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ABSTRACT
Farmers and scientists use multiple criteria to categorize native maize varieties. However, these
criteria are documented separately, and farming knowledge or scientific knowledge is omitted.
This research was carried out from August 2022 to May 2024, with the aim of analyzing farming
and scientific criteria for the characterization of native maize, to help revaluate the peasant
biocultural heritage of two communities in Acambay, State of Mexico. To identify these criteria,
20 semi-structured interviews were applied to peasants from San Pedro de los Metates and
Ganzda, in the municipality of Acambay (5 women and 5 men per community); also, a workshop
for dialogue was developed with 7 scientists, who are experts in native maize. Responses were
openly coded, using the ATLAS.ti 2024 software; they were organized using a categorization
matrix and analyzed with Microsoft Power.BI. Between them, farmers and scientists use 175
criteria to characterize native maize varieties. These criteria are classified into 10 categories, the
most important of which are uses, morphology, processing, resistance and phenology. 41.7%
of these criteria correspond to intrinsic qualities and 58.3% to extrinsic factors; closely related
to native maize varieties. The criteria used by Otomi peasants and scientists together improve
understanding of the nature of native maize and strengthen the revaluation of this biocultural

heritage.

Keywords: characterization, native maize varieties, otomi, peasant knowledge, scientific

knowledge.

INTRODUCTION
Mexico is recognized as the center of origin, for domestication, and
diversification of maize (Kato et al., 2009). Within its borders, there is the
greatest abundance of maize biodiversity worldwide that includes 59 native
races and thousands of varieties (Flores-Pérez et al., 2015). The importance
of native maize lies in the fact that it is closely related to food concerns and
political, economic, social, and cultural aspects in the communities where it
was developed (Lazos and Chauvet, 2011). This relationship is so symbiotic
that they can be said to represent a single entity (Tutoral, 2023). Maize diversity
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constitutes the most important contribution made by Mesoamerican cultures
to humanity (Toledo and Barrera, 2020). Multipurpose use is the factor that
most influences the development of existing varieties, among which the
following stand out: food, fodder, medicinal, ornamental and ritual uses
(Guevara-Hernandez et al., 2023). However, when revaluing the biocultural
heritage of peasants, only intrinsic phenotypical characteristics are taken
note of (Gonzalez-Martinez et al., 2019; SNICS, 2024) or on a separate basis,
sociocultural aspects associated with these varieties (Arias-Yero et al., 2022).
Attempts have been made to integrate these aspects, which have shown that
the complementarity between peasant knowledge and scientific knowledge
leads to a greater understanding of the nature of native maize varieties (Cruz
et al., 2016; Flores et al., 2018). In this sense, some previous research such as that
carried out by Sanchez et al. (2015) and Flores et al. (2018) combined peasant
and scientific knowledge and thus expanded the criteria with which maize is
identified and, therefore our understanding of it. However, each biocultural
region has its own particularities that determine the characteristics of native
maize varieties. It is thus necessary to conduct local studies related to culture
and environment, so the objective of this study was to analyze peasant and
scientific criteria for the characterization of native maize that contribute to the
revaluation of the peasant biocultural heritage of two Otomi communities in
Acambay, State of Mexico.

THEORETICAL FRAMEWORK

Native maize is the product of peasant intervention over more than 300
generations, who have influenced its development for more than 9,000 years
(Pipernoetal.,2009). This has been possible thanks to long processes of selection,
propagation and conservation, where farmers have prioritized desirable
traits (Guevara-Hernandez et al., 2019); resulting in 59 races and thousands
of varieties of native maize (Heck, 2016), distributed and adapted to different
regions of Mexico, to date. Each of these varieties of native maize presents
particular qualities and attributes, which are clearly identified by farmers and
scientists; the latter actors are key to conserving peasant biocultural heritage
(Vazquez and Cordova, 2014; Toledo et al., 2019).

Firstly, peasants identify their maize varieties according to criteria of use:
food (Gonzdlez and Reyes, 2014), forage (Fernandes et al.,, 2022), medicinal
(D’Alessandro and Gonzalez, 2017) and ritual (Kandonwangko et al., 2020;
Ahmad et al., 2021), morphological (Rodriguez et al., 2015; Castillo, 2016; Ahmad
et al., 2021), resistance or tolerance to different climatic conditions (Rodriguez
et al., 2015; Castillo, 2016), adaptation to different soil conditions (Reyes, 2016),
worldview (Romero et al.,, 2004; Lozada, 2014) and linguistic denomination
(D’ Alessandro and Gonzalez, 2017; Gonzalez-Valdivia et al., 2017).
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Likewise, scientists have criteria that diverge and converge from those of
peasants, mainly morphological (Wellhausen et al., 1951, Herndndez and
Alanis, 1970; Ortega, 1985), phenological (Quishpe, 2010), genetic (Chan-Chan
et al., 2021), organoleptic (Xochipa-Morante, 2021), nutritional (Anttinez, 2023)
and edaphoclimatic (Pizarro et al., 2014).

