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The barley industry and research organisations know how to produce relevant and interesting work 

and how to make recommendations for action from this work. But are we measuring the success of 

these recommendations and do we know whether our target audience are paying attention to them? As 

external funders increase the demand for transparency and accountability they are asking us to now 

measure the impact of the work we are doing on the agricultural community. Monitoring and 

evaluation plans now sit alongside research plans in the modern day agronomy project. 

DAFWA’s barley project has been working on the collation and evaluation of survey data, looking 

into the information that social media (ie. Google analytics) can provide, implementing a monitoring 

and evaluation plan and finding the best ways to measure the impact and level of practice change that 

the project’s work is having on its target audience. With this information, we will be able report our 

success to our external project funders the Grains Research and Development Corporation (GRDC) 

and utilise the findings to better the research and extension work the project undertakes now and in 

the future. Ultimately our goal is that by growers growing the right variety in the right environment 

with appropriate management to meet market demand they will be more profitable. 
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The Australian Grains Genebank (AGG) is the newly established national facility for grain crop 

genetic resources in Australia. Located in Horsham, Victoria, the AGG was established following co-

investment of $6 million by the Victorian State Government and the Grains Research and 

Development Corporation. Officially opened in March 2014, the AGG amalgamates the Australian 

Winter Cereals Collection Tamworth, NSW (NSWDPI), the Tropical Grains Germplasm Centre 

Biloela, QLD (DAFQ) and the Temperate Field Crops Centre Horsham, Vic (DEDJTR) into a single, 

state of the art facility.  

The AGG has the mandate to acquire, conserve and distribute grain crop germplasm including 

breeding lines, genetic stocks, landraces and crop wild relatives for use by Australia’s grains research 

and breeding program’s. The AGG conserves 154,000 packets of seed under -20°C conditions, and 

has a capacity for growth to over 200,000 accessions. Seed of some grain crop species have the 

potential to remain highly viable for more than 50 years under these conditions. Maintenance, or 

regeneration, of seed to ensure seed is available to clients upon request is undertaken when seed 

viability or quantity reduce to low levels. Tropical species are regenerated in the required 

environments in Queensland to ensure high quality seed is obtained.  

The AGG is involved with the CIMMYT Australia ICARDA Germplasm Exchange (CAIGE) 

germplasm program for barley, wheat and chickpea. New wheat and barley germplasm released from 

quarantine at Tamworth, and germplasm that has undergone seed increased, are sent to the AGG. The 

AGG then subsamples and distributes seed to CAIGE program recipients upon request through the 

CAIGE co-ordinator.     

The AGG operates under world best practice as part of the international network of Genetic Resource 

Centres, and in support of Australia’s obligations as signatory to the International Treaty on Plant 

Genetic Resources for Food and Agriculture. All germplasm is freely available upon request, and is 

distributed under the Standard Material Transfer Agreement (SMTA). This facilitates international co-

operation and open exchange of germplasm to benefit Australia’s breeders and researchers, as 

Australia is a net importer of the germplasm that is critical to the development of more resilient and 

productive crop varieties. 
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A field experiment was conducted at the Research Farm of Department of Plant Breeding and 

Genetics PAU, Ludhiana during rabi season of 2014-15 to study the comparative performance of 27 

elite barley genotypes containing some released cultivars under changing climatic regimes of Punjab 

state. The genotypes differed in performance with respect to important agronomic traits such as plant 

height, ear length, tiller numbers, yield, biological yield, test weight and grain quality. Out of the 

genotypes under test, it was BL-993 which took the lowest days (91 days) to reach at heading stage 

and BL-1008 took the highest number of days (108.5days) and thereby used comparatively more 

resources in terms of energy, water and other inputs.  Differential response to yield contributing 

factors lead to significant variation in yield. The maximum output in terms of yield (5555kg/has) 

contributed by DWRUB-52 and the lowest (2536kg/ha) was given by BL-1001 under the same 

management practices. The Leaf Area Index (LAI) and Photosynthetically Active Radiation (PAR) in 

the range of 0.4-07µm was also recorded in all the genotypes. Yield and yield contributing characters 

were correlated with derived indices from the agrometeorological parameters and were found to be 

significantly correlated with yield and its contributing traits.  
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When planning how much barley seed to sow should you take into consideration how much nitrogen 

(N) fertiliser you are going to apply? The interaction between N and seed rate (SR) was examined in 

three trial series covering a combined 41 field trials in Western Australia. Series 1 (2005-2007) 

assessed 3 varieties x 2 times of sowing x 3 N rates x 3 SR over 13 sites. Series 2 (2010-2012) 

assessed 3 varieties x 4 N rates x 3 SR sown into limed and un-limed soil over 6 sites. Series 3 (2009-

2014) assessed 8-10 varieties x 2-3 N rates x 3 SR over 21 sites. For grain yield the main effect of N 

and SR was significant in 80% and 93% of trials respectively, but a N x SR interaction was only 

significant in only 27% of trials. For grain plumpness (% < 2.5 mm) the main effect of N and SR was 

significant in 90% and 78% of trials respectively, but a N x SR interaction was only significant in 

44% of trials. So whilst the likelihood of N influencing the grain yield response to SR was low, the 

impact of N supply influencing the plumpness of the grain produced as SR increases may need 

consideration. 
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On sites with a low phosphorus (P) background the grain yield of barley can increase with P 

application. With pre-breeders looking to improve phosphorus use efficiency and focusing on grain 

yield, what is the impact on grain quality? In 2012 and 2013 30 barley varieties (V) were sown with 0 

or 30 kg P/ha at 3 sites per year. Whilst there was a significant and positive grain yield response to 

applied P at all 6 sites, the impact of P on grain quality was variable. Hectolitre weight (kg/hL) 

changed with P at 67% of sites (2 positive and 2 negative responses); screenings (% < 2. 5mm) 

changed at 100% of sites (4 positive and 2 negative); grain protein (%) changed at 33% of sites (1 

positive and 1 negative); grain brightness (‘L*’) changed at 67% of sites (3 positive and 1 negative); 

and grain hardness (SCKS) changed at 33% of sites (1 positive and 1 negative). The influence of P on 

grain quality was rarely influenced by V, except for hectolitre weight where there was a V x P 

interaction in 50% of trials. There was, however, no consistent varietal response at those three sites. 

So yes P can influence grain quality but its effect was variable across sites and generally not 

influenced by V in this study. 
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Final straw strength in barley is influenced from the nutritional status and environmental conditions of 

the plant.  Potassium is involved in water movement impacting on the plants ability to respond to 

water stress during plant growth. Copper is essential for pollen formation and has roles in formation 

of chlorophyll and cell wall lignification.  In a factorial trial using 4 levels of Potassium and 3 levels 

of Copper on varieties Vlamingh, Buloke and Scope, straw was collected a physically maturity and 

tested for various grain and straw measurements. Sufficient of both nutrients impact on good stem 

strength with reduced potential for lodging and straw breakage.  
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Compass currently undergoing malt accreditation and La Trobe recently accredited as a malt variety 

by Barley Australia in 2015, are varieties that have shown good adaptability and potential in lower 

rainfall environments. A series of trials were conducted in 2013 to 2014, to investigate the agronomic 

performance of these varieties in central New South Wales at Condobolin and Parkes as part of the 

GRDC and NSWDPI co-funded Southern Region Barley Agronomy project (DAN00173). 

