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Resumen

Un logro importante para incrementar la produccion de maiz
en el Tropico bajo de México y otras regiones similares de
clima calido, es la generacion de nuevos hibridos, Para esta
regidnuno del los materiales generado por el INIFAP que ha
presentado amplia adaptacion a todo el Tropico de México
y Centro América con excelentes rendimientos de grano y
que actualmente se sigue sembrando a nivel comercial es el
H-507; sinembargo, presenta algunas caracteristicas que no
favorecian laméxima expresion de surendimiento potencial.
Después de diez anos de mejoramiento convergente, en 2005
se obtuvieron varias versiones de la linea T,, recobrada, las
cuales se recombinaron para formaruna poblacion dela cual
sederivaronnuevas lineas, entre ellaslalinea T;, RCy; que se
registro como Tys. Porotraparte, lalinea T, se seleccion6 per
sehaciaplantaymazorcamasbajas, y después del proceso de
mejoramiento se obtuvo lalineamejorada T, registrandose
como T,,. La cruza simple de estas dos lineas (T, x Ty,)
genero un hibrido de porte intermedio el cual fue cruzado
con varias lineas ¢élite, siendo la mejor cruza trilineal (T,sx
T,;)xLT,s4. Dando comoresultado el hibrido H-565 formado
con las lineas T, y T}, mejoradas, por lo que el 50 % de su
germoplasma es del H-507. De esta forma actualmente se
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Abstract

A major accomplishment for increasing corn production in
the tropical lowlands of Mexico and other similar warm-
climate regions is the generation of new hybrids. One the
materials generated for this region by INIFAP which has
shown a successful adaptation to the Tropics of Mexico
and Central America, with excellent grain yields and which
is currently being used for commercial plantings is the
corn hybrid H-507; however, it has some characteristics
that do not favor the expression of its maximum potential
yield. After ten years of convergent improvement, multiple
versions of the T, line were obtained in 2005; they were
recombined to form a population from which new lines were
derived, including the T,, RCy; line, which was registered
as T,g. Moreover, the T, line was selected per se towards
lower plants and cobs, and after the improvement process
the improved T, line was obtained, registered as T,,.The
single cross of these two lines (T45x T4,) generated a hybrid of
intermediate size which was crossed with several elite lines,
the best cross being a trilinear one (T4 x T4;) X LT s4. This
produced the hybrid H-565, formed with the improved T |
and T, lines, so that 50% of'its germplasm is from the H-507.
Thus, corn producers in the tropical lowlands of Mexico
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ofrece al productor maicero del Tropico Bajo de México el
hibrido H-507 mejorado (H-565) con mejores caracteristicas
agronomicas y de la misma adaptacion al tropico.

Palabras clave: Zea mays L., hibrido de maiz mexicano,
hibrido trilineal.

El maiz es el cultivo mas importante a nivel mundial, en
Meéxico es el alimento basico de la poblacion, se siembra
en 7.9 millones de ha!' y en mas de 4 millones en el tropico
y subtrdopico bajo (Goémez et al., 2001), con rendimientos
de7y2.2tha'enriegoy temporal, respectivamente (SIAP,
2010). En México se siembra con semilla mejorada sélo
30% de la superficie cultivada con maiz (SIAP, 2010)
principalmente con hibridos de empresas transnacionales,
por lo que es necesario contar con genotipos nacionales que
sean competitivos y que regulen en lo posible los precios
de las semillas. Uno de los mejores hibridos de maiz que ha
generado el Instituto Nacional de Investigaciones Forestales,
Agricolas y Pecuarias (INIFAP) es el ‘H-507’ que tiene una
amplia area de adaptacion a todo el tropico y subtropico
bajo de México, lo cual se explica por la gran diversidad
genética de sus progenitores, sembrandose en mas de 15
estados dela vertiente del Golfo de Méxicoy del Pacifico, asi
como en algunos estados del centro del pais, bajo diferentes
condiciones de humedad y temperatura (Reyes et al., 1960).

