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ABSTRACT

Objective: To evaluate the clonal behavior of Gmelina arborea Roxb from mother plant cuttings in southeastern
Mexico.

Design/Methodology/Approach: A completely random design of three treatments with four repetitions
was established; the treatments were concentrations of IBA (4000, 6000 and 3000 ppm). The following were
evaluated: percentage of rooting, days until root formation, type of cutting, number of roots, length of roots
and absorbent roots. Analysis of variance and Tukey’s test were performed with Statistix 9.0.

Results: In the analysis of variance (ANOVA), significant factors were observed (callus and number of roots),
and also, a fluctuation was observed in the percentage of rooting from 84% to 92%. Regarding the number of
roots and c¢cm of roots, there were significant differences in the presence of number of roots of the 6000 ppm
treatment.

Conclusions: The concentration of IBA in the rooting generates good results in different concentrations,
depending on the cutting implemented, the factors callus and number of roots; significant records were
obtained between treatments, favoring the acceleration of presence of roots.

Keywords: Vegetative propagation, Gmelina arborea Roxb, growth regulators.

INTRODUCTION

The application of biotechnology to forest species constitutes bases and principles of
research for tropical species. The tropical zones in Mexico are considered of great potential
for the establishment and management of commercial forest plantations; considering
their geographic position, they receive large amounts of solar energy. Gmelina arborea roxb
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(Melina) is characterized by being a species of rapid growth and opportunistic in rainforests,
classified as long-life pioneer, its capacity for regrowth presents a fast and vigorous growth.

Project A3-S-131410 of the CONACYT-CONAFOR sectorial I'und developed a clonal
propagation protocol of selected Gmelina arborea trees, early establishment and evaluation of
progeny trials, and clonal trials for commercial forest plantations in southeastern Mexico.
It was published on October 8, 2018, in the call for projects “2018-2”, which had the
objective of establishing the first stages of an operative strategy for genetic improvement
of Gmelina arborea, species used in commercial forest plantations of FYTEIA CAPITAL
in southeastern Mexico. Therefore, this study has the objective of evaluating the clonal
behavior of Gmelina arborea from cuttings obtained from mother plants in southeastern
Mexico.

MATERIALS AND METHODS

This project was conducted with the support of resources from the Sectorial Fund for
Development Research and Forest Technological Innovation in the “La Huerta” plot,
located in the Rancheria el Corralillo on Km 3.28 of the Fraccionamiento Pomoca-El
Tigre Highway, Nacajuca, Tabasco. This study had the purpose of determining the optimal
concentrations of IBA hormone (Indole-3-butyric acid) in solid solution under three
concentrations, 3000 ppm, 4000 ppm and 6000 ppm, and to determine the concentration
that generated roots in the shortest time; for this purpose, primary and secondary cuttings

of Gmelina arborea were used as plant material.

Background of clones evaluated

The genetic material evaluated is part of the Project A3-S-131410 of the CONACY'T-
CONAFOR sectorial Fund. Early establishment and evaluation of progeny trials and
clonal trials of Gmelina arborea for commercial forest plantations in southeastern Mexico,
published on October 8, 2018, call for projects “2018-2”, which had the objective of
establishing the first stages of an operative strategy for genetic improvement of Gmelina
arborea, species used in commercial forest plantations belonging to FYTEIA CAPITAL in
southeastern Mexico.

The genetic material to be propagated massively was obtained through the selection
of candidate trees and then, after complying with dasometric and phenotypic traits, they
were identified as plus trees. The technique of rough hewing (complete tree cutting) was
applied, consisting in cutting the tree horizontally, leaving stumps of an average of 32 cm
height (Ramos, 2016; Quispe, 2019). Later, at 11 weeks the harvest of reshoots was made
(Figure 1), produced from each stump (Figure 1); for this purpose, the following was used:
gps garmin etrex 10, map of the site, plastic bags (10 kg), permanent marker, pruning

scissors, ice, thermal cooler.

Experimental design
A completely random design of three treatments with four repetitions was established;

the treatments were the IBA concentrations (Table 1):
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Figure 1. Visualization of resprouts on stumps (a) and harvesting of resprouts emitted by stumps, activity

carried out from 10 p.m. to 4 a.m.

Table 1. Completely random design of three treatments

with four repetitions.

Treatment Repetition Cox}centration
in PPM
1 Rl 4000
2 Rl 6000
3 Rl 3000
4 R2 3000
5 R2 6000
6 R2 4000
7 R3 3000
8 R3 4000
9 R3 6000
10 R4 6000
11 R4 3000
12 R4 4000

Variables to be measured

Percentage of rooting, Days until root formation Type of cutting (primary, secondary),

Number of roots, Cm of roots, Absorbent Bloom. The values measured from each variable

were analyzed parametrically using Statistix 9.0, Tukey’s test, ANOVA.

Preparation of the substrate

Trays with 42 cavities were used (34 cm X 37 cm) with a capacity of 175 cm®, they were
filled with substrate made up of 80% bark and 20% Peat Moss and slow-release fertilizer

was added (Figure 2).
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Process of obtaining cuttings

Performing cuts during the whole process of obtaining cuttings (Figure 3) was done
with a scissor (Truper, stainless steel), disinfected before and after each cut, and performing
the change in management of the genetic material. The cut of the reshoot was done in the
basal part, the closest to the principal stalk.

Sectioned
To select the primary and secondary cuttings (Figure 4), the cuts were performed in the
inferior part of each cutting, the closest to the axillar bud; then, the withdrawal or cut of

the leaf part of 50% was done, reducing the transpiration of those cuttings.

Figure 2. Substrate preparation: 80% bark and 20% Peat Moss.

Figure 3. Shoot preparation in mother plants of Gmelina arborea, the handling of the prepared shoots is done
with latex gloves to avoid contamination of the material to be propagated.
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Figure 4. Sectioning process to obtain primary and secondary cuttings, after which 50% of the leaf part of each
cutting obtained is removed.

Application of stimulant

For the establishment of the cuttings, the IBA growth hormone, the preparation of the
hormone and its concentration of 3000, 4000 and 6000 mg kg_1 was applied (Figure 5);
industrial talcum powder was mixed with indole-3-butyric acid (impregnable powder as
active ingredient).

Later, the cuttings were impregnated with IBA, following the quick immersion method,
which consists in the inferior part of the cutting being introduced into the impregnable
powder; therefore, it is established in the cavities with inert substrate, and pressured to the
margin of the inferior part of the cutting with the aim of avoiding mobility and eliminating

air bags. Once the trial is finished, they are introduced into the area where they will remain

Figure 5. Application of AIB for stimulation and reaction of secondary and primary stake cofactors.
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until starting the rooting and at the same time the temperature, irrigation and relative

humidity is regulated and controlled.

RESULTS AND DISCUSSION

Table 2 shows the results from the ANOVA (Value of I and degree of significance)
during the trial in minimum time of rooting and optimal concentrations of root stimulating
hormones in southeastern Mexico, through primary and secondary cuttings of Melina
(Gmelina arborea Roxb), where significant statistical differences were found between the
treatments evaluated and the variables measured.

The variables that presented degrees of significance (P<0.03) were the presence of
callus with a mean of 1.38 and number of roots, which indicates that the variable measured
of IBA concentration did not affect the percentage of rooting, later reflected in the type
of cutting used during the trial (Primary and Secondary). Table 3 shows that the results
obtained of the variable percentage of rooting are higher than those found in the study
conducted by Ruiz ez al. (2005), who obtained 71.8% with concentrations of 1000 ppm to
2000 ppm.

Table 3 shows the means of the variables of each variable evaluated during the trial,
according to the results shown in Table 2, and shows two groups in the variable number of
roots where each concentration of IBA presents a mean of 4.66 (4000 ppm), 3.4286 (6000
ppm), and 3.2857 for concentration of 3000 ppm; this variable was significant.

Percentage of rooting

Table 4 shows the factor “Percentage of rooting” and the results from each concentration
according to its level, which did not have an impact on the number of cuttings rooted, but
did impact the length, something that should be highlighted. With the three concentrations
of IBA implemented at the beginning of the period of rooting, an average of 84% of rooting
was found for the concentration of 3000 ppm, and likewise it is homogeneous in the
concentration of 6000 ppm; and then, 4000 ppm is higher than the previous with 92% of
rooting. Villegas et al. (2017) reported a percentage of rooting of 98% on average, stressing
100% of rooting at 15 dae (days after established), in addition to the type of material
implemented being apical (principal) cuttings.

Authors like Ovalle (2010) obtained a percentage of rooting of 100% in the species
Gmelina arborea using three treatments (4000, 6000 and 8000 mg kg™ ), indicating that the
factor that has most influence on rooting is the conditions within the rooting module.

Table 2. ANDEVA Results (I-value and degree of significance).

R oL | cALLUs VELLOS STACA ROOT NOSF | CMMAJOR | CM MINOR
Treatment 445 0,65 0,85 141 3,81 0,30 1,17
cv 32,14 171,14 35,61 29,57 94,04 85,68 133,93
Media 1,38 6,39 1,34 1,12 3,79 3,38 1,08
Significance * N.S N.S N.S * N.S N.S

Degrees of significance: P<0.05= * Significant, P<0.01=** highly significant, N.S.=Not significant.
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Table 3. Comparison of means in the minimum rooting times and optimum concentrations
of root stimulating hormones with Melina.

Coi/[\l;gll:isG%z o TREATMENT | MEDIA HOM((;)RG (1)311;11]5 AD)
2 1.4524 A
Callus 1 1.4286 A
3 1.2637 B
3 1.3929 A
Staca 1 1.3333 A
2 1.2976 A
1 4.6667 A
No.of root 2 3.4286 AB
3 3.2857 B
2 1.2738 A
CM Minor 3 0.9810 A
1 0.9774 A
2 3.5807 A
CM Major 1 3.3488 A
3 3.2381 A
2 7.4167 A
Vellos 1 6.2619 A
3 5.5119 A
3 1.1548 A
Presence of Root 1 1.1310 A
2 1.0714 A

Number of roots/cm of roots

Table 2 shows the analysis of variance (ANOVA), where the factor number of roots
obtained was significant, indicating that there is a concentration of IBA that causes
the secondary and primary cuttings of the species Gmelina arborea to have a higher
number of roots. Jovanovic et al. (2008), mentioned by Bdez (2015), point out that
the growth of the root is regulated by endogenous signals which contribute to the
pattern of generation of new lateral roots. The analysis of roots of each treatment of the

concentrations showed a fluctuation in 4000 and 3000 mg kg_l, with a mean of three.

