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Root2Res Mid term conference

Phenotyping toolbox 01

Context, project description
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Root2Res « Phenotyping toolbox»

Define and provide a complete set of tools to consider root traits
I
Aims:
Evaluate and improve innovative tools to characterize morphological root traits, microbiome and
envirotyping to find useful proxies or methods and bridge the gap between field and controlled environment.
=> IMPROVE methods
WP2 will also coordinate the phenotyping activities of the project to be sure that all trial and data will be
available for project analysis.
=> APPLY methods for other WP
Characterize rhizosphere traits focusing on root exudation & associated rhizosphere microbiome
=> DEVELOP methods for rhizosphere traits

:
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Tasks : —» w3 | e
Phenotyping toolbox for morphological traits (ARVALIS) % “— B m > w i
- Field and Controlled conditions Y ' " ‘ ' s
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Envirotyping coordination (ADAS) E = -4 O i

- Field and Controlled conditions

Project management and Coordination



Protocols for each crop

v Design trial, varieties, seeds, measurement (abg part, roots, environment)...

v List of mandatory or optional measurement in ProtocolTraits.xlsx

v  TRAINING

v Sum / overview via some slides

v’ Data set format : WP2.1_XXX_23 FP_XXX_1DataTemplate.xlsx

v First analyses per trial (partner)

v’ Share results during 3 crops meetings (cereals, potato, legumes) Field and CE
v Check and clean data

Root phenatyping protacol for Barley . 5
WP2-Root phenotyping methods : Network for Barley - 2023 i gl Barley : ARVALIS - France Ouzouer le marché (41)
- i 3) Agronomic data - ™" T o
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CNE (Tonmo} © Satelte shes D 00T A1 hant . 03 12 g s Tebey (4
UVICé Wigo) | viel riss al L CRE ] 245 Tobey L
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https://arvalis.sharepoint.com/:x:/r/sites/Root2Res/Documents%20partages/WP2/05-Protocols%26SOP/ProtocolTraits.xlsx?d=w36218def09a24fefa84a1e3fd17c5714&csf=1&web=1&e=u6JL3x
https://arvalis.sharepoint.com/:x:/r/sites/Root2Res/Documents%20partages/WP2/06-Data/WP2.1_XXX_23_FP_XXX_1DataTemplate.xlsx?d=wd931e474a47d4a5d8f345e5579b5d51e&csf=1&web=1&e=yzH7Dm

Summary of the Root2Res trial network

2023 Network

Location ACZ Partner Cereals Potato
Durum Sweet |FabaBean
Barley Wheat Potato Potato
UK
(England) 1 ADAS WP2 VA
France 1 | ARVALIS WP2 Vv 2xV
UK JHI, BOKU,
(Scotland) ! UNIDUN WP2-WP5 A A A e
UK
(scotland) 1 JHI WP2 VA
Ireland 1 | TEAGASC
Slovenia 2 KIS WP2 v ' v
Germany | 2 UFZ WP5 A A
Morocco 3 ICARDA WP2 ) Vv '
Italy 3 CNR WP2
Spain 3 IRTA WP2
Spain 3 UVIGO WP2 A A
France 3 | ARVALIS WP2 v
south | 5 | ARc Wp2 v
Africa
Italy 3 | UNIVPM WP2 A
Austria 2 BOKU
Austria BOKU

2024 Network A Controlled
Environment
Cereals Potato vV Field
Barl Durum P Sweet Faba Bean
arley Wheat otato Potato
WP2 v A 2xV A
Ty R B IR e ]
W2 e Voo Vo v denotes ﬁeld
wpr4 v experlments
WP2 and A controlled
e , experiments.
e Core sites are
we2 | Vool Voo shown in bold.
WP4 Vv
WP2
LWP2 S EET Voo Yoo A Lysimeter
WP4 Vv
WP2 A A
WP4 )
WP2 A A
WP2 Vv
WP2 \
WP2
WP5 A
WP5 A

Barley: RGT PLANET, LAUREATE, FAIRYTALE and KWS IRINA

Potato: CARA, DESIREE, INNOVATOR and EERSTELING

Faba bean: LYNX, ZORAN, ASCOT and ELISAR

Qe X Funded b
é ROOt r_) ReS - lhl;nEuropian Union
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Root phenotyping methods

Facilities : how plants are growing ?

