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RESUMEN

La roya del tallo causada por Puccinia graminis Pers. f.
sp. Avenae, es considerada el factor bidtico que mas afecta
al cultivo de avena (4vena sativa L.), disminuyendo el
rendimiento y peso de grano en variedades susceptibles,
en 75% y 60%, respectivamente. La estrategia que mas
ha apoyado al control de esta enfermedad es el uso de
variedades resistentes, requiriéndose constantemente de
fuentes de resistencia. La forma como opera la resistencia
y los genes que estan confiriéndola en el germoplasma de
avena se desconoce; detal modo, que es necesario hacer mas
estudios sobre nimero y similitud de genes asi como de su
forma de accion. El objetivo del estudio fue determinar la
similitud y el nimero de genes deresistencia en planta adulta
y plantula, en familias F; de cruzas entre seis progenitores
de avena, moderadamente resistentes a roya del tallo; por
su importancia para los programas de mejoramiento como
fuentes de resistencia, mediante el analisis de las progenies
derivadas de las cruzas entre ellos desde 2006 a 2009. En
estado de plantula en invernadero, los progenitores por
separado tuvieron lecturas de 0, “;”, y 1, indicando su
resistencia ante el aislamiento PgaMex99.13. Las familias
F; de todas las cruzas no segregaron familias susceptibles,
indicando que estos seis progenitores poseen un gen en
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ABSTRACT

The stem rust caused by Puccinia graminis Pers. f. sp.
Avenae is considered the biotic factor that affects the most
to oat cultivation (4vena sativa L.), decreasing yield and
grain weight in susceptible varieties, in 75% and 60%,
respectively. The strategy that has supported control of this
disease is the use of resistant varieties, constantly requiring
of resistance sources. The way resistance works, and the
genes that give itto oat germoplasm, is still unknown; then is
necessary to make more studies about number and similarity
of'genes as well as in their activity. The aim of the study was
to determine similarity and number of resistance genes in
mature plantand seedlings, in families F; of crosses between
oat parents, moderately resistant to stem rust; due their
importance for the programs of improvement as resistance
sources, by means of analysis of the derived progenies of
cross between them from 2006 to 2009. In greenhouse
seedling state, the parents, considering each one apart,
had readings of 0, ";", and 1, indicating their resistance
to isolation PgaMex99.13. The families F; of all breeds
didn't segregate susceptible families, indicating that these
six parents have a gene in common conferring resistance
against tested isolation. In field, even with inoculations of
same isolation, the families in all breeds showed different
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comun confiriendo resistencia contra el aislamiento probado.
En campo, aun coninoculaciones del mismo aislamiento, las
familias en todas las cruzas mostraron diferentes niveles de
infeccion, algunos mayores a 60% indicando la incidencia
de otras razas distintas a la inoculada, para las cuales el gen
deresistencia en comun en los progenitores no fue efectivo.

Palabras clave: Avena sativa L., Puccinia graminis Pers. f.
sp. avenae Eriks. y Henn., diversidad genética.

INTRODUCCION

Laavena(A4venasatival..), es el sexto cereal mas importante
del mundo en produccion de grano después del trigo
(Triticum aestivum L.), maiz (Zea mays L.), arroz (Oryza
sativa L.), cebada (Hordeum vulgare L..) y sorgo (Sorghum
vulgarePers.) (Leyvaetal.,2004); conuna produccioénanual
de 26 millones de toneladas de grano (Gold ez al., 2005). En
Meéxicose sembrd 730671 hadeavena forrajeraen 2008 y se
obtuvo una produccion de 11 022 151 t con un rendimiento
de 15.5 tha''; el valor de la produccion fue de $ 3 606 304
000.00. Para avena de grano la superficie sembrada fue 104
519 ha, laproduccion fue 148 136 ty unrendimiento de 1.5
thal, siendo el valor de la produccionde $ 312 658 000.00.

Los principales estados productores fueron Chihuahua,
Zacatecas, Estado de México, Durango y Coahuila con una
produccionde3012945t,2174652t,1619568t,1530931t
y 541561 tde forraje, respectivamente. En 2008, se cultivaron
15 178 ha de avena para grano en los Valles Altos de México,
obteniéndose una produccion de 22 559 ty de forraje fueron
96 761 ha con una produccion de 2 145 229 t (SIAP, 2009).

Lasroyas son enfermedades destructivas en avena, afectando
en la etapa de plantula hasta el llenado de grano (Leyva et
al., 2004) y en Valles Altos de 1a Mesa Central son un factor
limitante para este cultivo (Villasefior ef al., 2001). La roya
del tallo puede reducir el rendimiento de grano (75%) y el
peso del mismo (60%) (Epstein ef al., 1988). La pérdida en
produccion de materiaseca en variedades susceptibles son 32%
a42% (Villasenor et al., 2001). En las variedades Chihuahua
y Juchitepec causé pérdidas en produccion de grano de 755 y
714 kgha', esto es 36% y 35% (Leyvaet al., 2004).

En México no hay estudios sobre la diversidad genética
en la resistencia a roya del tallo, que tienen las variedades
de avena sembradas en Valles Altos de México. La falta de
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infection levels, some above at 60% indicating the incidence
of other breeds different to the one inoculated, for which the
resistance gene common in the parents was not effective.

Key words: Avena sativa L., Puccinia graminis Pers. f. sp.
avenae Eriks. and Henn., genetic diversity.

INTRODUCTION

The oat (Avena sativa L.), is the sixth most important
cereal worldwide in grain production after wheat (Triticum
aestivum L.), corn (Zea mays L.), rice (Oryza sativa L.),
barley (Hordeum vulgareL..) and sorghum (Sorghum vulgare
Pers.) (Leyva et al., 2004); with an annual production of 26
million tons of grain (Gold et al., 2005). In México it was
sowed 730 671 ha of forage oat in 2008 were sown and a
productionof 11 022 151 t was obtained withayield of 15.5
t ha'!; the value of production was of $ 3 606 304 000.00
Sown surface for grain oat was 104 519 ha, the production
was 148 136 tand ayield of 1.5 tha'!, being the value of the
production of $ 312 658 000.00

The main producing states were Chihuahua, Zacatecas, State
of México, Durango and Coahuila with a production of 3
012945t,21746521,1619568t,1530931 tand 541 561
tof forage, respectively. In 2008, 15 178 ha were cultivated
with oat for grain in the High Valleys of Mexico, obtaining
aproduction of 22 559 t and for forage were 96 761 ha with
aproduction of 2 145 229 t (SIAP, 2009).

