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Outline

0 Evolution of crop modelling

0 Application of crop models

(strategic and tactical decision analysis and support)
A Climate change impact assessment & adaptation options
A Long-term effects of crop rotations (productivity and sustainability)
A Plant breeding and crop improvement
A Improving Nitrogen -use efficiency

0 Conclusions
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KeyGlobal Issues Facing Agricultural Research and Development

0

o

Population growth: 8.5 billion people by 2030
Urbanisatio§ changes in diet

Watescarcity & droughts

Soil degradation and desertification
Decreasinigiodiversity

Competition between food/feed crops anglamésgy

Climate change: extreme weather events (droughts and floods)

X There are no quick fixes to these problems

X Need for a holistic, interdisciplinary  systems approach
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Crop Growth & Development Models

0 A model is a simplified representation of a system

o

Integrate physiological understanding within a mathematical framework

A Empirical/Regression/Statisticalmodels

A Processbased/Mechanisticmodels

s

CLIMATE

A Precipitation
A Temperature
A Radiation

(MANAGEI\/IENT
A Fertiliser

A Irrigation
AResi due,

Yield, Quality

ENVIMPACTS
A GHGemissions,

A Nutrient
leaching,
ASoil fer {Iwli

é

A Water
PLANT / A Carbon
Biomass, /

t

@ )

SOIL

-

Nutrients,

~

GENETIC

y'?" Spgcies/Cultivar
A Env Requirements
A Res. use efficiency
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Evolution of Crop Modelling

1970s

1980 - 1985
1985 - 1990
1990 1 1995
1995 i
present

- First simple, processbased models emerged (deWit, Ritchie)

- Comprehensive crop simulators becoming available SUCROS
CERESCROPGRD

- First generation systems simulators (NTRM EPIC)

- Widespread training and usage of these models
-lntegrated applic@®d6SAdns Opackageshd
- Advances in simulation of long-term soil processes (CENTURY)

- Limitations of stand-alone crop models becoming obvious

- Greater capability to address systems issues appearing APSIM ,
CropSyst later revisions of DSSAT)

- Greater recognition of the need for improved software engineering

procedures

- Optimistic application to agricultural systems analyses

- Development of new modules and utilities

- Improving model structure and design

e .
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Crop Modelapabilities

’

0 APSIM (Agricultural Production Systems sIM ulator)
(www.apsim.info )
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Parameterisation of Crop Models

O Adaptation (parameterisation) of models for the local environment
A Plant genetic characteristics
A Soil properties

A Crop/Soil management practices
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Parameterisation of Crop Models

0 Parameterisation of APSIMWheat for eastern Austria

R, ' - e

- 2(Genotypes 5 Sowing dates
Facultative whe&tnos 3 in autumn, 2 in spring
Winter whe&tapo
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Parameterisation of Crop Models

O Adaptation (parameterisation) of models for the local environment

Observed and simulated one year maize grain yield for four locations using 17 maize simulation models ¢
two levels of inpuhformation for model parameterisation

(@) 20 - Low level information - (b)  High level information
(®)
(o]
o)
~ 151 —
1
s | o= T
o
= 7'y
o 10 = jui Al %Q .
[ o .
)
£ L1 : %
U 0 = —|—
5 - o J o
L ™ ==
(o} 0
0 1 1] 1} é 1 1 L 1
FR uUs BR TZ FR us BR TZ

(Basslet al. 2014; Global Change Biology
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Crop ModelApplications
O Applications of crop models:
A Analytical tools for assessing the quality of empirical datasets
A Strategic analysis and decision support
A Estimating yield potential (agro-ecological zoning)
A Yield gap analysisi identification of problems/bottelnecks
A Climate change impact assessment & adaptation options
A Long -term effects of  crop rotations (productivity and sustainability)

A Plant breeding and crop improvement i identification and evaluation of

adaptive traits
A Tactical decision support
A Optimising crop management (sowing time/density etc.)
A Irrigation scheduling

A Fertiliser scheduling (Improving Nitrogen -use efficiency)

Crop Modelling - Applications | Ahmad M. Manschadi
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Crop Models as Analytical Tools

0 Assessingthe quality of empirical datasets

0.4 1 2010-11 2011-12 (@) 80 2010-11 2011-12  (d)
0.3 1 60
0.2 1 - 40 1
0.1 1 - = 20
e 0.0 0
E —~~
E 04 ®| 5 80 (e)
£ p
— o
9 03 < 60
2 z
= 0.2 © 40 .
2 S
2 0.1 3 20 1
: & -
% 0.0 0 ¥
>
0.4 80 (f)
0.3 60
0.2 40
0.1 20
/h
0.0 0 > *
Q N N N v 0 A Q N N N N O
'x\ \'\ \'\ \X\ Q\ \'\ \'\ \\'\ N \'\ \'\ \\'\ N \'\ \'\ \\'\

Date (month/year)
(Ebrahinet al. 2016)
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Crop ModeisClimate Change Impact Assessment

0 Climate change impact on wheat in Austria

A GroR-Enzersdorf

A Baseline (1981-2010) CQ, concentration: 385 ppm

A Climate change scenarios (20352065) from three Global Circulation Models

Table 3. Factorial combinations of climate models with emission scenarios and management treatments for

simulation experiment

Nitrogen application at Zadoks

stages (kg/ha)

Emission Nitrogen rate
Climate scenario Sowing date (kg/ha) GS21 GS31 GS51
Baseline A1B-B1 20 September (SD1) 80 (N80) 40 40 0
CGMR
IPCM4 20 October (SD2) 120 (N120) 40 40 40
MPEH5 20 November (SD3) 160 (N160) 50 50 60
200 (N200) 60 60 80

GS, growth stage.

