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Energy savings

Less water loss
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1000 hectare Acreage with Cereals in Denmark 1967 to 2022
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Yield of winter wheat and spring barley in Denmark 1984 to 2021

y = 0,6272x + 47,91
Winter Wheat

Spring barley
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Verdens kornproduktion
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Top 30 over lande der dyrker byg — 2011 (ton)
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EU 27 Barley acreage in hectare
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12 2024: 10,3 mio. ha.

11

10

~|Main cereals
| (%, EU, 2020)

Oats, Others,
30%

Durum wheat,

i

8

od
Barley eurostat# 26%

c

Rye and winter

cereal mixtures

(maslin),
3.3%

Common wheat
and speft,
416%

Barley,
19.1%

Grain maize and
corn-cob-mix,

237% eurostatiE




*

Production spring- and winter barley

> ~
"W g

Spring Barley | Winter Barley v




:leafley for feed or malt ?
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Relative yield - malting barleys compared to feed barleys

Power

100 Feed barley

Malting barley
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Barley Genetics VI (1992)

BARLEY CULTIVAR DEVELOPMENT IN EUROPE -
SUCCESS IN THE PAST AND POSSIBLE CHANGES IN THE FUTURE

G. Fischbeck

Technische Universitt M;.:inchen,

Lehrstuhl fiir Pflanzenbau und Pflancenziichtung,
D-8050 Freising-Weihenstephan, Germany
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Selections from landrace populations in

Bavaria Moravia Sweden United Kingdom

Bavaria Danubia Binder Gull Plumage Archer

| | RN |
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Isaria Opal Maja Plu. Archer

(24) (26) (34)
RKenia
|(31)

T
He}ta Rika Proctor
(49) {51) (52)

( ) year of release

Fig. 1. Pedigree of spring barley cultivars derived from early cycles of broad-bascc
cross breeding (Aufhammer et al., 1958)

G. Fischbeck, IBGS6
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Selections from landrace populations in
Moravia Sweden

N v

Binder Hannchen Gull Schonen
Seger
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Balder
{42)

Ingrid (59)

{ ) year aof release

Fig. 2. Pedigree of spring barley cultivars derived from early cycles of narrow-
based crossbreeding (Arias et al., 1983)

G. Fischbeck, IBGS6
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Introgression of exotic germplasm
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lmumm

{ | year of release

I
Trumpf (T3}

Trumpf x Egmont

Trumpf x {Aramir x (Nota x Volla x (Annemarie)})
(Trumpf % Cambrinus) x Piccolo

{Helena x Ribari) x 5t} x Trumpf

Aramir x Trumpt -

Triumph x Medusa x Diamant

selection from landraces
sources for disease
registance

namann mptation

Fig. 5. Pedigree of spring barley cultivar Trumpf and related derivatives (from the
Trumpf breeding cycle) (D. Lau, Personal communication)

G. Fischbeck, IBGS6



The Main Spring Barley Varieties in Denmark 1989-2020
Percent certified seed
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1000 hectare Acreage with Cereals in Denmark 1967 to 2022
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The Main Spring Barley Varieties in Denmark 1989-2020
Percent certified seed
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Spring Barley Varieties in Europe - multiplication acreage in hectares

* Main contries for malting barley

* Multiplication acreage — not growing areage
* Data from official national certification bodies
* Data collected by Birger Eriksen and Heinrich Maubach

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

2017 2018 2019 2020 2021
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Spring Barley Varieties in Europe - multiplication acreage in hectares
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Spring Barley Varieties in Europe - multiplication acreage in hectares
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SEMENCES

120.000+ tons certified seed RGT Planet
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Quench [§racT
KWS Irina Syngenta
Laureate
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Spring Barley Varieties in Europe - multiplication acreage in hectares
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>10.000 ha
Prestige
Sebastian
NFC Tipple
Quench
Propino
KWS Irina

