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"When you can 

measure what you 

are speaking about, 

and express it in 

numbers, you know 

something about it“ 

Lord Kelvin

If you want to understand something, use numbers 
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It is not enough that legumes are ‘nice’

Being profitable is also not enough

Legumes must be competitive for land against the crops 

farmers seem to prefer to grow.

((Yield x Value) – Cost) + Breakcrop effect



Suitability for soybean 

production in Germany 

(from Roßberg and Recknagel 2017, Journal für Kulturpflanzen) 

Being more suitable is not enough, 

what matters is on-farm 

competitiveness



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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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

From FAOSTAT
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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



Jame, Cutforth and Ritchie (1999). Temperature response 
function for leaf appearance rate in wheat and corn
Canadian Journal of Plant Science

Setiyono et al. 2008. Leaf area index simulation in soybean grown 
under near-optimal conditions. Field Crop Research

Effect of temperature on leaf emergence in wheat and soybean

Wheat Soybean



Setiyono et al. 2008. Leaf area index simulation in soybean grown 
under near-optimal conditions. Field Crop Research

Effect of temperature on leaf emergence in wheat and soybean

Rawson, H. and Gómez Macpherson, H. 2000. Section 6: Explanations 
of plant development. In: Irrigated wheat, managing your crop. FAO 
(Section 6: Explanations of plant development )



There is great flexibility in time to maturity in soybean 

Growing degree days integrates time and temperature
One degree day is one day with an average  temperature of 1°C above a base

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



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

There is greater 
flexibility in time to 
maturity (growing 
degree days) in soybean 



Yield (t/ha) of soybean 

and wheat in the decade 

2014-2023 in seven 

European counties 

(FAOSTAT) 

Predicted optimistic yield

Probably irrigated crops

WheatSoybean

5.662.89Austria

8.692.90Belgium

7.002.59France

9.51-Ireland

3.913.54Italy 

4.662.78Serbia

4.112.27Ukraine



Yield (t/ha) of soybean 

and wheat in the decade 

2014-2023 in seven 

European counties 

(FAOSTAT) 

Predicted optimistic yield

Probably irrigated crops

Wheat:soybeanWheatSoybean

1.965.662.89Austria

3.008.692.90Belgium

2.707.002.59France

10.00+9.51-Ireland

1.103.913.54Italy 

1.684.662.78Serbia

1.814.112.27Ukraine
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July temperature and 

latitude 

Wheat:soybeanLatitudeJuly temp.

1.964820Vienna

3.005117Brussels

2.704920Paris

10.00+5315Dublin

1.104525Milan 

1.684522Belgrade

1.815021Kiev



A July temperature and 

latitude index

(Latitude * 1/July 

temperature) * 100

Wheat:soybean(Latitude *1/July 
temperature) *100

1.962.40Vienna

3.00Brussels                 3.00  

2.702.45Paris

10.00+3.53Dublin

1.101.80Milan 

1.682.05Belgrade

1.812.38Kiev
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France (Paris)
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Ukraine
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(Latitude * 1/July temperature) * 100 

The competitiveness of wheat vs soybean as predicted by 
the average temperature in July and the latitude.

Wheat more competitive

Soybean more competitive



The combination of 

mean July 

temperature and 

latitude

(Latitude * 1/July 

temperature) * 100

+ 1°CCurrent climate

2.282.40Vienna

2.833.00Brussels

2.332.45Paris

3.313.53Dublin

1.73                     1.80Milan 

1.962.05Belgrade

2.272.38Kiev



Wheat:soybean
yield

The 
combination

LatitudeJuly temp.

1.942.2848

+1°C

21Vienna

2.802.835118Brussels

2.012.334921Paris

3.553.315316Dublin

1.071.73                     4526Milan 

1.431.964523Belgrade

1.922.275022Kiev

The 

combination of 

mean July 

temperature 

and latitude

(Latitude * 1/July 

temperature) * 

100
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Ireland

Lyon, France

Y = 1.57x – 1.65

Wheat more competitive

Soybean more competitive

The prediction of the effect of +1°C on the ratio of wheat to 
soybean yield 



Trying to grown a poor crop of 
soybean costs 10 t/ha of wheat

Austria
Wheat/soybean: 1.96

Ireland



Serbia
Wheat/soybean: 1.68

France
Wheat/soybean: 2.70



Belgium
soybean: 3.00

Ukraine
Wheat/soybean: 1.81



Belgium
soybean: 3.00

Italy
Wheat/soybean: 1.10



Suitability for soybean 
production in Germany 

(from Roßberg and Recknagel 2017, Journal für Kulturpflanzen) 

The most important factor will be 
the effect of warming on the 
performance of wheat, barley and 
co.



