to be combined with model-based investiopment of the humus fraction of soils and soil gations at the landscape and other macro levels.
physical characteristics. Through elucidation Findings from such research can then be incorDQG TXDQWL¿FDWLRQ RI WKHVH SURFHVVHV VXFK porated into strategies to capture the socio-ecoas erosion protection and improvement of soil nomic value of these ecosystem services.
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c. Climate change adaptation
and mitigation
Climate change in Germany is predicted to result in more extreme weather events such as
torrential rain and prolonged droughts. The
role of legumes in adapting cropping systems
to such change requires exploration. Comprehensive evaluation of the potential of legume-supported cropping systems in reducing
greenhouse gas emissions is lacking. This is a
gap in the comprehensive assessment of ecosystem services.
The data needed to address the potential role
of agriculture in mitigating greenhouse gas
emissions are not complete and need to be extended with relevant impact models to enable
the holistic assessment of the potential contribution of legume-supported cropping systems.

Assessments of the performance of legumes often only take
account of the visible products, however important hidden
EHQH¿WVDQGHFRV\VWHPVHUYLFHVDULVHIURPWKHLUFXOWLYDWLRQ

in relation to market-based economic drivers.
Crop rotations with and without legumes differ
not only in terms of direct costs and overheads.
4.6 Socio-economics
Such holistic assessments need to consider
whole-farm effects, taking into account effects
Agricultural research on legume production on total labour and machinery costs as affected
and use should be supported by appropriate by the use of available machinery and labour
FDSDFLW\ PDFKLQH FRQ¿JXUDWLRQ GHSUHFLDWLRQ
socio-economic investigations.
and amortization. Economic assessments that
D)DUPLQJV\VWHPFRVWEHQH¿W
take the effect of legumes on subsequent
crops into account need to be developed and
assessments
Support of farm businesses must be enhanced implemented. For this, a system-oriented farmDQG UHJLRQDO LQIUDVWUXFWXUDO GH¿FLHQFLHV LQ level economic assessment approach needs to
the marketing and utilisation of grain legumes be developed that considers all relevant costs
must be reduced. In supporting the develop- DQG EHQH¿WV LQFOXGLQJ ZLWKLQ WKH IDUP EXVLment of value chains, the market circumstances ness) and allocates these appropriately to the
governing the value of legumes for various legume proportion of the cropping system. To
markets and processes need investigation implement such complex valuation systems,
complementing development of production the development of decision support software
processes. Economic assessments must ex- to assess production and marketing strategies
tend beyond individual crops to the longer- should be considered.
term economic performance of the whole farm
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 Legume ecosystem services that are not
considered in farm-level economic assessments require valuation and workable regulatory mechanisms to support them.
 7KHV\VWHPDWLFDQGWUDQVIHUDEOHTXDQWL¿FDWLRQRIDFWXDOFRVWVDQGEHQH¿WVRIJURZLQJ
OHJXPHV DQG WKH UHVXOWLQJ EHQH¿WV XQGHU
different site conditions and production circumstances.

(FRQRPLFEHQH¿WVIRUIDUPEXVLQHVVHVDUHDSUHUHTXLVLWH
for the increased cultivation of legumes.

c. Market development
Currently, imported soy meets the needs of
feed manufacturers very well. This is a great
challenge to the introduction of German-grown
legumes. It is therefore important to explore
the design of incentives for greater use of
home-grown legumes in feed, and how such
incentives impact the feed market.

b. Economic assessment of
 SXEOLFEHQH¿WV
Comprehensive socio-economic and wider societal assessments of the ecosystem services
SURYLGHGE\OHJXPHVDUHUHTXLUHG7KHGLI¿FXOties and complexity of assessing such effects,
some of which are temporary (for example the
improvement of soil structure), has hindered
the economic valuation of ecosystem service
provision.36 What is missing includes i) sciencebased approaches to the detection, descripWLRQ DQG TXDQWL¿FDWLRQ RI H[WHUQDO EHQH¿WV LL 
methods to adequately assess intermediate
services and iii) concepts, methods und institutional solutions to enable the public support of
ecosystem service provision with decision support aids to enable these to be integrated into
farm management and the value chains. Two
research areas are particularly relevant:

