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Manner gehen
aufeinander los

Wolfenbittel. Fin Siraic ewl
schen wwei Bekannoen ist in
Walfenblreel am  Samstag-
abend eskalierr. Mach Angaben
der Palizei warfein 39-Jahriger
seinem 40 Jahre alten Freund
zunichsr einen Einrichrungs-
gegenstand an den Kopf Der
Altere reagierte darauf mic
Faustschligen ins Gesicht so-
wie mit Beleidigungen und Be-
drohungen. [He hinzugerufe-
nen Beamten trennten  die
Minner und sprachen Platz-
verweise dus.

Mann verweigert
die Behandlung

Bremerhaven. Wegen eines
Veretzten auf einer Geburs-
tagsfeier ist die Polizel in Bre-
methaven  ausperiicke  Auf-
grund wvon Sprachbarrieren
war die Einsaczlage vor Orczu
nichst unklar. In einer Woh-
nithg fanden die Polizisten je-
doch cine Blutlache und Glas-
scherben: Ein angerrunkaner
23-Tihriger war laur Polizei auf
seiner Geburistagsfeier ag-
gressiv pewonden, Aus Wt
hatte der Mann den Angaben
sifolge den Glaseinsare einer
Zimmertiir zerschlagen. Hel-
fan lassen wollre gieh dar 23-

NIEDERSACHSEN UND DIE REGION

CLOEMNBURGISCHE YOLKSZEITUNG

,,Coolcation” — der neue Reisetrend?

Durch Hitze am Mittelmeer werden kiihlere Regionen beliebter/ Niedersachsen kéinnte profitieren

Wor LENR&RT SToCK
Mo Beitra Kdases

Wilhelmshaven. Wihrend im
Mitelmeerraum Menschen bei
weit diber 30 Grad schwiteen,
zeigre sich der norddeursche
Sommer #ulecer eher kith]l und
wichselhaft Doch  angesichrs
driickender Hitze im Mitelmeer
sehen manche Touristiker hier-
zulande genau darin eine Chance

auch in Niedersachsen Diie
Tourismus-Agentu Muordsee
(Tano) lielk ecwa wiahrend der
Hitzewelle in Deutschiand An-
fang Juli erstmals in den Stadren
Freiburg. Kadsruhe und Kéln
Werbung auf grodien Anzeigen-
flichen fir cine Abkihlung bei
elner Sommerbrise an der Mord-
see” schalten

JDras, was frdher mal vor Jahr-
zehnten das Minelmeer war, das
konnen wir jetzt sein”, sagt Ma-
rie Schiefelbein, Geschafrsfithrer
der Marketingorganisation  fiir
die nledarsichsische MNordsee-
leiiste zwrischen Ems und Elbe,
mit Blick auf das Sommerklima
am Meer. Bei einem lauen Wind
an der Kuste wirden viele die
Hitze bessar vertragen. Das ist
fiir uns cin Riesenvoreil [ch
glaube, wir konnen Menschen
dazu bringen, mal den Urlaub
Richiuns Nordsee wu nlanen
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Viel u warm: Sommerurlaube an der Mordses kanaten mit menehmender Hitze am Mittelmeer beliebter werden,

schen Wittmund ist. Der Klima-
wandel misse ¢rnst genommen
werden,  Klimaverinderungen
der vergangenen Jahre wirkien
cleh sehon barer auf das Reisever-

nach pebe es noch keine signifi-

Tage geben, die vor allem bei ho

kanten Hinweise auf einen ech- her Luftfeuchrigkelr von vielen
ten Reisetrend oder spirbare Menschen ale belastend emp
Verschichungen von wirmeren funden werden. Denn durch den

Repinnen. OB und wann ain sol

Tamnperaturanstiss stawt  auch

Foto: dpa f Dittrich

von Gradierwerken  sein. Im
Harz wuirden schon heute im
Somimer Filirungen unter Tage
for Abkihlung sorgen, erwa in
Tronlsrainhahlen.  Und  awch



“Prediction is very
difficult, especially if

it's about the future.”

