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Introduction

§ Major	organ	system	of	the	plant	body

§ Functions:
§ Anchorage	and	support

§ Absorption	(nutrition)

§ Storage

§ Reproduction

§ Metabolic	reactions	– adjustment	to	stress
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Root	System



Concept

§ Visual scoring of excavated root crowns to assess different root
architecture traits

§ Field-based

§ Root excavation

§ Manual	phenotyping

§ Simple	and	robust
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High	throughput	phenotyping	root	architecture	in	the	field

Shovelomics

Trachsel et	al.	(2011)



Root	characterization

§ Morphology: surface features, characteristics of the epidermis, root
diameter etc.;

§ Topology: branching;

§ Distribution: presence of roots in a positional gradient or grid;

§ Architecture (RSA): Spatial configuration (geometric deployment of
root axes).
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Root	characterization

§ Important for soil resource acquisition

§ Better	understanding	of	genetic,	
physiological,	and	environmental	regulation
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§ Root	elongation

§ Growth	angles

§ Lateral	branching	

RSA

Traits



Root	characterization
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Inter

Intra



Root	characterization
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Tomato Wheat



Importance

§ Physiology

§ Pests	and	radicular	diseases

§ Plant	breeding
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Abiotic	stresses

Nutrients

Water

Wide	range	of	areas:



Root	x	Stresses
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Root	system	is	greatly	impacted	by	abiotic	stresses

Better	resources	use	efficiency:

§ Different	RSA

§ Different	capacities	of	soil	
exploration



Plant	breeding	context

§ Genotypic variation for soil resource acquisition may be
largely untapped in crop breeding programs

§ Focused	on	adaptation	to	high-input	systems

§ Root	traits	as	selection	criteria
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Shovelomics



Challenges

§ High	heterogeneity	in	the	soil

§ Sampling	a	large	number	of	plants

§ Field	evaluations

§ Cost	

§ Destructive	analysis

§ Damage	to	root	system

§ Time	consuming
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HTP?

SEPT.	18th 2017 SHOVELOMICS 12

NO

YES

Can	current	root	
phenotyping	be	
considered	High	
Throughput?



SEPT.	18th 2017 SHOVELOMICS 13

Strategies



Components

§ Method	for	culturing	the	plants
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Two	main	components	concerning	root	phenotyping:

Laboratory
•Controlled	
growth

•No	physiology	
evaluation

Greenhouse
•Intermediate
•No	competition	
evaluation

Field
•Physiological	
relevance

•Labor	and	time	
intensive

§ Analysis	tool



Strategies
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§ Objective:

§ Specific	root	trait	of	interest

§ Desired	time-scaling	for	sampling

§ Infrastructure	capacity

§ Cost	viability

answer	basic	root	
developmental	questions	

high	throughput	root	trait	
selection	for	breeding	

They	must	be	aligned	to	the	research	goal
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Classification

Evaluating	the	
entire	root	

system	in	loco

Using	samples	or	the	
entire	root	system	
outside	of	the	

growth	environment

Ex	situ

In	situ

Destructive

Non-destructive

One	measure,	
invasive

Time-scaled,
Non-invasive



Strategies
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Strategies
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Ex-situ	pioneers



Hydroponics,	culture	medium,	pots
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Hydroponics,	culture	medium,	pots

Pros
Lower	cost

Controlled	conditions

Easy	characterization

High	correlation

Cons
Root	volume	limited

Restrict	root	growth

Destructive

Time	consuming

Do	not	represent	natural	soil	
conditions
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WinRHIZO



WinRHIZO

§ Scanning combining with computerized image analysis

§ Image analysis system specifically designed for root measurement
in different forms

§ Made of a computer program and image acquisition components

§ Information: morphology (length, area, volume...), topology,
architecture and color analyses.
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Procedure
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Measures

§ As a function of root diameter or color, distribution
graphic displays:

§ root length
§ area
§ volume
§ number of tips

§ Number and the width of the classes: user-definable

§ The color used to draw the root skeleton indicates
into which diameter class the part of the root has been
classified.

§ Measurement data of the sample under analysis is
summarized on screen and is available in detail in data
files.
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WinRHIZO

Pros
Many	measures

Precision	by	colors	and	
configurations

Easy	data	obtention

Rapid	estimates

Cons
Destructive

Limit	of	read	(stages)

Mathematical	disadvantage

Washed	roots:	may	be	a	problem

Slowness

Information	from	RSA	is	lost
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GLO-Root	system
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GLO-Root	system

§ Growth and Luminescence Observatory for Roots

§ Integrated platform for growing plants in soil

§ in custom-built vessels,

§ imaging roots using bioluminescence

§ analyzing root growth, architecture and gene expression

§ Genetic engineering of plants to produce luciferase, which causes them
to glow in the dark of the soil

§ Simultaneously tracks whole root system architecture and the gene
expression of adult plants
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GLO-Root	system



GLO-Root	system
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GLO-Roots	system



GLO-Root	system
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In	this	perspective…
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CI-600	Root	Imager
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CI-600	Root	Imager

§ Minirhizotron - ability to capture non-destructive, high-
resolution, digital images of living roots in soil over multiple
growing seasons.

§ Free root analysis software: RootSnap!
§ root length,
§ area,
§ volume, diameter,
§ branching angle
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CI-600	Root	Imager
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CI-600	Root	Imager
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X-ray	computed	Tomography



SEPT.	18th 2017 SHOVELOMICS 38

X-ray	computed	Tomography

§ Observation the roots and their natural state in the soil

§ Several images can be obtained in a short period of time

§ Several energy sources may be used

§ X-ray

§ Non-invasive

§ Allow viewing inside objects in 2D or 3D

§ Principle of attenuation of electromagnetic waves
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X-ray	computed	Tomography



X-ray	computed	Tomography
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X-ray	computed	Tomography

Pros
Many	measures

3D	resolution

RSA	evaluation

Nondestructive

Time-scaled	analysis

Cons
High	mutation	induction	rate

Expensive

Depends	on	the	culture	RSA
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Timeline

Hydroponics

Shovelomics

Image-based

3D	phenotyping
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Future?



Correlation	data
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The	future	is	near!
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Online	platform
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http://www.plant-image-analysis.org



Online	platform

SEPT.	18th 2017 SHOVELOMICS 46



Online	platform
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Investment

§ Researchers in Penn State’s College of Agricultural Sciences have received
a USD $7 million grant from the U.S. Department of Energy’s Advanced
Research Projects Agency-Energy to design a low-cost, integrated system that
can identify and screen for high-yielding, deeper-rooted crops.

§ Goal: enhancing the breeding of crop varieties better adapted for nitrogen
and water acquisition and carbon sequestration.

§ DEEPER: revolutionary phenotyping platform for deeper-rooted crops,
which will integrate breakthroughs in:

§ non-destructive field phenotyping of rooting depth,
§ root modeling,
§ robotics,
§ high-throughput 3D imaging of root architecture and anatomy,
§ gene discovery, and
§ genomic selection modeling
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Final	Remarks

§ There	is	no	perfect	system!
§ In	accordance	with	objectives	and	conditions
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Final	Remarks
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Final	Remarks
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§ There	is	no	perfect	system!
§ In	accordance	with	objectives	and	conditions

§ Evolution	to	HTP

§ Artificial	Intelligence	in	root	phenotyping
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Thank	you!


