Traits report V3 (BG1206)

A FURTHER REVIEW OF WHEAT TRAITS
IN RELATION TO PRE-BREEDING AND
BREEDING OBJECTIVES

WORKING PRESENTATION: 19 July 2006
REPORT: 8 September 2006

Commissioned by: Principal ¢ ontact:

. Richard Brettell
% Grains Research & '

; Ph 02 6272 5525
Development Corporation r.brettell@qgrdc.com.au

PART I: Organisational and financial aspects
Ross Fellowes
Tel: (03) 9347 8728; Mob 0407 099 902
Email: ross.fellowes@optusnet.com.au
PART II: Technical aspects

Don Marshall
Tel: (02) 4962 1671
Email: MarshallPBS@aol.com




o 8 I R RTOTPPS 4
(1) SUMMARY L.ttt et e e e e bbb eeeeee e e e e 4
(2) DISCUSSION POINTS ...uiiititiiiieeeeeeeesmmmmm s sssssssssssssssseseeeeeeeasasaeesessssessnnes 5
(3) TRAIT CATEGORIES ... .ottt sttt a e e e e e e e e e e 6

Biotic traits (diSEasSeS & PESLS) .....coiiiiieceeeeriiiiir e 6
ADIOTIC TFAITS. ...ttt sttt et e e e e e e e e e e e e e e s s s s rmnnr e e e e e e aeeeas 6
(O T = 1113V 1= 11 ST 7
PRenotype trailS........oovvvieiiiiiii v e e e e e e e e e e e e e e e eee e e nennneeeeeaennnes 7
(@11 g 1T g £= o (0] = F PP UURPPRPPPPPPPPPR 8
(4) CURRENT ALLOCATIONS ..ottt 9.
(5) IMPLEMENTATION ISSUES. ..ottt 1.1
[0 T ] o= 11
L =To | =11 [0] o O UURUOPPPPPPPPPPI 11
Pooled pricing and ‘cliff’ effeCts ........cccoeeeeeei i, 11
Breeding entity fINANCIalS .............ouiiimmmi e 12
(6) BACKGROUND CONSIDERATIONS .....coiiiiiiiiiieeeeeeeieeeeee e 13
Farm financial deCline............oooiiiiiiii e 13
Wheat Price deClNe..........uuuiiiii e eeee e 13
HanNdliNg COST INCIEASE .......ceeeeiiiiiieet i ettt ana e e e 14
Wheat grade demand...........ccoooeiiieieis e e e e e e e e e e ee e e e 14
Demand trends for wheat, meat, €ENergy .......ccccceevveeeeeiiiiiiiiiiiiiiceeee e 5.1
Wheat demand VS GNP ... 15
Wheat demand VS GNP .........uuiiii e 16
China wheat demand.............ooiiii e 16
Total meat demand trendS...........oooviiiiceermemn e 17
Energy demand VS GNP ........oooiiiiiiiiiiiiiee e aee e 18
China potential energy demand ..............cccceeuiiiimiiiae e eeeeeeeeieeinees 18
China 0il demand ...........oooii e ————— 19
US ethanol producCtion ............ooeiiiiiiiiii e 19
Australian ethanol production (announced/proposed)...........cccceeeeevvvvvvennnnns 20

PART Il — TECHNICAL ASPECTS ... .ttt e eeeees 21

DISEASES ... i 1ttt et et e e e e e e e ean et it rrn e eeees 22
COMMON DUNT..... e e e 22
TaAKE-Al ..o e 22
Y] 0T U] SRS 23
(O 0111V o T (0] AT PTPPPPPTT 23
Septoria tritici DIOIC (STB)....oiei i e 24
Staganospora (syn. Septoria) nodorum (SNB).......ccooooiiiiiiiiiiiiiiiiiin 25
YElIOW SPOL ... e r e e et e e e e e e e e e e e e e e e e e e ae e nnnn—eeeararae 26
N ittt ettt et e e e e e e e e e e e e e e e e e aann——aaaaaaaaaaaas 26
RS (=] 0 T PRI 26
T L 1 26
RLN Pratylenchus thOrnei............ooovvviiiiciee e 27
[ 0740 Tox (o] o1 F- NS 27
(©70] 3] 000 ] o TN {00 B {0 PP 28
FIag SIMUL. ... ee e e e ee e e eeeeeeees 28
g IV 1= T | = od (1 £ 28
LOOSE SIMUL ...ttt e e e e e e e e e e e e rema e e eean s 28



[ o o PP 29
WSIMV ittt ettt r e e 29
EXOtic pests and diSEASES .........ccoiiiiiiiiiieeee e 30
BIOTIC STRESSES ..ottt e e 30
Drought tolerance/ water use effiCIENCY ... oo eeerrenmniiiiiineeeeeeieeeeeeiiiiiieens 30.
Acid soil/aluminium toleranCe ... 31
BOrON tOIEraANCE ... ... 32
Water-10gging tOlEraNCe.........uuuuiii e eeeeeeeiee e e e e e e e e e e e 32
Salt/SOAICILY tOIEIANCE .....vveeieie e 33
FrOSE tOIEIANCE ....uuiiiiiiiiiiiieeeee s 33
WA o = 1Tl =] o TP 34
1Y T T = 1o = o Y 35
END-USE QUALITY oottt e e e e e e e e e e e e e e e e nmmmne s 35
Grain Protein Content (GPC)......uuuuiiiiimmmme e e e e 35
Protein CompositioN-GIUtENINS ..........uuiiiiiiiiiiceeee s 36
Protein CompositioN-GHadiNS ..........ccoois e e eeeeeeiiiiiierse e e e eeeeeeeeeeeanieens 36
1Y/ T To I A T=1 [ B 37
FIOUE COlOUN ...ciiiiiiiieieee e 37
Polyphenol oxidase (PPO) ... 38
Flour Water AdSOIPLION .......ciiiie e e e e s e e e e e e e e e e e e eeeeeaeeannnmaaanees 38
(i) BISCUIt MANUFACTUIE .....ceeeiiiiiiiiiiie e aeeeeee e 39
Dough Mixing Characteristics (Strength, extensipilmixing time)................. 39
Flour Swelling VolumMe (FSV) ..uuuuui e 40
[N\ To o | L= 11 = 111 P 41
Sponge and DOUGN ........uuueeiii e 41
DIgestiDIe ENEIQY......ccceeviiiiiiiiei s e s s s e e e e e e e e e aeeeeeasaeseannn s mnnnnsnnnnns 42
ANIMAL INTAKE......ei e 43
WaXY WREAL........uuuuiiiiiii it emmmm e e e e e e e e e e e e e et e 43
High AmYloSe WRNEAL...........ooviiiiiiii st mmnees 44
High Dietary Fibre Wheat.................ooi e e e ee e e 44
RECEIVAL QUALITY L.ttt e e e e e e e e e e s e s s s ssssnsseaessseeeeeeeeeesannnnns 45
Pre-harvest SPrOULING ...........ovvvvveeee s e eeeeeassss s e e e e e eeeeeeeeessssssnnnmnnnnsesees 45
SCIEENINGS «..iieeeeeeiitttt et e ettt ettt a e s e e e e e e e e aeeeeeeeeseetbnnnnneeeesesnnnns 46
BIACK POINT ... e e 46
Late Maturity Alpha-amylase (LMA)..........uucemmiiiiieeeeeeeeeeeeeeeeii e 1.4
AGRONOMIC/PRODUCTION TRAITS ..ot 48
Alternate DWarfing GENES .........oooiiiiiiiieee e 48
Root Structure and arcChiteCture ...........ooooeeeeiiiii i 49
VernaliSation/ MatUIITY ...........eeuee s e e e ee e e 49
1o o [ 11 o R PPPRT 50
Herbicide RESISTANCE ........uuuiiiii et emmeaeeeees 50
PRIORITIES FOR RESEARCH .......uitiiiiiiiiiiimiiiiiie et 51.
Disclaimer

While the Consultant endeavours to provide religolalysis and believes the information presented is
accurate, Consultant will not be liable for anyirtldby any party acting on such information.



PART |

(1) SUMMARY

1. Australian grains industry financial indicatstsow long-term decline — in prices
received, terms of trade, net income, and net worth

Viability has been maintained largely via changesperations, equipment and scale.
The present contribution of technology R&D, whitenamendable, is insufficient to
arrest the long-term trends.

2. The present balance of R&D objectives and resoallocations has a strong bias
toward perceived ‘high value’ food grade exportghwyarticular imbalances in:
Food vs feed (energy); protein vs CHO and grodsl yie
Marginal export improvement vs domestic diverstiica
Incremental tactical issues vs strategic paradigjfh s
Short term perceptions vs long term analysis aadrphg

It's not a question of right and wrong, but of bale.

3. Stated current objectives to develop niche iglae export food grades are in a
degree of conflict with the present financial stase of the industry — in particular:

Unclear (insufficient) risk/reward ratio at growevel under pooled pricing
Unclear (insufficient) risk/reward at breeder gntével under current EPR
trends.

The two are linked — higher EPRs will require higgpecific pricing.

4. Development of niche high-value export graddsrequire strongntegrationof
market analysis, technical development and lodieticketing implementation.
The required degree of data sharing and risk/reasrdncompatible with pooled
‘public-good’ resourcing, and will tend to forcegaments and formal vertical
integration.

Commercial risk/reward considerations for small@uwme, high-value varieties
suggest more specific pricing mechanisms at gréevel, and at EPR / breeding
company level.



(2) DISCUSSION POINTS

The following commentary is a summary of points madd responses given, without
any attempt to attribute weighting or provide fertlanalysis.

