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Abstract

With the objective of Knowing the Diversity of Native Maize in the Intermediate
Region in Veracruz state, during 2022 to 2024, there was realized seed selection in
plant and ear using as criteria: Low ear height, healthy, vigor and at harvest
selecting good-sized, healthy ears, but, above all, complete ears; this last criterion
is an indirect way of selecting native maize with tolerance to acidic soils and
drought; Besides, there were collected and characterized, 64 samples of native
maize, which of them, 27 belongs to Coscomatepec Race, 6 Elotes conicos, 5 to
Chalquefio; 4 to Celaya race, 4 Arrocillo amarillo, 3 Conical, 1 Mushito, 1 Pepitilla
and 1 of Raton race and 12 samples were mixture of races.

Genetic diversity of Native maize for the intermediate
region in Veracruz state, México
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Resumen

Con el objetivo de Conocer la Diversidad del Maiz Nativo en la Region intermedia
del estado de Veracruz, durante 2022 al 2024 se realizo seleccion de semilla en
planta y mazorca usando como criterios: Altura de mazorca baja, sanidad, vigor y
carga de mazorca y a la cosecha mazorcas de buen tamaiio, sanas, pero, sobre todo,
mazorcas completas, este Gltimo criterio, es una forma indirecta de seleccionar maiz
nativo con tolerancia a los suelos acidos y a la sequia; Asi también, se colectaron y
caracterizaron 64 muestras de maiz, de las cuales 27 son de la Raza Coscomatepec,
6 Elotes conicos, 5 de Chalquefio; 4 Celaya, 4 Arrocillo amarillo, 3 Cénico, 1
Mushito, 1 Pepitilla y 1 de la raza Raton; Asi también, 12 Mezclas de razas.

Diversidad genética del Maiz nativo en la region
intermedia del estado de Veracruz, México
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Introduction

In México Maize is the most important crop
because it is part of the diet for human
consumption, the sown area, and generate 36% of
the agriculture production value. During 2022,
there were sown in México, 7.47 million of
hectares with maize, which of them, 6.904, were
for grain production, with an average in yield of
3.90 t hal, and a total production of 26.55 million
tons, which of them 19.35 million tons are
utilized in different ways for direct human
consumption; 33% is through the flour industry
and 67% through the masa and tortilla industry in
the nixtamalization process; Besides, during
2022, there were imported 17.40 million tons of
yellow grain for animal feed industry and an
apparent per cépita consume of 338.10 Kg;
(SIAP, 2022).

Maize in Mexico have multiple uses as
grain, fodder and industrial use, however, the
most important use is the direct consumption
through the Tortillas, Tamales, Huchepos,
Corundas, Atoles, Totopos, Tlayudas, Pozole,
among others. Maize is an invention of Mexican
men, however, the process of nixtamalization is
an invention of Mexican women and through this
process, they have created multiple dishes and
ways for direct consumption. Mexico has the
greatest genetic diversity in types and races of
maize and surpasses to any other country in
maize diversity, specifically the Basin of the
Balsas River is the region with the greatest
consensus and evidence to be considered the
main center of origin in Mexico; Mesoamerica is
considered one of the centers with the greatest
primary diversity (Hernandez, 1971; Kato et al.,
2009). Maize races have been identified and
described in Mexico; Thus, Wellhausen et al.,
(1951) described 25 and seven undefined;
Hernandez and Alanis (1970) added five more;
Ortega et al., (1991) identified 41 and Sanchez et
al., (2000), grouped 59 in total. Native maize in
position by farmers continues to evolve,
improving its yield and  agronomic
characteristics, winning specificity for its
ecological niches with natural selection for
special uses (Ortega, 2003; Herrera ef al., 2002;
Andrés et al., 2014). Native maize has been used
in breeding through genetic introgression, with
improved germplasm and through the integration
of germplasm compounds with a broad genetic
base, as a source for getting lines. (Reyes, 1971;
Reyes, 2000; Sierra et al., 2008; Sierra et al.,
2019).
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The Tuxpefio race in the humid tropics
has been the basis for genetic improvement for
this region; Zapalote chico and Zapalote grande
races of early maize, In the Tehuantepec Isthmus,
from which the totopos are made; The Bolita race
that is grown in the Central Valleys of Oaxaca,
with tolerance to drought and from which the
Tlayudas are made; Cacahuazintle maize,
suitable for pozole, atoles and Arrocillo Amarillo,
races adapted at altitude above 2500 meters
above sea level.

In Veracruz state, 599,790 hectares of
maize were planted during 2022 with a
production of 1,353,531.25 tons and an average
yield of 2.26 t ha (SIAP 2022). The intermediate
region is defined as the region of the high
mountains, the clime is cold with high cloudiness
where farmers are characterized as highly
marginalized. In this region, maize is sown in
volcanic origin soils, with sloped topography and
strong acidity problems. The most important
Native Maize Races are: Coscomatepec, Celaya,
Arrocillo Amarillo, and Conical race, (Sierra et
al., 2016). In this region, the maize yield vary
from 1.0 to 1.2 t hal, with the use of technology
that includes, among others, seed selection,
nutrition based on soil analysis, correction of soil
acidity through the application of agricultural
lime, pest and weed control, it is feasible to
increase the grain yield in Native Maize between
50 to 100%, it means that is feasible to get from
1.5t02.0that

General objective

1. To know the Diversity of Native Maize in the
intermediate region in Veracruz state

2. To improve the production and conservation
capacities of native maize in the intermediate
region of Veracruz state, through innovation
actions, capacity and increasing productivity.

Specific objectives

1. To Collect samples of Native Maize in the
Intermediate Region of Veracruz state.

2. To identify the race and to characterize the
collected maize samples according to the
format of the passport sheets.

3. To select seed in plant and ear in native
maize to plant seed plots on farmers' land in
the intermediate region of Veracruz.

Sierra-Macias, Mauro, Rios-Isidro, Clara, Marin-Andrade, Ana Isabel
and Fierro-Lopez, Reyna Michelle. [2024]. Genetic diversity of native
maize for the intermediate region in Veracruz state, México. Journal of
Environmental Sciences and Natural Resources. 10[25]-1-8: €11025108.
DOI: https://doi.org/10.35429/JESN.2024.10.25.1.8
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Methodology
Localization

Native Maize in the Intermediate Region of the
of Veracruz state, is planted in soils of volcanic
origin, with irregular topography and with strong
acidity problems; The climate is (A)C am
according to the Koppen climate classification,
modified by (Garcia, 2004) it is cold and with
high cloudiness during most part of the year, so
the duration of the crop cycle is 10 months and
farmers are characterized as highly marginalized
(INEGI, 2020; Sierraetal., 2013). During 2022 to
2024, the maize program of Cotaxtla
Experimental Station, together with the Ministry
of Agriculture and the Municipalities of
Coscomatepec and Ixhuacan de los Reyes, Ver.,
participate in the Project: "Development of Rural
Territories with farmers who keep Native Maize
in Mexico" In Coscomatepec and Ixhuacén de los
Reyes Veracruz.

Description of activities

This project considers training and technology
transfer activities through courses, demonstrative
events and technical visits, covering topics of
utility for farmers, including: Selection of seed in
plant and ear, collection, racial identification and
characterization of samples in ear and grain
according to the format suggested by the passport
sheet and sustainable technologies such as the
production of organic fertilizers, use of INIFAP
Mycorrhizal ~ Biofertilizers, applications of
agricultural lime to correct the acidity of soils.
Soil analyses were carried out on samples shared
by farmers to know the nutritional content and the
degree of acidity.

Native maize Collection

During the month of March 2023, the producers
of the communities of Zacatla and EIl Mirador in
the municipality of Coscomatepec, February and
March 2024, in Ixhuacan de los Reyes and
neighboring communities in the Ayahualulco,
Ver., municipality shared with us a sample of
their native maize, from these collections, the
racial identification of each sample was carried
out and the samples were sent to the INIFAP
germplasm bank located in the Valley of Mexico
Experimental Station, Coatlinchan, Texcoco, in
Mexico State for seed conservation.

ISSN: 2444-4936
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Selection of Native maize

During 2022 to 2024, selection was practiced in
plants with complete competence with criteria of
short ear height, health, vigor and ear sized and at
harvest selecting good-sized, healthy ear, but,
above all, complete ears, this last criterion is a
way of selecting native maize with tolerance to
acid soils; (Sierra et al., 2019; Reyes, 1985) and
seed with good genetic, physiological, physical
and sanitary quality is also required (Sierra et al.,
2016; Sierra et al., 2016a; Sierra et al., 2016b;
Tadeo and Espinosa, 2004). Currently, seed
production plots of this Native Maize have been
established with the participation of the farmers
and white, black, yellow maize is represented.
Selection takes advantage the additive portion of
the genetic variance present and means that we
can accumulate favorable characteristics or genes
in the maize population we want to improve
(Sierraet al., 2019; Reyes, 1985).

Variables and Data Logging

From the ear samples that were shared, the
following variables were recorded: ear weight in
Kg., ear shape, Number of rows per ear, kernels
per row, ear diameter in cm, ear length in cm, ear
color, kernel color, grain texture, grain width in
mm, grain length in mm, grain thickness in mm,
Width/Length, Thickness/Width, Volume of 10
grains in mm, Weight of 100 Grains in gr.

Results
Racial identification

In the 64 samples of native maize collected in the
intermediate region of Veracruz state and
registered on the passport sheets, were sent to
INIFAP Germplasm Bank for conservation.
These samples show the Importance and
Diversity of Native Maize. During 2022 to 2024,
64 maize samples were collected, characterized,
and racially identified; The seed selection process
was carried out in plant and ear. Particularly, in
the Coscomatepec Region, 22 samples of Native
maize were collected in the communities of
Zacatla and El Mirador; For the Region of
Ixhuacan de los Reyes, Ver., 42 samples of
Native maize were obtained, mainly in the
communities of Cerro Boludo and Los Rodriguez
and in neighboring communities in Ayahualulco,
Ver., municipality (Photo 1)

Sierra-Macias, Mauro, Rios-Isidro, Clara, Marin-Andrade, Ana Isabel
and Fierro-Lopez, Reyna Michelle. [2024]. Genetic diversity of native
maize for the intermediate region in Veracruz state, México. Journal of
Environmental Sciences and Natural Resources. 10[25]-1-8: €11025108.
DOI: https://doi.org/10.35429/JESN.2024.10.25.1.8
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Figure 1
Genetic Diversity in Native Maize for Intermediate
Region in Veracruz State

In racial identification, 27 samples were
Coscomatepec Race, 6 conical race, 5 of
Chalquenio race; 4 samples identified as Celaya
race, 4 samples of the Yellow Rice race, 3 of the
Conico race, 1 Mushito, 1 of Pepitilla and 1 of the
Mouse race; Also, mixtures of races: 1 Conical-
Yellow Rice, 2 Mushito-Coscomatepec, 2
Coscomatepec-Conical, 2  Coscomatepec-
Celaya, 2 Coscomatepec-Mushito, 2 Celaya-
Coscomatepec, 1 Pepitilla-Celaya, 1
Coscomatepec-Pepitilla and 1 Coscomatepec-
Olotillo; (Table 1 and Photos 2 to 7).

Table 1
Racial Identification of Native Maize in the
Coscomatepec Region, Veracruz 2023

Location Race

Coscomatepec Mushito

. Coscomatepec
Celaya

. Coscomatepec Mushito
tepe

pec
tepec Olatilla
c

Coscomatepec Mushito
Coscomatepec
r. Mushito Coscomatepec
. Coscomatepec
Zacatla, Coscomatepee, Ver  Mushito Coscomatepec
Zacatla, Coscomatepec, Ver. | Coscomatepec
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Figure 2
Samples to be sent to the germplasm Bank:
1,2,3,6,7,8,9,10,11,12,13,14,15,19,21,22

Important maize races in Territorio de Coscomatepec,
Veracruz 2023

For Region of Ixhuacan de los Reyes,
Ver., from the 42 samples of Native maize
collected, 14 samples belong to the
Coscomatepec Race, 10 were identified within
the Yellow Rice Race, 4 of them belong to the
Conico race, 1 to the Pepitilla race and 1 to the
Raton race; Also, mixtures of races: 5 Conical-
Yellow Rice, 2  Coscomatepec-Conical, 2
Coscomatepec- Celaya, 1 Celaya-
Coscomatepec, 1 Pepitilla — Celaya and 1
Coscomatepec Pepitilla. (Sierra et al., 2016;
Sierra et al., 2013).). These Native Maize races
represent genetic diversity and they are adapted
to the Intermediate Region of the of Veracruz
state conditions, particulary, they are planted in
soils of wvolcanic origin, with irregular
topography and with strong acidity problems
(Sierra et al, 2016; Sierra et al., 2013;
Hernandez, 1971; Kato et al., 2009; Wellhausen
et al., 1951; Hernandez and Alanis 1970; Ortega
et al., 1991; Sanchez et al., 2000). They grouped
59 races in total. Regarding the grain color, the
samples of Native maize show variation in color,
the most frequent were White, cream, black,
pinto, yellow and red (Photos 8 to 12 and Table
2).
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Figure 3
Maize Races in Ixhuacan de los Reyes, Ver.