O )L Drouet - WRAE-Grignon |

. Rhizotron (a gauche), rhizotube {au centre), et cultures hydro- ou aéroponiques
{a droite) of frent une vue de l'ensemble du systéme racinaire des jeunes plantes.

Data processing : which traits could be measured ?

SRoot2Res [l wEwn vmon



Facility description Specific equipment for root
 Seedling root screen (SRS) mMeasure
o Cerealsand OSR  High quality camera and imaging
o Plants grown for 2-3 stand
weeks  Images analysed using RootNav
o 400 seedling capacity software
Trials
WP2 2023 CE:

- Spring barley: Seedling root screen (8 var x 20 rep)
- Spring beans TBC: Seedling root screen (8 var x 20 rep)

Christina Baxter C i i:

ADAS

Traits measured with specific
equipment

Total root length

Root length — primary & lateral
Number of roots - primary & lateral
Root tip angle - primary & lateral
Emergence angle — primary & lateral
Root system width & depth

Convex hull (Root system area)
Tortuosity (waviness of growth pattern)

Qe Funded b
o e y
5 ROOt 4 ReS - the European Union
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ROTATION
CORRECTION

IMAGE,
THANSFONRMATION

INAGE STITOHING

Trials

Core : Faba bean, controlled conditions

WP2-2023 Methodology 4 genotype x 4 rep (x2 pots
for destructive measures) x IRR/N

Long tubes, 6 weeks of growth

CNR (ALSIA - Metaponto, MT, ltaly)

National Research Council of Italy
@ Institute for Sustainable Plant Protection I,PSP
Raffaella BALESTRINI

Facility description
* High-throughput Plant Phenotyping platform
(Southern ltaly)

Specific equipment for root measure
* Long glass tubes (50 cm)

Traits / Specific equipment
Belowground measure
 Computer vision software pipeline for the
analysis of the roots system of a plant
* Multiple shots of a rotating cylindrical rhizotron
e Stitched panorama image
* Roots segmentation
Aboveground measure (if needed)
* RGB, NIR, Fluorescence (top and side)

Qe Funded b
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Vigo H
Spuin UVIGO (Spain)

U Ili\"()l‘SidEldﬁ\"r igo

Adela Sanchez-Moreiras

Facility description
 Phytotron and greenhouse for controlled and semi-controlled

conditions
 Cerealsand legumes
* Never less than 8 replicates
* 2and5L Pots

Specific equipment for root measure
* Scanner EPSON v850 using the Rhizovision software

Microscopic tools
Root exudates extraction pump and HPLC and GC-MS tools

Chlorophyll a imaging PAM

Traits measured with specific equipment

Belowground: specific root length (SRL), specific root surface area
(SSA), root diameter, root density, root hairs, number of root tips
per root system length, xylem diameter, aerenchyma formation,
root exudates.

Aboveground: ratio of root to leave surface area, leaf length,
specific leaf area (SLA), relative water content (RWC), ratio of
shoot dry to fresh weight, root:shoot dry mass ratio, chlorophyll a
fluorescence

Funded by

g R00t2 Res - the European Union



£ ICARDA (Morocco) PPWP at SEA combines above ground “ ICARDA
- physiology, above ground HTP and below ground traits Sl o malon ciboods ey ares
L \‘ . T

<

CGIAR

Andreaq Visioni

Fully Automated Control System
the facility can also be split in
different sectors to apply different
water regimes/stress levels and or
running multiple experiments at the
same time

HTP system brldge

Existing gantry  « cm

Adult plant root system studies
o
System components:

A ~ 7 pairs of RGB cameras Sony 24MP (4 cameras)
B - industrial Tablet
C - Control panel = battery

This system s designed to be asily upgradeatile with
other sensors (thermal camera, muttispectral camera, e1c.)
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Merchuk-Ovnat et al., 2017; https://doi.org/10.3389/fpls.2017.00703



https://doi.org/10.3389/fpls.2017.00703

« Phenotyping toolbox» for root architecture traits in controlled conditions

Next steps for controlled environment

d Clean and share data

d Compare each facilities

d Compare root architectural traits with field environment
0 Meta analyses : network, root / aerial part

Be Funded b
e p y
5 Root 2 ReS - the European Union
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Field capacities for root phenotyping