RGT Planet |

Laureate

IMPROMALT, The International Barley Hub (IBH) JHI, Helium
Shaw, P., Graham, M., Kennedy, J., Milne, |., & Marshall, D. (2014). Helium: visualization of large scale plant pedigrees. BMC Bioinformatics, 15(1), 259
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> 10.000 ha
Prestige
Sebastian
NFC Tipple
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Propino
KWS Irina
RGT Planet
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Sebastian

Children:41
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F1 or Selection ic_417
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Y F1 or Selection ic_580
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F1 or Selection ic_273
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Propino
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Muirhead
Garner

SY Taberna
Acumen
Artemida
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Husky AFP2423
Momentum

NSL07-8113-B

IMPROMALT, The International Barley Hub (IBH) JHI, Helium
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Shaw, P., Graham, M., Kennedy, J., Milne, |., & Marshall, D. (2014). Helium: visualization of large scale plant pedigrees. BMC Bioinformatics, 15(1), 259 lll.l Institute
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> 10.000 ha O Propino
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Malting barleys in western part of Europe

Approved varieties

acreage
2021

Industry test

acreage
2021

Pilot test

breeders
ref./name
proposal

Berliner Programm

1.516 RAGT.
Amidala2021 1.222  Nordsaat
Avalon 935 Breun
Leandra 792  Breun
Lex Ay 672 Breun
Accordine 567  Ackermann
Prospect2020 509  Sejet
KWS Jessie®®*! 417 sejet

Industry test crop 2022

LG Flamenco 10

EGRumba

Limagrain

Limagrain

WP3 crop 2022
LGBN 17002-104
NORD 19/2338 Sting
NORD 19/4111¢Rane
SY 419 607

Limagrain
Nordsaat
Nordsaat

Syngenta

France CBMO preferred varieties

7.933 RAGT.
KWS Fantex 1.803 «kws
Fandaga 952 Nordsaat
Focus 710 Secobra
353 Syngenta
LG Tosca 311 Limagrain
Yoda 295 Breun
Explorer 161  Secobra
Sebastian- 58 Sejet
Sunshine 10 Breun
KWSHrina 10 kws
Matertan 59 Sejet
LG Beleanto 15 Limagrain
Aricdata 0 Nordsaat

CBMO appr. for industy vali. ‘22

KWS Thalis 234

LG Flamenco 88

EB-Score 58

Lexy ______JCE

Shetty 8

KWS
Limagrain
Carlsberg
Breun

Breun

Pilot test Crop 2022
LG Rhapsody

Sy Chaska

Greta*

KWS Premis*

LG Bolero*

* on breeders request

Limagrain
Syngenta
Breun
KWS

Limagrain

S IEGT Remommended varieties
G S 4.581 raGT.
Laureate®Pf 4.030  syngenta
Lg DiablOB'D'F 1.689 Limagrain
Skyway®" 708 Nordic Seed
Sy 494 Syngenta
Sy SplendorB'P 395  syngenta
FirefoxxD’P 97 Ackermann
FairingDG‘F 13 Syngenta
KWS Sassy™" 9 KWS
B=Brewing
D=Destilling
F=Full MBC approvaly, P=Provisional

Industry test

CB Score®™ - 62
SY Bronte®' 30
Jensen®T 3
SpinnerB'T 2
B=Brewing

T=test for MBC approval

Carlsberg
Syngenta
Sejet

Secobra

RL-cand. harvest 2022

Diviner SC58707W
Florence BR13773AZ3
KW419531 Maronis
KWS Curtis KWS192073

LG Flamenco LGBN16509-4

LG Loxstar LGBU18-1301-A
LG Mulgrave LGBU18-1560-A
NOS114.171-07N0OS114.171-07
RGT Starlight RP19013
SC53421W Sun King

SY Jewel SY419554

SY Signet SY419542

SY Tennyson SY419544

Secobra
Senova
KWS UK
Sejet
Limagrain
Limagrain
Limagrain
Nordic Seed
RA.G.T.
Secobra
Syngenta
Syngenta
Syngenta