Rust are the most destructive diseases in oat, affecting from
seedling stage until filling grain (Leyva et al., 2004) and in
the High Valleys of Central Plateau they are a restrictive
factor for oat cultivation (Villasefior et al., 2001). Stem rust
can reduce grain yield (75%) and weight (60%) (Epstein et
al., 1988). Theloss in production of dry matter in susceptible
varieties is 32% to 42% (Villasefior et al., 2001). In the
varieties Chihuahuaand Juchitepec the disease caused losses
in production of grainof 755and 714 kgha', this is 36% and
35% of general losses (Leyva et al., 2004).

In Mexico there are no studies about genetic diversity in
resistance to stem rust that have the varieties of oat sown
in High Valleys of Mexico. The lack of studies is perhaps
due to difficulty to make the cross in this cultivation for
how complicated is to work with spikelets, and to little
importance that until few years ago was given to pathogen.
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estudios quiza se deba a la dificultad para hacer las cruzas
en este cultivo por lo complicado que es trabajar con las
espiguillas, y alapocaimportancia que hastahace pocos afios
seledio al patdgeno. So6lo en paises como Australia, Canada
y Estados Unidos de América se han hecho estudios, donde
se ha observado el nimero y similitud de genes que tienen
algunos genotipos resistentes al evaluar las cruzas entre ellos.

Para un uso mas eficiente de las fuentes de resistencia que
poseen los genotipos de avena en México, es necesario
conocer sus modos de herencia, en este caso en particular,
la similitud y cuantia de genes; sin embargo, las bases
genéticas en el germoplasma de este cultivo es en gran parte
desconocido.

Como en el caso de otros cereales, el numero de genes
que poseen los genotipos de avena resistentes al hacer las
cruzas entre ellos, se obtiene al ajustar las frecuencias de las
plantas o plantulas en familias F; a frecuencias esperadas
como la 13:3 yla 63:1, para dos y tres genes de resistencia
involucrados, respectivamente.

Artie y Frey (1959) al hacer estudios genéticos entre
genotipos resistentes de avena aroyadel tallo, encontraron
evidencia de segregaciones 13:3 para plantulas resistentes
y susceptibles, indicando la existencia de un par de genes
confiriendo laresistencia, uno dominante proporcionado
por uno de los progenitores y un gen recesivo dado por
el otro. Welsh et al. (1961) encontraron evidencia de
segregaciones 63:1 para resistentes y susceptibles en
plantulas de una cruza entre progenitores resistentes,
indicando la presencia de tres genes confiriendo la
resistencia que se pueden heredar independientemente.
Adhikari et al. (1999) en cruzas entre el progenitor
resistente ‘Omega’ con otras 15 lineas resistentes, observo
que todas las familias de estas cruzas fueron resistentes
homocigoéticas, indicando que la falta de segregantes
susceptibles, se debidé que los progenitores tenian los
mismos genes o estos eran diferentes, probablemente eran
genes ligados o alélicos.

Se hicieron cruzas entre lineas conteniendo cadauna de ellas
un gen deresistenciaespecifico, siendo el gen Pg10 constante
en una de las lineas progenitoras. En todas las cruzas hubo
segregacion de plantas resistentes y susceptibles. Sin
embargo, en las cruzas Pgl/Pgl0, Pg2/Pg10, Pg3/Pgl0y
Pg4/Pg10 inoculadas con la raza NA1, la segregacion de
plantas se ajusté a una proporcion de 15:1 (resistentes/
susceptibles), esperada para dos genes dominantes.
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Only in countries such as Australia, Canada and United
States of America studies have been made, where it has been
observed the number and similarity of genes that have some
resistant genotypes when evaluating the cross between them.

In Mexico for a more efficient use of the resistance sources
that oat genotypes have, it is necessary to know their
inheritance ways, in this particular case, the similarity and
quantity of genes; however, the genetic bases in germoplasm
of this crop are unknown.

As in case of other cereals, the number of genes that have
resistant genotypes of oat when making the crosses between
them, is obtained when adjusting the frequencies of plants or
seedlings in families F, to prospective frequencies as 13:3
and the 63:1, for two and three involved resistance genes,
respectively.

Artie and Frey (1959) when making genetic studies among
resistant genotypes of oat to stem rust, found evidence of
segregations 13:3 for resistant and susceptible seedlings,
indicating the existence of a couple of genes conferring the
resistance, one dominant provided by one of the parents
and a recessive gene given by the other one. Welsh et al.
(1961) found evidence of segregations 63:1 for resistant
and susceptible in seedlings of crosses between resistant
parents, indicating the presence of three genes conferring
theresistance that can be independently inherited. Adhikari
et al. (1999) in crosses between the 'Omega’ resistant
progenitor with other 15 resistant lines, observed that all
the families of these crosses were homozygous resistant,
indicating that the lack of susceptible segregantes, was due
that the parents had the same genes or these were different,
probably were bound or allelic genes.

Crosses between lines were made each containing a
specific resistance gene, being the gene Pg10 constant in
one ofthe parent lines. In all crosses there was segregation
of resistant and susceptible plants. However, in crosses
Pgl/Pgl0,Pg2/Pg10,Pg3/Pgl10and Pg4/Pgl0inoculated
with the breed NAI1, the segregation of plants was
adjusted to a proportion of 15:1 (resistant/susceptible),
prospective for two dominant genes. Similarly, for crosses
Pg8/Pgl10, Pg9/Pg10 and Pgl13/Pgl0 inoculated with
NA27, proportions of 3:1 were observed (Pg8/Pgl0),
prospective for an only gene, 13:3 (Pg9/Pg10 and Pg13/
Pg10) prospective fora dominant gene and onerecessive,
and 15:1 prospective for two dominant genes in cross
Pgl15/Pgl10 (Harder, 1999).
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Similarmente, para las cruzas Pg8/Pg10, Pg9/Pg10y Pg13/
Pg10 inoculadas con NA27, se observaron proporciones
de 3:1 (Pg8/Pgl0), esperada para un solo gen, 13:3 (Pg9/
Pgl0y Pgl3/Pgl0) esperada para un gen dominante y uno
recesivo, y 15:1 esperada para dos genes dominantes en la
cruza Pg15/Pgl10 (Harder, 1999).

La evaluacion de cruzas de los progenitores de avena
‘Burnett’*°C. 1. 3030°, ‘Burnett’*°C. 1. 2710 y
‘Burnett’+“C. I. 3031 contra la raza 6 de roya del tallo
y las segregaciones de plantulas F, en las tres cruzas,
se ajustaron satisfactoriamente a la proporcion 13
resistentes: 3 susceptibles. En estos casos, dos pares
de genes independientes parecen estar segregando; el
progenitor ‘Burnett’ contribuy6 con el alelo dominante y
el otro progenitor (‘C.1.3030°, ‘C.1.2710°6 ‘C.1.30317)
contribuy6 con el alelo recesivo, donde la resistencia fue
recesiva (Browning y Frey, 1959).

