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Outline

0 Whole-Plant (Crop) Growth & Development Models
0 APSIM(Agricultural Production Systems sIM ulatar)

O Application of crop models for genotype-to-phenotype (G-to-P) prediction

(Model-assisted phenotyping)
A Crop phenologyi Pre-anthesis phases
A Root architecture i Drought adaptation

0 Conclusions
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WholePlant (Crop) Growth & Development Models

O Integrate physiological understanding within a mathematical framework

Crop yield

Genetic Biomass

Weather :
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Management Interception

Soill Leaf area index
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WholdPlant (Crop) Growth & Development Models

O APSIM (Agricultural Production Systems sIM ulator) P
(www.apsim.info ) .
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Genotyp&o-Phenotype Prediction

0 Genetic variation not consistent among environments (G x E interaction)
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O Water- and nutrient-use efficiency: multi-genic traits (G x G, G

0 G-to-P predictability gap

Phenotype

XE, G X EXxM)

I Major constraint to crop improvement (breeding)
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Modehssisted PhenotypiGgse Studies

0 Simulating emergent consequences of genotypic variation in:

Phenology Root Architecture
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Wheat Phenology

0 Flowering behaviour: Breeding wheat genotypes for a wide range of environments

A VRN1 (VERNALISATION1 )

A PPD1 (PHOTOPERIOD1 )

A Allelic variation: Winter and spring genotypes

Vegetative Reproductive Phase

phase

1 Filling Phase

Phase

Spikeletinitiation

Leafinitiation

Floretinitiation | Active spike growth
Active stem growth

Floretdeath |§ Grain set || Grain filling

(Guoet al.2015
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Parameterisation of APSIM

O Field experiment: 2013/14 at Raasdorfexperimental fields of BOKU

e = o .
- 2Genotypes 5 Sowing dates
Facultative whe&tnos 3 in autumn, 2 in spring

- Winter whe@apo
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ParameterisatiomlXfSIM

0 Wheat phenology:
A VernSens& PhotopSens1.0 & 4.2

A Duration of developmental phases in thermal time

Floral Start Grain
SowingEmergence initiation  Flowering Fill Maturity
Vernalisation Vernalisatian
Photoperiod |Photoperiod R R
400 500 120 535

Canopy development (Leaf no., size|, area)

Thermalime degrealays°Cd

Preanthesisesource use Postanthesigesource use
(water, nutrients) (water, nutrients)
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Simulated anthesis [DOY]

Parameterisation of APSIM

0 Xenos: simulated vs observed anthesis date and final grain yield
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Exploring OptimémthesiPate

O APSIM + Historic weather data (1980-2016)

0 Changing anthesis thermal time: +30%; +20%; +10%

A Genotype: Xenos G1 G2 G3 G4 G5 G6
A Anthesis (°C): 900 630 720 810 990 1080 1170
A Sowing dates: SD1:Sep26 SD2:0Octl7 SD3:Mar04 SD4:Apr01
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Yield change (%)

Exploring OptimémthesiPate

O Earlier flowering A Lower yield

A Genotype: Xenos G5
A Anthesis (°C): 900 1080 (+ 20 %)
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