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Abstract
Approximately nine million ha of wheat (Triticum 

aestivum and T. durum) were sown annually in the 
Southern Cone of South America (Argentina, Brazil, 
Chile, Paraguay and Uruguay) during 2003-2007. 
Presently, leaf rust (caused by Puccinia triticina) is the 
most important rust of wheat throughout the region. 
The pathogen population is extremely dynamic leading 
to short-lived resistance in commercial cultivars. 
Leaf rust management relies on the use of resistant 
cultivars and fungicides. Sources of adult plant 
resistance conferred by minor additive genes have 
been increasingly used in breeding programs to obtain 
cultivars with more durable resistance. Stripe rust (P. 
striiformis f. sp. tritici) is endemic in central and southern 
Chile, where fungicides are required to control the 
disease on susceptible cultivars. Stem rust (P. graminis 
f. sp. tritici) has not caused widespread epidemics in 
the last 25 years due to the use of resistant cultivars. 
Virulence to Sr24 and Sr31, the most important genes 
conferring resistance to local races, has not been 
reported in the region. The areas sown with cultivars 
susceptible to local races in Argentina and Uruguay have 
increased in recent years. Since most varieties sown 
in the region are susceptible to Ug99 or derived races, 
testing and selection for resistance in Kenya, facilitated 
by the Borlaug Global Rust Initiative, is highly relevant 
for research aimed at preventing epidemics, which 
may occur if these races migrate, or are accidentally 
introduced to our region. The resistances identified in 
east Africa will also contribute to increasing the levels of 
resistance to current local races. 
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Introduction
During 2003-2007 wheat (Triticum aestivum L. and 

T. durum Desf., syn. T. turgidum L.) was planted annually 
on approximately nine million ha in the Southern 
Cone of America (Argentina, Brazil, Chile, Paraguay and 
Uruguay) (FAOSTAT 2009). Argentina was the largest 
wheat producer (14 million tonnes(mt)) followed by 
Brazil (4.6 mt) and production in the smaller countries 
ranged from 0.5 to 1.6 mt, totaling 21.7 mt for the 
region. High yields of 4.5 t/ha are obtained in Chile 
where wheat is planted at higher latitudes (33° to 41°S) 
contrasting with lower yields of 1.9 to 2.9 t/ha obtained 
in the other Southern Cone countries.

Most of the area is sown to common wheat 
cultivars. Durum wheats are cultivated only in Chile 
and in the south of the Argentinean wheat area, 
representing a low percentage of the production 
(Germán et al. 2007). Spring wheats are used in most 
of the region, but alternative wheats are also used in 
Chile, Uruguay and the southern Argentinean wheat 
areas. Winter wheats are used in a smaller proportion 
of the regional wheat area, mostly in southern Chile 
and to a lesser extent in Argentina. All wheat types are 
sown during the fall and winter and harvested in spring 
or early summer. At lower latitudes of the Atlantic area, 
spring cultivars are mostly sown under zero tillage in 
double cropping with soybeans or other summer crops. 
Most of the pacific coastal area rotates dryland cereals 
with rapeseed, lupins and other crops under irrigation, 
such as potatoes, sugar beet, beans, sunflower, chicory 
or vegetables.

Presently, leaf rust (caused by Puccinia triticina 
Eriks.) is the most important rust of wheat throughout 
the region (Germán et al. 2007; Singh et al. 2009). Stripe 
rust is endemic in southern Chile. Control of leaf rust 
and stripe rust on susceptible cultivars relies on the use 
of fungicides. Due to the high economic importance 
of the rusts, resistance to leaf rust in all five countries, 
and to stripe rust in Chile, are long-term objectives for 
regional breeding programs. Although stem rust has 
not caused epidemics for over 25 years, awareness of 
the potential risk represented by the unlikely migration, 
or accidental introduction, of race Ug99 and derivatives 
has increased in recent years.

The prevalence of bread wheat rust diseases in 
the Southern Cone of South America, use of chemical 
control, variability of the pathogen populations, and 
breeding for resistance will be described.
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Wheat rusts - prevalence and geographical 
distribution

Climatic conditions in the Southern Cone are 
favorable for the development of rusts. Weather patterns 
in southern Chile are favorable for the development 
stripe rust (P. striiformis f. sp. tritici West.) while leaf rust 
and stem rust (P. graminis f. sp. tritici Pers.) epidemics 
may occur throughout the entire Southern Cone. 

