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PROJECT REPORT:  

 

Executive Summary (200 words maximum) 

This project is an extension of UA619, which developed a delayed harvest protocol to measure the 
susceptibility of barley cultivars to head loss, and tested the efficacy of plant growth regulators 
(PGRs) to manage the trait. This protocol was tested again in 2021 (UA721) at Tarlee and Millicent, 
and samples were analysed for stem traits.  
 
Trial results confirmed that PGR application was effective at reducing plant height and limiting head 
loss when applied at Zadoks growth stage (GS) 31 and 37. Assessment of head-retention at Millicent 
was partially confounded by lodging and brackling, preventing a comprehensive assessment of head 
loss management strategies. Compositional differences associated with head retention were 
confirmed in Tarlee samples, and these were found to be restricted to the top of the peduncle which 
is susceptible to breakage.  
 
The mobile FieldExplorer was able to distinguish spectral properties of barley heads from foliage 
(leaves) at Tarlee in the Spartacus CL cultivar, but not other cultivar types. While the search for cost-
effective and rapid phenotyping assays to count the number of harvest-ripe barley in the field would 
be useful for genetic features of head retention, our data suggest alternative methods of automated 
head-scoring will need to be applied and/or developed. 
 

 

Project objectives 

This project aimed to: 
• Run 1 year of field trials at two sites (Tarlee and Millicent) to assess the impact of timing of 

growth regulator application on stem composition and head retention in barley 
• To assess whether changes in barley stem composition that enhance head retention (found in 

UA619), could be replicated in another season 
• Address the suitability of the mobile FieldExplorer as a screening tool for head retention in 

barley 
 

 

Overall Performance  

The results from the project provided strong support for a cultivar-dependent “risk matrix” for head 
loss after delayed harvest (see UA619 final report). The results also confirmed the efficacy and cost-
effectiveness of PGR application in Compass, but not in cultivars such as Spartacus CL or RGT 
Planet, to limit head loss when delaying harvest.  
 
Trials at Millicent highlighted the importance of understanding different structural yield constraints i.e. 
lodging, brackling and head loss in different environments. 
 
Staff involved in the project include A/Prof Matthew Tucker (UoA project lead), Dr Ghazwan Karem 
(UoA casual support), A/Prof Rhiannon Schilling (SARDI project lead), Ms Melissa McCallum (SARDI 
Staff), Mr Brendan Kupke (SARDI Staff), Dr Darren Plett (APPF Staff), Dr Kenneth Clarke (APPF 
Staff), Dr Andrew Hennesey (APPF Staff). 
 

 
 
 
 
  



  

KEY PERFORMANCE INDICATORS (KPI) 

KPI Achieved  
If not achieved, please state 
reason. 

Field trials sown (Tarlee and Millicent; 
Experiment 1) Yes ☒  No ☐  

Collection of peduncle samples from Field 
Trials (Experiment 1) Yes ☒  No ☐  

FieldExplorer data collected (Tarlee; 
Experiment 2) Yes ☒  No ☐  

Field measurements/peduncle compositional 
assays completed (Experiment 1) Yes ☒  No ☐  

SAGIT progress report Yes ☒  No ☐  

Final report Yes ☒  No ☒ Delayed submission  

 Yes ☐  No ☐  

 Yes ☐  No ☐  

 
  



  

TECHNICAL INFORMATION (Not to exceed three pages) 

 

1. Field trials and data analysis 

 

**Note, UA721 yield and HL data were also incorporated into the final report for UA619** 

 

Trials were successfully undertaken at Tarlee (SARDI, Figure 1) and Millicent (FAR, Figure 2).  

Four different treatments of PGR (Trinexapac ethyl / Moddus Evo) regimes were used at label 
rates:  

• Tarlee (Giles corner) 
(1) Untreated 
(2) @GS31 [400ml/ha]  
(3) @GS37 [400ml/ha] 

• Millicent 
(1) Untreated 
(2) @GS31 [400ml/ha] 
(3) @GS39 [400ml/ha]  
(4) @GS31 [200ml/ha] + @GS39 [200ml/ha]. 
 

Cultivars tested included: 

• Compass, RGT Planet, Schooner, Laperouse and Spartacus CL 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Barley HL trials at Tarlee (11/10/21) 

 

Figure 2: Barley HL trials at Tarlee (2/12/21) 
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Figure 3: Millicent, plant internode and peduncle lengths at harvest 

 
ANOVA was used to assess significant differences in peduncle length within each cultivar group (p <0.05). 

Differences are indicated above each column. 

