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Abstl'act. Approximately 9 million ha 01' wheat (TriliCllIll aeslivum anel T dU/'llIJl) is sown in the Soulhern Cone 01'
I\merica (Argentina, Brazil, Chile, Paraguay, anel Uruguay). Two rust epielellliological zones separateel by the Anelean
Illountain range have been c1eseribecl in lhe regiün. Presently, leafrust (eauseel by Puecinia lI'ilieil1a) is the most important
rust c1isease 01' wheat. The utilisalion 01' suseeptible 01' moelerately suseeptible eultivars in a high pl'oportion 01' the wheat
area allows lhe pathogen to oversummer across large areas, resulting in early onset 01' the epiclemics. Severe epielemies
cause important econolllie losses ifchemical control is not usecl. The pathogen population is extremely e1ynamie, leacling
to transitory resistance in commercial cultivars. Lr34 is eoml11only present in the regional germplasm, but there is
limiteel knowleelge about the presence 01' other genes conferring resistanee in cultivars. Genes Lr28, Lr36, Lr38, Lr4/,
anel Lr43 proviele effective resislance in the region. The best stralegy for the stabilisation ofthe pathogen population anel
I'esistanee is eonsielereel to be lhe use 01' aelult plant l'Csistanee eonferreel by minol' aelelitive genes inclueling Lr34 anel
Lr46. Sourees 01' this type üf resistanee from CIlvIfVlYT anel lhe region have been maele available to breeeling programs
in the Southern Cone. Stripe rust (P slriijortllis f. sp. Irifiei) is endemic in Chile where ehemieal control is required
to prevent severe losscs in stripe rust susceptible eultivars. Although new virulent raees emerge frequently, resistance
gcnes Yr5, V1'8, 1'1'/0, Yr/5, anel YrS/) are eurrently eifective in Chile. Some important stripe rust epielcmics have
oceurred in Argentina, Brazil, anel Uruguay. Avoieling lhe use 01' highly susceptible eultivars appears to be an effeetive
strategy to prevent stripe rust epielel11ic e1evelopment in this arca. There have been no serious stem rust (P gralJlillis f.
sp. Iri/iei) epielel11ies for over 2 e1eeaelcs; the e1isease was controlleel by rcsistant cultivars. The most important genes
confcrring I'esistanee in Soutbern Cone gerlllp\asm at the present time are pl'Obably SI'24 anel 51'3/. Other effectivc genes
are 51'22, S1'25, Sr26. 51'32, Sr33, Sr35, SdY, and S1'40. Several slem rllst sllsceptible wheat cultivars have re-::cntly
bcen relcaseel The increaseel cullivation of susceptiblc cultivars may leael to higher slelll rust ineielence, increasing the
probability 01' appearancc 01' new viru1cnt races. Since the 1BL.I RS translocation possessing SI' 31 is present in a high
proportion 01' the regional germplasm, lhe possiblc inlroeluction 01' slelll rust with Sr3/ virlllence from A frica is 01'
great eoncem.

Additional keywol'ds: TriliclIllI aestivlllll, PlIcci"ia Il'itieilla, PI/eónia Sll'iifol'lllis f sp. trilici, Puccinia gralllinis f sp.
Il'iliei, pathogen variability, resistance.

Introductioll

Approxilllatcly 9million ha 01' eOlllmon (Triliel/lll aesfil'lIl1l) anel
durulll (T dlll'lllll) wheat was planteel annually in the Southern
Conc of All1eriea (AI'gentina, Brazil, Chile, Paraguay, anel
Urllgllay) ellIring 2000-2004 (Tablc I). The average yield was
2.3 t/ha, resulting in a total annual proeluction of 211llillion t
01' grain (FAOSTAT 2006). Durull1 wheats are sown only in
Argentina and Chile anel represenl a low pereentage 01' the
produclion. Argentina, where an average 6.18 ll1illion ha/ycar
\\'ere planteel during 2000-2004, is lhe biggesl wheat produccr,

followecl by Brazil (2.05Illillion ha), Chile (OAllllillion ha),
Paraguay (O.25Illillion ha), anel Urllguay (O.14ll1illion ha).

Rusls are important e1iseases affecting cOllllllon wheat
prociuction in the SOllthern Cone of South Amcrica, eausing
severe losses if ehemical control is nol useel. The cultivars
grown (27 from Argentina, 18 from Brazil, 13 from Chile, 9
from Paraguay, anel 10 from Uruguay) are largely moelerately
susceptible 01' suseeptible to leal' rllst, eauseel by PlIccinia
Il'ilicina (Table I). Tn Argentina there is mocierate exposure to
slern rust. The estimatecl areas planted to cultivars with tbe
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Table l. Total approximate areas (ha x (000) SOWIl in 2004 to important cultivars, to cultivars moderately
susceptible or susceptible to leal' :lIld stem rusts, and to cultivars known 10 carry lhe lBL.lRS lranslocation

