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Resumen

El trabajo se realiz6 en el ciclo otofio-invierno de 2008, en
condiciones de riego en dos localidades del Valle del Yaqui,
Sonora, México, para evaluar 17 lineas de trigo harinero y tres
cultivares (testigos) por surendimiento de grano, componentes
delrendimientoy porsuresistenciaaroya. Elmaterial genético
fue evaluado en campo en un disefio experimental de bloques
completos al azar con cuatro repeticiones por localidad. Las
variables registradas fueron: rendimiento de grano (RG),
floracion (DF), madurez fisiologica (DM), altura de planta
(AP)eincidenciasdeacame (PA)yroya(PR). Los datos fueron
sometidos al andlisis de varianza individual y combinado, a
la comparacion de medias de tratamientos con la prueba de
Tukey (0=0.01) y al analisis de componentes principales. Las
lineas con mayor rendimiento fueron RSMF7CJ-62 (8.32 t
ha! en el block 609), y BABAX/LR42 (7.53 tha en el block
1605). Si se realizara seleccion por rendimiento de grano
los genotipos mas sobresalientes serian RSMF7CJ-92 (7.78
tha'), BABAX /LR42 (7.75 t ha') y RSMF7CJ -78 (7.74
t ha'). Las lineas 01W20728 y Blanca Fuerte son enanas,
05W90710,RSMF7CJ-90y RSMF7CJ-92 son semi-enanasy
las 13 restantes y los tres testigos son altos. Los genotipos fueron
iguales estadisticamente en incidencia de roya y los mayores
valoresseregistraronen Tacupeto(1.65%),05W90685 (1.29%)),
Roelf (1.11%), 05W90710 (1.02 %) y Kronstad (1.02%).

* Recibido: diciembre de 2011
Aceptado: septiembre de 2012

Abstract

The work was conducted in the cycle autumn-winter
2008, under irrigated conditions in two sites in the Yaqui
Valley, Sonora, Mexico, to assess 17 lines of bread wheat
and three cultivars (control) for their grain yield, yield
components and resistance to rust. The genetic material
was evaluated in field in a randomized complete block
with four replications per location. The variables recorded
were: grain yield (GY), flowering (DF), physiological
maturity (PM), plantheight (PH) and incidences of lodging
(IL) and leaf rust (LR). Data were subjected to analysis
of variance individually and combined, comparison of
treatment means with the Tukey test (a=0.01) and to the
main component analysis. Higher yielding lines were
RSMF7CJ-62 (8.32 t ha! in block 609), and BABAX/
LR42 (7.53 t ha'! in block 1605). If selection was made
by grain yield the outstanding genotypes would be
RSMF7CJ-92 (7.78 tha'), BABAX /LR42 (7.75 t ha)
and RSMF7CJ -78 (7.74 tha). The lines 01W20728 and
Strong White are dwarfs, 05W90710, RSMF7CJ-90 and
RSMF7CJ -92 are semi-dwarf and the remaining 13 and
the three controls are tall. The genotypes were statistically
equal in incidence of rust and the highest values were
registered in Tacupeto (1.65%),05W90685 (1.29%), Roelf
(1.11%), 05W90710 (1.02%) and Kronstad (1.02%).
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Introduccion

El trigo (Triticum aestivum L.) es actualmente el cultivo
de mayor superficie sembrada en el mundo (FAOSTAT,
2008); ocupa el segundo lugar entre los cuatro cereales
de mayor produccion, como maiz (Zea mays L.), arroz
(Oriza sativa L.) y cebada (Hordeum vulgaris L.). Este
cultivo tolera bajas temperaturas en sus primeras fases
de desarrollo y sumayor produccién tiende a concentrarse
en las zonas de clima templado y frio. En México
existe gran demanda de trigos harineros de mejor calidad
agroindustrial (Espitia et al., 2008). La produccion de
este cereal se estima en 3.4 millones de t, cantidad
insuficiente para abastecer su demanda a nivel nacional,
que es de 6.3 millones de t (SIAP, 2009). Por esta
razon es deseable generar variedades resistentes a
enfermedades y tolerantes a factores ambientales
adversos, de alto rendimiento y mejor calidad molinera
y panadera (Pefia et al., 2002; Branlard et al., 2003; Shan
etal.,2007).

En las primeras etapas del mejoramiento genético es
importante caracterizar, evaluar e identificar germoplasma
conmejores caracteristicas, como precocidad, resistencia
a enfermedades y tolerancia a condiciones adversas del
medio ambiente, de mayor rendimiento, mejor calidad y
aceptable adaptabilidad. El presente trabajo tuvo como
objetivo analizar 20 genotipos de trigo harinero en
dos localidades del Valle del Yaqui, Sonora, para
identificar mejores lineas por su rendimiento de grano,
componentes del rendimiento y por su resistencia a la
roya de la hoja.

Materiales y métodos

Descripcion del area de estudio

El presente trabajo se realiz6 en el Valle del Yaqui en los
block 609 (localidad 1) y 1 605 (localidad 2), situados al
sur del estado de Sonora, entre la Sierra Madre Occidental
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Key words: Triticum aestivum L., grain yield, multivariate
analysis.

Introduction

Wheat (Triticum aestivum L.) is currently the largest
acreage crop in the world (FAOSTAT, 2008); ranks second
among the four largest cereal production, such as maize
(Zeamays L.),rice (Oryza sativa L.) and barley (Hordeum
vulgaris L.). This culture tolerates low temperatures in the
early stages of development and its increased production
tends to be concentrated in areas of temperate and cold
climates. In Mexico there is large demand for bread
wheat of better agribusiness quality (Espitia et al., 2008).
The rice production is estimated at 3.4 million tons, an
amount insufficient to meet its national demand, which
is 6.3 million ton (SIAP, 2009). It is therefore desirable
to develop varieties resistant to diseases and tolerant to
adverse environmental factors, high yield and better bread
making and baking quality (Pefia et a/., 2002; Branlard et
al., 2003; Shan et al., 2007).

In the early stages of genetic improvement is important to
characterize, evaluate and identify germplasm with better
traits such as earliness, disease resistance and tolerance
to adverse environmental conditions, high yield, better
quality and acceptable adaptability. This study aimed to
analyze 20 bread wheat genotypes at two sites in the Yaqui
Valley, Sonora, to identify best lines for their grain yield,
yield components and resistance to leaf rust.

Materials and methods

Description of the study area

This study was conducted in the Yaqui Valley in blocks
609 (site 1) and 1605 (site 2), located south of the state of
Sonora, between the Sierra Madre Occidental and the Sea
of Cortés, between 27° 10' and 27° 50' north latitude and
between the meridians 109° 55"and 110° 36'. The climate
is BW (h), extreme warm. The average annual temperature
is 24 °C and the average maximum is 31° C; from July to
August maximum is 48 °C and in January the minimum
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y el Mar de Cortés, entre 27° 10" y 27° 50" de latitud
norte y entre los meridianos 109° 55"y 110°36°. El clima
predominante es BW (h), muy calido extremoso. La
temperatura media anual es de 24 °C y la media maxima
es de 31 °C; de julio a agosto la maxima es de 48 °C y en
enero la minima es de 16 °C. Los suelos cultivables son
vertisol, fértiles, ricos en arcilla y estan localizados
generalmente en zonas subhtimedas aridas con hidratacion
y exposicion en humedo y se agrietan cuando son secos
(INIFAP, 2008).

