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CIMMYT

A International Maize and Wheat Improvement Center

A Initiator of the Green Revolution Main supplier of maize and wheat
germplasm to a global network of ceoperators

A Oneof 15International Agricultural ResearchCenters with Headquarters
iIn Mexico

A Employsaround 220 Scientistsand 900 support staff
A Annualbudget 150 millionUS$ (2016)
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Sustainably increase the productivity of maize and
wheat systems to ensure global food security and

reduce poverty

WCcIMMYT.



Prof. Matin Quaim, CIMMYT Board Member
Prof. Andreas von Tiedemann, Wheat Blast Research
Prof. Ismail Cakmak, CIMMYT Board Member, Zinc Research

WCIMMYT.
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we will need to
produce as much
food as has been
consumed over ou
entire human



9 billion ¢ the GreatestcChallenge
double food productionay’2050

Nutritious, accessible, affordable and safe food
Diet changes with increasing income

9 billion people consume as much food as 12 billion would
today (meat => maize / soy beans)

80%o0f future growth from lands already iruse
Limited potential for land expansions

Most of production growth in countries where it isconsumed

Irrigation expansion crucial to meeting food demand

WCIMMYT.
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Food Prices RaigegGovernments Fall
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Wheatc from the staple for global nutrition to the principal problem?

THE PALEO DIET INSIDEB

PART I: WHOLE
WHEAT I'éEART

ISN'T WHEAT AT ALL

WCIMMYT.



+ Wheat and Obesity
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Wheat a cornerstone for global food nutrition

A Globally, most important food crop and covers largerst®
all crops

Provides 20% of all calories and protein

a®

A Major source of fibre and Vitamin B,2 { & -exidhcy

A Average Antbxydant activity greater than that of many fruits
and vegetables

Wheatis a natural
A 5 vehicle for
P& providing nutrients
‘ to a growing
population




Importance of Wheat as Protein Source from Plants
1st 2nd

Source: FAO 2012




Countrieswhere wheat provides more than 1/3 of daily calories

Source: FAQO, 2010




The scenario
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WCIMMYT.



Global production
losses

Wheat

Impacts

Price
Increases

Maize@

Soybean

Human cost

+ Humanitarian crisis

* Food riots

‘ Stock market losses

10% in EU
5% in US
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International Wheat Improvement Network
Data collected worldwide, used in centralized program

et B Collection and interpretation of multi-
R G, ]
T P location data

Criey Ca 50% of varieties released worldwide are
‘ » | IWIN related

SZ | e~ WCIMMYT.
CGIAR




Private and Public sector cooperators in IWIN

® Private Sector
® Public Sector [

RESEARCH
PROGRAM ON

)
Z | Voo WCIMMYT.
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Percentage of releases (%)

Spring bread wheat releases 1994-2014
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Bread Wheat Breeding Priorities

Core traits Key diseases in specific meganvironments
i High and stable yield potential o Durable resistance to diseases and pests
I Durable resistance to Rusts | Septorialeaf blight (ME2)
Stem (Ug99), Stripe and Leaf | Spot Blotch (ME5)
I Water use efficiency/Drought | Tan Spot (ME4)
tolerance | Fusariumz head scab andnyco-toxins
I Heat tolerance (ME2/4/5)
I Appropriate end-use quality | Karnal bunt (ME1)
I Enhanced Zn and Fe content for I Root rots and nematodes (ME4)

nutrition (South Asia)

Packaging multiple traits together is essential under clim:

change scenario to benefit wheat farmers

IcIMMYT.



Spread of aggressivd’ucciniastriiformis
(yellow rust) races Pstl/Pst2 adapted to

higher temperature

Countries with red dots with confirmed
presence of Pstl/Pst2 race group
Source:Ali et al. (2014PLoSPathog10(1):
€1003903. doi:10.1371/journal.ppat.1003903

To To Io Do To o Do

Spread of Vir9 —> Spread of aggressive strain
R 5 Gl mG2 G3 mG4 mG5 mG6

Early infection initiation
Faster disease build up

Disease progression even when
temperatures are warmer

New areas of adaptation
Faster evolution for newvirulences
Reduced effectiveness of resistance

East Africa origin of this race group
(Walter et al. 2016. Ecology & Evolution)

IcIMMYT.



Slow Rusting Adult Plant Resistance and
Pleiotropic Effects
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Stem rust Leaf rust Leaf & Stripe rust Powdery mildew
(Obregon, Mexico) (Cobbitty, Australia) (Vollebekk, Norway)

Lr34 [Syn. = Yr18=Sr57=Pm38 =Ltn1=Sb1= Bdv1] cloned*
Lr46 [Syn.= Yr29=Sr58=Pm39=Ltn2=Ts?]

Lr67 [Syn.= Yrd6=Sr55=Pm46=Ltn3] cloned*

Sr2 /[Syn.= Yr30=Lr27=Pm]

A * novel resistance mechanismpleiotropic genes encode hexose transporter

Moore et al. 2015. Nature Genetics 47:149498 CSIRO and Sydney Uni CIMMYT.




Future: GM intervention to achieve resistance durability
Gene Cassettesnultiple resistance genes inherited as a single unit
simplifying breeding and enhancing resistance durability

Yr36 @ Natural gene cassette
(currently developed)

SynR2 m Synthetic gene cassette
(future possibility)

ANatural gene cassettes currently in the pipeline at CSIRO
Lr34/Yr18/Sr5ALr67/Yr46/Sr551Lr21+Yr36

AScientific/CommercialisatiorChallenges
w Cloning many resistancgenesfor diversity

WeSOKy2ft238 F2NJ AVASNIA2Y 2F I NHS 5b! a
w Synthetic R genes?

w Cisgenioss Transgeni@rops

Source: GRDC Triple Rust Initiative WCIMMYT



Wheat blast caused by Magnaporthe oryzae:
Areality and new challenge for wheat research

Etienne Duveiller', David Hodson? and Andreas von Tiedemann®

International Wheat Conference, St Petersburg 2010

Preliminary maps show that climatic areas favorable for wheat blast exist ot
other continents, if the presence of inoculum coincides with susceptible
cultivars.Regions where the disease may occur include parts of

East Africa (Ethiopia) and South Asia (Bangladesh, east
India).

WCIMMYT.



Climatic similarity
Wheat Blast sites
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PHOTO: STAR
A blast disease affected wheat seed production field under Bangladesh Agricultural Development Corporation in
Meherpur is getting burnt as the authorities decided to destroy the plants to prevent use of seriously defective seeds and
spread of the disease further. Following detection of the disease by a team of experts from Wheat Research Centre in
Dinajpur, a large number of farmers in Meherpur have also started burning their wheat fields as preparation to cultivate
naddyv or iute there in the next season.




Wheat Blast

A Seedbornéisease

A Disease develops very fdstess than a week from first

AMost cu

A

A

symptoms to major losses

tivars susceptiblleresistance fronirit. ventricosa

~ungicic

es partially effective under medium to low disea

pressure.

Pathogen has developed resistance against some fungi

AWheat growing areas at risk with similar climate as in Br

and Bolivia- South Asia, South China, African low lands

A Global Wheat Blast Consortium has been formed

WCIMMYT.



Agriculture and Water and Heat







