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Ober et al., 2021

Structural phenotyping
“From form to function”

Approaches to root phenotyping

Putative associations between root angle and stay green and grain yield in 
sorghum are known (Mace et al., 2011; Menamo et al., 2023)

Sorghum
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Zhao et al., 2022
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Initial results: Root activity factor (R) and root length density (sorghum)

Zhao et al., 2024

Naanwee Qld 2021, BLUPs from 6 Environments: 3 times of sowing x 2 levels of irrigation
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Initial results: Variability in root traits (sorghum)
Brookstead Qld 2023, BLUPs from 20 sorghum hybrids 1 environment



Mean root trait value and its plasticity
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Phenotypic plasticity results from complex relationships between an individual’s genotype (G) 
and the environment (E)
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Basic principles
• Being able to be altered to increase fitness??

• Can be quantified using the reaction norm
• Specific in patterns and directions
• Under specific influences (GxE; MxE)
• Plasticity is trait specific (plastic traits are associated 

to stable traits)
• There is a hierarchy of plasticity
• Specific fitness / cost / mal adaptation



Phenotypic plasticity in root traits (sorghum)
Gatton Qld 2021, BLUPs from 6 commercial hybrids grown across 6 environments
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Overcoming the root phenotyping bottleneck in cereals

Project deliverable: Phenomics methods and tools that enable root structure and function traits to be measured with at 
least 15% greater accuracy, cost-effectiveness, or throughput than current methods.

Research question: To what extent and for what target production environments, selecting for root traits is better than 
selecting for yield alone in wheat and sorghum? 

Expected products:
• Accurate, fast and cost effective high-throughput phenotyping (HTP) tools for impactful root traits that increase yield, 

and yield stability.

• Genetic diversity of impactful root traits identified using the HTP methods on elite and non-elite panels in sorghum, and 
a nested-association mapping (NAM) populations in wheat.

• The value of selecting for root traits across TPEs  in wheat and sorghum quantified.

Approach: integrating new functional high throughput phenotyping tools with the trait pipeline approach applied in pre-
breeding programs and commercial seed companies, where there is simultaneous development of screening methods and 
evaluation of valuable traits in relevant germplasm.



Traits of interest:

Below grown
• Nodal root angles
• Rooting depth at flowering
• Rooting depth at maturity
• Root growth flowering-maturity
• Rate of root advancing front
• Relative deep/shallow water use
• Root hydraulic conductivity & root anatomy traits

Above ground
• Crop growth, grain yield and yield components
• Leaf area at flowering (proximal sensing & radiation 

interception)
• Stay green (proximal sensing)
• Crop water use
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