Estimated area sown to important cultivars; somce: Argentina area sown (ha) in 2004, Secretaria de Agricultura Pesca
y Alimelltación; Brazil availabilily 01' cerlified seeel, Departamento de Produção Vegetal, SAA-RS, Departamento de
Fiscalização e Defensa Agropecuária/Divisão de Produção de Sementes, SAA-PR; Chile inscribed areas for 2002-2003,
Servicio Agrícola y Ganadero; Paraguay Certified seed produced in 2004, Dirección de Semillas. MAG; Uruguay area
sown (ha), Encuesla Agrícola No. 227. MGAP. DJEA. Presence 01' IB.I R. Source: Rosa Filho 1997; G. Tranquilli and
L. PJlüger 2004, llnpllblished data; R. J. Peiia 2003, llnpllblished data; and indirect evidence by lhe presence 01' Lr26

(Antonelli 2003; Gcrmán el 01. 2005; Zoldan and Barcellos 2002)

COllntry Total Leafrust Stem rust lBL/IRS
Area (%) Area (%) Area (%)

Argentina 5498.7 4979.1 90.6 1743.6 31.7 3392.3 61.7
Brazil 1753.5 1231.7 70.2 95.2 5.4 536.8 30.6
Chile 170.1 992 583 9.7 5.7 70.5 41.4
Paraguay 3308 243.1 73.5 0.0 0.0 146.5 44.3
Urugllay 158.4 112.9 7l.2 22.7 14.3 33.6 21.2

Total 7911.6 6666.0 84.3 187l.2 23.7 4179.7 52.8

1BL.l RS translocation carrying stem rust resistance gene Sr31
exceeeleel half of lhe total wheat area.

lnforlllation on fielel reactions to leaf rusl (Tablc 1) was
available for ali cultivars. The areas sown 10cultivars t110elerately
susceptible or sllsccptible to stcm rust (P. gral1linis f. sp.
Irilici) may be unelerestimateel since stcm rust reactions were
available only for 56 cllltivars, anel some ofthe resistant cuitivars
may not be precisely characteriseel elue to the absence of the
elisease in t110st of the area eluring recent years. The areas
sown to cultivars with the IBL.IRS translocation are also
possibly lInelerestimateel, since the information onits presence
was available for 47 cultivars. Information on stripe rust
(P. striiforlnis f. sp. Iriliei) fielel reactions was available only from
Chile where susceptible anel moelerately susceptible cultivars
representcel 64.7% of area sown to popular cultivars.

In the Southern Cone wheat is planteel eluring the fali anel
winter. Spring wheat is grown in Brazil anel Paraguay, anel spring
anel facultative types grown in Argentina, Chile, anel Urllguay.
Winter types are grown in Southern Chile, anel recently some
winter wheats have been releaseel in Argentina.

In the Atlantic area (Argentin;, Brazil, Paraguay, anel
Uruguay), wheat is sown between latituele 18° in Brazil anel
38°S in Argcntina, thus exteneling 2400 km from north to south.
The crop is sown in iowlanels «400 m as I) in Argentina,
Uruguay, anel Paraguay anel on higher plateaux (600-800 m
asl) in Brazil. Annual average rainfall varies frolll <400 mm in
the south-western wheat region of Argentina to ncar 2000 t11111
in the northem wheat region of Brazii; in Paraguay averagc
rainfall is 1600 mm anel Uruguay has an intermediate annual
rainfall of about 1000 mm. In the Pacific arca (Chile), wheat is
planteel in the central valley anel in some lower Alldcan ranges
along 2000 km between latitueles 27 anel 43°S. More recently,
thc crop has concentrateel in the southcrn areas (Iatitueles
35-43°S). The annual rainfall pattem is opposite to that of
the Atlantic area, increasing from north to soulh, where it
reaches 2000 mm/ycar. In bolh the Atlanlic anel lhe Pacific
areas, the earliest crops 'are planteel in the lowcr northern
latitueles anel laler crops are planteel in higher sOllthern latitueles.
Climatic conelitions in sOllthem Chile are very favourable for
the elevelopment ofstripe rllSt. Leafrust anel stem rust epielemics

may occur throughout the entire Southern Cone, except in south-
westem Argentina where low humielity anel e1ew fonnation are
lil11iting factors.

The il11portance ofbl'eael wheat rust eliseases in the Southern
Cone of South America, pathogen variability, the basis of
resistance of the regional germplasm, anel strategics useel to
control these eliseases, as well as perspectives for the future,
\Vill be eliscusseel.

Baseel on elifferences in the rusts race populations,
2 epielel11iological zones were suggesteel for the region
(Rajaral11 anel Campos 1974). Chile, representing the western
zone, is separateel frol11 the eastem zone (Argentina, Brazil,
Paraguay, and Urugllay) by the Anelean mountain range.
Accoreling to van Beuningen anel Kohli (1986), most areas in
the Southern Cone have fluctuating local winels in aelelition
to the preelominant weather pattems anel these are capable of
elistributing the spores in ali elirections. The Anelean 1110untain
range appears to delay the movement of races between the
zones. As a result, there are some similarities between the west
anel east epielemiological zones in the P. triticina population
(Barcellos anel Kohli 2003), the P striiforlllis population (Straib
1937), anel the P. graminis f. sp. Iriliei population (Vallega
1955), indicating migration between zones. The presence of
races of ali 3 rust pathogens common to Chile anel Argentina in
cereal crops in the Anelean valleys of Argentinean Rio Negro
anel Neuquén provinces (Vallega anel Favret 1947) also inelicates
a connection between the westem anel eastern cpielemiological
zones.

