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Insights from a large collaborative project
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Key challenges in root ecology

1. Difficulty to define a common, unambiguous language to
accurately communicate among disciplines of root science

2. Uneven quality and reproducibility of trait measurement
methods

3. Relatively superficial understanding of root trait ecological
meaning

4. Difficulty to navigate the high number of technical and
practical choices associated with both lab and field studies



Key challenges in root ecology

5. Current focus on few easily measured root traits, to the
detriment of a wider range of traits

6. Isolation of the many different disciplines of root ecology

7. Poor accounting of spatial and temporal variability of root
traits

8. Lack of explicit approach to scale-up root traits to
ecosystem functioning



Main objectives

1. A guide of root ecology

2. A synthesis of root traits — ecosystem functioning
relationships



Key Challenge: Advertise the diversity of traits
— Identify the big players
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Resource acquisition

Plant M acguisition

Flant P acquisition

Plant water acquisition

Resource protection and re-use

Plant nutrient and C
conservation
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Key Challenge: Advertise the diversity of traits — Identify the big players

Resource acquisition

Plant N acquisition

Plant P acquisition

Plant water acguisition

Met N uptake rate*

Michaelis—=Menten constant (Km)*

Ability to fix N *

Mitrogen fixation rate®

Maximum net uptake capacity {Imax)*
Specific root respiration®

Root N concentration

Root exudation rate®

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

Mycorrhizal association type®

> Mycorrhizal colonization intensity™

Maximum rooting depth*®
Lateral rooting extent®

* Horizontal® and vertical root distribution index*

Root length density®

Root mass fraction®*

Specific root length*®

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

Hylem lumen area

Lignin concentration®



Key Challenge: Advertise the diversity of traits — Identify the big players

Lifespan®
Resource protection and re-use Root resorption efficiency and proficiency
- Root tissue density™*
Secondary metabolites (e.g. alkaloids, phenolics*...)
~_~__~ Root N concentration*
- Mycorrhizal colonization intensity®
Root length density*

Plant nutrient and C Risot mass fractioh®

SAnseovtion Root branching density®

Tensile strength®

Modulus of elasticity™®

Ahbility to produce rhizomes

Lateral rooting extent®

Specific root length*

Vertical root length distribution index®
Horizontal* root distribution index*
Root hair length® and density*

Cortical thickness*

Fraction of passage cells in exodermis®
Hydraulic conductance®

Suberin concentration

¥ylem lumen area

Lignin concentration®

Maximum rooting depth*

Root elongation rate*

Root branching angle®

Persistence of connection between ramets*
Lateral spread®

Critical tension for conduit collapse®
Bud bank size*

Depth of buds in bud bank

Ability to produce adventitious shoots on roots
Ability to produce storage structures
Total belowground carbohydrate storage*
Presence of aesrenchyma tissue
Presence of pneumatophores

Root tissue porosity

Tolerance to high ethanol concentration
Fine root regrowth rate

Specific root respiration®

Plant protection against
pathogens and herbivory

Plant resistance to uprooting <

Plant resistance to
and avoidance of drought

Plant regeneration

Plant storage

Plant tolerance to waterlogging




Key Challenge: Advertise the diversity of traits — Identify the big players

Cycling of elements

Ecosystermn C eyeling

Ecosystem N cycling

Ecosystem P cycling

Bedrock weathering

Specific root respiration®
Root litter mass loss rate®
Mycorrhizal hyphal length

r Maximum rooting depth™
- Vertical root distribution index*

Root length density™*

Root mass fraction®

Roat branching density®

Persistence of connection between ramets*
Lateral spread*®

Root lifespan® and turnover®

Root litter N release rate®

Root M concentration®

Root exudation rate*

Met M uptake rate®

Michaelis-Menten constant (K,)*

Ability to fix N,*

Nitrogen fixation rate®

Root hair length® and density®
Mycorrhizal association type*
Mycorrhizal colonization intensity®
Maximum net uptake capacity (Lu..0®
Mycorrhizal hyphal length

Root litter P release rate®

Root P concentration®

Ability to grow cluster and dauciferm roots
Rhizospheric phytase and phosphatase activity
Mycorrhizal genetic diversity®

Mycorrhizal fungi identity*

Root secondary growth

Root growth pressure

Mean root diameter*

Number of main root axes

Root buckling resistance

Root cap friction coefficient



What is the relative ‘representation’ of the trait categories?
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Root tip morphology Root respiration
and development and exudation
Nitrogen-fixing Physiology of

symbioses resource uptake
Mycorrhizal
associations



What are the traits most often connected to functioning?

