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Presentation

ECORFAN Journal-Republic of Nicaragua is a research journal that publishes articles in the areas of:

Agriculture, Forest Pathology, Sustainable Forest Management, Horticulture and Engineering and
Integrated Water Use

In Pro-Research, Teaching and Training of human resources committed to Science. The content of the
articles and reviews that appear in each issue are those of the authors and does not necessarily the opinion
of the editor in chief.

As a first article we present, Innovation focused on the agroindustrial sector (literary review), by
MENDEZ-HERNANDEZ, José Luis, GALAVIZ-RODRIGUEZ, Jos¢ Victor, RODRIGUEZ-
DOMINGUEZ, Maria Angeles and SANCHEZ-VILLANUEVA, Gerardo, with secondment in the
Instituto Tecnoldgico Superior de San Martin Texmelucan, as following article we present, Effect of
inorganic and organic fertilization performance hybrid corn (Zea mays): 1052 and genotypes that form
it, by CARRIZALES-MEJIA, Norberto, ARELLANO-RODRIGUEZ, Luis Javier, TORRES-MORAN,
José Pablo, SANCHEZ-MARTINEZ, José, as a following article we present, Structural Analysis of
Greenhouse for Vegetable Growing, by MARTINEZ-LOPEZ, Sergio Romeo & ORTIZ-TENA,
Francisco, with affiliation in the Universidad Tecnoldgica de San Miguel de Allende, as the last article
we present, Physicochemical characterization of lignin isolated from agricultural vegetable residues for
the study of its properties as fuel and estimation of its energy potential, by TORRES-RAMOS Ricardo,
MONTERO-ALPIREZ Gisela, VALDEZ-SALAS Benjamin, CORONADO-ORTEGA Marcos A, with
affiliation at the Universidad Auténoma de Baja California.
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Abstract

The following article focuses on a review of the scientific literature based on the subject of agroindustrial
innovation with the objective of knowing the current state of such relevant concept for all countries, it
was proceeded to realize this review on scientific platforms such as Thomson Reuters, which
contemplates the scientific literature from 2013 to 2017, it was also considered the degree of impact of
the journal where such articles are housed, within the main findings, it was found that exists different
elements that intervene in the creation of innovative agroindustrial companies within which they stand
out; the intellectual capital, culture, business cooperation, institutional frameworks, innovative behavior,
business and market orientation, university - industry relations, vocational training centers,
entrepreneurial orientation, geographical concentration and technological capacity. It was detected a
knowledge management model focused on the agroindustrial sector; however, it does not take into
account the elements mentioned before in the structure of the model.

Agroindustry, Innovation, Competitiveness
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1. Introduction

There is innumerable literature on the relevance
of the term competitiveness as a key factor for
companies to remain in the preference of
customers and therefore remain in force in the
current and increasingly fluctuating markets, in
short, the preferences of customers continuously
change and companies are forced to be flexible
in every way, whether in the manufacturing
process, innovation process, organization,
business model, etc., those efforts aimed at
achieving competitiveness, Michel Porter one of
the most iconic characters In terms of strategy
and competitiveness, he mentions that the
competitiveness of companies in a given country
lies in their inherent capacity to innovate and
improve in the products and services offered
(Porter, 1996).

Porter includes a relevant factor, ability to
innovate. Innovation is highly recognized as one
of the main drivers of business success and
economic development in the knowledge-based
economy today. Researchers have found that
innovation contributes significantly to economic
growth, since it is the basis for increasing
productivity, both  through incremental
improvements and change of progress (Pavitt,
1969). Innovation is also widely recognized as
playing a central role in creating value and
maintaining competitive advantages (Jamrog,
2006).

The concept of innovation was initially
defined by the economist Schumpeter as "a
process of creative destruction, where the search
for innovation pushes constantly breaking the
old rules to establish new ones, which implies
the introduction of new products, new processes,
the opening of new markets or the introduction
of new forms of organization "(Zhen et al., Pag.
3. 2014).
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The previous argument leads to consider
the content of the Oslo Manual, innovation is
divided into four major areas, product
innovation , which consists in the introduction of
a product or service with improvements in its
technical characteristics and that are appreciated
and perceived by consumers, process innovation
focused on the improvement of production or
distribution processes, marketing innovation that
relates to new marketing methods and finally
innovation in organization consisting of the
introduction n a new method of organizing the
workplace and even the external relations of
companies (Oslo Manual, 2005).

Companies require skills to acquire and
apply innovative knowledge to create new
products and services, marketing practices and
the opening of new markets, technology and
organization of production, forms of
organization and business management. Also, to
create new ways of relating in business networks
and value chains and with providers of business
development and financing services, universities
and other potential for innovative knowledge
(Cummings, 2013).

The current context in which technological
innovation is found is one of constant change.
The generation, access and adaptation of
knowledge, coupled with the emergence and
accelerated diffusion of new technologies,
require  permanent  adaptations,  which
undoubtedly constitutes a challenge for society
as a whole. Economic and social growth, the
maintenance of employment and
competitiveness,  inevitably go  through
innovation and technological transfer. (Zarazua,
Solleiro et al, 2009).

MENDEZ-HERNANDEZ, José Luis, GALAVIZ-RODRIGUEZ, José
Victor, RODRIGUEZ-DOMINGUEZ, Maria Angeles and SANCHEZ-
VILLANUEVA, Gerardo. Innovation focused on the agroindustrial
sector (literary review). ECORFAN Journal-Republic of Nicaragua 2017
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1.1 Justification

Once the importance of innovation and the
different areas of innovation have been
highlighted, it is important to point out that the
present research proposal will take as a subject
of study the agroindustrial sector, this sector so
important for most of the countries refers to a
social construct and historical, that is to say, a set
of processes and social relations of production,
transformation, distribution and consumption of
fresh and processed foods, in different spatial
scales. The above arguments highlight the global
relevance of the agro-industrial sector and,
therefore, the need for this sector to be highly
competitive (Ocon, 2015).

1.2 Problem

The main problem detected derived from this
literary review is that until now scientific
research has focused on the study of elements or
variables that directly affect the formation of
innovative agroindustrial companies, these
elements were studied in isolation, however
these Elements must be considered together.

1.3 Hypotesis

The main hypothesis that arises is that currently
the agroindustrial sector is in an outstanding
development phase in developed countries while
in developing countries this concept is
precarious, which causes that most of the
companies do not manage the good
administrative and operational practices that
affect the formation of highly competitive
organizations at the global level.

1.4 Objectives
1.4.1 General objective

The objective of the present proposal consists in
the detailed literary review on the subject of
agro-industrial innovation with the objective of
knowing the current state of such a relevant
concept for the different countries.

ISSN-On line: 2414-8830
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2. Theoretical framework

Competitiveness means, in general terms, the
ability to enter a market and position itself in it.
It is necessary to have some kind of advantage
over potential competitors in terms of price,
quality, quantity, opportunity, presentation,
packaging, delivery conditions and financing
(Corpoica, 2000).

To gain competitive advantage between
organizations, agroindustrial companies
collaborate with other supply chain partners
through participation in knowledge exchange
routines, that is, not only the incorporation of
new companies in the sector, but also in a
sustainable way to guarantee the service of
added value, this context establishes the key
guidelines to achieve a cycle of technological
innovation within the agro-industry.

Beyond the strategic intention and the
organizational structure, in general, an
agroindustrial company must establish a set of
processes that promote innovations and increase
the success of the company. Develop the
ideology of a company to seek the creation of
innovation with every aspect that the
organization, requires to maximize the benefits
and minimize the risks associated with new
innovations (Dyer and Singh, 1998).

The incorporation of different types of
innovation depends on the capacity of the
companies, this capacity is expressed by certain
inherent characteristics of the producers,
production unit or company and its relationship
with the operating environment, to the extent
that these characteristics support innovation
(Nossal and Lim, 2011). Similarly, it must be
recognized that the effect or impact of each
innovation on the performance of the company
is different.

MENDEZ-HERNANDEZ, José Luis, GALAVIZ-RODRIGUEZ, José
Victor, RODRIGUEZ-DOMINGUEZ, Maria Angeles and SANCHEZ-
VILLANUEVA, Gerardo. Innovation focused on the agroindustrial
sector (literary review). ECORFAN Journal-Republic of Nicaragua 2017
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The most important and complex issue that
an agro-industrial company can face is the
simultaneous incorporation of the 4 types of
innovation. This can be seen as a consequence of
the fact that the process of innovation in
agroindustrial companies tends to be sequential
(Nossal and Lim, 2011).