Photo: Klaus Oldach, KWS

Monthly temperatures at Hannover



Photo: Klaus Oldach, KWS

Soybean in KWS trials  at Bergen in northern Germany in 2025

Predicted now: 3.06 t wheat per t soybean

+1°C: 2.80 t wheat per t soybean



Photo: Klaus Oldach, KWS



Photo: Klaus Oldach, KWS



Photo: Klaus Oldach, KWS



Soybean yield 
progress in Austria
(1988-2024)

Regression
over 37 years
in kg/ha per year:
b= +27.7 (Austria)



Photo: Johann Vollmann



Symptoms 
of drought

Photo: Johann Vollmann



Severe drought Photo: Johann Vollmann



Boosting legume breeding in Europe

It all starts with a seed



An individual crop = Genetics x Environment x Management

(G x E x M)





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



Soybean field sites

Johann Vollmann
BOKU



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
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Breeding for climate change

How does climate change affect plants

These are annual plants: climate and weather

Warmer or colder?

Drier or wetter?



Plant breeding largely self-adjusts to environmental change 

KWS



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



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

These are complex traits with very significant trade-offs between traits 
relevant to climate change



Root traits are likely to become more important  

Mwenye, O., van Rensburg, L.
Jacoby, A., and Van der Merwe, R. 2018
Seedling shoot and root growth responses 
among soybean (Glycine max) genotypes 
to drought stress. In: Soybean - Biomass, 
yield and productivity. Ed. Kasai, M.











Soybean IC meeting, 
Tulln, Austria, SEPT 2024

Developing and serving the Soybean Innovation Community

Photo credit: Jasmin Karer



Needs
• Yield performance
• Appropriate flowering / maturity
• Drought tolerance in south and central

Europe
• Cold tolerance in north and central Europe

Strategies

Yield trials in different target regions

• MG 000 and 0000: High-latitude long-day 
environments, northern Europe

• MG 00: Central European conditions

• MG 0-I: Cultivars for low-latitudes, southern 
Europe

64

Task 1.2: Breeding for yield and adaptation

Source: Miladinovic (2011)



Yield trials

Y1 (MG 000/0000): n=60 genotypes

MG 00: n=45 genotypes

MG 0-I: n=30 genotypes

Locations: Covering soybean target regions in 
different latitudes

Measurements

Agronomic characters, harvest quality, digital 
phenotyping, physiological traits, genotyping 
with new SNP panel etc.
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Breeding for yield and adaptation

Legume Generation soybean experimental sites
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Differences in maturity between genotypes and experiments 
(Tulln, Austria, 2024)

Positive correlation between time to maturity 
and grain yield in the early maturity (MG 000) 
set (Y1) of genotypes (Tulln, Austria, 2024)

Breeding for yield and adaptation
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Digital phenotyping: Hyperspectral reflectance is recorded 
in the field. Over 40 different indices can be calculated from 
spectral data describing biomass accumulation, water status 
or nitrogen metabolism (N2-fixation)

Grouping of genotypes of the Y2 (MG 00) set according 
to nine water indices describing differences in water 
status of genotypes (Tulln, Austria, 2024)

Breeding for yield and adaptation



Soybean

Photos: Donal Murphy-Bokern,



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



European 
Environmental 
Zones

European 
Environment 
Agency 2018





Soybean yield 
progress in Austria
(1988-2023)

Regression
over 36 years
in kg/ha per year:
b= +29.2 (Austria)



73

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+



Conclusions – the development of soybean in a warming world

1. Effect of competitivess between crops will be the major factor

2. Increased competitiveness of soybean re most grain crops

3. Maize and sunflower are likely to remain competitive with warming

4. Farming and plant breeding are largely self-adapting

5. But breeding of in-bred crops is subject to profound market failure: we 
need public investment in long-term partnerships at scale

6. The key is generating new variation relevant to environmental change

7. We need to link knowledge of how crops respond to the environment and 
generate yield (crop physiology) with genetics and breeding  
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