Leaf rust is currently the most prevalent and 
severe wheat disease in the region. It is present every 
year, causing widespread epidemics on susceptible or 
moderately susceptible cultivars, which are grown in a 
high proportion of the wheat area (Germán et al. 2007; 
Singh et al. 2009). Leaf rust causes severe epidemics in 
Brazil, Paraguay and Uruguay, and has an increasing 
importance in Chile (Mellado 2007, Hacke 2007). Leaf 
rust is present in all Argentinean wheat areas, varying in 
importance between sub-regions according to weather 
conditions (Campos 2008). Approximately 40% of the 
total area under wheat in Argentina is affected by severe 
leaf rust epidemics, whereas cool temperatures and/or 
dry conditions limit disease development in the rest of 
the Argentinean wheat area (Germán et al. 2004). Leaf 
rust can cause grain yield losses higher than 50% under 
severe epidemics if fungicides are not applied. 

Stripe rust is endemic in central and southern Chile. 
In the past it was present every year mostly on winter 
and facultative wheats. Stripe rust infections have 
not caused major concerns since a severe epidemic in 
2001 affected several spring cultivars, including some 
carrying Yr9. During 1929 and 1930, stripe rust caused 
very extensive and severe epidemics in Chile, Argentina, 
Uruguay and in Río Grande do Sul in Brazil. After these 
epidemic years, and in contrast with the increasing 
importance of this disease in other parts of the world, 
only sporadic localized outbreaks of stripe rust occurred 
on highly susceptible cultivars in Argentina, Brazil and 
Uruguay. Stripe rust was last detected in experimental 
fields in Argentina during 2004. A high proportion of 
commercial cultivars and advanced breeding lines 
from Argentina, Brazil, Paraguay and Uruguay routinely 
tested in cooperative nurseries in Chile are susceptible 
to stripe rust.

Although stem rust was the most damaging rust in 
the past, it has not caused widespread epidemics in the 
last 25 years due to the use of resistant cultivars in most 
wheat areas (Germán et al. 2007). The release of stem 
rust susceptible cultivars led to the reappearance of the 
disease in commercial fields in northern Argentina in 
2001 and 2003. After 2003, the pathogen has frequently 
been observed in experimental fields in Argentina 
and Uruguay. Although not observed in the rest of the 

region for many years, some infections were detected in 
experimental fields in Passo Fundo (Brazil) in 2007 and in 
Chillan (Chile) in early 2009.

Rust epidemiology – over summering and development 
of epidemics during the crop season

Based on differences in rust race populations, 
two epidemiological zones separated by the Andean 
Mountains were suggested for South America (Rajaram 
and Campos 1974). Some similarities between the rust 
populations of Chile (representing the western zone), 
and the eastern zone (Argentina, Brazil, Paraguay and 
Uruguay) indicate that migration between zones occurs 
(Germán et al. 2007). No barriers for urediniospores 
transported by wind currents exist in the larger eastern 
zone, where wheat is planted in lowlands in Argentina, 
Paraguay and Uruguay and higher plateaus (600-800 
masl) in Brazil.

The presence of alternate hosts of P. triticina and 
P. graminis f. sp. tritici has not been reported in the 
region. Therefore rust fungi survive the critical season 
(summer) on volunteer plants of wheat or secondary 
hosts. Over summering of leaf rust on volunteer wheat 
has been observed in most of the region. Stripe rust in 
Chile probably survives locally, on volunteer wheat or on 
secondary hosts at cooler higher altitudes in the mountains 
close to cropping areas. Over summering of stem rust has 
been observed on volunteer wheat in the south of Buenos 
Aires province (Argentina) and on volunteer wheat and 
barley plants in Uruguay (Germán et al. 2007). 

The high proportion of susceptible cultivars in the 
cropping area allows P. triticina to oversummer across 
large areas and hence to develop severe epidemics 
during the subsequent cropping season. Leaf rust 
infections in commercial fields are first observed in the 
north and develop with the crop towards the south 
(Barcellos et al. 1982). However, early sown alternative 
cultivars used in Uruguay and the south of Buenos Aires 
Province (Argentina) may be infected early under the 
favorable conditions that occur during the fall. Lower 
temperatures during the winter slow the development 
of epidemics, but the presence of inoculum in the crops 
allows fast epidemic development during spring. Earlier 
and more severe epidemics have occurred during years 
when winter temperatures have been above average for 
long periods, as occurred in 2001 and 2005.  

