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HM Rawson, FAO

Formation of yield 
components is 
restricted within 
phenological phases

Formation of yield components of winter wheat
Spike number, kernel per spike, and thousand kernel weight

Guo et al., The Plant Journal (2018) 95, 909–918

Developmental sub-phases between major phases

http://www.fao.org/3/x8234e/x8234e05.htm
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Formation of yield 
components is 
restricted within 
phenological phases

Natural environmental fluctuation is random and 
unpredictable at different phenological stages

Snowdon et al., 2021

Formation of yield components of winter wheat
Spike number, kernel per spike, and thousand kernel weight

spike number

kernel per spike

thousand kernel weight

http://www.fao.org/3/x8234e/x8234e05.htm
https://link.springer.com/article/10.1007/s00122-020-03729-3
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Hypothesis: Environmental fluctuations in developmental sub-phases play 
important roles in the formation of yield components

Hypothesis
How to test?

Traditional methods: environmental manipulation + detail dissection

Problem: time consuming - multiple genotypes, sub-phases, levels of 
environment, and traits 

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

5 locations * 3 years
2015-2017

220 cultivars in 45 Environments :

* 3 managements

HN: high nitrogen (220 kg/ha)

LN: low nitrogen (110 kg/ha)

NF:

no fungicide

Voss-Fels et al., 2019, Nature Plants 5:706-714

BReeding Innovation in Wheat for 
rEsilient Cropping System

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

https://www.nature.com/articles/s41477-019-0445-5
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Standardized field phenotyping
A panel of winter wheat representing breeding history in Germany

Wang et al., 2025, Scientific Data 12:64.

- Six years (2015–2020)
- Six locations
- Nine crop management scenarios 
- 228 cultivars released between 1963 and 2016
- a total of 526,751 data points covering 24 traits.

https://www.nature.com/articles/s41597-024-04332-7


Time ≈ 800°CdTime ≈ - 800°Cd
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Hypothesis: Environmental fluctuations in developmental sub-phases play 
important roles in the formation of yield component

Environment 1

Environment 2

Environment n

Year x Location x Management

Hypothesis
and data preparation

Heading (recorded, genotype specific)
Time = 0°Cd

81 time-windows

Double ridge Seed desiccation



8

Model 1: Yi,j,k,l = µi + αlMl + ε

Model 2: Yi,j,k,l = µi + αlMl +βi,tE(t)i,j,k,l + γi,l,tE(t)×Ml + ε

Step 1: For each genotype, yield component and time-window:

Genotypic
sensitivity to
E at time-
window t

Step 2: Comparing both models 

E: global radiation, minimal, mean, maximal 
temperature, precipitation or soil water content

Statistical approach
Identifying sensitive periods of yield component to environmental variables

Management

Sabir et al., 2023. Nature Plants, 9:1688-1696

Yield component

https://www.nature.com/articles/s41477-023-01516-8
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Example: Kernel per spike in response to the variations in global radiation in two cultivars 

Sensitive sub-
phases of Kometus

Sensitive sub-
phases of 
Cajeme 71

Effects of global radiation on kernel per spike (KpS)
Comparint two genotypes

(early) 

(late)

Sabir et al., 2023. Nature Plants, 9:1688-1696

https://www.nature.com/articles/s41477-023-01516-8
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Example: Kernel per spike in response to the variations in global radiation in two cultivars 

Effects of global radiation on kernel per spike (KpS)
Comparint two genotypes

Sabir et al., 2023. Nature Plants, 9:1688-1696

https://www.nature.com/articles/s41477-023-01516-8


11

General response of kernel per spike to the variations in global radiation (220 cultivars)
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e Floret initiation Floret death

Grain set

Grain abortion

Effects of global radiation on kernel per spike (KpS)
General responses (220 cultivars)

Sabir et al., 2023. Nature Plants, 9:1688-1696

https://www.nature.com/articles/s41477-023-01516-8
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Statistical approach
Identifying sensitive periods of yield component to environments