Stuelies on physiological specialisation of P. gral7linis f. sp.
trifiei anel P Iriticina, ielentification of sources of resistance,
anel testing of breeeling germplasm have a long traclition
in Argentina anel Brazil. The first stuelies in the Southern
Cone \Vere conelucteel by G. Ruelorf anel K. Rosentiel in
Argentina (Ruelorf et aI. 1933). During 1938- 1943 rust research
was carried out by J. Vallega at the Instituto Fitotécnico
ele Santa Catalina, anel eluring 1944-1952 by J. Vallega anel
E. Favrct at the Instituto ele Fitotecnia in Castelar (Vallega



and Favret (952). 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 Experimentação
Agropecuária 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 Agropecuária (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 ele Sementes by A. Barcellos anel C. Turra.
Studies on physiological specialisation have been sporadic in
Chile (VoJovsky 1945, 1946), while no studies of this type have
been conelucteel in Paraguay. Only a few studies were carried out
in Uruguay before 1991 (Boasso and Levine 1951; Betucci et ai.
1971), when a program to stuely cereal rusts with emphasis on
P triticilla was initiated at the Instituto Nacional ele Investigación
Agropecuaria (lNIA) by S. Germán. Since 1975, leaf rust and
stem rust samples from Chile anel Paraguay have been stuelicd 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 cOlnmunity, began in early 1900s, when
wheat breeding was initiated in the region. Resistance to wheat
Icaf rust was present in the cultivars selected from lanelraces
in the 1910s. These selections were extensively exchangeel
among breeeling programs of Argentina, Brazil, anel Uruguay.
However, most ofthe germplasm developeel during 1910-1950
was susceptible to stem rust. Afier the stem rust epidemic
caused by race 15B in the USA anel Canada during 1950, ali
countries in the Southern Cone participateel in the stem rust
control programleel by the University ofMinnesota. The purpose
of this international collaborative program was to evaluate the
International Spring and Winter Wheat Rust Nurseries (lSWRN,
lWWR1'\J) from which sources ofresistance to the 3 rusts coulel be
selected anel useel in breeeling programs. During the 1960s, rust
resistant lines were also selected from germplasm distributcel
by the Rockefeller Foundation, and later by the [nternational
Maize anel 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 inclueled testing of advanccd
lines from ali countries for stripe rust in elisease 'hotspots',
e1istribution, anel evaluation of new sources of resistance to
ali 3 rusts, evaluating new sources of aelult plant resistance
(APR) to leaf rust including local germplasm, anel anl1Ual leaf
rust anel stem rust race surveys. More recent collaborative
research integrates elevelopment of molecular markers for leaf
rust resistance from Buck Manantial, phenotyping C[MMYT
mapping populations for APR to leaf rust, elevelopment
of mapping populations from regional sources of elurable
resistance, anel introeluction of APR to regional germplasm.
The organisation anel e1istribution of an ongoing annual Rust

Trap Nursery throughout the region was initiateel by Brazil
in 1975. Results from the Trap Nursery have been reporteel
by A. Barcellos, E. Coelho, and co-workers at regional
rust meetings. Results trom 1998-2001 were summarised by
Barcellos anel Kohli (2003).

Wheat leaf rust
Oistribution and occurrence
Leafrust is currently the most prevalent and severe wheat disease
in the Southern Cone (Kohli et ai. 2003). 1t is present every
year, causing wielespreael epielemics, depending on climatic
conditions anel area sown to susceptible cultivars. 1t causes severe
epidemics in Brazil (Barcellos 1986), Paraguay (ele Viedma
and Bozzano 1986), and Uruguay (Germán anel Kolmer 1994).
In Argentina, leaf rust is the most widespreael rust on wheat
(Vallega anel Favret 1952); however, only approximately 40% of
the total area under wheat in Argentina is affecteel by se vere
leaf rust epidemics (Germán et ai. 2004). [n the remaining
Argentinean wheat area, cool temperatures and dry conditions
limit the elisease elevelopment, 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), anel on
volunteer plants and trap nurseries planted during the summer in
Uruguay. 10 Brazil, susceptible plants in pots have been placeel
in fields and later incubatecl, resulting in stem rust and leaf
rust infections during most of the year (Barcellos et ai. 1982;
Barcellos 1986). Leaf rust infections in commercial fielels are
first observed in the north and develop with the crop towarels the
south of the region (Barcellos et aI. 1982).

Economic importance
A very high proportion of the wheat area in the Southern Cone
is planted with susceptible or moelerately susceptible cultivars
(Table 1), allowing widespreael local oversummering anel early
onset of epielemics in the grO\oving season. The replacement of
susceptible cultivars is relatively slow and the easy availability
of fungicides that efficiently controI the elisease has prolonged
the lifespan of cOl1lmercially 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
causeel by epielemics on 10 important cultivars grown in the
region eluring the period 1996-2003 (Germán et aI. 2004).
Consielering the large areas sown to cultivars that require
chemical control in an average epielemic, the total an'lUal cost of
fungicidc applications to controlleafrust in the region is about
US$50 million.

The use offungicides to control wheat leafrust differs al110ng
countries. Fungicieles have been recommended since 1977 in
Brazil, have been useel widely in Paraguay since 1976, and
have been more cOl11l11onIy useel in Uruguay since the 1990s. ln
normal epidemic conelitions at least 2 applications of fungicicles
are required to control the elisease on highly susceptible cultivars.



