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Abstract.  Approximately 9 million ha of wheat (7riticum aestivum and T. durum) is sown in the Southern Cone of
America (Argentina, Brazil, Chile, Paraguay, and Uruguay). Two rust epidemiological zones separated by the Andecan
mountain range have been described in the region. Presently, leaf rust (caused by Puccinia triticina) is the most important
rust disease of wheat. The utilisation of susceptible or moderately susceptible cultivars in a high proportion of the wheat
area allows the pathogen to oversummer across large arcas, resulting in early onset of the epidemics. Severe epidemics
cause important economic losses if chemical control is not used. The pathogen population is extremely dynamic, leading
to transitory resistance in commercial cultivars. Lr34 is commonly present in the regional germplasm, but there is
limited knowledge about the presence of other genes conferring resistance in cultivars. Genes Lr28, Lr36, Lr38, Lr41,
and Lr43 provide effective resistance in the region. The best strategy for the stabilisation of the pathogen population and
resistance is considered to be the use of adult plant resistance conferred by minor additive genes including Lr34 and
Lr46. Sources of this type of resistance from CIMMY'T and the region have been made available to breeding programs
in the Southern Cone. Stripe rust (2 striiformis f. sp. tritici) is endemic in Chile where chemical control is required
to prevent severe losses in stripe rust susceptible cultivars. Although new virulent races emerge frequently, resistance
genes Yr3, Yr8, Yrl0, Yrl5, and YrSp arc currently cffective in Chile. Some important stripe rust epidemics have
occurred in Argentina, Brazil, and Uruguay. Avoiding the use of highly susceptible cultivars appears to be an effective
strategy to prevent stripe rust epidemic development in this arca. There have been no serious stem rust (£ graminis f.
sp. tritici) cpidemics for over 2 decades; the discase was controlled by resistant cultivars. The most important gencs
conferring resistance in Southern Cone germplasm at the present time are probably Sr24 and Sr3/. Other effective genes
are Sr22, Sr25, Sr26, Sr32, Sr33, Sr35, Sr39, and Sr40. Several stem rust susceptible wheat cultivars have rezently
been released. The increased cultivation of susceptible cultivars may lead to higher stem rust incidence, increasing the
probability of appearance of new virulent races. Since the IBL.IRS translocation possessing Sr3/ is present in a high
proportion of the regional germplasm, the possible introduction of stem rust with Sr3/ virulence from Africa is of

g reat concern.
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Introduction

Approximately 9 million ha of common (7riticum aestivuim) and
durum (70 durum) wheat was planted annually in the Southern
Cone of America (Argentina, Brazil, Chile, Paraguay, and
Uruguay) during 2000-2004 (Table 1). The average yicld was
2.3 t/ha, resulting in a total annual production of 21 milliont
of grain (FAOSTAT 2006). Durum wheats are sown only in
Argentina and Chile and represent a low percentage of the
production. Argentina, where an average 6.18 million ha/year
were planted during 2000-2004, is the biggest wheat producer,
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followed by Brazil (2.05millionha), Chile (0.41 million ha),
Paraguay (0.25 million ha), and Uruguay (0.14 million ha).
Rusts are important discases affecting common wheat
production in the Southern Cone of South America, causing
severe losses if chemical control is not used. The cultivars
grown (27 from Argentina, 18 from Brazil, 13 from Chile, 9
from Paraguay, and 10 from Uruguay) are largely moderately
susceptible or susceptible to leaf rust, caused by Puccinia
triticina (Table 1). In Argentina there is moderate exposure to
stem rust. The estimated areas planted to cultivars with the
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Total approximate areas (ha x 1000) sown in 2004 to important cultivars, to cultivars moderately

susceptible or susceptible to leaf and stem rusts, and to cultivars known to carry the IBL.IRS translocation
Estimated area sown to important cultivars; source: Argentina area sown (ha) in 2004, Secretaria de Agricultura Pesca
y Alimentacion; Brazil availability of certified seed, Departamento de Produgao Vegetal, SAA-RS, Departamento de
Fiscalizagdo e Defensa Agropecuaria/Divisdo de Produgio de Sementes, SAA-PR; Chile inscribed areas for 2002-2003,
Servicio Agricola y Ganadero; Paraguay Certified seed produced in 2004, Direccion de Semillas. MAG; Uruguay area
sown (ha), Encuesta Agricola No. 227. MGAP. DIEA. Presence of 1B.IR. Source: Rosa Filho 1997; G. Tranquilli and
L. Pfltiger 2004, unpublished data; R. J. Pefia 2003, unpublished data; and indirect evidence by the presence of Lr26
(Antonelli 2003; German et al. 2005; Zoldan and Barcellos 2002)

Country Total Leaf rust Stem rust IBL/IRS
Area (%) Area (%) Area (%)
Argentina 5498.7 4979.1 90.6 1743.6 317 33923 61.7
Brazil 1753.5 1231.7 70.2 95.2 5.4 536.8 30.6
Chile 170.1 99.2 583 9.7 5.7 70.5 41.4
Paraguay 330.8 243.1 73.5 0.0 0.0 146.5 443
Uruguay 158.4 112:9 71.2 22.9 14.3 33.6 21.2
Total 7911.6 6660.0 843 1871.2 23.7 4179.7 528

IBL.IRS translocation carrying stem rust resistance gene Sr31
exceeded half of the total wheat area.

Information on field reactions to leaf rust (Table 1) was
available for all cultivars. The areas sown to cultivars moderately
susceptible or susceptible to stem rust (P graminis f. sp.
(ritici) may be underestimated since stem rust reactions were
available only for 56 cultivars, and some of the resistant cultivars
may not be precisely characterised due to the absence of the
disease in most of the area during recent years. The areas
sown to cultivars with the IBL.IRS translocation are also
possibly underestimated, since the information on its presence
was available for 47 cultivars. Information on stripe rust
(P stritformis £. sp. tritici) field reactions was available only from
Chile where susceptible and moderately susceptible cultivars
represented 64.7% of area sown to popular cultivars.

