Skal afgrgdevalget i dansk landbrug tilpasses
til fremtidens klima?
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Temperaturen stiger mere over land end over hav

How ocean and land temperatures have risen

Annual land and sea surface temperature anomalies each year compared to the 20th century
average show ocean temperatures respond more slowly but are also rising.
Land average — Ocean surface average
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Sommer temperatur bliver mere ekstreme

* Den globale middeltemperatur stiger

e Det samme g@r variationen mellem ar
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Stigende temperatur i Danmark
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Temperatur (°C)

1880 1900 1920 1940 1960 1980 2000 2020

Ar
Siden 1980 er temperaturen steget ca. 0,5 C per arti
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Stigende nedbgr i Danmark
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Siden 1980 er nedbgren steget ca. 15 mm per arti
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@Pget variabilitet i temperatur (om sommeren)
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Linjer viser gennemsnit for normalperioder, og sgjler viser spredning.
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Udvikling i sommer jordfugtighed

Trend 1951-2012

0
L

S(I)O 10‘00 1<§I00 km
1

N
AARHUS
NP UNIVERSITY

DEPARTMENT OF AGROECOLOGY

Projection until 2050s
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Andring i frekvens af ekstrem tgrke under moderat
klimaaendring
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Klimazendringer gger miljgbelastningen

DAISY DAISY DAISY
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*  (get nitratudvaskning pa grund af gget 40" B
afstromning og hgjere temperatur, der ol ! | 5
stimulerer mineralisering af jordens kvaelstof : =x amm®

* Tab af kulstof i jorden som fglge af pget E T
m!nerallsgrlng, der gger CO, udledninger og s Unwss Nmwen " %
mindsker jordens frugtbarhed ¥

«  @get risiko for sygdomme og skadedyr, med s 4: 1
potentielt gget behov for pesticider pa 10- £ ek Bood 3llbZ
20% Z 2
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Klimaaendringer gger risiko for fedevareproduktionen

 Risiko I produktionssystemer og gkosystemer er

mest relateret til ekstreme haendelser og nye
biologiske samspill

* Hedebglger

* Frost, sne, is

* Tarke

 Intens eller langvarig nedbgr (oversvgmmelser)

« Storme

« Sygdomme og skadedyr

 Klimaaendringer gger
* Frekvens af ekstreme heendelser

« Variabilitet mellem arene
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Relative yield change (%)

Torke er den st@rste trussel for korn under
klimaaendringer i Europa (2050s)
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Fremtidig alvorlig térke i hvede

* Beregnet areal med alvorlig tgrke for
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Trnka et al. (2019) Sci. Adv. 5, eaau2406
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Fodevareproduktionen trues af klimazendringer

Kornpris med stigende global middeltemperatur
Forsyningsproblemer i 2023 (klimarelateret) 200

- Grgnsager i foraret (tg@rke i Nordafrika) CMIP5 -
600

- Olivenolie i efteraret (t@rke i Spanien)

- Appelsiner (tgrke i Californien) 500

g 400
Forventede problemer med klima -
- Korn, isaer hvede (tgrke)
- Tomater (varme, torke) N
- Kaffe (varme) 100
- Kakao (varme) .
- Humle (varme) 2 0 2 4 6 8
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Resiliens — h@j produktivitet og lav variabilitet

 Resiliens er evnen til at bevare kritiske
systemfunktioner mod klimarelateret
usikkerhed og variabilitet

* Resiliens kan opnas ved:

 Bedre ressourceudnyttelse (vand, lys,
naering)

 Evne til at modsta forskellige
ekstremer

* Inden for afgrgder varierer sorter i deres
respons pa variation i vejrforhold. @get
diversitet (sortsblandinger) blandt sorter
kan sikre rimelige udbytter uanset
vejrforhold.
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Standard deviation of yield % response

Il PC1: Precipitation
Il PC2: Radiation moist
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Kernemajs

Nye afgrgder

 Nye afgrgder er iseer athaengig af
temperaturforhold

* Hgjere temperaturer gger afgredernes

Sojabgnner
udviklingshastighed — og afgreder med Solsikke
st@rre varmekrav kan modne af tidligere

 Det er dog meget begraenset hvilke nye
varmekraevende afgrgder, der bliver
aktuelle i Danmark