Variation in the pathogen populations - evolution of 
races and associated epidemics

The P. triticina population in the Southern Cone is 
extremely dynamic, leading to short-lived resistance 
in commercial cultivars (Germán et al. 2007). A large 
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number of races are generally present every year. 
The prevalent races change dramatically over time, in 
accordance with the area sown to cultivars susceptible 
to different pathotypes. After short periods of time, with 
few exceptions, resistance of new cultivars is overcome 
by new virulent races of the pathogen.

Leaf rust surveys and race identifications are 
performed annually in Argentina, Brazil and Uruguay. 
Samples from Chile and Paraguay are also analyzed for 
race identification. During 2004-2007 races MCP (Long 
and Kolmer 1989) with additional virulence on Lr10 
(MCP-10), MDR with additional virulence on Lr10 and 
Lr20 (MDR-10,20) and MFP, also virulent on Lr20 (MFP-20), 
were present in high frequencies in Argentina (Campos 
2008) and Uruguay (Table 1). MCP-10 was associated 
with severe epidemics on Klein Don Enrique (Lr26 and 
additional resistance +; Antonelli 2003) in Argentina and 
Uruguay, MDR-10,20 was associated with epidemics on 
INIA Torcaza (Lr10, Lr24 +; Germán et al. 2005; Demichellis 
et al. 2008) and INIA Churrinche (Lr10, Lr24; Demichelis 
et al. 2008) in Uruguay, and MFP-20 was associated with 
epidemics on INIA Tero (Lr17, Lr24; Germán et al. 2005) 
in Uruguay. MFP-20 (Brazilian designation B56) was the 

first race virulent on BRS 194, widely grown in Brazil from 
1988 to 1994 (Chaves et al. 2009). MDT-10,20 and related 
race MFT-10,20 (Brazilian designation B55, Chaves 2007) 
have been prevalent in Brazil since 2005 and since first 
detected in Argentina and Uruguay in 2007. These races 
are also present in Paraguay. Related races MDT-10,20 and 
MFT-10,20 are virulent on a wide range of commercial 
cultivars, and have caused severe epidemics on the most 
popular cultivars in Brazil and Paraguay, as well as other 
popular cultivars from Argentina, Brazil and Uruguay. 
MCT-10/MHT-10 was frequently found in Argentina during 
2004-2006. Race MCD-10,20 (previously prevalent across 
the region) and MCP-10,20 were also identified in samples 
from Chile and Paraguay. Race MCD-10,20, was isolated 
from samples collected during 2007 and 2008 in Chile 
and analyzed in Uruguay and the USDA-Cereal Disease 
Laboratory (J. Kolmer pers comm). Some races isolated 
from durum wheats were different from races previously 
identified in the region (J. Kolmer, pers. comm.). The most 
significant changes in the leaf rust population during 
1996-2003 affecting 10 cultivars represented an estimated 
loss of US$172 million to Southern Cone wheat farmers 
(Germán et al. 2004).

Table 1 Race frequencies of Puccinia triticina isolates collected in Argentina, Brazil and Uruguay during 2004-2007

Argentina Brazil Uruguay

Code
Brazil.

