CAIGE Project Newsletter

CIMMYT - Australia - ICARDA Germplasm Evaluation

WELCOME TO THE AUGUST 2025 EDITION

Dear CAIGE colleagues,

Welcome to the August edition of the CAIGE Newsletter. The field season is in full swing with all trials — both BW,
DW and B yield and pathology trials being successfully planted across the cereal growing belt of Australia.  Thanks
go to Dr Vivi Arief and her team at AAGI for providing the statistical designs for the yield trials, and to Dr Sally Norton
and her team at AgVic for providing the seed increase from CIMMYT International and ICARDA in a timely manner.
The subsequent successful seed increase, harvest and collation of these materials by Ms Annette Tredrea (Trials Officer
at Uni of Sydney’s key field station at the Plant Breeding Institute in Narrabri) is kindly acknowledged. Again, back at
AgVic Horsham, Sally and her experienced nursery team then assembled and distributed both the yield and pathology
nurseries in a timely manner from this seed increase. As you can see there are many moving parts here, and a lot of
work that goes on in the background to ensure it all comes together.

Australia’s diverse climate fails to disappoint: the southern region has struggled with rain and has largely been in the
2nd year of a drought, whilst the northern region has been inundated with floods on several occasions and is generally
looking very good. The wonderful west is providing to
be the best of the pack with consistent reliable and
effective rainfall and weather and are expecting the IN THIS ISSUE
best season for many years.

e An update from CAIGE Project Leaders
The International CAIGE tour this year was in . . .
Morocco at ICARDAs headquarters. There was a ® Update on 2025 Yield and Disease SCreening

large Australian contingent that joined this for both trials

BW and Barley, with several field site visits including ° Update on CAIGE ICARDA-Morocco
the main breeding station at Marchouch and .
surrounding regions of importance for both yield and Wheat and Barley Tour. Apl’ll
pathology. Several CIMMYT International scientists 2025

and regional National program breeders also joined .

the CAIGE tour. Many thanks to ICARDA colleagues o CAIGE GRDC External Review
for their time, preparation and sharing of knowledge. o CAIGE genotypic data

All three crops have their nurseries assembled from ° Update on 2024 CIMMYT material imported
the selections made by the Australian contingent, and .

these should arrive timely to the AGG by October for to Australia
subsequent quarantine, increase at Narrabri and initial o Australian CAIGE Tour 2025
rust testing at PBl Cobbitty under Davinder Singh’s

o CAIGE presentations, posters & publications
® BMS on-line Training
Spring has almost sprung and as usual the CAIGE e Video recording - CAIGE Lecture with Dr.

guidance.

Australian tour of the yield and pathology nurseries
will take place. Again, thanks to the CAIGE Wheat and
Barley leaders and our valued partners for

Davinder Singh
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accommodating and facilitating these important visits. We hope some of you may be able to link up with the tour.

Major progress has been made on the genotyping of CAIGE materials under the new CAIGE project with Dr Kerrie
Forrest and her team at AgVic at Bundoora. This is a rapidly changing space and Kerrie and her team are capturing the
most advanced platforms for genotyping as well as methods to impute genotypic data from older platforms. Sally and
her team at AGG are also adding the genotype code to all the newly imported CAIGE materials. This code is also
being entered into the BMS database where all the CAIGE data is stored. Soon using this code CAIGE collaborators
will be able to link directly into the database dataverse where the genotypic data is stored. It is anticipated that this
link will all be functional by the end of the year.

Dr Robin Wilson and his team at BMS have also recently provided an excellent on-line tutorial on how to get the most
out of the CAIGE database which has been used to store all CAIGE data since the project’s inception. This is a very
useful resource for collaborators and Robin and our CAIGE database manager Laura are more than happy to take
questions as needed.

Finally, the CAIGE data has been collated and presented at several National Pathology and Breeding Conferences in
addition to Workshops. These have been welcomely received and indicate the value of the CAIGE germplasm on
both fronts — both yield and disease resistance. It is only with long-term partnerships that we have been able to present
this to the greater audience, and the fact we have an effective data repository of BMS to store all related data. Also,
with Dr Nick Fradgley working on the CAIGE BW dataset further understanding into GXE and modelling of data has
allowed for greater understanding of the performance of germplasm in different environments, with a most recent
publication in Theoretical and Applied Genetics.

GRDC are undertaking a review of the current CAIGE investment and are likely to contact many of our collaborators
over the coming month, with the outcome of the review expected before the end of the year. As we move forward,
we should be considering what a further investment in CAIGE might look like and how we could make it even better!

The CAIGE project continues to deliver to our partners and is a great project to be involved with. | want to again
extend my thanks to GRDC for their continued investment and to all collaborators involved in CAIGE — as it is only
with everyone doing their part that we can make it so successful. | wish you the best for the remainder of the season
and look forward to seeing you in person in the field/lab or speaking with you soon. If you do have any questions
don’t hesitate to contact me.

