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1. Climate change –> just FAKE NEWS?

https://www.nytimes.com/live/2026/02/23/weather/nyc-snow-storm

https://guidocioni.substack.com/p/january-2026-more-snow-days-in-budapest

https://edition.cnn.com
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Trend (definition): `In statistics, a trend refers to the long-term change in data within a time series, 
which is assumed to be sustained and proceed in a specific direction. Trends are important for 
identifying developments that extend beyond short-term fluctuations and are frequently used in 
economics or climate research to generate forecasts and make informed decisions.´

1. Climate change
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https://climate.copernicus.eu/european-summer-2025-hot-west-and-south-dry-southeast

1. Climate change -> is for real!
• More frequent heat waves (>35°C) / higher temperature during flowering
• Unpredictable precipitation
• more severe / longer drought periods
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2. Biological impact of heat & drought

Heat stress: 
- denatures proteins and disrupt metabolic pathways 
- reduces photosynthesis and pollen fertility
- respiration is increased
- water use efficiency is decreasing

Drought stress:
- stomatal closure 
- decreased photosynthetic performance
- Impaired transport of assimilates

https://www.agweb.com/news/crops/early-drought-stress-corn-tips
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2. Biological impact of heat & drought

Crops are particularly sensitive during flowering and reproductive stages:

- impairment of pollen viability results in a direct failure of pollination 

- the metabolism of stressed plants is increasing, plants are running out of nutrient storage, especially 
when during the nights there is also no stress relief (`tropical nights´), -> pollinated flowers and fruits 
are dropped to conserve resources for survival of the plant

- Stressed plants transit into a survival mode, most flowers and fruits are sacrificed for the viability of 
few offspring

both stressors often occur together and cause non-linear yield loss by feedback loop 
e.g.: higher temperature -> higher respiration; higher respiration -> water shortage; water shortage -> 
lower respiration; lower respiration -> higher temperature; higher temperature -> STRESS
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Plants respond to heat and drought stress by three primary strategies: 

- Escape allows a plant to complete its life cycle before heat becomes critically high or supply of 
water critically low (-> by early sowing [cold tolerance!]; -> by early matuarity; relevant for 
peas!)

- Tolerance refers to the ability of resilient plants to maintain physiological functions under 
suboptimal temperature or water supply conditions by taking advantage of e.g. certain 
protective proteins and/or osmotic adjustment (complex!)

- Avoidance of heat involves physiological changes that minimize the effect of the heat by leaf 
movement or cooling down the temperature within the canopy, whereas drought avoidance 
tries to minimize water loss, maximize water uptake or optimize water usage (prolific rooting; 
tap roots)

3. Breeding strategies and limitations
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Plant breeders are breeding for tolerance to heat and drought stress by looking for traits 
associated with these primary strategies. 

Breeding for combined heat and drought tolerance is more complex due to sometimes opposite 
strategies for the respective stressors (e.g. cooling down the temperature vs. stomatal regulation)

3. Breeding strategies and limitations

https://ib.bioninja.com.au/denaturation/

Breeding for heat stress tolerance has natural limitations! 
At a certain temperature the three-dimensional structure 
of proteins simply unfolds and the biological activity is 
destroyed

Most proteins begin denaturing near 40°C; for pollen it is 
even lower (33-37°C)

In some areas of the world even extensive watering wouldn´t help; Heat wave 2018 with almost 
40°C for several days  in a row in the area of our breeding station: watering didn´t help



Plant breeders
since 1898

3. Breeding strategies and limitations

Classical breeding relies on phenotypic selection under multi-locational (artificial) stress 
environments and testing genotypes across diverse environments

➔Identify resilient material with
with stable genotype ×
environment interaction

➔Combination breeding with
known tolerant lines

➔Selection for yield stability rather
than maximum yield (e.g. CD 
SEED-project in Ethiopia; -> 
European high yielding barley
varieties had severe problems
with the local conditions)

Vining pea trials

Sweet corn trials
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3. Breeding strategies and limitations

Classical breeding could be supported by Marker Assisted Selection

➔with known markers associated with heat / drought tolerance traits relevant plant ressources could be
identified at an early stage and selected for further development

➔ traits are complex, markers explain often just small fraction of phenotypic variance to abiotic stressors
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3. Breeding strategies and limitations

While MAS is a foreground selection, relying just on few markers associated with a given trait, 
Genomic Selection takes advantage of genome-wide markers to predict breeding values

Genomic Selection involves four key stages:
Training population is genotyped and phenotyped; build the prediction model.
Prediction Model uses genomic data to estimate marker effects
Prediction of breeding values for selection candidates
Selection of top individuals to advance breeding cycles

➔ prices for genotyping has drastically dropped☺

➔ GS needs strong and robust phenotypic data

➔ High-throughput phenotyping is a solution! ☺

https://onlinelibrary.wiley.com/doi/10.1111/pbr.12231
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3. Breeding strategies and limitations

New Genomic Techniques allow targeted modification of genes (`genome editing´) so that new traits 
and properties are produced in crops

By doing so the development of desired traits could be accelerated or even just be made possible

➔ not for all crops available for the time being 
➔ extensive regulatory framework!
➔ market acceptance?
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4. Market requirements are changing!