The use of technology in the agro-
industrial sector has historically served as a
mediating tool between man and nature. Its basic
function in theory is to contribute substantially
to transform nature for the benefit of the people
who live in the countryside, in the West the use
of technology has been handled in discourse as
the axis converting from the traditional to the
modern. (Herrera, 2006), the traditional is
supplanted by technological innovation, this
brings with it a series of economic and
sociocultural situations that many authors have
worked in terms of their impacts and
implications of social order, thus, technology is
understood as " set of specific knowledge and
processes to transform reality and solve a
problem "(Lara, page 2, 1998). Seen this way,
technology is positioned as a key element in the
development of the agricultural sector and
clearly necessary to increase the degrees of
competitiveness facing other national or
international productive forces.

Taking into account the previous
argument, which typifies innovation in terms of
degree of technology assumes that innovations
are not equal from the point of view of the
characteristics of the technologies incorporated,
the impact and technology required (Arizaet. Al.
, 2013).

3. Research Methodology

For the present research proposal, a review of the
scientific literature was carried out, taking as a
guiding principle the topic of innovation in the
agroindustrial sector worldwide.
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ECORFAN® Al rights reserved.

December 2017 VVol.3 No.5 1-11

The review was carried out in the
Thomson Reuters platform, it was considered in
the first instance the level of impact of the
journals containing the articles consulted, the
most current literature consulted on the subject
of study was from 2013 to 2017, it was also
considered the  classic literature  on
competitiveness and innovation as are the
writings of Schumpeter and Porter.

3.1 Type of Research

It is a descriptive investigation, its intention
being to refer the state, the characteristics and
phenomena that occur naturally, without
explaining the relationships that are identified
among the different factors that determine it, that
although it tries to analyze the relationships
between categories (technological strategy and
management processes), to determine the
behavior of the product, has no explanatory or
correlation claims, that is, it is not about finding
causal relationships between these two elements.

3.2 Development methodology

Authors Aporte

Castilla, Sanchez and|The research points out the
Gallardo (2017) characteristics of this type of agro-
industry and shows the importance
of adopting a responsible
orientation in the promotion of
reputation to create sustainable
competitive advantages.
Cognitive-organizational
proximity is a positive determinant
of business cooperation with other
organizations, while social and
institutional proximity are negative
determinants. It also establishes
that business cooperation is a
positive determinant of business
innovation. In addition, it is
observed that the levels of business
cooperation are lower in micro-
enterprises, a result that differs
from developed countries.

Geldes, Heredia, | The institutional framework that
Felzensztein and Mora |legitimizes technological
(2017) innovations are conditions of
success for agroindustrial models,
emergence of new "innovative"
social actors.

MENDEZ-HERNANDEZ, José Luis, GALAVIZ-RODRIGUEZ, José
Victor, RODRIGUEZ-DOMINGUEZ, Maria Angeles and SANCHEZ-
VILLANUEVA, Gerardo. Innovation focused on the agroindustrial
sector (literary review). ECORFAN Journal-Republic of Nicaragua 2017
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Gras and Herndndez|The research proposes and The review of the scientific literature on
(2016) develops the  concept  of

technological complexity (TC) as a
useful and simple tool to group key
attributes that add value to a

product  (multinomial logistic
regression model with mixed
effects)

Cotes A., Mufioz and
Cotes J.M. (2016)

Innovative companies obtain better
results both in economic and
productive terms. In addition, the
innovative behavior of the agri-
food sector has been less affected
by the economic crisis than the rest
of the economic sectors.

Zouaghi and  Sanchez

(2016)

The main significant factors of the
competitiveness of the
agroindustrial sector are identified,;
geographical concentration,
specialization of companies, scope
of viable and relevant businesses,
privileged position,
complementarity through the use
of by-products, cooperation among
cluster companies, uniformity of
technological level, culture
adapted to the cluster, evolution
before new technologies, results
strategy oriented to the cluster.

Sarturi, Augusto, Vargas,
Boaventura and  dos
Santos (2016)

The authors propose a model to
measure the technological capacity
of the agroindustrial companies
since the Technological Capacity
plays an important role in the
efficiency of the productive
process of the company and in the
degree of innovation. It is
associated with the skills and
knowledge necessary for a
company to absorb, use, adapt,
develop and transfer technologies

Boecker (2016)

De Mori, Batalha and|Dimensions: A) Resources;

Alfranca (2016) research intensity, human resources,
infrastructure

Mirzaei, Micheels and|B) Technological update;

preprocessing, processing, controls,
environmental aspects.

Mujeyi, Mutambara, Siziba
and sadomba (2015)

C) Processes and routines; Product
engineering, process engineering,
monitoring and project
management, planning and control.

Bitzer and Bijman (2014)

D) Learning mechanisms; internal,
external acquisitions, socialization
and coding

Storer, hyland, Ferrer,
Santa and Grififiths (2014)

E) Coordination and accessibility;
interaction with the environment,
relations with suppliers, accessible
sources of information, intensity of
participation.

Table 1

ISSN-On line: 2414-8830
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issues of agro-industrial innovation leads to the
detection of certain problems of which the
following stand out: there is an imbalance in the
development of different types of innovation,
innovation in process is the one that develops
least in agroindustrial companies, which is very
important  because experts in  business
competitiveness issues such as Porter mention
that the competitive advantage lies in the
processes and internal resources of an
organization, coupled with this situation the
agro-industrial companies have focused on the
development of product innovation.

In addition to the above, different elements
were detected that seek the generation of
innovative agroindustrial companies, among
which the following can be mentioned:

- Intellectual capital

- Cultural aspects

- Business cooperation

- Geographical concentration

— Institutional framework

- Innovative behavior

- Technological capacity

- Business and market orientation
- Technological surveillance

- Industry-university relationship
- Intellectual capital

— Entrepreneurial guidance

- Professional training centers

Knowledge management model

(Pérez and Garcia, 2013), propose a model for
the administration of knowledge within the
agroindustrial sector, specifically in Colombia in
fruit and vegetable cultivation activities, the
model is based on the formation of a network
that  promotes  acquisition,  production,
dissemination and knowledge transfer, is firmly
established in the center of such network is
knowledge.

MENDEZ-HERNANDEZ, José Luis, GALAVIZ-RODRIGUEZ, José
Victor, RODRIGUEZ-DOMINGUEZ, Maria Angeles and SANCHEZ-
VILLANUEVA, Gerardo. Innovation focused on the agroindustrial
sector (literary review). ECORFAN Journal-Republic of Nicaragua 2017
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As such, it is understood that the solution
to the problems of agro-industry is not based
solely on infrastructure, which although
considered necessary and especially biased by
the fact that large investments are always
required, is not the only factor involved in the
development of the agroindustrial sector, an
additional component is the implementation of
this knowledge network that would work to
manage shared knowledge through the
interdisciplinary work of various actors that
strive to obtain benefits for this sector of the
agricultural economy.

The model proposed by the authors is
Etzkowitz's traditional triple helix model, used
as a metaphor to express a dynamic alternative
to the model of innovation prevailing in the
policies of the eighties of the twentieth century,
while visualizing the inherent complexity of the
processes of innovation (Etzkowitz, 2003).

The proposed model consists of three
fundamental nodes to characterize the
knowledge network in the fruit production chain
of the department of Cordoba, as a strategy for
generating innovation in this sector; These nodes
are connected as follows: primary producer
node; node of associations and the technological
node, these nodes act as the points of transfer or
interconnection through which knowledge
flows, can be described as storage centers of
information that are interconnected in a systemic
way the nodes can be described as follows way:

Primary producers, most of the activity is
concentrated in this node, which generates the
primary product as a result of the internal
application of the acquired knowledge, thus
demonstrating the degree of effectiveness of the
proposed strategy. In addition, the evaluation of
various events that have occurred becomes a
source of valuable information that can be
applied in future experiences.
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Association node, this node is associated
as a repository or central knowledge node where
related experiences are found, for example
through the problems and their corresponding
solutions. The way in which knowledge flows
and spreads through all the components of the
network can be established through this node or
nucleus, in order to facilitate its effective
implementation in the different nodes or
components that require its use.

Technological node, this node serves as a
channel that facilitates and promotes the
intercommunication  activity between the
different actors, converting the technological
component into a tool that facilitates the
implementation and development of multiple
possibilities. This shows how any idea, whether
a positive or negative experience, can be
accessed or disseminated.