An update from CAIGE project leaders

Dear CAIGE collaborators,

The 2025 season is now well underway. | trust that seasonal rains will be kind and that you generate the data
you need. We are looking forward to a great year with a diverse set of materials (ICARDA focused this time
but with some CIMMYT materials included that were multiplied in 2024 due to insufficient seed for trial) sown
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at 10 different locations for bread wheat and 4 for durum wheat around Australia. Once again, many thanks to
AGG for expediting the release of the materials from quarantine last year (and this year), the team at Narrabri
for such a successful multiplication in 2024, the team at AGGI for providing timely and optimised trial designs
and of course all collaborating companies and disease experts who will evaluate the 2025 materials. We had a
very successful visit to ICARDA in Morocco back in April and we look forward to receiving the new materials
in October this year. I'll also have an opportunity to see the selections at a foliar disease hot spot in Kulumsa,
Ethiopia in early October. We can use these observations to further reduce the set to be evaluated in 2027. |
look forward to catching up with everyone in the spring on the annual CAIGE tour of Australia.

Richard Trethowan
Project Leader (Wheat)

Dear CAIGE collaborators,

The 2024 season is off to a good start — 5 barley yield trials have been successfully established at Narrabri (PBl), Breeza
(Trigall), Pinnaroo (AGT), Roseworthy (SECOBRA) and York (Intergrain). Conditions are variable across the country:
the Pinnaroo site can do with some additional rain, while the Breeza site was recently threatened by flooding! The lines
in the last import set (i.e. those selected in 2023, quarantined in 2023/24 and increased in 2024) have been genotyped by
the Australian Grains Genebank, which is reflected in the change of in-kind contribution by Intergrain from genotyping
to field testing. There is a total of 285 ICARDA lines plus 12 Australian varieties included in the 2025 multi-environment
trials, with all 285 lines sent to Cobbitty for leaf rust phenotyping, and subsets (depending of seed availability) sent for
phenotyping to Warwick (249 lines, powdery mildew and net form of net blotch), Horsham (219 lines, spot-form of net
blotch), and SARDI (232 lines, scald), and a further 238 lines are being increase at Narrabri. We are looking forward to
the results of this year’s field trials and disease screening trials. Acknowledging that this project would be impossible
without the contributions of our many collaborators. Thanks again for your many contributions to the success of this
project.

Mark Dieters
Project Leader (Barley)

Update on the CAIGE yield and disease screening trials 2025

by Laura R. Espinosa

Yield Trials bread wheat, four for durum and five for barley (Table 2).

The 2025 CAIGE wheat and barley yield trials were

successfully sown over the past months, despite some . . .
Like every year, there is one public site for each crop.

delays in planting due to lack of rain in South Australia. This year Narrabri is the public site for BW and Barley

All selected genotypes are now in the field. A total of

275 bread wheat (BW), 138 durum (DW) and 285 barley

and Winulta for DW (Table 1, Site locations, Figure 1).

(B) lines were selected for this year’s trials and planted Many thanks to Dr Vivi Arief and her team at AAGI for

in the main cropping regions across several sites: ten for preparing the field designs. For BW, the 14 checks and
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30 lines randomly selected were replicated and there
were 200 unreplicated lines. All sites have 288 plots
except Narrabri (Table |). This gives an average number
of replications of 1.2 in each site and 1.28 (rounded [.3)
for the entire MET across sites. Likewise, for DV, all the
checks and 24 lines randomly selected were replicated

and |14 lines unreplicated. This resulted in 1.4

replications for each site and for the entire MET across
sites. Finally, for Barley the average replication is 1.26 at
all sites except Narrabri, which is 2.0. Some sites are
already looking good, like the durum, barley and bread
wheat trials in Breeza (Figure 2) and the bread wheat in

Goomaling (Figure 3).

Table |I. Summary of 2025 CAIGE Yield Field Trials
Crop No. Site Locations Total Lines | Varieties Plots/ Plots/
sites genotypes (Checks) Private Public
Site Site
Bread Wheat 10 | 2025 BW yield trials map 289 275 14 288 576
Durum Wheat 2025 DW yield trials map 138 128 10 192 192
Barley 5 2025 Barley yield trials map | 297 285 12 288 598

Goomalling

h %York

O Bread Wheat

O Durum
A Barley

SA Walgett

+Sunville
Breez

O —
Narrabri
NSW L

Winutta ()

Figure 1. Locations of 2025 CAIGE yield trials in the three main Australian cropping regions. (Credits. to L. R. Espinosa)
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https://www.caigeproject.org.au/germplasm-evaluation/bread/yield-trial-australia/
https://www.caigeproject.org.au/germplasm-evaluation/durum/yield-trial-australia/
https://www.caigeproject.org.au/germplasm-evaluation/barley/yield-trial-australia/

2025 CAIGE DURUM

2025 CAIGE BARLEY

2025 CAIGE WHEAT

Figure 3. Bread Wheat CAIGE trial in Goomalling, WA. (Credits to Scott Sydhenam, LRPB)

August 2025




PREDICTA® B results for this year’s trials are still being evaluated by SARDI and will be shared with you soon. A
friendly reminder to our collaborators in case soil samples have not been taken yet, please do so and send them to
SARDI. Also, it will be greatly appreciated if any additional phenotypic data, especially if maturity scores can be
collected throughout the season and shared with us.

We hope the season progresses well with favorable rainfall leading to good yields.

Disease Screening

All the 2025 selected barley, durum, and bread wheat lines included in the yield trials, were also sent to pathologist
collaborators for disease screening. (Table 3). These lines will be evaluated for several crop-related diseases of
economic importance to Australia. AgVic reported that the CAIGE bread wheat septoria nursery in Hamilton is
evolving under optimal conditions for disease infection (Figure 4).