En avena y otros cereales, la similitud de genes de
resistencia, que se puede observar al evaluar las progenies
resultantes de las cruzas entre progenitores resistentes,
se hace evidente cuando no se observa segregacion en
dichas progenies de familias homocigoéticas susceptibles.
Murphy et al. (1958) al evaluar cruzas entre progenitores
resistentes=xsusceptibles de avena, encontraron en 111
familias evaluadas la presencia de solo una familia
homocigotica susceptible, sugiriendo el ajuste a una
proporcion esperada de 37:26:1 cuando tres genes
dominantes operan en la resistencia.

También encontraron en una de las cruzas que todas
sus familias F; fueron resistentes y moderadamente
resistentes a laraza 276 de roya de la corona, siendo que
el progenitor ‘C. D. 3820’ exhibe un grado de resistencia
alto y distinto al progenitor ‘C. 1. 4748’, con base en esto
se concluyo que el gen o genes de resistencia que tienen
estos dos genotipos son alélicos y explican la ausencia
de segregantes susceptibles entre la progenie. Lo anterior
no prueba que los progenitores posean en comun un locus
de resistencia.

McKenzie et al. (1970) también encontraron evidencia de
genes de resistencia alélicos o muy ligados al gen Pg4 en
el progenitor ‘CW490-2’, esto lo observaron al evaluar las
familias F; de la cruza (‘CW490-2’*‘Rod.0*”)*‘Rodney’,
en donde ninguna de las 160 familias probadas segregaron
o fueron susceptibles a laraza C5 de roya del tallo.
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The evaluation of crosses of the oat parents ‘Burnett’*‘C.
I.3030°, ‘Burnett’+‘C. 1. 2710’ and ‘Burnett’+‘C. I. 3031’
againstthe breed 6 of stem rust and the seedlings segregations
F, in three crosses, they were satisfactorily adjusted to the
proportion 13 resistant: 3 susceptible. In these cases, two
couples of independent genes seem to be segregating; the
progenitor ‘Burnett’ contributed with the dominantallele and
the other progenitor (‘C.1.3030’, ‘C.1.2710’or °C.1.30317)
it contributed with the recessive allele, where the resistance
was recessive (Browning and Frey, 1959).

In oat and other cereals, the similarity of resistance
genes that can be observed when evaluating the resulting
progenies of crosses between resistant progenitors, it
becomes evident when there is no segregation in such
progenies of homozygous susceptible families. Murphy
et al. (1958) when evaluating crosses among parents
resistant+susceptible of oat, they found in 111 evaluated
families the presence of only one homozygous susceptible
family, suggesting the adjustment to a prospective
proportion of 37:26:1 when three dominant genes operate
in the resistance.

They also found in one of the crosses that all families F;
was resistant and moderately resistant to breed 276 of
crown rust, being that the progenitor ‘C. D. 3820’ exhibits
a high resistance grade and different to the progenitor ‘C.
1. 4748, based in this it was concluded that the resistance
gene or genes that have these two genotypes are allelic and
they explain the absence of susceptible segregants between
the progenie. The above mentioned doesn’t prove that
progenitors have a resistance locus in common.

McKenzie et al. (1970) also found evidence of resistance
allelic genes or very bound to gene Pg4 in the progenitor
‘CW490-2’, they observed this when evaluating the families
F; of cross (‘CW490-2’*‘Rod.0*’)*‘Rodney’ where none
of'the 160 tested families segregated or were susceptible to
the breed C5 of stem rust.

Dick (1966) when evaluating the crosses between the
progenitors ‘C. D. 3820°*°C. D. 7994’, both resistant to
breed 264 of crown rust, found that the segregation of
families F; of such cross were adjusted to proportion 7
resistant: 8 segregantes: 1 susceptible when they were tested
to beed 294. These results were explained assuming the
presence of two resistance genes, Pc-15 of ‘C. D. 3820’ and
one second of ‘C. D. 7994’.
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Dick (1966) al evaluar la cruza entre los progenitores ‘C. D.
3820°+°C.D. 7994, ambos resistentes a laraza 264 de roya
de la corona, encontré que la segregacion de las familias F;
de dicha cruza se ajustaron a la proporcion 7 resistentes: 8
segregantes: 1 susceptible cuando se probaron ante la raza
294. Estos resultados se explicaron asumiendo la presencia
de dos genes de resistencia, el Pc-15 de ‘C. D. 3820’ y un
segundo de ‘C. D. 7994°.

Sehapropuesto lateoriadelasimilitud de genes deresistencia
en genotipos resistentes; en varios trabajos como en el caso
de McKenzie et al. (1965), concluyeron que la cruza entre los
progenitores ‘Rosen’s Mutant’*“C. 1. 6829’ poseen el mismo
gen ‘H’,que confiereresistenciaalaraza 6AF deroyadel tallo,
estoal observar quelas 33 familias F; fueronresistentes. Dela
mismamanera, se observoenlacruza ‘Ukraine’*‘C.1.6829’,
en donde las 25 familias F; fueron resistentes a la raza 6AF
en estado de plantula. Aparentemente el genotipo ‘Ukraine’
también tuvo el mismo gen ‘H’ de resistencia.

Singh y MclIntosh (1984) en cruzas entre progenitores
de trigo resistentes ‘Gatcher’, ‘Timgalen’ y ‘SUN27A’,
encontraron que dentro de las progenies de plantulas F, no
hubo plantulas homocigoéticas susceptibles, ya que sélo hubo
plantulas con fenotipos ubicados dentro del rango mostrado
por susrespectivos progenitores resistentes. Estos resultados
proveyeron evidencia genética que estos tres progenitores
comparten el mismo o los mismos genes de resistencia.

Navabi et al. (2003) evaluaron familias Fs de intercruzas
entre los progenitores resistentes ‘Saar’, ‘Simorgh’, ‘Homa’,
‘Parastoo’ y ‘Cocnoos’, para estudiar la similaridad de
genes de resistencia. Algunas de las familias presentaron
severidades altas de 50% a 70%; esto indic6 que los
progenitores tienen al menos un gen en comun, los otros
genes adicionales a ellos fueron diferentes. En las cruzas
de ‘Simorgh’ y ‘Homa’ con ‘Parastoo’, se observo menos
segregacion en cuanto a la severidad en las generaciones F,
y Fs, indicando que quizas estos progenitores tuvieron dos
genes aditivos en comun.

