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CURRENT ROOT IDEOTYPES FOR TOLERANCE TO

WATE R D E F|C |T Largely spatial and built on constitutive phenes

Shallow vs Deep
Constitutive phenes
Match RLD(z) with SWC(z)

nLayers

Potential Uptake = 2 (ESW wyer * KL wyer * OccUpancy we )

Layer=1

Occupancy ~ 1.0 Occupancy < 1.0
(~0.7)
>
Occupancy < 1.0 Occupancy < 1.0
(~0.5) (~0.4)
45° Root Angle (Semi-circle) Narrow Root Angle (Ellipse)

OR

Seminal roots
» shallewdeep
e thinthick

» high RCA

» many few, long
laterals

coupled with
many laterals from
initial crown roots

Primary roots

* thick

* few, long laterals
* cold tolerant

Brace roots

* One whorl of high occupancy
» steep growth angle, but
shallower than crown roots

* high RCA

« few, long laterals

* unresponsive {o N

Seminal roots
e shallow

* thin

* high RCA

* many laterals
* long hairs

Crown roots

» steep growth angle
* high RCA

« few, long laterals

* unresponsive to N
* highV__.

¢ optimal number

LYNCH ET AL (2016)



CONSIDERING TIME BRINGS NEW
PERSPECTIVES Eg theimportance of crop duration and root penetration rate




ROOTING DEPTH-BASED OPTIONS
FOR PRODUCTIVITY AND RESILIENCE

PRE-CROP TRANSITION CROP PHASE
YIELD
— -1 =

Luceme vs cereal : Weed vs no Weeds : Late sowing

WATER REMAINING IN SOIL

Thorup-Kristensen & Kirkegaard (2016) Ann Bot 118:573

—Based on data and

simulations (southern
NSV, Australia)
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WATER FLOW IN
THE SOIL-

PLANT-
ATMOSPHERE IS

A PASSIVE
PROCESS




SUT IS ACTIVELY REGULATED
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WATER FLOW RELIES ON CONDUCTIVE
pATHS |N THE SO”_ ROOTS and solil share the control of water flow:

« It depends »

-10
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== Doussan et al., 1998
= Steudle et al., 1993
m—Cruz et al., 1992
== North and Nobel, 1991
m— Alm et al., 1992
~=Ye and Steudle, 2006
== Barrowclough et al., 2000
== Biener and Steudle, 1993
== Steudle and Jeschke, 1983
== Steudle, 1987
=== Steudle and Brinckman,1989
w=Wilkinson,2000
Miyamoto et al., 2001

= Steudle et al., 1987

¢ Knipfer et al., 2008
Vandeleur, 2009
Newman,1973
Melchior and Steudle 1993
Fiscus, 1986
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SOIl -ROOT INTERFACE ROOt hairs. engineers of

‘Nizosphere nydraulics
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CARMINATI ET AL (2017)



SOIL-ROOT INTERFACE: LIMITS OF
ROOT HA|R BEN EF|TS At low solil water potential, root hairs,

then root snrinks and lose contact

Root Hairs Turgid .. Root Hairs Shrunk Major Cortex Dryin

DUDDEK ET AL (2022)
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ROOT HYDRAULIC ANATOMY [/ proeery

red|stripution

low large
Kr / Kx Kr / Kx

Depth [cm]
Depth [cm]
Depth [cm]

0 0.05 0.1 0 0.05 0.1 0 0.Q5 | 0.1
Normalized Sink Normalized Sink Normalized Sink

Kr : radial conductance (composite transport) > AQP, anatomy
KX : axlal conductance (xylem) > diameter and number of vessels

DRAYE ET AL (2010)



ROOT HYDRAULIC ANATOMY e - viater fiues

3Cross the root section
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COUVREUR ET AL (