The theoretical viewpoint of this article considers that understanding the
nature of native maize can only be promoted through the complementarity of
knowledge systems. Blanco and Pirela (2022) define this as a proposal for the
integration of approaches to the study of the same problem or object of study,
through the use of different methods, designs, techniques, procedures for data
collection and analysis, considering different options, according to the criterion
selected to carry out the integration exercise; that is, recognizing that peasant
knowledge and scientific knowledge are equally valuable and can enrich each
other for the understanding and preservation of the biocultural heritage of maize
(Cruz et al., 2016). In one sense, the participation of scientists contributes with
methodologies for genetic, phenological, morphological and taxonomic analysis
(Vega et al., 2022); and likewise, farmers contribute with an appreciation beyond
the intrinsic characteristics of the varieties, to include extrinsic processes that
they relate to: environment, uses and worldview (Castillo, 2016).

Some projects have made progress in integrating scientific and peasant criteria
that characterize native maize varieties, and thus comprehension of their
nature has been expanded. For example, Sanchez et al. (2015) used the manual
of Carballo and Benitez (2003) to describe native maize varieties, along with
peasant descriptors and identified not only phenotypical characteristics but
also use and organoleptic criteria. For their part, Flores et al. (2018) used the
CIAT methodology and peasant criteria, and the appreciation of the varieties
studied was greater, as they combined use, with criteria referring to origin
and morphology. These studies are the starting point to continue building
methodologies that integrate and allow us to understand the complexity of the
nature of native maize in its entirety (Escobar-Moreno, 2006). This, together
with the above enables us to comprehensively characterize the diversity
of native maize in each region, in this case, those from the municipality of
Acambay, State of Mexico; and consequently, to defensively protect the
peasant biocultural heritage.

METHODOLOGY
This study was carried out in Ganzda and San Pedro de los Metates;
communities in the municipality of Acambay, State of Mexico, Mexico. The
criteria for including these two communities were: constituting rural localities,
with more than 50% of indigenous Otomi population involved in peasant
agriculture. The work period was from August 2022 to May 2024.
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Location and characteristics of the study area
The participating communities, Ganzda and San Pedro de los Metates belong
to the municipality of Acambay, State of Mexico (Figure 1), which is made
up of a total of 120 communities. Ganzda is located in the northern part of
the municipality; its geographical coordinates correspond to 19°59'23” N and
99°50’50” W. It is situated at an elevation of 2,800 meters above sea level. It has
a population of 2,089 inhabitants, where seasonal agriculture predominates
and represents the fourth community in the municipality, in terms of greatest
number of inhabitants, of whom 66% self-identify as members of the Otomi
ethnic group. For its part, San Pedro de los Metates is located between the
geographic coordinates 19°53'44” N and 99°51'33” W, at an average elevation
of 2,500 meters above sea level, where irrigated agriculture is predominant. The
2,993 inhabitants in the community make it the fifth largest in the municipality
and of this total, 59.35% are part of the original Otomi group (INEGI, 2020).
The two communities selected are representative of the area, due to the type
of agriculture they practice, their social organization and cultural affiliation.
The Otomi abide by their uses and customs; in this system, the delegation,
committees and religious positions predominate; one of the main economic
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activities is agriculture, where maize is mainly established as a monoculture
although in some cases, it is combined with beans, broad beans and squash.

Selection of collaborators

For the purpose of this research, two groups of collaborators were established:
farmers and scientists; for both groups, the discretionary convenience
sampling method was applied (Otzen and Manterola, 2017). Criteria for the
selection of the collaborating farmers complied with the peasant typology
of Sanchez et al. (2015): 1) Otomi speaker, 2) plants native maize, 3) self-
selects their seeds, 4) seeds must be more than 5 years old, 5) be grown on
their own plot, and 6) same number of men participating as women. In each
of the participating communities, 10 people were selected, 5 men and 5
women; a total of 20 participants between the two communities. Regarding
the selection of collaborating scientists, virtual research was also used (Ruiz
and Aguirre, 2015). For these, eligibility criteria were established as follows:
1) experts on native maize, 2) knowledge of the varietal characterization of
native maize, and 3) members of an agricultural research institution. In total,
seven scientists, who are experts in native maize participated, pertaining to
the following agricultural institutions: Colegio de Postgraduados (Campus
Montecillo), Instituto Nacional de Investigaciones Forestales, Agricolas y
Pecuarias, Tecnolodgico del Valle de Oaxaca, Universidad Autéonoma Chapingo,
Universidad Intercultural del Estado de México, Universidad Nacional
Autonoma de México and Secretaria de Ciencias, Humanidades, Tecnologia
e Innovacion.

Data collection
In order to identify the peasant and scientific criteria applied to varieties of
native maize in two communities in Acambay, State of Mexico; two procedures
were established conforming to each context. A semi-structured interview
was designed for the farmers, based on 45 questions organized into nine
categories: 1) personal data (5), 2) plant morphology (10), 3) phenology (6), 4)
uses (7), 5) resistance (3), 6) edaphoclimatic conditions (4), 7) worldview (3),
8) management (5) and 9) organoleptic characteristics (2) (Xochipa-Morante et
al., 2021; Beltran, 2021). Interviews were applied during the two-month period
of December 2022 - January 2023. These were applied personally during the
daily work schedule, with an average duration of one hour. For the scientists,
a virtual dialogue workshop was designed on February 6, 2023, using the
Zoom platform. Prior to the workshop, each participant answered the
question: What criteria do you consider important for the characterization of
native maize that are not considered in official procedures? This question was
applied using Google Forms, allowing 20 minutes for their response. Answers
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were downloaded immediately in XML format using the Excel 2021 software.
The data retrieved was used to make a list of principal concepts, which were
categorized according to the similarity of the area studied, relating to each
category (Romero, 2005). Based on this list of 40 concepts, a discussion was
initiated with the participating scientists, so they could express their arguments
clearly. This discussion lasted 1.5 hours. The workshop session was recorded
and downloaded in Zoom.