Se evaluaron las generaciones F, de cruzas entre tres trigos
sintéticos hexaploides, ‘SH1’, ‘SH3’ y ‘SH4’, considerados
como resistentes ante el ataque de roya de la hoja. Las
cruzas entre ‘SH1’*‘SH3’ y ‘SH3’*‘SH4’, segregaron en
una relacion 15 resistentes: 1 susceptible; determinando
asi la presencia de dos genes dominantes independientes,
controlando la resistencia en cada cruza, confirmando con
ello la presencia de un gen simple dominante en los ‘SH1”,
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The theory of similarity of resistance genes in resistant
genotypes was proposed; in several works as in case of
McKenzieetal. (1965),they concluded that crossesbetween the
progenitors ‘Rosen’s Mutant’*‘C. 1. 6829 have the same gene
‘H’ that confers resistance to beed 6AF of stem rust, this when
observing that the 33 families F; were resistant. Also, it was
observedin cross ‘Ukraine’*‘C. 1. 6829’ where the 25 families
F; were resistant to breed 6AF in seedling state. Seemingly the
genotype ‘Ukraine’ also had the same gene ‘H’ of resistance.

Singh and Mclntosh (1984) in crosses between resistant
wheat progenitors ‘Gatcher’, ‘Timgalen’ and ‘SUN27A’,
found that inside the progenie of seedlings F, there were
no susceptible homozygous seedlings, since only there
were seedlings with phenotypes located inside the range
shown by its respective resistant progenitors. These results
provided genetic evidence that these three progenitors share
the same one or the same resistance genes.

Navabi et al. (2003) evaluated F5 families of intercrosses
between the resistant progenitors ‘Saar’, ‘Simorgh’,
‘Homa’, ‘Parastoo’ and ‘Cocnoos’, to study the similaridad
of resistance genes. Some of the families presented high
severities 0f 50% to 70%; this indicated that the progenitors
have at least a gene in common, the other additional genes
to them were different. In crosses ‘Simorgh’ and ‘Homa’
with ‘Parastoo’, less segregation was observed as for the
severity in the generations F, and F,, indicating that maybe
these progenitors had two additive genes in common.

The generations F, were evaluated of crosses between
three hexaploid synthetic wheats, ‘SH1’, ‘SH3’and ‘SH4’,
considered as resistant tothe attack of leaf rust. Crosses
between ‘SH1’*‘SH3” and ‘SH3’*°SH4’, did segregate in
arate 15 resistant: 1 susceptible; determining this way the
presence of two independent dominant genes, controlling
the resistance in each cross, confirming the presence of a
dominant simple gene in ‘SH1’, ‘3” and ‘4’. Nevertheless
in evaluation of generation F, of cross ‘SH1’*‘SH4’, were
made two evaluations and there was no segregation of
resistance, which would indicate that ‘SH1’ and ‘SH4’ does
present the same gene (Aguilar et al., 2000).

The aim of this study was to determine the similarity and the
number of resistance genes in mature plant and seedlings
in families F; of crosses between six oat progenitors,
moderately resistant to stem rust. The hypothesis that
these parents share a gene in common that it confers them
resistance to stem rust is proposed.
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3’y ‘4’. No obstante, que en la evaluacion de la generacion
F,delacruza ‘SH1’*‘SH4’, se hicieron dos evaluaciones y
no hubo segregacion de la resistencia, lo cual indicaria que
‘SH1’y ‘SH4’ presenta el mismo gen (Aguilar et al., 2000).

El objetivo de este estudio, fue determinar la similitud y el
numero de genes de resistencia en planta adulta y plantula
en familias F; de cruzas entre seis progenitores de avena,
moderadamente resistentes aroyadel tallo. Se propone como
hipotesis que estos progenitores comparten un gen en comuin
que les confiere resistencia a roya del tallo.

MATERIALES Y METODOS

Cruzamientos

Las cruzas se hicieron en el invernadero del Campo
Experimental Valle de México (CEVAMEX) del INIFAP;
durante el ciclo primavera-verano de 2006 (Cuadro 1).
Se realizaron tres cruzas entre los genotipos Prog.15,
Prog.19, Prog.23, Prog.26, Prog.28 y Prog.40, originando
las cruzas Prog.15%Prog.40, Prog.19%Prog.26 y
Prog.28+Prog.23. Las cruzas se hicieron emasculando a Prog.
15, Prog.19y Prog.28 que se polinizaron con Prog.40, Prog.26
y Prog.23, respectivamente. Se realiz6 la emasculacion de
espiga por planta en tres plantas por cruza.
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MATERIALS AND METHODS

Crosses

The crosses were made in the greenhouse of Experimental
Station Valle de México (CEVAMEX) of the INIFAP;
during 2006 spring-summer cycle (Table 1). There were
done three you crosses between genotypes Prog.15, Prog.19,
Prog.23,Prog.26, Prog.28 and Prog.40, originating crosses
Prog.15*Prog.40, Prog.19*Prog. 26 and Prog.28*Prog.23.
Crosses were made with emasculation to Prog.15, Prog.19
and Prog.28 that were pollinated with Prog.40, Prog.26 and
Prog.23, respectively. Emasculation ofa spike per plant was
made in three plants per cross.

Obtaining of generations F,, of segregant generations F,
and families of generations F;

In 2007 spring-summer cycle, harvested seeds F, of two
selected spikes of each cross, were sown in polystyrene
glasses and were keptin greenhouse at CEVAMEX, INIFAP.
When seedlings reached 30 days of age, 50 seedlings were
transplanted in field to plots with furrows of 1 m length,
with 0.3 m of separation, being harvested of each cross at
random three plants obtaining 150 seeds per cross (50 seeds
perplant), which gave origin to generation F,; the remaining
seeds stayed for reservation.

Cuadro 1. Cruza e historia de seleccion de los progenitores de avena utilizadas en el estudio.
Table 1. Cross and history of selection of oat parents used in the study.