Material genético
Se utilizaron 20 genotipos de trigo harinero: 17 lineas

avanzadas de la Empresa Resource Seed Mexicana S. A.
de R.L.de C. V. y tres testigos del INIFAP (Cuadro 1).
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is 16 °C. The arable soils are vertisol, fertile, rich in clay
and are generally located in sub-humid areas with moisture
and dry wet exposure and crack when dry (INIFAP, 2008).

Genetic material

Weused 20 bread wheat genotypes: 17 advanced lines from
the Company Resource Seed Mexicana S. A. of R. L. of C.
V. and three controls from INIFAP (Table 1).

Design and plot size

The 20 genotypes were evaluated on field in a randomized
complete block with fourreplications perlocation ina series
of experiments in space. The plot consisted of two beds set
in double rows, 0.76 m wide and 3 m long.

Cuadro 1. Genotipos evaluados en el Valle del Yaqui, Sonora, México.
Table 1. Genotypes evaluated in the Yaqui Valley, Sonora, Mexico.

Nuam. Tratamiento Pedigri Origen
1 ROELF (testigo) INIFAP
2 RSM-Norman F2008 RSM
3 01W20728 USA-0CJ RSI
4 Blanca fuerte USA-0CJ RSI
5 04W44509-1 USA-0CJ RSI
6 05W90710 USA-0CJ RSI
7 05W90685 USA-0CJ RSI
8 04W44509-2 USA-0CJ RSI
9 PRL/2*Pastor//Seri RSM(BW) 043-2002T-52CJ-010T-010CJ-010T-0CJ RSM
10 BABAX/LR42//Babax/3/Baviacora RSM(BW) 114-2002T-3CJ-010T-010CJ-010T-0CJ RSM
11 RSMF7CJ-70 (Weaver/Baviacora) -010CJ-0CJ RSM
12 RSMF7CJ-78 (Weaver/Baviacora) -010CJ-0CJ RSM
13 RSMF7CJ-80 (Weaver/Baviacora) -010CJ-0CJ RSM
14 RSMF7CJ-90 (Weaver/Baviacora) -010CJ-0CJ RSM
15 RSMF7CJ-92 (Weaver/Baviacora) -010CJ-0CJ RSM
16 RSMF7CJ-100 (Weaver/Baviacora) -010CJ-0CJ RSM
17 PM3 RSM(BW) 077-2002T-71CJ-010T-010CJ-010T-0CJ RSM
18 RSMF8 95 (Weaver/Baviacora) 010CJ-05T-0CJ RSM
19 Kronstad (testigo) INIFAP
20 Tacupeto (testigo) INIFAP

Fuente: Resource Seeds International, con la colaboracion del Dr. Sanjaya Rajaram Devi. RSInc-Resource Seed Inc. (USA). Resource Seed Mexicana= RSM.

Disefio y tamaifio de la parcela experimental

Los 20 genotipos fueron evaluados en campo en un disefio
experimental de bloques completos al azar con cuatro
repeticiones por localidad en una serie de experimentos en
espacio. Laparcela constd de dos camas establecidasadoble
hilera, de 0.76 m de ancho, y 3 m de largo.

Development of experimental work

Conservation tillage was made with light furrowing. The
double row planting was done with a Wintersterger sowing
machine. In site 1(Block 609) was made on December 17
andatsite 2 (Block 1605) on December 13,2008; inboth was
applied the treatment 8ON-75P-60K, using urea (46%), super
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Desarrollo del trabajo experimental

Se hizo labranza de conservacion con ligero surcado. La
siembra a doble hilera se efectué con una sembradora
Wintersterger. En la localidad 1 (Block 609) se realiz6
el 17 de diciembre y en la localidad 2 (Block 1605) el 13
de diciembre de 2008; en ambas se aplico el tratamiento
80N-75P-60K, utilizando urea (46%), super fosfato de
calcio triple (46%) y cloruro de potasio (60%). En la
segunda fertilizacion se adicionaron 80 unidades de N
ha'!'. El primer riego en la localidad 1 se aplico el 16 de
enero y el segundo el 16 de febrero; se proporcionaron
otros dos riegos. En la localidad 2 el primer riego se hizo
anticipadamente para controlar gallina ciega (10 de enero)
yelsegundo se efectud el 11 de febrero. Posteriormente se
aplicaron dos riegos. La maleza de hoja ancha se control6
con Dicamba (200 ml por cada 20 L de agua). Se empled
la cosechadora Wintersterger cuando el material genético
alcanz6 la madurez fisiologica.

Variables de estudio

Las caracteristicas registradas fueron: rendimiento de
grano (RG, se peso en cada parcela util y se expreso en
t ha!), floracion (DF, dias desde la siembra hasta que
50% de las anteras emergieron de las glumas), madurez
fisioldgica (DM, dias transcurridos desde la siembra hasta
que 50% de las plantas cambiaron de coloracion verde a
verde limén o amarillo), altura de planta (AP, se midid
desde la base de la planta hasta el extremo de la espiga y
se registré en cm), acame (PA, se determind visualmente
con la escala de 0 a 100 en plantas con inclinacion de 30°
0 mMas y se expreso en porcentaje), y roya de la hoja [PR,
el primer registro se realiz6 en espigamiento y el segundo
en madurez fisiologica.

La infeccion se registro aplicando la escala propuesta por
Zadok et al. (1974) y se asoci6 visualmente con valores de
5,10, 20, 40, 60 y 100%; ademas se empleo la escala: O=
sininfeccion, R=resistente (visible clorosis o necrosis pero
lauridia no estd presente), MR=moderadamente resistente
(pequetias uridias estan presentes y alrededor hay areas
cloroticas y necroticas), M= intermedia (las uridias estan
presentes y son de tamafio variable, algunas con clorosis,
necrosis o ambas), MS= moderadamente susceptible (esta
presente la uridia de tamafio medio y alrededor hay areas
clordticas), S=susceptible (estan presentes uridias largas y
hay con poca clorosis o necrosis).
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phosphate triple calcium (46%) and potassium chloride
(60%). In the second fertilization were added 80 units
of N ha'!. The first irrigation in site 1 was applied on 16
January and the second on February 16; were given two
irrigations more. In site 2 the first irrigation was made in
advance to control white grubs (January 10) and the second
was made on February 11. Subsequently two irrigations
were applied. The broadleaf weeds were controlled with
Dicamba (200 ml per 20 L of water). A Wintersterger
harvester was used when the genetic material reached
physiological maturity.

Study variables

The traits recorded were: grain yield (GY, each useful plot
was weighed and expressed in t ha'!), flowering (DF, days
from planting until 50% of the anthers emerged from the
husks), physiological maturity (PM, days from planting
until 50% of plants changed from green color to lime green
or yellow), plant height (PH, was measured from the base
of the plant until the end of the spike and was recorded
in cm), lodging (IL, was determined visually with the
scale of 0-100 in plants with inclination of 30 degrees or
more and expressed as a percentage), and leaf rust [LR,
the first record was made at flowering and the second at
physiological maturity.

