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B Main targets to add value for farmers

High throughput and
high definition
phenotyping tools
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Tools to better
characterize & advise
registered genotypes

Support of breeding “
" \/ programs
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B\ Support of breeding programs

e Climate changes
e Abiotic stress

¢ Real progress
GXE e Post-registration
interactions evaluation also
' concerned

e Real progress
Genetics e Lack of sufficiently intense
(Gene & trait pre-breeding programs to
discovery, really implement the
'~ discoveries in private
breeding programs

¢ Tools available

¢ Ready to be implemented
in breeding programs
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“ Tools to better characterize registered genotypes

GXE e Real progress Cf. Examples

interactions e Nearly in routine use

¢ Tools available Cf. Examples

e Adding value to
evaluation : in progress

e DNA array and SNP
Genetisc o Genor.mc prediction Cf. Examples
(Gene e Combined use of

discovery, markers with

A phenotyping to be




High throughput and high definition
\ phenotyping tools

* Ready to be used

e Continuous
improvement

e Sharing technologies

e Sharing feed-back and
use cases

e Spread of technologies
to less capital-intensive
platforms

Creation of
an active
community

¢ Direct evaluation of

genotype traits
fg:(\e/e(\:ziiss J Models-assisted traits
evaluation
G‘Fs \/ PUFPOSES /e Calibration of model-
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Example 1: characterization of environments in
“ GXE StUdies ‘Omcnzlng

aMaizing trials clustering
based on nitrogen stress dynamics
aMaizing trials clustering

2 based on water stress dynamics

3 * Four clusters of trials: : _

24 ET1 o N . * Two clusters of trials:
- - na N stress 5 + ET1:no water stress or water
g * ETZ2:N stress at SLAG E : stress starting at SLAG
g3 « ET3:N stress at flowering i3 + ET2:strong water stress starting
z ] before flowering

8{—em » ET4: N stress before flowering 3

—ic -
2 E™ = - . :
500 0 5:;0 - - ° o 500
Themal time since flowering (*Cdays)
Themal time since flowering (°*Cdays)
) ) 0 ) . * Clustering explains only 2% of the total variance (4%
* Clustering explains 13% of the total variance (35% of of the trial effect)
the trial effect)
Trial name = loc * year x management
strong water stress m:i:g:_r M Odé Ie C H N
starting before flowering SO14WD BL14WD ARVAUS _ |nstitutw___
ES14ES
ES140PT BL14OPT
toumrsess | SO G etan vy
BOgal‘d et al WP5 water stress after SLAG $0140PT
No N st N stress N stress N stress
G‘FS o Nstress starting at SLAG at flowering before flowering

= Clustering explains 21% of the total variance (55% of the trial effect)
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Breed

A

DNA Arrays (420 K, 35 K)
(BreedWheat WP1)

D

SNP markers

« functionnal QTL » / \ Genomic prediction models

for breeding and
cultivar evaluation e . __Wheat phenology

i , ! Wheat SSM virus
i ' e I Bogard et al., in prep
57
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Example 3: Model assisted traits evaluation in
wheat PHEN®ME

e i,

Piguemal et al., 2018 (IPPS)

Potential LAl
Modeéle CHN ] Modeéle CHN
ARVALIS - Institut du végétal _ fDroughtLAl ARVALIS - Institut du vég/é’lia_l,
- \ LAI growth slowing-down o
coefficient
Actual LAl
AST1
Time to reachllha MAX rate
i 'C.day since Z30 . Drought
710 30 “C.day Potential
biomass
i fagt 2
The potential LAI ?bg.orla_s radiation (MJ/m ). o reiahiToansication
The absorbed radiation is converted into potential biomass (g/m?). Transpiration and biomass slowing-
down coefficient

. L RUE "
This conversion is controlled by : Radiation Use Efficiency Actual biomass

8/M

BiomassLoss(Irrigated
- Rain-fed)
1 4

~—ANVERGUR . Biomass(Irrigated)
~CELTA
~CLAUDIO

~==SY MOISSON

fDroughtTranspiration fDroughtLAI LAImax " deltasTl
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Example 4: Use of HTP tools to calibrate
model-based DSS PHENBME 0.

A model is not perfect & need to mix simulation and sensor

B
measurements = more accurate DSS 100
SENSORS
. : 80 —
'ﬁ v Nt ; 3
g W o %oo-
8
N rate Data E
tuning assimilation S 7
5] o s 5 20 o
Mean of VW N+ Mean of WAV N+
Mean of [WW NO Mean off WO N+
1 j!! : & Mar Ape May Jun ol Mar Ape May Jun Jul
(o]

1 A % 0 7502 FIGURE 12 | Groon fraction (%) durng the growing saason (A} with tha mcan of wall-wartared condiions with rizzogen nput (WW N, n bluo] aganst wall watorod
TALLAGE MONTAISON FLORAISON MATURATION conditions without ritogan input (WW ND, in groan) and (B} with the mean of wall- wasiored conditiors with nirogon input (WW N, in bl agenst wasor daficiont
conditons with iitogen input (WD N4, n ormnge, N - 44, +5SE and curves of all varictics §n gray).