 Desuden kan dobbeltafgrgder blive

Chardonnay-
aktuelle, fx druer

e Varsead efter tidlig klgvergraesslaet
 Hgst af efterafgr@gder efter korn
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Fremtidens dyrkningssystemer skal opfylde mange funktioner

Enarige afgrgder

 Mere biodiverse dyrkningssystemer, inkl. baelgplanter og blandinger

* Tidligere hgst af korn og frg — forbedret etablering af efterafgreder med mulighed
for hgst til bioraffinering (dobbeltafgrgder)

Foderafgroder
e Graes-baseret foderproduktion baseret pa blanding af flerarige arter

Flerarige dyrkningssystemer
* Nye produktive flerarige dyrkningssystemer (inkl. skovlandbrug)
* Integration med energiproduktion (inkl. solceller)

Management

* Nye g@dskningssystemer (inkl. recirkulering af naeringsstoffer)

* Praecisionslandbrug (sensorer, modeller and robotter)

* Planteforaedling — fokus pa resiliens, miljg/klima og effektivitet i forsyningskaeden
* Bioraffineringsteknologier - upcycle biomasse fra hele landskabet

* @ge jordkulstof, flerarige afgrgder og biochar (integration med energi)

AU Foto — Lars*Kruse
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plant breeding

Tilpasning af sorter til fremtidens klima
- Birger Eriksen, Sejet Planteforzedling




Sejet ¥

plant breeding

Planteforaadling: klima og baeredygtighed

* FOR:
— foraedlingsmail: udbytte, resistens, kvalitet

Planteforaedling G2 (2. generation)

* NU og fremover:
— foraedlingsmail: udbytte, resistens, kvalitet



Sejet ¥

Planteforaedling: baeredygtighed og klima  » e

* INPUT-siden Genetisk resistens som alternativ til kemi,
fungicider, gedning: bedre vand og naeringsstof-udnyttelse

AR R () CRIsPR

N
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AOLLE:

Ny teknologi som DNA-markerer, BIG DATA (genomisk selektion) og NGT (CRISPR)

Udbytte pr. hektar, udbyttestabilitet,
udbytte/CO,-footprint: design-sorter ift. industrianvendelse, BNI
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plant breeding

A,

Eksempel: intakt udbytte pd trods af 20 ars undergedskning og udsultning af jorden



Kornforaedlingsfirmaer i Europa
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Udvikling | hvedeudbytter i Frankrig fra 1900 til 2000

8

Stigning fra 1960 til 2000:
b +0,125 tons pr. ar
fra 2,5 tons til 7,5 tons

Udbytte, tons pr. ha

O 7 L3 ) Y —
1960 1980 2000

Brancourt-Hulmel et al., 2003. Crop Sci. 43, 37-45
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Y =1,68x

Udbytte af vinterhvede i Danmark 1967 til 2022

90,0

Y =0,25x

80,0

70,0

Underggdskning




, . . Sejet ¥
Foreedlings-relateret udbyttestigning (pct) i perioden 2000-2019 plant breeding

2.23: Annual plant breeding-induced vield growth rates of arable farming in the EU
and selected member states between 2000 and 2019 (in percent)

Crop/Region
Wheat 0.95 0.61 0.69 1.04 0.57 0.86
Corn 143 110 1.06 0.64 1.09 1.03
Other cereals 1.07 101 0.78 0.80 0.36 0.94
OSR (098) 0.82 147 3.58 1.66 1.77
Sunflower seeds 238 1.10 1.29 0.87 0.84 N.A.

Other oilseeds

Sugar beets

Potatoes

Pulses

Green maize

. —~—
Source: Own calculations and figure.

Steffen Noleppa, HFFA Research Gmbh
The socio-economic and environmental value of plant breeding in the EU
May 17, 2021




Foraedlings-relateret udbyttestigning ift. aktuelt udbytte i perioden 2000-2019 iﬂﬂjff‘;

224 Annual plant breeding-induced yield growth and annual observed yield growth
of arable farming in the EU between 2000 and 2019

willng II I’ || i

Wheat Corn Other Sunflower Other Sugar Potatoes Pulses Green
cereals seeds oilseeds  beets maize

3,0%

2,5%

2,0%

@ Plant breeding induced yield growth m Observed yield growth

Source: Own calculations and figure.

