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European countries with widespread YR epidemics in 2012/

eV

high yield responses to fungicide control
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Yellow rust epidemic, Sweden 2011




Yellow rust epidemic situation in Sweden and
Denmark 2009-12: Triticale

A2009-10

- Sweden & Denmark: Severe epidemics and losses of 50-100%
typical for organic growers in DK

- New aggressive race was recovered from most triticale epidemic
sites T many triticale varieties remained resistant, no winter wheat
varieties affected by this race, but several spring wheats
susceptible

- A2011

- Susceptible varieties generally replaced by resistant varieties (e.g.,
Tulus), few epidemics i roldGbarieites

A2012

- March-April: High incidence of YR in Tulus and other triticale
varieties, many sites in Denmark

- May-July: Epidemics did not evolve in most varieties
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Yellow rust epidemic situation in Sweden and
Denmark 2009-12: Winter wheat

A2009-10

- Sweden: Epidemicsi n 0 T u loteeasusceptible varieties

- Denmark: Low disease incidence, - in 2010 no yellow rust recorded
In farmers fields

= A2011

- Sweden: Widespread and severe epidemics, e.g., in Tulsa, Audi,
Kranich and others

- Denmark: Epidemics in few varieites, e.g., Ambition

- November-December: high disease incidence in many varieties

A2012

- Sweden: Widespread and severe epidemics in many varieties

- Denmark: Widespread and severe epidemics in several varieties,
but widely grown varieties: Mariboss, Hereford, Jensen and others,
remained resistant at adult plant stage
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March 2012, Zealand:riticale (cv. Tulus)
iInfected in many commercial fields

A
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Telia production on infected wheat i June 2012
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Number of Pst samples, Sweden 2011-2012

Location

Borrby
Asmundtorp
Borgholm, Oland
Borrby
Fjalkinge
Furelund
Gavle
Géardstosa, Pland
Hossmao, Kalmar
Kalmar
Klagstorp
Korskrog
Kuddby
Kulltorp, Kalmar
Laholm/Halland
Linkobing
Lundelm
Mjolby
Munga
Norrkoping
Onnestad
Ostra Stenby
Renstad
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Simrishamn
Simrithamn, Alnarp
Skegrie
Skurup
Skanninge
Skdrne
sollebrun
Sodertijle
tidkobing
Tierp
Tomelilla
Tommarp
Trelleborg
Trelleborg
Vasteras
Vemmenhog
Visby, Gotland
Vittskavle
Vaderstad
Angelholm
Odeshog
orsjo/Skurup
Ostra Ryd
Ostra Stenby
Astorp
(Tom)

Total

S S . .

37




P. striiformis pathotypes detected in Denmark and Sweden 2011-2012; number of isolates

2010-11 season 2011-12 season Total
Country  Pathotype code Common name autumn summer autumn spring summer
Denmark |-,(2)---,6,7,8,-10,--*--- """ Triticale aggressive 9 2 11
-34,-.6, 7 mm25,-,32,5d,5u - An Avs - Tulsa 1 1
1,2,3--,6/,-9--17,-25,,-5d,,-,AnAvS - Lynx 1
1,2,3,4,-.6,-,-9,-,-17,-,25,-- 5d,5u,- An,AvS - Lynx variant 1
1,2,3,4-,6,-79,717-25/,32,5d,5u,-,An,AVS - Oakley 4 11
1,2,3,--,6,-,-,9,-,-,17,-,25,-,32,5d,- - An,AvS,- Oakley variant 2
1,2,34,-6,7-9,--17,-,25,-,32,5d,5u,5p,An,AvS - ? 1 1
1,2,3,4,-6,7,-9,-,17,-,25,-,32,5d,5u,5p,An,AvS,Amb  Ambition/Warrior 5 2 7
1,2,3--6,7,89,-,-17,-,25,-,32,5d,-,- An,AvS,Amb Kranich 5 3 9 19 36
Denmark Total 29 3 9 30 71
Sweden |-,(2),-,--,6,7,8,-,10,--% - e Triticale aggressive 4 4
--3,4,-.6,-----r--29,-,32,5d 5u,- An, Avs,- Tulsa 2 2 4
1,346, 25,-,32,5d Su,-, An,AVS,- Tulsa variant 1 1
1,2,3,--6,7,89,,-17,-,25,-,32,5d,-,- An,AvS,Amb Kranich 18 10 4 32
1,2,3,4,-6,7,-9,-,17,-,25,-,32,5d,5u,5p,An,AvS,Amb  Ambition/Warrior 1 1 2
Sweden Total 22 12 9 43
Grand total 51 15 9 39 114
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< » Yellow Rust Europe » Pathotype by yvear map