The model also includes what the authors
call facilitating agents, the objective is that these
elements stimulate the performance of the
personnel of the companies and accelerate the
operative processes, taking into account the
direct impact on the organization, these elements
are classified as external facilitators. related to
market conditions, cultural factors and sectoral
elements, and provide elements for the
regulation or management of agro-industrial
activities. These components constitute the
environment of this sector, and as such its
dynamics have a direct influence on it. The
external facilitating agents described in this
proposed model are: markets, knowledge,
strategy and self-management.

The internal facilitators or facilitators of
the internal management of the supply chain:
These agents are an inherent part of the
production system and the supply chain during
the harvesting and post-harvesting stages, and
are involved with the node or core principal.

MENDEZ-HERNANDEZ, José Luis, GALAVIZ-RODRIGUEZ, José
Victor, RODRIGUEZ-DOMINGUEZ, Maria Angeles and SANCHEZ-
VILLANUEVA, Gerardo. Innovation focused on the agroindustrial
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The internal facilitators are: disease
prevention program, system of access to new
markets, expansion in new environments. In this
proposed model, each of the nodes is associated
with a facilitating agent, but there is no
restriction to associate them with others based on
the strategy you want to set in motion. The
internal facilitators of the primary nodes are:
quality of the tools implemented, quality of
knowledge, productivity, teaching, workshops
and conferences. Internal Facilitators of the
association node: performance of associations,
modernization and continuous improvement.
Internal facilitators of the technological node:
Implementation of technology, Technical
innovation.

The model also has several indicators
established throughout the network that allows
each event in a specific area to be monitored and
registered and, in turn, the necessary corrections
or adjustments of a specific performance can be
made as required, based on in specific arguments
and specific reasons, thus facilitating the
management and control of the entire network in
all its parts (Pérez and garcia, 2013).

5. Conclusions

The most current contributions of the topic of
agro-industrial innovation argue that there are
different elements that seek the generation of
innovation and with it the management of robust
companies in the competitive context, within
which the following can be mentioned,
intellectual capital, cultural aspects, business
cooperation, geographical concentration,
institutional frameworks, innovative behavior,
technological capacity, business and market
orientation, technology watch, industry -
university relationship, intellectual capital,
entrepreneurial  orientation and vocational
training centers.
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Scientific research so far is limited to
analyzing each of the aforementioned elements
in isolation and individually, opening up a new
research proposal that would consist of
determining whether the aforementioned
elements can relate to each other to work
together and integral in a possible innovation
management model specific to the agro-
industrial sector with the aim of potentiating
innovation in such an important economic
sector.

The knowledge management model
proposed by Pérez and Garcia in 2013 makes
considerable contributions to the subject of agro-
industrial innovation, but does not include
within this model the most current elements that
manage the formation of innovative
organizations, therefore, the relevance of A new
research proposal is of relevant importance.
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Effect of inorganic and organic fertilization in the performance of hybrid corn (Zea
mays): 1052 and genotypes that form it
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Abstract

The objective of this study was to determine the fertilization formula (FF): inorganic or organic that
increases the yield during grain or seed production of four genotypes (G) that integrate trilineal hybrid:
1052. Six fertilization formula (organic and inorganic) were evaluated: Worm humus, WH, (solid and
liquid); NPK, Entec more micronutrients, Nitro Plus-9 and the following combinations: (%2 inorganic +
% organic) and (Y2 inorganic + % Nitro Plus-9), on five G of maize. The treatments were distributed in a
factorial arrangement: 6 x 5 in a design: "Split Plots" with three replicates. The variable analyzed was
the yield of grain (t hal). The FF were the same in their effect on the G, however, the organic was
numerically better to the chemical or inorganic. Eto 7) - 52 / A20 exceeded the average yield of G (p
<0.05). Likewise, the average weights of CS and CT were higher than those of the three lines that formed
them (p <0.05). The best performance was obtained by treatments integreted by: (Eto 7) -52 / A20 with
the six types of fertilization evaluated.
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1. Introduction

Tapia and collaborators (2013) reviewed
information from the SIAP and indicated: of the
basic grains in Mexico, corn is characterized as
the most planted crop (7.8 million ha) with an
average yield of 2.9 t ha-1. Likewise, they
highlighted the value of corn production,
calculated at: 72 billion pesos. Its constant
production, both for grain and seed, requires an
intensive supply of chemical fertilizer to make it
perform under favorable conditions, however,
this technology is expensive and causes
pollution  problems to the ecological
environment.

Castellanos (1980) and Romero et al.,
(2000) cited by Tapia et al., (2013) mentioned:
organic fertilizers have been used since ancient
times and their influence on soil fertility has
been demonstrated; the value of organic matter
(OM) in the soil offers great advantages that can
hardly be achieved with chemical or inorganic
fertilizers, since its chemical composition, the
contribution of nutrients to crops and their effect
on the soil vary according to their origin, age ,
handling and moisture content.

In 2009 Clementelli and Zevallos
reviewed information from FAO and indicated:
fertilizers, when used together with other inputs
such as: high yield varieties (genotypes) and
irrigation water, cause a positive interaction by
which it increases, even more, its contribution to
the performance increase; they considered
humus as M.O. degraded to its last state of
decomposition (microorganisms) and
chemically stabilized as colloid regulator of the
dynamics of plant nutrition in the soil. The
application of inorganic or organic chemical
fertilizers to the soil completes the nutritional
needs of maize (a common and necessary
practice for the crop).
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However, if a smaller quantity is applied,
the yield potential of the genotype (G) is wasted
and, if applies a greater amount of fertilizer,
production costs increase; in addition it could
provoke phytotoxic reactions reducing crop
production (SAGARPA, 2015 a)

Soil degradation is a threat to more than
40% of the planet's surface: climate change has
accelerated the rate of soil degradation and
threatens food security as a result; More than 12
million ha of crops could be lost each year.
However, M.O. in soils, it intervenes in four
important ecosystem services: 1) resistance to
soil erosion, 2) water retention, 3) plant fertility
and 4) Biodiversity. (SAGARPA, 2015 b)

Tapia and collaborators in 2013
considered organic fertilization as an alternative
to reduce the consumption of inorganic fertilizer
and mentioned that organic nutrition is
considered as a viable option to supply nutrients
to crops of interest, for corn producers, in order
to to decrease the dependence of chemical
fertilizers and production costs.

This study was proposed in order to
evaluate the response of corn to FF: chemical,
traditional or inorganic and organic, in terms of
its effect on grain yield and seed production for
planting, of five Genotypes: (three lines , a
simple cross and a triple cross) formators of corn
hybrids CS: (Eto 7) - 52 / A20 and CT: 1052 to
produce and grow in Western Mexico.

1.1 Objectives
1.1.1 General objectives

Know the adequate FF (organic and inorganic)
to increase the yield of maize (t ha-1) during seed
production of the G (lines, CS and CT) of the
hybrid: 1052.

CARRIZALES-MEJIA, Norberto, ARELLANO-RODRIGUEZ, Luis
Javier, TORRES-MORAN, José Pablo andSANCHEZ-MARTINEZ,
José. Effect of inorganic and organic fertilization in the performance of
hybrid corn (Zea mays): 1052 and genotypes that form it. ECORFAN
Journal-Republic of Nicaragua. 2017.
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1.1.2 Objetivos especificos

a.  Determine the adequate FF (organic and
inorganic) to increase the yield of the
hybrid: 1052 and its parents.

b.  Generate information on the benefits of the
use of organic FF that propitiate the
significant increase of grain and seed yield
of the hybrid: 1052 in Western Mexico.

1.2 Hypotesis

a.  With the use of organic FF, for seed
production, the corn G of the hybrid: 1052
increase or maintain its yield (t ha-1)
compared to the use of traditional FF
(chemical or inorganic)

b.  The use of organic FF and / or the
combination of: inorganic FF plus organic
FF, in the seed production of the G, could
give a grain yield (t ha-1) higher than that
obtained with the use of Inorganic or
chemical FF.

2. Materials and methods
2.1Materials

The study was carried out in the Experimental
Field of the University of Guadalajara (UdeG)
located in: Zapopan, Jalisco, in the University
Center of Biological and Agricultural Sciences
(CUCBA) during the cycles: Spring-Summer
(2013 and 2014)

Five G of corn were used: three lines, one
CS and one CT, See Table 1. As a source of
elements for FF (NPK and micronutrients)
organic fertilizer was used: Worm Humus (HL)
solid and liquid in doses of four t ha-1 and 60 L
ha-1, respectively. Also used traditional or
inorganic chemical fertilizer (Urea, DAP,
micronutrients) plus the product: Entec and a
liquid fertilizer, soil improver, identified as:
Nitro Plus-9; is last in a dose of 35 L ha-1 (Table
2)
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Z
o

. | Genotype.

