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Soil water and transpiration
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Impact of water deficit on transpiration
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Stomtal resistance
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Partial dependency of stomatal conductance (gs) on measured leaf water potential
(Pleaf, in MPa) in (a) temperate gymnosperm species, (b) temperate angiosperm
species, (c) tropical deciduous species, and (d) tropical evergreen species.
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Objectives

* Understand the key factors controlling
uptake by roots and transpiration
dynamics.

» Develop simplified but biophysically
sound representations of plant water
dynamics in terrestrial, crop or soi
hydrological models

* Develop tools to help tackle soil-plant
water management problems.
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Outline

* 3D root system hydraulic architecture

* From explicit to implicit RSHA:
* Root system scale parameters (Couvreur)
* From local traits to root system parameters

* Adding rhizosphere resistance —root activity
* Conclusions
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Principles of water flow in the soil-plant system
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Water flow resistances in the SPAC

Stomatal conductance

Xylem conductance

xyl root

% Root conductance

5011 root

% Rhizosphere conductance
5011 bulk
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Main resistances

xylem vs. soil hydraulic conductivity
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Main resistances

Radial root vs. soil
hydraulic conductivity

W UCLouvain 4 JULICH

FORSCHUNGSZENTRUM

K [m sec' MPa’]

—
S,
=]

—
o,
>

10

10 IERTERSE CLLLLFRRE 0 o (R Ui | FERTEY CORH L0 I X U 0 gorergeeegeggeggde FCLLLLY XT3 X018 (3 0§ (ETRRRTES-TATLY (AN TRY C8 DA .

10* 10° 107 10" 10
Water potential [MPa]

10

10

10

=== Doussan et al., 1998
= Steudle et al., 1993
== Cruz et al., 1992
=== North and Nobel, 1991
= Alm et al., 1992
~===Ye and Steudle, 2006
== Barrowclough et al., 2000
== Biener and Steudle, 1993
=== Steudle and Jeschke, 1983
we Steudle, 1987
=== Steudle and Brinckman,1989
=== W/ilkinson,2000
Miyamoto et al., 2001

= Steudle et al., 1987

* Knipfer et al., 2008
Vandeleur, 2009
Newman,1973
Melchior and Steudle 1993
Fiscus, 1986

. & o

Draye et al. JExpBot, 2010



Root hydraulic architecture: root system

* Root topology (fibrous, taproots,...)
* Root types/orders
* Root depth or RLD
* Plasticity

Figures and parameter sets available at https://figshare.com/collections/CRootBox parameter files/3745478
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Root hydraulic architecture: radial transport
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Root hydraulic architecture: xylem flow

e Kx: Axial conductance

* Varies with root diameter, root type and
root age

e Embolism
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Root hydraulic architecture

Connected system of root segments
with specific hydraulic properties, that
develops with time due to age,

maturation and plasticity
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Root system hydraulic architecture

[ Evaporative ]
demand

Root traits

T Plant parameters T

Water dynamics

4 N

Ex: time emergence of crown root
Water flux
dynamics
Architectural parameters
Ex: elongation rate per root type Transpiration

\_ /

[ Hydraulic parameters ]

Ex: k, distribution per root type
\ / Soil/rhizosphere
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Impact of local root traits on uptake
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3D modeling

By combining
information on
the root hydraulic
properties and on
the root system
architecture, we
can explicitly
model uptake as
a function of soil
and root
resistances

___________________

Soil system —

Root system

Root collar

0, = RO, +(1-R)0,

00r 06, 1 B Ay (z)
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Explicit modeling: FSPM

Soil water flow

Root water flow

Soil-root mechanical interactions
Hormone transport

Rhizoshere modeling

psi xylem (hPa)
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Landl et al., 2016

@JAGU PUBLICATIONS

Water Resources Research

RESEARCH ARTICLE  The impact of mucilage on root water uptake—A numerical
10.1002/2015WR018150 study

Key Points: N. Schwartz?, A. Carminati2, and M. Javaux'3
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Tracer experiment

