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PART I 
 

(1) SUMMARY 
 
1. Australian grains industry financial indicators show long-term decline – in prices 
received, terms of trade, net income, and net worth. 
Viability has been maintained largely via changes in operations, equipment and scale. 
The present contribution of technology R&D, while commendable, is insufficient to 
arrest the long-term trends. 
 
 
2. The present balance of R&D objectives and resource allocations has a strong bias 
toward perceived ‘high value’ food grade exports, with particular imbalances in: 

·  Food vs feed (energy); protein vs CHO and gross yield 
·  Marginal export improvement vs domestic diversification 
·  Incremental tactical issues vs strategic paradigm shift 
·  Short term perceptions vs long term analysis and planning 

 
It’s not a question of right and wrong, but of balance. 
 
 
3. Stated current objectives to develop niche high-value export food grades are in a 
degree of conflict with the present financial structure of the industry – in particular: 
 

·  Unclear (insufficient) risk/reward ratio at grower level under pooled pricing 
·  Unclear (insufficient) risk/reward at breeder entity level under current EPR 

trends. 
 
The two are linked – higher EPRs will require higher specific pricing. 
 
 
 
4. Development of niche high-value export grades will require strong integration of 
market analysis, technical development and logistic/marketing implementation. 
The required degree of data sharing and risk/reward are incompatible with pooled 
‘public-good’ resourcing, and will tend to force alignments and formal vertical 
integration. 
 
 
Commercial risk/reward considerations for smaller volume, high-value varieties 
suggest more specific pricing mechanisms at grower level, and at EPR / breeding 
company level. 
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(2) DISCUSSION POINTS 
 
The following commentary is a summary of points made and responses given, without 
any attempt to attribute weighting or provide further analysis.   
 
* The Fellowes report is overly simplified, perhaps simplistic, and makes ‘several 
errors’ – notably that it does not recognise the cascading ‘pool contribution’ of high 
value varieties to the gross national pool. 
 
It is acknowledged in the data tables and graphs that variety values have been calculated on ‘headline’ 
values, which does not account for the cascading pool effect. After making an [arbitrary] allowance for 
the cascading value of the pool it may be argued that distribution of resources within the bread-wheat 
category is more closely in-line with market forces; but there is still a significant underweighting of 
breeding resources directly allocated to non-bread [feed] wheat.  
The imbalance of resourcing is between categories (bread vs feed). 
 
* Recent highly reputable [USA] scientific/technical publications have indicated that 
production of ethanol from grain is not technically or economically efficient [on 
consideration of energy mass balance] and should not be recommended. 
 
That may not be the only factor at play – versus macro and local political considerations. At present 
[Jul-Aug 06] the Federal Government has been reluctant to overtly endorse ‘subsidised’ or enforced 
ethanol, and one proponent company [Global Ethanol P/L] has deferred plans to invest in plants in 
Australia. 
 
* Specific breeding for ethanol conversion may be unjustified, or at least unclear – but 
the technical requirements are in any case likely to be very similar to those for animal 
feed [energy conversion], for which there is a stronger and clearer current 
justification. 
 
* It is a legitimate technical and ‘business’ strategy to focus R&D resources on ‘high end’ 
products and markets, and allow the technical gains made to trickle down to the low end. 
 
Agreed it is one possible course but probably should not be a totally dominant, near exclusive strategy. 
When a ‘low-end’ segment represents 60-70% market volume and has specific identifiable 
requirements there is a case to be made to focus specific R&D on that segment. 
 
 
* Breeders (and by extension pre-breeders) are forced to focus resources on what the 
market wants – today – which is the perceived high-value varieties. 
The market does not demand and will not pay EPRs for ‘feed’ varieties. 
 
This is an historic and current investment policy dilemma which needs to be addressed by GRDC and 
the collective management group. Given the 10-year (+) investment cycle required there needs to be an 
investment mechanism to address agreed future market trends. 
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(3) TRAIT CATEGORIES 
 
The initial listing was presented (deliberately) as a single compilation based solely on 
estimated median dollar value in descending order. That presentation has the possible 
virtue of casting particular traits, as potential R&D objectives, in purely dollar value 
relationship to all other possible uses of resources. 
In response to popular demand the trait list has now been re-expressed in categories 
and the details are dealt with in Part II (D. Marshall) 
 
From a commercial perspective, three ‘trait’ groups stand out as areas of potential 
paradigm shift – warranting additional or re-allocated resources: 
 

·  Frost tolerance – the ability to grow crops in wider geographic and seasonal 
windows. 

 
·  Alternative dwarfing genes, to remove the (potential) yield limitation of the 

Mexican semi-dwarf genes 
 

·  ‘Quality’ – high CHO gross yield for feed and energy conversion 
 
Additional ‘commercial’ comments on trait categories follow: 
 
 

Biotic traits (diseases & pests) 
 
This is the best documented area based on the work of Brennan et al which calculated 
potential impact of biotic factors on a ‘worst case’ scenario – arbitrarily presented 
here on a low (33%), medium (50%) and high (100%) probability basis. 
 
Allocation of national R&D resources to biotic factors has an ‘avoided loss’ outcome. 
It will not result in a net gain or paradigm change. 
In that context there is a logical argument to limit national resource allocation to 
‘minimum maintenance’. 
There is an argument for value-judgement allocation to exotic pest/disease threats 
which would not otherwise receive attention in a commercially driven system. 
 
 

Abiotic traits 
 
The abiotic factors represent moderate potential gains (and/or avoided losses) if crops 
were able to be more productively grown in areas of adverse soil conditions. 
However, there may be issues of public perception to be taken into account in the 
allocation of public funds toward cropping in what some may consider to be marginal 
(or unsuitable) environments. 
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The present allocation of R&D funds in this category appears over-weighted toward 
improving production in low-end environments – rather than in high-end situations (in 
economic competition with animal production). 
 
Frost tolerance stands out as a potential paradigm shift. 
The dollar values given here are an estimate of historical actual losses, but take no 
account of the impact on restricted areas and time of planting. 
Improved frost tolerance that would allow planting in wider geography and time 
windows would represent a significant advance justifying specific funding. 
 
 

Quality traits 
 
This is a complex multifaceted area treated in more detail in following sections. 
Several factors stand out: 

·  In the recent past there has been gross misallocation of funds to perceived 
high-value targets (notably to APH) 

·  There is still an extreme over-weighting of funds toward currently perceived 
high-value targets 

·  Value perceptions are highly leveraged to the current pool marketing and pool 
pricing mechanisms 

·  Definition of high-value export market opportunities will require close and 
transparent cooperation with the marketing party(s) 

·  Implementation of high-value [niche] opportunities will require coordination 
of internal regional logistic issues 

·  Breeding of niche high-value varieties may not be in the financial interests of 
‘commercial’ breeding entities 

Inadequate attention has been given to the quality (and quantity) aspects of strongly 
emerging demand for animal feed and for ethanol production. 
 
 

Phenotype traits 
 
Drought tolerance in its widest sense stands out as the single most valuable ‘trait’ for 
wheat production – if it is achievable. 
Several other factors – notably screenings, sprouting and blackpoint – have only 
moderate dollar value, and only marginal real impact from breeding progress. They 
have probably been over-resourced. 
 
Alternative dwarfing genes (including coleoptile length and early vigour factors) 
represent a potential paradigm change that deserves attention and resourcing. Current 
semi-dwarf genes represent high yield efficiency but not necessarily absolute high 
yield potential. They may be a yield constraint. 
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Other factors 
 
The value of an across-the-board 1% yield increase is included as a reference point. 
 
Over the last five years 35% of AWB collections have been from varieties over 10 
years old. Given that total productivity improvement is 1% pa of which 0.5% is 
genetic (estimate), then the theoretical ‘lost opportunity’ value is $80-90 M. 
There is an argument for resourcing more rapid adoption. 
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(4) CURRENT ALLOCATIONS 
 
 
Current breeding resources are highly imbalanced. 
 
 
Customer   Size   Status   R&D $ 
 
 
Export food  20%  Flat/down  80-85% 
Export ‘feed’  50%  Down   nil 
 
Domestic B&B 10%  Flat   10-12% 
 
 
Feed (& ethanol)     10%  Up > 15% pa  0 -5% 
 
         
 
Breeding program budget allocations by variety grade: 
 
 
     MARKET   BREEDING   
        SIZE    FUNDS   

GRADE $ M % $ M % Index  
            
APH 213 4.9 7.0 23.6 478 
ASWN 306 7.1 2.7 9.2 128 
APDR 143 3.3 2.1 7.1 213 
            
AH 383 8.9 12.8 43.4 487 
APW 1190 27.7 0.5 1.8 6 
ASW 1020 23.8 0.0 0.1 0 
            
Soft 51 1.2 0.1 0.5 41 
            
Bread/biscuit  500 11.6 3.5 11.7 101 
Feed 540 12.6 0.6 1.9 15 
            
Any other   0.0 0.2 0.7   
            

TOTAL 4294 100.0 29.5 100.0 100 
 
Source: Breeding entity data and author estimates (RWF) 
Market value determined from AWB data, using median ‘headline’ grade values 
 
 
 
 
 

Breeding $ / 
market $ (%) 
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Grade market size vs breeding entity resource allocation: 

 
Grade category values calculated on median ‘headline’ prices, which does not account for the pool 
cascading effect. 
 