“A-20

“ (Eto 7) -52

“AVN

" (Eto 7) - 52/ A20
1052

= Linea. **=CSyCT

HONBD|WIN(F-

Table 1 Corn genotypes evaluated with FF (organic and
inorganic). Cycles: P.V. 2013 and 2014. Zapopan, Jal.
Mexico. (UdeG-CUCBA)

Number. |Formula.

(220 - 80 - 00)

(110 - 40 - 00) + % Nitro Plus-9
(110-40-0)+ % Fert. Organic.
Nitro Plus-9 *

Organic fertilizer. ™

6 Entec (inorganic)

* 35 liters per hectare (L ha-1) ** four (t ha-
1) plus 60 L ha-1

% = half dose.

g |w|IN|F-

Table 2 Fertilization formulas (organic and inorganic,) for
corn G, evaluated during the cycles: P.V. 2013 and 2014.

Zapopan, Jal. Mexico. (UdeG-CUCBA)

2.2 Methods
2.2.1 Experimental design

Two factorial experiments (6 x 5) were carried
out under a design: "Split plots" with three
repetitions (Little and Jackson, 1976). The
repetition consisted of 30 plots of four rows of
0.80 m wide by five m long, each one (4 m2); the
experimental plot (PE) was 16 m2 and the useful
plot (PU) were the two central furrows (8 m2).
The large plots (PG) were six FF (organic and
inorganic). See Table 2. The small plots (PCh)
corresponded to five G of corn. (Picture 1)

2.2.2 Treatments

30 treatments were designed. To be evaluated in
each replica of the experiment; The treatments
were integrated with the following factors:
Fertilization formula (FF) and Genotypes (G).
See Table 3.

CARRIZALES-MEJIA, Norberto, ARELLANO-RODRIGUEZ, Luis
Javier, TORRES-MORAN, José Pablo andSANCHEZ-MARTINEZ,
José. Effect of inorganic and organic fertilization in the performance of
hybrid corn (Zea mays): 1052 and genotypes that form it. ECORFAN
Journal-Republic of Nicaragua. 2017.
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Entrance. | Treatment.

1 A20 + (220-80-00)

2 Eto7)-52 + (220-80-00)

3 AVN + (220-80-00)

4 Eto7)-52 / A20 + (220-80-00)

5 1052 + (220-80-00)

6 A20 + (110-40-0) + % NitroPlus-9
10 1052 + (110-40-0) + % NitroPlus-9
11 A20 + (110-40-00) + % Humus.
15 1052 + (110-40-0) + % Humus.

16 A20 + Nitro Plus-9

20 1052 + Nitro Plus-9

22 Eto7)-52 + Humus.

29 Eto7)-52 / A20 + Entec.

30 1052 + Entec.

Note:

HL in doses of four t ha-1 (solid) plus 60 L ha-1
(liquid)

Nitro Plus-9 in a dose of 35 L ha-1

%, = half dose of the product used.

Table 3 List of 30 treatments evaluated (P.V. 2013 and
2014). Zapopan, Jal. Mex. (UdeG-CUCBA)

2.2.3 Planting method

The land preparation, in both experiments, was
done with a "fallow" and two crossed steps of
"harrow™ to ensure a good "planting bed". The
sowing was done when the bed was "coming
earth”: two seeds were deposited per point, a
separation between points of 0.15 m, and ensure
a population density of 82 000 plants ha-1 after
making a thinning, 20 days after sowing

The cultural practices such as: weed
control and pests were made according to the
technological package for the cultivation of
seasonal maize that is carried out in the area
(SAGARPA, 2015 a)

2.2.4 Variables studied

1.  Days to male flowering (J): ten% initial to
ten% final.

2.  Days to feminine flowering (%9): ten%
initial to ten% final.
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Plant height (m)

Cob height (m)

Stem stalk (%)

Plant root (%)

Number of ears per plant.

Cob rot (%)

Grain yield (t ha-1) at 15% humidity.

©OoNO O AW

2.2.5 Statistic analysis

We present the analysis of the variable:
performance (t ha-1) made with the SPSS®
statistical package, version (20. 0. 0). The honest
significance test (DHS) of: Tukey (o = 0.05) was
used to indicate the significant statistical groups.

4. Results

Variation analysis of the experiments indicated:
a significant statistical difference (p <0.05)
between the fertilization formulas (FF) of the
experiment: P.V. 2013, however, the experiment
(P.V. 2014) did not present a significant
difference for this factor (PG). Both experiments
showed a significant difference between the
evaluated genotypes (G), however, the
interaction variation factor: PG * PCh or FF for
G was not significant (p <0.05) in the two
experiments.

4.1 Fertilization formulas

Regarding FF, the 2013 experiment showed
statistical difference, highly significant (p <0.05)
while, the 2014 experiment did not present a
statistical difference for this factor. It should be
noted that when applying the Tukey test (DHS),
in the first experiment, no significant groups
were detected between FF and, on the other
hand, the organic FF: Solid Worm Humus (four
t ha-1) plus Worm Humus liquid (60 L ha-1) was
numerically more efficient in the two
experiments and obtained an average production
of 5.43 t ha-1 in the first experiment and 6.17 t
ha-1 in the second.
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Likewise, the traditional FF (220-80-00)
obtained a performance similar to that of the
previous FF, during the cycle (P.V. 2014). The
two inorganic (traditional) FFs: 220-80-00 and
Entec with (15-22-12) plus micronutrients
obtained the lowest numerical performance in
the 2013 experiment (4.79 t ha-1). The lowest
yield (P.V. 2014) corresponded to the inorganic
FF: 110-40-00 plus 15 L ha-1 of Nitro Plus-9
with an average weight of 5.53 t ha-1.

4.2 Genotypes

Both  experiments  presented  significant
statistical difference (p <0.01) among the G. The
CS: (Eto 7) - 52 / A20 obtained the best yield of
grain or seed (9.38 and 10.61 t ha-, respectively)
and was superior to the hybrid : 1052 with 8.24 t
ha-1 (PV 2013) and 9.50 t ha-1 (PV 2014). See
figures: 1, 2 and Table 4.

In both experiments, both hybrids
exceeded the performance of the three lines (p
<0.05) whose performance varied from 1.97 t/
ha-1 with: AVN in 2013, up to 4.77 t ha-1 with:
(Eto 7) - 52 in PV2014 (See Table 4)

Medias marginales estimadas de t_ha

Pch
10.00~ e
= ~ — 1.00
F=— ~— e ) —200
T~e— 3.00

— 200
5.00

i i i

Medias marginales estimadas

8

00~

PG

Lines: 1 = A- 20, 2 = (Eto 7) -52 and 3 = (AVN)
Hybrids: 4 = (Eto 7) - 52 / A20 and 5 = 1052

Graph 1 Response in yield (t ha-1) of five Corn
Genotypes (PCh), before the effect of six Fertilization
Formulas (PG). Cycle: P.V. 2013. Zapopan, Jal. Mexico.
(UdeG-CUCBA)

ISSN-On line: 2414-8830
ECORFAN® Al rights reserved.

December 2017 VVol.3 No.5 12-18

Medias marginales estimadas de Rdto_t_ha

Pch
-1

o - —2

< " 3

—_—4

= 5

10.000~ 5

8.0004

6.000M

Medias marginales estimadas

4.000—

od &

PG

Lines: 1 = A- 20, 2 = (Eto 7) -52 and 3 = (AVN)
Hybrids: 4 = (Eto 7) - 52 / A20 and 5 = 1052

Graph 2 Response in yield (t ha-1) of five genotypes of
Corn (PCh), before the effect of six Fertilization Formulas
(PG). Cycle: P.V. 2014. Zapopan, Jal. Mexico. (UdeG-
CUCBA)

No. Genotype P.V. P.V. Media

orden. 2013 2014

1 Eto 7)-52 /| 9.38a |10.61a [9.99
A20

2 1052 8.24b | 9.50b |[8.87

3 (Eto7)-52 (312 c | 477¢c |3.95

4 A-20 2.54 cd | 2.29d |2.42

5 AVN 1.97 d| 2.40d [2.19

Nota: cantidades con la misma letra son

estadisticamente iguales entre si al 5 % de probabilidad,

segun DHS de Tukey.