Table 4. Total number of cuttings, number of cuttings that obtained roots and percentage of rooting during the melina (Gmelina arborea Roxb)

trial. By means of cuttings.

CONGENTRATION | puiiNGs | srake | STAKE | seepunes | seebumes |
3000 84 56 28 71 12 84
4000 84 59 25 78 3 92
6000 84 51 33 71 12 84
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Table 5 and Figure 6 to 9, show a mean of 3.0 cm and a maximum number of roots of
19, with a concentration of 6000 mg kg~ 1, which explains the concentration applied to
secondary and primary cuttings.

Table 5. Ratio of maximum, mean and minimum number of roots in each treatment
during the melina (Gmelina arborea Roxb) trial. By means of stakes.

CONCENTRATION MAXIMUM MEAN MINIMUM
3000 15 4 1
4000 10 3 1
6000 13 3 1

Figure 6. Visualization of axillary buds (a) secondary and lignified stake at 8 dde and root development (b) at
28 dde.

20 .
6000 ppm

15 dde

10

UL R LR Rt Lkt

1 23456 7 8 91011121314151617 18192021 222324252627 28

ENO.ROOT mCM ROOT

Figure 7. Graph of the relationship between the ratio of major and minor cm of roots during the test of
minimum rooting times in melina (Gmelina arborea Roxb). Using AIB 6,000 ppm.
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Figure 8. Graph the ratio of major and minor cm of roots during the test of minimum rooting times in melina
(Gmelina arborea Roxb). Using AIB at 4,000 ppm.
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Figure 9. Graph the ratio of major and minor cm of roots during the test of minimum rooting times in melina

(Gmelina arborea Roxb). Using AIB at 3,000 ppm.

CONCLUSIONS

The factors that intervene in the vegetative propagation of the species Gmelina arborea
are of utmost importance, with cuttings being a technique of massive clonal propagation
that ensures the quality of plants. The concentration of IBA in rooting generates good
results in different concentrations based on the type of cutting implemented, with apical
cuttings having better quality in the root system with less centimeters and formation of
absorbent bloom. In the trial, the factors callus and number of roots obtained significant
records between treatments; the use of IBA concentrations favors the acceleration of the

presence of adventitious roots.
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ABSTRACT

Objective: To determine whether the Agroecological Educational Center Los Alamos (Centro Educativo
Agroecoldgico Los Alamos, CEA), located in the state of Tlaxcala, Mexico, fulfills the elements of structure and
function to be identified as an agroecological beacon.

Design/Methodology/Approach: A mixed approach was used (quantitative and qualitative). A study case
of the CEA was constructed to understand both the context and the structural and functional characteristics
that currently configure it. First, an exhaustive review of secondary information related to the structure and
functioning of agroecological beacons in other regions or countries was made. In a second stage, a comparative
analysis of the structural and functional characteristics of agroecological beacons was conducted with the data
generated in the study case. In the third stage, factors were analyzed that make possible or limit the CEA to
develop as an agroecological beacon.

Results: The CEA performs and fulfills with participant youth the function of agroecological beacon, since
it is an efficient tool for education, training, knowledge exchange and promotion of agroecology. This favors
its dissemination and scaling in the peasant communities where the young people who participate in the CEA
are from.

Study Limitations/Implications: The results are only applicable to the study case due to the limitations
present in this methodology in terms of its results not allowing to elaborate general explanations.
Findings/Conclusions: The CEA complies with sufficient elements to catalog it as a sectorial agroecological
beacon, which is contributing a methodological and strategic light to respond to the challenge of inter-
generational transmission of understanding, knowledge and agroecological projects in the peasant indigenous
youth sphere.

Keywords: Agroecology, agroecological beacon, indigenous youth.

INTRODUCTION

Currently, there are two challenges

that threaten the welfare of people and "".‘ '-.\~ P
the population; one is global warming o o : "’ e
with all its repercussions in the ’ \/ g \

deterioration of natural resources and

the environment; the other challenge,

as important, is the one related with
food insecurity within a context of

LOS ALAMOS

CENTRO EDUCATIVO AGRO-ECOLOGICO

climate change and greater resource
scarcity, especially land and water (Pérez
et al., 2018).
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In face of these great challenges, proposals have been made to revert, evade, mitigate and/
or adapt to climate change and to contribute to the production of nutritional, innocuous,
sufficient and quality foods. One of these proposals is agroecological production systems
in their diverse modalities and hierarchical levels; one of the modalities of these systems is
agroecological beacons. An agroecological beacon is a unit for training and demonstration
in agroecological methods, techniques and practices, within the rural sphere, which guides
interested people in developing more sustainable productive systems.

In this context, agroecological beacons exert the function of being “a potent tool for
change and scaling of agroecology required in the rural world” (Infante, 2015). They are
the answer to the question of: “How to put it into practice?” In this sense, Altieri and
Yurjevic (1992) recognize that the dissemination and scaling of agroecology will be possible
“only if its proposals are ‘a good business’ for the small-scale producer, and in addition, if
they take into account their rationality”. For this reason, they emphasize the importance
of demonstrative farms, where there are successful experiences of incorporation of both
traditional peasant techniques and also new viable alternatives (Mufioz, 2003). In this
way, the environmental knowledge and perceptions of peasant farmers are integrated into
agricultural innovation schemes that link resource conservation and rural development, in
search for a sustainability approach.

In this sense, agroecological beacons develop and consolidate a demonstrative
and educational function in the generation and exchange of knowledge, emphasizing
participatory principles, processes and methodologies (Espinoza, 2016). The principle
of teaching not being simply to transfer knowledge is fundamental; rather, it is creating
possibilities for its construction. Therefore, agroecological beacons help for technical-
productive and sustainable rural development aspects to advance thanks to the exchange
in knowledge that is constructed and shared in the relationship between the beacons and
the plots of peasant families that are connected to them (Infante, 2015).

From this perspective, the research study was focused on the analysis of structural and
functional elements with which agroecological beacons are characterized, to be able to
determine, through a study case, the characteristics factors that make the CEA possible
in order to develop under the identity and functioning of an agroecological beacon. This,
highlighting its mission of benefiting young peasant and indigenous people who approach
it, with the interest of exchanging and building agroecological understanding and new

knowledge to apply in their communities of origin.

MATERIALS AND METHODS
Location of the CEA
The CEA works based on a farm in the locality called Rancho Los Alamos, located in
the municipality of Muifioz de Domingo Arenas, Tlaxcala, Mexico. The farm is situated in
a plain of 50 hectares, in the high plateau of the northeast zone of the state of Tlaxcala.
The research was carried out with a mixed approach, using quantitative and
qualitative methods. The techniques used to gather information were: survey through the
questionnaire; semi-structured interview with qualified informants; participant observation

with discourse analysis; and documentation of official data such as texts, specialized
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publications and research related with the structure and the function of agroecological
beacons. To determine the characteristic factors that allow the identification of the CEA
as an agroecological beacon, a study case was built based on the contribution by Coller
(2000).

From an agroecological perspective, the study was approached with the General
Systems Theory (GST; Von Bertalanffy, 1976), considering the CEA from the category of
agroecosystem (Altier1, 1999). Under this approach, the CEA was analyzed as a functional
totality with the set of sub-systems and their interrelations and form of organization (Garcia,
2006). Finally, the study turned to the theory offered by Infante (2015) to characterize
agroecological beacons and, then, to make the comparative analysis of the CEA’s structure
and function.

RESULTS AND DISCUSSION
Structure and functioning of the CEA

Based on the General Systems Theory (GST) and the suggestions by Garcia (2006),
the CEA was analyzed as a “complex system” since it is the seat of a set of environmental,
productive, educational, economic and social phenomena that can be grouped as sub-
systems. These sub-systems are related between one another to carry out one or several
functions.

The system that makes up the CEA is based on the description of the interrelations
that are established between the sub-systems, whose functions within each are not
independent. From this analytical perspective, the following suggestion by Garcia (2006)
can be corroborated and taken advantage of: “the combination of relationships constitutes
the structure that gives the system the form of organization which makes it function as a
totality”. The sub-systems and the relationships that shape the structure of the CEA and its
organization can be modelled and represented (Figure 1).

The CEA, in addition to being described as a complex system, can be characterized
by the specific intention of becoming organized and functioning as an “agroecosystem”
(Altieri, 1983), with a single and multiple finality at the same time, namely: “to build
an agroecological educational community that develops a strategy for education with
the aim of integration, rootedness and innovative participation of young people in their
communities of origin” (CEA, 2018).

Therefore, the CEA can be characterized as a complex, dynamic and multifunctional
system which, in addition to performing agrosilvopastoral activity, conserves biodiversity,
guarantees healthy and varied foods, and serves as an educational center for peasant and
indigenous youth, with which it contributes to the reconstitution of indigenous communities
in the country.

Application of the agroecological paradigm in the CEA

To reach the structural and functional configuration of an agroecosystem with an
educational function, the implementation of an integral project for agroecological redesign
and transition can be observed in the CEA. With this project, assuming the proposals of the
“agroecological paradigm” (Altieri and Nicholls, 2000; Gliessman, 2001), a historical and
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Figure 1. Model of structure and function of the Agroecological Educational Center Los Alamos (CEA).

dynamic transition has taken place. For the CEA, the so-called Agroecological Transition
Master Project, with a projection and historical trajectory of 20 years of implementation
(CEA, 2019a), has allowed the strategic planning and integration of what Nicholls et al.
(2015) describe as agroecological principles, processes and techniques.

In its functioning, the CEA agroecosystem presents the emerging property of serving
as a demonstrative field for the generation and exchange of knowledge and the application
of agroecological technologies. Table 1 presents the agroecological practices suggested in
the CEA.