 

Figure 4: Millicent, head loss (per m2) over time  

 
 

Table 1: Millicent yield and head loss summary 

 

Cultivar/Treatment 
Yield 
(t/ha) 

Estimated 
loss due to 
head loss 

(t/ha) 

Spartacus_UTC 3.6±0.4a 0.36 

Spartacus_31_PGR 3.9±0.3a 0.72 

Spartacus_37_PGR 3.2±0.7a 0.54 

Spartacus_31&37_PGR 3.3±0.5a 0.77 

Compass_UTC 6.2±0.5bc 0.21 

Compass_31_PGR 6.6±0.3b 0.38 

Compass_37_PGR 5.8±0.3c 0.27 

Compass_31&37_PGR 6.7±0.3b 0.27 

Schooner_UTC 4.8±0.3a 0.22 

Schooner_31_PGR 5.7±0.7a 0.33 

Schooner_37_PGR 4.7±0.6a 0.35 

Schooner_31&37_PGR 5.4±0.5a 0.78 

Planet_UTC 4.4±0.6a 0.39 

Planet_31_PGR 5.3±0.8a 0.33 

Planet_37_PGR 4.7±0.5a 0.50 

Planet_31&37_PGR 4.9±1.0a 0.27 

 

ANOVA was used to assess differences in yield (t/ha) within 
each cultivar group (p <0.05). Significant differences in yield 
were only detected in the Compass group.  

 

 

 

 

• PGR was applied GS31 and/or GS39. This was 
slightly later than previous experiments but still in 
line with the label recommendations  

• Measurements of peduncle length at harvest 
ripeness indicted PGR treatments were effective 
on peduncle and internode expression depending 
on the cultivar (Figure 3). Responses were less 
pronounced but showed similar trends compared 
to trials at Tarlee (Figure 5).  

• Head-loss was noted in the untreated controls of 
all cultivars but was also detected in the treated 
samples (Figure 4). Brackling and lodging were a 
much more significant issue in this trial and 
confounded data analysis of head-loss. 

• Treatments that keep the crop standing (i.e. GS31 
PGR) had a negative impact on head retention 
in some cases because heads became more 
exposed to weather events.  

• Conversely, lodging and brackling meant heads 
were not upright and therefore protected from the 
wind under the canopy.  

• Although this is only a single year trial, it 
demonstrates the importance of understanding 
the yield constraint in particular environments. 
Results were notably different to the 7 other 
delayed harvest trials carried out in UA619 and 
UA721. 



  

Figure 5: Tarlee, plant internode and peduncle lengths at harvest 

 

 
ANOVA was used to assess significant differences in peduncle length within each cultivar group (p <0.05). 

  

Figure 6: Tarlee, head loss (per m2) over time  

 
Asterisks indicate the timepoint at which significant differences (p < 0.05) are first detected between untreated 

control (UTC) and PGR-treated samples.  

 

Table 2: Tarlee yield and head loss summary 
 

Row Labels 

Nov 
yield 
(t/ha) 

Dec 
yield 
(t/ha) 

Loss 
(t/ha) 

Est. loss 
due to 

head loss 
(t/ha) 

Spartacus_UTC 6.4±1.5 5.2±0.2 1.2ns,a 0.43 

Spartacus_31_PGR 6.7±2.1 5.9±0.7 0.8ns,a 0.01 

Spartacus_37_PGR 6.6±0.6 6.1±0.3 0.4ns,a 0.00 

Compass_UTC 6.4±0.8 4.1±0.5 2.3**,a 2.09 

Compass_31_PGR 7.5±0.5 6.6±0.1 0.9ns,a 0.12 

Compass_37_PGR 6.7±0.5 6.5±0.5 0.2ns,a 0.02 

Schooner_UTC 5.4±0.8 3.4±0.2 1.9*,a 1.82 

Schooner_31_PGR 6.7±1.4 5.3±1.0 1.4ns,a 0.33 

Schooner_37_PGR 6.5±0.5 5.3±1.0 1.2ns,a 0.06 

Planet_UTC 6.7±1.4 5.6±1.0 1.1ns,a 0.24 

Planet_31_PGR 7.8±1.0 6.7±1.3 1.1ns,a 0.06 

Planet_37_PGR 7.9±1.1 6.9±1.7 1.0ns,a 0.03 

Laperouse_UTC 6.1±0.2 4.2±0.6 1.8**,a 0.73 

Laperouse_31_PGR 6.2±1.0 5.3±1.0 0.9ns,a 0.10 

Laperouse_37_PGR 6.8±0.4 6.0±1.4 0.8ns,a 0.03 

ANOVA was used to assess differences in yield loss (t/ha) within each 
cultivar group. The comparisons show Loss1,2 whereby: 

1. UTC (Nov) vs UTC (Dec) i.e. timely vs delayed harvest 
2. UTC (Nov) vs PGR treatments (Dec) i.e. timely vs delayed 

harvest but with PGR added 

In addition, green numbers indicate no significant difference, while 
purple indicates a significant difference between the UTC (Nov) and 
UTC (Dec). * p <0.05, ** p <0.01 

 

• Measurements of peduncle/internode 
length at harvest ripeness indicated PGR 
treatments were effective at changing 
architecture (Figure 5).  