Table 4 Average yield (t ha-1) of five maize genotypes
evaluated with six FF. (P. V. 2013 and 2014). Zapopan,
Jal. Mex. (UdeG-CUCBA)

4.3 Treatments

When not finding significant differences
between the interactions: formulas of
fertilization by genotypes (FF * G), Table 5
presents the average yields of the treatments
evaluated in both experiments.
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The greatest numerical weight
corresponded to the treatments integrated by the
simple cross: (Eto 7) -52 / A20, fertilized with
all the FF tested; its weight varied from 9.65 t
ha-1, from treatment nine: (Eto 7) -52 / A20 with
110-40-00 plus 15 L ha-1 of Nitro Puls-9, up to
10.54 t ha-1 of treatment 24: (Eto 7) -52 / A20
with four t ha-1 plus 30 L / ha-1 of HL (See
Table 5). The hybrid: 1052 with the FF: 110-40-
00 plus 15 L / ha-1 of Nitro Plus-9 produced nine
t ha-1 and the lowest numerical performance was
obtained with the treatments integrated by the G:
AVN and the different FF, whose vyield
fluctuated from: 1.94 to 2.56 t ha-1 (Table 5)

2013 2014 Med.
No. No. Rend. Rend. Rend.
Ord. Ent. | Treatment.
24 Eto7)-52/A20 |9,92
1 + Organic. 11,15 10,54
9 Eto7)-52/A20 (9,65
+ 110-40-00 +
2 % NPlus-9 9,64 9,65
29 Eto7)-52/A20 |9,28
+Entec.
3 10,81 10,05
19 Eto7)-52/A20 (9,28
4 + Nitro Plus-9 10,17 9,72
4 Eto7)-52/A20 (9,23
5 + (220-80-00) 10,75 9,99
10 1052 + 110- 9,00
6 40-00 + ¥ 8,99 9,00
Nitro Plus-9
14 Eto7)-52/A20 (8,90
+ 110-40-00 +
7 % Organic. 11,12 10,01
25 1052 + 8,56
8 Organic. 10,79 9,68
15 1052 + 110- 8,33
9 40-00 + % 9,02 8,68
Organic.
5 1052 + 220- 7,88
11 80-00 9,94 8,91
12 30 1052 + Entec. |7.73 9.49 8.61
13 22 Eto7)-52 + 3,70 4,68 4,19
Organic.
12 Eto7)-52 + 2,98
17 110-40-00 + ¥ 5,16 4,07
Organic.
18 1 A 20 + 220- 2,81 2,54 2,68
80-00
26 A 20 + Entec. 2,19 2,04
26 2,12
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27 18 AVN + 2,14 2,25 2,20
NitroPlus-9

30 3 AVN +220- (1,54 2,34 1,94
80-00

Note: amounts of treatments (bold) are the best numerical
yields.

Table 5 Yield (t ha-1) of 30 treatments, five G for six FF:
inorganic and organic. (P. V. 2013 and 2014). Zapopan,
Jal. Mex. (UdeG-CUCBA)

5. Conclusions

1.  The FF evaluated were equal in their effect
on the G tested; organic FF: Humus de
Lombriz was more profitable in both
evaluation cycles and could be quite
economical, compared to traditional FF,
evaluated in the study.

2. The G, in general, respond in a similar way
to the FF used, as long as the natural
capacity of the G's performance is taken
into account; whether they are: CS or
Trilinear hybrids such as: 1052.

3. Within the evaluated G, the CS: (Eto 7) -
52 / A20 had the highest weight of grain or
seed compared to the rest of G, including
hybrid 1052. Likewise, the average yield
of (Eto 7) -52 / A20 and CT: 1052 was
much higher than that obtained by the
other G that integrate them.

4. The line: AVN was the G least efficient of
the three that were tested.

5.  The best treatments (FF * G) were those
integrated by CS: (Eto 7) -52 / A20
fertilized with the types of fertilization
evaluated. Likewise, the least productive
treatments were integrated by the G: AVN,
fertilized with the types of fertilization
evaluated. See Table 5.
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Abstract

The study of the Analysis of greenhouse vegetable production is identified by the need to know the
different physical and chemical variables that are performed inside a greenhouse, at present there are
different variables to consider to have an effective production in greenhouse, handling of good (GAP) to
obtain good results in obtaining quality crops, this is considering the different physical and chemical
variables that would be found in a production system once the implementation is carried out, one of the
variables more known are the temperature management inside the greenhouse as it is a very important
physical factor for the good development of the plant is for them that a well designed and installed
structure is required, others such as physical elements such as wind and loads integrations that go
according to the structure of the greenhouse, in this case plastics used to protect the crop are of great
importance. It is intended to make the reader aware of the possibility of implementing the simulation as
an object of Analysis in the Structure, since the benefits of this implementation leads to a high safety
factor for the greenhouse designer and, as can be known, a higher efficiency at time to build and another
positive factor, will require less structural maintenance.

Citation: MARTINEZ-LOPEZ, Sergio Romeo & ORTIZ-TENA, Francisco. Structural Analysis of Greenhouse for Vegetable
Growing. ECORFAN Journal-Republic of Nicaragua 2017, 3-5: 19-23.
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1. Introduction

The analysis of a greenhouse for the production
of vegetable crops addresses concepts that serve
to know the key points in which the production
or management of crops in greenhouses will be
more susceptible. It is convenient to bear in mind
that one of the advantages of greenhouse
production in Mexico is its ability to produce
during the winter season, since in general, in this
period there is only vegetable production in
some areas of the Mexican Republic and the
State of Florida in the United States.

It is important to mention that the structure
plays a fundamental role in the good quality of
production of vegetables under greenhouse and
at the same time be competitive in terms of the
prices that are being handled in the US and
Mexico market- the mild climate of autumn and
winter in Mexico, it enables the production of
greenhouse vegetables at more competitive
costs, using simple structures, low technology
and mesh-shade, without incurring the use of
heating, equipment and special structures that
entail higher levels of investment.

It is important to mention that the market
prices of greenhouse crops in Mexico are still
low - regardless of the production of the
vegetables under controlled or semi-controlled
environments - these in turn are strongly
influnked by the volume of production generated
in the field open sky, and these in turn by the
most important factors, in this case the climatic.

If we take into account the structure with
which the greenhouse is manufactured, we have
to assess the stiffness and resistance factors of
the materials in a greenhouse, since we must
consider the dynamics of the winds, since when
making a good installation of the materials used
You can make a precision of the useful life of the
greenhouse in question durability.
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The application of a software to carry out
the Analysis of the finished element can give us
the certainty that the construction and
installation of the greenhouse has the necessary
study elements and a greater certainty that would
indicate us that the structure is adequate to have
enough support for the forces that will be applied
due to the climatic and physical factors that will
be taken into consideration for the structure. The
software tells us visually how the structure will
behave, and will give us guidelines to ensure that
the production within it is more stable and
therefore entails less execution of predictive and
corrective maintenance.

1.1 Justification

As it is a material of metal fabrication, it is
always important that the necessary tests of
resistance, durability and to ensure the proper
functioning of the same are carried out in the
construction, that is why to take the design to the
construction status, in this way it is easier to
achieve the above, having results based on the
physical behavior of the structure at the moment
when it begins to carry out the production of the
crop.

1.2 Problem

Generally when establishing greenhouses of
metal structure do not take into account the
physical and climatological factors that are in the
field, if we take into account these factors to
obtain values before taking them to the
construction we can have more certainty and
reliability in the installation of the greenhouse
and thus achieve a longer duration of it, this is
where we carry out the structural analysis.

MARTINEZ-LOPEZ, Sergio Romeo & ORTIZ-TENA,
Francisco. Structural Analysis of Greenhouse for Vegetable
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1.3 Hypotesis

1.4 Objectives
1.4.1 General Objective

Determine the feasibility of implementation of
greenhouses for vegetable cultivation taking into
account aspects of climatology and orography of
the state of Guanajuato...

1.4.2 Specific objectives

— To delimit the pertinent climatological
conditions for the cultivation of
vegetables.

— Compare the climatological conditions of
the state of Guanajuato with those
obtained in a greenhouse structure.

—  Establish the orography suitable for the
culture of hotalizas.

— Contrast the weather conditions of the
state of Guanajuato with those obtained in
a greenhouse structure.

—  Determine the degree of technification that
the greenhouses that are implemented in
the state of Guanajuato should have

2. Theoretical framework

The state of Guanajuato includes three main
types of climates, the dry and semi-dry climate
that covers 43% of the surface of the state, which
can be found in the northern zone; a warm and
subhumid climate covers 33% of the state in the
southwest and east; and a temperate subhumid
climate comprising 24% of the state which is in
the center and southern part.
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Figure 1

- The orange color represents the Dry and
semi-dry, green subhumid climate and
temperate lilac.

