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L @ Agroécologie Research Unit’s Context

N

= Context

- Increase of the world population: 2010=6.8 Md->2050~9 Md
U Increased demand of food provision

- Decrease of the arable lands: Arable land/person 0.38 ha (1970)=>0.23 ha (2000) = 0.15 ha (2050)

- Growing pressure from input needs
v'fertilizers with limited resources (P) or with high energy cost (NO5", NH,*)

v'pesticides with possible threats for agricultural products, soils and water

v'water contributing to geopolitical tensions

- Acceleration of climate change, to which agriculture is subjected but also contributes.

Lack of sustainability of the current situation

Hefei University, Hefei, China, 2018-11-03



R Aocicoioos Research Unit’s Context and Challenges

*

= Necessity for a paradigm change

Agronomic and environmental challenges

v'Provide agricultural products in high enough quantity and quality
v'Decrease the use of inputs

v'Preserve the environment (sol/water/air)

- Bring together Agronomy and Ecology

v'Design cropping systems : respect and valorize the biodiversity, the

regulations and interactions among communities (biotic interactions)

v'Adapt the crop to the environment rather the environment to the crop
v'Realize innovative crop breeding programs

& Emergence and promotion of Agroecology

Hefei University, Hefei, China, 2018-11-03
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oy ooieoe Scientific expertises

- Plant communities
v'Cultivated plants and weeds, and their interactions
- Microbial (bacterial and fungal) communities
v’Mutualistic communities
v'Phytopathogenic and human pathogenic communities
v'Functional communities: biogeochemical cycles (C, N), bioremediation,....
- Plant-Microbe interactions
v'Mutualistic (symbiotic or not)
v'Parasites
- Legumes
v'Ecophysiology
- Systemic agronomy (Nicolas Munier Jolain speech)
v Designing new cropping systems
v" Multi-criteria assessment

Hefei University, Hefei, China, 2018-11-03
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Research
assistance Biology and ecosystemic netic and environmenta Mechanisms and Sustainable
functions of soils determinisms of the nanagement of plants- Management of
(BIOmE) adaptation of plants to microorganisms Arable Weeds
F. El Ghissassi innovative CS interactions (GESTAD)

(IPM)

Administrative
& Resource
Management Cell

F. Martin-Laurent

Support Cells




) Agroécologie O bj ectives

@

» Scientific objectives : Mechanisms underlying the adaptation of
plants to agroecosystems ?

- multidisciplinary approaches : genetics, genomics,
ecophysiology, molecular physiology

- different species : depending on available genetic and genomic
resources

» Finalized objectives:
- Identify plant ideotypes for lower input agriculture

- Improve crop adaptation and resilience to environmental constraints

- Implement breeding programs towards these aims

Hefei University, Hefei, China, 2018-11-03



cologie
on

AgIo&
\v Unité delRecherche

)

» Optimization (time x space) of soil resource uptake by legumes in a
context of fluctuating resources (soil N, S, water) in connection
with soil microflora

» Understanding of legume functioning to improve and/or stabilize
yield components, including seed composition and quality,
particularly during heat, water-stress and nutrients deficiencies (N, S).

» Study of the genetic bases and processes enabling plant adaptation
to agrosystem habitats.

Hefei University, Hefei, China, 2018-11-03 7
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Agroécologe Conceptual framework

nité de Recherche

Tools & ressources

* Plant phenotyping tools e Genetics and genomic tools
* Plant modeling tools * Legume genetic resources

LEGUMES -

Research axes

Seed filling, development

and qualit
N S partitioning . .

and remobilization

Impact of plant

species/genotype on S sulfur
soil microorganisms

@ III -.‘vK’ i‘g rsnonlczrobes

uonelieA 3132ud5H
.—
o
3
T

Environmental factors

Hefei University, Hefei, China, 2018-11-03 8



Agroécologie | \WWhat is needed? Genetic variability to work with !

