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The hidden half Cw
B

Root systems play key roles in plant functioning and performance and affect
many ecosystem processes and functions
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The hidden half

Qu

Root systems play key roles in plant functioning and performance and affect
many ecosystem processes and functions

—> Nothing too new ... - _,East Malllng Research Stafion
\".l,'

e.g. Harry von Pistohlkors 1898. i s 1 |7
Wurzelkenntnis und Pflanzenproduktion: Die SUSR et 5o S A R i S
Wurzelkenntnis - eine Bedingung des rationellen

Anbaues unserer landwirtschaftlichen Kulturpflanzen

(,Root knowledge and plant production:
Root knowledge - a prerequisite for the 25
rational cultivation of our agricultural S, . 179 Spnger,
crops”). O. Paul, Bonn
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The hidden half

Cw

Root systems play key roles in plant functioning and performance and affect
many ecosystem processes and functions

—> So why is the hidden half of plants still largely ,,uncharted
territory“?
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The hidden half

Cw

Root systems play key roles in plant functioning and performance and affect
many ecosystem processes and functions

—> So why is the hidden half still largely ,uncharted territory“?
-2 In this talk, we propose 3 major topics hampering root research
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Hidden half
1) ... and while there are many methods, it

allenging (to get the whole picture)
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Hidden half @KU
2) Botanical root ‘literacy’ limited S —

|- Q& L -
i :
it
ELECTRIC.

. ROOTS MUSIC

003‘0’ SsSae
£ 20060 05358 B
2o S0

£ =2
RS 1 1 s
£ ofRise B0 &
gl 20 e PSS 0 E
= z

Turning
ROOT ZOMBIES
(AKA just * ’)
into
TALKIN’ ROOTS

(i.e. being able to name ¢ _ .
) 2 d, LK - Z—J(Ojt}zoﬁﬂ
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Root entities

Developmental classification
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Root entities

KU
Developmental classification ‘5_

Ordering

schemes
dependent on
Developmental . P +
rootorders |o i a'm
universal
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Root entities

Morphometric, Topological, Functional
classification Long FR  Short FR  Coarse roots

Ectomycorrhized

Morphometric
Topological
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Functional classes

, Horizontal root

Sinker root

McCormack ML, et al. 2015. New Phytologist 207:505-518

Tap root
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Root entities

Root classification ... to be continued! L

E.g. differences in root tips’ E.g. differences in laterals’ phenology,
specific respiration rates anatomy and growth rates
30 0.3
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Rewald B, etal. 2014. Plant Physiology 166:736-745 Passot S, et al. 2018 Plant Physiology: 177:896-910

Passot S, et al. 2016. Frontiers in Plant Science 7:829
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Root entities

Root classification ... to be continued!

Qu

E.g. With / without or different types of Endosymbionts (EM, AM,...)

Ectomycorrhized Endomycorrhized

C Plant P uptake pathway

Mycorrhizal P
uptake pathway

ANEa //": = " Stimulation of free living
= " microorganisms through C exudation

Further soil exploration © i
by fungal hyphae

N .,
ke \\. Changes on root LMWOAAS,
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B Fungal Hyphae improving root architecture

Non-mycorrhized

A P Depletion
zone

Campos P, et al. 2018. Frontiers in Plant Science 9:752
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Hidden half
3) Root ecological science still -

" UNDER
CONSTRUCTION

Interference from aboveground traits to root traits limited
Too many simple traits used

Methodologies not standardized

Trait interrelations unclear
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Plant functional traits 0]
Cl

Environmental conditions
Climate, soil, and geology

Functional traits of organisms = Agroecosystem management

. . Species, varieties, and practices
morpho-physio-phenological
traits that impact the fitness of WV
individual species via their Ecosystem processes Plant functional traits
eﬂ:ects on grOWth, reproductlon Morphological, biological interaction, chemical, and

Leaf and stem traits

. . physiological
and survival (Violle et al., 2007) Q "
Soil biota 7 N\ S .‘F;.'
communities ‘/ AN 7 S
ZEST\ T S =
: : : A 4 o
Functional traits as community Nitrosen e Arbuscular
Carbon and Root exudates bg teri & hizal funei
averages —> effects on nutrient acteria  mycorrhizal fungi
. cycles
ecosystem services .
Net primary Ecosystem services
productivity ggc;il:e:ttiva;:jilability and crop
Carbon sequestration
Reduce soil erosion
Defence against plant pathogens
Faucon MP, et al. 2017. Trends in Plant Science 22:385-394 Trends in Plant Science
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Trait convergence across organs KU

Large divergence of hydraulic trait values
coarse roots vs. 2" year branches
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Schonauer M, Hietz P, Rewald B. In preparation.
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3) Root ecological science still <y
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Interference from aboveground traits to root traits limited
Too many simple traits used

Methodologies not standardized

Trait interrelations unclear
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Root traits & Plant functioning

Resource Acquisition
(Basic trait set)

Ability to fix N

Root N concentration

Plant N acquisition

Mycorrhizal association types
Maximum rooting depth

Horizontal and Vertical root distribution index
Root length density

Root mass fraction / Root:Shoot ratio

Specific root length / area

Plant P acquisition

Plant water acquisition

Cortical thickness
Hydraulic conductance

Xylem lumen area



Root traits & Plant functioning

Resource Acquisition
(Basic trait set)

Ability to fix N

Root N concentration

Plant N acquisition

Mycorrhizal association types

Do we consider too
many ‘easy’ traits?