—  Average temperatures range between
5.2°C in the winter months and 30°C in the
spring months. Presenting an annual
average of 18°C.

- The rainy season in the state occurs mainly
in the summer months.

—  The orography of the state is affected by
the Sierra Madre Oriental (northeast),
Mesa Centro (north) and the Neovolcanico
axis (south)

- In the north central part we find saws with
plateaus and saws with a height of 2140
meters above sea level.

- In the Sierra Madre Oriental we find
maximum heights at 3000 meters above
sea level.

- In the Neovolcanic Axis we find different
volcanoes separated by plains lomerios
and valleys.

Conditions of vegetables

The greenhouses are used to ensure the
production and quality of the crops, since in the
open field it is very difficult to maintain the
crops in a perfect way throughout the year.

MARTINEZ-LOPEZ, Sergio Romeo & ORTIZ-TENA,
Francisco. Structural Analysis of Greenhouse for Vegetable
Growing. ECORFAN Journal-Republic of Nicaragua 2017.



Article

22
ECORFAN Journal

The concept of greenhouse crops
represents the step from extensive production of
vegetables to intensive production. For this, the
plants have to meet optimum conditions for the
development of the crop.

The controls of temperature, relative
humidity, air currents and atmospheric
composition are essential, as are, in addition, the
control of water and fertilizers, the maintenance
of the oxygen level near the roots and the health
of the crop to ensure a optimal quality and
productivity.

Coupled with this in vegetables such as
tomatoes, it requires that the greenhouse has or
is made of a resistant material, in other words
with an optimum resistance to the weight since
in vegetable crops such as tomato, the tutorate of
this is carried out and that subject to a resistance
of materials to the greenhouse and must be the
most optimal so that it does not suffer structural
damage.

3. Research Methodology

The implementation of a greenhouse with a level
of technology is based on all the comparisons of
the possible variables, the temperature
differences found in any season of the year with
those obtained with a greenhouse, as well as the
advantages or disadvantages that we can find
due to the orography of the state. For the
development of the project you need to organize
a study base consisting of the following
variables:

a.  Determination of the optimum conditions
for the cultivation of vegetables.

b.  Obtaining the climatological variables
presented by the state of Guanajuato.

C.  Analysis of the differences found between
the climatic variables of the state and the
optimum ones of the crop.

d.  Obtaining the orographic variables
presented by the state of Guanajuato.
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€.  Analysis of the differences found between
the orographic variables of the state and
the optimal ones for the crop.

f. Results
g. Improvements
h Final report.

3.1 Type of Research

The comparisons that are projected in the article
have the purpose of expressing a methodology
that can be carried out for the climatological and
orographic analysis of crop cultivation, the way
in which it was investigated was carried out in
the following way:

The documentation used for this project
was based on:

- Climatological and orographic variables of
the state of Guanajuato.

—  Maximum conditions for the cultivation of
vegetables.

—  Analysis of the variables with the
conditions.

3.2 Theoretical Methods

The theoretical elements used in research and
optimal conditions for the cultivation of
vegetables leads to sustenance, knowledge of
how technically a greenhouse should be in the
state of Guanajuato. Knowing the climatological
variables will lead us to determine how much
investment has to be made in equipment
necessary to condition the greenhouse.

4. Results

The structure that is shown below is part of the
designed greenhouse, applying 45 N or 4.6 Kg in
the structure.

MARTINEZ-LOPEZ, Sergio Romeo & ORTIZ-TENA,
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That is, it is enough for the production of
hotalizas that do not require subjection, in this
way we can deduce that the structure designed
with the following structural characteristics as
those of the figure are 6 cm wide PTR profile
with a value of 2648.7 N (270kg ) simulating the
charges derived from the pendants that hold the
guides of the plants, with a minimum value of
1.1, that is, it is 10% above the total supported.
The recommendation is made that it is necessary
to reinforce the structure by installing beams
with 45 ° angles, which are necessary within the
design and the final assembly.

Figure 2
5. Conclusions

Once known the structure and the optimal
characteristics for the installation of a
greenhouse of these qualities it is determined
that it is not exactly the best in its bouquet since
the design is suitable for certain vegetables but
once used in vegetables such as tomato,
cucumber among others, it will have some
difficulties especially in its resistance factor

It is also appropriate to mention that it is a
greenhouse design which has favorable
conditions for the production of horticultural
crops as it meets parameters of quality, form,
capacity among others.
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Abstract

Lignin is one of the main constituents of plant biomass and is generated as a by-product in the production
of bioethanol. However, it has important energy properties that convert it as a potential fuel, and its use
can improve the competitiveness of biomass as a source of renewable energy. In Baja California-Mexico,
there is a preponderance agricultural activity that generated in 2016 around 102,960 t of wheat straw and
48,315 t of cotton stalk. Therefore, the objective of this research was to determine the percentage of
lignin in wheat straw and cotton stalk, to valorize the amount of lignin available in Baja California and
estimate the energy potential of this region. The analyses included isolation and determination of the
lignin percentage; morphological analysis; proximate analysis; higher heating value determination;
elemental analysis by electrons dispersed of X-rays; analysis of the majority of elements by X-rays
fluorescence; analysis by Fourier transform infrared spectroscopy. It was found that wheat straw contains
20.81% lignin, with a higher heating value of 22.91 MJ/kg, while cotton stalk 22.33% and 24.99 MJ/kg.
By 2016, Baja California had 114,571 t of lignin from both wastes, giving it an energy potential
equivalent to 2,644 TJ or 80,120 tons of anthracite coal.

Agricultural Wastes, Energy Properties, Higher Heating Value, Physicochemical
Characterization, Lignin
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Introduction

Plant residues from agriculture are a type of
lignocellulosic biomass consisting essentially of
cellulose, hemicellulose, and lignin. There is
now a growing interest in the deposition of these
wastes as renewable energy sources. The
production of bioethanol from this type of waste
is one of the main objectives in many
investigations around the world. (Mohapatra et
al.,, 2017; Chng et al., 2016). However, the
process for the production of bioethanol presents
a major drawback that increases its production.
The plant material must be delignified before
hydrolyzing and fermenting the cellulose.
(Baskar et al., 2016).

The elimination of lignin is an
indispensable step in the production of
bioethanol because its presence in the material
affects the process of transformation of the
biomass into fermentable sugars in two ways.
Firstly, lignin can irreversibly absorb hydrolytic
enzymes by blocking their action on cellulose.
And secondly, lignin has a hydrophobic
character that prevents or reduces swelling of the
cellulose, decreasing the surface accessible to
the enzymes. (Palonen et al., 2004; Chang &
Holtzapple, 2000). Therefore, the fermentation
of plant biomass for the production of bioethanol
inevitably generates large amounts of lignin as a
by-product.

Lignin is a complex, branched and an
amorphous polymer composed of three
monomeric units, syringyl propane (3,5-
dimethoxy-4-hydroxyphenylpropane), guaacyl-
propane (4-hydroxy-3-methoxyphenylpropane)
and 4-hydroxyphenylpropane. (Bittencourt et
al., 2010; Monteil et al., 2013; Singh et al.,
2015). This polymer has important energetic
properties that can be harnessed for the
production of thermal and/or electric energy
(Cotana et al., 2014).
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Their use can contribute to lower
bioethanol production costs and improve the
competitiveness of residual agricultural biomass
as a source of renewable energy, especially in
regions with intense agricultural activity
(Buranov & Mazza, 2008).

The state of Baja California, Mexico has
devoted extensive areas to wheat and cotton
crops, making this region one of the most active
sites of Mexican agriculture. This characteristic
represents a significant potential for the
development of renewable energies, such as the
production of lignocellulosic bioethanol and,
consequently, the generation of large amounts of
lignin as a by-product. In 2016, 102,960 ha of
wheat and 10,931 ha of cotton were grown
(SIAP, 2016). Generating approximately
741,312 t of wheat straw and 48,315 t of cotton
stalk, considering a residue generation index of
7.2 t/haand 4.42 t/ha for wheat and cotton crops,
respectively (Gemtos & Tsiricoglou, 1999;
SENER, 2016).

Therefore, the objective of this work was
the study of the energetic properties and
physicochemical characteristics of lignin
isolated from vegetable residues of wheat and
cotton crops in the State of Baja California. It
also quantifies the amount of available lignin
and its energy potential as a biofuel of the region.