Yield of maize, masa and tortilla of Native
Maize for the Coscomatepec Race. On January
14, 2023, in the community of Zacatla,
Coscomatepec, Veracruz, an evaluation was
carried out on "Yield of maize, nixtamal, masa
and tortilla of Native maize in Coscomatepec,
Veracruz". Thus, with 2,176 kg of maize grain,
there were gotten 3,743 kg of nixtamal, 4,477 kg
of dough and 3,386 kg of tortilla; it means for
each kg of maize grain, it was gotten 1.72 kg of
nixtamal, 2.07 kg of masa and 1,556 kg of
tortillas. This event was attended by 36
participants, of which 34 are producers and 2
technicians. (Photos 13 to 15)

-
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¥

Figure 4
Maize, dough and tortilla yield of Native Maize.
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Selection of native maize seed for the
intermediate region in Veracruz state

In plant maize selection process, the criteria of
short ear height, health, vigor and ear size were
used, and at harvest time selecting good sized and
healthy ears, but, above all, complete ears, this
last criterion is an indirect way of selecting native
maize with tolerance to acid soils and drought.
Besides, when we select in plant and at harvest
time in ear, the quality seed get better and we
select for good genetic, physiological, physical
and sanitary quality (Sierra et al., 2016; Sierra et
al., 2016a; Sierra et al., 2016b; Tadeo and
Espinosa, 2004). The selection method practiced
was mass selection, in which, the additive portion
of the genetic variance present in maize
populations is used and consists in accumulating
favorable genes or favorable characteristics,
which will be part of the seed for the next
selection cycle (Sierra et al., 2019; Reyes, 1985);
Two characteristics of this method are that there
must be variability in the maize population for the
traits to be improved and it is done by selecting
plants with complete competence (Sierra et al.,
2019; Reyes, 1985). The selection was carried
out in three plots of native maize production in
Coscomatepec, one of white grain, another of
yellow grain and another of black grain, maize
that is generally sown in the region and belongs
to the Coscomatepec race and six plots of native
maize in Ixhuacén de los Reyes, Ver., (Photos 16
to 21).

Figure 5
Selection of Native Maize in plant and ear
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Soil analysis

The analysis of soil samples allows an effective
diagnosis of crop fertilization needs. In general,
soils are rich in organic matter, poor in nitrogen
for the territory of Coscomatepec and rich in
nitrogen for Ixhuacan de los Reyes, poor in
phosphorus and potassium and with pH values
between 5 and 5.5 in both municipalities. To
reduce the costs of phosphate chemical
fertilization, it is recommended to use 1 kilogram
of the INIFAP Mycorrhizal biofertilizer instead
of 50 kg of DAP. This biofertilizer is applied to
seed before planting.

Conclusions

*On the 64 maize samples collected in the
intermediate region of the state of Veracruz, 27
samples belong to the Coscomatepec Race, 6 to
Elotes Conicos race, 5 to Chalquefio race; 4
samples were identified within the Celaya Race,
4 samples of the Arrocillo amarillo Race, 3 of the
Conico race, 1 Mushito, 1 to Pepitilla race, 1 to
Raton race and 12 Mixtures of races

*Farmers and technicians in agricultural sector
were trained on the practice of selecting native
maize in the plant and at harvest time
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Abstract

Despite Jalisco's rich geothermal resources, its low-temperature energy has
primarily been used in recreational facilities like spas. However, the state offers
significant potential for a broader range of applications, including space heating,
industrial processes, and agriculture. While the Federal Electricity Commission has
focused on high-temperature reservoirs for electricity generation, the potential of
low-temperature geothermal energy has been largely overlooked. Although the
private sector has begun exploring this resource, its involvement remains limited.
Jalisco possesses substantial reserves of both high and low-temperature geothermal
energy. Harnessing this energy can contribute to reducing fossil fuel dependency,
lowering greenhouse gas emissions, and fostering sustainable development. Its
utilization can yield economic, social, and environmental benefits, such as job
creation, reduced energy costs, and climate change mitigation.

Harnessing low-temperature geothermal resources in the state of
Jalisco, Mexico.

Resumen

A pesar de contar con abundantes recursos geotérmicos, Jalisco ha aprovechado
principalmente la geotermia de baja temperatura para fines recreativos como
balnearios. Sin embargo, el estado presenta un gran potencial para aplicaciones mas
amplias, como la calefaccion de espacios, procesos industriales y la agricultura. La
Comision Federal de Electricidad se centrd en yacimientos de alta temperatura para
producir electricidad, dejando de lado el aprovechamiento de la geotermia de baja
temperatura. Actualmente, la iniciativa privada ha comenzado a explorar este
recurso, pero de manera limitada. El estado cuenta con reservas significativas de
energia geotérmica, tanto de alta como de baja temperatura. El aprovechamiento de
esta energia puede contribuir a reducir la dependencia de combustibles fosiles,
disminuir las emisiones de gases de efecto invernadero y promover un desarrollo
sostenible. Su utilizacion puede generar beneficios econdémicos, sociales y
ambientales, como la creacion de empleos, reduccion de costos energéticos y
mitigacion del cambio climatico.

Aprovechamiento de la geotermia de baja temperatura en Jalisco, México.

Objectives

Methodology

Contribution

Expand the use of
low-temperature
geothermal energy in
Jalisco.

Private sector
exploration and
development of low-
temperature geothermal
reservoirs.

Reduced fossil fuel
dependency.

Diversify geothermal
applications beyond
recreational use.

Research and
development of
technologies for space
heating, industrial
processes, and
agriculture.

Lowered greenhouse
gas emissions.

Foster investment in
geothermal projects.

Government policies
and incentives to
promote geothermal
exploration and
development.

Sustainable
development.

Leverage Jalisco's

geothermal potential.

Collaboration between
public and private
sectors.

Economic, social, and
environmental benefits
(job creation, reduced
energy costs, climate
change mitigation).

Low-temperature geothermal energy, Jalisco, Potential.

Objetivos

Metodologia
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TN %

"o opmr o
<> &

4

Ampliar el
aprovechamiento
de la geotermia
de baja
temperatura en
Jalisco.

Exploracién de
yacimientos de
baja temperatura
por parte de la
iniciativa privada.

Reduccidn de la
dependencia de
combustibles
fasiles.

Desarrollar
aplicaciones mas
alla del uso
recreativo.

Investigacién y
desarrollo de
tecnologias para
aprovechar la
geotermia de baja
temperatura en
calefaccién,
procesos
industriales y
agricultura.

Disminucién de las
emisiones de gases
de efecto
invernadero.

Aprovechar el
potencial
energético de
Jalisco.

Colaboracidn
entre el sector
publico v privado
para impulsar el
desarrollo de
proyectos
geotérmico.

Generacién de
beneficios
econdmicos,
sociales y
ambientales
(empleos,
reduccion de
costos, mitigacién
del cambio
climatico).

Geotermia de baja temperatura, Jalisco Potencial
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Introduction
Jalisco is one of the 32 states that make up the

Mexican Republic, located in the central western
part of Mexico (Figure 1).

Box 1

Figure 1
Location of the state of Jalisco within the Republic of
Mexico

For decades, the Federal Electricity
Commission (CFE) had the concession to explore
the national territory and develop geothermal
sites of interest, but its interest was only in high-
temperature sites for electricity production. The
first was at Pathé (1959) in the state of Hidalgo,
but was abandoned when Cerro Prieto in Baja
California Norte (1973), Los Azufres in
Michoacén, Los Humeros in Puebla, Las Tres
Virgenes in Baja California Sur, and one more at
Maguarichi or Piedras de Lumbre in Chihuahua
(300kWe binary cycle) were discovered.
Together they produce approximately 7,047
GWh of electricity, which represents 3% of total
electricity generation. At present, private
initiatives have explored and produced
electricity, such as EI Domo San Pedro, of the
Drag0n group, in the state of Nayarit, which has
an installed power of 25.5 MW, see figures 2 and
3. Private individuals have only developed spas
in various places, and this has been the main use
of low-temperature geothermal energy, wasting
the energy resource.

According to Marquez (2021) the
Possible Reserves of high enthalpy resources are
of the order of 5691 MWe, moderate enthalpy
881 MWe and low enthalpy 849 MWe: Total of
7422 MWe. While the Probable Reserves of high
enthalpy 1643 MWe, moderate enthalpy 220
MWe and low enthalpy 212 MWe:
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Total 2077 MWe and the Proved
Reserves were taken as the additional capacity
that can be installed in each of the known
geothermal fields (186 MWe) plus the installed
(956 MW): resulting in a total of 1,142 MW.

In Europe, the use of geothermal heat and
heat pumps allows significant energy savings in
cities with extreme climates, where the need for
heating or cooling is vital. In the case of Mexico,
the north of the country or the high parts of
Jalisco, we have extreme temperatures, which are
now becoming more acute due to climate change,
being an option for the development of this
technology in the Republic. Geothermal energy
has become a choice for the solution to this
problem and above all the cascading use of
geothermal energy.

The  most
worldwide are:

important  applications

Heating of houses or greenhouses.

- Drying of agricultural or industrial
products: drying of products, using air
preheated by a geothermal fluid.

The geothermal heat preheats the water in
order to send it to boilers.

- In the washing of wool and dyes, using the
high temperatures of the fluid and the
concentration of steam.

- Cooling by absorption with ammonia.

Distillation, there is a separation of
mixtures taking advantage of the difference
of components in a liquid context, in its
boiling there is different volatility of the
substances and this causes the substance
with higher vapour pressure to evaporate
easily.

- Evaporation of solutions with a certain
concentration of solutions in order to
separate a substance.

- The construction of fish farms uses hot
water from boreholes to heat ponds, and is
also used for drying fish.

Maciel Flores, Roberto, Maciel Tejeda, Christian Alexander, Pefia Garcia,
Laura Elizabeth and Garcia Garcia, Edith Xio Mara. [2024]. Harnessing low-
temperature geothermal resources in the state of Jalisco, Mexico. Journal of
Environmental Sciences and Natural Resources. 10[25]-1-13: e21025113.
DOI: https://doi.org/10.35429/JESN.2024.10.25.1.13
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- In the case of the state of Jalisco, a clear
example is the hot springs resorts such as
Chimulco, Agua Caliente, El Tular, Las
Delicias, Las Brisas, Las Termas, Los
Veleros, San Juan Cosala, La Primavera,
etc., where recreational activities and
relaxation are developed.

- There are sites that use geothermal water
for treatment or prevention of various
muscular and other illnesses.

- Cooking of agave, food, drying of diatoms.
Breeding of bacteria for medicinal uses
- Pasteurisation of dairy products.

All these applications can be developed in
Jalisco, with the proper advice.

Background

Studies developed in Jalisco on geothermal
energy include;

The census of thermal localities, which
resulted in the location of more than 400 thermal
localities, out of a total of 1200 found in the
whole Mexican Republic (Figure 2).

In these thermal localities (wells, springs,
fumaroles or hot soils), geochemical studies were
carried out, Subsequently, geophysical studies
were initiated in some areas, those of greatest
interest, such as La Primavera, San Marcos, La
Soledad.

In the localities of greatest interest to the
CFE, San Marcos and La Primavera, especially
in the latter, 13 deep wells were drilled (the
largest near 3000 m deep), the result was a
production of water (60%) - steam (40%), but due
to the effects on the ecosystem, the project was
stopped and to date has not been reopened and
has not produced electricity, currently drilling in
the town of San Marcos, without having more
information.
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Figure 2

Geothermal fields in Mexico. Taken from SENER,
International Energy Agency, Technology Roadmap for
Geothermal Heat and Power, CeMIEGeo.org
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Figure 3

Geothermal areas of interest in Mexico, Jalisco has the
highest potential according to a study presented by the
National Institute of Statistics and Geography. (INEGI)

Location

Figure 4 shows the state of Jalisco and the
distribution of the thermal localities with the
highest temperatures (highlighted in bold),
grouped according to their geographical
proximity, among which the following stand out;

1. Santa Cruz de
temperatures of °’°C).

Atistique  (surface

2. La Soledad (surface temperatures of
970C)

3. Rio Verde - Mezcala
temperatures of 5°°C)

(surface

4. Santa Rita- Agua Caliente (surface
temperatures of 6%°C)

Maciel Flores, Roberto, Maciel Tejeda, Christian Alexander, Pefia Garcia,
Laura Elizabeth and Garcia Garcia, Edith Xio Mara. [2024]. Harnessing low-
temperature geothermal resources in the state of Jalisco, Mexico. Journal of
Environmental Sciences and Natural Resources. 10[25]-1-13: e21025113.
DOI: https://doi.org/10.35429/JESN.2024.10.25.1.13
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5. El Orito- Los Borbollones
temperatures of °/°C)

(surface

6. Las Lomas- San Juan de Arriba (surface
temperatures of '2°C)

7. San Juan Cosala- Jocotepec (surface
temperatures of °C)

8. Acatic-El Tule (surface temperatures of
430C)

9. Santa Cruz Camotlan (surface temperatures
of 770C)

10. Agua Caliente-Rio Purificacion (surface
temperatures of '°°C)10

11. Rio Grande-Chilatan (surface temperatures
of 640C)

12. Lagos de Moreno (surface temperatures of
400C)

13. Corongoritos. Agua Caliente (surface
temperatures of 62°C).

14. Tamazula - La Garita

temperatures of 65°C).

