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Hypotheses 

ÅSimulate morphological plasticity and its effect on yield 
ïResources (Light and water) 

ïManagement (crop establishment, population, water) 

Å=> GxExM interactions on phenotype and yield 

Å=> Ideotypes 

 

 

ÅCompetition among plants and organs drive plasticity 

ÅCompensatory plasticity 

ÅPlant structure: arborescent system of sinks 

ÅSinks compete => feedback on number/size of new sinks 

Purpose 



 Supply vs. Demand driven growth 

PAR 
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= Yield 
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Soil water reserve 

Agronomic angle: 

 

Supply (assimilation) driven system 

Botanical angle: 

 

Demand (organogenesis) driven system 

Meristem control of 

  development 

                             



SAMARA 
Ic, state variable driving phenological and morphological adjustments 

Ic = Supply/demand 
 

Proxy for sugar signaling 
 

Ensures source-sink 
equilibrium as the 
architecture unfolds 
 

Supply = daily [Pn-Rm] 
 

Demand = daily aggregate  
growth commitments 
 

Ic  controls: 
- Tiller outgrowth (Ic>0.5) 
- Tiller mortality (Ic<1) 
- Leaf mortality (Ic<1) 
- Reserve formation (Ic>1) 
- Reserve mobilization (Ic<1) 
- Organ size (Ic << 1) 



SAMARA calibration/validation for 
IR72: 14 environments 

Calibration Validation: Biomass, Grain yield, tillering 

Also simulated: 
Plant height, leaf number, leaf size, leaf/tiller mortality, spikelets/panicle, filling rate (more) 
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Concept of sequential elaboration of yield components under competition 



Compensatory plasticity, observed and simulated: 
Case of increasing population 
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Plasticity of 12 
contrasting 

cultivars 

Sequentially formed yield components
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Sequentially formed 
yield components 

Non-reproductive  
traits 

Population 
effect 

Season 
effect 

ü Successive compensations converge to 
minimize plasticity of last component 
(mean grain weight) 

ü Plasticity is source of yield stability 

Plasticity (trait) = 
 
Variation/mean = 
 
Trait(T2)-Trait(T2 
---------------------- 
Mean Trait (T1, T2) 



Pop. density effect on yield components 
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Example of Ic 
effect on 
tillering 
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Phenotype sensitivity to model parameters: 
Many traits affect phenotype but not yield due to trait-trait 

compensation 

Sensitivity of TilAbility
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Plant type optimization study 
(virtual breeding) 
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400Å Testing virtual recombinations of traits 

Å Step 1: Calibrate check-cv IR72 

Å Step 2: Identify 8 key parameters and vary them 
within realistic ranges 

Å Step 3: Create “recombinants” (ca. 15,000 “cvs”) 

Å Step 4: Simulate in 2 environments, select 60 

Å Step 5: Simulate under different population X 
season, select 20 

Å Step 6: Multilocation trial (India Philippines) 

Å Step 7: Testing under CC scenarios (GCM, multi-side) 

Å Step 8: Select 4 best and compare with IR72 

15,000 virtual cvs. 



Effect of trait variation on yield of virtual populations 
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IR72 has near-optimal trait combinations.  



Effect of increased stem CH2O storage capacity 
(from 33% to 43%) 
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ü Only effective in highest 
yielding backgrounds 

 
üWithout it, potential yield 

gains over IR72 remain 
marginal 

Optimized ideotype compared to IR72: 
(Photosynthesis/Respiration traits not considered) 
 

- Slightly longer BVP (FL 85-90d) 
- Slightly reduced phyllochron 
- Partial stay-green (slightly less leaf senescence) 
- Moderate tillering 
- Increased stem [NSC] at flowering 
- Increased spikelets/panicle 
- Yield gain: ≈ +15% (9.2 => 10.6 t/ha at IRRI) 
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Climate-change scenario  
(case: Hyderabad winter crop) 

Yield increases because of CO2 
fertilization (490 ppm in S3) but 
some ist lost to heat damage; 
Ideotype vs. IR72 gain = ca. 12% 

Heat 
sterility 
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Conclusion 

Å Sequential compensations serve to mitigate plant-plant and organ-organ 
competition, ensuring yield stability and homogenous grain filling 

Å SAMARA is able to simulate compensatory plasticity of morphological  & 
yield component traits as caused by population and season 

Å SAMARA also simulates drought, submergence and thermal stresses, 
water management e.g. AWD… (not presented) 

Å Model was used to perform “virtual breeding” for improved ideotypes 

Å IR72 is already near-optimal. Potential gain thru plant type is 12-15% 

Å Heat tolerance of spikelets is needed for global warming 

 