Systematization and data analysis

Audios from the semi-structured interviews applied to farmers were
transcribed into .docx format, using Microsoft Word 2021 software.
Subsequently, these files were converted to PDF format, to be exported to the
ATLAS.ti 2024 program. Open coding was used with this program, following
the method proposed by Monge (2015), with which relevant segments of the
data were identified, codes corresponding to emerging themes were assigned
and then these codes were organized into groups, according to their position
in the hierarchy and relationship with other codes. Finally, a categorization
matrix was developed using qualitative analysis. In this matrix, the codes were
organized into categories, groups, and type (intrinsic and extrinsic).

The responses to the questionnaire applied to the scientists were downloaded
and systematized in Excel 2021 software. The open coding method (Monge,
2015) facilitated the grouping of data according to similarities. Then, through
qualitative analysis, a categorization matrix was created following that of
Romero, 2005; the codes were organized in the same way as those of farmers.
Finally, both categorization matrices were combined and loaded into the
Microsoft Power Bl tool, so that data analysis could be carried out by generating
Sankey diagrams.

RESULTS
Farmer and scientific criteria

The interviewed farmers from the municipality of Acambay and the scientists
specializing in maize, participating in this study use 175 criteria to distinguish,
characterize and assign significance to native maize varieties. Of all the criteria
identified; farmers and scientists coincided in the case of 19.4%, 65.7% were
only put forward by farmers and 14.8% only by scientists (Figure 2).

The main categories are arranged from highest to lowest frequency of mention
and relate to criteria that include uses for food and medicinal, wrapping,
forage, religious, fertilizer, combustion and artisanal purposes. Criteria (from
the most to the least numerous) related to morphological aspects that include
seed, cob, maize seedling, nodes, leaf, grain, adventitious roots, cob, mucilage
adventitious roots, plant habit, pollen, stigma, raceme and internodes.
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Figure 2. Convergences and divergences between peasant and scientific criteria that distinguish, characterize and assign significance
to native varieties of maize.

Processing criteria include nixtamalization (production of dough) and tortilla
making. Criteria related to resistance include pests in storage facilities, diseases
or pests in the field, droughts and frosts. And phenological criteria that relate
to the life cycle of maize.

Criteria for use
Apparently, food is the largest group of the 44 identified, with 65 criteria; 38
mentioned only by farmers, 5 by scientists and 22 where they coincide. The
criteria that peasants consider when consuming the stem, cob, spike and
grains, principally include color, shape, phenological stage, management,
dish to be prepared, and presence or absence of another organ in the plant.
For example, if the maize stalk is to be consumed, they consider whether
there are any more pollen grains in the spike, whether the stalk has any
more cobs, yellowish color in the leaves and stem and poor fertilization;
in the case of cob consumption, they may prefer a specific color (white,
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blue, yellow, pink), whether the spike has a curved shape, also there
should be no more pollen in the spike and grains should be in a milky
state; to consume ears of corn, it is important to make sure that they are
still fresh, so that they can be adequately ground to make the dough for
tortillas, or not so well ground, to make “gorditas” (small thick tortillas).
For grain consumption, the relationship between degree of ripeness and
the dish to be prepared is taken into account; going from less to more ripe:
“esquites” grains removed from the cob, maize on the cob, maize bread,
“gorditas” (small thick tortillas), toasted grains, and when they are hard
“pinoles” (roasted ground maize), tortillas, atoles (maize gruel), “tamales”
(maize dough with a filling) and “tostadas” (toasted maize biscuit). There
is a close relationship between the color, flavor and texture of the grains,
and depending on the dish that the peasant family prepares; this will be
their choice. For example, for tortillas, white, black and pink grains are
preferred, which are sweet and the dough has a gelatinous texture; for
tamales, white grains have a neutral flavor and gelatinous dough texture;
for atole, white, black and pink grains have a sweet flavor and give it a soft
and floury texture; for pinole, black grains have a sweet flavor and result in
soft, floury texture (Table 1).

Medicinal use is the second largest group with 19 criteria, and both peasants
and scientists pointed out its importance. It is noteworthy that peasants were
the ones who specified the parts of the plant and how to use them. The parts
they use include the stigma, grain, plant leaf, cob leaf and the “huitlacoche”
fungus. The criteria they consider for their use are color, the part used, means
of preparation and the diseases they cure. For example, when stigmas are used,
they consider whether they are black, pink or white corn and whether they are
fresh to prepare a tea for bone pain, headache, stomach pain, prostate pain
and fright. In the case of black grains, the largest is roasted over a slow fire
to make a tea that relieves stomach pain, loss of appetite and hangovers. The
leaves from the plant, from pink, black and white maize, green or dried with
either purple or pink hues, are prepared as tea for colds, fever, headaches,
stomach aches, kidney and body pain. The leaves from the white maize cob
are prepared as tea to relieve fever. And the huitlacoche fungus, which is from
black or white corn, is dried, and the powder is spread on cancer, wounds or
gangrene.