(surface

In the above geothermal areas,
geothermal water can be used in cascades,
passing from one project to another, as the
temperature decreases, until the water is used for
agriculture.

The areas that are most willing to work on
this project are;

2.- La Soledad, near the town of Tesistan in the
municipality of Zapopan.

3 Rio Verde - Mezcala due to its proximity to
Tepatitlan.

4 Santa Rita - Agua Caliente, which is close to
the villages of Atotonilco.

13 Tamazula - La Garita, which is located near
Ciudad Guzman and Tamazula de Gordiano.

All of them
depressed populations.

involve economically
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Figure 4
Location of the most interesting thermal zones in Jalisco
Source: Herrera and Castillo (1987).

Recently, an area with fumaroles was
discovered in the area of the town of Santa Rosa,
Municipality of Ixtlahuacan de los Membrillos,
which is located near a restaurant of great
consumption, who could take advantage of this
source for cooking their food, but due to its recent
discovery, no further geochemical and
geophysical studies have been carried out.
Similarly, in the area of Atotonilco el Alto, where
tequila is produced, there are thermal springs that
can help in the cooking of agave, which is a not
very widespread use.

A special mention is given to the Sierra de
la Primavera and San Marcos that show surface
temperatures higher than 900C, but the first one
is not included because it is a protected natural
area, and the second one represents a special
interest because it is associated to an important
tectonic structure that is the junction of three
important grabens, commonly called the Triple
Union (Chapala; Tepic- Chapala and Colima).

Geological geotouristic background

Practically all the thermal zones mentioned are
associated with regional faults, and within the
geological province of the Mexican Volcanic
Belt, characterised by its volcanic activity of less
than 7 Ma. and recent seismic activity.

Maciel Flores, Roberto, Maciel Tejeda, Christian Alexander, Pefia Garcia,
Laura Elizabeth and Garcia Garcia, Edith Xio Mara. [2024]. Harnessing low-
temperature geothermal resources in the state of Jalisco, Mexico. Journal of
Environmental Sciences and Natural Resources. 10[25]-1-13: e21025113.
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Geological description of Jalisco

Jalisco has a privileged geographical location, in
comparison with other states, as it is located
within the physiographic provinces, defined by
Lugo Hupb and Cardona (1982), Sierra Madre
del Sur (characterised by a mixture of rocks older
than 100 Ma, Jalisco Block constituted by
predominantly intrusive igneous rocks, Sierra
Madre Occidental with a predominance of
Oligocene-Miocene rocks (ignimbrites), Mesa
del Centro (with a high percentage of
sedimentary rocks and sediments and Mexican
Volcanic Belt with a volcanism and tectonics of
less than 7 Ma). In addition to having an outlet to
the sea and coasts, islands and platform of
interest, but little studied geologically speaking
(Maciel et al., 2021b) (figure 5).

Cuatro provincias fisiograficas

Regiones Administrativas

Figure 5
Provincias geolégicas de México
Source: (Lugo y Cordova 1990)

This project can adhere to another, which
is geotourism, developed by Maciel et al. (2021)
who developed the exploration and location of
geosites (GS) of interest to promote geotourism
in Jalisco (Maciel et al. 2021), according to the
UNESCO proposal, within these geosites, those
localities with thermal manifestations (wells,
springs, fumaroles or hot soils) have been
considered. Therefore, a combination of
geotourism and geothermal energy can be
developed jointly to promote geotourism and the
transfer of foreign exchange to these localities.
On the economic side, the income generated in a
Natural Protected Area (NPA), intended to
protect the biotic part and a geopark, has an
abysmal difference. This is based on a study
developed worldwide, by ‘United Kingdom
National Commissions for UNESCO (2012),
Winder Value of the UNESCO to the UK’, which
compares the economic impact between:
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a)  Geoparks, with an annual turnover of
£2.9 million per year

b)  World Heritage Sites with £2.2 million per
annum and

c)  Biosphere Reserves with £0.38 million per
annum.

In summary, it can be said that Geoparks
generate better conditions for disseminating
information on natural resources and achieving
the objectives of sustainable development
proposed by UNESCO. For the above mentioned,
it is necessary to emphasize that Jalisco has
diverse geological and geomorphological
characteristics, which can be studied based on the
description of Maciel et al;

- High (for electricity production) and low
temperature geothermal resources (for
tourism and industrial uses, about 400
locations).

- Active volcanoes such as El Colima and
non-active but recent volcanoes such as
Sierra de la Primavera, El Tequila, Volcan
Nevado de Colima; made up of acidic and
basic rocks and ancient volcanism such as
Sierra Madre Occidental and Sierra Madre
del Sur.

- Mega geological structures, such as the
engravings of Colima, figure 4 (point 14),
Tepic-Chapala and Chapala, figure 4
(points 3 and 4), with active and ancient
tectonic zones, some of which affect urban
and communication infrastructure.

- Intrusive with dimensions from batholiths
to dykes of diverse chemical composition.

- Marine and lacustrine  sedimentary
environments with macro- and
microfossils, as well as a chapopotera
(within Lake Chapala).

- Zones of high and low temperature
metamorphism, to which are associated
important mines (metallic and non-metallic
minerals), such as the Chiquilistlan area
(also with geothermal localities) and
neighbouring Tapalpa.

Maciel Flores, Roberto, Maciel Tejeda, Christian Alexander, Pefia Garcia,
Laura Elizabeth and Garcia Garcia, Edith Xio Mara. [2024]. Harnessing low-
temperature geothermal resources in the state of Jalisco, Mexico. Journal of
Environmental Sciences and Natural Resources. 10[25]-1-13: e21025113.
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- Hydrologically, we have the largest lake in
Mexico, as well as wetlands and lagoons,
the Lerma-Santiago basin, considered the
most important in the Mexican Republic,
and there are groundwater (thermal
springs) and surface water, which have
been sufficient to supply agricultural,
industrial and service activities to the
population.

- Unique geomorphological landscapes are
the result of this geological diversity.

- Monoliths such as the Piedrotas in Tapalpa
and Piedras Bola in Ahualulco del
Mercado.

To date, the GS of interest in Jalisco have
been preliminarily located (Maciel et al., 2015,
Maciel et al., 2021, 2021a and 2021b), a second
study at state level is needed, the objective of
which will be to analyse the importance of the
GS, and to generate descriptive data sheets for
them, as pointed out by Palacio et al. The results
of the second study will be able to classify those
that can be designated as WGs in Jalisco and
subsequently provide the basis for promoting
them as geoparks.

General objective

To develop and implement a pilot project to
harness low-temperature geothermal energy in
the state of Jalisco, in order to create a replicable
model of a geothermal industrial park that
generates  socioeconomic benefits  for
marginalised communities, thus promoting
sustainable development and energy transition in
the region.

Specific objectives
Geothermal characterisation:

Conduct detailed geological, geophysical and
geochemical studies at the sites of interest to
accurately define the characteristics of the low
enthalpy geothermal reservoir.

Develop a conceptual geothermal model
to estimate the energy potential and reserves of
the reservoir.
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Environmental assessment:

Carry out an environmental impact
assessment to identify and mitigate potential
environmental risks associated with the project.

Define the necessary mitigation and
compensation measures to ensure sustainable
development.

Legal Framework:

Conduct a comprehensive analysis of the
environmental and energy legislation applicable
to geothermal projects in Mexico, with special
emphasis on the state of Jalisco.

Identify and comply with all legal and
regulatory requirements for project development.

Implementation Phase
Creation of Community Enterprises:

Incorporate  community enterprises to
own and operate the geothermal project.

Develop a business plan to ensure the
long-term economic and financial viability of the
project.

Application Development:

Identify and select the most appropriate
applications of the thermal water based on the
characteristics of the reservoir and the needs of
the region.

Develop pilot projects to demonstrate the
technical and economic feasibility of each
application (Figure 6).

Prioritise applications that generate social
and economic benefits for the community, such
as agriculture, aquaculture and tourism.

Technology transfer:

Establish  strategic  alliances  with
academic institutions and specialised companies
to ensure technology and knowledge transfer.

Train community members in the
operation and maintenance of geothermal
installations.

Dissemination and Sustainability Phase.

Maciel Flores, Roberto, Maciel Tejeda, Christian Alexander, Pefia Garcia,
Laura Elizabeth and Garcia Garcia, Edith Xio Mara. [2024]. Harnessing low-
temperature geothermal resources in the state of Jalisco, Mexico. Journal of
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Dissemination:

Organise workshops, seminars and events
to disseminate the benefits of geothermal energy
and promote its use in the region.

Develop educational and promotional
materials to raise awareness of the project in the
community.

Create a communication platform to keep
the community informed about the progress of
the project.

Sustainability:
Implement a monitoring and evaluation
system to ensure the long-term environmental

and social performance of the project.

Promote active community participation
in decision-making and project management.

(@04°c)

Figure 6

Uses of low-temperature geothermal energy that
underpin the development of a geothermal industrial
park

Hypothesis

The use of low-temperature geothermal energy
has only been used in private spas, but has not
had an industrial boost from any institution in
Mexico, losing the opportunity to take advantage
of this clean energy, for the benefit of the
population and the environment, by using a non-
fossil energy for a productive activity.
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After the recent elections in Mexico, there
is an ideal opportunity to start discussions and
develop geothermal energy projects, especially in
collaboration with civil society, industry and
academia. Although permits for industrial
activities will not be available until September, it
is possible to move forward on specific projects
and establish strategic alliances. It is proposed to
combine the development of low-temperature
geothermal energy with geotourism in areas
identified as geosites. This strategy will not only
take advantage of geothermal resources, but will
also promote local development, environmental
conservation and sustainable tourism. Recently,
an inventory of geosites in Jalisco was carried out
to identify the most suitable for this type of
project and the creation of a geopark (Maciel et
al 2021) (Figure 7).

e e ___Participacién de la comunidad }

’ Participacion de la academia

autoridades
|
Solucion de
prototipo
Geoturismo

Investigacion
8
comunidad y
Desarrollo de
empresas especificas
]

1
problemas técnicos
Realizacion de
totems explicativos
g

Reunién con la

Reporte del proyecto

Figure 7
Actions to develop geotourism

Strengths

In Mexico there are already several high-
temperature geothermal fields developed by the
Federal Electricity Commission, as already
mentioned, Cerro Prieto in Baja California Norte,
Los Azufres in Michoacan, Los Humeros in
Puebla, Las Tres Virgenes in Baja California Sur,
and one more in Maguarichi or Piedras de
Lumbre in Chihuahua (300kWe binary cycle).
And one developed by the private initiative in El
Domo San Pedro, owned by the Dragon group, in
the state of Nayarit.

In Jalisco, particularly in municipalities
such as Zapopan, Chapala and Villa Corona, spas
abound as a result of the geological activity of the
region. Several geophysical and geochemical
studies have been carried out in these areas,
confirming that the water quality of the thermal
springs meets international standards.

Maciel Flores, Roberto, Maciel Tejeda, Christian Alexander, Pefia Garcia,
Laura Elizabeth and Garcia Garcia, Edith Xio Mara. [2024]. Harnessing low-
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However, despite the existence of
numerous geothermal experts in universities such
as Guadalajara, an effective connection between
these experts and the landowners where these
resources are located has not yet been
established. This lack of connection represents a
missed opportunity to develop geothermal energy
projects and promote local economic
development.

One of the towns that has notably
benefited from geothermal energy is Villa
Corona, Jal, where the entire population
(approximately 19,000) has hot water in their
homes, because the wells drilled to supply water
to the population are thermal, about 45 °C. Most
of the population is dedicated to tourism, because
there are several spas in its periphery with
thermal water, there are restaurants, hotels and
tourism services, reducing the consumption of
hydrocarbons by the population to heat water for
bathing and cooking.

Similarly, there are geoparks in Mexico
‘UNESCO Global Geopark; Comarca Minera,
Hidalgo’ and the ‘UNESCO Global Geopark
Mixteca Alta Oaxaca’, both examples of how
attractive geotourism is for the community,
national and international tourists, and the
resulting benefit for the inhabitants of the place,
due to the economic benefits generated. San Luis
Potosi, Muzquiz in the state of Coahuila and Pefia
de Bernal in the state of Querétaro are intended
to join.

Promoting tourism to geosites and the
conservation of  geodiversity and an
understanding of the Earth Sciences through
appreciation and learning is one of the important
objectives, another is to bring foreign exchange
to rural communities.

This can be achieved through
independent visits to sites with geological
features, use of geo-trails and viewpoints, tour
guides, geo-activities and sponsorship of geosite
visitor centres.

Problem statement

The development of low-temperature geothermal
energy and geotourism is a way to contribute to
the economy of the population.

ISSN: 2444-4936
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

For example, there are attractive sites to
visit for many people who live in Chapala or
Manzanillo (national and foreign retirees) and are
interested in spending more time away from
home, but do not find more locations of interest
to visit. These GSs provide an opportunity to
foster economic spillover, but generate the need
for geodiversity conservation (GD) and a better
understanding of geology and Earth Sciences in
general through appreciation and learning, which
is one of the important objectives of Geotourism
(GT).