* The Fellowes report is overly simplified, perhagsplistic, and makes ‘several
errors’ — notably that it does not recognise thecading ‘pool contribution’ of high
value varieties to the gross national pool.

It is acknowledged in the data tables and graphisvidriety values have been calculated on ‘headline
values, which does not account for the cascadin gffect. After making an [arbitrary] allowancer fo
the cascading value of the pool it may be arguetdtstribution of resourcesithin the bread-wheat
category is more closely in-line with market fordast there is still a significant underweighting of
breeding resourcedirectly allocated to non-bread [feed] wheat.

The imbalance of resourcingbgtweercategories (bread vs feed).

* Recent highly reputable [USA] scientific/technligaublications have indicated that
production of ethanol from grain is not technicallyeconomically efficient [on
consideration of energy mass balance] and shouldencecommended.

That may not be the only factor at play — versusrmand local political considerations. At present
[Jul-Aug 06] the Federal Government has been rehidb overtly endorse ‘subsidised’ or enforced
ethanol, and one proponent company [Global EthBfidlhas deferred plans to invest in plants in
Australia.

* Specific breeding for ethanol conversion may bgustified, or at least unclear — but
the technical requirements are in any case likelyet very similar to those for animal
feed [energy conversion], for which there is arsfjer and clearer current
justification.

* |t is a legitimate technical and ‘business’ sti@t to focus R&D resources on ‘high end’
products and markets, and allow the technical gaiade to trickle down to the low end.

Agreed it is one possible course but probably ghaot be a totally dominant, near exclusive stnateg
When a ‘low-end’ segment represents 60-70% martleinve and has specific identifiable
requirements there is a case to be made to foacfispR&D on that segment.

* Breeders (and by extension pre-breeders) arefota focus resources on what the
market wants — today — which is the perceived higle varieties.
The market does not demand and will not pay EPR$ded’ varieties.

This is an historic and current investment polidgmdma which needs to be addressed by GRDC and
the collective management group. Given the 10-geginvestment cycle required there needs to be an
investment mechanism to address agreed future triaekels.



(3) TRAIT CATEGORIES

The initial listing was presented (deliberatelylasingle compilation based solely on
estimated median dollar value in descending offieat presentation has the possible
virtue of casting particular traits, as potenti&Robjectives, in purely dollar value
relationship to all other possible uses of resairce

In response to popular demand the trait list has Io@en re-expressed in categories
and the details are dealt with in Part Il (D. Maigh

From a commercial perspective, three ‘trait’ groaf@nd out as areas of potential
paradigm shift — warranting additional or re-alltezhresources:

Frost tolerance — the ability to grow crops in wigeographic and seasonal
windows.

Alternative dwarfing genes, to remove the (poténtieeld limitation of the
Mexican semi-dwarf genes

‘Quality’ — high CHO gross yield for feed and engiggpnversion

Additional ‘commercial’ comments on trait categariellow:

Biotic traits (diseases & pests)

This is the best documented area based on theat@iennan et al which calculated
potential impact of biotic factors on a ‘worst casgenario — arbitrarily presented
here on a low (33%), medium (50%) and high (10086pability basis.

Allocation of national R&D resources to biotic fart 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 findtional resource allocation to
‘minimum maintenance’.

There is an argument for value-judgement allocatioexotic pest/disease threats
which would not otherwise receive attention in enatercially driven system.

Abiotic traits

The abiotic factors represent moderate potentigalsg@nd/or avoided losses) if crops
were able to be more productively grown in areaadvierse soil conditions.
However, there may be issues of public perceptidrmettaken into account in the
allocation of public funds toward cropping in wisaime may consider to be marginal
(or unsuitable) environments.



The present allocation of R&D funds in this catggappears over-weighted toward
improving production in low-end environments — etthan in high-end situations (in
economic competition with animal production).

Frost tolerance stands out as a potential paradigfn

The dollar values given here are an estimate ¢dtcsl actual losses, but take no
account of the impact on restricted areas and ¢ihpdanting.

Improved frost tolerance that would allow plantingvider geography and time
windows would represent a significant advance fyisty specific funding.

Quality traits

This is a complex multifaceted area treated in ndetail in following sections.
Several factors stand out:
In the recent past there has been gross misalbomcatifunds to perceived
high-value targets (notably to APH)
There is still an extreme over-weighting of fund&&rd currently perceived
high-value targets
Value perceptions are highly leveraged to the aippeol marketing and pool
pricing mechanisms
Definition of high-value export market opportungiill require close and
transparent cooperation with the marketing party(s)
Implementation of high-value [niche] opportunitiesl require coordination
of internal regional logistic issues
Breeding of niche high-value varieties may notrbéhie financial interests of
‘commercial’ breeding entities
Inadequate attention has been given to the gualitgf quantity) aspects of strongly
emerging demand for animal feed and for ethanalyrtion.

Phenotype traits

Drought tolerance in its widest sense stands otheasingle most valuable ‘trait’ for
wheat production — if it is achievable.

Several other factors — notably screenings, sprgwtnd blackpoint — have only
moderate dollar value, and only marginal real inyfi@m breeding progress. They
have probably been over-resourced.

Alternative dwarfing genes (including coleoptil@edgh and early vigour factors)
represent a potential paradigm change that desatteggion and resourcing. Current
semi-dwarf genes represent high yiefticiencybut not necessarily absolute high
yield potential. They may be a yield constraint.



Other factors

The value of an across-the-board 1% yield increaseluded as a reference point.

Over the last five years 35% of AWB collections édeen from varieties over 10
years old. Given that total productivity improverhenl1% pa of which 0.5% is
genetic (estimate), then the theoretical ‘lost apputy’ value is $80-90 M.

There is an argument for resourcing more rapid aolop



(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 grad

Breeding $/
market $ (%

MARKET BREEDING
SIZE FUNDS

GRADE M % $M % Index 1
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 00| 0.2 0.7
TOTAL 4294 100.0 | 29.5 100.0 100

Source: Breeding entity data and author estim&eg¢H)
Market value determined from AWB data, using medieadline’ grade values
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Grade market size vs breeding entity resource atiloe:

Grade Mkt % Breeding
$$% %
APH 5
ASWN 7
4%
APDR 3
AH 9
-
APW | 28
ASWY 24 \-
SOFT 1 8
FEED 13
_) B 5%

Brd&Bisc 12

Grade category values calculated on median ‘hegidpirices, which does not account for the pool
cascading effect.

Based on ‘headline’ grade values there is curretlgxtreme over-weighting of
wheat breeding resources directed to perceivedh-tague’ grades (varieties).
However, it may be reasonably argued that if alloeeeis made for the cascading
value effect of pooling [failed APH contributestte value of AH etc] then the
allocation of resources is more closely in-linehabarket forcesvithin the total
bread-wheat category.

‘High-value’ varieties in APH, ASWN, APDR and AHagtes attradd3 % of all
breeding resources, but constitute dayo of the total market (by value, at pool
‘headline’ prices) Approximately0% of the market by value (APW, ASW, ‘feed’
and 50% of domestic food use) receives essentiallypecifically targeted R&D —
varieties in those categories are ‘default’ faitup@m APH/AH programs.

These numbers give credibility to the common obetezm (complaint!) that breeding
programs have over-weighted export food-gradelseaexpense of ‘commodity’
grades. The oft repeated claim that it is not wbr#eding for commodity grades
(feed) because no one wants to grow them couldigisy be regarded as a self-
fulfilled prophecy.

It is surely a legitimate challenge to an industryustify an almost total lack of
actively targeted resources to 70% of its marked (acreasing). It is not necessarily
an issue of right and wrong, but of balance betwieerad wheat’ vs ‘feed wheat'.
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(5) IMPLEMENTATION ISSUES
Logistics

Putative development of high-value niche produactstk small volume- will give

rise to significant logistic issues of segregatiwansport, consolidation and QC — all
with cost implications.

The logical outcome of this pathway is a singlaatsrproduct, parallel to the barley
situation.

The logistics and cost issues may be dealt withabeitikely to require a level of
forward planning and industry integration to sustalty implement.

Integration

The more the industry tends toward high-value, \mtme varieties (if it does) — the
more it will necessarily force vertical alignmengsen formal integration.
Determination of targets will require close integra of breeding and marketing
organisations, involving exchange of proprietafpimation.

Likewise with seed multiplication and marketing.

Likewise with physical grain handling.

The requirement for integrated planning and impletawgon will force vertical
alignments — at the extreme, formal integration eéloded-loop contracts.

Pooled pricing and ‘cliff’ effects

A trend toward high-value, low-volume varietiegliametrically opposed to, or at
least compromised by, the philosophy of ‘bulk’ pebbricing — which again will

tend to push toward closed-loop contracts.

The more specialised the requirements are fortecpkar grade (or single variety) the
greater the reward sought by the grower — the iddat grower, not the pool — in
recognition of the ‘cliff effect’ of failing to makspecs. Putative development of
specialised high-value low-volume varieties mayrsgmore specific marketing and
pricing mechanisms (both grower and breeder level).

The above comments are intended to highlight patidogistic and marketing
implications related to ‘small’ varieties, and a& intended as an implied criticism
of the single-desk pool system. It is noted thatemt marketing arrangements [under
AWB] do provide logistic and pricing mechanisms femall’ varieties — eg Durum.
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Breeding entity financials

The following are illustrative ‘average’ case numsbderived from actual market
analysis for 2000-2005.

The total market of 21 Mt is composed of three segsi— West, SE and NE — each
broadly 7 Mt.