Shovelomic

ADAS
JHI (excavation) .
ARVALIS Agroclimate Zones (ACZ)
KIS ba | nen-Galgas clase
IRTA _
ICARDA . Oceanic climate (ACZ1)
ARC
. Humid continental climate (ACZ 2)
. Mediterranean climate (ACZ 3)
ADAS : ) ,
ARVALIS . Subtropical climate
KIS
(ICARDA) . Semi-arid climate
Desert climate
ARVALIS .
ARC (pot) Trials
O Core sites
O Satelite sites
‘ ARVALIS

Be »
SRoot2Res [ElwErrion nion


https://arvalis.sharepoint.com/:w:/r/sites/Root2Res/Documents%20partages/WP2/05-Protocols/T1-Field/Minirhizotron/English-ARVALIS_Mesures%20MINIRHIZ.docx?d=w00f94ade6ae44e998da538597b434281&csf=1&web=1&e=t6tchP
https://arvalis.sharepoint.com/:w:/r/sites/Root2Res/Documents%20partages/WP2/05-Protocols/T1-Field/Shovelomics/ADAS_Shovelomics%20Protocol_Jan23.docx?d=w2cea0c3e24d04350801bd79a27e62819&csf=1&web=1&e=HiW29b
https://arvalis.sharepoint.com/:b:/r/sites/Root2Res/Documents%20partages/WP2/05-Protocols/T1-Field/Soil%20coring/ADAS_Soil%20Coring%20and%20Root%20Sampling%20Protocol_Jan23.pdf?csf=1&web=1&e=mXaf2f

Shovelomic

g
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Share and evaluate root phenotyping methods : Shovelomic

Potato

Arvalis shovelomics protocol for potato

Tr

aits (for 1 plant) :

Plantlet No

+ Stolon No per plant

A
Basal root No/max lenght per
plant

« Total tuber No

Tuber No = 15mm
Root scanning with winrhizo

Spade sampling
Different architectural traits for each crop

Biomass assessment

(for 4 plants, fresh and dry weights) :
« Stolons

Underground white stems

Mother tubers

New tubers

ADVENTITIOUS

Cereals

Sub-crown
~internode

Adventitous root
Basal roots

Tap root

Qe . Funded b

3 ) y
5 ROOt 4 ReS - the European Union
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Share and evaluate root phenotyping methods : Shovelomic for potato

Excavation : Extraction of whole potato plants from the field

Time consuming

g R00t2 ReS - ::hl;ng::lo:ian Union



Share and evaluate root phenotyping methods : Shovelomic for potato

Easier to carry out the field
Not taking all roots...

Qe Funded b

3 ) y
5 RO Ot R es - the European Union
5




Plantlet

Share and evaluate root phenotyping methods : Shovelomic for potato

Classifying, counting and measuring above and below ground plant

\

Shoot

Secondary
) 5tolon Stolon
node
roots

’ »

Stem — « ” v

»~
New tuber
Stolon Node

Basal roots o

Y ~ Stolon roots
g,

Molhef tuber

Wishart J et al. 2012

Traits (for 1 plant) :

« Plantlet No per plant

« Stolon No per plant

« Stolon lenghts (for main stem only)

+—Stelonroots Nefmaxlengthperplant
+ Basal root No/max length per plant

 Total tuber No
e Tuber No >15mm, <15 mm
* Root scanning with winrhizo

Biomass assessment

(for 4 plants, dry weights):
Underground white stems

 Mother tuber

 New tubers (fresh and dry weight)

« Stolons

e Total root
S ROOt ReS - ::t:zngzﬂogan Union




Share and evaluate root phenotyping methods : Shovelomic

Root analysis using WIinRHIZO

Total root length, root diameter

o5 i
U G St Ti1133173 -
-" ‘ i : i
“5“ T A . -
% i
| |l ¥

Duration

/\ too much roots

Qe Funded b

: : y
5 RO Ot R es - the European Union
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Share and evaluate root phenotyping methods : Shovelomic for cereals

Process Traits per plant

Nodal Root length
Maximum root length

20 cm depth

5-10 plants

Maximum width
Depth to maximum width

Du ratio

1Sample =5 plants
Sampling: 7.5 min, TOTAL for 5 plants =

Cleaning: 15 min, . - Qe u
9 1h-1h30 SRoot2Res [l werota v

Measure: 42 min



“Phenotyping toolbox"” Field methods

Example of results from ARVALIS barley field trial (Ouzouer le marché-41 France) in 2023b b