PATHOTYPE BY YEAR MAP

Vear [ an [ z000 [ 2001 [£] 2002 [£] 2003 [£] 2004 [ 2005 [ 2006 [
2007 [Z] 2008 [ 2009
[ 2010 ¥ 2011

W [123----9-17-] (Brigadier 17

W [1234---9-17-] (Brigadier I
O[123-6--9-17-] (Lynx 1)

W [12346--9-17-] (Lynx 1)

O [1234---9-17 .32] (Robigus 1)

W [123----917 32] (Robigus 1)

B [12346--3-17.32] (Oakley)

O [-2--678----] (Mediterranean GE16)
SE, N = 33 [ O [-2--6789---] (Wheat aggressive)

O [----673-10--] (Triticale aggressive 1)
W [-2--678-10--] (Triticale aguressive 1)
W [--346-----32] (Tulza)

0 [123467-3-17 32] (Warrior/Ambition)
B [123-6783-17.32] (Hranich)

DK, H =30

A

UK, N = 26

)

FR, H = 201

Drata provided By Institut National de la Recherche Agronemigue (France) Julius Kihn-institut, Federal Research Centre for Cultivated Plants (Germany and Austrig), Natioral Institute of
Agricultural Botany (United Kingdom) and Aarfius University (Denmark and Sweden)
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Pathotype code

Common name of
race

2010-11 season 2011-12 season
Host variety autumn summer autumn summer

Total

W W W
_acz]a_a_a_aﬁﬂ?aga_a1[].!_!_! NN

Triticale aggressive

Cando 2
Dinaro 2

Tulsa

Tulsa variant

Brons
Jensen 1
Kopral
Olivin
Akteur

1,2,3/,,6,7,89,,-17,/,25,-,32,5d,- - An,AvS,Amb

Kranich

Akteur
Audi
Boomer 2
Cardos 2
Cubus

Cumulus

Ellvis

Hereford

Holeby 1
Kr99 224 1
Kranich 6 2 1
Loyal 1

Oakley 2

Stava 1

L B T e

[T N T

1,2,3,4,-,6,7,-.9,,-,17,-,25,-,32,5d,5u,5p,An,AvS,AmkE Ambition/Warrior

Audi 1
Seguence 1

I el i B e T = T e S T O T e S N T o B T S T [ Ry e T = =

Total

22 12 9

43
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P. striiformis pathotypes detected in Sweden 2011-2012; number of isolates

Common name of 2010-11 season
Pathotype code race Location autumn summer

2011-12 season

autumn

summer

Total

-02)---,6,7,8,-10,- - % - - -5 - e Triticale aggressive Hossmo, Kalmar
Ostra Ryd

2
2

- 38,6, e 25,-,32,5d,5u,- An Avs - Tulsa Skurup
Skanninge
Angelholm
Klagstorp

1,-,3,4,-,6,---1r25,-,32,5d,5u,-, An,AVS,- Tulsa variant Skurup

e I ]

1,2,3,-,-,6,7,8,9,-,-,17,-,25,-,32,5d,-,-,An,AvS,Amb  Kranich Borrby 9
Asmundtorp 1
Furelund
MNorrkoping 3
Klagstorp
Skegrie
Simrishamn 2
Skanninge
Tomelilla 2
Trelleborg 1
Trial station Lonnstorp
Vemmenhog
Angelholm
Odeshog