In the Southern Cone wheat is planted during the fall and
winter. Spring wheat is grown in Brazil and Paraguay, and spring
and facultative types grown in Argentina, Chile, and Uruguay.
Winter types are grown in Southern Chile, and recently some
winter wheats have been released in Argentina.

In the Atlantic area (Argentina, Brazil, Paraguay, and
Uruguay), wheat is sown between latitude 18° in Brazil and
38°S in Argentina, thus extending 2400 km from north to south.
The crop is sown in lowlands (<400m asl) in Argentina,
Uruguay, and Paraguay and on higher plateaux (600-800m
asl) in Brazil. Annual average rainfall varies from <400 mm in
the south-western wheat region of Argentina to near 2000 mm
in the northern wheat region of Brazil; in Paraguay average
rainfall is 1600 mm and Uruguay has an intermediate annual
rainfall of about 1000 mm. In the Pacific area (Chile), wheat is
planted in the central valley and in some lower Andean ranges
along 2000 km between latitudes 27 and 43°S. More recently,
the crop has concentrated in the southern areas (latitudes
35-43°S). The annual rainfall pattern is opposite to that of
the Atlantic area, increasing from north to south, where it
reaches 2000 mm/year. In both the Atlantic and the Pacific
areas, the earliest crops are planted in the lower northern
latitudes and later crops are planted in higher southern latitudes.
Climatic conditions in southern Chile are very favourable for
the development of stripe rust. Leafrust and stem rust epidemics

may occur throughout the entire Southern Cone, except in south-
western Argentina where low humidity and dew formation are
limiting factors.

The importance of bread wheat rust diseases in the Southern
Cone of South America, pathogen variability, the basis of
resistance of the regional germplasm, and strategies used to
control these diseases, as well as perspectives for the future,
will be discussed.

Wheat rusts

Based on differences in the rusts race populations,
2 epidemiological zones were suggested for the region
(Rajaram and Campos 1974). Chile, representing the western
zone, is separated from the eastern zone (Argentina, Brazil,
Paraguay, and Uruguay) by the Andean mountain range.
According to van Beuningen and Kohli (1986), most areas in
the Southern Cone have fluctuating local winds in addition
to the predominant weather patterns and these are capable of
distributing the spores in all directions. The Andean mountain
range appears to delay the movement of races between the
zones. As a result, there are some similarities between the west
and east epidemiological zones in the P triticina population
(Barcellos and Kohli 2003), the P, szriiformis population (Straib
1937), and the P graminis f. sp. tritici population (Vallega
1955), indicating migration between zones. The presence of
races of all 3 rust pathogens common to Chile and Argentina in
cereal crops in the Andean valleys of Argentinean Rio Negro
and Neuquén provinces (Vallega and Favret 1947) also indicates
a connection between the western and eastern epidemiological
zones.

Studies on physiological specialisation of P graminis f. sp.
tritici and P triticina, identification of sources of resistance,
and testing of breeding germplasm have a long tradition
in Argentina and Brazil. The first studies in the Southern
Cone were conducted by G. Rudorf and K. Rosentiel in
Argentina (Rudorf et al. 1933). During 1938-1943 rust research
was carried out by J. Vallega at the Instituto Fitotécnico
de Santa Catalina, and during 1944-1952 by J. Vallega and
E. Favret at the Instituto de Fitotecnia in Castelar (Vallega
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and Favret 1952). Studies were continued by E. Antonelli
and other researchers until the 1990s at the Instituto Nacional
de Tecnologia Agropecuaria (INTA), Castelar Experimental
Station. This research was discontinued in 1997 and restarted in
2002 by P. Campos at INTA Experimental Station in Bordenave.
In Brazil, during 1949-1961 rust research was conducted
by A. Silva at the Instituto de Pesquisas e Experimenta¢do
Agropecuaria do Sul (IPEAS), in Pelotas, Rio Grande do Sul
(da Silva 1966), and later by E. Coelho and A. Barcellos.
The rust program was transferred to the Empresa Brasileira
de Pesquisa Agropecuaria (EMBRAPA), Centro Nacional de
Pesquisa de Trigo (CNPT), Passo Fundo, RS, also integrating
other researchers (M. Madeiros, J. Sartori, M. Chaves, and
others). Since 2002, leaf rust studies have also been conducted
at OR Melhoramento de Sementes by A. Barcellos and C. Turra.
Studies on physiological specialisation have been sporadic in
Chile (Volovsky 1945, 1946), while no studies of this type have
been conducted in Paraguay. Only a few studies were carried out
in Uruguay before 1991 (Boasso and Levine 1951; Betucci ef al.
1971), when a program to study cereal rusts with emphasis on
P triticina was initiated at the Instituto Nacional de Investigacion
Agropecuaria (INIA) by S. German. Since 1975, leaf rust and
stem rust samples from Chile and Paraguay have been studied in
Argentina, Brazil, or Uruguay, thus generating information for
the entire region.

The exchange of germplasm and collaborative research
among the Southern Cone countries, and with the international
cereal rust research community, began in early 1900s, when
wheat breeding was initiated in the region. Resistance to wheat
leaf rust was present in the cultivars selected from landraces
in the 1910s. These selections were extensively exchanged
among breeding programs of Argentina, Brazil, and Uruguay.
However, most of the germplasm developed during 1910-1950
was susceptible to stem rust. After the stem rust epidemic
caused by race 15B in the USA and Canada during 1950, all
countries in the Southern Cone participated in the stem rust
control program led by the University of Minnesota. The purpose
of this international collaborative program was to evaluate the
International Spring and Winter Wheat Rust Nurseries (ISWRN,
IWWRN) from which sources of resistance to the 3 rusts could be
selected and used in breeding programs. During the 1960s, rust
resistant lines were also selected from germplasm distributed
by the Rockefeller Foundation, and later by the International
Maize and Wheat Improvement Center (CIMMYT) based
in Mexico.