The emerging possibility of the CEA serving as experimental and demonstrative
field is strengthened with the work and function of the educational team by planning
and developing a strategy that focuses primarily on making the CEA a space for
the exchange of local understandings and new knowledge that help young people in
the process of integration and service in their communities of origin. The following
testimony from a student exemplifies this experimental, demonstrative and educational
function of the CEA:

“For me, the part of agricultural practices has been interesting about the CEA,
where there is a fusion of the theory and the knowledge that we bring from our places
of origin. This has been very satisfying and is what I find most interesting, seems to
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Table 1. Agroecological practices suggested in the CEA.

Soil and water conservation

Suggested Practice

The paths of water
Soil and water conservation techniques
Soil water management practices

In any part of the farm, erosion can be measured or
soil conservation practices can be carried out

Agricultural diversity and biodiversity

Suggested Practice

Concepts, laws, challenges

Crop diversity systems can be practiced from June
to September

Agricultural tillage y conservation tillage
practices

Suggested Practice

Tillage systems
Conventional tillage
Conservation tillage
Zero tillage

Students can experiment on a small plot with the
milpa system

Planting systems and cultivation systems

Suggested Practice

Traditional planting systems

Crop polycultures

Crop rotations

Agroforestry

Secondary vegetation (acahual), itinerant
agriculture

Crop diversity systems can be practiced from June
to September

Crop nutrition and fertilization

Suggested Practice

Fertilization without agrochemicals
Crop nutrition
Organic fertilizers

In the farm you can practice the elaboration of biols
and different organic fertilizers

Integrated management of insects and diseases

Suggested Practice

Integrated insect management
Veterinary homeopathy
Biological control of insects

In the farm you can practice any crop

Production, protection and conservation of
seeds

Suggested Practice

Seed types
Save techniques seeds
Traditional systems

Safeguard the seeds at home and in situ in the milpa
and cultivation vegetables

Management of weeds and stubble in
postharvest

Suggested Practice

Stubble management on the farm

Organic cattle

Suggested Practice

Animal integration

Reproduction and fattening of chickens and rabbits
Breeding and production of laying hens. Egg
production

Breeding and fattening of ruminants

Apiculture and fish farming

It can be practiced with chickens, broiler chickens,
cows and sheep

With the beekeeping course at the farm apiary

In the management of carp and axolotls of the

Jjagiiey

Source: Reworked by the authors with data from the CEA (2019b).
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me, and where I have been spending time without even noticing. I feel that when we

practice we learn much more, we reaffirm the theoretical knowledge that we already
have and we make it come alive” Elizabeth G. (CEA, 2019c¢).

Different testimonies from students reaffirm this emerging property of the CEA of
serving as a demonstrative and educational experience of sustainable agriculture, even in
a surface of 50 hectares, as is the case of Rancho Los Alamos:

“I see in the CEA that sustainable agriculture is implemented, which, although
there are few workers, is maintained because they integrate the animals through the
elaboration and application of compost, with which they substitute the conventional
application of urea that we do in my town. Here they have a wide variety and rotation
of crops. Insecticides are no longer applied, there is biological insect control right here.
And I find it very interesting when hens and sheep are included, because then you have
eggs and meat. The watering pools are a great way of capturing water. Thus, with these
ways of managing the ranch they don’t have to spend so much, but rather this becomes
more affordable” Antonio S. (CEA, 2019c¢).

“In the CEA Ilearn what an agroecosystem is, because it has both entries and exits
and there is the intention of generating synergy for everything to be supported. For
example, capturing rain water that is stored in the watering pools and which are meant
to be used for the orchards; rotation and diversification of crops; having and sowing
different variety of seeds; the nursery that allows having the inputs there for sowing;
and the important role that bees play here in this plot, in this land and also in the world.
Thus, I can learn about it in a small scale and visualize it in a larger scale”. Denisse E.

(CEA, 2019c¢).

Configuration of the educational strategy of the CEA

As medullar part of the educational strategy, the CEA offers young people an integral
training proposal that is structured and operates based on four educational areas:
academic, sociocultural, human and spiritual. This program is in function of the young
people recovering, valuing and appropriating their peasant identity. On the other hand,
it has the aim of appropriating more knowledge, tools, values and abilities that allows
them to be integrated and to participate economically, socially and culturally in their
community, representing at the same time a new contribution in their locality (CEA,
2018a).

The identification of the CEA with the mission of responding to the needs of young
peasants and its own identity of Agrocological Educational Center has led it to design and
implement a strategic proposal that includes the following:

1. Shaping a demonstrative agroecological community with young people that reaches a
high degree of food sufficiency, health, information and communication management,
satisfaction of energy (water, heat and housing), based on its educational work and

practice, as testimony of learning.
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2. Achieving inter- and pluri- cultural coexistence. This coexistence implicates the
organization to develop a life in common, community self-diagnoses, and inter-cultural
dialogue workshops, where valuing and appropriation of their own cultural identity are
favored.

3. Elaborating a training program with integral and pluri-cultural curricular map,
with participatory operation. The program can offer visits to example experiences,
workshops, courses, talks, encounters and consulting.

4. Relating young people with communities and teachers that can share their knowledge
and experiences, with the intention of responding to more than two problems, at least,
from their communities of origin.

5. Learning and participating in productive practices for food elaboration, household
improvement, and water and energy management; favoring with all this the exchange
of local understandings, organization and teamwork, as well as the reutilization and
recycling of water.

6. Learning and participating in the elaboration and execution of productive projects with

added value, by producing and exchanging products.

Comparative analysis between the proposal by Infante (2015)
and the case of the CEA

The characteristic factors of structure and function of agroecological beacons can be
determined through a comparative analysis, the academic approach by Infante (2015)
about the conceptualization and characterization of agroecological beacons, as well as the
emerging factors that result from the efficient interrelation between the structure and its
function.

Regarding the comparative analysis of the current reality of the CEA with the
elements that constitute the proposal by Infante (2015), it can be observed that the CEA
has all the necessary elements at the structural level, except the one of not working with
peasant communities of the area where it is established. However, the relationship and
the collaborative work developed by the CEA are rescued, with more than 20 peasant
organizations or experiences with agroecological approach.

Concerning the functional elements that characterize an agroecological beacon, it is
observed that it is not supporting local producers to develop more sustainable agrarian
systems, and it is also not achieving a scaling of agroecology in the municipality of
Mufioz de Domingo Arenas, Tlaxcala. However, something to rescue is that, it does have
the structure and the function of being a guide, a support and a reference for indigenous
and peasant youth to set forth on productive projects directed at the construction of
more sustainable agrarian systems, and for the propagation and implementation of
agroecological knowledge and practices in the communities of origin of the youth that
attend the CEA.

The discussion about the comparative analysis between the current reality of the CEA
and the function of agroecological beacons established by Infante (2015) could not be
concluded without rescuing and valuing the work by the CEA focused on and concentrated

in having as main indigenous and peasant youth recipients. The specific contributions that
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add to Infante’s (2015) concern for implementing strategies to respond to the significant
absence of young people in agroecological beacons are listed next. In this regard, it can be
seen that in the CEA the following has been achieved:

1. The revaluation achieved in the youth for their identity and mission as peasants.

2. The motivation and theoretical and practical backing with which young people emerge
from the CEA to undertake local rural development strategies or projects based on their
own youth leadership.

3. The drive and desire promoted in young people to construct a generational transition of
peasant labor, revaluing in the students the importance of protecting their identity and
biocultural heritage as indigenous peoples.

4. The detonation of a youthful revolutionary impulse promoting resources and strategies
to attain food sovereignty, self-management of productive projects, implementation
of agroecology, and formulation of cooperative projects from an approach of solidary
social economy.

5. The rescue of traditions and spiritual values present in the young people and in the rural
communities that have ethical, social and cultural capital which favors strengthening
of the social fabric, respect and care for Mother Earth, as well as resilience in face of
injustice, violence or periods of crisis.

6. The correlation of institutions, professors, associations, individuals and enterprises
to drive the empowerment of indigenous and peasant youth through an autonomous
educational strategy that promotes rural and peasant development.

With the consideration and discussion of previous contributions, in the end it is
evidenced that in the application of Infante’s (2015) theoretical approach to the current
reality of the CEA, it does not have all the elements of structure and function to be able
to catalog it 100% as a local agroecological beacon, because it is not structured in function
of promoting the scaling of agroecology in the peasant family production units of the
zone. However, the CEA does have sufficient elements and evidence to qualify it as a
sectorial agroecological beacon, which is contributing a methodological and strategic light
to respond to the challenge of inter-generational transmission of understanding, knowledge

and agroecological projects in the youth scope.

Contributions to the debate and model of agroecological beacons

The CEA is presented as a case that can contribute to the possibility of modelling a
type of agroecological beacon, whose function is not linked to the scaling of agroecology
at the level of a geographic zone, but rather to a level of population sector or profile of
participants. In this sense, in the case of the CEA, it can contribute to the debate of the
characterization, function and promotion of specific agroecological beacons for peasant
indigenous youth.

In this debate, the CEA can contribute the idea that it is not convenient to offer
education and technical training in agroecology only as a series of courses, workshops
and short activities, but rather as an encompassing, integral and intensive proposal, which
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addresses the human, cultural, community, social and spiritual dimension that are lacking

in order to make the following possible:

1. Agroecology takes root in young people as a desired lifestyle and in it they have been
able to see and confirm the goodness, importance and profitability of this lifestyle as real
testimonies, with which they break the stereotypes that being a peasant is not important
for society and for the contemporary world.

2. The agroecological approach can be proven to be a possible, urgent and pertinent
paradigm 1in face of the global crisis, profitable for its community. This importance is
rooted by having compared, tested and proven several successful rural projects inside
it, in which they have been able to practice, contribute and learn. In this sense, leaving
their rural communities and knowing several projects is a significant strategy to open
their mind, broaden their relational world, and root a conviction about the possibilities
and integral goodness of agroecology.

3. Developing the necessary inner strength, at the emotional, volitional and spiritual
level, which favors the capacity of rootedness and resilience to face some problems
and temptations of rural youth such as hopelessness, addictions, lack of opportunities
to undertake projects by age, the temptation to obtain fast money in activities linked
to criminal groups, or the social stereotype that migrating from the communities is the

best option.