Maximum rooting depth

Horizontal and Vertical root distribution index
Root length density

Root mass fraction / Root:Shoot ratio

Specific root length / area

Plant P acquisition

Plant water acquisition

Cortical thickness
Hydraulic conductance

Xylem lumen area



Root traits & Plant functioning

Resource Acquisition

Michaelis-Menten constant (Km)

(Extended trait set) Nirogen tion ates

Max. net uptake capacity (Imax)
Specific root respiration

Root N concentration

Root exudation rate

Plant N acquisition = Ability to grow cluster and dauciform roots

\ Rhizosphere phytase and phosphatase activity
"" Mycorrhizal hyphal length

’0 Mycorrhizal association types

Mycorrhizal colonisation intensity

Maximum rooting depth

Later root extent

Horizontal and Vertical root distribution index

Root length density

Root mass fraction / Root:Shoot ratio

Specific root length / area

Root branching density

Root elongation rate

Root branching angle

Root hair length and density

Persistence of connection between ramets

Lateral spread

Mycorrhizal genetic diversity

Cortical thickness

Fraction of passage cells in Exodermis

Hydraulic conductance

Suberin concentration

Xylem lumen area

Lignin concentration

Plant P acquisition

Plant water acquisition




Root traits & Plant functioning

Resource Acquisition
(Extended trait set)

Plant water acquisition 4 Trait importance?

——

Net N uptake rate

Michaelis-Menten constant (Km)

Ability to fix N

Nitrogen fixation rates

Max. net uptake capacity (Imax)

Specific root respiration

Root N concentration

Root exudation rate

Ability to grow cluster and dauciform roots
Rhizosphere phytase and phosphatase activity
Mycorrhizal hyphal length

Mycorrhizal association types

Mycorrhizal colonisation intensity
Maximum rooting depth

Later root extent

Horizontal and Vertical root distribution index
Root length density

Root mass fraction / Root:Shoot ratio
Specific root length / area

Root branching density

Root elongation rate

Root branching angle

Root hair length and density

Persistence of connection between ramets
Lateral spread

Mycorrhizal genetic diversity

Cortical thickness

Fraction of passage cells in Exodermis
Hydraulic conductance

Suberin concentration

Xylem lumen area

Lignin concentration
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Interference from aboveground traits to root traits limited
Too many simple traits used

Methodologies not standardized

Trait interrelations unclear
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Standardizing trait measurements

2020 , 2000 1979

Root Methods

Smit, A.L. et al. (eds.) 2000. Springer, Bohm, W. 1979. Springer, Berlin
Berlin

Freschet et al. A starting guide to root ecology:
strengthening ecological concepts and standardizing root
classification, sampling, processing and trait
measurements. New Phytologist, under review.
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3) Root ecological science still <y

Interference from aboveground traits to root traits limited
Too many simple traits used

Methodologies not standardized

Trait interrelations unclear
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Root trait relationships & Hierarchies
Soil reinforcement against landslides  —

Soil reinforcement against landslides

Traits related to the amount and location of Traits related to the mechanical Traits related to the root-soil mechanical
roots resistance of roots interaction and soil drying
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Outlook & Steps forward

1) Know your root entity and report it

2) Identify (demonstrated) functional traits and not ‘just the
simple ones’

3) Use standardized methodology whenever possible, report
deviations

4) Consider trait interrelations and hierarchies

—> Start analysing roots & deposit data (e.g. FRED,

https://roots.ornl.gov/)
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Upcoming Publications Qu
Cl

Images not referenced otherwise originate from the following manuscripts:

» Freschet GT*, Pagés L, Iversen CM, Comas LH, Rewald B, Roumet C, KlimeSova J, Zadworny
M, Poorter H, Postma JA, et al. A starting guide to root ecology: strengthening ecological
concepts and standardizing root classification, sampling, processing and trait
measurements. New Phytologist, under review

» Freschet GT*, Roumet C, Comas LH, Weemstra M, Bengough AG, Rewald B, Bardgett RD, Deyn
GBD, Johnson D, KlimeSova J, et al. Root traits as drivers of plant and ecosystem
functioning: current understanding, pitfalls and future research needs. New Phytologist,
under review

*Correspondence/reprint requests: Grégoire T. Freschet, gregoire.freschet@sete.cnrs.fr. © Authors, all rights reserved.
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