We sincerely thank all our CAIGE collaborators for their ongoing and valuable contributions, which make this large-
scale multi-stakeholder initiative possible.

Table 2. Summary of 2025 selected sites for disease screening of BW, DW and barley CAIGE lines

USyD- AgNSW QDAFF AgVic SARDI DPIRD CCD.M CSIRO .
PBI Wagga Qlud. Horsham SA WA Curtin Canberra UnisQ
Cobbitty Wagga Uni
Rust'  Septoria  Powdery Rust Crown Septoria Effector Multi- Root
(LR3, tritici Mildew?® (LR, Root tritici Toxicity pathogen Lesion
SR, Blotch SR, nodorum Rust Nematode
YR) NFNB?2 YR) Powdery screening (RLN) Total
Crop Mildew Yellow genes Resistance Sites
Septoria Spot (Pt/Pn)*
tritici Scald ?® and
Blotch Powdery tolerance
Mildew (Pt)*
SFNB®3
Root
Lesion
Nematode
(Pa)*
BW v v v v v v v v 8
DW v v 2
Barley v v v v 4
2only Barley

t Rust: LR-leaf, SR-Stem, YR-Yellow.2NFNB: Net Form Net Blotch. 3SFNB: Spot Form Net Blotch. “RLN: Root Lesion
Nematode - Pt Pratylenchus thornei, Pn Pratylenchus neglectus and Pq Pratylenchus quasitereoides (formerly P. teres).
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Figure 4. AgVIC Bread Wheat Septoria Nursery Hamilton at growth stage Z34. (Photo taken by Melissa Cook)

CAIGE ICARDA-Morrocco wheat and barley tour report

by Laura l. Espinosa, Mark Dieters, Richard Trethowan and Julie Nicol

The 2025 CAIGE tour delegation flew to Morrocco to visit ICARDA during the last week of April (23-29t).
ICARDA breeders including Tadesse Wuletaw (BW), Filippo Bassi (DWV) and Miguel Sanchez-Garcia (Barley)
organized a full program for participants. Many thanks go to ICARDAs logistical team, especially Ms Fatima
Kharchouch for assisting with all the arrangements.

There were representatives from two private sector breeding companies including Barley Lead Breeder Dr David
Moody from Intergrain, and two representatives from Rebel Seeds including Mr Andrew Butler and Mr Derryck
Mickelborough. Senior Cereal Nematologist and CAIGE disease collaborator Dr Jason Sheedy from University of
Southern Queensland also joined the tour along with the core CAIGE team (Richard, Mark and Julie). Additionally,
several CIMMYT International staff from Mexico and Turkey, along with other international visitors (from Tunisia,
India, Egypt, France (INRA) and South Africa) participated as well. During the tour, the CAIGE Steering
Committee meeting was held on Thursday 24t in Rabat at ICARDAs Office.

Finally, Dr Julie Nicol travelled from Morocco to Turkey with Jason Sheedy to review the Soil Borne Pathogen
program with CIMMYT International Staff (Dr Amer Dababat — SBP Lead, and Dr Karim Ammar — DW Head
from CIMMYT Mexico) along with Turkish colleagues and discuss future areas of collaboration with CAIGE. The
following section provides more detailed information about this visit.
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Barley tour to ICARDA

ICARDA’s barley breeder (Miguel
Sanchez Garcia) hosted a visit in April
this year to field trial sites in Morocco.
The primary purpose of this visit was to
select lines from across the barley
preliminary (stage 1) and advanced
(stage 2) yield trials, for importation
into Australia at the end of 2025.
Australian participants were: Mark
Dieters (barley CAIGE coordinator),
David Moody (Intergrain), David Butler
(Rebel Seeds), Derryk Mickelborough
(Rebel Seeds), and Jason Sheedy
(University of Southern Queensland).
Daniel DeKlerk (SABBI  barley
breeder) also participated in this visit.

Figure 5. Group visit to leaf rust and net blotch disease nursery at Allal Tazi during the
CAIGE Barley Tour 2025. (from left to right: Miguel Sdnchez, Daniel DeKlerk, Mark Dieters,
Derryk Mickelborough Catherine Lawn, Jason Sheedy, Andrew Butler, Anna Backhaus, David
Moody.)

Across all nurseries over 600 lines
were identified with potential for importation into Australia under the CAIGE project; this list will be reduced to
an import set of approximately 350 lines (including lines generated from wide crosses) based on disease resistance
and yield data collected following our visit to Morocco, and will be sent to AGG in Horsham for post-entry
quarantine later this year.

At the end of our visit to Morocco, David Moody and Daniel DeKlerk made presentations on their breeding
programs in a seminar for ICARDA staff and students. These presentations were very well received. The team at
ICARDA (Anna Backhaus, Catherine Lawn and Miguel Sanchez) were great hosts during our visit, and helped
make this visit both productive and enjoyable.

ey

Figure 6. Evaluation of barley lines in Marchouch (from left to right:
Daniel DeKlerk, Miguel Sanchez, Mark Dieters.)
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Figure 7. Group photo at Annouceur. (from left to right: Daniel
DeKlerk, Catherine Lawn, David Moody, Anna Backhaus , Andrew

Butler, Derryck Mickelborough, Mark Dieters and Miguel Sanchez.)