code

First

detect.
2004 2005 2006 2007

First

detect.
2004 2005 2006 2007

First

detect.
2004 2005 2006 2007

CHT 10.0 2.6 1.0 1997 0.7

MCD-10 4.0 5.8 2001 15.0 8.0

MCP-10 2000 46.0 16.9 29.0 3.0 2000 28.0 15.4 1.5

MCP-10,19 2005 10.4 4.0 4.0 2006 2.2 1.7

MCT-10 B34 4.0 17.5 25.0 2.0 1989 2.0 3.7 3.1 2.9 1992 1.7 2.2

MDP-10,20 B58 2005 1.9 7.0 9.0 2007 2.5 2004 4.0 10.9 18.7 19.0

MDR-10,20 2004 1.0 16.9 8.0 8.0 2003 17.0 32.0 20.1 3.3

MFP-20 B56 2004 3.9 11.0 10.0 2005 0.7 5.2 2.5 2005 1.7 28.4 4.1

MFR-10,20 2007 10.0 2004 4.0 4.0 3.7 2.5

MDT-10,20 B55 2007 21.0 2005 26.4 66.5 73.0 2007 24.0

MFT-10,20 B55 2007 8.0 2004 5.1 49.2 2007 14.0

MFT-20 B51 2004 1.0 2002 16.2 3.3

MHT-10 2003 12.0 1.9

SPJ-10 B50 2002 4.6 12.0 1.6

TFT-20 B54 2004 21.8

No isolates 96 138 197 299 191 244 100 175 134 121
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Virulence frequencies have generally been high on 
lines with Lr1, Lr3a, Lr3ka, Lr10, Lr14a, Lr14b, Lr11, Lr26 and 
Lr30, intermediate on lines with Lr20, and low on those 
with Lr2a, Lr2c, Lr9 and Lr19 (Campos 2008; Germán et al. 
2007). Virulence frequencies on lines with Lr17a and Lr24 
have increased in Argentina (Campos 2008) and Uruguay. 
Isolates with intermediate infection types on the Lr16 
differential have also increased in frequency in Argentina 
(Campos 2008). Low infection on Thatcher lines with Lr2a, 
Lr9 and Lr18 in Chile over recent years indicates that the 
pathogen has low or no virulence to these genes.

Historically, frequent race changes in the Puccinia 
striiformis population have occurred in Chile as 
evidenced by changes in severities of initially resistant 
cultivars. However, no change in the field reactions of 
cultivars and single Yr gene lines has occurred since 
2001, indicating no recent significant change in race 
structure. Genes Yr5, Yr10 and Yr15 reported as effective 
by Madariaga et al. (2004) remain highly effective.

Thirty P. graminis races combining virulence for 
four to 14 Sr genes (Sr5, Sr6, Sr7a, Sr8a, Sr9a, Sr9b, Sr9e, 
Sr10, Sr11, Sr12, Sr13, Sr14, Sr17, Sr29, Sr30, Sr36, Sr37) 
were identified in Brazil during 1949-1994. During 
the beginning of the 2000s one race (RTTTR, Brazilian 
designation, G30) was prevalent in Brazil and Uruguay. 
Since 2002 some changes in the pathogen population 
have been observed in Uruguay (Germán et al. 2007) and 
Argentina where eight pathothypes were differentiated 
on 74 wheat cultivars and available stem rust differentials 
(Campos and López 2008). No virulence has been 
detected for the important resistance genes Sr24 and 
Sr31.

Use of fungicides to control wheat rusts  
The management of leaf rust on susceptible 

cultivars relies on the use of fungicides. Fungicides 
are widely used to control leaf rust in Brazil, Paraguay 
and Uruguay, where the disease is more economically 
important. During early and severe epidemics two or 
three applications of fungicides are required to control 
the disease on highly susceptible cultivars. However 
in Brazil and Paraguay, a fourth application may be 
required. In Argentina rarely more than one fungicide 
application is used on about 25% of the wheat crops. 
In Chile at least one fungicide application is used by 
farmers to control stripe rust and leaf rust. The yields of 
susceptible cultivars, such as Otto, increased from 8.6 t/
ha to 10.1 t/ha after one application of the strobilurin 
fungicide Juwel Top (Madariaga 2008). Due to the large 
areas sown to cultivars that require chemical control, the 
regional annual cost of fungicide applications to control 
leaf rust in an average epidemic was estimated at US$50 
million (Germán et al. 2004).

Mixtures of triazols and strobilurins control leaf 
rust more efficiently than triazols used alone. Triazols 
efficiently control the disease when used at the proper 
dose and with adequate application technology (Maciel 
and Chaves 2008) in average epidemics. Singer (2008) 
reported that isolates of some new prevalent Brazilian P. 
triticina races are less sensitive to tebuconazole than old 
races. These new races include MFT-10,20, MDT-10,20 
(B55), MFP-20 (B56) and MDP-10,20, also present or 
prevalent in Argentina, Uruguay and Paraguay.