Cooperative research on wheat rusts among Argentina,
Bolivia, Brazil, Chile, Paraguay, and Uruguay was started in
1975. The collaborative activities included testing of advanced
lines from all countries for stripe rust in disease ‘hotspots’,
distribution, and evaluation of new sources of resistance to
all 3 rusts, evaluating new sources of adult plant resistance
(APR) to leaf rust including local germplasm, and annual leaf
rust and stem rust race surveys. More recent collaborative
research integrates development of molecular markers for leaf
rust resistance from Buck Manantial, phenotyping CIMMYT
mapping populations for APR to leaf rust, development
of mapping populations from regional sources of durable
resistance, and introduction of APR to regional germplasm.
The organisation and distribution of an ongoing annual Rust
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Trap Nursery throughout the region was initiated by Brazil
in 1975. Results from the Trap Nursery have been reported
by A. Barcellos, E. Coelho, and co-workers at regional
rust meetings. Results from 1998-2001 were summarised by
Barcellos and Kohli (2003).

Wheat leaf rust
Distribution and occurrence

Leafrustis currently the most prevalent and severe wheat disease
in the Southern Cone (Kohli ef al. 2003). It is present every
year, causing widespread epidemics, depending on climatic
conditions and area sown to susceptible cultivars. It causes severe
epidemics in Brazil (Barcellos 1986), Paraguay (de Viedma
and Bozzano 1986), and Uruguay (German and Kolmer 1994).
In Argentina, leaf rust is the most widespread rust on wheat
(Vallega and Favret 1952); however, only approximately 40% of
the total area under wheat in Argentina is affected by severe
leaf rust epidemics (German ef al. 2004). In the remaining
Argentinean wheat area, cool temperatures and dry conditions
limit the disease development, although the disease can be
observed over most of the wheat area. In Chile, leaf rust is
increasing in importance, with more severe infections on winter
and facultative wheats than on spring wheats (R. Madariaga
2003, pers. comm.).

Oversummering of leaf rust occurs over most of the region.
Leaf rust has been observed in summer nurseries grown
in southern Buenos Aires province and on volunteer plants
throughout the Argentinean wheat area (Antonelli 2000), and on
volunteer plants and trap nurseries planted during the summer in
Uruguay. In Brazil, susceptible plants in pots have been placed
in fields and later incubated, resulting in stem rust and leaf
rust infections during most of the year (Barcellos ef al. 1982;
Barcellos 1986). Leaf rust infections in commercial fields are
first observed in the north and develop with the crop towards the
south of the region (Barcellos et al. 1982).

Economic importance

A very high proportion of the wheat area in the Southern Cone
is planted with susceptible or moderately susceptible cultivars
(Table 1), allowing widespread local oversummering and early
onset of epidemics in the growing season. The replacement of
susceptible cultivars is relatively slow and the easy availability
of fungicides that efficiently control the disease has prolonged
the lifespan of commercially popular cultivars. Losses caused
by leaf rust can be >50% in severe epidemics if fungicides
are not applied. Losses estimated at US$170 million were
caused by epidemics on 10 important cultivars grown in the
region during the period 1996-2003 (German et al. 2004).
Considering the large areas sown to cultivars that require
chemical control in an average epidemic, the total annual cost of
fungicide applications to control leaf rust in the region is about
USS§50 million.

The use of fungicides to control wheat leaf rust differs among
countries. Fungicides have been recommended since 1977 in
Brazil, have been used widely in Paraguay since 1976, and
have been more commonly used in Uruguay since the 1990s. In
normal epidemic conditions at least 2 applications of fungicides
are required to control the disease on highly susceptible cultivars.
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In Argentina, one fungicide application to control leafrustis used
on about 35% of the wheat area. In Chile, the use of fungicides to
control leaf rust is not as common, but in the last 5 years the use
of chemical control has increased with the increased importance
of the disease.

The pathogen population and important epidemics
caused by new virulent races

The P triticina population in the Southern Cone is extremely
dynamic (Barcellos 2000; Antonelli 2003; Barcellos and Turra
2004; German et al. 2004; Chaves et al. 2005). A large number
of races are generally present every year. The prevalence of
pathogen races changes 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 widely grown cultivars is overcome by the
appearance of virulent races of the pathogen (Barcellos 1982;
Antonelli 2003).

Information on the most important P triticina races found
in recent surveys (race frequency and year of first detection)
is presented in Table 2. About 1700 isolates collected in
the region were studied during 2002-2004. Based on the
12 North American differentials (Long and Kolmer 1989) and
2 supplementary differentials (TcLr10 and TcLr20, listed after
the Prt code when races are virulent on these lines), about
100 different virulence combinations were identified, including
several new races. Most races were present at low frequencies.
The number of races with frequencies > 10% within a given year
varied from 1 to 4. Generally, races found in high frequency
during 2000-2004 were present in all Southern Cone countries,
whereas races found in low frequency may have been present

Table 2.
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in only one country. The most important P, triticina pathotypes
present in the region during the last 8 years were described by
Chaves et al. (2005), and those present in Argentina during the
last 2 years by Campos et al. (2005).