Steffen Noleppa, HFFA Research Gmbh

The socio-economic and environmental value of plant breeding in the EU
May 17, 2021



Vinterhvede

udbytte ift. registreringsar, Landsforsegene 2021-2022
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Top 5 vinterhvede-sorter i Danmark gennem 15 ar
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Udvikling i hvedeudbytter i Frankrig fra 1900 til 2000

Planteforaedling G2 — 2. generation

(s

~N

(=)
A

Klimaforandringer
Ekstremt vejr

Y Udbytte, tons pr. ha
& (&)]

1980 2000

wrancourt-Hulmel et ai., zuus. Crop Sci. 43, 37-45
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Planteforaedling G2 - 2. generation

e Business as usual (toptunet selektions-setup i mark og lab.) plus:

* Genomisk selektion og praediktion af foraedlingsvaerdier

* Berigede pop. vha. DNA-marker teknologi

Stacking af gener vha. DNA-marker teknologi
Mutationsforaedling vha. CRISPR teknologi — nye egenskaber

Kombination af ovenstdende — DEN PERFEKTE SORT

Reduceret lattergas emission — Biologisk Nitrifikations Inhibering




Numbers game

20.000 per. year

Genomic selection

GEBV vs Udbytte ¥=0.5185x £42.551
R=0.371
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10 per. year
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Nedbrud af Cougar sepetoria-resistens fagrst opstaet i Irland i 2020

Source: ® CR = nonCR
Cougar Cultivar Pedigree
___1.00- Cougar Tuscan x Robigus
- §' . KWS Lumos Cordiale x Dover
o - Cadenza® Axona x Tonic
% 0.75 - @ / Cellule Nogal x Almirante
g T J.B. Diego 3351b1 x Stru2374
2 ':[ ; KWS Colosseum — KWS Colosseum | Cougar x Beluga
E 0.50 - , KWS Extase Boisseau x Solheio
‘ g W KWS Firefly | KWS Firefly Cougar x KWS Rowan
E LG Astronomer | LG Astronomer (Cougar x Leeds) x Brittania
E 0.25- Merit Merit Cougar x Brittania
"'% - Rembrandt Rembrandt Cougar x Kerrin
68_- a ) RGT Saki RGT Saki Cougar x KWS Santiago
0.00 - oW O ® RGT Silver Surfer RGT Silversufer Cougar x Relay
SY Graham Premio x Expert




JKM. Brown et al / Fungal Genetics and Biology 79 (2015) 33-41
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Fig. 1. Location in the wheat genome of major genes, QTL and meta-QTL involved in resistance to Septoria tritici blotch. Loci have been projected on the simplified SSR
consensus map of Somers et al. (2004 ). Five QTL from Table 51 were not included in the map due to a lack of shared markers between the original paper and the consensus
map. Solid bars represent major genes (see Section 1 and Table 1) and other bars patterns indicate QTL identified at different plant growth stages.
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Niels Frederik L. Vestergard
”Identifying and stacking genes against Septoria tritici blotch (STB) in winter wheat cultivars”



DNA-marker baseret selektion, berigede populationer

\

Heerup X | Informer

. PCHI1 . Akslengde

. OHG Septona_2D
. MLO Gulirust_ 2B
MLO

F1 DH

50% PCHI1
. 50% OHG
. 50% Akslengde

. 50% Septoria_2D
. 50% Gulrust_ 2B
100% MLO

6 af de 200 DH’er er "perfekte”
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DNA-marker baseret selektion, berigede populationer

Heerup X Informer *
. PCHI1 . Akslengde
+ OHG +  Septoria_2D |
. MLO . Gulirust_ 2B
«  MLO

Fla X | LG Initial

o G
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. 50%PCHI .+ PCHI e ”
. 50% OHG . OHG .
. 50% Akslengde . Akslengde
. 50% Septoria_2D . Gulirust_ 2B

50% Gulrust_ 2B MLO
100% MLO /

F1b

= 100% PCH1
100% OHG
100% Akslengde
50% Septoria_2D
100% Gulrust_ 2B
100% MLO

100 at de 200 DH’er er "perfekte”




CRISPR
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Mutation-foraedling

Induceret mutagenese:
Straling eller kemisk behandling
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Mutation-foraedling

SDN1 - site directed nuclease - (CRISPR)
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(P:Il?\?EDCyC():EIES NGT - Verification Procedure
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Policy developments around the world 08/2023

