
Office Use Only 
Project Code  

Project Type  

 

 

FINAL REPORT 
2026 

 
 
 

Final reports must be submitted using the online application form at sagit.com.au with this Word 
document attached within two months after the completion of the Project Term. 

 

PROJECT CODE UAD 03223 

PROJECT TITLE 

Screening for genetic components of head-retention in barley 

 

PROJECT DURATION These dates must be the same as those stated in the Funding Agreement. 

Project start date 1/07/2023 

Project end date 30/06/2025 

SAGIT Funding       

 

PRINCIPAL INVESTIGATOR (responsible for the overall project and reporting) 

Title: First Name: Surname: 

Prof Matthew Tucker 

Organisation: Adelaide University 

 
Mailing 
address: 

 

Telephone:  Email: 

Mobile:   

 

ADMINISTRATION CONTACT DETAILS (responsible for all administrative matters relating to project) 

Title: First Name: Surname: 

Ms Chelsea Dubois 

Organisation:  

Mailing 
address: 

 

Telephone:  Email: 

Mobile:   

http://www.sagit.com.au/


PROJECT REPORT: Please provide a clear description for each of the following: 

 

Executive Summary (200 words maximum) 

A few paragraphs covering what was discovered, written in a manner that is easily understood and relevant to 
SA growers. A number of key dot points should be included which can be used in SAGIT communications. 

Barley head loss continues to cost South Australian growers millions in annual yield losses. This 
project examined genetic and agronomic strategies to reduce losses by evaluating new cultivars, 
peduncle architecture across a diversity panel, and genes controlling peduncle growth. 

Over two seasons of delayed-harvest trials in the Mid North and Murray Mallee, ten elite cultivars 
were tested under three PGR regimes: untreated, single-dose (200 ml/ha at GS37), and two-stage 
(200 ml/ha at GS31 + GS37). Lower-than-usual head-loss events limited direct assessment of 
cultivar tolerance, but key insights into PGR response and peduncle biology were identified. 

 
Newer Compass-type cultivars (Beast, Commodus CL) showed similar susceptibility and PGR 
response to Compass. A half-dose PGR at GS37 effectively reduced peduncle length across most 
cultivars, confirming the minimum label rate as a practical option. Two-stage PGR provided the 
strongest peduncle reduction and delivered yield benefits in 2023/24, largely through improved 
lodging resistance. 

 
The previously identified “26 heads/m²” trigger was not reached in either season, reinforcing the 
unpredictability of high-loss events and the importance of timely harvest. Significant variation in 
peduncle traits was identified across ~240 cultivars, with QTL mapping highlighting candidate loci. 
RNA sequencing further identified genes linked to peduncle growth and PGR response, supporting 
future breeding for shorter, stronger peduncles. 

 

Project objectives 
A concise statement of the aims of the project in outcome terms should be provided. 

1. The project aimed to: 

• Determine whether recently-released barley cultivars show improved head-retention and 
peduncle architecture via field trials. 
• Assess the degree of variation in peduncle architecture within a large panel of barley 
cultivars. 
• Identify barley peduncle genes that can be targeted to control stem elongation and thickening. 

 

Overall Performance 
A concise statement indicating the extent to which the project objectives were achieved, a list of personnel who 
participated in the Research Project including co-operators, and any difficulties encountered and the reasons for 
these difficulties. 

All three project objectives were substantially achieved. Two seasons of multi-site, multi-cultivar 
delayed-harvest field trials were completed at Tarlee and Cooke Plains, delivering agronomic data on 
PGR responses across 10 elite cultivars (Schooner, Maximus CL, Cyclops, RGT Planet, Zena 
CL/Neo CL, Minotaur, Compass, Commodus CL, Beast, and Laperouse). The OzBarley panel (~240 
cultivars) was characterised for peduncle architecture using X-ray CT and manual measurements, 
and a comprehensive RNA sequencing dataset was generated and analysed for Compass peduncle 
tissue. 

 

KEY PERFORMANCE INDICATORS (KPI) 
Please indicate whether KPIs were achieved. The KPIs must be the same as those stated in the Application 
for Funding and a brief explanation provided as to how they were achieved or why they were not achieved. 

KPI Achieved 
If not achieved, please state 
reason. 

Field trials sown (Tarlee and Cooke 
Plains, Experiment 1) 

Yes ☒ No ☐ 
 



 

SAGIT progress report and field-site visit Yes ☒ No ☐ 
 

Analysis of peduncle 
architecture/genetics in OzBarley panel 
(Experiment 2) 

Yes ☒ No ☐ 

 

Collection and processing of peduncle 
samples from Field Trials and 
Glasshouse (Experiment 1,3) 

Yes ☒ No ☐ 

 

Field trials sown (Tarlee and Cooke 
Plains, 

Experiment 1) 
Yes ☒ No ☐ 

 

Collection and processing of peduncle 
samples from Field Trials (Experiment 
1,3) 

Yes ☒ No ☐ 

 

 
Presentation at SAGIT update 

 

Yes ☐ No ☒ 

Unable to present in 2025 due to 
attending overseas conference. 
Presented at Australian Crop 
Breeders instead. 

