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Our grand challenges



Our grand challenges
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Necessity of high crop production
• Food security and food quality for a growing world population
• match the demand of further agricultural commodities
• secure crop productivity on limited arable land 
• Secure income of local production (farmers income) 

Crop Production

Limitations & Challenges
of crop production

 Planetary boundaries (loss of biodiversity)
 Drought, heat and other weather extremes
 Reduction of CO2 and volatile NOx and NH3emissions  
 Avoidance of Nitrate leaching in groundwater and waterways
 Reduction of agro-chemical inputs

(herbicides, fungicides, insecticides) 

Make use of
genetic resources
to produce more

with less!!!
Requires:
o Higher nutrient use efficiency
o Higher water use efficiency
o Enhanced disease resistance 
o Higher radiation use 

efficiency



The formula for breeding progress
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Source: Rod Snowdon (JLU)
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… und das Zentrale Dogma der Genetik 

Environment      +       Management      +       Genotype-Environment-Management-Interaction

P  =   E  +  M   +   G*E*M   +  G

• Nutrient availability (fertilisation) 
• Disease pressure (plant protection)
• Management (timing, dosage, etc.)

Transkriptome

Proteome

Metabolome

GenotypePhenotype

• Precipitation distribution
• Radiation
• Day lengthtemperature
• Soil parameters (chemical & 

physical)

From Genoype to Phenotype



Wheat yields have been rising for 50 years
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Assessment of breeding progress in European Wheat

8Source: Andreas Stahl



50 years of breeding – a great success!

9
Voss-Fels, K.P., Stahl, A., Wittkop, B. et al. Breeding improves wheat productivity under contrasting agrochemical input levels. Nat. Plants 5, 706–714 (2019). https://doi.org/10.1038/s41477-019-0445-5

HiN = 220 kg N/ha
LoN= 110 kg N/ha

HiF = with fungicides
NoF = without fungicides



Breeding improves yield …

Year of cultivar release
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Voss-Fels, K.P., Stahl, A., Wittkop, B. et al. Breeding improves wheat productivity under contrasting agrochemical input levels. Nat. Plants 5, 706–714 (2019). https://doi.org/10.1038/s41477-019-0445-5
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Evidence in the French study: Breeding improves yield 

under contrasting nitrogen input



Breeding improves yield … but…

Key messages 

1) Omitting the fungicide leads to substantial yield losses

2) Breeding enhanced grain yield in all treatment combinations
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Year of cultivar release

High N/with fungicide

Low N/with fungicide

High N/without fungicide

Low N/without fungicide

-25% at high N
-20% at low N

Source: Benjamin Wittkop, JLU
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Voss-Fels, K.P., Stahl, A., Wittkop, B. et al. Breeding improves wheat productivity under contrasting agrochemical input levels. Nat. Plants 5, 706–714 (2019). https://doi.org/10.1038/s41477-019-0445-5



Test under controlled infection conditions

Source: Holger Zetzsche (JKI)



Breeding progress in field resistance of

European winter wheat

Powdery mildew
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Fusarium head blight

Year of cultivar‘s release

***   p<0.001

**     p<0.01

*      p<0.05 

ns   not significant

Strip rust

110 kg N/ha   -1.00%/a  *** 
220 kg N/ha   -1.04%/a *** 

110 kg N/ha      -1.49%/a  ***   
220 kg N/ha      -1.39%/a *** 

110 kg N/ha   -0.33%/a  *  
220 kg N/ha   -0.37%/a ** 

110 kg N/ha   -1.10%/a  *** 
220 kg N/ha   -1.12%/a *** 

Leaf rust

Note: Strong resistance 

enhancement against YR, 

LR, PM - rather slight 

against FHB

Increase stronger at

higher N

Resistance progress with 

no indication of slowing 

down!

Pathogen evolution ≈ 50 % 

of improvement against 

biotroph pathogens lost

14Zetzsche et al. 2019 Crop Breed Genet Genome

Zetzsche et al. 2020 Scientific Reports



Breeding improved seedling resistance

against several isolates

Stripe rust isolates Leaf rust isolates

Oakley,v7/Kranich -0.52%/a    *** 

Warrior(-) -0.99%/a *** 

Warrior+(Yr27) -0.81%/a    *** 

Triticale aggr. -1.04%/a    ***

Note: Increase in race-specific seedling resistance against all rust isolates tested with similar trends 

 defeated R genes contribute to quantitative resistance or accumulation of QDR 

Year of cultivar release Year of cultivar release

4171            -1.41%/a *** 

HkLr13        -1.12%/a  *** 

4083            -1.24%/a  *** 

77WxR        -1.21%/a *** 

FI17             -1.67%/a  ***
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15Zetzsche et al. 2019 Crop Breed Genet Genome