El ‘H-507" es un hibrido doble obtenido en 1961 (Reyes,
1990) que aun se siembra comercialmente, su mejor par
heterdtico es Ty, x T, (Marquez, 1988); sin embargo,
mide mas de 4 m de altura de planta, es muy tardio con un
ciclo bioldgico de 135 dias; tiene problemas de acame y de
produccion de grano si el temporal es escaso, ademas no
soporta densidades de poblacion mayores a 50 mil plantas
porha’!. Con estos antecedentes, en los 80° se realizaron los
primeros intentos para mejorar sus progenitores y obtener
un hibrido mas bajo, sin resultados satisfactorios (Marquez,
1988; Martinez, 1988; Gomez, 1990). Posteriormente,
después de diez afios de mejoramiento convergente, en 2005
se obtuvieron varias versiones de la linea T,, recobrada, las
cuales se recombinaron para formaruna poblacion delacual
se derivaron nuevas lineas, entre ellas la linea T, RCy; que
se registro como Ty (GOmez et al., 1992; Gomez, 1994).
Por otra parte, la linea T, se selecciond per se hacia planta
y mazorca mas bajas, utilizando un avance endogamico
lento para no perderla en el proceso de endogamia, ya que
se derivé de un maiz completamente criollo; el proceso
consistio en alternar, un ciclo de avance endogamico por
uno de recombinacién, dado que era una linea de dos
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are now offered the improved hybrid H-507 (H-565) with
better agronomic characteristics and with the same adaptive
capability to the tropics.

Key words: Zea mays L., Mexican corn hybrid, trilinear
hybrid,

Corn is the most important crop worldwide; in Mexico it is
the staple food of the population, planted in 7.9 million ha™! of
which 4 million are in the tropical and subtropical lowlands
(Gomez et al.,2001); it has a yield of 7 and 2.2 t ha'! under
irrigation and rainfed cultivation, respectively (SIAP, 2010).
In Mexico, improved corn seeds are sown in only 30% of
the corn acreage (SIAP, 2010), using mainly hybrids from
transnational companies. It is therefore necessary to have
competitive national genotypes and, if possible, regulated
seed prices. One of the best corn hybrids generated by the
National Institute for Forestry, Agriculture and Livestock
(INIFAP) is the 'H-507', which has a very good adaptive
capability to the tropical and subtropical lowlands of Mexico,
a fact that is explained by the high genetic diversity of its
parents; it is planted in more than 15 states of the Gulf of
Mexico and the Pacific, as well as in some states in the center
of the country, under different conditions of moisture and
temperature (Reyes et al. 1960).

The'H-507'isadouble hybrid obtained in 1961(Reyes, 1990)
thatis still grown commercially; its best heterotic pairis T,
x T, (Marquez, 1988); however, its plants are more than 4
m high, it has a very late biological cycle of 135 days, it has
lodging and grain production problems when rain is scarce,
and does not support population densities greater than 50
000 plants ha'. With this background, the first attempts
to improve parents of this hybrid were done in the 80s,
trying to obtain shorter plants, without satisfactory results
(Marquez, 1988; Martinez, 1988; Gomez, 1990). Later, after
ten years of convergent improvement, several versions of
the recovered T, line were obtained in 2005, which were
recombined to form a population from which new lines were
derived, including the T,RCy; line, which was registered as
T (Gomez et al., 1992; Gémez, 1994). Moreover, the T,
line was selected {3}per se{/3} towards lower plants and
cobs using slow inbreeding so as not to lose it in the process
of inbreeding, given that it was derived from a fully native
corn. The process consisted of alternating an inbreeding
advancement cycle with a recombination one, since it was
a line of two selfings (S,) with very high variability; after
four selfings it was registered as T,;. The single cross of
these two lines (Ty3x Ty;) generated a hybrid of intermediate
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autofecundaciones (S,) y con mucha variabilidad; después
de cuatro autofecundaciones se registr6 como T,,. La cruza
simple de estas dos lineas (T, x T4;) generd un hibrido de
porte intermedio el cual fue cruzado con varias lineas élite,
siendo la mejor cruza trilineal (T4sx T47) X LT 54 (GOmez,
1994), que se registré como ‘H-565".