= Dijon
7 Unité de Recherche

Pea genetic and genomic tools for functional & structural approaches

A Recombinant Inbred Lines (1400 RILs)

Mutant collections
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i ,/’ ) « | Identify and characterize genes involved in nodulation, root architecture
s"', gg ¥"| Benefits (for N) and trade-off (for C) between nodulation and plant growth
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Nodule development and growth Root architecture
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Hefei University, Hefei, China, 2018-11-63 9



L ™\ Agoécologie | What is needed? Shoots functioning but focus on roots
\‘ A— g ——

» Crop breeding programmes: root traits rarely used as selection
criteria, a focus on adaptation to high-input systemes,

Improve crop resource-use efficiency through:
>

(i) physiological utilization of acquired resources,
(ii) resource acquisition

» Technical difficulties:
* Access to roots,
* Root diversity,

* Plasticity of RSA (abiotic and biotic factors including plant and

microorganisms interactions) in order to enhance its
efficiency.

Hefei University, Hefei, China, 2018-11-03 10



Agroecologle What is needed?

é de Recherche

Ljon

Growing plants.andlooking at roots

Jeudy et al. Plant Methods (2016) 12:31
DOI10.1186/513007-016-0131-9 Plant Methods

RhizoTubes as a new tool for high @
throughput imaging of plant root development
and architecture: test, comparison with pot
grown plants and validation

Christian Jeudy', Marielle Adrian', Christophe Baussard?, Céline Bernard', Eric Bernaud', Virginie Bourion’,
Hughes Busset', Lloren¢ Cabrera-Bosquet’, Frédéric Cointault’, Simeng Han', Mickael Lamboeuf,

Delphine Moreau', Barbara Pivato', Marion Prudent!, Sophie Trouvelot', Hoai Nam Truong', Vanessa Vernoud',
Anne-Sophie Voisin', Daniel Wipf' and Christophe Salon'

PH EN@ME

&F P PN

1 to 6 plants

Shading
« shell »

Base for
conveyors

Hefei University, Hefei, China, 2018-11-03
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What is needed? A platform with imaging cabins

4PMI: Plant Phenotyping PIatform for Plant and Mlcroorganlsms Interactions

|

Hefei University, Hefei, China, 2018-11-03 12



What is needed?

Hefei University, Hefei, China, 2018-11-03



4PM45?$ What is needed? Image analysis

% ’Planl 1"1(199 'ﬂnalyzud http://www.plant-image-analysis.org/
software ok QIO
sm.__ All 142 plant image analysis software solutions:

= ai_u-ﬁ

15 4
Man power
10 A
(%]
>
A snlieng Satatare 100 LT (g0}
hmage antysis coftwass toals [a)
5
1
| [ —
Plant Image acquisition Image
culture analysis

Expert mode

Root system architecture analysis
is a bottleneck

Hefei University, Hefei, China, 2018-11-03 14



What is needed? Segmentation software

I

M. Lamboeuf




What is needed?

Segmentation Squeletton

Convex Hull RSA density Max width, height, box Angle, main roots

Hefei University, Hefei, China, 2018-11-03



4PM4§I)% What is needed?

Detecting root and nodules “event

Roots, detect events: lateral roots and nodules detection

Han et al, Machine Vision 2017

/ _—
L —— " |* Root1
Nodule 1 === — —
h ;ib‘ f,
. ( I Distance
Nodule2 == —~ |
e
2 (\\ s
= .
> ~— 7 |* Rootn

Left Right

Nodules and lateral roots detection

Hefei University, Hefei, China, 2018-11-03
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4PM%§ What is needed? Environmental condition

<)

~J

O Greenhouse, growth chambers env. conditions fluctuate and are not wholly controlled...
U “Phenotype = expression of genotype in a given environment”

Temperature Hygrometry
(soil, air) (soil, air)

A

PAR sensor

CAMPBELL
SCIENTIFIC, INC.