With all the existing technology this can
be achieved through guided tours or with the use
of Apps, to sites with geological features, use of
geo-trails and scenic points along land
communication routes, but it will also be
important to develop geo-activities (artistic and
handicraft activities).

UN Secretary-General Antonio Guterres
shared a speech on World Tourism Day, in which
he said among other things that; "Local people
must be involved in mountain tourism and
empowered to conserve the resources on which
they depend.

The World Tourism Organisation
(UNWTOQ) predicts that domestic tourism will
return before international tourism, which could
benefit rural areas. Tourism can make a
significant contribution to preserving our unique
and common cultures and to protecting the
biodiversity and ecosystems that sustain us.

There are some publications related to the
topic: Maciel et al., (2021, 2021a, 2021b and
2015), on the geological information of Jalisco,
which concludes that regionally Jalisco has a
great geo-diversity such as:

From an economic point of view (SGM
2018), we have natural resources, such as mining
and geothermal (VVenegas et al., 1985; Kruger, et
al., 1988; Maciel and Rosas Elguera 1992) or
groundwater  (Maciel,  2015) distributed
throughout the state, some near the coast or
within the sea, others in the higher parts of the
sierras.

Maciel Flores, Roberto, Maciel Tejeda, Christian Alexander, Pefia Garcia,
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Having in its territory several geological
provinces; Sierra Madre del Sur, Jalisco Block,
Sierra Madre Occidental (Nieto, 2000), Mesa del
Centro, Mexican Volcanic Belt (De la Fuente and
Verma, 1993; Ferriz and Mahood 1986; Ferrari,
2000; and Ferrari and Rosas-Elguera, 2000),
Central Plateau and each of them with specific
lithological, tectonic and chronological features.

In terms of palaeontology, (Amezcua,
2000; Montellano, 1997; Morales, 1996; Maciel
and Amescua 1998; Carranza, 1980; Maciel
2004, 2006; and Garcia et al., 2019), speak of
palaeontological riches, including information on
climatic changes. On the other hand, geodynamic
studies of the geological history of the state
(Maciel, 2006), geodynamics (Michaud,
Bourgois and Parrot, 1992, Rosas-Elguera,
Urrutia and Maciel-Flores 1989; Rosas-Elguera
etal., 1993; and Maciel and Rosas Elguera, 2006;
and Mahood,1980) and habitats (Gama-Castro et
al., 1990; Jauregui, 1997).

From the academic perspective and
cultural heritage (Maciel, Rosas and Pefia 2006,
Maciel 2006 and Maciel-Flores, Maciel-Tejeda
and Rosas-Elguera 2015). Having a border with
the Pacific Ocean allows us to trade with the
countries located within the Pacific basin and
access to the patrimonial sea and its marine
platform that harbours the richness of diverse
marine ecosystems.

Therefore, and in accordance with the
message of the Secretary General of the United
Nations Antonio Guterres and with the
International  Geosciences and  Geoparks
Programme, developed by UNESCO and
recognised since 2015, it is proposed to develop
and promote geotourism in Jalisco, together with
this low-temperature geothermal project and seek
ways to identify and classify the GS of interest in
the state, so that they become part of the natural
heritage of the entity and in the future may
become part of a GP, which among other
requirements must be working as such, one year
before making the proposal to UNESCO to
obtain certification.
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Benefited persons

Of all the localities with registered thermal
manifestations, the communities with medium to
high marginalisation have been selected, with the
idea of generating foreign exchange for the
geothermal activities developed in them. In each
of the towns with a geothermal locality there are
more than 1000 people (directly and indirectly),
who can be incorporated into the project over the
course of a year.

Of the localities considered as promising,
there are;

2.- La Soledad, near the town of Tesistan in the
municipality of Zapopan.

3.- Rio Verde - Mezcala due to its proximity to
Tepatitlan.

4.- Santa Rita - Agua Caliente, which is close to
the towns of Atotonilco,

Tamazula - La Garita, which is located
near Ciudad Guzman and Tamazula de Gordiano,
1,476 km.

Zapopan, 1,476,491 inhabitants.

Tepatitlan  de  Morelos

inhabitants

150,190

Atotonilco el Alto 64,009 inhabitants

Tamazula de Gordiano 38,955 inhabitants
INEGI (2020).

If 10% of the population could benefit
from one of them, it would be considered a good
example to follow.

Costs

In the selected locations, it will be necessary to
carry out detailed studies to ensure that they are
not in a protected natural area, that they are not in
a location with some type of risk that could affect
the population or equipment, and the studies must
cover the requirements of the environmental
impact study guidelines required by the different
authorities.

To start the project it would be necessary
to develop it in phases (figure 7):

Maciel Flores, Roberto, Maciel Tejeda, Christian Alexander, Pefia Garcia,
Laura Elizabeth and Garcia Garcia, Edith Xio Mara. [2024]. Harnessing low-
temperature geothermal resources in the state of Jalisco, Mexico. Journal of
Environmental Sciences and Natural Resources. 10[25]-1-13: e21025113.
DOI: https://doi.org/10.35429/JESN.2024.10.25.1.13



Journal of Environmental Sciences and Natural Resources

10
10[25]1-13: e2102513

Article
Phase 1: Planning and Organisation
Dissemination and Participation:

- Inform authorities, companies and local
population about the project.

- Encourage community participation and
create a geothermal company or industrial
park.

- Define the objectives, scope and benefits
of the project.

Preliminary studies:

Geological: Create a geological model of
the subsoil to determine the geothermal potential.

Geophysical: To define the stratigraphy,
structures and permeability of the subsoil.

Geochemical: Analyse the quality of the
thermal water and determine its potential uses.

Site Selection:

Identify and select a suitable site for well
drilling.

Evaluate options for purchase, lease or
partnership with local landowners.

Phase 2: Development and Construction

Well Drilling:

Obtain  detailed  information  on
subsurface  geology, hydrogeology and
temperature.

Reservoir Model:

Develop a detailed model of the
geothermal reservoir to optimise its utilisation.

Infrastructure Design:

Design a cascading thermal water
distribution system to maximise its use.

Plan the construction of the necessary
infrastructure, including:

- Industrial various
productive activities.

building  for
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- Aquaculture centre.

- Greenhouse.

- Land for vegetable cultivation.

- Complementary facilities (many, paths, etc.).
Construction:

Execute construction works according to
the established design.

Phase 3: Operation and Sustainability
Start-up:

Start plant operations and production
activities.

Environmental Management:

Implement sustainable practices for waste
management and efficient water use.

Promote circular
composting and water reuse.

economy through

Training:

Provide training to the community on the
harnessing of geothermal energy and the
technologies used.

Tourism and Education:

Open the centre for school and tourist
visits, generating additional income.

Create a community museum to spread
knowledge about geothermal and the project.

Maintenance:

Establish a preventive maintenance plan
to ensure the durability of the facilities.
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Box 8
Actividades geotermia baja temperatura Tiempo meses

12/3/4/5/6/789/10/11|12

Reunidn con la comunidad, autoridades
y academia

Creacién de una empresa comunitaria
Creacidn de proyecto

Tramites ante diferentes autoridades
Geologia

Geofisica

Geoquimica

Perforacion de un pozo
Modelo preliminar del yacimiento
Capacitacién

Hidraulica del agua termal

Nave industrial
Alberca
Centro acuicola

Invernadero
Tétems explicativos y sefalética
Asesoria_legal del proyecto

Direccion del proyecto

Composteadora
Informe final
Total

Figure 8
Timeline of activities

Measuring impact

Economic impact on the population,
improvement of the standard of living and
training of the community to develop similar
projects in other localities.

Number of jobs created, directly and
indirectly. Which should benefit the families
settled in the area.

Quantity of products generated with
geothermal energy.

Reduction of pollutant emissions from the
burning of hydrocarbons.

Income received. Both by the geo-
sponsors and by the authorities through the
payment of taxes.

Conclusions

Jalisco, with its geothermal wealth, presents a
unique opportunity to diversify its energy matrix
and promote  sustainable  development.
Harnessing low-temperature geothermal energy
can boost the local economy, generate jobs and
reduce dependence on fossil fuels, positioning
the state as a benchmark in Mexico's energy
transition.
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Abstract

The cell growth behavior and the effect of the acid hydrolysis percentage for the treatment of
Agave americana and Aloe barbadensis Miller waste for bioethanol production were evaluated.
Saccharomyces cerevisiae and Lalvin EC-1118 were used as yeasts, which were pretreated with
acid solutions at a concentration of 3% and 7%, in addition to a heat treatment at 175 °C for 2
hours. The hydrolysates were inoculated with yeasts to measure bacterial growth by turbidimetry.
The treatment with both strains at 3% was the one that presented the most significant microbial
growth. Lalvin EC-1118 performed better than Saccharomyces cerevisiae in Agave americana;
the opposite occurred in Aloe barbadensis Miller. Consumed sugars and yeast growth showed
that the appropriate bioprocess to produce bioethanol is Aloe barbadensis Miller 3%, using
Saccharomyces cerevisiae. The correlation between consumed sugars and yeast growth and
characterization suggests that xerophilous plants are a viable alternative for biofuel production.

Bioprocess evaluation () Acquisition of
= | Determine the best case biomass
3 Progress
Viability Characterization
Consumption vs growth
~ ™\ Pre-treatment
Findings: -
Aloe barbadensis Miller e Hydrolysis
3% S.C. g
r=0.86, p=0.0062 Fermentation
- /
I Optical density
Contributions: Bioprocess measurement
optimization to  obtain
bioethanol. Data ana|ysis
/ ~—

Bioprocess evaluation, Xerophilous plants, Yeast
growth

Resumen

Se evalu el efecto de la levadura y porcentaje de acido en la hidrélisis quimica para tratamiento
de residuos de Agave americana y Aloe barbadensis Miller, las levaduras empleadas fueron
Saccharomyces cerevisiae y Lalvin EC-1118. Se pretrataron para aplicacion de acidos al 3% y
7% en conjunto con un tratamiento térmico a 175 °C durante 2 horas. Se inocularon los
hidrolizados con las levaduras para medir el crecimiento bacteriano mediante turbidimetria. EI
crecimiento en los casos del 3% fue mayor. Lalvin EC-1118 presentd un mejor rendimiento que
Saccharomyces cerevisiae en Agave americana, caso contrario en Aloe barbadensis Miller. Los
azlcares consumidos Y el crecimiento de levaduras mostraron que el bioproceso adecuado para
producir bioetanol es Aloe barbadensis Miller 3%, usando Saccharomyces cerevisae. La
correlacion entre los azlcares consumidos y crecimiento de las levaduras, ademés de la
caracterizacion sugieren que las plantas xerdéfilas son una alternativa viable para produccién de
biocombustibles.
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Introduction

Climate change is the most pressing challenge of
our era. The consequences threaten vital sectors
such as agriculture, tourism, biodiversity, and
human health, mainly due to increased CO; in the
atmosphere. For this reason, it is necessary to
reduce greenhouse gas (GHG) emissions and thus
CO2 (Hernandez, 2020). Opting for sustainable
alternatives in the sectors that contribute most to
these emissions is necessary. Therefore,
reorienting efforts is inevitable in the energy and
transportation industry, and given those as
mentioned above, several alternatives to generate
energy sustainably are emerging. One of these
occurs through the production of bioethanol,
which can be used as a source of energy
generated from agricultural and forestry industry
waste. This compound is one of the alternatives
with the most significant potential, due to its
high-octane content, low boiling point, wide
flammability range, higher compression ratio,
and heat of vaporization. Bioethanol is obtained
from lignocellulosic material present in different
sources. Due to its characteristics, it must
undergo thermochemical or  biochemical
conversion processes to get a product that can be
fermented (Amaris et al., 2015).

Its applications are varied, where they can
contribute to the transportation sector (56%), in
the pharmaceutical industry (18%), beverages
(12%), power generation (10%), and others (5%).

Second-generation bioethanol production
from xerophytic plants has emerged in response
to the demand for bioethanol and the
multidisciplinary global problem (Estrada-Maya
et al., 2022). These plants have characteristics
that make them resilient to droughts and high
temperatures (Granados-Sanchez et al., 1998).
These plants grow in arid and semi-arid regions
(de Almeida, 2019).

Because of the above-mentioned
problems, it seems that the future of agriculture
will increasingly require these species. For this
reason, they have potential for economic
development, mainly because they are used in the
alcoholic beverage industry (Alejandra et al.,
2023) and the pharmaceutical industry (Antury et
al., 2021).
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For all of the above reasons, revaluing the
residues of species with potential for the biofuel
industry is essential. In addition to seeking to
make bioethanol more efficiently obtained
through the use of yeasts, Lalvin EC-1118 and
Saccharomyces cerevisiae are promising in this
regard (Hashmi et al., 2018).

Thus, the present research contributes to
achieving the Sustainable Development Goals
(SDGs) in a multidimensional manner,
specifically in SDGs three, seven, eight, nine,
twelve and fifteen.