El ‘H-565 es un hibrido de tres lineas con caracteristicas
agrondmicas superiores al ‘H-507’ y similares en tipo
de grano y mazorca; se registré en 2009 ante el Servicio
Nacional de Inspeccion y Certificacion de Semillas
(SNICS) asignandole el numero MAZ-987-2110509, su
caracterizacion se hizo en el Campo Experimental Iguala
del INIFAPen los ciclos de siembra 2006-2007 y 2007-2008
otoflo- invierno con base en la guia técnica de maiz (UPOV,
2009) y en el manual grafico para la descripcion varietal de
maiz (Carballo y Benitez, 2003).

T,s0 HHH-565. Lalineaoriginal T, fue generadaen los afios
50°enel Campo Experimental Cotaxtla, Veracruzdel INIFAP,
estalinease derivé delacolectarealizada en Tamuin, San Luis
Potosi, en un clima calido seco y su genealogia corresponde
a SLP- 20-34A-2-2-6#-1-3 (Martinez, 1988; Reyes, 1990).
Esta linea tiene una muy alta aptitud combinatoria general
(ACQG) y se considera que aun puede aprovecharse en los
programas de hibridacion del tropico, como donadora de esta
caracteristica(Marquez et al., 1983; Marquez, 1988; Gomez,
1990). La linea T, mejorada (T4s) se caracteriza por ser de
porte bajo con 165-180 cm de alturade plantay de 65a 80 cm
de mazorca, tiene hojas semierectas de color verde normal,
las vainas son verde-limon, espiga semi abierta con ramas
rectas largas y estigmas de colorrosa; lamazorca es corta con
10a 15 cmde longitud de buena cobertura en las bracteas, de
forma conica cilindrica, y con 12 a 14 hileras rectas; el grano
es dentado blanco cremoso y de textura semidentada. La
floracion promedio masculina durante el ciclo de primavera
verano, ocurre a los 57 dias después de la siembra y un dia
después ocurre la femenina.

T4; 0 MH H-565. La linea original T, fue generada en los
afios 50° en el Campo Experimental Cotaxtla, Veracruz del
INIFAP, esta linea se derivo de la variedad V-520 C, de la
raza Tuxpefio colectada en San Rafael, Veracruz, enun clima
calido himedo y su genealogia corresponde a Cap-348-4-
1 (Martinez, 1988; Reyes, 1990). La linea T, mejorada
(T4;) alcanza una altura de planta promedio de 182 cm y
74 de mazorca, tiene hojas de color verde brillante, espiga
compacta con pequefias ramas rectas y estigmas de color
amarillo; lamazorcatipo cilindrica tiene buena coberturade
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size which was crossed with several elite lines, the best one
being a trilinear cross (T4 X Ty7) x LT 54 (GOmez, 1994),
registered as ‘H-565".

The 'H-565'is a hybrid of three lines with better agronomic
characteristics than 'H-507' but similar to it with respect
to grain and cob types; it was registered in 2009 with the
National Seed Inspection and Certification Service (SNICS)
which assigned it the number MAZ-987-21105009; its
characterization was done in the Experimental Field of
Iguala of the INIFAP in the autumn-winter planting cycles
0f2006-2007 and 2007-2008, based on the technical guide
for corn (UPOV, 2009) and on the graphical manual for the
varietal description of corn (Carballo and Benitez, 2003).

T, or HH H-565. The original T, line was generated in
the 50s in the Experimental Field of Cotaxtla, Veracruz,
of the INIFAP. This line was derived from the collection
done in Tamuin, San Luis Potosi, in a dry warm climate;
its genealogy corresponds to SLP-20-34A-2-2-6#-1-3
(Martinez, 1988; Reyes, 1990). This line has a very high
general combining ability (GCA) and is still considered
useful for the hybridization programs of the tropics, as a
donor of'this feature (Marquez et al., 1983; Marquez, 1988;
Gomez, 1990). The improved T, line (T,,) is characterized
by its low size, with a plant height of 165-180 cm and a
cob-height of 65-80 cm; it has semi-erect leaves of normal
green color; the pods are of green-lemon color; the spike is
semi-open with long straight branches and pink stigmas;
the cob is short, of 10 to 15 cm in length, with good bract
cover, of conical cylindrical form and 12 to 14 straight
rows; the grain is dented, creamy white, with semi-dent
texture. Average male flowering during the spring-summer
cycle occurs 57 days after planting and a day after female
flowering.