In the total market it takes 20-25 varieties toiaeé ~ 80% of total volume.
Therefore, as a rule of thumb, a ‘good averageetsdris likely to achieve 5%
national market share = 1 Mt volume (actually geliless)

In the present and near term situation there aee threeding entities (DAWA, AGT
and EGA) with national market shares of 40, 40 20fb respectively.
The cost of operating a ‘national’ breeding enistput at $5.5M pa (range $4-7)

Therefore theashbreak-even point for a breeding entity at an ayeaPR of $2/t
(net $1.5) = 3.7 Mt volume = 52% regional share7%Inational share. Allowing say
20% for ROI, profit and ‘bad years’ raises thosenbars to 62% regional share and
20% national share.

In a median ‘steady state’ situation each breedorgpany would have a portfolio of
6-7 GAQ varieties (x 3 = 20 x 5% share each = 4 @narket)

Therefore the minimum required earning potentialef@AQ variety — to make a
break-even contribution to costs — is $5.5M/7 =780M.

At net ERP of $1.5 that’s equivalent to 523Kt = %oFegional share (2.5% national
share)

That'’s all doable and means a breeding entityablei 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 00

If the conversion rate is 50% then the volume grewinMt (equivalent)

Now the minimum required break-even market shara fingle variety is 52% (still
doable if there are only two players in a regianarket)

But anything less than that is financially unattirgeto the breeding entity — carrying
several implications:

The EPR may have to be higher for specialty vasgiand therefore the
grower reward (price) correspondingly higher.

There may not be room for 3 players on specialtietias

The initial low-volume phase will have to be suliséd by other high-volume
lines, and/or by external funds

There are complex national vs individual trade-offisconversion rate.
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(6) BACKGROUND CONSIDERATIONS

Farm financial decline

|_ Capital expenditure, debt and farm cash
income Grains industry

Farm debt

300

200

Farm cash income
100

200506%
$'000 additions

1980 1985 1990 1995 2000 2005
ABARE 81 86 91 96 01 06

Wheat price decline

S14.4 WHEAT: UNIT VALUE AT 2004 PRICES
$ /tonne

1014 1924 1034 1044 1054 1064 1074 1084 1004 2004
Source: Value of Agricuitura’ Convnafities Produced!, Austealia (750300 ABS dara availahe
On request.
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Handling cost increase

Wheat grade demand

ACIL Tasman

Econemics Policy Strateqy

) i

Chart 5 Emerging Areas of Demand for Varietal Wheats

BMMT In Japan,
Morth Africa &

]
=i\Weak Giuten,! NOOCDLE
i Soft Viheat | 0.2MMT
1
| A———. 75-9MMT
120 a5 in Agia
=
G2MMT ASW
100 —|—l S.9MMT
& 5% Protein Content >15%

Under attack from Nih American HAW _
[0 Under attack from NTEs Size of projected 2008 tolal market

[] Under attack from Japanese domestic production I.) Customers prepared to pay additional premia

Beston Consulling Group 2004
Data source: 1996-2002 AWS date; morkst interviews




Demand trends for wheat, meat, energy

Demand trends _—

energ)

Wheat demand vs GNP
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Wheat demand vs GNP
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China wheat demand

Consumptio

Imports ’J
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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 23 15 21 39
West Asia/North Africa 2.4 2.8 5 6 15
Sub-Saharan Africa 2.2 35 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




Energy demand vs GNP
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China potential energy demand
(? if China follows the historical trend of S Korasibelow ? )




China oil demand
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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

(2) 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 =,808 t = 25% increase in local
‘feed’ market.

[NB - in late July, Global Ethanol announced it wasleferring/abandoning plans
in Australia because of lack of Government policygport, and failure to
underwrite a proposed IPO fund raising]

All of these factors argue for consideration eébalancing of resources recognising:

Diversification of domestic use to reduce expogarexport handling costs
(and competition)

Conversion of low demand CHO into high demand pnotga feedlots.

Conversion of low demand CHO into high demand gnasgethanol.
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PART Il - TECHNICAL ASPECTS

POTENTIAL TARGET TRAITS FOR PRE-BREEDING
RESREAH

ASSESSING PRIORITY AREAS OF RESEARCH

The report to GRDC on "Pre-breeding R&D for WmBereals"
provided a list of potential pre-breeding targetts;, developed in
conjunction with breeders and research providerset solely and
deliberately on their median dollar value to thaéustry. The original list
is refined in this report for wheat.

The aim of this section is to provide an assesswietie need and
opportunity for pre-breeding research for eacthese traits in an
Australian context, as well as the likelihood ofsess. Overall this
analysis suggests that the potential target tcaitsbe classified into five
groups:

Group 1:Traits where a genetic solution is technically fessand an
effective solution is already available to breedénghis case the
germplasm, screening procedures and selection doeleadily available
to effectively breed for the trait in a commergabgram. Traits that fall
into this category would be a low priority for faer research funding on
pre-breeding.

Group 2:Traits where a genetic solution is technically fbbsbut
ongoing research is required to continually feeavnvariation into the
breeding programsAgain the germplasm, screening protocols and
selection tools are in place to effectively breadthe trait in a
commercial program. However, because of continbbahges in the
growing or market environments it is necessaryotatioually inject new
variation into breeding programs. The most obviexsmple of this sort
of trait is resistance to evolutionarily labile elsses such as the cereal
rusts where new strains, which require new comlainatof genes to
combat them, continually occur. However, also ideldiin this category
could be some agronomic traits (eg yield) and gyataits (milling
yield). Generally these traits are regarded asaaityrfor the industry but
they are also generally well supported.

Group 3:Traits where a technical solution is feasible arfteve research
Is close to developing an effective solutiSmilar to Group 1 except
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research is ongoing and remains to be completedinAgpt an ongoing
priority for industry once a solution is at hand.

Group 4:Traits where further research is required to fudlgnfirm the
technical feasibility of a non-GM genetic solutidine lack of a genetic
solution may be due to a lack of suitable geneditation in wheat and its
near relatives, or a lack of suitable rapid andai¥e screening
procedures or a lack of suitable selection tools.

Group 5:Traits where there is currently no obvious genstiution.

While this classification is somewhat arbitrarylses provide a basis for
focussing on those traits where pre-breeding rebaaiikely to deliver
significant benefits in the future.

DISEASES

Common bunt.

Common bunt or stinking smut of wheat, caused ibigtia cariesand
T.tritici, was a historically important disease of wheaustralia and the
USA. Originally emphasis was given to control of thisease by genetic
means. However, with the advent of relatively chaag effective seed
dressings, these became the primary agents ofot@mi have been
successfully used now for many decades. Good gerasiistances are
readily available should strains resistant to cleahgontrol develop or in
circumstances, for example in organically produebéat, where seed
applied chemicals are unacceptable.

Common bunt has the capacity to reach epiphytetiel in a short
period of time on susceptible cultivars if not adiagly controlled. Most
State Departments therefore maintain a watchiref bn the disease.

Group 1: No further research is required at ttages.

Take-all

Take-all is a major disease of wheat in southerstralia and on the
lighter soils in northern Australia. It is lessaproblem on the heavier
soils in northern Australia.

There are no known sources of resistance or tateramtake-all in bread
and durum wheats although minor differences haea beported
between varieties. This and the lack of effectind eeliable screening
procedures have frustrated efforts to control iseatse genetically.
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Currently the only effective control procedureasstop growing wheat
and to grow non-host crops until the disease inoadévels drop below
a critical threshold for the crop. Since a widegawof both endemic and
introduced grasses are hosts to the disease,weaskcontrol in rotation
crops is critical to their successful use to cdrtake-all.

Rye and oats are partially resistant to take-adl wuspecific chemicals in
their roots. Some Triticale cultivars, which ex@ése rye chemical in
their roots, show enhanced tolerance to the diseaspared to wheat.
Similarly, some of the wild relatives of wheat har®wn partial
resistance to take-all. Moreover these differemmagsbe detected in
simple and reliable laboratory screening procedures

A combination of sources could open the way forfitst time for the
development of wheat cultivars with significantei@nce to take-all.
Although investment in such traditional approachesid need to be
weighed carefully against the opportunities offeogdransgenic sources
of resistance. Innovative transgenic approaché&sigal disease control
in plants based on a variety of proteins is a maja promising area of
research internationally.

Take —all remains a serious problem. Both GM and @M solutions are
potentially available, although both will requingrsficant innovation.

Group 4: Priority B for research. The non-GM agmtois a high-risk
area of research.

Stripe rust

Since its introduction into Australia, stripe risis proved to be a
recurrent and significant problem in southern Aalsr It has also proved
to be evolutionarily relatively highly labile an@wrhonstrated it can
guickly overcome many single major genes. Reseamdhe disease is
co-ordinated through the National Cereal Rust @bftrogram 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 ¢wmrh Queensland.

Despite a significant GRDC supported research progthe disease has
proved to be difficult to control and appears tedhancreased in
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Importance over the last decade. This is due tdaitiethat limited
resistance is available in cultivated wheats antlevifferences are
evident between varieties, screening techniqueSraesconsuming,
expensive and of limited reliability. The curreotigion, as with take —
all, is to grow non-host crops until the inoculuenél is reduced to the
level that wheat can be grown profitably again.

Recent research has yielded exciting results mdef potential new
sources of resistance and improved laboratory sarggrotocols for this
disease. However, there is clearly there is a f@ecbntinuing research
to confirm these results and develop efficient effective screening
techniques and new sources of resistance /toleratieedisease is to be
controlled genetically. As with take-all, theseoef§ would need to be
assessed against the potential of a transgeniti@oto the control of
root diseases.

Remains a serious and growing problem. Both GMraandGM
solutions are potentially available.