Autonomous climate central As much as possible sensors

O Mapping of environmental conditions sensed by the plants with (numerous) sensors

Hefei University, Hefei, China, 2018-11-03 1
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What is needed?
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4PM@IN What is needed? Upstream tools & methods

Germination chamber || Tutors
S 5 Tutors

Hefei University, Hefei, China, 2018-11-03 20



PantMicro-organsms teractos

Upstream tools & method

-

=

4pM4§IN What is needed?

Sowing zone..
]

4henoware

G e e e e i b v e |
i i e e s i e |

B Py

[ i it e e
S mmawmm

Hefei University, Hefei, China, 2018-11-03
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4F’M45\ What is needed? Upstream tools & methods

Shoot & Root
phenotyping

Root recovery

Take into account the whole chain of high throughput phenotyping !

Hefei University, Hefei, China, 2018-11-03 22



Dynamic trait dynamics: wWheat exemple

Tall (Null) Projected area from images
16,00
‘ 14,00 -
':g 12,00 —s—pot 340 RHT
§ 10,00 —o—pot 359 Null
B 5 800
(]
5 6,00
Dwarf (RHt) % oo
a
2,00 -
‘ 0,00 ey
16 17 18 19 21 22 23 24 25 26 28 29 30 31
Days since sowing
. Plant Height from image Estimated Shoot Dry Weight
25 0,10
0,09 -
? Chotll —a—Pot 340 RHT
B = 0,07 -
= S 15 1 20,06 - —o—Pot 359 Null
DS 5 20,05 -
EPPN 2 10 1 —s—Pot 340 RHT .E, 0,04 -
o
. 5 —o—Pot 359 Null 30,03 -
1 © 0,02 -
0,01 -
° 0,00

Josh Klein M Lamboeuf 16 17 18 19 21 22 23 24 25 26 28 29 30 31 16 17 18 19 21 22 23 24 25 26 28 29
Days since sowing . .
Days since sowing

Hefei University, Hefei, China, 2018-11-03 23



Detecting grape deseases

Major problem in viticulture =
cryptogamic deseases (e.g. oidium)

F Cointault
(INRA, Dijon)

Hybrid spaces : RVB images in colorimetric
spaces integrating texture

Hefei University, Hefei, China, 2018-11-03 24



What for ?

Predictingipnenologyandirttimaturation’

Segmentation

d

C Rothan
(BFP, INRA)
| .2 U ! !
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Vegetative organs projected area (cm?)
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25

Red fruit
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L
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5 y =0,3142x + 0,5182
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0 . I I I
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O Algorithms adapted to follow phenology and predict fruit maturation

Hefei University, Hefei, China, 2018-11-03
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What for ? ASSESSINEILENOTYPEICAPACI Y LONWAIOTiZEYOW, :&}nwaai
Iron Chlorosis:

— —

droponic Tram RhizoTube ..

T

a

Air bubling pump
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C Jeudy
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time (mn)

o

Electrified (low tension..) conveyors

M Lamboeuf

Hefei University, Hefei, China, 2018-11-03 26



ASSESSINEEENotypelcapacity towalorize OWIressources

Iron Chlorosis:

28 genotypes, 3 Plants per RT (6 replicates/genotype, 30 days (approx. 600°Cj), Shoot

phenotyping (3/week)

=} ."I'IE

'ii i'.
.!"|H|

FIPGSO059 |[FIPGSO140| FIPGSO214 | FIPNPZ10 | R2ZNPMO088 | R2ZNPM171 | GANGSTER
FIPGSO086 |FIPGSO170| FIPGSO349 | R2ZNPMO015 | R2ZNPM160 | BALLTRAP | INDIANA
FIPGSO093 |[FIPGSO176| FIPGSO352 | R2ZNPMO040 | R2ZNPM167 | CASPER ISARD

FIPGSO137 |[FIPGSO179| FIPGSO399 | R2ZNPMO068 | R2ZNPM170 | DEXTER MYSTER

SHiEE S

al i ,g'

I\A

: ;.: ‘:l‘m Lh"ﬂwy

Hefei University, Hefei, China, 2018-11-03
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What for ?