T,, or MH H-565. The original T , line was generated in
the 50s in the Experimental Field of Cotaxtla, Veracruz, of
the INIFAP; this line was derived from the V-520 C variety,
of the Tuxpefio race collected in San Rafael, Veracruz, in
a warm humid climate; its genealogy corresponds to Cap-
348-4-1 (Martinez, 1988; Reyes, 1990). The improved T},
line (T,;) reaches a mean plant height of 182 cm and 74 cm
of cob-height; it has bright green leaves, a small compact
spike with small straight branches and yellow stigmas; the
cylindrical cob has good bract cover, measures 12 tol5 cm
in length, with 12 to14 straight rows, has a creamy white
grain with semi-crystalline texture. Male flowering occurs
58 daysafter planting, and two days after female flowering.
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las bracteas, mide de 12 a 15 ¢cm, con 12 a 14 hileras rectas,
tiene el grano blanco cremoso y textura semicristalina.
La floracion masculina ocurre a los 58 dias después de la
siembra y dos dias después ocurre la femenina.

LT;s, 0 M H-565. Esta linea proviene de la Poblacion
Tuxpefio Crema que pertenece a la raza Tuxpefio. Se
identifico después de realizar cruzas de prueba amas de 100
lineas prospecto, usando como probadores a T,; y T;, que
forman el mejor par heterético del ‘H-507". Se identifico
en Cotaxtla, Veracruz, y en Iguala, Guerrero se avanzé en
endogamia seleccionando hacia mazorca mas baja, mejor
calidad detalloy grano masblanco. Estalinea se caracteriza
portener hojas ligeramente curvadas y anchas, de color verde
limén con el borde guinda, la espiga es semi abierta y sus
ramas sonrectilineas con 13 a 15 ramas laterales, espiguillas
de color café guinda y estigmas de color rosa-rojo. Las
plantas alcanzan una altura promedio de 168 cmy 72 la
mazorca. La mazorca presenta excelente cobertura de las
bracteas y es de forma conica-cilindrica con 12 a 14 hileras
yde 12 a 15 cm de longitud. El grano es blanco cremoso de
textura semidentada. Presenta sincronia floral a los 66 dias
después delasiembra, en el ciclo agricola primavera- verano.

Tx T, 0 HH-565. La hembra del hibrido tiene un ciclo
biologico intermedio con una altura de planta promedio de
285 cmy 140 lamazorca; la floracion masculina se presenta
alos56diasylafemeninaalos 57 dias después delasiembra,
sus estigmas son de color verde claro-rosa; las hojas son
ligeramente curveadas de color verde limdn; la espiga es
compacta, con ramas largas con 7 a 9 ramas laterales y
espiguillas de color verde; lamazorca es cilindricacon 17 a
20 cmde longitud, con excelente cobertura de las bracteas, y
tiene de 14 a 16 hileras dispuestas en forma regular, y grano
de color blanco cremoso y textura dentada.

‘H-565’. El hibrido comercial es de porte alto y ciclo
biologicode 130 dias, tiene una altura de planta que variade
2652a290 cm, tolerante al acame, hojas ligeramente curvadas
de color verde obscuro, con floracion masculinaalos 61 dias
y dos dias después la femenina; espiga semi abiertacon 11 a
17 ramas laterales primarias, estigmas de colorrosa; mazorca
cilindrica de buena cobertura de las bracteas, tiene 18 a 20
cm de longitud con 14 a 16 hileras rectas y 31 a 40 granos
por hilera de color blanco cremoso y textura semi dentada;
el aspecto de planta y mazorca se muestran en la Figura 1.
Este hibrido presenta tolerancia a la enfermedad Mancha
de asfalto, causada en primera instancia por Phyllachora
maydis Maubl. y acrecentada por Monographella maydis
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LT,s, or M H-565. This line comes from the Tuxpefio
Crema population which belongs to the Tuxpefio race. It
was identified after performing test crosses to over 100
prospective lines, using T}, and T, as testers, as they are the
best heterotic pair of 'H-507".It was identified in Cotaxtla,
Veracruz, and in Iguala, Guerrero, progressing by selective
inbreeding towards lower cobs, better stem quality and
whiter grains. This line is characterized by its slightly curved,
broad leaves, of lemon green color with cherry colored
edges; the spike is semi-open and it has straight branches
with 13-15 lateral branches, brown-cherry colored spikelet’s
and pink-red stigmas. Plants reach an average height of 168
cm, and the cob-heightis 72 cm. The cob has excellent bract
cover and is of conical-cylindrical form, with 12-14 rows
and 12-15 cm in length. The grain is creamy white, with
semident texture. It presents floral synchrony 66 days after
planting in the spring-summer crop cycle.

