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Abstract

The corn production is one of the most important
agricultural activities in the world, because it is one of the
cereals destined for human and animal consumption, its
value has influence at economic, social and cultural level.
Its life cycle is divided into vegetative and reproductive,
with approximately 232 days of duration. In Mexico
during spring-summer and autumn-winter periods is
produced, under the temporal and irrigation modalities. In
the state of Hidalgo, the Mezquital Valley is the zone with
higher production, in where the blackwater and high
productivity hybrids are used, however, it is important to
mention that the temporal production include a large
extension of agricultural soils, in where its main objective
is to supply this product locally. As happens at worldwide
level, the corn intensive production and other crops, is
made by the utilization of chemical supplies, practice used
since of the green revolution, which has caused the
physicochemical a biological agricultural soil degradation.
The aim of this review is described the corn general
characteristics and its importance in the Hidalgo Mexico
state, as well as analyze the challenges to its production of
the sustainable way.
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Resumen

La produccién de maiz es una de las actividades agricolas
mas importantes del mundo, por ser uno de los cereales
destinados al consumo humano y animal, su valor tiene
influencia a nivel econémico, social y cultural. Su ciclo de
vida se divide en vegetativo y reproductivo, con
aproximadamente 232 dias de duracién. En México se
produce durante los periodos primavera-verano y otofio-
invierno, bajo las modalidades temporal y de riego. En el
estado de Hidalgo, el Valle del Mezquital es la zona con
mayor produccién, en donde se utilizan las aguas negras y
los hibridos de alta productividad, sin embargo, es
importante mencionar que la produccion temporal incluye
una gran extension de suelos agricolas, en donde su
principal objetivo es abastecer este producto a nivel local.
Como ocurre a nivel mundial, la produccidn intensiva de
maiz y otros cultivos, se realiza mediante la utilizacién de
insumos quimicos, practica utilizada desde la revolucion
verde, que ha provocado la degradacién fisicoquimica y
biol6gica de los suelos agricolas. El objetivo de esta
revision es describir las caracteristicas generales del maiz
y su importancia en el estado de Hidalgo Meéxico, asi
como, analizar los desafios para su producciéon de manera
sustentable.
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Introduction

Food has been the main concern of mankind;
therefore, throughout history, methods have
been sought to obtain enough food to meet the
needs of the population. Among the most
important crops, corn (Zea mays) is one of the
cereals with the highest demand worldwide for
human and animal consumption, in addition to
being used as raw material in a large number of
industrial processes (Samano, 2013; Gonzélez-
Leon et al., 2020).

In Mexico, this cereal is one of the most
widely used ingredients in gastronomy, with an
estimated daily consumption of 343 g per capita.
Its importance also encompasses social and
cultural aspects, being a fundamental part of the
traditions of a great variety of indigenous
communities. The latest available data indicate
that by 2020, 7,481,136.87 hectares were
allocated, which generated 21,885,170.16 tons,
so more than 35% of the total arable area of the
country was used, of this percentage just over
80% is rainfed, and the rest irrigated (Herrera et
al., 2005; Vela et al., 2011; Lopez et al., 2012;
SIAP, 2019; SIAP, 2020).

Although Mexico is among the first ten
countries that generate the highest vyields
worldwide, it is also an importer (Figures 1 and
2), which is necessary to cover the national
demand mainly for white corn used for human
consumption, and to a lesser extent for yellow
corn used in different industries or in the
preparation of animal feed (CIMMYT, 2010;
SIAP, 2019). Therefore, it is necessary to look
for strategies to face the current challenges of
agriculture in a sustainable manner, and corn is
one of the crops that could be considered as a
sustainable crop. one of the crops that could be
considered a priority for food sovereignty.
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Figure 1 Contribution of different countries to world corn
production in millions of tons
Source: (SIAP, 2019)
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Figure 2 Major corn importing countries during the period
2010-2020
Source: (SIAP, 2019)

General characteristics of corn

Maize originated and diversified in Mexico,
where it was domesticated from teosinte (Zea
mays spp. parviglumis), a process that involved
the selection of morphological variants, mainly
in the architecture of the inflorescences, with the
capacity to develop in a wide variety of
agroclimatic conditions. Their classification has
been carried out according to their morphology,
under a hierarchical order, as shown in Table 1
(Doebley, 2004; Johnston-Monje and Raizada,
2011; Sanchez-Gonzélez et al., 2018).