Final report Yes ☒ No ☐ 
 

 

TECHNICAL INFORMATION (Not to exceed three pages) 

Provide sufficient data and short clear statements of outcomes. 

  Experiment 1 — Field Trials: Cultivar Head-Loss and PGR Response  

Delayed-harvest field trials were conducted over two seasons (2023/24 and 2024/25) at two 

sites representing contrasting SA environments: 

• Tarlee (Mid North) — higher rainfall, historically high head-loss risk 
• Cooke Plains/Coomandook (Murray Mallee) — lower rainfall, risk concentrated in 

above-average seasons 

Ten cultivars were evaluated across three management treatments (UTC; 200 ml/ha Moddus 
Evo at GS37; and 200 ml/ha Moddus Evo at GS31 + 200 ml/ha at GS37) with replicated 
plots monitored for plant height, peduncle length, brackling, lodging, head-loss count over 
time, and final yield. 

 
Season 2023/24 

Both trials were successfully established (Tarlee 6 June; Cooke Plains 8 June). PGR was 
applied at approximately GS31 and GS37 at both sites. Head-loss events were delayed 
relative to previous SAGIT trials possibly due to a very dry season with below average 
rainfall. In the most susceptible check cultivar (Schooner), significant head detachment did 
not occur until after 7 December at Tarlee and 14 December at Cooke Plains — and the 
critical 26 heads/m² threshold was not reached by any cultivar at either site (see Figure 1 
and 2 below for selected cultivars). 



 
 
 
 
 
 
 

 
Figure 1: Barley head-loss over time at Tarlee (2023/24 Trial data) 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Barley head-loss over time at Cooke Plains (2023/24 data) 

 
Despite the low head-loss season, PGR treatments produced clear architectural responses. 
A single 200 ml/ha application at GS37 was sufficient to reduce peduncle length in 
Schooner, Beast, Compass and Commodus CL at one or both sites. The two-stage 
application (GS31 + GS37) further reduced plant height and peduncle length but produced 
plant architecture broadly similar to the single-stage treatment. At Tarlee, the two-stage PGR 
gave the best or equal-best yield in 16 of 20 cultivar/treatment combinations, largely through 
protection against lodging (Figure 3). 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Average harvest yields at Tarlee and Cooke Plains (2023/24 data) 

 
Season 2024/25 

Both trials were dry sown (Tarlee 15 May; Cooke Plains 18 June). Germination was uneven 
and plant heights were significantly reduced relative to typical seasons (untreated Schooner 
averaged 78 cm at Tarlee and 61 cm at Cooke Plains versus a typical ~90 cm). Low stored 
moisture, a dry winter and late widespread rainfall in October presented challenges. 



Significant lodging was observed in Beast, Compass, Commodus CL and Schooner at 
Tarlee, partially confounding head-loss scores and yield comparisons. Head detachment 
remained below the 26 heads/m² threshold at both sites. Despite reduced overall canopy 
responses, peduncle length showed significant and consistent reductions after PGR 
treatment across most cultivars at both sites (Figure 4) 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: Response of cultivars to PGR treatment (Cooke Plains, 2024/25 data). 

* = significant difference in peduncle length between the UTC and treatment 

 
The peduncle-level response confirmed that the PGR was biologically active and that 
peduncle tissue collected for RNAseq was suitable for analysis in both seasons (see below). 
No significant yield differences between PGR-treated and untreated plots were detected in 
2024/25, consistent with a below average low head-loss season (Figure 5). 

 
 
 
 
 
 
 
 
 
 

 
Figure 5: Average harvest yields at Tarlee and Cooke Plains (2023/24 data) 

 
Summary: Experiment 1 

• Newer Compass-type cultivars (Beast, Commodus CL) showed performance and 
PGR sensitivity broadly equivalent to Compass in both seasons. 

• A single half-dose application (200 ml/ha at GS37) was sufficient to shorten 
peduncles in most susceptible cultivars in two seasons at two sites and might 
represent a viable lower-cost management option. 

• Other than timely harvest, two-stage PGR (GS31 + GS37) remains the most effective 
treatment for yield protection, particularly in areas with significant lodging risk. 

• Both seasons experienced head-loss events below the 26 heads/m² threshold, limiting 
conclusions about relative cultivar tolerance under high-loss conditions. 

 
  Experiment 2 — OzBarley Peduncle Architecture  

All ~240 cultivars in the OzBarley panel were grown at Roseworthy in 2023/2024 and 

measured for plant height, peduncle length, and head-loss. X-ray CT was used to assess 

stem dimensions and density. The peduncle:plant height ratio showed significant variation 



across the panel (Figures 6 & 7), ranging from approximately 0.12 (Dash) to over 0.40 
(Canela), with well-known SA-relevant cultivars distributed across the range (e.g. Spartacus 
CL ~0.18, Compass ~0.24). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Peduncle to plant height ratio in the OzBarley diversity panel. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7: Variation in tiller height, peduncle length and peduncle to tiller ratio in the OzBarley 

diversity panel. 