The infection was recorded using the scale proposed by
Zadok et al. (1974) and visually associated with values of
5,10, 20, 40, 60 and 100%; plus the scale was used: O=no
infection, R= resistant (visible chlorosis or necrosis but
uredia was not present), MR= moderately resistant (small
uredia are present and there are around there are chlorotic
and necrotic areas), [= intermediate (uredias are present
and are of variable size, some with chlorosis, necrosis, or
both), MS=moderately susceptible (the uredia is present is
of amedium sized and around there are chlorotic areas), S=
susceptible (long uredia are present and with little chlorosis
Or necrosis).

Statistical analysis

Lodging data (IL) and rust (LR) were transformed with
X+ Y5, where x is the original percentage and Y2 a constant
due to values between 0 and 100 (Steel and Torrie, 1986).
These and the other four variables were subjected to
analysis of variance. Hypothesis tests were performed
at a level of 0.05 or 0.01 probability of error. When



Analisis de 20 genotipos de trigo harinero en el Valle del Yaqui, Sonora

Analisis estadistico

Losdatosdeacame (PA)y deroya(PR) fueron transformados
con VX+ %, donde: x es el porcentaje original y ¥ es una
constante debido a valores entre 0 y 100 (Steel y Torrie,
1986). Estas y las otras cuatro variables fueron sometidas al
analisis de varianza. Las pruebas de hipotesis se efectuaron
aunnivel del 0.05 6 0.01 de probabilidad de error. Cuando
lapruebadeF fue significativa se compararon las medias de
tratamiento con la prueba de Tukey aun nivel de significancia
del 0.01 (Martinez, 1988).

Con las seis variables se hizo un analisis de componentes
principales; la matriz de datos, para la obtencion de las
covarianzas y de las correlaciones, se construyé colocando
en las hileras a los 20 genotipos de trigo y en las columnas
alos valores de cada variable. Antes de obtener el biplot los
datos fueron estandarizados y sometidos aladescomposicion
de valores singulares, en la forma como lo sugirié Sanchez
(1995). Los resultados fueron editados en Microsoft Excel,
considerando los dos primeros componentes principales
(Gonzélez et al., 2010).

Resultados y discusion

Analisis de varianza

Enlalocalidad 1 los efectos entre genotipos fueron altamente
significativos (p< 0.01) para rendimiento (RG), floracion
(DF), madurez fisiologica (DM), y altura de planta (AP);
en roya (PR) solo fueron significativos al 0.05 (Cuadro 2).
En la localidad 2 los valores de F para genotipos fueron
altamente significativos (p< 0.01) para rendimiento (RG),
floracion (DF), madurez fisiologica (DM)y altura de planta
(AP); para roya (PR) y acame (PA) no hubo diferencias
significativas (Cuadro 3). Se detectaron diferencias
altamente significativas (p< 0.01) entre localidades (L)
y entre genotipos (G) para rendimiento de grano (RQG),
floracion (DF) y madurez fisiologica (DM). En altura de
planta (AP) solo hubo diferencias altamente significativas
(»<0.01) entre genotipos (G) y para porcentaje de roya solo
las hubo entre localidades (L). Enlainteraccion genotipo por
localidad (G x L) s6lo hubo efectos altamente significativos
(»< 0.01) en DF y DM. En porcentaje de acame (PA) no
hubo efectos significativos paraninguna fuente de variacion
(Cuadro 4).
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the F test was significant the mean of the treatments were
compared with the Tukey testatasignificancelevel of0.01
(Martinez, 1988).

With the six variables was made an analysis of the main
components; the data matrix to obtain covariance and
correlations was built by placing in rows the 20 genotypes
of wheat and in columns the values of each variable. Before
obtaining the biplot data were standardized and subjected
to singular value decomposition, in the way suggested by
Sanchez (1995). The results were edited in Microsoft Excel,
considering the first two principal components (Gonzalez
etal.,2010).

Results and discussion

Analysis of variance

In site 1the effects among genotypes were highly
significant (p< 0.01) to yield (GY), flowering (DF),
physiological maturity (PM), and plant height (PH); in
rust (LR) were significant only at 0.05 (Table 2). In site 2
F values for genotypes were highly significant (p<0.01)
to yield (GY), flowering (DF), physiological maturity
(PM) and plant height (PH); for rust (LR) and lodging
(IL) were no significant differences (Table 3). Highly
significant differences were detected (p< 0.01) between
sites (S) and between genotypes (G) for grain yield (GY),
flowering (DF) and physiological maturity (PM). In plant
height (PH) only highly significant differences (p<0.01)
between genotypes (G) and for percentage of rust was
only between locations (L). In the interaction of genotype
by site (G x S) there were only highly significant effects
(»<0.01) in DF and PM. In lodging percent (PA) there
were no significant effects for any source of variation
(Table 4).

The above results indicate that there is phenotypic
variability among bread wheat genotypes that could
be useful to identify outstanding advanced lines
to be incorporated into a breeding program or for
recommendation in commercial planting. The alternation
of different environments for selection of germplasm and
the establishment of uniform trials in the widest variety of
conditions, seek to obtain stable genotypes and high yield
(Rodriguez et al., 2002).
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Cuadro 2. Valores de Fy su significancia estadistica para rendimiento de grano (RG), floracién (DF), madurez fisiolégica
(DM), altura de planta (AP) y porcentajes de acame (PA) y roya (PR). localidad 1 (Block 609), Valle del Yaqui
Sonora, México.
Table 2. F values and their statistical significance for grain yield (GY), flowering (DF), physiological maturity (PM), plant
height (PH) and percentage of lodging (PL) and rust (LR). Site 1 (Block 609), Yaqui Valley Sonora, Mexico.

FV GL RG DF DM AP PA PR
Repeticiones 3 1.85ns 2.63* 17.92** 0.47ns 0.0ns 1.74 ns
Genotipos 19 4.55%* 33.50** 757.68 **  16.70%* 0.0ns 1.74°

*Significancia al 0.05: **Significancia al 0.01; ns=no significativo; FV=fuente de variacién; GL= grados de libertad.

Cuadro 3. Valores de F y su significancia estadistica para rendimiento de grano (RG), floracién (DF), madurez fisiolégica
(DM), altura de planta (AP) y porcentajes de acame (PA) y roya (PR). Localidad 2 (Block 1605), Valle del Yaqui,
Sonora, México.
Table 3. F values and their statistical significance for grain yield (GY), flowering (DF), physiological maturity (PM), plant
height (PH) and percentage of lodging (PL) and rust (LR). Site 2 (Block 1605), Yaqui Valley, Sonora, Mexico.

FV GL RG DF DM AP PA PR
Repeticiones 3 1.01ns 0.58 ns 0.05ns 0.94ns 0.66ns 13.82%*
Genotipos 19 2.48 ** 68.96%* 310.60** 25.72%* 0.85ns 1.00ns

*Significancia al 0.05; **Significancia al 0.01; ns=no significativo; FV=fuente de variacion; GL= grados de libertad.