The prevalent races in the Southern Cone region are virulent
for Lrl, Lr2a, Lr2c, Lr3a, Lr3ka, Lrl10, Lrll, Lri4a, Lri4b,
Lrl6, Lri7a, Lrl18, Lr20, Lr23, Lr24, Lr26, and Lr30 (Chaves
et al. 2005). During the last § years, virulence frequencies have
generally been high on lines with Lr1, Lr3a, Lr3ka, Lr10, Lr11,
Lrl7a, Lr26, and Lr30, intermediate on lines with Lr20 and
Lr24, and low on those with Lr2a, Lr2c, and Lr9. Based on field
data from the trap nurseries, Barcellos and Kohli (2003) reported
that genes Lri19, Lr21, Lr29, Lr32, Lr36, Lr42, and Lr43 were
effective against the pathogen population present during 1998—
2001. Since then, infection on Lr/9 has been observed in the
region. In Uruguay, seedling resistance genes Lr28, Lr38, and
Lr41 and APR genes Lr22a and Lr35 confer field resistance.
Lr34isalso effective throughout the region, although it expresses
only a moderate level of resistance when present singly.

Races MFR, MCD-10,20, MCP-10, and MDR-10,20 and
related races have been important recently. Races MFK, MFT,
and MFR (Brazilian designation, B40) overcame the resistance
of the popular Brazilian cultivars EMBRAPA 16 (Lri3, Lr24)
and OR 1 (Lr23, Lr24), and the Uruguayan cultivar INIA Caburé
(Lr24). These races, first combining virulence on Lr24 and Lr-26,
were important during 1997-2002 in Brazil, and in 2001 in
Uruguay.

Race MCD and related races MHD, MHJ, MHK, and MHT,
all virulent for Lr/0 and Lr20 (Brazilian designation, B48), were
present at high frequencies in Brazil until 2003, in Uruguay
until 2002, in Chile in 2001, in Paraguay in 2003, and at

Virulence formula and frequency of Puccinia triticina most important races identified in the Southern Cone in samples collected

during 2002—-2004
Source: A. Barcellos, M. Chaves, P. Campos, S. German, unpublished information

Prt code® and  Brazil.  Virulence formula First detection 2002 2003 2004

Von Lr10,20 code Bra. Uru. Arg. Bra. Uru. Arg. Bra. Par. Uru.  Arg. Bra. Chi. Uru.
CCT-10 3,3ka,10,11,17,26,30 1998  16.8 11.2 0.8 4.7 0.5 1.0
KDG-10,20 2a,2¢,3,10,11,20,24 1997 118

LPI-10 B44 1,9,10,11,17,24,26 * 1997 9.8 0.7 0.8

MCD-10 1,3,10,17,26 2001 43 4.1 0.2 1.8 2.4 15.0
MCD-10,20 B48 1,3,10,17,20,26 1999 1999 5.6 1.1 265 04 545 4.7 0.5 0.8 6.0
MCG-10 B34 1,3,10,11,26 1989 1989 0.6 1.0 0.4 9.1 4.7 1.0 2.0
MCIJ-10 B34 1,3,10,11,17,26 1989 2003 6.6 9.9 0.6 1.0 8.1

MCP-10 1,3,3ka, 10,17,26,30 2000 21.7 6.1 6.1 182 124 144 28.0
MCP-10,20 1,3,3ka,10,17,20,26,30 2002 224 1.0 1.5 3.0 1.4 2.0
MDR-10,20 1,3,3ka,10,11,20,24,30 2003 0.6 1.0 17.0
MFT B40 1,3,3ka,11,17,24,26,30 1994 12.6 0.2 1.2

MFT-10,20 B5S 1,3,3ka,10,11,17,20,24,26,30 2004 6.5

MFT-20 B51 1,3,3ka,11,17,20,24,26,30 2003 77 11.6 05 13.0

MHD-10,20 B48 1,3,10,16,17,20,26 1999 10.9 7.0 0.5 24

MHI-10,20 B48 1,3,10,11,16,17,20,26 1999 7.1 14.5 6.5

MHK-10,20 B48 1,3,10,11,16,17,20,26,30 1999 5.5 9.6 53

MHP-10 1,3,3ka,10,16,17,26,30 2002 20 168 22.0

MHT-10 BS53 1,3,3ka,10,11,16,17,26,30 2003 49.6 0.7 30.6

MHT-10,20 B48 1,3,3ka,10,11,16,17,20,26,30 1999 2002 12.0 1.0 23 132 6.5  100.0

SPJ-10 B50 1,2a,2¢,9,10,11,17,24,26 2002 4.9 8.1 37

TDD-10,20 B43 1,2a,2¢,3,10,17,20,24 1995 1995 1.2 0.5 2.3 29.6 2.4 2.0
TET B49 1,2a,2¢,3,3ka,11,17,24,26,30 2001 6.0 39 1.6

TFT-20 B34 1,2a,2¢,3,3ka,11,17,20,4,26,30 2003 2.2 228

Total no. of samples per year 161 183 98 131 456 11 169 209 246 5 100
Total no. of races 19 24 28 21 35 S 3 247 25 1 19
Total no. of races freq. >10% 4 3 2 2 3 2 2 3 2 1 3

ALong and Kolmer (1989).
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low frequencies in Argentina. These races caused important
epidemics on the widely sown Brazilian cultivar BRS 49, and the
Uruguayan cultivars Estanzuela Pelon 90 (Lrl, Lr17, Lr26, Lr34,
German and Kolmer 1996) and INIA Mirlo. MCD-10,20 was
important in North America during 2002 (Kolmer et al. 2004,
R. Singh 2003, pers. comm.), perhaps indicating the occurrence
of intercontinental migration.

Race MCP-10, with a characteristic intermediate infection
type on TcLrl6, and MHP-10 are probably the same race. This
race was found in high frequency in Argentina during 2002—
2004, in Uruguay during 2003-2004, and in Paraguay during
2003. The leaf rust epidemics caused by MCP/MHP-10 on the
Argentinean cultivar Klein Don Enrique (Lr26 and additional
resistance; Antonelli 2003), planted on over 2 million ha, were
very severe and widespread during 2002 and 2003.

