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ADAPTACION DE MAICES ANCHOS TRASLOCADOS AL AGROECOSISTEMA
DE HUMEDAD RESIDUAL EN EL SURESTE DEL ESTADO DE MEXICO

Jessica Jazmin Gonzalez Regalado, M.C.
Colegio de Postgraduados, 2016.

Resumen

De las plantas domesticadas en Mesoameérica, el maiz es la contribucién mas importante
para los seres humanos. El maiz Ancho, por su uso para elaborar pozole, es un ejemplo
de un proceso de diversificacién y expansién reciente. Es un maiz de regiones tropicales
a semi tropicales, pero se ha extendido hacia regiones mas elevadas (2400 m) en el
sureste del Estado de México. Sus granos alcanzan un precio mayor al maiz local en el
mercado. En el agroecosistema de estas regiones, basado en humedad residual, el maiz
se siembra a una profundidad mayor (10-15 cm), que en otros sistemas de produccion.
Una adaptacion importante de los maices locales a esta condicion es un mesocotilo mas
largo. Entonces ¢ElI maiz Ancho traslocado se adapta al sistema de produccién o el
sistema se modifica para acomodarse a las caracteristicas del maiz? El objetivo fue
entender la dinAmica de mejoramiento empirico de las poblaciones traslocadas de maiz
Ancho, con énfasis en semilla, siembra y plantula. Se describe el manejo de semillas y de
la siembra en la region de humedad residual, y la regién de origen del maiz Ancho. Los
datos se obtuvieron en entrevistas repetidas y a profundidad con doce agricultores.
Luego, se compara la capacidad de emergencia de varias poblaciones en camas de
arena. Adicionalmente, se analiza la emergencia a distintas profundidades y temperaturas
de suelo en rizotrones. Se muestra que el maiz Ancho traslocado es manejado en forma
similar al maiz local. Se adopta parcialmente por motivos econémicos, pero también por la
susceptibilidad de los maices locales a una malformacion causada por temperaturas
elevadas y estrés hidrico. El maiz traslocado reacciona a la siembra profunda inicialmente
con una elongacion del coledptilo. EI mesocotilo se elonga como una adaptacion a largo

plazo. Por lo tanto, el maiz se adapta al sistema en este caso.

Palabras clave: evolucion de maiz, vigor, germinacién, emergencia, mesocatilo,
coleoptilo, maiz Chalquefio, maiz Conico, etnobotanica, experimentaciébn campesina,

innovacion campesina, sistemas agricolas tradicionales
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ADAPTATION OF TRANSLOCATED ANCHO MAIZE TO THE RESIDUAL
HUMIDITY SYSTEM IN THE SOUTHEAST OF THE STATE OF MEXICO

Jessica Jazmin Gonzalez Regalado, M.Sc.
Colegio de Postgraduados, 2016.

Abstract

Of the plant domesticated in Mesoamerica, maize is the most important contribution to
humans . Ancho race maize is widely used for pozole, and is an example for diversification
and recent expansion. It is a tropical or subtropical maize type, but has recently expanded
of higher-elevation areas (2400 m) in the southeast of the State of Mexico. Its grains
obtain a better price in the market. In the agroecosystem of these regions, based on
residual moisture, the maize is planted a greater depth than in other production systems
(10-15 cm). In local maize populations, an elongated mesocotyl is an important adaptation.
So, does the translocated Ancho maize adapt to this production system, or is the system
modified to accommodate the properties of the maize? This work aims to understand the
dynamics of empiric crop improvement of these translocated maize populations, focussing
on seeds, planting and seedlings. It describes management of seeds and planting in the
residual moisture region, and in the area of origin of the Ancho maize. The data were
obtained from repeated, in-depth interviews with twelve farmers. Then, emergence ability
is compared between various populations in a sand bed. Additionally, emergence under
different seeding depths and temperatures is analyzed in a rhizotrons. We show that the
translocated Ancho maize is managed similarly to the local maize. The maize is adopted
partially for economic reasons, but also because of the susceptibility of the local maizes to
a malformation caused by higher temperatures and water stress. The translocated maize
initially reacts to deep planting by elongating the coleoptile. The mesocotyl elongates after

a longer period of adaptation. In conclusion, the maize adapts to the system in this case.

Keywords: maize evolution, vigor, germination, emergence, mesocotyl, coleoptile,
Chalguefio maize, Cénico maize, ethnobotany, farmer experimentation, farmer innovation,

traditional agricultural systems
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Capitulo 1. Introduccion General

Mesoamérica es un centro de origen de la agricultura y diversidad de
aproximadamente 225 especies vegetales domesticadas (Vavilov, 1931; Kato et
al., 2009). El maiz es la contribucion mas importante - el 50% de las calorias
necesarias para la poblaciéon mundial son aportadas por tres poaceas: maiz, trigo
y arroz (Wilkes, 1993). En el continente Americano la diversidad de maiz esta
representada aproximadamente por 220-350 razas (Bird and Goodman, 1977;
Vigouroux et al., 2008). En las tierras Altas de México se encuentra la mayor

diversidad del maiz, 59 razas (Sanchez et al., 2000).

La diversificacibn de este importante cereal se debi6 a la gran variedad de
microambientes naturales y agroecosistemas existentes en la region, la
especificidad de las poblaciones de maiz y su reproduccién alégama, la influencia
de los pobladores en la seleccion de los materiales de acuerdo a sus necesidades,
costumbres y creencias y a la migracion de los materiales, principalmente a causa
del comercio, o intercambios de semillas por las diferentes culturas y/o habitantes
de las regiones (Goodman y Brown 1998; Sanchez et al. 2000; Ortega, 2003;
Pressoir y Berthaud 2004 y Mufioz, 2005).

Los agricultores de pequefia y mediana escala actualmente son los que mantienen
y manejan la diversidad de maiz en sus sistemas tradicionales de cultivo (Pressoir
y Berthaud 2004; Perales et al. 2005). Esta diversidad se incrementa
notablemente con la introduccion de material genético de otras regiones (Louette
et al. 1997). El intercambio de semillas entre agricultores o la compra de semilla
principalmente en los mercados locales o regionales es una practica comun,
debido a la curiosidad de los agricultores por experimentar con nuevos cultivares,
después de pasar catastrofes naturales (heladas, sequias y tormentas tropicales)

0 padecer conflictos sociales (Ortega, 2003; Louette, 1995).

Los agricultores mejoran continuamente su material de siembra. Experimentan con
nuevo germoplasma, pero tienen en mente que una semilla de otra regién podria
1



no desarrollarse bien; también saben que si se cruzan con sus cultivares, las
cualidades pueden mejorar notablemente (Ortega, 2003). De esta manera, los
agricultores se adaptan a las circunstancias cambiantes del mercado o

modificaciones ambientales.

En el préximo medio siglo se prevé un cambio climético debido al aumento en la
temperatura de 3-5 °C, regimenes de precipitacion alterados y escasez de agua
(IPCC 2007; Lobell et al. 2008). Se pronostican escenarios poco alentadores en
los proximos 50 afios para las regiones productoras de maiz. En México se espera
que por cada generacion el incremento de temperatura sea de 0.08°C, nueve
veces mas de lo antes experimentado. La preocupacion radica en la capacidad de
adaptacion de las variedades locales al clima que cambia rapidamente (Hellin et
al. 2014).

Cline (2007) estima que la produccién agricola en México podria disminuir en un
25.7 % en 2080. Los efectos del cambio climatico se traduciran en pérdidas y
descenso en los ingresos para los agricultores de la poblacién rural, cuyo sustento
depende del cultivo de maiz y frijol (Eitzinger et al. 2012), si no tienen acceso a

germoplasma apropiado.

El maiz nativo puede tener un papel muy importante en la adaptacién al cambio
climatico (Bellon et al. 2011). Se ha mostrado que en México, en la mayoria de los
casos, los agricultores tienen acceso a germoplasma de sitios mas aridos o
calurosos en un radio de tan solo 10 km, debido a la orografia. Estos maices
poseen adaptaciones a las condiciones ambientales (pasando de éarido a
ambientes humedos y de templado a ambientes tropicales) y agronémicas que
existen el la agricultura tradicional e incluso en la comercial (Ruiz et al. 2008,
Ortega, 2003). Las propuestas tedricas estudiadas, por las cuales los cultivares de
maiz pueden responder al cambio climatico, son la plasticidad fenotipica,
evolucion, el flujo de genes y la extincion (Mercer y Perales, 2010).



En esta investigacion examinamos el mecanismo y resultado de la migracién de
un maiz tropical a un agroecosistema muy diferente, el de humedad residual de
los Valles Altos. La pregunta de investigacion se hace desde dos puntos de vista
(etnobotanico y morfoldgico): ¢Como se adapta un cultivar nativo de maiz a

nuevos ambientes?

Los maices Anchos de regiones mas calurosas se han extendido hacia regiones
mas elevadas (2400 m) en el sureste del Estado de México (maices traslocados).
En esa region el maiz Ancho obtiene un mejor precio (hasta $20.00 el cuartillo)
que el maiz Chalquefio e hibridos ($8.00 el cuartillo), por su uso en el pozole.

El agroecosistema en la region sureste del Estado de México es de humedad
residual (Fig. 1.1); el maiz se siembra a una profundidad mayor que en otros
sistemas de produccidén, ya que el suelo conserva humedad incluso en la
temporada seca. Un mesocoétilo mas largo es una adaptacion importante de los
maices locales, para evitar que las hojas se desdoblen bajo la superficie del suelo
(Gonzalez, 1971, Vargas, 1966).



Figura 1.1 Terreno de cultivo de maiz en la region sureste del Estado de México.
Foto: H. Vibrans.

El objetivo de esta investigacion es entender la dinamica de mejoramiento
empirico de las poblaciones traslocadas de maiz Ancho, con énfasis en semilla,
siembra y plantula. Para ello en el primer capitulo se describi6 el manejo de
semillas y de la siembra por los productores de la regién del cultivo de humedad
residual, asi como de la regién de origen del maiz Ancho. En el segundo capitulo
se compara la capacidad de emergencia experimentalmente en camas de arena, y
se reporta sobre la variacién de la longitud del mesocotilo y coledptilo a distintas

profundidades y temperaturas de suelo en rizotrones.

Literatura citada al fin de las conclusiones generales
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ABSTRACT

The Mexican tropical Ancho maize from the Balsas River basin has been
introduced recently to elevations of 2200-2520 m in the southeast of the State of
Mexico, Mexico. The grain is used in pozole, a popular stew, and thus obtains a
higher price in the market. However, the residual moisture agroecosystem in the
highlands has a lower average temperature, a longer growing cycle, and much
greater planting depth. Do local farmers accomodate the new maize, or manage
the translocated maize similarly to their traditional cultigens? Does the system
adapt to the maize, or the maize to the system? We describe and compare the
management of seeds and planting of the traditional and introduced maize
populations. Twelve experienced farmers (ten in the highland region, and two from
tropical Morelos) were interviewed in-depth and repeatedly, covering technical
aspects and reasoning; participant observation also contributed data. Management
of introduced maize was similar to that of traditional cultigens. Seed selection and
intentional hybridization had other stated purposes, but probably the secondary
effect of promoting adaptation. Moreover, the higher price of the grain, often offset
by the lack of secondary uses compared with the local maize, only partially
motivated the introduction. Another reason was the decrease in yields of the
traditional Chalquefio maize, attributed in part to a perceived increase in average
temperatures. So, the new maize was introduced in part to mitigate this problem.
This study shows how local people adapt to changing circumstances if they have
access to the appropriate resources.

Key words: land race, Zea mays, evolution, adaptation



2.1 INTRODUCTION

Maize (Zea mays L.) is the most important grain produced worldwide. Together with
a large number of other crops, it was domesticated in Mesoamerica, a region that
extends approximately from Nayarit, San Luis Potosi and Veracruz in Mexico to
Nicaragua, and is a center of origin of agriculture (Vavilov 1931; Hernandez-
Xolocotzi 1985; Kato 2009). This region still harbors the largest diversity of
landraces and locally adapted populations. These locally adapted populations
frequently do not do well if they are planted in other areas, and have to be adapted

actively, often by introgression with resident maize types.

This diversity has been a focus of investigation for decades, mainly as a source of
germplasm for scientific plant breeding, but also for other reasons related to
conservation. Recently, global climate change has added urgency to exploring the
adaptation of both seed material and agroecosystems (Mercer and Perales 2010;
Bellon et al. 2011; Ureta et al. 2012).

Infraspecific diversity in cultivated maize of Mesoamerica has long been classified
with an informal system. The main category is race (Anderson and Cutler 1942;
Wellhausen et al. 1951; Hernandez and Alanis 1970), which aggregates
populations with a substantial set of common characteristics that distinguish them
as a group differentiated from others. A race is capable of transmitting these
features faithfully to subsequent generations and occupies a specific ecological
area. Today, 59 native races are recognized in Mexico. They can be grouped into
seven larger complexes based on a combination of morphological, ecological,
agronomic, cytological and isoenzyme data (Sanchez-Gonzalez 2011): Conico,
Sierra de Chihuahua, Ocho Hileras, Chapalote, Tropicales Precoces, Dentados
Tropicales and Maduracién Tardia; the literature uses these Spanish-language

designations.

Most races consist of subraces, frequently marked by color and texture. These are

further composed of local populations or cultigens, often hundreds. These local
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populations are adapted to very specific agroecological conditions. Even within a
village, families may have their own strains, selected and improved according to
their criteria for generations. They vary substantially in color, grain size and texture,
plant morphology, phenology (cycle length), physiology, yield and other agronomic
characteristics. However, farmers also acquire and experiment with their seeds
(Louette et al. 1997; Perales et al. 2003a; Bellon et al. 2011). Thus, most genebank
accessions represent phenotypes that are intermediate between races. However,
in some regions, some groups are selected very rigorously, both by people and by

the local conditions, and represent relatively pure types.

Three main factors influenced this diversification. The first was the diversity of
microenvironments in this region due to the mountainous terrain, diverse soils, and
geographic location. The second factor was, and is, the influence of people, who
selected materials according to their management practices, economic and
technological environment, needs, tastes, customs and beliefs. Men play a
dominant role in the selection for adaptation, and women for culinary uses (Mufioz-
Orozco 2005). The third factor was the migration of seed through trade and seed
exchange between different cultures and inhabitants of the regions. In
Mesoamerica, humans, maize and culture evolved simultaneously (Mufioz-Orozco
2005). Thus, maize is an important part of the cultural, spiritual, economic and

productive life of the Mexican rural families and communities.

Accordingly, traditional agroecosystems, their crops and seeds, are not static but
highly dynamic. The farm family continuously improves its seed material,
experiments with new germplasm, and adapts to changing circumstances in its life
and surroundings. Sometimes “traditional” cultigens change from one generation to
another. A traditional cultigen can be substituted for traditional, modern or other
cultivars, just as new cultivars or cultigens are developed by crossing traditional
cultigens with one another or modern hybrids, or new cultivars based on previous

historical types (Perales et al. 2003a).



A number of studies have explored the response to market integration or
environmental modifications. This dynamism may buffer the effects of climate
change on local agroecosystems; interest in seed and cultigen dynamics have
increased with the measurable and predicted effects of global climate change
(Mercer and Perales 2010). It is one reason why in situ conservation of native
germplasm is highly desirable - local improvements are adapted to the site, as Rice
(2007) and Aguilar (2006) have shown for Jala maize.

On the Central Plateau of Mexico, specifically in the southeastern region of the
federal state of Mexico, there are two distinct soil types for planting rainfed maize:
soils with residual moisture reserves towards the end of the dry season, and soils
without sufficient moisture reserves. In the first, farmers can plant more productive
long cycle maize, whereas in the second they have to use populations adapted to
relatively short growing cycles (Wellhausen et al. 1951). Traditionally, soils with
residual moisture are planted with Chalquefio maize, and purely rainfed sites with

Conico maize; both races belong to the Conico complex.

Previous observations showed that since approximately 2002, a tropical maize of
the Ancho race has been translocated and adapted to a much higher-lying area
with a residual moisture agroecosystem in southeast of the State of Mexico. Local
farmers were trying to adapt this maize to elevations of about 2400 m and above
(Aguilar and Gonzalez 2012). One reason for this change was the higher sales
price of this tropical maize. It is used in a stew called pozole, which has become
popular in central Mexico in recent decades. While Chalquefio and hybrid maize,
used mainly for tortillas, fetch about eight Mexican pesos for a cuartillo (a volume
measurement that corresponds to approximately 1.5 kg), the mealy and broad-
grained Ancho obtains up to 20 pesos on certain dates, for example, around
Independence Day on September 15 or Christmas. Normally, they can obtain 10

pesos at the farm gate or 15 pesos selling directly in local markets.