Comparisons were also made with benchmark varieties (e.g. Buloke and Commander), recent release 

(e.g. GrangeR) and advanced breeders line (Skipper) and included agronomic, grain yield and grain 

quality parameters. Grain yield was determined using a small plot harvester, with harvested grain 

analysed using Grain Trade Australia (GTA) receival standards.  Core measurements comprised plant 

establishment, grain yield, thousand grain weight, grain protein concentration, test weight, screenings 

and retentions. Trials reported in this paper considered a range of management practices and included 

variety response to time of sowing (TOS), seed rate (SR), nitrogen (N) rate and N rate by SR. 
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The process by which cereals produce, transport and store carbohydrates underpin all yield related 

traits.   Despite information on the harvestable and physical amounts of these important carbohydrates 

(biomass, yield and its components) there is limited knowledge on the process and biochemical basis 

of improved productivity. The objective of this study was to evaluate the use of near infrared (NIR) 

spectroscopy combined with multivariate statistical methods (e.g. principal component analysis) as a 

high throughput screening tool to phenotype barley plants and characterise different variables of 

growth.  The proposed system is based on the non-destructive analysis of stems, leaves, and spikes 

using NIR spectroscopy taken at anthesis and physiological maturity.  Field trials demonstrated the 

improved yield and conversion of biomass to yield (harvest index) of an elite barley line was 

maintained across multiple sowing times using traditional destructive approaches. The analysis of the 

NIR spectra using PCA analysis showed that it was possible to obtain a phenotypic profile and 

characterise different genotypes based on the NIR spectra. In addition, loadings derived from the PCA 

indicated that wavelengths related with carbohydrates explain the observed differences.  Such an 

approach shows promise in better understanding the genetic differences in yield, and expanding such 

knowledge may facilitate development of strategies to optimize whole-plant carbohydrate partitioning 

for increased productivity.  
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To eliminate the confounding contribution of sodium exclusion mechanisms, the excised third 

youngest fully expanded leaf from 5 weeks old plants was used. Then, the genetic variability in 

salinity tissue tolerance in a large number of wheat and barley accessions was evaluated. Changes in 

relative chlorophyll content (measured as chlorophyll content index (CCI) via SPAD meter) in 

excised leaves exposed to 50 mM NaCl in the presence of 1/8 Hoagland solution for 48 h was found 

to be a reliable indicator of leaf tissue tolerance. A strong correlation was found between relative CCI 

and overall salt tolerance (evaluated in glasshouse experiments) in both wheat (r
2 

= 0.59, P < 0.001) 

and barley (r
2 

> 0.25, P < 0.05). Indeed, in contrast to salt sensitive species, significant higher Na
+
 

intensity was found in vacuole than chloroplast in leaf mesophyll in salt tolerant barley species as 

revealed by fluorescent Na
+
 dye imaging experiments. However, compared with the positive 

correlation in barley, higher leaf tissue tolerance was possessed in durum than bread wheat plants and 

also a negative correlation between leaf tissue tolerance and overall salt tolerance was found in wheat, 

even within the cluster of either bread or durum wheat. Overall, these results indicate that the ability 

to handle Na
+
 accumulated in the shoot via tissue-tolerance mechanisms compensated the lack of 

effective Na
+
 exclusion ability in salt sensitive wheat varieties.  
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Na
+
 exclusion, K

+
 retention, and vacuolar Na

+
 sequestration are the three major components in salinity 

tissue tolerance. In this work we found that vacuolar Na
+
 sequestration instead of Na

+
 exclusion and 

K
+
 retention confers salt tissue tolerance in barley root elongation zone. 10.6 folds variability in 

vacuolar Na
+
 intensity (measured by using CoroNa Green fluorescent dye) was found in barley root 

elongation zone. 5.1 and 3.6 folds variability in K
+
 retention and SOS1-like Na

+
/H

+
 antiporters 

mediated Na
+
 exclusion (quantified by measuring net Na

+
 and K

+
 efflux from roots via microelectrode 

MIFE technique) were found in root elongation zone in 45 barley varieties, respectively. No 

significant correlation was found between Na
+
 exclusion and K

+
 retention in root elongation zone and 

overall salt tolerance. In contrast, a significant positive correlation (r
2 

= 0.22, P < 0.01) was found in 

vacuolar Na
+
 sequestration in root elongation zone. No significant difference in relative expression 

level of HvSOS1 was found between salt tolerant and sensitive barley varieties. Interestingly, 

significantly higher relative expression level of HvGork, HvNHX1, and HvVP1 was found in salt 

sensitive than tolerant varieties. Increased transcripts of HvNHX1 and HvVP1 is not sufficient for 

achieving efficient vacuolar Na
+
 sequestration, involvement of FV/SV vacuolar Na

+
/K

+
 permeable 

channels is required. Overall, our results highlighted the paramount role of the tissue tolerance 

mechanisms in salinity stress tolerance in barley and the importance to study salt tolerance 

mechanisms at tissue-specific level.  
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Barley (Hordeum vulgare L.) germplasm of diverse origin were studied for days to first awn 

appearance measured by Zadoks Cereal Growth Stage 49 (ZS49). Over 3000 barley genotypes were 

grown in natural light environment (NLE) and extended 18 hours light environment (ELE) during 

1999-2011 growing seasons at UWA’s Shenton Park Research Station, WA. Both environments were 

established on the same day in mid-June and sprinkler irrigation used whenever deemed. Days to 

ZS49 were recorded in both NLE and ELE 2–3 times per week. Cluster analysis of three phenology 

traits phenotype data, i.e. ZS49 in NLE, ELE, and Photoperiod (PPd), where PPd was days to ZS49 in 

NLE minus that in ELE, revealed that barley germplasm varies substantially for these agronomically 

important traits reflected by considerable number of cluster groups. Australian barley varieties were 

observed to be clustered in several groups along with barley genotypes from various origins but 

missing in few groups. This may indicate the importance of diverse barley germplasm as a source of 

phenology traits and thus genes that may improve adaptation and grain yield of Australian barley 

varieties. To identify novel germplasm with phenology genes, multi-environments evaluation of 900 

barley genotypes has been initiated within the GRDC funded barley phenology project.   
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Water availability is a major limiting factor for barley production in Australia. In other cereals, 

narrow seminal root angle is associated with deeper root systems that can improve access to water 

during grain filling. Here we perform the first QTL mapping for seminal root traits in barley using a 

doubled haploid (DH) population, validate the key genomic regions using an elite breeding 

population, and investigate the effect of a major QTL on yield. The ND24260 × Flagship doubled 

haploid population and an elite breeding population were phenotyped for seminal root traits using a 

recently developed high-throughput method, based on transparent pots. A major root angle QTL was 

identified in both populations and grain yield of lines carrying the ‘narrow’ and ‘wide’ allele were 

compared across 20 environments in Queensland and New South Wales, spanning three years. 