Based on ‘headline’ grade values there is currently an extreme over-weighting of 
wheat breeding resources directed to perceived ‘high-value’ grades (varieties). 
However, it may be reasonably argued that if allowance is made for the cascading 
value effect of pooling [failed APH contributes to the value of AH etc] then the 
allocation of resources is more closely in-line with market forces within the total 
bread-wheat category. 
 
‘High-value’ varieties in APH, ASWN, APDR and AH grades attract 83 % of all 
breeding resources, but constitute only 24% of the total market (by value, at pool 
‘headline’ prices) Approximately 70% of the market by value (APW, ASW, ‘feed’ 
and 50% of domestic food use) receives essentially no specifically targeted R&D – 
varieties in those categories are ‘default’ failures from APH/AH programs. 
 
These numbers give credibility to the common observation (complaint!) that breeding 
programs have over-weighted export food-grades at the expense of ‘commodity’ 
grades. The oft repeated claim that it is not worth breeding for commodity grades 
(feed) because no one wants to grow them could justifiably be regarded as a self-
fulfilled prophecy. 
 
It is surely a legitimate challenge to an industry to justify an almost total lack of 
actively targeted resources to 70% of its market (and increasing). It is not necessarily 
an issue of right and wrong, but of balance between ‘bread wheat’ vs ‘feed wheat’. 
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(5) IMPLEMENTATION ISSUES  
 
Logistics 
 
Putative development of high-value niche products – with small volume – will give 
rise to significant logistic issues of segregation, transport, consolidation and QC – all 
with cost implications. 
The logical outcome of this pathway is a single variety product, parallel to the barley 
situation. 
The logistics and cost issues may be dealt with but are likely to require a level of 
forward planning and industry integration to successfully implement. 
 
Integration 
 
The more the industry tends toward high-value, low-volume varieties (if it does) – the 
more it will necessarily force vertical alignments, even formal integration. 
Determination of targets will require close integration of breeding and marketing 
organisations, involving exchange of proprietary information. 
Likewise with seed multiplication and marketing. 
Likewise with physical grain handling. 
The requirement for integrated planning and implementation will force vertical 
alignments – at the extreme, formal integration and closed-loop contracts. 
 

Pooled pricing and ‘cliff’ effects 
 
A trend toward high-value, low-volume varieties is diametrically opposed to, or at 
least compromised by, the philosophy of ‘bulk’ pooled pricing – which again will 
tend to push toward closed-loop contracts. 
The more specialised the requirements are for a particular grade (or single variety) the 
greater the reward sought by the grower – the individual grower, not the pool – in 
recognition of the ‘cliff effect’ of failing to make specs. Putative development of 
specialised high-value low-volume varieties may require more specific marketing and 
pricing mechanisms (both grower and breeder level). 
 
The above comments are intended to highlight potential logistic and marketing 
implications related to ‘small’ varieties, and are not intended as an implied criticism 
of the single-desk pool system. It is noted that current marketing arrangements [under 
AWB] do provide logistic and pricing mechanisms for ‘small’ varieties – eg Durum. 
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Breeding entity financials 
 
The following are illustrative ‘average’ case numbers derived from actual market 
analysis for 2000-2005. 
 
The total market of 21 Mt is composed of three segments – West, SE and NE – each 
broadly 7 Mt. 
In the total market it takes 20-25 varieties to achieve ~ 80% of total volume. 
Therefore, as a rule of thumb, a ‘good average variety’ is likely to achieve 5% 
national market share = 1 Mt volume (actually a little less) 
 
In the present and near term situation there are three breeding entities (DAWA, AGT 
and EGA) with national market shares of 40, 40 and 20% respectively. 
The cost of operating a ‘national’ breeding entity is put at $5.5M pa (range $4-7) 
 
Therefore the cash break-even point for a breeding entity at an average EPR of $2/t 
(net $1.5) = 3.7 Mt volume = 52% regional share = 17% national share. Allowing say 
20% for ROI, profit and ‘bad years’ raises those numbers to 62% regional share and 
20% national share. 
 
In a median ‘steady state’ situation each breeding company would have a portfolio of 
6-7 GAQ varieties (x 3 = 20 x 5% share each = ca 100% market) 
 
Therefore the minimum required earning potential for a GAQ variety – to make a 
break-even contribution to costs – is $5.5M/7 = $0.780M. 
At net ERP of $1.5 that’s equivalent to 523Kt = 7.5 % regional share (2.5% national 
share) 
 
That’s all doable and means a breeding entity is viable with a portfolio of 6-7 GAQ 
varieties. 
 
However, the picture changes for specialty niche varieties. 
 
If the market volume for a niche product is say 500 Kt 
If the conversion rate is 50% then the volume grown = 1 Mt (equivalent)  
Now the minimum required break-even market share for a single variety is 52% (still 
doable if there are only two players in a regional market) 
 
But anything less than that is financially unattractive to the breeding entity – carrying 
several implications: 
 

·  The EPR may have to be higher for specialty varieties, and therefore the 
grower reward (price) correspondingly higher. 

 
·  There may not be room for 3 players on specialty varieties 

 
·  The initial low-volume phase will have to be subsidised by other high-volume 

lines, and/or by external funds 
 

·  There are complex national vs individual trade-offs on conversion rate. 
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(6) BACKGROUND CONSIDERATIONS 
 
 

Farm financial decline 
 

 
 
 

Wheat price decline 
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Handling cost increase 
 

 
 
 
 
 

Wheat grade demand  
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Demand trends for wheat, meat, energy 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Wheat demand vs GNP 
 

 
 
 
 
 
 
 

wheat 

meat 

energy 

Demand trends 
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Wheat demand vs GNP 
 

 
 
 
 

China wheat demand 
 

Consumption Imports 
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Total meat demand trends 
 
TRANSFORMATION OF CONSUMPTION AND PRODUCTION 
Unlike the supply-led Green Revolution, the “Livestock Revolution” is driven by demand. From the early 
1970s to the mid-1990s, the volume of meat consumed in developing countries grew almost three times 
as much as it did in the developed countries. Developing-world consumption grew at an even faster rate 
in the second half of this period, with Asia in the lead (see table).  

Actual and projected meat consumption by region 

 

 Annual growth of total meat 
consumption 

 

Total meat consumption 

 

Region 1982–94 1993–2020 1983 1993 2020 

 

 (percent) (million metric tons) 

China 8.6 3.0 16 38 85 

Other East Asia 5.8 2.4 1 3 8 

India 3.6 2.9 3 4 8 

Other South Asia 4.8 3.2 1 2 5 

Southeast Asia 5.6 3.0 4 7 16 

Latin America 3.3 2.3 15 21 39 

West Asia/North Africa 2.4 2.8 5 6 15 

Sub-Saharan Africa 2.2 3.5 4 5 12 

Developing world 5.4 2.8 50 88 188 

Developed world 1.0 0.6 88 97 115 

World 2.9 1.8 139 184 303 

Sources: 
FAO annual data. Total meat consumption for 1983 and 1993 are three-year moving averages. 2020 projections 
come from IFPRI’s global model, IMPACT. 

 
Meat consumption per person 1960-2000 (kgs) 
 

1960 2000 
====  ==== 

Europe     56  89 
USA     89  124 
China     4  54 
         Source: www 
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Energy demand vs GNP 
 
 

 
 
 
 

China potential energy demand  
(? if China follows the historical trend of S Korea as below ? ) 
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China oil demand 
 

 
 
 
 

US ethanol production 
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Australian ethanol production (announced/proposed) 
 
 
Location Company Capacity Grain (1) 
    M litre K tonne 
      
Swan Hill Global Eth (2) 90 250 
Coleambally Global Eth 90 250 
Forbes Global Eth 90 250 
      
Dalby Prim Energy (3) 80 200 
Gunnedah Prim Energy  120 300 
      
Kwinana BP & PEPL 80 200 
WA other Undisclosed 120 300 
      

TOTAL   670 1750 
(1) total grain consumption    
(2) Global 
Ethanol, backed 
by Investec SA & 
Mitsui     
(3) Qld Fuel Grp & Petro Fuels     

 
 
If total grain usage for ethanol is 50% wheat = 875,000 t = 25% increase in local 
‘feed’ market. 
[NB - in late July, Global Ethanol announced it was deferring/abandoning plans 
in Australia because of lack of Government policy support, and failure to 
underwrite a proposed IPO fund raising] 
 
 
 
All of these factors argue for consideration of a rebalancing of resources recognising: 
 

·  Diversification of domestic use to reduce exposure to export handling costs 
(and competition) 

 
·  Conversion of low demand CHO into high demand protein, via feedlots. 

 
·  Conversion of low demand CHO into high demand energy as ethanol.  
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PART II – TECHNICAL ASPECTS 
 
        POTENTIAL TARGET TRAITS FOR PRE-BREEDING     
                                              RESEARCH 
 
            ASSESSING PRIORITY AREAS OF RESEARCH 
 
                                         
                    
  The report to GRDC on "Pre-breeding R&D for Winter Cereals" 
provided a list of potential pre-breeding target traits, developed in 
conjunction with breeders and research providers, based solely and 
deliberately on their median dollar value to the industry. The original list 
is refined in this report for wheat.  
 