In this study, we explore the reasoning and results of the introduction of this tropical

maize into the specialized tropical highland ecosystem. Do the farmers try to meet
9



the requirements of the introduced maize or does the maize have to adapt to the
local environment and agroecosystem? We do not expect differences in the depth
of seed planting due to the requirements of the residual moisture system. However,
farmers might plant Ancho maize in warmer sites or later in the year. There may be
differences in the way seeds are selected. To answer the question, we
characterized and compared the management of seeds and cultivation of the two
types of maize, plus the purely rainfed Conico maize, based on in-depth interviews

with local expert farmers.

2.2 THE STUDY AREA

The main study area was the southeastern region of the State of Mexico,
consisting of the western and southern slopes of the Sierra Nevada with the
Popocatepetl and Iztaccihuatl volcanoes, specifically the municipalities of
Tepetlixpa, Amecameca, CocotittAn and Juchitepec. In this region, maize is
cultivated in an agroecosystem that exploits a soil type that conserves residual
moisture from winter rains at a depth of 10-15 cm. Elevation of the study area
ranges from 2100 to 2700 m; the climate is typical of subhumid tropical highlands:
summer rains from May or June to October and a dry winter season with frosts, but
some rains associated with cold fronts. Annual rainfall varies from 600 to 1200 mm,
and average annual temperature from 12°C on the western slopes of the
Popocatepetl and Iztaccihuatl volcanoes to 18°C in the areas adjacent to the state
of Morelos. Hail is common, particularly between June and August (Garcia 1988).
The natural vegetation consists of pine-oak and fir forests.

For purposes of comparison, we also worked in a neighboring area with purely
rainfed maize (Ixtapaluca) and a nearby medium-elevation site where Ancho maize
has been cultivated for a long time (Santa Catarina, Tepotzlan, Morelos State)
(Figure 2.1).
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Figure 2.1 Map of the study region showing the sites of the interviews

The region, located near Mexico City, is well-communicated and has relatively
advanced infrastructure (roads and highways, telephone, electricity, internet,
schools and other services). The four municipalities of the study area had about
100 000 inhabitants in 2010. A considerable part of the population has indigenous
roots. Most residents work in services or industry, but 23% are still mainly

employed in agriculture.

The cultivated area varies between 20 000 and 21 000 ha. Farm size range from 1
o 100 ha; it is common for farmers to have plots with different agroecological
conditions; renting plots is also common. Some areas are cultivated commercially,
and their products are included in official statistics valued at about 533 000 pesos
(equivalent to around 42,000 US dollars at the exchange rate for 2010). The most
valuable commercial crops are wheat, potato, zucchini, maize grain and husk

tomato (Physalis philadelphica) (all demographic and agricultural statistics from
11



INEGI 2010). However, there is also much production of various goods for
subsistence and local sale that are not represented in these statistics. Local fixed

and weekly markets play a large role in the commerce of agricultural products.

The main crop is maize. There is a rotation of cultigens - that is, farmers try not to
plant the same type of maize for several years on the same plot. Sometimes, at
irregular intervals, a crop of wheat, legumes (beans, fava beans or runner beans),
squash, potato or husk tomato is integrated into the rotation. The most common
soil types in our study area are regosols and andosols derived from volcanic
ashes, though some other soil types (litosol, cambisol, feozem, fluvisol) also occur
in the region ( INEGI 2005; Aguilar and Gonzalez 2012). Lower-lying areas, now

mostly urbanized, have soils derived from lake sediments.

2.3 MATERIALS AND METHODS
The maize populations

The Ancho maize cultigens belong to the Ocho Hileras (Eight Rows) complex
(Benz 1986; Sanchez et al. 2000) that has its center of diversity at low and middle
elevations in the central-western portion of Mexico. They are medium-sized, short-
cycle plants with almost cylindrical ears, 8-12 rows per ear and wide grains (8-14.8
mm). Grains are mostly dented, though with a tendency towards mealy (Benz
1986). The group is not yet well-described, but was considered in Kato-Yamakake
(1967), Kato-Yamakake and McClintock (1981), Benz (1986) and Sanchez-G.
(1989).

Ancho at present is widely cultivated at elevations between 800 and 1800 m in
tropical subhumid climates with summer rains in Guerrero and adjacent regions
(Morelos, Puebla, Michoacan, Jalisco, Mexico State). The average annual
temperature is between 18 and 26°C, and annual rainfall between 400-1200 mm (
Wellhausen et al. 1951, Ron-Parra et al. 2006, Gomez et al. 2013).

12



This maize is the preferred grain for the stew pozole, typical of western Mexico. It
consists of cooked maize kernels, meat (usually pork), and vegetables. Ancho
kernels absorb humidity well and burst upon cooking in lime (nixtamalizacion) in a
way considered attractive (CONABIO 2010, Perales et al. 2003b). It has a good
and growing market and may obtain a much higher price, which has led to an
expansion of its cultivated area in recent decades (Perales et al. 2003b). Official
data (SAGARPA 2008) report substantial increases in the area planted to maize for
pozole from 2004 onwards. In 2010, the national production of maize for this use
was estimated at 40 707 t (SAGARPA 2010).

The Conico complex maize types dominate in the highlands of northern and central
Mexico. They include many different grain types (dent, sweet, popcorn, mealy),
colors and agronomic characteristics. The ears usually have the typical conical or
pyramidal shape, numerous and somewhat irregular rows, relatively few tassel
branches, a weak root system and some adaptations to the highland cold and hail,
such as a darker color, particularly of the leaf base, and hanging leaves (CONABIO
2010).

The Chalquefio race, which belongs to the Cénico complex, is highly productive
with vigorous germination and emergence, a long cycle, tall and has a relatively
good resistance to mid-season drought (Ortega com. pers., Wellhausen et al.
1951; CONABIO 2010). It grows at elevations above 1800 m and up to 2700 m, but
it can only be cultivated where the normal rainfed growing season can be extended
by residual moisture or irrigation. It has large and conical ears with a large number
of rows (14-22), which makes it easy to degrain by hand; the cob is medium to
large. There are numerous color, husk and grain variants used for different
purposes. The kernels are white, yellow, pink or blue with mealy to semi-dent or
semi-flint textures (CONABIO 2010). The race is susceptible to lodging because of
a weak root system. It has pendulous leaves, considered an adaptation to hail.

Apart from the center of Mexico, it is also found in the higher-lying areas of

13



Durango, Zacatecas and northern Oaxaca ( Wellhausen et al. 1951; CONABIO
2010).

The Conico race maize populations are mainly distributed in the High Valleys of the
states of Mexico, Puebla, Tlaxcala and Hidalgo and are concentrated between 1
800 and 2 800 m (Wellhausen et al. 1951; CONABIO 2011). They have conical
ears, grains that are white, cream-colored, yellow, blue or red, and their texture
varies from semi-flint to semi-dent. Their emergence is vigorous, they are cold

tolerant and have short to medium cycles (Wellhausen et al. 1951).

The Valles Altos de Ocho Hileras maize (High Valley Eight-row maize) was
suggested as a new race in 2012 (Aguilar and Gonzélez 2012). The original
collection had been identified as a false Ancho in 2009. This group has eight-row
ears, a slim cob (2 cm), wide, oval grains and grows at elevations of 2600-2700 m
It was included in this study to see whether its management was similar to that of

Chalquefio despite the morphological differences.

Interviews

The data on the management of seeds and cultivation were obtained from free and
semi-structured interviews with twelve farmers. The interviewees were selected
preferentially for experience, expertise and under various criteria. The ten highland
farmers had collaborated with the project Conservacion y mejoramiento
participativo de los maices criollos del oriente del Estado de México (Conservation
and participative breeding of landrace maize types in the East of the State of
Mexico) financed by the Chapingo Autonomous University (2002-2014) (Aguilar
and Gonzalez 2012). Additionally, they had conserved and selected their
populations for at least five years and, as a group, cultivated a representative

sample of the maize diversity of the region.
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Authorization for the study was obtained from the local authorities (heads of the
local agricultural development agencies and the comisariados ejidales, local land
authorities). Also, we explained the project to every interviewee and obtained his or

her oral consent.

We interviewed the ten farmers from the highlands between 2010 and 2015,
repeatedly and in depth; we also participated in some agricultural activities. Three
of them cultivated the translocated Ancho maize (a fourth one had just started),
and represented an altitudinal gradient. Additionally, in 2015 we interviewed two
farmers from Morelos, who cultivated Ancho and complied with the criteria
mentioned above, except for the collaboration with the project. The highland Ancho
populations are called translocated Ancho in this work, and the Morelos Ancho
populations are called Morelos Ancho. Table 1.1 shows details of the interviewed
farmers — age, site and elevation of their house, their agroecosystem type (residual
moisture or rainfed), and the maize type cultivated for which they were included in
the interviews (they cultivated more maize types, which are shown in Online

Resource 1: Table 2).

All of the farmers were interviewed on the following subjects: origin of the seed
material, reasons for cultivating and conserving the specific landrace, seed and
plot selection, management of the seeds during planting, observations on
emergence, and cultural practices in the fields and at harvest. The answers were
documented in a form. The interviews were also audiorecorded when the
interviewees gave permission (this was the case for the highland farmers, who

already had a longer relationship with the researchers).

In-depth interviews, combined with participant observation, allow a more complete
and multidimensional data collection than standardized surveys. However, it is
often not possible to apply advanced statistical methods, both because of the
relatively small number of informants that can be interviewed with this method, and

because of difficulties in coding or standardizing the data. For our purposes, we
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considered the in-depth method preferable. For this reason, the results are
analyzed qualitatively and with simple statistics.
Table 1.1 Details of the interviewed farmers
Elevatio Maize
Farmer | Age Locality Municipality State Agroecosystem
n (m) race
1 56 Tepetlixpa 2319
Cuecuecuautitl Tepetlixpa Ancho
2 58 2293
a
3 57 Cuijingo 2500 Juchitepec
4 57 San Pedro 2672 Valles
Nexapa Amecameca Residual moisture Altos
Mexico
5 59 Zoyatzingo 2473 State
6 50 Juchitepec 2524 _ Chalque
Juchitepec .
7 25 Juchitepec 2524 no
8 nd Cocaotitlan 2240 Cocaotitlan
9 71 Ixtapaluca 2443
Ixtapaluca Rainfed Cénico
10 39 San Francisco 2303
11 69 1710 Morelo
Santa Catarina Tepoztlan Rainfed Ancho
12 82+ 1710 S
nd: no data

*This was the only female farmer interviewed.
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2.4 RESULTS
Origin and dynamics of the seed material

All of the interviewed highland farmers had conserved and improved their main
type of maize for at least a generation (minimum 30 years, mostly longer; Online
Resource 1: Table 2). They had originally obtained the maize seeds from family
members such as fathers and grandfathers, but sometimes also from neighbors.
Ancho maize in the high-lying areas was a relatively recent introduction, and other,
minor types had changed over time. The two Morelos farmers selected only their
main maize, the Ancho; all other types were bought or obtained elsewhere. One
maize that was dominant earlier, Pepitilla, had almost disappeared. While
interesting, this behavior may not be representative of all farmers of the region, as
one of the conditions for including farmers in this study was that they had farmed

the focus maize for at least five years.

Translocated Ancho maize, in particular, had been planted for 25 years in
Tepetlixpa, for 15 years in Cuecuecuautitla, for ten years in Cuijingo and one year
in Juchitepec. The localities represent an elevational gradient (2250, 2410, 2445
and 2510 m, respectively). The Juchitepec farmer (number 6 in the tables) was
included in the study because of his management of Chalquefio, and was
cultivating Ancho for the first time. Therefore, we registered him in the results
section, but could not include his observations on management. The first three
sites initially obtained their seeds from Totolapan and Tlanepantla in Morelos; the
farmer in Juchitepec acquired his seeds from within his locality, so the material had

probably already undergone an adaptive process.

The Ancho maize experiment was not the first time that new maize types were tried
in the region. New introductions were usually the result of experiments of a few
farmers. Often, their experiments failed, or the results did not please the farmer,

and the maize was abandoned. Others were successful, such as with the
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introduction of translocated Ancho maize, and the maize was adopted by others.
Other farmers had introduced Chalquefio populations from the Toluca valley and

adapted them successfully.
Planting systems and motives for growing different cultivars

The main reason for growing various types of maize were their different uses, but
economics and ecology also played a role (Online Resourcel: Table 3). Only one
farmer in our sample had just a single type of maize - he produced for sale, and
had other sources of income. Half of our farmers (six) had two types: one
commercial type, generally white or cream-colored, and one blue type for home
use. Four farmers cultivated three types, and one had four (white, blue, Ancho and
hybrid maize). If maize was grown for sale, it was mostly in monoculture and often
by people who had other jobs. Farmers who did not have outside employment
generally had animals and planted maize in polyculture or strips with runner,

common and fava beans, squash, and fruit trees.

Chalquefio maize was cultivated not only for sale and home consumption of the
grain: the stalks were widely used as forage for animals and the bracts (husks) for
tamales. Farmers preferred this maize because it had a good yield, large ears,
large grains, husk leaves (totomoxtle) that were good for tamales, silk that had
medicinal uses, and because it produced much palatable straw for forage. The
value of these secondary products was significant in economic terms. They were
also sometimes used as payment (for example, bracts in exchange for harvesting

the maize).

The disadvantage of this maize was precisely its tall stature, which made it more
susceptible to lodging. Also, farmers had perceived a substantial decrease in yield
at its lower elevation limit, between 2000 and 2300 m. Somewhat higher, at around
2500 m, there was the mufieco malformation that also affected yield. This

syndrome consists of the development of numerous ears, mostly sterile, due to the
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inhibition of apical dominance (Figure 2.2) (Ciampitti 2014). So, Chalquefio now
only grew well between 2500 and 2700 m.

White and cream-colored types had longer cycles and thus yielded more (around
four t/ha), and were cultivated on much larger areas (1-7 ha per farmer).The blue
and yellow types had a shorter cycle and lower yield (0.5-2 t/ha) and were planted
on smaller plots (0.25-1 ha). One farmer reported yields of 4 t/ha for blue maize,

but that was an exception.

Figure 2.2 Multiple ears on a Chalquefio maize, illustrating the mufieco problem

that leads to lower yields in warmer sites. Photo: R. Ortega-Paczka
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Translocated Ancho was cultivated mainly in polyculture and for sale, but there
was also home consumption and use as animal feed. Usually, farmers planted 1.0-
1.2 ha of this maize, and the estimated grain yields were 1.5-2.5 t/ha. They liked
the large grain and the better price. Also, this maize did not have lodging problems
and was good support for climbing beans. Grains and straw together (and perhaps
the beans) had a better monetary return than hybrid maize. The economic
comparison with Chalqueiio maize was complicated; Chalquefio maize grain was
sold at a lower price, but the straw could be valuable - however, prices varied
strongly from year to year. The husks were also sold but required additional labor.
Ancho bracts were not as appropriate for tamales, and there was conscious

selection to improve this trait.

The Valles Altos de Ocho Hileras maize was grown in polyculture with fava beans
for home consumption. The farmer liked the ear characteristics: the large grain and
thin cob. He cultivated it on 2.5 ha and obtained about 2.5 t/ha.

The Conico maize in the rainfed agroecosystem of the region was cultivated in
mono- or polyculture. It was mainly used in the home but was also sold and fed to
animals. Farmers considered the grains to be of better quality than the hybrids,
both because of taste and because they were somewhat softer; the yellow land
races were better as animal feed, particularly for hogs and chicken. The bracts
were not used for tamales because of their small size. The disadvantage of this
maize was phytosanitary problems, particularly weevils, which sometimes attacked
yellow maize while the seeds were still in the field. In the soils used for Coénico (i.e.
without residual moisture), yields were lower than Chalquefio. Medium-cycle white
and cream colored maize yielded about three t/ha, and the shorter-cycle yellow
maize produced 2-2.5 t/ha. The fields were usually 2-2.5 ha in size, that is similar

to Chalquefio.

The Ancho of Morelos was cultivated in rainfed fields, in monoculture, for both

home use and sale. It was sometimes used for tamales, but rarely for animal feed
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(also, the interviewed farmers did not have animals). The cultigen had problems
with lodging in its area of origin. One interviewee commented that some of his

neighbors planted Ancho in alternate rows with hybrids to reduce the problem.

Improved hybrids of various types were well-known and widely available in the
region. The hybrids grown by the farmers of this study were the cultivars Niebla
and HS-2 in the high-lying areas and the hybrids H-515 and H-516 in Morelos. The
primary motive for growing hybrids was that these cultivars were not susceptible to
mufieco, the grain well-accepted in the market and its seeds and fertilizers
subsidized by the government. However, most interviewed farmers did not grow
hybrids as they produced little straw, and what straw they did produce was
unpalatable for the domestic animals. Farmers did not consume the grain
themselves, nor give it to their animals. Hybrids yielded 6-8 t/ha, but had much
higher input costs; particularly they required much more fertilizer than the
landraces to reach these high yields. The bracts were small and unsuitable for
tamales, and the grains were small, which was disliked. Also, farmers reported bad
experiences with the commercial seeds they had bought: apparently they suspect
that seed quality changes between years; however, it is also possible that the
hybrids were simply not well-adapted to the variability of the local climate.