Methodology
Substrate

For the experiment, 2 kg of Agave americana and
2 kg of Aloe barbadensis Miller were obtained
from the Francisco I. Madero region, Coahuila de
Zaragoza, with the following coordinates:
25°46'31"N 103°16'23"W.

Biomass characterization

The moisture content, ash, and density of the raw
material were analyzed. ASTM E 871-82 was
used to measure moisture, ASTM E 1755-95 was
used to measure ash, and density was determined
according to ASTM E 873-82. Moisture and ash
tests were conducted using a “NOVATECH”
drying oven.

Figure 1
Drying stove for moisture and ash

Source: Own elaboration
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Quantification of reducing sugars

In the preparation of DNS, 1.6 g of sodium
hydroxide (NaOH) was dissolved in distilled
water, 30 g of sodium and potassium tartrate were
added, and 1 g of DNS was added to 100 mL
(Montafiez, 2020).

A glucose standard solution was used for
the calibration curve with the following
concentrations: 0, 0.5, 1, 1.5, 1.5,2,and 25¢g L"
1. 0.5 mL of each solution and 0.5 mL of DNS
reagent were added in 10 mL tubes. The tubes
were subjected to a water bath at 92 °C £ 0.3 °C
for 5 min (Montafiez, 2020). The reaction was
stopped by cooling with ice, and 5 mL of distilled
water was added to each tube, shaken for 8 min
at 4000 rpm, and allowed to stand for 15 min. The
absorbance reading was taken at 540 nm in a
“CGOLDENWALL” spectrophotometer.

Figure 2
Spectrophotometer “CGOLDENWALL”

Source: Own elaboration
Pretreatment

The raw material was dried at 50 °C + 0.2 °C,
using a generic brand infrared thermometer, until
reaching a constant weight according to ASTM E
871-82. The process lasted six days for Agave
americana and three days for Aloe barbadensis
Miller. Subsequently, the dry stem of Aloe
barbadensis Miller was fragmented and Agave
americana was defibrated, achieving particle
sizesof 2 £ 0.5 mm and 4 + 1 mm, respectively.
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Figure 3

Biomass drying

Source: Own elaboration
Hydrolysis

Chemical hydrolysis was carried out with 3% and
7% sulfuric acid (H2SO4) simultaneously with
thermal heating at 175 °C for 2 hours, pH
adjustment to 6 was done with 3 M NaOH, and
substrate concentration was 100 g/L.

Fermentation

A batch bioreactor, without agitation and
aeration, was chosen, consisting of a 250 mL
flask with a No. 6 mouth and a perforated stopper
adapted to the air blocker.

It was inoculated with a concentration of
10 mL L™ of yeast at a pH of 6. It was incubated
at 30 £ 0.5 °C in a “Gutstark” model “mkz-
incubabacter” incubator.

A “CGOLDENWALL”
spectrophotometer was used. The absorbance at
600 nm of the eight hydrolysates, in addition to
the two control media, was measured. Daily for
nine days, supported by the laminar flow hood of
the generic brand, 2 mL of sample was added to
a quartz cell, with pipettes of 5 mL.

Statistical analysis

A completely randomized experimental design
was used and evaluated under Prism 10 software
using ANOVA and Pearson with a 95%
confidence level.

Results

The following table shows the characterization
results.
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Table 1
Biomass characterization results

BIOMASS CHARACTERIZATION DATA
BIOMASS DENSITY (kg/m®) ~ MOISTURE (%) ASH (%)

Aloe barbadensis Miller 965 73.645 1472

Agave americana 990 76.49 1.628
Source: Own elaboration

Both species have a high moisture
content, 76.49% for Agave americana and
73.645% for Aloe barbadensis Miller. Although
this is comparable to other lignocellulosic
biomasses, a high moisture content reduces the
calorific value and increases transportation and
drying costs. Therefore, a previous drying would
be necessary to optimize its conversion efficiency
into biofuels. Ash content values are significantly
low in both species, with 1.628% for Agave
americana and 1.472% for Aloe barbadensis
Miller. This is a considerable advantage, as low
ash content minimizes the formation of deposits
in combustion equipment, reduces corrosion, and
increases biofuel conversion efficiency. Both
Agave americana (990 kg m® 1) and Aloe
barbadensis Miller (965 kg m?® 1) exhibit
relatively high densities compared to other
biomasses, which is essential because this
characteristic facilitates storage and
transportation, which is crucial for the economic
and logistical feasibility of their use in biofuel
production.

A statistical analysis (ANOVA) by
completely randomized columns with 95%
confidence was used to compare the growth of
Lalvin EC-1118 and Saccharomyces cerevisiae
yeasts in different media. These media were
evaluated against a nutrient-rich  control
mycological broth. Growth measurements were
performed at 600 nm. The following figure shows
the 4 cases Of Lalvin EC-1118.
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Comparison of Lalvin EC-1118 media
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Figure 4

Comparison of Lalvin EC-1118 media

Source: Own elaboration

The results showed that the media
prepared from Agave americana and Aloe
barbadensis Miller at 3% favored the growth of
Lalvin EC-1118 yeast compared to the control
medium. In addition, the 3% Agave americana
medium was the most suitable for yeast growth,
outperforming the media prepared with 7% acid.

The following graph shows the 4 cases
where the Saccharomyces cerevisiae yeast was
used compared to the mycological broth as a
control medium.

Comparison of Saccharomyces cerevisiae media
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Figure 5
Comparison of Saccharomyces cerevisiae media

Source: Own elaboration
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Of this, Agave americana and Aloe
barbadensis Miller at 3% showed significant
differences in comparison with the control
medium; concerning the other hydrolyzed media,
Agave americana at 3% showed significant
differences with its medium at 7%. Within the
Aloe barbadensis Miller at 3%, there were
significant differences with the media at 7%. The
following figure shows the comparison graph of
media using both yeasts, only with their higher
growth.

Comparison of mayor cases
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Figure 6
Comparison of major cases with both yeasts

Source: Own elaboration

The  results showed  significant
differences in yeast growth in Agave americana
and Aloe barbadensis Miller 3% compared to the
control medium. The 3% Agave americana
medium stood out compared to the 7% Agave
americana medium. On the other hand, Aloe
barbadensis Miller at 3% showed superior
growth compared to both media at 7%. This can
be attributed to the distribution of the release of
sugars present, a consequence of the structure of
the plants used. This depends on the ratio of
lignin, hemicellulose, and cellulose (Cunha et al.,
2020).

Cellulose presents greater availability in
contrast to hemicellulose and lignin. Agave
americana contains higher lignin content, which
hinders the accessibility of cellulose (Rajeswari
et al., 2020).
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In the figure, the net reducing sugar
consumption per case is shown at a wavelength
of 540 nm, analyzed by ANOVA with 95%
confidence, and wholly randomized by columns.

Sugar consumption per case
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Figure 7

Comparison of sugar consumption in hydrolyzed media,
"L." as Lalvin EC-1118 and "S.C" as Saccharomyces
cerevisiae

Source: Own elaboration

The cases that showed statistically
significant difference were Agave americana at
3% with Lalvin EC-1118 and the instances of
Aloe barbadensis Miller with both yeasts;
comparing these 3 cases, the critical difference
that shows Aloe barbadensis Miller at 3% with
Saccharomyces cerevisiae yeast as the one with
the highest consumption predominates (Li et al.,
2012).

In the following figure, the relationship
between yeast growth and the amount of net
sugars consumed is evaluated.
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Box 9
Sugars consumed
VS,
Yeast growth
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Figure 8
Ratio of sugars consumed and yeast growth, using
Pearson analysis with 95% confidence
Source: Own elaboration

A significant positive correlation (r =
0.86, p = 0.0062) was found between both
variables, indicating a directly proportional
relationship, suggesting that yeast growth is
driven, at least in part, by the consumption of
sugars occurring in hydrolyzed media (Ortega
Quintana et al., 2017).

Conclusions

Similarities  were observed in the
physicochemical properties of Agave americana
and Aloe barbadensis Miller biomass. However,
Aloe barbadensis Miller proved to be the most
suitable biomass source.

Regarding the yeasts, Lalvin EC-1118 showed
greater efficiency with the hydrolysates of Agave
americana, while Saccharomyces cerevisiae
performed better with Aloe barbadensis Miller.

These differences could be related to the
concentration and type of available sugars, the
presence of nutrients or inhibitors, and the yeasts'
alcohol tolerance.

The 3% hydrolysates were the most

suitable for yeast growth, while higher
concentrations (7%) showed lower sugar
availability, possibly indicating excessive
hydrolysis.
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Reducing sugars and yeast growth
consumption indicated favorable fermentation,
showing a  direct  consumption-growth
relationship.

The most optimal case for bioethanol
production was Aloe barbadensis Miller at 3%
with the presence of Saccharomyces cerevisiae
yeast, as it showed differences compared to all
other media, along with higher growth
accompanied by sugar consumption.

The correlation obtained was positive and
significant between yeast growth and sugar
consumption, giving a value forr =0.86 and p =
0.0062, concluding that both are directly
proportional.

These residues can minimize organic
matter pollution and be utilized as a potential
source for biofuel production.
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L Lalvin EC-1118
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Abstract

The study evaluates Mexican avocado (Persea americana) seed starch as an economical carbon
source to produce polyhydroxyalkanoates (PHA). Extraction and quantification methods were
used to determine the efficiency of starch extraction and its acid hydrolysis with 0.4 M HCI,
releasing up to 46.7% glucose. Spectrophotometric techniques, such as the turbidity test and the
DNS method, analyzed bacterial growth and glucose consumption. The results indicate that this
agro-industrial by-product is a viable alternative for PHA production, with the help of a suitable
microorganism and a viable fermentation mode and may be the future of biopolymer production.
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Resumen

El estudio evalta el almidén de semilla de aguacate mexicano (Persea americana) como una
fuente econémica de carbono para la produccion de polihidroxialcanoatos (PHA). Se utilizaron
métodos de extraccion y cuantificacion para determinar la eficiencia en la extraccion de almidén
y su hidrélisis acida con HCI 0.4 M, liberando hasta un 46.7% de glucosa. Técnicas
espectrofotométricas, como la prueba de turbidez y el método DNS, analizaron el crecimiento
bacteriano y el consumo de glucosa. Los resultados indican que este subproducto agroindustrial
es una alternativa viable para la produccién de PHA, con ayuda de un microorganismo adecuado
y un modo de fermentacion viable puede ser el futuro en la produccién de biopolimeros.
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Introduction

The use of plastic has become a necessity for
humanity, and its indiscriminate use, both
socially and industrially, has generated a global
problem. In Mexico, in 2022, a steady
consumption of 5.9 million tons of plastic and a
steady production of 3.8 million tons were
recorded, according to data from ANIPAC.
Notwithstanding this growth, a large portion of
these plastics have a short lifespan, quickly
turning into resistant waste and very slow to
degrade in the environment. Even their
degradation continues to cause problems, as they
break down into tiny plastic particles, commonly
called 'microplastics,” composed of potentially
toxic polymers and additives. These particles
often end up in the oceans, affecting marine life
that ingests plastic or microplastics, leading to
death. Recent studies indicate that microplastics
are found in a wide variety of foods that people
consume daily. Although the long-term health
implications are not fully understood, this issue
warrants further evaluation and quantification.

Eliminating conventional plastic from the
market is challenging due to its widespread
industrial and social use, although it causes
significant environmental issues. Substituting it
with eco-friendly and biodegradable products is a
viable and necessary alternative. In this context,
Polyhydroxyalkanoates (PHA) emerge as an
efficient solution to meet the specific demand for
products  synthesized by  polypropylene,
especially products with high production demand
and short usage time.

Accordingly, PHAs provide an ideal
solution for new industrial and social demands.
Notwithstanding their potential, the outlook to
produce new methods to synthesize PHA has
deteriorated due to the lack of interest, since its
production cost remains higher than that of
petrochemical-based polymers. Current research
is focused on increasing its productivity,
improving extraction methods, and analyzing
new  bacterial  strains and/or  genetic
modifications to achieve a high yield in the
accumulation of residues.

Likewise, new economical, renewable,
and highly available carbon sources are being
sought to reduce production costs.

ISSN: 2444-4936
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

This research proposes the extraction of
starch from avocado seeds, an agro-industrial
waste, as a viable and economical carbon source
for PHA production. Avocado seeds, generally
discarded, offer a sustainable source of starch that
can be utilized to manufacture bioplastics,
reducing PHA production costs by providing an
abundant and underutilized carbon source,
particularly in countries with high avocado
production, such as Mexico. Additionally, the
development of this process contributes to a
circular economy by using waste to create a
value-added  product, thereby improving
sustainability —and resource  management
efficiency. Accordingly, this approach supports
both industrial and environmental goals.

PHA are polymers of hydroxyalkanoic
acids that some bacteria, archaea, and microalgae
accumulate intracellularly as a reserve material
for later use as a source of carbon and energy
(GONZALEZ GARCIA, MEZA CONTRERAS,
GONZALEZ REYNOSO, & CORDOVA
LOPEZ, 2012). Specifically speaking of PHA
synthesized by bacteria, we have that PHAs are
polyesters of hydroxyalkanoates (HAs), with a
general structure depicted in Fig. 1. Bacteria
produce PHAS as a reserve of carbon and energy
when nutrients are scarce. Still, there is an excess
of carbon available. When the limiting nutrient
becomes available again, the bacteria break down
these stored compounds to use as energy. The
molecular weight of PHAs typically varies
between from 2 x 10° to 3x10° Da, depending
on the specific microorganism and the conditions
under which it is cultivated (Khanna &
Srivastava, 2004).

