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Formation of yield components of winter wheat
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No stress: Yield benefit from optimised
yield components and harvest index

.

Pre-anthesis drought:
Possible yield benefit from deeper roots
and/or early anthesis

Natural environmental fluctuation is random and
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unpredictable at different phenological stages

Snowdon et al., 2021 3



http://www.fao.org/3/x8234e/x8234e05.htm
https://link.springer.com/article/10.1007/s00122-020-03729-3

Hypothesis

Hypothesis: Environmental fluctuations in developmental sub-phases play
important roles in the formation of yield components

Traditional methods: enwronmental manlpulatlon + detail dlssectlon
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Problem: time consuming - multiple genotypes, sub-phases, levels of
environment, and traits

Question: alternative method?
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A panel of winter wheat representing breeding history in Germany

.‘ B R | W E C S 220 cultivars in 45 Environments

Q@ wheat for tomorrow 5 |gcations * 3 years * 3 managements
BReeding Innoyation in Wheat for 2015_2017

rEsilient Cropping System

174 German line cultivars + HN: high nitrogen (220 kg/ha)

5 German hybrid cultivars +
41 non-German, exotic accession

NF:
no fungicide

ARTICLES nature
plants

https://doi.org/10.1038/541477-019-0445-5

Breeding improves wheat productivity under
contrasting agrochemical input levels

LN: low nitrogen (110 kg/ha)

Kai P. Voss-Fels ©'2", Andreas Stahl'", Benjamin Wittkop'", Carolin Lichthardt?, Sabrina Nagler?,
Till Rose®, Tsu-Wei Chen %, Holger Zetzsche?®, Sylvia Seddig®, Mirza Majid Baig’, Agim Ballvora’,
Matthias Frisch®, Elizabeth Ross? Ben J. Hayes %, Matthew J. Hayden ®°, Frank Ordon®, Jens Leon™®,

Henning Kage*, Wolfgang Friedt @, Hartmut Stiitzel ©** and Rod J. Snowdon®™ W, .
0 100 20km % ‘ Bundesministerium
The world cropping area for wheat exceeds that of any other crop, and high grain yields in miﬂnsm wheat :Npplng syslnms are [ e .

essential for global food security. Breeding has raised ylnlds dramatl:alhr in high-input prod fu r BI Id u n g

under optimal growth conditions is widely believed to di the ity of cultivars to Inss optlmal :rvpplrlg envi-
Here, we d in a large-scale study ing five decad ﬂfwhnl ding prog mwnstnrlliurﬂpe, und Forschung

where grain yields are among the highest worldwide, that breeding for high perf: iin fact ent cultivar perf

R i e e \/0ss-Fels et al., 2019, Nature Plants 5:706-714

use lﬂ':lan:)r photosynthetic efficiency and grain qllallt)r Comt wide haplotyp nﬂuld hnlp breeders
to more efficiently exploit available genetic variation, optimizing future yield p tial in more inable pr y



https://www.nature.com/articles/s41477-019-0445-5

Standardized field phenotyping

scientific data

OPEN | Multl environment field trials for
DATADESCRIPTOR | wheat yield, stability and breeding
_progress in Germany

Tien-Cheng Wang™E, Till Rose?8, Holger Zetzsche?, Agim Ballvora®, Wolfgang Friedt®,
: Henning Kage?, Jens Léon*, Carolin Lichthardt®, Frank Ordon?, Rod J Snowdon(%?,
i Andreas Stahl?, Hartmut Stistzel’, Benjamin Wittkop® & Tsu-Wei Chen (1=

Multi-environmental trials (MET) with temporal and spatial variance are crucial for understanding
¢ genotype-environment-management (GxExM) interactions in crops. Here, we present a MET dataset for
: winter wheat in Germany. The dataset encompasses MET spanning six years (2015-2020), six locations

- Six years (2015-2020)

- Six locations

- Nine crop management scenarios

- 228 cultivars released between 1963 and 2016
- atotal of 526,751 data points covering 24 traits.

Wang et al., 2025, Scientific Data 12:64.
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Hypothesis .
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Hypothesis: Environmental fluctuations in developmental sub-phases play
important roles in the formation of yield component
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Time _ 8000cd Time o 0°Cd Time < 800°Cd
Ny P L
a0 (] 5 e o | e o
Environment 1 S _ ¢
Year x Location x Management 81 time-windows
B 1 ‘- D 1 s 1 ‘- B 1 s N 1 ‘- g _\6'__\ 1 ‘- ‘
L 9 -0l o g abe i

Environment n




Statistical approach | .
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Step 1: For each genotype, yield component and time-window:

Model 11 Y =K+ V)

Model 20 Y;; = M+ eV 4, E(); 1) + 25 E(OxM + &

E: global radiation, minimal, mean, maximal
Yield component temperature, precipitation or soil water content
By :_ ._.\.’ s ‘ _\ 6/ * g —.\.:_

' -
1 'YYER Y Y EEa

Genotypic Environment 1 |
sensitivity to |EG_—G_ @ -o- -0 ] -9 0 [| a6 Qq'
E at time- : :
window t - RS- o- @ -6 -6
Environment 54 I rwwy ’-‘I e ara
Step 2: Comparing both models
8

Sabir et al., 2023. Nature Plants, 9:1688-1696
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Effects of global radiation on kernel per spike (KpS) . s @

Example: Kernel per spike in response to the variations in global radiation in two cultivars
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Effects of global radiation on kernel per spike (KpS)
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Example: Kernel per spike in response to the variations in global radiation in two cultivars

Early genotypes

Late genotypes
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Effects of global radiation on kernel per spike (KpS) e

General response of kernel per spike to the variations in global radiation (220 cultivars)
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Genotypic Positive f§ : E at time-window t promotes Y

Negative f : E at time-window t reduces Y
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time-window t
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Effects of global radiation on kernel per spike (KpS) e

General response of kernel per spike to the variations in global radiation (220 cultivars)
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To minimal, mean and maximal temperature (Tmin, Tmean and Tmax), precipitation (PR) and global radiation (GR)
Khadija Sabir
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Validation experiments
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Validation experiments
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GxExM on the formation of yield components

Identify and quantify the cultivar- and stage-specific sensitivityof =« "~ 7
yield components = potential to design resilient cultivars D m T
- reconcile contradicting results Hnsl Bl NN
- detect novel effects " E—
- experimentally provable
Provide novel hypotheses for experiments 'y
- additive or multiplicative effects
- insensitive = stable formation (?) = stress tolerance (?)
— further analyses to understand the physiological mechanism :
— genetic diversity and regulation (GWAS) g e w1 | eme
N
FR RN
Identifying the physiological mechanisms that improve 5 NS S
stage-specific and environmental-independent source-sink £ -
balance is the key to design resilient future cultivars. e e

Relative change in KpS (%) 18
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Genotypes: 24 EXM

8 modern cultivars 1 locations * 3 years * 8 managements

176 kg/ha

application : -
Hime split/combined
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Capone Plomer Patras Apertus TOI’I'I|d Alves Potenzlal Esket

130 traits: Dry matter, phenology, water soluble carbohydrate, green
canopy duration, tiller number, leaf chlorophyll content etc.
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Modern cultivars use different physiological pathway for yield stability

Source Sink
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| Two contrasting strategies to
® Capone Torrild : : : :
achieve high yield in stable
l I — Stable @ Pionier Alves cultivars
-2 0 2 ® Patras Potenzial
Wang et al., 2025. Journal of
O

standardized PC1 (36.6%) Apertus Eskel  Experimental Botany, in press 20
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