Breeding for resistance - the best strategy to control 
the wheat rusts 

Most of the effective resistance to leaf rust present 
in current cultivars is conferred by combinations 
of major resistance genes present in the regional 
germplasm. Lr34 is also frequently present (Germán 
et al. 2007). Resistance genes Lr10, Lr23, Lr24 and Lr26, 
most common in Brazilian germplasm tested during 
1996-1997 (Zoldan and Barcellos 2002), continued 
to be present in the most important cultivars used 
in 2004. Adult plant resistance (APR) genes Lr13 and 
Lr34 are also common in Brazilian germplasm (Zoldan 
et al. 2000). Other APR genes have been described 
in Brazilian cultivars, such as Trp1 and Trp2 present 
in Toropí (Barcellos et al. 2000) and an undesignated 
APR gene present in BR35 (Brammer et al. 2004). Using 
molecular markers, the presence of Lr9, Lr10, Lr19, Lr20, 
Lr24, Lr26, Lr34, Lr37 and Lr47 was detected, either singly 
or in combinations of two or three genes, in 98 modern 
Argentinean cultivars (Demichelis et al. 2008). Lr47 was 
introduced into INTA germplasm (Argentina) using 
molecular markers, leading to the release of Biointa 
2004. Seedling resistance genes Lr3, Lr10, Lr14b, Lr16, 
Lr17a, Lr24, Lr26 and APR genes Lr13 and Lr34 were 
found or postulated in Uruguayan cultivars released 
since 1995 (Germán et al. 2005; unpublished data).

Sources of APR to leaf rust conferred by minor 
additive genes have been increasingly used in regional 
programs to introduce more durable resistance in 
breeding materials (Singh et al. 2009). Old characterized 
sources of APR distributed by CIMMYT, such as Parula 
(Lr34, Lr46 + one or two minor genes), Chapio (Lr34 + 
three or four minor genes), Amadina (four minor genes), 
and other lines with this type of resistance (Singh et al. 
2003) have been used as sources of resistance in crosses 
with adapted materials. Other materials with APR to 
leaf rust, such as old cultivars, new breeding lines and 
cultivars developed by local programs, have also been 
used to introduce this type or resistance in recently 
developed germplasm. 
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Field resistance is the most important criterion 
for selection in populations derived from crosses with 
adapted materials. Molecular markers for Lr34 (Lagudah 
et al. 2006), used in Argentina to confirm the presence 
of this gene in advanced lines, will also be used in Brazil 
and Uruguay. Trp1 and Trp2 markers for the APR present 
in Toropí (S. Brammer et al. unpublished) are under 
validation and will be used to screen breeding lines 
in Brazil. In contrast with APR sources from CIMMYT, 
Toropí has intermediate resistance to Fusarium head 
blight (caused by Fusarium spp.), which can be severe in 
Argentina, Brazil, Paraguay and Uruguay when favorable 
weather conditions occur. Molecular markers for minor 
genes conferring APR to leaf rust will be particularly 
useful to screen populations or lines from crosses 
involving one parent with intermediate or high resistance 
to leaf rust conferred by major genes. Homogeneous 
adapted advanced lines have been selected from crosses 
involving sources of APR to leaf rust and adapted high 
yielding materials and are being used to start a second 
cycle of selection for APR to leaf rust. Selected lines will 
eventually be released as commercial cultivars.

Although both the economic importance of stripe 
rust and pathogen variation have decreased in the 
last decade, breeding for resistance has remained a 
long term objective of the INIA-Chile wheat breeding 
program. Since susceptible materials are annually 
completely destroyed by the disease, indicating that 
favorable environment and compatible pathogen/
host combinations prevail, the use of sources of 
durable resistance to stripe rust is a priority. Due to 
the association between APR to leaf rust and APR to 
stripe rust (Singh 1992; Singh et al. 2003), selection for 
resistance to leaf rust will indirectly increase the level of 
resistance to stripe rust in the germplasm developed in 
eastern countries of the Southern Cone. 

Stem rust resistance was a major wheat breeding 
objective when the disease was prevalent. The absence 
of the disease for many years not only decreased 
opportunities for selection, but also led to changed 
priorities for breeding programs. As a result, susceptible 
cultivars were released in Argentina and Uruguay. Stem 

rust susceptible cultivars were grown on 35% and 
15% of the wheat areas in Argentina and Uruguay, 
respectively, during 2007, and this figure increased to 
almost 30% in Uruguay during 2008. Except for a few 
Brazilian cultivars, which are also grown in Argentina 
and Uruguay, there is no available information on the 
stem rust reactions of cultivars used in Brazil, Chile and 
Paraguay to races present in the region. The increasing 
areas of susceptible cultivars may result in inoculum 
increase and development of stem rust epidemics

In Argentina, the frequent presence of natural 
stem rust infections in summer breeding nurseries at 
Balcarce allows selection and characterization of stem 
rust reactions to local races. In Uruguay, an artificially 
inoculated late sown nursery is used to characterize 
the stem rust field reactions of new breeding lines 
and commercial cultivars. Information of seedling 
reactions to local races is also available in Argentina 
and Uruguay. Selection for resistance is performed in 
breeding materials where segregation for resistance 
is present, but no efforts are directed to identify and 
systematically use sources of resistance to the local 
pathogen population.