Approved varieties Industry test Pilot test
breeders
acreage acreage ref./name
2021 2021 proposal
Danish Preferred Industry test Passed stress test feb. 2022
RGT Planet 4.547 RAGT. Stairway, org. 3.033 NordicSeed KWS Premis  KWS18/3518  KWS
Laureate 3.907 Syngenta Skyway 1.975 Nordic Seed KWS Thalis KWS 17/2942  KWsS
Prospect 1.497 Sejet Firefoxx 1.098 Ackermann [E347 BR14052al Breun
Flair 1.352  Sejet CB Concorde 30  Carlsberg ~ [MCYFETNENE M | GBN16509-4  Limagrain
KWS Irina 779  Kws CB Score 29  carlsberg  NOS 114.299-1 Gambit Nordic Seed
Focus 531  Secobra LG Belcanto Limagrain ~ SY Solar SY 417021 Syngenta
Ellinor 518  Breun NOS 113.259-19 Nordic Seed
Evergreen 444 Nordic Seed NOS 114.124-10 Nordic Seed
I IR Int 0 Ackermann

Sweden

Viking Malt

Laureate 1.717
Prospect 800
KWS Irina 597
Ellinor 499
SW Catriona 102

RA.G.T.
Syngenta
Sejet
KWS

Breun

Lantménnen

Year 3+4 Lansforsok 2022 Year 2 Lansforsok 2022

Shetty 117  Breun Firefoxx AC 16/03 Ackermann
Skyway 153  NordicSeed KWSPremis  KWS 18/3518 Kws
Tellus 21 Secobra KWS Thalis KWS 17-2942  kws
Lexy Br 14052a2 Breun
Fender Secobra LG Flamenco LGBN16509-4 Limagrain
SY Tennyson Sungenta SCW 18-4618 SCW 18-4618 Secobra
SY Solar Syngenta
Yoda Breun

v
Y
Y
\/

JSxckermann

The Barley Breeder
since 1903

SECOBRA
Recherches

Limagrain )

 BREUN

syngenta
Sejet s

g
Nordic Seed

SEMENCES

from earth to life

arlsbef‘g



Mallasohrakomitea —
Malting Barley Committee
(VTT / PBL Brewing lab.)

Danish Preferred

ChN o€ NN o9

The Irish malting
barley variety
committee
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Variety registration and industry approval of malting barley varieties el ey