Morphological criteria
After uses, morphological criteria are the most important for describing and
characterizing native maize varieties. Criteria are listed, going from most to
least numerous: seed, cob, maize seedling, nodes, leaf, grain, adventitious
roots, cob, root mucilage, plant shape, pollen, stigma, spike and internodes.
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Table 1. Grain criteria that peasants consider when preparing dishes.

Criteria
Dish % of replies
Madurity Colour Flavour Texture
Esquites/elote Cream White Sweet Soft 30
Maize bread ¥ White Sweet Soft 5
Gorditas Soft dough White Neutral-sweet Soft 10
Grains toasted Black Savoury Crunchy 10
Pinole Black Sweet Soft -floury 35
Tortillas White, black and pink Sweet Gelatanous 100
Toasted Mature White and black Sweet Firm and chewy 5
Atole White, black and pink ~ Sweet Soft-floury 50
Tamales White Neutral Gelatanous 70
Popcorn Yellow Savoury Hard 5

Source: self-elaborated from collected data.

For example, the criteria that farmers take into account for seeds and cobs
relate to shape, size, health, color, structure and management (Table 2).

Criteria for processing

Another important aspect that peasants and scientists take into account to
distinguish varieties of native maize refers to nixtamalization, dough and
tortilla processes. The criteria that both consider for the production of nixtamal
include requirements for lime, as well as yield and energy consumption. In the
case of dough, these include yield, texture, color and aroma; whereas, for the
production of tortillas they relate to cooking, texture, flexibility, size, yield,
shelf life and reconstitution capacity. For example, farmers and scientists prefer
tortillas that cook quickly, are soft, and flexible so they do not break when
bent, that facilitate the production of tortillas of different sizes and produce the
greatest number of tortillas per kilo of dough, which when reheated, recover
their freshly made attributes.

Resistance criteria

Peasants also identify their maize in terms of resistance to pests in the field
and during storage, lodging, frost and drought. They know that white maize
seedlings are hardly ever attacked by the maize worm (Phyllophaga spp.), that
white and yellow maize are more resistant to being attacked by the maize
moth (Sitotroga cerealella) during storage and that their shelf life is longer than
that of pink and black maize. They also indicate that pink and black maize are
highly resistant to drought and stalk lodging.
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Table 2. Farmer and scientific criteria concerning the morphology of native maize cobs and seeds considered in the
characterization of native maize.

Group Criteria Farmers Scientists Both

Diameter (base of the cob) v
Apex of the cob v
Number of cobs per plant v
Length

Straight rows

ANRNIRN

. Number of cobs in the apex of the cob v
Maize .
Percentage of big cobs
Solid structure

Humidity in the harvest

AN NN

Grain colour
Ease for hand shelling v
Malformations v

Large cobs
Solid cobs

Cobs with greatest number of rows v

AR

Cobs with grain of uniform color
Cobs with straight rows
Cob with thin center
Whole
Full
Seed Plague free
Not rotten
From the lower two-thirds of the cob
Varieties of local origin
White stalk
Tip of pedicel complete v

AN N N N N Y N N N

Low percentage of small grains
Low percentage of missing grains

SSENEN

Long term viability

Source: self-elaborated from collected data.

Phenological criteria
At the same level of importance, peasants and scientists consider aspects
related to the life cycle such as: level of precocity, month of sowing and
harvesting, the lunar cycle and the position of the stars during sowing, as
well as sowing technique, germination time and time taken to dry, prior to
harvesting. Farmers know that white and yellow maize tend to be sown in the
months of March and April, coinciding with the full moon. The first sprouts
appear 15 days after sowing, which in most cases is accomplished using a
tractor. These long-cycle varieties are harvested in December. In contrast, pink
and black maize are sown at the end of April or during May. The germination
period is faster, as the first sprouts appear eight days after sowing. In hilly
areas, this sowing is still undertaken using a team of horses. Both pink and
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black maize are considered short-cycle, as they can be harvested from mid-
November onwards.

Complementarity between peasant and scientific criteria

Individually, peasants contributed 149 criteria and scientists 60. The sum
of both contributions is 175 criteria (Table 3). This total not only considers
categories with greater criteria for peasants and scientists (uses, morphology
and processing), but also those with fewer criteria (genetics, nomenclature and
peasant economy).
Of the total number of criteria, 41.7% correspond to intrinsic qualities and
58.3% are extrinsic. Of the 149 criteria conceived by peasants, most represent
extrinsic factors (62.4%); this assessment is similar among scientists; 58.3% of
the 60 criteria they conceive. For peasants, as for scientists, the most numerous
criteria are those of use (40.3 and 45%, respectively), in second place, those
of morphology (26.2 and 31.7%, respectively) and in third place those of
processing (11.5 and 10%, respectively); for peasants, in fourth place are also
the criteria of resistance (5.3%) and phenology (5.3%).

DISCUSSION
The 175 criteria that peasants and scientists involved in this study use to
identify, characterize or assign significance to their native maize varieties are
explained by the fact that maize varieties have resulted from a long process
involving selection and distribution controlled by humans, where numerous
introgressions between different genetic materials have occurred (Quevedo et

Table 3. Categories, groups and intrinsic and extrinsic criteria considered by peasants and scientists to distinguish,

characterize and assign significance to native maize varieties.