EXPLORING THE TRANS- MECHA helps interpreting
MEMBRANE PATHWAY surprising AQP-related data
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ROOT ARCHITECTURE QTL Root morphology

controlled by a large

META ANALYSIS (57 WHEAT STUDIES) number of loc

1A~ 1B 1D 2A 2B 2D 3A 3B 3D 4A 4B 4D 5S5A 5B 5D 6A 6B 6D 7A 7B 7D

L L s L L s 1 L L ' L s 1 L L ' A s L s L

wla v 28 13 1 1 |28 1 23 2

14 15 15 15 16 1 13 2 16 21 1 13 14 14 1.5

R/IS4 25 15

RMass4 16 21 15

SMassq 18 2 12 1 16 1 13 117 1 19 18 13 2.2 1.8 12 18 1.2 1

TMass4 18 1.2 14 22 23 1.2 14 1 1 1.7 15 1 15 1.3 1.2 16 1.2 2 18 1
Diameter4 1.3 18 1 13 22 15 1 1 1 1 2 17 1 1 1 15 1.7 1 "
. N°QTLs/N°Studies
4
Elongation - 1 1 2 1 1 1 2 1 1 1
3
Length4 19 1.5 12 1.4 2 1.8 15 16 12 1.2 1.6 1.3 16 14 2 1.6 1.7 14 1.3 14 1.3
2
Depth4 14 1.2 14 1.9 1 1.2 1.2 1 1.2 1.4 1.3 17 1.1 1.2 1 1.2 1.2 1.2 15 1.2
1
Area - 2.5 1 14 1 15 1 1 2 1.3
N°QTLs found
Volume - 2 2 1.2 1 1 1 1 1 in our study
Branching - 1 1.5 1 1 L
2
RHair4 1 2 1 1 1 1 1 1 1 1 3
—————1
4
NbRool 4 16 12 1.4 1.8 14 16 1.2 1.1 1.3 1.3 1.7 1.2 1.1 1.3 1 1 1 1.2 16 1.3
NbTillers4 1 1.3 1.5 1 1 2 25 1 1 2 1 1.7 1 1 2 1
Angle 4| 1 1 1 1__7. 1 2.2 2 1 15 2 1 1.7 2 1.5 15 2 1.3
Distribution{ 1 1 2 1 1 1 2 1 2 \\:: H;,
\ U ’
= % SO|IACE
Yiedql 1 289 1 @ 15 | 1 1 13 1 1 2 1.7 1 1 1 2 ,,; ;:2¢

COLLET (2022) PHD THESIS



ROOT ARCHITECTURE ACROSS  controlled conditions ]

experiments indicate large GxE

PHENOTYPING PLATFORMS effects
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| ATERAL ROOT PLASTICITY (1) Structurec
| R FORMATION e
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L ATERAL ROQOT PLASTICITY (1) Water availability (soil root

contact) influences LK

LR FORMATION formation
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MEHRA (2022) SCIENCE PLANT SOIL 431:417

Phenotyping LR distribution In field < ?? > mapping soil porosity



| ATERAL ROOT PLASTICITY (1)
| R ELONGATION
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Response curves indicate
structured plasticity Is at play

Response curves

DOWD ET AL (2019)

» Cell flux (division)
» Cell expansion

DOWD ET AL (2020)




A COMMON FRAMEWORK FOR %Séﬂcgsaamtt@%fﬂzgggt@@bab'tes
LR INITIATION AND ELONGATION ’ ’

MULLER ET AL (2019)




ROOT ARCHITECTURE — A KEY Simp\e allometric rules may underly

ROLE FOR ROOT DIAMETER aifferent root types
7y Assimilates
I
. Allometry .
» Elongation <« » Diameter
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E
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DIAMETER VARIATION (micrometer/hour)

PAGES ET AL (2020)
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ROOT SYSTEM CONDUCTANCE OF
CROPS STABILISES WITH AGE
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INFLUENCE OF THE PROPORTION OF OLD SEGMENTS
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Root system age (days)

WHAT DOES IT MEAN 77

- NOT ALL ROOTS ARE
ACTIVE

- ADAPT SAMPLING
STRATEGIES ?



