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Temperature has a strong effect on plant phenology
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Critical phenological phases need to happen at the right time!
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Active stem growth

Example:
Wheat stem elongation phase

= critical for the formation of yield
potential

=Longer duration > more grains
per spike

"Frost around GS31 or heat
around flowering reduce # grains
and yield

How do we quantify this?
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The concept of Growing Degree Days

a.k.a. thermal time a.k.a. heat sums

Thase < Tqg mean < Typper
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T; mean: daily mean temperature

Tyase  : species-specific base temperature
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Minimum heat sums for developmental phases
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Species specific temperature response...

New —f
Research | Phytologist S

Temperature responses of developmental processes have not
been affected by breeding in different ecological areas for 17

Crop species
Boris Parent" and Frangois Tardieu”
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.. Or rather cultivar specific temperature response ?

New cultlvar (Tommi) Old cultivar (HeinesVII)

g £ | wheat
> QL
= =
8 g,
2
B]
§ Growth is very sensitive to temperature!
S 1.5 30
5
© ee —
2 j ~10 203
: Ty T, 2 E
5 ase T°C upper = g
, o) 4
g € 05 103
|m;;; s;;rcephljnlverrs?; c;f gotn';:gen S % J 001 y y Y T y T KronenberE et al 2020 (PCE) 0
- E. Rezai - innovations-report.de E Wheat cultivar B 20 23 02 05 08 11 14 17 20 23 02 05 08
o, Time (h)
o
SCIENTIFIC REPLSRTS > —> use growth as temperature
g = response indicator
O .
OFEN Climate change effect on wheat % = Measure canopy height
phenology depends on cultivar ~ increase in the field, on a plot-
change | :
o _ N evel basis
:M.::h s Ehsan Eyshi Rezaei(h324, Stefan Siebert (214, Hubert Higing® & Frank Ewert®® 1
Tyase T°C Tupper - Using drones

08.02.2024

LUKAS KRONENBERG 6



How to measure canopy height with a drone?
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Perspective 30° Snap: Axis, 2D

https://shiny.usys.ethz.ch/PhenoFlyPlanningTool/

Roth et al., 2018; Plt.Methods
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3D point cloud / digital elevation model A

Plot canopy height
extraction
[zonal statistics]
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https://shiny.usys.ethz.ch/PhenoFlyPlanningTool/

Canopy height time series allow to model cultivar-specific timing of stem
elongation and its temperature response

Drone

Canopy height time series
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Temperature response and phenology in European elite germplasm

= GABI wheat; 330 varieties
= Grown 2015-2018

Trait Heritability
I'max 0.89
Irc 0.29
Thin 0.63
PHmax 0.98
tPHstart 0.77
tPHstop 0.87

Kronenberg et al., 2021; JXB
Roth & Kronenberg et al., 2023; JXB
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High heritabilities
—> We can select for these
traits
Significant differences among
varieties regarding country of
registration
— Breeding can affect
temperature response
East > West gradient for height
and Tpax
West > East gradient for start,
Tmin and Irc (to some extent)



Temperature response, phenology & vield in the DFW toolkit NILs
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Cultivar-specific temperature response greatly improves
phenology prediction!
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Conclusions

*High throughput field phenotyping allows to
characterize wheat temperature response on a
cultivar-specific level

=Origin specific temperature response pattern
indicate their relevance for local adaptation

=Using cultivar-specific temperature response
parameters may improve crop models

“High heritability indicates suitability for direct
phenotypic selection or applications in genomic- or
marker assisted selection

= Improving local adaptation
= Fine-tuning phenology
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Model fits DFW academic toolkit 2023
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Canopy height time series allow to model genotype-specific timing of
stem elongation and its temperature response

Canopy height time series

Apr Méy Jun Jul

QMER
Roth et al. 2021; Field
Crops Research
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Canopy height

Timing of stem elongation

(A) Trait measurement

(B) Covariate measurement
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Roth et al., 2022; in silico Plants
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