Iron Chlorosis:

28

Hefei University, Hefei, China, 2018-11-03



4PM%} What for ?

GO10TCIaSSESAEXAMPIE

Iron Chlorasis:

« global »

34%

« dark green »

43%

23%

Hefei University, Hefei, China, 2018-11-03
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What for ? (50101 CIaSSEeSHEXamy ,JI—J
Iron Chlorosis:

Dexter
vl F |
Chlorosis
Sensible
Tolerant

Hefei University, Hefei, China, 2018-11-03 30



What for ? IFonichIorosieRtentitycard}

Balltrap

0,1% 0,0% 0,3% 03% 01% 0,1% 01% 04% 0,1% 01% 0,1% 0,3% 0,1% 0,0% 0,0% 01% 0,0% 0,1%
2,2%  58% 10,4% 34% 91% 7,2% 3,1% 28,1% 3,5% 09% 0,7% 15,5% 0,7% 0,7% 0,3% 2,1% 1,2% 1,6%
% class Yellow Apex % class Yellow + Light Green Apex
25% 100%
90% -
20% 1 80%
70% -
Mean ET 15% - 50% -
% Y apex 0,1% 0,1% 50% -
% Y+LG apex 54% | 7,0% 10% 1 40% -
30% -
5% 1 20% - H
10% -
0% a0 = 0% .-.Inlnlnlﬂll'llnl n_— ” Mo o

12 3 45 6 7 8 9 101112 13 14 15 16 17 18

12 3 45 6 7 8 9 10111213 14 15 16 17 18

Hefei University, Hefei, China, 2018-11-03
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49% What for ? [ronichiorosisidentityicard

FIPGSO093

03% 01% 0,1% 0,1% 0,7% 3,0% 7,4% 06% 13% 4,1% 192% 55% 6,1% 09% 0,3% 04% 0,1%
57,3% 58,0% 49,3% 44,5% 952% 97,2% 78,0% 51,4% 59,4% 88,9% 100,0% 94,0% 94,2% 51,3% 27,5% 59,1% 13,2%
% class Yellow Apex % class Yellow + Light Green Apex
25% 100% —
90% - — [ [T
20% - _ 80% - _
Mean ET 0% -
% Y apex 2,9% 4,8% 15% - 60% - — —
% Y+LG apex 65,8% | 26,1% 50% -
10% - 40% -
30% -
5% - H |—| H 20% H
10% A
0% - : : II-II|_|I |H|n||_|| . . Il'll._l —— 0% : : : : : : : : : : : : : : : . I|_|
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Hefei University, Hefei, China, 2018-11-03 32



What for ?

HielanotationsE eIVl :tmkhuj

Greenhouse 4PMI result (% yellow and light green pixels)
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Hefei University, Hefei, China, 2018-11-03
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What for ? VIIMICKINEPOHETOWEN ‘

Similar traits either in RT or pots: the pea example

Plant biomass Shoot DW/Root DW

Mean nodule DW

ey 0,6 N 3,5 = 4,0E-04
%0'5'/ 3 £ 30004
o4 R I |
— 2

20, S 5. = 2,0E-04 - I_ I
ﬁ 0, O 1 §
g OI &‘E 0,5 - g 1’OE_04 - - [
o= 0 T T E

0
@ , , Caméor - Caméor- Kayanne- Kayanne- 0,08+00 ' '

méor - Camégs~ Kay pot rhizotron pot rhizotron Caméor - Caméor- Kayanne- Kayanne-
p fZ0tron pot rhizotron pot rhizotron pot rhizotron
Same distribution profile for noudles

= 3 - 140 -

g O Pot g 120 - O Pot

< @ rhi S 100 - )