FIELD TRIALS - WHEAT - 6 HISTORICAL GENOTYPES

BACA CABRERA ET AL 2024 - B



FIELD SAMPLING - THE "SHOVELOMICS™ WAY

o Wheat field experiment

'
'Q

Crown root sampling

|
. distal
' —

BACA CABRERA ET AL 2025



(a) -@- total axes -@- crown -@- lateral -@- seminal
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CONNECTING DATA AND MODELS

CROOTBOX MARSHAL
oLanT % B—O O——m

Architecture ROOt system
data conductivity

FUNCTION
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MODELLING ROOT ARCHITECTURE WITH CROOTBOX
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MODELS TO EXTEND EXPERIMENTAL DATA

(a) Pressure chamber measurements (b) CPlantBox simulations
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FlELD ANATOMICS

o Wheat field experiment o Crown root sampling e Rapid Anatomics Tool Assembly

distal
1

o Cross section imaging

aerenchyma
stele

metaxylem

cortical cell
epidermis
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/ + MCS Y P13 P egis
FIUXES IN FLUXES IN PRESSURES IN

CELL WALLS CELL MEMBRANLES CELLS

> BACA CABRERA ET AL 2025



ANATOMICAL VARIATION BETWEEN RHISTORICAL LINES
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CONNECTING DATA AND
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MODELLING WATER FLOW AT THE ORGAN SCALE
- MECHA -
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SIMULATED
RADIAL
CONDUCTIVITIES

VS
MEASURED
RADIAL
CONDUCTIVITIES

MEASURED

—

| =

SIMULATED

/.

rrrrrrrrrrrrrrrr



ANATOMICAL VARIATION BETWEEN RHISTORICAL LINES
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ODELS TO INTEGRATE

INFORMATION
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CONNECTING DATA AND

~ GRANAR MECHA
ORGAN () L] O "
Anatomical
data Organ scale
oroperties
ARCHISIMPLE LVDRUS
PLANT [ ] O O L —O—L1
| Architecture MARSHA| Root system Plant water
data conductivity dynamics
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sandy loam silty clay
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MODELS TO IDENTIFY ECO-IDEOTYPES

b LOAM SANDY LOAM SILTY CLAY
9

< . o

Cumulative root water uptake (cm)
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MODELS TO IDENTIFY ECO-IDEOTYPES

Cumulative root water uptake (cm)
o o ~ o

> HEYMANS BT AL 2024
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LINK FIELD DATA WITH FUNCTIONAL TRAITS

Lightwelight
ohenotyping
olpeline

DROOGHT

Diameter
distribution
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between
laterals

# of roots
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DEVELOPMENT OF A LIGHTWEIGHT MULTISCALE MODELING
RAMEWORK
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FUNCTIONAL-
STRUCTURAL
PLANTS
MODELS
CAN HELP
INTEGRATE
INFORMATION
ACROSS THE
WHOLE
SYSTEM
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CONCLUSIONS

Deep water acquisition
Constitutive phenes known and proven (G)
Crop management opportunities (M)
Already In most crop models A
Phenotyping bottleneck /

Scope for new routes based on hydraulics /' _{
More complex (GXE) / / «

\

Multi-scale, spatially structured and dynamic '
hydraulic circuits /

Value for representing drought responses
Eco-ideotyping in future environments



B UCLouvain

—Slicien Meunier
Mathieu Javaux
Valentin Couvreur
Adrien Heyrmans
—rancols Chaumont

Institut ¢« Recherche
pour le Développement
ANCE

G

Laurent Laplaze
Alexandre Grondin
Vincent Vadez

The James

Hutton
NP Institute

Srian Foster

SPONSORED BY THE

é@ Federal Ministry
4 of Education
and Research

FREEDOM TO RESEARCH

JULICH

J Forschungszentrum
Andrea Schnepf
Daniel Leitner

Juan Baca Cabrera

SivIo Salv

THE UNIVERSITY
OF QUEENSLAND
AUSTRALTIA

Craemme Hammer

* ¥ % AT
- - ice
* * -:.: -::..: :'n
* * . -.' s -.... a
x 4 ®
u

- .
..........

INRAZ

—rancols Tardieu
Claude Welcker
Bertrand Muller
Plerre Martre
PNilippe Hinsinger
| OICc Pages

r

NMalcolm Bennet

The University of

Nottingham

o)
NVIB

srience meets |ife

Tom Beeckman

ETHzurich

Acnhim Walter
Andreas Hund
Andrea Carminati

IPK

GATERSLEBEN

Hannahn Schneider
Dyvlan Jones

UNIVERSITY OF
COPENHAGEN @

< Thorup Kristiensen

WWW.pepa.sclence

https://drooght.github.io/

Csmablsted be the Curapean Commission


http://www.botalgorithme.be
https://drooght.github.io/
http://www.pepa.science
http://www.quantitative-plant.org