Ciriteria
Category Group Total
Farmers Scientists Both

9 Morphology 16 35 15 4 54
£ Phenology 1 7 0 1 8
g Genetics 2 1 2 0 3
B Resistence 5 5 0 3 8
Use 8 38 5 22 65

o Relationship edaphoclimatic 3 4 1 0 5
\g Cultivation management 2 6 0 1 7
E Nomenclature 2 2 0 0 2
Economy farmer 2 3 0 0 3
Process 3 14 3 3 20

Total 44 115 26 34 175

Source: self-elaborated from collected data.
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al., 2017). Besides this, the influence of the cultural context, geographic niche
(McClintock et al., 1981) and socioeconomic conditions of the peasant (Quevedo
et al., 2017) are also directly combined. This set of factors encourages native
maize to be selected, produced, conserved, diversified and domesticated, based
on the needs of farmers (Noriero and Massieu, 2018). An example of the above
is that 88.6% of the criteria were found in the majority categories and groups
such as: use (food-medicinal), morphology (seeds-maize cob), processing
(nixtamal-dough-tortilla), phenology (life cycle) and resistance (frost-loam-
drought-pests), aligning with peasant preferences. This contradicts studies
that claim that variations in maize only result from genetic recombination
that is carried out through the flow of pollen and the movement of seeds by
peasants.

There is complementarity between criteria provided by peasants and scientists,
when what is missing in one factor is fulfilled by another, in order to enhance
its scope or benefits (Foyer et al., 2014). This assertion is manifested in the 10
categories and 44 groups, which concentrate the contributions made by the
group of participants, and with which, it is possible to advance the spectrum of
understanding concerning the nature of native maize, as by only considering
peasant criteria (149) or only scientific (60), important characteristics would
have been omitted. This complementary approach not only makes it possible
to combine knowledge and know-how, but has also proven to be effective for
extending the scope of research (Blanco and Pirela, 2022), that is, although the
majority trend of peasant contributions was towards use criteria (38 criteria),
where there is a broad understanding of the management and local adaptation
of crops, based on empirical observations and cultural practices rooted in the
environment (Acufa, 2010). This was complemented with scientific criteria,
mainly of morphological type (15), tending more towards the analytical and
methodological (Vazquez, 2001). Likewise, this approach enabled greater
verification and convergences in categories such as medicinal use, which
represents 67.6% of the total.

CONCLUSIONS

The criteria identified by peasants and scientists that characterize their native
maize varieties are classified into 10 categories: use, morphology, processing,
resistance, phenology, crop management, soil-climate relationship, peasant
economy, genetics and nomenclature. The first five categories make up the
greatest number of criteria (88.5%).

The criteria for characterizing native maize included 149 peasant criteria
and 60 scientific criteria, totaling 175 criteria. This combination significantly
broadened the perspective from which native maize varieties are described
and offered a more complete view than if only one group had been considered.
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The analysis of peasant knowledge and scientific knowledge allowed us
to identify 175 criteria that characterize native maize. The recording and
complementarity between these two viewpoints illuminate the broad nature
and importance of the varieties of native maize present in the two communities
of Acambay, State of Mexico. This work thus contributes to the revaluation
and conservation of peasant biocultural heritage.

ACKNOWLEDGMENTS
The authors would like to thank the Secretaria de Ciencias, Humanidades, Tecnologia e
Innovacién. (SECIHTY) for the master’s scholarship granted to the first author with registration
number 1237001, on which this research is based. Likewise, we would like to thank our peasant
and scientific collaborators, as without their valuable contributions, of knowledge and expertise,

this work would not have been possible.

REFERENCES

Acuna A. 2010. Etnoecologia de insectos comestibles y su manejo tradicional por la comunidad
indigena de los Reyes Metzontla, municipio de Zapotitlan Salinas, Puebla. Tesis de Maestria,
Colegio de Postgraduados Campus Puebla, México. http://colposdigital.colpos.mx:8080/js-
pui/handle/10521/300.

Ahmad J, Kandowangko NY, Solang M, Najamuddin E. 2021. Morphological characteristics and
nutritional value of binthe kiki, a local maize variety from gorontalo, indonesia. Biodiversi-
tas. 22(8). 3523-3529. https://smujo.id/biodiv/article/view/8130.

Anttinez GN. 2023. Validacion participativa de la adaptacion de variedades de maiz a la varia-
bilidad edafoclimatica en Honduras. Doctoral dissertation. Escuela Agricola Panamericana
El Zamorano, Honduras. https://hdl.handle.net/11036/7502.

Arias-Yero I, Guevara-Hernandez F, La O-Arias MA, Cadena-Ifiiguez P. 2022. Caracterizacion
y tipos de familias productoras de maiz local en la Frailesca, Chiapas. Ciencia UAT. 16(2).
155-171. https://doi.org/10.29059/cienciauat.v16i2.1525.

Beltran B. 2021. Propuesta productiva agricola sustentable para la autosuficiencia en maiz y
frijol del campesino en el municipio de San Juan Tepeuxila, Oaxaca. Tesis de Maestria. Ins-
tituto Politécnico Nacional, México. https://tesis.ipn.mx/bitstream/handle/123456789/30144/
Brenda%?20Beltr%C3%A1n%20Espinosa.pdf?sequence=1&isAllowed=y.