Breeding lines carrying the ‘narrow’ allele displayed a significant yield advantage in 16 environments 

and no yield penalty. Deployment of this root angle QTL in barley cultivars will likely improve yield 

and maintain grain quality in water-limited environments in eastern Australia. 
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Plant adaptation to waterlogged conditions requires a set of morphological and 

physiological/biochemical changes. The formation of aerenchyma is one of the most crucial adaptive 

traits for waterlogging tolerance. Enzymatic scavenging may also potentially contribute to 

waterlogging tolerance by providing detoxification of reactive oxygen species (ROS). In this 

experiment, changes of root porosity (as an indicator of aerenchyma formation) were evaluated in six 

barley genotypes contrasting in waterlogging tolerance. Results showed that soil waterlogging caused 

significant increases in adventitious root porosity in all genotypes. Waterlogging tolerant genotypes 

showed not only significantly higher adventitious root porosity than sensitive genotypes but also 

much faster development of aerenchyma. The greatest difference in adventitious root porosity among 

genotypes was observed after 7 days of waterlogging treatment. Thus a faster formation of 

aerenchyma in adventitious roots is one of the key factors for waterlogging tolerance in barley. This 

protocol is recommended to be applied in future studies to identify molecular markers linked to this 

trait using appropriate mapping populations. 
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The objective of this study was to explore wild barley as a potential source of valuable alleles that can 

improve adaptation of barley to drought stress. A set of 441 lines from the nested association mapping 

population HEB-25 originating from crosses of 25 different wild barley accessions to the elite barley 

cultivar ‘Barke’ were evaluated in both well watered and low watered conditions in the Plant 

Accelerator, University of Adelaide. Overall, 14 traits reflecting the performance of individual plants 

in each condition were calculated from non-destructive imaging measurements taken over time and 

destructive end-of-experiment data. Genome-wide association scans (GWAS) were conducted and 

identified 53 and 72 QTL significantly associated with the 14 traits in the drought and well-watered 

conditions, respectively. For all traits examined in this experiment, there was at least one QTL from 

the wild barley accessions that improved the performance of the plants under drought conditions. 
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Thirty-one Australian barley (Hordeum vulgare L.) varieties were evaluated alongside barley 

germplasm of diverse origin for phenology traits measured by days to Zadoks Cereal Growth Stage 49 

(ZS49). Series of studies were conducted in Natural Light Environment (NLE) and 18 hours extended 

Light Environment (ELE) during 1999-2011 growing seasons at UWA’s Shenton Park Field Station, 

WA. Sprinkler irrigation and other agronomic management practices were used whenever required. 

Days to ZS49 were recorded 2-3 times per week, and response to photoperiod (PPd) was calculated as 

days to ZS49 in NLE minus that in ELE. Analysis of the three phenology data of particularly 10 

Australian barley varieties that were included in at least eight seasons reflected that both genotypic 

and seasonal variations were observed to be very highly significant in ZS49 in NLE, ELE and PPd. 

Association analysis of the SNP genotype data from AWBMMP and the phenology phenotype data 

identified eight genes with LOD > 3.0 linked with days to ZS49 in NLE, ELE or PPd. This study 

highlights the importance of genotypic and seasonal variations on phenology traits at a single location, 

and range of phenology genes associated with these agronomically important traits that may improve 

grain yield of Australian barley varieties.  
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Barley is the most sensitive cereal crop to aluminium (Al) toxicity. Breeding for Al-tolerant barley is 

the ultimate strategy to solve the global soil problem. Acid soil tolerant gene can dramatically 

enhance barley yield on acid soil, which has been demonstrated by release of acid soil tolerant barley 

variety Litmus. However, there is only the chromosome 4H gene available for breeding acid soil 

tolerance. To explore new tolerant sources, a wild barley variety W2 with strong acidic soil and Al-

tolerance originated from Qinghai-Tibet Plateau of China was crossed with a sensitive Australian 

barley variety Buloke and the tolerant QTLs were assessed in this report. The major QTLs conferring 

tolerance to acidic condition and acid plus Al condition were identified on barley chromosome 2H, 

5H and 6H, which is different from previous identified tolerant QTL on barley chromosome 4H.  

Combination of the new QTL with the known 4H tolerant gene may further improve acid soil/Al 

tolerance. 
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Although stem rust is a potential threat to barley production in South Africa, no phenotypic or genetic 

information exists for this disease in local germplasm. A set of barley lines were phenotyped and the 

frequencies of the Ug99-vulnerable Rpg1 and the effective rpg4/Rpg5 genes determined. Field scores 

with wheat stem rust pathotype PTKST indicated that most lines showed a moderately susceptible or 

susceptible response. However, severity in the majority of these entries did not exceed 20%. Similar 

to the PTKST seedling assay, seedling tests with rye stem rust revealed little variation, predominantly 

indicating infection types in the low to intermediate range. Marker analysis showed that only two 

lines carry Rpg1. Twenty-nine South African lines amplified the rpg4/Rpg5 positive allele, but 

sequencing largely revealed the ‘Golden Promise’ mutation resulting in only seven lines carrying the 

functional rpg4/Rpg5 complex. Breeders are already using the outcomes of this study to incorporate 

rpg4/Rpg5 into lines with good malting quality. 

 

 

  



Poster 18: 

Development, optimization and validation of sequence-specific PCR markers for 

characterization of Pyrenophora teres hybrids 

 

Barsha Poudel
1
, Simon Ellwood

2
, Alison Testa

2
, Mark McLean

3
, Mark Sutherland

1
, Anke Martin

1 

 
1
Centre for Crop Health, University of Southern Queensland, West Street, Toowoomba, QLD, 4350, 

Australia; 
2 

Centre for Crop & Disease Management, Dept. of Environment and Agriculture, Curtin 

University, Bentley WA 6102, Australia; 
3 

Department of Economic Development, Jobs, Transport 

and Resources, Horsham, Vic, 3401, Australia 

 

Net form of net blotch, caused by Pyrenophora teres f. teres (Ptt) and spot form of net blotch, caused 

by P. teres f. maculata (Ptm) are different forms of the same pathogen causing net blotch in barley. 

Pyrenophora teres reproduces both sexually and asexually and recombination between Ptt and Ptm 

has been detected on a few occasions in the field. Lesions produced by progeny of crosses between 

Ptt and Ptm are similar to those of one or other of the parental isolates making visual identification of 

hybrids difficult. In this study, form specific DNA sequences were used to develop 14 primer sets to 

differentiate hybrids from the two forms of P. teres. These markers were validated using 96 isolates of 

P. teres obtained from different regions of Australia and 42 laboratory produced hybrids. The earlier 

identification of two field-collected isolates (WAC10721 and SNB172) as hybrids was confirmed by 

the marker analysis. These markers provide a diagnostic tool for characterizing current and future P. 

teres isolates collected from the major barley growing regions of Australia. 
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Net blotch caused by Pyrenophora teres is a major barley (Hordeum vulgare) leaf disease in Australia 

resulting in potential yield losses of up to 40%. Pyrenophora teres occurs as two forms: Pyrenophora 

teres f. teres (Ptt) has net-like symptoms and Pyrenophora teres f. maculata (Ptm) has spot-like 

symptoms. Though phylogenetically distinct, the genetic similarity between Ptm and Ptt according to 

genetic diversity studies is typically 90 percent. Seedling assays are frequently used for phenotyping, 

where entire seedlings are inoculated by spraying with a conidial suspension. However, this presents a 

biosecurity risk when isolates from sources outside the local region are being screened. Alternatively 

a detached leaf assay can be used in which leaf segments laid out in covered trays are inoculated with 

droplets of a conidial suspension. However, net and spot form symptoms cannot be distinguished with 

this method. To overcome this issue we have developed a third method, related to the detached leaf 

assay in which the inoculum suspension is sprayed onto detached whole leaves in the trays. In this 

study we compare results for the three methods after inoculation of a standard set of barley cultivars 

with known Ptt and Ptm isolates and a Ptt x Ptm hybrid population developed in the laboratory. 
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Molecular markers have been widely used in barley breeding programs. However, no marker has been 

used for salinity tolerance mainly because there was no reliable screening method available. It can be 

a breakthrough if molecular markers can be found for these genes controlling physiological 

mechanism. In our previous study, we have identified a major QTL for salinity tolerance in one of the 