Race MDR-10,20, first identified in 2003, overcame the
resistance of the Uruguayan cultivars INIA Torcaza (Lr10, Lr-24,
German et al. 2005) and INIA Churrinche, and the widely
grown Brazilian cultivar Onix. The freq v of'this race rapidly
increased in Uruguay during 2004 and in Argentina and Brazil
in 2005.

Some important epidemics that occurred on regional cultivars
since the 1990s, due to the spread of races with new virulence
combinations, were described by Antcnelli (2003) and German
et al. (2004).

Virulence has frequently develoned for effective resistance
genes deployed in commercial cultivors in the Southern Cone.
Virulence on wheats with £r26 was first detected in Argentina
in 1980 (Antonelli 2003) and in I*rz-il in 1982 (Barcellos 1986).
Many CIMMYT lines and derivatives released in the region
(Kohli and Skovmand 1997) became susceptible due to races
with Lr-26 virulence. Virulence for Lr2-', first detected in 1981
both in Argentina (Antonelli 1982) and Brazil (Barcellos and
Aita 1982), caused extremely severe epicemics during 1982 on
the Argentinean cultivar Cargill Trigal 80, and on the cultivar
Tifton, grown in Brazil. Virulence for /-9, first detected in
Argentina in 1982 (Antonelli 1986), causc!' a major epidemic
during 1985 on the Argentinean cultivar La Puz INTA, grown in
Argentina and Uruguay (German et al. 1986). Virulence for Lr37
was first demonstrated in Uruguay in 1999 in race MCD-10,20,
which affected several cultivars that do not carry Lr37. Virulence
on Lr19 was first observed in 2004 in Paraguay (de Viedma et al.

' 2005) and Argentina, where it was verified by E. Antonelli (2005,
pers. comm.). During 2005 the Argentinean cultivar ProINTA
Gaucho, which probably has Lr]9, was severely affected by leaf
rust.

Breeding for resistance

During the first period of wheat breeding in the region, leaf rust
resistance was mainly derived from locally adapted germplasm,
which in many cases was also used by breeding programs in
other countries. The Brazilian cultivar Frontana (Lr13, Lr34,
Lr7T3 and additional adult plant resistance; Dyck et al. 1966;
Dyck and Samborski 1982; Singh and Rajaram 1992) and the
Argentinean cultivar Buck Manantial (Lr3a or an allele, Lr16,
and Lrl7a, Lrl3, and possibly Lr34; Dyck 1989) are sources of
durable resistance that have been used internationally. Sources
of resistance were selected from germplasm distributed by
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USDA since the 1950s and by the Rockefeller Foundation (later,
CIMMYT) since the 1960s. Many CIMMYTT lines derived leaf
rust resistance from South American germplasm (Rajaram et al.
1988). :

Seedling resistance genes present in the regional germplasm
developed before 1960 are Lr1, Lr3a, Lr3bg, Lr3ka, Lrl1, Lri4b,
Lrl6, and Lri7a (Dyck and Samborski 1968a, 1968b, 1970;
Haggag and Dyck 1973; Dyck and Kerber 1977; Antonelli 1983;
Roelfs 1988; Dyck 1989; Kolmer et al. 2007; E. E. Antonelli
2005, unpublished data). Two previously undesignated seedling
resistance genes, temporarily designated Lr7D and Lrd44d
(originally present in the Argentinean cultivar Barletta 7D,
and the Uruguayan cultivar Americano 44d, respectively), were
described by Antonelli (1994). Kolmer et al. (2007) found a
previously unidentified gene in Americano 25e.

Adult plant resistance genes Lrl2, Lrl3, and Lr34 are also
present in the traditional germplasm (Dyck et al. 1966; Dyck and
Samborski 1982; Roelfs 1988; Dyck 1989; Singh and Rajaram
1992; Kolmer et al. 2007). Brazilian cultivar BH 1146 has
Lrl3 and Lr34 (Kolmer and Liu 2001). Under the extremely
favourable conditions for leaf rust development present in the
region, Lr34 and other APR genes were probably selected from
the heterogeneous landrace cultivars, and then maintained in
newer cultivars. Singh and Rajaram (1992) claimed evidence
for APR genes additional to Lr/3 and Lr34 in Frontana. Kolmer
et al. (2007) found one APR gene different from Lr/2, Lrl3, or
Lr34 in Americano 25¢, and 2 possibly unique APR genes in
Americano 26n.

More recently released cultivars in South America have
been derived from germplasm obtained from CIMMYT and
other breeding programs. Seedling resistance genes Lrl0,
Lrl4a, Lrl9, Lr23, Lr26, Lr27, and Lr31 (Singh and
Rajaram 1991; Singh 1993) may have been introduced with
CIMMYT germplasm. Lr26 is probably the most widely
distributed of these genes since it is present in many high-
yielding CIMMYT lines (e.g. Veery, Bobwhite, Alondra, Kauz,
and others) and derivatives that have been used directly
as cultivars or in local crosses. In Chile, Lr26 was also
introduced through direct use of European wheats carrying
the 1BL.IRS translocation (e.g. Aurora, Kavkaz, Bezostaya,
Lovrin, Mildress, Clement; 1. Ramirez, pers. comm.). Lr9 is
present in Precoz Parana INTA and its derivative La Paz
INTA (Antonelli 1983). Lr24 is present in Cargill Trigal
800 (Antonelli 2003) and other Agent derivatives used in
breeding programs in Argentina and Uruguay, and in Amigo,
Tifton, and Century, used in Brazil (Barcellos 1991 cited by
Zoldan and Barcellos 2002; The ef al. 1991; Mclntosh et al.
1995). Lr34 and other APR genes conferring durable resistance
are widely distributed in CIMMYT germplasm (Singh and
Rajaram 1992; Singh and Huerta-Espino 1995), mostly derived
from traditional Southern Cone germplasm, and in current
regional cultivars.