Blanco N, Pirela J. 2022. La complementariedad metodoldgica: Estrategia de integracion de en-
foques en la investigacién social. Espacios Publicos. 18(45). 1-16. https://espaciospublicos.
uaemex.mx/article/view/19296.

Carballo A, Benitez A. 2003. Manual grafico para la descripcion varietal de maiz (Zea mays L.).
Secretaria de Agricultura, Ganaderia, Desarrollo Rural, Pesca y Alimentacion, Servicio Na-
cional de Inspeccién y Certificacion de Semillas, Colegio de Posgraduados en Ciencias Agri-
colas. Montecillo: México. https://knowledgecenter.cimmyt.org/cgi-bin/koha/opac-image-
viewer.pl?biblionumber=51110. 114 p.

Castillo J. 2016. Conservacién de la diversidad del maiz en dos comunidades de San Felipe
del Progreso, Estado de México. Agricultura, Sociedad y Desarrollo. 13(2). 217-235. https://
www.revista-asyd.org/index.php/asyd/article/view/327.

Chan-Chan M, Moguel-Ordoéfiez Y, Gallegos-Tintoré S, Chel-Guerrero L, Betancur-Ancona D.
2021. Caracterizacion quimica y nutrimental de variedades de maiz (Zea mays L.) de alta
calidad de proteina (QPM) desarrolladas en Yucatan, México. Biotecnia. 23(2). 11-21. https://
doi.org/10.18633/biotecnia.v23i2.1334.

Cruz L, Uribe M, Lara A, Yescas CA, Maldonado R. 2016. Dialogo del saber campesino y la in-
vestigacion cientifica: arboles nativos dendroenergéticos en la Reserva de la biosfera Sierra
de Huautla, Morelos, México. Revue d’ethnoécologie. 9. 1-14. https://doi.org/10.4000/eth-



ASyD 2025. DOL https://doi.org/10.22231/asyd.v22i2.1702
Articulo Cientifico

275

noecologie.2493.

D’Alessandro R, Gonzalez AA. 2017. La practica de la milpa, el ch’ulel y el maiz como elemen-
tos articuladores de la cosmovisién sobre la naturaleza entre los tzeltales de Tenejapa en
los Altos de Chiapas. Estudios de la Cultura Maya. 50. 217-297. https://doi.org/10.19130/iifl.
ecm.2017.50.768.

Escobar-Moreno DA. 2006. Valoracién campesina de la diversidad del maiz: Estudio de caso de
dos comunidades indigenas en Oaxaca, México. Tesis Doctoral. Universidad Auténoma de
Barcelona, Espafa. http://www.tdx.cat/TDX-1109106-125834.

Fernandes LM, Visscher AM, Do Couto HTZ, Marcusso GM, Righi C. 2022. Indigenous agri-
culture at the beginning of the twenty-first century: the Guarani Mbyas minority conserves
ethnoknowledge and agrobiodiversity within the remnants of the Brazilian Atlantic Forest.
Agroforestry Systems. 96. 1211-1224. https://doi.org/10.1007/s10457-022-00780-5.

Flores EMT, Hernandez U, Iraheta R, Miranda AA, Parada FA. 2018. Caracterizacion morfoa-
grondmica de cinco variedades de maiz criollo (Zea mays L.) en la zona de San Luis Talpa
bajo un manejo organico. Agrociencia. 2(7). 6-16. https://www.agronomia.ues.edu.sv/agro-
ciencia/index.php/agrociencia/article/view/76.

Flores-Pérez L, Antonio P, Gil-Mufioz A, Santacruz-Varela A, Chavez-Servia JL. 2015. Variaciéon
intra racial de maices nativos del altiplano de Puebla, México. Revista de la Facultad de
Ciencias Agrarias. Universidad Nacional de Cuyo. 47(1). 1-17. https://revistas.uncu.edu.ar/
0js3/index.php/RECA /article/view/3266/2390.

Foyer ], Jankowski F, Blanc ], Georges I, Kleiche-Dray M. 2014. Saberes cientificos y saberes
tradicionales en la gobernanza ambiental: La agroecologia como practica hibrida. Engov
Working Paper Series. 14. https://horizon.documentation.ird.fr/exl-doc/pleins_textes/di-
vers15-03/010063364.pdf.

Gonzélez A, Reyes L. 2014. El conocimiento agricola tradicional, la milpa y la alimentacién: el
caso del Valle de Ixtlahuaca, Estado de México. Revista de Geografia Agricola, (52-53). 21-42.
https://www.redalyc.org/pdf/757/75749284003.pdf

Gonzalez-Martinez ], Vanoye-Eligio V, Chacén-Hernandez JC, Rocandio-Rodriguez M. 2019.
Diversidad y caracterizacién de maices nativos de la Reserva de la Bidsfera “El Cielo”, Ta-
maulipas, México. Ciencia UAT. 14(1). 6-17. https://doi.org/10.29059/cienciauat.v14i1.1246.

Gonzalez-Valdivia NA, Cetzal-Ix WR, Martinez-Puc JF, Soria-Fregoso M], Burgos-Campos MA,
Arcocha-Gomez E. 2017. Razas y variedades nativas de maiz (Zea mays L.) en la Peninsula de
Yucatan. México. Campeche. Instituto Tecnoldgico de China. México. https://www.resear-
chgate.net/publication/336703129_Razas_y_variedades_nativas_de_maiz_Zea_mays_L_en_
la_peninsula_de_Yucatan_Mexico. pp: 1-32.

