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Environment

Genes

Phenotype:

plant performance and plant production

• Higher quantity and quality of plant biomass production

• Novel characteristics and products

• Yielding in stressful environments

• Sustainable production / intensification

Plant Phenotyping: contribute to solving challenges



Plant phenotyping to improve crop varieties

Watt et al (2020)



Growing demand for plant phenotyping as a tool

• Addressing diverse crops and conditions

• Specialized infrastructure: plant 

characterization, environmental simulation

• Expertise is required, e.g. analysis pipelines, 

modelling, data re-usability

• Integrated (multi-disciplinary) approaches

Phenotype: need for quantitative assessment 



EMPHASIS – European Infrastructure for Multi-Scale Plant 

Phenotyping And Simulation for Food Security in a Chancing Climate

24 national communities associated with EMPHASIS





Implementation Phase

(2019-2021)

• Implement to the long-term 

operations

• Engage countries (currently 11 

ministries): decision making 

for future of operations / 

funding

• Set up of EMPHASIS pan-

European Services

• Long-term legal entity is in 

place

• Sustainable operation is 

ensured

• Access to facilities, resources 

and services is in place
Preparatory Phase

(2017-2020)

Operational Phase

(2022/23 onwards)

• Funded via a H2020 

• Evaluate the phenotyping 

landscape in Europe

• Development of business plan 

with user strategy, 

governance, …

EMPHASIS: integrating plant 

phenotyping in Europe

• 2016: EMPHASIS 

on the ESFRI Roadmap



Source: EMPHASIS homepage

(https://emphasis.plant-phenotyping.eu/emphasis_infrastructure_map)

Infrastructure in EMPHASIS

PLANT PHENOTYPING REQUIRES INTEGRATED CONCEPTS 

TO FULLY EXPLORE ITS POTENTIAL

https://emphasis.plant-phenotyping.eu/emphasis_infrastructure_map


Example: shoot traits for improved plant productivity



Phenotyping piplines



PhenoSeeder: Phenotyping of 

structure and function of seeds  

A robot system for phenotyping single seeds

Arabidopsis

Rapeseed

Maize

Jahnke et al (2016)



INTEGRATED CONCEPTS AND IMPLEMENTATIONS FOR HIGH THROUGHPUT

Phenotyping of shoot structure and key functions

Growth Facilities
plant to sensor / sensor to plant…

Environmental simulation and monitoring

Cabrera-Bosquet et al (2016)



Growth, biomass and  shoot structure
(2D / 3D RGB imaging) 

Phenotyping of shoot structure and key functions

Photosynthesis
(gas exchange, fluorescence methods) 

Water relations
(gravimetric, microwaves ) 

Biotic interactions
(hyperspectral imaging, 2D RGB imaging) 



• Assess morphological and functional limitations

Example: Contrasting genotypes for strategies for water acquisition

• Water use strategies for crop productivity 

in different drought environments

TNA scheme FP/ H2020 funded 

with >200 experiments
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Example: Measurement of photosynthetic properties 

with the LIFT

Keller et al. 2019



Phenotyping chains
Practical experiments
From single plant to field

(Poorter et al 2016)



Phenotyping chains
Practical experiments
From single plant to field

(Poorter et al 2016)

r²

Lab to field 0,26

Field to field 0,08



Data Management

https://www.quantitative-plant.org/model

Modelling

https://www.quantitative-plant.org/model
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