5. 2. RhizoTube @ @ RhizoTube

v o £ 80 -

9 o L

=5 = S 60 n

© 2

8 1 -1 (7, 40 N

o S 20 -

2 2 0

0 T 9 T OO 0009990 9 o v -g ! !
0 10 20 30 40 50 60 < 0 10 20 30 40 50 60
2 Distance from stem base (cm)

Distance from stem base (cm)

Ok but not relevant to field and each field is different from another !

g C. Jeudy

Hefei University, Hefei, China, 2018-11-03
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49% What for ? V/arioUSSPECIES:

Soybean

Vesce Commune

... Or in association

Hefei University, Hefei, China, 2018-11-03
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Combiningphenotypingiandimodels

bd :‘\ .' §
Projected leaf \ 4 >
e biomass
A

C assimilation

N uptake v

amount

D Moreau

Hefei University, Hefei, China, 2018-11-03 36



& What for ?

CombiniNgPheEnotypingandimodels:

Model structure

A
< ]
| 4

Radiation Use

Projected leaf
area
A

C assimilation

Efficiency Plant
an
4 biomass

Plant biomass

Total nitrogen

e PAR intercepted

8 ' N

N uptake v

amount

D Moreau

Hefei University, Hefei, China, 2018-11-03
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gl What for ? Combimngphenctypingandimodels;

Model structure

A
< ]
| 4

Projected leaf
area
A

d biomass

C assimilation

Root biomass

Allocation
coefficients

SR Plant biomass

N uptake

amount

D Moreau

Hefei University, Hefei, China, 2018-11-03 38



gl What for ? Combimngphenctypingandimodels;

Model structure

A
< ]
| 4

C assimilation

Projected leaf
area
A

8 ' N

Total nitrogen N uptake
amount
SNF start

D Moreau

Specific N uptake

Plant
d biomass

Plant N
A

“

Root biomass

A4

>

Hefei University, Hefei, China, 2018-11-03
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What for ? CombiNngphenotypingiand imodels

Model structure

A
-
¥ [ o4

Projected leaf
area
A

Plant
d biomass

Plant N
A

C assimilation

Root biomass

8 ' N

: N uptake A4
amount
SNF start

D Moreau

Specific N uptake Specific N uptake W
before SNF start after SNF start



gl What for ? Combimngphenctypingandimodels;

Model structure

A

v [ivd
Projected leaf _Plant
area — 4 biomass
C assimilation
A Leaf area
A
N to leaf
conversion
efficiency “
. >
e Plant N
N uptake v

amount
D Moreau W




What for ? CombiNngphenotypingiand imodels

3,5

Model structure :; \ﬁ\i

s -‘ od 1,0

0 16 26 C;O 40
PAR (mol m2 jour)

Radiation Use

Projected leaf Efficiency
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N—t”

C assimilation

4500
30 40

3750 -
2000 | N to leaf Allocation PAR (mol m? jour)
2250 - conversion coefficients 15
1500 o efficiency 10
0 10 20 30 40 0,5 -
PAR (mol m jour) ool ——

0 10 20 30 40

SNF start PAR (mol m2 jour™)
Total nitrogen V
amount / Root biomass
B 04
s e i m i e
0,2 4
D Moreau o ific N uptake N [NO5] (mM) e Specific N uptake after
before SNF start R S SNF start

[NO,] (mM) [NO, (mM)



What for ? And :|o|0"'"\3 HHUXOMICS'

Fluxomics (C, N, S)

X
Isotopic split root (N,)

Labelling chamber
13C/15N/34S

Salon et al, Journal Exp Bot, 2016

Hefei University, Hefei, China, 2018-11-03 43



What for ?

Combining phenotyping and models

LR4 Population (T. Huguet, CNRS Castanet

Tolosan)

Jemalong x DZA315-16 175 RILs

Inoculation with R. meliloti (strain 2011)

High Throughput
Phenotyping

Destructives
measurements

Leaf arga dynamics

E
y

a
e

Leaf area

Shoot biomass

“Grid” to analyze
phenotypic
differences

.....

