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Rural Research and Development Corporations

 statutory corporation

« founded 1990 under
PIERD act

Australian Government
Land & Water Australia

body in partnership with
growers and Government

« australian wool

INNovation

« funding from grain
grower levy and matching
Government $

AUSTRALIAN EGG
CORPORATION LIMITED
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 invest approx $150M/pa
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An Australian Government Initiative
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GRDC Mandate

Vehicles (How)

e Better varieties faster

o Better practices adopted faster

e New products

 Building research capacity

» Best operating practices (BOP) in all
process and functions

e Assembling alliances, joint ventures
and public/private partnerships

* ‘Gateway’ management on
pathway to delivery

Arenas (Emphasis)

e Leader in agricultural R&D investment

e Whole of industry approach and buy in

* Reduce national R&D

fragmentation and duplication

e Servicing graingrowers with high
value technology and information

e Customer focused,
performance driven culture
* Path to market —
delivery and adoption

Strateg

Australian grain
growers effectively
competing in the
global grain markets

Differentiators

¢ Funded by statutory levies

 National mandate & focus

e Independence

e Panel system

¢ Breadth and strength of
intellectual property

* Information base to develop
products and services

* National “one stop shop” for agricultural R&D business
e Qur people

Staging (Speed
& Sequence)

* Board approval

e Internal alignment

* Achieve BOP

« Verifying the national portfolio balance
« Set the agenda with ‘buy-in’

¢ Investigate structures

* Monitor implementation and performance




Investment area is crop dependant

Wheat, Barley, Canola, Sorghum Triticale and Maize
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Pulses, Durum, Peanuts, Soybean and others




Biotech investment = breeding support
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Expectations

What does the grains industry expect from biotech R&D?



most crops — the next step!

"
" Adoption of
N fertiliser in Sthn. Aust. oo s
tillage
Canola in Sthn. Aust.
Lupin in WA \
l Biotechnology
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More Food

World Population

Average annual growth rate, %

6
e 2011: 6.9 Billion .
e 2050: 9 Billion 4

- Food +70% 3

- Cereal Production +43%
(FAO Report “How to feed to world 2050”)

e 2100: 10.1 Billion

(UN “World Population Prospects”, May 2011)

1960 1965 1970 1975 1980 1985 1990 1995 2000 20

Wanted: 80% of production increases come from increases in yield

Facts:  Annual yield increases for major cereals declining
globally from 3.2% (1960) to 1.5 % (2000)

Solutions: including R&D investment, Technology

(FAO Report “How to feed to world 2050")



Globally
* 70% increase Iin global food production
1 billion additional tonnes of cereals

« 200 million additional tonnes of meat

Australia
* Increase in wheat production 22Mt to 29Mt p.a.
 On same land area

* Need 1.4% yld gain p.a.



Up 87%
2.2% pa
—Wheat
—Maize
Up 31%
0.79% pa
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Existing partnerships

Australia is well placed to support the development
and delivery GM traits in wheat

e Research partnerships

— Australian Centre for Plant Functional Genomics (ACPFG): Pioneer-
Dupont

— CSIRO: Bayer CropScience
— Victorian Department of Primary Industries: Dow AgroSciences

e Breeding partnerships
— Australian Grain Technologies: Groupe Limagrain
— InterGrain: Monsanto
— Longreach Plant Breeders: Syngenta & Pacific Seeds
— Bayer CropScience (since 2010)



Path to Market

Stepping Requirements AU AU AU
Stones Strength | Weakness | Opportunity
(Alan Green, CSIRO)

Incentive To e Market X Partnership
Operate e Expertise X Partnership
Permission To e Regulatory Approval X Partnership
Operate e Finance X Partnership
e Expertise X Partnership
Freedom To e Elite Germplasm X Partnership
Operate (breeding)
e Transformation Event
o Enabling X In Licence
Technologies
o Foundation Traits X In Licence
o Trait of Interest X Out Licence
Ability To e Patent (Trait of X Out Licence
Operate Interest)
e Proof of Concept X Funding
e Proof of Function X Funding
Discovery X Funding




GM traits — need to partner

e Australia needs partnerships to take GM wheat to market
e GM events require global regulatory approval
- Expensive :
e AUD 11M-24M (2008) for GM corn
e AUD 26M-41M (2008) for GM wheat
e GM traits require global markets
e Market acceptance
o Likely Traits:
- Yield
— Improved sustainability of production
— Consumer benefits
e Timing: at least 7-10 years away

Kalaitzandonakes et al. (2006 & 2007)

Hoffman, Carr and McMullen (2008) “Delivery Platform and Supply Chain Infrastructure Requirements for GM Wheat and
Barley Crops and Products in the Australian Grains Industry”



Australian wheat production currently

WORLD WHEAT YIELD TRENDS
(5 Year Moving Average — tons/ha)

35
0.9%

0.6%

2,5

tonnes/hectares

1,5
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Fischer, R.A.: 2008. Agric. Science (Australia) 21: 6-18.