1n Argentina, one fungicide application to controllcafrust is used
on about 35% ofthe wheat area. [n Chile, the use offungicides to
controlleafrust 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 trilicina population in the Southern Cone is extremely
dynamic (Barcellos 2000; Antonelli 2003; Barcellos and Turra
2004; Germán et ai. 2004; Chaves el aI. 2005). A largc number
of races are generally present every year. The prcvalence of
pathogen races changes dramatically over time, in accorelance
with the area sown to cultivars susceptible to different
pathotypes. After short periods of time, with few exceptions,
resistance of wielely grown cultivars is overcome by the
appearance of virulent races of the pathogen (Barcellos 1982;
Antonelli 2003).

Information on the most important P Iriticina races found
in recent surveys (race frequency and year of first detection)
is presenteel in Table 2. About 1700 isolates collecled in
lhe region were stuelied during 2002-2004. Baseel on lhe
J2 North American differenlials (Long anel Kolmer J989) anel
2 supplementary elifferentials (TcLriO anel TcLr20, listed after
the Prt code when races are virulent on lhese lines), about
100 elifferent virulence combinations were identifiecl, including
several new races. Most races were present at low frequencies.
The number ofraces with fi-equencies > 10% within a given year
varied fram I to 4. Generally, races found in high frequency
during 2000-2004 were present in ali Southern Cone countries,
whereas races found in low frequency may have been present

in only one country. Thp, most important P Iriticina pathotypes
present in the region during the last 8 years were described by
Chaves ef aI. (2005), and those present in Argentina eluring the
!ast 2 years by Campos et aI. (2005).

The prevalent races in the Southern Cone region are viru!ent
for Lrl, Lr2a, Lr2c, Lr3a, Ldka, Lr10, Lri1, Lr14a, Lr14b,
Lr16, Lr17a, Lr18, Lr20, Lr23, Lr24, Lr26, and Lr30 (Chaves
et aI. 2005). During the last 5 years, virulence frequencies have
generally been high on Iines with Lri, Lda, Ldka, Lr10, Lr11,
Lr 17a, Lr26, and LdO, 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 Lr19, Lr21, Lr29, Ld2, Lr36, Lr42, anel Lr43 \Vere
effective against the pathogen population present eluring 1998-
2001. Since then, infection on Lr 19 has been observeel in the
region. 1n Uruguay, seedling resistance genes Lr28, Ld8, and
Lr41 anel APR genes Lr22a anel Lr35 confer field resistance.
Lr34 is also effective throughout the region, although it expresses
only a moderate leveI ofresistance when present singly.

Races MFR, MCD-JO,20, MCP-I0, anel MDR-IO,20 and
related races have been important recently. Races MFK, MFT,
and MFR (Brazilian elesignation, B40) overcame the resistance
of the popular Brazilian cultivars EMBRAPA 16 (Lr13, Lr24)
anel OR 1 (Lr23, Lr24), and the Uruguayan cultivar INIA Caburé
(Lr24). These races, first combining virulence on Lr24 andLr26,
were important during 1997-2002 in Brazil, and in 2001 in
Uruguay.

Race MCD and related races MHD, MI-lJ, MHK, and MI-lT,
ali virulent for Lr 10 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

Table 2. Virulence formula and frequellcy of Pllccillia frificil1{/ most importanl races idelllified ill lhe Southern Cone in samples collecled
durillg 2002-2004

SOllfce: A. Barcellos, M. Chaves, P. Campos, S. Gerl11án, unpllblished inforl11alion

Prt codeA and Brazi!. Virulence fonnula firSl detecliol1 2002 2003 2004
v 011LrlO,20 code Bra. Urll. Arg. Bra. Urll. Arg. Bra. Par. Urll. Arg. Bt3. Chio Urll.

CCT-IO 3,3ka,IO,II,17,26,30 1998 16.8 11.2 0.8 4.7 0.5 1.0
KDG-IO,20 2a,2c,3,1 0,1 1.20,24 1997 11.8
LPJ-IO B44 1,9,10,11,17,24,26 ' 1997 9.8 0.7 0.8
MCD-IO 1,3,10,17,26 2001 4.3 4.1 0.2 1.8 2.4 15.0
MCD-IO,20 B48 1,3,1 0,17,20,26 1999 1999 5.6 1.1 26.5 0.4 54.5 4.7 0.5 0.8 6.0
MCG-IO B34 1,3,10,11.26 1989 1989 0.6 1.0 0.4 9.1 4.7 1.0 2.0
MCl-IO B34 1,3,10,ll,17,26 1989 2003 6.6 9.9 0.6 1.0 8.1
MCP-IO 1,3,3ka, 10,17,26,30 2000 21.7 6.1 6.1 18.2 12.4 14.4 28.0
MCP-10,20 1,3,3ka, I0,17,20,26,30 2002 22.4 l.0 1.5 3.0 1.4 2.0
MDR-10,20 1,3,3ka,10,1I,20,24,30 2003 0.6 1.0 17.0
MrT B40 1,3,3ka,11,17,24,26,30 1994 12.6 0.2 1.2
MFT-10,20 B55 1,3,3ka, 10,11,17,20,24,26,30 2004 6.5
~IFT-20 B51 1,3,3ka, 11,1 7,20,24,26,30 2003 7.7 11.6 0.5 13.0
1'vIHD-IO.20 B48 1,3,/0,/6,17,10,26 1999 10.9 7.0 0.5 2.4
MI·[J-IO.20 B-18 1,3,10,11,16,17,20,26 1999 7.1 14.5 6.5
MI-IK-IO,20 B48 1,3,10,11,16,17,20,26,30 1999 5.5 9.6 5.3
MIlP-IO 1,3,3ka,IO, 16,17,26,30 2002 2.0 16.8 220
MHT·IO B53 1,3,3ka,IO,II,16,17,26,30 2003 49.6 0.7 30.6
MHT-IO,20 ll48 1,3,3ka,1 0,11,16,17,20,26,30 1999 2002 12.0 l.0 2.3 13.2 6.5 100.0
SP.I-IO 850 I ,1a,2c,9,1 0,11,17,14,26 2002 4.9 8.1 3.7
TDD-IO,20 B43 1,2a,2c,3,IO, I7,20,14 1995 1995 1.2 05 2.3 29.6 2.4 2.0
TFT B49 I,Ja, 2c,3,3ka,ll,/ 7, 24,26,30 2001 6.0 3.9 1.6
TFT-20 B54 l,2a,2c,3,3ka,II,17,20,4,26,30 2003 2.2 22.8