* Lupin “N y Axelle Koch
] | / Asimulalion
* Tracer : Gd-DTPA in water : | q;
o DrOUght experlment = 4 ,«f." s fv-."‘ B Aexperimenl
>accumulation : : )
. &
* Scan of the root with MRI = E
o . - =5 |
* 3D distribution of accumulation: = e
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' e TR
E

W UCLouvain 4 JULICH 19

___________________




(A) (B) (€)

|
3 D | I l o d e I I n g MRI and R-SWMS (23 DaS) MRI (25 DaS) R-SWMS (25 DaS)

_ § 10
Modeling with R-SWMS: ) g,
* 3D explicit architectural model s 0

(MRI)

* Soil water flow and solute
tra NS pO I’t Horizontally - averaged 15

3D

* Measured boundary conditionsand =~ = Top ¢
soil hydraulic properties

* Hypothesis: no solute uptake
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Inverse modeling

Results: in situ parameterization of

. . (8)
root hydraulic properties
Literature ranges
® This work
KxT ® krT ®
KxLo L Y 4 ero = Y
Kty | | Ky |
xy * ™ * @ Taproot (T)
@ Lateral roots < 5 days-old (L)
Lateral roots > 5 days-old (L,)
10" 100, 10 10" 10 107
KX (cm™ hpa  day ') kr (cm hpa " day ')

Koch et al., JExpBot,2109
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Outline

v

* From explicit to implicit RSHA:
* Root system scale parameters
* From local traits to root system parameters
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—~ Modeling approaches:
explicit

Root map

Water dynamics

Water flux
Explicit 3D modeling dynamics

(R-SWMS)
Root Hydraulic

’ Transpiration
properties
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Root map

Root Hydraulic
properties
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Modeling approaches:
Effective parameterization

Water dynamics
Plant effective

representation

Water flux
dynamics

Transpiration

+ Spatial extent



Root system-scale hydraulic properties

Questions:
- How to simplify a complex network system?
- How can we represent the ability of a RS to extract water?

- Which traits influence these root system scale properties?

Method:
- Catenary hypothesis, steady-state
- Mass conservation and Thevenin theorem

___________________



Root system hydraulic properties

How can we represent the ability of a RS to extract water?

- Root system conductance (K,.)
- Root hydraulic spatial distribution (SUF/SSF or SUD) Valentin Couvreur

Hydrol. Earth Syst. Sci., 23, 4835-4860. 2021 Hydrology and

H https://doi.org/10.5194/hess-25-4835-2021
- Root compensation conductance = Root system conductance © Ry 021 Th ek e e Earth System
the Creative Commons Attribution 4.0 License. Sciences

— From hydraulic root architecture models to macroscopic
T;z @l/js l//collar )

representations of root hydraulics in soil water flow

_ and land surface models
S X — T SSF X X K X - Jan Vanderborght!, Valentin Couvreur?, Felicien Meunier**, Andrea Schnepf!, Harry Vereecken!, Martin Bouda®?,
a comp S s) e et

Hydrol. Earth Syst. Sci.. 16, 29572971, 2012 T

www.hydrol-earth-syst-sci.net/16/2957/2012/ G \ Hydr0|ogy and

— doi:10.5194/hess-16-2957-2012 G Earth System
W p— SSF (X) W (X) dX © Author(s) 2012. CC Attribution 3.0 License. Sciences
S S
QR

B

Couvreuretal,, 2012 A simple three-dimensional macroscopic root water uptake model
based on the hydraulic architecture approach

V. Couvreurl, J. Vauderborghtz, and M. Javaux'~

IEarth and Life Institute, Université catholique de Louvain. Croix du Sud. 2. bte L7.05.02. 1348 Louvain-la-Neuve. Belgium
Mnstitute of Bio- und Geosciences, IBG-3: Agrosphere, Forschungszentrum Juelich GmbH, 52425 Juelich, Germany
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Other upscaling approaches

The complex root hydraulic architecture is summarized into ‘effective parameters’ that
exactly represent its hydraulic behavior

* H control (Couvreur et al., HESS, 2012):

Root conductance
T @ l//s l//leaf

@X)W (x)dx Spatial root property

o distribution

 H+C control (Huber et al., PLSO, 2015):
Fraction of roots in the dry soil
exp(sph/)leafD‘
e Ccontrol

. —S fdry . l/)lim
Tact = Tpot €xp (1- g@l Viear
(Huber et al., PLSO, 2015):

~slfurya)_
Tact = Tpot exp [(1 — de
ry JBroo
Il UCLouvain J JULICH <
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\V.