T x T4 Hor H-565. The female hybrid has an intermediate
biological cycle with a mean plant height of 285 cm and
a cob-height of 140 cm; the male flowering occurs 56
days after planting and the female flowering 57 days after
planting; the stigmas are of green clear-pink color; the
leaves are slightly curved and lime green colored; the spike
is compact, with long branches with 7-9 lateral branches and
green spikelets; the cob is cylindrical, 17-20 cm long, with
excellent bract cover, 14-16 regularly arranged rows, and
grains of creamy white color and dent texture.

‘H-565’. The commercial hybrid is of large size and has a
130-day biological cycle, has a plant height ranging from
265-290 cm, is tolerant to lodging, has slightly curved
leaves of'a dark green color; male flowering occurs 61 days
after planting and two days after female flowering; the
spike is semi-open with 11 to 17 primary lateral branches
and pink stigmas; the cob is cylindrical with good bract
cover, 18t020 cmin length, with 14 to 16 straight rows and
31 to 40 grains per row of creamy white color and semi-
dent texture; the appearance of plant and cob are shown
in Figure 1. This hybrid is tolerant to the tar spot disease,
caused primarily by Phyllachora maydis Maubl. and
aggravated by Monographella maydis Muller & Samuels
and Coniothyrium phyllachorae Maubl.(Hock, 1989).
This is a very important characteristic, as this disease is
recurrent in the tropics of Mexico. This hybrid has also
good characteristics and properties for the production of
corn on the cob and fodder; it meets the commercial and
industrial parameters for the preparation of tortillas by the
traditional method, nixtamal-dough-tortilla.



Maiz hibrido H-565, nueva version del H-507 para el tropico bajo de México

Muller & Samuels y Coniothyrium phyllachorae Maubl.
(Hock, 1989), caracteristica muy importante ya que esta
enfermedad es recurrente en el Tropico de México. Ademas
presenta buenas caracteristicas y propiedades para la
produccion de elotes y forraje, cumple con los parametros
comerciales e industriales parala elaboracion de tortillas por
el método tradicional, nixtamal-masa-tortilla.

El hibrido ‘H-565" tiene excelente adaptacion a climas
tropicales; se puede sembrar en las regiones calidas desde
Sinaloa hasta Chiapas por el Pacifico y desde Tamaulipas
hasta Yucatan por la vertiente del Golfo de México y en
los estados de México, Morelos, asi como en las Huastecas
potosina e hidalguense. En evaluaciones realizadas desde
2006 endiferentes Estados de laRepublicay ensiete diferentes
localidades de Guerrero, el ‘H-565" mostr6é un rendimiento
medio de 7.9 t ha'l. El rendimiento potencial de grano de
este hibrido es mayor a las 11 tha'!, que se expresa aplicando
una dosis de fertilizacion de 120N-60P-00K, con 60 mil a 65
mil plantas por hectarea. El ‘H-565", también se caracteriza
por presentar una buena produccion de elote, los resultados
obtenidos al respecto arrojan rendimientos mayores a 30 000
elotes por hectarea de primera calidad, informacion obtenida
bajo condiciones de temporal en la localidad de Iguala,
Guerrero (Gonzalez et al., 2008).

Este hibrido es tolerante al complejo “mancha de asfalto”,
las evaluaciones realizadas en primavera- verano, 2006
indicaron que el maiz menos contaminado por la mancha
de asfalto fue el ‘H-565" con 90% de sanidad, mientras que
el resto de los hibridos evaluados presentaron dafios que
variaron de 30 a 100%. Los muestreos realizados durante
2007 arrojaron datos que corroboran los obtenidos en 2006
respecto a la incidencia de mancha de asfalto en diferentes
hibridos de maiz (Gonzalez et al., 2008).