& P 3 3
/s O
Q\é & &
Tiller_no @ 4 4.7 q}f b\&
Max_width @ ¥° QQ@ ’\ & ’bcé‘ o
. M idth_90 Q g N
Correlation between aboveground data and Deptt_smax widh < 8| @35 2 55 %
, , Nodal_no 6.*% S ¥
shovelomic traits. Nodal branching - @ @@ F & &
Seminal_no o @S S\ N
. . . Seminal_branching JEICX < @7 >
»  Selection of main traits to be measured Rook.dry. welght (@116~ 18'6 .’. ¥ o ¢ F
] . ] ] ] Aerial dry weight @ | | o o@¢ ossv & 4 N
in genetic panel characterization in 2024. N Aoe000000n gty &
— | | | 7’ ) v
root_shoot_ratio e o0 @ 2‘_—.“\@0 P o®
Plant_density e (1 | ¥ u & &
550D 'y ® 0 o7 o
Grain_weight - @ ® » | | ! oY o ¢ &
H20_grain @ 4 i | ® @ & Ry
Yield_15 - @® o | | | ¢} .Q‘OQ@‘} &
Protein_content & | B ® e ® 072 (P<$°
Specific_weight ® ¢ = @ | ® ® o » @
Lodging I @ o @
_—— E—

-1 =08 =06 =04 =02 0 02 04 05 08 1

W un
Q R00t2 ReS - che g:‘:olxan Union



Soil coring

PAS)

g:, Root2Res



Share and evaluate root phenotyping methods : Soil coring

Sample soil volume'!

Scanning:
« Total root length
Root diameter average

Duration Root length density (cm/cm3)

e Root biomass

Qe . Funded b
$ " y
5 ROOt 4 ReS - the European Union



Minirhizotron

30
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Share and evaluate root phenotyping methods : Minirhizotron
Video sept 2023

"

Sampling pictures Imaée back—up énd data
(CI-600 de CID Inc, 2017) > brocessing (ARVALIS Software)

‘Root length density’ = Length of roots present by unit of soil area,
by soil depth

‘Root diameter’ = Average diameter of individual roots, supposed
to be cylinders, by soil depth

‘Root diameter distribution’= Distribution of average root
diameters observed over the entire rooting depth

g ROOtZReS - :fuwng::'o:ian Union

" ?0'./'.‘5'_ &’ =
U s BR o ARt
N g.wﬁo_’*b

.
SO R
‘\\ :4‘ Kﬁﬁ, :\‘ 33'5‘;\“



https://m.youtube.com/watch?v=O8GZOHfoTMs

Share and evaluate root phenotyping methods : Minirhizotron

Results from 2023 field barley ARVALIS

Tube: once a year 15 min
/ tube /pers

Note: 15 min / tube /pers
Analyse (software): 1
min all pictures

Duration

TOTAL per tube per date =
20 min

) =] ©w
1 1 1

=
1

Root lenght density (mm.cm?)

1
900 1200

600

Growing degree days

900

KWS Irina
I
I
I
I
- |
ﬁ"—a
I
I

RGT Planet

1200

Trait measured : Root lenght density (mm/cm?)
= High variability
= No differences between varieties

Deep horizon (>50 cm) , Test = Tukey, session --> 5 (May 29)

a a a a

Devellopment stages

Z30 Earat 1 cm

: Z55 Ear emergence

» .
Genotype - . .
—o— Fairytale P y

51 ]. .
- KWS Irina
- |Laureate % *
Faw}ma Kws'lrv\a l.nu'aam RGT Part

—— RGT Planet Genotype

Qe u
é ROOtZReS - rmng:?o:ian Union



Soil pit
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Share and evaluate root phenotyping methods : Soil Pit

ARVALIS-Soil pit-Protocol

Duration
Dig the pit with a backhoe
Finish the hole with a shovel and prepare the
observation face
Observe the rooting with a grid (e.g. 80*80 cm)
with 2 cm square mesh and record it on a sheet
Colonisation ,";i“,{'? Ela&m
5;.. Eg
i
iz
B
= L un
E’ j gROOt ’Res -::hcg::o:ianumon