Wheat tour to ICARDA

Dr Wuletaw Tadesse led the tour of bread wheat locations in Morocco. The Australian team comprised
Derryck Mickelborough and Andrew Butler from Rebel Seeds, Jason Sheedy (University of Southern
Queensland), Julie Nicol and Richard Trethowan. We were joined by a lively group of trainees from
North African countries. We spent time at ICARDA’s main station at Marchouch with visits to Settat
(Sidi el Aydi Experimental Station) and disease screening near Tangier. We selected a set of 290 bread
wheat materials of short stature with good rust resistance, a range of phenologies and white grain. These
materials have been sown at Kulumsa in the Ethiopian highlands for continued disease assessment. The
materials will be further reduced based on foliar disease susceptibility and the information provided
before the selected lines exit quarantine. We thank the ICARDA team for their wonderful hospitality
and assistance with on the ground logistics. They truly made this a memorable and rewarding experience.

Figure 9. Group visit to Marchouch Station during the 2025 CAIGE
Figure 8. Wuletaw Tadesse and Richard Trethowan discussing the tour to ICARDA. (from left to right: Jason Sheedy, Andrew Butler,
merits of a wheat line with ICARDA trainees at Settat. Derryck Mickelborough, Julie Nicol, Richard Trethowan, Wuletaw
Tadesse, Khaled Gad).

CAIGE GRDC external review

by Shefat Rahman, GRDC

An external review is currently underway to assess the impact and adoption of CAIGE project outcomes and to
help inform future directions. As part of this process, the review panel may contact relevant stakeholders. The
outcome of the review is expected by the end of 2025.
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Status of CAIGE wheat and barley genotype data

by Kerrie L. Forrest, Agriculture Victoria

CAIGE material from the 2022 and 2023 yield trials was genotyped by InterGrain using the Wheat-Barley SNP
array vl.l and made available to the CAIGE project in a format consistent with other datasets produced at that
time.

Commencing with the 2023 import sets of wheat and barley, the Australian Grains Genebank (AGG) Strategic
Partnership has taken on responsibility for genotyping CAIGE material while in quarantine. The 2024 and 2025
yield trial material was genotyped using the Wheat-Barley SNP array vl.2 and provided to CAIGE in the same
format as in previous years.

Currently, broader access to the new CAIGE germplasm datasets is restricted. This is to prevent interoperability
issues that may arise when combining data with older SNP array datasets, as the newer data is generated against
a different reference genome. These differences, which can include changes in SNP position and phase, mean that
older and newer datasets cannot be directly merged. This challenge is common to all genotyping platforms and is
becoming more significant in the pan-genome era.

To address these issues, the AGG Strategic Partnership is developing flexible solutions for managing genotype
data interoperability, including:

e Reviewing the SNP array content and reported genomic positions

e Creating webtools to remap genotype data across any genome assembly for seamless integration with AGG
accession data

e Establishing a new standard data and metadata format

Once these solutions are in place, we will recall genotype data for AGG accessions (including CAIGE material)
and publish it in Dataverse: Australian Grains Genebank — Genotype Data.

We aim to complete this process by the end of 2025. The data will be available with DOlIs under a CC BY 4.0
license, requiring attribution to the AGG Strategic Partnership (and InterGrain for the 2022 and 2023 yield trial
germplasm).

Table 3. Summary of accessions genotyped per year on SNP chip

Description Barley Wheat/Durum Genotyped by

2022 yield trials 473 323 InterGrain

2023 yield trials 187 272 InterGrain

2024 yield trials 0 267 AGG Strategic Partnership
2025 yield trials 348 269 AGG Strategic Partnership
Disease core 0 34 AGG Strategic Partnership

In parallel, processed genotype data will also be accessible through our Gigwa instance:

https://gigwa.plantinformatics.io/gigwa/, which will link to the corresponding DOIs in Dataverse. This Gigwa
repository is part of the Partnership’s digital tools ecosystem, which also includes Pretzel:
https://agg.plantinformatics.io/, to make interacting with AGG genotype data easier.

If you need early access to CAIGE genotype data, please contact Kerrie Forrest

(kerrie.forrest@agriculture.vic.gov.au) to arrange an MTA.
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Update on 2024 CIMMYT material imported to Australia

by Sally Norton, Agriculture Victoria

The CIMMYT import in 2024 saw bread wheat and durum wheat germplasm processed efficiently through post
entry quarantined (PEQ) and yielding high-quality seed. The material was dispatched to Narrabri in good time,
ensuring a successful sowing season with good yields expected.

Looking ahead, the bread wheat shipment from ICARDA is currently with their seed health unit for screening and
will be on its way to AGG PEQ soon. The barley and durum wheat consignments are expected to be delivered
by the end of October. These incoming lines will be sown into PEQ in the next cycle in Dec 2025, with an expected
release by end June 2026.