Therefore, the CEA provides the need to take on the issue of generational transition of
agroecologist youth decisively. This issue, from the experience and the model of the CEA,
implies placing emphasis not on the amount of people who go through the agroecological
beacon or on the number of courses or publications, and also not on the size of the property,
but in the training proposal and quality; in the methodology and the accompaniment that
is more pertinent to develop convictions and to validate the knowledge and the peasant
identity; in the deep impact in the lives of young people that detonates their empowerment
and resilience, their sense of community and the desire to conserve their cultural heritage;
in the type of accompaniment and methodology that makes it possible to develop the
capacity for leadership, negotiation and social communication for them to assume the
challenge of making demonstrable and profitable the goodness of the agroecological
approach applied from and with their community.

The educational option and proposal of the CEA contributes to the reflection about
agroecological beacons by young peasants, a whole complex system where many elements
and relationships are at stake. For that reason, to cultivate in them the agroecological
approach they must be understood and work with them should be done integrally,
considering their family relationships, their wishes and beliefs, their life history, their desire

to learn, but also for fun, understanding and valuation.

CONCLUSIONS
The conclusion is a favorable appreciatory opinion, confirming that the CEA does have

the elements to be catalogued as a sectorial agroecological beacon, which is contributing
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methodological and strategic light to respond to the challenge of inter-generational
transmission of agroecological understandings, knowledge and projects in the peasant
indigenous youth sphere. The exception is that it is not being focused on the working

relationship with peasant communities at the local level.
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ABSTRACT

Objective: To evaluate the tolerance of Tamaulipas native maize populations to the leaf damage caused by
Spodoptera frugiperda.

Design/Methodology/Approach: During the two agricultural cycles of 2019, the leaf damage by S. frugiperda
and the grain yield decrease in 10 populations of native maize were evaluated In Giiémez, Tamaulipas.
Results: Leaf damage by S. frugiperda was minimal when synthetic insecticide (emamectin benzoate) was applied
in the autumn-winter agricultural cycle; meanwhile, it was greater in the spring-summer cycle, but its levels
remained lower than the rest of the S. frugiperda management strategies. Leaf damage was higher during the
spring-summer cycle because the environmental temperature was higher than in the autumn-winter cycle.
Study limitations/Implications: Spodoptera frugiperda is an important pest of maize. It is mainly controlled using
synthetic insecticides, which cause environmental and human health risks. The use of tolerant cultivars is a
strategy that reduces these risks.

Findings/Conclusions: The TML9S3 and VHA maize populations were tolerant to S. frugiperda leaf damage
in both agricultural cycles; it is considered as the base germplasm for a program aimed at enhancing this
characteristic.

Keywords: fall armyworm control, yield decline, native populations, Zea mays.

INTRODUCTION

The fall armyworm (Spodoptera frugiperda J. E. Smith) is one of the most important pest
insects that attack maize (Real-Santilldn e al., 2019) crops, in the tropical and subtropical
regions of the American continent (Sauceda-Acosta et al., 2015). It has a high incidence in
Mexico, mainly in the states of Guanajuato, Chiapas, Chihuahua, Sonora, Sinaloa, and
Tamaulipas (Blanco ez al., 2014). It causes leaf damage, mainly in the vegetative stage, and

Image by dpexcel at Pixabay
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consumes developing leaves in the whorl or shoot (Garcia-Gutiérrez et al., 2012), reducing
the photosynthetic capacity of the plant and, consequently, decreasing grain yield (Lima
et al., 2010). In average, a larva can consume over 150 cm? of leaf tissue (Rezende et al.,
1994) and, in a single crop cycle, more than two generations can exist (Ramirez-Cabral et
al., 2020).

The foregoing shows the need to control this pest for which synthetic insecticides are
commonly used (Sauceda-Acosta et al., 2015). Blanco et al. (2014) have estimated that
2,600 tons of different active ingredients are applied per year in Mexico, which favors
the development of resistance among S. frugiperda populations, causes the elimination
of non-target species —some of which are beneficial insects (Ayil-Gutiérrez et al., 2018)
or pollinators—, and is a source of soil and water contamination (Botias and Sdnchez-
Bayo, 2018).

The dependence on synthetic insecticides in agriculture highlights the various
effects they cause and their contribution to the environmental imbalance, showing the
need to implement strategies that favor the agroecological management of this pest and
consequently reduce the aforementioned effects (Harrison ez al., 2019). These alternatives
include the use of botanical (Ayil-Gutiérrez et al., 2018) and biological (Kuzhuppillymyal-
Prabhakarankutty et al., 2021) insecticides.

Meanwhile, the use of cultivars with tolerance to S. frugiperda reduces the effects of leaf
damage and grain yield (Blanco et al., 2014). This characteristic is highly important, since
it is a response from the plant and does not involve reciprocity by the insect. Therefore, it
does not cause selection pressure in its populations and does not induce the development
of resistance in the pest (Peterson et al., 2017). In addition, this strategy is compatible with
any control method for this pest (Harrison ez al., 2019).

S. frugiperda tolerant cultivars are achieved through genetic improvement, for which
identifying and having base germplasm with characteristics that provide tolerance is
necessary (Kumar, 2002). These characteristics are found in populations developed under
the incidence of this insect, such as native populations (Sauceda-Acosta et al., 2015); these
findings have been corroborated in studies carried out with Tamaulipas native maize. The
objective of this study was to evaluate the tolerance of Tamaulipas native maize populations
to leaf damage by S. frugiperda.

MATERIALS AND METHODS
Crop location and management

The experiments were established in the La Posta Zootécnica “Ingeniero Herminio
Garcfa Gonzdlez” experimental field of the Facultad de Ingenieria y Ciencias of the
Universidad Auténoma de Tamaulipas, in Giémez, Tamaulipas, Mexico, located at 193
masl, 23° 56’ 26” N and 99° 05° 59” W. The experiments were carried out during the
2018-2019 autumn winter (OI) and 2019 spring summer (PV) agricultural cycles. Land
preparation and crop management were carried out according to the maize production
recommendations for the north-central zone of Tamaulipas (Reyes-Méndez, 2017a,
2017b), under irrigation conditions and with a population density of 50,000 plants ha .
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Vegetal material and management strategies

In both agricultural cycles, 10 populations developed from native maize germplasm from
central-southern Tamaulipas were evaluated (Table 1) in four S. frugiperda management
strategies: 1. synthetic insecticide (active ingredient: emamectin benzoate); 2. broad-
spectrum biological-botanical insecticide (complex: Beauveria bassiana, Nomuraea rileyi,
Metarhizium anisopliae, Paecilomyces fumosoroseus, and a multi-oleic active concentrate); 3.
botanical insecticide (active ingredient: azadirachtin); and 4: control without application.
The applications were made every 20 days with a previously-calibrated manual sprinkler,
from the complete exposure of the fourth leaf until flowering. The application of the dose

followed the recommendations of the manufacturer of each product.

Experimental design and evaluated variables

In each agricultural cycle, the experiments were established in a randomized complete
block design with a split-plot arrangement and three replications. The experimental unit
was 4 m”. . Jrugiperda management strategies were established in the large plot, while the
maize populations were established in the small plot. Leaf damage was evaluated under
natural S. frugiperda infestation, using the visual scale of Ferndndez and Expésito (2000) —in
which 0 means no visible leaf damage and 5 means 81-100% leaf damage and destruction
of the whorl—, by direct observation at the time of complete exposure of the sixth, twelfth,
and flag leaves. The decrease in grain yield was also determined based on the difference
between the management strategy with synthetic insecticide (less leaf’ damage) and the
control without application (greater leaf damage). These two management strategies
showed the greatest contrast in terms of leaf damage. The comparison of plants with and

without damage enable the classification of the populations as tolerant or sensitive.

Statistical analysis

An analysis of variance and Tukey’s comparison of means test were performed with a
0.05 significance leaf damage level; additionally, a regression analysis between leaf damage
in the populations and the decrease in maize grain yield —as a result of the damage caused
by . frugiperda— was carried out. The Software Statistical Analysis System (SAS, 2002)

Table 1. Maize populations derived from Tamaulipas native germplasm
evaluated in this study.

PWL,;Sg 3001 2003 Padilla

TGLySs 3007 2003 Tula

TMIL3S5 3012 2003 Tula

LINT4S3 3033 2003 Llera

LIHL5S; 3040 2003 Llera

PWLgSs 3001 2003 Padilla

VCII - 2004 Centro-Sur
VHA - 2004 Centro-Sur
Cam 2011 2011 Hidalgo

Morado 1016 2016 Antiguo Morelos
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was used to estimate the trend-line and the 95% confidence intervals for the expected value
of the mean. The quadrants formed by this regression line and the perpendicular to the X
axis were established at the point of average leaf damage of all populations. The confidence
interval was also established for the mean of leaf damage with the g —0 and gy +0 values
on the X axis. Regarding the damage caused by S. frugiperda, the populations located
to the right of the g +0 value on the X axis and below the lower limit of the confidence
interval were considered tolerant and susceptible; those located above the upper limit were
considered sensitive and susceptible. Populations located to the left of the 4 —o value on the
X axis and above the upper limit of the confidence interval were considered resistant and
sensitive, while those on the left and below would be tolerant and resistant. The foregoing
is based on the classification methodologies for tolerant and/or resistant maize cultivars
developed by Widstrom et al. (1972), Butrén-Gémez et al. (1998), and Reséndiz-Ramirez e
al. (2018).

RESULTS AND DISCUSSION

Significant differences in the leaf damage caused by S. frugiperda were found between
populations, agricultural cycles, and management strategies, as well as for the interactions
of population X management strategy and of cycle X management strategy (Table 2).
An independent analysis of the management strategies between populations only showed
differences within the control and between agricultural cycles. Differences in leaf damage
were observed in the control, as well as in the plants treated with either synthetic or
botanical insecticides. In the same way, a significant population X agricultural cycle
interaction within the control was observed (Table 2). Regarding the independent analysis
of each cycle, there was significance between populations only in the OI cycle.