The aim of this section is to provide an assessment of the need and 
opportunity for pre-breeding research for each of these traits in an 
Australian context, as well as the likelihood of success. Overall this 
analysis suggests that the potential target traits can be classified into five 
groups: 
Group 1: Traits where a genetic solution is technically feasible and an 
effective solution is already available to breeders. In this case the 
germplasm, screening procedures and selection tools are readily available 
to effectively breed for the trait in a commercial program. Traits that fall 
into this category would be a low priority for further research funding on 
pre-breeding. 
Group 2: Traits where a genetic solution is technically feasible but 
ongoing research is required to continually feed new variation into the 
breeding programs. Again the germplasm, screening protocols and 
selection tools are in place to effectively breed for the trait in a 
commercial program. However, because of continual changes in the 
growing or market environments it is necessary to continually inject new 
variation into breeding programs. The most obvious example of this sort 
of trait is resistance to evolutionarily labile diseases such as the cereal 
rusts where new strains, which require new combinations of genes to 
combat them, continually occur. However, also included in this category 
could be some agronomic traits (eg yield) and quality traits (milling 
yield). Generally these traits are regarded as a priority for the industry but 
they are also generally well supported. 
Group 3: Traits where a technical solution is feasible and where research 
is close to developing an effective solution. Similar to Group 1 except 



 22

research is ongoing and remains to be completed. Again not an ongoing 
priority for industry once a solution is at hand. 
Group 4: Traits where further research is required to fully confirm the 
technical feasibility of a non-GM genetic solution. The lack of a genetic 
solution may be due to a lack of suitable genetic variation in wheat and its 
near relatives, or a lack of suitable rapid and effective screening 
procedures or a lack of suitable selection tools. 
Group 5: Traits where there is currently no obvious genetic solution.  
 
While this classification is somewhat arbitrary is does provide a basis for 
focussing on those traits where pre-breeding research is likely to deliver 
significant benefits in the future. 
 

DISEASES 

Common bunt. 
Common bunt or stinking smut of wheat, caused by Tilletia caries and 
T.tritici , was a historically important disease of wheat in Australia and the 
USA. Originally emphasis was given to control of the disease by genetic 
means. However, with the advent of relatively cheap and effective seed 
dressings, these became the primary agents of control and have been 
successfully used now for many decades. Good genetic resistances are 
readily available should strains resistant to chemical control develop or in 
circumstances, for example in organically produced wheat, where seed 
applied chemicals are unacceptable. 

 
Common bunt has the capacity to reach epiphytotic levels in a short 
period of time on susceptible cultivars if not adequately controlled. Most 
State Departments therefore maintain a watching brief on the disease. 
 
 Group 1: No further research is required at this stage. 

 

Take-all 

Take-all is a major disease of wheat in southern Australia and on the 
lighter soils in northern Australia. It is less of a problem on the heavier 
soils in northern Australia. 
 
There are no known sources of resistance or tolerance to take-all in bread 
and durum wheats although minor differences have been reported 
between varieties. This and the lack of effective and reliable screening 
procedures have frustrated efforts to control the disease genetically. 
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Currently the only effective control procedure is to stop growing wheat 
and to grow non-host crops until the disease inoculum levels drop below 
a critical threshold for the crop. Since a wide range of both endemic and 
introduced grasses are hosts to the disease, grass weed control in rotation 
crops is critical to their successful use to control take-all. 
 
Rye and oats are partially resistant to take-all due to specific chemicals in 
their roots. Some Triticale cultivars, which express the rye chemical in 
their roots, show enhanced tolerance to the disease compared to wheat. 
Similarly, some of the wild relatives of wheat have shown partial 
resistance to take-all. Moreover these differences can be detected in 
simple and reliable laboratory screening procedures.  
 
A combination of sources could open the way for the first time for the 
development of wheat cultivars with significant tolerance to take-all. 
Although investment in such traditional approaches would need to be 
weighed carefully against the opportunities offered by transgenic sources 
of resistance. Innovative transgenic approaches to fungal disease control 
in plants based on a variety of proteins is a major and promising area of 
research internationally.  
 
Take –all remains a serious problem. Both GM and non-GM solutions are 
potentially available, although both will require significant innovation.  
 
 Group 4: Priority B for research. The non-GM approach is a high-risk 
area of research. 
 

Stripe rust 

Since its introduction into Australia, stripe rust has proved to be a 
recurrent and significant problem in southern Australia. It has also proved 
to be evolutionarily relatively highly labile and demonstrated it can 
quickly overcome many single major genes. Research on the disease is 
co-ordinated through the National Cereal Rust Control Program that is 
relatively well supported by GRDC. 
 
 Group 2: Priority A but current support adequate. 
 

Crown rot 

Crown rot is a significant problem in NNSW and southern Queensland. 
Despite a significant GRDC supported research program, the disease has 
proved to be difficult to control and appears to have increased in 
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importance over the last decade. This is due to the fact that limited 
resistance is available in cultivated wheats and while differences are 
evident between varieties, screening techniques are time consuming, 
expensive and of limited reliability. The current solution, as with take –
all, is to grow non-host crops until the inoculum level is reduced to the 
level that wheat can be grown profitably again. 
 
Recent research has yielded exciting results in terms of potential new 
sources of resistance and improved laboratory screening protocols for this 
disease. However, there is clearly there is a need for continuing research 
to confirm these results and develop efficient and effective screening 
techniques and new sources of resistance /tolerance if the disease is to be 
controlled genetically. As with take-all, these efforts would need to be 
assessed against the potential of a transgenic solution to the control of 
root diseases. 
 
Remains a serious and growing problem. Both GM and non-GM 
solutions are potentially available.  
 
Group 4: Priority A for research as there are promising early indications 
that significant advances are possible. 
 
 

Septoria tritici blotch (STB) 

Setoria tritici blotch is a potentially destructive foliar disease of wheat in 
southern Australia, and particularly in southern NSW, where it can cause 
losses due to reductions in both yield and quality. The disease can be 
controlled either through the use of genetic resistance, or fungicides, or a 
combination of these. In recent years the pathogen has developed 
resistance to a commonly used family of fungicides in Europe and this 
has given added impetus to global research on resistance to the STB 
pathogen Mycosphaerella graminicola.  
 
Several specific genes for resistance have been identified in bread wheat, 
as well as quantitatively inherited non-specific resistance. New sources of 
resistance have also been identified in Triticum tauschii. Combining two 
or more of the specific resistance genes, especially in a partially resistant 
background, can give acceptable levels of resistance in the field. Recent 
research indicates that one of these genes (Stb 4) has been effective in 
California for more than 20 years, although its effectiveness is apparently 
decreasing in some areas. Further, there is recent evidence that specific 
resistance genes have broken down relatively quickly in other states in 
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the USA, which strongly suggests that ongoing breeding for resistance 
will be required to control the disease on a continuing basis by genetic 
means.  
 
Relatively effective laboratory and field screening procedures have been 
developed for the disease, so that all the practical elements are in place to 
allow breeding for resistance in priority areas. In southern NSW, the 
disease was a significant problem in the late 1960s and early 1970s due to 
the widespread use of susceptible varieties. However, through the use of 
resistant or moderately resistant varieties, which both protect the current 
crop and reduce inoculum levels for the following crop, STB now rarely 
causes severe losses in this region.  
 
Group 2: Priority A for research regionally. Research support is probably 
adequate and is focused on better characterising the available sources of 
resistance, their potential durability, and the development of molecular 
markers for those of most value in developing effective resistance to 
Australian races of the disease. 
 
 
 

Staganospora (syn. Septoria) nodorum (SNB) 

Staganospora (syn. Septoria) nodorum, which causes leaf and glume 
blotch in bread and durum wheats, is a significant disease across the 
southern wheat belt, but is of particular importance in the wetter parts of  
WA. The preferred method of control is by the use of resistant cultivars. 
However, resistance to the disease is quantitative and complex. Further 
screening for resistance is difficult because of complex interactions 
between disease levels and factors such as height and maturity as well as 
environmental conditions. 
 
New sources of resistance to SNB have been identified in Triticum 
tauschii. One of these appears to be controlled by a single gene that has 
been transferred to hexaploid wheat. Whether this gene will prove stable 
is unknown. 
 
Group 2: Septoria nodorum blotch remains a Priority A for research. 
Research support is ongoing and probably adequate. It is focused on 
identifying sources of resistance and developing molecular markers to 
facilitate their use in breeding programs. 
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Yellow spot 

Yellow spot was initially regarded as a significant disease in NNSW and 
southern Queensland. However, it is primarily a stubble-spread disease, 
and with increasing emphasis on stubble retention and the sowing of 
susceptible varieties, it is becoming common throughout the eastern 
wheat-belt. Quantitatively inherited resistance is widely available in 
wheat and highly resistant cultivars are becoming available. Good stubble 
management coupled with a high level of partial resistance is effective in 
controlling the disease. 
 
Group 1: Not a priority for research. 
 

CCN 

A number of resistance and tolerance to cereal cyst nematode have been 
identified. Resistance has so far proved to be stable and in any case the 
spread of newly virulent strains of this pathogen is likely to be relatively 
slow. The major focus is now on the development of molecular markers 
to facilitate the incorporation of resistance and tolerance in commercial 
cultivars. 
 
Group 1: Not a priority for research. 
 

Stem rust 

Stem rust is a potentially devastating disease particularly in NNSW and 
southern Queensland. It has been effectively controlled for several 
decades in the areas at greatest risk using resistant cultivars. Research is 
coordinated through the National Cereal Rust Control Program, which is 
well supported. Effective resistance sources are available for any breeder 
wishing to make resistance a priority in their improvement programs. 
 