El ‘H-565 también cumple con los requisitos de calidad
de grano que fija la industria harinera en la fabricacion de
tortillas; tiene un peso especifico de 79.8 kg hl!, un indice de
flotacion 14%, un peso de 100 granos de 30.1 g, un color de
grano 59.5%Yy deharinade 84.7%, un porcentaje de pericarpio
de 5.91, 1.57% de pico y 11.31% de germen. Presenta un
rendimiento demasade 1.9 porkg demaizy de 1.49 entortilla
fria con un color 91.8% de reflectancia (NMX-034,2002).

Para la produccion de semilla del ‘H-565" se debe aplicar
las normas sugeridas por el SNICS en cuanto aislamiento
por distancia o tiempo (Coutifio, 1993), se siembra primero
la linea macho y diez dias después el progenitor femenino,
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Figura 1. Aspecto de planta y mazorca del ‘H-565.
Figure 1. Plant and cob appearance of the ‘H-565 hybrid.

The hybrid 'H-565' has an excellent adaptive capability to
tropical climates; it can be planted in warm regions from
Sinaloato Chiapas on the Pacific side, and from Tamaulipas
to Yucatan on the side of the Gulf of Mexico, as well as in
the states of Mexico, Morelos, and in the sierras of Potosi
and Hidalgo. In evaluations conducted since 2006 in several
Mexican states and in seven different localities of Guerrero,
the 'H-565' hybrid showed an average yield of 7.9 t ha'.
The grain yield potential of this hybrid is higher than 11
t ha!, which is expressed by applying a fertilizer dose of
120N-60P-00K, with 60 000-65 000 plants per hectare. The
'H-565'is also characterized by having good cob production.
In this regard, the results obtained show yields higher than
30 000 top quality cobs per hectare; this information was
obtained under rainfed conditions in the town of Iguala,
Guerrero (Gonzalez et al., 2008).

This hybrid is tolerant to the "tar spot" complex; the
evaluations carried out in the spring-summer of 2006
indicated that the corn variety less contaminated by the
tar spot was the 'H-565', with 90% ofhealthy plants, while
the rest of the hybrids evaluated had damage ranging from
30 to 100%.The samples taken during 2007 yielded data
that corroborated those obtained in 2006 with respect to
tar spot incidence in different corn hybrids (Gonzalez et
al.,2008).

The ‘H-565’ also meets the quality requirements set by the
grain milling industry for the manufacture of tortillas; it
has a specific weight of 79.8 kg hl!, a flotation index of
14%, aweight of 100 grains of 30.1 g, grain color 0 59.5%,
flour color of 84.7%, pericarp percentage of' 5.91%, beak of
1.57%, and 11.31% of germ. It presents a dough yield of 1.
9 per kg of corn and of 1.49 in cold tortilla with a color of
91.8% reflectance (NMX-034, 2002).
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cuando la produccion se realiza en otoflo- invierno; en
el ciclo primavera-verano, se adelanta la floracion en
promedio cuatro dias y el intervalo de siembra se reduce
a nueve dias, en una relacion de surcos hembra: macho de
4:2.De esta forma se pueden obtener hasta S tha' de semilla
beneficiada si se tiene un buen manejo agronéomico. El
INIFAPpone adisposicion de organizaciones de productores
y microempresas, la semilla registrada de los progenitores
para que produzcan la semilla certificada.
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The standards suggested by the SNICS regarding isolation
by distance or time should be used for producing 'H-565'
seeds (Coutinho, 1993). When production takes place in
autumn and winter, the male line is planted first, and ten
days later the female parent; in the spring-summer cycle,
the flowering period is brought forward an average of four
days, and the planting interval is reduced to nine days, with
a ratio of female:male furrows of 4: 2.In this way, good
agronomic management, itis possible to obtainup to 5 tha™!
of cured seeds. INIFAP makes available to producers and
micro organizations the registered seeds of the parents for
them to produce the certified hybrid seed.
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