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Role of Phenotyping

(Adapted from Jesse Poland)
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Conceptual Scheme



Devising an effective “screen” for a trait of 
interest

Trait Characterization
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Drought tolerance
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interest

Trait Characterization



Aquaporins

Drought tolerance

GY = [W x Ptrans x WUE] x HI 

where
W = water available to the plant
Ptrans= proportion of water transpired 
by the crop
WUE = water use efficiency
HI = harvest index
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Low nitrogen tolerance 

Devising an effective “screen” for a trait of 
interest

Trait Characterization



Nitrogen use efficiency

GY =  [NA x Nuptake x NUE] x HI 

where
NA = soil N available to the plant
Nuptake= proportion of N taken up by 
the crop
NUE = nitrogen use efficiency
HI = harvest index

Devising an effective “screen” for a trait of 
interest
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Yield potential
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interest

Trait Characterization



Yield potential

GY = RAD x %RI x GLD x RUE  x HI 
where
RAD = incident radiation per day
%RI = fraction of incident radiation 
intercepted by green leaves
GLD = green leaf duration, or number of 
days leaves remain green 
RUE = radiation use efficiency 
HI = harvest index

Devising an effective “screen” for a trait of 
interest
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Devising an effective “screen” for a trait of 
interest

Accurate Non accurate

Precise

Not precise

Vadez V.

Precision does not
necessarily mean
reliability/accuracy

Precision and accuracy in phenotyping
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Rep. of TPEs
Timing of data 

collectionRelevant treatment
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Devising an effective “screen” for a trait of 
interest

Testing environments: specialized vs non-specialized

Basic requirements

Site selection criteria
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Testing environments: specialized vs non-specialized
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Devising an effective “screen” for a trait of 
interest

Testing environments: specialized vs non-specialized

Uniformity trials

Uniformity trial can significantly improve characterization of
germplasm:

• reduce the risk of failure
• plot error control
• accurate stress management
• improve data quality
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Uniformity trial can significantly improve characterization of
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• plot error control
• accurate stress management
• improve data quality



Devising an effective “screen” for a trait of 
interest

Testing environments: specialized vs non-specialized

Specialized Vs Non-Specialized
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Devising an effective “screen” for a trait of 
interest

Testing environments: specialized vs non-specialized

Specialized Vs Non-Specialized

http://excellenceinbreeding.org/sites/default/files/manual/58000_4.pdf

http://excellenceinbreeding.org/sites/default/files/manual/58000_4.pdf


Phenotyping technologies

Platforms and tools

Classical phenotyping methods were:

- labor intensive/slow with associated cost

and precision/accuracy implications

- limited by their throughput which impacted

the number of traits that can be evaluated.



Phenomics is going through a phase of 

rapid development 

Robotic measurements 

Remote sensing

Phenotyping technologies

Platforms and tools
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Field Variability Mapping

Maize trial - Chiredzi

station (Zimbabwe)

Controlling field spatial variation

Trial mapping 

Potential use for data analysis

Phenotyping technologies
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Low nitrogen field at CIMMYT-Harare

(Zimbabwe)

Phenotyping technologies

Platforms and tools



Phenotyping technologies

Platforms and tools



- Tassel development detection

- Actual anthesis date requires

integration of machine learning

Male flowering

Phenotyping technologies

Platforms and tools



Phenotyping technologies

Platforms and tools



Plant height measurement

using data transfer-enabled

laser distance meter

Plant Height

Phenotyping technologies

Platforms and tools



Tassel countPlant count

Plant Count

Phenotyping technologies

Platforms and tools



• Average cob size

• Cob number

• Cob uniformity index

• Total Kernel number

• Total Kernel weight

• Kernel row number

• Average kernel size

• Kernel uniformity index

Yield Components

Phenotyping technologies

Platforms and tools



Yield Components

Phenotyping technologies

Platforms and tools
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Yield Components
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Makanza et al. Plant Methods

Broad-sense heritability 
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0.477 0.537 0.750 0.783 0.483 0.744 0.794 0.534 0.456 0.601 0.605 0.504

Yield Components
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Value of Sensing Technology

Reduces time required for 
measurements by 50 to 90%

Reduces cost related to data 
collection by 25 to 75%

Enables short revisit periods

High Throughput

Cost Effective

Time Series Data

Phenotyping technologies

Platforms and tools



UAV regulations challenges/options

Proximal Sensing Cart 

Service provision by private companies

Phenotyping technologies

Platforms and tools



Thank you 

for your 

interest!
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