Progenitores Cruza e historia de seleccion

Prog.15 PMG-/3/83-109(5-0C)8C-0C/KARMA
[-4373-0C-2CE-1RE-4C-0R

Prog.19 PMG-81/81-65(7-0C)11C-0C/F2-CV-83(5-0C)7C-0C
1-4496-0R-23C-1C-0R

Prog.23 (815A-129-72-C1-648/SR-CPX)2/3/BLENDA//KARMA
1-4538-0C-5C-0R-0C-1C-0R
HUA”S”/ZAFIRO/4/OBSIDIANA

Prog.26
1-4514-0C-0C-0R-4C-0R

Prog.28 PMG-83/83-109(5-0C)8C-0C/KARMA
1-4373-0C-2CE-1RE-5C-0R

Prog.40 BLENDA//PMG-83/83-109(7-0C)-7C-0C/3/OBSIDIANA
1-4516-0C-2C-0R-0C-1C-0R

Chihuahua AB-177+*PUTMAN 61

I-15-11C-1R-2C
Opalo

CI-7399 (Bond*Rainbow 2*Hajira*Joanette 3)*Landhafer 4+ Andrew3
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Obtencion de generaciones F;, de generaciones
segregantes F, y familias de las generaciones F;

En el ciclo primavera-verano 2007, las semillas F,
cosechadas de dos espigas seleccionadas de cada cruza,
se sembraron en vasos de unisel y se mantuvieron en
el invernadero del CEVAMEX, INIFAP. Cuando las
plantulas alcanzaron 30 dias de edad, se trasplantaron
en campo 50 plantulas en el vivero de cruzamientos
en parcelas con surcos de 1 m de largo por 0.3 m de
separacion, cosechandose de cada cruza tres plantas al
azar obteniéndose 150 semillas por cruza (50 semillas
por planta), las cuales dieron origen a la generacion F,; las
semillas restantes se guardaron de reserva.

Las 150 semillas F, de cada cruza se sembraron en el
Centro de Investigacion Regional Centro (CIRCE),
Roque, Guanajuato, en el ciclo otofio-invierno 2007-
2008, en parcelas de tres surcos (50 semillas por surco)
de 4 m*0.3 m. De cada surco por parcela se cosecharon
50 plantas al azar que dieron origen a 50 familias F;(toda
la semilla cosechada de cada planta di6 origen a una
familia), en total fueron 150 familias por cruza, cada una
en sobre individual.

Aislamiento del patégeno

El aislamiento del patdgeno utilizado en el estudio, se
colecto en Tepatitlan, Jalisco, en el verano de 1999; la
variedad Rardmuri y designado como PgaMex99.13.
Este aislamiento se incrementé en la variedad Opalo
y las esporas colectadas se mantuvieron en capsulas a
-55 °C en un congelador, hasta que fueron usadas en
campo e invernadero, este aislamiento es virulento en las
variedades Opalo y Chihuahua (Mariscal et al., 2009).
El aislamiento PgaMex99.13 es una variante de la raza
NA32 (Fetch y Jin, 2007) pero con avirulencia a Pgl5y
virulencia a Pgl16. Su formula de avirulencia-virulencia
es1,8,15,a/2,3,4,9,13, 16.

Para la rehidratacion del aislamiento, las capsulas con las
urediniosporas colectadas se sacaron del congeladory se
proporciono un shock térmico con agua a 60 °C durante
siete minutos, posteriormente se extrajeron y pusieron
en una caja petri dentro de una cdmara humeda por un
periodo de cuatro horas. Pasado este tiempo las esporas
estuvieron listas para ser utilizadas en sus respectivos
tratamientos a futuro.
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The 150 F, seeds of each cross were sown in Centro
de Investigacion Regional Centro (CIRCE), Roque,
Guanajuato, in the autumn-winter 2007-2008 cycle, in three
furrows plots (50 seeds per furrow) of 4 m*0.3 m. Of each
furrow per plot 50 plants were harvested atrandom that they
gave origin to 50 families F; (every harvested seed of each
plant gave origin to a family), in total they were 150 families
per cross, each one on individual envelope.

Pathogen isolation

The pathogen isolation used in the study, was collected
in Tepatitlan, Jalisco, in the summer of 1999; the variety
Raramuri and designated as PgaMex99.13. This isolation
was increased in variety Opalo and the collected spores
stayed in capsules at -55 °C in a freezer, until they were
used in field and greenhouse, this isolation is virulent in the
varieties Opalo and Chihuahua (Mariscal et al., 2009). The
isolation PgaMex99.13 isa variant of the breed NA32 (Fetch
and Jin, 2007) but with avirulence to Pg15 and virulence to
Pgl6. Its formula of avirulence-virulence is 1, 8, 15, a/2, 3,
4,9,13,16.

Forrehydration ofisolation, the capsules with the collected
urediniospores were taken out of the freezer and a thermal
shock was provided with water at 60 °C during seven
minutes, later they were taken out and put in a petri box
inside a humid camera for four hours. After this time spores
were ready to be used.

Evaluation in adult plant

In the cycle spring-summer 2008 in CEVAMEX,
INIFAP, 132, 149 and 100 families F, was sown of cross
Prog.15*Prog.40, Prog.19*Prog.26 and Prog.28*Prog.23,
respectively. The plots for study were formed of a double
furrow of 1 m of long by 0.3 m separation, where the seed
of each family was distributed. Four plots were also sown,
two with the parents and two with the control varieties
Chihuahua and Opalo at beginning of each F; population.
Inthe borders and among the streets of the experiment seeds
of the susceptible variety Chihuahua were sown, which
acted as inoculum source and dispersing of the same one.

Anartificial epiphyte was set 28 days after planting (dds), by
means of inoculation of fresh spores of isolation mentioned
previously (concentration 1*10° spores ml™! in mineral oil
Soltrol®) in the borders and in the streets of the experiment,
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Evaluacion en planta adulta

En el ciclo primavera-verano 2008 en el CEVAMEX,
INIFAP, se sembraron 132, 149 y 100 familias F;
de las cruzas Prog.15%Prog.40, Prog.19%Prog.26 y
Prog.28+Prog.23 respectivamente. Las parcelas de estudio
estuvieron formadas de un surco doble de 1 m de largo por
0.3 m separacion, donde se distribuy6 la semilla de cada
familia. Ademas se sembraron cuatro parcelas, dos con los
progenitores y dos con las variedades testigo Chihuahuay
Opaloalinicio de cada poblacion F;. Enlos bordos y entre las
calles del experimento se sembraron semillas de la variedad
susceptible Chihuahua, la cual actu6é como fuente de indculo
y dispersante del mismo.

Se establecio una epifitia artificial 28 dias después de la
siembra (dds), mediante la inoculacién de esporas frescas
del aislamiento mencionado anteriormente (concentracion
1#10° esporas ml™! en aceite mineral Soltrol®) en los bordos
y en las calles del experimento, siete dias después se
inocularon todas las familias y 10 dias después fue latultima
inoculacion general para asegurar el establecimiento de la
enfermedad.

Toma de datos

Serealizd 20 dias después de laultima inoculacion, cuando
se observaron las primeras infecciones en los progenitores y
el 100% de infecciones en las variedades testigo (Chihuahua
y Opalo). Las familias se clasificaron en dos categorias
debido a la ausencia o presencia de pustulas en las plantas
de cada familia.

Familias resistentes. Plantas de familias homocigdticas con
una infeccion en el tallo similar al progenitor resistente, de
0% de infeccion, totalmente resistente (OR), hasta 20% de
infeccion, moderadamente resistente (20MR).