36

Matzdorf, B.; Reutter, M.; Hübner, C., 2010: Bewertung der Ökosystemdienstleistungen von HNV-Grünland (High Nature
Value Grassland): Gutachten-Vorstudie ; Abschlussbericht Juni 2010 [Elektronische Ressource]; Müncheberg (Leibniz-Zentrum für
Agrarlandschaftsforschung)
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5

Research policy recommendations
The generation of knowledge through long-term and trans-disciplinary research combined with
a suitable policy framework provides the foundation of a successful strategy for increasing the
use of legumes. This strategy urges consideration of the nature of the value chains involved
and the use of research results in practice aided by regional crop centres. It emphasises the
role of a suitable policy framework in determining the production and use of legumes.
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7KLV VWUDWHJ\ UHÀHFWV WKH FRPSOH[ FKDOOHQJHV
have to be addressed if the ecosystem and
socio-economic potential of legumes are to
be realised. For achieving this objective, it is
LPSRUWDQW WR LGHQWLI\ VSHFL¿F DQG FRKHUHQW
research questions and to address these in
well-designed research projects. The research
funding policy and programme management
framework that these research projects operate in is also important so that research
projects complement each other against the
background of the complex needs of the value
chains and the development and implementation of policies to extract private and public beQH¿WVIURPOHJXPHVXSSRUWHGFURSSLQJV\VWHPV
For the development of research funding mechanisms, the DAFA recommends that funding
organisations enable
 ORQJWHUPDQGVSHFL¿FUHVHDUFK
 consortia to conduct
trans-disciplinary research;
 integration of research to address supply
chain questions and needs;
 regional crop centres to provide reference
systems, pilot testing and demonstration;
 optimal exploitation of research results; and
 development of agricultural policy instruments and frameworks.

$ORQJWHUPDSSURDFKPXVWEHWDNHQWRSODQQLQJUHVHDUFK
if it is to support expansion in cultivation.

/RQJWHUPDQGVSHFL¿FUHVHDUFK
Experience shows that previous research
funding has enabled good legume research in
certain areas. However much of the research
effort has had a short term perspective and is
fragmented. One consequence of this is that
the impact of previous research on the cultivation and the use of legumes is less than was
hoped for. The research community needs to
identify coherent and strategically relevant research questions and themes that can effectively support the technical and policy changes
required. This must be supported by a willingness to make long-term investments in research to address these where appropriate (up
to approximately 12 years). This is especially
true for research that uses novel plant genetic
resources to support plant breeding. Similarly,
sustainable farming systems can be developed
only if legume-supported cultivation systems
DUHWKHVXEMHFWRIORQJWHUP¿HOGH[SHULPHQWV
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that provide data needed for a more comprehensive assessment of effects. Research programming and programme management is
required to secure and coordinate the use of
strategic research resources, and to identify
FRKHUHQWUHVHDUFKWDUJHWV7KHLGHQWL¿FDWLRQRI
coherent research questions is, in some cases, a research challenge in itself and should
be supported, where appropriate, by research
considering the European research landscape.

Consortia to conduct
trans-disciplinary research
The reasons for the poor realisation of the beQH¿WVRIOHJXPHSURGXFWLRQDQGXVHLQVXVWDLQable development and climate protection are
as complex as the effects of legume production
on farm practice, markets and policy. In identifying a combination of cross-cutting research
themes interacting with supply chain orientated research, this strategy recognises this
complexity. Where it is useful in relation to the
research questions, research needs to have a
trans-disciplinary character conducted by supply chain oriented consortia. The cross-cutting
UHVHDUFKWKHPHVLGHQWL¿HGLQWKLVVWUDWHJ\ HJ
Genetic improvement for yield and quality) support research components needed to underpin
such supply-chain oriented collaborations.
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Integration of research to address
supply chain questions and needs.
Research to promote the breeding, cultivation and use of legumes needs to develop
solutions that are relevant to links and connections within strategically important value
chains. To achieve this, research planning
must be informed of the needs and aspirations
of the relevant supply chain actors. No single
project provides all the answers. The overall
impact on value chains and the environment
depends on how well a research programme
on legumes fosters complementarity between
projects and how well individual projects are
resourced in a balanced way so that the effect of the programme as a whole is more
than that of the sum of its parts. This requires
a strategic alignment of research investment
that goes beyond the selection of the best
project proposals made in response to funding opportunities. It also means that regional
value-added potentials need to be recognised
so that these potential can be exploited locally.
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Regional crop centres to provide reference
systems, pilot testing and demonstration.
To make the potential of legumes clear to
farmers, wider society and policy-makers, regional crop centres should be established after
WKH¿UVWSKDVHRIUHVHDUFK7KHVHQHHGWRUH
present particular production regions and be
based on existing production activities. They
need to explore the needs of the down-stream
supply chains and explore the logistical and
other consequences. Support for market development and trans-disciplinary research is important to the success of regional crop centres.
The regional crop centre approach has four
objectives:
 Regional crop centres provide the basis for
dialogue between research and research
users. They enable timely knowledge interaction and dialogue between the actors in farming, advisory services, industry,
processing, marketing and science to identify and assess relevant research goals.
 The regional crop centres should serve as
the basis for inter- and trans-disciplinary
research projects in the various thematic
areas (see chapter 3), facilitate long-term
research on crop rotation and environmental effects and facilitate networking at the
European level.