A Modele CHN
Beauchéne et al. 2019- FPS ARVALIS - Institut du végétal
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Cinétique LAI Cinétique Biomasse g Cinétique LAI : Cinétique Biomasse g
% 8 0% E o% g
8 ;
L so% K so% g sox &
§ 100% H 0% §
Faoot| - i g 25 ) ) m 3
1 ] — S =
80 | —— LAl potentiel - = —— Biomasse patentielle 8 3 Biomasse potentielle E
2 < ——Biomasse N F 20 —Biomasse E
70 =LAl = o0 4 .
: 20 e GLAI based 27 o wesone
— 60 *  Mesures LA| ol = . v Facteur stress hydrique
I ® @ ——Facteur stress hydrique £
"50 ———Facteur stress hydrique £ 15 - Facteur stress azoté . . 2 15 4 Facteur stress azoté
1 § —_
b £
b0 | e s ; calibration 1,
10 -
30 - % g
N (DRM-KF) .
10 - k] & &
. = 0
0o ' ' 0 26/11  06/03  14/06  22/09  31/12 10/05 1808  26/11 06/03 14/06 22/09  31/12
10/05  18/08 26/11 06/03 14/06 22/09 31/12 10/05  18/08  26/11 06/03  14/06  22/09 3112

Piquemal et al. unpub.
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Rapeseed models : poor
phenology models w/ 0
genotypic variability
Approach = potential for
massive data acquisition to
calibrate :
. Breeding/variety trials
. Remote sensing / big
data : Planet satellite
constellation




Betterave2020

rone image
1st step :
Beet detection

& green pixels segmentation
Performance : 98%
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Betterave2020

Hétérogénéité entre plantes des variétés Rhizomanie (figure 1)

Jockn
Treck
Castor

FD Javelot
BTST845

2nd step :
Computing coefficient of variation
CV = std / mean for each plot

BTS2045
Frison
Gisellina KWS
Celclus
Rumba
Auroch
Landon

FD Surf

FD Drop
Origan

Curle
Calledla KWS
Jellera KWS

Tisserin
Equateur
BTS6125

Tellla KWS
Goelette
Ecureull

Competita KWS
Epervier
Squale

KWws

Balzane
BTSIT60

Vulcanla KWS

Libellule

Choosing a uniform variety ot

Linotte

Homogeneous development

Platina KWS

=>» Simplier harvester set-up e

Stanley

>Easy weed control e

20% 26% 30% 36% 40% 45% 60%

GIS Varietal ranking
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Example 6: Use of drone to assess OSR early vigor

@
“ Climate change P E

- august- Femmal Slmamy s
septembre

Phenotyping R
. conditions
for a trait
linked to

New agronomic paradigm
for establishment & early
growth to avoid
insect(icide)s : towards
direct seeding, companion

agroecologlcal cropping, early
. fertilization... AND
prOdUCtlon vigorous, continually

Extension of growing varieties
highly resistant
autum insects =
need continuous

| tht .
4leaves Winter

. _emergence
sowing

—
Emergence _

al
cis

L Dot B

Autumn vigor

Regrowth vigor

Early vigor

T? Adult fleabeetle. " Flea beetle larvae
@
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PHEN®ME

- EMPHASIS

R / R-Shiny

2017 — 4 trials
- 2019 — 9 trials

0] AutoregressiveR x @ Utils.R
. [JSourceonSave = G /-~ #Run | [&3 Source

Analysis & recommendation R

9- glist < function(...) {

10 gl < list(...)
s

- 11 if Clength(gl) — oL I
. —3'  —T T T 12~ all(sapply(gl, okGListelt, simplify=TRUED)) {
. — - . 13 # Ensure glist is "flat"
et : 14 # Don't want glist containing glist ...
" - . 15 if (lallCsapply(gl, is.grob)))
£ oo 16 gl < do.call("c”, lapply(gl, es.glist))
. 17 class(gl) < eC"glist™)
= : : - 18 return(gl)
: 3 oy [ 19+ }else {
o . I B 20 stop("Only 'grobs’ allowed in "glist'™)
E kL . a3
& - Vi e : + 2 3
4 i_. . R 4 L y
GIS l - . (5 Script-R
o =T
I e
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HTTP tools

GxE

Trait-QTL-Gene discovery

Model-based DSS

Scale up & scale out : democratize tools

- Support environmental &
agronomic characterization

- Abiotic and biotic stress

- Gene editing

- Pre-breeding

—> Largely out of ITA hands
(at the moment): are French
public & private sector doing
what it takes ?

- Use in GXE studies

Maize example -2
sunflower, all crops

Pea root rot

Combined use of trials &
markers for variety
evaluation 2 new traits
& more efficient use of
resources

Sugar beet diseases
Wheat example 2>
rapeseed

Genomic prediction of
model parameters

' -= TCTTCS B /]':‘va\l.”j[: _\/l l b

Institut Technique
delaBetterave

==“ S\ \

Y 1! B



Thank you for your attention
Thanks to all our colleagues
involved in PIA projects !