Guevara-Hernandez F, Hernandez-Ramos MA, Basterrechea-Bermejo JL, Pinto-Ruiz R, Vene-
gas-Venegas JA, Rodriguez-Larramendi LA, Cadena-Ifiguez P. 2019. Maices locales; una
contextualizacion de identidad tradicional. Revista de la Facultad de Ciencias Agrarias. Uni-
versidad Nacional de Cuyo. 51(1). 369-381. https://bdigital.uncu.edu.ar/13707.

Guevara-Hernandez F, Mariaca-Méndez R. 2023. Importancia actual de los maices locales (Zea
mays L.): aportes y reflexiones etnobotanicas desde Chiapas, México. Universidad y Socie-
dad. 15(6). 438—445. https://rus.ucf.edu.cu/index.php/rus/article/view/4162.

Heck MI. 2016. Caracterizacién agromorfoldgica y de calidad nutricional de poblaciones locales
de maiz de la provincia de Misiones. Tesis Doctoral. Universidad de Buenos Aires, Argenti-
na. http://hdl.handle.net/20.500.12123/5841.

Hernandez E, Alanis G. 1970. Estudio morfolégico de cinco razas de maiz de la Sierra Madre Oc-
cidental de México: Implicaciones filogenéticas y fitogeograficas. Agrociencia 5. 3-30. https://
es.scribd.com/document/513983878/1970-Estudio-Morfologico-Agrociencia-5-1-1970.

INEGI (Instituto Nacional de Estadistica y Geografia). 2020. Censo Poblacién y Vivienda 2020,
Censo de Poblacion. https://www.inegi.org.mx/programas/ccpv/2020/default.html.

Kato TA, Mapes C, Mera LM, Serratos JA, Bye RA. 2009. Origen y diversificacion del maiz: una
revision analitica. Universidad Nacional Auténoma de México, Comisién Nacional para el
Conocimiento y Uso de la Biodiversidad. México, DF. 1(1). 69-82. https://www .biodiversi-
dad.gob.mx/publicaciones/versiones_digitales/Origen_deMaiz.pdf.

Lazos E, Chauvet M. 2011. Anélisis del contexto social y biocultural de las colectas de maices na-



ASyD 2025. DOL https://doi.org/10.22231/asyd.v22i2.1702
Articulo Cientifico

276

tivos en México. Proyecto Global de Maices, Informe de Gestion, CONABIO. https://www.
biodiversidad.gob.mx/media/1/genes/files/analisis_socio_cultural_maices.pdf. pp: 215-236.

Lozada LM. 2014. El espiritu del maiz, circulaciéon animica y cocina ritual entre los totonacos de
la Sierra Norte de Puebla (México). Nuevo Mundo Mundos Nuevos [En linea], Cuestiones
del tiempo presente. https://doi.org/10.4000/nuevomundo.66812.

McClintock B, Kato TA, Blumenschein A. 1981. Constitucién cromosémica de las razas de
maiz. Su significado en la interpretacion entre las razas y variedades en las Américas. Co-
legio de Postgraduados, México. https://biblioteca.ecosur.mx/cgi-bin/koha/opac-detail.
pl?biblionumber=000004905. 521 p.

Monge V. 2015. La codificaciéon en el método de investigacion de la grounded theory o teoria fun-
damentada. Innovaciones educativas. 17(22). 77-84. https://doi.org/10.22458/ie.v17i22.1100.

Noriero L, Massieu YC. 2018. Campesinos maiceros en Tlaxcala: viabilidad, caracterizacién y
respuestas ante el maiz transgénico. Sociedad y Ambiente. 16(6). 179-206. https://www.scie-
lo.org.mx/scielo.php?pid=5200765762018000100179&-script=sci_arttext.

Ortega R. 1985. Recursos genéticos para el mejoramiento del maiz en México. Primera par-
te: Andlisis general. Germen. 3. 19-36. https://revfitotecnia.mx/index.php/RFM/article/
view/1962/1868.

Otzen T, Manterola C. 2017. Técnicas de muestreo sobre una poblacién a estudio. International
Journal of Morphology. 35(1). 227-232. http://dx.doi.org/10.4067/S0717-95022017000100037.

Piperno DR, Ranere AJ, Holst I, Iriarte J, Dickau R. 2009. Starch grain and phytolith evidence
for early ninth millennium B. P. maize from the central balsas river valley, México. PNAS.
106(13). 5019-5024. http://dx.doi.org/10.1073/pnas.0812525106.

Pizarro C, Quintero A, Ruiz M, Camacho A. 2014. Del maiz a la tortilla. Nixtamalizacion. La
construccion de tradiciones tiene su origen. Aventuras del pensamiento. Synthesis digital.
Facultad de Ciencias Quimicas. Universidad Auténoma de Chihuahua. 1. 36-38. http://diex.
uach.mx/editorial/SynthesisDigital %201.pdf.

Quevedo DC, Cervantes ], Noriero L, Zepeda JM. 2017. Maiz: Sustento de vida en la cultura
Teenek. Comunidad Tamaletom, Tancanhuitz, SLP., México. Revista de Geografia Agricola.
(58). 5-19. https://www.redalyc.org/articulo.oa?id=75754159001.