Total 110.of samples per year 161 183 98 131 456 1i 169 209 246 100
Total no. ofraces 19 24 28 21 35 5 31 27 :<5 19
TOlal no. of races freg. > 10% 4 3 2 2 3 2 2 3 2

A Long and Kolmer (1989),



10w frequencies in Argentina. These raccs caused important
epielemics on the wielely sown Brazilian cultivar BRS 49, anel the
Uruguayan cultivars Estanzuela Pelón 90 (Lr1, Lr17, Lr26, Lr34,
Germán and Kolmer 1996) and INJA Mirlo. MCD-1O,20 was
important in North America during 2002 (Kolmer et ai. 2004;
R. Singh 2003, pers. comm.), perhaps inelicating the occurrcnce
of intercontinental migration.

Race MCP-IO, with a characteristic intennediate infection
type on TcLr16, anel MHP-IO 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 eluring
2003. The leaf rust epielemics causeel by MCP/MHP-I O on the
Argentinean cultivar Klein Don Enriquc (Lr26 anel aelelitional
resistance; Antonelli 2003), planted on over 2 million ha, were
very severe and widespread during 2002 anel 2003.

Race MDR-IO,20, first identified in 2003, overcame the
resistance ofthe Uruguayan cultivars JNIA Torcaza (Lr1 O,Lr24;
Germán et ai. 2005) anel INIA Churrinche, anel the widely
grawn Brazilian cultivar Ônix. The freq' I ,c"\' ufthis race rapidly
increased in Uruguay during 2004 allll in t\lgcntina anel Brazil
in 2005.

Some important epielemics that occurreel on rcgional cultivars
since the 1990s, due to the spread of n:ces wirh new virulence
combinations, were elescribed by Ant(,nelli (2003) and Germán
et ai. (2004).

Virulence has frequently elevelo!)cd for effective resistance
genes eleployed in coml11ercial cultiv:lrs in the Southern Cone.
Virulence on wheats with Lr]6 \\'8, 1irst detected in Argentina
in 1980 (Antonelli 2003) anel in : ':: il m 1982 (Barcellos 1986).
Many CIMMYT lines anel d\::ti\aiivc~ releaseel in the rcgion
(Kohli anel Skovmanel 1997) became ~usceptible due to races
with Lr26 virulence. Virulence for Lr2·', first deteeted in 1981
both in Argentina (Antonelli 1982) anci Brazil (Barcellos and
Aita 1982), caused extrell1ely severe epil emics durillg 1982 on
the Argentinean cultivar Cargill Trigal 8(' 1, and on the cultivar
Tifton, grown in Brazil. Virulence for 1 --9, first detected in
Argentina in 1982 (Antonelli 1986), causcl1 a major epidemic
during 1985 on the Argentinean cultivar La 1O,:zINTA, grown in
Argentina and Uruguay (Germán et ai. 1986). Virulence forLr3 7
was first elemonstratecl in Uruguay in 19'99 in race MCD-l 0,20,
which affected several cultivars that elonot carry LI' 37. Virulence
on Lr19 was first observecl in 2004 in Paraguay (de Vieclll1a et ai .

. 2(05) and Argentina, where itwas verifiecl by E. Antonelli (2005,
pers. comm.). During 2005 the Argentinean cultivar Pr01NTA
Gaucho, which probably has Lri9, was severely affected by leaf
rust.

Breeding for resistance

During the first period of wheat breeding in the rcgion, leaf rust
resistance was mainly clerived from locally adapted germplasm,
which in many cases was also used by breeding programs in
other countries. The Brazilian cultivar Frontana (Lri3, Lr34,
LrT3 and aelditional aelult plant resistance; Dyck et ai. 1966;
Dyck anel Samborski 1982; Singh and Rajarall1 1992) anel the
Argentincan cultivar Buck Manantial (Lda or an allele, Lri6,
and Lr17a, Lri3, anel possibly Lr34; Dyek 1989) are sources of
elurable resistance that have bcen useel internationally. Sources
of resistance were selecteel from germplasm elistribulcel by

USDA since the 1950s and by the Rockefeller Foundation (Iater,
CJMMYT) since the 1960s. Many CIMMYT 1ines elerived leaf
rust resistance from South American germplasm (Rajaram et aI.
1988).

