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Stem Rust in North AmericaStem Rust in North America

The pathogen population has been very stable
QFCS (>90%) 2003-06
RCRS & QFCS (>90%) 1998-2002
TPMK 1971-97 
QCCJ 1989-93
QFCS 1978-83, 88-94

Factors contributing to the stability:
• Widespread use of resistant cultivars
• Reduction in population size 
• A lack of sexual recombination (Barberry       

eradication)
• The bottleneck of overwintering

Last major epidemic was in the 1950’s (race 15B); 
40% losses in Northern Plains



Wanyera, Kinyua, Jin, Singh 2006 Plant Dis 90:113

Pretorius, Singh, Wagoire, Payne 2000 Plant Dis 84:203

Singh, Hodson, Jin, Huerta-Espino, Kinyua, 
Wanyera, Njau, Ward 2006 CAB Review

Ug99 is TTKS

Ug99 was discovered in 1999 in Uganda  
Being the 1st known race virulent on Sr31

Stem rust race TTKS in Kenya 
(since 2001) was identical to Ug99

Now confirmed in Yemen; possibly 
Sudan (2007)



Wheat Production Practices and Rusts in KenyaWheat Production Practices and Rusts in Kenya

Mau Narok
2,900m (9,514ft)
6.5-24.00C (43.7-75.20F)



Factors in East Africa 
that may contribute to the rapid evolution of new races

Factors in East Africa 
that may contribute to the rapid evolution of new races

• Wheat production in the highlands (>2000m or higher).

• Wheat is present year-around due to staggered planting dates 
or volunteers.

• Daily dews and mild temperatures permit continued survival 
of the fungus and re-infections on host plants.



Why the concern?

Results from 2006 Kenya:
Country %R
ICARDA-WANA 9
Egypt 2
Iran 2
Pakistan 8
Nepal 2
India 9
Bangladesh 6
Kazakhstan 2

Wheat consumption 
per capita:185kg (≈ 400lb)

* Ug99 (or TTKS) is considered to be a serious 
threat for food security in developing countries



Potential migration routes for TTKS based on prevailing 
air-flows and regional wheat production areas. 
Route A is considered to have a higher probability

Singh, Hodson, Jin, Huerta-Espino, Kinyua, 
Wanyera, Njau, Ward 2006 CAB Review

**



Sr36 is highly resistant to TTKS, easily 
detected in seedling (0 to 0;) and adult plant 
stages (0).  Thus, backcrossing of Sr36 is 
probable for achieving resistance to Ug99 
rapidly.  



Resistance to TTKS in US & CIMMYT Wheat 
-Based on seedling & 2005 Kenyan nursery

Resistance to TTKS in US & CIMMYT Wheat 
-Based on seedling & 2005 Kenyan nursery

Class 05KEN 
adult

% resist. 
(≤20MS)

06TTKS 
seedling

% resist.
(≤IT 2) Genes

Chris-type, Sr24

Unknown

Sr24, 1RS-Am, 
Tmp, 36, unk.

Sr36, 24, 1RS-Am, 
Tmp, unk

APR, Sr24, 25, 
unk.

HRS-germplasm 466 19 89 82

HRS-breeding 
lines & cvs 103 12

368

148

270

HRW-breeding 
lines 121 31 46

SRW-breeding 
lines 92 27 22

CIMMYT-
breeding lines 2500 11 89



Results of 2006 Kenyan Stem Rust Screening

Country Entries % R or MR
Bangladesh 84 3.6
India 102 22.5
India AKJ 100 9.0
Nepal 105 1.9
Pakistan 105 5.7
China 1118 1.7
Iran 100 2.0
Khazakstan 86 3.5
Russia 35 2.9
Turkey 85 18.8
US HRS-breeding 97 22.7
Canada 233 38.2
Australia 52 46.2
CIMMYT-combined 886 25.5



Genes remain effective in the 2006 Kenyan stem rust nursery based on CDL single 
gene lines (genes in yellow are in adapted background):

• Sr13, 22, 24*, 25, 26, 27, 28, 29, 32, 33, 35, 36, 39, 40, 44, Tmp, 1A.1R, Tt-3
• Sr9e, 14 and 21 were not completely susceptible at the adult plant stage
• Sr2 complex remains effective (based on CIMMYT lines)

Some anomalies in the 2006 nursery in comparison with the 2005 nursery:

• Sr13 was higher, in excess of 50 MS in some plots
• Thatcher was higher, up to 40 MR-MS
• Pavon 76 was higher, up to 30 MR-MS
• MS-S pustules were found on Sr24 lines with low frequencies
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Sr24 Virulence
Sr24 was highly effective 
against Ug99, showing up to 
20MR under high stem rust 
pressure in Kenya in 2005.  

It is the major component for 
Ug99 resistance in adapted 
germplasm, occurring in a 
high frequency in wheat 
worldwide.  Approximately, 
60% Ug99 resistance in hard 
wheat in US is due to Sr24.

Scattered MS to S pustules 
with low frequency were 
seen in many Sr24 lines in 
the 2006 Kenyan stem rust 
nursery.  Sr24 virulence was 
suspected and is now 
confirmed.



Variant within race TTKS

TTKS on LcSr24Ag

Sr24V variant on LcSr24Ag

LMPGSr24

Ivan (Sr24)

Siouxland (Sr24+31)

Seedling test indicated that the variant has an identical 
virulence pattern with race TTKS except for producing 
high infection types (IT 2+ to 3) on Sr24



International Stem Rust Monitoring

East Africa

Kenya
Ethiopia
Eritrea

North Africa

Sudan
Egypt
Tunisia
Algeria
Morocco
Yemen

South Asia

India
Pakistan
Nepal
Bangladesh

West Asia

Jordan
Syria
Turkey
Iran

Central Asia

Uzbekistan
Tajikistan
Kyrgyzstan
Kazakstan

Latin America

Chile
Uruguay

(Others not in the GRI system:
US, CAN, Aus, Isr.)

Number of locations/country varies, ranging 4 to 6 (or maybe more)







Rust Collections Received at the CDL

Stem Rust Leaf Rust
1997 96 541
1998 116 547
1999 241 648
2000 260 599
2001 182 364
2002 164 563
2003 161 376
2004 93 534
2005 115 523
2006 82 421

Total 1510 5116



www.ars.usda.gov/mwa/cdl

Cereal Disease 
Lab website:



Cereal Rust 
Bulletin
Issued bi-weekly, 
March - August



Current Rust Reports

To subscribe to the listserv, send 
an email to: 
LISTSERV@LISTS.UMN.EDU 

With the command (paste it!):
SUBSCRIBE CEREAL-RUST-SURVEY



Other websites:Other websites:
Global Rust Initiative: 

http://www.globalrust.org/
CIMMYT:

http://www.cimmyt.org/
ICARDA:

http://www.icarda.org/

Global Rust Initiative: 
http://www.globalrust.org/

CIMMYT:
http://www.cimmyt.org/
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