Root architectural
traits

/ N\

Root Hydraulic
properties

Modeling approaches:
Effective parameterization

Water dynamics
Plant effective
representation

Water flux

Meunier eta dynamics

Transpiration

+ Spatial extent



From traits to RS hydraulic properties

* Architectural and hydraulic traits control K. and SUF:
 Radial conductivity, and its evolution with root segment age
* Axial conductance, and its evolution with root segment age
* Distance between laterals, number of primary roots

* Architectural traits control root spatial invasion (V,,,):
* Growth rate

* Lateral angles

* Number of primary roots

* Challenge: finding an analytical solution, which predicts directly the
root ability to extract water and its extent based on local traits without
the need of an explicit architecture

Crown ~ Brace
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From root traits to root system properties

Strategy:

* Develop analytical solution of the water flow equations for root
branches, function of root traits

* To combine root branches into an ‘ideal’ implicit root system and | F,I_‘ , n v n_‘ r
estimate plant scale parameters elicien Meunie

Hydrol. Earth Syst. Sci., 21, 6519-6540, 2017 Hydro]ogy and

https://doi.org/10.5194/hess-21-6519-2017

© Author(s) 2017. This work is distributed under Earth System

the Creative Commons Attribution 3.0 License. Sciences Applied Mathematical Modelling 52 (2017) 648-663

Contents lists available at ScienceDirect

Applied Mathematical Modelling

Water movement through plant roots — exact solutions of the water
flow equation in roots with linear or exponential piecewise

journal homepage: www.elsevier.com/locate/apm

hydraulic properties

Félicien Meunier', Valentin Couvreur?, Xavier Draye”, Mohsen Zarebanadkouki®, Jan Vanderborght**, and A hybl‘ld analytlcal—numel‘lcal method for SO]VIHg water ﬂOW

Mathieu Javaux'# . . . . @ CrossMark
!Earth and Life Institute — Environment, Université catholique de Louvain, Louvain-la-Neuve, Belgium equaUOHS 1n root hYdl‘aUIIC arChltECturES

2Earth and Life Institute — Agronomy, Université catholique de Louvain, Louvain-la-Neuve, Belgium

<Division of Soil Physics. University of Bayreuth, Germany Félicien Meunier®* Xavier Draye® Jan Vanderborght®9, Mathieu Javaux ¢,

4Forschungszemrum Juelich GmbH, Agrosphere (IBG-3), Juelich, Germany

3 b
SDivision of Soil and Water Management, KU Leuven, Leuven, Belgium Valentm Couvreur

2Earth and Life Institute-Environnement, Université catholique de Louvain, Belgium
YEarth and Life Institute-Agronomy, Université catholique de Louvain, Belgium
¢ Division of soil and water management, Katholieke Universiteit Leuven, Belgium

.. U C Louva i n ’J J 0 L I C H M e U n I e r et a |l 2017a b d Forschungszentrum Juelich GmbH, Agrosphere Institute, IBG-3, Juelich, Germany
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Implicit Root system architecture
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Root conductance estimation

105 ;
1Zhang et al., 1995
2
= 197} | 3Zh1fanget al.,2001
| Smith and Roberts,2003
i E *Muet al.,2006
| = 5Parent et al.,2009
& 108+ £ | ®Huetal., 2011
> 2 1 "Wang et al., 2013
ME 8Caldeiraet al.,2014a
— %Caldeira et al.,2014b
Mﬂ 107 1 °Meunier et al., 2016
10'10 - -

Approximative age [days]|
We can estimate root conductances based on local traits!
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From root traits to root system properties

Architecture Hydraulics
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Defining new ideotypes for drought

tolerance

* Generation of 10000
« genotypes »

* Investigation of how root
conductane and invasion
evolve with root age
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Outline

