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Objectives of this presentation

• describe the objectives of the IAT
• show where the IAT was grown

(to 2006 121 locations worldwide)
• show how data returned from the IAT can be used by your 

breeding program
• provide links where you can find out more information
• discuss results and possibilities related to improved selection 

for environmental adaptation between CIMMYT and Australia
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Objectives of the IAT

• Evaluate Australian and CIMMYT representative germplasm in 
Australia and major global wheat production regions

• Use genotype performance to
• Characterise wheat production regions using weather data and 

genotype performance
• Identify germplasm with stable performance for specific stresses, 

e.g. boron toxicity
• For specific stresses, identify opportunities for cooperative 

screening with key global locations
• Investigate environmental response of diverse genotypes
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Output 1: All data available in CAGE/ICIS databases
IAT locations, 2001-2006

2.5 - 5

Yield –t/ha

5 - 10

0.5 - 2.5

10 trials planted in Australia in 2007
(5 x Agrisearch; 5 x breeders)

20 trials distributed by CIMMYT
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The entries in the trial…

An Excel sheet with a list of all entries in the IAT and their 
pedigrees is available from 

www.wheat-research.com.au/CIMMYT content/IAT_description.html

The entry design was
• 79 entries + local check

• 59 Bread:20 Durum
• 32 Australian lines: 47 CIMMYT lines
• Includes genetic probes to investigate stresses such as

• mineral toxicity/deficiency of soil (e.g. Boron, Zinc, Manganese, Acid)
• soil biotic stresses (e.g. Crown rot, Cereal Cyst Nematode, Root Lesion 

Nematode)
• foliar diseases (e.g Major rust genes)
• agronomic traits (e.g. Plant height, Vernalisation/earliness)
• drought adaptation

http://www.wheat-research.com.au/CIMMYT
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Output 2: statistical analysis of locations
e.g. correlations of >200 trials with Roseworthy

Negative

Not Significant

Positive Roseworthy

• negative correlations in 
India and Bangladesh

• 13 strongly positive
correlations at similar 
latitudes in Argentina, S 
Africa, Iran

Mathews et al 2007 TAG
10.1007/s00122-007-0611-4

http://www.wheat-research.com.au/CIMMYT%20content/IAT_description.html
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• Roseworthy 
correlations
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Output 3: Window on wheat concept
Using IAT to identify other adapted germplasm

Identify environments 
of interest

Characterise 
environments

IAT database

Better varieties, faster

breeders &
growers

Advanced 
varieties

Identify potential genotypes

Germplasm
bank

CIMMYT database
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Output 3
Example - Genetic correlations based on GxE for yield from 
Roseworthy

• The GxE analysis for yield is described fully in Mathews et al 
TAG (2007)

• Roseworthy had 4 years of data from the IAT and is a major 
breeding location for south

• (The genetic correlations between all trials in the analysis are 
available in a spreadsheet, IAT trial correlation matrix.xls from 
http://www.wheat-research.com.au/CIMMYT%20content/IAT_description.html)

• Selected these correlated locations out of the CIMMYT 
nurseries: Elite Spring Wheat Yield Trial (ESWYT), High 
Rainfall Wheat Yield Trial (HRWYT) and Semi-Arid Wheat Yield 
Trial (SAWYT).
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Genotype by Environment Interactions for Drought
Correlations of >200 trials with Roseworthy, Australia

Negative

Not Significant

Positive Roseworthy

• negative correlations in 
India and Bangladesh

• 13 strongly positive
correlations at similar 
latitudes in Argentina, S 
Africa, Iran

Mathews et al 2007 TAG
10.1007/s00122-007-0611-4

http://www.wheat-research.com.au/CIMMYT%20content/IAT_description.html
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Output 3
Window-on-wheat

CIMMYT Nurseries
(ESWYT, SAWYT, HRWYT)

1994-2004
1253 genotypes

340 locations
IAT Locations 

correlated with Roseworthy
13 locations

CIMMYT Nursery subset
1252 genotypes

10 locations

CIMMYT germplasm
Top 10% within trials

338 genotypes

decrease of 
genotypes to 
investigate to 
30% of 
original
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Output 3
Genotype lists with potential adaptation to Australia….

• For Roseworthy,
• 300 genotypes identified from past CIMMYT nurseries grown in 

locations with stronge genetic correlations
• developing some more interactive tools to do this

• For key Australian locations
• ‘lists’ of the best CIMMYT genotypes that were grown at ‘correlated 

locations’
• lists include AUS IDs if they have been already imported….
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Future thoughts
IAT contains lots of contrasts

• how does this relate to Australia?