CANADA

Product based approach;
Health Canada and CFIA
guidance for food finalized
excluding plants without
foreign DNA, CFlA guidance on
feed tbd

USA

USDA excludes certain
products: others case-by-case;
EPA: exempts certain
products: FDA: tbd

GUATEMALA, HONDURAS,
EL SALVADOR

Case-by-case approach,
excluding certain gene edited
products without novel
combinations of DNA

R
EL SALVADOR . COST,

COSTA RICA,URUGUAY
Draft case-by-case approach,
excluding certain gene edited
products without novel
combinations of DNA

ARGENTINA,CHILE,BRAZIL,
COLOMBIA, PARAGUAY
Case-by-tase approach,
excluding certain gene edited
products without novel
combinations of DNA

Bl Differentiation from GMO regulations (at least by one agency/authority)

ENGLAND

Case-by-case approach
excluding certain gene edited
products- secondary
legislation expected

oL

Draft proposal to differentiate from GMO regulations (at least by one agency/authority)

Draft proposal where products considered GMO's but with simplified assessment
procedure/requirements

B Products considered GMO's but with simplified assessment procedure/requirements
mm All products considered GMO's

ETHIOPIA, BURKINA FASO,GHANA
Draft guidance excluding certain gene

edited PBI products

EUROPE

Policy proposal suggesting 2
cateqgories : Conventional-like
and GMO-light

ISRAEL
Case-by-case guidance that

excludes certain gene edited
products

SOUTH AFRICA
Government decision that

NBTs are GMOs, appeal
rejected in August 2023

RUSSIA

Decree for R&D program
clarifying that gene editing
products are ‘conventional-like"

NIGERIA, MALAWI, KENYA
Case-by-case approach
excluding certain gene edited
products

AUSTRALIA-DGTR

Revised gene tech regulation excludes
SDN-1 gene editing applications, new
legislation is expected

(‘SF International Seed Faderation

Seed is Ufe

CHINA
Provisional "GMO-light”
quidance

SOUTH KOREA, THAILAND
Proposed revised LMO act
(GMO-light)

JAPAN

Case-by-case approach
excluding certain gene edited
products

PHILIPPINES

Case-by-case approach ex-
cluding gene edited products
without foreign DNA

INDONESIA,SINGAPORE
Draft proposal to exempt
certain gene edited products

INDIA
Exclusion of SDN1/2,
case-by-case approach

AU-NZ-FSANZ
Proposal for updated framework
for food/feed expected

NEW ZEALAND
High Court decision that
specific techniques are GMOs
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Aktuelle offentliggjorte CRISPR-egenskaber i afgreder. -
750 egenskaber i 65 afgreder
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Sejet ¥

plant breeding

CRlSPyR’ EGENSK A RETRAQUE - UNI/FORZADLER PROJEKT
g * Forbedret fotosyntese
* Fusarium-resistens i hvede/byg

* Bedre proteinfordoejelighed i hvede/byg

ANDRE EGENSKABER

* Meldugresistens i hvede

* Nedsat acrylamid i hvedebroed
* Glutenfri hvede og byg

* Lav-fytinsorter i hvede og byg

* Amylose hvede

HESTEBONNER TIL PLANTEBASEREDE FODEVARER

* Formindsket ANF-indhold
* Foreoget proteinfordejelighed
* Forbedret smag

* Nedsat flatulens(oligosaccarider/raffinose)



Figure 1: Root exudates as a mean of mitigating nitrogen losses in agriculture (Coskun et al., 2017)
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* Sgren Kolind Hvid: Klimapavirkning ved dyrkning - vinterhvede som eksempel. (JB6, N20: 296 x CO2, IPCC 2006) Se»




Ammonium

+ stays in soil
+ moves into organic-N forms
+ efficient to assimilate

+ results in healthy
agricultural system

+ good for environment

Nitrate
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Biologisk Nitrifikations Inhibering i hvede e

Krydsning med vild hvede (Leymus racemosus) giver
trans-lokationsliner med BNI effekt BNI-aktivitet udskilt fra redder

¥ |

o
~
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Lr#3n-SA
Shortened short-arm
translocation

T3BL.3NsPS-Tr4

BNI-activity released from roots

L. racemosus CS

Wheat genetic stocks
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plant breeding

BNI elite wheat
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PN ARV Y , b Look at the the BNI wheats,
7 | well, it looks quite healthy and green.
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