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Role of Phenotyping

(Adapted from Jesse Poland)
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Conceptual Scheme
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Devising an effective “screen” for a trait of
interest

Trait Characterization

Environment

[ Shoot traits:
> Leafangle (a<b <c¢) to
maximize light capture
» Uniform and moderate
plant and ear height, etc. to
enable mechanized harvest
and lodging resistance
Root traits:
» “Steep, cheap, and deep” root
| system to improve water and
\_ nutrient uptake

* Variation?
* Proxies?
Tralt * Mechanism
involved?
* What to
select for?

Nutrients

/

Brace roots
~ Crown roots
~— Seminal roots
= Primary roots
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Devising an effective “screen” for a trait of

Interest

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

Canopy
temperatuse

Trait Characterization

Stomatal

conductance
Drought tolerance

where
W = water available to the plant

Ptrans= proportion of water transpired
Water

by the crop B uptake

WUE = water use efficiency

HI = harvest index

Hydraulic
conductance

Aquaporins



Devising an effective “screen” for a trait of
interest

Trait Characterization




Devising an effective “screen” for a trait of
interest

Trait Characterization

Plant
Nitrogen use efficiency

where
NA = soil N available to the plant

Nuptake= proportion of N taken up by
the crop N

) L uptake
NUE = nitrogen use efficiency

HI = harvest index
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Devising an effective “screen” for a trait of
interest

Trait Characterization

WCcIMMYT.



Devising an effective “screen” for a trait of
interest

Trait Characterization

Leaf angle
Leaf
Yield potential area

RI

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
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Devising an effective “screen” for a trait of
interest

Precision and accuracy in phenotyping

Accurate Non accurate

Precise
Precision does not
necessarily mean
reliability/accuracy
Not precise
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Devising an effective “screen” for a trait of
interest

Precision and accuracy in phenotyping

Precision

Precision management Environment Data collection
(Stress.....) Characterization methods/tools
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Devising an effective “screen” for a trait of
interest

Precision and accuracy in phenotyping

Accuracy

Timing of data
Rep. of TPEs Relevant treatment collection

WCcIMMYT.



Devising an effective “screen” for a trait of
interest

Testing environments: specialized vs non-specialized

Basic requirements

Site selection criteria
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Devising an effective “screen” for a trait of
interest

Testing environments: specialized vs non-specialized

Basic requirements
Mapping spatial variability

S Visual estimates

Quantification of
biomass

—> Image analysis

5 Spectral
reflectance




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

e gccurate stress management
* improve data quality
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Devising an effective “screen” for a trait of
interest

Testing environments: specialized vs non-specialized

Specialized Vs Non-Specialized

Managed Random
Drought Stress

Managed Low

Nitrogen On-Farm

WCIMMYT.



Devising an effective “screen” for a trait of
interest

Testing environments: specialized vs non-specialized

Specialized Vs Non-Specialized
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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.



Phenotyping technologies

Platforms and tools

Phenomics is going through a phase of
rapid development

Next Generation Digital Phenotyping
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Remote sensing

WCIMMYT.

Robotic measurements



Phenotyping technologies

Platforms and tools




Phenotyping technologies

Platforms and tools
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Phenotyping technologies

Platforms and tools
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Phenotyping technologies

Platforms and tools
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Field Variability Mapping

‘ Controlling field spatial variation

@ Trial mapping

’ Potential use for data analysis
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Phenotyping technologies

Platforms and tools
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Phenotyping technologies

Platforms and tools

| canopy 1ot Grain
Cover Uiz

Mg ha-
Heritability 0.526 0.766 0.544 0.602 0.547 0.547

L 1625 0.376 2.379 0.660 0.358 1.670

Genetic
correlation (p,) 0.602** -0.301* 0.616*** 0.792*** 0.650%** -
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Phenotyping technologies

Platforms and tools
Male flowering

- Tassel development detection

- Actual anthesis date requires
integration of machine learning



Phenotyping technologies

Platforms and tools

SENSORS APPLICATIONS

Thermal Imaging Leaf and canopy temperature
RGB and Morphometric Imaging Shoot biomass, growth dynamics, shoot shape,
color index, ...
3D Scanning Shoot structure, leaf angle distribution, shoot biomass
Kinetic Chlorophyll Fluorescence Imaging Photosynthetic status, quantum yield, non-

photochemical quenching, electron transport rate, ...

Hyperspectral Imaging Pigment composition, biochemical compounds,
nitrogen content, leaf water status, ...

Near-InfraRed (NIR) Imaging Leaf and canopy water status

WCIMMYT.



Phenotyping technologies

Platforms and tools

Plant Height
— ’ x, \)

Plant height measurement
using data transfer-enabled

laser distancegénceﬁ\r/[MYT



Phenotyping technologies

Platforms and tools

Plant Count

Plaht count Tassel cow& IMMYT.



Phenotyping technologies

Platforms and tools
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Phenotyping technologies

Platforms and tools

1020302100089
2008489093050,

AR MM A/

i3

g
1483333403018

o



Phenotyping technologies

Platforms and tools




Phenotyping technologies

Platforms and tools

Yield Components

- Broad-sense heritability

Kernel attributes Ear attributes
Grain
yield
(Mg ha't)
Visible Mean Mean Weiel) f W Mear1t Total Total Number Mean Mean
Kernel  width length are? area — perimeter  Number Weight per plot length width
Number  (cm) (cm) Emr) | e, (i) per plot (g plot?) (cm) (cm)
0.477 0.537 0.750 0.783 0.483 0.744 0.794 0.534 0.456 0.601 0.605 0.504

MakaniEet al. Plant Methods
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Phenotyping technologies

Platforms and tools

Value of Sensing Technology

Reduces time required for h Th ]
measurements by 50 to 90% High Throughput

$ Reduces cost related to data Cost Effective

collection by 25 to 75%

@ Enables short revisit periods Time Series Data

WCcIMMYT.




Phenotyping technologies

Platforms and tools

UAV requlations challenges/options

We |
L_Robotics

Robotics for the Benefit of All

Flying Labs

Service provision by private companies
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for your
Interest!
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