Group 2: Priority A for research but current support adequate. 
 

 Leaf rust 

Breeders and pathologists have been less successful at controlling leaf 
rust compared to stem rust using genetic resistances. This is due to the 
fact that it is usually regarded as a less serious threat compared to stem 
rust but also, and perhaps more importantly, to the fact that new races 
occur on a regular basis. As a result, as with stripe rust, more emphasis is 
now being given to combinations of minor genes for resistance, which it 
is expected, will be more durable. Research is coordinated through the 
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National Cereal Rust Control Program and is well supported. Effective 
resistance sources are available to all breeding programs. 
 
Group 2: Priority A for research but current support adequate. 

 
 
 

 RLN Pratylenchus thornei 

Pratylenchus thornei is a significant problem on heavy soils in NNSW 
and southern Queensland that have been heavily cropped with wheat over 
an extended period of time. GRDC has supported research on this disease 
for many years. Several effective sources of resistance and tolerance have 
been identified and incorporated into commercial cultivars. Current 
emphasis is on the development of molecular markers to facilitate the use 
of the available sources of resistance and tolerance in breeding programs. 
 
Group 2: No longer a priority for research. 
 

 Rhizoctonia 

Rhizoctonia bare patch or purple patch is a significant disease of wheat 
crops across southern Australia. While there are minor differences in the 
response of varieties to the disease, there are no effective sources of 
resistance or tolerance available in wheat. The disease is controlled using 
agronomic practices which favour the development of disease repressive 
microbially rich soils. 
 
Because of the very wide host range of Rhizoctonia crop rotations are less 
effective at controlling this disease than some of the other root attacking 
pathogens. The wide host range has also limited attempts to find more 
effective sources of resistance/tolerance in wheat even though genetic 
resistance is used to help control diseases caused by Rhizoctonia in other 
crops. However, there is little evidence to suggest that bare patch in 
wheat will be controlled by naturally occurring resistance/tolerance 
genes. 
 
GM solutions appear to be the most feasible route to the control of 
Rhizoctonia in wheat. Not a priority until GM cultivars are accepted. 
 
Group 5: No no-GM genetic solution apparent. 
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 Common root rot 

Common root rot is a significant disease of wheat in NNSW and southern 
Queensland and is favoured by intensive rotations. Control is through 
rotations with non-host crops or varietal resistance. Good sources of 
resistance are available in bread and durum wheats as well as effective 
screening procedures. 
 
Group 1: No longer a priority for research. 

  

Flag smut 

Flag smut is another historically important disease, so much so, that for 
many years an acceptable level of resistance was mandatory for release in 
NSW. However, the disease is now rare and is readily controlled by a 
combination of varietal resistance and seed treatments. Good sources of 
resistance are readily available. The disease only reoccurs in areas where 
highly susceptible varieties are grown using farmer saved untreated seed. 
 
Group 1: Not a priority for research. 
 

 RLN neglectus 

Pratylenchus neglectus is more common in southern Australia while 
P.thornei is more common in the northern wheat belt although both 
species can occur together throughout wheat growing regions. Less 
research has been undertaken on identifying sources of resistance and 
tolerance to P.neglectus. Unfortunately, the identified and available 
sources of resistance and tolerance to P.thornei do not appear to be 
effective in controlling P.neglectus induced losses. Quantitatively 
inherited partial resistance and tolerance have been identified in bread 
wheat; however, there is a need for further research to identify more 
effective and useful sources of resistance and tolerance. Given that rye 
and triticale are relatively resistant, screening of wild relatives for 
resistance would appear to be worthwhile. 
 
Group 4: Priority B for research on the basis of its limited occurrence. 
 

 Loose smut 

Loose smut is a potentially widespread and damaging disease. Control of 
this disease is more difficult than the other smuts and bunts because the 
spores infect the embryo of the developing seed and systemic fungicides 
are needed to control it. Resistance to the disease is common in bread 
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wheats and several major genes for resistance have been identified. A 
combination of seed treatments and partially resistant varieties allows the 
disease to be kept at sub-economic levels in most commercial fields. 
 
Group 1: Not a priority for research. 
 

 BYDV 

Barley yellow dwarf virus is generally only a significant economic 
problem in winter and longer season spring wheats in Australia. There is 
little or no resistance to the disease in bread wheat. There is however 
good resistance in a number of wild relatives including Thinopyrum and 
Aegilops. Resistance from Thinopyrum has been transferred to bread 
wheat by CSIRO and a range of international partners and used in the 
development of the commercial cultivar MacKeller. A number of 
transgenic approaches have been used to develop BYDV resistant wheats 
and it would be expected that this would be the control method of choice 
in the medium to long term. 
 
Group 1: No longer a priority for research. 
 

 Ergot 

Ergot is widely distributed but relatively rare in Australia in wheat. It can, 
however can be potentially a serious problem because of the toxicity of 
the ergots. It is more common in rye and other outcrossing species that 
have open florets at flowering facilitating infection. It is also more 
common in the open-flowered male-sterile female lines used to produce 
hybrid wheat. No commercial varieties of the common cereals are 
resistant so that control is through rotations and the use of ergot free seed.  
 
Group 5: Not a priority for research. 
 

 WSMV 

Wheat Streak Mosaic Virus has had a short but spectacular recent history 
in Australia. However, it is now generally accepted the disease has been 
here for many decades and is of limited economic importance. It poses a 
threat principally to susceptible early sown long season wheats in higher 
rainfall areas and is unlikely to ever be a major disease in Australia. The 
virus is spread by leaf curl mites which require green tissue of hosts to 
survive and it is the higher rainfall areas that are likely to provide a 
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"green bridge" over summer. Good resistance sources have been 
identified overseas and are readily available for introduction. 
 
Group 1: Current research adequate. Not a priority for an increased 
research effort. 
 

 Exotic pests and diseases 

The Australian wheat industry is threatened by the introduction of exotic 
pests and diseases. These may be new strains of existing diseases such as 
stem rust or exotic diseases that have yet to be introduced into Australia. 
Several potential new pests and diseases are regarded as posing a 
significant threat to the Australian wheat industry. These include Russian 
wheat aphid, karnal bunt and hessian fly.  
 
The threat of new strains of existing pests are adequately met by 
programs such as the National Cereal Rust Control Program.  Efforts 
have been made to select for resistance to Russian wheat aphid and karnal 
bunt in adapted Australian germplasm as a precautionary measure in case 
these are introduced into Australia. Less effort has gone into the 
development of adapted hessian fly resistant germplasm. However, ample 
sources of resistance are readily available for this pest along with 
screening procedures and selection tools. Overall, the major threats to the 
Australian industry have been well covered, and while the introduction of 
any of the major pests would cause serious damage in the short term, the 
tools are available to respond in a timely and effective manner. 
 
Group 3: Not a priority for further research unless new threats are 
identified. 
 
 

ABIOTIC STRESSES 

 

Drought tolerance/ water use efficiency 

Tolerance to water stress and the improvement of water use efficiency 
has long been regarded as a major priority, if not the major priority, for 
the Australian wheat industry. It remains so today. Despite this, progress 
to date in improving yields in dry areas, surely the ultimate measure of 
improved drought tolerance, has been highly disappointing. While 
average wheat yields in Australia have increased over the last three 
decades, most of this increase is due to increased yields in more 
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favourable areas. Yields in many drier areas (yield levels of < 2t/ha) have 
not improved much, if at all, over the last century.  
 
However, the situation is changing. Perhaps surprisingly, or not 
depending on your viewpoint, this progress is not due to the new 
biotechnologies. Rather it has been achieved using a much wider 
germplasm base to breed and select for performance, or characters related 
to performance, in dry areas. New CIMMYT and ICARDA germplasm, 
for example, is showing significant yield increases (of the order of 10-
20%) in drier environments. If this can be confirmed under local 
conditions, it will have important flow on effects for Australian 
producers. 
 
In addition considerable research effort both in Australia and overseas has 
gone into the elucidation of physiological traits that can be used to select 
for greater drought tolerance. These included a number of leaf 
characteristics including leaf glaucousness, leaf rolling, leaf pubescence 
and leaf erectness, root characteristics such as root depth, degree of 
branching and number and diameter of seminal roots, and physiological 
traits such a early seedling vigour, carbon isotope discrimination, leaf 
conductance and stem carbohydrates. Advanced materials are available 
for a number of these traits that will allow an assessment of their utility as 
selection tools for drought stressed environments. 
 
Group 4: Remains a priority A for research because of the potential 
impact on the Australian industry. There is a clear need for continuing 
research to build on the advances made in recent years. 
 

Acid soil/aluminium tolerance 

Soil acidification is an increasing problem in Australian farming systems 
based on cereals grown in rotation with improved legume based pastures. 
As the pH decreases from about 5.5 to 4.5, aluminium, and in some soils 
also manganese, increase in the soil to toxic levels. Several sources of 
resistance to elevated levels of Aluminium are available in bread wheat. 
Molecular markers have also been developed for the most studied 
sources. The current sources of tolerance provide adequate protection for 
the bulk of the affected wheat belt areas. Current research is examining 
the molecular basis of tolerance to aluminium and ways to enhance the 
level of tolerance. 
 
