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“How we eat determines, to a considerable extent, how the 
world is used”

Wendell Berry
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6Sutton and van Grinsven, 2011. European Nitrogen Assessment
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. Changes (million tonnes) in the production of livestock products, net imports of soya, grain 
legume (protein crops) and the use of fertiliser nitrogen in the European Union 1961-2023. 

From FAOSTAT
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. Changes (million ha) in the production grain legumes in the European Union 1961-2020. 

From FAOSTAT
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. Changes (million ha) in the production cereals and oilseeds in the European Union 1961-2020. 

From FAOSTAT
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Changes in the average grain yield (t/ha) of wheat, pea and soybean 
in France, 1961 to 2023

From FAOSTAT
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Changes in the ratio of wheat yield to the yield of pea and soybean 
in France, 1961 to 2023

From FAOSTAT
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The competitiveness of wheat has increased from about 1.3 tonnes to about 2.0 tonnes per tonne pea. 
It has remain steady at about 2.7 t wheat per t soybean 



Changes in the average grain yield (t/ha) of wheat, pea and faba bean 
in the United Kingdom, 1961 to 2023

From FAOSTAT
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Changes in the ratio of wheat yield to the yield of pea and faba bean 
in the United Kingdom, 1961 to 2023

The competitiveness of wheat has increased from about 1.3 tonnes of wheat per tonne 
pea to about 2.5 tonnes wheat per tonne pea. The pattern for faba bean is similar 

From FAOSTAT
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Changes in the yield (t/ha) of wheat and pea in Canada and Germany, 1961 to 2023
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French wheat has a 3-fold yield difference

US and French soybean and US wheat yields
are similar

The high yield of wheat in France drives the import of soya



Why does trade happen?

Read David Ricardo



Trade happens along the value chain

Plant
breeding Farm inputsSeed 

multiplication

From John Ingram, University of Oxford (adapted)



Change in 
nitrogen 
fertiliser 

requirements  
(million 
tonnes)

ME change: 
wheat 

equivalents 
(million 
tonnes)

Protein 
change: 
soybean 

equivalents 
(million 
tonnes)

Energy 
(million GJ)

Protein 
production 

(million 
tonnes)DescriptionScenario

10.772,87423.79Baseline

-0.71-10.83+0.512,72623.963x1.

-0.71-9.26+1.622,74824.333x-SFB2.

-0.61-5.88+2.122,79424.513x-PCE3.

-0.61-4.31+3.212,81524.883x–SFB-PCE4.

-0.93-22.72+2.712,56524.715x5.

-0.93-19.58+4.892,60725.465x–SFB6.

-0.71-11.73+6.282,71425.935x–PCE7.

-0.71-11.69+8.472,75726.685x–SFB-PCE8.

Changes in protein and metabolisable energy (ME) production of grain legumes, 
wheat and barley in the EU 28 as affected by eight legume production scenarios.  



Economic, environmental, and production effects of changing reference rotations to legume-
supported rotations. 

Notz et al., 2023, Transition to legume-supported farming in Europe through redesigning cropping systems. Agronomy for sustainable 
development



Growing degree days to 
maturity for winter 
wheat and soybean

Growing degree days

(base 10°C)

Maturity 
group (MG)

1000 - 1200OOO
1100 - 1300OO
1200 - 1400O
1300 - 1500I
1400 - 1600II
1500 - 1700III
1600 - 1800IV
1700 - 1900V
1800 - 2000VI
1900 - 2100VII
2000 - 2200VIII
2100 - 2300IX
2200 - 2400X

Winter wheat: 
1800 – 2200 (base 0°C
1300 – 1600 (base 5°C)

1000 – 1300 (base 10°C)

A 25-30% variation in 
progress to maturity in wheat

200+% variation in soybean



Relationship between carbon cost of seed production for many species (Sauvant et al. 2002) and their yield (http://epp.eurostat.cec.eu.int; http://faostat.fao.org). In order to 
compare crop production performances, various isoproduction curves (IP), expressing the product of the energy cost of 1 g of seed by the yield, have been indicated.
Munier-Jolain and Salon



Characterisation of European legume crops



European agricultural 
legumes
(Faboideae)

Defined by the flower
shape

Generally characterised by:

Biological nitrogen fixation

Indeterminate growth

Relatively low dry matter 
and nitrogen harvest 
indices

Visited by pollinators

Mostly self-pollinated, thus
in-bred

Pods

Toxic or anti-nutritional 
compounds in raw seeds

Cool season

Warm season

Origin: Europe and Asia

Frost-hardy as young
plants, base
temperature near zero

Long days stimulate
flowering (long day)

