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Background (models, drivers, yield variability, ...)

Climate drivers of yield variability
Adaptation (traits and crop management)
Divers crop responses

Resource limited conditions

Divers production systems
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Crop models
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Crop models (simulation of system dynamics) zﬁ@?
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Yield variability (temporal and spatial)

Temporal variability

Example, wheat yield
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Spatial variability

Wheat roots and root water uptake

Wheat yield , 1999-2011

PHs (crm)
400

Simmer et al., 2015

Javaux et al., 2008
Caietal., 2015 -

Yield (t ha )

e —— T E——
50 55 60 65 7.0 75 80 85 9.0 95 100

Observed . I

b

N

Z\?et al., 2017

&ﬂ
W

\L]

l'u
i
W

¥

A

\.
\

l'\\.\“ \
'.'.‘ A

L W
‘..\'t‘ \
' “’o‘ i
{U

s

EUROSTAT

Wheat yield,
Nodaa 1983-2005

Oto<2

M2w<4 ¢
4to0<6 AL
“
610 <7 ?‘, y,
Tto<8 r&,"r‘(
=8 p 2

nagee

Angulo et al., 2013

Fluorescence, 2012

Simmer et al., 2015;
Rascher et al., 2015

Simmer et al., 2013
Stadler et al., 2015 g

EMI, 2012



Vield change and gap™— "

B
Yield changes over time

(long term field experiments, LTE)

Broadbalk Winter Wheat experiment,
Rothamsted
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Global wheat yield

> Large spatial variability.

» Sources of variability (space, time)?
Wheatyield
> High yields in certain locations indicate (thad)

large yield potential. =
> What conditions and traits explain high =¥
yield? =i

Wheat yield (t/ha) » Crop models reproduce spatial variability relatively well
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Climate drivers
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Climate drivers

> Severe yield reduction in Maize in south and central Europe; increasing demand for irrigation

Simulated effects of climate change on yield of wheat and Mais

maize in Europe (2040-2069 vs. 1981-2010) Weizen
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Adaptation (traits and management)
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Future climate Present

Future climate

late ripening
cultivars

» Adaptation to variable climate and extremes?
» Assessment of risks

Cold

current
cultivars

Adaptation
suggested in
previous studies
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Adaptation (traits and management)
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Wheat Silage maize

Divers crop responses

» Increasing climate variability and extrems
> Diversification of crops (and cultivars)
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Divers crop responses

» Crop models support the analysis of
important drivers of yield variability
due to extreme events

» Combination with SVM is promissing

Spatial patterns of the temporal correlation
coefficient (r) between relative change in
observed yield and the relative

change in the SVM and the process-based
crop model (PBCM); and simulated processes:
intercepted PAR; growing season

duration (Season); seasonal drought stress;
and seasonal heat stress. All correlations were
assessed on the relative to the Olympic
average of the 5 previous years for the
rapeseed, winter barley, winter wheat and
silage maize crops considering data from
1998 to 2018. Webber et al. (2020)
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Divers crop responses

» Crop models support the analysis of important drivers of yield failue due to extreme events

Rapeseed Barley Wheat Silage maize
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Resource limited conditions
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Resource limited conditions = divers production systems
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» Most production under limited resource
supply <

» Future production systems need to meet o v
multiple targets 9 o L 98
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Resource limited conditions = divers production systems “Z“{‘?’;; @

» Future production systems need Mbqlichketen der Anpassing = Diversifizierung
to meet multiple targets — . .
From Farm to Fork
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pesticides and deterioration in soil by 50% and a significant increase
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Divers production systems

e World Average Yield'
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=» Relationships among traits (winter wheat)
=» Multiple target variables (grain and protein yield and content)
= Ensemble predictions under CC (2036-2065, RCP8.5)

Relative change in grain
yield (%)

(a)

Relative change in grain
protein yield (%)

Without adaptation Whest producing arca

(b)
& ,q‘ 5 [}
« W9y .

AN e ®
© e . "‘."o >N

¥ =058

{ =10 =5 a 5 10 =20 0 10 20 30 40
i . | Absolute change in Relative change In

q
With ion <-15-15 -10 -5 0 5 10 15 >15 thesis date (d in filling rate (%
t adaptat Q Change in Grain and Protein Yield (%) ————— Asseng’ et al" GCB 2018 FAESER A (G araim il g ]

Absolute change in grain protein
concentration (% of grain yield)




Concluding remarks

* Drivers of yield variability (and limits to yield) change with space, time, crop,
production system, ...

* Models are helpful to analyse important drivers (and limitations) and identify
iImproved crops (traits) and management options

 In the future: improved crops (and production systems) will need to adapt to
climate change BUT also to comply to multiple other goals (sustainable
productions systems)

 Diversification of crops and productions systems will have implications for
suitable crops (genetic characteristics, suitable traits)

* Crop modelling needs to be advanced for these diversifications
« With diversification of production systems crop modelling will likely become

more important for improving crops and management N