The most important genes conferring resistance 
in the regional germplasm are Sr24 and Sr31 
(Campos and López 2008; Germán et al. 2007). A 
high proportion of the Uruguayan, Argentinean and 
Brazilian wheat germplasm carries the associated 
genes Lr24 and Lr26 (Campos 2008; Germán et al. 
2007). Only limited information of other Sr genes 
present in modern germplasm is available. 

Facing the threat of Ug99 and derived races
Widespread severe stem rust epidemics 

associated with new pathogen races virulent to most 
commercially grown cultivars have occurred in the 
Southern Cone (Germán et al. 2007). Likewise, since 
most varieties used by farmers are susceptible in Kenya, 
the region is facing a potential threat of significant 
epidemics if Ug99 or derived races were accidentally 
introduced (Campos and López 2008; Germán and 
Verges 2005; Germán et al. 2007).

Table 2 Numbers and percentages of stem rust resistant and moderately resistant lines identified in Kenya, 2005-2008

  Argentina Brazil Uruguay Chile Total

Year Nº % R&MR Nº % R&MR Nº % R&MR Nº % R&MR Nº % R&MR

2005 39 20.5 92 27.2 13 53.8 10 0.0 154 26.0

2006     92 10.9 100 14.0 88 10.2 280 11.8

2007 38 21.1 93 9.7 199 8.5     330 10.3

2008 68 30.9     225 15.6     293 19.1
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Table 3 Pedigrees and stem rust reactions of resistant cultivars identified in Kenya