Year 1l Year 2 Year 2 feb. Year 3 Year 4
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Index Result
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- - - v v v T, o0 - o = —
5| 5| % 2| 8|8 £ & | & E|E|E S 9 2 3 A == R = =R =599 3|3 |9
= = = = - - v v 7] 174} %] v ;- 3- 3- o o o vy vy w %) (%) w 8 8 8 (7] (7] v
sls|s||eleleg|jlelS|e||8|es|S| | 8|&|&8] ||| ||2/2|2||g8/8|8|[28][8|2||[x5|x|%n
[ Extract [ [+ ]3] [3fafa[2TsT3][2]3[s] [2]aTs][e[s[s] [2[2[s] s8] [2]2]af [2]2]3]
Friability 3 3 5 2 4 2 4 1 2 4 1 1 2 1 1 2 A
Beta-Glucan 2 3 5 1 2 3 1 2 4 1 2 4 1 1 1 2 3 1 2 5 1 3 4 1 3 4 1 2 3
Viscosity 2 3 4 1 2 4 1 2 4 1 2 3 1 1 1 2 3 2 3 5 1 2 5 2 3 5 1 2 4
FAN 2 4 5 1 3 4 3 4 5 1 2 3 1 2 3 1 2 4 4 5 5 3 5 5 1 3 4 2 3 5
Soluble N 1 3 4 1 2 3 2 4 4 1 2 3 1 1 2 1 2 3 4 5 3 5 1 2 3 2 3 4
Kolback 1 2 4 1 2 3 2 3 3 1 2 3 1 1 1 1 2 3 3 5 5 3 4 5 1 2 4 2 3 A
FAN dev.* 6% | -1% | 4% 7% | -4% | 1% -7% [-12%| -3% 4% | 3% |14% 4% | -5% | -6% 12% | 9% | 6% -9% | -14%| 7% -8% | -9% | -4% 13% | 8% | 6% -2% | -6% | -9%
Soluble N dev.* 1% | 3% | 4% 1% | 2% | 3% 2% | 4% | 4% 1% | 2% | 3% 1% | 1% | 2% 1% | 2% | 3% 4% | 4% | 5% 3% | 4% | 5% 1% | 2% | 3% 2% | 3% | 4%
Kolback dev.* 1% | 2% | 4% 1% | 2% | 3% 2% | 3% | 3% 1% | 2% | 3% 1% | 1% | 1% 1% | 2% | 3% 3% | 5% | 5% 3% | 4% | 5% 1% | 2% | 4% 2% | 3% | 4%
Proteolyse compared to modification 5 % higher 2 % higher 4 % lower 4 % higher 5 % lower 1% higher 6 % higher 8 % lower 7 % lower 6 % higher
Alpha-Amylase 3 4 4 2 3 4 3 4 4 2 3 4 1 1 2 2 3 3 3 4 5 5 5 5 2 4 4 5 5 5
Beta-Amylase 4 4 4 2 2 3 2 2 3 4 4 4 3 3 3 1 1 1 3 4 4 4 4 S 5 5 5 3 4 4
Limit Dextrinase 3 3 3 2 2 3 2 2 2 2 3 3 2 2 2 2 2 2 4 5 5 3 4 4 2 3 4 3 3 4
Attenuation 2 3 3 2 3 5 2 2 2 1 2 3 2 3 3 1 1 2 3 4 4 5 5 5 3 4 3 1 3 4
Turbidity [a[aT ] [3T2Ts[f[aTala] [aTaTa] [2T23] [e[ala] [2 a0 [2Ts[a2] [2]2]a] [2]aT]1]
Index ** 10 | 12 | 18 12 [16 [ 21 10 [ 14 [ 16 9 [ 14 ] 17 9 [ 9] 13 6 | 11 [ 14 13 | 16 [ 25 17 [ 22 | 25 12 [ 15 | 20 8 [13] 18
Index mean *** 25 31 25 24 20 19 33 40 28 24

Explanation to the color indications: The best of the standards is for each parameter and steeping degree assigned light green. Values lower than best standard are marked with increasingly intens green color.
Red is used for values being two points higherthan best standard, the highervalue the more intense red.

* =deviation from the calculated value (calculated from the degree of modification).

** = 2*Extract + Mean(Friability,Beta-glucan,Viscosity) + Mean(Alpha, Beta-amylase, Limit Dextrinase) + Attenuation + Turbidity/3

*** = Index_45 + Mean(Index_43,Index_41)
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Braugersten
Gemelnschoft

Y

LISTE DES VARIETES PREFEREES 2 Verarbeitungsempfehlung
DE MALTEURS DE FRANCE et BRASSEURS DE FRANCE
ORGES DE BRASSERIE - RECOLTE 2026 i

Berliner Programm

Zur Verarbeitung empfohlene Braugerstensorten ab 2005

Marthe Zulassung 2005 Verarbeitungsempfehlung 2007
Power Zulassung 2005 Verarbeitungsempfehlung 2007

Zulassung 2006 Verarbeitungsempfehlung 2008
Zulassung 2006 Verarbeitungsempfehlung 2008

Streif Zulassung 2007 Verarbeitungsempfehlung 2009
Grace Zulassung 2008 Verarbeitungsempfehlung 2010

KWS5 Bambina Zulassung 2009 Verarbeitungsempfehlung 2011
Propino Zulassung 2009 Verarbeitungsempfehlung 2011
sunshine Zulassung 2009 Verarbeitungsempfehlung 2011