* Adding rhizosphere resistance —root activity
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Rhizosphere resistance

* Function of soil/rhizosphere hydraulic
properties

* Function of transpiration flux and bulk
water potential

* Function of root length/surface
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-8000+
-100001
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dist to root [cm]

W UCLouvain o JU Lrlchf (Gardner, 1960, Schroeder et al, 2007;2008)

___________________

-1 6000O 05 1




Root activity

* Active fraction of the root system

* Key factor for rhizosphere

304 | @ cCaietal (2021)
Cond UCta nce Carminati et al. (2017)
20 -
e Generally (very) low L A Deeyetal. 2013)
. o 0 Faria et al. (2010)
e Most roots are ‘active’ ® Hayat et al. (2020)
. . . Herkelrath et al. (1977
* Root active fraction (RAF) : factor in O — ’ —— oo
) KO Y W
root length-based models L pssioura (1950)

1111111111111111



Objectives

* Provide a new definition of root activity

* Quantify the influecne of different soil and root N
properties on root active fraction W

Ali Mehmandoost Kotlar

 Determine ‘realsitic’ root active fraction

___________________



Root water uptake distribution

P5o of the RRWA: good
estimate of RWU uniformity

Simulation exercise:

How does P5o change with
root and soil hydraulic
property distribution?

___________________

RRWU

Relative root water uptake

\4

_= - e e - = =

0 P50 P50

Relative root length/ surface



Single homogeneous root

* Hydraulic properties of 1 [ —
. 7 -7 =TT
single root affect RWU ’.7 :
_ 08 47
* Meunier et al. (2017), .
Standard uptake fraction Y
= / ’
(17)? % __#“:*_f ---------- :
SUD(z, loot) = 1 + 0.4- '4 g !
lroor 2 n/ :
L ! 1 =0.01
0.2- { i ---1=0.10
T = /&% L] f i ~ -1=0.50
’ i ARFg — 1=1.00
0 1 1 i | 1

0 0.2 0.4 0.6 0.8 1
ARF
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Single heterogeneous root system

Roots with three

« zones » 1 50 s O
x x —Kr
GJ GJ nu
Q Q —Kx_ &Kr
g (a) © (4] nu nu
_ <107 o~ _ Y 0.5 ——— : E 5 E 5(0)
B N < i N =
£ i & s
s 13 1 c C
g i s 3
0 ki 20—t 24 |
| 0 0.5 1° 0 00200400 © 0 0.0001  0.0002
g : Relative Length RRWU Kr (cm hpa™ d™")
; (a)— 0' (o) 0 — (), ’
age (d) 1 age (d) age (d)
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Root system architecture |
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Root system architecture (heterogeneous soll)

fibrous

~—Homogenous
——Top Wet
—Bot Wet

0:4 0:6 0.8 1 . WUA
Relative Length PHint (cm)

-100 -1000 -3700 -10000 uptake <p50 uptake >p50

taproot
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. |
0.2 04 0.6 0.8 1
Relative Length
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Drying soil with rhizosphere K drop

ARF reaches
values below 10
in certain soils

RWUA

0
0 0.2 0.4 0.6 0.8
ARF
1
0.8 i
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« 06
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04
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00—V
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ARF

W UCLouvain 4 JULICH

FORSCHUNGSZENTRUM

08

06

04

0.2

0.8

0.6

04

Qo
(]

Relative Cumulative Transpiration

Relative Cumulative Transpiration

A

(P — S - . e 0.2
TOB[  mmmmmm . 0.15
L
B
T =
o [l silt 101 g
5 H o
§ ~ " bulk
2 --H
a-15 eq 0.05

N Hccllar
_Pso
_2 | | 1 1 O
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Relative Cumulative Transpiration
4

S — 0.2
TOS5[ mmmmmmme—me—e 0.15
A=
®
o 0
o 1| Loam 101 8
5 o
@ T Hbulk
& H
€15/ e 0.05

N Hcollar
—Ps

0

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Relative Cumulative Transpiration