5HJLRQDOSURGXFWLRQFHQWHUVPXVWFUHDWHVWUXFWXUHVWR
bridge production and use.

 Within the regional crop centres, scientists
should develop, test and assess innovative
approaches to the many uses of legumes in
collaboration with farmers and representatives of all stages of the value chains for
food, feed and non-food products. This will
UDLVH WKH SUR¿OH RI OHJXPH FURSV DQG WKHLU
opportunities with key decision-makers.
 The regional crop centres should awaken
interest in legumes in society and the policy
community and demonstrate the advantages
legumes deliver for farmers and wider society.
Regional crop centres can be used to present
the effect of legumes to the public in a highly
visible way, for example as a contribution to
GLYHUVLW\ LQ DJULFXOWXUDO ODQGVFDSHV µÀRZHULQJ
¿HOGV¶  RU SUHVHQW OHJXPHEDVHG IRRGV :LWK
this, legumes and their wide range of effects
are made accessible to a wider public.

53

Legumes Expert Forum

fore it is important to foster knowledge acquisition by the farmers and include advisory and
educational institution in the transfer and implementation of knowledge and technology.
$VLJQL¿FDQWDPRXQWRIWKHUHVHDUFKZHLGHQWLI\
as required relates to public goods in the form
of ecosystem services that are relevant to the
environment or public health. An effective strategy to implement the relevant research results
must consider the development of public policy
and include measures to communicate with the
general public.

5HVHDUFKLVQHHGHGEXWRQO\WKHXVHRIUHVHDUFKUHVXOWV
LQSUDFWLFHGHOLYHUVWKHUHTXLUHGSURJUHVVDQGLPSDFW

Optimal exploitation of research results
The communication and transfer of research
results between the research community, farming, business, society and policy has until now
tended to be ad hoc and embedded within individual research projects. A strategic approach
to knowledge interaction and transfer is required that brings together the results of complementary research projects and professionally provides end users with access to them.
The knowledge required for the successful cultivation of legumes is complex and even the
calculation of gross margins of whole crop rotations requires effort in the transfer of knowledge, training and education. The fostering
of the acquisition of knowledge by farmers
through various means, including training and
advice, has been an essential building block
for education and knowledge transfer. There-
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Development of agricultural policy instruments and frameworks
Agricultural policy is instrumental to expanding the cultivation and use of home-grown legumes. In the foreseeable future, agricultural
SROLF\ZLOOUHPDLQDPDMRULQÀXHQFHRQDJULFXOtural land use and management. The linking of
farm support funds to the delivery and protection of public goods could foster the use of legumes delivering these public goods.

The purpose of the recommendations for research policy presented here is to support the
coordination of the work of scientists, farmers,
business people, civil society and policy-makers to organise research so that the results will
have an impact. For this purpose, the phasing
of a programme with the goal of making the delivery of ecosystem services competitive may
be helpful in allowing programme funders and
SDUWLFLSDQWVWRIRUPDOO\¿QHWXQHWKH5 'DFtivities between phases. This can be supported
by updates to this DAFA strategy as appropriate.
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