Less effort both locally and internationally has gone into identifying 
tolerance to high manganese levels in acid soils. While differences 
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between cultivars have been reported it remains unclear if the available 
tolerances are sufficient to ameliorate the problem as it occurs in 
Australia. 
 
Group 1: Good sources of tolerance to aluminium available. Further 
research on aluminium tolerance is not a priority. Focus should be on 
tolerance to high levels of manganese if this is widespread. 
 

Boron tolerance  

Boron toxicity was recognised as a significant abiotic constraint to 
increasing wheat yields in southern Australia, particularly on soils with 
calcareous subsoils. Several sources of resistance have been identified in 
bread and durum wheats and molecular markers developed for the major 
tolerance genes. Sufficient genetic variation is available and used by 
breeders in the development of commercial cultivars. Current research is 
targeted at cloning the major gene for boron tolerance in wheat and 
barley. 
 
Group 1: No longer a priority for research. 
 
 

Water-logging tolerance 

Transient waterlogging in wheat is prevalent in WA and SE Victoria, 
particularly on sandy duplex soils and clay flats, as well as in irrigated 
areas. Screening of diverse germplasm collections suggest wide variation 
in tolerance to transient waterlogging in bread wheats, synthetic wheats 
as well as more distantly related wild relatives.  
 
However, it remains far from clear whether current sources of tolerance 
in bread wheats are adequate to provide an effective solution to transient 
waterlogging at the level experienced in the bulk of the affected areas or 
whether additional screening of exotic sources is required to identify 
additional sources of resistance. 
 
Group 4: Priority A for research on a regional basis. 
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Salt/sodicity tolerance 

Dryland salinity is an increasing and intractable problem in much of the 
Australian wheat belt. As a result crops are increasingly encountering 
subsoil salinity which is often associated with transient waterlogging. 
Again screening of diverse germplasm collections has revealed wide 
variation in tolerance to salinity in bread and durum wheat and their wild 
relatives. Salinity tolerance genes are being incorporated into advanced 
lines in both durum and bread wheats. Efforts are also underway globally 
to transfer the salt tolerance from annual and perennial wild relatives to 
wheat. 
 
However, it remains unclear what benefits the readily accessible levels of 
tolerance in bread, durum and synthetic wheats offer Australian 
producers. It is also unclear if the genes transferred from halophytic 
members of the Triticeae will substantially improve the yield of wheat 
under moderately saline conditions. While halophytes survive in salt 
marshes their growth is often very poor, and it is not survival but 
increased production that will be of benefit to wheat growers. 
 
Group 4: Salinity tolerance remains a priority A area for research. 
However, there is a need to evaluate the effectiveness of the current 
sources of tolerance in ameliorating the salinity/sodic soil problems 
encountered by grain farmers to better define the need and utility of 
searching for additional exotic sources of resistance. 
 
 

Frost tolerance 

Spring radiation frost can cause significant losses in yield and quality 
throughout much of the Australian wheat growing areas. However, the 
indirect losses from frost, resulting from the need to delay sowing to be 
sure of avoiding catastrophic losses to frost, is probably several times 
greater than the loss to frost itself due to grain filling under hotter and 
drier conditions. 
 
Research on variation in wheat for tolerance to spring radiation frosts at 
heading and flowering has had a long and largely unproductive history 
both in Australia and in a number of overseas countries especially in 
Latin America. A consistent but minor improvement in frost tolerance 
was identified in the family of cultivars based on Falcon and Eagle and 
incorporated into later improved cultivars based on these parents. 
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However, recent research in barley at the University of Adelaide has 
identified a much more significant degree of frost tolerance in the 
Japanese barleys Haruna nijo and Amagi nijo. The chromosomal location 
of the major gene underlying these tolerances has been reported and 
molecular markers have been developed to facilitate their incorporation 
into commercial cultivars.  
 
The fact that significant frost tolerance was found in barley after the 
screening of what was a very modest germplasm collection and the fact 
the location of the major gene controlling this trait is known should 
facilitate an increased research effort in bread wheat and durum wheat. 
 
Group 4: Priority A for research. Need to build on the positive results in 
barley in searching for greater frost tolerance in wheat. 
 

Zn Efficiency 

Zn deficiency in calcareous soils is a major stress in wheat production 
globally. It is also a significant regional constraint in Australia affecting 
calcareous soils in SA, alkaline soils in NNSW and southern Queensland 
and some areas of SW WA.  
 
Significant genetic variation in zinc efficiency, the ability of a cultivar to 
grow and yield well in soils low in available zinc, has been identified in 
both bread and durum wheats. Significant genetic variation has also been 
found in cereals in their ability to accumulate zinc in their seed. This is 
important both in human nutrition and in improving zinc nutrition on 
deficient soils. 
 
Field and greenhouse screening methods for assessing zinc efficiency 
have been developed and rapid analytical methods are available for 
assaying seed zinc levels. A significant international research effort on 
zinc nutrition in wheat, in which Australia is involved, is being 
coordinated through the CGIAR Challenge Program HarvestPlus. One 
focus of this research is the development of molecular markers for both 
zinc efficiency and seed zinc content which would simplify selection for 
both traits in breeding programs. 
 
Group 3: The current research effort appears to be adequate. Not a 
priority for further research.  
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Mn Efficiency 

Manganese deficiency, like Zn deficiency, is a significant regional 
problem in Australia and occurs on the calcareous coastal sands of SA, 
less severely in many Mallee soils and in some regions of WA. 
 
Marked genotypic differences in manganese efficiency on deficient soils 
have been reported in bread wheat and barley. Screening tests are also 
available and molecular markers have been developed or are being 
developed in barley, bread wheat and durum wheat.  
 
The current level of research appears to be adequate for Mn efficiency 
and the variation and selection tools are available for any breeding 
program that sees this as a priority. 
 
Group 3: Not a priority increased research effort. 

 
 

END-USE QUALITY  

 

Grain Protein Content (GPC) 

Grain protein content varies in wheat from about 7-18% depending on the 
agronomic conditions under which it is grown. Protein content is usually 
highly negatively correlated with yield level. It has long been recognised 
that there are significant and repeatable genetic differences in GPC 
between cultivars at the same yield level. However, the genetic increases 
in GPC were relatively small, of the order of 0.5-1.0%, compared to 
environmental variation in protein content. Nevertheless, because of the 
importance of protein content in determining wheat quality, a 
considerable global research effort has gone into the identification of 
specific genes associated with increased GPC content in both bread and 
durum wheats and the development of associated molecular markers to 
facilitate their use in breeding programs.  
 
Genes for lower GPC appear to be common in biscuit wheats, particularly 
but not exclusively, club wheats. In this case, the genetic effect is a little 
larger, of the order of 1.0-1.5%. Genetically lower protein has also been 
reported in barley and is of interest to the brewing industry. Efforts are in 
progress to map the genes involved and to develop molecular markers for 
them. Obviously, there is the opportunity for a coordinated approach in 
both wheat and barley in understanding the genetic control of lower GPC. 
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Group 3: Not a priority area for research but need to maintain a watching 
brief on overseas research. 
 

Protein Composition-Glutenins 

Global research over several decades has shown that protein composition, 
and in particular, the specific high and low molecular weight glutenins 
present in wheat storage proteins, are important determinants of end use 
quality in wheat. A glutenin simulator has been developed in Australia 
through the Molecular Plant Breeding CRC (MPBCRC) by Dr Howard 
Eagles, which allows breeders to predict dough strength, dough 
extensibility and dough development time of specific crosses based on 
their genotype at the six glutenin genes in bread wheat. Research in the 
MPBCRC showed that in the early stages of a breeding program selection 
for protein quality based on glutenin genes was as effective as selection 
based on dough rheology measurements. The glutenin simulator allows 
breeders to better plan their crossing strategies and to eliminate crosses 
from their programs that will not yield segregants with a specified protein 
quality. 
 
Research on glutenin composition has in recent years been focussed on 
the identification of new protein subunits that can improve specific 
characteristics of wheat protein. Considerable emphasis has also been 
given to the manipulation of glutenin composition and protein quality 
using genetic engineering and this is likely to be the major area of 
research in the medium term. 
 
Group 3: No longer a priority area of research. Advances in the medium 
term are likely to come from genetic engineering of glutenin genes. 
 

Protein Composition-Gliadins 

Gliadins, the other major component of wheat gluten, also play a key role 
in dough properties and end use quality. Again there are 6 major loci 
controlling gliadins in bread wheat and each is highly polymorphic. 
However, they have been less studied than the glutenins and less is 
known about the effects of the individual genes and their alleles on dough 
properties. There are some notable exceptions, for example, gamma 
gliadin 45 in durum is associated with improved cooking quality. 
However, it has been shown that gliadins in general and the glutenin to 
gliadin ratio is important in determining extensibility and loaf volume. 
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Since improved extensibility is an important issue for the Australian 
wheat industry in international markets, research on gliadins and their 
role in improved extensibility probably warrants significantly more effort 
than it has received in the past. 
 
 Group 3: Remains a Priority A area for research especially in relation to 
extensibility and loaf volume. 
 

Milling Yield 

Milling yield, the amount of flour of acceptable colour and/or ash content 
that can be extracted from each tonne of wheat is a critical factor 
determining the attractiveness of a wheat to millers and therefore, its 
competitiveness in international markets. Each 1% increase in milling 
yield is estimated to be worth $2-3/tonne to a miller. Australian wheats 
enjoy an advantage over most export competitors in terms of milling 
because they are white and less red pigment finds its way into the flour. 
 