Seeelling resistance genes present in the regional germplasm
elevelopeel before 1960 areLr1, Lr3a, Lrlbg, Ldka, Lri1 ,Lri4b,
Lri6, anel Lr17a (Dyck and Samborski 1968a, 1968b, 1970;
Haggag anel Dyck 1973; Dyck andKerber 1977; Antonelli 1983;
Roelfs 1988; Dyck 1989; Kolmer et ai. 2007; E. F. Antonelli
2005, unpublished data). Two previously undesignated seeelling
resislance genes, temporari1y designated Lr7D anel Lr44d
(originally present in the Argentinean cultivar Barletta 7D,
anel the Uruguayan cultivar Americano 44d, respectively), were
describecl by Antonelli (1994). Kolmer et ai. (2007) founel a
previously unidelltified gene in Americano 25e.

Aclult plant resistanee genes Lr12, Lr13, and Lr34 are also
present in the traditional gcrmplasm (Dyck el ai. 1966; Dyck and
Samborski 1982; Roelfs 1988; Dyck 1989; Singh and Rajaram
1992; Kolmer et ai. 2007). Brazilian cultivar BH 1146 has
Lr13 and Ld4 (Kolmcr and Liu 20(1). Uneler the extremely
favourab1e eonditions for leaf rust clevelopment present in the
region, Lr34 and other APR genes were probably selected from
the heterogeneous landrace cultivars, and then m"intained in
newer cultivars. Singh and Rajaram (1992) claimed evielence
for AP.R genes adelitional to LI'13 anel Lr34 in frontana. Kolmer
et ai. (2007) found one APR gene different from Lri2, LI' 13, or
Lr34 in Americano 25e, and 2 possibly unique A10R genes in
Americano 26n.

More recently releasecl eultivars in South America have
been clerivecl fram germplasm obtainecl from CIMMYT and
other breeding programs. Seedling resistance genes LI' 10,
Lr14a, Lr19, Lr23, Lr26, Lr27, and Ld1 (Singh and
Rajaram 1991; Singh 1993) may have been introduced \Vith
CIMMYT germplasm. Lr26 is probably the most widely
distributed of these genes since it is present in many high-
yielcling CIMMYT lines (e.g. Veery, Bobwhite, Alondra, Kauz,
and others) and clerivatives that have been used directly
as cultivars or in local crosses. In Chile, Lr26 was also
introeluced through direct use of European wheats carrying
the 1BL.I RS translocation (e.g. Aurora, Kavkaz, Bezostaya,
Lovrin, Mildress, Clement; 1. Ramirez, pers. comm.). Lr9 is
present in Precoz Paraná INTA and its derivative La Paz
INTA (Antonelli 1983). Lr24 is present in Cargill Trigal
800 (Antonelli 2003) and other Agent derivatives useel in
breeding programs in Argentina anel Uruguay, anel in Amigo,
Ti fton, and Century, useel in Brazil (Barcellos 1991 cited by
Zolelan and Barcellos 2002; The et ai. 1991; McIntosh et ai.
1995). Lr34 and othcr APR genes conferring durable resistance
are wielely clistributed in CIMMYT gcrmplasm (Singh anel
Rajaram 1992; Singh and Huerta-Espino 1995), mostly clerived
from lraditional Southern Cone germplasm, and in current
regional cultivars.

Resistance genes LI' 10, Lr23, Lr24, anel Lr26, most common
in Brazilian germplasm testeel during 1996-97 (Zoldan and
Barcellos 2(02), continucd to be present in the most important
cultivars used in 2004. Lri3 and Lr34 are also widely present
in the Brazilian germplasm (Zoldan et ai. 2000; de Sousa and
Barcellos 2000, 2001), together with other APR genes such
as Trpl anel Trp2 (temporary designatiol1) present il1 Toropí
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epielemics in most of the region (from Chile to Rio Granele
elo Sul in Brazil) causing extremely high losses in the
eastern epielemio10gical zone (Boerger 1934; Vallega 1938).
The presence in Argentina anel Uruguay of COl11l11onraces
founel in Chile (Straib 1937) inelicates stripe rust probably
migrateel through the Aneles liom Chile to the easteru part of
the continent.

Yr18 anel tightly linkeel Lr34 (McIntosh 1992; Singh
1992) were probably present in tolerant wheat lines selecteel
uneler the extreme 1929 anel 1930 stripe rust epielel11ics, as
suggesteel by Dyck (1991) anel Kolmer (1996). The Brazil ian
cultivar Fronteira, one of Frontana's parents, selecteel at Bagé
Experimental Station anel releaseel in 1934, was highly resistant
to stripe rust (Beckmann 1940). ln Argentina, cv. Chino, also
known as Chinese 166, expresseel the most effective resistance
anel was useel in crosses from which aelapteel resistant lines were
eleriveel (Val1ega 1938).