Zetzsche et al. 2020 Scientific Reports



Identified QTLs for resistance against 

stripe and leaf rust
based on GWAS results (16853 polymorphic SNP, MAF0.05), GENABEL (R)

16Zetzsche et al. 2019 Crop Breed Genet Genome

Zetzsche et al. 2020 Scientific Reports



Breeding increases yields in long term
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Use of plant genetic resources for plant breeding is of vital importance in the light of climate 
change, consumer protection, protection of natural resources (soil, water, biodiversity), along 

with safeguarding a highly productive and environmentally friendly plant production.



Evaluation in multi-location field trials

Standardized evaluation methods and documentation

@ all images Albrecht Serfling/JKI
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Trials with up to 200 wheat genotypes annually
at up to 30 locations across europe

Start of the evaluation with 
Winter types 2020/2021

multiplication
First selection by testing 

agronomic traits

European Cooperative Programme for
Plant Genetic Resources



Characterization of resistance mechanisms

in genetic resources of wheat

Albrecht Serfling
and Team
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Evaluation of the efficacy of resistance 

genes by near-isogenic lines

Rassen innerhalb der Rostpopulation (natürlicher Befall)
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Virulence
against Lr24 and 

Lr29 2019

2020Virulence
against Lr19

Use of breeds with previously unknown virulences. 
Aggressive breeds (strong sporulation, symptom expression, leaf damage)

 How effective is resistance to such races?

Occurance on different 
locations

Obtaining single
spore isolates Multiplication & Maintainance

Races within natural rust population
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Albrecht Serfling
and Team

@ all images Albrecht Serfling/JKI



Digital phenotyping of  stripe and leaf  rust infection

In the "GeneBank2.0" project approximately 9,700 winter wheat and 9,500 spring 
wheat accessions of the IPK genebank are screened using detached leaf assays

for effective sources of resistance to stripe and leaf rust. 

Semi-automated phenotyping as a high-throughput method, allows larger sample 
numbers, increased accuracy, and more replicates to be collected in a short time.

1

2

3

4

5

6

7

c

8

9

c

10

11

12

13

14

c

15

16

17

18

c

19

20

Modified according to
Lück et al. (2020) 
Plant Phenomics 2020: 5839856

Ulrike Beukert
Anne-Kathrin Pfrieme
Albrecht Serfling
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@ Albrecht Serfling/JKI

Jochen Reif
Albert Schulthess
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@ Albrecht Serfling/JKI

Ulrike Beukert
Anne-Kathrin Pfrieme
Albrecht Serfling

Jochen Reif
Albert Schulthess

Digital phenotyping of  stripe and leaf  rust infection



Digital phenotyping enables screening of 
very large genotype collections
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Susceptible 
fraction

Ulrike Beukert
Anne-Kathrin Pfrieme
Albrecht Serfling

Jochen Reif
Albert Schulthess



Identification of unknown resistance loci
GWAS of more than 1000 wheat genetic resources from

the ECPGR evaluation program
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Jasper Krößmann
Albrecht Serfling
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aCO2

eCO2

cutting and transferring of leaf segments to a

standard 4-wells micotiter plate

inoculation of the plants with leaf rust

by air-blowing of uredospores
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Quantification of the effect of elevated

CO2 on rust resistance
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Jasper Krößmann
Albrecht Serflinginfected leaf area aCO2 vs. eCO2

109 varieties ● (50.9%) showed an increased susceptibility under eCO2

74 varieties ● (36.6%) showed no susceptibility under both CO2 conditions 

31 varieties ● (14.4%) showed a higher susceptibility under aCO2

Quantification of the effect of elevated

CO2 on rust resistance
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Holger Zetzsche
und Team
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Multiparent advanced generation intercross (MAGIC)

ca. 1200 Parzellen am Trockenstressstandort der JLU in Groß Gerau

Utilization of genetic diversity: 

32-parent winter barley MAGIC population

32 parents with significant differences in leaf rust, powdery mildew net blotch etc.
Breeding history and genetic diversity of barley in central Europe (1933-2007)



Research to increase smut and bunt

Resistance in wheat and barley

Aim: Identification of previously not used sources of resistance from genetic 
resources. To this end, >800 accessions from the IPK gene bank are 
inoculated and tested

Claire Ferreira
Albrecht Serfling



Use of digital phenotyping…
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….in disease resistance research

Source: Albrecht Serfling Source: Andreas Stahl

Source: Albrecht Serfling



Digital methods can speed it up!