DH populations which explained more than 45% of the phenotypic variation. Further fine mapping 

has been conducted to this population. A new marker was identified to be more closely linked to this 

gene, determining more than 70% of the phenotypic variation. Near isogenic lines have been 

developed for physiological and gene functional studies. This marker can be more effectively used in 

a breeding program.  
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Aluminium (Al) toxicity is the main factor limiting the crop production in acid soils and barley 

(Hordeum vulgare L.) is one of the most Al-sensitive cereals. The major gene for Al tolerance in 

barley is HvAACT1 (HvMATE) on chromosome 4H which encodes a multidrug and toxic compound 

extrusion (MATE) protein. The HvAACT1 protein facilitates the Al-activated release of citrate from 

root apices which protects the growing cells and enables root elongation to continue. A 1-kb 

transposable element-like insert in the 5’ untranslated region (UTR) of HvAACT1 is associated with 

increased gene expression and tolerance and a PCR-based marker is available to score for this 

insertion. We screened a wide range of barley genotypes for Al tolerance and identified a moderately 

tolerant Chinese genotype named CXHKSL which did not show the typical allele in the 5’ UTR of 

HvAACT1 associated with tolerance. We investigated the mechanism of Al tolerance in CXHKSL and 

concluded it also relies on the Al-activated release of citrate from roots. Quantitative trait loci (QTL) 

analysis of double haploid lines generated with CXHKSL and the Al-sensitive cultivar Gairdner 

mapped the tolerance locus to the same region as HvAACT1 on chromosome 4H. We conclude that 

the Chinese barley genotype CXHKSL possesses a novel allele of the major Al tolerance gene 

HvAACT1.  
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Mn
2+

 concentration levels are significantly increased in flooded soils, especially in acid soil, resulting 

in elemental toxicity and yield reduction. Thus, tolerance to one or more elemental toxicities can be 

an essential trait to improve crop performance in waterlogged soils. In this work, quantitative trait loci 

(QTL) mapping was conducted to identify loci associated with manganese stress tolerance using leaf 

chlorosis and plant survival traits for phenotyping. A population consisted of 177 doubled haploid 

lines from a barley cross between Yerong and Franklin. QTL analyses were performed by using 

software packages MapQTL, JoinMap and MapChart. Four significant QTLs for plant survival at the 

early stage were identified on chromosomes 1H, 3H, 4H and 6H of 1 mM Mn
2+

 - treated plants, 

explaining up to 40% of the phenotypic variation. Individual QTL explained between 5.8 and 20.9% 

of the phenotypic variation, with QTL on chromosome 3H having the highest R
2
 value. Regions on 

chromosomes 4H is located at a similar position to a major QTL for waterlogging tolerance. Two 

QTLs controlling leaf chlorosis after 10 days of manganese toxicity stress were identified on 

chromosome 3H and 6H, which were almost the same position as those QTL for plant survival, 

supported by significant correlation between leaf chlorosis and plant survival. For all these QTLs, the 

Yerong alleles contributed the tolerance at most of the loci. The markers identified in this study 

present an opportunity to enhance barley breeding for waterlogging stress tolerance via MAS 

approach. 
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Salinity tolerance is a complex trait, both physiologically and genetically. Underlying mechanisms 

regulating xylem sodium loading is crucial to resolve the issue of plant salt tolerance. In this study we 

screened a large number of barley genotypes for their ability to exclude Na
+
 for its loading into the 

xylem and delivery to the shoot. Then, using four contrasting genotypes in salinity stress tolerance, 

we have studied kinetics of xylem Na
+
 and K

+
 loading and linked the trait with overall plant 

performance and sequestration of Na
+
 and K

+
 in leaf tissues. Our results showed that both leaf and 

xylem K
+
/Na

+
 ratios have a positive correlation with overall plant salt tolerance after prolonged (5 

weeks) exposures to salinity stress. Interestingly, it was Na
+
 but not K

+
 content that determined this 

correlation. At the same time, the accumulation of Na
+
 in xylem sap in salt-tolerant genotypes 

(TX9425 and CM72) was found to reach the peak 5 days after salt application and then declined. On 

the contrary, salt-sensitive genotypes (Naso Nijo and Gairdner) were less efficient in controlling 

xylem Na
+
 loading and showed a significant increase in xylem Na

+
 content. The MIFE 

(microelectrode ion flux measurement) technique was applied to study some aspects of salt stress 

signalling and Na
+
 loading into the xylem, through measuring net fluxes of Ca

2+
, K

+
 and Na

+
 from 

xylem parenchyma tissue of control- and salt-grown plants in response to range known second 

messengers such as H2O2, ABA, or cGMP. Our results indicated that NADPH oxidase-mediated 

apoplastic H2O2 production acts upstream of xylem Na
+
 loading and is causally related to ROS-

inducible Ca
2+ 

uptake systems in the xylem parenchyma tissue. ABA was observed, directly or in 

directly, to regulate the activity of Na
+
 retrieval from xylem.  Finally, the quantitation of 

transcriptional level of HvHKT1;5 and HvSOS1 genes using qPCR technology showed that salt-

tolerant barley genotypes (CPI and CM72) can uptake Na
+
 and transport them to shoot for osmotic 

adjustment short after salt addition, with the observation of higher transcript level of HvSOS1 and 

lower HvHKT1;5 gene expression.  
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Barley waterlogging tolerance e is a complicated trait which is controlled by various physiological 

traits. The formation of aerenchyma has been approved to be one of the major tolerance mechanisms 

in many other crops. We have conducted a series studies on aerenchyma formation under 

waterlogging stress in barley. Through QTL mapping of three different DH populations, we have 

confirmed that aerenchyma formation made a significant contribution to overall waterlogging 

tolerance. A single major QTL was found in all three populations and was located in a similar 

position. However, allelic differences were found with the allele from a wild barley being more 

effective in forming aerenchyma, which leads to greater waterlogging tolerance. Preliminary results 

showed that ethylene plays an important role in aerenchyma formation. 
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In this study, we report a novel phenotypic screening method for adult plant resistance (APR) to 

Fusarium crown rot (FCR) in barley. The method is adapted to ‘speed breeding’ conditions and 

permits selection for APR during rapid generation advance. We used this method to characterize a 

panel of 17 barley (Hordeum vulgare) genotypes and to select for APR in a bi-parental population 

from a cross between Australian malting cultivar Flagship and Chinese landrace Taixing 9425, which 

carries seedling resistance QTL, Qcrs.cpi-3H on chromosome 3H. Three cycles of selection were 

conducted in segregating progenies (i.e. F2, F3 and F4) for tall resistant plants in order to break the 

association between short stature, the uzu1 semidwarf gene, and resistance to FCR conferred by 

Qcrs.cpi-3H. Selected plants displayed higher levels of resistance than their parents, which likely 

combined resistance from Taixing 9425 and APR from Flagship. Resistance levels in the derived lines 

will be validated in field screening nurseries located in Queensland and New South Wales. The novel 

screening method can be used to rapidly introgress and pyramid multiple sources of FCR resistance in 

elite barley breeding germplasm. 
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Foliar diseases are a major constraint to barley production, regularly reducing grain yield and quality. 