T ﬁ
CH C -
PNy PN
g (CH,) « O
L casd Y
Figure 1

General formula for PHAs

Source: (Braunegg, Lefebvre, & Genser, 1998)
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In general, the material properties of PHA
are highly dependent on the monomer
composition. Short-chain PHAs (SCL-PHA)
consist of monomers having between 3 and 5
carbon atoms and are typically thermoplastic
polymers, which can be mouldable above their
melting points. As for medium chain PHA's, they
are monomers containing between 6 and 14
carbon atoms therefore they are classified as
elastomers (GONZALEZ GARCIA, MEZA
CONTRERAS, GONZALEZ REYNOSO, &
CORDOVA LOPEZ, 2012). Table 1 shows the
properties and characteristics of short-chain
(SCL) and long-chain (MCL) PHA versus
polypropylene properties.

Table 1

Comparative table of characteristic polymeric
properties of short side-chain (SLC) and long side-
chain (MLC) PHA versus polypropylene properties

Properties PHA SCL PHA MCL PP
Tm (°C) 61 177 176
Tg (°C) -36 2 -10
Crystallinity (%) 30 70 60
Elongation (%) 300 5 400

Source: (FRANCO, 2008)

About 300 bacterial species capable of
producing PHAs have Dbeen identified,
encompassing both Gram-negative and Gram-
positive bacteria. However, only a limited
number of these species are used industrially, due
to their high efficiency in substrate conversion
and the final accumulation of the biopolymer
within their cells (Barbosa, Hernandez, Romero,
& Sarmiento, 2005). When choosing a bacterium
for biopolymer production, several factors must
be considered, such as the ability to use
accessible and low-cost carbon sources, the
growth rate, the rate of polymer synthesis, the
quality and quantity of PHA, and the costs of the
recovery processes.

The bacterium selected for this research
was Bacillus cereus, as it was the only
microorganism capable of synthesizing PHA, as
provided by the Renewable Energy Laboratory of
Tec Laguna. The purpose is to evaluate the
viability of avocado seed starch as the primary
carbon source, subjecting it to acid hydrolysis to
facilitate more accessible access to the glucose in
this compound. This glucose was incorporated
into a salt medium to favor optimal bacterial
growth.
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The turbidity method was used to
evaluate bacterial growth as response variables,
while the DNS technique was employed to
analyze  substrate ~ consumption. After
fermentation, the biomass was extracted from the
medium, and the PHA was recovered and
quantified by dry weight.

Methodology

Raw material

A batch of Hass avocado seeds was received as
waste from the "Loncheria Cuauhtémoc”. The
seeds were subjected to a cleaning process and
subsequent physical characterization (Figure 2).
Analyses revealed a moisture content of 27.5 +
0.2% on a dry basis (bs), an ash content of 2 £ 1%
bs, and a density of 1.13 g/cm3.

Figure 2
Hass avocado seeds

Source: Own elaboration
Starch extraction from avocado seeds

The seeds were cut into small pieces to facilitate
crushing. The pieces were then crushed in a mill
to achieve a fine particle size. Starch extraction
was performed using distilled water at 70 °C with
a sodium bisulfite (NaHSOs) solution at a
concentration of 1 g/L, using a raw material ratio
of 3:5 (v/v). The mixture was stirred and left to
stand for 2 hours, with occasional stirring to
promote starch release. After resting, the mixture
was filtered through a fine sieve to separate the
liquid phase from the solid phase.
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The filtered liquid was collected in a
sterilized Pyrex beaker and left to stand for 4 to 5
hours to allow the starch to settle. The
supernatant was carefully decanted to avoid
disturbing the settled starch. To purify the starch,
distilled water was added to the settled starch,
shaken, and left to stand again, repeating the
washing process 2 to 3 times. Finally, the purified
starch was transferred to drying trays and
dehydrated in a NOVATECH Oven (MODEL
HS35-AID) at 65 °C for 12 hours. Once dried, the
starch was pulverized into a fine powder using a
mortar and pestle or coffee grinder (Figure 3).

Figure 3

Extracted starch

Source: Own elaboration
Acid hydrolysis of avocado seed starch

Acid hydrolysis was done with HCI at 0.4 M for
1 hour using a 1:10 (w/v) ratio of starch to
hydrolysis medium. Then, the medium was
filtered, and the pH was neutralized to 7 - 7.5
using NaOH at 0.2 M. It was then sterilized in the
autoclave (CAISA ESTERIOMETRIC) at 121
°C for 15 min.
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Mineral salt medium

The mineral salt medium used in the initial
screening studies for PHA production had the
following composition (g/L): (2.5 K, HPO,, 2.5
KH, PO,, 5 glucose, 2 yeast extract, 0.2
MgSo,—7H, O, 0.01 FeSO,—7H, O and
0.007 MnS0, — 7H, 0). The pH of the medium
was adjusted to 7.5. The medium, without
glucose, was sterilized at 121 °C for 20 min. The
hydrolyzed medium was sterilized separately and
incorporated into the culture medium after
sterilization (Devi, Nachiyar, Kaviyarasi, &
Samrot, 2015). Once the culture medium was
prepared, it was inoculated with a sample of
Bacillus cereus bacteria previously reactivated
with a time of 16 hours, using a ratio of 1:20
(v/v), the fermentation time was 48 hours (Figure

Figure 4

Bacillus cereus inoculated on mineral salt medium

Source: Own elaboration
Instrumental analyses

Turbidity test. Turbidity monitoring of the
fermentation samples was carried out by
spectrophotometry (Model 721) at 500 nm at
intervals of 3 hours and 48 hours to determine the
kinetics of bacterial growth.

Determination of substrate consumption by
DNS. This protocol was used to determine the
concentration of reducing sugars. For this
purpose, 1 mL of the sample obtained from the
fermentation at three-hour intervals, brought to a
concentration of 25,000 ppm, was used.
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Subsequently, 1 mL of DNS reagent and 3 mL of
distilled water were added. The tubes were
vortexed for 30 seconds, boiled for five minutes,
and the reaction was stopped in an ice bath for 10
minutes. Finally, the samples were analyzed
using a visible spectrophotometer (Model 721) at
a wavelength of 540 nm.

Results
Starch extraction

The project results showed that avocado seeds'
average starch extraction efficiency was 8.25%,
equivalent to obtaining between 1 and 8 grams of
starch per 100 grams of seeds processed.
Additionally, the extracted starch demonstrated
an acceptable purity content, as further analysis
indicates it yields results comparable to corn
starch. Accordingly, these findings underscore
the potential of avocado seed starch as a viable
and sustainable carbon source for PHA
production.

Acid hydrolysis of avocado seed starch

The results obtained in the release of glucose by
acid hydrolysis in avocado seed starch show an
efficiency of 46. 7%, as shown in Table 2. At the
same time, it also shows the same hydrolysis as
corn starch with a high purity level; considering
that the avocado starch obtained comes from an
agro-industrial residue without being subjected to
so much process to increase its degree of purity,
it shows an efficiency if we compare it with corn
starch having a difference of £ 7.87%. This
process was carried out to release the glucose in
the starch since this previous process facilitates
faster access to the carbon content of the starch
than if it had been used directly.

Table 2
Comparison between glucose obtained by acid hydrolysis
of avocado seed starch and corn starch

Raw material HCI Time Temp. Glucose
(M) (hours) (C9) Obtained
(g/L)
Avocado 0.4 1 80 46.7
Seed Starch
Corn Starch 0.4 1 80 54.57

Source: Own elaboration
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Bacterial growth and glucose consumption
during fermentation

Figure 5 illustrates the growth Kinetics of
Bacillus cereus in a mineral salt medium. A rapid
exponential growth phase is observed from 3to 9
hours, attributed to the prior reactivation of the
bacterium in the same medium. After the 9-hour
mark, although the curve appears to reach a
stationary phase, growth continues at a reduced
rate. This phenomenon may be due to partial
nutrient depletion or the presence of inhibitory
by-products. It is important to note that some
bacteria accumulate more PHA during the
stationary phase than in the exponential phase.

1.6 X
1.4
1.2
1 .
0.8
0.6
0.4
0.2
T —
0 3 6 912151V DR BBIBBHU4S

Fermentation Time (Hours)

Absorbance (500nm)

Figure 5
Bacterial growth curve in the mineral salt medium

Source: Own elaboration

Figure 6 illustrates the consumption of
glucose in the mineral salt medium, with samples
taken every 3 hours over 48 hours at a
concentration of 25,000 ppm. Upon applying the
DNS method, the initial absorbance was recorded
at 0.627 ABS. As time progressed, the substrate
concentration in the medium decreased, reaching
a final absorbance of 0.185 ABS at hour 48. The
rate of consumption over time depends not only
on the substrate used in the medium but also on
the bacteria—in this case, Bacillus cereus—that
is consuming it, as well as the mode of operation
of the fermentation. Notably, this process was
conducted without agitation; nonetheless, the
substrate consumption was found to be adequate.
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Figure 6
Glucose consumption in the mineral salt medium

Source: Own elaboration
Conclusions

This investigation highlights the potential of
starch from Mexican avocado seeds as an
alternative and sustainable carbon source for
biopolymer  production. Starch  extraction
demonstrated an acceptable efficiency of 8.25%,
with a comparative purity comparable to that of
corn starch. Acid hydrolysis efficiently released
glucose, achieving a yield of 46.7%. Moreover,
the growth of Bacillus cereus in a mineral salt
medium without agitation reflected adequate
bacterial growth and steady  glucose
consumption, suggesting the viability of this
substrate. These findings underscore the value of
avocado seed starch as a promising alternative in
the circular economy, promoting the integrated
use of agro-industrial waste as a new,
economical, renewable, and highly available
carbon source.
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Abstract

Agro-Industry 4.0 integrates advanced digital technologies in
agriculture to improve efficiency and productivity through
process automation and real-time data collection. This research
applies information and communication technologies (ICT) to
automate agricultural processes. Using Python, an application
was developed to process images from sensors like SENTINEL,
LANDSAT, and SEQUOIA to calculate vegetation indices,
which help estimate chlorophyll content in plants. These indices
are crucial for assessing crop nutritional status and support
decision-making in crop management, optimizing development
and improving agricultural performance.

mplementation of Python in the automation of crop analysis

through Remote Sensors.
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Resumen

La agroindustria 4.0 integra tecnologias digitales avanzadas en la
agricultura para mejorar la eficiencia y productividad mediante
la automatizacion de procesos y la recopilacion de datos en
tiempo real. Esta investigacion aplica tecnologias de la
informacion y comunicacion (TIC) para automatizar procesos
agricolas. Usando Python, se desarrollé una aplicacion que
procesa imagenes de sensores como SENTINEL, LANDSAT y
SEQUOIA para calcular indices de vegetacion, que permiten
estimar el contenido de clorofila en las plantas. Estos indices son
cruciales para evaluar el estado nutricional de los cultivos y
optimizar su manejo para mejorar el rendimiento agricola.
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Introduction

Agribusiness 4.0 is transforming traditional
agriculture by integrating advanced digital
technologies that optimise crop production and
management. This approach, based on process
automation and the use of connected devices,
facilitates real-time data collection and analysis,
enabling farmers to make more informed and
effective decisions (Zhang et al., 2019).

The adoption of technologies such as
artificial intelligence, the Internet of Things
(IoT) and robotics is changing the way
agricultural resources are managed, improving
both efficiency and sustainability (Bongiovanni
& Lowenberg-Deboer, 2020). A key aspect of
this transformation is the use of remote sensing
imagery, which provides detailed data on crop
condition, facilitating the assessment of crop
health and nutrition.

Remote sensors, such as the SENTINEL,
LANDSAT and SEQUOIA satellites, provide
images that allow spectral indices related to the
chlorophyll content of plants to be calculated.

Chlorophyll concentration is a direct
indicator of plant health and is closely linked to
the ability of plants to photosynthesise. These
indices, such as NDVI (Normalised Difference
Vegetation Index), are critical for monitoring the
nutritional status of crops and therefore allow
farmers to better manage inputs such as water
and fertiliser, optimising crop yields (Kumar et
al., 2020).

In this context, the Python programming
language has established itself as an essential
tool for processing large volumes of data
obtained from remotely sensed imagery. Python
allows the automation of complex calculations,
such as vegetation indices, simplifying the
analysis and facilitating the interpretation of
results (Dandois et al., 2021).

This language, due to its versatility and
ease of use, has become a popular choice for
developing applications that analyse satellite
images and generate useful information for
agricultural decision-making.

The objective of this research is to
explore the implementation of Python in the
automation of crop analysis using remotely
sensed images.
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Through the development of a tool that
processes images from the SENTINEL,
LANDSAT and SEQUOIA satellites, the aim is
to calculate various vegetation indices that
estimate the chlorophyll content of plants.