Yield stability

30

Wheat - Australia
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Yield stability under drought stress - ACPFG

Australian Grain Technologies — field observations

Kukri
---RAC875 & Excalibur




Yield stability under drought stress - ACPFG
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Yield stability — maintenance of grain number

120+

« Drought stress at anthesis = reduced g, |
grain size i &

« Drought stress at meiosis = abortion of "0

pollen and reduced grain number "0

Auricle distance (cm)

®

 Genetic variation for tolerance at YM
stage exists

®
=

@ ®

®

Early uni-nucleate microspores

'_' r " - O"I'.:
4 = 3
" .
: 3
100 ' .
b~y > ¢
80
100
90 1
£ 60 80 -
: .ee 70'
= 4 60
501
40
CSIRO PI 20 2 il
® 204
101
<YM ™M >

\]I et al 2010 0 Cranbrook| Halberd Cranbrook‘ Halberd 0 -

Control Drought

b) 120

=

Grain # (% control)

Grain number (% control)

YM



Yield stability — maintenance of grain number

« Starch depletion in sensitive cultivar
o ovary — reversible
o anthers — irreversible

fructan biosynthesis gene
expression

ability to maintain C supply to
anthers

Tolerance = & —
cell wall invertase gene ensytwe ‘
expression /

Similar results for salt and
cold

Broad abiotic stress
tolerance?




3 &
8 = =
g |
g2 7 )
50 {
) )
= \
S A
o > 2
@) ' o V
e : S
= (/)]
S V
©
@) T V
urlu % Am
Q < —~
P D\\
O N
(O >
| -
)
©
5 >
@) N
> e 85 g 8 g 9

eH UOliI

600¢
800¢
£00¢
900¢
S00¢
¥00¢
€00¢
¢00¢
T00¢
000¢
666T
866T
L66T
966T
S66T
Y661
€661
c66T
1667
066T
686T
886T
L86T
9861
S86T
P86T
€861
¢86T
18671
086T
6461
8/6T1
LL6T
9/6T1
S/6T1
V.61
€61
2L61
T/6T
0/6T



Attractive cropping options — disease

resistance
> Wheat

* map-based cloning of wheat adult plant rust resistance genes

« reverse genetics development of Rhizoctonia resistance

 identification/map-based cloning of Stagonospora nodorum effectors
genes and mapping of host receptor loci — sequencing fungal
genome

 identification/map-based cloning of Pyrenophora tritici-repentis
effectors genes and mapping of host receptor loci — sequencing
fungal genome

« reverse genetics for identification of Fusarium pseudograminearum
susceptibility genes — comparison of genomes of Fusarium strains



Attractive cropping options — disease

resistance

> Barley
 map-based cloning of the scald Rs1 resistance gene
* reverse genetics development of Rhizoctonia resistance

 |dentification of the P. teres teres (net-form) and P. teres maculata
(spot form) net-blotch pathogens and mapping of host receptor loci

» Canola
 ldentification and cloning of the Blackleg resistance genes
> Lupin

 |dentification/map-based cloning of anthracnose resistance genes
(NLL genome sequencing)



Reduced input costs

Total Factor Productivity (TFP) in Australian broadacre agriculture
and growers' terms of trade, 1953-2003

i e

1953 1958 1963 1968 1973 1978 1983 1988 19493 1998 2003
——TFP In Broadacre Agriculture = —— Growers’ Terms of Trade

e, e

Source: Mullen, JD & Crean, J 2007, Productivity Growth in Australian Agriculture: Trends, Sources
and Performance, Research Report, Australian Farm Institute, Surry Hills, Australia.




Better use of fertilisers

Peak Phosphorus curve
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» Global peak in phosphate rock reserves, estimated to occur in the next 30 years.
* Price for phosphate rock increased 700% within 14 months to June 2008

Source: Professor Stuart White! and Dr Dana Cordell “Peak Phosphorus: the sequel to Peak Oil”,
http://phosphorusfutures.net/peak-phosphorus, 2010



http://phosphorusfutures.net/peak-phosphorus
http://phosphorusfutures.net/peak-phosphorus
http://phosphorusfutures.net/peak-phosphorus

Better use of fertilisers - examples

Wheat and Barley

« GM
Nitrogen Use Efficiency (ACPFG) — Alanine
aminotransferase — 2011 field trials SA, WA,
NSW and ACT

« Conventional
NUE and PUE (University of Adelaide and

University of WA) — identification of genetic
diversity for nutrient use efficiency in wheat
and barley field screening - precursor to
mapping population development, mapping
and map-based cloning of NUE loci.



Agricultural R&D Investment

Globally investment in Agricultural R&D targeting productivity increases
has been in decline for the past 20 years — Australia is no exception!

Annual growth rates in agricultural R&D, by geographic area

10

Annual growth rate (percentage)

Sub-Saharan Asia & Pacific Latin America WestAsia& Developing High-income
Africa & Caribbean  North Africa countries countries

m 1976-81 m 1981-91 m 1991-2000

Source: Beintema and Elliott, 2009



Summary.

Increased global demand
+

Reduced total agricultural R&D funding
+

Easier production gains have already been exploited
+

Challenging production environment outlook
+

Data intensive new technologies

Industry must maximise effectiveness of its investment
and ensure fit to target production environment

Ensure best experimental design, analysis and
Interpretation of R&D outputs



Drought — Managed Environment
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