[y
P

1,2,3,4,-,6,7,-,9,--,17,-,25,-,32,5d,5u,5p,An,AvS,Amk Ambition/Warrior  Kulltorp, Kalmar
f‘kstorp 1

e N ) S Sy O Y

Grand total 22

12

43
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Inoculated field trials i
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Middel af % severity Ambition race Lynx race Kranich race
(o] o o o o o
N N N N N N N
[{=] uw [{=] [{=] o [{=] w
< < < < < < <
Variety Crop & @ A & b b &
Ambition W wheat DK 02 ' (45) =
Hereford W wheat DK 0,0 0,0
JB Asano W wheat DK 0,0 2,0
Jensen W wheat DK 0,2 0,3 0,3 0,0 0,0 0,0 0,2 0,5 1,0
Mariboss W wheat DK 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Audi W wheat Se 0,5 ' (4,5 ' (22,5 [Nl
Beate (SW 57008) W wheat Se 01 1,7 2,3 0,0 0,0 0,3 1,7 12,5 9,3
Boomer W wheat Se 0,0 0,0 0,3 0,0 0,0 0,2 0,1 2.8 4.0
Br 8037b26 W wheat Se 1,4 3,7 2,7 0,0 0,0 0,0 43 7.5 7,5
Brons (SW 56884) W wheat Se 0,0 0,2 0,0 0,0 0,0 0,0 0,7 0,4 0,0
Cumulus W wheat Se  |HEOIIOIGINCEN 02 30 (292
Ellvis W wheat Se 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,2
Frontal W wheat Se 0,1 43 3,7 0,0 2,3 0,5 1,5 17,5 10,0
HADM Norin W wheat Se 0,5 2,3 3,0 0,2 0,5 3,7
HADM Opal W wheat Se 0,0 0,0 0,3 0,0 0,0 0,3 0,0 0,0 0,0
Hymack W wheat Se 0,2 13,3 10,0 0,7 10,0 7.0
Inspiration W wheat Se 6,0 6,7 43 2,0 2,2 4.3
Kerubino W wheat Se 0,2 1,56 '(1 7,5)
Kranich W wheat Se 3,0 6,7 3,7 0,0 0,1 4.3
Loyal W wheat Se 0,8 6,7 4.3 0,0 0.1 4.0
Nimbus W wheat Se 0,0 0,7 40
Olivin W wheat Se 0,5 0,3 0,3 3,7 2,2 0,7 23 3,0 11,0
Opus W wheat Se 1,0 3,0 1,0 0,3 2,0 0,5 1,4 43 7.7
Praktik ( RAGT 10'W wheat Se 0,1 0,7 0,7 0,7 0,8 0,2 1,7 3,7 2,3
Razzano W wheat Se [[HONRIDIOEION 23 142 67
Stigg W wheat Se 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
SW 75107 W wheat Se 0,4 0,3 0,0 0,0 0,0 0,2 0,7 1,7 0,7
SW 75127 W wheat Se 0,2 4,3 2,3 0,0 0,1 1,7 2,3 10,8 11,7
SW Harnesk W wheat Se 0,1 0,4 0,0 0,0 0,2 0,0 0,3 1,0 1,0
Average 47 10,2 10,6 [ 04 1,4 1,8 6,4 141 16,8
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Middel af % severity Ambition race Lynx race Kranich race
- = =¥ & &S| & £
£ 28 8|8 g8 818 g g
Variety Crop s = 8|8 & 8|8 & &
BR 1351b2 Triticale |G 00 20 35(17 17 67
Br 1390a27 Triticale 03 23 100,00 00 07|00 00 10
Empero Triticale 04 30 50100 00 03|01 03 03
Gringo Triticale 00 05 10102 05 3,7
MAH 5809 Triticale 15 52 15000 02 28|01 07 17
Ragtac Triticale 00 01 23|04 17 13,3
SW Valentino  Triticale 15 30 100,00 04 50(08 1,7 125
Tulus Triticale 0,8 3,7 20,0(0,0 0 0 05|00 00 D 5
Average (1,3 74,8 16,11 0,0 7 0,4 2urn4 0,8 4,9
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March 2012, Zealand:Triticale (cv. Tulus)
wasinfected in many commercialfields
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Samples were collected from multlple Iocatlons In Denmark
AOnly isolates of the Kranich-race were recovered
AApril: new infections in affected crops were widespread but