Unlike other regions of the worlel where the importance
of stripe rust is increasing, no other wielespreael epielemic
has occurreel in the eastern epielemiological zone anel the
elisease is currently not economically important. ln the southern
wheat arca of Argentina only sporaelic localiseel outbreaks
have been observeel on highly susceptible cultivars. Similar
loca1iseel epielemics have also been observeel in southern Brazil,
aifecting cv. Curitiba eluring 1968 (Schraml11 1969), anel cv.
Tifton eluring 1980. ln 1998 a moelerate epielemic ofstripe rust
occurreel in Uruguay (Germán anel Caifare1 1999). During this
epielemic, some cultivars with the lBL.IRS translocation, such
as Estanzuela Carelenal (Veery #3) were susceptible, inelicating
the presence ofvirulence on Yr9. Many cultivars known to carry
Yr18/Lr34 hael 10w to intermeeliate stripe rust severities.

Puccinia slriiformis probab1y oversummers in the valleys of
the Argentinean Aneles (Neuquén anel Rio Negro provinces)
on wheat anel wilel Hordeum spp. (Vallega anel Favret 1947)
elelaying the elispersal ofinoculum to the major proeluction areas
in the north. Most germp1asl11 from Argentina, Brazil, Paraguay,
anel Urllguay is moelerately susceptible or susceptible uneler the
heavy elisease conelitions present in Chile. The absence ofearly
infections, even in the presence ofsusceptible cllltivars, inelicates
that inoculum is usually not present at 'early stages of crop
elevelopment, anel that oversummering does not regularly OCCllr
in the l11ain wheat areas. Uneler these conelitions, avoieling the
use of highly susceptible cultivars, anel maintaining resistance
levels such as those conferreel by Yr18 or other genes with
similar eíTect, appears to be an effective strategy to prcvcnt
stripe rust epielemics in Uruguay (Germán anel Caffarel 1999)
anel the rest of the eastem epielemiologic zanc. ln aelelition,
the increaseel use of durable APR to leaf rust, often associated
with APR to stripe rust (Singh 1992; Singh anel Rajaram 1994;
Singh el ai. 2003), will also increase the leveI of resistance to
stripe rust.

Wheat stem rust
Oistribution and occurrence
Although the incielence of steni rust historically has been more
sporaelic than that ofleafrust, it causeel higher 1evels of elamage
eluring severe epielemics. It was consielereelthe most elestructive
wheat rust in Brazil (ela Silva 1966), Paraguay (ele Vieelma anel

Bozzano 1986), Uruguay (Ribeiro 1952), the northem wheat
growing area ofChile (Hacke 1990) anel the northern anel central-
north wheat area of Argentina (Val1ega anel Favret 1952).

Oversummering of stem rust has been observeel on volunteer
wheat anel barley plants in Uruguay anel in the south of Buenos
Aires province (Argentina) where it is frequently present in lhe
summer nursery at Balcarce (1. Nisi 2005, pers. comm.). Stem
rust also oversuml11ers locally in Brazil (Barcellos et ai. 1982).

A very severe stem rust epielemic occurreel in Argentina
anel other Southern Cone countries in 1950 (Antonelli
2000). The majority of commercia1 cultivars from regional
breeeling programs were susceptible to the pathogen population,
elominateel by a variant of race 15 (effective genes
Sr6,7a,22,24,25,26,27,31 / ineffective genes Sr8a,8b,ge,9a,9g,
10,11 ,13,17,30,37, elenominateel 15 (63) by Antonel1i 1969).
In 1974, a new race (effective genes Sr8a,8b,ge,11 ,22,
24,25,26,27,31,3 7 / ineffective genes Sr6,7a,9a,9g,l 0,13,17,30,
elenominateel II MeR in Argentina, anel Gil in Brazil),
viru1ent on most of the popular Argentinean (Antonelli 2000),
Brazilian (Coelho 1980), anel Uruguayan cultivars (Luizzi et aI.
1980), causeel wielespreael epielemics uneler unusually favourable
environmenta1 conelitions eluring 1975-1976.

Wheat stem rust has not been severely epielemic for over 2
elecaeles. This was coincielent with the increaseel anel wielespreael
use ofcultivars with lBL.1RS (Sr31) (Antonelli 2000). During
1975-2003, 2 stem rust epielemics (1976 anel 1981) were
observeel inPasso funelo, RS, Brazil (C. ele Souza 2005, pers.
comm.). Localised epielemir outbreaks occurred during the
1990s on some wielely grown cultivars in Paraguay (ltapúa
35), Brazil (CEP 14), anel Argentina (Victoria lNTA). Since
2000, stem rust has been observeel sporaelically on highly
susceptible materiaIs in experimental fields throughout lhe
region. The release of stem rust susceptible cultivars such
as Klein Escorpión, Buck Yatasto, anel the French cultivar
Baguette 10 led to the reappearance ofthe clisease in c0111mercial
fielels in northern Argentina in 2001 anel 2003 (1. Nisi 2005, pers.
comm.).