Methodology

This research was developed in four steps: (a)
preparation of the sample; (b) determination of
the lignin percentage; (c) physicochemical
characterization and  energy  properties
determination and (d) estimation of the energy
potential lignin. In all cases, these samples were
analyzed in triplicate.
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Preparation of the sample

200 g of Triticum aestivum L genus wheat straw
and 200 g of Gossypium hirsutum L genus cotton
stalk were collected from a cropland of the
Mexicali Valley that is located in the State of
Baja California. The samples were finely milled
using a GRINDOMIX GM 300 Retsch mill
series and homogenized in a sieve N° 35.

Determination of the lignin percentage

Before determining the percentage of lignin,
samples of wheat straw and cotton stalk were
dried according to ASTM E871 to determine
their humidity content. Two extractions were
then performed, one in hot water and other in
ketone, according to the standards established in
TAPPIT207 and PATTI T264, respectively. The
percentage of lignin was determined as the
amount of sulfuric acid insoluble material
according to the methodology established in
ASTM D1106.

Physicochemical characterization and energy
properties determination

Five analyses were carried out to the
physicochemical characterization and energy
properties determination of the wheat straw, and
cotton stalk, each of them described below.

a. Higher heating value

The higher heating value (HHV) was determined
using an IKA C2000 series isoperibolic bomb
calorimeter. This equipment was set at 25°C
through the isoperibolic method according to the
ASTM 711 standard.

b. Proximate analysis
The proximate analysis was carried out to

quantify the solid, gaseous, and non-fuel fraction
from the agricultural wastes.
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This analysis includes determinations such
as the volatile material, fixed carbon, and ash
according to the ASTM E872, ASTM E870, and
ASTM EB830 standards.

c. Analysis by scanning electron microscope

The morphology of the lignin powders and the
distribution of elements were characterized by a
scanning electron microscope (SEM) using a
JEOL JSM-6010LA series microscopy. This
instrument consists of an energy dispersive X-
ray analyzer and a retro-dispersed electrons
detector to capture images. It was operated under
conditions of low vacuum and a voltage from 15
kV to 20 kV.

d. X-ray fluorescence spectrometry

The isolated lignin powders of wheat straw and
cotton stalk were analyzed by the X-ray
fluorescence spectrometer of dispersed energy,
using a SHIMADZU EDX-7000 equipment. The
X-ray generator consists of a tube that uses the
Rhodium (Rh) element as a target, and it was set
at 50 kV and 283 pA.

The operation characteristics allowed
determining the majority of elements found in
the samples in a range that covers from sodium
to uranium. The X-ray fluorescence lines
emitted by the samples were identified using a
silicon drift detector (SDD).

e. Analysis by Fourier transform infrared
spectroscopy

The wheat straw and cotton stalk isolated lignin
was characterized by the infrared spectrometry,
using a Perkin Elmer Spectrum One FT-IR
Spectrometer, which consists of a detector of
attenuated total reflection (ATR). The spectra
were collected in the range from 400 to 4000 cm”
1 with a spectral resolution of 4 cm™, and 16
scans were performed for each sample.
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Estimation of the energy potential lignin

The amount of available lignin were calculated
according to the Eq. (1), where the calculated
lignin percentage is multiplied for each residue
per the amount of agricultural waste (no
humidity and total extractions) generated in
2016. The residue production index of wheat
straw considered was 7.2 t/ha and 4.42 t/ha for
cotton stalks (Gemtos & Tsiricoglou, 1999;
SENER, 2016).

A=[BX(1—%H—%E)] X%L (@))

Where:

A: Amount of recovered lignin

B: Tons of residues generated in 2014

% H: Humidity percentage

% E: Total extractions

% L: Percentage of lignin in wheat straw

The potential energy was estimated
considering the amount of available lignin from
the wheat straw and the cotton stalk in 2016. It
was calculated according to the vyield of
available lignin that corresponds to each residue
regarding its higher heating value; that was
measured in MJ/kg.

Results
Morphological analysis

The lignin was isolated from the vegetable
materials as the insoluble residue in sulfuric
acid, and it was filtered and dried at 40°C. As a
result, a brown powder of soft texture was
obtained. The color of the wheat straw lignin
was darker than the cotton stalk lignin. The
morphology of the isolated lignins was analyzed
by SEM, and the captured images are illustrated
in Figure 1. These images indicate some
important differences of the isolated materials,
even though both residues were treated
similarly in the lignin separation process.
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The wheat straw lignin is like a
micrometric powder that agglomerates in layers
with micro-metric sizes smaller than 25 pm.
The cotton stalk lignin presents densely packed
microparticles. These microparticles have a
defined structure and a high porosity.

The porous structure observed in the
isolated lignins provides a major superficial
area available for gasification reactions. The
high porosity favors the mass transference
inside of the material, which facilitates the
carbonating agents penetration, e.g., CO2 and
H20. It causes an increase in the reaction speed
during gasification, desirable characteristics in
thermochemical processes (Butterman &
Castaldi, 2012; Rincon et al., 2011).

Typical cellulose and hemicellulose micro
fibers were not observed in the SEM images
depicted in Figure 1. Therefore, it could be
assumed that the treatment of agricultural
wastes with 72% wi/w sulfuric acid dissolved
those components.

Figure 1 Lignin extraction process and SEM images of
(a) wheat straw and (b) cotton stalk.
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Lignin percentage, proximate analysis, and
higher heating value

The cotton stalk contained 6.28% of humidity
and 11.57% of the extractable material. This
waste had 22.33% of lignin as part of their
structural compounds. The higher heating value
of the lignin was 24.99 MJ/kg. The experiment
results are exhibited in Table 1.

The wheat straw contained 8.83% of
humidity and 25.91% of the extractable
material. This waste had 20.81% of lignin as
part of their structural compounds. The higher
heating value of this lignin was 22.91 MJ/kg.
The experimental results are displayed in Table
1.

The values obtained of volatile material,
ashes, fixed carbon, and the HHV in both lignins
are in the range of values according to the
literature (Horst et al., 2014; Blunk et al., 2000).
Regarding the proximate analysis results, the
high amounts of volatility found in the lignins
revealed important thermal properties. These
lignins provide a high reactivity and burn at low
temperatures. Therefore, they do not require
staying a long time in the furnace. These
properties increase the efficiency of the
combustion process (Nogués et al., 2010).

Analysis Cotton stalk Wheat straw

Average SD Average SD
Humidity 6.28 0.01 [8.83 0.14
Extract 11.57 0.33 |25.91 0.36
Lignin 22.33 0.31 |20.81 0.22
Analysis Isolated lignin Isolated lignin

Average SD Average SD
VM 70.25 0.33 |69.15 0.59
FC 29.51 0.37 |2754 0.80
Ash 0.78 0.09 |2.29 0.20
HHV* 24.99 0.15 ]22.91 0.06
* Expressed in MJ/kg

Table 1 Lignin in cotton stalk and wheat straw and its
physicochemical characteristics in dry base.
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The quantification of the ashes content is
important in a fuel material because the ashes
decrease the heating value and the combustion
efficiency. The isolated lignin of both materials
has a low content of ashes. It means that
diminishes the occurrence of problems related
to the powder emissions, maintenance
difficulties, crud formation, corrosion, and
deposits in the heat exchangers. The low
contents of ashes also make its grinding process
and transportation easier (Suramaythangkoor &
Gheewala, 2010).

The fixed carbon refers to the amount of
material that burns slightly without igniting a
flame. Its value is related to the time required to
complete the oxidation of the material. It is
important to determine the feeding speed to the
furnace. The fact that the cotton stalk lignin
contains a higher percentage of fixed carbon
than the wheat straw lignin implies that the
HHYV of the cotton stalk lignin is higher than the
HHV of the wheat straw lignin (Nogués et al.,
2010).

The results of the approximate analysis
and the high-energy contents of the isolated
lignins are similar to the characteristics of the
sub-bituminous coals according to the Standard
Classification of Coals by Rank (ASTM D338).
Therefore, it is possible to convert the energy of
the residual lignin generated in Baja California
by using more efficient conversion systems such
as gasification or co-firing with these coals
(Suramaythangkoor & Gheewala, 2010). The
lignin can be pelletized and densified to make
its transportation easier and cheaper, which
makes its final arrangement possible into far
places from the agricultural lands.

Elemental analysis

After performing the elemental analysis by
EDX, it was found that the cotton stalk lignin
contains 74.83% of carbon and 24.83% of
oxygen.
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The EDX analysis of the wheat straw
lignin revealed 63.56% of carbon and 32.94% of
oxygen. These results are disclosed in Table 2,
and they support the results of HHV where the
cotton stalk lignin has a higher amount of
energy per unit of mass, compared to the wheat
straw lignin.

