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8. Global stem rust surveillance  
in practice
Z.A. Pretorius1, K. Nazari2

Abstract
An assessment was made of stem rust race analysis 

on a global scale. Responses were obtained from 23 rust 
workers representing 21 countries. Five laboratories 
have an institutional history in stem rust race analysis 
of more than 60 years, whereas personal experience 
in this field ranged from 0 to 35 years. The number 
of stem rust samples processed from 2006 to 2008 
varied greatly between countries. For the three year 
period most collections were characterized in Canada, 
followed by Georgia, USA, South Africa and Australia. 
Most laboratories use the North American differential 
set and nomenclature system. However, these entries 
are often supplemented by additional tester lines 
from the Stakman set, other single gene lines or local 
cultivars. Differential sets varied between eight and 50 
entries. More than half of the respondents indicated 
that they often encounter seed mixtures amongst their 
differentiating lines. In recent surveys most races were 
detected in Ethiopia, followed by Georgia and China. 
One race dominated the USA and Canadian stem rust 
population. In South America and Australia stem rust 
has been rare in commercial wheat for many years. Races 
within the Ug99 cluster were frequently identified in 
stem rust collections from Kenya and Ethiopia. Two races 
related to Ug99, but avirulent on Sr31, occur in South 
Africa. Several laboratories are in the process of purifying 
and bulking differential seed, which appears to be one 
of the major limiting factors in reliable stem rust race 
analysis. Improvement of infrastructure and training of 
individuals inexperienced with stem rust should improve 
global surveillance efforts. In addition, countries doing 
race analysis should keep viable culture collections in 
long-term storage.

Key words
Pathotype, Puccinia graminis f. sp. tritici, race 

analysis, surveys

Introduction
Studies on pathogenic variation in Puccinia graminis 

f. sp. tritici were initiated almost 100 years ago (Stakman 
and Piemeisel 1917; Stakman et al. 1918; Stakman and 

Levine 1922). Since the original descriptions, similar 
studies were conducted in many countries to monitor 
the occurrence and distribution of stem rust races 
(McIntosh et al. 1995). Knowledge of the virulence profile 
of prevailing races and the availability of representative 
cultures are important in screening and breeding 
wheat for resistance to stem rust. In addition, pathogen 
and host analyses over time provide information on 
evolutionary relationships and dispersal patterns.  

The detection of stem rust race Ug99 (Pretorius et al. 
2000) has renewed a global interest in the threat posed 
by stem rust and in research to combat this disease. 
Regular stem rust surveys and race analyses are thus 
considered important in monitoring the anticipated 
spread of Ug99 and its variants (Singh et al. 2008). The 
objective of this study was to determine the extent of 
stem rust surveys currently undertaken on a global scale. 
The paper is not intended as a detailed inventory of 
avirulence/virulence profiles detected worldwide, but 
rather a summary of country activities in terms of race 
analysis in P. graminis f. sp. tritici.

Data acquisition
A questionnaire covering biographical details of 

the respondent, institutional and personal experience 
in stem rust race analysis, countries/regions surveyed, 
frequency of surveys and collection methods, 
differential set used and its original source, frequency 
of differential seed multiplication and purity of entries, 
number of samples processed from 2006-2008, number 
of races identified during the last survey, greenhouse 
and inoculation facilities, and general comments, was 
compiled.

The questionnaire was distributed by the Borlaug 
Global Rust Initiative (BGRI) secretariat to 31 scientists 
known to be working on wheat rusts.

Results and discussion
Completed questionnaires were received from 

23 respondents representing 21 countries. Some 
reports were comprehensive and provided information 
on all sections whereas others were incomplete 
or only indicated a desire to do stem rust analysis. 
Accurate records for institutional experience were not 
always available. This summary is only based on the 
information supplied and acknowledges the fact that 
other institutions doing similar work may have been 
omitted from the distribution list. Respondents are 
listed in Table 1.
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Table 1 Countries responding in the global summary of stem rust race analysis activities 

Country Institution Contact person

Australia PBI Cobbitty, University of Sydney, Camden Prof Robert Park

Argentina Instituto Nacional de Tecnología, Bordenave Dr Pablo Campos

Armenia
Scientific Center of Agriculture and Plant Protection, 
Echmiadzin

Dr Hrant Terlemezyan

Brazil
Empresa Brasileira de Pesquisa Agropecuária, Passo 
Fundo

Dr Marcia Soares Chaves

Canada Agriculture and Agri-Food Canada, Winnipeg Dr Thomas Fetch

Chile Instituto de Investigaciones Agropecuarias, Chillan Dr Ricarda Madariaga

China
Institute of Plant Protection, Chinese Academy of 
Agricultural Science, Beijing

Dr Wanquan Chen

Ethiopia (A)* Ethiopian Institute of Agricultural Research, Ambo
Dr Getaneh Woldeab 
Wolderufael

Ethiopia (DZ)* Ethiopian Institute of Agricultural Research, Debre Zeit Dr Ayele Badebo Huluka

