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INRA
for sown grasslands improvement

4 laboratories (Lusignan, Montpellier, Caen,
Clermont Ferrand)

50 permanent staff, 40 more temporary
—equivalent to private sector (GNIS 2019)

Pluridisciplinary : Plant Ecophysiology, Ecology,
Genetics and breeding

Open science

CLIMAGIE: Adapt grasslands to climate change:
breeding and ecological intensification.
http://wwweé.inra.fr/climagie
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Sown grasslands are a crucial component
of agricultural systems in France
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Grass and legume seeds production in FRANCE
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Estimated grassland productivity 1045
in decitons per hectare ﬁ
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Impact of climate change on grassland productivity

Daily herbage

production .
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Simulation of Rye-grass production in Brittany, using the crop model STICS and
the climate model Arpege (Meteo France). RCP 4.5. Durand et al 2010.



Experimental evidence of a summer water deficit threshold (ETO-
P May-September)
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Main plant strategies to resist or SUrVIVe drought

DROUGHT A
SURVIVAL Volaire (2018) Global Change

Ability to survive & Biology .
Florence.volaire@cefe.cnrs.fr
resume growth

after a severe

Dormancy

drought
2.2 Dehydration
ek /> w0 tolerance
cessation i
A
DROUGHT Dehydration
RESISTANCE avoidance
Maintenance of leaf
growth under
moderate drought !
Moderate drought ! Severe >
> drought

Plants cannot avoid dehydration AND tolerate dehydration

—> Under drought: a strong trade-off between growth and survival



Strategies for breeding drought adapted plants _ stresseon cors s

Botany
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1 Dry and Mediterranean areas (climate change)
Temperate areas Very few available adapted cultivars

To increase dehydration tolerance & summer dormancy is increasingly important under climate change

—> Design the right ideotypes according to the target environment

Norton et al. (2016) Agronomy for Sustainable
Development



More productive and dormant cultivars, breaking the negative genetic correlation

between both traits.

Understand the determinism of summer dormancy
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Kallida et al. (2016) Frontiers in Plant Science 7: 82



In the Temperate regions, producing high value forage throughout
the year is important
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The prennial ryegrass annual yield has improved by + 10 % in
30 years: i.e. more than the negative impact of Climat change
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Breeders succeeded so far in reducing the negative
impact of climate change in summer and autumn.
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Adapt sown grasslands to
Climate Change

Daily herbage

production
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Simulation of Rye-grass production in Brittany, using the crop model STICS and
the climate model Arpege (Meteo France). Durand et al 2010.



Early European expansion of perennial ryegrass lead to a rich
underexploited variability a recent study coordinated by INRA, with
European Ressource Centers, revealed.
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Blanco Pastor et al 2019



Focus on phenology: highly heritable in grasses —eg Perennial ryegrass
populations in Europe/ cv.
Heading date
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heading date and floral transition in perennial ryegrass

Estimates of

Floral transition
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Cultivar

Data GEVES. Eucarpia meeting 2019



L-grass
A plant simulation model for computing ideotypes based on dynamics morphological traits

Response to cutting and <&
management (water nitrogen...)




Simulate Phenology of forage grasses in order to understand the genetic
variability of the response to climate

- Adding a module of floral transition and heading to L-Grass
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Intense genetic resources investigations in
lucerne. E.g; Allele mining for breeding Alfalfa
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The need for mixed grasslands

* To reduce the dependancy of agriculture to fossil fuels,
legumes must take a greater part

* But they grow slowly at first, due to

— Initial dependancy on nitrate (before symbiosis is functionnal)

— Initiation of shoot growth zones from bud stage (different from
grasses)

* Very sensitiv to weed competition

- sowing of mixtures.
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Demonstrating the importance of some intraspecific diversity

Graminées
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Many cultivars are better than the best ones in pure stands.

> Stability
- Legume proportion in herbage
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Meilhac et al 2019. Annals of Botany



According to another experiment, the reason appears to be the intraspecific variability of
phenology.

a Monocultures (one species)

2 . 10 genotypes pe Medicago sativa L. Trifolium repens L. Lolium perenne L.
Varying species species
diversity only
(constant
genetic T
diversity) b

Dactylis glomerata L. Festuca arundinacea Scherb.

Varying genetic
diversity only

One genotype per speces

Prieto etJal 2015
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Production ob'ectives Genetic resourcesin New breedlng schemes

situ, GRC varieties...)

X

Régional climate
Climat Change

Microclimate :
light,
temperature
water, [CO,]

Agronomic value
(quantity & quality)

Sown Resulting
diversity ; diversity Impacts

(GEG balance,
soil services)

R R R R R
Soil structure and organic
matter

* Responses to abiotic factors
e Sexual reproduction
e Sélection



Extension of our knowledge to other area:

Turf and forage biomass management under stadium covers, solar panels , cereals...
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