Cuadro 4. Valores de F y su significancia estadistica para rendimiento de grano (RG), floracién (DF), madurez fisiolégica
(DM), altura de planta (AP), acame (PA) y roya (PR).
Table 4. F values and their statistical significance for grain yield (GY), flowering (DF), physiological maturity (PM), plant
height (PH), lodging (L) and rust (LR).

FV GL RG DF DM AP PA PR
Localidades (L) 1 42,53 ** 384.10 ** 33.82 ** 0.01 ns 3.59ns 7.01 **
Repeticiones/L 6 1.25ns 1.34ns 7.62%* 0.65ns 0.66 ns 12.16 **
Genotipos (G) 19 4,73 ** 97.15 ** 797.93 ** 39.74 ** 0.85ns 1.75*
Interaccion Lx G 19 1.21ns 14.64 ** 202.25 ** 0.52ns 0.85ns 0.45ns

* Significancia al 0.05; ** Significancia al 0.01; ns, no significativo; FV= fuente de variacion; GL= grados de libertad.

Los resultados anteriores indican que existe variabilidad
fenotipica entre genotipos de trigo harinero que podria ser de
utilidad para identificar lineas avanzadas sobresalientes para
ser incorporadas en un programa de mejoramiento genético
o0 para recomendacion en siembra comercial. La alternancia
de diferentes ambientes para la seleccion del germoplasma
y el establecimiento de ensayos uniformes en la mas amplia
diversidad de condiciones, persiguen laobtencion de genotipos
estables y de alto rendimiento (Rodriguez et al., 2002).

Comparacion de medias entre genotipos
En la localidad 1 el genotipo 15 (RSMF7CJ-92) tuvo

el mayor rendimiento de grano (8.32 t ha') y difirid
significativamente de 3, 4, 6, 7 y 18 (Cuadro 5). Las 17

Comparison of means between genotypes

In site] genotype 15 (RSMF7CJ-92) had the highest grain
yield (8.32 tha')and differed significantly from 3,4, 6,7 and
18 (Table5). The 17 lines from the Company Seed Resource
Mexicana did not statistically outperform the three controls
from INIFAP. Villasefior and Espitia (2000) commented
that this genetic material from INIFAP is recommended
for favorable environments where irrigation is generally
applied, with deep soils where rainfall is above 600 mm per
year, conditions in which its grain yield is higher to 7 tha™.

According to the scale proposed by Rodriguez et al. (2005)
only 11 of the 20 genotypes evaluated in this study would be
classified as excellent, since their yield varied from 7.09 to



Analisis de 20 genotipos de trigo harinero en el Valle del Yaqui, Sonora

lineas de la Empresa Resource Seed Mexicana no superaron
estadisticamente a los tres testigos del INIFAP. Villasefior
y Espitia (2000) comentaron que este material genético
del INIFAP es recomendable para ambientes favorables,
donde generalmente se aplica riego, hay suelos profundos
y donde se registra una precipitacion superior a 600 mm
anuales, condiciones en las que su rendimiento de grano es
superiora7 tha'.
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7.82 tha'!; the nine remaining materials would be grouped
as favorable (from 4.71 to 6.17 tha!' ). In site 1 the means
for GY were higher than those considered in one or another
category.

In site 2 genotype 10 (BABAX / LR42) produced the
highest yield (7.53 t ha'') and differed significantly from
6 (05W90710) and 16 (RSMF7CJ-100), with 4.26 and

Cuadro 5. Comparacion de medias para rendimiento de grano (RG)y para floracion, (DF) en 20 genotipos de trigo evaluados
en dos localidades del Valle del Yaqui, Sonora, México.
Table 5. Comparison of means for grain yield (GY) and flowering (DF) in 20 wheat genotypes evaluated at two sites in the

Yaqui Valley, Sonora, Mexico.

Num. Genotipos RG (tha') Floracion (dias)
L1 L2 Comb L1 L2 Comb
1 Roelf (testigo) 7.45 abced 6.32abc  6.89abcd  84.75efgh 79.75h 82.20 de
2 RSM-Norman F-2008 7.57 abed 5.94abc  6.75abcd 88.00 cd 85.00d 86.50 ¢
3 01W20728 6.18d 5.48 abc 5.83cd 87.75cd 85.00d 86.30 ¢
4 Blanca fuerte 6.24 cd 5.78abc  6.01 bed 82.75h 79.25h 81.00 e
5 04W44509-1 7.30 abed 5.78abc  6.54 abcd 83.00h 73.00 1 78.00 f
6 05W90710 6.48 bed 426 ¢ 5.37d 84.25 fgh 81.75 efgh 83.00 d
7 05W90685 5.97d 5.69 abc 5.83cd 86.25 defg 85.25¢d 85.70 ¢
8 04W44509-2 6.81 abcd 5.76abc  6.28 abcd 83.50h 73.001 78.20 f
9 PRL/2*Pastor 7.06 abced 6.70abc  6.88 abcd 83.50h 80.25h 81.80de
10 BABAX/LR42/ 7.96 ab 7.53a 7.75a 86.50 def 84.50 de 85.50¢
11 RSMF7CJ-70 7.93 abc 594abc 6.94abcd  89.50 abc 88.25 be 88.80b
12 RSMF7CJ-78 8.12 ab 7.05 abc 7.74 a 83.50h 81.25 fgh 82.30de
13 RSMF7CJ-80 7.96 ab 7.35ab 7.65 ab 84.25 fgh 80.50 gh 82.30de
14 RSMF7CJ-90 7.42 abed 6.92abc  7.17 abc 84.50 efgh 82.25 defgh 83.30d
15 RSMF7CJ-92 832a 7.27 ab 7.79a 86.75 de 84.25 def 85.50¢
16 RSMF7CJ-100 7.05 abed 4.47 be 5.76 cd 90.50 ab 91.25ab 90.80 a
17 PM 3 7.27 abed 7.07abc  7.17 abc 88.25 bed 83.5 0 defg 85.80¢
18 RSMFS8 95 6.45 bed 6.02abc  6.24abcd 91.50a 92.75a 92.10a
19 Kronstad (testigo) 6.63 abcd 6.77abc  6.70abcd  84.50 efgh 81.00 gh 82.70 de
20 Tacupeto (testigo) 7.43 abed 6.39abc  6.91 abcd 84 gh 80.50 gh 82.2de
DMSH 1.71 2.97 1.91 2.37 3.10 1.91

Las medias con la misma letra dentro de cada columna son estadisticamente iguales (Tukey, a=0.01) L1 Block 609; L2=Block 1605.

Segtin laescala propuesta por Rodriguez et al. (2005)so6lo 11
de los 20 genotipos evaluados en el presente estudio serian
clasificados como excelentes, ya que su rendimiento vario
de 7.09 a 7.82 t ha''; los nueve materiales restantes serian
agrupados como favorables (de 4.71 a 6.17 t ha'). En la
localidad 1 las medias para RG fueron superiores a los que
se consideran en una 6 en otra categoria.