Management and agricultural cycle

Chalquefo was planted in early or mid-April, that is, about eight weeks before the
beginning of the rainy season (Figure 2.3). Listering (planting in the furrow to
concentrate the moisture from early rains) was also standard. The plants matured
towards the end of November or at the beginning of December (about 7.5 months),
and were then cut and sheafed for drying (amogote) for one or two months. The
maize was also sheafed to conserve the maize bracts and straw and to permit
harrowing which helps absorb the moisture of winter rains. The Valles Altos de
Ocho Hileras was harvested at the same time as Chalqueiio, but planted

somewhat earlier (end of March). It also had a cycle of about eight months.
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The translocated Ancho maize grown in the transition zone (between 2000 and
2300 m) was planted from mid-May to early June. This region was warmer and,
according to the perception of the farmers, was becoming even warmer, with the
corresponding disappearance of residual moisture. For this reason, they tried to
plant at a time when the rainy season was already near. This maize matured, was
cut and sheafed in November, and harvested in early December for a cycle of six
and a half to seven months. It had an intermediate cycle (longer than the Morelos
Ancho, and shorter than the translocated Ancho grown at higher elevations).
Translocated Ancho in the higher zones (around 2500 m) was managed and
planted in a way very similar to the local Chalquefio.

Conico maize was cultivated under two systems: the normal rainfed (which was
more common) and with residual moisture (rarely). It was planted from mid-April to

early May and harvested from October onwards for a six-month cycle.

Morelos Ancho maize had a relatively short cycle. It was planted in mid-June,
matured in November and was harvested shortly thereafter, for a cycle of about
five and a half months. Farmers burned the straw of the previous year, whereas in
the highland systems the straw was used as fodder (often sold in bales) or

otherwise.
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Figure 2.3 The agricultural calendar of the different maize populations in the

southeastern part of the state of Mexico and of Morelos

Selection of seeds for planting

Most seeds for planting in the highland study area were selected at home, near the
storage sites (see below), and during degraining for home use or sale, and mostly
by women (Online Resource 1: Table 4). However, a few farmers observed and
selected plants in the field, looking for healthy, well-developed plants with two ears
(cuateras or twins) that competed well with neighboring plants. University
researchers had suggested they adopt this practice. In Morelos, farm families
selected seeds from their storage from November to early February, and

considered ear and grain characteristics, such as healthiness, size, and type.

All ears and grains should be healthy and large. Morelos and translocated Ancho
should have eight to ten rows. Morelos Ancho should have wide and white kernels.
Translocated Ancho kernels should be wide, undamaged and well-shaped. One
farmer said that in order to improve the white color of the translocated Anchos, he
cultivated a few rows of white Chalquefio between them and then selected the
hybrid ears he liked best. Chalqueiio maize should have many (14-16) straight
rows and a thin axis or cob. The kernels should be large, of the desired pure color
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and without deformations or damage. Seed ears were degrained by hand, and
farmers used only the kernels from the central third of the ear as seed material.

However, kernel characteristics were not the only selection criterion, as maize had
several other uses in the region. Husk leaf quality was relevant. So, ears of both
Chalqueiio and translocated Anchos were also selected for long flexible husk
leaves. Up to our interviews, translocated Ancho was rarely used for this purpose
(and never commercialized) as it had dry rigid husks that required too much lard to
make them soft enough (Morelos Ancho was used for this purpose, perhaps
because of a lack of alternatives).

Planting and management of seed material

Traditionally, in the highland area the maize planting date was determined by lunar
phases. Preferably, maize should be planted in the five days after the full moon
(which may be the full moon of April or May, depending on the cultigen); according
to the farmers, this prevented worm damage. It should never be planted during
new moon. However, at the time of the study, farmers often farmed only part time,
and they had to adjust their planting times to other considerations, some were
simply no longer interested, and so the use of lunar phases was declining. They
did, however, consider temperature: cold fields were planted from April onwards,
and the warmer ones from May. As mentioned above, no distinction was made
between translocated Ancho and Chalquefio maize for planting date, but Cénico

maize was planted about one month later.

Planting depth was also similar between Chalquefios, Valles Altos de Ocho Hileras
and traslocated Anchos, at 10-15 cm (Online Resource 1: Table 5; Figure 2.4). The
depth of residual moisture determined final seed depth, which could vary
depending on the soil and the year. Farmers explored it in the field and calibrated
the handseeding (with a coa - planting stick - or a spade) or machine accordingly.
Handplanting was preferred for local maize types, as their seeds were larger than

the hybrids, and tended to break in the machinery. The number of seeds planted
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was also similar, 2-3 seeds for each planting hole. The distance between rows was
85-100 cm and between planting holes 50-90 cm. There was no reseeding of non-
germinated maize, as this was a rare event; generally, germination and emergence
were good, including that of the translocated Ancho. Hybrids would sometimes
have emergence problems during spells of drought (15-20 days) after the start of
the rainy season (15-20 days). If the hybrid did not emerge, farmers would reseed

with a forage plant such as vetch (Vicia sativa) (Online Resource 1: Table 6).

In contrast, in Morelos lunar phases played no role; the first rains, usually between
June 15 and 25, determined the planting date. If the farmer was not able to plant in
this time, for whatever reason, he left the field fallow or planted a different crop. No
planting stick was used here; the seeds were dropped on the ground into the
farrow and covered with the foot and were thus planted at a depth of only about 3

cm.

Farmers did not report germination problems in either system. They attributed this

fact to good seed selection.
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Figure 2.4 The photo on the left shows planting in systems with residual moisture,
where seeds are sowed deep with the help of a planting stick (coa); on the right
planting of Ancho maize is illustrated, where the seeds are dropped and covered
with the foot for much shallower planting. Photos: Ortega-Paczka and Aguilar-

Juarez

Storage management was also different between the highland and Morelos. In the
highland the majority of the interviewed farmers tried to harvest during a full moon
(again, some could not or would not follow this tradition). Some farmers reported

that they observed more weevil damage when they did not use the correct timing.

26



After cutting, both the native and the introduced plants were gathered in sheafs
(mogotes) and dried in the field (see above). Unfortunately, this practice also made
stealing the harvest easier, a serious problem in recent years, particularly in the
lower-lying areas nearer to urban populations. In Morelos, farmers did not consider

it necessary to sheaf their harvest. The maize dried on the plant.

There were also differences between the areas in seed drying methods. In the
highland, the ears with or without their husks were transferred to the homes, where
they were stored in a storeroom within the house or tzencaltles (elevated wooden
structures made specifically for maize storage). Maize straw was baled in the fields
by machines. Sometimes the husks were used as payment for harvesting the ears
(Online Resource 1: Table 7). The seeds selected for planting were kept in barrels
or bags from February to May. There was some weevil damage, but farmers did
not consider this a problem; sometimes they used aluminum phosphate to

eliminate them.

In Morelos, the ears were harvested in the field and transported to the houses. The
seed material was kept in bags from December to June. Weevils were a problem
here, and the seeds were therefore treated with methyl bromide or aluminum
phosphate.

Farmer experiments and the perception of average temperature increase

In principle, farmers did not consider the specific microclimate when planting Ancho
maize. The factor they considered most were the maize cultigen rotations on their
fields. They had observed that yield would decrease if they did not follow this

practice.

However, they had also observed an increase in average temperatures in the

previous 20 years. To illustrate this temperature increase, two farmers said that a

fruit tree, a wild cherry (capulin), Prunus serotina subsp. capuli (Cav.) McVaugh,

had been displaced towards higher altitudes. Two decades earlier, this tree had
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been abundant, and its fruit widely collected and sold on local markets. Now,
farmers at higher altitudes collected the fruit commercially. Thus, price was only
one of the reasons for Ancho introduction; the other quite important one was that
farmers wished to adapt to the lower yields and other problems of Chalquefio in the
transition zone (2000-2300).

As mentioned above, at the lowest sites (2000 to 2300 m), Chalquefio yields had
decreased considerably. Somewhat higher, around 2500 m, the Chalquefio maize
plants frequently developed the above mentioned mufieco syndrome. In response,
for the previous ten years farmers had planted more Ancho and hybrid cultivars at
lower altitudes, particularly on the southern slope of the Popocatépetl volcano. -
One farmer experimented with planting dates, and found that planting Chalquefio

somewhat later (May 1 instead of April 15) would reduce the mufieco problem.

2.5 DISCUSSION
Management and agricultural cycle

The translocated Anchos were generally managed in the same way as the local
cultigens. They were planted, attended and harvested at the same time. Practices
depended more on the environmental conditions (i.e. residual soil moisture) and
the economic situation of the farmer than on the variety. The cycle of the
translocated Anchos had extended from 5.5 months in its region of origin to 6.5 to 7
months in the transition zone (2300 m) in the State of Mexico and to 8.5 months in
the highest region (2500 m).

These reactions of Ancho maize may be attributed to the plant and the ecological
and agronomic knowledge of the farmers (Hernandez 1985; Bellon 1991). Plants
often respond to lower average temperatures by lengthening the growth period

(Pescina et al. 2009). It is likely that the tropical Ancho maize needs a longer time
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to accumulate the heat units it requires in the highland. However, this has not yet

been confirmed.

While farmers know that Ancho maize originated in warmer climates, their residual
moisture system obliges them to treat the translocated maize in the same way as
the local maize. They try to help the introduced maize adapt through
crossing/introgression, but not by modifying their system. This contrasts with

findings from other regions and systems (Bellon 1991)
Seed selection for planting

We found fundamental differences in seed selection objectives in the two studied
areas, due to ecology and uses. Farmer families in the highland selected for
multiple objectives: large, healthy seeds, large flexible bracts (totomoxtle) for
tamales, that do not absorb much of the lard or oil used for the stuffing, vigorous
(but not lodging) plants for straw. The straw should be palatable for domestic
animals, and the dried silk had medicinal uses. The planting system automatically
selected for seedling vigor. However, they did not have many phytosanitary
problems, except for Fusarium ear rot (Zambrano 2013). In contrast, pests and
diseases were important in Morelos due to heat and humidity, and this, together
with large healthy seeds, were the main selection criteria here. Morelos farmers
also used much more pesticides for this reason (which reduced earnings; Argote
1988).

The production of multiple useful and salable products (as observed by Hellin et al.
2013) by the local landraces was probably one of the reasons for their continued
popularity. Therefore, farmers also used multiple criteria for seed selection of the
introduced maize; they were interested in improving the capacity of the
translocated maize to produce these secondary products. Farmers' wives,
commonly involved in seed selection, added criteria related to the culinary
preferences of the family (Ortega 2003; Mendoza et al. 2004).
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There were similarities and differences in seed selection between systems. Most
selection was done at home on harvested ears (SEP 1982; Herrera et al. 2002).
This practice did not allow direct selection of vegetative and agronomic characters
that are important for improving productivity (Gonzalez-Hernandez and Carballo-
Carballo 1979; Louette and Smale 2000). Several highland farmers had adopted
suggestions by scientists active in the region to select promising plants in the field.

The interviewed Morelos farmers did not do this.

The use of lunar phases for determining planting and harvesting dates are
common in other parts of the world (Thrupp 1989). In Mexico, this practice has
prehispanic roots; Mariaca (2003) reports it from wide swaths of the southeastern
part of the country. We do not know of any published results to confirm or refute
these beliefs, though there are some unpublished undergraduate thesis (e. g.
Anguiano 1992). Storing seeds in plastic barrels, fumigation and using sealed
containers is common in Mexico (for example, for Jala maize), and has been

reported for other residual moisture systems (Aguilar 2006, Montes-H. 2014).

Planting and management of seed material

Translocated maize types were planted early and at the same depth as local
maize, because of the need to take advantage of the residual moisture for
germination. Planting depths up to 25 cm have been described for some residual
moisture systems in the high valleys of Mexico ( Eagles and Lothrop 1994; Castro
et al. 1997; Esquivel et al. 2009), but this was not the rule in our study area.
Sheafing is a common in the highlands. This practice speeds up drying, protects
the plants from early frost, conserves the leaves and bracts for straw and clears
the field (Ramirez 2007; Mufioz-Tlahuiz 2011; Robles 2012; Ortega 2014).

Two structures of the seedling may be involved in the necessary elongation of the
shoot under these circumstances: the mesocotyl (the part of the shoot between the
cotyledon, in practice the seed) and the coleoptile (the part of the shoot between

the mesocotyl and the first normal leaf, which forms a protective sheaf and is
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associated with good emergence) (Turner et al. 1982). Chalquefio maize
populations are known for their vigorous seedlings (Vargas 1966; Gonzalez 1971;
Pérez et al. 2007); this is mainly due to elongation of the mesocotyl. In separate
experiments (data not shown here) we found that Ancho maize that is planted at 3-
10 cm depth in their area of origin adapted mainly by elongating the coleoptile, but
the Anchos from the highest elevations also showed elongation of the mesocotyl.

Farmer experiments and the perception of average temperature increase

Our results show that, generally, the translocated maize had to adapt to the local
agricultural system. It was planted, managed and harvested in a way similar to the
local populations, which was quite different from the management in its original
sites. Farmers indirectly influenced adaptation by promoting hybridization of the
local maize with the introduced one (Rieseberg and Wendel 1993; Louette and
Smale 2000; Ortega 2003). Cultigen rotation, important in our study area, has been
observed previously in Jalisco (Louette and Smale 2000). However, apparently

there is still no experimental confirmation of its advantages.

The causes of the adoption of the translocated maize were not just economic. The
economic advantage was not as high as the differences in grain prices indicated
because of the secondary uses of the local Chalquefio maize. While we did not
guantify these factors, they played a prominent role in the decisions of the farmers
and were frequently mentioned. Secondary uses are often neglected in the
calculation of agricultural yield, crop improvement and economic analysis, and lead
to inappropriate crop improvement and faulty extension advice (Guadarrama et al.
1981; Gonzalez-Amaro et al. 2009).

We found another reason for the decision to plant Ancho: the perceived change in
local climate, which made the local maize less competitive at lower elevations.
Ancho maize thus served as an adaptation strategy, as predicted by Ortega (1973),
Ortega (1999), Mercer et al. (2008) and Mercer and Perales (2010), who described
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an asymmetrical substitution of landraces along an altitudinal gradient. Related are
findings by Montes (2014), who showed that the reduction in the cultivation of Jala
maize, a very distinctive, long-cycle race with very long ears from Jalisco, was

caused by a reduction of residual soil moisture.

Our results confirm the observations in our study area by Perales et al. (2003a)
and Perales and Hernadndez (2005), that maize cultigen substitutions are most
dynamic at elevations between 1200 m and 1900 m; here cultigens and cultivars
change and are displaced relatively frequently. The farmers above 2000 m tend to
conserve their populations and to adapt them by hybridization/introgression with
introduced germplasm. This is probably due both to the specialized physiological
and morphological adaptations of the highland maize populations, and to the
important role of multiple uses in these regions. Our study also confirms the
suggestion by Mercer and Perales (2010) that introgression of genes from

medium-elevation maize into highland cultigens may help the latter survive.

Ear fasciculation, a well-known phenomenon in maize breeding (Nielsen 2014), is
usually not caused by direct external influences, such as a disease, but by a
malalignment or breakdown of apical dominance, which is controlled by plant
hormones. Environmental stress, particularly high temperatures or drought, can
modify the regulator equilibrium, allowing the internodes of the shank to grow too
long and develop a (sterile) ear (EImore and Abendroth 2006). The syndrome can
be controlled to an extent by cultural practices, such as appropriate fertilization or
density (or the later planting date found empirically by one of the interviewed
farmers), but often a change of cultivar is necessary (Ciampitti 2014).