Catamaran Zulassung 2011 Verarbeitungsempfehlung 2013

Certaines variétés dont les surfaces de production ont baissé, restent brassicoles et apparaissent au dos de cet encart. Passenger Zulassung 2011 Verarbeitungsempfehlung 2013

VARIETES EN OBSERVATION COMMERCIALE ET INDUSTRIELLE

Etape 2 —» LG FLAMENCO / LG RHAPSODY / MAGNITUDE KWS DELIS (JNO) Solist Zulassung 2012 Verarbeitungsempfehlung 2014

Avalon Zulassung 2012 Verarbeitungsempfehlung 2015
Etape 1 —» LG ALLEGRO / TIMBER / BUZZER DUCHESSE

Ventina Zulassung 2014 Verarbeitungsempfehlung 2016

m Cervinia Zulassung 2015 Verarbeitungsempfehlung 2017

SIDAENLINIS RN RR S = MMM S BN AR Neue Sorten, die im , Berliner Programm® gepriift wurden’

LG BAROK / SAILER X accordine Zulassung 2016 Verarbeitungsempfehlung 2018
¢ = x s LG Caruso .@

Zulassung 2022 Zulassung 2025 Tilda

sting & Fontane Leandra Zulassung 2017 Verarbeitungsempfehlung 2019

pimang 335 s @\’ Prospect Zulassung 2018 Verarbeitungsempfehlung 2020
- Bounty

/ . Amidala Zulassung 2019 Verarbeitungsempfehlung 2021

@ Zulassung2024  Excalibur KWS lessie Zulassung 2019 Verarbeitungsempfehlung 2021

RGT Corella
Belladonna 19 Jahre Berliner Programm

Okosorte Kosima
KWS Enduris 92 Sorten

LG Allegro 28 GroBtechnik
18 Saryton 24 Verarbeitungsempfehl

Erlauterung: Sortenname = Teilnahme am Berliner Programm Gesamtaufwand nur fiir Analytik ca.
Sortenname = PraxisgroBversuche durchgefuhrt  2.000.000,00 €




Increases 1n Extract

During Last 30 Years

EXTRACT EXTRACT DIFFERENCE

! | ! I ! !

1970-72 1980-82 1990-92 98-2000 1970-72 1980-82 1990-92 98-2000

Data from EBC Trials in Germany, compiled by Prof. R. Schildbach
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Increases in Soluble Protein
During Last 30 Years

47 11,5
KOLBACH TOTAL PROTEIN
45
11,0 |
43
10,5
41 ] !
39 l | | | 10,0 | | | |
1970-72 1980-82 1990-92 98-2000 1970-72 1980-82 1990-92 98-2000

Data from EBC Trials in Germany, compiled by Prof. R. Schildbach




Improved malting quality over a 30'year periOd (based on German Official Trials)

1983 2015 Diff.

Extract 81,5 33,3 1,8
Friability 76,3 95,5 19,2
Viscosity 1,52 1,46 -0,06

Kolbach 43,3 47,4 4,1
Attenuation 80,8 83,2 2,4

Outstanding breeding
achievements

of great importance to the brewing industry




Variety age vs skinning

Are we breeding skinning into new varieties?
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« | Hurtigere modifikation] Processen kan potentielt forkortes med 25-40%. Det betyder, at

malterierne kan producere mere malt pa den samme tid.

s | Vandbesparelse:hfed at optimere maden, kornet optager fugt pa, kan man reducere
vandforbruget markant (ofte naevnt op mod 15-20%).

. | Lavere energiforbrugJDa spiringstiden forkortes, spares der energi pa ventilation og
keling i malteriet.