In Australian farming systems, host resistance is the preferred means of disease control yet resistance 

of commercial cultivars can vary widely.  Often fungicide applications are required to supplement 

inadequate host resistances to prevent disease losses.  An accurate rating of a variety’s resistance to 

individual diseases is therefore critical in planning disease control strategies. 

The National Variety Trial system is designed to provide such information.  Under this system the 

resistance status of a range of commercial barley varieties and pre-release lines are assigned a 

resistance rating between resistant (R) and very susceptible (VS). This data is usually generated in 

small plot situations under high disease pressure. 

Recent work with net form net blotch and leaf rust of barley indicates that resistance levels assigned 

under the above system may underestimate the levels of resistance in varieties.  Where larger plots 

isolated by non-host buffers have been used for yield loss evaluation, resistance levels have often 

been higher than indicated in small plot assessment. 

Differences in resistance ratings between the two trialling systems are presented and explanations for 

the discrepancies discussed. 
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The widespread adoption of reduced tillage practices has elevated stubble-borne diseases, especially 

net blotches (Pyrenophora teres) of barley, to major pest status across Australia.  As a consequence, 

all domestic barley breeding programs place a high priority on breeding for resistance to both net 

(P.t.teres) and spot (P.t. maculata) forms of the disease.  This requires robust field screening 

techniques which invariably involve artificial inoculation.  The common practice is to inoculate 

nurseries with diseased stubble which is usually sourced from the previous cropping season. 

While this can be effective, diseased stubble can also introduce unknown pathotypes and/or unwanted 

diseases into screening nurseries.  We have been using laboratory generated mycelium and conidia to 

successfully generate field epidemics for several years.  Our method ensures that breeding lines are 

screened with the virulences intended and non-target diseases are avoided.  The technique has been 

successfully deployed to establish epidemics in nurseries and large plot field trials. 

This paper describes our technique from generating inoculum in the laboratory to successful 

establishment of field epidemics.  It has proven effective for leaf blotch diseases of barley and yellow 

spot (Pyrenophora tritici-repentis) of wheat. 
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Stripe rust of barley and wheat, caused by Puccinia striiformis f. sp. hordei (Psh) and P. striiformis f. 

sp. tritici (Pst) has become an increasingly important disease in Alberta. Forty nine P.striiformis 

isolates were collected from central Alberta during 2012-2013 for pathogen identification and 

virulence characterization.  Fifteen isolates were identified as Psh and 34 isolates were as Pst based on 

virulence on differential seedlings of 12 barley lines and 26 wheat cultivars and Avocet lines. The 

majority of Psh and Pst pathotypes consisted of a single isolate and the remaining pathotypes each 

consisted of two to four isolates.  Of 15 Psh isolates tested, 11 pathotypes were identified. Seven of 

the 11 were new Psh pathotypes for central Alberta. Of 34 Pst isolates tested, 26 showed unique 

virulence patterns and each isolate was identified as a new Pst pathotype for central Alberta. The two 

formae speciales had overlapping virulence on highly susceptible barley and wheat seedlings. 

Furthermore, a few isolates collected from barley and foxtail barley were identified as Pst. The 

occurrence of Pst isolates virulent on barley is of concern as both winter and spring wheat may serve 

as a potential reservoir of stripe rust capable of attacking barley in Alberta.    
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Barley is generally considered to have some resistance against the root lesion nematode Pratylenchus 

thornei Sher & Allen. To evaluate the extent of genetic variation for this resistance, 60 parental lines 

of barley mapping populations were phenotyped using glasshouse bio-assays. Two populations were 

chosen for further evaluation: VB9104 × Dash because Dash was more resistant than VB9104, and 

Arapiles × Franklin, because Arapiles was more resistant than Franklin. The two populations were 

phenotyped and quantitative trait analysis (QTL) was applied using existing molecular marker data 

and linkage maps. In both populations, the only significant QTL was near the distal end of the long 

arm of chromosome 7H. The QTL mapped in the same position in both populations, but with a much 

larger effect in Arapiles × Franklin compared to VB9104 × Dash.  As expected, the resistance effects 

were from Dash and Arapiles. New assays for single-nucleotide polymorphisms (SNPs) in the QTL 

region were developed and applied to both populations. These markers were assayed across a panel of 

varieties to identify a few SNPs that seem suitable for use in barley breeding in Australia. 
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Spot form of net blotch (SFNB) and scald are common foliar diseases of barley in Victoria. Seed, 

fertiliser and foliar applied fungicides are routinely used for foliar disease management where 

susceptible varieties are grown, stubble retention practices are used and climatic conditions are 

favourable for disease development. Information on the effectiveness of disease management 

strategies using fungicides is essential for barley growers. Eleven fungicide treatment experiments on 

SFNB and seven experiments on scald were conducted near Horsham, Victoria during 2005-14. These 

experiments showed that application of foliar fungicide at growth stage Z31 (stem elongation) and 

Z39 (flag emergence) provided the greatest suppression of both SFNB and scald in most years. A 

combination of seed/fertiliser applied fungicide followed by application at Z39 also provided effective 

suppression. Both strategies provided significant grain yield increases of up to 30% and 

improvements to grain quality parameters such as plumpness, screenings, and retention. A single 

application of fungicide to seed, fertiliser or foliage provided some disease suppression, but generally 

was not as effective as two applications and was ineffective in providing increases in grain yield and 

quality.  
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Expression of crown rot caused by the fungus Fusarium pseudograminearum, is related to moisture 

and/or evaporative stress during grain filling. The impact of the disease on soil water use is however, 

not well understood so we investigated it in the barley variety Commander at Walgett in 2012, and 

Garah and Rowena in 2013. Neutron probe access tubes were installed in replicated inoculated and 

uninoculated plots to 1.8 m in each season. Soil moisture was measured in depth intervals at GS30, 

GS39, GS61, GS80 and GS92. Stress occurred relatively late at Walgett in 2012 due in part to a full 

starting moisture profile and average early season rainfall and temperatures, with no difference 

(P<0.05) in water usage and yield. Stress occurred earlier at both sites in 2013 with infection 

impacting soil water use from GS39 onwards at Garah and from GS61 at Rowena. At Garah in 2013, 

crown rot reduced yield by 28% (3.48 t/ha down to 2.51 t/ha). At Rowena in 2013, crown rot reduced 

yield by 33% (3.74 t/ha down to 2.51 t/ha) with grain quality parameters also affected. Crown rot 

restricts the plants ability to extract plant available water (PAW), with the timing of stress impacting 

disease severity and yield loss. Although barley is generally considered more tolerant of crown rot 

than wheat, these results highlight the susceptibility of barley to crown rot infection.  
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Net form of net blotch caused by Pyrenophora teres f. teres (PTT) can cause high yield losses on 

barley in South Africa. Quantitative trait loci (QTL) for this disease have been identified on 

chromosomes 3H, 4H, 5H and 6H in the South African breeders line UVC8. In this study we have 

designed Kompetitive Allele Specific PCR (KASP) markers for these QTL regions. These markers 

are now available for use in marker-assisted selection to speed up the process of introducing 

resistance into current South African malting quality varieties. 
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The net form of net blotch (NFNB), caused by Pyrenophora teres f.sp. teres (Ptt), is a common foliar 

disease of barley in the northern great plains of the United States. Eight isolates of Ptt, collected from 