Breeders significantly improved the milling yield from about of 
Australian wheats from the 1960s to the 1990s. However, the rate of 
improvement appears to have slowed in recent years especially in the 
premium grades. This appears to be due to the fact that milling yield and 
flour water adsorption are negatively correlated and the need to ensure 
flour water adsorption meets current industry standards means that many 
higher milling lines are discarded as unsuitable for release. 
 
If Australia is to maintain and improve its competitive position in world 
markets, especially in light of the increasing emphasis on hard white 
milling wheats in the USA and Canada to directly target our Asian, North 
African and Middle Eastern markets, it will need to increase its efforts to 
improve milling yields. This could be achieved by abandoning current 
standards for water adsorption which appear to be of interest only to the 
domestic market or through innovative research aimed at breaking the 
apparent link between milling yield and water adsorption. 
 
Group 4: Priority A area of research to significantly increase current 
milling yields. 
 

Flour Colour 

Flour colour is determined in part by milling yield. The greater the 
amount of flour extracted from wheat the more bran it contains and the 
poorer the colour. This component of flour colour is covered above. 
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It is also determined in part by the accumulation of carotenoids of the 
xanophyll type in the endosperm, which can vary from bright white to 
creamy yellow. Simple screening techniques are available for flour colour 
and several marker studies have been undertaken using adapted 
Australian germplasm to identify favourable alleles at the few major 
genes of importance. 
 
Group 3: Not a priority area for further research. 
 

Polyphenol oxidase (PPO) 

Polyphenol oxidase (PPO) has attracted considerable attention in recent 
years because of its involvement in the undesirable browning of noodles, 
especially raw alkaline noodles, and a range of other food products. PPO 
activity is generally low in durum wheats but there is significant variation 
in activity amongst bread wheat cultivars.  
Researchers in Australia, Canada and the USA have all identified 
hexaploid wheats with little or no PPO activity and this is freely available 
along with simple whole seed screening procedures. In addition 
molecular markers have been developed in a range of backgrounds. 
 
Group 1: Not a priority for further research. 
 

Flour Water Adsorption 

Flour water adsorption is determined by a number of genetically 
controlled factors including grain hardness (harder grain leads to more 
damaged starch and greater water adsorption), protein content (water 
adsorption increases with protein content), and the levels of soluble and 
insoluble fibre in the flour (fibre increases water adsorption). The 
optimum flour water adsorption depends on flour use and different 
products often require contrasting levels of flour water adsorption. 
 
 
(i) Bread manufacture 
High flour water adsorption is seen by the domestic baking industry in 
Australia, and by a limited number of overseas markets, as an important 
quality trait as they sell bread by weight. In markets that sell bread by 
volume it is less of an issue.  
 
Breeders have had considerable trouble over the last decade in 
maintaining flour water adsorption at acceptable levels in the higher 
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quality wheat grades while simultaneously meeting the market pressure 
for improved milling yields. This appears to be due in part to the fact that 
milling yield is negatively correlated with grain components, such as 
fibre content, which are important in determining the level of water 
adsorption in milled flours. It is also due in part to the fact that flour 
water adsorption has traditionally been measured using a farinograph and 
the technique was time consuming, relatively unreliable, and required 
relatively large amounts of flour. It was not a technique that could be 
readily applied in the early stages of a breeding program to large numbers 
of samples. 
 
Relatively reliable small scale screening procedures for flour water 
adsorption have been developed in recent years. These techniques should 
facilitate selection by breeders for acceptable levels of water adsorption 
in commercial cultivars. They should also open the way for more 
innovative approaches to the improvement of both milling yield and 
while maintaining flour water adsorption at acceptable levels which 
would improve the competitiveness of Australian wheats in some 
markets. 
Group 4: Along with milling yield, Priority A for research. 
 

(ii) Biscuit manufacture 
Biscuit manufacturers generally require low water adsorption flours – the 
lower the better. However, because of the limited market for biscuit 
wheats in Australia, limited effort has gone into research into the 
development of lower water adsorption soft wheats. Yet, it may be 
possible, by selecting for types with lower fibre content, to 
simultaneously improve both milling yield and reduce flour water 
adsorption. Lower fibre wheats would also be attractive to the feed 
industry for non-ruminants. 
 
Group 4: Priority A for research, at least in terms of the relation between 
water adsorption and reduced fibre components in the wheat grain, given 
the interest of both biscuit manufacturers and the non-ruminant feed 
industry. 
  

Dough Mixing Characteristics (Strength, extensibility, mixing time) 

There is a wide range of genetic variation in dough mixing 
characteristics. The aim with these traits is to select for a balance that is 
optimal for particular products or group of products. Selection for 
extremes tends to produce "unbalanced" doughs, as there are often strong 
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negative correlations between the traits. The focus of research in recent 
years with respect to these traits has been on the (1) the development of 
high throughput small scale tests to facilitate selection in the early stages 
of breeding programs (ii) understanding the role of specific proteins and 
classes of proteins in determining mixing characteristics and (iii) 
developing molecular markers for specific dough mixing characteristics. 
 
Overall this has been a well supported area of research both in Australia 
and globally. Nevertheless there are still areas where innovative research 
could make a significant impact in producing better performing wheats 
for specific end product uses. One of these is the development of wheats 
with strong dough but reduced mixing time; these traits are generally 
highly positively correlated- stronger doughs tend to take longer to mix. 
Another is the development of strong doughs with significantly improved 
extensibility. In this case dough strength is often negatively correlated 
with extensibility and the development of cultivars with strong but highly 
extensible doughs would be a significant advance for the Australian 
wheat industry. 
Group 4: Priority A for research in specific areas of interest to the user 
industries. 

 

 Flour Swelling Volume (FSV) 

The swelling, as measured by flour swelling volume (FSV), of wheat 
starch has an important effect on end-product quality, especially in white 
salted noodles. Because of the importance and competitiveness of the 
Asian noodle market, a significant research effort on FSV and its relation 
to noodle quality has been undertaken in a number of exporting countries 
including Australia. 
 
There are marked genetic differences between wheat varieties in FSV and 
hence, in noodle quality. These genetic differences are due in part to 
differences in the alleles at the three waxy loci in bread wheat-Wx-A1, 
Wx-D1, Wx-B1- which control the production of granule–bound starch 
synthase (GBSS). However, variation at other unknown loci is also 
important in determining genetic differences in FSV. 
 
Markers are available for the waxy loci. More recently, attention has been 
focused on identifying markers for other genes that affect FSV. 
 
Group 3: Current research effort appears to be adequate. Not a priority for 
additional research. 
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 Noodle Quality  

Australian wheat is used in the manufacture of a Asian noodles including 
white salted or Udon noodles, yellow alkaline or Chinese noodles and 
instant noodles.  
 
Strong research programs have been focused on determining the effects 
of grain quality on the quality of all three types of noodles. Current 
research on quality of Udon noodles has focussed on starch properties, 
mainly flour swelling volume (FSV-see above), and flour colour, while 
research on the quality of yellow alkaline noodles has focused on the 
intensity and stability of the yellow colour.  
 
A recent research initiative has been directed to understanding genetic 
factors influencing taste differences in noodles. 
 
Given the size and growth potential of the market for Australian wheat 
for noodle production in Asia, and the increased emphasis given by 
Canada and the USA in producing white wheats of higher quality for 
noodle production to compete in these markets, research on noodle 
quality is a high priority for the Australian industry. However, current 
research programs are well supported and there is not a strong case for 
additional support. 
 
Group 3: Not a priority for additional research.  
 

 Sponge and Dough 

The sponge and dough bread making process has been strongly promoted 
by the USA and Canada and is widely used in Asia where the bread 
market is expanding rapidly. This process performs best with strong high 
protein wheats specifically selected to perform in this process (e.g. DNS 
and CWRS). The Australian rapid dough process, while quicker and more 
efficient, is not favoured in most of Asia because the sponge and dough is 
seen to yield a superior product in terms of consumer acceptance (better 
loaf volume, finer structure, better taste). Australian Prime Hard wheat 
does not have adequate quality for their sponge and dough bread-making 
process and Canadian and USA varieties are preferred. 

 
There has been a strong push by the Australian industry in recent years to 
develop APH cultivars that can compete with their North American 
competitor varieties. Initially efforts to test varieties for their suitability 
for use in the sponge and dough bread-making process were hampered by 
a lack of suitable small scale testing protocol suitable for use by 
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Australian breeding programs. However, this deficiency has now been 
overcome and BRI Ltd has developed a 200g test baking procedure that is 
effective in identifying cultivars that perform well in sponge and dough. 
Research to date suggests that current APH cultivars differ markedly in 
their performance in the sponge and dough process. However, most 
cultivars performed relatively poorly in the tests and the best Australian 
cultivars still fall short of the performance of the best North American 
cultivars.  
 
The key factors accounting for the lack of performance of APH varieties 
in the sponge and dough bread-making process remain to be established. 
 
Group 4: Priority A for research. 
 

 Digestible Energy 

Wheat is widely used in Australia in feeding both ruminants and non-
ruminants and this use is expected to expand significantly in the future. 
The increased use of wheat in animal feeds means that the feed industry 
is moving from a secondary market to the largest domestic user of wheat. 
 