Georgia Instsitute of Plant Immunity, Kobuleti, Adjara Dr Zola Sikharulidze

India
Wheat Rust Laboratory, Directorate of Wheat Research, 
Flowerdale, Shimla

Dr Mohinder Prashar

Iran Seed and Plant Improvement Institute, Karaj Dr Farzad Afshari

Kenya Kenya Agricultural Research Institute, Njoro Dr Ruth Wanyera

Mexico CIMMYT Dr Ravi Singh / Dr Julio Huerta

Morocco
Institut National de la Recherche Agronomique, 
Meknès

Dr Ramdani Abdelhamid

Pakistan
Institute of Plant and Enviromental Protection, 
Islamabad

Dr Javed Iqbal Mirza

Paraguay
Centro Regional de Investigación Agrícola, Capitán 
Miranda

Dr Lidia de Viedma

South Africa (Bfn)* University of the Free State, Bloemfontein Prof ZA Pretorius

South Africa (Bhm)* ARC-Small Grain Institute, Bethlehem Dr Tarekegn Geleta Terefe

Sudan Agricultural Research Corporation, New Halfa Dr Abdalla Kurmut

Syria ICARDA Dr Kumarse Nazari

Uruguay
Insituto Nacional de Investigación Agropecuaria, 
Colonia

Dr Silvia German

USA USDA-ARS Cereal Disease Laboratory, St. Paul Dr Yue Jin

*A and DZ refer to Ambo and Debre Zeit; Bfn and Bhm refer to Bloemfontein and Bethlehem
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Five countries, viz. Australia (PBI Cobbitty, University 
of Sydney), Canada (Agriculture and Agri-Food, 
Winnipeg), India (DWR, Flowerdale, Shimla), Mexico 
(CIMMYT) and USA (USDA-ARS CDL, St. Paul) have 
institutional histories of more than 60 years in stem rust 
race analysis. Personal experience ranged from 0 to 35 
years (Fig. 1). Some respondents mentioned that they 
lack stem rust experience, but have been trained in leaf or 
stripe rust analysis. Respondents from Pakistan and South 
Africa (ARC Bethlehem) indicated that their institutions 
have a significant history of stem rust work, but that they 
personally lacked experience in this field. Considering 
both personal and institutional experience, countries 
such as Australia, Canada, China, Georgia, Mexico, South 
Africa and USA have had good continuity in stem rust 
race surveys.  

In terms of the number of stem rust samples 
processed during 2006 to 2008, the disease was most 
prevalent in Canada (684 isolates), Georgia (422), 
USA (273) South Africa (218) and Australia (200) (Fig. 
2). Although no response was received from Yemen, 
32 isolates of P. graminis f. sp. tritici were pathotyped 
at the CDL in St. Paul and Agriculture and Agri-
Food Canada in Winnipeg. In a study completed in 
Germany, 152 Ethiopian wheat stem rust isolates were 
characterized (Admassu et al. 2009). Similarly, due to a 
lack of infrastructure, race analyses of stem rust samples 
collected in Kenya (99 isolates), Ethiopia (56) and Sudan 
(1) were done in St. Paul and Winnipeg. Despite valuable 

information being obtained from these collections, the 
mortality of East African wheat stem rust samples sent to 
the USA was unacceptably high (Y. Jin pers comm).    

The numbers of entries in differential sets ranged 
from eight (Iran) to 50 (CIMMYT). Cereal rust laboratories 
in Argentina, Brazil, Canada, China, Mexico, Pakistan, 
South Africa, Uruguay and USA use, or plan to use, the 
North American (NA) (Roelfs and Martens 1988; Roelfs 
et al. 1993; Jin et al. 2008) stem rust set. Other countries 
such as Armenia, Ethiopia (Ambo), Morocco and Syria 
use the ICARDA set which includes the NA differential 
lines. Not all countries using the NA system have the 
same number of entries or the same genotype per Sr 
gene and it is possible that the expression of resistance 
genes in dissimilar backgrounds may influence race 
designation. Of some concern is the fact that more than 
one version of the NA race code exists in the literature. 
Jin et al. (2008) proposed an official fifth set (Sr24, 31, 38 
and McNair 701) to the NA differential series (Roelfs et 
al. 1993). However, a fifth set consisting of Sr7a, 8b, 13 
and McNair, previously added by Canadian rust workers 
(Fetch and Dunsmore 2004), is still being used (Admassu 
et al. 2009). Papers using the NA nomenclature thus 
have to be clear on which Sr gene set was used.

Australia and Georgia use the Stakman system plus 
additional tester lines, which differ between the two 
countries, and Iran and India have their own differential 
sets. However, data obtained from the Georgian and 
Indian sets can be converted to the NA code. The ARC 
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Fig. 1 A summary of institutional and individual experience (years) in stem rust race analysis.  In Ethiopia (A) refers to 
Ambo and (DZ) to Debre Zeit. In South Africa (Bhm) indicates the ARC Small Grain Institute at Bethlehem and (Bfn) the 
University of the Free State at Bloemfontein
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Small Grain Institute in South Africa allocates a ‘2SA’ 
race number, but the current differential set also allows 
conversion to a NA code.