2025 CAIGE tour in Australia

As with every year of the CAIGE project, the Australian wheat (BW & DW) and barley CAIGE tour occurs in
spring. The CAIGE Wheat tour led by Richard Trethowan will start on Saturday October | It in the Northern
region, then head South for the 14 and |5t and will finalize with trial visits in the West on October |7®. As this
year’s BW nursery is largely ICARDA we are fortunate to have the head BW breeder from ICARDA Dr Tadesse
Wouletaw joining the whole tour inclusive from |1-18% October. The final program will be circulated soon by

email and posted on the CAIGE website.

Where possible the CAIGE wheat team will also visit the CAIGE barley trials (Narrabri and Breeza (NSW), Pinnaroo
and Roseworthy (SA) and York (WA)).

The CAIGE Barley tour led by Mark Dieters plans to visit trials, disease nurseries and multiplication plots as follows:
Sept 3rd — York barley Yield trial

Oct 10t — Narrabri barley CAIGE yield trial and seed multiplication plots.
Oct | Ith — Breeza barley CAIGE yield trial

Oct |5t — SFNB nursery at Horsham, Pinnaroo barley CAIGE yield trial
Oct |6t — Roseworthy barley CAIGE yield trial

The tours are a wonderful opportunity to look at the germplasm in the field, discuss with the CAIGE team, local
partner breeders and pathologists and especially international visitors. We welcome participation from our valued
collaborators and anyone else who would like to join. We also realize this is a busy time of year, and if you are
unable to connect in the field you can also join us for dinner along the way if the location is nearby.

If you or someone that you know is keen to join the full tour or part of it, please get in contact with Dr. Julie Nicol
(julie.nicol@sydney.edu.au). We look forward to possibly seeing you on board on the 2025 CAIGE tour.
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CAIGE presentations

by Julie Nicol

We have been fortunate this year to have some of the outputs of the CAIGE project overtime presented at National
Australian Pathology and Breeding Conferences. These include two presentations in wheat pathology, and one in
wheat breeding with the abstracts presented below. These were all welcomely received and thanks to all the
collaborators involved.

Additionally, a poster was presented by Laura E. and Nick F. in the Breeding Horizons 2025 training in Queensland
and Mark Dieters gave an overview of the Barley CAIGE project in the Net Form Net Blotch Workshop

Presentations

ADAPTED WHEAT AND BARLEY LINES WITH DISEASE RESISTANCE TO
MULTIPLE PATHOGENS: THE CIMMYT AUSTRALIA ICARDA GERMPLASM

EVALUATION PROGRAM

Julie M Nicol', Amit K Singh', Mark Dieters?, Robert Park', Davinder Singh', Laura Ziems', Laura Ruiz Espinosa', Manisha Shankar?,
Andrew Milgate®, Grant | Hollaway®, Mark McLean®, Melissa ] Cook®, Hari Dadu®, Jason Sheedy®, Tara Garrard’, Hugh Wallwork’,
Lisle Snyman®, Xuechen Zhang®, Greg Platz*, Susanne Dreisigacker’, Velu Govindan®, Ravi P Singh’, Abdelfattah A. Dababat'®, Miguel
Sanchez-Garcia'', Wuletaw Tadesse'', Ahmed Amri'', Ramesh PS Verma'', Sally Norton'?, Nick Fradgley'® and Richard Trethowan'
Presented at the ‘25" Australasian Plant Pathology Society’ Conference, May 2025, Sydney, Australia.

' The Plant Breeding Institute, University of Sydney, 107 Cobbity Road, Cobbity, NSWV, 2750, Australia.
2 The University of Queensland, Brisbane 4072, Australia.

3 Department of Primary Industries and Regional Development, South Perth, WA 6151, Australia.

* NSW Department of Primary Industries, Wagga Wagga Agricultural Institute, Wagga Wagga, NSW 2650, Australia.
3 Agriculture Victoria, Horsham, Victoria 3401, Australia.

6 University of Southern Queensland Australia, Toowoomba, Queensland 4350, Australia.

7South Australian Research and Development Institute, Waite Campus, Urrbrae, SA 5064, Australia.

8 Department of Primary Industries, Warwick, Queensland 4370, Australia.

? International Maize and Wheat Improvement Center (CIMMYT), Texcoco, 56237, Mexico.

% International Maize and Wheat Improvement Center (CIMMYT), Ankara, Tiirkiye

' International Center for Agricultural Research in the Dry Areas (ICARDA), Morocco.

2 Australian Grains Genebank, Agriculture Victoria, Horsham, Victoria 3401, Australia

13 CSIRO Agriculture and Food, GPO Box 1700, Canberra, ACT, 2601, Australia.

Abstract

Disease patterns will vary with a changing climate presenting new challenges for cereal scientists. In this scenario,
identifying resilient cereal germplasm that combines both high yield and disease resistance will be vital. The CAIGE
(CIMMYT-AUSTRALIA-ICARDA Germplasm Evaluation) concept has proven to be an effective way for Australian cereal
breeders, pre-breeders and pathologists to optimize the use of wheat and barley genetic resources from the wheat and
barley programs of the Consultative Group on International Agricultural Research (CGIAR). The Australian Grains
Research and Development Corporation (GRDC) supports this multi-partner collaborative program with international
and Australian partners including public pathology programs, universities and private breeding sector companies. CAIGE,
led by the University of Sydney, coordinates the selection, importation and quarantine (provided by the Australian Grains
Genebank), multiplication, and assessment of the international crop germplasm (bread wheat, durum wheat and barley)
in Australia, including concurrent testing for important foliar and soil borne pathogens. CAIGE manages the information
generated using a relational database and disseminates the information through our website (caigeproject.org.au).