-- MNiels Bahr

Physics Mobel prize 1922
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Leaders | Climate tipping-points

The shutdown of ocean currents could
freeze Europe

When climate change poses a strategic threat, it needs a strategic response
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If you want to understand something, use numbers

"When you can
measure what you
are speaking about,
and express it in
numbers, you know
something about it"

Lord Kelvin




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

12



Suitability for soybean

production in Germany

(from RoBberg and Recknagel 2017, Journal fir Kulturpflanzen)

Being more suitable is not enough,
what matters is on-farm

competitiveness

Bl <=4 (ungoeigne)
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B 1- 13 Ggu)
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Changes in the average grain yield (t/ha) of wheat, pea and soybean
in France, 1961 to 2023

—Pea —Soybean —Wheat
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Changes in the ratio of wheat yield to the yield of pea and soybean
in France, 1961 to 2023
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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
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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

Vvl
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From FAOSTAT



"™ The high yield of wheat in France drives the import of soya
9 -

g - French wheat has a 3-fold yield difference

US and French soybean and US wheat yields
are similar
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=== USA wheat

-=-=USA soybean

P X

—— France wheat

—France soybean
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Why does trade happen?

Read David Ricardo




Effect of temperature on leaf emergence in wheat and soybean
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Jame, Cutforth and Ritchie (1999).

Temperature response

function for leaf appearance rate in wheat and corn

Canadian Journal of Plant Science

Leaf expansion rate

Soybean
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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
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Rawson, H. and Gdmez Macpherson, H. 2000. Section 6: Explanations
of plant development. In: Irrigated wheat, managing your crop. FAO
(Section 6: Explanations of plant development )
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Setiyono et al. 2008. Leaf area index simulation in soybean grown
under near-optimal conditions. Field Crop Research



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



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

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+9% variation in soybean

Maturity
group (MG)

000
o]0

II
III
IV

VI
VII
VIII
IX

Growing degree days

(base 10°C)

1000 - 1200
1100 - 1300
1200 - 1400
1300 - 1500
1400 - 1600
1500 - 1700
1600 - 1800
1700 - 1900
1800 - 2000
1900 - 2100
2000 - 2200
2100 - 2300
2200 - 2400



Yield (t/ha) of soybean
and wheat in the decade
2014-2023 in seven
European counties
(FAOSTAT)

Predicted optimistic yield

Probably irrigated crops

Austria

Belgium

France

Ireland

Italy

Serbia

Ukraine

Soybean

2.89

2.90

2.59

3.54

2.78

2.27

Wheat

5.66

8.69

7.00

9.51

3.91

4.66

4.11



Yield (t/ha) of soybean
and wheat in the decade
2014-2023 in seven
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Yield (t/ha) of soybean
and wheat in the decade
2014-2023 in seven
European counties
(FAOSTAT)
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July temperature and July temp. Latitude Wheat:soybean

latitude
Vienna 20 48 1.96
Brussels 17 51 3.00
Paris 20 49 2.70
Dublin 15 53 10.00+
Milan 25 45 1.10
Belgrade 22 45 1.68