The atomic O/C ratio is usually used as a
parameter to evaluate the efficiency of fuels in
the different processes of energy conversion
(Ohm et al., 2015). The O/C ratio of the cotton
stalk lignin was 0.33, and the O/C ratio of the
wheat straw lignin was 0.52. An increase of 0.20
in the O/C ratio meant a decrease in the HHV of
2.08 MJ/kg. This ratio indicates that the cotton
stalk lignin will provide a higher reactivity in
the pyrolysis processes, direct combustion, or
gasification (Wang et al., 2010). The higher O/C
ratio is also related to the decrease of liquid fuel
produced by the liquefaction processes
(Hayamizu & Ohshima, 1985; Saxby, 1980).
Nevertheless, several studies indicate that the
increase in this ratio increases the total
efficiency of gaseous products through the
hydropyrolysis processes in carbonaceous
materials (Strugnell & Patrick, 1995).

Lignin Source
Analysis Elements Cotton Wheat
stalk straw
Carbon 74.83 63.56
Elemental Oxygen 24.82 32.94
analysis Sulfur ND* 0.09
Silicon 0.34 341
o/C 0.33 0.52
Silicon 41.035 76.341
Sulfur 34.851 10.856
Bromine 6.925 2.400
Analysis  of [ Calcium 6.771 3.678
the  majority | potassium 5.980 3.562
elements Iron 2.592 1.964
Copper 1.847 0.219
Zinc - -
titanium - 0.477

Table 2 Percentage of elements in the lignin and relative
concentration of majority elements (w/w).
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Fuels are usually composed of elements
that are responsible for the emission of
pollutants and elements related to corrosion
problems in the combustion systems, for
instance: nitrogen, chlorine, and sulphur. These
elements were not found in the isolated lignin,
but it was found sulphur in the wheat straw
lignin.

However, the low sulphur concentrations
in the wheat straw make its combustion or co-
firing easier with other fuels without high
environmental risks.

Analysis of the majority elements

This analysis allowed classifying the elements
of the inorganic fraction in the isolated lignin,
as it is indicated in Table 2. During the
combustion of the lignin, it is expected the
formation of oxides of silicium, sulphur,
calcium, and potassium.

Although the wheat straw lignin had a
higher relative amount of sulphur, it also had the
higher amount of calcium, which means that a
great part of sulphur oxides generated from the
combustion, will remain in the calcium oxides.
This decreases the emission of polluting and
corrosive products to the environment. It is also
expected that the ashes of the cotton stalk lignin
burn at higher temperatures than the wheat
straw lignin because it has the higher content of
silicon oxides and the lower content of
potassium oxides (Melissari, 2012).

On the other hand, heavy metals were not
found in the isolated lignin, except for the zinc
in the cotton stalk lignin. The determination of
the elements present in the inorganic fraction of
biomass is important because such elements
have a catalytic effect on the pyrolysis and
gasification reactions.
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Furthermore, they may react with the
carbonating agent and impact on the reactivity
of the carbonaceous residue and the thermal
decomposition of the vegetable material. The
calcium, sodium, potassium, and magnesium
are components present in the ashes and have a
catalytic effect over the gasification (Butterman
& Castaldi, 2012; Hattingh et al., 2011).

FT-IR analysis

FT-IR spectra of isolated lignin powders in
wheat straw and cotton stalk are illustrated in
Figure 2, and the principal absorption bands are
indicated in Table 3. The absorption spectrum
values of the wheat straw lignin were lower than
the spectrum values of the cotton stalk lignin. It
may be caused by changes or damages in the
chemical structure of lignin during the isolation
process.

Nevertheless, both spectra reveal the
characteristic ~ functional groups in this
biopolymer. Coming from the vibration of OH
stretching groups in the aromatic and aliphatic
compounds, a strong absorption at 3323/3350
cm was observed. Two absorption bands at
2921/2917 and 2852/2832 cm™ were assigned
to the asymmetric and symmetric vibrations,
respectively, of the saturated CHa.

Other bands at 1710/1706 cm™ are part of
the non-conjugated carbonyl groups, whereas
the others at 1645/1650 cm™ are part of the
conjugated carbonyl. Moreover, the rings or
aromatic skeleton absorption at 1603/1599 and
1513/1500 cm™ were noticed (Li, Wu, 2012;
Kang et al., 2012; Balagurumurthy et al., 2014).
The absorption bands associated to the
monomers that form the lignin of vegetable
materials may be noticed in the spectrograms.
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In the spectrum of the cotton stalk lignin,
there are bands at 1376, 1263, and 1218 cm™
that correspond to the G units, the typical bands
of S units appear at 1376 and 1110 cm™, and the
characteristic bands of H units are present at 824
and 933 cm™.

Bands of G (1313, 1114 cm™) and S
(1266, 1214 cm™) units are also noticed in the
wheat straw lignin. However, just one band at
925 cm™ is noticed, which could be caused by
the H monomer. This result indicates a lower
concentration of H units in wheat straw lignin
that corresponds to the results given by other
authors (Monteil et al., 2013; Watkins et al.,
2015; Bauer et al., 2012).

The determination of the chemical lignin
composition is strongly affected by the methods
and extraction solvents used. For that reason,
the lignin spectra of the same vegetable material
may have differences concerning the absorption
band and the intensities. The spectra obtained in
this study differ with the spectra of isolated
lignin using dioxane (Sun et al., 2005) or
sodium hydroxide (Ahvazi et al., 2011).
Nonetheless, they maintain greater similarities
to the spectra of isolated lignin with sulfite
(Sahoo et al., 2011) or using a sulphuric acid
treatment supported by microwaves (Monteil et
al., 2013).

:::::::

Wavelength cm™)

Figure 2 FT-IR spectrum of cotton stalk lignin (L1) and
wheat straw lignin (L2).
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\(/é/r?]zglength Vibration type Conclusions

C_:ott_on stalk | Wheat Functional groups | Origin

"ignin lionin The separation of the lignin from the rest of the

3332 3304 O-H stretching Phenolic and fibers present in the cotton stalk and wheat

alcoholic groups

2921,2852 |2917, 2832 |C-H symmetric and |-CH; —CH, -CH

asymmetric
stretching
1710 1706 C=0 stretching Non-conjugated
carbonyl groups
1645 1650 C=0 stretching Conjugated

carbonyl groups

1603, 1513 [1599,1500 |C=C stretching Aromatic ring or

skeleton
1457 1460 C-H bending Asymmetric
deformation in —
CH3 and *CHZ
1376 - C-H bending Syringyl or
guaiacyl units
- 1313 C-H bending Syringy! units
1263 1260 =C-O-R stretching [-OCH; y -OH
guaiacyl units
1218 1214 C-C,C-O and C=0O |Condensed and
stretching esterified guaiacyl
units
1110 1114 C-H in-plane | Typical  syringyl
bending units
1034 1030 C-H and C-O|Aromatic ring, -
bending OCHj, primary
alcohol
933 925 =CH- out-of-plane | Alkenes
bending

Table 3 FT-IR absorption bands of the isolated lignins
Available lignin

In 2016, the lignin that might has been
recovered from cotton stalks in Baja California
was 8,940 t that is equivalent to 223 TJ taking
into account the HHV experimentally
determined. For the same year, it was estimated
that about 105,631 t of lignin from wheat straw
could be obtained that are equivalent to 2,421
TJ based on the experimental HHV.

The cotton stalk and wheat straw lignins
totalized 114,571 t, this quantity represents an
approximate total energy potential of 2,644 TJ.
And this potential is equivalent to the energy
that would be obtained from 80,120 t of
anthracite coal.
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straw's cell wall was achieved. The lignins
recovered from both agricultural wastes were
physicochemically characterized, and the
energy properties were determined. The
quantified lignin in the cotton stalk was 22.33%
and 20.83% for the wheat straw. The results
highlighted that the lignins have a high heating
value and a high carbon content. The wheat
straw lignin has sulphur and calcium. The
sulphur oxides generated from a combustion
process will remain in the calcium oxides. This
decreases the emission of polluting and
corrosive products to the environment.

The lignin is a renewable resource that
could be exploited for the energy supply
through more efficient conversion systems such
as the gasification or the co-combustion.
Furthermore, its high energy density, compared
with the source biomass, has a positive impact
on the transport costs.

The amount of lignin available from
wheat straw and the cotton stalk was 114,571 t,
equivalent to 2,644 TJ or 80,120 t of anthracite
coal. The lignin represents a renewable energy
resource for the State of Baja California.
However, the separation of this polymer implies
processes or operations that involve additional
costs. Those processes allow the obtainment of
various products, which add value to the
agricultural wastes and promote the economic
development of the rural sector.
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