• Significant head-loss was detected in 
Schooner and Compass within two weeks 
of harvest ripeness and later in 
Laperouse and Spartacus CL.  

• PGR application prevented yield loss (after 
delayed harvest) in Compass, Schooner 
and Laperouse. 

• Analysis of head counts and yield 
suggested that PGR treatment at GS37 
was cost-effective for Compass and 
Schooner (see UA619 report). 

• Application of PGR at GS31 also reduced 
head-loss in Compass and Schooner 
without having a significant impact on 
peduncle length. 

• Similar to Millicent, Tarlee trials were 
affected by structural defects such as 
lodging and brackling that impacted yield 
beyond just head-loss (see table at left).  

• These structural yield-losses were not 
always prevented by single GS31 or GS37 
PGR sprays. 

 



  

2. Compositional changes accompanying head-retention in Compass 

 

MicroCT scans (Figure 7) of treated and untreated Compass peduncles confirmed the following: 

 Treatment of Compass with PGR @GS37 leads to the quantifiable accumulation of electron 
dense material (false coloured red) in the upper part of the peduncle compared to untreated 
plants  

 Treatment of Compass with PGR @GS31 also leads to accumulation of electron dense material, 
and is sometimes more pronounced than the GS37 treatment. 

 This confirms the findings of UA619; the accumulation of electron dense material in the top 2.5cm 
of Compass peduncles correlates with head retention, and may provide a pre-breeding target.  

 

Figure 7: MicroCT scans of untreated and PGR-treated Compass peduncles. The red colour 
highlights electron dense material in the stem and is more pronounced in the top of the 
peduncle, appearing to provide structural reinforcement. The GS31 and GS37-treated samples 
are less likely to suffer head-loss in the field.     

 
 

 

3. Field explorer scans to assess barley head counts using spectral separability (in partnership 
with APPF) 

 

Rapid phenotyping assays that efficiently score head numbers in large scale trials of barley 
germplasm would be useful to screen for genetic resistance to head-loss and cultivar 
response to chemical head-loss inhibitors. The third part of this study aimed to investigate the 
spectral separability of barley heads and leaves, as a potential tool to enable scoring of barley 
head numbers (inferred from head area per-plot) across the season. 
 
Hyperspectral imagery was collected from the Tarlee field trial in 2021. Spectral signatures 
were extracted from the imagery, and spectral separability and classification accuracy were 
evaluated.  
 
 
 
 
 



  

Figure 8: Hyperspectral scanning of Spartacus CL barley plots by the FieldExplorer after head 
emergence at physiological maturity (left) and at harvest ripeness (right). 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
Due to difficulties with field image 
acquisition, and limited head 
visibility in many plots (caused by 
lodging and brackling), spectral 
separability was only evaluated 
for one barley variety 
(Spartacus CL).  
 
Spectral separability was explored 

by qualitative visualisation of mean head and leaf spectra, and visualisation of scatter plots of 
principle components 1 vs 2, and quantitatively with production of accuracy statistics (Figure 
8).  
 
Classification accuracy with a 20X cross-validated SVM model was high (84.68 %) for 
physiological maturity and moderate (77.50 %) for harvest ripeness. Based on the greater 
spectral difference between leaf and head spectra at physiological maturity (visual 
interpretation of spectra and PCA scatter plots) this result was expected. 
 
This pilot-study was challenged by limited barley head visibility due to several factors 
including sensor viewing angle, imagery resolution, barley structural characteristics, and 
hardware issues. These resulted in very little data suitable for analysis. However, despite this 
limitation spectral separability of one barley genotype (Spartacus CL) was investigated at two 
growth stages, and results were promising.  
 