.....
PAR (mol m? jour')
Radiation Use
Projected leaf ¥ Efficlency.
ISR C assimilation

N to leaf
onvers

efficiency.

Total nitrogen -
amount

[NO;] (mM [NOy] (mM)




What for ? ASSESSINEEeneticanabilitylassociated toi nutntion

35
LT
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L1
15 *
10 ~ v -
0 AL 20 0 0
PAR (mol m? jour')
A Radiation Use
Projected leaf Efficloncy . vPIant
C aceimilation igd biomass
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: 1400
4500 |
) P . M
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%0 | conversion coefficients i (n.m m*jour’) 1200
- e = :
PAR (molmZjour’) |\ e ‘Il-' 1000 ngh
SNF start PAR (mol m? jour?) %
Total nitrogen - . A —
amount e — Q. 800 - .
. S t Intermediate
Specific N uptak o™ INO5] (mM) I Specific N uptake afte
bofore SNFstart | “. i1 i . ' SRR SNF start O 600 -
[NOy] (mM [NO3] (mM) N
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O 400 -
S
©
G i
=] 200
3
0 T T T

N limits growth Optimal N Sub optimal N
utrition nutrition

High variability of projected Lines not affected on their
D Moreau  RFEEIETEY capacity to assimilate NO5

Hefei University, Hefei, China, 2018-11-03 45



What for ?

ASSESSINEISENENICVATIabilitylassociated toi\ nutrition:

0,4
] a a a
) . Specific N 034
N uptake 0.2
Radiation Use
= lant N g /root
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- f 0,0 . .
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rd 6000
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5
On the whole RiLs.. Trade off between N allocation
4
é 3 N invested in
2 2 .
w4 " High
x 1 leaf
i area
Expanding
0 ' ' ' leaf area
0 2000 4000 6000 8000 ‘
N to leaf area conversion
efficiency (cm? g) Increase PAR
interception
__1200 A N invested in
% 800 - High
(&) .
: Intermediate Leaf Area N
< 4091 content
; ¥
0 ;
0 0,5 Photosynthetic
INN activity

Moreau et al. PSB 2013
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Projected leaf
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N deficient RILs displayed... \ N sptec':(ific N?it_llated
uptake root plomass

On the whole RILs...

1 [\
091 accumulation
0,8 -
= 0,7 4
4 0_.A
= 0,6 N deficit
0,5 -
0,4 -
0,3 . : : \ Leatf Nt
0,0 0,1 0,2 0,3 0,4 conten

N specific uptake (g g')

\ Photosynthetic ﬂ N to leaf conversion
activity efficiency

Moreau et al. PSB 2013
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/
Shoot

N S partitioning
and remobilization

Seed filling, development
i 8 and quality

\_

Plant nutrient e Impact of plant
uptake species/genotype on

soil microorganisms

[ (1) Seed quality and legume tolerance to late abiotic stresses

Hefei University, Hefei, China, 2018-11-03
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What for ?

COMBININEPHENOMICSIWITHIOTNICSHSEETIC mﬂ&y\

Nitrate deficiency

A comparative fluxome and
transcriptome analysis of
nitrogen remobilisation

between pea
and M. truncatula

7
N14 ANR GENOPEA 2010-13

._,

K Gallardo M Prudent

V Vernoud

P 2299 0"

] Molecular targets to increase
\ Yield 5

stress tolerance

Molecular indicators of
plant needs (water, S)

N Seed quality

\A/ater doficit

q Journal of Experimental Botany, Vol. 68, No. 9 pp. 2083-2098, 2017
- doi:10.1093/jxb/erx126  Advance Access publication 22 April 2017

DARWIN REVIEW

Fluxomics links cellular functional analyses to whole-plant
phenotyping

Christophe Salon'*, Jean-Christophe Avice?, Sophie Colombié®, Martine Dieuaide-Noubhani®,
Karine Gallardo', Christian Jeudy', Alain Ourry?, Marion Prudent', Anne-Sophie Voisin' and Dominique Rolin®