Likewise, the leaf damage caused by S. frugiperda was recorded when emamectin
benzoate was applied in the OI agricultural cycle (0.0724, on a scale of 0 to 5) was lower
than during the PV cycle (0.3812, on the same scale). However, its levels remained lower
than the rest of the management strategies (Table 3).

At the beginning of the PV agricultural cycle, the environmental conditions present a
higher average temperature (minimum 23 °C and maximum 35 °C) than at the beginning
of the OI cycle (minimum 13 °C and maximum 28 °C). Consequently, the greater amount

of damage observed during the PV cycle in the control, when emamectin benzoate and

Table 2. Statistical significance of the combined analysis and for each management strategy of S. frugiperda
leaf damage in maize.

Source Combined Control Synthetic Botanical ]:Si:::iiif:aai_
Population (P) 0.0224 0.0079 0.7065 0.0966 0.0684
Management strategy (MS) <.0001 - - - -
Ciycle (C) <.0001 <.0001 <.0001 0.0285 0.2186
PxXMS 0.0465 - - - -
PxC 0.1732 0.0420 0.2345 0.9822 0.4445
MSXC <.0001 - - - -
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Table 3. S. frugiperda leaf damagc1 in maize under different management strategies
during the autumn-winter (OI) and spring-summer (PV) agricultural cycles.

Management autumn-winter 2018-2019 spring-summer 2019
1.0527 a 1.8462 a
Control
B A
. 0.0724 c 0.3812 d
Synthetic
B A
0.4748 b 0.6776 c
Botanical
B A
1.1074 a 0.9405 b
Biological-Botanical
A A

!'Scale 0-5 (Fernandez and Expésito, 2000). Means with different lowercase letters per
column are statistically different (Tukey, p=<0.05). Means with different capital letters
per row are statistically different (Tukey, p<0.05).

azadirachtin were applied, is likely the result of a greater incidence of S. frugiperda during
this cycle, favored by a higher temperature (Cantu-Almaguer et al., 2010).

In this sense, when a biological-botanical insecticide was applied during the OI
cycle, the leaf damage caused by S. frugiperda was not different from that observed in the
control, while it was 50% lower during the PV cycle (Table 3). Consequently, the higher
temperature during the PV cycle seems to generate a better development of the populations
of entomopathogenic microorganisms (Ghazanfar et al., 2020).

On the one hand, no differences were observed between the different management
strategies (application of synthetic, botanical, and biological-botanical insecticides) (Table
4) in the maize populations evaluated with regard to the damage caused by S. frugiperda.
This showed that the application of these products prevented the expression of the variation
of resistance against this insect among the populations (Kumar, 2002).

Table 4. Leaf damage1 of S. frugiperda in maize populations with each management strategy and during

each agricultural cycle.

Population o Control T Synthetic Botanical li;z::iiif;ll_
Cam 0.894 ab 1.516a 0.132 a 0.602 a 0.752 a
PWL,S; 2.139 a 1.878 a 0.312 a 0.740 a 1.216 a
TGLoSs 1.079 ab 2217 a 0.130 a 0.166 a 1.327 a
TML3Ss 0.338 b 1.941 a 0.328 a 0.743 a 1.065 a
LINL4Ss 1.656 ab 2.087 a 0.228 a 0.408 a 1.023 a
LIHL5S; 0.657 b 1.051 a 0.288 a 0.463 a 0.993 a
PWLgS3 0.776 ab 1.580 a 0.208 a 0.517 a 0.858 a
Morado 1.077 ab 2.210a 0.252 a 0.732 A 0.953 a
VCII 0.785 ab 2.281 a 0.218 a 0.602 A 1.190 a
VHA 1.126 ab 1.700 a 0.179 a 0.731 A 0.860 a

!'Scale 0-5 (Fernandez and Expésito, 2000). OI: Autumn-winter; PV: Spring-summer. Means with different
letters per column are statistically different (Tukey, p=<0.05).
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On the other hand, differences were only observed between populations during the
OI agricultural cycle, which corroborates the interaction of resistance to S. frugiperda in
maize with environmental temperature (Ni et al., 2011). During the OI cycle, the TML3Ss
and LIHL5Sg populations showed greater resistance to S. frugiperda than the PWLS3 —
which showed a >2.0 leaf damage— (Table 4), confirming the existing variation within the
populations evaluated (Reséndiz-Ramirez et al., 2017).

According to the relationship between the leaf damage and the decrease in grain
yield during the OI agricultural cycle, the LINL4S3 and PWL|S3 populations can be
classified as susceptible to S. frugiperda since they presented a higher leaf damage at
1.56 (u+0). This caused a decrease in grain yield of 11.67 and 25.04%, respectively,
which indicates that they have a similar tolerance than the average of the evaluated
populations (Figure 1).

The PWLgS3 and TML3S3 populations with 0.76 and 0.33 leaf damage had a >15%
decrease in grain yield, which puts them above the confidence interval of the regression line;
therefore, they are classified as sensitive. Only the TML3S3 population showed resistance
to this pest (Figure 1). According to the relationship between the leat damage and the
decrease in grain yield during the PV agricultural cycle (Figure 2), the PWLgS3, PWL,Ss,
and PWL3S3 populations were classified as sensitive to damage by S. frugiperda, since they
presented a >23% decrease in grain yield and an average resistance; they suffered a leaf
damage from 1.45 (u—0) to 2.23 (u+o).

Finally, the TML9S3 and VHA populations with average leaf damage showed a <5%
decrease in grain yield (Figure 2) and are therefore considered tolerant. The VCII and
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Figure 1. Relationship between the decrease in grain yield in maize populations and leaf damage caused by
Spodoptera frugiperda in the 2018-2019 OI cycle. 1: Cam, 2: PWL;S3, 3: TGLySs, 4: TML3Ss, 5: LINL4Ss3, 6:
LIHL;S3, 7: PWLgSs, 8: Morado, 9: VCII, 10: VHA. u: Mean, 0: Standard deviation. *Visual scale (Ferndndez
and Expésito, 2000), 0: No visible damage and 5: 81-100% leaf area damaged, whorl destroyed.
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Figure 2. Relationship between the decrease in grain yield in maize populations and the leaf damage caused
by Spodoptera frugiperda during the 2019 PV cycle. 1: Cam, 2: PWL1S3, 3: TGL9S3, 4: TML3S3, 5: LINL4S3, 6:
LIHL5S3, 7: PWLgSs, 8: Morado, 9: VCII, 10: VHA. u: Mean, 0: Standard deviation. *Visual scale (Fernandez
and Expésito, 2000), 0: No visible damage, 5: 81-100% leaf area damaged, whorl destroyed.

LIHL5S3 populations with leaf damage outside the interval formed by g—o and u+o
are considered susceptible and resistant to S. frugiperda (Figure 2). Overall, S. frugiperda
caused more damage during the PV cycle than during the OI cycle, because the higher
environmental temperature during the former cycle, at the beginning of the vegetative cycle
of the crop favors the development of this pest (Cantd-Almaguer et al., 2010). The TMLoS5
and VHA populations showed tolerance to leaf damage during both agricultural cycles
and can, therefore, be used as a source of damage tolerance characteristics against this
pest. It is important to consider that these two populations have hardiness characteristics
and the populations evaluated for tolerance to S. frugiperda also showed genetic divergences.
Therefore, they can be used as a source of variation for the genetic improvement of this

characteristic.

CONCLUSIONS

Variation in leaf damage tolerance caused by S. frugiperda was observed among the
Tamaulipas native maize evaluated populations. TGLoS3 and VHA were more tolerant
than the average of the evaluated germplasm; therefore, these populations can be considered
as a source of this characteristic.
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ABSTRACT

Objective: To evaluate the effect of different selenium (Se) doses on semen quality and fertility of rams.
Design/Methodology/Approach: Se was administered subcutaneously each month to nine two-month-old
rams (from April 2018 to February 2020). The treatments were: T1=without Se, T2=0.1 mg Se kg_l, and
T3=0.3 mg Se kg™ ! Semen evaluations were carried out using an electroejaculator; a total of 180 ejaculations
were analyzed. The rams with better semen quality (one per treatment) were subjected to a mating. The following
variables were evaluated: volume (Vol), masal motility (MM), progressive motility (MP), sperm concentration
per mL and ejaculation, acrosome integrity percentage, living spermatozoa, normal spermatozoa, and fertility
percentage. The normal distribution variables were evaluated using an analysis of variance (ANOVA) and
Tukey’s comparison test (Tukey, 0.05); the percentages were raised to the inverse sine in order to perform the
appropriate ANOVA. Fertility was analyzed using a x2 test.

Results: There was no difference in semen quality and fertility percentage (p>0.05). The ejaculation volume
showed differences between treatments (p=<0.05).

Study Limitations/Implications: A study including a higher number of rams and a previous fieldwork
practice should be carried out, in order to evaluate semen parameters. These evaluations would help to
accurately estimate semen quality and fertility, as well as to corroborate the results.

Findings/Conclusions: Se did not improve semen quality and fertility of rams.

Key words: Selenium, ovine, semen, electroejaculator, infertility.




Agro productividad 2022. https://doi.org/10.32854/agrop.v1515.2140 34

INTRODUCTION

Selenium (Se) is an essential trace element to keep the physiological balance between
animals (Kruzhel et al., 2014). In Mexico, soils and forage do not have enough Se, as
a result of the volcanic origin of the soils and erosion. Other elements, such as sulphur
and mercury, hinders its absorption by ruminants (29-35%). Additionally, ruminal bacteria
capture Se for their own metabolism (Ramirez-Bribiesca ¢t al., 2001). Therefore, the Se
requirements of animals must be met in regions with deficient soils and forages (Saha et
al., 2016). Currently, there are several options to provide Se to animals. It can be provided
through organic or inorganic mineral salts, which can be included in the diet, water,
mineral blocks, solutions for injections, or sustained release methods, such as ruminal bolus
(Diaz-Sanchez et al., 2019).

On the one hand, low Se concentrations are related to productive and reproductive
problems in small ruminants (Mahmoud ez al., 2013), as a result of their peroxide plasma
levels, which quickly increase and damage capillary endothelium, red blood cells, seminal
plasma, and muscle fibers (Monroy, 2017); these concentrations also cause nutritional
muscular dystrophy (white muscle disease), lameness, and growth reduction (Tapia, 2015).
On the other hand, a fertility reduction has also been recorded in rams that have a low
semen quality (low sperm counting and an increase in sperm abnormalities) (Beckett and
Arthur, 2005).