Resistance genes Lr10, Lr23, Lr24, and Lr26, most common
in Brazilian germplasm tested during 1996-97 (Zoldan and
Barcellos 2002), continued to be present in the most important
cultivars used in 2004. Lr/3 and Lr34 are also widely present
in the Brazilian germplasm (Zoldan et a/. 2000; de Sousa and
Barcellos 2000, 2001), together with other APR genes such
as Tipl and Tip2 (temporary designation) present in Toropi
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(Barcellos et a/. 2000) and an undesignated APR gene present in
BR35 (Brammer et al. 2004). A backcross program conducted
in EMBRAPA CNPT, Brazil, since 1975 was designed to
incorporate genes for leaf rust resistance (Lr9, Lrl9, Lr22a,
Lr24, Lr25, and others) in susceptible locally adapted lines
(Barcellos and Aita 1982), although these genes arc not widely
deployed in commercial cultivars. Genes Lil, Lr3a, Lr9, Lril0,
Lirlda, Lrl6, Lrl7a, Lr23, Lr24, and Lrr26 have been postulated
in modern Argentinean cultivars (Antonelli 2003), and now,
newer resistance genes Lr37 and Lr47 (Lewis et al. 2003) and
Lr317 are being transferred to adapted materials by the use of
marker assisted selection, and Lr43 by backcrossing. Genes
Lri3, Lr3bg, Lirl0, Lrida, Lri4b, Lri6, Lrl7a, Lr24, Lr26, and
APR genes Lr13 and Lr34 have been found or postulated in
Uruguayan cultivars released since 1980 (German and Kolmer
1996; German et al. 2005).

Resistance in current cultivars is most commonly based on
combinations of previously mentioned genes. There is limited
knowledge of the basis of resistance present in commercial
cultivars and many of the sources of resistance, slowing genetic
progress in obtaining cffective and long-lasting resistance.
Since the mid 1990s, more emphasis has been placed on
durable resistance. The use of APR conditioned by minor genes
with additive effects is considered the best strategy to control
leaf rust and to stabilise the pathogen population (Barcellos
1991, 2000; Antonelli 2003; Singh er al. 2003; Barcellos and
Turra 2005; German et al. 2005; de Viedma er al. 2005).
Lr34 is widely present in the regional germplasm and it is
important that it be maintained in combinations with other
resistance sources. Some CIMMYT lines with additive minor
gene resistance (Singh e al. 2003) have shown low leaf rust
severities in the Southern Cone and are being increasingly
used in crosses. Some regional cultivars (Toropi and BR35)
and adapted lines with APR identified from regional nurseries
are also being used as sources of resistance. Rescarch is
being conducted to identify better molecular markers for 7ip/
and 7ip2 (da Silva 2002), located on chromosomes 1A and
4D (Brammer ef al. 1998). In Argentina, markers for genes
conferring the durable resistance of Buck Manantial are being
developed (F. Sacco 2005, pers. comm.). The availability of
these markers is likely to increase the efficiency of breeding for
durable resistance.

Collaborative research between public and private breeding
programs is under way to increase the use of durable APR in
crosses. One limitation to genetic progress in the incorporation of
this resistance using CIMMYT germplasm and many lines from
the region is that the material with APR to leafrust is susceptible
to fusarium head blight (caused by Fusarium spp.), which is a
serious disease of wheat in the Atlantic area, and to some of the
prevalent leaf blights (caused mainly by Septoria, Bipolaris, and
Drechslera spp.). Therefore, some programs, while considering
the use of APR as the best long-term solution for leaf rust, are
still using race-specific seedling resistance genes as a basis of
resistance in adapted germplasm.

In the short-term, the situation of large areas sown to
susceptible cultivars is not likely to change. A study of the lcaf
rust resistance in advanced lines from various wheat-breeding
programs across the region over the past 20 years (approximately
300 lines per year) indicated that the proportion of resistant
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lines increased slightly from 1981 to 1993. However, during
1995-2000, there was a marked reduction in resistant and
moderately resistant materials (Kohli ef a/. 2003). If the breeding
programs are successful in breeding for APR and the arca sown
to cultivars with stable resistance increases, the disease will
probably decrcase in importance. This will hopefully stabilise
the pathogen population and reduce the need to use fungicides
for disease control.

Stripe rust
The western epidemiological zone: Chile

Stripe rust is endemic in the western epidemiological zone.
It is the most important rust in the wheat arca in southern
Chile, where it is favoured by cool conditions of a high latitude
environment. In this area, stripe rust is present every year, with
severe infections mostly on winter and facultative wheats (Hacke
1990). A severe epidemic occurred in 1940, and during 1976-
1988 stripe rust caused economic losses at least once every
2 years (Andrade Vilaro 1990). Although stripe rust infections
have not caused major concern over the past few years, an early
epidemic in 2001 affected several spring cultivars, especially
those carrying Y79, such as Nobo INIA.

Frequent changes of virulence occur in the pathogen
population, causing increasingly higher infections on initially
resistant cultivars. Numerous races were identified by Straib
(1937) and Stubbs (Andrade Vilaro 1990). Annual surveys
of the pathogen population have been sporadic and updated
information is lacking. After 2001, no changes in field reaction of
cultivars and single gene lines have been observed (R. Madariaga
2005, pers. comm.), indicating that no significant changes in the
pathogen population occurred.

According to the ficld reactions of the differential lines
in the Avocet S genetic background, genes Yr3, Y8, Yrio0,
Yri15, and YrSp have been effective during the last few ycars
in Chile (Madariaga et al. 2004). Jupateco R with Yr/8 was
modcrately susceptible, and the Avocet S NIL with 179 was
highly susceptible.