! Agroécologie, AgroSup Dijon, INRA, Université Bourgogne Franche-Comté, 17 Rue Sully, BP 86510, 21065 Dijon Cedex, France
2 UNICAEN, UMR INRA 950 Ecophysiologie Végétale, Agronomie et nutritions N, C, S, Esplanade de la Paix, Université Caen
Normandie, 14032 Caen Cedex 5, France

3 UMR 1332 Biologie du Fruit et Pathologie, INRA, Université de Bordeaux, 33882 Villenave d’Ornon, France

Phenotyping leaf and roots completes omic’s

Hefei University, Hefei, China, 2018-11-03
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Facilitating soil resources uptake
Protection against diseases

Seed filling, development

Shoot and quality

N S partitioning
and remobilization

Plant — Microbial feedback loop

Plant nutrient e Impact of plant

uptake species/genotype on
\ soil microorganisms

(1) Impact of plant genotype on the selection of soil microbes (not only rhizobia : whole
microbiome)
(2) Impact of soil microbe diversity on plant growth N nutrition and tolerance to other stresses

Final aim: drive plante-microbe interactions through plant genotype = a new breeding target

Hefei University, Hefei, China, 2018-11-03 53
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Impact of Pea genotypes on associated Rhizobial symbiotic strains :

104 genotypes inoculated with 5 rhizobial strains :

100% Rhizobial strain selection Rhizobial strain « efficiency »

W SK 25 — b a

s05e T . e

0 IIIIII u se €371
60% i E € 15 d

> @®
40% SE '53.1
1 : 5 ;
20% SD & Los
o LR III =,/ B H
° H SA SA SD SE SF SK

434599143151 1 3675133797296998353846

18 genotypes among the 104 tested Rhizobial Strain

3 -

Pea genotypes selected different symbiotic strains. Symbiotic strains : different efficiencies

On going : identification of plant genetic determinants of rhizobial selection by pea
(Genome Wide Association Study on a wider ranger of plant genetic variability + candidate gene approach)

Phenotyping nodulated roots and plant growth
= Towards breeding of pea varieties with improved symbiosis for N, fixation

Hefei University, Hefei, China, 2018-11-03 54
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Y &

Facilitating soil resources uptake
Protection against diseases

Seed filling, development

Shoot and quality

N S partitioning
and remobilization

Plant — Microbial feedback loop

Plant nutrient e Impact of plant

uptake species/genotype on
‘ soil microorganisms

(1) Impact of plant genotype on the selection of soil microbes (not only rhizobia : whole
microbiome)
[ (2) Impact of soil microbe diversity on plant growth N nutrition and tolerance to other stresses ]

Hefei University, Hefei, China, 2018-11-03 55



LEgUMESMICrobENNTEraCtoNSIToNMproveplantinutrition:

X s 3
AR

level of
Varying: microbial Drought Genotype
_ _ diversity extent
* Impact of diversity level ‘ ,
of soil microbial communities 45 :
on pea plant response to water stress - Pea (frisson)
« A higher diversity level of soil microbial =
cen Mutant myc-
—
communities Diversité des comm Inod-
pbiennes —
Floral initiation Drought Flowering Maturity

Optimal water conditions

no impact on pea drought tolerance... ... but provides better pea resilience

Similar response with or without symbioses: non symbiotic communities
play a role in this response

On going : Assessing which nodulated root traits are involved

M Prudent

Prudent et al, Plant and Soil, 2015
Hefei University, Hefei, China, 2018-11-03 56




» Phenotyping in GH/CC/Fields and models for
» Physiological understanding

» Genetic analyses of “morpho traits”

» Root system architecture analysis is a bottleneck

» Image analysis is a challenge

> Control of environmental conditions is essential

» High throughput phenotyping involves all the chain

» Combine experimental, analytical and modelling approaches

Hefei University, Hefei, China, 2018-11-03 57
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