' 9 limited sporulation |
‘ AMay-June: Epldemlcs never developed in Tulus-triticale

/V AARHUS UNIVERSITY




Triticale (cv. Tulus), inoculated by isolates of the

Kranich-race, Flakkebjerg, June 12,

RC

2012
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Impactof wheatyellow rustglobally

strain adapted to t

New aggressive
warm temperatures 2010-epidemic impact

S e O
D ot

9

(examples)
. . »
Ethiopia: 30-40% loss | -
. (Wellings, 2011Euphytica
Tajikistan: 40-50% loss
Code | Incidence Severity
Rare negligible losses
Localised. 2 in 5 years over 25% growing areas 1-5% crop losses
- Widespread 2 or 3 years in 5 over whole production region | 5-10% crop losses
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The Borlaug-Global Rustilnitiative-Network ¢
Global IRust:Refenence=cCenter

Aarhus University

Denmark
Indian Council of Agricultural Research (ICAR)

Agriculture Agri-Foods Canada
New Delhi, India

Winnipeg, Manitoba, (anada

, USDA-ARS-ND
fargo, North Dakota, USA

USDA ARS Cereal Disease Laboratory

University of Minnesota Minneapolis, Minnesota /USA
Minneapolis, Minnesota, USA USDA-ARS-KS
»
» Manhattan, Kansas, USA LCIARDAS . Huazhong Agricultural University
University of California-Davis N M Wauhan City, Hubel Province, China
Davis, California, USA * Cornell University  UNFAO .
b Ithaca, NY Rdme, Italy £ o= ® » '
Agricultural Research Y Los Banos, Philippines
Addis Ababa, Ethiopia ’,’ Tel Aviv, Israel
Kenya AgnculturalResear(h Institute (KARI) & ol < , ,(SIRO
Njoro, KenVa niversity o € Brisbane, Australia
{4\ - > Adelaide, Australla* =5 ,‘
= University of Free State. » &
61 avein. South Afica \ . *}Iversit’ofSydneyPla‘ntBreedmg Institute
f o3 | Ji5ydney, AtStrlid L W

kx.Z,IAAA;,\l_h on LL‘J‘m‘

Beorioug Glebal Radt lnifatve

Tine Thach @?
AarhusUniversity Octoberl1, 2012 BGRI



BGRI

Borlaug Global Rust Initiative

Projects

Multinational efforts required

1. Intensify wheat rust surveillance (early warning)

2. Research in the evolution of rust fungi

3. Intensify plant breeding

4. Capacity building and training of scientists from
developing countries

5. Rapid dissemination of results via web-based tools
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Rapid communication via Net-based

solutions: Wheat Rust Toolbox
Jens Grgnbech Hansen w

RustTracker

&) \ Ccsv

Exchange and
integrationwith
externalplatforms

- SQL Databases: CropProblem etc.

= =
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Home About GRRC Research Projects International Services

- WELCOME TO GRRC

A LASTING TRIBUTE TO NORMAN E. BORLAUG

=R

COLLABORATION WITH ICARDA AND CIMMYT

The centre was established in 2008 as a global hub for
investigating wheat rust upon the request of the
international institutions International Maize and Wheat
Improvement Center (CIMMYT), based in Mexico, and
International Center for Agricultural Research in the
Dry Areas (ICARDA), which is based in Syria. With the
new grant the activities at the reference centre will expand markedly.

