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ODbjectives of this presentation

» describe the objectives of the IAT

* show where the IAT was grown
(to 2007 123 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
AT locations, 2001-2007

Yield —t/ha
O 05-25
®@7>25.5

10 trials planted in Australia in 2007 (7 harvested, returned) ” )7
(5 x Agrisearch; 5 x breeders) |
20 trials distributed by CIMMYT (2 data sets returned) ‘mm'
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IAT 6 and 7 — yield results
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IAT 6 and 7

\I-R
N-PELSART

N-KENNEDY

N-JANZ

N-HARTOG

N-EGAWYLIE

N-EGA HUME

N-BATAVIA
C-WORRAKATTA/PASTOR
C-WEEBILL1

C-VOROBEY
C-VEE/MJII/2*TUI3/PASTOR
C-URES/PRL//BAV92
C-URES/JUN//KAUZ

C-SUPER SERI #1
C-SUNCO/2*PASTOR

C-SOKOLL

C-SERI DWARF
C-PRL/2*PASTOR

C-PAVON DWARF
C-PASTOR/BAV92
C-PASTOR/3/VEE#5//DOVE/BUC
C-PASTOR/3/ALTAR 84/AEGILOPS SQUARROSA (TAUS)//OPATA
C-PASTOR*2/OPATA

C-PASTOR

C-NESSER DWARF
C-MILAN/KAUZ//BABAX/3/BABAX
C-KAUZ TALL

C-KAUZ DWARF
C-IRENA/BABAX/PASTOR
C-INQALAB 91

C-GALVEZ DWARF
C-FILIN/2*PASTOR
C-CROC_1/AE.SQUARROSA (224)//OPATA/3/PASTOR
C-BERKUT

C-ATTILA*2/PBW65

C-ATTILA
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« SUMMARY of IAT 2006 and 2007

W
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2hd to 7t |ATs — components of variance

« Comprises ‘representative’
lines from CIMMYT, north,
south, west

e Locations

e 20 North, 26 South, 20
West

Within/between regions

« Similar sizes of Gen and
Gen:Reg components

* These are only 15% of
Gen:Reg:Env

By region analysis
 Gen and Gen:Env greater
in North

 Lowest Gen:Env in West

Source IATS IATS IATS
2t07 5,6,7 6, 7

Gen 0.018 0.018 0.013

Gen:Reg 0.015 0.010 0.010

Gen:Reg:Env | 0.123 0.143 0.073

Residual 0.226 0.195 0.159

Gen (North) |0.050 0.036

Gen (South) |0.028 0.027

Gen (West) 0.021 0.021

Gen:Env (N) |0.252 0.293

Gen:Env (S) |0.105 0.158

Gen:Env (W) | 0.036 0.032
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BLUPs from > 20 trials/region

* North (20 trials)
» Greater variance

* Local adaptation
(Pavon, Kauz, Seri

S-YRlO-ARIGAL

UNLIN

-SUNCO
S-SILERSR

derivatives) S-K_RIEI\LIJ
* South (26) S
 Lower mean and SDOLARBIRD
variance S A ARA
. S-BT-SCHOMBURGK
» Local adaptation SHBATAVIA
(Trident, SilverStar, SBABBLER
Frame) + several
CIMMYT lines (Attila, W
Kauz, Seri, Super EE A
Seri) m .
« West (20)
 Lowest mean and  CSERIDWARE
variance C-PRLISARA/ITSIVEEAS

C-PAVON DWARF
C- PASTOR*Z/OPATA
STOR

C-N SS TALL

C- NESSER DWARF
C- KAUZ DWARF
C- GALVE DWARF

C-DHARWAR DRY
AP

» Local adaptation
(Westonia, Trident,
Frame) + Super
Seri#l
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Ath & 5t |ATs — Protein in 7 trials

* GE for protein is similar Source Component | Std error
In size to that for G
(for yield G = 1/7 x GE) | =" 0.190 0.038
Gen:Env 0.160 0.017
« Genetic correlation Residual 0.344 na
among sites = 0.60
14
e CIMMYT lines tall
« Especially low protein in 137
Wagga Wagga 2005 Opata/3/Pastor
« Inversely related to Protein |
yield... (%)
11 -
o (stripe rust)
10 7 y = -0.453x + 12.945 e o
R?=0.376
9 I I
0 2 4 6
Yield (t/ha) ‘“m'

CSIRO. Internat'@ﬁl Adaptation Trial - Correlations around the world csIRO



Variation for protein in 7 trials

decrease

e CIMMYT
lines low

N:E:
C-VEE/ gl é_{{éﬁ‘%@/g

C-IRENA/BC;O: iA

C-GEN"2//BUG/ELKTSIPAST
C-CROC_UAE. SQUARROSA (224 ﬁﬁ& AEe:
C B

C-BJY/C

P
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Output 2: statistical analysis of locations

e.g. correlations of >200 trials with Roseworthy

* negative correlations in
India and Bangladesh

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

A Negative fAD
/\_ Not Significant :

A Positive

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

GRDC )
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Output 3: Window on wheat concept
Using IAT to identify other adapted germplasm

Characterise

environments
CIMMYT database

Better varieties, faster Identify potential genotypes

Identify environments
of interest

v

(w
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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).