This study shows that farmers adapt to changing climate; however, they need
access to the necessary resources. In Mexico, with its mountainous terrain and
altitudinal variation in landrace cultigens, useful genetic material is often easily
available (Mercer and Perales 2010). However, it is necessary to maintain this

diversity in order to allow local adaptation.
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2.6 CONCLUSIONS

Mainly, the translocated maize had to adapt to the local agroecosystem. It was not
planted in warmer microclimates to help it adjust, but farmers assisted adaptation
through hybridization with the local populations. While the reason for its adoption
by farmers was partly economic, it was also due to a perception of an increase in
average temperatures and the susceptibility of local populations to decreases in
yields and a malformation (multiple ears) associated with high temperatures and
water stress. Thus, they were not only adapting the economically attractive Ancho
maize to their system, but also adapting their system to changes in the

environment.
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Capitulo 3. Adaptacién morfolégica de plantulas de maiz
Ancho traslocado al agroecosistema de humedad

residual
RESUMEN

La distribucién de maiz Ancho se ha ampliado hacia regiones mas templadas del
Estado de México (2400 m) debido a su mejor precio por su uso para pozole. Se
localiza originalmente en la cuenca del rio Balsas (entre los 1000 a 1700 m). En el
Estado de México se cultiva bajo el sistema de humedad residual, donde se
siembra a una profundidad de 10-15 cm. Para lograr la emergencia en este
sistema, las poblaciones locales han desarrollado mesocoétilo mas largos como
caracter de adaptacion. El objetivo de esta investigacion es comparar la variaciéon
en la longitud del mesocotilo-coledptilo, en plantulas de maiz Ancho de
poblaciones originales del estado de Morelos y de traslocados (maices Anchos
gue se cultivan en el Estado de México), con varios cultivares locales, bajo
diferentes temperaturas y profundidades de suelo en condiciones controladas. Se
desarrollaron dos experimentos: siembras a 20 cm de profundidad en camas de
arena, y siembras a 5, 15 y 20 cm de profundidad en combinacion con dos
periodos de temperaturas 15 y 21°C en rizotrones colocados en camaras de
ambiente controlado. Se document6 la variacién de la longitud del mesocétilo y
coleodptilo. Se mostré que las plantulas del maiz Ancho traslocado adaptan su
estructura morfolégica mediante la elongacién del coleoptilo como respuesta
inmediata a la siembra profunda. La elongacion observada del coleoptilo es
promovida por la baja temperatura (15°C). Las poblaciones con mas tiempo de
cultivo en la region, también tienen mesocoétilos mas largos como adaptaciéon al

agroecosistema de humedad residual.

Palabras claves: Maiz Ancho, vigor, profundidad, temperatura, mesocdétilo,

coleoptilo.
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3.1 INTRODUCCION

Las poblaciones de maiz Ancho se encuentran localizadas principalmente en la
cuenca del rio Balsas. Se supone que la mayor diversidad de estos maices se
encuentra en el estado de Guerrero, debido a su uso para pozole en la regién
(CONABIO 2011), pero en general, esta raza todavia no estad bien estudiada.
También se encuentran poblaciones de maiz Ancho en agroecosistemas de los
estados de Morelos, Puebla, Michoacan y Jalisco en altitudes que van de 800 m a
1800 m (Sénchez et al. 2000). Se considera un maiz de regiones tropicales a semi
tropicales.

La distribucién de maiz Ancho se ha ampliado hacia regiones mas templadas del
Estado de México con altitudes de los 2000 m a los 2400 m. En esta region se
tiene que adaptar a temperaturas promedio anuales de 18 °C a 12 °C con
precipitaciones que oscilan de los 600 mm a los 1200 mm, y suelos de tipo regosol

y andosol con textura media y pendientes suaves (Aguilar y Gonzélez 2012).

El maiz Ancho, al desplazarse hacia los Valles Altos y especificamente hacia el
sureste del Estado de México, ademas del cambio de las condiciones ecoldgicas,
se enfrenta a un cambio de agroecosistema. En esta nueva region se cultiva el
maiz bajo el sistema de arrope o conservacion de humedad residual. Los suelos
profundos vy finos de la region (regosoles y andosoles) guardan la humedad de la
estacion de lluvias invernales, hasta la siguiente primavera, a una profundidad de
10-15 cm. Esta humedad residual permite una siembra antes del inicio de lluvias
en la region, lo cual aumenta las horas luz del cultivo y con esto el rendimiento,
pero se siembra a una profundidad mayor que la normal, para que la semilla
pueda alcanzar la humedad necesaria para la germinacion. Eagles y Laothrop
(1994) indican que la profundidad de siembra puede alcanzar los 25 cm 0 mas.
Después de la siembra se da un paso de viga para sellar los poros y evitar la
evaporacion de la humedad.
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En este sistema de siembra se requieren semillas muy vigorosas (Gonzalez 1971,
Vargas 1966). Esto se ha conseguido a través de la seleccion en las poblaciones
locales nativas de maiz por los agricultores de la raza Chalquefio. Efectivamente,
el vigor de las semillas de esta region estd mas acentuado con respecto a las
semillas de otras regiones, debido a su capacidad para elongar el mesocotilo. En
poblaciones de maiz Chalquefio existe una fuerte relacién entre variables como la
longitud y peso seco de mesocatilo con indices de vigor inicial y calidad fisioldgica
de la semilla, que a su vez se refleja en un mejor rendimiento de grano (Pérez de
la Cerda et al. 2007).

En este trabajo se pretende contestar la pregunta: ¢Las poblaciones de maiz
Ancho traslocado presentan elongacion del mesocétilo como adaptacién? Para
contestar esta pregunta, averiguamos si los maices Anchos traslocados
desarrollan mesocoétilos mas largos en el ambito del sistema de humedad residual
gue en su area de origen, y si tienen una proporcién menor de emergencia a 20
cm de profundidad que las poblaciones locales. Entonces el objetivo de esta
investigacion es comparar la variacion en la longitud del mesocoétilo-coledptilo, en
plantulas de maiz Ancho de poblaciones originales de Morelos y de traslocados,
con varios cultivares locales, bajo diferentes temperaturas y profundidad de suelo
en condiciones controladas. Los maices Anchos de Morelos se denominan Anchos
de Morelos en este trabajo, y los que se estan cultivando en el sureste del Estado
de México a altitudes mayores, Anchos traslocados.

A continuacion se revisan algunos conceptos relacionados con la germinacion, el

vigor y la emergencia del maiz que son relevantes para el trabajo.
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Morfologia de la plantula de maiz

Cuando inicia la germinacion, el primer érgano en
salir de la semilla es la radicula o raiz primaria,
seguida por la plumula cubierta por el coledptilo
(vaina u hoja modificada que se deriva del embrion,
cubre a la plumula para protegerla del dafio fisico
durante la emergencia). El coledptilo es empujado
hacia arriba por la elongacion del mesocotilo
(estructura tubular de color blanco situado como el
primer entrenudo de la plantula de maiz, que
conecta la semilla con la plimula envuelta por el
coleodptilo: Figura 3.1). (Ritchie y Hanway 1992;
Font Quer 1982; Onderdonk y Ketcheson 1972;
Collins 1914).

El mesocétilo tiene una gran plasticidad en su tasa
de crecimiento y la longitud, y depende, entre otros
factores, de la profundidad de siembra. Tiene
caracteristicas de transicion entre tallo y raiz, es
decir presenta endodermis, periciclo, arreglo
cilindrico y bilateral de los haces vasculares, asi
como haces de metaxilema, que se extienden a

través del mesocotilo (Tucker 1957).

Figura 3.1 Plantula de maiz Chalquefio mostrando

el coledptilo y mesocdétilo

Coledptilo

6582

Mesocotilo

Tan pronto como una porcion de la plumula o el coleéptilo emerge del suelo o

gueda expuesto a la luz (aun bajo la superficie del suelo), se suscita un cambio
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dréstico en la morfologia de la plantula. Se detiene la elongacion del mesocotilo y
empiezan a aparecer las primeras hojas por el 4pice de la plumula, las cuales
continuaran con el crecimiento del brote. Parte de la plantula se mantiene hipégea
(subterraneo): el sistema radical, el cotiledén y una seccion del tallo incluyendo el
mesocotilo (Gola y Cappeletti 1965; Blacklow 1972; Strassburger 1994; Rost et al.
1998).

Estudios acerca del crecimiento del mesocétilo de maiz

La informacién en la literatura sobre el crecimiento del mesocoatilo trata tres temas
principalmente: 1) la importancia del mesocétilo como caracter taxonémico; 2) la
importancia como estructura de adaptacién a condiciones de sequia y sistemas de
humedad residual y 3) el control fisiolégico de las expresiones de la variacion. Este

trabajo se inserta en el tema 2.

Los datos en la literatura que utilizan el mesoca6tilo como carécter diferencial en la
clasificacion sistematica de razas de maiz son escasos. Vargas (1966) y Gonzalez
(1971) propusieron que la longitud del mesocétilo era un caracter importante para
diferenciar poblaciones de maices mexicanos. Sin embargo consideraron que
habia ciertas restricciones debido al hecho que el mesocétilo también reacciona a
la variacion ambiental y la variacién genética dentro de las razas (la longitud
mesocotilar registrada seria la media de al menos 10 individuos y entre tales

longitudes debe haber una diferencia minima de 4 cm entre las razas propuestas).

En la actualidad la clasificacion infraespecifica del maiz se basa principalmente en
la evaluacion de caracteristicas morfologicas de la planta y la mazorca, estudios
fisiol6gicos, citologicos, genéticos, isoenzimaticos y ecologicos (Anderson y Cutler
1942; Hernandez y Alanis 1970; Goodman y Bird 1977; Sanchez et al. 2000; Ruiz
et al. 2008).

El mesocdétilo juega un papel destacado en la de adaptacion a la sequia y sistemas
de humedad residual. Collins (1914) reporta que el maiz Hopi desarrolld

mesocotilos mas largos con respecto a otras poblaciones, como caracter
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adaptativo a condiciones de sequia, donde se siembra a profundidades de 30 cm o
mas. Montes (2014) evalué poblaciones de maiz de la raza Jala. También se
siembran profundamente en suelos de humedad residual; las siembras se han
vuelto mas profundas - hasta 20 cm - debido a una percepcion de pérdida de

humedad en los suelos, atribuido al cambio climatico.

En los estudios de fitohormonas, el mesocatilo, por ser un 6rgano sensible, es el
objeto de estudio para determinar los efectos fisioldégicos de estos reguladores de
crecimiento. Mucha de la investigacion acerca del mecanismo de alargamiento de
organos se ha centrado en el papel de las fitohormonas. El grupo de fitohormonas
mas asociado con la elongacién de las estructuras vegetales son las auxinas;
especialmente los coledptilos y mesocotilos del maiz son un modelo ampliamente
estudiado (Cleland 2010).

Existen otras fitohormonas y sustancias que inciden sobre el proceso de
elongacion. Zhao y Wang (2008) reportan que niveles exdgenos de giberelinas
promueven el alargamiento del mesocoétilo de genotipos de maiz a través de la
elongacion celular, ademas observan que bajo condicion de siembra profunda el
contenido enddgeno de giberelinas aumentan. En sorgo Maiti (1986) encontré que
mesocotilos largos producen menores cantidades de etileno, pero incrementan la

sintesis de giberelinas.
La calidad de la semilla y vigor de la semilla

La calidad de la semilla de maiz, como de otros cultivos, es un factor basico en la
agricultura para obtener mejores rendimientos y una mayor eficiencia productiva.
La semilla de alta calidad es apta para emerger en forma rapida y uniforme en una
amplia variedad de condiciones ambientales (Andrade 1992). La calidad de la
semilla depende de varios componentes relacionados a su calidad genética,
calidad fisica, calidad sanitaria y calidad fisiologica.

e La calidad fisica de las semillas se determina midiendo el contenido de

humedad, el peso por volumen, el tamafio de la semilla, peso de 1000
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semillas, color y el dafio por hongos e insectos (McDonald 1998).

e La calidad sanitaria implica incorporar caracteristicas de resistencia y

tolerancia a enfermedades.

e La calidad fisiologica se refiere a las caracteristicas de viabilidad de una
semilla, a la alta capacidad de germinacion, el vigor para establecer nuevos

individuos, y a la longevidad (Bustamante 1983).

e La calidad genética es la expresion uniforme de las caracteristicas de la

poblacién y debe ser reproducible de una generacion a otra.

Los fitomejoradores tratan de entender la herencia de los atributos que determinan
la calidad, tales como la velocidad y el porcentaje de emergencia, la longitud de
plumula, el peso seco de la parte aérea, caracteristicas de la raiz, la longitud del
mesocatilo y la longitud de coledptilo. En el caso del maiz, el mejoramiento de la
calidad de la semilla, y mas especificamente de su vigor, ha sido investigado
ampliamente (Antuna et al. 2003). El vigor es la suma total de todas aquellas
propiedades de las semillas que determinan el nivel potencial de actividad y

rendimiento de la semilla durante la germinacién y emergencia (Perry 1981).

La germinacion es la reanudacion del desarrollo y crecimiento del embrién que
origina una nueva planta. Se considera que una semilla ha germinado cuando la
radicula empieza hacerse visible, al emerger de la testa (criterio biolégico o
fisiol6gico). Existe también el criterio agrondmico, en donde la proporcion de
germinacion se determina con base en las semillas que dan origen a plantulas

vigorosas (Moreno 1996).
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3.2 MATERIALES Y METODOS

La investigacion se desarrolld en dos fases. La primera consisti6 en evaluar
caracteres de vigor de varias poblaciones de la region sureste del Estado de
México, asi como de maices Anchos de Morelos y traslocados, en camas de
arena. En la segunda fase se seleccionaron las poblaciones mas contrastantes
para compararlas bajo diferentes temperaturas y profundidad de siembra en

condiciones controladas.
Caracteristicas de las poblaciones de maiz a evaluar

Ancho: Se distribuye principalmente en la cuenca del rio Balsas en los estados de
Guerrero, Morelos, Puebla, Michoacan, Jalisco y el Estado de México en
elevaciones que van de 800 a 1800 m (CONABIO 2011; Ron et al. 2006;
Wellhausen et al. 1951). Se encuentra en climas céalido subhimedo Awo (w) (e)g,
semicalido subhumedo (A) ¢ (wo) (w) a (e)g y templado subhimedo Cw2 (w)big,
todos con lluvias en verano. La temperatura promedio anual en estas regiones
estd entre 18-26 °C y la precipitacion entre 400-1200 mm (INEGI 2010). Se
identifica por tener mazorcas semicilindricas y flexibles, 8-12 hileras rectas, con
granos muy grandes, anchos (entre 8.0 y 14.8 mm), menor grosor y generalmente
dentados (Benz 1986). En su area de origen, este maiz se siembra a poca
profundidad (3-4 cm) (Figura 3.2).

Valles Altos de Ocho Hileras: Se colect6 esta poblacion en 2009 como falso
Ancho en Amecameca. En el 2012 se caracterizo y sugirié que se trataba de una
poblacion a nivel de raza, con caracteristicas distintivas por mazorcas de ocho
hileras, olote delgado (1.98 cm) y grano ancho-ovalado. Se siembra en altitudes
de 2600 a 2700 m (Aguilar y Gonzalez 2012).

Coénico: Esta raza probablemente resulté de la hibridaciéon entre el Palomero
Toluquefio y el Cacahuacintle. EI Cbnico es dominante en la Mesa Central a
altitudes que varian de 2000 a 2800 m. Es una de las razas més precoces de esta

region (Wellhausen et al. 1951).
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Chalqueio: Wellhausen et al. (1951) sugiere que se origin6 de la hibridacion de
los maices Conicos y Tuxpefios. Se distribuye por arriba de los 1800 m, en suelos
con humedad residual de los Valles Altos y en algunas regiones de Durango,
Zacatecas y el norte de Oaxaca (CONABIO 2010). Se caracteriza por tener
mazorcas con gran numero de hileras (14-22). Los granos pueden ser de color

blanco, crema, azul y amarillo de textura semi-dentada a semi-harinosa.
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El material vegetal que se evalu6é en el experimento son colectas consideradas
tipicas de la regiébn de estudio, proporcionadas por los agricultores que las
producen y que colaboraron antes en proyectos de conservacion de maices
nativos. El maiz Ancho fue representado con cinco muestras (dos de su area de
origen, Morelos, y tres traslocados a diferentes altitudes), Chalquefio con cuatro,
Valles Altos con una y Cdénico con dos muestras, ademas se probd un material
hibrido del Colegio de Postgraduados recomendados para la regién de Valles, el
HS-2 (Cuadro 3.1).
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Cuadro 3.1 Informacién sobre las colectas utilizadas en los experimentos de maices Anchos traslocados en el sureste del