Enlalocalidad 2 el genotipo 10 (BABAX/LR42)produjoel
mayor rendimiento (7.53 tha') y difiri6 significativamente
de 6 (05W90710) y 16 (RSMF7CJ-100), con 4.26 y 4.47 t
ha'!; las 17 lineas tampoco superaron estadisticamente a

4.47 t ha''; the 17 lines did not statistically outperformed
the three witnesses (Table 5). At this location 7 genotypes
were classified as favorable (GY 7.05 to 7.53 t ha!) and
the remaining 13 would be recommended for intermediate
environments (Villasefior and Espitia, 2000). According
to Rodriguez et al. (2005) only four genotypes would be
classified as excellent and the other 16 as favorable.

By averaging GY at both locations was observed that 15
genotypes were statistically similar but the outstanding were
RSMF7CJ-92 (7.78 t ha''), BABAX / LR42 (7.75 t ha''),
RSMF7CJ-78 (7.74 tha'), RSMF7CJ-80 (7.65 tha'), and
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los tres testigos (Cuadro 5). En esta localidad 7 genotipos
se clasificaron como favorables (RG de 7.05 a 7.53 t ha'!)
y los 13 restantes serian recomendables para ambientes
intermedios (Villasefior y Espitia, 2000). De acuerdo
con Rodriguez et al. (2005) solo cuatro genotipos serian
clasificados como excelentes y los otros 16 como favorables.

Al promediar RG en ambas localidades se observo que 15
genotipos fueron estadisticamente iguales pero los mas
sobresalientes fueron RSMF7CJ-92 (7.78 t ha'), BABAX /
LR42 (7.75tha'), RSMF7CJ -78 (7.74 tha''), RSMF7CJ-80
(7.65 t ha'), y PM3 (7.17 t ha!) (Cuadro 5). Al aplicar la
clasificacionde Rodriguezetal. (2005)s6lo 6 genotipos estarian
enlacategoriadeexcelentes(RGde7.17a7.79tha!) ylosotros
14 serianclasificadoscomo favorables (RGde 5.37a6.89tha™).

El Centro Internacional de Mejoramiento de Maiz y Trigo
(CIMMYT, 1987) considera como criterio de seleccion de
lineas promisorias al nimero de granos y al peso de grano
porunidad de superficie, ya que ambas estan correlacionadas
positiva y significativamente. Los altos rendimientos que
se obtuvieron en este estudio se atribuyen a que el material
genético se sembro en condiciones de riego donde mostro
su alto potencial de para producir grano, su resistencia al
acame y a la roya y su buena respuesta a la aplicacion de
insumos (Huerta y Gonzalez, 2000). Lupton et al. (1974)
mencionaron que es posible incrementar la produccion de
trigo mediante la seleccion para rendimiento per se y por
sus componentes del rendimiento, como nimero de espigas,
granos por espiga y peso de grano.

Sin embargo, Slafer y Calderini (2003) determinaron que
aumentar el nimero de granos es una estrategia correcta
para lograr mayores rendimientos pero es de poco valor en
términos practicos: el nimero de granos por unidad de area
esta correlacionada negativa y significativamente con el
peso de grano (en términos de susceptibilidad ala interaccion
genotipo x ambiente y su consecuente baja heredabilidad)
y quizas esa y otras caracteristicas agrondmicas sean mas
complejas de ser medidas que el rendimiento per se.

En lalocalidad 1, RSMF7CJ-100 (90.87 dias) y RSMF895
(91.5 dias) fueron los mas tardios y superaron estadisticamente
a los otros 18 genotipos (Cuadro 5). La linea 04W44509-1
fue la mas precoz con 83 dias a floracion. En la localidad 2,
RSMF7CJ-100(91.2 dias) y RSMF895 (92.7 dias) fueron las
mas tardias y difirieron estadisticamente de los 18 genotipos
restantes; 04W44509-1 (73 dias) y 04W44509-2 (73 dias)
fueron las mas precoces (Cuadro 5).
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PM3 (7.17 t ha'!) (Table 5). By applying the classification
of Rodriguez et al. (2005) only 6 genotypes would be in the
excellent category (GY 7.17 to 7.79 t ha!) and the other 14
would be classified as favorable (GY of 5.37 to 6.89 tha').

The International Maize and Wheat Improvement Center
(CIMMYT, 1987) considered as a criterion for selecting
promising lines the number of grains and grain weight
per unit area, since both are correlated positively and
significantly. The high yields obtained in this study are
attributed to the genetic material that was sown under
irrigation where it showed its high potential to produce
grain, resistance to lodging and rust and its good response
to the application of inputs (Huerta and Gonzalez, 2000).
Lupton et al. (1974) mentioned thatitis possible to increase
wheat production by selecting for yield per se and by its
yield components, like number of spikes, grains per spike
and grain weight. However, Slafer and Calderini (2003)
determined that increasing the number of grains is the
right strategy to achieve higher yields but is of little value
in practical terms: the number of grains per unit area is
correlated negatively and significantly with the weight of
grain (in terms of susceptibility to genotype x environment
interaction and its consequent low heritability) and perhaps
this and other agronomic traits are more complex to be
measure than yield per se.

In site 1 RSMF7CJ-100 (90.87 days) and RSMF895 (91.5
days) were the latest and statistically outperformed the
other 18 genotypes (Table 5). The line 04W44509-1 was the
earliest to flowering with 83 days. In site 2 RSMF7CJ-100
(91.2 days)and RSMF895 (92.7 days) were the most late and
were statistically different from the 18 remaining genotypes;
04W44509-1 (73 days) and 04W44509-2 (73 days) were the
earliest (Table 5).

By averaging both environments, RSMF7CJ-100 (90.87
days) and RSMF895 (92.12 days) were the latest and
statistically outperformed the remaining 18 genotypes;
04W44509-1 (78 days) and 04W44509-2 (78.2 days) were
the earliest (Table 5). These results differ from those of
Balbuena et al. (2008) (mean of 148 DF), who commented
that in the Highlands of Central Mexico are desirable early
varieties and high grain yield, to counteract the problems of
frost and hail and to produce quality grain for agribusiness .

In site] RSMF895 had 134 PM and was statistically equal
to RSMF7CJ-70, RSMF7CJ-100, RSMF7CJ-92 and PM
3, but differ statistically from the 15 remaining genotypes.
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Alpromediarambos ambientes, RSMF7CJ-100(90.87 dias)
y RSMF895 (92.12 dias) fueron los mas tardios y superaron
estadisticamente alos 18 genotipos restantes; 04W44509-1
(78 dias) y 04W44509-2 (78.2 dias) fueron las mas precoces
(Cuadro 5). Estos resultados difieren de los de Balbuena
et al. (2008) (media de 148 DF), quienes comentaron que
en los Valles Altos del Centro de México son deseables las
variedades precoces y de alto rendimiento de grano, para
contrarrestar los problemas de heladas y granizo y para
producir grano de calidad para la agroindustria.