Genotypic 
sensitivity to E at 
time-window t

Positive β : E at time-window t promotes Y
Negative β : E at time-window t reduces Y

Model 1: Yi,j,k,l = µi + αlMl + ε

Model 2: Yi,j,k,l = µi + αlMl +βi,tE(t)i,j,k,l + γi,l,tE(t)×Ml + ε
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Floret death Grain set Grain abortion

Sensitivities of kernel per spike to global radiation in 220 cultivars

Floret initiation

Genotypic sensitivities of kernel per spike (KpS) to global radiation 
General responses (220 cultivars)
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General response of kernel per spike to the variations in global radiation (220 cultivars)
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Floret initiation Floret death

Grain set

Grain abortion

Effects of global radiation on kernel per spike (KpS)
General responses (220 cultivars)
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Overview: general responses of yield component (220 cultivars)
To minimal, mean and maximal temperature (Tmin, Tmean and Tmax), precipitation (PR) and global radiation (GR)

Floret death Grain set Grain abortion

Grain growth

Spikelet/floret initiation

Pollen development

Tiller spike growthSpike growth

Sabir et al., 2023. Nature Plants, 9:1688-1696

Khadija Sabir

Thermal time from heading (°Cd)

Envion. effect

https://www.nature.com/articles/s41477-023-01516-8
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Validation experiments
Effect of global radiation (GR) on kernel per spike

T1 T2

Control    T1       T2

Control

T1 (sensitive)

T2 (insensitive)

Control    T1       T2

15%

45%

Sabir et al., unpublished
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Validation experiments
Effect of global radiation (GR) on kernel per spike

Control

T1 (sensitive)

T2 (insensitive)

T1 T2

T1 (sensitive)

Relative change in KpS (%)
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T2 (insensitive)

Relative change in KpS (%)

Sabir et al., unpublished

2011

1988

1975
1987

2005

1980

1980

2013

E-induced reversible/irreversible sink reductionStage-specific
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- Identify and quantify the cultivar- and stage-specific sensitivity of 
yield components → potential to design resilient cultivars 

Summary
GxExM on the formation of yield components

- Our findings
→ reconcile contradicting results 
→ detect novel effects
→ experimentally provable

- Provide novel hypotheses for experiments 
→ additive or multiplicative effects
→ insensitive = stable formation (?) → stress tolerance (?)
→ further analyses to understand the physiological mechanism
→ genetic diversity and regulation (GWAS)

- Identifying the physiological mechanisms that improve 
stage-specific and environmental-independent source-sink 
balance is the key to design resilient future cultivars.
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Other studies
Modern cultivars use different physiological pathway for yield stability

1 locations * 3 years
2019-2021

24 ExM :Genotypes:

8 modern cultivars * 8 managements

total nitrogen

application 
time

sowing date

220 kg/ha

176 kg/ha

split/combined

early/late

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

GNGCD Tiller TGW +[WSC]Straw=

GNGCD Tiller TGW +[WSC]Straw=

Stable

Source Sink

Two contrasting strategies to 

achieve high yield in stable 

cultivars

Wang et al., 2025. Journal of
Experimental Botany, in press

https://academic.oup.com/jxb/advance-article/doi/10.1093/jxb/eraf191/8158101


21

Thanks for your attention
and team/ cooperation partners / funding agencies 

X: @TsuWeiChen1

- Mahmoud Ahmed
- Lina Hempel 

- Annette Manntschke
- Constantin Schmidt 

- Tien-Cheng Wang
- Emilio Villar

Hartmut Stützel, Khadija Sabir

Henning Kage, 
Till Rose

Rod Snowdon, Benjamin Wittkop

Jens Léon, Agim Ballvora

Llorenç Cabrera-Bosquet,
Christian Fournier,
François Tardieu

Frank Ordon,
Andreas Stahl,
Holger Zetscher

Kerstin Neumann, Ricardo 
Giehl, Evgeny Gladilin

Li-Yu Liu, 
Chun-Han Lee 