Group 4: Priority A for research as there are psomg early indications
that significant advances are possible.

Septoria tritici blotch (STB)

Setoria tritici blotch is a potentially destructive foliar diseadevheat in
southern Australia, and particularly in southeri{Svhere it can cause
losses due to reductions in both yield and qualibhe disease can be
controlled either through the use of genetic rasist, or fungicides, or a
combination of these. In recent years the pathbgsrdeveloped
resistance to a commonly used family of fungiciteSurope and this
has given added impetus to global research ortaesis to the STB
pathogerMycosphaerella graminicola.

Several specific genes for resistance have beatifidd in bread wheat,
as well as quantitatively inherited non-specifisiseance. New sources of
resistance have also been identified fiticum tauschii Combining two

or more of the specific resistance genes, espgamd partially resistant
background, can give acceptable levels of resistanthe field. Recent
research indicates that one of these gefts4 has been effective in
California for more than 20 years, although iteefiveness is apparently
decreasing in some areas. Further, there is regegnce that specific
resistance genes have broken down relatively guiokbther states in
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the USA, which strongly suggests that ongoing hregptbr resistance
will be required to control the disease on a cainitig basis by genetic
means.

Relatively effective laboratory and field screenprgcedures have been
developed for the disease, so that all the prdaleanents are in place to
allow breeding for resistance in priority areassdmthern NSW, the
disease was a significant problem in the late 1@6@searly 1970s due to
the widespread use of susceptible varieties. Howydéwveugh the use of
resistant or moderately resistant varieties, whiath protect the current
crop and reduce inoculum levels for the followimg STB now rarely
causes severe losses in this region.

Group 2: Priority A for research regionally. Res#asupport is probably
adequate and is focused on better characterissmmguilable sources of
resistance, their potential durability, and theedepment of molecular
markers for those of most value in developing eifecesistance to
Australian races of the disease.

Staganospora (syn. Septoria) nodorum (SNB)

Staganospora (syn. Septoria) nodorwahich causes leaf and glume
blotch in bread and durum wheats, is a significkstase across the
southern wheat belt, but is of particular imporeamncthe wetter parts of
WA. The preferred method of control is by the uSeesistant cultivars.
However, resistance to the disease is quantitatidecomplex. Further
screening for resistance is difficult because ahplex interactions
between disease levels and factors such as heidhmhaturity as well as
environmental conditions.

New sources of resistance to SNB have been ideatifiTriticum
tauschii.One of these appears to be controlled by a sirggie that has
been transferred to hexaploid wheat. Whether thiegvill prove stable
Is unknown.

Group 2:Septoria nodorunblotch remains a Priority A for research.
Research support is ongoing and probably adeqgiiaedocused on
identifying sources of resistance and developingemdar markers to
facilitate their use in breeding programs.
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Yellow spot

Yellow spot was initially regarded as a significdrgease in NNSW and
southern Queensland. However, it is primarily dBle-spread disease,
and with increasing emphasis on stubble retentnohtle sowing of
susceptible varieties, it is becoming common thhowg the eastern
wheat-belt. Quantitatively inherited resistanceidely available in
wheat and highly resistant cultivars are becomirajlable. Good stubble
management coupled with a high level of partialstasce is effective in
controlling the disease.

Group 1: Not a priority for research.

CCN

A number of resistance and tolerance to cerealr@siatode have been
iIdentified. Resistance has so far proved to bdestafd in any case the
spread of newly virulent strains of this pathogehkely to be relatively
slow. The major focus is now on the developmemholecular markers
to facilitate the incorporation of resistance aplérance in commercial
cultivars.

Group 1: Not a priority for research.

Stem rust

Stem rust is a potentially devastating diseaseqodatly in NNSW and
southern Queensland. It has been effectively cthetrdor several
decades in the areas at greatest risk using nescathivars. Research is
coordinated through the National Cereal Rust Cofitrogram, which is
well supported. Effective resistance sources aadahe for any breeder
wishing to make resistance a priority in their imy@ment programs.

Group 2: Priority A for research but current sup@aiequate.

Leaf rust

Breeders and pathologists have been less succassfuhtrolling leaf
rust compared to stem rust using genetic resissaftes is due to the
fact that it is usually regarded as a less settiogsat compared to stem
rust but also, and perhaps more importantly, tddbethat new races
occur on a regular basis. As a result, as witpetrust, more emphasis is
now being given to combinations of minor genesésistance, which it
Is expected, will be more durable. Research isdinated through the
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National Cereal Rust Control Program and is weppsuted. Effective
resistance sources are available to all breediograms.

Group 2: Priority A for research but current sup@aiequate.

RLN Pratylenchus thornei

Pratylenchus thornas a significant problem on heavy soils in NNSW
and southern Queensland that have been heavilpedopith wheat over
an extended period of time. GRDC has supportedrels®n this disease
for many years. Several effective sources of r@sc& and tolerance have
been identified and incorporated into commercidtivars. Current
emphasis is on the development of molecular martkefiscilitate the use
of the available sources of resistance and toleranbreeding programs.

Group 2: No longer a priority for research.

Rhizoctonia

Rhizoctonigbare patch or purple patch is a significant disedsvheat
crops across southern Australia. While there areonilifferences in the
response of varieties to the disease, there aeff@ctive sources of
resistance or tolerance available in wheat. Theadis is controlled using
agronomic practices which favour the developmerisd¢ase repressive
microbially rich soils.

Because of the very wide host rangdRbizoctoniacrop rotations are less
effective at controlling this disease than somthefother root attacking
pathogens. The wide host range has also limitednatis to find more
effective sources of resistance/tolerance in whean though genetic
resistance is used to help control diseases cdnydetizoctonian other
crops. However, there is little evidence to suggest bare patch in
wheat will be controlled by naturally occurring istance/tolerance
genes.

GM solutions appear to be the most feasible rautbe control of
Rhizoctonian wheat. Not a priority until GM cultivars arecapted.

Group 5: No no-GM genetic solution apparent.
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Common root rot

Common root rot is a significant disease of whediNSW and southern
Queensland and is favoured by intensive rotatiGaositrol is through
rotations with non-host crops or varietal resiséari@ood sources of
resistance are available in bread and durum wilasateell as effective
screening procedures.

Group 1: No longer a priority for research.

Flag smut

Flag smut is another historically important diseasemuch so, that for
many years an acceptable level of resistance wadaary for release in
NSW. However, the disease is now rare and is ngadittrolled by a
combination of varietal resistance and seed treasn&ood sources of
resistance are readily available. The diseaserenlgcurs in areas where
highly susceptible varieties are grown using farssred untreated seed.

Group 1: Not a priority for research.

RLN neglectus

Pratylenchus neglectus more common in southern Australia while
P.thorneiis more common in the northern wheat belt althdoggh
species can occur together throughout wheat grovagigns. Less
research has been undertaken on identifying soofaesistance and
tolerance td?.neglectusUnfortunately, the identified and available
sources of resistance and tolerancB.tborneido not appear to be
effective in controlling?.neglectusnduced losses. Quantitatively
inherited partial resistance and tolerance have entified in bread
wheat; however, there is a need for further resetaradentify more
effective and useful sources of resistance andaobte. Given that rye
and triticale are relatively resistant, screenifig/itd relatives for
resistance would appear to be worthwhile.

Group 4: Priority B for research on the basis sfithited occurrence.

Loose smut

Loose smut is a potentially widespread and damagisepse. Control of
this disease is more difficult than the other snaummd bunts because the
spores infect the embryo of the developing seedsgst&mic fungicides
are needed to control it. Resistance to the disesaganmon in bread
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wheats and several major genes for resistanceliemreidentified. A
combination of seed treatments and partially raststarieties allows the
disease to be kept at sub-economic levels in nayatreercial fields.

Group 1: Not a priority for research.

BYDV

Barley yellow dwarf virus is generally only a sificant economic
problem in winter and longer season spring wheetsuistralia. There is
little or no resistance to the disease in breadaiviiéhere is however
good resistance in a number of wild relatives ideig Thinopyrumand
Aegilops Resistance fromthinopyrumhas been transferred to bread
wheat by CSIRO and a range of international pastaad used in the
development of the commercial cultivar MacKellerndmber of
transgenic approaches have been used to develojyB&$stant wheats
and it would be expected that this would be theérobmethod of choice
in the medium to long term.

Group 1: No longer a priority for research.

Ergot

Ergot is widely distributed but relatively rareAustralia in wheat. It can,
however can be potentially a serious problem bexatithe toxicity of

the ergots. It is more common in rye and otherragiing species that
have open florets at flowering facilitating infeti It is also more
common in the open-flowered male-sterile femaledinsed to produce
hybrid wheat. No commercial varieties of the commereals are
resistant so that control is through rotations #ueduse of ergot free seed.

Group 5: Not a priority for research.

WSMV

Wheat Streak Mosaic Virus has had a short but apeletr recent history
in Australia. However, it is now generally acceptied disease has been
here for many decades and is of limited econompoitiance. It poses a
threat principally to susceptible early sown loegson wheats in higher
rainfall areas and is unlikely to ever be a majeedse in Australia. The
virus is spread by leaf curl mites which requireegr tissue of hosts to
survive and it is the higher rainfall areas thatldeely to provide a
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"green bridge" over summer. Good resistance soln@es been
iIdentified overseas and are readily availableritnoduction.

Group 1: Current research adequate. Not a pritwrtgn increased
research effort.

Exotic pests and diseases

The Australian wheat industry is threatened byintr®duction of exotic
pests and diseases. These may be new strainssthgxdiseases such as
stem rust or exotic diseases that have yet totbedmced into Australia.
Several potential new pests and diseases are szhasdposing a
significant threat to the Australian wheat indusfriiese include Russian
wheat aphid, karnal bunt and hessian fly.