Enlalocalidad 1, RSMF895tuvo 134 DM y fue estadisticamente
igual a RSMF7CJ-70, RSMF7CJ-100, RSMF7CJ-92 y PM
3, pero difiri6 estadisticamente de los 15 genotipos restantes.
04W44509-1 tuvo 83 dias a MF y rindi6 7.30 t ha™', por lo
que podria recomendarse por ambas caracteristicas. En
la localidad 2, RSMF895 tuvo el mayor promedio en DM
(134.5 dias) y fue estadisticamente igual a RSMF7CJ-70
y RSMF7CJ-100, pero difiri6 significativamente de los 17
genotipos restantes. La linea mas precoz fue 04 W44509-1,
con 73 dias (Cuadro 6) y produjo 5.78 tha'!
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04W44509-1 had 83 days to PM and yielded 7.30 tha’!, so
itcould be recommended for both traits. In site 2 RSMF895
had the highest average in PM (134.5 days) and was
statistically equal to RSMF7CJ -70 and RSMF7CJ-100,
but differed significantly from the 17 remaining genotypes.
The earliest online was 04 W44509-1, with 73 days (Table
6) and produced 5.78 tha'’.

Intheaverage of both sites was observed that RSMF895 (134.2
days), RSMF7CJ-100 (133 days) and RSMF7CJ-70 (132.6
days) outperformed significantly the 17 remaining genotypes.
The line 04W44509-1 had 78 PM. The arithmetic mean was
123.39PM (Table 6). This variableis the mostreliable indicator
in the duration of the biological cycle of the wheat crop. In
general, forrainfeditis suggested touse early varieties (90-100
PM) and intermediate (105-115 PM) (Huerta and Gonzalez,
2000). In sitel, and according to this classification, lines 3,
4 and 5 would be early and the other 17 genotypes would be
late. In site 2 only genotype 5 would be early. In the average
of the two sites line 5 would be early, lines 3 and 4 would be
intermediate and the other 17 genotypes would be late.

Cuadro 6. Comparacion de medias para madurez fisiologica (DM) y altura de planta (AP) en 20 genotipos de trigo harinero
evaluados en dos localidades del Valle del Yaqui, Sonora, México.
Table 6. Mean comparison to physiological maturity (PM) and plant height (PH) in 20 bread wheat genotypes evaluated

at two sites in the Yaqui Valley, Sonora, Mexico.

Num.  Genotipos DM AP (cm)
L1 L2 Comb. L1 L2 Comb

1 Roelf (testigo) 125.7 hi 1222¢g 124.0h 108.75ab  106.2b 107.5 ab

2 RSM-Norman F-2008 130.5 bcdef 128 cd 129.2 cd 97.5¢cd 96.2 cde 96.8 def

3 01W20728 87.7] 125.7 cdefg  106.7 i 80.0f 80.0¢g 80.0h

4 Blanca fuerte 82.7k 123.5 efg 103.1] 82.5ef 86.2 fg 84.3h

5 04W44509-1 83k 73 h 78.0k 102.5abc  101.2bcd  101.8 bede
6 05W90710 128.0 efghi 125.7cdefg  126.6defg 91.2de 90.0 ef 90.6¢g

7 05W90685 128.2 efgh 126 cdef 127.1defg  96.2cd 96.2 cde 96.2 efg

8 04W44509-2 127.2 ghi 122.5fg 124.8 gh 100 bed 100 bed 100 cdef

9 PRL/2*Pastor 127.5 fghi 124.7 defg 126.1fgh  97.5¢cd 98.7cd 98.1cdef
10 BABAX/LR42/ 129.7cdefg  127.7cd 128.7cde  98.7cd 100 bed 99.3 cdef
11 RSMF7CJ-70 133.0 ab 132.2 ab 132.6 ab 97.5cd 98.7cd 98.1 cdef
12 RSMF7CJ-78 128.7 defgh 125 defg 126.8defg  98.7cd 100 bed 99.3 cdef
13 RSMF7CJ-80 128.2 efgh 125 defg 126.6efg  98.7cd 97.5¢cd 98.1 cdef
14 RSMF7CJ-90 128.0efghi  127.7cd 127.8def  96.2cd 95.0de 95.6fg

15 RSMF7CJ-92 132.5 abc 129.2 be 130.8 be 96.2 cd 95.0de 95.1fg

16 RSMF7CJ-100 133.2ab 132.7 ab 133 ab 101.2bc 102.5bc 101.8 bede
17 PM3 131.7 abed 125.2 defg 128.5cdef 105.0abc  102.5bc 103.7be
18 RSMF8 95 134a 1345a 1342 a 101.2be 102.5bc 101.8 bede
19 Kronstad (testigo) 130.7 bede 126.5 cde 128.6cde  102.5abc  102.5bc 102.5bed
20 Tacupeto (testigo) 125.01 122.5fg 123.7h 111.2a 113.7a 112.5a

DMSH 3.18 3.71 2.39 9.45 7.40 5.86

*Las medias con la misma letra dentro de cada columna son iguales estadisticamente (Tukey, a=0.01). L;=Block 609; L,= Block 1605.
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En el promedio de ambas localidades se observd que
RSMF895 (134.2 dias), RSMF7CJ-100 (133 dias) y
RSMF7CJ-70 (132.6 dias) superaron significativamente a
los 17 genotipos restantes. La linea 04W44509-1 tuvo 78
DM. Lamediaaritmética fue de 123.39 DM (Cuadro 6). Esta
variable es el indicadormas confiable enla duraciondel ciclo
biologico del cultivo de trigo. En general, para siembras de
temporal se sugiere usar variedades precoces (90a 100 DM)
eintermedias(105a 115 DM) (Huertay Gonzalez,2000). En
lalocalidad 1,y deacuerdoaestaclasificacion, laslineas 3 ,4
y S serian precocesy los otros 17 genotipos serian tardios. En
lalocalidad 2 s6lo el genotipo 5 seria precoz. En el promedio
de las dos localidades la linea 5 seria precoz, las lineas 3 y
4 serian intermedias y los otros 17 genotipos serian tardios.
En altura de planta (AP) en la localidad 1 los testigos Roelf
(106.25 cm) y Tacupeto (111.25 cm) mostraron los mayores
promedios y fueron significativamente iguales a PM3 (105
cm), 04W44509-1 (102.5 cm) y Kronstad (102.5 cm), pero
difirieron estadisticamente de los 15 genotipos restantes.
01W20728 (80 cm) y Blanca Fuerte (82.5 cm) presentaron
el menor porte.

En la localidad 2 en Tacupeto (113.75 cm) se registro el
mayor promedio y ésta difiri6 significativamente de los
otros 19 genotipos. 01W20728 (80 cm) tuvo el menor
porte y fue estadisticamente igual a 01W20728 (80 cm),
Blanca Fuerte (86.25 cm), y 05W90710 (90 cm). Los
resultados obtenidos por localidad mostraron que las lineas
y los testigos tuvieron porte alto (de 113.75 a 80 cm). Al
promediar ambas localidades, Tacupeto (112.5 cm) y Roelf
(107.5 cm) tuvieron los mayores promedios y difirieron
estadisticamente de los 18 genotipos restantes.