(Ebrahinet al. 2016)
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Crop ModeisClimate Change Impact Assessment

0 Simulated wheat grain yield

A No changes under CGMRprojections

A 30% reduction under IPCM4 projections

8000 - @] 16 (b)
X X
x x X 2 § _I_ x X T %
x a4 ; u
~~ 6000 | x X 5 I L L
] — -
o 9 N
g E 12 I = — e
54000 8
< % % % 10
5 2000 S I I L I
& _
x X 81 * x % g x
0 -~ e T
v QO N QD N QO N N D AN D N D N
@QQ?};S??};Q?? QD,‘?'“\Q—%,‘?"\QQ,‘?"\Q?
S LL L oL L
K o L N X S & o L 7 X A\

climate scenarios

(Ebrahinet al. 2016)
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Crop ModeisClimate Change Impact Assessment

0 Climate change effects on wheat phenology

0 N fertiliser application dates will be earlier in the future

Table 6 Simulated average days after sowing of fertiliser application at target Zadoks stages under
baseline (1981-2010) and IPCM4 chimate scenario with two emission scenarios for 2035-2065 as
affected by sowing date.
Climate scenario-Sowing date 722 Z31 /51
BL-SDI 67 203 233
BL-SD2 164 190 216
BL-SD3 145 161 186
IPCM4-Al1B-SD1 38 187 217
IPCM4-A1B-SD2 138 179 203
[PCM4-A1B-SD3 126 151 174
IPCM4-B1-SD1 47 198 228
IPCM4-B1-SD2 154 186 211
[PCM4-B1-SD3 138 158 182

(Ebrahinet al. 2016)
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Crop ModeisSustainability Assessment

O Long-term effects of crop rotations (productivity and sustainability )

A Conservation agriculture (CA)

A Direct planting of crops (no-till)

A Permanent soil cover (residue retention, RR)
A Crop rotation (CR)
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Crop ModeisSustainability Assessment

0 Global meta-analysis (610 studies across 48 crops and 63 countries):
No-till + residue retention (RR)
Significant increase in rainfed crop productivity in dry climates

+RR +CR

+RR / +CR

Only ndtill

+RR +CR

+RR / +CR

Only naitill

and crop rotation (CR)

|

a Dry :
P < 0.001 | @

|

|

|

— @

|

|

|

| ® |

|

—

b Humid |

p-o2 @1 |

|

|

|

H@H |

|

|

|

—@—

|

|
| | | |
~20 10 0 10

Effect on yield (%)

(Pittelkowet al. 2015, Nature)
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Crop ModeisSustainability Assessment

O Sustainability of wheat-based cropping systems in semtarid Mediterranean
environments

A Low and highly
variable rainfall

A Water scarcity
A Limited arable land

- expansion of

_ AgfiCU'tU ral irrigated areas
ELUR Production - declining
PrEsSEre watertables
Systems

- soil degradation

6/14/2000 11:08am 6/16/2000 131 5pert-
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Crop ModeisSustainability Assessment

0 Simulating effects of CA on wheat (W) & chickpea (CP) using APSIM

O Sustainability polygon i long-term simulations

Conventional tillage & 50 kg N/ha

SOM 7 CPyield

CP GM

(Moeller et al. 2014; Sustainability)
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Crop ModeisSustainability Assessment

0 Simulating effects of CA on wheat (W) & chickpea (CP)using APSIM

Burned -Conventional tillage Mulch -tillage

W yield

W WUEg

(Moeller et al. 2014; Sustainability)
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Modehssisted Phenotyping

0 Plant breeding and crop improvement

0 Genetic variation not consistent among environments (G x E interaction)

7
//
/
//
/

Biophysica
Environments-

~—
~

I.—-—'e

I\

Genotyp

/
—
—

~

~

O Water- and nutrient-use efficiency: multi-genic traits (G x G, G

Phenotype

Phenotype

Phenotype

Phenotype

XE, G X EXxM)

0 G-to-P predictability gap 17 Major constraint to crop improvement (breeding)
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Modehssistedhenotyping

0 Simulating emergent consequences of genotypic variation in:

Root Architecture

Crop Modelling - Applications | Ahmad M. Manschadi
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Modehssisted Phenotyping

O Drought adaptation
A Wide root angle A shallow root architecture (winter-rainfall environments)

A Narrow root angle A compact deep root architecture (summer-rainfall environments)

Angle of root axes

30 ~
60 -

90 A

Soil depth (cm)

120 ~

150 -~

180 -

(Manschadi et al 2013; Plant Root, The Hidden F
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Modehssistedhenotyping
0 Linking APSIM with
A Historical climate records
A Representative soil characteristics

A Crop cultivar i standard variety vs root -modified genotype

Simulated wheat yield (kg ha)
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stress

Modehssistedhenotyping

0 Pattern analysis of water stress index

0 Characterising Drought Environment Types

= _
o
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E3 T Low terminal stress
oo
D '] -
E2 T Mid -season stress
= _
G s -
E1 T Severe terminal stress
o
o
= _|
L

0 500 1000 1500 2000

T

Crop Modelling - Applications | Ahmad M. Manschadi

24



Modehssisted Phenotyping
0 Simulated effect of root traits modification on wheat yield (Standard vs. RM genotype)

0 Greater water uptake during grain filling

O Water -use efficiency for grain yield = 50 I 60 kg ha -1 mm

(Manschadi et al 2006; Functional Plant Biolog
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