* | R E G ekstraktudbytte:l Hurtig modifikation sikrer, at stivelsen i kornet bliver lettere
tilgaengelig for bryggeren, hvilket giver et bedre udbytte i bryghuset.
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Short seed dormancy|durations have been selected during cerealjdomesticatior] to

allow fast and even|germination after sowing.|\However, when dormancy duration is
j too short, seeds can begin germinating while still attached to the parent plant, a
phenomenon known as|preharvest sprouting.Jargensen et al. explored variation in

sequences and|copy number of barley MKK3| a kinase involved in dormancy regula- G
OR

‘ tion. Domesticated barley had more copies of MKK3 than its wild relatives, which

| generally only had one copy. Additional copies of MKK?3 increased transcript levels, TING
whereas sequence variation affected kinase activity. Together, these variations cor-

barley Kinase

relate with dormancy duration and preharvest sprouting|across global growing re- |

routing p.oo

gions. This research may help with grain selection for plants suited to their local

‘ arya in control at NIH? p.16

[limate, particularly in regions where preharvest sprouting is common|or may be- |SEErSaeee

elates of cooperation p. 46

come more common with climate change. —Madeleine Seale
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" _ CO2 footprint pr. produceret kg
" Kkorn er athzengig produktionen | designe ravaren til optimeret
X pr. hektar: flere kg at fordele industrianvendelse — typpisk gennem
CO2 belastningen pa : mutationsforadling

- " URETWT T4

Bedre genetik er en af de vigtigste faktorer
for at lgse disse problemstillinger — Innovativ

Klimaforandringerne med | planteforeedling vil blive eftel'spurgt SOom
ekstremt vejr szetter et »‘; al dl'ig fﬂl’

produktionen i vise regioner : : { _ SR S
under pres bis g = ; . R SRR o

P ’ Land Use Change og

afskovning er ”no go”

Vi far derfor behov for at
producer mere og bedre I
regioner med mindre
pavirkning af ekstremt vejr _ s Forbedret biodiversitet
% ' kraever plads til uforstyrret
natur
(conservation ecology)

grf:alforsamling i.Danske Sortsejere 5. november 2021
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Life cycle and CO2 footprint

THE PROPORTION OF GREENHOUSE GAS EMISSIONS
RELATING TO EACH STAGE IN THE LIFE CYCLE OF OUR PRODUCTS

0 e
| é'.‘Fr_vdel\l““c 3 &‘
< | !’[wﬁ;‘){ E ‘ y O O

17% 6% 4% 1% 9%

AGRICULTURE MALTING BREWERIES PACKAGING DISTRIBUTION REFRIGERATION

Cultivation of ingredients Malting and Brewing and manufacturing of our Production and disposal of Distribution of our fin- Chilling of our drinks

such as barley and rice processing of grains products, including refrigerants all packaging materials ished products from our  in bars and shops.
breweries and depots including refrigerants




Fremtiden (med NGT)

 Komplet bladsygdomsresistens

* Tolerance mod lus

* Virusresistens (BYDV)

* Torkeresistens / "Soppe”-resistens
Hojere fotosyntese

4G til 8G?

Fast malting uden markspiring

Hoj ekstrakt uden afskalling

Hgj indhold af varmestabile enzymer
Bedre foderkvalitet: proteinindhold, aminosyrebalance, fytase




ARTICLES nature

ttps://doi.org /101038 /s41477-019-0445-5 plants

Breeding improves wheat productivity under Based on 200
contrasting agrochemical input levels german varieties

Kai P. Voss-Fels from 50 years,
18.844 yield plots

Our observation that genetic gain for performance
under high-input conditions simultaneously increases performance
under suboptimal management conditions has important consequences

for the dmm ; . i —
) Udbyttepotential "shiner” altid

strategie . .

PN  ogsa unde[‘ stress-betingelser

cultivar inkl. gko

outperformed conventionally bred cultivars from the same year of

release (Supplementary Fig. 19).







Skald Net blotch

Danish National Trials §3772111 73 O S
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Yield loss in hkg by not applying fungicides, Yield loss in percent by not applying fungicides,
mean 9 varieties mean 9 varieties

: "2y 16,4

O =2

Avarage yield loss of 8,1 hkg/ha will increase

the emissions from 244 to 274 kgCO,e/tonne
harvested barley

Yield loss in hkg by not applying fungicides, Yield loss in percent by not applying fungicides,
mean 5 years i mean 5 years
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