Conclusions

* Catenary hypothesis allows representing real root systems

* Aseries of modeling tools exist to estimate plant conductances

* Effective parameters exist, that represent the complex 3D root system
hydraulic architecture (Krs, SSF, Couvreur et al., 2012)

* Effective parameters can be linked to root traits with the need of a root
system map (Meunier et al.,2017, 2019)

* (root hydraulic traits can be measured or deducted from anatomical
measurements)

* The distribution of uptake plays a key role on the soil resistance:
architectural models show ARF below 10% when variability in soil and root
properties is accounted for

___________________



Thank you

* R-SWMS: https://sites.uclouvain.be/RSWMS/

* MARSHAL: https://marshal-root.github.io/

* Lab: https://javaux.wixsite.com/soilroothydraulics
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https://marshal-root.github.io/
https://javaux.wixsite.com/soilroothydraulics

Open questions

* XXX
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A simplified soil-plant hydraulic model

Xyl em - lpxyl,leaf
" X Xylem ~
. _ conductance: =
r= —Kx(q})(dtb T dZ) kx a kmax (llJOx) number and radius 3”
vessels, cavitation =
~
lpxyl,root Sx
Roots: Couvreur model (2012) S
Root N
T = —K ds conductance: root x;
B Fo architecture, =

anatomy, AQP
lpsoil,root

Soil: Gardner model (Schroeder et al., 2008)

T oy ]
2771 - _ksoil(qj)a ksoil — ksat (E

Rhizosphere
conductance: soil, root
hairs, mucilage, mycorrhiza,
root architecture
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Solving the non-linearities:
The Kirchhoff transformation

VORLESUNGEN
We define the matric flux potential:

W THEORIE DER WARME
SY) = j k(x) dx

GUSTAV KIRCHHOFF.

allj a q) HERAUSGEGEBEN
VON

q=—k(¥)o—=—->=

Dr. MAX PLANCK,

T (7o In(ry /1)
d)soil,root = - 1L <§ - TOTZZ W + ((I)soil,bulk)

(I)xyl,root =-T+ ((I)soil,root)

Gxyriear = —T + (cl)xyl,root) Here without gravity - but it can be included
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Plant hydraulic status

= 3-D surface of possible
plant hydraulic status

* Function of plant
(root/xylem) and soil
hydraulics

= No stomatal control (yet)
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Surface validation

Fitting soil and root hydraulics properties to Passioura data (1980)

(no xylem limitation)

Journal of Experimental Botany, Vol. 31, No. 120, pp. 333-345, February 1980

The Transport of Water from Soil to Shoot in Wheat
Seedlings

J. B. PASSIOURA
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Physical constraints on water flow

ISO_\Vleaf

08 =X

o7k Q\ o
Dﬁr \

05

Gardner and Ehlig, 1963

car

03

o2 2 )
ok Lomo'ij
L
0 5 10 15 20 25
SOIL SUCTION (bars)

TRANSPIRATION RATE (cm/day)

[MPa] - e Fig. 4. Average daily transpiration rate for

?,Dl f[M Pa] birdstoot trefoil in shallow containers as a func-
ca tion of soil suction. The symbols represent ex-
perimental values obtained from Figure 2. The
smooth curves were calculated theoretically. The
soils are the same as for Figure 2.

soil

Stress functions are plant- and soil-dependent
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Questions

* Transpiration vs. W, /vs.
W ..¢: two sides of the same
coin?

* How do hydraulic limitations
Impact transpiration?

e Can we come up with a
simple model for stomata
control?

Il UCLouvain
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Stomatal regulation

Update on Stomatal Evolution

Evolution of the Stomatal Regulation of Plant

Water Content/ ©TEN Hyp 1: Stomatal

regulation is

Timothy J. Brodribb* and Scott A. M. McAdam needed to avoid

School of Biological Sciences, University of Tasmania, Hobart TAS 7001, Australia cavitation
ORCID IDs: 0000-0002-4964-6107 (T.].B.); 0000-0002-9625-6750 (S.A.M.M.).