| Kingdom | Plant

Division Spermatophytes or phanerogams

Subdivision | Angiosperm

Class Monocotyledoneae

Subclass Glumiflorae

Order Poales

Family Poaceae or Gramineae

Tribe Maydeae

Genus Zea

Species Zeamays L

Subspecies | Zea mays subsp Huehuetenangensis
Zea mays subsp Mexicana
Zea mays subsp Parviglumis
Zea mays subsp Mays

Table 1 Taxonomic classification of maize
Source: (Revelo, 2006)

This plant consists of root, stem, leaves,
flowers and fruits (Figure 3). It is robust and can
reach up to 4 m in height. It has separate male
and female inflorescences within the same plant;
the former has a panicle with 20-25 million
pollen grains. The female inflorescence has
vegetative structures called spadix, which are
arranged laterally. Its vegetative cycle is divided
into five stages, which are described below (Vela
et al., 2011; CYMMYT, 2017; CONABIO,
2017).
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Nascence: First stage comprising the
period from sowing to the appearance of the
coleoptile. Its duration can be 6-8 days.

Growth: After germination, a new leaf
appears every three days, until generating 5 to 6,
so that in the fourth and fifth week there will be
a complete foliage.

Flowering: Period that begins between
the fourth and sixth week in which the panicle is
emitting pollen; with a duration of 5 to 8 days.

Fructification: After fertilization, fruiting
begins, where the stigmas take on a brown color.
The third week after pollination, the cob takes
the definitive size and the formation of grains
occurs.

Ripening and drying: In the eighth week
after pollination, the grain reaches its maximum
physiological maturity starting at 35% moisture,
which decreases over time.
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Figure 3 Schematic representation of the structure of the
maize plant
Source: (Vela, 2011)

The stages of the maize cycle are the
vegetative and reproductive stages, represented
by the letters V and R respectively (Figure 4).
The first has subdivisions and are designated
numerically as V1, V2, up to Vn, where "n"
represents the last leaf before the ear. Plant
development has the following vegetative
stages: emergence (EV), first leaf (V1), second
leaf (V2), nth leaf (Vn) and spiking (VT). The
reproductive stage comprises: Visible stigmas
(R1), blistered grain (R2), milky grain (R3),
doughy grain (R4), indentation (R5) and
physiological maturity (R6) (Ranere et al., 2009;
FAOQO, 2017).
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Figure 4 Schematic representation of the structure of the
maize plant
Source: (FAO, 2017)

Importance of maize in the state of Hidalgo

In 2020, 392,669.45 ha of the surface area of the
state of Hidalgo was used for agriculture, of
which 58.8 % was used for corn grain
production. Of this percentage, 75.3% was
rainfed with a yield of 1.4 t/ha. For the remaining
24.7 %, yields of up to 8.2 t/ha were reported
under irrigation (SIAP, 2019; SIAP, 2020).

Based on the above, the cultivation of
this cereal is one of the main agricultural
activities in the entity, with rainfed production
supplying a large number of communities
classified as high and very high marginalization,
where, although vyields are low, mainly creole
maize is planted for self-consumption (Mercado-
Flores et al., 2016; SIAP, 2020).

On the other hand, although the area
allocated to irrigated production is smaller
compared to rainfed production, yields are
higher, such is the case of the Valle del
Mezquital, an area made up of 27 municipalities
where the cultivation of this grass is intensively
practiced, making use of sewage from the
metropolitan area of Mexico City and
technological packages that include
mechanization programs, improved seeds of
high productivity hybrids, in addition to
chemical inputs for fertilization and elimination
of pests and diseases (Mercado-Flores et al.,
2016).

As happens worldwide, the crop is
affected by weeds, insects and phytopathogens,
with negative impact on productivity. The state
of Hidalgo is under phytosanitary control of
wireworm, cogollero, elotero, soldado and
alfilerillo pests, as well as leafhopper and blind
hen. It also includes the diseases coal ear and
asphalt spot complex.
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The support is provided by the
Government of Mexico in the Production for
Wellbeing program. In this case, advice and
inputs are given that are mostly of chemical
origin; however, other health problems that are
present in the different regions of the state are
not contemplated (Galarza et al., 2008;
Mercado-Flores et al., 2016; OSIAP, 2019).

Aspects to consider that influence maize
production

Agriculture is considered the engine of the
economy and will always be an indispensable
sector because it generates a large number of
jobs. However, there are different problems that
must be addressed to ensure sufficient supply of
this cereal, and thus contribute to food
sovereignty (Figure 5) (Gonzélez-Ledn et al.,
2020; Giller et al., 2021).