Quishpe BL. 2010. Evaluacién de la producciéon de 2 variedades experimentales en etapa feno-
logica (choclo) y seco, de maiz (Zea mays) de grano blanco harinoso, y un hibrido simple,
frente al testigo local, en Loja-Ecuador. Tesis de Ingenieria. https://dspace.ups.edu.ec/han-
dle/123456789/4740. pp: 1-112.

Reyes-Jaramillo I. 2016. Propiedades edaficas de parcelas cultivadas con milpa usando labranza
minima en la sierra de Oaxaca, donde crecia bosque mesdfilo de montafia. Poliboténica. (41).
133-155. https://doi.org/10.18387/polibotanica.41.9.

Rodriguez I, Flores Y, Carrasco J. 2015. Dindmica de conservacion en el lugar de las variedades
criollas de maiz en la aldea El Trapiche, Choluteca, Honduras. Revista Ciencia y Tecnologia.
17.79-93. https://doi.org/10.5377/rct.v0il17.2682.

Romero C. 2005. La categorizaciéon un aspecto crucial en la investigacion cualitativa. Revis-
ta de investigaciones Cesmag. 11(11). 113-118. https://www.researchgate.net/publica-
tion/355197283_la_categorizacion_un_aspecto_crucial_en_la_investigacion_cualitativa.

Romero T, Gonzalez L, Reyes G. 2004. Geografia e historia cultural del maiz palomero toluquefio
(Zea mays everta). Ciencia ergosum. 13(1). 46-56. https://www.redalyc.org/pdf/104/10413106.
pdf.

Ruiz MDR, Aguirre G. 2015. Etnografia virtual, un acercamiento al método ya sus aplicacio-
nes. Estudios sobre las culturas contemporadneas. 21(41). 67-96. https://www.redalyc.org/
pdf/316/31639397004.pdf.

Sanchez E, De la Cruz E, Sanchez R. 2015. Productividad y caracterizacién varietal de maices
nativos (Zea mays L.) colectados en Tabasco, México. Acta Agricola y Pecuaria. 1(1). 7-15.
https://aap.uaem.mx/index.php/aap/article/view/2/3.

SNICS (Servicio Nacional de Inspeccién y Certificacion de Semillas). 2024. Guia para la descrip-
cion de variedades nativas (Zea mays L.). https://www.gob.mx/snics.

Toledo VM, Barrera-Bassols N, Boege E. 2019. ;Qué es la diversidad biocultural? Universidad
Nacional Auténoma de México (Proyecto PAPIME: PE404318), en coedicion con la Red para



ASyD 2025. DOL https://doi.org/10.22231/asyd.v22i2.1702
Articulo Cientifico

277

el Patrimonio Biocultural, CONACYT. https://www.aacademica.org/eckart.boege/29.

Toledo VM, Barrera-Bassols N. 2020. La milpa y la memoria biocultural de Meso-
américa. https://www .researchgate.net/profile/Narciso-Barrera-Bassols/publica-
tion/341565901_LA_MILPA_Y_LA_MEMORIA_BIOCULTURAL_DE_MESOAMERICA/
links/5ec74647a6fdcc90d68c9eb4/LA-MILPA-Y-LA-MEMORIA-BIOCULTURAL-DE-
MESOAMERICA.pdf. pp: 62-81.

Tutoral C. 2023. La proteccion del maiz criollo en México: un andlisis desde la relacién entre
la bioética y el derecho ambiental. Tesis de Doctorado. Universidad Nacional Auténoma
de México. https://ru.dgb.unam.mx/bitstream/20.500.14330/TES01000849320/3/0849320.pdf.

Véazquez D, Cérdova CA. 2014. El patrimonio cultural campesino y su contenido conservacio-
nista. Ciencia en su PC. 1(1). 114-125. https://www.redalyc.org/pdf/1813/181331235010.pdf.

Véazquez MA. 2001. Mas alla del Laboratorio. La Antropologia del Conocimiento Cientifico
como apuesta metodoldgica. Universidad Complutense de Madrid. Politica y Sociedad.
37(2001). 105-126. https://docta.ucm.es/rest/api/core/bitstreams/7068f41b-055{-4fa3-82df-
35b22de77970/content.

Vega I, Flores D, Escalona M], Castillo F, Jiménez MA. 2022. Tlaxcala, investigacion en maiz na-
tivo y mejorado: problematica, campos del conocimiento y nuevos retos. Revista Mexicana
de Ciencias Agricolas. 13(3). 539-551. https://doi.org/10.29312/remexca.v13i3.2888.

Wellhausen EJ, Roberts L, Hernandez E. 1951. Razas de Maiz en México, su Origen, Caracte-
risticas y Distribucion. Folleto Técnico No. 5. Oficina de Estudios Especiales. Secretaria de
Agricultura y Ganaderia. México. 237. https://www.ars.usda.gov/ARSUserFiles/50301000/
Races_of_Maize/Raza_Me xico_0_Book.pdf.

Xochipa-Morante RC, Escobedo-Garrido JS, Macias-Lopez A, Guerrero-Rodriguez JDD, Vala-
dez-Ramirez M, Mora-FloresJS. 2021. Consumidores de productos de maiz azul en mercados
de productores, Sierra Nevada, Puebla, México. Estudios sociales. Revista de alimentacién

contemporanea y desarrollo regional. 31(58). 1-23. https://doi.org/10.24836/es.v31i58.1176.