• what can we learn from the physiological contrasts?
• vernalisation
• earliness
• height
• tillering
• drought (1BL/1RS vs 1BL/1BS)
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What drives GxE for drought trials?
Correlations of >200 trials with Roseworthy, Australia

Negative

Not Significant

Positive Roseworthy

• positive correlations at 
similar latitudes in 
Argentina, S Africa, Iran

• negative correlations in 
India and Bangladesh

• Related to latitude and 
seasonal water supply 
patterns?
• interactions with

• vernalisation
• photoperiod
• height
• tillering

Mathews et al 2007 TAG
10.1007/s00122-007-0611-4

http://www.wheat-research.com.au/CIMMYT%20content/IAT_description.html
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Northern regions have similar temperature profile to 
Obregon cf southern Australia
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Strong negative effect of vernalisation in India
(Vernalisation Requirement in WW425 vs rest)

NA

No Difference

Significant negative

Significant positive

Genotypes
WW425 vs rest
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Earliness important in Indian environments
(EARLY_Bread)

NA

No Difference

Significant negative

Significant positive

Genotypes
Sonalika & Inqalab > rest
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Contrast of 4 pairs of dwarf vs tall isolines
(PLNTHT_BREAD)

NA

No Difference

Significant negative

Significant positive

Genotypes
Dwarf > tall
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Contrast of Veery (Seri) vs Pavon (Hartog) wheats 
(DROUGHT_SeriHartog)

NA

No Difference

Significant negative

Significant positive

Genotypes
Seri > Hartog
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Northern region correlates with CIMMYT/India etc.
South/West region correlates with WANA and high latitudes

BTSCHTRDNT

FRAME YRWGL

EXLBR

BRNGA

GROKE

KRCHF

DLRBD

WESTA

JANZ

HRTOG

SUNCO

SUNVL

KENDY

DMDBD
WW425

SLVSR

VLCAN

SNLIN

ATTLA

SITTA

CETTIA

CHLPR

TUI
JUNB PSTRO

SSERI

INQLBPRLSV

PSTOR
URESK

HXL

PRFDL

PVONKAUZ
NESSR

GLVEZ

(22.52%)

(8.73%)

South & Western 
Australia

Northern 
Australia & 
CIMMYT

WA
SA
VIC
NSW
QLD
CIMMYT
International
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Future thoughts?

• IAT supports earlier work that northern Australia correlates well 
with CIMMYT Obregon and many of CIMMYT target 
environments

• how can we exploit the now-known correlations for southern 
and international locations?

• is it simply a matter of phenology or something more complex?
• evidence

• IAT
• “CIMMYTised” southern Australian derived synthetics have a flowering 

response more similar to northern Australian lines. what changed?
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Opportunities?

• Understanding the flowering and morphological adaptation to 
among CIMMYT, north and south Australia

• Improve linkages with CIMMYT (and ICARDA?)
• collaboration in controlled drought environments as relevant for

northern Australia and southern/western Australia respectively
• links to Australian drought breeding activities

• experiments to compare contrasting lines and understand effects 
of the major combinations of vernalisation, photoperiod, height,
tillering genes

• modelling of this?
• GIS and EC work? Link to ICARDA/CIMMYT activities

• Development of global Environment characterisation atlas for 
wheat? Integration with ICARDA-GRDC project and with breeding 
programs

• quality GxE
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References and Websites

Publications
Chapman et al (2007) Height and yield relationships between reduced height near-isogenic

spring wheats across world wheat production regions. Euphytica
Mathews et al (2006) Global adaptation of spring bread and durum wheat lines near-isogenic

for major reduced height genes. Crop Science
Mathews et al (2007) Global adaptation patterns of Australian and CIMMYT spring bread
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Websites
CIMMYT Australian Germplasm Enhancement website
http://www.wheat-research.com.au/CIMMYT%20content/IAT_description.html
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Contact Us
Phone: 1300 363 400 or +61 3 9545 2176

Email: enquiries@csiro.au Web: www.csiro.au

Thank you

CSIRO Division of Plant Industry
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Phone: +41(7) 3214 2254
Email: Scott.Chapman@csiro.au
Web: http://www.pi.csiro.au/

CIMMYT
Hans-Joachim Braun
Director, Global Wheat Program
Email: H.J.Braun@cgiar.org

Jose Crossa
Biometrician, Genetic Resources and 
Enhancement
Email: J.Crossa@cgiar.org

Phone: +52(55) 5804 2004
Fax: +52(55) 5804 7558
Web: www.cimmyt.org
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• some extra slides follow…
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Vision for integrating wheat data

The following slide diagrammatically shows how the IAT 
database can be used as a strategic selection tool. The four 
basic steps are:

1) have a MET which covers the range of environments you are interested in

2) use the data from this MET to characterise environments via
a) environmental characterisation of weather, soil and agronomy information 

b) performance of reference genotypes

c) differential performance of probe genotypes for a specific trait

3) Subset the germplasm database (CIMMYT in this case) for the environments 
determined from (2). Identify potential genotypes of interest to your target 
audience.

4) Import the identified genotypes for introduction into breeding programs and 
release of better adapted, performing varieties to growers.
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Example 2 – differential performance to 
boron toxicity

• The genotypes used in this example are Australian isolines, 
BT-Schomburgk and Schomburgk, the former being tolerant to 
boron toxicity and the latter not.

• The concept is if BT-Schomburgk yields significantly more than
Schomburgk then it suggests that there might be a boron 
toxicity problem at that location.

• The following map identifies environments where there was 
differential performance between these isolines

• a researcher could then interested contact the collaborators of 
this trial and ask if they have a boron toxicity problem, and if so, 
what germplasm they use which performs well at this location.



CSIRO. International Adaptation Trial - Correlations around the world

Boron Tolerance_Isoline

NA

No Difference
Significant negative

Significant positive

Genotypes
BT-Schomburgk > Schomburgk
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Yield vs Height for 4 BW and 2 DW lines
Yield advantage of tall vs yield of dwarf

• significant yield advantage of semi-dwarf in trials > 2 to 2.5 t/ha
• but clear advantage of tall is relatively rare
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