North Dakota (ND) and Minnesota (MN) were tested for virulence on a differential set. A subset 

aggressive isolates, with varying virulence profiles, were selected for further studies. Two ND isolates 

and one MN isolate were used to screen a collection of 269 spring barley accessions from Ethiopia 

and Eritrea (EEBC) in three separate experiments. The EEBC accessions were grown in the 

greenhouse (18-22
o
C, 18 h light) in a randomized complete block design with three replicates. Two 

week-old seedlings were inoculated with a conidial suspension (20,000-25,000 spores/ml). The 

inoculated plants were assessed seven days after inoculation using a 1-10 scale. Preliminary analysis 

of the greenhouse test data indicated that 6% of the lines are moderately resistant to all three isolates 

tested, while 83% are moderately susceptible and 11% are highly susceptible. The EEBC lines are to 

be tested in a field nursery in 2015 and the combined phenotypic data from all experiments will be 

used in a genome wide association study, utilizing SNP markers, to identify quantitative trait loci 

linked to resistance.       
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Fusarium crown rot (FCR), caused by various Fusarium species, is a chronic disease in semiarid 

regions worldwide. Several barley genotypes with high level of FCR resistance are identified from a 

systematic screening and three major QTL on chromosome arms 1HL, 3HL and 4HL, respectively, 

have been detected from two of the resistant sources. The feasibility of enhancing FCR resistance by 

gene pyramiding was investigated by generating and assessing two populations segregating for these 

three QTL. Significant effects were detected for each of the three QTL in both of the population 

assessed. Lines with any combination of two resistant alleles from the three QTL gave, on average, 

significant better resistance than those with a single resistant allele only, and lines with resistant 

alleles from all three of the QTL gave the least FCR symptoms. Significant effects of plant height and 

heading dates on FCR were detected in this experiment. Later, twenty two (22) sets of near isogenic 

lines (NILs) for the loci on chromosomal arms 1HL and 4HL have been developed. The FCR severity 

among the isolines of all NILs (13 sets) for 4HL have been assessed and significant differences in 

resistance to FCR between the isolines were detected.  As expected, histological and qPCR analyses 

found that resistant isolines slow down the infection and spreading of Fusarium pathogens.   
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Barley endosperm modification is the process whereby the storage products of the endosperm are 

enzymatically degraded during germination. The majority of these enzymes are secreted by the 

aleurone layer. In an industrial malting context, the ability to predict the behaviour or rate at which the 

endosperm is modified is valuable since it allows optimization of germination conditions, reducing 

costs. Previous research has shown that aleurone-layer protoplasts (plant cells lacking a cell wall) 

accurately reflect the activity and behaviour of the intact tissue. Therefore, protoplasts represent a 

valuable model to study the behaviour of the aleurone layer and to allow predictions of endosperm 

modification. The advantages of the use of protoplasts over the whole aleurone are (i) they are easier 

to manipulate; (ii) they can be isolated and purified until almost pure, and (iii) they can be exposed 

evenly to hormone treatment and can be accurately counted, improving reproducibility. Previous 

aleurone protoplast isolation protocols were developed for the husk-less variety, Himalaya. We have 

developed a protocol to extract barley aleurone-layer protoplasts from three commercial barley 

malting varieties. The protoplasts were subjected to hormone treatments with gibberellic acid (GA) 

and abscisic acid (ABA), their proteins were extracted at different times during their culture and 

analysed using SDS-PAGE and 2D electrophoresis. We will discuss our results in relation to 

endosperm modification. 
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This mini-review discusses the current status of our understanding of free amino nitrogen (FAN) and 

its role in brewing. FAN is known to play a prominent role during fermentation as an essential 

nutrient required for yeast growth and fermentation efficacy. It also plays a significant role in the 

organoleptic quality of beer as some amino acids provide precursors for beer flavour and aroma 

compounds formed during yeast metabolism. Currently malt FAN is used as one of the routine malt 

specifications and is only provided as a value of the total FAN present in malt. Although it is 

generally accepted that the qualitative value of malt FAN is fairly constant, this paper challenges this 

notion and provides an alternative view of FAN quality. This paper further proposes that FAN may 

have constituents that may play a significant negative role in brewing fermentations which at present 

also contribute to the reported value given for FAN in a typical malt specification. 
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Pilot Malting Australia (PMA) is a joint initiative of the Australian Export Grains Innovation Centre 

(AEGIC) and Edith Cowan University (ECU). It has been established to help improve market access 

and value/supply chain outcomes for the Australian malting barley industry. This poster summarises 

the work conducted during 2014 for phase 2 of the GRDC funded research project; Pilot Malting 

Australia – Commercial Malting Validation (WCA00003).  

The aim of this project is to evaluate the relationship between the 100kg pilot malting plant and 

commercial malting plants operating within Australia. In phase 2 of the project PMA worked with 

Cargill Malt and their commercial plant in Forrestfield, WA. Fourteen pilot malt batches were 

completed from a 1400kg sample taken from a single grain lot prior to processing through the 

commercial plant.  The objective of phase 2 was to match the specifications of the malt produced in 

the pilot malt plant to those of the commercially produced malt.  This was achieved through 

mimicking the commercial malting conditions and parameters with the pilot malt plant. 
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The conduct of the barley malting process has a large bearing on the development and the relative 

accumulation of the Diastatic Power (DP) enzymes such as α-amylase, β-amylase and limit 

dextrinase. The development of malt characteristics during the malting process determines the final 

levels of the economically important malt parameters such as extract yield, Apparent Attenuation 

Level (AAL) and Free Amino Acids (FAN).  It has been known for some time that micro-malting and 

certain commercial malthouses produce malt with substantially higher levels of limit dextrinase.  

Malts with high levels of limit dextrinase have been shown to have higher attenuation characteristics 

both on the small scale and with commercial brewing experience.  A thorough understanding of the 

malting process, extract, DP enzyme development and related levels of wort fermentable and non-

fermentable sugars will result in increased utility of Australian malt for international and domestic 

brewing.  Further, this understanding could be applied to enable the dual use of Australian varieties by 

relatively minor modifications of the malting process.  As such, a variety might be malted to meet the 

attenuation expectations of the sugar adjunct using domestic brewing industry, but also malted by a 

modified protocol to produce high levels of limit dextrinase conferring high attenuation that is 

expected by the starch adjunct using brewers in export markets. 
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This study evaluated the feasibility of attenuated total reflectance mid infrared (ATR-MIR) 

spectroscopy to predict fructan content in both barley and malt flour samples.  Barley samples (n=60) 

were sourced from commercial and experimental barley varieties and their corresponding malts, 

analysed using the enzymatic kit from Megazyme (K-FRUC, Megazyme International Ireland), and 

scanned in a MIR instrument ATR instrument (Bruker Optics, Germany).  The coefficients of 

determination in cross validation (R
2
) and the standard error of cross validation (SECV) obtained for 

the prediction of fructan content in the calibration set were 0.76 and 0.20 %, respectively.  The 

residual predictive deviation (RPD=SD/SECV) value obtained was 2.3, indicating that these 

calibrations can be used for qualitative determination of fructan content (e.g. low, medium and high) 

in the set of samples analysed.  This study showed the capability of using ATR-MIR spectroscopy as 

approximate estimate of the true fructan concentration in barley and malt in order to rank samples 