Results
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Results for “Field methods evaluation"

From data available in april 2024

' Cereals Shovelomic |Fababean Shovelomic| Potato Shovelomic PotatoExcavation mwm

© ARVALIS

)
© ARVALIS © ARVALIS © ARVALIS é 'A&/ALIS

Sample 5 plants 5 plants 5 plants 5 plants 850 cm3 per core 600 cm?2 10 000 cm2
Depth 0-25cm 0-25cm 0-25cm 0-25cm 0-80cm 30-100 cm 0-100 cm

Time per sample 1h30 1h 7h 39 h 4 h/core 20 min/ date 4 h

. 40€ shovel 40€ shovel 40€ shovel 40€ shovel 36 500 € soil corer 22 000 € rotative
Cost (invest) . . o . . Excavator rental
(7 000€ Winrhizo) (7 000€ Winrhizo) (7 000 € Winrhizo) (7 000 € Winrhizo) 7 000 € Winrhizo scanner

Biomass, length,
Root and stolons:

Root number, angle,
. . lenght, surface area
Main Traits .

and diameter

Root branching index

Root number, angle,
lenght, surface area
and diameter
Root branching index

bi | th surface area, diameter and
iomass, len o

o (ST, root branching index for
surface area and surface area
) stolons, stolon roots, node )
diameter and diameter

roots de stolons and

Root biomass, length,

Dynamic root length

density (cm.cm?) and

dynamic avreage of
root diameter

Root density
(presence/absence of
roots per cm?)

Root branching index
mother tuber roots

Not available on the

Disadvantages First horizon sampling First horizon sampling  First horizon sampling Extremely time consuming Time consuming Very destructive, once

first horizon (0-30 cm)
Non destructive !

Easy to apply Comprehensive Deep rooting, root . . i
) ) : ) ) Dynamic Wide and deep field of
Advantages Easy, quick Easy, quick 3D architecture, main measurement of all roots biomass all over 80 cm :
. . i measurements on deep view
biomass in the ridge depth .
rooting

Qe u
SRoot2Res [l werota v
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Results for “Field methods evaluation” From data available in april 2024

I '

ne v Ly N 7‘.. [ ~
,© ARVALIS ‘ © ARVALIS © ARVALIS lﬂ% 'A&/Aus
Sample 5 plants 850 cm3 per core 600 cm?2 10 000 cm?2
Depth 0-25cm 0-80cm 30-100 cm 0-100 cm
Time per sample 1h30 4h/core 20 min / date 4 h
. 40€ shovel 36 500 € soil corer 22 000 € rotative
Cost (invest) . . . . Excavator rental
(7 O00€ Winrhizo) 7 000 € Winrhizo scanner
Root number, angle, ) Dynamic root length )
Root biomass, length, ) Root density
. . lenght, surface area density (cm.cm?) and
Main Traits , surface area . (presence/absence of
and diameter . dynamic avreage of
. and diameter , roots per cm?)
Root branching index root diameter

. . . . ) _ Not available on the .
Disadvantages First horizon sampling Time consuming . . Very destructive, once
first horizon (0-30 cm)

D i ; Non destructive!

eep rooting, roo _ ) i

. _ P S Dynamic Wide and deep field of
Advantages Easy, quick biomass all over 80 cm

measurements on deep view | Funded by
depth q v 2 ReS the European Union
rooting



Field methods to identify and validate ideotype traits

44

Traits Shovelomic Soil coring Minirhizotron Soil pit

v v

Greater root dry weight
for 0-20 cm depth | for 0-80 cm depth

Root angle

Increased lateral root number v

v

Early root vigour

Increased distribution of roots
at depth

v' Possible for 0-20 -
Root surface area v .
cm depth (dev possible)

v v

©
)
-
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Q
&
o
>
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=
©
L]
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O
)
=
L
o
L)
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0
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Increased root length density
cm/cm3 mm/cm2
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ROOT2RES “Phenotyping toolbox” Deliverables

Standard Operating Procedure, video and practice abstracts
« Shovelomic

* Soil coring

* Minirhizotron

« Solil pit
D2.1 Phenotyping toolbox-
V architectural traits
August 2023
Wiy B oo
AN D2.3 Phenotyping