Figure 2. Stomata in the earliest vascular
plants probably first closed to prevent cavita-
tion of the vascular system, a function that
appears to remain conserved until the present.
Data here show the trajectory of stomatal clo-
sure (blue line) with respect to leaf water po-
tential as three tomato plants were subjected to
gradual soil drying (green, red, and black
crosses). Close to the water potential of com-
plete stomatal closure, the process of xylem
cavitation begins (three traces for leaves from
three individuals are shown; black, red, and
green circles). Cavitation curves show the ac-
cumulation of cavitation events in the leaf
veins of three tomato plants as they desiccate
(data from Skelton et al. (2017)).
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Soil water depletion rate

T(l/jl).s g Reaction time of
= awl &y L stomatas (5min-
Vs /ot E 1hr)
W) p
fae ¥ S 102+ | -
Ps /at g i \\‘
[ \\
= Sandy soils %
o | Hyp 2: Soil wat
’ yp 2: Soil water
| potential depletion
1o | | | rate is extremely

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 fast when soil
Soil water potential [MPa] becomes hmltmg
For a steady water depletion rate of 0.1 cm%cm?d
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Physical constraints on water flow

<104 ISO_WSO” Wet soil
6
- 5
e Without stomatal control,
£ 3 when the soil is dry,
—_— “
m s dE/dvy, s decreases fast
o
!
-0.5 S—
-2
2 05 Dry soil
wsml [MPa] ’ %D] £ [MPa]
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Physical constraints on water flow

Y

soil [M Pa] tbleaf [MPa]

Beyond the red line, the water flow becomes not linear (=not convenient).

W UCLouvain 4 JULICH

FORSCHUNGSZEMNTRUN



Physical constraints and biological control
on water flow

Isohydric behavior
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x10
3~
25"
2
‘_||_|
'nn
mg 1.5
=,
= (@) a =
- £ s-600
1 .“ /Aﬁ “,é
a1 Jo8 —400
0_5 - Wheat Lupiy ; g
’ o ¢ {200 §
° A/A/ 2
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Henson et al., 1989
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Experimental evidence

The responses of stomata and leaf gas exchange
to vapour pressure deficits and soil water content
IIL. In the sclerophyllous woody species Nerium oleander

T. Gollan', N.C. Tarner'?, and E.-D. Schulze'
* Lehrstuhl fiir Pflanzendkologie, Universitit Bayreuth, Postfach 3008, D-8580 Bayreuth, Federal Republic of Germany
2 CSIRO Dryland Crops and Soils Research Program, Private Bag, P.O., Wembley, W.A. 6014, Australia
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No cavitation

Xylem or soil vulnerability

%1073

0 0.5
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New

Phytologist

E.&‘

1ansley review

What plant hydraulics can tell us about
responses to climate-change droughts

Author for worrespondence
John S. Sperry
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Email: | speny@utah edu

John S. Sperry and David M. Love

Department of Bidlogy, Univesity of Unh, Sak Lake Ciry, UT 84112, USA

Received: 37 October 2014
Accepted: 30 January 2015

xylem range (Fig. 5, steep drop in soil vulnerbility curves). The
lower the root surface area, the greater the drop in soil £ (Fig, 5,
lower-most ‘Soil’ curves in inset), and the more of 2 bordeneck
develops in the rhizosphere (Fig 5, ‘soil-limited” loss funcrions
correspond to less roor area). Given the uncertaingy of soil KiP)
models in dry soil (Assouline & Or, 2013), and the area of
absorbing roots, a simplifying assumption is that root investment is
just sufficient to approach the xylem limit across the Panopy
spectrum. Any more roots would be wasted for no water gain, and
fewer roots would be a waste of investment in cavitation resistance
(Sperry etal, 1998, 2002). To the extent the assumption is false,

Transpiration rate, E (kg h-' m-2)
'Y

OO.B iz 18 i8

Canopy sap pressure, Pc_wmr

14 20 22

(=MPa)
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Similarity to Sperry & Love concept

Canopy sap pressure, P
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Sperry and Love, 2015



Additions to Sperry's concept

* Soil is the main factor inducing
non-linearities in the relationship
between E & y .