Elmenorporte de laplantaseregistro en 01 W20728 (80 cm)
y Blanca Fuerte (84.37 cm). Estos resultados son diferentes
alosreportados por Balbuena et al. (2008) (valores de 68.67
a 88.08 cm). En este estudio el promedio fue de 98.21 cm
(Cuadro 6). La altura de planta en siembras de riego puede
ser doble enana (menos de 70 cm), enana (70 a 80 cm),
semi- enana (90 a95 cm) y altas (Huerta y Gonzalez, 2000).
Asi, 01W20728 y Blanca Fuerte son enanas 05W90710,
RSMF7CJ-90 y RSMF7CJ-92 son semi-enanas y las 13
lineas restantes y los tres testigos son altos.

Elacame (PA)registradoenlalocalidad 1 yenlalocalidad 2
vario de 0.707 a 1.91% (Cuadro 7). Estos resultados indican
que los 20 genotipos de trigo harinero presentan resistencia
al acame, ya que las lineas y los testigos presentaron porte
alto. La resistencia al acame es fundamental para obtener
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In plant height (PH) in site 1 the controls Roelf (106.25 cm)
and Tacupeto (111.25 cm) showed higher mean values and
were significantly equal to PM3 (105 cm), 04W44509-1
(102.5 cm)and Kronstad (102.5 cm), but differed statistically
from the remaining 15 genotypes. 01W20728 (80 cm) and
Strong White (82.5 cm) showed the smaller size.

In site 2 in Tacupeto (113.75 cm) recorded the highest
average and this differed significantly from the other 19
genotypes. 01W20728 (80 cm) had the smaller size and
was statistically equal to 01W20728 (80 cm), Strong White
(86.25 cm), and 05W90710 (90 cm). The results obtained
by site showed that the lines and controls had a high height
(from 113.75 to 80 cm). By averaging both sites, Tacupeto
(112.5 cm) and Roelf (107.5 cm) had the highest averages
and differed statistically from the 18 remaining genotypes.
The smallersize of plant was recorded in 01 W20728 (80 cm)
and Strong White (84.37 cm). These results differ from those
reported by Balbuena et al. (2008) (values of 68.67 to 88.08
cm). In this study the average was 98.21 cm (Table 6). Plant
heightinirrigated crops can be double dwarf (under 70 cm),
dwarf (70-80 cm), semi-dwarf (90-95 cm) and tall (Huerta
and Gonzalez, 2000). Thus, 01W20728 and Strong White
are dwarfs 05W90710, RSMF7CJ -90 and RSMF7CJ-92
and are semi-dwarf and the remaining 13 lines and the three
controls are tall.

Lodging (PL)registered atsite 1 and site 2 ranged from 0.707

to 1.91% (Table 7). These results indicate that the 20 bread
wheat genotypes show resistance to lodging, since the lines
and controls presented high height. The lodging resistance
is essential for obtaining higher yields and grain quality.
In the Yaqui Valley, Sonora, normally are sown dwarf and
semi-dwarfwheat underirrigation and although in this study
plant height in wheat was high, were not observed lodging
rates above 2%.

Insite 1, the controls Roelf (1,116%) and Tacupeto (1.40%)
had the highest mean forrust (LR), but were statistically equal
to theremaining 18 genotypes. In the combined analysis the
higher incidence of rust was recorded in Tacupeto (1.65%),
05W90685 (1.29%), Roelf (1.11%), 05W90710 (1.02%)
and Kronstad (1.02%). (Table 7).

Genetic resistance is the most important tool for disease
control and to lower crop costs by applying less fungicide.
Theleafrusthas caused yield losses 0f43-84% in susceptible
varieties (Singh and Huerta-Espino, 1997; Huerta et al.,
2011). Currently 54 genes of resistance are known butonly 9
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mayor rendimiento y calidad de grano. En el Valle del
Yaqui, Sonora, normalmente se siembran trigos enanos y
semienanos en condiciones de riego y aunque en este estudio
la altura de planta en los trigos fue alta, no se observaron
porcentajes de acame superiores al 2%.

1531

genes are effective; Lr34 and Lr46 are present in commercial
varieties (Huerta and Singh, 1996). This fact highlights the
importance to identify resistant genotypes. At present it has
been successfully transferred the resistance gene Lr14 from
crystalline wheat to bread wheat.

Cuadro 7. Comparacion de medias para acame (PA) y roya (PR) en 20 genotipos de trigo harinero evaluados en dos
localidades (L1 y L2) del Valle del Yaqui, Sonora, México.
Table 7. Comparison of means for lodging (PL) and rust (LR) in 20 bread wheat genotypes evaluated at two sites (S1 and

S2) of the Yaqui Valley, Sonora, Mexico.

Num.  Genotipos PA (%) PR (%)

L1 Comb. L1 L2 Comb
1 Roelf (testigo) 0.7071 a 1.911a 1.30a 1.1166 a 1.1166 a 1.11 ab
2 RSM-Norman F-2008 0.7071 a 1.3404 a 1.02a 0.7071 a 0.7071 a 0.70b
3 01W20728 0.7071 a 0.7071 a 0.70 a 0.7071 a 0.998 a 0.85ab
4 Blanca fuerte 0.7071 a 0.7071 a 0.70 a 0.7071 a 0.998 a 0.85ab
5 04W44509-1 0.7071 a 0.7071 a 0.70 a 0.7071 a 0.9256 a 0.81 ab
6 05W90710 0.7071 a 0.7071 a 0.70 a 0.7071 a 1.3404 a 1.02 ab
7 05W90685 0.7071 a 0.7071 a 0.70a 0.9256 a 1.6623 a 1.29 ab
8 04W44509-2 0.7071 a 0.7071 a 0.70 a 0.7071 a 0.9256 a 0.81 ab
9 PRL/2*pastor 0.7071 a 0.7071a 0.70a 0.7071a 1.1166 a 0.91 ab
10 BABAX/LR42/ 0.7071 a 0.7071 a 0.70 a 0.7071 a 0.7071 a 0.70b
11 RSMEF7CJ-70 0.7071 a 0.7071 a 0.70a 0.7071 a 0.7071 a 0.70b
12 RSMF7CJ-78 0.7071 a 0.7071 a 0.70 a 0.7071 a 0.7071 a 0.70b
13 RSMEF7CJ-80 0.7071 a 1.3404 a 1.02a 0.7071 a 0.7071 a 0.70b
14 RSMF7CJ-90 0.7071 a 0.7071 a 0.70 a 0.7071 a 0.7071 a 0.70b
15 RSMF7CJ-92 0.7071 a 0.7071 a 0.70a 0.7071 a 0.9256 a 0.81 ab
16 RSMF7CJ-100 0.7071 a 0.7071 a 0.70 a 0.7071 a 0.7071 a 0.70b
17 PM3 0.7071 a 0.7071 a 0.70a 0.7071 a 0.9256a 0.81ab
18 RSMF8 95 0.7071 a 0.7071a 0.70a 0.7071 a 0.7071 a 0.70b
19 Kronstad (testigo) 0.7071 a 1.911a 1.30a 0.7071 a 1.3404 a 1.02 ab
20 Tacupeto (testigo) 0.7071 a 0.7071 a 0.70 a 1.4076 a 1911a 1.65a

DMSH 0 2.27 1.11 0.71 1.80 0.94

Las medias con la misma letra dentro de cada columna son iguales estadisticamente (Tukey, a=0.01).