The inclusion of Se in diets or its parenting applications has improved weight gain in
lambs, fertility in ewes, and immune responses in sheep (Carbajal et al., 2013). Se also
improved the antioxidative state, increased the testosterone and triiodothyronine (T'3) levels
in seminal plasma and blood serum, and protected spermatozoa from oxidative damage in
bucklings, which is an important factor in the production of good quality semen (Kumar et
al., 2013). Therefore, the objective of this study was to evaluate the effect of different doses
of Se in semen quality and fertility of rams.

MATERIALS AND METHODS
Study area

The research was carried out from April 2019 to February 2020 in the Lomas de San
Rafael production unit, in Suchiapa, Chiapas, Mexico. The production unit is located
at 16° 40’ 0” N and 93° 04’ 53” W, at 695 masl. The climate is subhumid warm with
summer rains; the mean annual temperature and total annual precipitation ranges from

20 to 28 °C and from 800 to 1200 mm, respectively INEGI, 2017).

Experimental animals

Nine two-month-old, recently weaned Blackbelly rams were used in the experiment.
The selection of animals and their distribution per treatments were completely random.
Animals who weighed less than 12 kg and were one- or three-month-old were rejected.
The rams were placed in a stable and received a corn-soy based diet, with 13.44% of raw
protein, 4.35 kcal, and free access to water. Treatments were: T'1, without Se (control);
T2,0.1 mg Se kg_l; and T3, 0.3 mg Se kg_l. Each treatment had three repetitions (three
rams). Se, was provided subcutaneously each month, from April 2018 to February 2020;
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a commercial brand —which included 10.95 mg sodium selenite, equivalent to 5 mg of

selenium and vitamin E— was used.

Seminal evaluation

In order to carry out the seminal analysis, two ejaculations from each ram were
collected every fortnight, until the end of the study, and the macroscopic and microscopic
characteristics of a total of 180 ejaculations were evaluated. The semen samples were
obtained using a Bailey electroejaculator. In order to obtain the samples, each ram was
placed in an ulna lateral position; subsequently, the prepuce area was cleaned, using anti-
bacterial wipes. The electroejaculator was then introduced anally and operated in 3-5
second cycles, with a 3 second rest. The ejaculation was gathered using a cone attached to
one of the ends of a collecting tube; a cover was used to protect the collecting tube from
sunlight. This technique is time-efficient and does not require to train rams in order to
collect semen (Arieta et al., 2014).

The following seminal variables were evaluated: 1) Ejaculation volume (Vol.): it was
determined using a measuring cylinder, with gradations of 0.1 mL-15 mL units (Carrillo-
Gonzdlez and Hernandez, 2016). The reading was carried out by direct observation of
the collecting tube, taking advantage of its transparency. 2) Masal motility (MM): it was
carried out at the time when each sample was collected. A sample of each ejaculation
was placed in a microscope slide and was observed in a microscope with a 10X objective.
Subsequently, a 0-5 scale value (0=minimum; 5=maximum) was provided to each sample;
the values given to the samples depended on the movement vitality of the waves and the
individual observation of the spermatozoa (Lozano et al., 2016). 3) Progressive motility
(MP): it was carried out in a 1:100 dilution (9.9 mL saline solution and 0.1 mL of each
ejaculation); it was diluted and a small drop was observed in the microscope with a 10X
objective. Subsequently, a value was given depending on the progressive movement of the
spermatozoa (Benitez-Gonzdlez et al., 2018). 4) mL sperm concentration (Conc. Esp. mL):
A Neubauer chamber and a 1:200 dilution (1 mL saline solution and 1 mL diluted semen,
previously prepared for the MP evaluation) were used (Carrillo-Gonzédlez and Herndndez,
2016). The Neubauer chamber carrying the semen sample was observed in a microscope
with a 40X objective. Subsequently, the heads of the spermatozoa located inside the five
boxes of the two compartments were counted. Then, the average of the spermatozoa
counted in the two compartments was multiplied by 10 5) Sperm concentration per
ejaculation (Conc. Esp. Ey.): the Conc. Esp. mL was multiplied by the volume of each
ejaculation. 6) Complete acrosome percentage: a smear was carried out, using a 1:100
dilution, previously prepared with the Spermac Stain®. A 100X objective and immersion
oil were used to observe the spermatozoa with the blue acrosome. In order to obtain the
percentage value, 200 spermatozoa were counted and classified according to complete and
damaged acrosome (Mancheno and Diaz, 2018). 7) Living spermatozoa percentage: it was
obtained smearing an eosin-nigrosine stain, together with the diluted semen of each sample.
Living and dead spermatozoa were counted in a microscope with a 40X objective. Living
spermatozoa had a light color throughout their structure, while dead spermatozoa had a
consistent dark color. A total of 100 spermatozoa were evaluated (Malejane et al., 2014).
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8) Normal spermatozoa percentage: a 1:100 dilution (prepared beforchand) was smeared
using a Spermac Stain®. They were observed with a 100X objective and immersion oil.
In order to evaluate normal spermatozoa, 200 spermatozoa were counted. They were

classified as normal or with primary and secondary abnormalities.

Fertility evaluation

One ram per group was selected and those chosen had a good semen quality throughout
the study; additionally, a mating was carried out for 60 days in a stable; for this purpose, 20
adult ewes per ram were selected. The pregnancy was established by means of a transrectal

ultrasound; the fertility percentage was determined per each treatment.

Statistical analysis

The semen characteristics were analyzed using the generalized linear model procedure
(PROC GLM), through a completely random design; the characteristics evaluated (%) were
raised to the inverse sine before the analysis took place. The Tukey Test (0.05) was used
to compare the means of the treatments. Fertility was evaluated using the xQ test, in 3X2
contingency tables. All the statistical analysis were carried out using the SAS software

(SAS, 2016).

RESULTS AND DISCUSSION
Semen quality analysis

The volume of the ejaculations was higher in rams treated with 0.3 mg Se kg_1 than
in the rest of the treatments. The averages recorded in this study were similar to those
obtained by Mahmoud ¢f al. (2009), who found statistical differences in the volume of the
ejaculations of rams treated with Se (0.97 mL) and without Se (0.84 mL). The increase
in the volume of ejaculations is related to the action of Se and can be observed in the
development of the primary and secondary sex glands, the spermatogenesis, and the
prostate function, which increases the seminal plasma secretion (Kolodziej and Jacyno,
2005). The volume of the ejaculations found in this study differ from the results obtained

Table 1. Seminal variables of rams treated with different doses of selenium (Se).

Variables Se (mg kg_l)
0.0 0.1 0.3
Volume (mL) 0.68%0.1b 0.79%0.1ab 0.910.12a
Mass motility (1 a 5) 2.51+0.3a 2.56+0.3a 2.86%0.4
Progressive motility (%) 60.18%x12a 51.35%+12a 62.88+12
Concentration mL™! (x107) 137.56 %59 120.44+58a 132.5%52
Ejaculate concentration™ ! (x107) 93.54%35a 95.15%35a 120.58+40
Whole acrosome (%) 86.53*12a 87.63x10a 87.59%13
Live sperm (%) 81.26%10a 80.90%+10a 80.90+10
Normal spermatozoa (%) 84.2+10a 84.73x10a 84.61x10

Means * EE with different letter in the same row are different (p=<0.05).
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by Carrillo-Nieto et al. (2018), who used ruminal bolus with a Se (0.87 mL) supplement and
did not record differences (p>0.05) regarding the control group (0.91 mL).

There were no differences regarding masal motility between treatments; these results
match the findings of Duvos et al. (2017), who subcutaneously provided a Se supplement
(2.54) to the animals, but did not record differences with the control group (2.50). These
findings can be the result of a difference in sperm motility. Se is one of the co-factors of the
glutathione peroxidase enzyme (GSH-Px), a powerful antioxidant that protects the sperm
cells from the damage caused by reactive oxygen species (ROS; Tareq et al., 2010).

Progressive motility was similar between treatments (p>0.05). The means recorded
in this research are similar to those found by Baiomy ez al. (2009), who did not record
statistical differences in rams with 0.2 mg kg_1 and 0.5 mg kg_l Se treatments, obtaining
an average of 82.5 and 86.67% progressive motility, respectively.

Sperm concentration per mL was similar between treatments (p>0.05). Regarding
these results, Baiomy et al. (2009) and other authors have reported that adding inorganic Se
to ram and bull diets does not improve semen quality. Additionally, Lovecamp ez al. (2013)
found that Se supplementation did not change the quality and quantity of fresh ejaculations
in pigs. Therefore, the results of this research match those obtained by Carrillo-Nieto et al.
(2018), who used ruminal bolus supplemented with Se (185 spermatozoa mL™ 1). They did
not record statistical differences regarding control (182 spermatozoa mL "~ 1). Finally, Duvos
et al. (2017) reported 259 spermatozoa mL ™! in animals that had received a Se supplement
applied subcutaneously. Control had statistically similar results (262 spermatozoa mL ™~ 1).

Se, did not increase the sperm concentration per ejaculation (p>0.03). The amount
of Se in the supplement may not be enough to produce selenoproteins which help the
Sertoli cells proliferation in the developing testicles. In its turn, Sertoli cells proliferation
leads to an increase in the number of spermatozoa, which increases sperm concentration
(Ahsan et al., 2014). The results of this research differ from the findings of Mahmoud e? al.
(2013), who recorded statistical differences with Ossimi sheep that received Se supplement
through an intramuscular injection; the results of the treatments with Se and without Se
were 106 and 314 ejaculated spermatozoa_l, respectively.

There was no difference between treatments regarding the living spermatozoa
percentage (p>0.05). These results differ from those recorded by Carrillo-Nieto et al.
(2018), who reported 92.18% and 93.94% results in rams fed with ruminal bolus, with and
without a Se supplement, respectively.

The normal sperm percentage was similar between treatments (p>0.05). These results
do not match those obtained by Marin-Guzman et al. (2000), who proved that sperm
morphology is related to Se supplementing.