The value of wheat in animal diets is dependent principally on the level 
of digestible energy and level of intake. Both these traits have been 
shown to be significantly influenced by variety. 
 
Surveys in Australia suggest that digestible energy in wheat can range 
between about 10.5 and 16.0 MJ/kg. DM. These differences include 
variation due to both genotype and environment. Differences between 
cultivars are determined in part starch content (for feed generally the 
higher the better), starch type (waxy genotypes are more digestible than 
non-waxy), and the levels of non-starch polysaccharides (which in non-
ruminants have anti-nutritive activity). 
 
To date little effort in Australia has gone into the development of wheat 
cultivars specifically for the animal feed industries. The relatively small 
number of feed wheats that have been released are high yielding cultivars 
that failed to meet the quality requirements for the milling grades. The 
breeding of feed cultivars specifically for the animal industries is only 
likely to happen if feed users are prepared to contract producers to grow 
those varieties. 
 
The needs of the feed industry in terms of grain quality are well 
understood (soft grain, high starch content, waxy starch, low fibre, low 
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phytate). Further simple screening procedures (including NIR for 
digestible energy) are available for both digestible energy as well as a 
number of other traits. Hence, the germplasm, techniques and knowledge 
are available to develop feed specific varieties in Australia. The major 
impediment is the lack of support and interest from the livestock 
industries in supporting the development of specific feed varieties with 
defined qualities. 
 
Group 3: Not a priority for further research. 
 
 

Animal Intake 

Differences between wheat cultivars in feed intake are well established in 
chickens, and to a lesser degree in pigs. Less research has been done in 
feedlot cattle, but what has been done suggests there are significant 
varietal differences in intake. 
 
Intake is difficult and expensive to measure especially in large animals. 
Further research is needed to confirm varietal differences in intake and to 
either develop rapid assessment procedures, based for example on NIR, 
or molecular markers for the trait so that both germplasm and a suitable 
assessment procedure are available to breeding programs. 
 
Group 4: Priority A for research, in conjunction with animal industries. 
 
 
 

 Waxy Wheat 

Waxy wheat was first developed in Japan about 15 tears ago by the 
identification and combination of null alleles at each of the three loci in 
bread wheat controlling the synthesis of the enzyme Granule-bound 
Starch Synthase (GBSS). Waxy wheat starch, which consists of nearly 
pure amylopectin starch, forms a paste at a lower temperature and swells 
with more water than normal wheat starches, which contain about 60-
70% amylopectin. These starches therefore open the door to the 
development of novel and improved food products including Asian 
noodles.  
 
Commercial waxy wheat cultivars have been developed or are under 
development in Australia, Canada, USA, Japan and a number of 
European countries. Germplasm is now freely available globally, simple 
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tests have been developed to screen for waxy genes and/or starch. All the 
elements are available for any commercial breeding program to develop 
waxy wheats if it sees this as a priority 
 
Group 1: Not a priority for further research. 

 

 High Amylose Wheat 

High amylose wheats are being developed globally by a number of 
groups using both genetic modification (GM) and traditional (non-GM) 
approaches. High amylose wheats (amylose content >70%) have been 
successfully developed using RNA interference by CSIRO, Plant 
Industry, Canberra. Research on non-GM approaches to the development 
of high amylose wheats remains commercial-in-confidence so progress is 
difficult to ascertain. However, high amylose wheats are attractive to the 
manufacturing industry, so that the current research effort is probably 
substantial, and certainly more than adequate to ascertain the feasibility 
of developing non-GM high amylose wheats in the near term. 
Group 3: Not a priority for additional research.  
  

 High Dietary Fibre Wheat 

Wheat products for which they can claim health benefits are attractive to 
food manufacturing companies. High fibre foods may be important in 
reducing the risk of high cholesterol, diabetes, diverticular disease and 
some forms of cancer. The development of high amylose wheat with its 
higher levels of resistant starch is one approach to the development of 
high dietary fibre wheats. 
 
Another is the selection of wheats with higher levels of non-starch fibre. 
There is ample evidence that there is significant variation in bread wheat 
and its near relatives in the levels of both insoluble and soluble non-starch 
fibre in the grain. However, there are few studies of the genetic basis of 
non-starch fibre levels in wheat and limited if any efforts to identify 
molecular markers for variation in soluble and insoluble non-starch fibre. 
 
The requirements for human nutrition (high soluble and insoluble fibre) 
in terms of fibre are the opposite of those for animal nutrition (low 
soluble and insoluble fibre). This suggests that studies of the control and 
manipulation of fibre content should be a priority for the industry. 
 
Group 4: Priority A for research, in conjunction with food manufacturers. 
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RECEIVAL QUALITY 

    

Pre-harvest sprouting 

Pre-harvest sprouting is a major recurrent problem in the northern wheat 
areas of Australia but is also a sporadic but occasionally very damaging 
problem in other areas. Sprouted grain is often downgraded to feed 
because of low falling number or other problems. Pre-harvest sprouting is 
generally a greater problem in white than red wheats, where it has been 
easier to breed for high levels of dormancy that provide several weeks of 
post ripening protection against summer rains. 
 
Pre-harvest sprouting has been a major priority for research in Australia 
for more than 25 years. This research has established significant variation 
in tolerance to pre-harvest sprouting in bread and durum wheats due to 
dormancy. It has also established additional variation in wild diploid 
wheats that has been transferred to bread wheats. Combination of the best 
sources of resistance should provide in white wheats a level of tolerance 
close to that in the most tolerant red wheats.  
 
This research has also established that the best source of tolerance to pre-
harvest sprouting in bread wheats is controlled by two genes with 
possible modifiers. One gene is expressed in the embryo or germ and 
must be present if any level of dormancy, and therefore tolerance to 
sprouting, is to develop in a variety. This gene on its own gives an 
intermediate level of dormancy especially in the cooler southern wheat 
growing areas and may be sufficient on its own in some areas to protect 
the crop. 
The embryo gene can interact with one or more other genes expressed in 
the seed coat. On their own the seed coat genes appear to have little effect 
on dormancy but in combination with the embryo gene produce a greater 
and more stable level of dormancy and protection against summer rains. 
This greater level of dormancy is essential in the summer rainfall 
dominant northern region and would provide additional protection in 
southern Australia as well. 
Molecular markers have been developed for the embryo dormancy gene 
and are in the process of being developed for the embryo coat genes.  
 
Group 3: Sprouting remains a major industry priority. The focus of future 
research should be on the combination of the additional factors identified 
in the wild relatives of wheat with those intensively studied in bread 
wheat in adapted backgrounds. 
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Screenings 

Screenings are an issue in years with a dry finish across the Australian 
wheat belt. The primary problem of concern to producers is varieties that 
have a propensity to produce well-filled small grain under stress rather 
than broken or shrivelled grain. Research indicates that: 

a. Screenings are strongly variety dependent, with relative 
susceptibility consistent across sites 

b. Seed size and shape is a major factor controlling levels of 
screening. Smaller seed size associated with the Rht 1 and 2 
semi-dwarfing genes has exacerbated the problem in recent 
years.  

c. The levels of screenings are a curvilinear function of seed 
size. Once average seed size drops below about 32mg 
screenings increase markedly 

d. However, varieties with the same grain size and shape can 
differ in screenings. So a second key factor is ability to 
maintain seed size under stress 

e. Factors which appear to enhance the maintenance of grain 
size under stress include high stem carbohydrates, leaf area 
maintenance (absence of leaf diseases and N induced haying 
off) and rate of grain growth. 

 
Variety is the critical issue in reducing screenings. Grain size, which is 
strongly genetically controlled and highly heritable, is one key factor. 
Maintenance of grain size under stress is the second. Here there are active 
research programmes under way and the issue appears to be adequately 
covered. 
 
Group 3: Not a priority for additional research. 
 

Black Point 

Black point is the descriptive term that refers to the darkened pericarp 
around the embryo end of the seed, and in severe cases, along the crease. 
It is associated with elevated humidity during grain development and is 
highly variable in its occurrence but can cause significant losses due to 
downgrading in many wheat-growing areas in Australia. 
 
Black point is often described as a disease in the international literature 
because its occurrence is associated with the conditions that favour 
infection of the grain by a variety of fungi. Further black-pointed grains 
often show higher levels of infection of these fungi in the germ than their 
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black point free counterparts. However, research in Australia suggests 
that black point can occur in grains in the absence of fungal infection. 
 
However, whatever the cause it is clear that there are highly significant 
differences between varieties in the incidence of black point and that 
selection for low incidence in breeding programs in bread wheat can 
reduce the incidence to sub-economic levels in most circumstances 
encountered in Australia. Current research is focused on the development 
of molecular markers for known sources of "tolerance" to black point in 
bread wheat because the available screening techniques are relatively 
time consuming. 
 
Less research has been done on blackpoint in durum and the levels of 
occurrence of the problem are greater in current durum cultivars than in 
most current bread wheat cultivars. However, research is in progress to 
identify suitable sources of "tolerance" to black point in durum for 
incorporation into breeding programs. 
 
Black point is a relatively minor problem for the Australian wheat 
industry. The key appears to be not to release cultivars that will produce 
high levels of black-pointed grains during high humidity episodes during 
grain filling.  
 
Group 3: Not a priority for additional research. Current levels of research 
into the problem appear adequate. 
 