Mostly hypogeal
germination (below
surface)

Climbing species (pea
and vetches) use
tendrils

Origin: Tropics and sub-
tropics

Frost sensitive with a 
high base temperature
(ca 7°C)

Minimum night length
for flowering (short day)

Climbing using vining

Epigeal germination
(above surface)

Fine seeded

Oil-rich

Carbohydrate-rich 

Clovers

Lucerne (Alfalfa)

Lupins

Pea*

Carbohydrate-rich

Oil-rich

Protein-rich
Epigeal germination
Consumed after 
industrial processing

Consumed as grown
after cooking

Origin: China
Protein-rich
Consumed after 
industrial processing

Origin: South(Central 
America
Consumed as grown
after cooking

Faba bean*

Chickpea

Lentil

Soya bean*

Phaseolus 
beans*

Vetches

Pulses

Forage

Industrial 
protein
and oil

Industrial 
protein
and oil

* Also consumed as a vegetable
when immature



25

Photo: Fred Eickmeyer



The top ten legume crops



Faba bean

Photo: Carola Blessing, The Legume Hub



Photo: AgroBioInstitute (Bulgaria), 
The Legume Hub

Pea

Photo: Carol Blessing, LTZ
Semi-leafless pea



Soya bean

Photos: Donal Murphy-Bokern,



Photo: Moritz Reckling, ZALF

Lupins



Photo: Donal Murphy-Bokern

Chickpea



Photo: Elizabeth Ninou

Lentil

Photo: Pulse Australia



Phaseolus beans

Photo: Pulse Australia



Vetches

Photo: Thuenen
Institute



Lucerne

Photos: Bernadette 
Julier, INRAE



Clovers



Existing elite
cutivars

New germplasm
– seed banks, 
landraces etc.

Parent 
selection

Crossing 
between
selected
pure-
breeding
parents

X

New 
variation 
in second
generation
progeny
(F2)

Repeated 
reproduction
to produce
stable lines

Selection 
of lines

Multiplication
and testing as
cultivars, 
registration

Farm-level 
testing, 
demonstration, 
and 
multiplication

Self-
pollination
within the
uniform F1 
progeny
(F1:F2)

X
Farm 
production

Activity in plant breeding businesses* (inbred cereals and grain legumes)

* Breeding businesses here includes cultivar testing organisations who provide 

cultivar data for registration. These are public organisations in most countries.

Generating variation Stabilisation

Selection



Increased
yield

Investment 
in breeding

Plant 
breeding

The generation and distribution of value from plant breeding

Income for 
breeders

Reduced
cost

Improved
quality

Reduced
processing
costs

Reduced
raw
material 
costs

Improved
product
quality and 
value

Sale of
breeder‘s
seed

Official seed
multiplication

Farmers
Seed 
merchants

C
on

su
m

ers

Food and feed
producers

Royalties
on seed
sales

Farm 
production









Priority 1  Breeding for yield

Fundamental rather than incremental change
needed

Extending the growing season – frost 
tolerance

Harvest index

Canopy function
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Groundbreaking ideas

We must focus on crop productivity

‘Resource capture’











Read John Monteith



Breeding for climate change

How does climate change affect plants

These are annual plants: climate and weather

Warmer or colder?

Drier or wetter?



Breeding targets (traits) for climate change

Timing of harvest – earlier or later

Insensitivity to long days

Early growth and vigour under cool conditions: lower base temperature

Tolerance of summer chilling

Tolerance and survival of heat stress

Tolerance of drought and water-logging

Very significant trade-offs between traits relevant to climate change



Breeding for climate change

KWS



Participatory breeding

Participatory plant breeding

and

Participatory varietal selection



Donau Soja Protein Strategy for Europe
Taking responsibility 

Short term: Sustainable 
imports and 
consumption

Medium term: 
Agricultural innovation 
and policy

Long term: Breeding and 
value chain 
infrastructure

Empowerment

Knowledge is power, but 
understanding 
empowers
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We need deep long-term 
partnerships

Innovation 
Communities

10 year+

Experiments

Grant 
applications

Academic 
papers

Crossing

Parent selection

Selection

3 year cycle
1 - 3 year cycle

Commercial 
and breeding 
programme 
strategies

10 year+

Institute-level 
and investors’ 

strategies
10 year+









Big picture slide
In case you have tables, graphics or pictures 
that are important to be shown as big as 
possible, please use the “big picture” slide 
which has no footer area

24 EU-funded partners
33 partners to the consortium agreement
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