The threat of new strains of existing pests argaately met by
programs such as the National Cereal Rust ContogyrBm. Efforts

have been made to select for resistance to Ruasiaat aphid and karnal
bunt in adapted Australian germplasm as a pregaaryomeasure in case
these are introduced into Australia. Less effog ¢yane into the
development of adapted hessian fly resistant gersnpl However, ample
sources of resistance are readily available farpleist along with
screening procedures and selection tools. Ovénallmajor threats to the
Australian industry have been well covered, andenhie introduction of
any of the major pests would cause serious danmate ishort term, the
tools are available to respond in a timely andatife manner.

Group 3: Not a priority for further research unlassv threats are
identified.

ABIOTIC STRESSES

Drought tolerance/ water use efficiency

Tolerance to water stress and the improvement tdnusse efficiency
has long been regarded as a major priority, iftmetmajor priority, for
the Australian wheat industry. It remains so tod2gspite this, progress
to date in improving yields in dry areas, surely tltimate measure of
improved drought tolerance, has been highly disegipg. While
average wheat yields in Australia have increaseu the last three
decades, most of this increase is due to increastts in more
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favourable areas. Yields in many drier areas (\Yelels of < 2t/ha) have
not improved much, if at all, over the last century

However, the situation is changing. Perhaps sunglis or not
depending on your viewpoint, this progress is n@ tb the new
biotechnologies. Rather it has been achieved wsimgch wider
germplasm base to breed and select for performancharacters related
to performance, in dry areas. New CIMMYT and ICARD&rmplasm,
for example, is showing significant yield increagefsthe order of 10-
20%) in drier environments. If this can be confidnander local
conditions, it will have important flow on effedts Australian
producers.

In addition considerable research effort both irsthalia and overseas has
gone into the elucidation of physiological tralsitt can be used to select
for greater drought tolerance. These included abauraf leaf
characteristics including leaf glaucousness, letihg, leaf pubescence
and leaf erectness, root characteristics suchasiepth, degree of
branching and number and diameter of seminal raots physiological
traits such a early seedling vigour, carbon isottiperimination, leaf
conductance and stem carbohydrates. Advanced adatare available

for a number of these traits that will allow anesssnent of their utility as
selection tools for drought stressed environments.

Group 4: Remains a priority A for research becaigbe potential
impact on the Australian industry. There is a cleaed for continuing
research to build on the advances made in recans.ye

Acid soil/aluminium tolerance

Soil acidification is an increasing problem in Aiadian farming systems
based on cereals grown in rotation with improveplitee based pastures.
As the pH decreases from about 5.5 to 4.5, alummipand in some soils
also manganese, increase in the soil to toxic $e\B8#veral sources of
resistance to elevated levels of Aluminium are labée in bread wheat.
Molecular markers have also been developed fomibst studied
sources. The current sources of tolerance provddguaate protection for
the bulk of the affected wheat belt areas. Cunresgarch is examining
the molecular basis of tolerance to aluminium aagsmo enhance the
level of tolerance.

Less effort both locally and internationally hasiganto identifying
tolerance to high manganese levels in acid soilsléMifferences
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between cultivars have been reported it remainkeand the available
tolerances are sufficient to ameliorate the proldant occurs in
Australia.

Group 1: Good sources of tolerance to aluminiumlalvig. Further
research on aluminium tolerance is not a prioftycus should be on
tolerance to high levels of manganese if this despread.

Boron tolerance

Boron toxicity was recognised as a significant abioconstraint to
increasing wheat yields in southern Australia,ipaldrly on soils with
calcareous subsoils. Several sources of resistemeebeen identified in
bread and durum wheats and molecular markers deselfor the major
tolerance genes. Sufficient genetic variation @ilable and used by
breeders in the development of commercial cultiv@rgrent research is
targeted at cloning the major gene for boron toleean wheat and
barley.

Group 1: No longer a priority for research.

Water-logging tolerance

Transient waterlogging in wheat is prevalent in \A##d SE Victoria,
particularly on sandy duplex soils and clay flaiswell as in irrigated
areas. Screening of diverse germplasm collectioggest wide variation
in tolerance to transient waterlogging in bread athesynthetic wheats
as well as more distantly related wild relatives.

However, it remains far from clear whether cursmirces of tolerance
in bread wheats are adequate to provide an eféesolution to transient
waterlogging at the level experienced in the bdlthe affected areas or
whether additional screening of exotic sourcegdgiired to identify
additional sources of resistance.

Group 4: Priority A for research on a regional basi
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Salt/sodicity tolerance

Dryland salinity is an increasing and intractahielgpem in much of the
Australian wheat belt. As a result crops are ingiregly encountering
subsoil salinity which is often associated witmsi@nt waterlogging.
Again screening of diverse germplasm collectiorsreaealed wide
variation in tolerance to salinity in bread anduwtarwheat and their wild
relatives. Salinity tolerance genes are being ipo@ted into advanced
lines in both durum and bread wheats. Efforts @ anderway globally
to transfer the salt tolerance from annual andrpeaé wild relatives to
wheat.

However, it remains unclear what benefits the tgaicessible levels of
tolerance in bread, durum and synthetic wheats éffistralian
producers. It is also unclear if the genes transfefrom halophytic
members of th@riticeaewill substantially improve the yield of wheat
under moderately saline conditions. While halopgigrvive in salt
marshes their growth is often very poor, and itassurvival but
increased production that will be of benefit to whgrowers.

Group 4: Salinity tolerance remains a priority &afor research.
However, there is a need to evaluate the effeatisgf the current
sources of tolerance in ameliorating the salindigis soil problems
encountered by grain farmers to better define #ezlrand utility of
searching for additional exotic sources of resistan

Frost tolerance

Spring radiation frost can cause significant lossageld and quality
throughout much of the Australian wheat growingaaréHowever, the
indirect losses from frost, resulting from the néedelay sowing to be
sure of avoiding catastrophic losses to frostyadably several times
greater than the loss to frost itself due to gfiling under hotter and
drier conditions.

Research on variation in wheat for tolerance tingpiadiation frosts at
heading and flowering has had a long and largeprastuctive history
both in Australia and in a number of overseas aemespecially in
Latin America. A consistent but minor improvemantnost tolerance
was identified in the family of cultivars basedfacon and Eagle and
incorporated into later improved cultivars basedhmse parents.
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However, recent research in barley at the UniveditAdelaide has
identified a much more significant degree of frimé¢rance in the
Japanese barleys Haruna nijo and Amagi nijo. Thensbsomal location
of the major gene underlying these tolerances bas beported and
molecular markers have been developed to faciliteg incorporation
into commercial cultivars.

The fact that significant frost tolerance was foumdarley after the
screening of what was a very modest germplasmatmieand the fact
the location of the major gene controlling thisttreknown should
facilitate an increased research effort in breadaviand durum wheat.

Group 4: Priority A for research. Need to buildtbe positive results in
barley in searching for greater frost tolerance/neat.

Zn Efficiency

Zn deficiency in calcareous soils is a major stresgheat production
globally. It is also a significant regional congtitan Australia affecting
calcareous soils in SA, alkaline soils in NNSW andthern Queensland
and some areas of SW WA.

Significant genetic variation in zinc efficienchet ability of a cultivar to
grow and yield well in soils low in available ziftas been identified in
both bread and durum wheats. Significant genetiatran has also been
found in cereals in their ability to accumulateczin their seed. This is
important both in human nutrition and in improvinigc nutrition on
deficient solls.

Field and greenhouse screening methods for asgesamefficiency
have been developed and rapid analytical methada\azilable for
assaying seed zinc levels. A significant internalaesearch effort on
zinc nutrition in wheat, in which Australia is inved, is being
coordinated through the CGIAR Challenge ProgkarvestPlusOne
focus of this research is the development of maéecuarkers for both
zinc efficiency and seed zinc content which wouldify selection for
both traits in breeding programs.

Group 3: The current research effort appears @deguate. Not a
priority for further research.
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Mn Efficiency

Manganese deficiency, like Zn deficiency, is a sigant regional
problem in Australia and occurs on the calcareomast@al sands of SA,
less severely in many Mallee soils and in someoregof WA.

Marked genotypic differences in manganese effigiemctdeficient soils
have been reported in bread wheat and barley. Sogegests are also
available and molecular markers have been developatk being
developed in barley, bread wheat and durum wheat.

The current level of research appears to be adedoaMn efficiency
and the variation and selection tools are availédiany 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 abodB8% depending on the
agronomic conditions under which it is grown. Promontent is usually
highly negatively correlated with yield level. la$1long been recognised
that there are significant and repeatable gendterences in GPC
between cultivars at the same yield level. Howether genetic increases
in GPC were relatively small, of the order of 0.8%, compared to
environmental variation in protein content. Nevel#iss, because of the
importance of protein content in determining wiepality, a
considerable global research effort has gone h#adentification of
specific genes associated with increased GPC dointboth bread and
durum wheats and the development of associatedcoialemarkers to
facilitate their use in breeding programs.

Genes for lower GPC appear to be common in bisdu#ats, particularly
but not exclusively, club wheats. In this case,gbeetic effect is a little

larger, of the order of 1.0-1.5%. Genetically loyeotein has also been
reported in barley and is of interest to the brewmdustry. Efforts are in
progress to map the genes involved and to devetpaular markers for
them. Obviously, there is the opportunity for arceated approach in

both wheat and barley in understanding the gewetitrol of lower GPC.
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Group 3: Not a priority area for research but nieeghaintain a watching
brief on overseas research.