SRL?
RNC?

Root diameter?

RTD?



What are the traits most often connected to functioning?

Category Traits
Belowground Root mass fraction
allocation Root length density

distribution Maximum rooting depth

Root branching density

Mycorrhizal association type
Mycorrhizal colonization intensity

Mycorrhizal
associations

[ Root spatial ] Vertical root distribution index
Root system
architecture

oot hair morphology!

and development Root hair length and density




Take home message

Below-ground traits with the widest importance in plant and ecosystem
functioning are not necessarily those that are the most commonly measured.

The relevance of commonly measured (soft) traits to plant and ecosystem
functioning is often indirect and insubstantial, or requiring further testing.

Important traits belong to a range of categories representing a diversity of
research fields

Interdisciplinary approaches are needed to adequately capture the plant effects
on ecosystem functioning



Key Challenge: Meaningfully scaling-up root

traits to ecosystem functioning




Key Challenge: Meaningfully scaling-up root traits to ecosystem functioning

Organism diversity — ecosystem functioning

Biodiversity

Climate

I;ia::h:se Decomposition
ng Biomass production
Pollution Herbivory
Softype Pollination
Topography

Environment Ecosystem functioning

Van der Plas et al. 2019 Biol. Rev.



Biodiversity

Organism level ’_\

Traits .
Up-scaling

Biomass production
Herbivory
Pollination

Ecosystem level

Ecosystem functioning

How small parts of a system do affect the system as a whole



Key Challenge: Meaningfully scaling-up root traits to ecosystem functioning

Root level (101 m)

Organism level (10 m)

Ecosystem level (103 m)

Landscape level (10° m)




Up-scaling

Organism selection
Trait selection
Data acquisition
Data synthesis
Temporal and spatial scale of sampling

Modelling approach



Organism selection

1) Focusing on one type of organism only (if possible, the most important one for
functioning)

2) Using multitrophic frameworks

1) Focusing on a priori important species

2) Focusing on dominant species



Trait selection

1) Focusing on a range of easily measurable traits (potentially with low connection
to the function)

2) Targeting a smaller range of ‘hard’ traits (with more direct connection to the
function)

1) Targeting traits based on univariate explanatory power

2) Targeting traits on a priori knowledge of trait inter-relationships and non-
overlapping predictive power



Key Challenge: Meaningfully scaling-up root traits to ecosystem functioning

Example of trait inter-relationships

Underlying traits

v

Composite traits

Traits related to the amount and location of Traits related Traits related to N absorption and Traits related to
roots to mycorrhiza diffusion through the root nodulation

A

v

Categories of trait effects

Freschet et al. 2021 New Phyt.



Trait acquisition
1) Use of databases (local, regional, global: uneven data and meta-data coverage)

2) On-site measurements (include to some extent intraspecific trait variation)



Approaches to synthetize trait data
(across multiple coexisting organisms)

1) Mean field approaches (assume that organisms contribute proportionally to
their own weight in the community)

2) Diversity-explicit approaches (includes metrics of the shape of trait distribution:
e.g. mean, variance, skewness, kurtosis)



Temporal scale of sampling
1) One measurement in time (e.g. peak of productivity in summer for plants)

2) Several measurements (e.g. across seasons, measurements of interannual
differences, ...)



Spatial scale of sampling
1) Include one well-identified spatial scale

2) Include several spatial scales

1) Spatial averaging (ecosystem functioning is the average of all small-scale
functioning)

2) Spatially-explicit sampling of ecosystem sub-units (ecosystem functioning can be
provided by few sub-units)



Statistical/modelling approach
1) Using statistical models (univariate, multivariate, structural equation modelling...)

2) Construct more complex models (such as process-based models)



Take home message

Up-scaling is a critical approach to fill in the gap between the small-scale
mechanistic understanding of reduced systems and large-scale integrative, but
mostly descriptive assessments.

Complex models are built up from simple models. There are many complementary
approaches where less labour intensive choices on the one hand is needed to
explore more complexity in another aspect.

‘Model-experiment’ integration (or Mod-Ex) as a way forward:
combines current empirical understanding with model conceptualization,
parameterization, and validation in an iterative process to improve model

representation of the natural world.

The reverse approach of down-scaling has sometimes been used successfully,
starting from the observation of major differences in functioning between
systems, and tracking back the causes to individual organisms and traits.
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