Fertility analysis

Cerri et al. (2009) proved that both the Se deficiency and the excess of reactive oxygen
species (oxidants) has a negative impact on fertility. Se treatments in this research achieved
better quality values (Table 2), as a result of the increased number of spermatozoa per
ejaculation and the oocyte integrity of the ewes (Das et al., 2006); however, no differences
were recorded (p>0.03).
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Table 2. Ovine fertility with different Se treatments.

_ Females in pairing
Se (mg kg 1)
Pregnant females Non-pregnant females Fertility percentage
0.0 19 1 95a
0.1 20 0 100a
0.3 20 0 100a

Means with the same letter in the column are no different (p>0.05).

CONCLUSIONS
The subcutaneous application of Se did not improve the development, semen quality,
and fertility of the rams; however, a 0.3 mg kg_1 of Se dose significatively increased the

volume of the ejaculation.
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ABSTRACT

Objective: To produce information about the morpho-agronomic variability of 15 wild tomato populations
from different areas of Mexico.

Design/Methodology/Approach: A completely experimental design was used, comprised of 17 treatments
(15 wild tomato populations and two commercial tomato populations) and 10 repetitions (individuals). The
experimental unit was a plant (individual) which was subjected to an evaluation of 65 morpho-agronomic
descriptors, proposed by Biodiversity International. An analysis of variance using repeated measurements
was carried out and the mean differences were compared with Tukey’s multiple comparison test (p=<0.05).
The quantitative and qualitative variables were subjected to a main component and multiple correspondence
analyses, respectively.

Results: A wide variability of the morphological traits and the quality attributes of the fruits —such as
consistency and total soluble solids— was recorded. The main component and multiple correspondence
analyses accounted for 67.41 and 42.06% of the phenotypic variation, respectively, in the first three components
and dimensions. The more discriminatory characteristics belonged to fruits and cymes, based on which the
populations were divided into four groups. The first group was made up of heirloom tomatoes with multiparous
cyme, and red, small, and medium fruits; the second group was made up of cherry and grape tomatoes with
uniparous and multiparous cymes, and yellow, orange, red, and very small fruits; the third group was made
up of beef and cocktail tomatoes with uniparous and bifurcated cymes and red, orange, yellow, and small
and medium fruits; finally, the fourth group was made up of purple beef tomatoes with uniparous cymes and
medium size tomatoes.

Study Limitations/Implications: A molecular characterization must be carried out in order to better
understand the variability of these populations.

Findings/Conclusions: All wild tomato populations show a wide genetic heritage. Fruits characteristics —such
as size, shape, and color, as well as all types of cymes, and flowering days— contributed to the discrimination
of the accessions. Indeterminate plants and red fruits showed higher °Brix than semi-determined plants and
orange, yellow, and purple fruits; however, the latter had a better flavor. A new type of tomato leaf that had
not been previously reported among the tomato descriptors was found; the leaf was described as “with sprout”.

Key words: Solanum lycopersicum L., native populations, morpho-agronomic characterization.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is considered the most important vegetable at
domestic and international level (FAOSTAT, 2020). Currently, Mexico is the main
exporter of tomato. The country holds a 26.5% share of the market, out of which
99.8% 1is exported to the USA, amounting to US$2,601,163,000 (TRADE MAP, 2021).
Mexico is considered as the center of domestication and genetic diversity of tomato
(Peralta and Spooner, 2007). Recent studies confirm that tomato crops have lost genetic
variability, as a result of the constant selection carried out by domestication processes,
promoting autogamy (Chen and Tanksley, 2004). Additionally, other factors that have
influenced autogamy include the genetic improvement of specific features, such as:
higher productivity, shelf life, self-pruning, plant height, precociousness, and adaptation
to different cultivation systems (Bai and Lindhout, 2007). Meanwhile, the fruit quality
attributes have been left aside (Klee and Tieman, 2018). This reduced genetic base has
made tomato crops very sensitive to biotic and/or abiotic stress; therefore, efforts have
been made to recover and preserve wild germplasms, because they have a wide genetic
variability, as a result of the extreme conditions they have endured during long periods, in
their agroecology environment. Consequently, these plants constitute a genetic heritage
of new genes of interest. They can also be used to recover lost genes which could take part
of an introgression in modern cultivars —through conventional and/or biotechnological
techniques. Likewise, they can help to develop new varieties capable of facing climate
change, the new challenges posed by productive systems, and the market demand for
innocuous products, which must have higher sensorial and nutritional values. Therefore,
the aim of this study was to evaluate the variability of wild tomato populations, based
on their morphological traits, with their immediate accession in time and space in mind,
in order to develop a program for the improvement of the genetic features of agronomic

and commercial interest.

MATERIALS AND METHODS
Biological material
Fifteen wild tomato populations samples (from different areas of Mexico) and two

commercial varieties (control) were evaluated (Table 1).

Experimental design and agronomic management

A completely randomized experimental design, with 17 treatments (15 wild tomato
populations and 2 commercial tomato populations) and 10 repetitions (individuals),
was used in the experiment. The experimental unit was one plant per bag. The plants
were transplanted 35 days after the sow (dds) in a hydroponic system; there was 40 cm
of separation between them and 1 m between rows. The nutrient solution proposed by
Sanchez and Escalante (1989) was used. The plants were put under greenhouse conditions,
with a 21-24 °C temperature and 60-70% relative humidity.
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Evaluated variables

The characterization was based on 65 morpho-agronomic descriptors, proposed by
Biodiversity International (1996): 19 vegetative types and 46 reproductive types, and 29
quantitative and 36 qualitative types.

Statistical analysis

The quantitative data were subject to an analysis of variance and a mean comparison
test (Tukey, p=<0.05), using the SAS statistical software (version 9.4); in addition, the
Pearson coefficient was estimated and a correlation matrix was developed to carry out a
main component analysis, using the RStudio software (version 4.0.4). A description of the
features of the qualitative data was carried out and the result was subjected to a multiple

correspondence analysis, using the RStudio software (version 4.0.4).

RESULTS AND DISCUSSION

All the wild tomato populations showed a high phenotypic variability during the
vegetative and reproductive stages (Table 1). The results were: 53.33% had an indetermined
habit, while 46.67% showed a semi-determined habit.

The cymes of semi-determined plants were mostly finished in flower (71.43%) and

the cymes of indetermined plants reverted to a vegetative shape (87.50%) with leaves

Table 1. Qualitative traits of tomato populations.

POP Accessions GH LT TI SP FS FSM FF Fruit type Fruit colour
1 LBCh 76 S S VL S S I VF Ball Yellow
2 LBCh 231 S S EF S S I I Ball Red
3 LBCh 301 S S EF 1 R S VF Ball Orange
4 LBCh 188 I S VS S R v S Cherry Red
5 LBCh 86 S S EF S H v Grape Red
6 LBCh 82 S S VS S R v VS Ball Red
7 LBCh 75 I S VS E F S VS kidney Red
8 LBCh 71 I W VS S R Vv I Cherry Yellow
9 LBCh 67 1 W VS S S A% I Cherry Orange
10 LBCh 61 I S VL E F S VS kidney Red
11 LBCh 2da 28 I w VS S R v F Cherry Orange
12 LBCh 2da 18 I S VS S F S VS kidney Red
13 LBCh 2da 11 S P EF S S S I Ball Purple
14 LBCh 2da 02 I S EF S c A% F Grape Orange
15 LBCh 2da 09 S P EF S S S I Ball Purple
16 Rio Grande D S EF S H I I Saladette Red
17 Floradade D S EF S S I I Ball Red

POP=population; GH=growth habit, S=semi-determinate, I=indeterminate, D=determinate; LT=leaf type, S=standard, W=with sprout,
P=potato leaf; TT=terminal meristem of inflorescence, EF =ended in flower, VL=vegetative reverted to leaf, VS =vegetative reverted to sprout;
SP=stigma position, S=same level as anthers, I=inserted, E=exserted; FS=fruit shape, F=flattened, S=slightly flattened, R=rounded,
H=high rounded, C=cylindrical; FSM =fruit size at maturity, I=intermediate, S=small, V=very small; FF=fruit firmness, VF=very firm,
F=firme, I=intermediate, S=soft, VS=very soft. Rio Grande y Floradade correspond to control varieties.
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and sprouts, after a certain number of flowers were formed. Most populations showed
flowers with stigma at the same level of the stem cone; however, some were also slightly or
excessively projected. These results match the change of position from exserted to inserted
stigma during domestication, which favored self-fertilization (Chen and Tanksley, 2004);
however, the inserted or same-level stigma are more common in modern materials (Blanca
etal., 2012).

The most frequent type of leaves was the standard (66.67%), followed by the leaves
“with sprouts” (20.00%) (Figure 1) —which had not been reported among the tomato
descriptors— and, to a lesser degree, potato leaves (13.33%) —which are related to high
anthocyanin populations.

These results differ from those obtained by Agudelo ez al. (2011), who reported a greater
frequency of potato leaves (69.56%) than standard leaves (30.43%). Blanca et al. (2012)
pointed out that standard leaves prevail in the cultivated species.

Most of the fruits were very small (46.67%) (Figure 2) and had rounded, slightly flattened,
and oblong-elongated shapes (indetermined plants) or rounded and roundish-elongated
shapes (semi-determined plants). There were also small fruits (40%) with flattened shapes
(indetermined plants) and slightly flattened and rounded shape (semi-determined plants).
To a lesser degree, there were medium-sized fruits (13.33%), with slightly flattened shapes
(semi-determined plants). Therefore, slightly flattened (33.33%) and rounded (33.33%)
shapes were most frequent than flattened (20%), roundish-elongated (6.67%), and oblong-
elongated (6.67%) shapes. One of the major consequences of domestication is the increase
of fruit size (Diez and Nuez, 2008).

The populations with an indetermined growth habit bore red, orange, and yellow fruits;
additionally, semi-determined plants bore more purple fruits (Figure 2). The native tomato
populations of Mexico have a high variability in fruit size, shape, and color (Lobato-Ortiz
et al., 2012). Consequently, the color and pigment content of tomato fruits would be a very
interesting area of research that would improve its nutraceutical quality and/or meet the

preferences of the consumers.