When the resistance of commercial cultivars is overcome by
virulent races, chemical control is required to prevent severe
losses (Andrade Vilaro 1990; Madariaga et al. 2004). Chemical
control of stripe rust was initiated in the late 1970s and was
widely adopted after the mid 1980s, particularly by farmers using
advanced technologies (O. Andrade Vilaro 2003, pers. comm.).

In Chile, breeding for stripe rust resistance started in 1960.
The strategy was to cross locally adapted germplasm with
sources of resistance such as Heines VII, Seclkirk, Capelle-
Deprez, Clement, and other winter European cultivars, materials
sclected from the IWWRN and ISWRN, CIMMYT germplasm,
and some local Chilean cultivars (Aguayo 1983; Hewstone 1983;
Hacke 1990; Madariaga et al. 2004). Presently, the use of sources
of durable resistance, now available and well characterised
(Singh and Rajaram 1994; Singh ef al. 2003), is a priority.

The eastern epidemiological zone: Argentina, Brazil,

and Uruguay

Stripe rust was first observed and described in Argentina and
Uruguay in 1929 (Rudorf and Job 1931, cited by Vallega
1938). During 1929 and 1930, stripe rust caused very extensive
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epidemics in most of the region (from Chile to Rio Grande
do Sul in Brazil) causing extremely high losses in the
eastern epidemiological zone (Boerger 1934; Vallega 1938).
The presence in Argentina and Uruguay of common races
found in Chile (Straib 1937) indicates stripe rust probably
migrated through the Andes from Chile to the castern part of
the continent.

Yr18 and tightly linked Lr34 (McIntosh 1992; Singh
1992) were probably present in tolerant wheat lines selected
under the extreme 1929 and 1930 stripe rust epidemics, as
suggested by Dyck (1991) and Kolmer (1996). The Brazilian
cultivar Fronteira, one of Frontana’s parents, selected at Bage
Experimental Station and released in 1934, was highly resistant
to stripe rust (Beckmann 1940). In Argentina, cv. Chino, also
known as Chinese 166, expressed the most effective resistance
and was used in crosses from which adapted resistant lines were
derived (Vallega 1938).

Unlike other regions of the world where the importance
of stripe rust is increasing, no other widespread epidemic
has occurred in the eastern epidemiological zone and the
disease is currently not economically important. In the southern
wheat area of Argentina only sporadic localised outbreaks
have been observed on highly susceptible cultivars. Similar
localised epidemics have also been observed in southern Brazil,
affecting cv. Curitiba during 1968 (Schramm 1969), and cv.
Tifton during 1980. In 1998 a moderate epidemic of stripe rust
occurred in Uruguay (German and Caffarel 1999). During this
epidemic, some cultivars with the 1BL.1RS translocation, such
as Estanzuela Cardenal (Veery #3) were susceptible, indicating
the presence of virulence on 179. Many cultivars known to carry
Yrl8/Lr34 had low to intermediate stripe rust severities.

Puccinia striiformis probably oversummers in the valleys of
the Argentinean Andes (Neuquén and Rio Negro provinces)
on wheat and wild Hordeum spp. (Vallega and Favret 1947)
delaying the dispersal of inoculum to the major production areas
in the north. Most germplasm from Argentina, Brazil, Paraguay,
and Uruguay is moderately susceptible or susceptible under the
heavy disease conditions present in Chile. The absence of early
infections, even in the presence of susceptible cultivars, indicates
that inoculum is usually not present at carly stages of crop
development, and that oversummering does not regularly occur
in the main wheat arcas. Under these conditions, avoiding the
use of highly susceptible cultivars, and maintaining resistance
levels such as those conferred by Yr/8 or other genes with
similar effect, appears to be an effective strategy to prevent
stripe rust epidemics in Uruguay (German and Caffarel 1999)
and the rest of the eastern epidemiologic zone. In addition,
the increased use of durable APR to leaf rust, often associated
with APR to stripe rust (Singh 1992; Singh and Rajaram 1994,
Singh et al. 2003), will also increase the level of resistance to
stripe rust.

Wheat stem rust
Distribution and occurrence

Although the incidence of steni rust historically has been more
sporadic than that of leaf rust, it caused higher levels of damage
during severe epidemics. It was considered the most destructive
wheat rust in Brazil (da Silva 1966), Paraguay (de Viedma and
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Bozzano 1986), Uruguay (Ribeiro 1952), the northern wheat
growing area of Chile (Hacke 1990) and the northern and central-
north wheat area of Argentina (Vallega and Favret 1952).

Oversummering of stem rust has been observed on volunteer
wheat and barley plants in Uruguay and in the south of Buenos
Adres province (Argentina) where it is frequently present in the
summer nursery at Balcarce (J. Nisi 2005, pers. comm.). Stem
rust also oversummers locally in Brazil (Barcellos ef al. 1982).

A very severe stem rust epidemic occurred in Argentina
and other Southern Cone countries in 1950 (Antonelli
2000). The majority of commercial cultivars from regional
breeding programs were susceptible to the pathogen population,
dominated by a wvariant of race 15 (effective genes
Sr6,7a,22,24,25,26,27,31 / ineffective genes Srda,8b,%9e,9a,9¢,
10,11,13,17,30,37, denominated 15 (63) by Antonelli 1969).
In 1974, a new race (effective genes Sréa,8b,9e,11,22,
24,25,26,27,31,37 [ ineffective genes Sr6,7a,9a,9¢,10,13,17,30,
denominated 11 MeR in Argentina, and Gl11 in Brazil),
virulent on most of the popular Argentinean (Antonelli 2000),
Brazilian (Coelho 1980), and Uruguayan cultivars (Luizzi et al.
1980), caused widespread epidemics under unusually favourable
environmental conditions during 1975-1976.