Most respondents indicated that they reselect or 
increase their differential entries annually and 64% 
indicated that they often observe mixtures within 
differentials. Even laboratories starting with seed 
multiplication of ‘new’ stocks may be at risk of impurities 
because most likely their lines were obtained from 
established institutions where these entries have been 
increased many times. An international effort to purify 
differential lines and establishment of a single stock for 
each entry from which subsets can be distributed, will 
greatly enhance the accuracy of global data.

Respondents from Australia, Argentina, Brazil, 
Canada, China, India, Iran, Mexico, Morocco, Pakistan, 
South Africa, Uruguay and USA mentioned that they 
have access to air-conditioned greenhouses, an isolated 
facility for raising seedlings uncontaminated by rust 
spores, efficient inoculation and incubation facilities, and 
the capacity to sub-culture stem rust isolates. In general 
these facilities are sufficient for conducting reliable 
cereal rust research. Furthermore, efforts are currently 
underway in Kenya and Ethiopia to improve their rust 
research facilities. Together with trained personnel and 
appropriate seed stocks and rust isolates, stem rust race 
data, in addition to those from established laboratories, 
should be available from several countries in future.

Based on recent survey data, most diversity in stem 
rust populations appears to occur in China, Ethiopia 
and Georgia. Despite being a historically important 

Fig. 2 Numbers of stem rust isolates pathotyped during 2006-2008. Ethiopian isolates were characterized at Ambo (A), 
Germany (Germ) and North America (NA). Kenyan and Sudanese collections were processed in North America. In South 
Africa the official stem rust survey is conducted by the ARC Small Grain Institute at Bethlehem (Bhm) 

disease in China, stem rust has been controlled through 
resistance breeding and now occurs mainly on spring 
wheat in some regions. In a study conducted in 
Germany, Admassu et al. (2009) reported 22 stem rust 
races from 152 collections made in Ethiopia in 2006. No 
virulence for Sr24 was detected but TTKS was commonly 
found. At Ambo problems were encountered with poor 
seed germination and mixed differentials resulting in 
incomplete data sets. However, virulence for Sr31 was 
common. The respondent from Georgia mentioned that 
barberry occurs in certain regions, but did not provide 
information indicating its potential contribution to racial 
diversity in stem rust.  

In Australia, stem rust has been rare in commercial 
wheat in recent years. Most samples come from 
experimental plots and only three races were detected 
in the most recent survey. This low incidence is 
attributed to resistance breeding using Sr genes which 
remain effective, individually, or in combinations. The 
South American countries reported that, in general, stem 
rust has not been a problem for many years. Several 
institutes are currently increasing differential lines and 
should start with race analysis in 2010. In Argentina, 
representative isolates from 2000 onwards are available 
for testing once the system has been optimized.

In North America, one race (QFCSC) has dominated 
the Great Plains, Eastern USA and Canada in recent years. 
Unique races were found in the Northwest US, most 
likely from a sexual population (Y. Jin pers. comm.). In 
Mexico, diversity in wheat stem rust is uncommon and 
only one race has lately been identified.
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Races within the TTKS cluster were commonly 
found in Kenyan and Ethiopian collections. Interestingly, 
some of these appeared to be avirulent for Sr21 (T. Fetch 
pers. comm.). Nazari et al. (2009) confirmed the presence 
of race TTKSK in Iran, emphasizing the importance 
of continued stem rust surveys in countries at risk to 
Ug99. Race TTKSF (2SA88), which is believed to be an 
introduction (Visser et al. 2009), has been predominant 
in South Africa for several years. A Sr24-virulent variant, 
TTKSP, was detected in the Western Cape in 2007. A 
further variant virulent for SrSatu was discovered in 
South Africa in 2005.

The value of global race data will be significantly 
increased once there is agreement on a standard set 
of differentials of common origin, and standardized 
protocols and interpretation of infection types. Progress 
has been made in this regard with the BGRI Manual on 
handling stem rust samples and current discussions 
on the composition of a basic international set of 
differential entries. Training of rust pathologists and 
improved visual aids of infection types, particularly as to 
what is considered low, intermediate and high for each 
Sr gene included in the set, will be of value. A validation 
of predominant global stem rust races at an accredited 
laboratory, equipped with containment facilities, will 
greatly add to accuracy of data. However, biosecurity 
and phytosanitary issues, as well as material transfer 
agreements and capacity to do this work at a central 
facility, will have to be negotiated.  

The use of surveillance technology and detailed 
record keeping should be emphasized at all laboratories 
doing stem rust surveys. Furthermore, culture 
collections are extremely important for rust research 
and resistance breeding. Institutions collecting wheat 
stem rust and identifying races should invest in reliable 
storage facilities with the necessary back-up systems. 
Such collections provide the materials for molecular 
and phenotypic comparisons of P. graminis f. sp. tritici 
isolates to improve our perspectives of evolutionary 
relationships within this variable pathogen.  

It will be to the advantage of the cereal rust 
community if global stem rust survey data are 
more freely available. The Rustopedia website (www.
rustopedia.org) provides an excellent opportunity for 
pointing rust workers to published articles, institutional 
reports and websites, books, manuals and other relevant 
sources on the topic.
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