Familias susceptibles. Plantas de familias homocigoéticas
conunainfeccion mayora 60%, moderadamente susceptible
(60MS).

Evaluacion en plantula

Este experimento se llevd a cabo en el ciclo otofio-invierno
2009-2010, en los invernaderos del Centro Internacional
de Mejoramiento de Maiz y Trigo (CIMMYT), El Batan,
México. Sesembraron 117, 131y 88 familias F; de las cruzas
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seven days after all the families were inoculated and 10
days later it was the last general inoculation to assure the
establishment of disease.

Data taking

It was carried out 20 days after the last inoculation, when
the first infections were observed in the parents and 100%
ofinfections in the control varieties (Chihuahua and Opalo).
The families were classified in two categories due to the
absence or presence of pocks in the plants of each family.

Resistant families. Plants of homozygous families with a
stem infection similar to resistant parent, of 0% infection,
completely resistant (OR), up to 20% infection, moderately
resistant (20MR).

Susceptible families. Plants of homozygous families with
abigger infection to 60%, moderately susceptible (60MS).

Evaluation in seedling

This experiment was carried out in autumn-winter 2009-
2010 cycle, in the greenhouses of Centro Internacional
de Mejoramiento de Maiz y Trigo (CIMMYT), El Batan,
México. 117, 131 and 88 families F, were sown of crosses
Prog.15*Prog.40, Prog.19%Prog.26 and Prog.28*Prog.23,
respectively. The planting was carried out in 14 plastic
trays with holes (20%¥30%*5 cm), it was added a prepared mix
of soil and peat moss (60 and 40% respectively) leaving
a centimeter of border, the soil was matched and lightly
compressed, later water was added until soil was completely
humid. With a metal press of 48 picks 48 perforations were
marked in each tray being eight rows with six perforations
each one.

In each perforation 10 seeds of each family were placed,
leaving a free row and continued sowing, in such way that
three rows in each tray were sown, to allow a good air and
development of deedlings. To trays were only added a small
quantity of soil to cover perforations and water was added
to humidify it; at the end of the planting there were 14 trays
with 336 families. Following the same methodology, another
tray was sowed with six more parents and two varieties
(Chihuahua and Opalo) as susceptible control. These trays
stayed in greenhouse at a temperature of 20 °C during night
and 23 °C during day. Fourteen days after the planting the
inoculation was made.
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Prog.15*%Prog.40, Prog.19%Prog.26 y Prog.28+*Prog.23,
respectivamente. La siembra se realiz6 en 14 charolas de
plastico perforadas (20+30%5 cm), se agregd una mezcla
preparadade tierray peat moss (60 y 40% respectivamente)
dejando un centimetro del borde, la tierra se emparejo y
comprimié ligeramente, posteriormente se agregd agua
hasta que la tierra estuvo totalmente humeda. Con una
prensa de metal construida de 48 picos se marcaron 48
perforaciones en cada charola quedando ocho hileras con
seis perforaciones cada una.

Encadaperforacion se colocaron 10 semillas de cada familia,
sedejounahileralibrey se continu6 sembrando, de tal forma
que en cada charola se sembro tres hileras, para permitir una
buena aireacion y desarrollo de las plantulas. A las charolas
se les agregd una pequefia cantidad de tierra sdlo para tapar
las perforacionesy se agreg6 agua para humedecerla; al final
de la siembra se tenian las 14 charolas con las 336 familias.
Siguiendo la misma metodologia, se sembr6 otra charola
conlos seis progenitores mas las dos variedades (Chihuahua
y Opalo) como testigos susceptibles. Estas charolas se
mantuvieron en el invernadero a una temperatura de 20 °C
noche y 23 °C dia. Catorce dias después de la siembra se
hizo la inoculacion.

Inoculacion de las familias

Las familias de las charolas se inocularon mediante
boquillas aspersoras, con el mismo aislamiento del hongo
suspendiendo de urediniosporas frescas en aceite mineral
Soltrol®, en lamisma concentracion utilizada en el estudio de
plantaadulta. Las charolas se etiquetaron y se dejaron secar
hasta que el aceite se evaporara, posteriormente se metieron
en camara de rocio por 9 h'y 3 h de luz; se mantuvieron en
invernadero a 20 °C durante lanoche y 23 °C durante el dia.

Toma de datos

Catorce dias después de la inoculacion, cuando hubo
presencia de pustulas en los dos progenitores y niveles de
100% de infeccion en las dos variedades testigo susceptibles,
se tomaron los datos clasificando las familias en las mismas
dos categorias como se hizo en planta adulta.

Analisis de datos y pruebas estadisticas
Las frecuencias esperadas de las familias F; en planta

adulta y plantula, es bajo el supuesto que la resistencia es
condicionada poruno o dos genes mayores; utilizandose, las

549

Inoculation of the families

The families of the chtrays were inoculated by means
of spray nozzles, with the same isolation of the fundi
suspending of fresh urediniospores in mineral oil Soltrol®,
in the same concentration used in the study of adult plant.
The trays were labeled and allowed to dry off until oil
evaporated, later they entered in dew camera for 9 h and 3
h of light; they stayed in greenhouse at 20 °C during night
and 23 °C during day.

Data taking

Fourteen days after inoculation, when there was presence
of' pocks in two progenitors and levels of 100% infection in
two susceptible control varieties, data was taken classifying
families in the same two categories as it was made in adult
plant.

Analysis of data and statistical tests

The prospective frequencies of families F; inadult plant and
seedling, is under asumption that resistance is conditioned
by one or two bigger genes; usingthe frequencies of
homozygous susceptible families to determine the number
of resistance genes, based on proportion 13:3 (resistant:
susceptible) for adominant gene and one recessive and 63:1

for three dominant genes (Gardner et al., 1998).

It was intended to make X’ tests with the observed and
prospective frequencies (Infante and Zarate de Lara, 1990);
however, for the reasons that are mentioned in the results
it was not possible to make these tests in none of the two
studies.

RESULTS AND DISCUSSION

InTable 2 the infection percentage reached by the progenitors
and control varieties in seedling susceptible to the isolation
PgaMex99.13 is shown. It can be observed that evidently,
the parents moderately resistant although presented certain
grade of severity, this it was not high; these high levels
of resistance, it maybe due these resistant genotypes had
parents with good resistance levels (Table 1); for example,
the progenitor 15, 23 and 28 with Karma or the progenitor
26 and 40 with Obsidiana in common as one of their parents,
respectively.
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frecuencias de las familias homocigodticas susceptibles para
determinar el nimero de genes de resistencia, basandose en
la proporcion 13:3 (resistentes: susceptibles) para un gen
dominante y unorecesivoy 63:1 paratres genes dominantes
(Gardner et al., 1998).