Estado de México

Afios con la Poblaciones
i Latitud de Longitud de i i
#de Color de i L Altitud Agroecosistema de semilla en evaluadas en
Raza Localidad Municipio Estado colecta (casa colecta (casa i . i
colecta grano (m) X i siembra posesion del rizotrones
del agricultor) del agricultor)
productor (segunda fase)
7305 Ancho Crema Santa Catarina Tepoztlan Morelos 1630 1875817 9970828 Temporal Mas de 50 afios
7295E Ancho Crema Santa Catarina Tepoztlan Morelos 1630 1875817 997 0828 Temporal Mas de 90 afios X
Estado de o1’ » °A0? 1
7273 Ancho Crema Tepetlixpa Tepetlixpa Méxi 2319 19°0141.48 98°49:41.16 Humedad residual Mas de 25 afios
éxico
Estado de °00'50" °50'46"
7154 Ancho Crema Cuecuecuautitla Tepetlixpa Méa 2293 19°00°50 98°50'46 Humedad residual Mas de 15 afios X
éxico
Estado de °(E"14” oR 41407
7199 Ancho Crema Cuijingo Juchitepec Méxi 2500 19°05'11 985112 Humedad residual Mas de 10 afios X
éxico
Estado de oA ERY oA"Y
7150 Valles Altos Crema San Pedro Nexapa Amecameca Méxi 2672 19°04'53 98°44'03 Humedad residual Mas de 80 arfios
éxico
Estado de °05'18" °47'01”
7220E Chalquefio Crema Zoyatzingo Amecameca Méxi 2473 1970518 98°47°01 Humedad residual Mas de 60 afios
éxico
Estado de °05'59" °52'46"
7202E Chalquefio Blanco Juchitepec Juchitepec Méxi 2524 1970559 98°52'46 Humedad residual Mas de 20 afios
éxico
Estado de 042100 oz410N”
6582E Chalquefio Blanco Cocotitlan Cocotitlan Méxi 2240 1971300 98°5100 Humedad residual Mas de 70 afios X
éxico
Estado de °05'59" °52'46"
7203E Chalquefio Azul Juchitepec Juchitepec Méxi 2524 1970559 98°52'46 Humedad residual Mas de 20 afios
éxico
Estado de YUY Ll LN AN
7183E Conico Amarillo Ixtapaluca Ixtapaluca Méxi 2443 1972304 98°50'40 Temporal Mas de 70 afios
éxico
Estado de °n’'ND” B4 AN
7285E Coénico Blanco San Francisco Ixtapaluca Méxi 2303 19°20'02 9875140 Humedad residual Mas de 50 afios X
éxico
HS-2 Hibrido de color crema recomendado para Valles Altos del Colegio de Postgraduados. Tipo de cruza triple. Germinacién 85% minimo. Producida en el Colegio de X
Postgraduados, Texcoco del ciclo primavera-verano 2012. Semilla certificada en febrero 2013 por el SNICS.
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Condiciones de almacenamiento

Después de la cosecha en 2013, las muestras colectadas para los experimentos
permanecieron almacenadas en costales de manta dentro de botes de fierro en un
cuarto seco y fresco. Diariamente se registro la temperatura y humedad relativa,
con un data logger HOBOware Pro. Se registraron temperaturas minimas de 21° C
y maximas de 27°C y una humedad relativa que oscilaba entre los 40% y 47%. En
dichas condiciones las colectas se fumigaron con pastillas de fosfuro de aluminio

durante un mes para el control de gorgojos y palomillas.
Fase I.- Evaluacién del vigor de semillas
Determinacion de humedad de semilla

Antes de iniciar el experimento se midi6 la humedad en 250 gramos de las
semillas colectadas de las 13 poblaciones de maiz con un determinador de
humedad electronico SEEDBURO 1200D (Cuadro 3.2).

Cuadro 3.2 Porcentaje de humedad de las poblaciones de maiz a evaluar

Numero de colecta Poblacién Porcentaje de humedad (%)
7199 Ancho 9.9
7154 Ancho 9.6
7273 Ancho 9.1
7305 Ancho 9.5
7295 Ancho 9.4
7150 Valles Altos 9.0
7202 Chalquefio blanco 9.5
7203 Chalqueiio azul 9.6
7220 Chalquefio crema 10.2
6582 Chalquefio blanco 8.7
7285 Conico 9.0
7183 Conico 9.2
H-S2 Hibrido 9.1
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Prueba de viabilidad

Las poblaciones de maiz a evaluar se sometieron a la prueba de viabilidad con
cloruro de 2,3,5-trifenil tetrazolio antes de establecer los experimentos; se trabajo
con 20 semillas para cada poblacion (Cuadro 3.3; favor de observar la baja
viabilidad de la poblacién HS-2).

Cuadro 3.3 Porcentaje de viabilidad de las poblaciones de maiz a evaluar

Numero de . Porcentaje de

colecta Poblacion viabilidad (%)
7285 Conico 90
7150 Valles Altos 95
7202 Chalqueifio blanco 95
HS-2 HS-2 70
7199 Ancho 100
7154 Ancho 95
7273 Ancho 95
7183 Conico 100
7203 Chalquefio azul 100
7220 Chalguefio crema 95
7295 Ancho 100
7305 Ancho 100
6582 Chalquefio blanco 100

Localizacion del experimento

El experimento se llevd a cabo en el periodo primavera-verano 2014 en las
instalaciones del area de Produccién de Semillas del Colegio de Postgraduados,
campus Montecillo, municipio de Texcoco en el Estado de México, ubicado en las
coordenadas 19°30°N y 98°51°0 y a una altitud de 2250 m. El clima de la region,
segun la clasificacion de Koeppen modificada por Garcia (1988), corresponde a un

C (Wo) (w)b(i") g, templado subhimedo con lluvias en verano. Es el subtipo mas
54



seco de los C(w), con precipitaciéon anual de 644.8 mm y una temperatura media
anual de 15°C.

Dispositivo experimental

Se utilizé6 como dispositivo experimental una cama de arena. Era un semillero
elevado de madera de cinco metros de largo por dos metros de ancho y 0.40
metros de profundidad colocado en piso de cemento con una ligera pendiente para
el drenado del agua del riego o la precipitacion. Como sustrato se usé arena
esterilizada y cernida, con la misma profundidad como el receptaculo (40 cm).
Para proteccion se coloc6 una estructura metalica y cubierta de malla sombra al

5% tipo “tunel” sobre el semillero (Figura 3.3).

3 r'k;_ A

Figura 3.3 Cama de arena donde se sembraron las poblaciones a evaluar
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Siembra, disefio experimental y tratamiento

El experimento se establecié el 2 de mayo del 2014. Se sembraron las 12
poblaciones nativas y el hibrido de maiz (indicados en el cuadro 3.1) en la cama
de arena, con un disefio experimental de bloques al azar con cuatro repeticiones.
Las unidades experimentales fueron formados por hileras de 87.5 cm de longitud a
10 cm de separacion. En cada hilera se sembraron 25 semillas por poblacion de
maiz a una distancia de 3.5 cm y 20 cm de profundidad, colocandolas con la
region de la coleorriza hacia abajo y orientando el embrion hacia el este. La
profundidad fue mayor que la profundidad acostumbrada en la regioén de estudio
de humedad residual (10-15 cm), tanto para poder comparar con otros estudios
que han usado esta profundidad, como para someter también el Chalquefio a

cierto estrés.

Durante el experimento se registraron temperaturas minimas de 10.5° C y
maximas de 25.5°C y una humedad relativa que oscilaba entre los 60% y 70% en

la estacion meteoroldgica de la institucion.
Variables evaluadas

Para evaluar el vigor de las poblaciones, las variables evaluadas fueron las

siguientes:

(1) Velocidad de emergencia: Diariamente, entre los 7 a los 15 dias después de la
siembra, se contaron el nimero de plantulas emergidas; se calcul6 el coeficiente

de velocidad de emergencia mediante la expresion de Maguire (1962).
La expresion es la siguiente:
VG= X1/l + Xo/2 + ...... +Xi-1/n—-1+X;/n
Donde:
Xi= Numero de semillas emergidas por dia

n = namero de dias después de la siembra
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(2) Germinacién: Se documenté el porcentaje de plantas emergidas. Ademas, se
excavaron las que no lograron emerger de la superficie a los 15 dias después de
la siembra, se registr6 si habian germinado y se documentaron las que,

presentaron raiz y plimula bien desarrollada (Figura 3.4).

Figura 3.4 llustracion de la cama de arena al terminar el experimento. Se

muestran las plantulas que germinaron pero no lograron emerger.

A partir de un muestreo de 10 plantulas tomadas al azar (con loteria) del total de
aguellas germinadas por unidad experimental se midieron las siguientes variables

al terminar el experimento después de 15 dias.

(3) Longitud de la parte aérea: Se midio del cuello de la raiz hasta la yema axilar

de la segunda hoja ligulada, en cm utilizando una cinta métrica.

(4) Longitud de mesocotilo: Se midié a partir del nudo del cotiledén al nudo del

coleoptilo en cm, con cinta métrica.

(5) Longitud del coledptilo: Se considerd la longitud del coledptilo del nudo del

mesocotilo al siguiente nudo, en cm con cinta métrica.
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(6) Peso seco: Las 10 plantulas utilizadas para medir las variables anteriores se
separaron en sus diferentes estructuras y se colocaron en bolsas de papel
estraza. Se secaron en una estufa de circulacion forzada de aire a 70 °C por 72
horas. Al final de este periodo se obtuvo el peso seco en gramos (g) en una
balanza de precision. Las partes de las plantulas se seccionaron de la siguiente

manera:

e Parte aérea: Hojas, incluyendo las vainas, y tallo que es muy pequefio en
estados tempranos.
e Coleoptilo: Se considero a la vaina y el tallo dentro de ella.

e Mesocatilo: Se midi6 del nudo del cotiledén al nudo del coledptilo
Andlisis de la informacion

A las variables registradas se le aplico un andlisis de varianza con el paquete
estadistico SAS (SAS Institute 1988). Se aplico una prueba de Tukey (p=0.05),
para los tratamientos que resultaron ser significativos estadisticamente. También

se aplicé un andlisis de correlacion a las variables en estudio.

Fase Il.- Evaluacion de mesocétilos y coledptilos bajo diferentes

temperaturas y profundidades de siembra
Poblaciones a evaluar

Las poblaciones a evaluar fueron las que presentaron caracteristicas mas
contrastantes como porcentaje de germinacion, velocidad de emergencia, longitud

de mesocatilo y coledptilo principalmente. Se indican en el Cuadro 3.1.
Localizacion del experimento

El experimento se llevé a cabo en el area de Camaras,de Ambiente Controlado del
Departamento de Campo, Campus Montecillo, municipio de Texcoco Colegio de
Postgraduados, Texcoco, Estado de México del mes de julio a diciembre del 2014.
El experimento se establecio en una cdmara de ambiente controlado Partlow

Temperature Control S.A.
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Dispositivo experimental

Como dispositivos experimentales se emplearon rizotrones con armazén de
madera y paredes de vidrio. A una de las paredes se le coloc6 una malla
mosquitero que conformaba la parte trasera. Se sellaron con cinta canela para
controlar los espacios por los que la raiz pueda salir del dispositivo. Se elaboraron
rizotrones con tres diferentes dimensiones para acomodar las diferentes
profundidades de siembra: 1) 20 cm de largo X 10 cm de ancho y 1.5 cm de
espesor; 2) 30 cm de largo X 16.5 de ancho y 4.5 cm de espesor y 3) 43.5 cm de

largo X 18 cm de ancho y 5.5 de espesor.
Disefio experimental y tratamiento

El disefio experimental que se utilizé fue completamente al azar con un arreglo de
tipo factorial, con tres factores de estudio, dos factores con tres niveles y un factor
con seis niveles. Los factores fueron: temperatura con dos niveles, 15 y 21°C;
profundidad de suelo con tres niveles, 5, 15 y 20 cm; poblacién con seis niveles,
Ancho de Santa Catarina, Morelos, Ancho Traslocado de Cuecuecuautitla, Ancho
Traslocado de Cuijingo, Chalquefio de Cocotitlan, Coénico de Ixtapaluca, HS-2. Se
tuvieron seis repeticiones. Las temperaturas experimentales se determinaron
segun las temperaturas promedio estimadas del suelo en las fechas de siembra en
las localidades de produccién de las poblaciones locales del sistema de humedad

residual por un lado, y por el otro lado en el estado de Morelos.
Siembra

Se coloco una semilla de maiz previamente germinada pegada al vidrio en la parte
de enfrente de cada rizotron, segun el caso a profundidades 5 cm, 15 cmy 20 cm
(Figura 3.5). Los rizotrones se colocaron a una inclinacién de aproximadamente
60° con respecto a la horizontal de la parte donde se ubicaba la semilla. Se
pretendid promover el crecimiento del sistema radical hacia la parte del vidrio,
aprovechando el crecimiento geotropico positivo de la raiz. Se us6 esta posicion
porque también se tomaron medidas de las raices, pero estos datos no se

incluyen en este trabajo.
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Figura 3.5 Siembra a 15 cm de profundidad con una semilla previamente

germinada

Muestreo

Se hizo un muestreo destructivo después de 15 dias de la siembra. En este punto
las plantulas habian emergido y las hojas se observaban flacidas por el

agotamiento de las reservas de la semilla.
Variables respuesta

En las plantulas se separaron sus estructuras para medir las variables respuesta:
Altura de planta, area foliar, longitud de mesocdétilo, longitud del coledptilo,

volumen de raiz y peso seco (hoja, tallo, coledptilo, mesocétilo y raiz).
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3.3 RESULTADOS
Fase l.- Evaluacion del vigor de semillas en camas de arena
Germinacion y emergencia

El porcentaje de germinacion fue superior al 90% en las camas de arena . En el
porcentaje de germinaciéon después de 15 dias (emergidas 0 no) no se observaron
diferencias significativas entre las poblaciones locales de maiz (Figura 3.6). Sin
embargo, el porcentaje de plantas emergidas fue distinto entre las poblaciones. El
mayor porcentaje de plantas emergidas se presentd en las poblaciones locales de
maiz Chalquefio (72%), mientras que el menor nimero de plantas emergidas lo
presentaron el hibrido HS-2 (12%) y las poblaciones locales de maiz Ancho de
Morelos (6%). Estadisticamente, el Chalquefio y el Valles Altos se distinguen
significativamente del grupo de Cénicos y Anchos traslocados, y éstos a su vez del

HS-2 y el Ancho de Morelos.
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Figura 3.6 Porcentaje de germinacion y emergencia de las poblaciones locales de
maiz sembradas en camas de arena a 20 cm de profundidad. Las letras indican
grupos significativamente diferentes entre si, con la prueba de Tukey (alfa de

0.05), y las lineas la desviacion estandar.
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Velocidad de emergencia

Las poblaciones locales de tipo Chalquefio emergieron con mayor velocidad,
seguido por las poblaciones locales de maiz Conico. Las poblaciones locales de
tipo Ancho de Morelos y el hibrido HS-2 presentaron la menor velocidad de
emergencia (Figura 3.7). Estadisticamente, el Chalquefio se distingui6
significativamente del grupo de Valles Altos/Conicos/Anchos traslocados, y éstos a

su vez del HS-2 y el Ancho de Morelos.
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Figura 3.7 Velocidad de emergencia (Maguire 1962) de las poblaciones locales de
maiz evaluadas en camas de arena a 20 cm de profundidad. Las letras indican
grupos significativamente diferentes entre si (a = 0.05) y las lineas la desviacién

estandar.
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Longitud de los mesocoétilos y coledptilos

En la figura 3.8 se observa la comparacion de medias de las variables longitud de
mesocotilo y coledptilo de las poblaciones evaluadas. Las poblaciones de maiz
Chalquefo registraron los mesocaétilos mas largos (17 cm) como se esperaba,
seguidas por los maices Conicos y el maiz de Valles Altos (16.5 cm). Los maices
Anchos traslocados (13.4 cm) y los Anchos de Morelos (13.0 cm) tuvieron los
mesocotilos mas cortos, sin presentar diferencia significativa. Estadisticamente,
los grupos de maices Chalquefio, Valles Altos y Conicos se distingue

significativamente del HS-2 y éste a su vez de los Anchos traslocados y el Ancho

de Morelos.
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Figura 3.8 Comparacion de las medias de las longitudes de mesocaétilo y
coleoptilo de las poblaciones locales de maiz sembradas en camas de arena a 20
cm de profundidad, tomando en cuenta las dos temperaturas. Las letras indican
grupos significativamente diferentes entre si (a = 0.05) y las lineas la desviacién

estandar.
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Los coleoptilos mas largos los presentaron los maices Anchos traslocados con 6.7
cm, seguidos por los Chalquefios, Anchos de Morelos y Valles Altos (5.3 cm). Los
coleoptilos mas cortos se observaron en el hibrido HS-2 de 4.6 cm.
Estadisticamente, Ancho traslocado se distingue significativamente del grupo de
Chalquefios/Valles Altos/ Anchos de Morelos y Cénicos, y éstos del HS-2.

Peso seco de los mesocotilos y coledptilos

La asignacion de las reservas de la semilla (materia seca) hacia el mesocoétilo fue
indistinta entre los materiales, es decir no se observaron diferencias significativas

(p<0.01) entre los grupos (Figura 3.9).
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Figura 3.9 Peso seco de mesocotilo y coledptilo de las poblaciones locales de
maiz sembradas en camas de arena a 20 cm de profundidad, en ambas
temperaturas. Las letras indican grupos significativamente diferentes entre si (a =

0.05) y las lineas desviacion estandar.