Digital phenotyping… 
1) … for disease resistance research

2) … in non-destructive field phenotyping

Breeding is a long-term process

30



Field Overview with RGB and Vegetation Indexes

Repetition 1
drill sowing

Repetition 2
drill sowing

Repetition 1
equal sowing

Repetition 2
equal sowing

GenRes QLB 07.06.2023, MicaSense Dualcam, GSD: 2 cm/pix

Heike Lehnert
Sebastian Warnemünde



Digital field phenotyping

• Recording of different 
wavelengths after heading

• Calculation GAI (T. Rose, Uni 
Kiel)

• Correlation of plot mean 
values

• with yield, biomass and 
yellow rust+mildew.

No fungicide

low N fertilisation

with fungicide

low N

No fungicide

high N

with fungicide

high N

32



Quelle: Sebastian Warnemünde

Factorial of different cultivation parameters
(48 Factor combinations)

• Preceding crop (Faba beans vs. corn)

• Wheat genotypes (contrasting resitance levels)

• Date of sowing (early vs. late)

• Plat protection intensity (with fungicide and herbicide vs. without )

FAIR-Fields-Project
Interdisciplinary investigation of interactions 

within the framework of a multidimensional 

experimental approach 



Yield response to nitrogen fertilization
(here winter oilseed rape)

Data from: Till Rose, Klaus Sieling und Henning Kage
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Breeding driven enhancement of  NUE
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Breeding driven enhancement of  NUE



Thinking beyond current systems



Root Biomass

Control    Priming
38

Priming as a new resistance strategy

Systemic resistance in cereals by bacteria

Priming of 200 
genotypes with
Ensifer meliloti

AHL induced
systemic
Resistance

Dwarf rust
Puccinia hordei
in Berley

Net blotches
Pyrenophora teres
in Barley

Brown rust
Puccinia
Triticinia
in Wheat

control

Priming

Relative infection

Identifikation of
molecular marker

(GWAS)

Development of
molceular marker

for priming
efficiency

P
ri

m
in

g
Control

Not primable

Very good primable

AHL = N-Acyl-Homoserin-Lacton

Christiane Seiler
Behnaz Soleimani
Andrea Matros
Gwendolin Wehner
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RNAi_safe

Focus Group RNAi

Composition of the focus 

group from scientists of the 

JKI institutes with 

competence in the field of 

RNAi.

Expansion to include 

possible external scientists 

and BVL.

Depots in 
und 

Exkretions
wege durch 

Pflanzen 

Persistenz im 
erweiterten 

Nahrungsnetz

Persistenz 
im Ziel-

organismus
Investigation:
 Expression of the RNAi effect at different

temperatures.possible routes of exposure
of dsRNA and siRNA after spray
application (e.g. via nectaries as well as a
possible transmission along the food
chain.)

 Bundling of expertise through formation
of a "Focus Group RNAi",Networking
within the JKI

Torsten Will
JKI-A; JKI-BS; JKI-SB

SprayRNA (Spray induced gene silencing)
Promising & highly flexible approach for the control of insect pests and pathogens

39



Schwerpunkte: Biotische Resistenz, Stickstoffeffizienz und Trockenstresstoleranz 

Projects on minor crops

Accelerating Crop Genetic Gain

https://www.irtg2843.de/



Winter lentil - new project for mixed crop cultivation

Blockanlage: 5 Wiederholungen, 
(z.T. 15N-Anreicherung mit Guano 
in Streifen zur Bestimmung von 
N-Fixierung und Transfer über 
Isotopenmassenspektrometrie)

Christoph Germeier

https://www.julius-kuehn.de/rs/n/projekt-wilger-will-linsenanbau-in-deutschland-wiederbeleben
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Outlook & Summary

• Breeding contributes significantly to securing high yield potential and 
counteracts yield-limiting factors (temperature and drought stress, diseases, 
etc.).

• Breeding usually takes many years - but can be accelerated and fine-tuned.

• Therefore, digital tools help to better understand plant characteristics and 
physiological determinants.

• Together with genetic information, breeders can act faster than before and 
accelerate breeding progress.

Genomic 
information on 
the individuals

Phenotypic 
information on 
the individuals

Breeding 
progress
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