Se pretendio hacer pruebas de %’ con las frecuencias
observadasy esperadas (Infante y Zarate de Lara, 1990); sin
embargo, por lasrazones que se mencionan en los resultados
no fue posible hacer estas pruebas en ninguno de los dos
estudios.

RESULTADOS Y DISCUSION

En el Cuadro 2 se muestra el porcentaje de infeccion
alcanzado por los progenitores y las variedades testigos
susceptibles en plantula al aislamiento PgaMex99.13.
Se puede observar que evidentemente, los progenitores
moderadamente resistentes aunque presentaron cierto
grado de severidad este no fue alto; estos niveles altos de
resistencia, quiza se deba que estos genotipos resistentes
tuvieron padres con buenos niveles de resistencia (Cuadro
1); por ejemplo, el progenitor 15, 23 y 28 con Karma o el
progenitor 26 y 40 con Obsidiana en comin como uno de
sus padres, respectivamente.

Karma y Obsidiana en su momento fueron liberadas por
sus altos niveles de resistencia; Karma ante el aislamiento
PgaMex99.13, tuvo un nivel de severidad de 1-5% segun
Mariscal et al. (2009), nivel semejante a los progenitores
que formd parte como uno de sus padres. Se concluye,
que los genes de resistencia de cinco de los seis genotipos
utilizados en este estudio probablemente provienen de
Karma y Obsidiana.

Se menciona que Karma, Obsidiana, Zafiro y Blenda, padres
de cinco de los progenitores moderadamente resistentes
evaluados en este estudio (Cuadro 1), tienen a su vez a el
genotipo Diamante en comun como uno de sus padres, la
variedad Diamante es considerada como la principal fuente de
genes de resistencia contra laroya del tallo (Marquez, 2007).

Las variedades Chihuahua y Opalo como testigos
susceptibles, presentaron niveles de infeccion ante
aislamientos iguales a los observados por Mariscal et al.
(2009). Estos niveles altos de severidad al ser observados
ayudaron para el inicio de la toma de datos en las familias.
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Cuadro 2. Porcentaje de infeccion de seis progenitores
de avena y dos variedades testigo.
Table 2. Percentage of infection in six oat parents and
two control varieties.

Progenitor Respuesta
Prog.15 5-10% de infeccion
Prog.19 0-5%
Prog.23 0-5%
Prog.26 0-5%
Prog.28 0-5%
Prog.40 0-5%

Chihuahua 100%

Opalo 90%

Karmaand Obsidiana were released by their high resistance
levels; Karma to the isolation PgaMex99.13, had a level
of severity of 1-5% according to Mariscal et al. (2009),
similar level to parents that were part as one of their parents.
It is concluded that genes of resistance of five out of six
genotypes used in this study probably come from Karma
and Obsidiana.

It is important to mention that Karma, Obsidiana, Zafiro
and Blenda, parents of five of the progenitors moderately
resistant evaluated in this study (Table 1), they have in
common to genotype Diamante as one of their parents,
the variety Diamante is considered as the main source of
resistance genes against stem rust (Marquez, 2007).

The varieties Chihuahua and Opalo as susceptible control,
presented infection levels before isolations similar to those
observed by Mariscal et al. (2009). These high levels of
severity when being observed helped for the beginning of
data taking in the families.

Analysis of segregations in state of adult plant

In the study of adult plant, families were moderately
resistant and a great quantity were susceptible, being
observed different infection levels some reached up to
100%. In this case, it would be expected an infection level
similar to which was presented in the seedling study in
greenhouse, at same or smaller levels to 5%; therefore, it
is concluded that the presence of infection levels so high
in field, indicated that one or more different breeds to
inoculated isolation PgaMex99.13, were impacting at the
moment to take data.
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Analisis de las segregaciones en estado de planta adulta

En el estudio de la planta adulta, se presentaron familias
moderadamente resistentes y una gran cantidad de
susceptibles, observandose diferentes niveles de infeccion
algunos alcanzaron hasta 100%. En este caso, se esperaria
un nivel de infeccidn igual al que se presento en el estudio
de plantula en invernadero, a niveles iguales o menores a
5%; por lo tanto, se concluyo6 que la presencia de niveles
de infeccion tan altos en campo, indicé que una o mas
razas diferentes al aislamiento inoculado PgaMex99.13,
estuvieron incidiendo al momento de tomar los datos.

Al parecer el gen de resistencia en comun que comparten
los progenitores y que se observo en estado de plantula, no
fue efectivo en las familias que estuvieron en campo, por
lo cual se presentd un gran numero de familias susceptibles
con elevados niveles de infeccion. La presencia de razas
diferentes al aislamiento inoculado, no permitié un ajuste de
las familias a las frecuencias esperadas, por éstarazén no se
determiné el nimero de genes de resistencia involucrados.

La presencia de familias susceptibles, indican el gen de
resistencia que los progenitores comparten no fue efectivo
en campo; la presencia de familias resistentes, indican los
otros genes de resistencia que estos progenitores tienen en
ese momento y se expresaron mostrando diferentes niveles
de resistencia a las demas razas que incidieron.

Segregaciones en las familias en estado de plantula

En las familias de las tres cruzas evaluadas en estado
de plantula Prog.15%Prog.49, Prog.19%Prog.26 y
Prog.28+Prog.23, no se encontraron familias susceptibles
o con niveles de severidad altos como Opalo o Chihuahua;
solo alcanzaron niveles de infeccion iguales o ligeramente
menores a sus progenitores (0-5%). La ausencia de familias
susceptibles en las tres cruzas, indicé que en estos seis
progenitores existe un gen en comun, que confiereresistencia
al aislamiento PgaMex99.13 en condiciones controladas de
invernadero. Aunque se desconoce el origen de este gen, se
prueba la hipdtesis planteada.

De igual manera, la ausencia de familias susceptibles, no
permitio que hubiera un ajuste a las frecuencias esperadas;
por lo tanto, tampoco se pudo determinar el nimero de
genes de resistencia involucrados. Estos datos coinciden
con Adhikari et al. (1999), en donde menciona que al hacer
la cruza entre la variedad Omega con 15 lineas resistentes
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Itseems thatresistance gene in common that the parents share
and that it was observed in seedling state, it was not effective
in the families that were in field, reason why a great number
of susceptible families was shown with high infection
levels. The presence of breeds different to inoculated
isolation, didn't allow an adjustment of the families from
the prospective frequencies, by this reason the number of
involved resistance genes was not determined.

The presence of susceptible families, indicate the resistance
gene that the progenitors share it was not effective infield; the
presence of resistant families, indicate the other resistance
genes that these progenitors have in that moment and they
were expressed showing different resistance levels to the
other breeds that impacted.