En contraste, si hubo diferencias en la asignacion de materia seca a los

coleoptilos. Las poblaciones locales de maiz Ancho traslocado y los Chalquefios
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asignaron la mayor cantidad de reservas a esta estructura (0.081 y 0.075 g
respectivamente), mientras que el hibrido HS-2 asigné la menor cantidad (0.041 g;
Figura 3.9). Estadisticamente, el Chalquefio y Ancho traslocado se distinguieron
significativamente del grupo de Anchos de Morelos y Conicos, y éstos a su vez de
Valles Altos y este del HS-2.

Correlaciones entre las variables

Las poblaciones con mayor porcentaje de emergencia presentaron mayor
velocidad de emergencia (r>0.93, p< 0.01; Cuadro 3.4). También se observd
correlacion positiva entre el peso seco de la parte aérea (PSPA) y el peso seco del
coledptilo (PSC) (r>0.782, p< 0.01), pero no del mesocotilo. Correlaciones
negativas y altamente significativas se observaron en las variables de porcentaje
de emergencia (PE%) asociado a la variable de semillas germinadas pero que no
pudieron emerger (GNE) (r>-0.98, p< 0.01), entre velocidad de emergencia (VE) y
semillas germinadas pero que no pudieron emerger (GNE) (r>-0.92, p< 0.01), lo
cual era de esperarse (Cuadro 3.4).
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Cuadro 3.4 Relacion entre once variables en prueba de emergencia a una

profundidad de siembra de 20 cm, de 13 poblaciones de maiz de agroecosistemas

de humedad residual

Pléntulas Altura
. Peso
germinada dela
Peso seco Peso seco seco de Longitud Longitud
P tai S pero que plantula
orcentaje
Fuentes Velocidad de no Semillas no de de la parte de de ala2
. de . . mesocotil coledptil aérea mesocatil coledptil
de emergencia . emergiero germinada hoja
emergenci
variaciéon (VE) n sobre la s (NG) (%) o (PsM) o (PsC) (PSPA) o(Lm) () ligulada
a (PE) (%) - (g) (g) (vastago (cm) (cm)
superficie (AP2HL)
del suelo )e) (cm)
(GNE) (%)

VE 1.000 0.930%* -0.920** 0.093 0.159 0.261 0.371 0.677** 0.020 0.651**
PE (%) 1.000 -0.985%* 0.081 0.311 0.181 0.277 0.652** 0.060 0.689**
GNE (%) 1.000 -0.247 -0.286 -0.186 -0.303 -0.652** -0.049 -0.683**

NG (%) 1.000 -0.090 0.047 0.209 0.101 -0.055 0.084
PSM (g) 1.000 -0.102 -0.056 0.239 -0.062 0.214
PSC (g) 1.000 0.782%* -0.007 0.542%* 0.204
PSPA (g) 1.000 -0.073 0.429* 0.278
LM (cm) 1.000 -0.430* 0.667**
LC (cm) 1.000 -0.141
LTP (cm) 0.731**
AP2HL

1.000

(cm)
Fase 2: Evaluacion de mesocdtilos y coledptilos bajo diferentes

temperaturas y profundidades de siembra

Longitud de los mesocoétilos y coledptilos

En el experimento en los rizotrones dentro de las cdmaras de crecimiento, los

mesocotilos y coledptilos resultaron en promedio mas cortos que en las camas de

arena. El promedio bajo por el efecto de la inclinacién, que mermo la elongacion

de las estructuras del brote considerando la alta profundidad (Figura 3.10 y figura
3.11).
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Figura 3.10 Comparacioén de la longitud del mesocotilo en los experimentos de las
camas de arena Yy rizotrones por profundidad de siembra (Rizo 20 = 20 cm, Rizo
15 = 15 cm). Las barras muestran la media de todas las temperaturas; las lineas

indican la desviacién estandar
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Figura 3.11 Comparacion de la longitud del coledptilo en los experimentos de las
camas de arena y rizotrones (Rizo 20 = 20 cm, Rizo 15 = 15 cm, ambas

temperaturas).
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Influencia de la temperatura en la longitud del mesocatilo y coledptilo

La temperatura no influyd en la elongacion del mesocatilo en los experimentos de
ambiente controlado en rizotrones, considerando la media de todas las
poblaciones y profundidades (Figura 3.12). Los coleoptilos resultaron ser
ligeramente mas largos (un poco mas de 1 mm) en la temperatura mas baja. El

analisis Tukey mostré que la diferencia era significativa (p= 0.05).
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Figura 3.12 Influencia de la temperatura a 15°C y 21°C sobre de la media del
crecimiento del mesocotilo y coledptilo de todas las poblaciones locales de maiz
evaluadas, bajo las tres profundidades de siembra (5, 15 y 20 cm). Las letras
indican grupos significativamente diferentes entre si, con la prueba de Tukey (p =

0.05) y las lineas la desviacion estandar.

Influencia de la profundidad de siembra en la longitud del mesocétilo y coledptilo

En contraste, la profundidad de siembra (5, 15 y 20 cm) si influyo el crecimiento
del coleoptilo y mesocoétilo de los maices evaluados (Figura 3.13). EI mesocétilo
fue mas largo a mayor profundidad de siembra, pero no hubo diferencia

significativa entre los datos de 15 y 20 cm. La mayor longitud de coledptilo se

68



presentd a los 15 cm de profundidad y la menor a 20 cm. Las diferencias entre las

tres profundidades fueron significativas (p = 0.05).
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Figura 3.13 Influencia de la profundidad de siembra sobre el crecimiento del
mesocatilo y coledptilo, tomando la media de las temperaturas de 15°C y 21°C y
de las poblaciones de maiz evaluadas. Las letras indican grupos
significativamente diferentes entre si, con la prueba de Tukey (p = 0.05) y las

lineas la desviaciéon estandar.

Influencia de las poblaciones en la longitud del mesocatilo y coledptilo

Se encontraron diferencias (p = 0.05) significativas en la longitud del mesocétilo
entre poblaciones (Figura 3.14). Las poblaciones de maiz Chalquefio y Cénico
tuvieron los mesocotilos més largos con 7.4 y 7.1 cm respectivamente, seguido
por el hibrido HS-2 con 5.2 cm y los Anchos traslocados con 4.7 cm. La menor

longitud se registré en el maiz Ancho de Morelos con 3.0 cm. No se presentaron
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diferencias estadisticas (p = 0.05) en la longitud de coledptilo entre las poblaciones

evaluadas, aunque se observa una longitud ligeramente mayor entre los maices

Anchos.
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Figura 3.14 Longitud media del mesocatilo y coledptilo de las poblaciones de maiz
evaluadas, mostrando la media de las temperaturas de 15°C y 21°C y de las tres
profundidades de siembra 5, 15 y 20 cm. Las letras indican grupos
significativamente diferentes entre si, con la prueba de Tukey (p=0.05) y las lineas

la desviacion estandar.
Influencia de los factores por separado en la longitud del mesocatilo y coledptilo

Al considerar las influencias de material genético, temperatura y profundidad de
siembra por separado, se observaron comportamientos contrastantes de los
materiales. A una profundidad de siembra somera (5 cm) y la temperatura mas fria
(15° C), el maiz Chalquefio presentd la mayor longitud de mesocotilo (7.4 cm) y

coleoptilo (4.9 cm). Por el contrario los maices Anchos de Morelos expresaron la
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menor longitud de mesocotilo (1.5 cm) y coledptilo (2.0 cm). Cuando la
profundidad de siembra incrementd, los maices Conicos elongaron el mesocétilo y
todas las poblaciones incrementaron la longitud de coledptilo, pero sin presentar

diferencias estadisticas (Figura 3.15).

Llama la atencién que en condiciones donde no hay presién por profundidad de
siembra (5 cm) el maiz Ancho traslocado de Cuecuecuautitla (maiz de transicién
de 2300 m) y Ancho de Morelos (1700 m) presentan coledptilos mas largos que
mesocotilos. Sin embargo a mayor profundidad (15 cm) el maiz Ancho traslocado
de Cuecuecuautitla elongd el mesocoétilo y el maiz Ancho de Morelos elongé el
coleoptilo. En contraste el Ancho traslocado de Cuijingo (situado en los 2500 m)
presentd la misma relacion entre la longitud de mesocétilo y coleoptilo que los
maices locales Chalquefio, Coénico y HS-2: el mesocoétilo mas largo que el

coleoptilo (Figura 3.15).

En la temperatura de 21°C en las profundidades de 5 cm y 20 cm se observé poca
variacion entre la longitud de coledptilos y mesocétilos de las poblaciones
evaluadas. Sobresalen los maices Chalquefios con mesocotilos largos (6.5 y 7.9)

y los Anchos de Morelos con mesocotilos mas cortos (4 cm y 4.6) (Figura 3.15).
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Figura 3.15 Efecto de la temperatura (15° y 21°C) y profundidad de siembra (5, 15 y 20 cm) de las poblaciones evaluadas

en rizotrones dentro de camaras de ambiente controlado. Las lineas muestran la desviacibn estandar.
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3.4 DISCUSION

Fase l.- Evaluacion del vigor de semillas en camas de arena

En el experimento en camas de arena los maices Anchos de ambos tipos tuvieron
menor velocidad de emergencia y porcentaje de emergencia a 20 cm de
profundidad que las poblaciones locales de maiz Chalquefio, lo cual era lo
esperado. El mejor establecimiento de los maices Chalquefios confirma los
estudios llevados acabo por Montes (2014), Esquivel et al. (2009), Pérez de la
Cerda et al. (2007) y Garcia (2004), quienes determinaron que las poblaciones de
maiz Chalquefio de esta regién son mucho mas vigorosas y tienden a emerger
mucho mas rapido que otros cultivares de la misma raza en otras regiones (La

Sierra Purépecha de Michoacan) y de distintas razas (Jala).

Llama la atencidn la poca emergencia y viabilidad (en métodos) del hibrido HS-2,
lo cual se puede atribuir parcialmente a que era semilla de un ciclo anterior que el
resto de las poblaciones. La semilla se mantuvo almacenada a temperatura
ambiente (25°C) y con un contenido de humedad menor del 11% estos factores
aceleran el deterioro fisiologico de las semillas de un afio a otro (hasta 25%) al
mermar sus propiedades de viabilidad y vigor (Moreno et al. 2000; Aristizabal y
Alvarez 2006; Salinas y Sanchez 2006).

La mayor elongacién de mesocoétilo la presentaron los maices Chalquefios y la
mayor elongacion de coleoptilo se observdé en ambos maices Anchos, por lo que
sugerimos que las poblaciones de maiz Ancho traslocado logran la emergencia al
desarrollar coledptilos mas largos como respuesta inmediata a la siembra

profunda. Con el paso del tiempo tienden a desarrollar mesocétilos més largos.

Observamos que los agricultores promueven intencionalmente cruzas con
Chalquefio blanco para mejorar el color del grano del maiz; esto puede tener
efectos sobre otros caracteres también. Asi que no sabemos exactamente si la

elongacion ligera observada en la poblacion de Ancho traslocado de mayor altitud
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se deba a seleccién por parte de los agricultores, introgresion o ambas (Rieseberg
y Wendel 1993; Louette y Smale 2000).

Estudios previos sugieren que la mayor velocidad de emergencia en poblaciones
de maiz esta correlacionada con la tasa relativa de movilizacion de reservas del
endospermo y la eficiencia de la conversion de estas reservas a los nuevos tejidos

de la plantula (Eagles y Hardacre 1979 y Brookin 1990 para maiz).

Por lo general se ha encontrado una correlacion positiva entre semillas grandes
con velocidad de emergencia y porcentaje de emergencia asociados a un mejor
vigor de la semilla (Villasefior 1984; Magafia 1992; Moreno-Martinez et al. 1998).
Sin embargo, en este estudio las semillas de maiz Ancho son mas grandes (1.0
cmy 1.6 cmy 930 cm3 de 100 semillas) que la de los maices Chalquefios (0.9 y
1.7 mm 700 cm3 de 100 semillas) (Herrera et al. 2004). Sugerimos que, si bien
esto es una relacion cierta en general, aqui no se encontrd ya que el vigor también

tiene un fuerte componente genético, resultado de seleccion (Turner et al. 1982).

La asignacion de materia seca hacia el mesocoétilo fue indistinta entre los
materiales. Atribuimos las diferencias en la longitud del mesocétilo a la elongacion
de las células por acumulacion de agua dentro de las mismas y no por su
multiplicacion (Evans y Cleland 1985). Por el contrario, la asignacion de materia
seca hacia el coleoptilo entre los grupos fue diferente. En este caso, se sugiere
gue si hubo elongacién por multiplicacién celular. Cabe recordar que para esta
variable no solo se consideroé la vaina que es el coledptilo, sino también la seccion
del tallo que se encontraba envuelta por el coledptilo de cada poblacion, lo que

pudo haber incrementado la variacion en la asignacién de materia seca.

Fase 2: Evaluacion de mesocétilos y coledptilos bajo diferentes

temperaturas y profundidades de siembra

La profundidad de siembra (5, 15 y 20 cm) si influyd en el crecimiento del
mesocotilo y coleodptilo de los maices evaluados, como era de esperarse. El

mesocatilo y coledptilo eran mas largos a mayor profundidad de siembra. Como ya
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se menciond en la seccion anterior, este fendbmeno esta bien conocido en maiz
(Montes 2014; Esquivel et al. 2009; Pérez de la Cerda et al. 2007; Garcia 2004).
Lo mismo se reportd con otras especies de pastos, Tetrachne dregei, Panicum
coloratum y Eragrostis curvula (Martinez et al. 2003). Copeland y McDonald (2012)
indican que bajo estas condiciones de siembra la semilla utiliza mayor cantidad de
sustancias de reserva para la elongacion de sus estructuras y poder emerger.

La temperatura no influyé en la elongacion del mesocotilo en los experimentos de
ambiente controlado en rizotrones. Pero los coleoptilos resultaron ser ligeramente
mas largos en la temperatura mas baja (15° C) que en la mas alta (21°C). Se ha
reportado que en cultivares de maiz, trigo, avena y sorgo temperaturas bajas
(15°C) promueven la elongacién del coleoptilo, y temperaturas mayores a 20°C
progresivamente disminuyen la longitud del coledptilo (Radford 1987; Radford y
Henzell 1990; Radford y Key 1993; Trethowan et al. 2001). En maiz el crecimiento
cesa completamente a temperaturas mayores de 40° C (Blacklow 1972; Weaich et
al. 1996). Miedema (1982) reporta que en cultivos de maiz las temperaturas bajas
(16 °C) inhiben mas el crecimiento del mesocétilo que del coledptilo. Entonces,

nuestros resultados confirman estas observaciones.

Este efecto se atribuye a la accion del &cido indolacetico (IAA). Zhao y Wang
(2010) correlacionaron el aumento de la longitud de mesocotilos de maiz bajo
condiciones de siembra profundas con un mayor nivel de IAA enddgeno tanto en
genotipos tolerantes a siembras profundas como en genotipos poco tolerantes.
Otros estudios indican que elongaciones de coledptilos de maiz, entrenudos de
guisantes, raices de Eleutherococcus senticosus fueron suprimidas en gran
medida por la aplicacion de inhibidores del transporte de auxina, tales como el

acido naftilftalamico y acido triyodobenzoico (Haga y Lino 1993).

Comparacion de la Fase 1 y Fase 2
Por lo general, los resultados de la fase 1 y la fase 2 muestran tendencias

similares. La diferencia mas llamativa fueron los mesocétilos y coleoptilos mucho
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mas cortos en el experimento de los rizotrones (Figura 3.10 y 3.11.). El dispositivo
experimental se colocO a una inclinacibn que favorecio la evaluacién del
crecimiento geotropismo de la raiz (datos no mostrados aqui); entonces el
crecimiento de la plumula se veia obstaculizado al chocar continuamente con el
vidrio. El esfuerzo por curvearse terminé por mermar la elongacién y emergencia
(Taiz y Zeiger 2006).

Este trabajo es el primero que muestra los efectos morfoldégicos de la seleccion
campesina al introducir una poblacion de maices a un ambiente nuevo y muy
distinto. Ademas, se muestra que el coledptilo es una estructura que ayuda a la

adaptacion a la siembra profunda.

3.5 CONCLUSIONES

La primera respuesta de los maices Anchos traslocados a la siembra profunda es
la elongacion del coledptilo, posiblemente en respuesta a temperaturas mas bajas.
Con mayor tiempo de adaptacion y seleccién, también inician una elongacion del
mesocotilo. Pero, esta Ultima elongacion no se refleja en la biomasa de las

estructuras - al parecer se basa en una acumulacion de agua en las células.

Las demas poblaciones locales de maiz evaluadas no mostraron diferencias
significativas entre las poblaciones para el crecimiento del coledptilo, pero si para
mesocotilo, sobre todo al considerar la influencia de las dos temperaturas y tres
profundidades de siembra. Se observa claramente la mejor adaptacion del maiz
Chalquefio a la siembra profunda; los maices Conicos y Valles Altos tienen

mesoco6tilos mas cortos.

