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Global Challenges

o Stability of food production
Despite environmental variations



* Human population 4X
* Cultivated land 2 X

* \Water use 8X

* Energy use 16X

20t century



A North Amerloan
study on women 'S \
shoe S|zes found -
that 90%*of
women wore S|ze
37 38




How to.develop a
sustainapble production
system for millet.under
climate change....




 Agro-ecoystems

) Water scarcity

Climate
variables
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Land use intensification 1s one of.the
most impoertant global changes
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Drought tolerance enhancement
by B. thuringiensis AZP2
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* Novel phenotypes-but the beneficial effects of
microbiome applicattons are-often

not persistent under field condition

« We propose alternative framework reaching novel
phenotypes by considering plant genome information
and plant associated micrebiomes-together



Environment et productivi
l ~

Resource depletion
(nutrients, water)

(phenotype)

Carbon dynamics

soil-atmosphere

Resilience &
Crop characteristics Production system Ecosystem processes
characteristics Affecting sustainability

After Weih et al. 2014 Frontiers Energy. Research



.‘
o

vaBm'rlc

£ \ \

EXTEN‘DED |

LN PHEMOTYPE f

™

ALON3IO INV1d

¥
‘ '

g

Transfer of
Transfer of mobile genetic
chromosomal elements

- .
/. >

b
SN L

Random
mutagenesis

ANOIFOHDIN IHIHASOZIHY

Millets.Symposium, Timmusk et al 2023

ALISY3AIA

‘O1LINTD JNOIFOUDIIN

« Timmusk etial. 2023 Frontiers Microbiol -



.”.. e g™\ *I". ..
S .‘.,..Ti..ﬁ 4ﬂm 3 :

station
number

(SFS)

“"African
south-facing slope,

L
00000000000000000000

"European”
(NFS)

sun
worth-facing slope

M



« Systematic approachfor identification of

microbiomes ecologically and.economically
impaortant. for millet

o ‘|dentification ef microbiome associated
phenotypes



ldentify a list of crop-plant candidate-genomic
sequences, including both genes and regulatory
regions. associated with stress

ldentify a list of crop plant-candidate genomic
sequences assoclated with stress and microbial
interaction

Spatial and temporal dynamics , linkages with
aboveground biodiversity

Spatial and temporal dynamics of land use types
and intensity
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 Evaluation criteria

Plasticity:
finding the limits
creating conditions for each factor optimal
performance



~ Continuous comprehensive observations
Station for Measuring Ecosystem - Atmosphere Relations

SMEARII

Vegetation 1 Atmosphere

Gas exchange Gas & Aerosol concentrations,
Transport i composition, and fluxes
Growth Heat fluxes
Structure ‘ BL Meteorology
' Irradiance
J Reactive Heat Hzo

gases

Freshwater
Physical & Biological
processes

Forest T—— Lake Peatland

Over 1200 different variables
Flagship site for integration: combines all IPCC components.Contributes to :
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Laboratories: Latest advances in.genomics and high
resolution microscopy

Soil communities
STABILITY. SUSTAINABILITY PRODUCTION

SMEAR: Long term life history datasets

Reveal mechanisms of environmental adaptation from
molecular to global scales

Optimal multi trait responses
PLASTICITY