En la localidad 1, los testigos Roelf (1.116%) y Tacupeto
(1.40%) presentaron los mayores promedios para roya (PR),
pero estadisticamente fueron iguales a los 18 genotipos
restantes. En el analisis combinado lamayorincidenciaderoya
se registro en Tacupeto (1.65%), 05W90685 (1.29%), Roelf
(1.11%),05W90710(1.02%) y Kronstad (1.02%) (Cuadro 7).

La resistencia genética es la herramienta mas importante
para el control de enfermedades y para disminuir los costos
del cultivo al aplicar menos fungicidas. La roya de la hoja
ha causado pérdidas en el rendimiento de 43 a 84% en
variedades susceptibles (Singh y Huerta-Espino, 1997,
Huertaetal.2011). Enlaactualidad se conocen 54 genes de
resistenciapero s6lo 9 genes son efectivos; Lr34y Lr46 estan
presentes en variedades comerciales (Huertay Singh, 1996).

Comparison of means between sites

In site 1 was estimated higher grain yield (7.18 tha!) and
more days to flowering (85.87days) and its difference
from site 2 was statistically different. In site 2 was
recorded more days to physiological maturity (124) and
rust incidence (0.99%), their averages were statistically
different from site 1. Between sites were no statistical
differences in plant height (PH) and lodging (PL) (Table
8). The above results suggest that the overall evaluation
of the 20 wheat genotypes at both sites is justifiable due
to environmental factors and orographic associated with
both sites originated significant phenotypic variability
in the agronomic characteristics that were considered in
this study.
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Este hecho destaca la importancia de identificar genotipos
resistentes. En la actualidad se ha logrado transferir el gen
de resistencia Lr 14 de trigos harineros a cristalinos.

Comparacion de medias entre localidades

Enlalocalidad 1 se estim6 mayor rendimiento de grano (7.18
t ha') y mas dias a floracion (85.87dias) y su diferencia con
relacion a la localidad 2 fue estadisticamente diferente. En la
localidad 2 se registr6 mas dias a madurez fisiologica (124)
y mas incidencia de roya (0.99 %), sus promedios fueron
estadisticamente diferentes a los de la localidad 1. Entre
localidades no hubo diferencias estadisticas enalturade planta
(AP)yenacame (PA)(Cuadro 8). Los resultados anteriores en
general sugieren que la evaluacion de los 20 genotipos de trigo
en ambas localidades es justificable, debido a que los factores
ambientales y orograficosasociadas conambossitios originaron
variabilidad fenotipica importante en las caracteristicas
agrondmicas que fueron consideradas en este estudio.

Cuadro 8. Comparacion de medias entre localidades para
rendimiento de grano (RG), dias a floracién
(DF), dias a madurez fisiolégica (DM), altura
de planta (AP) y porcentajes de acame (PA) y
de roya (R) en 20 genotipos de trigo harinero
evaluados en el Valle del Yanqui, Sonora.

Table 8. Comparison of means between sites for grain yield
(GY),days to flowering (DF), days to physiological
maturity (PM), plant height (PH) and percentage of
lodging (PL) and rust (R) in 20 genotypes of bread
wheat evaluated in Yaqui Valley, Sonora.

Localidades RG DF DM AP PA PR

(tha™) (cm) (%) (%)
L1 7.184285.87a122.78b98.18a 0.70a 0.77b
L2 6.225b82.61b124.00298.252 0.89a 0.99a
Media 6.708 8424 12339 9821 0.79 0.88
DMSH 0291 032 041 101 1.117 0.17

Analisis de componentes principales

EICP1 (28.6%) se explico principalmente por el rendimiento
de grano (RG), mientras que el CP2 (27.2%) se asocio con las
dimensiones de la planta (AP), con el ciclo bioldgico (DF y
DM)y conlasresistencias al acame (PA)yalaroyadelahoja
(PR).Sanchez (1995)y Gonzalezetal.(2010) sugirieron que
valores superiores al 50% paralos dos primeros CP permiten
interpretar confiablemente las correlaciones aproximadas
que se representan en el biplot de la Figura 1.

José Enrique Velasco Magallanes et al.

Analysis of main components

The main component 1 (MC1 28.6%) was mainly explained
by the grainyield (GY), while the main component 2 (MC2
27.2%) was associated with the size of the plant (PH) with
the biological cycle (DF and PM) and with the resistance
to lodging (PL) and leaf rust (LR). Sanchez (1995) and
Gonzalezetal. (2010) suggested that values above 50% for
the first two MC allow interpreting reliably approximate
correlations that are represented in the biplot of Figure 1.

In the previous context, the increase in the GY in the genetic
material was related to higher plants and higher life cycle, but
with less resistance to lodging and leafrust; with respect to the
lasttwo variablesitcan be appreciate a greatadvantage because
the damage percentage were below to 2%. The genotypes with
higher GY were identified as 10, 12, 15 and 17 and this subset
represents the most favorable inter relationships previously
cited. Inanother contrasting group are identified the genotypes
3,4,5, 6,7 and 8, with higher earliness and higher resistance
to lodging and rust, but with less GY (Figure 1).
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Componente principal 1 (28.6%)
Figura 1. Biplotentre 36 poblaciones de trigo, identificadas con
numeros y seis variables evaluadas,codificadas con
letras en los componentes principales 1y 2.
Figure 1. Bioplot between 36 populations of wheat, identified
by numbers and six variables evaluated, coded
letters in the principal components 1 and 2.

Conclusions

Insite 1, the bestline was RSMF7CJ-62 (8.32 tha') and at site
2wasBABAX/LR42(7.53tha). Theyieldatsite2 (6.22tha™)
wasstatistically lowerthansite 1 (7.18tha™). The 17linesand the
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En el contexto anterior, el incremento en el RG en el material
genético estuvorelacionado con plantas mas altas y de mayor
ciclo bioldgico, pero con menor resistencia a acame y aroya
de la hoja; con relacion a las dos ultimas variables se puede
apreciaruna gran ventajadebido aque los porcentajes de dafio
fueron inferiores al 2%. Los genotipos con mayor RG fueron
los identificados como 10, 12, 15 y 17 y este subconjunto
representa las interrelaciones mas favorables que se citaron
previamente. En otro grupo contrastante se identifica a los
genotipos 3, 4, 5, 6, 7 y 8, con mayor precocidad y mayor
resistenciaal acameyalaroya, pero conmenor RG (Figura 1).

Conclusiones

En la localidad 1, la mejor linea fue RSMF7CJ-62 (8.32 t
ha') y en la localidad 2 fue BABAX/LR42 (7.53 t ha'). El
rendimiento enlalocalidad 2 (6.22 tha!) fue estadisticamente
inferioraldela1(7.18 tha'). Las 17 lineas y los tres testigos
del INIFAPtuvieron rendimientos de grano estadisticamente
iguales. Tacupeto (112.5 cm) y Roelf (107.5 cm), dos de
las tres variedades testigo, tuvieron mas altura y mas roya
(1.65 %y 1.11). La mayor variabilidad que se estim6 en el
componente principal 1 se explicod por el rendimiento de
grano y la del componente principal 2 por las dimensiones
de la planta, el ciclo bioldgico, el acame y la roya.
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