 
Initial QTL mapping (Figure 8) identified several genomic loci that contribute to favourable 
peduncle architecture (a shorter peduncle relative to overall plant height without triggering 
semi-dwarfism). This dataset will be investigated further through a GRDC investment 
(UOA2411-002RTX) and associated PhD project (Nyssa Malik). 



 
 
 
 
 

 
Figure 8: OzBarley QTL data. The graphs show regions of the barley chromosomes (1H to 
7H). Individual points represent DNA markers. Those that reside above the significance line 

are associated with variation in peduncle length (relative to overall plant height) 

 
 Experiment 3 — Peduncle Gene Expression and PGR Response (RNAseq)  

 
Peduncle and 1st internode tissues were collected from field-grown Compass plants at 
Tarlee at GS37, then at 7 and 12 days after PGR spraying (DAS), in 2023/24. Triplicate 
samples were snap-frozen and RNA sequenced at Novogene (Hong Kong). Reads were 
aligned to the Morex v2 reference genome and processed using CLC Genomics and R. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9: Young compass peduncles collected for RNAseq analysis. The graphs show the 

relative number of genes showing a significant difference in expression after PGR treatment 
at two stages of peduncle growth 

 
Key findings: 

• Between 18,000 and 19,000 of the ~44,000 barley genes are expressed in the 
peduncle — similar to the 1st internode, reflecting shared growth biology. 

• 764 genes showed peduncle-restricted expression (absent from the 1st internode), 
representing a transcriptional fingerprint unique to the peduncle. 

• PGR treatment induced modest, stage-dependent changes: approximately 76 genes 
responded in the peduncle (Figure 9), with the strongest response at 12 DAS. PGR 
did not broadly alter the total number of expressed genes. 

• Candidate genes were identified that respond significantly to PGR. These are 
promising targets for CRISPR-Cas9 gene editing to assess whether reducing their 
expression can limit peduncle elongation in susceptible cultivars without PGR 
application. 

• Peduncle collections from the 2024/5 season will be used to validate the 2023/4 
RNAseq findings. This analysis forms the basis of a new PhD project by Nyssa Malik 
(commenced March 2025). 



 

CONCLUSIONS REACHED &/OR DISCOVERIES MADE (Not to exceed one page) 

Please provide concise statement of any conclusions reached &/or discoveries made. 

• PGR application consistently reduces peduncle length and improves structural 
integrity across multiple SA environments, reducing lodging and head-loss risk. 

• Modern cultivars do not show major advances in head retention. 
• Significant genetic variation exists for peduncle traits. 
• RNA sequencing identified peduncle-enriched and PGR-responsive gene sets. 
• Candidate genes for controlling peduncle growth have been identified. 
• Head retention can be improved through targeting peduncle traits rather than whole-

plant dwarfing. 

 

INTELLECTUAL PROPERTY 
Please provide concise statement of any intellectual property generated and potential for commercialisation. 

Existing IP includes head-loss screening methods, peduncle phenotyping approaches and 
X-ray CT-based analysis. 

 
New IP includes datasets, candidate QTL and PGR-responsive gene targets. 

 
Commercial potential exists through integration into breeding programs and future gene 
editing approaches. IP is currently at an early-to-mid stage. 

 

APPLICATION / COMMUNICATION OF RESULTS 
A concise statement describing activities undertaken to communicate the results of the project to the grains 
industry. This should include: 

• Main findings of the project in a dot point form suitable for use in communications to farmers; 
• A statement of potential industry impact 
• Publications and extension articles delivered as part of the project; and, 
• Suggested path to market for the results including barriers to adoption. 

Note that SAGIT may directly extend information from Final reports to growers. If applicable, attach a list of 
published material. 

Main findings for growers 

 
- Head-loss remains a risk in barley under delayed harvest conditions. 

 
- PGR reduces peduncle length and can reduce risk of head-loss. 

 
- Two-stage PGR application provided the most consistent benefit in multi-season SA trials. 

 
- Newer varieties do not yet show strong improvements in head retention. 

 
- Peduncle structure is a key trait influencing head-loss. 

 
Industry impact 

 
The project confirms current management strategies and provides a clear pathway to 
genetic solutions that could reduce reliance on PGR and improve yield stability. 



 
 

POSSIBLE FUTURE WORK 
Provide possible future directions for the research arising from the project including potential for further work 
and partnerships. 

Future work will focus on validation of candidate genes, development of genetic markers, 
and integration into breeding pipelines. 

 
Medium-term work includes gene editing and functional validation. 

 
The long-term goal is development of cultivars with improved head retention and reduced 
reliance on PGR application in season. 

Publications and extension 

 
Activities included SAGIT field visits, grower engagement, industry meetings, and 
submission of two scientific manuscripts. 

 
Path to market 

 
Results will be delivered through breeding programs, marker development and integration 
with GRDC-supported investments. 

 
Barriers include seasonal variability and complex trait interactions, which will be addressed 
through multi-year validation and genetic tools. 
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