Kiev 21 50 1.81



A July temperature and

latitude index

(Latitude * 1/July

temperature) * 100

Vienna

Brussels

Paris

Dublin

Milan

Belgrade

Kiev

(Latitude *1/July
temperature) ¥*100

2.40

3.00

2.45

3.53

1.80

2.05

2.38

Wheat:soybean

1.96

3.00

2.70

10.00+

1.10

1.68

1.81



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

(Latitude * 1/July

temperature) * 100

Vienna

Brussels

Paris

Dublin

Milan

Belgrade

Kiev

Current climate

2.40

3.00

2.45

3.53

1.80

2.05

2.38

+ 1°C

2.28

2.83

2.33

3.31

1.73

1.96

2.27



The
combination of
mean July
temperature

and latitude

(Latitude * 1/July
temperature) *
100

Vienna

Brussels

Paris

Dublin

Milan

Belgrade

Kiev

July temp. Latitude The

+1°C
21

18

21

16

26

23

22

48

51

49

53

45

45

50

combination

2.28

2.83

2.33

3.31

1.73

1.96

2.27

Wheat:soybean
yield

1.94

2.80

2.01

3.55

1.07

1.43

1.92



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

Trying to grown a poor crop of Wheat/soybean: 1.96
soybean costs 10 t/ha of wheat

Vienna Austria Average Monthly Temperatures
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Serbia France
Wheat/soybean: 1.68 Wheat/soybean: 2.70
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Belgium Ukraine
soybean: 3.00 Wheat/soybean: 1.81

Kiev Ukraine Average Monthly Temperatures
AVERAGE DAY & NIGHT TEMPERATURES 1881-2018
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Brussels Belgium Average Monthly Temperatures
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Belgium
soybean: 3.00

Brussels Belgium Average Monthly Temperatures
AVERAGE DAY & NIGHT TEMPERATURES 1833-2017
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Italy
Wheat/soybean: 1.10

Milan Italy Average Monthly Temperatures
AVERAGE DAY & NIGHT TEMPERATURES 1763-2018
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Suitability for soybean
production in Germany

(from RoBberg and Recknagel 2017, Journal fir Kulturpflanzen)

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

§-T7 (mangalhuaft)
B-10 (susreichend)
B 1113 fgu)
B -2 isoheputy




Monthly temperatures at Hannover

Hanover Germany Average Monthly Temperatures
AVERAGE DAY & NIGHT TEMPERATURES 1935-2017
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Soybean in KWS trials at Bergen in northern Germany in 2025
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soybean yield (kg/ha)

b =27,7 kg/haly

o

\

4

Austria, 1988-2024
(FAOSTAT 2022, AMA 2025)

1990 2000 2010 2020

cropping year

(1988-2024)

Regression

over 37 years

in kg/ha per year:
b= +27.7 (Austria)
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Legume
Generation

Boosting legume breeding in Europe

It all starts with a seed



Legume
Generation

An individual crop = Genetics x Environment x Management

(GXEXM)






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

Generating variation

New germplasm

- seed banks, Crossing Self-

landraces etc. between pollination
selected within the
pure- uniform F1
breeding progeny
parents (F1:F2)

ey X X Epg g W . 4

Existing elite

Stabilisation

New
variation

in second Repeated

generation  reproduction

progeny to produce
(F2) stable lines

Selection

Multiplication
and testing as
Selection cultivars,
of lines registration

iy =

Farm-level
testing,
demonstration,
and
multiplication

Farm
. production

* Breeding businesses here includes cultivar testing organisations who provide

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



Soybean field sites

Johann Vollmann
BOKU

® Soybean

Legume
Generation




The generation and distribution of value from plant breeding

Investment
in breeding

y

Sale of
breeder's
seed

N
Plant
breeding

\'4
Income for
breeders

Seed

merchants

Official seed
multiplication

Royalties
“— on seed
sales

Farm
production

Farmers

Reduced
cost

Increased
yield

Improved
quality

Food and feed
producers

Reduced
processing
costs

Reduced
raw
material
costs

Improved
product
quality and
value

SJoWNsuo)



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

Generating variation

New germplasm

- seed banks, Crossing Self-

landraces etc. between pollination
selected within the
pure- uniform F1
breeding progeny
parents (F1:F2)

ey X X Epg g W . 4

Stabilisation

New
variation

in second Repeated

generation  reproduction

progeny to produce
(F2) stable lines

Selection

Multiplication
and testing as
Selection cultivars,
of lines registration

iy =

Farm-level
testing,
demonstration,
and
multiplication

Farm
. production

<
<

Existing elite

* Breeding businesses here includes cultivar testing organisations who provide

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



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

Ziichtungs- und Vertriebsaktivitaten der KWS Gruppe in liber 70 Landern

KWS

Zuchtstationen
Versuchsstandorte



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.