(w
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Genotype by Environment Interactions for Drought

Correlations of >200 trials with Roseworthy, Australia

* negative correlations in
India and Bangladesh

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

A Negative fAD
/\_ Not Significant :

A Positive

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

GRDC )

cs http://www.wheat-research.com.au/CIMMYT%20content/IAT_description.html csiro



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
decrease of v
genotypes to CIMMYT germplasm
Investigate to Top 10% within trials
30% of 338 ge_notypes
original '

i o
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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 strong 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’

o lists include AUS IDs if they have been already imported....

(W
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Future thoughts

AT contains lots of contrasts

* how does this relate to Australia?

« what can we learn from the physiological contrasts?
* vernalisation
* earliness
 height
e tillering
» drought (1BL/1RS vs 1BL/1BS)

(w
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What drives GXxE for drought trials?

Correlations of >200 trials with Roseworthy, Australia

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

* negative correlations in
India and Bangladesh

 Related to latitude and

seasonal water supply
patterns?

e [nteractions with

e vernalisation

A Negative fAD
J

A Not Significant ) - . photoperiod
A Positive - Roseworthy . height
 tillering

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

cs http://www.wheat-research.com.au/CIMMYT%20content/IAT_description.html csiro




Maximum Temperature (0C)

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)

O NA @ Significant negative Genotypes
O No Difference O significant positive WW425 vs rest ‘mm'
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Contrast of 4 pairs of dwarf vs tall isolines
(PLNTHT_BREAD)

O NA @ Significant negative Genotypes
O No Difference O significant positive Dwarf > tall ‘mm'

CSIRO. International Adaptation Trial - Correlations around the world . CsIRO



Northern region correlates with CIMMY T/India etc.

South/West region correlates with WANA and high latitudes

WA
B SA
Il VIC
. NSW FRAME yRWGL SUNC =2
B QLD S e B e Northern

E CIMMYT SUWL DLRg e Australia &

International HRTOG CIMMYT

W
CSIRO.

CCCCC




A quick update on Cimmyt
Rainfed programme

Yann Manes and Matthew Reynolds
29102007

WCIMMYT.



Physiological approach

 Model Yield = WU x WUE x HI

 Almost a quarter of the SAWSN candidates
come from crosses made to combine
complementary physiological traits between

various sources:
— Elite Cimmyt non synthetic
— Elite Cimmyt synthetic
— Landraces

 10% of SAWSN candidates come from crosses
with landraces designed on the basis of
physiological traits

| CIMMYT.




Genotype

Trait for which expression is high

W15.92

CHO

PUB94.15.1.12

Elite Landrace, CHL

MEX 94.27.1.20

Elite Landrace, BMA

CROC_1/AE.SQUARROSA (224)//OPATA

CHL

WEEBILL1 Drought Check
FIRETAIL CHO
OR791432/VEE3.2 BMA

MEX94.15.34 Elite Landrace
MEX94.2.18 Elite Landrace — BMA
MEX94.2.19 Elite Landrace — Heat
SOKOLL Deep Water Extraction
PASTOR/HXL7573/2*BAU Biomass Drought
ATTILA Heat Check

PUB94.15.1.12

Elite Landrace, deep roots

MEX94.12.2.39

Elite Landrace, deep roots

SERI/BABAX CT-Drought
SERI/BABAX CT
ATTILA/3*BCN Heat Check

CMH83.2517 Stay-Green Spike
CMH82.575/CMH82.801 Stau-Green Spike
GIZA 36 Deep Water Extraction

T.DICOCCON PI194628

Elite Landrace Stay-Green

CHO = carbohydates in Stem, CHL =

MMY'T.



And from now ?

 We want to apply systematically the
physiological approach to crossing:
— Define each year a core set of 50-100 crossing

parents which will be characterized for physiological
traits.

— Extend physiological characterization to genetic
resources

* This will make more targeted our use of new
genetic diversity, either new elites (australian
cultivars for instance), or new genetic resources
(SHWSs, landraces).




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
e |AT

» “CIMMYTised” southern Australian derived synthetics have a flowering
response more similar to northern Australian lines.

 What changed?

(w
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Opportunities?

« Understanding the phenological and morphological adaptation
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

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

* modelling of this?

e 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

(W
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spring wheats across world wheat production regions. Euphytica
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for major reduced height genes. Crop Science
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Websites
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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

1)
2)

3)

4)

database can be used as a strategic selection tool. The four
basic steps are:

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

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

Import the identified genotypes for introduction into breeding programs and
release of better adapted, performing varieties to growers.

Cn
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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

e 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.

(w
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Boron Tolerance Isoline

O NA @ Significant negative Genotypes
O No Difference @ significant positive BT-Schomburgk > Schomburgk

W
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Yield vs Height for 4 BW and 2 DW lines

Yield advantage of tall vs yield of dwarf
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« 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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Earliness important in Indian environments
(EARLY_Bread)

O NA @ Significant negative Genotypes
O No Difference O significant positive Sonalika & Ingalab > rest ‘mm'
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