The pathogen population
During 1949-1994,30 elifferentP graminis races were elescribeel
in Brazil. These combineel virulence on 4 to 14 SI' genes (Sr5,
Sr6, Sr7a, Sr8, Sr9a, Sr9b, Srge, SI'10, SI'11, Sr12, SI'13, Sr14,
Sr17, Sr29, Sr30, SI'36, Sr37). Most olel races ielentifieel in
Argentina anel Brazil were lost from the collections elue to
reeluction in research on stem rust. Few races have been founel
since 2000. One race (RTT-TR, Brazilian elesignation, 030)
has been prevalent for many years in Brazil anel Uruguay.
Since 2002 some changes in the pathogen population have
been eletecteel in Brazil (A. Barcellos; C. ele Souza, S. Germán,
C. Turra, anel M. Segalin 2003, unpublisheel elata), Argentina,
anel Uruguay. Genes Sr22, Sr24, Sr25, Sr26, Sr31, Sr32, Sr33,
Sr35, Sr39, anel Sr40 are currently effective across the region.
Sr27hael intermeeliate stem rust severity levels in Chile in 1984
(Hacke 1986). Sr38 has not been testeel, although CIMMYT line
Milan that may carry this gene has hael high fielel severity with
susceptible reaction to stem rust in Uruguay anel Paraguay. ln
2005, a very severe stem rust epidemic on international nurseries
fTom CIMMYT anel the Southern Cone region was observeel in
Santa Cruz, Bolivia.



Breeding for resistance

Stem rust resistance was one of the major wheat breeeling
objectives when the elisease was important acrass the region.
ln some countries, stem rust resistance was a requirement for
cultivar release. Sources of stem rust resistance were selecteel
from the same international nurseries useel to select for leaf rust
resistance. During the 1950s anel 1960s, sources of resistance
ielentifieel in Argentina were Kenya 58, Kenya 117A, Egypt
NA 10 1, some lines from Egypt N95, Kenya Governor, Kenya
Stanelarel (VaI lega 1940), Mayo 54, Kentana 51A, Yaqui 53, anel
new resistance ielentifieel fram the lSWRN (Antonelli 2000).
ln Brazil, the best sources of resistance provieleel to breeeling
programs were Reel Egyptian, Kenya 58, anel Kenya Farmer.
Cultivars with resistance fram these sources became wielespreael
(ela Silva 1966).

Sr22, Sr24, Sr25, Sr26, S,.27, Sr31, Sr32, Sr33 (Coelho 1982,
1986) anel Sr2 (C. Sousa, pers. comm.) have been useel in
EMBRAPA-CNPT. ln the Brazilian company OR, sources with
slow rusting type of resistance are being useel.

Presently, the most important genes conferring resistance in
the regional germplasm are Sr31 anel Sr24. The presence of S,.31
is inelicateel by the presence ofthe 1BL.l RS translocation anel/or
the presence of Lr26. The presence of Lr24 inelicates the presence
of Sr24. The introeluction anel use ofSr31 anel Sr24 in the regional
germplasm were as elescribeel for the 1inkeel leaf rust resistance
genes. Although it is not known if S,.24 anel Sr31 are present
singly 01' in combination with other resistance genes, the basis
of resistance in the regional germplasm appears to be narrow.
Genes Sr5, S,.6, S,.7a, Sr8a, Sr8b, Sr9b, Sr 10, S1'11, anel Sr30 are
probably present (but largely ineifective) in some Argentinean
cultivars (Antonelli 2000). APR genes such as S,.2, are present
in many Brazilian lines anel cultivars (C. ele Souza 2005, pers.
COIllI11.).

The absence ofthe elisease anel reeluceel pathogen variability
has elecreaseel the opportunities of selection for resistance,
anel also the priority that breeeling programs have assigneel to
this characteristic. As a result, some susceptible cultivars have
been recently releaseel, inclueling some of European origino lt
was estimateel that >20% of the regional ,vheat area in 2004
was sown to cultivars known to be susceptib1e to stem rust
(Table 1), anel this area continues to increase. The increasing
area of susceptible cultivars 1ll,)Y result not on1y in inoculum
builel-up anel higher infections on these cultivars, but also to
an increaseel likelihooel of eleveloping new virulent races on
currently resistant cultivars. ln aelelition, the introeluction of
races with S,.24 virulence from South Africa 01' lnelia coulel
cause significant losses. Because the 1BL.1 RS translocation is
present in a high praportion of the regional germplasm (> 50%
of the wheat area is sown with cultivars with this translocation,
Table 1), the possibility of introeluction of the Sr31 virulent
race Ug99 from Africa is of concern (Antouelli 2000; Germún
et aI. 2005; 1. Ramirez 2005, pers. comm.). This coulel result
in significant epielemics, since elata obtaineel in Kenya eluring
2005 inelicateel that the large majority of a group of 72 current
regional cultivars are sqsceptible 01' moelerately susceptible
(R. Wanyera 2005, pers. comm.). Given this situation, stem rust
may increase in importance in the near future, anel it is urgent to
increase testing for resistance to this elisease. The introeluction

of resistance genes effective against races virulent on lines
with Sr31 anel Sr24, as well as other effective genes not
present in the regional germplasm, shoulel be emphasiseel
(Germán et alo 2005).

The control of wheat rusts continues to be a challenge
for breeelers anel rust pathologists in the Southern Cone of
South America. Breeeling wheat cultivars with effective anel
more elurable resistance is being aelelresseel using traelitional
methoelologies as well as graelually introelucing newer tools to
help increase know1eelge about rust resistance anel its efficient
use in breeeling.
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Dr Robert Mclntosh, University of Sydney, for reviewing the paper. Much
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