BL1

Ccv3

Ccv2



Euphytica 17 (1968): 385403
THE BREEDING OF CROP IDEOTYPES

C. M. DONALD

Waite Agricultural Rescarch Institute,
The University of Adelaide, South Australia

Received 17 November, 1967

SUMMARY

Most plant breeding is based on “defect elimination™ or “selection for yield".
A valuable additional approach is available through the breeding of crop ideotypes,

plants with model characteristics known to influence photosynthesis, growth and (in
cereals) grain production. Some instances of the successful use of model characters
of this kind are quoted.
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Zeichnungen von Hans Erni, zwei Objekte und zwei Autos im Windkanal, um 1933



Developing and serving the Soybean Innovation Community

Photo credit: Jasmin Karer

Soybean IC meeting,
Tulln, Austria, SEPT 2024



Task 1.2: Breeding for yield and adaptation

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 O-I: Cultivars for low-latitudes, southern
Europe

Source: Miladinovic (2011)
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Breeding for yield and adaptation

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
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Grain yield (kg/ha)
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Time to maturity (days from 1 January)

Positive correlation between time to maturity

: : B o R and grain yield in the early maturity (MG 000)
Differences in maturity between genotypes and experiments set (Y1) of genotypes (Tulln, Austria, 2024)
(Tulln, Austria, 2024) ! !
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Breeding for yield and adaptation

GL_221712
ES-PROFESSOR
RGT_SEFORA
CH22554_Simpol
UHOH-60
UHOH-58
=il UHOH-52
UHOH-57
UHOH-53
GL_Pia_(GL_1816014)
UHOH-55
SHIVA
RGT_SAKUSA

(OH-!

UHOH-56

Xonia
CH22172_Obélix
SUZA

UHOH-58
RGT_STUMPA
ES-MENTOR
CH90139
GL_201117
ES-LOUXOR
GL_201212
CH90093_Soramax
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Digital phenotyping: Hyperspectral reflectance is recorded R A A SR T S G

in the field. Over 40 different indices can be calculated from = )
spectral data describing biomass accumulation, water status Grouping of genotypes of the Y2 (MG 00) set according
or nitrogen metabolism (N,-fixation) to nine water indices describing differences in water

status of genotypes (Tulln, Austria, 2024)
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Soybean

Photos: Donal Murphy-Bokern,
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soybean yield (kg/ha)
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Soybean yield
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Regression

over 36 years

in kg/ha per year:
b= +29.2 (Austria)
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Conclusions - the development of soybean in a warming world

. Effect of competitivess between crops will be the major factor

. Increased competitiveness of soybean re most grain crops

. Maize and sunflower are likely to remain competitive with warming

. Farming and plant breeding are largely self-adapting

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

. The key is generating new variation relevant to environmental change

. 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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Developing legume-supported cropping systems in Europe:
Have we overlooked something?

Donal Murphy-Bokern

Kroge-Ehrendorf, Lohne, Gemany

Abstract
Correspondence Why are legume crops rare in Europe even though they grow well there? This opin-
Donal Murphy-Baokern, Kroge-Ehrendorf, . : : ; ;
49393 Lohne, Germany. ion paper brings together concepts from crop physiology, classical economics and
Email: donal@murphy-bokern. com sociotechnical theory to address this question. It argues for increased focus on

research and innovation on crop performance. The starting point is that trade policy
no longer explains the marginalisation of legumes. A more recent premise that mutu-
ally supporting social, technical and agricultural factors have combined over time to

establish and maintain the current cropping systems is also incomplete. However,
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