(low, medium, high) in the context of breeding or research activities. 
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The usefulness of the Rapid Visco Analyser (RVA) instrument combined with pattern recognition 

methods as tool to differentiate commercial barley samples from two South Australian localities and 

three harvests was evaluated.  Principal component analysis (PCA), partial least squares discriminant 

analysis (PLS-DA) and stepwise discriminant analysis (SDA) were used to classify samples based on 

the RVA profiles.  The PLS-DA models correctly classify 96.3% and 97.8% of the barley samples 

according to harvest and locality, using the profiles generated by the RVA instrument.  Analysis and 

interpretation of the eigenvectors derived from the PCA and PLS-DA models verified that the RVA 

profile of the barley flour samples contain relevant information related to starch pasting properties 

that allows their classification.  These results suggest that RVA coupled with PLS-DA hold necessary 

information for a successful classification of barley samples sourced from different localities and 

harvests.   
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Steeping is the first operation of malting and its overall purpose is to increase the water content of the 

grain as well as to activate the enzymatic pool in the endosperm.  The aim of this study was to 

evaluate the effects of total lipids content and individual fatty acids on water uptake by commercial 

barley varieties.  The results from this study showed that unsaturated fatty acids such as oleic acid 

(18:1-n9) have a role on controlling water uptake by the barley endosperm during steeping.  When 

partial least squares (PLS) regression was used to relate total lipids, individual fatty acids and water 

uptake, oleic (18:1-n9) acid has a positive effect while long chain unsaturated fatty acids such as 

arachidic (20:0) and lignoceric (24:0) acids have a negative effect on explaining 72% of the total 

variability in water uptake.  Water uptake by the endosperm is just a component of the system that is 

responsible for the overall malt quality properties and chemical characteristics of a given material.  In 

this context both total lipids and individual fatty acids have a role on determining malt quality in 

barley.   
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Although extensive research has been conducted on the understating the biochemical and physical 

properties of starch and its relationships with grain composition and quality, less effort has been 

dedicated to study the main role of other non-structural carbohydrates.  The formation of complexes 

between amylose and lipids has been highlighted recently, indicating that these complexes can 

modulate different biochemical, chemical and physical properties of the grain.  Recent studies also 

suggested that other sugars (e.g. sucrose) can be associated with lipids under the form of 

lipopolysaccharides or sugar esters.  The aim of this study was to investigate the presence of sucrose 

esters in barley using mid infrared (MIR) spectroscopy as a high throughput method.  Correlations 

between the MIR area related with esters (1800 – 1600 cm
-1

) and malt extract showed statistically 

significant (p<0.05) correlations (R
2
 = 0.36) in barley varieties that yield high malt extract (>82%). 

The results of this study indicated that sucrose esters might play a role in explaining differences in 

malt characteristics in different barley varieties.  However, more studies need to be carried out in 

order to extend the use of this approach to a large set of commercial varieties and localities. 
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Malt extract is of crucial economic importance, as it determines the amount of beer that can be 

produced and as a consequence is one of the main parameters use in breeding programs, and one of 

the most important quality parameter for purchasing malt.  Measuring malting quality is an expensive 

and complex process, limiting its use in barley cultivar development and adding to the challenges in 

breeding.  The available laboratory methods estimate malt extract (hot water extract, HWE) by 

measuring the specific gravity of the wort and relating the strengths of sucrose solutions with their 

specific gravities.   This method assumes that the dissolved changes in the extract solids measured as 

specific gravity are to the same extent related to sucrose.  However, the amount of sucrose equivalent 

or the overall final density that is routinely used to calculate the HWE might not explain the observed 

differences in HWE between barley varieties yielding high malt extract values (HWE>82%).  Rather 

to measure HWE only at the end of the extraction, we have modified the EBC method in order to 

calculate the rate of extraction.  The results from different commercial varieties will be presented.  
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The aim of this study was to evaluate the use of attenuated total reflectance and mid infrared (ATR-

MIR) spectroscopy as a rapid tool to evaluate gelatinization and retro-gradation of starch in barley 

flour samples.  Flour samples were sourced from two commercial barley varieties exhibiting high hot 

water extract (HWE >80%) namely Navigator (n=8), and Admiral (n=8), analysed using the Rapid 

Visco Analyser (RVA) and an ATR-MIR instrument.  The results of this study showed that infrared 

spectroscopy contains relevant information related to the properties of the gel samples derived from 

the barley flour samples having different malting characteristics.  Infrared spectra can effectively 

represent a ‘fingerprint’ of the sample being analysed and can be used to simplify and reduce 

analytical times in the routine methods currently used in routine analysis of barley.    
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Although lipids and fatty acids represent only 1 to 3% of the grain weight, they can play an important 

role in regulating, modulating and determining several chemical and physical properties of the grain 

and corresponding malt.  The aim of this study was to evaluate the relationships between the content 

of fatty acids in grain, malt, and wort and their corresponding relationships with malt quality 

characteristics measured as hot water extract (HWE) and apparent attenuation limit (AAL).  Fatty 

acids were analysed in different commercial malting barley varieties including grain, malt and wort of 

using gas chromatography (GC) and statistically analysed using principal component analysis (PCA) 

and Pearson correlation.  Within the barley samples exhibiting high hot water extract values (HWE 

>80%), negative correlations between HWE and oleic acid (Pearson r=-0.05) and linoleic acid 

(Pearson r= -0.81) were observed, but a positive correlation with palmitic acid (Pearson r=0.48) was 

detected.  The results from this study indicated that unsaturated fatty acids in both grain and wort 

samples are also related to differences in fermentability (AAL) between the samples analysed. 
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The feasibility of using attenuated total reflectance (ATR) in combination with mid-infrared (MIR) 

spectroscopy for the analysis of malt quality parameters in wort such as free alpha-amino acid (FAN), 

apparent attenuation limit (AAL), soluble protein (SP) and viscosity (VIS) was evaluated.  The 

coefficients of determination in cross validation (R
2
 CV) and the standard error of cross validation 

(SECV) were 0.81 and 10.3 mg L
-1

 for FAN, 0.80 and 1.49 % for AAL, 0.78 and 0.18 % for SP and 

0.69 and 0.13 cP for VIS.  From the results of this study, it was concluded that good calibration 

statistics were obtained for AAL and VIS.  However, for nitrogenous compounds the MIR predictions 

can only be used as approximate estimates of the true concentrations, for example to rank samples 

based on FAN values (low, medium, high) in the context of a breeding program.   
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Single Kernel Characterisation System (SKCS) instruments are used to differentiate grain hardness 

classes in wheat and identify suitability of barley for pearling and shochu production. These 

instruments produce four parameters including grain weight, diameter, moisture and hardness on an 

individual kernel basis, which provides an estimate of the average and standard deviation of the bulk 

sample. SKCS instruments are factory calibrated on assembly however there is currently no 

straightforward means to maintain instrument performance to account for wear and tear over time. 

A ringtest study was organised to determine the variability of six in-service instruments, of various 

ages, belonging to three individual grain industry laboratories. Six samples each of wheat and barley, 

assembled over a range in grain hardness, were used in a randomised block design experiment. 

Participating laboratories tested the samples according to a predefined randomised order over three 

test days which included a determination of instrument operating conditions (stability). 