De estos resultados se desprenden varias interrogantes. ¢lLa respuesta del
coleoptilo de los maices Anchos traslocados se debe sélo a las temperaturas mas
bajas, o también ya a efectos de seleccién? ¢La mayor adaptacién de los Anchos
traslocados del sitio mas alto se debe a seleccion o introgresion, o ambas?

También seria util profundizar el conocimiento sobre la relacion comparativa entre
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la elongacion de estas dos estructuras y el nimero de células en diferentes

poblaciones, y su control fisiol6gico.
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Capitulo 4. Discusién y conclusién general

4.1 DISCUSION GENERAL

De acuerdo a los resultados, se observé el mismo manejo para el maiz introducido
(Ancho) como para el local (Chalqueio). Esto se debe a las condiciones del
sistema humedad residual del suelo en el agroecosistema. El maiz traslocado tuvo
gue adaptarse en cuanto al manejo y el ciclo del cultivo, modificando, la morfologia

de la plantula (Gonzélez, 1971; Eagles y Laothrop, 1994; Pescina et al., 2009).

En este trabajo se muestra que la introduccion del maiz tropical no solo se debe a
razones econdmicas. Los campesinos han percibido un incremento de la
temperatura. Este incremento ha mermado la productividad de las poblaciones
locales de maiz Chalquefio, y fue un motivo adicional para experimentar con el
maiz Ancho. Mercer y Perales (2010) indican que en general, las poblaciones
nativas de los Valles Altos exhiben una plasticidad relativamente baja e
insuficiente para adaptarse a condiciones mas calurosos. Esta observacion se
confirma con este trabajo, y concuerdan también con resultados sobre la relacién
entre la plasticidad en el fenotipo y la adaptabilidad encontrados por Gianoli
(2004).

En general los agricultores tienen consciencia sobre la variabilidad climatica. En la
region del Sahel, las estrategias de adaptacion han incluido tradicionalmente la
diversificacion de cultivos, la diversificacion de los medios de subsistencia, y la
migracion (Mertz et al., 2009). En este caso, los sistemas tradicionales de
mejoramiento y el flujos de semilla entre los agricultores han sido una alternativa

para contrarrestar los efectos del cambio climético (Hellin et al., 2014).

Las plantulas se responden al sistema de profundidad de siembra primero
mediante la elongacion del coleoptilo. Dicha elongacion es promovida por las
bajas temperaturas: el efecto de las bajas temperaturas (15°C) sobre la elongacion

del coledptilo se ha observado en otros cultivos como trigo, avena y sorgo
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(Radford, 1987; Radford y Henzell, 1990; Radford y Key, 1993; Trethowan et al.,
2001). Con més afos de cultivo los maices translocados también elongan el
mesocotilo como posible efecto de la seleccion e hibridacion asistida. Los
campesinos reconocen que los cultivares se cruzan y expresan caracteristicas

mezcladas de ambos (Ortega, 2003).

4.2 CONCLUSION GENERAL

En esta investigacion se estudié la dindmica de mejoramiento empirico de
poblaciones traslocadas de maiz Ancho, con énfasis en semilla, siembra y
plantula. Se documentd que el maiz Ancho traslocado se adapta al sistema de su
nuevo habitat. Los agricultores proporcionan el mismo manejo tradicional a los
cultivares de maiz Anchos traslocados que a sus cultivares locales, debido a las

condiciones ambientales especiales del agroecosistema de humedad residual.

Pero, también se mostré6 que un motivo importante para la traslocacién del maiz
Ancho fue un cambio en la temperatura observada y una baja en el rendimiento
del maiz local. Entonces, la introduccion del maiz Ancho es una adaptacién del

sistema.

Las plantulas del maiz traslocado muestran algunas adaptaciones a las nuevas
condiciones, pero no en los mismos organos como el maiz local (mesocoatilo).
Primero elongan el coledptilo, que posiblemente es una expresion fenética debida
a las bajas temperaturas. Después de mas tiempo de adaptacion y posible

introgresion genética con el maiz local inicia la elongacion del mesocatilo.
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Anexo

Capitulo 2 Does translocated maize adapt to the agricultural system, or the system to

the maize? Tropical Ancho maize in a highland residual moisture system

Anexo 2.1.-Origin and dynamics of the seeds

State

Agroecosystem

Farmer

Cultivar

Years planting the

Place of origin of

Person from whom the seeds

population the seed were obtained
Tl More than 25 yr Morelos Father
Ancho
1 Chalquefio Azul More than 50 yr Home locality Grandparents
Rainfed L
Pepitilla 7yr Seed Exchange Network
Translocated
2 Ancho 15 yr Totolapan, Morelos
Chalquefio Azul More than 30 yr
Chalguefio Crema More than 50 yr Home locality Father
3 Chalquefio Azul More than 30 yr Home locality Doesn't remember
] Translocated 10 vr Tlanepantla, A farmer who was working in a
Mexico State Ancho y Morelos field
VA8H More than 80 yr Home locality Grandparents
4
Chalquefio Azul
Residual humidity Chalquefio Crema More than 60 yr Home locality Father
5 Bought every year in Temamatla, Mexico A ’
5 Niebla the last 5 yr State Agricultural Engineer
) Cultivated for the first Ayapango, Mexico
HS-8 e State Government (SEDAGRO)
Chalquefio Crema More than 15 yr Home locality Neighbor
6 Chalquefio Chapingo : "
Armarillo 2yr (University) University professor
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Chalquefio Blanco More than 15 yr Home locality Neighbor
Chalquefio azul More than 15 yr Home locality Neighbor
. Bought every year in Temamatla, Mexico . .
7 Niebla the last 6 yr State Agricultural Engineer
ETS B First cycle Home localit Neighbor
Ancho 4 y 9
8 Chalguefio Crema “Always” Home locality Grandparents
Conico amarillo More than 30 yr Home locality Neighbor
9 “Always” had the :
Coénico blanco seed, for several Al Iocal_ltyHome Father
f locality
generations

10 Cénico amarillo 4yr Home locality Neighbor
Conico blanco 5yr Home locality Neighbor

Ancho blanco More than 50 yr Home locality Father

Rainfed 11 Hibrido 515 Bought every year
Hibrido 516 Bought every year
Morelos Ancho blanco More than 90 yr Home locality Father
Ancho azul More than 90 yr Home locality Father
12 More than 40 yr, but
Pepitilla (pitillo) she cultivates very Home locality Neighbor
little of it

Cultivar tradicional de la regién,

Un nuevo cultivar experimental,

Un cultivar introducido con éxito (El agricultor no experimentd, observd la introduccién y el éxito de sus comparieros, para después sembrar la semilla ya adaptada a la zona)
Un hibrido comercial.
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Anexo 2.2.- Reasons for the interest in particular maize cultivars

Agroec . Cultiva Estimated Production Reasons for cultivating What the farmer likes about the Wh?t !he farmer
State o- Farmer Cultivar -ted . . . . doesn’t like about the
production system the maize type maize population :
system area maize
T Ancho 1ha 15t Polyculture To eat, for. The grain for pozole
selfconsumption
1 Chalquefio 1 ha 1t Polyculture Because of the color The bra_cts, meal for tortillas, Tends to lodge
Azul pinole and atole
Rainfed Pepitilla 1ha 15t Polyculture Because of tradition Meal for tprtlllas, Isn't as
susceptible to weeds
T Ancho 1.2 ha 25t Polycultur_e The price is better
and mosaic
2 Chalquefio To eat, for
q 1lha 3tha Polyculture L
Azul selfconsumption
Chalquefio 1 ha 3 t/ha Polyculture For ;elfsonsumphon, Yields more than the hybrid
Crema animals and sale
Chalquefio 1ha 3t/ha Polyculture For s_,elfsonsumpnon, Yields more than the hybrid
3 Azul animals and sale
For selfsonsumption, ) S .
T Ancho 1ha 45 tha Polyculture animals and sale, Yields more than the hybrid in The bracts are thicker
. grain and straw and have less value
particularly the bracts
The characteristics of the ear: the
A VA8H 25ha 2.5t/ha Polyculture To eat thin cob and the large grain
Mexico Chalquefio 2000 To eat, for
State Azul m? 0.5t Polyculture selfconsumption
o The ear is very large, 25-30 cm, .
Chalquefio 4t Monoculture For sale and the bracts are large and of The plantis tall and
5 Crema . lodges
perfect quality
Residual Niebla 6-7 t/ha Monoculture For sale Not susceptible to mufieco Depends on fertilizer
humidity HS-8 First time Monoculture For sale Not susceptible to mufieco The plfggg;se;all and
6 Chélrlg#%no 4 t/ha Monoculture Don't need to buy seed Large grain and thin cob
Chalqu_eno 0.250 Monoculture Don't need to buy seed Large grain and thin cob
Amarillo ha
Ci:selllaqnucino 7-5 ha Monoculture Don't need to buy seed Large grain and thin cob
Chilg:jleno 1ha 4 t/ha Polyculture Don't need to buy seed Large grain and thin cob
! Ancho 1ha Monoculture
Yields more than the Has demand for tortillas;
Niebla 2 ha 8 t/ha Monoculture landraces fertilizers subsidized by
SEDAGRO (government agency)
8 Chalquefio 6-7 ha Monoculture For sale Has a good price, good quality
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Morelos

Crema elotes (young corn eaten on the
cob)
Conico -, " .
amarillo 0.5 ha 2 t/ha Polyculture Because of tradition Is nutritious for animals
9 —
EI(;T]'SS 25ha 2-2.5t/ha Polyculture Because of tradition The food has a better taste
Cénico It is nutritious for the animals, It often comes picado
amarillo 3 ha 3tha Monoculture For the animals and sale produces straw and has a short (with weevil damage)
10 cycle (es violento) from the field
- El rendimiento. Mejor harina, el : .
Cénico Weevil damage in
3 ha 3tha Monoculture For sale grano es menos duro que el
. blanco - - - storage
Rainfed hibrido y tiene mejor sabor
Ancho 2000 m 0.5 tha Monoculture For selfcor;lljénptlon and The food hass?nt();ﬁtter taste and Lodges
u Hybrid 515 4 ha 5-6 t/ha Monoculture Sale Yields more
Hybrid 516 4 ha 5-6 t/ha Monoculture Sale Yields more
12 Ancho 1 ha Monoculture Because of tradition To eat
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Anexo 2.3- Farmer’s criteria for selecting ears and seeds for sowing

Agroeco-

State system Farmer Cultivar Timing of selection Criteria for ear selection Criteria for seed kernel selection Other criteria
T Ancho The largest Kernels from wle d?fedrlrl?eﬁ’a” of the ear Robust plants, “cuatera”
1 Chalquefio During the whole cycle (field and Kemels from the middle part of the ear (with twins = two ears)
storage) The largest
Azul Only blue kernels Husk bracts flexible
Pepitilla Kernels from the middle part of the ear
T Ancho Healthy, no decay El grano ancho y vidrioso Husk bracts large and
2 Chﬂgﬂfno During dehusking Healthy, no decay The darkest-colored kernels With ;:le(tf)cl)er sale)
Crzjarlgﬁzno The largest and healthiest Large kernel Husk bracts flexible
3 Chalquefio In February during dehusking The largest and healthiest, Large kernel Husk bracts flexible
Azul only blue kernels
T Ancho The largest and healthiest Wide kernel Husk bracts flexible
VASH During dehusking the seed Large and healthy ears; 8-10 Wide and large kernel
) 4 maize ears are separat(_ed; the rows of kernel; straight rows No descabezado
Residual Chalquefio | seeds are selected again two La mazorca que da mas
humidity Azul months before planting grande la hoja
Chalquefio After cutting and building sheafs Large and healthy ears Large, well-formed kernels
5 . :
) Crema for drying Straight rows No descabezado
Mexico
State Chalquefio
Crema
6 Chalquefio In Eebruary Husk purple or white
Amarillo Healthy, many, straight rows, Large kernels from the middle part of
Chalquefio thin cob the ear
Blanco
Chalquefio
7 azul In February
Ancho
8 Chalquefio Large ears, thin cob Large and white kernels
Crema
Conico During harvest some ears are
9 amarillo selected Only kernels from the middle part of
Conico the ear
blanco
Rainfed Cénico In the field during growth, at Cuateras (twins, with two Large and wide kernel The plant with the typical
amarillo harvest and at home ears) Yellow and shiny color and deep roots
10 14-16 rows, not more No descabezado
Cénico because then the kernels Large an6d wide kernel
blanco become smaller White and shiny
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Morelos

No descabezado

11

Ancho

From November to February

Large and healthy

Wide and white kernels

12

Ancho

From November to February

Large and healthy

Wide and white kernels
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Anexo 2.4.- Management of seed planting.
Coa is the traditional Mesoamerican planting stick. Generally, several seeds are dropped into every hole (golpe) made with the planting stick, and
form a group of a few individuals, called mata. Mufieco is a malformation of the reproductive organs — fasciculated ears.

Does the Number
of .
number of Distance
seeds Di bet
Agroeco Selection of planting Planting Planting . seeds per per istance etween .
State Farmer . Planting depth seed hole between groups of Observations
-system date date instruments seed
vary rows plants
hole “« ”
between (“golpe (“matas”)
cultivars? g”) P
1 June Coa” and No
spade
In dry soil one
Not more than 3-4 looks for
days after full moon humidity, 2.3 seed
2 and rain. The maize April 15 Coa generally at No Im 70 cm
e kernels
grows better if it is about 15 cm
sown at full moon. depth. In humid
soil: 10 cm
4-5 days after full
moon, so the seeds
are not attacked by One looks for
worms. One never humidity, it varies
3 plants on a new moon. April 15 Coa between fields. No 2-3 90 cm 55-60 cm
A waxing moon (first Generally seeds
Mexico | Residual quarter) b_rings wind between 12 and
State humidit and waning moon 15 cm.
Y (third quarter) brings
rain.
His father
recommended planting
on full moon, but he
4 doesn’t do that March 30 Coa 10cm No 3 seeds 90 cm 80 cm
because of his outside
work; he usually plants
on a fixed date
The lower-lying fields
are drier, and have
Only guided by the B'Aet\r/i\{elesn strong problems with
5 date and the planting p Seed drill 6-10 cm No 2 seeds 87 cm 75 cm “mufieco”, fasciculated
. and May
site. 1 ears. The farmer has

experimented with
planting dates and has
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observed that late
planting lessens the
problem.

Manual planting:
one looks for the

Morelos

Between Spade, coa depth of the
6 At full moon April and pade, co: =P No 3 seeds 85cm 50 cm
May or seed drill hum|d|t)_/ —10cm
or a bit more;
seed drill: 10 cm
From the In the colder sites you
7 The da_te and the site beginr_\ing Seed drill 6-10 cm No 2 seeds 87 cm 75 om plant in April_ and in_the
of the field. of April to warmer sites until
May May.
8 The best s at full Beglnnl_ng Coa 10 cm No 3 seeds 80 cm 80-90 cm
moon. of April
9 Onset of rains Beginning Coa 15cm No 23 80 cm 40-45 cm
of May seeds
10 Onset of rains to take t'):éomnti?]e 10 cm so the
advantage of the 9 9 Seed drill wind doesn’t No 2 seeds 80 cm 40 cm
humidity of May to topple the plants
May 13 )
11 The seeds
are dropped
: into the
Rainfed The date JunzeSlS- planting hole 3cm No 3 seeds 90 cm 40 cm
and are
covered with
the foot.
12 The seeds
are dropped
and are
covered with
the foot.
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Anexo 2.5.- Farmer observations on germination and emergence

