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Drought resistance is a multi-dimensional trait

Early flowering
Early maturity

Early vigour (shoot biomass, 
NDVI)
Transpiration efficiency 
(A, gs)
Carbon isotope discrimination
Stem Carbohydrates
Cuticle wax
Root architecture

Accumulation of 
osmolytes

Osmoregulation

ToleranceAvoidanceEscape



Multi-environment-trait phenotyping 
for drought avoidance

 Natural field conditions

 Rain-out shelters
 Row plots (1000)
 Pots

 Glasshouse

 Controlled environment 
chambers



Genetic variation in Water use efficiency (WUE) 
 Plot level, WUE

– Grain yield/water received 
   (irrigation or rain) 
– Total biomass/evapotranspiration 

 Plant level, the transpiration efficiency (TE) 
– TE = biomass/water transpired.

 Leaf level, intrinsic WUE
– Photosynthetic CO2 assimilation/ Stomatal 

conductance
– Carbon isotope discrimination 
   (leaf Δ13, δ13C) as proxy of TE

12C 

13C (1.11%) 

leaf δ13C = the ratio of intercellular 13C to atmospheric 
partial pressures of 12C



Followed reductionist approach-MET analysis of 
seed yield (plot WUE, 144 lines)

Overall
Performance



Biomass and NDVI correlate with seed yield across 
environments

Finley (DRY) Finley (WET)



Genetic variation for leaf Δ13C variation (8 Expts)

 Field Phase
–  Leaf sample 

from replicated 
field 

 Laboratory phase
– Internal replication
– δ13C analysis



Multi-environment analysis based Δ13 estimations 
showed a positive correlation with seed yield

Multi-trait QTL maps to Δ13, 

most of R2 is due to FT gene 
expression (A07)



 BC1329/BC9102
– 223 lines

 Phenotyping
– Field (2017, 2018)
– Rain-out shelter (WET/DRY)

 QTL for G and G x E interactions
 Candidate and gene expression 

analyses

Δ13 as a proxy for high seed yield in three 
environments in a DH population (Raman et al. 2022)
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Positive genetic correlation between iWUE (TE) and 
seed yield (TE as a proxy)
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SPAD can be used as proxy for seed yield (Raman et 
al 2023, Plants, 12(4), 720



Multi-trait QTL collocates with seed yield 
(Raman et al 2022) 

Role of pleiotropy can be 
dissected



Water soluble carbohydrate content is not correlated
with seed yield across environments

Richard Meyer, WWAI



 GWAS panel
– 320 lines 

 DH panel
– 223 lines

 B. napus (24 lines)
– Field (WET and DRY)
– Rain-out shelter 

(WET and DRY)

Genetic variation for root pulling force in canola

90 cm



Positive 
relationship 

between 
seed yield 
and root 

pulling force 
(Raman et al, 
unpublished)



Machine learning based stomatal density & area 
relates to transpiration efficiency (unpubl.)

High TE
lines



Potential proxy traits for drought avoidance 



Summary
 Substantial variation in avoidance traits exists in canola 

– Δ13C (>6.3‰)
– Root pulling force
– Specific leaf weight
– SPAD
– Transpiration efficiency (iWUE)
– Waxiness
– Stomatal and root hair density

 Markers + phenotypic tools can be used as proxies for drought 
avoidance traits
– Some of the proxy traits need validation across environments

Multivariate analysis-
based indexing
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