CAIGE provides information for Australian scientists, breeders, and pre-breeders to optimize the selection of germplasm
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with novel resistance genes within high yield adapted genetic backgrounds. A key focus of this work has been a wholistic
evaluation of resistance against multiple pathogens. With bread wheat more than ten valuable high yielding wheat lines
from the International Centres CIMMYT and ICARDA have been identified across the main cereal cropping regions of
Australia. These lines have confirmed multiple pathogen resistance to three or more pathogens including stripe/yellow
(Puccinia striiformis f. sp. tritici), leaf rust (P. triticina) and stem rust (P. graminis f. sp. tritici), Septoria nodorum blotch including
both leaf and glume (Parastagonospora nodorum) Septoria tritici blotch (Zymoseptoria tritici), yellow spot/tan spot/yellow
leaf spot (Pyrenophora tritici-repentis), powdery mildew (Blumeria graminis f. sp. tritici), and soil borne pathogens including
root lesion nematode (Pratylenchus thornei and/or P. neglectus) and crown rot (Fusarium pseudograminearum).

THE CIMMYT AUSTRALIA ICARDA EVALUATION CONTRIBUTION TO IDENTIFY
ADAPTED HIGH-YIELDING WHEAT LINES WITH GENETIC RESISTANCE TO MULTIPLE
PATHOGENS OF ECONOMIC IMPORTANCE TO THE AUSTRALIAN GRAIN GROWING
REGIONS

Laura Ruiz Espinosa', Julie M Nicol', Amit K Singh', Mark Dieters?, Robert Park', Davinder Singh', Laura Ziems', Manisha Shankar?,
Andrew Milgate?, Grant | Hollaway*, Melissa ] Cook*, Hari Dadu®, Jason Sheedy®, Tara Garrard®, Hugh Wallwork®, Lisle Snyman’,
Susanne Dreisigacker®, Velu Govindan®, Ravi P Singh®, Abdelfattah A. Dababat'®, Wuletaw Tadesse'’, Sally Norton'', Nick
Fradgley'?', Vivi Arief'®, Robin Wilson'* and Richard Trethowan'. Presented at the ‘25" Australasian Plant Pathology Society’
Conference, May 2025, Sydney, Australia.

' The Plant Breeding Institute, University of Sydney, 107 Cobbitty Road, Cobbitty, NSW, 2750, Australia.
2 Department of Primary Industries and Regional Development, South Perth, WA 6151, Australia.

3 NSW Department of Primary Industries, Wagga Wagga Agricultural Institute, Wagga Wagga, NSW 2650, Australia.
* Agriculture Victoria, Horsham, Victoria 3401, Australia.

5 University of Southern Queensland Australia, Toowoomba, Queensland 4350, Australia.

¢South Australian Research and Development Institute, Waite Campus, Urrbrae, SA 5064, Australia.

" Department of Primary Industries, Warwick, Queensland 4370, Australia.

8 International Maize and Wheat Improvement Center (CIMMYT), Texcoco, 56237, Mexico.

'% International Center for Agricultural Research in the Dry Areas (ICARDA), Morocco.

""" Australian Grains Genebank, Agriculture Victoria, Horsham, Victoria 3401, Australia

12 CSIRO Agriculture and Food, GPO Box 1700, Canberra, ACT, 2601, Australia.

13 School of Agriculture and Food Sustainability, University of Queensland, St Lucia 4072

Queensland, Australia.

' Integrated Breeding Platform (IBP), Perth, Australia.

Abstract

Genetic diversity is key to breeding new varieties with pathogen resistance (ability of the plant to reduce multiplication
in the presence of the pathogen) and tolerance (ability of the plant to yield despite attack of the pathogen), along with
agronomic traits for grain yield and quality. Meanwhile, the development and severity of crop diseases also depend on
environmental conditions and management.

The CIMMYT, Australia and ICARDA Germplasm Evaluation (CAIGE) project has been instrumental in providing genetic
diversity for both, yield and disease resistance/tolerance for bread wheat (Triticum aestivum), durum wheat (T. durum) and
barley (Hordeum vulgare) in collaboration with Australian and international partners from the CGIAR since 2006. CAIGE
is funded by the Grains Research Development Corporation (GRDC) and has made a significant economic contribution
to the Australian grain industry, with a recent proven 20:1 cost benefit analysis. In collaboration with public and private
research and breeding institutions, selected lines are imported, quarantined, multiplied, genotyped - using the Infinium
Wheat Barley 40K SNP array - distributed and tested for yield and disease resistance in multiple-environment trials across
the three main Australian cereal growing regions (North, South and West).

Between 2022-2024, 863 bread wheat lines were screened by pathologist for stripe/yellow rust (Puccinia striiformis f. sp.
tritici), leaf rust (P. triticina) and stem rust (P. graminis f. sp. tritici), septoria (both S. tritici and S. nodorum blotch) and yellow
spot/tan spot/yellow leaf spot (Pyrenophora tritici-repentis). A portion of these lines were also assessed for the root diseases
crown rot (Fusarium pseudograminearum) and resistance and tolerance of the Root Lesion Nematode (RLN; Pratylenchus
thornei). Rolling 3-year multi environment trial analyses are conducted including both genomic markers and pedigree data
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to partition additive and non-additive genetic effects for yield adaptation. Facilitated by the Breeding Management System
(BMS) database, results and insights from these analyses are efficiently processed and delivered to collaborating breeding
industry partners to ensure impact.