Segregations in the families in seedling state

In the families of three crosses evaluated in seedling state
Prog.15*Prog.49, Prog.19+Prog.26 and Prog.28*Prog.23,
were not totally susceptible families or with high levels of
severity as Opalo or Chihuahua; they only reached same or
lightly smaller infection levels to their parents (0-5%). The
absence of susceptible families in three crosses, indicated
thatin these six parents a gene exists in common that confers
resistance to the isolation PgaMex99.13 under controlled
conditions of greenhouse. Although itis unknown the origin
of'this gene, the outlined hypothesis is proven.

In a same way, the absence of susceptible families, didn't
allow that there were an adjustment to the prospective
frequencies; therefore, it could not be determined the
number of involved resistance genes. These data coincide
with Adhikari et al. (1999) where mention that when making
the cross between the variety Omega with 15 resistant lines
of oat, to observe if these genotypes had genes in common,
found that all plants F, were resistant and F, populations
didn't segregate, giving similar resistant reactions to their
parents.

In seedlings F, that were transplanted in field, they behaved
as resistant; since Omega possesses the gene Pga and there
wasnotasusceptible segregation innone of their crosses; in
such a way that Adhikari et al. (1999) it also concluded that
the lines had the same gene or if there were different genes
that could be involved, these should be allelic; besides this
author, other as Mu Murphy et al. (1958); McKenzie et al.
(1965 and 1970); Singh and McIntosh (1984); Aguilar et al.
(2000), obtained similar conclusions.
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de avena, para observar si estos genotipos poseian genes en
comun, encontrd que todas las plantas F, fueron resistentes
y la F, las poblaciones no segregaron, dando reacciones
resistentes similares a sus progenitores.

En plantulas F, que fueron trasplantadas en campo,
todas estas se comportaron como resistentes a la roya del
tallo; puesto que Omega posee el gen Pga y no hubo una
segregacion susceptible en ninguna de las cruzas; de tal
manera, que Adhikari et al. (1999) concluyo6 también que
las lineas tenian el mismo gen o si habia genes diferentes
que pudieran estar involucrados, estos debieron ser
alélicos; ademas de este autor, autores como Murphy et al.
(1958); McKenzieetal. (1965y 1970); Singh y McIntosh
(1984); Aguilar et al. (2000), obtuvieron conclusiones
similares.

De acuerdo con la formula de avirulencia-virulencia del
aislamiento probado PgaMEX99.13 quees: 1,8, 15,a/2, 3,
4,9, 13, 16; los progenitores moderadamente resistentes,
podrian compartir alguno de los genes de resistencia Pgl,
Pg8, Pgl5 o Pga; para los cuales el aislamiento del hongo
es avirulento.

Respecto a la presencia de otras razas de roya del tallo,
es importante mencionar que la siembra de las familias
F; en campo, se hizo en el mes de junio, a partir de este
mes se observo en los campos del CEVAMEX, INIFAP;
la incidencia de royas tanto de la hoja como del tallo en
avena, ésta ha sido constante durante afios aun sin inducir
epifitias; por tanto, la presencia de urediniosporas afio tras
aflo es inminente.

La presencia de las primeras infecciones por Puccinia
graminis f. sp. Avenae de forma natural en estos campos,
se ha presentado y observado por el mes de agosto; de tal
modo, que hubo mucha oportunidad que otras razas de
roya del tallo se establecieran en el experimento, cuando
las plantas tenian una etapa de desarrollo adecuada
para el establecimiento de las primeras urediniosporas
(Villasetior, 2006).

En un estudio realizado con siete variedades de avena
como diferenciales, se observd que en algunas regiones
productoras de avena de Puebla, Oaxaca, Aguascalientes,
Durango, Hidalgo y Zacatecas, al menos inciden 24
razas distintas de roya del tallo, algunas de las cuales
probablemente también incidan en los campos del
CEVAMEX, INIFAP.
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In accordance with the formula of avirulence-virulence of
the proven isolation PgaMEX99.13 thatis: 1, 8, 15, a/2, 3,
4,9, 13, 16; the progenitors moderately resistant, they could
be sharing some of the resistance genes Pgl, Pg8, Pgl5 or
Pga; for which the isolation of the fungi is avirulent.

Regarding the presence of other types of stem rust, it is
important to mention that the sow of families F, in field,
was made in the month of June, starting from this month
it was observed in fields of CEVAMEX, INIFAP; the
incidence of leaf rust as good as stem rust in oat, this
has been constant during years even without inducing
epiphytes; therefore, the urediniospores presence year
after year is imminent.

The presence of first infections by Puccinia graminis f.
sp. Avenae in a natural way in these fields, was in August;
there was opportunity that other types of setm rustof'set in
the experiment, when the plants had a development stage
adapted for the first urediniospores (Villasefior, 2006).

In a study carried out with seven varieties of oat as
differential, it was observed that in some oat producing
region of Puebla, Oaxaca, Aguascalientes, Durango,
Hidalgo and Zacatecas, at least 24 races different types of
stem rust impact, some of which probably also impact in
the fields of CEVAMEX, INIFAP.

CONCLUSIONS

With observations made in seedlings of three crosses in
greenhouse, the parents 15, 19, 23, 26, 28 and 40, have a
gene in common that confers them resistance to stem rust
isolation PgaMex99.13, being proven this way the outlined
hypothesis.

In accordance with the formula of avirulence-virulence of
the isolation, the gene in common that the progenitors share
it can be: Pgl, Pg8, Pgl5 or Pga.

This gene in common was not effective against the types
that impacted when families F; of its respective crosses
were in field.

These genotypes can be useful for later crosses programs,
for oat genetic improvement, because have aresistance gene
or genes against stem rust.
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CONCLUSIONES

Con observaciones hechas en plantulas de tres cruzas en
invernadero, los progenitores 15, 19,23,26,28 y 40, poseen
un gen comun que confierenresistencia al aislamiento deroya
del tallo PgaMex99.13, probandose la hipotesis planteada.

De acuerdo con la formula de avirulencia-virulencia del
aislamiento, el gen en comun que comparten los progenitores
puede ser: Pgl, Pg8, Pgl5 o Pga.

Este gen en comun no fue efectivo contra las razas que
incidieron cuando las familias F; de sus respectivas cruzas
estuvieron en campo.

Estos genotipos pueden sertitiles para posteriores programas
de cruzas, para el mejoramiento genético de avena, por
poseer un gen o genes de resistencia contra roya del tallo.

Sehace evidente que enlos campos del CEVAMEX, INIFAP,
estan incidiendo varias razas de roya del tallo; por lo tanto,
es necesario hacer un estudio para su identificacion.
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