T [ecm3s1]
* Plants stomata close to prevent

cavitation due to a quick decrease
of Wsoil

* Plants can respond to it not only by Wi [hPa] . Wiesr [hPa]
closing stomata —they can change
the surface.
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Plant strateaies

Received 18 Jul 2014 | Accepted 24 Sep 2014 | Published 5 Nov 2014 OPEN

Circadian rhythms of hydraulic conductance and
growth are enhanced by drought and improve plant

i Vol. 61, No. 5, pp. 1431-1440, 2010
pe I’fO Fmance nce Access publication 8 February, 2010 Journal of
lccess charges (see hitp://jxb.oxfordjournals.org/open_access.html for further details) Experimental
Cecilio F. Caldeira’, Linda Jeanguenin?, Francois Chaumont? & Frangois Tardieu’ Botany
v h.oxfordjournals.org

RESEARCH PAPER

Terminal drought-tolerant pearl millet [Pennisetum glaucum
(L.) R. Br.] have high leaf ABA and limit transpiration at high
vapour pressure deficit

= New
I J Phytologist 12 1 A . . . . ;
AN - = Jana Kholova'?2, C. T. Hash', P. Lava Kumar®, Rattan S. Yadav®, Marie Ko¢ova? and Vincent Vadez'*
r

Root hairs enable high transpiration rates in drying soils

Andrea Carminati’, John B. Passioura’, Mohsen Zarebanadkouki', Mutez A. Ahmedl’5’4, Peter R. Ryanz,
Michelle Watt® and Emmanuel Delhaize®
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Plant strategies

standard root growth
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Water flow resistances in the SPAC

Root conductance: root

architecture, anatomy,

o AQP

(EVE [
11
Impacts on water flu*" Tl
|
* Xylemvessel diam  [|+-d---t--
3om + I
* Suberization
* Aquaporin activity
* Root growth/matu
* Root radial conduc

* Root hairs

e Suberized hypodermis

- wm wm == Suberized endodermis

. UCLouvdain o jlelCH Couvreur et al., 2018
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Water flow resistances in the SPAC

Xylem conductance:
number and radius
e~ Vvessels, cavitation
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Percentage loss of conductivity (PLC, %)
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-3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -5 0.0

Xylem pressure (MPa)

Fig. 2. Xylem vulnerability curves of the stems of two corn hybrids. Percentage loss
of conductivity (PLC) is calculated based on individual estimated Knax by Weibull
function. The reference line corresponds to 50% PLC. Significant symbols, lines, and
error bars are same as in Fig. 1.

Li et al., 2009
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Water flow resistances in the SPAC

Stomatal conductance:
Regulates transpiration,

1® depends on ABA, 1,
0 _| — FREX
(] —_— ACCA
-_ - CABE
; 1= 8%
= - — EUGL
i ' S ]
_ T There is a relation
S between leaf water
-7 .
potential and stomata
conductance
(g ()]
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S1 =8 || 81=45
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Fig 1. Partial dependency of stomatal conductance (gs) on measured leaf water potential
(Pleaf, in MPa) in (a) temperate gymnosperm species, (b) temperate angiosperm
species, (c) tropical deciduous species, and (d) tropical evergreen species.
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Water flow resistances in the SPAC
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Stomatal conductance:

Regulates transpiration,
depends on ABA, i,

Xylem conductance:
number and radius vessels,
cavitation

Root conductance: root
architecture, anatomy,
hydropatterning, AQP

Rhizosphere

conductance: soil, root
hairs, mucilage, mycorrhiza,
root architecture



Water flow resistances in the SPAC

Stomata
close

lpxyl,leaf

2

l/)xyl,root

4

l/)soil,root

%/ When soil
dries out

l/)soil,bulk
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Impact of water deficit on transpiration
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Fig. 4. Average daily transpiration rate for
birdsfoot trefoil in shallow containers as a func-
tion of soil suction. The symbols represent ex-
perimental values obtained from Figure 2. The
smooth curves were calculated theoretically. The
soils are the same as for Figure 2.
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There is a relation
between soil water
potential and stomatal
conductance

(function of Tpot)
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Figure 59. General shape of the dimensionless sink term variable, a(h), as a function of
the absolute soil water pressure head, & (Feddes et al., 1978).
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