Most of CAIGE material showed some level of resistance to all of the three rusts. Resistance for either, crown rot or
Septoria was less common, but CAIGE materials still provide a significant contribution to help control these diseases.
Several novel sources of Septoria nodorum, tan spot and powdery mildew foliar diseases as well as RLN and crown rot
root disease resistances have also been identified. Providing these resistances in well adapted wheat backgrounds has
enabled several CAIGE lines to be released directly as varieties or used as elite parents by plant breeders.

USING ENVIRONMENTAL DATA TO BETTER UNDERSTAND GXE FOR AUSTRALIAN WHEAT
YIELD AND PROSPECTS FOR CLIMATE ADAPTATION

Nick Fradgley, Julie Nicol, Richard Trethowan, Alex Whan, & Jessica Hyles. Presented at the ‘| 7t Australasian Plant Breeding
Conference’, June 2025, Perth, Australia.
Abstract

Genotype by environment interactions (GXE) are ubiquitous for wheat across diverse Australian growing environments.
Uncertainty due to year-to-year weather variability means that environment types and genotype performance at any
particular location are often highly unpredictable.

Here, | outline how crop growth stage specific environmental covariates (ECs) defined from high resolution weather and
soil data can be used to model environmental main effects and GXE effects in multi environment trial analyses.
Environmental main effects and latent environmental effect factor loadings defined by Factor Analytic Mixed Models can
be related to and predicted from observed ECs in a two-stage modelling approach. | demonstrate how this approach to
prediction of genotype performance in untested environments can be enhanced using a large multi-environment trial yield
dataset from the CIMMYT Australia ICARDA Germplasm Evaluation (CAIGE) program. ECs can be defined for much a
much larger number of environments that cover the target population of environments over many growing seasons. The
probability of an environment type occurring at each location over several years can then be considered to better define
and prioritise mega-environment regions for targeted selection. Genotypes can be selected with specific adaptation to
static GxE effects while being resilient and stable to expected non-static year-to-year variability.

This approach can also be employed with climate projections to predict and model how environment type mega-
environments might shift, arise or disappear under various emissions scenarios. This would enable plant breeders to pre-
emptively target and maximise genetic gain in environment types that will be of increased importance. | also present an R
package for defining ECs for Australian wheat growing environments and building these into multi-environment trial
analyses.

CAIGE — CIMMYT Australia ICARDA Germplasm Evaluation. Multiple Partner National and
International Project.

CAIGE Barley leader Mark Dieters also gave an overview of the Barley CAIGE project in the Net Form Net Blotch Workshop
in Australian this August 2025. This presentation was well received
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Poster

Uncovering genetic architectures of novel resistances for multiple diseases in CAIGE
bread wheat

Laura I. Ruiz Espinosa?, Julie M Nicol, Amit K Singh?, Robert Park®, Davinder Singh?, Laura Ziems?, Manisha Shankar?, Andrew
Milgate3, Grant J Hollaway*, Melissa J Cook? Hari Dadu?, Jason Sheedy?®, Tara Garrard®, Hugh Wallwork®, Susanne Dreisigacker’, Velu
Govindan’, Ravi P Singh’, Abdelfattah A. Dababat®, Wuletaw Tadesse®, Sally Norton?®, Nick Fradgley*'!, Robin Wilson'? and Richard
Trethowan!

! The Plant Breeding Institute, University of Sydney, 107 Cobbitty Road, Cobbitty, NSW, 2750, Australia.
2 Department of Primary Industries and Regional Development, South Perth, WA 6151, Australia.

3 NSW Department of Primary Industries, Wagga Wagga Agricultural Institute, Wagga Wagga, NSW 2650, Australia.
4 Agriculture Victoria, Horsham, Victoria 3401, Australia.

5 University of Southern Queensland Australia, Toowoomba, Queensland 4350, Australia.

6South Australian Research and Development Institute, Waite Campus, Urrbrae, SA 5064, Australia.

7 International Maize and Wheat Improvement Center (CIMMYT), Texcoco, 56237, Mexico.

8 International Maize and Wheat Improvement Center (CIMMYT), Ankara, Turkey.

9 International Center for Agricultural Research in the Dry Areas (ICARDA), Rabat, 6202, Morocco.

10 Australian Grains Genebank, Agriculture Victoria, Horsham, Victoria 3401, Australia

11 CSIRO Agriculture and Food, GPO Box 1700, Canberra, ACT, 2601, Australia.

12 Integrated Breeding Platform (IBP), Perth, Australia.

Abstract

The CIMMYT Australia ICARDA Germplasm Exchange (CAIGE) project has generated substantial amount of data on
foliar and root disease resistance in bread wheat (Triticum aestivum) and barley (Hordeum vulgare) in Australia, using
breeding material from CIMMYT and ICARDA over many years. Bread wheat lines were screened by pathologists for
stripe (yellow) rust (caused by Puccinia striiformis f. sp. tritici), leaf rust (P. triticina) and stem rust (P. graminis f. sp. tritici),
septoria blotch (both Zymoseptoria tritici and Parastagonospora nodorum) and yellow spot/tan spot/yellow leaf spot
(Pyrenophora tritici-repentis). A portion of these lines was also assessed for the root diseases crown rot (Fusarium
pseudograminearum) and root-lesion nematode (RLN; Pratylenchus thornei), with resistance and tolerance evaluated for
RLN only. Comprehensive genetic characterisation of CAIGE material using the Infinium Wheat Barley 40K SNP array
(Keeble-Gagnére et al, 2021) has enabled long-term investigation of the genetic architecture of multiple disease
resistances.