Protein Composition-Glutenins

Global research over several decades has showprtitain composition,
and in particular, the specific high and low molecuveight glutenins
present in wheat storage proteins, are importaetgénants of end use
guality in wheat. A glutenin simulator has beenaleged in Australia
through the Molecular Plant Breeding CRC (MPBCRE Db Howard
Eagles, which allows breeders to predict dougmgtie dough
extensibility and dough development time of speaflosses based on
their genotype at the six glutenin genes in brehdatz Research in the
MPBCRC showed that in the early stages of a brggaliagram selection
for protein quality based on glutenin genes wasffextive as selection
based on dough rheology measurements. The glusanulator allows
breeders to better plan their crossing strategidg@eliminate crosses
from their programs that will not yield segregantth a specified protein
quality.

Research on glutenin composition has in recentsylaaen focussed on
the identification of new protein subunits that caprove specific
characteristics of wheat protein. Considerable exgpgthas also been
given to the manipulation of glutenin compositiorgrotein quality
using genetic engineering and this is likely talee major area of
research in the medium term.

Group 3: No longer a priority area of research. #ubes in the medium
term are likely to come from genetic engineeringlotenin genes.

Protein Composition-Gliadins

Gliadins, the other major component of wheat glugtso play a key role
in dough properties and end use quality. Againelaee 6 major loci
controlling gliadins in bread wheat and each isilyigpolymorphic.
However, they have been less studied than therghgend less is
known about the effects of the individual genes thed alleles on dough
properties. There are some notable exceptiongx@mple, gamma
gliadin 45 in durum is associated with improvedlang quality.
However, it has been shown that gliadins in gereamdlthe glutenin to
gliadin ratio is important in determining extenstigiand loaf volume.
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Since improved extensibility is an important iséoiethe Australian
wheat industry in international markets, researtigladins and their
role in improved extensibility probably warrantgraficantly more effort
than it has received in the past.

Group 3: Remains a Priority A area for researgeeislly in relation to
extensibility and loaf volume.

Milling Yield

Milling yield, the amount of flour of acceptableleor and/or ash content
that can be extracted from each tonne of wheatigieal factor
determining the attractiveness of a wheat to nsileerd therefore, its
competitiveness in international markets. Each déteiase in milling
yield is estimated to be worth $2-3/tonne to aenilAustralian wheats
enjoy an advantage over most export competitotasrms of milling
because they are white and less red pigment ftadgay into the flour.

Breeders significantly improved the milling yielebin about of
Australian wheats from the 1960s to the 1990s. Hewehe rate of
improvement appears to have slowed in recent yesguscially in the
premium grades. This appears to be due to theHfatmilling yield and
flour water adsorption are negatively correlated tne need to ensure
flour water adsorption meets current industry séadsl means that many
higher milling lines are discarded as unsuitabterétease.

If Australia is to maintain and improve its compig# position in world
markets, especially in light of the increasing eag on hard white
milling wheats in the USA and Canada to directhgéd our Asian, North
African and Middle Eastern markets, it will needriorease its efforts to
improve milling yields. This could be achieved aadoning current
standards for water adsorption which appear tof ligt@rest only to the
domestic market or through innovative research diatdreaking the
apparent link between milling yield and water agson.

Group 4: Priority A area of research to signifidramcrease current
milling yields.

Flour Colour

Flour colour is determined in part by milling yielthe greater the
amount of flour extracted from wheat the more btaontains and the
poorer the colour. This component of flour colaicovered above.
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It is also determined in part by the accumulatibnavotenoids of the
xanophyll type in the endosperm, which can varyfiaright white to
creamy yellow. Simple screening techniques ardatai for flour colour
and several marker studies have been undertakeg adapted
Australian germplasm to identify favourable alled¢$he few major
genes of importance.

Group 3: Not a priority area for further research.

Polyphenol oxidase (PPO)

Polyphenol oxidase (PPO) has attracted consideadtartion in recent
years because of its involvement in the undesiratge/ning of noodles,
especially raw alkaline noodles, and a range céroktod products. PPO
activity is generally low in durum wheats but thexysignificant variation
in activity amongst bread wheat cultivars.

Researchers in Australia, Canada and the USA Hameatified
hexaploid wheats with little or no PPO activity ahd is freely available
along with simple whole seed screening procedumeaddition
molecular markers have been developed in a rangaakgrounds.

Group 1: Not a priority for further research.

Flour Water Adsorption

Flour water adsorption is determined by a numbeyeoietically
controlled factors including grain hardness (hagtain leads to more
damaged starch and greater water adsorption),iprcaatent (water
adsorption increases with protein content), andetels of soluble and
insoluble fibre in the flour (fibre increases waagisorption). The
optimum flour water adsorption depends on flour aise different
products often require contrasting levels of flauater adsorption.

(i) Bread manufacture

High flour water adsorption is seen by the domdsdiking industry in
Australia, and by a limited number of overseas miakas an important
guality trait as they sell bread by weight. In netskthat sell bread by
volume it is less of an issue.

Breeders have had considerable trouble over theléaside in
maintaining flour water adsorption at acceptablelein the higher
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guality wheat grades while simultaneously meetirggrharket pressure
for improved milling yields. This appears to be dugart to the fact that
milling yield is negatively correlated with graiomponents, such as
fibre content, which are important in determinihg tevel of water
adsorption in milled flours. It is also due in pertthe fact that flour
water adsorption has traditionally been measuredyuwsfarinograph and
the technique was time consuming, relatively ual##, and required
relatively large amounts of flour. It was not aleigjue that could be
readily applied in the early stages of a breedmgyam to large numbers
of samples.

Relatively reliable small scale screening procesltioe flour water
adsorption have been developed in recent yearselteehniques should
facilitate selection by breeders for acceptableleof water adsorption
in commercial cultivars. They should also openviag for more
innovative approaches to the improvement of bothngiyield and

while maintaining flour water adsorption at accépgdevels which
would improve the competitiveness of Australian atiseén some
markets.

Group 4: Along with milling yield, Priority A foresearch.

(ii) Biscuit manufacture

Biscuit manufacturers generally require low wadsaption flours — the
lower the better. However, because of the limitedk®at for biscuit
wheats in Australia, limited effort has gone inésearch into the
development of lower water adsorption soft wheé&, it may be
possible, by selecting for types with lower fibmntent, to
simultaneously improve both milling yield and redudtour water
adsorption. Lower fibre wheats would also be ativado the feed
industry for non-ruminants.

Group 4: Priority A for research, at least in tewhshe relation between
water adsorption and reduced fibre componentsamiiieat grain, given
the interest of both biscuit manufacturers andithreruminant feed
industry.

Dough Mixing Characteristics (Strength, extensibiliy, mixing time)

There is a wide range of genetic variation in doogking
characteristics. The aim with these traits is tecdor a balance that is
optimal for particular products or group of producelection for
extremes tends to produce "unbalanced" doughbgeas are often strong
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negative correlations between the traits. The fafussearch in recent
years with respect to these traits has been ofl}ibee development of
high throughput small scale tests to facilitatestbn in the early stages
of breeding programs (ii) understanding the rolspcific proteins and
classes of proteins in determining mixing charasties and (iii)
developing molecular markers for specific doughingxcharacteristics.

Overall this has been a well supported area ofirebeboth in Australia
and globally. Nevertheless there are still areasrevinnovative research
could make a significant impact in producing begterforming wheats
for specific end product uses. One of these islédwelopment of wheats
with strong dough but reduced mixing time; thesddrare generally
highly positively correlated- stronger doughs témtake longer to mix.
Another is the development of strong doughs wigmisicantly improved
extensibility. In this case dough strength is oftegatively correlated
with extensibility and the development of cultivargh strong but highly
extensible doughs would be a significant advancé® Australian
wheat industry.

Group 4: Priority A for research in specific arediterest to the user
industries.

Flour Swelling Volume (FSV)

The swelling, as measured by flour swelling volUu®8V), of wheat
starch has an important effect on end-product ta&specially in white
salted noodles. Because of the importance and ddameeess of the
Asian noodle market, a significant research efborESV and its relation
to noodle quality has been undertaken in a numbexgmorting countries
including Australia.

There are marked genetic differences between wizergties in FSV and
hence, in noodle quality. These genetic differeraredue in part to
differences in the alleles at the three waxy lodriead wheat/x-Al,
Wx-D1, Wx-Biwhich control the production of granule—bounddta
synthase (GBSS). However, variation at other unkntmwi is also
important in determining genetic differences in FSV

Markers are available for the waxy loci. More rebgrattention has been
focused on identifying markers for other genes #fim@ct FSV.

Group 3: Current research effort appears to bewsdeqNot a priority for
additional research.
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Noodle Quality

Australian wheat is used in the manufacture of mmsoodles including
white salted or Udon noodles, yellow alkaline olir@&se noodles and
instant noodles.

Strong research programs have been focused omrdeiay the effects
of grain quality on the quality of all three typafsnoodles. Current
research on quality of Udon noodles has focussestaynh properties,
mainly flour swelling volume (FSV-see above), alwif colour, while
research on the quality of yellow alkaline noodias focused on the
intensity and stability of the yellow colour.

A recent research initiative has been directechttetstanding genetic
factors influencing taste differences in noodles.

Given the size and growth potential of the marketAustralian wheat
for noodle production in Asia, and the increaseglessis given by
Canada and the USA in producing white wheats didrgyuality for
noodle production to compete in these marketsareeeon noodle
guality is a high priority for the Australian indeg However, current
research programs are well supported and them& is strong case for
additional support.

Group 3: Not a priority for additional research.