Based on the findings the following should guide future research into remote sensing for 
barley head counting: 

• The effect of viewing angle on barley head visibility should be investigated to 
determine: 

1. The optimal imaging angle 
2. Whether optimal imaging angle remains consistent over time, and is the same 

across genotypes, or in erect and lodged architectures 
• Spectral separability should be investigated by: 

1. Collecting high-quality leaf and head spectra with a field spectroradiometer, 
across a growing season for a range of genotypes 

• Machine vision (MV) and spectral mixture analysis (SMA) head-area mapping 
approaches could be investigate by: 

1. Running a field trial covering a range of genotypes and treatments with differing 
degrees of head loss, and collecting in-field head counts at different time points 



  
2. Collecting high resolution visible and hyperspectral imagery at the same time 

points 
3. Implementing MV head counting and SMA head-area mapping methods 
4. Evaluating the MV and SMA methods against the in-field head counts 
5. Evaluating the utility of low-altitude drone flights and AI to predict head features. 

 

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

 
- PGR (Moddus Evo) treatment was effective at changing plant architecture at sites in 

the mid-north and south-east (based on plant height and peduncle length 
measurements). Effects in the SE were subtler than those in the MN. Shorter, 
reinforced peduncles appeared to be more resistant to head loss in the MN HRZ and 
therefore represent a potential breeding target.  

 

- Despite milder conditions experienced in 2021/22 compared to previous trials 
(UA619), PGR treatment was again effective at delaying head-loss at Tarlee. 
 

- Millicent produced very different results to Tarlee (and other UA619 trials) due to a 
combination of lodging, brackling and head-loss. PGR treatment at several growth 
stages had variable effects on head-loss, and did not appear to suppress brackling.  
 

- The Millicent trial demonstrates the importance of understanding structural constraints 
in different environments; GxM strategies suitable for crop management in the MN did 
not translate to the SE. Further trials would be needed to understand HL and 
brackling management strategies in this region.   
 

- FieldExplorer scans and analysis algorithms were able to distinguish barley heads 
from leaves using hyperspectral imaging at Tarlee. Further algorithm development 
and trials would be needed to optimize this process to automate head counting for 
cultivars other than Spartacus CL.  
 

- 3D scans of peduncles in head loss sensitive and insensitive Compass stems 
confirmed reproducible compositional differences that show promise as a pre-
breeding target. 
 

- The data from UA619 and UA721 were used to refine a head-loss index and a scoring 
matrix for assessing head-loss sensitivity (see final report for UA619). 
 

 

 
 

INTELLECTUAL PROPERTY 

 

We are still assessing whether there is any potential IP associated with UA619 and UA721.  
Head loss screening protocols are currently being discussed with breeders as a way to 
further extend the outcomes. 

  

 
 
 



  

APPLICATION / COMMUNICATION OF RESULTS 

- PGRs such as Moddus Evo are economically viable in most SA environments with MS-VS 
(Compass, Schooner) cultivars, but are not required in M – MR (RGT Planet, Spartacus CL) 
cultivars unless conditions are extremely conducive to head loss. Timely harvest is still the 
most cost-effective method to limit head loss.  

 

- Care should be taken to understand the structural yield constraint (lodging, brackling and/or 
head loss) prior to PGR application. PGR effects will vary with environment and may not 
protect against all structural defects. This presents an opportunity for ongoing research. 

 

- We have identified biochemical features of barley stems that associate with head-retention. 
Screening protocols are being developed in partnership with breeders, SAGIT and GRDC to 
screen for new cultivars that are more resistant to head loss in the field. 

 

Extension activities to date – media releases, web stories and podcasts are available* 

- Presentation at Mid North HRZ field day - 24/9/21 (M. McCallum, SARDI) 

- SA Hyper Yielding Field Day – 28/10/21 (K. Porker, FAR) 

- GRDC Updates SA and Vic Online “Canopy management” - 24/2/22 (K. Porker, FAR) 

- MFMG Trial Results day – Millicent – 15/3/22 (K. Porker, FAR) 

- MFMG Trial Results day – Bordertown – 17/3/22 (K. Porker, FAR) 

- Hart field day* – Hart – 20/9/22 (M. Tucker, UA)  

- SAGIT podcast* – 19/9/22 (M. Tucker, UA) 

- ABC Radio – Country hour with Cassie Hough - 21/9/22 (M. Tucker, UA) 

- SAGIT case study* – 4/4/23 (M. Tucker, UA) 

- Presentation at ACB Breeders week – Adelaide - 8/3/23 (M. Tucker, UA) 

 

 

POSSIBLE FUTURE WORK 

SAGIT has generously agreed to support a new project related to barley head loss that 
builds on the UA619 and UA721 findings. 

 

The project aims 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 

 
GRDC has requested the project team submit an investment plan to develop a broader HL 
screening pipeline suitable for Australian breeding companies.  
 
 
 
 