Industry

Uniform maturity Uniform cob size

Stable tenderometer values High sugar content

Sweet taste Slow sugar-to-starch conversion

Color retention Color retention

Low field loss Kernel uniformity

Mechanical harvest suitability High recovery rate (cob-to-
kernel)

Consumers & Retail

Sustainability Quality Reliability

Reduced inputs Sweet taste Year-round
availability

Climate-resilient 
production

Tender texture Consistent quality

Local sourcing Color stability Stable supply chain

At the same time in the field:

Climate change impact!!!

1. Heat accelerates sugar degradation
2. Drought reduces kernel fill
3. Higher variability between fields

Predictability over maximum yield!
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5. Genetic reserves in pea & sweet corn

Peas: 

➔ wide diversity in maturity is existing (almost 3 weeks within our portfolio)

➔ remarkable cold tolerance (Austrian winter Pea -12°C; new USDA-ARS-material: -20°C)

➔ variation within root system: The German pea cultivar (Hohenheimer Pink-Flowered; PI 180693)             
is renowned for its resistance to multiple root rot pathogens.                                                                             
This resistance is due to a prolific root system!

➔Certain pea accessions has shown high stability in yield components 
in both favorable and unfavorable late-season conditions

➔In the past peas were a somewhat neglected crop when it comes to 
research; this has changed! So, more breeding progress could be 
assumed than for the already established usual suspects
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5. Genetic reserves in pea & sweet corn

Sweet Corn: 

➔diversity in maturity is existing; early vigour is paramount for early field establishment 

➔(field) corn is a success-story with regard to the adaption of colder climate; until WW2 just in 
warmer regions of Europe; still rather sensitive to cold, especially at germination and early
seedling stages; still progress with the identification of better adapted material

➔ in corn several QTLs for stay-green has been identified

➔ extensive research is done with regard to the root systems in corn

➔(field) corn is no overseen crop at all! For this crop big breeding progress with regard to yield has
been achieved in the past! So, stability is now in the focus!
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6. Agronomic leverage

Side Fact
Public trials show higher yields every year
– BUT yields on farms do not increase.

Breeding cannot compensate
for poor agronomy and vice 

versa.

Environment

GeneticsManagement

We can influence! We can influence!
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Sowing strategy

• Early sowing

• Adapted maturity groups

• Harvest window planning

Soil Management

• Improve soil structure

• Increase organic matter

• Improve water holding
capacity

Precision Agriculture

• Thermal stress detection

• Variable-rate irrigation

• Site-specific nitrogen
management

• Pest management

Yield & Quality Stability

6. Agronomic leverage
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7. Strategic outlook

Outlook for Hungary

➔Climate change is happening and Hungary is
experiencing the effects of global warming
even faster than other locations in Europe

➔Droughts affected over 50% of Hungary's 
territory in 11 years from 1990–2023, hitting 
agriculture hardest with low river levels like 
the Danube at 6% capacity in 2025; rather low 
percentage of farmland is irrigated Lennert et al. 2024: Climate Change, Pressures, and Adaptation Capacities of Farmers:

➔Climate Hungary's average temperature has increased by about 1.15–1.23°C since the early 1900s, 
outpacing the global rise of 0.9°C, Heatwaves are more frequent and intense, including 40°C peaks in 
2024, while projections suggest up to 3–4°C further rise
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7. Strategic outlook

Outlook for Hungary

➔Escape of drought and heat is paramount! So, early material, early sowing (of cold tolerant material)

➔Selection of genotypes with better root system is also a promising approach, which is actually done
en passant by selecting of the visible part of the plant

➔Teaming up of breeding and agronomy! There are limitations which breeding alone could not bridge; 
e.g. if there is a certain lack of water even the most drought tolerant variety could not grow

“Climate change shifts our breeding objective from only maximizing yield potential 
to maximizing yield stability and quality reliability. The successful varieties of the 
future will not necessarily be the highest yielding in optimal years — but the most 
consistent across stressful years.”
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8. Köszönet!
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hybrid breeding

P1 x P2

• Haploid induction & DH line development
• Marker assisted selection
• DH line per se evaluation
• DH Selection/multiplication
• Crosses with testers

Testcrosses

• Multi-locations 
• Test for general combining ability (GCA)
• Test for specific combining ability (SCA)
• Genomic prediction of hybrids?

Hybrid selection & Application
for registration

• Multilocational yield trials
• Hybrid screening
• Hybrid release

selection selection

Nota bene: for hybrid breeding parental (DH) lines are developed and crossed and the F1 is sold as a product!
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