Sponge and Dough

The sponge and dough bread making process hastvergly promoted
by the USA and Canada and is widely used in Asiare/lthe bread
market is expanding rapidly. This process perfooest with strong high
protein wheats specifically selected to perforrthis process (e.g. DNS
and CWRS). The Australian rapid dough process,endnilicker and more
efficient, is not favoured in most of Asia becatlse sponge and dough is
seen to yield a superior product in terms of coresuaeceptance (better
loaf volume, finer structure, better taste). AustraPrime Hard wheat
does not have adequate quality for their spongedangh bread-making
process and Canadian and USA varieties are prdferre

There has been a strong push by the Australiarstngdin recent years to
develop APH cultivars that can compete with theartN American
competitor varieties. Initially efforts to test vetres for their suitability
for use in the sponge and dough bread-making psogesz hampered by
a lack of suitable small scale testing protocolate for use by
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Australian breeding programs. However, this deficiehas now been
overcome and BRI Ltd has developed a 200g teshgakiocedure that is
effective in identifying cultivars that perform Wwah sponge and dough.
Research to date suggests that current APH cudtoliEfier markedly in
their performance in the sponge and dough proté&ssever, most
cultivars performed relatively poorly in the teatsd the best Australian
cultivars still fall short of the performance okthest North American
cultivars.

The key factors accounting for the lack of perfonc&of APH varieties
in the sponge and dough bread-making process reméaim established.

Group 4: Priority A for research.

Digestible Energy

Wheat is widely used in Australia in feeding batimmants and non-
ruminants and this use is expected to expand signify in the future.
The increased use of wheat in animal feeds meansht feed industry
Is moving from a secondary market to the largestekiic user of wheat.

The value of wheat in animal diets is dependemiggpally on the level
of digestible energy and level of intake. Both thesits have been
shown to be significantly influenced by variety.

Surveys in Australia suggest that digestible energyheat can range
between about 10.5 and 16.0 MJ/kg. DM. These diffees include
variation due to both genotype and environmentfe@hces between
cultivars are determined in part starch contentféed generally the
higher the better), starch type (waxy genotypesrare digestible than
non-waxy), and the levels of non-starch polysaadear(which in non-
ruminants have anti-nutritive activity).

To date little effort in Australia has gone inte tthevelopment of wheat
cultivars specifically for the animal feed indusgti The relatively small
number of feed wheats that have been releasedgirgiklding cultivars
that failed to meet the quality requirements fa mhilling grades. The
breeding of feed cultivars specifically for theraal industries is only
likely to happen if feed users are prepared toreshproducers to grow
those varieties.

The needs of the feed industry in terms of graaiguare well
understood (soft grain, high starch content, waaycs, low fibre, low
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phytate). Further simple screening proceduresydich NIR for
digestible energy) are available for both digestémergy as well as a
number of other traits. Hence, the germplasm, teci®s and knowledge
are available to develop feed specific varietieAuistralia. The major
impediment is the lack of support and interest ftomlivestock
industries in supporting the development of spedded varieties with
defined qualities.

Group 3: Not a priority for further research.

Animal Intake

Differences between wheat cultivars in feed intaleewell established in
chickens, and to a lesser degree in pigs. Lesandsbas been done in
feedlot cattle, but what has been done suggegts #ne significant
varietal differences in intake.

Intake is difficult and expensive to measure esglcin large animals.
Further research is needed to confirm varietakdzffices in intake and to
either develop rapid assessment procedures, basegdmple on NIR,
or molecular markers for the trait so that botmgaasm and a suitable
assessment procedure are available to breedingaonsg

Group 4: Priority A for research, in conjunctiontkvanimal industries.

Waxy Wheat

Waxy wheat was first developed in Japan about 45 tago by the
identification and combination of null alleles aicé of the three loci in
bread wheat controlling the synthesis of the enz@ranule-bound
Starch Synthase (GBSS). Waxy wheat starch, whiokists of nearly
pure amylopectin starch, forms a paste at a logrmaperature and swells
with more water than normal wheat starches, whasttain about 60-
70% amylopectin. These starches therefore opeddbeto the
development of novel and improved food productsuigiog Asian
noodles.

Commercial waxy wheat cultivars have been develapede under
development in Australia, Canada, USA, Japan amehaber of
European countries. Germplasm is now freely avialglobally, simple
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tests have been developed to screen for waxy gat#er starch. All the
elements are available for any commercial breedmgram 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 globallsgt bymber of
groups using both genetic modification (GM) andlitianal (non-GM)
approaches. High amylose wheats (amylose conté®toyRave been
successfully developed using RNA interference byRCTH Plant
Industry, Canberra. Research on non-GM approachi#® tdevelopment
of high amylose wheats remains commercial-in-canfa® so progress is
difficult to ascertain. However, high amylose wiseate attractive to the
manufacturing industry, so that the current reseaffort is probably
substantial, and certainly more than adequatedertsn the feasibility
of developing non-GM high amylose wheats in ther heam.

Group 3: Not a priority for additional research.

High Dietary Fibre Wheat

Wheat products for which they can claim health fienhare attractive to
food manufacturing companies. High fibre foods rhaymportant in
reducing the risk of high cholesterol, diabetegedicular disease and
some forms of cancer. The development of high asgyleheat with its
higher levels of resistant starch is one approa¢hd development of
high dietary fibre wheats.

Another is the selection of wheats with higher lse\a# non-starch fibre.
There is ample evidence that there is significamntagion in bread wheat
and its near relatives in the levels of both inbt@and soluble non-starch
fibre in the grain. However, there are few stuaiethe genetic basis of
non-starch fibre levels in wheat and limited if &fforts to identify
molecular markers for variation in soluble and Inbte non-starch fibre.

The requirements for human nutrition (high solunhe insoluble fibre)
in terms of fibre are the opposite of those fornaadinutrition (low
soluble and insoluble fibre). This suggests thadiss of the control and
manipulation of fibre content should be a priofiy the industry.

Group 4: Priority A for research, in conjunctiortlvfood manufacturers.
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RECEIVAL QUALITY

Pre-harvest sprouting

Pre-harvest sprouting is a major recurrent probtethe northern wheat
areas of Australia but is also a sporadic but aconafly very damaging
problem in other areas. Sprouted grain is oftenrdpaded to feed
because of low falling number or other probleme-Rarvest sprouting is
generally a greater problem in white than red wheahere it has been
easier to breed for high levels of dormancy that/jgle several weeks of
post ripening protection against summer rains.

Pre-harvest sprouting has been a major prioritydeearch in Australia
for more than 25 years. This research has estallisignificant variation
in tolerance to pre-harvest sprouting in breaddurdm wheats due to
dormancy. It has also established additional vananh wild diploid
wheats that has been transferred to bread wheasbi@ation of the best
sources of resistance should provide in white whadével of tolerance
close to that in the most tolerant red wheats.

This research has also established that the bastesof tolerance to pre-
harvest sprouting in bread wheats is controlletiNmygenes with
possible modifiers. One gene is expressed in theyeor germ and
must be present if any level of dormancy, and fleeegolerance to
sprouting, is to develop in a variety. This genatsiown gives an
intermediate level of dormancy especially in theleosouthern wheat
growing areas and may be sufficient on its ownoima areas to protect
the crop.

The embryo gene can interact with one or more ajkaes expressed in
the seed coat. On their own the seed coat genesiafphave little effect
on dormancy but in combination with the embryo gpragluce a greater
and more stable level of dormancy and protectiairsg summer rains.
This greater level of dormancy is essential inghmmer rainfall
dominant northern region and would provide adddigerotection in
southern Australia as well.

Molecular markers have been developed for the eontboymancy gene
and are in the process of being developed fortii@yo coat genes.

Group 3: Sprouting remains a major industry pnofithe focus of future
research should be on the combination of the ahditifactors identified
in the wild relatives of wheat with those inten$ystudied in bread
wheat in adapted backgrounds.
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Screenings

Screenings are an issue in years with a dry fiagbss the Australian
wheat belt. The primary problem of concern to pomia is varieties that
have a propensity to produce well-filled small grander stress rather
than broken or shrivelled grain. Research indictitat

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

b. Seed size and shape is a major factor controléugl$ of
screening. Smaller seed size associated witRktdand2
semi-dwarfing genes has exacerbated the problescant
years.

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

d. However, varieties with the same grain size angaltan
differ in screenings. So a second key factor itgto
maintain seed size under stress

e. Factors which appear to enhance the maintenangeiof
size under stress include high stem carbohydriz@sarea
maintenance (absence of leaf diseases and N indhayag
off) and rate of grain growth.

Variety is the critical issue in reducing screesin@rain size, which is
strongly genetically controlled and highly heritabls one key factor.
Maintenance of grain size under stress is the seddere there are active
research programmes under way and the issue afgpdsrsadequately
covered.

Group 3: Not a priority for additional research.

Black Point

Black point is the descriptive term that refershte darkened pericarp
around the embryo end of the seed, and in seveescalong the crease.
It is associated with elevated humidity during grdevelopment and is
highly variable in its occurrence but can causai@ant losses due to
downgrading in many wheat-growing areas in Ausrali

Black point is often described as a disease inmnteenational literature
because its occurrence is associated with the tonslithat favour
infection of the grain by a variety of fungi. Fuethblack-pointed grains
often show higher levels of infection of these funghe germ than their
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black point free counterparts. However, researdhustralia suggests
that black point can occur in grains in the absaidangal infection.