Agroecosystems are complex structures
where climate is an important factor, since it
determines the environmental elements and
natural supplies for plant development, such as
temperature, water resources, fertilization, as
well as the presence of beneficial and harmful
organisms (Godfray et al., 2010; Skendzi¢ et al.,
2021).

The increase in temperature in recent
years has been associated with climate change.
Its influence is reflected in plant development,
which  depends on the physiological
characteristics of species that have been selected
to develop in conditions different from the
current ones. Another consequence is the arrival
of more extensive heat waves at a global level
and intense rainfall, only in some areas of the
planet. On the other hand, the increase in a few
degrees Celsius leads to water stress in plants,
due to a deficit in soil moisture, as well as an
increase in pests, weeds and diseases. Faced with
this problem, agricultural producers, who
generally practice traditional tillage, apply a
large amount of chemical inputs to counteract
the effects of different phytosanitary problems,
low soil fertility and low water availability
(Streck, 2005; Godfray et al., 2010; Rehman et
al., 2015; Zhao et al., 2017; Skendzi¢ et al.,
2021).
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Figure 5 Schematic representation of the effects of climate
change on maize production
Source: Image developed at BioRender.com

Numerous studies show that the most
viable solution is to increase crop production
before allocating more land area. Regenerative
agriculture could be the most viable option,
because it uses soil conservation as a starting
point where the care of ecosystems is
fundamental. Its objective is the sustainable
production of food without causing negative
impacts on the environment, providing social
and economic benefits. Among the actions to
achieve this is conservation agriculture, where
zero or minimum tillage is carried out, which
helps to maintain moisture by preserving the
residues of the previous harvest, thus reducing
dependence on this liquid. On the other hand,
soil health is also reestablished by incorporating
nutrients and maintaining populations of
beneficial organisms. This can be improved with
the use of compost and its leachates, green or
animal manures, organic and biological
fertilizers. In addition, chemical pesticides
should be avoided and can be replaced by
biological control agents, the use of insect
pheromones and crop rotation. Another
important aspect is to promote water percolation
to avoid surface and subway contamination
(Gonzalez-Ledn et al., 2020; Giller et al., 2021).

Challenges for increasing maize production
in the state of Hidalgo

Taking into account that the state of Hidalgo has
a mainly agricultural vocation, where maize is a
priority crop (Mercado-Flores et al., 2016; SIAP,
2020), an analysis is made of the main
challenges to be faced in order to increase the
production of this cereal. The discussion is
carried out according to the experiences of each
of the authors.
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As a starting point, it should be
considered that the environmental, as well as the
economic and social environment, are not the
same in irrigated areas compared to rainfed
areas. In the first case, the cultivation of this
grass is intensive with high productivity hybrids
and mainly for economic purposes, while in the
second case, the production of creole corn is for
local consumption, and in many cases, traditions
have a great influence.

On the other hand, the effect of climate
change has been important, causing an increase
in pests and diseases and directly affecting water
availability, since rainfall for rainfed crops is
scarce in some regions and very intense in
others, while for irrigation, although there is
availability of sewage water, levels have
decreased considerably.

In this last point, the high organic load of
this liquid has caused producers to disagree with
the treatment of discharges, even taking into
account that there are other pollutants that have
important effects on the health of people and the
agroecosystem.

In addition, almost all agricultural
producers in the state use traditional tillage, with
the increasingly frequent addition of chemical
fertilizers and pesticides, which has caused soil
erosion and environmental contamination that
affects the health of the population living in
agricultural areas.

Based on the above, the use of
regenerative agriculture is proposed (Figure 6),
where zero or minimum tillage would help
restore the health of eroded soils and reduce
dependence on water consumption by also
promoting percolation. In the case of irrigation,
the treatment of the discharges used is very
necessary, so other forms of fertilization will
have to be provided, which can also help in
rainfed crops.

This could be enhanced with the help of
microorganisms to control pests and diseases, as
well as inoculants to enhance plant development
through biological fertilization, making use of
environmentally friendly products that should be
designed in such a way that they can counteract
the effects of climate change.
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Figure 6 Schematic representation of actions that are part
of regenerative agriculture as a strategy to face the
challenges of corn production in the state of Hidalgo
Source: Image developed in BioRender.com
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Conclusion

Maize cultivation in the state of Hidalgo is a
priority. Regenerative agriculture could provide
solutions to increase the productivity of this
cereal; therefore, it is essential that the
government, society, producers, and academia
work together to develop ecological policies and
strategies to confront the ravages caused by
climate change and guarantee food sovereignty.
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