This information, crucial for assessing
the nutritional status of crops, will allow farmers
to make faster and more accurate decisions,
improving efficiency in crop management and
promoting sustainability in agriculture. The
automation of these processes is a fundamental
step towards the full adoption of agribusiness
4.0, which has the potential to transform
agriculture into a more productive, efficient and
environmentally friendly sector.

Materials and Methods
Remote Sensing

For the assessment of crop nutritional health,
images obtained from three remote sensors were
used: SENTINEL-2, LANDSAT 8 and
SEQUOIA.

These sensors provide high spatial and
temporal resolution images that allow the
calculation of chlorophyll-related spectral
indices, essential to assess crop health.

SENTINEL-2

Provides images with a spatial resolution of 10
to 60 metres and an acquisition frequency of 5
days, facilitating continuous crop monitoring.

LANDSAT 8

Provides 30-metre spatial resolution imagery
and has an acquisition frequency of 16 days,
making it a stable and accessible source for long-
term analysis.

Parrot SEQUOIA

A sensor primarily dedicated to vegetation
observation and with a capability to capture
images in several spectral bands, especially
useful for detailed analysis of plant health.

Image pre-processing

Images acquired from the satellites were pre-
processed using QGIS software tools.
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Preprocessing included geometric and
radiometric correction to correct distortions in
the images and ensure spatial and radiometric
accuracy.

As well as the cropping of areas of
interest for which specific areas where crops
were grown were selected, ensuring that the
calculated indices corresponded only to the areas
relevant to the analysis.

Calculation of Vegetation Indices

The spectral signatures of remote sensors allow
us to obtain information on the physiological
state of a plant in real time, associating it with
the concentration of elements that allow us to
evaluate the nutritional state of the plant, as well
as the chlorophyll content, leaf area and biomass
(Analytical Spectral Device, 1999).

The quantification of these variables is
useful for more precision agriculture as it
optimises the participation of agricultural
products in future markets. Optical remote
sensing provides real-time, specific and critical
information due to its ability to measure
biophysical indicators and detect their spatial
variability.

The calculation of vegetation indices was
carried out using the Python programming
language, using the NumPy, Pandas and
Matplotlib libraries for data processing and
visualisation. In addition, other indices were
calculated to provide additional information on
the water content and other nutritional
components of the plants.

The indices selected for this project are
shown in table 1.
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Table 1

Automated vegetation indices.

Spectral index Equation Reference
NDVI NIR-RED/NIR | Rouse, Haas,
(Normalized + RED Schell y
Difference Deering (1974)
Vegetation
Index)

SAVI NIR-RED/(NIR | Huete, A. R,
+ RED + L)) * (1 | (1988)
+1)

NDRE NIR-RE/NIR + | Barnes et al.
(Normalized RE (2000)
Difference Red
Edge)

CCCIl (Canopy | NDRE/ NDVI Barnes et al.
Chlorophyl (2000)

Content Index)

TCARI / | {3[(RE - RED) — | Haboundane,
OSAVI 0.2(RE — | Miller,
(Transformed GREEN) Tremblay,
Chrolophyll (RE/RED)1} Zarco y
Absorption in | {[(1+0.16)(NIR — | Dextraze
Reflectance RED))/(NIR  + | (2002)

Index / | RED +0.16)}

Optimized Soil-

Adjusted

Vegetation

Index)

Source: Own elaboration
GIS programming

Geographic  Information  Systems  (GIS)
programming is essential to carry out advanced
analysis of geospatial data, allowing the
integration of various types of software and
databases.

It also facilitates the visualisation,
exchange and distribution of spatial information
through web platforms.

Thanks to GIS programming, it is
possible to create customised and specialised
tools, adapted to specific needs, that optimise the
decision-making process in areas such as urban
planning, natural resource management and
environmental monitoring.

These applications make it possible to
handle large volumes of geospatial data and
perform complex analyses that would not be
possible without the use of advanced algorithms
and methodologies.
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Application Development

Python has been adopted and integrated as a
programming language by popular GIS tools
such as Qgis through its PyQgis module.

An application was developed in Python
language that automates image processing and
vegetation index calculation. The application
was based on a modular workflow that includes

- Image loading

Remote sensing images are loaded into the
application from a public database or directly
from platforms such as Copernicus Open Access
Hub (for SENTINEL) and USGS Earth Explorer
(for LANDSAT).

- Calculation of spectral indices

Through Python scripts, the application
automatically calculates vegetation indices from
the geo-referenced images.

- Visualisation of results

Results are presented in the form of heat maps
and graphs showing variations in crop nutritional
status, helping users to interpret the information
in an intuitive way.

QT Designer

A visual development tool within the Qt
framework that allows intuitive and fast
graphical user interfaces (GUIs) to be designed.
It is widely used in the development of
applications for desktop environments, as it
facilitates the creation of interfaces without the
need to write code from scratch.

Qt Designer provides a graphical
interface where developers can drag and drop
widgets (interface elements) such as buttons,
text boxes, menus, and other visual components
to design the structure of the application.

Results

Process automation involves the autonomous
execution of tasks through the use of advanced
technologies and the efficient integration of
systems and data.

ISSN: 2444-4936
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

This approach is crucial for optimising
research and operations management, as it
leverages technological capabilities to reduce
the time and effort required for repetitive tasks.

In other words, automation not only
improves efficiency, but also facilitates the
reduction of operational costs, speeds up
processing times, increases productivity and
reduces the risks associated with human error.
This type of automation is especially valuable in
activities that require continuous and consistent
execution of tasks.

In the context of this research, the Python
programming language was used as a key tool to
automate the calculation of various vegetation
indices, using images obtained from three
multispectral sensors: LANDSAT, SENTINEL
and SEQUOIA. Python was chosen due to its
versatility and robustness, as it allows the
development of fast and efficient solutions for
processing large volumes of geospatial data.

In addition, a graphical user interface
(GUI) was designed to facilitate user interaction
with the system in an intuitive way. This
interface consists of two main views, as
illustrated in Figure 1.

In the first window, the user is asked to
specify the source of the data, i.e. whether the
images come from LANDSAT, SENTINEL and
SEQUOIA. Then, the system requests the
location of the directory where the images
previously processed and transformed to
reflectance values are located.

Finally, the user must indicate the
directory where the results generated by the
system will be stored, ensuring an automated and
organised workflow.

This technological development not only
facilitates the calculation of vegetation indices,
but also optimises the workflow, allowing for
faster and more accurate geospatial data
analysis, all with the aim of improving the
efficiency of decision making for agricultural
and environmental management.

The graphical interface designed in the
application consists of sections.
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Sensors’, corresponding to the first tab,
this section consists of selecting the sensor to
which the image to be processed by the
application corresponds, remembering that there
are three sensor options. This section also
provides the path where the image is located and
the path where the results obtained will be stored
(Figure 1).
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Figure 1

Graphical interface. Tab 1
Source: Own Elaboration

In tab 2 of the development, the user has
the possibility to choose between calculating the
five vegetation indices automatically, or to select
one or some of them as required.

After selecting the desired options, as
shown in figure 2, the user can click on the
"Run" button to start the calculation process.
This calculation will be performed using the
previously selected image scenes from the input
path specified in window 1.

The results obtained will be processed
and stored in the output directory indicated by
the user in the same window. In this way, the
system allows great flexibility in the selection of
the indices to be calculated, adapting to the
specific needs of each user while maintaining an
automated workflow that simplifies the process
of geospatial data analysis.
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Figure 2

Graphical interface. Tab 2
Source: Own Elaboration

The figures show fragments of the
developed script, in which some of the lines of
code used to execute the functions responsible
for converting the reflectance values into indices
related to the chlorophyll content of the plants
can be observed.

These fragments illustrate how the
necessary calculations are performed to
transform the reflectance data obtained from the
images into values that reflect the nutritional
status of the plants, specifically their chlorophyll
concentration, a key indicator of their health and
vigour.

Figure 3 refers to the algorithm that runs
the graphical interface of the application.

xcalculator)

Figure 3

Functionality of the graphical interface
Source: Own Elaboration
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Figures 4 and 5 correspond to the
algorithm that estimates the vegetation indices
for the Sentinel and Sequoia sensors
respectively.

OtGui.OMessage

Figure 4

Sentinel sensor scene processing script.
Source: Own Elaboration

QtGui.QMessageBox.inf

QtGui.OMessageBox. inf

Figure 5

Sequoia sensor scene processing script
Source: Own Elaboration

Conclusions

The results obtained have been satisfactory, as
the development of the application has enabled a
significant reduction in image processing time.
This development not only improves the
efficiency of the processes, but also ensures the
ability to handle a larger volume of data in future
investigations, with the advantage of obtaining
fast and accurate results.
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The integration of GIS programming in
this context has proven to be a valuable tool that
deserves further attention, as it facilitates the
realisation of complex processes and makes
them available to any user interested in
analysing geospatial data.

Limitations

Despite the benefits, the implementation of GIS
programming is still at a nascent stage in many
regional contexts.

This is due to, among other factors, lack
of adequate infrastructure, poor training and
dissemination, as well as limited availability of
data, literature and resources.

These barriers hinder the adoption and
exploitation of the potential of GIS
programming in various areas of geospatial
research and analysis.

Recommendations

For researchers wishing to continue this work, a
key recommendation would be to conduct
further validation by cross-checking the
calculated indices with data obtained directly in
the field through sampling and laboratory
analysis.

This comparison would allow correlating
the chlorophyll values obtained from the spectral
indices with the results of the laboratory
analyses, which would help to define more
precise  parameters and improve the
interpretation of the results generated when
processing the images.

This, in turn, would optimise the
applicability and accuracy of the tools developed
for crop health monitoring.
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Abstract

VS-536, the most used synthetic maize variety in the southeast of
Mexico, present favourable traits in plant an ear and adapted to the humid
tropic, however, this variety is in public dominion because of the period
of using, but there are seed producers that follows producing VS-536
without quality control. The objectives of this research are a) To improve
the synthetic variety VS-536, for yield and agronomic traits and b) To
characterize the improved version for its register to SNICS. The
improved version of VVS-536, present short ear, relation ear/plant eight of
0.54, good husk cover, good plant and ear aspect, white grain and dent
texture. Trought six environments, this improved version registered 6.86
t ha-1 and 41.83 t ha-1 for grain and green forage, 18% and 14 % above
to V-537C, for each trait, respectively.

Population improvement in the Synthetic maize variety VS-536 (Zea mays
L.) for the humid Tropic in México

Objectives Methodology Contribution

a) To improve the There was practiced mass The improved version of VS-536,

synthetic variety VS- selection in VS-536 at Cotaxtla present short car, relation ear/plant
536. for vield and | xperimental station: this method eight of 0.54, good husk cover, good
agronomic  tmits| | U5 the additive portion of the | plant and ear aspect and sanity,
b) To characterize the| | ECNCtiC variance present in maize white grain and dent texture
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Resumen

V/S-536, de mayor uso en el sureste mexicano, presenta caracteristicas de
planta y de mazorca favorables y adaptacion al trépico, sin embargo, ya
es de dominio publico y existen productores semilla de VS-536, sin un
control de la calidad. Los objetivos son: a) Mejorar la variedad VVS-536
para rendimiento y caracteristicas agrondmicas y b) Caracterizar la
version mejorada para su registro ante el SNICS. La versién mejorada de
VS-536, presenta mazorca baja, relacion altura de mazorca/altura de
planta de 0.54, buena cobertura de la mazorca, buen aspecto y sanidad de
planta y mazorca, grano blanco y textura dentada. A través de seis
ambientes, esta version mejorada, registrd 6.86 t ha-1y 41.83 t ha-1 para
grano y forraje verde, 18% y 14 % mas en relacion con V-537C, para
cada caracteristica, respectivamente.
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Introduction

In México Maize is the most important crop
because it is part of the diet for human
consumption, the sown area, and generate 36%
of the agriculture production value. During
2022, there were sown in México, 7.47 million
of hectares with maize, which of them, 6.904,
were for grain production, with an average in
yield of 3.90 t ha?, and a total production of
26.55 million tons, and an apparent per céapita
consume of 338.10 kg; From the total
production, there were utilized for the direct
consume 19.35 million tons which of them, 33%
is through the flour industry and 67% through
the masa and tortilla industry in the
nixtamalization process; Besides, during 2022,
there were imported 17.40 million tons of yellow
grain for industry and animal feed (SIAP, 2022).

In the tropical region there were sown 2.8
million of hectares with maize, which of them
one million are located in agronomic provinces
of good and very good productivity 91 thousand
hectares are sown under irrigated conditions
(Espinosa et al., 2019); In this area is feasible the
use of improved seed of hybrids and synthetic
varieties with high vyield potential under
favorable conditions of clime soil and
management by farmers (Sierra et al., 2019).

The synthetic maize varieties offer the
advantage of greater adaptability to the
conditions of clime, soil and management by
farmers (Sierra et al., 2019). Besides, they can
be used by several cycles of snow without
affecting the grain yield or modifying the
agronomic traits.

