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Interpretation of covariates 
that explain GxE 

Around flowering: ie 300 
before – 100 after 

Heat around flowering 
reduced trial mean yield in 
at least 30 trials 
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Rainfall (mm) 

Numb. Hours > 30C  
(-300/+100C around flowering) 

Diff sowing date? 
“normal” sow date? 

Heat effects in yield trials – Evidence from National 
Variety Trials  
 

Trial yield from South Australia and 
western Victoria (Australia) 
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Breeding and modelling adaptive 
traits 

 
Issues in developing and using 
models for prediction of 
phenotype 

 
Issues in modelling high 
temperature effects 
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Modelling in breeding 
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Parental  
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of best 
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Climate,  
Management 

New 
Traits and  
methods 

Thermal time pre- and post-flowering (
o
Cd)
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Environment characterisation 
- Drought patterns to interpret GxE 
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In-season ‘phenotyping’ 
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NT 
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Evaluation of trait value 

Prediction of Adaptation 

S Chapman, F Dreccer, B Zheng, K Chenu 
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Gene 
 

Pathway 
 

Cell 
 

Organ 
 

Plant 
 

Crop 

Hammer et al (2004)  Plant Physiology 134:909-911.   Cooper et al (2002)  In Silico Biology 2:151-164. 

Quantitative Genetics Models; GWAS, GP 

Gene Network Models 
G-to-P 

Functional Whole Plant Models 
P-to-G 

– G & E context dependencies  

Gene-to-Phenotype Prediction 
 
The “Phenotypic Distance” Issue 
 
High temperature – direct and indirect effects.... 
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Plants adapting across scales 
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 Sensing, signalling, responding 

 (perception, memory, attention)? 
 

M 

G 

E 
“Connect physiological modes 
of action to genetic modes of 

action by identifying and 
quantifying functional 

coefficients for modelling”  

Chapman et al 2002 in ‘Quantitaive 
Genetics, Genomics and Plant 
Breeding’ (CABI) 
Hammer et al 2006, Trends in Plant 
Sci. 



 

Drought 
pattern 

 

Crop 

System control 

Soil 
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Manager 
Report Clock 

SoilWat 

SoilN 

SoilPH 

SoilP 

Residue Economics 

Fertiliz 

Irrigate 

Canopy Met 

Erosion 

Other Crops 

Maize 

Sorghum 

Legume 

Wheat 

New Module 

Manure 

Management 

E
N
G
I
N
E 

Weather 
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Drainage 
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Capturing physiology into a simulation model - APSIM 
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Keating et al 2003 EJA 



Where does heat fit? 

• Development 

 

• Growth 

 

• Partitioning 

 

• Energy balance 

 

• Water balance 

 

Which needs are where? 
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Growth 

Grain Yield 

Grain Number Grain Size & N 

D Biomass 

RADN 

TE T RUE R int 

vpd 

kl LAI SLN Roots k 

q T N LNo 

~ A > A 

Development 

Plant  Emergence 

Anthesis 

Leaf Initiation 

Physiol Maturity 

T, PP 

T, W&N 

T, W&N 

LNo 

A 

Growth 

Grain Yield 

Grain Number Grain Size & N 

D Biomass 

RADN 

TE T RUE R int 

vpd 

kl LAI SLN Roots k 

q T N LNo 

~ A > A 

Growth 

Grain Yield 

Grain Number Grain Size & N 

D Biomass 

RADN 

TE T RUE R int 

vpd 

kl LAI SLN Roots k 

q T N LNo 

~ A > A 

Development 

Plant  Emergence 

Anthesis 

Leaf Initiation 

Physiol Maturity 

T, PP 

T, W&N 

T, W&N 

LNo 

A 

Development 

Plant  Emergence 

Anthesis 

Leaf Initiation 

Physiol Maturity 

T, PP 

T, W&N 

T, W&N 

LNo 

Development 

Plant  Emergence 

Anthesis 

Floral Initiation 

Physiol Maturity 

T, PP 

T, W&N 

T, W&N 

LNo 

A 



Breeding and modelling adaptive 
traits 

 
Issues in developing and using 
models for prediction of 
phenotype 

 
Issues in modelling high 
temperature effects 

 
 
 

Cereal models for climate adaptation | Scott Chapman 12  | 

Outline 



Issues in modelling response to heat 

• Adaptation 
• Avoidance/escape 

– Changes in cropping system, phenology, agronomy 

• Heat or VPD or both 

• Direct effects on growth, partitioning and yield 

– Supra-optimal effects 

– Extreme/catastrophic effects 

 
• Specific issues with Model structure 

• Timestep 

– Daily timestep, but can be extended to hourly 

• Scaling 

– Estimating canopy and organ temperatures 
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Modelling needs to capture heat effects 
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Component Modelling Needs Urgency Current 

Phenology Improved prediction of leaf number and sensitive 
growth stages 

*** Good 

Variation associated with development (tillering etc) * Poor 

Growth Expansive growth (leaf, stem, root extension), inc. CO2 ** Mod 

Photo-system function (leaf and spike function) ** Poor 

Night-time temperature (development + respiration) **** Poor 

Grain set and abortion ***** Varies 

Partitioning Grain expansion (grain size) and filling **** Poor 

Changes in allocation and senescence of biomass * Poor 

Grain quality ** Varies 

Energy balance Canopy + soil + irrigation/rainfall effects *** Poor 

Temperatures of organs *** Poor 

Diurnal dynamics ** Mod 

Water balance Simulation of leaf+root transpirational cooling (& CO2?) **** Poor 

Integration of heat and VPD effects on organ growth **** Poor 



Issues in modelling high temperature 
- Development 
  
• Heading time 

• Reasonable models for these 

• Prediction of leaf number and sensitive growth stages 
• Over/under estimation of  leaf initials (wheat, rice) 
• Interaction of warm temperature with leaf expansion rate and observed leaf 

appearance (all cereals) 

• Variation associated with development of multiple organs 
• Tiller initiation and response to temperature (all except maize) 
• Uniformity of development and timing of sensitive stages 

– e.g. % of grains exposed to heat events 
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Zheng et al 2013 JExpBot, Zheng et al 2012 GCB 



Issues in modelling high temperature 
- Growth 
  
• Response of expansive growth to high temperature 

• Non-linear responses of leaf, stem and root growth 

 

• Photo-system function (leaf and spike) 
• Supra-optimal temperature effects  

on photosynthesis 

• Radiation/heat induced senescence 

 
• Night-time temperature (development and respiration) 

• Biomass ‘cost’  

 

• Grain set and abortion 
• Direct influences on pollination, ovary development and initial grain growth 
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Issues in modelling high temperature 
- Partitioning 
  

• Grain expansion rate and size 
• Setting limits on maximum size? 

 

• Grain filling/translocation function 
• Influences on effectiveness of translocation 

 

• Changes in allocation and senescence of biomass 
• Effects on premature leaf death 

 

• Grain quality 
• Variation  in quality components (dilution) 
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Issues in modelling high temperature 
- Energy balance 
  

• Differential effects on ‘crop’ temperature 
• Canopy + soil + soil condition (wetness, mulch) 

 

• Estimation of temperatures of organs 

 

• Diurnal dynamics of temperature 
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Issues in modelling high temperature 
- Water balance 
  

• Simulation of transpirational cooling 
• per se estimation 

• ‘Influence’ of biology in the dynamics of cooling 

 

• Integration of heat and VPD effects on organ growth 
• Influences of VPD on organ expansion (maize leaf and grain) 
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