Wheat stem rust has not been severely epidemic for over 2
decades. This was coincident with the increased and widespread
use of cultivars with 1BL.1RS (Sr37) (Antonelli 2000). During
1975-2003, 2 stem rust epidemics (1976 and 1981) were
observed in Passo Fundo, RS, Brazil (C. de Souza 2003, pers.
comm.). Localised epidemic outbreaks occurred during the
1990s on some widely grown cultivars in Paraguay (Itapua
35), Brazil (CEP 14), and Argentina (Victoria INTA). Since
2000, stem rust has been observed sporadically on highly
susceptible materials in experimental fields throughout the
region. The release of stem rust susceptible cultivars such
as Klein Escorpion, Buck Yatasto, and the French cultivar
Baguette 10 led to the reappearance of the disease in commercial
fields in northern Argentina in 2001 and 2003 (J. Nisi 2005, pers.
comm.).

The pathogen population

During 1949-1994, 30 different P graminis races were described
in Brazil. These combined virulence on 4 to 14 Sr genes (Sr5,
Sr6, Sr7a, Sr8, Sr9a, Sr9b, Sr9e, Srl0, Srll, Sri2, Srl3, Sri4,
Sri7, Sr29, Sr30, Sr36, Sr37). Most old races identified in
Argentina and Brazil were lost from the collections due to
reduction in research on stem rust. Few races have been found
since 2000. One race (RTT-TR, Brazilian designation, G30)
has been prevalent for many years in Brazil and Uruguay.
Since 2002 some changes in the pathogen population have
been detected in Brazil (A. Barcellos; C. de Souza, S. German,
C. Turra, and M. Segalin 2003, unpublished data), Argentina,
and Uruguay. Genes Sr22, Sr24, Sr25, Sr26, Sr3l, Sr32, Sr33,
Sr35, Sr39, and Sr40 are currently effective across the region.
Sr27 had intermediate stem rust severity levels in Chile in 1984
(Hacke 1986). Sr38 has not been tested, although CIMMYT line
Milan that may carry this gene has had high field severity with
susceptible reaction to stem rust in Uruguay and Paraguay. In
2005, a very severe stem rust epidemic on international nurseries
from CIMMYT and the Southern Cone region was observed in
Santa Cruz, Bolivia.
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Breeding for resistance

Stem rust resistance was one of the major wheat breeding
objectives when the disease was important across the region.
In some countries, stem rust resistance was a requirement for
cultivar release. Sources of stem rust resistance were selected
from the same international nurseries used to select for leaf rust
resistance. During the 1950s and 1960s, sources of resistance
identified in Argentina were Kenya 58, Kenya 117A, Egypt
NA 101, some lines from Egypt N95, Kenya Governor, Kenya
Standard (Vallega 1940), Mayo 54, Kentana 51 A, Yaqui 53, and
new resistance identified from the ISWRN (Antonelli 2000).
In Brazil, the best sources of resistance provided to breeding
programs were Red Egyptian, Kenya 58, and Kenya Farmer.
Cultivars with resistance from these sources became widespread
(da Silva 1966).

Sr22,Sr24, Sr25,8r26, Sr27,Sr31, Sr32, Sr33 (Coelho 1982,
1986) and Sr2 (C. Sousa, pers. comm.) have been used in
EMBRAPA-CNPT. In the Brazilian company OR, sources with
slow rusting type of resistance are being used.

Presently, the most important genes conferring resistance in
the regional germplasm are Sr3/ and Sr24. The presence of Sr-37
is indicated by the presence of the 1BL.1RS translocation and/or
the presence of Lr26. The presence of Lr24 indicates the presence
of Sr24. The introduction and use of Sr37 and Sr24 in the regional
germplasm were as described for the linked leaf rust resistance
genes. Although it is not known if Sr24 and Sr317 are present
singly or in combination with other resistance genes, the basis
of resistance in the regional germplasm appears to be narrow.
Genes Sr3, Sr6, Sr7a, Sréa, Sr8b, Sr9b, Sr10, Sr11, and Sr30 are
probably present (but largely ineffective) in some Argentinean
cultivars (Antonelli 2000). APR genes such as Sr2, are present
in many Brazilian lines and cultivars (C. de Souza 2003, pers.
comm.).

The absence of the disease and reduced pathogen variability
has decreased the opportunities of selection for resistance,
and also the priority that breeding programs have assigned to
this characteristic. As a result, some susceptible cultivars have
been recently released, including some of European origin. It
was estimated that >20% of the regional wheat area in 2004
was sown to cultivars known to be susceptible to stem rust
(Table 1), and this area continues to increase. The increasing
area of susceptible cultivars may result not only in inoculum
build-up and higher infections on these cultivars, but also to
an increased likelihood of developing new virulent races on
currently resistant cultivars. In addition, the introduction of
races with Sr24 virulence from South Africa or India could
cause significant losses. Because the 1BL.1RS translocation is
present in a high proportion of the regional germplasm (>50%
of the wheat area is sown with cultivars with this translocation,
Table 1), the possibility of introduction of the Sr3/ virulent
race Ug99 from Africa is of concern (Antonelli 2000; German
et al. 2005; 1. Ramirez 2005, pers. comm.). This could result
in significant epidemics, since data obtained in Kenya during
2005 indicated that the large majority of a group of 72 current
regional cultivars are susceptible or moderately susceptible
(R. Wanyera 2005, pers. comm.). Given this situation, stem rust
may increase in importance in the near future, and it is urgent to
increase testing for resistance to this disease. The introduction
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of resistance genes effective against races virulent on lines
with Sr371 and Sr24, as well as other effective genes not
present in the regional germplasm, should be emphasised
(German et al. 2005).

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 effective and
more durable resistance is being addressed using traditional
methodologies as well as gradually introducing newer tools to
help increase knowledge about rust resistance and its efficient
use in breeding.
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