What
. Have you noted | percenta Influence of
Does is apply ; . .
Agroeco Do problems What are . differences in ge does climate on
State Farmer - What is the cause? equally to all Measures taken L
-system exist? they? cultivars? emergence over not germination and
’ time? emerge emergence
?
Replanting
Integrate plant stover in
*Squirrels soil
*Dry soil Plow
“The Flatten (“planchar”) the
1 Yes - Deficient farmwork Yes No 10% soil; from February to
potencial of h (bef lanti
the seed to Marc! _(_be ore p antmg)
; the soil is flattened with
germinate .
a wooden beam, in
order to conserve the
soil humidity
*Gophers
g . ]
2 Sometimes Soil type Yes No Reseedmg wqh vetch
and its (Vicia sativa)
humidity
*Gophers,
rats
*Lack of . . N
Mexico | Residual 3 Sometimes humitidy Yes 10% Reseedmgllmth about %
State humidity *The g
farmhand
If there is too
It depends on much sun the
The seeds are well- *Good seed selection soil dries out
4 No the weather of -
selected *Plant at the correct time and the seeds
the year \ .
don’t germinate
well.
Yes, for the
effects of
Compacted Too much rain humidity. But the
: ) Replant
5 Yes or dry soil Drought machines break No Change machinery to a No
Broken seed The machinery the landrace ) .
pneumatic mechanism
kernels seeds more
because they
are larger.
. No. The Hybrid *Reseed
6 es Dry soil Drought landrace resists No 10a *Plow and plant wheat No
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Morelos

droughts or a 15% or oats
late rainy *Conserve humidity from
season better the harvest of the last
than the hybrids year to the soll
preparation before
planting
*This year subsoil
plowing was tried as an
experiment to improve
conservation of soil
humidity
7 Sometimes Dry soil Deficient farmwork Nr?' It_affects the No Upto Plow and plant wheat or No
ybrids more. 20% oats for forage
8 No The seeds are well- No
selected
Before they were
N . -
9 Yes Ferrets, killed with shotggns, Yes No 5% *Reseed with 3 kg No
squirrels but now the police
doesn't allow that
*Good seed A .
selection Avoid practices that_ dry En los terrenos
. . out the soil (harrowing et
10 No No soil turnover d plowi fter the mas frios se da
after the rainy and plowing aiter mejor el maiz
rains)
season
*Lack of rain *There is no rgseeding
11 No *Gophers Yes No as the appropriate date
has passed
*The peak of the
kernel breaks, the
Rainfed seed goes bad and
the germinated plant
*Bad seed is yellow Eight days after planting,
selection *If the soil is stony, the fields are inspected,;
*Gophers sometimes the in places where maize
*Stony plants cannot has not emerged the
terrain emerge because of upper 5 cm are
12 Yes *Compacted the stones. If there Yes No 10% loosened with a
soil or is too much rain, the machete to break the
formation of soils compacts and crust that had prevented
crusts the seeds don't the emergence of the

germinate. Also,
sometimes a crust
forms in the upper 5
cm, and impedes
emergence.

maize
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Anexo 2.6 - Seed storage

Storage Are there Observaciones
State Agroecosystem | Farmer Storage site 9 Management and preservation of the seeds storage Cuales son
type
problems?
Does not sheaf. The whole ears (with bracts) are
Tzencaltl stored; the farmer (who studied agriculture) places
1 _(speC|aI Barrels branches of Eucalyptus benea_th the stored ears. Yes Rats
maize storage He selects the seed ears, degrains them and stores
bin) them in metal barrels, burning a candle in them in
order to eliminate oxygen.
Aroom in the Does not sheaf the maize. The maize is stored as .
2 Sacks Yes Weevils
house whole ears.
) The ears are dried in sheafs in the field. The maize
Aroom in the . S . o - .
3 house Barrels is stored in its ears; the seed maize is conserved in Yes Weevils
barrels.
Residual Tzencaltl Harvests at full moon. The ears are dried in sheafs Squi
- . . ! T quirrels,
humidity (special Metal in the field. The maize is conserved as whole ears. .
4 ) - . : . Yes mice and very
maize storage barrels If it is degrained, the grains are stored in metal A
; few weevils
bin) barrels.
Zeggﬂlﬂ The ears are dried in sheafs in the field. The maize Erellitfsa;rger; Lr{::r?ttpo?
. 5 sp Sacks is stored without bracts. When it is degrained for Yes Weevils pay
Mexico maize storage ) o ) harvest.
; seed in February or March, it is stored in sacks.
State bin)
Aroom in the Metal Uses sheafs. Combats storage pests with .
6 : e Yes Weevils
house barrels commercial pesticide (see text).
Aroom in the Metal Uses sheafs. Combats storage pests with .
7 : e Yes Weevils
house barrels commercial pesticide (see text).
Aroom in the Metal Uses sheafs. Combats storage pests with )
8 - o Yes Weevils
house barrels commercial pesticide (see text).
Tzencaltl
(special Metal Uses sheafs. Combats storage pests with .
9 ) : o Yes Weevils
maize storage barrels commercial pesticide (see text).
bin)
Does not use sheafs. Takes the ears to his house
and dries them outside for about 20 days. Then he
. Aroom in the debracts and stores the ears in his house. Insects ]
Rainfed 10 house Sacks are removed manually and damaged ears are fed Yes Weevils
to animals.
Aroom in the Metal Does not use sheafs. Combats storage pests with .
11 ; - Yes Weevils
house barrels commercial pesticide (see text).
Morelos ; i
Aroom in the Does not use sheafs. Keeps seed in sacks and .
12 Sacks : . Yes Weevils
house treats them with methyl bromide.
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Capitulo 3 Adaptaciéon morfolégica de plantulas de maiz

Ancho traslocado al agroecosistema de humedad

residual

Anexo 3.1. Variables adicionales de vigor en plantulas de maiz del Estado de
México y Morelos, en condiciones de ambiente controlado: profundidad de siembra
(5cm, 15 cmy 20 cm) y temperatura (15y 21)

Altura Longitud Longitud Longitu Volume i Peso seco
N de de Area - .
Fuentes de variacion de L. . dde nde . . N Mesocoti Coleoptil .
Coledptil Mesocoti R B Foliar Raiz Tallo Hojas Vastago
Planta ° o Raiz Raiz lo o
Conic 24.2 3.76 7.16 23.96 1.48 25.4 0.20 0.018 0.047 0.028 0.025 0.025
o C a a bc b d C e C b ed C
CHalq 29.0 3.75 7.46 23.08 2.03 31.8 0.22 0.023 0.045 0.031 0.028 0.038
uefio a a a C a C C d C a d b
20.3 3.73 5.28 20.62 0.91 20.5 0.08 0.021 0.036 0.018 0.024 0.020
HS-2
d a b d C e d ed d C e C
Ancho
Traslo 30.4 3.64 4.96 27.00 2.15 46.7 0.31 0.048 0.089 0.027 0.042 0.053
. cado a a b a a a b a a b b a
Genotipo L
cuij
Ancho
Traslo 26.2 3.85 4.41 25.30 2.13 45.6 0.37 0.035 0.060 0.032 0.053 0.046
cado b a c ba a a a b b a a ba
cue
Ancho
de 27.1 3.81 3.06 27.20 2.08 38.1 0.30 0.030 0.017 0.035 0.039
0.062
Morel b a d a a b b c c c b
[
35.0 3.90 4.80 24.08 1.47 34.6 0.29 0.027 0.064 0.023 0.044
5cm 0.026¢
b b b b b a a b a C a
. 36.4 4.38 5.73 20.87 1.45 32.9 0.18 0.032 0.044 0.026 0.030 0.029
Profundidad 15cm 4
a a a c b b c a b b b a
10.5 3.11 5.86 27.94 2.37 0.26 0.028 0.044 0.040
20cm nd nd nd
c c a a a b a a a
o 20.2 3.82 5.47 25.33 1.26 25.0 0.12 0.021 0.051 0.030 0.033 0.043
15°C 2]
b a a a b b b b b a b a
Temperatura 318
o . 3.69 5.48 23.61 2.17 44.2 0.37 0.034 0.060 0.022 0.035 0.030
21°C 1
a b a b a a a a a b a b
Media General 26.1 3.76 5.48 24.48 1.79 33.9 0.25 0.029 0.056 0.026 0.034 0.036
C.V. 8.89 10.90 11.45 12.29 11.45 7.70 18.3 12.09 11.24 14.32 14.08 25.51
R2 0.98 0.87 0.92 0.75 0.96 0.97 0.95 0.95 0.96 0.87 0.94 0.866

Las letras a, b, ¢ y d indican los tratamientos estadisticamente similares
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Anexo 3.2. Variables adicionales de vigor en plantulas de maiz del Estado de México y Morelos, en condiciones de
ambiente controlado: profundidad de siembra (5 cm, 15 cm y 20 cm) y temperatura (15 y 21)

Fuentes :: yariacion Altura de Longitud de Longitud de Longitud Volumen Area Foliar Peso seco
Tem. of. Gen. Planta Coledptilo Mesocétilo de Raiz de Raiz Raiz Tallo Hoja Mesocétilo Coledptilo Vastago
7285 24.780 3.1500 4.9833 24.700 nd 19.448 0.07996 .021250 0.03957 0.02320 0.023747 0.0446
(1) j hjki ilfhkgj eidhgcf 1k npmo hifg hfg lhknjim glonpm fbedcg
6582 28.250 5.0167 7.5833 26.933 1.7000 0.10372 .014927
(4) jgifh bac bdc ebdhgcf hifgej 16ii21 npmolk hig e'ﬁ;iéz 6'0;3140 Oi.l?)iizgiiwj nd
3 HS-2 22.395 4.1333 4.6167 21.467 0.9000 16.488 0.03774 .012450 0.04593 0.0155 0.013865
¢ (3) jk ehdgcf ilmhkj ilkhgjf nnlmo 1k p hi dfge lponm q nd
(T) 7199 31.533 2.4333 3.6000 28.233 nd 57.218 0.07375 .045283 0.13992 0.03480 0.0362 nd
(6) gifh 1jk plmno ebdacf b npo bc a ebdacf iehgkfj
7154 32.063 4.1000 1.9750 24.133 1.4333 31.086 0.08752 .018436 0.06552 0.02352 0.032419 nd
(5) gth ehdgcf qr eidhgcf higkj hg npmol hig C lhkgjim ilhgkmj
7295 27.768 2.0200 1.5400 28.960 1.3800 40.424 0.05905 .037200 0.05872 0.02097 0.018476 nd
(2) jgih 1 r ebdac hilgkj fe po cd dfce 1pkonjim qop
7285 27.900 5.0333 8.9500 28.167 0.7500 24.382 0.10655 .018300 0.04140 0.03655 0.025076 0.047533
(1) jgifth bac ba ebdagcf nmo hji jnpmolk hig hfge bdac glonpkmj bedc
6582 25.663 4.3000 8.3667 21.307 1.6200 25.401 0.17200 .018500 0.01990 0.03153 0.025924 0.045205
(4) ji ebdgcf ba ilkhgjf hifgej hji jnimglhk hig i dgcfeh iglonpkmj fbedc
15 °C 15 HS-2 26...300 5.4333 6.4667 1'9.68.3 1.0250 27.6.10 0.07205 .01.7652 0.03662 0.02229 0.03182 0.0416
) c (3) jih a efdc ilkhj nlmk hgi npo hig hgi lhkonjim ilhngkmj fedg
m 7199 32.620 5.3250 5..4500 28.540 1._7460 34.300 0.2.3163 nd 0.03480 0.03495 0.048225 0.0241
(2) (6) gf ba iefhg ebdacf hifge fg figh hgi ebdac ed fedg
7154 23.887 4.6500 4.6750 20.140 1.3250 24.473 0.23128 .010600 0.04082 0.04230 0.053513 0.0193
(5) j ebdac ilmhkgj ilkhj hilkj hji figh i hfg a cd feg
7295 33.825 4.7000 2.1500 25.325 1.2500 20.770 0.22735 nd nd 0.02548 0.047513 0.015119
(2) ef bdac pqro eidhgcf ilmkj jki figh hkgjif edf fg
0.13083
7285 10.467 3.5833 9.2167 23.450 6.9000 nd jnpimolh nd nd 0.03711 | 0.023458 | 0.089775
(1) lomn hgif a eidhgjf nlmo
k bdac gonpm a
6582 5.680 3.3400 7.6400 26.560 1.2000 0.10153 0.03068 0.038268 0.07303
20| (4 on higi bdc edhgcf 1mkj nd pnmolk nd nd ehdgf ehgf bac
c HS-2 4.768 2.3467 5.1833 24.567 0.5000 nd 0.04136 nd nd 0.02990 0.023917 0.042875
m (3) 0 1k iefhkgj eidhgcf no p ehdgif glonpkm fedcg
(3) 7199 7.733 3.52!.67 5..3833 29.817 1:5250. nd 9..19097 nd nd 0.03721 0.071567 0.035355
(6) omn hgif iefhg bdac hifgkj jfimglhk bdac b fedg
7154 8.300 3.2500 3.8167 27.783 1.8000 nd 0.21735 nd nd 0.04046 0.037035 0.029668
(5) omn hjki Imnk3j ebdagcf hfge jfigh bac iehgfj fedg
7295 8.025 2.0250 2.0500 28.133 1.4500 nd 0.15407 nd nd 0.0146 0.026025 0.028263
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(2) omn 1 pqr ebdagcf hifgkj jnimolhk ponm iglohnpkmj fedg
7285 39.960 4.7200 5.9667 21.833 1.6500 32.124 0.48139 .017860 0.06138 0.01845 0.02106 nd
(1) d bdac ethg eilkhgjf hifgej hg cd hig dc 1pkonjm gonpm
6582 46.720 4.4200 6.6000 21.980 1.6750 47.305 0.49558 .023780 0.06056 0.02550 0.02372 nd
(4) bc ebdacf edc eilkhgjf hifgej ced cbd hfg dce hkgjif glonpm
5 HS-2 28.100 2.7750 3.7000 15.425 0.4250 11.979 0.12318 .042367 0.02433 0.0137 0.01615 nd
c (3) jgifh 1jki Imnko 1 o 1 jnpimolk bcd hi po qp
m 7199 51.520 4.8000 5.4833 24.233 1.7167 50.315 0.53285 .037380 0.09284 0.02430 0.03774 nd
(1) (6) ba bac iefhg eidhgcf hifgej cbd cb cd b lhkgji iehgf
7154 48.275 4.4000 5.8250 29.500 1.9750 75.934 0.76348 .053025 0.11085 0.02072 0.046275 nd
(5) bac ebdcf efhg bdac dfce a a ba b 1pkonjim edf
7295 39.483 4.0333 4.0000 23.050 1.8833 43.475 0.60083 .024700 0.06190 0.01845 0.026183 nd
(2) ed ehdgcf ilmnkj eidkhgjf dfge ed b efg dc 1pkonjm ilohnpkmj
7285 38.867 3.6500 8.5000 16.700 1.4750 26.661 0.18695 .016990 0.03716 0.03010 0.019833 0.0522
(1) ed ehgif ba 1kj hifgkj hjgi jfimglhk hig hgi ehdgif qonp bdc
6582 53.580 3.1200 6.4800 16.120 1.8400 46.233 0.27980 .035958 0.05889 0.02788 0.02632 0.028567
(4) a hjki efdc 1k hdfge ed fg ecd dfce ehdgif ilohnpkmj fedg
15 HS-2 26.700 3.7400 5.3400 15.980 0.6200 27.945 0.06826 .013333 0.03075 0.0132 0.01942 0.020847
c (3) jgih ehdgif iefhgj 1k no hgi npo hig hgi po qop feg
21°C m 7199 51.683 3.7000 3.1667 18.200 1.4500 46.110 0.29727 .060027 0.07163 0.01652 0.021188 nd
(2) @) (6) ba ehdgif pgmno ilkj hifgkj ed fe a c 1pkonm gonpm
7154 44,120 4.0400 3.9400 18.680 2.1000 50.879 0.21226 .043950 0.01922 0.02795 0.0389 0.0135
(5) dc ehdgcf ilmnkj ilkj dce cbd jfighk bc i ehdgif egf g
0.14025
7295 50.000 5.3000 3.0000 ?0.96?3 2.4750 54.921 jnpimolh .032187 0.06706 9.0153 0.022338 0.01345
(2) ba ba pgrno ilkhgj c cb efd
k C lponm gonpm g
7285 11.680 2.3200 5.5600 26.517 2.3333 0.19712
(1) m 1ik efhg edhgcfcb de nd jfiglhk nd nd 0.02686 | 0.03682 0.07508
b ehgjif iehgfj ba
6582 16.425 2.3833 7.8500 24.867 3.5167 nd 0.23750 nd nd 0.03264 0.026567 0.03225
(4) 1k 1jk bac eidhgcf b fgh ebdgcf ilohnpkmj fedg
2c0 HS-2 14.783 3.66.67 5.8833 2'4.133 1:718?? nd .0.'17836 nd nd 0.0140 0.035917 0.02784
m (3) 1 ehgif ethg eidhgcf hifgej jnimglhk pon ilhgkfj fedg
3) 7199 12.850 2.2500 6.1833 33.867 4.0633 nd 0.40258 nd nd 0.02233 0.039883 0.027385
(6) Im 1k efdg ba a ed lhkonjim egf fedg
7154 12.013 3.2333 5.9000 31.017 3.3633 nd 0.80190 nd nd 0.03513 0.102067 0.0243
(5) Im hjki ethg bac b a ebdac a fedg
7295 11.338 4.9517 4.6967 34.400 3.6167 nd 0.50733 nd nd 0.01646 0.063833 0.01912
(2) 1mn bac ilmhkgj a ba cbd 1pkonm cb feg
Media General 26.17 3.76 5.48 24.48 1.79 33.94 0.25 0.0296 0.0567 0.0262 0.0346 0.0367
C.V. 8.89 10.90 11.45 12.29 11.45 7.70 18.30 12.09 11.24 14.32 14.08 25.51
R? 0.98 0.87 0.92 0.75 0.96 0.97 0.95 0.95 0.96 0.87 0.94 0.866

Las letras a, b, ¢, d... yrindican los tratamientos estadisticamente similares
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