However, whatever the cause it is clear that thezehighly significant
differences between varieties in the incidencela¢iopoint and that
selection for low incidence in breeding programbrnead wheat can
reduce the incidence to sub-economic levels in miostimstances
encountered in Australia. Current research is fedus the development
of molecular markers for known sources of "toleedno black point in
bread wheat because the available screening tecsarye relatively
time consuming.

Less research has been done on blackpoint in danghthe levels of
occurrence of the problem are greater in currendrdicultivars than in
most current bread wheat cultivars. However, reteigrin progress to
identify suitable sources of "tolerance" to bladi in durum for
incorporation into breeding programs.

Black point is a relatively minor problem for theigralian wheat
industry. The key appears to be not to releasevaudtthat will produce
high levels of black-pointed grains during high hdity episodes during
grain filling.

Group 3: Not a priority for additional research.rfemt levels of research
into the problem appear adequate.

Late Maturity Alpha-amylase (LMA)

Late maturity alpha-amylase is a genetic defedtdha result in the
accumulation of damaging levels of alpha-amylasgheat grain in the
absence of weather damage or sprouting. In cultisasceptible to LMA
low temperatures trigger enzyme production duriegtecal period of
grain filling about 25-35 days after flowering. Wtres carrying this
defect are common in CIMMYT germplasm, particuldimes derived
from synthetic wheats.

Research on LMA has increased recently as effans been initiated to
eliminate LMA from the Australian milling wheat indtry. Fortunately
the trait is under relatively simple genetic cohtamnple elite sources of
germplasm free of this defect are available todiregprograms, and a
relatively rapid greenhouse screening protocol&lable, suggesting
that the basic tools are in place for the indusirgnsure that all new
cultivars released into milling grades are not spible to LMA.
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However, there are concerns that the current sergéechniques are
time consuming and on occasion, inconsistent. @Quresearch is
focused on identifying the genes controlling LMAluttion and the
development of molecular markers.

Group 3: LMA remains a high priority for the Audtaam industry.
However, current level of research appears to beuste.

AGRONOMIC/PRODUCTION TRAITS

Alternate Dwarfing Genes

The gibberellin (GA) insensitive dwarfing gerfest-B1b(Rht1) and
Rht-D1b(Rht2), derived from the Japanese variety Norin 10gwer
introduced at the start of the green revolutioralnse they reduced height
and lodging and improved harvest index and yieldenra wide range of
conditions, but especially under intensive productonditions.

However, these genes also have a number of pdtgmigeterious side
effects including a reduction in seed size (inoedascreenings), short
coleoptiles (reduced establishment) and reducdy @gour (greater
evapo-transpiration loss from the soil surface).

As a result a considerable global research efforhich CSIRO in
Australia has played a leading role, has gonethrgcsearch for
alternative gibberellin sensitive dwarfing geneat ttould provide the
required height reductions in wheat without theateg side effects of
the gibberellin insensitive genes. Several suclegé¢agrht4, Rht5, Rht
8, Rht12, Rht13) have been isolated and are being tested for the
agronomic suitability in several countries. Markleasve been or are
being developed for several of these genes.

Alternate dwarfing genes, either alone or in corabon, have also been
incorporated into advanced germplasm in AustralsA, Europe and
CIMMYT.

Further research is required to confirm the valueammercial
production in drier areas; however, current leeélsesearch support
appear adequate. Breeding programs which regahative dwarfing
genes as a high priority can access germplasmedaively efficient
screening techniques.

Group 3: No longer a priority area of research.
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Root Structure and architecture

Many studies of root structure and architectureeiaaen undertaken
over the last 80 years and have demonstrated isgmifgenetic variation
in wheat for a range of root related traits inchgdhumbers of seminal
and nodal roots, root depth, and root abundancepéaific studies a
number of these traits have been associated witbrpgance under
drought.

However, these studies have not identified a detof selection criteria
for breeders nor provided a solution to the probtémealistically
measuring root characteristics on large numbepdanits in breeding
populations. As a consequence direct selectiorofarcharacteristics has
not, as might logically be expected, played a kdg m improving
adaptation to drought or difficult soils. Rathelestion for root traits has
been indirect by selection for performance.

The development of high throughput molecular magystems has
generated renewed interest in the relationship értwoot traits, drought
resistance and performance in difficult soils. @iemarker assisted
selection (MAS) using quantitative trait loci (QT)Laffers the prospect,
for the first time, of efficient indirect selectiganocedures for specific
root traits.

Group 4: Priority A for research support. Althoughumber of projects
related to root growth have been initiated in régears, given the likely
importance of root growth in adaptation to drougid difficult soils
further research support is probably warranted.

Vernalisation/ Maturity

Cultivars with a range of maturities are requinedhie major wheat
production regions in Australia. However, theramgple variation in
flowering time and maturity available to breedend & is easy to select
for this trait in the field.

Nevertheless, there has been a strong intereseeglérs in being able to
guickly manipulate the vernalisation requirementnaturity of a

cultivar. For example, to be able to develop a érgeason version of a
high yielding and popular spring wheat cultivarhvaitit altering other key
characteristics.
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The cloning of both the major vernalisation gemew/lheat {/rn 1 and
Vrn 2) has opened the door for the targeted manipulat vernalisation
requirement in heading date in wheat using both Givi® non-GMO
technologies.

Group 1: Not a priority for research.

Lodging

The availability of dwarfing genes both gibbereBiensitive and
Insensitive have simplified selection for lodgirggistance in wheat even
in highly intensive production systems. By usingst genes and
agronomic screening breeders are able to reledtseacsi 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 (Roundaog)imidazolinone
(Clearfield), is of interest in wheat

Genetically engineered resistance to glyphosagagable or will soon
become available in commercial varieties of cooypgans, cotton and
alfalfa. Glyphosate resistant cultivars are widedgd in the Americas
and are popular with farmers because they simplégd control, reduce
costs and in the case of annual crops reduce #tfoe cultivation. The
lack of commercially available glyphosate resistaheat cultivars has
seen an increase in the acreage of corn and saybeédme expense of
wheat in some regions in the USA.

The glyphosate resistance genes have been tratsteradapted wheat
cultivars in a number of countries and widely fiddted. Failure to
release glyphosate resistant cultivars in wheéatsf the political
pressure against the commercial use of GMOs imtger food crops
rather than scientific problems.

The Clearfield production system for wheat is basethe use of
resistance to imidazolinone selected from mutageinseed. It is
therefore a non-GMO system and is already comnigreigailable in
Australia.
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Group 1: Not a priority area of research. Althoufglor when, glyphosate
resistant wheat is released commercially, a sicamfi research issue will
be the removal of glyphosate resistant volunteeravblants in other
crops.

PRIORITIES FOR RESEARCH

The above analysis suggests there are for thelilstngf suggested list of
traits there are relatively few where additionale@rch effort is required.

Among the diseases only there would appear to lmgpartunity to
support innovative new approaches to developingestng simple and
rapid screening procedures and to use these terstoeeffective new
sources of tolerance or resistance. For the ofiffexudt to control root
diseases-take-all and rhizoctonia patch- non-GMtgwis are clearly
high risk. For the other diseases genetic soluttmasat hand, under
development or of questionable economic value.

For the biotic stresses drought, frost, waterlog@nd salinity tolerance
are all active areas of research and are wortlepatinuing support.
Relatively good sources of tolerance to droughtevagging and salinity
have been identified in recent years. Howeverr@lquantitative traits
with a complex pattern of inheritance and one efilsues in each case
Is-how much tolerance is enough? Clearly it is flidsto screen an ever-
expanding range of genetic material for additi@malrces of tolerance to
these biotic stresses. However, at some pointuhrertly available
sources of tolerance need to be assessed aganmstdls of producers.

The lack of significant levels of frost resistamc@vheat remains a major
constraint in reducing the impact of frost on thepc However, the recent
identification of significant tolerance to frostlxarley has opened the
way for a more targeted search for similar genegheat and given both
the direct and indirect impact of frost this shotédhain a priority for the
industry.

For the nutrient toxicities and deficiencies thengglasm and screening
techniques are available to any breeding programsele these as
priorities.

For end-use quality for food milling yield, flourater adsorption
extensibility and mixing time remain areas of ptyom terms of



52

research. As does elucidation of the factors aanl genetic basis that
determine the suitability of wheats for use inspenge and dough
process favoured in Asia. Areas which perhapsfyuatgreater research
effort would be the development of wheats with Bigantly improved
milling yield (say +3% above the best current commag cultivars),
strong but highly extensible doughs, and stronggtiewvith a
significantly reduced mixing time.

Quality for animal feeds has received consideréddy attention than
guality for human food. It is recognised that thare significant varietal
differences in both apparent metabolizable ene#dyE) and intake
when wheat is fed to animals. A number of factanstcbuting to
differences in AME have been elucidated- for exagbarch content,
levels of non-starch fibre, starch composition- #rete are now both the
germplasm and screening technologies availableseddfor these.
However, research on intake remains a high pridotyesearch
particularly in large animals.

Research on pre-harvest sprouting, screeningsk plaint and late
maturity alpha-amylase, which are important in teohreceival quality,
has been well supported in recent years and efeegénetic solutions are
available, or are likely to be available in the sherm, for all traits.

There is still a perceived need amongst breedeis $anple and reliable
test for LMA that can be used in the early stageslaoreeding program.

However, given the fact that LMA appears to be umdkiatively simple
genetic control molecular markers are likely taloe preferred screening
tool in the medium term rather than physiologiests.

In terms of agronomic traits, root structure anchdecture is the area
that offers the greatest potential, because of likely importance in
drought tolerance and adaptation to difficult saitspre-breeding
research. For the other nominated traits the gexsnp| screening
protocols and selection tools are available tdifate their use in
commercial breeding programs.