Late Maturity Alpha-amylase (LMA) 

Late maturity alpha-amylase is a genetic defect that can result in the 
accumulation of damaging levels of alpha-amylase in wheat grain in the 
absence of weather damage or sprouting. In cultivars susceptible to LMA 
low temperatures trigger enzyme production during a critical period of 
grain filling about 25-35 days after flowering. Varieties carrying this 
defect are common in CIMMYT germplasm, particularly lines derived 
from synthetic wheats. 
 
Research on LMA has increased recently as efforts have been initiated to 
eliminate LMA from the Australian milling wheat industry.  Fortunately 
the trait is under relatively simple genetic control, ample elite sources of 
germplasm free of this defect are available to breeding programs, and a 
relatively rapid greenhouse screening protocol is available, suggesting 
that the basic tools are in place for the industry to ensure that all new 
cultivars released into milling grades are not susceptible to LMA. 
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However, there are concerns that the current screening techniques are 
time consuming and on occasion, inconsistent. Current research is 
focused on identifying the genes controlling LMA induction and the 
development of molecular markers. 
 
Group 3: LMA remains a high priority for the Australian industry. 
However, current level of research appears to be adequate. 
 
 

AGRONOMIC/PRODUCTION TRAITS 

 

Alternate Dwarfing Genes 

The gibberellin (GA) insensitive dwarfing genes Rht-B1b (Rht 1) and 
Rht-D1b (Rht 2), derived from the Japanese variety Norin 10, were 
introduced at the start of the green revolution because they reduced height 
and lodging and improved harvest index and yield under a wide range of 
conditions, but especially under intensive production conditions. 
However, these genes also have a number of potentially deleterious side 
effects including a reduction in seed size (increased screenings), short 
coleoptiles (reduced establishment) and reduced early vigour (greater 
evapo-transpiration loss from the soil surface).  
 
As a result a considerable global research effort, in which CSIRO in 
Australia has played a leading role, has gone into the search for 
alternative gibberellin sensitive dwarfing genes that could provide the 
required height reductions in wheat without the negative side effects of 
the gibberellin insensitive genes. Several such genes (eg Rht 4, Rht 5, Rht 
8, Rht 12, Rht 13) have been isolated and are being tested for their 
agronomic suitability in several countries. Markers have been or are 
being developed for several of these genes. 
Alternate dwarfing genes, either alone or in combination, have also been 
incorporated into advanced germplasm in Australia, USA, Europe and 
CIMMYT.  
 
Further research is required to confirm the value in commercial 
production in drier areas; however, current levels of research support 
appear adequate. Breeding programs which regard alternative dwarfing 
genes as a high priority can access germplasm and relatively efficient 
screening techniques. 
 
Group 3: No longer a priority area of research. 



 49

 
 

Root Structure and architecture 

Many studies of root structure and architecture have been undertaken 
over the last 80 years and have demonstrated significant genetic variation 
in wheat for a range of root related traits including numbers of seminal 
and nodal roots, root depth, and root abundance. In specific studies a 
number of these traits have been associated with performance under 
drought. 
 
However, these studies have not identified a clear set of selection criteria 
for breeders nor provided a solution to the problem of realistically 
measuring root characteristics on large numbers of plants in breeding 
populations. As a consequence direct selection for root characteristics has 
not, as might logically be expected, played a key role in improving 
adaptation to drought or difficult soils. Rather selection for root traits has 
been indirect by selection for performance. 
 
The development of high throughput molecular marker systems has 
generated renewed interest in the relationship between root traits, drought 
resistance and performance in difficult soils. Clearly marker assisted 
selection (MAS) using quantitative trait loci (QTLs) offers the prospect, 
for the first time, of efficient indirect selection procedures for specific 
root traits. 
 
Group 4: Priority A for research support. Although a number of projects 
related to root growth have been initiated in recent years, given the likely 
importance of root growth in adaptation to drought and difficult soils 
further research support is probably warranted. 
 

Vernalisation/ Maturity 

Cultivars with a range of maturities are required in the major wheat 
production regions in Australia. However, there is ample variation in 
flowering time and maturity available to breeders and it is easy to select 
for this trait in the field. 
   
Nevertheless, there has been a strong interest by breeders in being able to 
quickly manipulate the vernalisation requirement or maturity of a 
cultivar. For example, to be able to develop a longer season version of a 
high yielding and popular spring wheat cultivar without altering other key 
characteristics.  
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The cloning of both the major vernalisation genes in wheat (Vrn 1 and 
Vrn 2) has opened the door for the targeted manipulation of vernalisation 
requirement in heading date in wheat using both GMO and non-GMO 
technologies. 
 
Group 1: Not a priority for research. 
 
 

Lodging 

The availability of dwarfing genes both gibberellin sensitive and 
insensitive have simplified selection for lodging resistance in wheat even 
in highly intensive production systems. By using these genes and 
agronomic screening breeders are able to release cultivars where lodging 
is seldom seen as a problem in the field. 
 
Group 1: Not a priority for research. 
 

Herbicide Resistance 

Resistance to two herbicides, glyphosate (Round-up) and imidazolinone 
(Clearfield), is of interest in wheat 
 
Genetically engineered resistance to glyphosate is available or will soon 
become available in commercial varieties of corn, soybeans, cotton and 
alfalfa. Glyphosate resistant cultivars are widely used in the Americas 
and are popular with farmers because they simplify weed control, reduce 
costs and in the case of annual crops reduce the need for cultivation. The 
lack of commercially available glyphosate resistant wheat cultivars has 
seen an increase in the acreage of corn and soybeans at the expense of 
wheat in some regions in the USA. 
 
The glyphosate resistance genes have been transferred to adapted wheat 
cultivars in a number of countries and widely field-tested. Failure to 
release glyphosate resistant cultivars in wheat reflects the political 
pressure against the commercial use of GMOs in the major food crops 
rather than scientific problems. 
 
The Clearfield production system for wheat is based on the use of 
resistance to imidazolinone selected from mutagenised seed. It is 
therefore a non-GMO system and is already commercially available in 
Australia. 
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Group 1: Not a priority area of research. Although if, or when, glyphosate 
resistant wheat is released commercially, a significant research issue will 
be the removal of glyphosate resistant volunteer wheat plants in other 
crops.  
 

PRIORITIES FOR RESEARCH 

 
The above analysis suggests there are for the long list of suggested list of 
traits there are relatively few where additional research effort is required.  
 
Among the diseases only there would appear to be an opportunity to 
support innovative new approaches to developing screening simple and 
rapid screening procedures and to use these to screen for effective new 
sources of tolerance or resistance. For the other difficult to control root 
diseases-take-all and rhizoctonia patch- non-GM solutions are clearly 
high risk. For the other diseases genetic solutions are at hand, under 
development or of questionable economic value. 
 
For the biotic stresses drought, frost, waterlogging and salinity tolerance 
are all active areas of research and are worthy of continuing support. 
Relatively good sources of tolerance to drought, waterlogging and salinity 
have been identified in recent years. However, all are quantitative traits 
with a complex pattern of inheritance and one of the issues in each case 
is-how much tolerance is enough? Clearly it is possible to screen an ever-
expanding range of genetic material for additional sources of tolerance to 
these biotic stresses. However, at some point the currently available 
sources of tolerance need to be assessed against the needs of producers.  
 
The lack of significant levels of frost resistance in wheat remains a major 
constraint in reducing the impact of frost on the crop. However, the recent 
identification of significant tolerance to frost in barley has opened the 
way for a more targeted search for similar genes in wheat and given both 
the direct and indirect impact of frost this should remain a priority for the 
industry. 
 
For the nutrient toxicities and deficiencies the germplasm and screening 
techniques are available to any breeding program who see these as 
priorities. 
 
For end-use quality for food milling yield, flour water adsorption 
extensibility and mixing time remain areas of priority in terms of 
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research. As does elucidation of the factors and their genetic basis that 
determine the suitability of wheats for use in the sponge and dough 
process favoured in Asia. Areas which perhaps justify a greater research 
effort would be the development of wheats with significantly improved 
milling yield (say +3% above the best current commercial cultivars), 
strong but highly extensible doughs, and strong doughs with a 
significantly reduced mixing time. 
 
Quality for animal feeds has received considerably less attention than 
quality for human food. It is recognised that there are significant varietal 
differences in both apparent metabolizable energy (AME) and intake 
when wheat is fed to animals. A number of factors contributing to 
differences in AME have been elucidated- for example starch content,  
levels of non-starch fibre, starch composition- and there are now both the 
germplasm and screening technologies available to breed for these. 
However, research on intake remains a high priority for research 
particularly in large animals. 
 
 Research on pre-harvest sprouting, screenings, black point and late 
maturity alpha-amylase, which are important in terms of receival quality, 
has been well supported in recent years and effective genetic solutions are 
available, or are likely to be available in the short term, for all traits. 
There is still a perceived need amongst breeders for a simple and reliable 
test for LMA that can be used in the early stages of a breeding program. 
However, given the fact that LMA appears to be under relatively simple 
genetic control molecular markers are likely to be the preferred screening 
tool in the medium term rather than physiological tests. 
 
In terms of agronomic traits, root structure and architecture is the area 
that offers the greatest potential, because of their likely importance in 
drought tolerance and adaptation to difficult soils, in pre-breeding 
research. For the other nominated traits the germplasm, screening 
protocols and selection tools are available to facilitate their use in 
commercial breeding programs. 
 
 
 
 
 