Similarly to analysis of multi-environment yield trials, Factor Analytic Linear Mixed Models (Smith et al., 2021) have proven
useful for analysing wheat stripe rust resistance data over years. In this work, we used genotypic data and yellow rust
disease scores from 863 bread wheat lines screened at PBI (Cobbitty) and AgVic (Horsham) between 2022 and 2024.
These wheat lines were also included in yield trials conducted by private breeding collaborators across the western,
southern and northern Australian cereal cropping regions during the same period.

Classifying environments with the iClass system has also provided insights how the pathogen races have evolved in recent
years. Genome wide association of genetic marker data with data within each iClass environment type/pathotype further
reveals which genetic markers or associated known resistance genes are novel in CAIGE material and are still effective
against recent pathogen races.

So far, this work has focused on stripe rust, but future efforts will investigate the resistance responses of the CAIGE lines
to other high-priority foliar and root diseases that have been phenotyped as part of the CAIGE project.
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Publications

CAIGE collaborator, CSIRO Research Fellow Dr Nick Fradgley has also recently received the good news of an accepted
wheat publication to TAAG with the DOI https://doi.org/10.1007/s00122-025-05023-6 This is not active yet but is

expected to be so shortly.

Fradgley, Nick, Guillermo Gerard, Velu Govindan, Julie M. Nicol, Amit Singh, Wuletaw Tadesse,
Alexander B. Zwart, Richard Trethowan, Ben Trevaskis, and Jessica Hyles. 2025. “Prediction of Australian
Wheat Genotype by Environment Interactions and Mega-Environments.” Accepted in Theoretical and

Applied Genetics.
Congratulations to Nick and colleagues.

BMS online training

by Laura I. Espinosa and Julie Nicol

There from research
collaborators to have some online training on how to
interrogate the CAIGE data base known as BMS which

stands for Breeding Management System.

has been desire our

Former WA breeder Dr Robin Wilson known by
many CAIGE colleagues is our main contracted
partner for BMS which is part of the larger IBP
(International Breeding Platform).

All collected CAIGE data is stored in BMS and as time
has progressed the capability of the database has
improved and there are many ways to use the
database to access CAIGE data of interest to our
Most recently in 2024 BMS was used
to directly generate the Data Compilations (which

collaborators.

previously have been collated by the CAIGE Database
Manager).

Recent on-line training took place this week (27t
August) organized by our database manager Laura
Ruiz Espinosa and led by Robin Wilson and with
support from Rowena Tulod who works for IBP and
BMS out of IRRI in the Philippines.

Some of the topics that participants learned during the
training were:

e Basics and search functions in BMS
e Accessing germplasm

e Sorting and identifying germplasm with key
traits

August 2025

e Extracting and exporting data

e Compiling data and querying the database
using Head-to-Head and Multi-Trait queries

The video recording can be accessed in the CAIGE

website in the following link (brown bottom):

https://www.caigeproject.org.au/breeding-

management-system/ .

Additionally, in the following link you can find materials
that
https://ibplatform.atlassian.net/wiki/spaces/BMS/pages/3
832643585/v30+Breeding+Management+System+User
+Manual

are available for self-learning:

Further workshops will take place on a needs by basis,
but questions can be directed to Laura and Robin with
copy to Julie Nicole (laura.ruizespinosa@sydney.edu.au

r.wilson@integratedbreeding.net, and

julie.nicol@sydney.edu.au )

We especially thank Robin and his BMS team for their
time and valuable input into maximizing the use of the
CAIGE database for our collaborators and providing a
consistent long-term relationship with the CAIGE
project.
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CAIGE Guest Lectures

We are pleased to share with you the video recording You can access these resources in the following link:
and presentation of our last guest lecturer Dr.

Davinder Singh, from PBI-USYD. His presentation
focused on “Understanding and tackling Barley Rust
Diseases: An Australian and Global Perspective.”

https://www.caigeproject.org.au/ressources/guest-
lecture/

Eaggghter, Bhe best mwedicine Zﬁ

VectorStock

Image taken from Pininterest website

Barley asked wheat, “Why do you always look so tall?”’
Wheat replied, Il guess I just have better stalk genes.”

Barley bragged, “I’m beating rust this season!”
Durum replied, “Yeah, but I’ve got pasta-bilities you’ll never have.”
Bread wheat just sighed, “I’ve got enough genes to fight all of you and still make
toast.”

Why did the barley, durum and bread wheat lines go to therapy?
They couldn’t handle all the pressure to perform under stress.

posbi?ive
q’-
(=<3

like a
proton
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