AICIMMYT.

An International wheat stripe rust symposium was organised by

RUSTFIGHT - MEETING THE NEW CHALLENGES FROM
INFECTIOUS RUST FUNGI ON CROP PLANTS

: : : The
The Danlsh Resea.rch' Council for Strategic Danish Council for
Research is contributing 19.8m DKK to a Strategic Research
new research project to be led by Aarhus §
University. The results from the project N

ty proj NN

will bring more knowledge to the
prevention and control of wheat rust.

The research will be a collaboration between The Global Rust Reference

Large international grant for research in
wheat rust

A sum of 40 m USD has found its way to research to fight
wheat stem (black) rust, a serious fungal disease
threatening wheat productivity. The grant was awarded by
the Bill & Melinda Gates Foundation in the USA and the UK
Department for (DFID). A share of the funds will go to
scientists from the Department of Integrated Pest
Management at Aarhus University to expand activities at
the Global Rust Reference Centre (GRRC), which is
located at the department in Flakkebjerg near
Copenhagen, Denmark.

Read more

The Borlaug Global Rust Initiative

The Borlaug Global Rust Initiative (BGRI), founded by the
late Dr. N.E. Borlaug, has the overarching objective of
systematically reducing the world’s vulnerability to stem,
yellow, and leaf rusts of wheat and facilitatingg the
evolution of a sustainable international system to contain
the threat of wheat rusts and continue the enhancements
in productivity required to withstand future global threats

bn bt

&
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Home About GRRC Research Projects

International Services
> Submission of isolates
> Annual status on pathotyping
Vih=at Rust Toolbox
» Stemrust
Yellow Rust Europe
> Pathotype by country
> Patholype by year map
Publications.

v

0
GéRC GLOBAL RUST REFERENCE CENTER

/v

International Services

YOU ARE HERE: Int=mational Services » Wheat Rust Toolbox » Yaliow Rust Europe

YELLOW RUST EUROPE

In Europs new multivinulent strains sppearsd in 2t least four NW-European countries in 2011: UK, France, Denmark,
Swaden, S=yeral whaal varisties Decame affacted and the new sirains s==ms 1o D= vary sggressive Dazed on fisld

observations. It is first time ever recorded in Europe that a single strain emerges at this
fraguencies in the same growing s=aszon, suggesting large szals long-distance

graphical scale in high
erial spore dispersal sutumn 2010/

spring
2011 from an unknown source

Four PCR-Dazed markers uniguely id=ntifying aggressive strains PstS1/ P=IS2 and diffarectisting thes= from other known Pst
strains are being de =g at the Global Rust refere
results suggest thal the raw sirain may b= = recom

. For izolates collect=d in Denmark and Swaden, prefiminary

Binant involving sggrassive

Below i= link to differ=nt tools that analyse and display information about the historical and current distrbution and
importance of yellow rust in Europe. Use the link below the Screen dumps or select from the menu to the left.

For further infarmation about epidemiclogy and control of cereal dis=ases in Eurcpe se= Eurs

PATHOTYPE 8Y COUNTRY

Frequescy o pathenypes sampled
Bam Acatria, Denmark, §ranie. Gormavy, Swedan snd United Kingéom

g

]

]
=3

ar

[Se————
3
SO0 SN JOT JUSOL X

W0 00 MW e e W6 e
WO N NI e i)

Go to this tool
Go to this tool

COMMENTS ON CONTENT: JENS GRENBECH HANSEN
REVISED 2012.08.2¢
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Go to Global Rust Reference Center frontpage
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Home About GRRC Research Projects International Services

YOU ARE HERE: Intemational Services » Wheat Rust Toolbox » Stemrust

International Services STEM R UST
> Submission of imolates

> Annual status on pathotyping Stem rust on wheat caused Dy race UgSS and its vanants is currently spreading across Africa, Asia and the Middle East and is causing