Material Cross Stem rust

Argentina  02/10/2008

BIOINTA 1003 S check 70 MSSa

BIOINTA 1000
DTE/PTS/4/SOTY//TZC*3/SKA/3/PPAI/5/JAR`s/

CHRIS/3/NO/CON//MJI S
5 MR

BIOINTA 1002 HAIL/5/PIDAL/4/CNO67/MED//MON `S 5 MR

BIOINTA 2004 PPTAL*4/PVN t T MR-MSa

BIOINTA 2002 BPONCHO/CCTP-F7-7792-122(87) 30 M

Brazil 30/03/07

BRS 179 S check 70 S

BRS 120 PF 83899/PF 813//F 27141 10 R

BRS 176 HLN/CNT 7//AMIGO/CNT 7 5 R

BRS 177 PF 9293 = PF 83899/PF 813//F 27141 5 S

BRS 192 PF 869114/PF8722 10 MS

BRS 194 CEP 14/BR23//CEP19 5 M

BRS 209 JUP73/EMB16 5 RMR

BRS FIGUEIRA COKER 762*2/CNT 8 5 MSS

BRS TIMBAUVA BR32/PF 869120 5 RMR

BRS 229 WT 96168 =EMB27*3//BR 35/BUCK PONCHO 5 M

BRS CAMBOATA PF 970151 = PF 93232 -- SEL 14 bem 16 = PF 86238 5 R

BRS CAMBOIM PF 980144 =EMB 27*4/KLEN CARTUCHO//PF 869114/BR 23 5 MSS

BRC CANELA PF 979064 =PF 91205//PF 91204*2/ANA 75 5 R

BRS GUATAMBU AMIGO/2*BR 23 5 R

BRS LOURO PF 970128 = PF 869114/BR 23 5 MSS

CD 111 EMBRAPA 27/OCEPAR 18//ANAHUAC 75 5 MSS

CE P27 CEP 8057/BUTUI//CEP 8324 5 RMR

EMBRAPA 16 HULHA NEGRA/CNT 7//AMIGO/CNT 7 1 R

FEPAGRO-RS15 PF 82250/RS1 10 MSS

IPR 90 OSTE ‘S’//CTA ‘S’/YAV ‘S’ 5 MS

SAFIRA PF 9099/OR 1//GRANITO 10 MS

VANGUARDA OR 1/3/ORL9217/EMB 16/OR 1 5 R

Paraguay 2007

Itapúa 65 S check 100 S

IAN 15 PAT10/ALD”S”/VEE”S”.   5 MR

Uruguay 28/10/2008

F6-CL-06-14629 S check 100 S

LE 2303 (INIA TERO) LI107/C-CH-91-1642 0

a Severity: modified Cobb scale (Peterson et al. 1948); Reaction: (Stakman et al. (1982)  
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International testing in Kenya and Ethiopia made 
possible by the Borlaug Global Rust Initiative has allowed 
highly relevant testing and selection for resistance 
in South American breeding materials. An increased 
number of wheat materials from the region have been 
tested at the Kenyan Agricultural Research Institute-
Njoro Plant Breeding Resarch Center since 2005 (Table 
2). The reduced proportion of resistant materials in 2006 
and 2007 relative to 2005 was due to the new variant 
virulent for Sr24 (Jin et al. 2008). However, a number of 
cultivars and lines continued to be resistant (Table 3). The 
genetic bases of the resistances are unknown.

Several sources of resistance to stem rust identified 
in North East Africa, including APR sources such as 
Pavon 76 and Parula (Singh et al. 2008) have been used 
in crosses with locally adapted cultivars in Argentina, 
Brazil, Paraguay and Uruguay. Other materials with APR 
to leaf rust distributed through collaborative research 
projects among programs in the Southern Cone were 
also resistant in Kenya (e.g. Suz6/Opata (Table 4), BR23//
CEP19/PF85490).

Homogeneous adapted F6 lines combining 
resistance to Ug99 and derived races and resistance 
to leaf rust were selected in Uruguay (Table 4). LE2304 
is a sister line of INIA Tero, and likely carries the same 
seedling resistance to stem rust. Parula and Genaro*3/
Parula posses APR to leaf rust and stripe rust, and Parula 
also has high levels of APR to stem rust. Lines R07 F5-
3027 and R07 F5-3037 derived from the cross Genaro*3/
Parula//LE 2252 were more resistant to stem rust in 
Kenya than Genaro*3/Parula.

Sources of APR to stem rust identified in east 
Africa were distributed in the International Stem Rust 
Resistance Screening Nurseries (ISRRSN). Entries that 
do not carry Sr31 or Sr24, but were resistant in Kenya, 
were also resistant or moderately resistant when tested 
in Uruguay. These sources of resistance are probably 
also effective against other races present in the region. 
Therefore research efforts to introduce stem rust resistance 
to Ug99 and derived races into the regional germplasm will 
also increase the level of resistance to current local races of 
the pathogen. 

Table 4 Field stem rust (Kenya) and leaf rust reactions (Uruguay) of F6 Uruguayan breeding lines

 

 

Line

 

 

Cross

 

Stem rust 

Kenya

Leaf rust

Uruguay

28/10/2008 07/11/2009

INIA Mirlo CAR853/COC//VEE S/3/URES Check for Sr31 50-80MSSa  

INIA Caburé EFED/BUCK 6//MR74507 Check for Sr24 60-70MSS  

LE 2304 LI107/C-CH-91-1642 Seedling R to SR  -- 90Sa

PARULA
FKN/3/2*FCR//KAD/

GB54/4/BB/CHA
APR to LR and SR 5M TR

R07 F4-21322  LE 2304*2/PARULA   0 5MRMS

R07 F4-21356  LE 2304*2/PARULA   0 5MS

INIA TIJERETA LE 2132/ECALANDRIA Sb MSb

  SUZ6/OPATA APR to LR and SR 5M 0

R07 F5-3737 I.TIJERETA*2/SUZ6/OPATA   20MR 0-10MS

R07 F5-3738 I.TIJERETA*2/SUZ6/OPATA   30M 0-5MSS

LE 2252 LE 2120/BUCK 12  -- 60MS

  GENARO*3/PARULA APR to LR, SR? 40MSS 5MR

R07 F5-3027 GENARO*3/PARULA//LE 2252   10M 0

R07 F5-3037 GENARO*3/PARULA//LE 2252   5M TRMR

a Severity: modified Cobb scale (Peterson et al. 1948); Reaction: (Stakman et al (1982)  
b 2007
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Conclusions
The control of wheat rusts continues to be a 

challenge for breeders and rust pathologists in the 
Southern Cone of South America. Breeding wheat 
cultivars with APR to all three rusts is being undertaken 
as the best strategy to obtain cultivars with effective and 
more durable resistances. 
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