On the other hand is easier and cheaper
the seed production (Marquez et al., 1983; Reyes
1985; Andrés et al., 2014; Andrés et al., 2016,
Sierra et al., 2019; Sierra et al., 2016; Andrés et
al., 2017). Sprague (1955) defines the synthetic
maize varieties as the advanced generations of a
multiple hybrid, which is formed for more than
4 inbred lines. Besides is defined as these that is
maintained by open pollination after of its
synthesis by hybridization among selected
genotypes (Marquez et al., 1983; Reyes, 1985).

Busbice, (1970), suggested that the
number of inbred lines to form a synthetic maize
variety depend on the inbreeding of the parent
lines, it is needed more lines, when they are more
inbreeding.
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Kutka y Smith (2007) found that the
optimum number of lines to form maize
synthetics varied from 5 to 8. Marquez et al.,
(1983), with the basic inbred lines from the
Cotaxtla maize breeding program, found the
optimum number of inbred lines to form
synthetics is between 8 to 12 lines; These authors
mentioned that the best synthetics can be used as
source of germplasm in population improvement
to get improved maize varieties and for derived
new inbred lines.

The population improvement in maize to
exploit the additive portion in populations and
consist in accumulating favorable genes in traits
to select; besides, it generates as byproducts
open pollinating maize varieties with high yield
and wide adaptation, besides, in this kind of
breeding is important to exist genetic variability
and reduce the environmental effect (Sierra et
al., 2019; Marquez et al., 1983).

When maize populations are improved,
they get wide adaptation and relatively tolerance
to adverse factors, like insects, diseases, drought
(Lonnquist, 1979). The allelic frequency can be
modified by selection and if a great number of
genes is involved the increasing by generation
are little, and a great number of changes can be
gotten by continuous recurrent selection through
several years (Comstock, 1978; Hallauer and
Miranda,1981).

The synthetic maize variety VS-536 was
formed by genetic recombination of eight inbred
lines, ate first there were evaluated diallelic
crosses among selected inbred lines across
several locations in the humid tropic of Mexico.
To form this synthetic variety there was made a
balanced mechanical compound with the
selected lines, and then there were recombined
this compound by controlled pollinating (Sierra
et al., 2016).

The adaptability of these genotypes
permits to know the response to different
environments defined by the clime, soil and
agronomic management (Reyes 1990; Reyes,
1985, Andrés et al., 2017; Sierra et al., 2018;
Marquez, 1992). The synthetic maize variety
VS-536 is the most used maize variety generated
by INIFAP in the southeast of Mexico. This
variety presents favorable agronomic traits in
plant and ear, besides its adaptation to tropical
conditions, is necessary to improve this variety
for getting more uniformity and registered in the
SNICS.
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Thus, in Cotaxtla experimental station
there was started in 2021, the improvement of
this variety, through the recurrent selection with
the method of mass selection, method that
exploit the additive portion of the genetic
variance present in maize populations.

Objectives

The Los objectives of this research were: a) To
improve the synthetic variety VS-536 for yield
and agronomic traits and b) To To characterize
the new improved version of VS-536 for getting
its register by SNICS.

Methodology
Localization

The humid and subhumid tropical area of
Mexico include, According with Garcia (2004),
to climatic group A, that correspond to humid
and subhumid warm conditions (Aw0, Awl,
Aw2, Am y Af) and is located in the coast region
in the Gulf of Mexico and the pacific ocean. This
region corresponds to the influence area on
which the synthetic variety VS-536 was
generated, evaluated promoted and are located
the producers of improved seed and it will be the
influence area of the improved version of VS-
536.

Germplasm used

The germplasm used was the synthetic maize
variety VS-536, this variety was developed in
Cotaxtla experimental station which belongs to
the National Institute of forestry, agricultural and
livestock research (INIFAP).

The synthetic maize variety VS-536 was
formed by genetic recombination of eight inbred
lines: The inbred line LE27 derived from the
Braquitics population, LE36 from La Posta
population, LE37 from the opaque Tuxpefio,
LE73 Crystalline white, these lines were formed
in Cotaxtla The lines D471 and D368 from the
maize program in Iguala Guerrero, finally,
OCOT2 and LRBI14-413-7 are lines from
Ocotlan, Jal., and Rio Bravo, Tamps.,
respectively (Sierra et al., 2016).
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Description of the experiments

The experiments were stablished under blocks at
random design with 20 entries and three
replications, which of them 9 are experimental
synthetics varieties; VS-536, V-537C, SINT2,
SINT3, SINT4, SINT5, TS6, LPS C3 y SINT
8C; 8 maize varietal crosses and the hybrids H-
520, H-518 and H-567; they were sown in plots
of two rows 5 m long and 80 cm wide in a
density of 62,500 pl hal. The weeds were
controlled based on Atrazine in preemergent
application and were controlled pests in leaves
during the culture development. La fertilization
was made according to the recommendations of
INIFAP for each location; particularly in
Cotaxtla location was utilized the formula 161-
46-00, applying all the phosphorus and 30% of
the nitrogen at planting date, the rest of nitrogen
was applied before the second culture using urea
as nitrogen source

Variables and data logging

During the development of the experiments there
were registered the agronomic traits days to
tassel, days to silking, height to plant and ear,
plant and ear aspect and sanity, utilizing a scale
from 1 to 5, where 1 is the best and 5 the worst,
lodging plants, bad husk cover; at harvest there
were registered the variables grain yield, dry
matter and rot ears. In reference to
characterization, there were registered 68
quantitative and qualitative agronomic variables
in plant, ear and grain according to the format
suggested by SNICS. (SNICS, 2014)

Statistical methods

The experimental design was under blocks at
random design with 20 entries and three
replications. There was an individual analysis
for each experiment and a combined analysis for
grain yield of the synthetic varieties in the seven
environments of evaluation and were analyzed
statistically and for the separation of means, the
Significant Minimum Difference test was
applied at 0.05 and 0.01 of probability (Reyes,
1990). There were gotten the environments
indexes in maize varieties for the seven
environments of evaluation in Veracruz and
Tabasco: Cotaxtla 2022B, Carrillo 2023A,
Huimanguillo 2023A, Carrillo 2023B, Carrillo
2024A, San Bartolo 2024A y Huimanguillo
2024A
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Results and discussion
Improving the synthetic maize variety VS-536

In Cotaxtla Experimental station there was
working in the improving of VS-536 using the
selection mass method; this method exploits the
additive portion of the genetic variance present
in maize populations, and it means to accumulate
favorable genes in the synthetic maize variety
VS-536 through the selection cycles. With this
method, the criteria of selection have been short
height of plant and ear for reducing risk of
lodging, good husk cover, tolerance to lodging,
good plant and ear aspect and sanity, with grain
and dent texture for the improve version of VS-
536 (Sierra et al., 2019).

The new version of VS-536 presents
plants with good aspect, Relation height of ear /
height of plant of 0.54, present ears with 14
regular rows, white color and dent texture. The
selection was made in two stages: 1) In plant,
when this is in grain filling phenologic stage,
selecting plants with complete competence and
favorable characteristics and 2) at harvest time
selecting the best ears, with this seed there will
sown the next selection cycles.

Additionally, it was applied a recurrent
selection of S1 progenies, the advantage of this
method permits to eliminate those S1 families
with non-desirables characteristics and “clean”
the variety. In this year 2024, we have the fifth
mass selection cycle and the data of this
improved version of VS-536 will be sent to
SNICS for getting the register number. In table
1, the process of breeding of the synthetic variety
VS-536 is presented.

Table 1
Breeding of the synthetic maize variety VS-536.
Cotaxtla 2016-2024

2016A. Refreshment of the maize varieties

2016B, 2017B, 2018B. Evaluation of maize varieties
2021A. First mass selection cycle in VS-536 synthetic
variety

2022A. Identification of best varieties of maize

2022A. Second mass selection cycle in VS-536 synthetic
variety

2022B. Third mass selection cycle in the synthetic variety
VS-536

2022B. Definition of the improved version of VS-536 for
getting the register number by SNICS
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2023A. First progenies S1 recurrent selection cycle in the
synthetic variety VS-536

2023B. Four mass selection cycles

2024 A. Fifth mass selection cycle

2022B y 2023B. Characterization of the improved version
0of VS-536 according with the format suggested by SNICS.
2024. Organization, send the data to SNICS

Grain yield

In reference to grain yield across the seven
environments of evaluation in both spring
summer and fall Winter seasons under no
irrigated conditions, it was found that the
improved version of VS-536 registered 6.80 t ha”
"in grain, 16% more than the commercial check
V-537C; The adaptability of this genotype
permits to know the response to different
environments defined by the clime, soil and
agronomic management (Reyes 1990; Reyes,
1985, Andrés et al., 2017; Sierra et al., 2018;
Marquez, 1992) (Table 2).

Table 2
Grain yield t ha™! of improved version of VS-536

Environment Improved VS-536 | V-537C
Cotaxtla 2022B 5.63 5.04
Carrillo 2023A 5.38 5.08
Huimanguillo 2023A 4.65 4.94
Carrillo 2023B 7.60 8.20
Carrillo 2024A 9.15 6.06
San Bartolo 2024A 8.75 5.52
Huimanguillo 2024A 6.45 6.34
Mean 6.80 5.88
Relative % 116 100

Environmental Indexes

In relation with the Environmental Indexes in
maize varieties for Veracruz and Tabasco, it was
registered for environments Carlos A. Carrillo in
2023 B, Carlos A. Carrillo in 2024A and San
Bartolo 2024 A, the best Environmental Indexes
with positive values of 1.56, 1.27 and 0.8 and the
best grain yield for these maize varieties and
particularly the lowest environmental indexes
correspond to Huimanguillo, Tabasco, in 2023A,
Carlos A. Carrillo in 2023 A and Cotaxtla 2022B.

It was observed that the maize varieties
are adapted to the Cuenca del Papaloapan in
2023B and 2024A for the municipalities of
Carlos A. Carrillo and San Bartolo Tuxtepec,
Oaxaca the best environmental Indexes and the
best grain yields in t ha! (Table 3)
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Table 3

Environmental Indexes for maize varieties
Veracruz and Tabasco 2022 to 2024

NUm Environment Grainyieldt | Environment
. ha! al Indexes
4 Carrillo 2023B 7.90 1.56
5 Carrillo 2024A 7.61 1.27
6 San Bartolo 2024A 7.14 0.80
7 Huimanguillo 6.40 0.05
2024A
1 Cotaxtla 2022B 5.34 -1.01
2 Carrillo 2023A 5.23 -1.11
3 Huimanguillo 4.80 -1.55
2023A
Promedio 6.34
Forage yield

VS-536 in improved version registered a mean
forage yield across the five environments of
evaluation of 41.83 t ha™! of green forage for the
improved version of VS-536, 14 % more than the
check V-537C (Table 4).

Table 4

Yield of green forage (t hal) of improved
version of VS-536

Environment Improved VS-536 | V-537C
Carrillo 2023A 38.31 40.87
Carrillo 2023B 51.83 43.20
Carrillo 2024A 51.63 34.73
San Bartolo 2024A 45.87 40.00
Valle Nacional 2024A 215 24.0
Sum 209.14 182.8
Mean 41.83 36.56
Relative % 114 100

Agronomic characteristics

Improved version of VS-536 present height of
plant and ear intermediate with 232 and 132 cm
for each variable, respectively, with a relation
height of ear /height of plant of 0.56, it means,
practically in the middle part, intermediate
biological cycle with 52 to 54 days to flower, 80
to 90 days to physiological maturity and 120
days from sown to harvest during the spring
summer season, present good husk cover, good
plant and ear aspect and sanity, ears with 14
regular rows, cylindric shape, white grain and
dent texture.
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Because of its yield and agronomic
characteristics, besides the advantages in
maintaining IS easier and cheaper the seed
production (Marquez et al., 1983; Reyes 1985;
Andrés et al., 2014; Andrés et al., 2016; Sierra et
al., 2019; Sierra et al., 2016; Andrés et al.,
2017). the Improved version of VS-536 suggests
the registration in the SNICS as V-540 (Table 5,
Fotos 1y 2)

Table S
Agronomic characteristics in plant and ear in the
Improved version of VS-536

Genealogy Diasa  Alt Alt | Asp¥ Asp” | San' | San” % % Alt

flor pl  mz pl mz pl mz cob Pod mz/
Alt pl
Improved version VS- 52 | 232 | 132 25 2.7 17 25 4.78 3.98 0.56

V-537 C 52 | 225 | 115 2.3 2.8 25 2.5 5.87 6.98 0.51
Alt pl=height of plant in cm; Alt mz= height of ear in cm;
Asp pl= plant aspect; Asp mz= ear aspect; San pl= plant
sanity; San mz= ear sanity; % Cob= % of ears with bad
husk cover: % Pod= % of rot ears 1/= scale of qualifying
from 1 to 5, where, 1 is the best and 5 the worst

Figure 1 and 2

Agronomic characteristics in in plant and ear for the
Improved version of VS-536

Conclusions

Because of its yield and agronomic
characteristics across the seven environments of
evaluation, the Improved version of VS-536 can
be used as a double purpose for grain and for
forage and help to resolve the problem for
animal feeding during the dry station.

For it yield in grain and forage and
agronomic characteristics in plant and ear, the
Improved version of VS-536 is purposed for its
register as new maize variety for the humid
tropic as V-540
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