Y | Wﬂ toolbox-rhizosphere
Barley Faba bean September 2023

© © D2.2 Phenotyping
Potato Sweet potato V WOr kS h O D

R 0 Febuary 2024
Z i 4 ';, };.- o
'/:?.-%,,1, i});g' ACZ1: 29/06/23 Northern France, Field potato
: ACZ2: 05-06/02/24 Julich Germany, CE - Funded by
ACZ3 :29/02/24 Morocco, Field cereals the European tinion


https://arvalis.sharepoint.com/:b:/r/sites/Root2Res/Documents%20partages/DELIVERABLES/Root2Res_D2.1_ToolBox-ArchitecturalTraits_FINAL.pdf?csf=1&web=1&e=3HFWGr
https://arvalis.sharepoint.com/:b:/r/sites/Root2Res/Documents%20partages/DELIVERABLES/Root2Res_D2.1_ToolBox-ArchitecturalTraits_FINAL.pdf?csf=1&web=1&e=3HFWGr
https://arvalis.sharepoint.com/:b:/r/sites/Root2Res/Documents%20partages/DELIVERABLES/Root2Res_D2.2%20workshops%20FINAL.pdf?csf=1&web=1&e=ziKMK8
https://arvalis.sharepoint.com/:b:/r/sites/Root2Res/Documents%20partages/DELIVERABLES/Root2Res_D2.2%20workshops%20FINAL.pdf?csf=1&web=1&e=ziKMK8
https://arvalis.sharepoint.com/:b:/r/sites/Root2Res/Documents%20partages/DELIVERABLES/Root2Res_D2.3%20Phenotyping%20toolbox_Rhizosphere%20FINAL.pdf?csf=1&web=1&e=ERgvbK
https://arvalis.sharepoint.com/:b:/r/sites/Root2Res/Documents%20partages/DELIVERABLES/Root2Res_D2.3%20Phenotyping%20toolbox_Rhizosphere%20FINAL.pdf?csf=1&web=1&e=ERgvbK

Root2Res Mid term conference

\ \Y4

O Next steps 04
Update SOP for breeding

ESA, 29/08/2024 - Rennes FRANCE E Root2Res



Envirotyping

48

l\ﬂ Specific meeting with soil specialist (WP2 site and WP5) => 24/02/23 to define data
needed for envirotyping work ProtocolTraits.xlsx

%7 Collecting data from ARVALIS
Still on going, difficult to have soil data from each location before or during the trial

‘\(’ Meetings on CHN and irriguide models and input to run them

Diagramme ombrothermique Déficit en eau du sol Facteurs de gtress (Eiomasée) %
o S o = 8 5z 52 ¢
N Ay ™ * - € Joo%
AW . |
AN AL A H
g 200 2 AVAWA! I\l - %
g 50 A A A '/\J\ /V \J\f/’ i AMA "WU/\ V/\\‘ ’ % * .g ig; ——— Facteur stress hydrique
%ma \A\—/\ V/U/AV/_VV\}Q\/V \\-/V/\ V/"\\\/V V/\/\\J\/r’\\/ \/\/v Vvv\/\j V\/\ 15% 0 % 0/0 —— Facteur stress azoté
E N WAV VAN V E £ & % T T } T 1
50 N/ﬂ\ /'Q\\'/ MAV/ \\/MV/ \/ &4 VA\/ JMV w0 E 122 24/01 15/03 04/05 23/06 12/08
ISR T | C 120 Cinétique Biomasse
,UO,HMMI || I|| . I| ” |I \_\ 25 - b
¢ & & %@03\0_\@9 & \m@&@" “\@1\6‘\@@ & & \@«7‘,\@@0 & & & @\”& \@\@" @\"@0 %
§ 160 €
- —rles — ——TMaxi ntions 20 ——— Biomasse potentiell
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- Collect soil data and weather data from each trial site :
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https://arvalis.sharepoint.com/:x:/r/sites/Root2Res/Documents%20partages/WP2/05-Protocols%26SOP/ProtocolTraits.xlsx?d=w36218def09a24fefa84a1e3fd17c5714&csf=1&web=1&e=u6JL3x

Root phenotyping methods : next steps

Compare root traits measured with different methods at the network
level : In field, in controlled conditions and both!

Compare root growth and above ground development

Search yield correlation with a root system characterization

Update field methods to be able to apply new version of standard

operating procedure on “big” panel
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