Wiveat Rust Toolbox major concam dus 1o the large numbers of paople d=pandent on wheat for sust=nance, The strain was namad aftar the courtry
S whers it was idertified (Uganda) and the year of its discovery (198%). It spread to K=nys, then Ethiopis, Suan and Y=
=ntists are working on b

becoming more virulent as it spreads.Sci

ing strains of wheat that are resistant to UGSS. How
> Pathotype frequancy graph

is grown in 8 broad range of environments. This mears that breeding programs would have extensive work remaining to get
SF Pathotype by oty resistance into regionally adapted sven after resistance is identified.
>/ Pathotype by year map Below is fink to Giffarent tools that snslyse snd Gisplay information sbout the histarical and curent distribution and importanc

SO ¢ stem rust, leaf rust and yellow rust - mainly in Africs/Central and West Asis. Use the fink below the Screen dum
2/ felence by, Year. men to the left. ;

jence by Coun W —

2> Viulence Dy Citry For further information ses RustSpore and Globsinust.org CLICK ON PHOTO TO ENLAR
> First sppearance of vindences
> Surveillance mapping tosl PATHOTYPE FREQUENCY GRAPH PATHOTYPE BY COUNTRY PATHOTYPE BY YEAR MAP

> Surveillance data overview

> Importance of the three wheat Rusts B == fla Sttt 2 —

» Yellow Rust Europe

» Publications

Go to this tool Go to this tool

VIRULENCE BY YEAR MAP VIRULENCE BY COUNTRY

e msmrea o s

f =% : [(HEEEE = B
& & Internet | Beskyttet tilstand: Fra
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International Services PATHOTYPE BY YEAR MAP
> Annual status on pathotyping

B Wheat Rust Toolbox
B Stamnst BOther M TTKSK (UaS9)

> Pathotype freguency graph :
> Pathotype by country

Bl Pathotype by year map

> \Virulence by Year
Virulence by Country

First appearance of virulences

Yax Ha 1 20119 2010 94 2009 ] 2008 ] 2007 4] 2005 ] 2005 F4) 109 Help

WTTKSF @ TTKST (Ua39+Sr24) QTIKSP  WPTKSK  BPTKST

O TTTSK (UaS9+Sr35)
Py

Surveillance mapping tool
Surveillance data overview

Vi v & W

> Importance of the three wheat Rusts
» Yellow Rust Europe
2 Publications

& @ Internet | Beskyttet tilstand: Fra
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19,8mill/ 20122016

RUSTFIGHT

DSF

ST

.," X,

SEJET PLANT BREEDING
!7, Crossing, mapping, screeningand g ICARDA/CIMMYT
O implementation of genetic resources Wheat genetic resources (WP6)
in wheat breeding
T in wheat breeding (WP6) R
1 AU-GRRC
~ Epidemiology, genetics and
5 IKU-LIFE molecularmechanisms of INRA
o Effector driven R-gene identification agressiveness/ high temeperature Establishment of sexual
o) and temperature sensitivity (WP4) tolerance, durability of resistance recombination system and
= 5 (WP1, WP2, WP3, WPS) epidemiological studies of parent
E O and offspring isolates (WP1, WP2}
(g
CBS EM > (JKMB) UKE
Supercomputing facility, sequence Statistical analysis and modelling
z assembly, bioinfomatics (WP3, WP4) AU-GRRC (WP1, WP5})
i E
[0} Isolate pathotyping, define
(@] pathogenic arsenal and origin of
T KU-LIFE aggressive strains, evolution of ICARDA/ CIMMYT
I& Establish effector inventory (WP4} virulence, devlop ICT platform Coordination of isease survey and
o (WP4, WP5, WP7) isolate sampling (WP5)

==Pp Transfer of material
==P Flow of expertise

Q Visiting professors



Nyt samarbejde med SLU-Uppsala (Jonathan Yuen)

Phd projekt (2011-14) med fokus
pa at undersgge, om Berberris
vulgaris har betydning for YR
epidemiologi i Sverige

Phd stud. Kerstin Gillen



