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[Field] Root research was laborious.

* Roots are present inside the soll.

e Soil is an opagque medium.

* Therefore, observing roots means
digging the soill.
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(Gregory 2022)

This restricts the research scale;
 Depth<50cm

 Time <5 sampling

* Treatments, replicates...few

.and impairs the accuracy of the
measurement.
(Han et al. 2025)
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And it still is laborious.....
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What can we measure from roots?

In other words, which root characteristics or
“traits” are important to measure?

In fact, what are traits?

“..morphological, anatomical, physiological or
phenological features measurable at the
individual level.” Kattge et al. (2011)
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A few examples of root traits

Density-based

Root-length density
= How many roots?
e.g. 12 cm cm 3 soil volume

Function: Nutrient/water uptake

AARHUS
/ NP UNIVERSITY

DEPARTMENT OF AGROECOLOGY

NFTN CONFERENCE
AARHUS, 23 JAN 2026

EUSUN HAN
ASSOCIATE PROFESSOR




A few examples of root traits

Morphological

Root diameter
- How big/small?
= €.g. 5 mm root thinkness

Function: Soil penetration capacity
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A few examples of root traits

Architectural

Root branching
How roots are constructed?

e.q. 6 branches per 1 cm of roots

Function: Root foraging
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Field root methods

Digging...
Destructive and laborious
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Soil coring method

/V AARHUS

Wasson et al. (2015)
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Fast - one of very few methods for field root phenotyping
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Wasson et al. (2014)
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Profile wall method: Hands-on

Recording the Root Length Unit (1 RLU=1 cm)

30 RLU??
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Dirty, Rough, slow but unique data
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Facilitating root research - Less invasive approach

Core-labelling technique
Three ingrowth-cores are stacked
inside access-tubes at 30° from vertical

A

Ingrowth-core
preparation/insertion

Access-tube opening
with root growth

Shoot sampling at
corresponding interval

Minirhizotron technique
Six meter long transparent tube is
used for root imaging

Root imaging
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Image processing
with RootPainter software

Ingrowth-core retraction/
root washing

Sensor technique

) — TDR sensors are installed
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at0.75,1.5and 2.5 m

Datalogger station

Data collection via
Logger Net software

Han et al. (2025)
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“Extending” the ingrowth-core method

2018-06-20 10:49:48
109 mbar 8,00 m
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Crop species -© Rosinweed & Curly dock
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Functional detection - under crop mixture

CsdTC (mgkg™)
000 002 004 006 008

Han et al. (2022). AEE
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Minirhizotron/rhizotron method - image analysis

Hands-on

/

For a PhD study
=1300 hours
>8 months
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RootPainter - Al software
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Corrective annotation - quick and accurate

~ 3 hours
model 1. R 0.045 I “Intermediate wheatgrass
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Root length (cm cm™) \
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Water sensing

— Soil moisture content (%) - Rolling Average (7h) - DRL - 2018-2019

Kernza Lucerne
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Canopy/remote sensing
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Take home message That said...

Good luck
Thank you for listening

1. Field root research is hard

2. There are ways to make it easier and more scalable (e.g. Al)
3. There is no perfect “root method” - interpretation always matters
4, Hypotheses should drive methods, not the other way around

....... But in reality, such luxury often doesn't exist and we work with
what we have
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Root Methods: PhD course
18-22 May 2026
Registration Aarhus University at Viborg Campus, Denmark

3D root

CT scanning construction

Soil sensing
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