The data was evaluated by ANOVA and REML models and results will be presented. It is anticipated 

that this exercise will facilitate practice change in the maintenance of SKCS instruments. 
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The objective of this study was to determine the effects of increasing nitrogen fertilization rates on the 

malting behavior of barley varieties grown in Canada and Australia.  Two Canadian barley varieties, 

CDC Meredith and Bentley, and two Australian barley varieties, Buloke and Commander, were 

grown in 2013 in Lacombe (Canada) and Cunderdin (Australia).  Protein content of Buloke and 

Commander was significantly higher than CDC Meredith and Bentley when grown in Lacombe, but 

similar when grown in Cunderdin. The analysis of variance indicated that increasing nitrogen 

fertilization rates (0, 25, 50 and 100 kg/ha) significantly increased the content of hordeins and 

glutelins, but not the content of albumins and globulins.  Generally, the increasing nitrogen rates had a 

negative effect on cell wall modification as demonstrated by decreasing malt friability, and increasing 

levels of wort β-glucan. The amount of fine extract decreased at the higher nitrogen rates.  While 

diastatic power generally increased with increasing nitrogen fertilization, the effect was less 

pronounced for Buloke and Commander, especially at Lacombe. Effect of increasing nitrogen 

fertilization on alpha amylase varied, depending on variety. Levels of alpha amylase for CDC 

Meredith and Bentley increased with increasing nitrogen rate at both locations but decreased for 

Buloke and Commander at Lacombe.  
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In 2013 nitrogen (N) management trials were sown in two different environments – Cunderdin, 

Western Australia, Australia and Lacombe, Alberta, Canada. In each trial two Australian (Buloke and 

Commander) and two Canadian (CDC Meredith and Bentley) malting barley varieties were sown in a 

replicated trial with four N rates. Grain harvested from the Lacombe trial was sub-sampled and 

exported to the AEGIC laboratory in Perth under reciprocal testing arrangements. The Cunderdin and 

Lacombe samples were analysed using standard AEGIC micro-malting and assessment protocols. 

Malt quality varied between environment, between varieties and in response to N with N x variety 

interactions present. The response to N was similar in both environments however the Australian 

varieties exhibited much higher protein levels at Lacombe suggesting different development and malt 

modification patterns.  

The kolbach index, malt extract, fermentability, wort viscosity and wort beta glucan of the Canadian 

varieties were similar across environments suggesting the micro-malting conditions favoured the 

Canadian varieties. 

The 2013 results represent year one of a three year study which will provide insight into the way 

varieties from different origins respond to N in different environments and present opportunities for 

further development of varieties that compete in world trade. 
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Barley seed germination activates important biological processes, including dormancy release, storage 

carbohydrate/protein remobilization, cell division/elongation, new organelle formation and root/shoot 

development. It controls malting qualities through hydrolytic enzymes, seed viability and vigor. We 

conducted RNA-sequencing and mass spectrometry analysis to investigate RNA and protein contents 

in germinating embryos. The number of differentially expressed genes was 5100 – 6300 among the 

21000 transcripts detected, which coded enzymes for membrane synthesis, cell wall modification and 

energy metabolism. There were 2400 – 3200 alternatively spliced transcripts, which coded 

predominately for regulatory proteins such as hormone responsive, transcriptional factors and spicing 

factors.  AMY2 transcripts increased by more than 10 fold by 48 h post-ambibition. At least 5500 

unique proteins could be identified in dry seed embryos. The most abundant proteins involved in 

hormone, cell wall, cell membrane and energy metabolisms. The proteome changed very rapidly with 

24 to 26 % proteins decreasing in abundance and 33 -36% protein increasing in abundance over the 

first 24 h. BMY1 protein was abundant in dry seeds. Amy1 protein started to increase in abundance 

from 48 h. Transcriptomics and proteomics analyses enabled us to gain a better understanding of the 

mechanisms controlling seed germination and malting quality. 
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A systematic comparison of starch structure and the digestion rate with porcine pancreas α-amylose of 

raw barley flour of 31 different barley samples, consisting of 5 varieties x 3 field replicates from two 

locations, from the 2013 Qld National Variety Trials, were studied using size exclusion 

chromatography (SEC), fluorophore-assisted carbohydrate electrophoresis and 4-hydroxybenzoic acid 

hydrazide (PAHBAH). Our results showed that, among these 31 samples, the protein content from 

one location (Emerald) was higher than from another (Jimbour), showing environmental effects on 

protein content. The overall correlation between starch content and protein content was negative in a 

given cultivar. The rate of degradation to reducing sugar (maltose) decreased with increased protein 

content, implying that protein can inhibit starch digestion rate. The SEC data for whole barley starch 

showed that with an increase of protein content, the proportion of amylose increased, and the 

molecular size distributions of amylose became wider. These results show that both 

genetic/environmental factors and protein content can affect starch structure directly and indirectly. 

These results provide new knowledge about the effects of environmental/genetic factors on protein-

starch interactions as well as their effects on beer brewing.  
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Two Australian and two Canadian barley varieties were grown both in Australia and Canada, with 

different nitrogen fertiliser application. MALDI-TOF MS was used to analyze the protein profiles in 

barley grain and malt. All four varieties experienced significant decline in protein during malting, but 

not all protein members equally degraded. More proteins were modified in the Canadian varieties 

including some water-soluble and high molecular weight (HMW) proteins and more emerging new 

proteins in Canadian malts. Both genetic background and environment had an impact on the protein 

composition, but the genetic background was the main source of variation. Generally, Canadian 

varieties contained more protein species and higher protein concentration. More than 23% of the 

Canadian grain proteins and 26% of malt proteins were found to be different from Australian 

varieties. The barley grain and malt accumulated more protein when planted in Canada than in 

Australia. One HMW protein was dramatically increased when growing in Canada. Six HMW 

proteins and a few water-soluble proteins were determined by fertiliser usage. They all increased 

when more nitrogen fertiliser was applied. The spectra of proteins in Canadian and Australian 

varieties provide a clue to further identify valuable quality-related proteins.   
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Australia and Canada are major exporters of malting barley, with Baudin from Australia and AC 

Metcalfe from Canada being the benchmark for premium malting quality in the past ten years. We 

used the barley double-haploid population derived from a cross of Baudin and AC Metcalfe to map 

the QTL (quantitative trait loci) for malting quality. The results revealed different genetic 

architectures controlling malting quality for the two barleys. Twelve QTLs were identified and 

located on chromosomes 1H, 2H, 5H and 7H. Malting quality of the Australian barley Baudin was 

controlled by a QTL on chromosome 1H, while Canadian barley AC Metcalfe was controlled by other 

QTL regions, especially in the end of 5HL region. This study demonstrated the potential to breed new 

barley varieties with superior malting quality by integrating genes from Australian and Canadian 

malting barley varieties. Molecular markers were also developed to identify 1H and 5H QTLs. 
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Over three seasons, a barley population (Flagship/ND24260) was assessed for black point (BP).  The 

resulting BP data was used to identify QTL for tolerance to BP.  Black point can be a serious post-

harvest defect which results in thousands of tonnes of malting barley being downgraded to feed. A 

number of export markets have a very low tolerance for BP barley. Several QTL were identified with 

the strongest being on 1H, 2H and 4H. However, these were each based on results from different 

years supporting our previous findings that environment was a major driver of this defect.  In 

addition, a QTL on 6H was co-located with a QTL for spot blotch. However, there is insufficient 

evidence to support any consistent environmental association between spot blotch and BP expression. 

The results to date indicate that one of the challenges remaining is to better understand the 

environmental driver for BP expression.  The identification of QTL in this population will help further 

research in identifying resistance to this unpredictable but costly defect.  

 