Figure 1. Leaves “with sprouts” in tomato populations 8, 9, and 11.
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Figure 2. Size, shape and color of fruits for seventeen populations. Numbers indicate tomato populations. The
bar (5 cm) indicates a reference measurement.

Additionally, populations with high fruit consistency were found. On the one hand,
after 20 days, the consistency of populations 5, 3, and 14 reached a medium point and
turned soft after 40 days; likewise, the consistency of population 1 changed to medium
after 60 days. On the other hand, the consistency of populations 13 and 15 —which were
pigmented with anthocyanin— turned soft after 20 days; nevertheless, the integrity of their
epidermis remained constant up to 30-40 days of shelf life. Control and other wild varieties
showed an opposite behavior. Bonilla-Barrientos et al. (2014) reported a higher frequency
of hard fruits (pepper-type) than medium fruits (cherry tomatoes) and soft fruits (kidney-

shaped); these results are very similar to those obtained in this study.

Analysis of variance

There were significative differences (p=<0.05) in all the evaluated variables. All the wild
populations showed high phenotypic variability; however, the characteristics that helped to
achieve a better discrimination were fruits and cymes (Table 2). Precocious materials and
flowering were detected in populations 12, 8,9, 14, and 7 (45-48 dds) and in populations 6,
2, and 3 (49-51 dds). Other populations behaved similarly to control —such as populations
5, 10, 15, and 13 (55-62 dds). Regarding fruit ripening, the populations were classified as
early (8 and 9); medium, before control (12, 14, 7, and 6); and medium, similar to control
(2 and 3); medium, after control (5, 10, 15, 13, 4, and 11); and late ripening (1).
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Table 2. Quantitative traits of tomato populations.
POP | FT | FRT HC NFI IL FW NL PD ED NSF TSS
1 73 | 105 | 44.75a 11.70 b 46.60 b 71.76 be 2.70cd | 4.70b 5.50 ab 109.80 b 6.90 cdef
2 50 86 | 30.19b 7.00 b 1294b | 105.67 b 3.50 be 5.00a 6.10 a 102.70 be 8.10 abc
3 51 85 | 20.50 bed 17.70 b 30.25b 24.12 efg 2.00d 3.40bed | 3.50 cdef | 66.40 cde 8.10 abc
4 64 80 | 21.24 bed 7.10b 16.85b 149¢g 2.00d 1.30 e 140 ¢g 40.40 efg 9.70 a
5 55 78 | 29.70b 78.30 a 117.10 a 7.92 fg 2.00d 3.10bed | 2.00 efg 23.60 fg 9.50 ab
6 49 80 | 15.70 cd 7.50 b 20.30 b 11.26 fg 2.00d 2.50 cde | 2.70defg | 67.00 cde 9.00 abc
7 48 80 | 22.50 bed 12.20b 33.50b 44.31 de 6.90 a 3.20bed | 5.00 be 149.50 a 8.10 abc
8 46 62 | 24.00 bed 6.00b 11.70 b 243 ¢ 2.00d 1.60 de 1.60 fg 52.90 def 8.00 abc
9 46 64 | 21.00 bed 5.90b 17.25Db 3.56 ¢ 2.00d 1.70 de 1.90 efg 52.10 def 8.00 abc
10 60 87 | 44.10a 8.20b 28.30b 53.90 cd 7.00 a 3.40bcd | 4.80bc 62.70 cde 7.90 bed
11 64 85 | 12.13d 12.38 b 9.75b 1.37¢ 2.00d 1.30 e 1.30 g 41.40 efg 7.80 bed
12 45 81 | 17.25 bed 12.13b 30.88 b 27.16def | 7.40a 250 cde | 4.20bcde | 53.40 cdef | 9.00 abc
13 62 80 | 22.88bcd | 16.13b 45.75b 36.82 def | 2.00d 3.80 be 4.20 bede | 41.30 efg 5.60 defg
14 47 82 | 24.70bed | 74.60 a 146.40 a 8.00 fg 2.00d 3.50bed | 2.20 efg 1990 g 9.10 abc
15 60 81 | 28.30 bc 17.60 b 48.90 b 42.69 de 2.00d 3.90 be 4.40 bed 84.70 bed 5.50 efg
16 57 84 | 22.50 bed 7.70 b 16.85b 76.33 be 2.30d 6.00 a 5.10 be 65.70 cde 4.70 fg
17 60 90 | 22.30 bed 6.20 b 8.15b | 145.27 a 4.30b 5.80a 6.80 a 176.70 a 420g
Media | 55 82 | 24.93 18.14 39.04 39.06 3.18 3.34 3.69 71.19 7.60
C.V. - - 32.40 73.97 68.08 44.24 23.02 32.11 28.17 28.96 20.52
HSD - - 13.20 22.11 42.33 26.74 1.15 1.84 1.75 32.42 2.51

POP=population; FT=flowering time (days); FRT=fruit ripening time (days); HC=height of the first fruit cluster (cm); NFI=number of
flowers per inflorescence; IL=inflorescence length (cm); FW=fruit weight (g); NL=number of locules per fruit; PD=polar diameter of fruit
(cm); ED=equatorial diameter of fruit (cm); NSF=number of seeds per fruit; TSS=total soluble solids (°Brix); C. V.=coefficient of variation;
HSD=Tukey’s honestly significant difference test. Letter indicate significant differences between the means (P=<0.05).

The characterization of wild materials and semi-domestic plants shows a high diversity
in days to the beginning of flowering (Carrillo and Chévez, 2010) and ripening time of the
fruit (Chavez-Servia et al., 2011). On this regard, Mejia- Betancourt (2020) pointed out
that precocious and compact modern materials are very helpful, as a result of the efficient
use of greenhouse space and time, handling high sow densities, shortening the crop cycle,
and obtaining a higher number of cycles per year. Additionally, they help to reduce the
production costs, as a result of the reduced use of phytosanitary and nutrimental supplies.

For practical purposes, the populations were grouped in four categories, based on the
height of the first bunch. The first group was formed by populations 1 and 10 (>40 cm);
the second included populations 2, 5, and 15 (28-31 cm); the third included populations 14,
8,13,7,16,17,4,9, 3, and 12 (17-25 cm); finally, the fourth included populations 6 and
11 (12-16 cm).

These results are similar to those obtained by Bonilla-Barrientos et al. (2014) in pepper,
cherry, and kidney-shaped native varieties, which reached a 1.96-45.41 cm height. We must
highlight those materials with bunches at very low heights (<20 cm) suffer disadvantages,

because they can be impacted by pathogens in open field production systems. This is not
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an undesirable quality in intensive greenhouse crop systems, where making the best of the
space, reducing the crop cycle, and obtaining higher yields is fundamental.

The flower quantity was directly related to the cyme length (r=0.95) and the cyme
type. Populations 5 and 14 stood out with 4.7 bunches in average, a >115 cm length, and
>70 flowers per cyme; the rest had simple, bifurcated, and trifurcated bunches, a 9-49 cm
length, and 5-18 flowers per cyme, depending on the population. Other studies have found
a high variability in cherry tomatoes regarding the number of flowers —from 7.4 to 177
(Boada et al., 2010)— and cyme length —from 58.5-77.6 cm in progenitors to 147.3 cm in
hybrids (Yanokuchi ez al., 1994).

For practical purposes, the populations were regrouped according to fruit weight.
The group with highest weight included populations 1, 2, and control (72-145 g); the
medium group included populations 3, 12, 13, 15, 7, and 10 (24-54 g); and, finally, the
lower group included populations 11, 4, 8, 9, 5, 14, and 6 (1-11 g). Chavez-Servia et al.
(2011) obtained similar results using wild and semi-domesticated materials, recording
5.6-128.7 g per fruit.

The populations were also divided in groups, according to the number of loculus per
fruit. The first group included populations 7, 10, and 12 (5-10 loculus); the second group
was comprised of population 2 and Floradade (3-6 loculus); the third group included
population 1 and Rio Grande (2 or 3 loculus); and populations 3, 4, 5, 6, 8, 9, 11, 13, 14,
and 15 made up the final group (2 loculus).

Wild species have less loculus per fruit (2-3) than modern varieties —which usually
have 2.6-36 loculus, although the actual figure can range from 2 to 30 (Grandillo and
Tanksley, 1996).

Polar and equatorial diameter characteristics had a positive relation (r=0.86), with
values from 1.3 to 5.0 and 1.3 to 6.1, respectively. These results are higher than those
recorded by Chavez-Servia et al. (2011) in wild and semi-domesticated populations: a
1.4- to 3.1-cm polar diameter and a 1.4- to 3.7-cm equatorial diameter. According to the
reports of Bai and Lindhout (2007), we can conclude that all populations that show high
values of loculus, as well as of fruit weight and diameter, are semi-domesticated biological
materials.

Regarding total soluble solids, all the wild populations obtained more °Brix (5.5-
9.7) than Rio Grande and I'loradade control plants (4.7 and 4.2, respectively). Overall,
indetermined plants show higher °Brix (8.45 average) than semi-determined plants (7.52
average). Regarding the fruits, red tomatoes had the highest °Brix (8.76 average), followed
by yellow (7.45 average), and purple (5.55 average); however, purple tomatoes had a better
flavor. Additionally, very small tomatoes had 8.73 °Brix, the medium tomatoes, 7.50 °Brix,
and small tomatoes, 7.37 °Brix. Crisanto-Judrez et al. (2010) recorded similar values for
wild harvested fruits (4.5-9.3 °Brix). These results prove that these materials have excellent

quality features for the improvement of modern materials.

Multiple correspondence analysis
Taking into account the 34 morpho-agronomic qualitative characteristics, the analysis
showed that the first three dimensions (Dim1, Dim2, and Dim3) accounted for 42.06% of
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the total phenotypic variability. However, Garzon (2011) reported that the total variation
of 36 accessions of cherry tomato accounted for 76.98% of the three first dimensions. The
phenotypic variability of the populations was mainly represented by the characteristics of
the fruit and the cyme; Chime et al. (2017) reported similar results.

Four features with the highest contribution to the two first dimensions were selected,
subsequently, the populations were classified in four groups (Figure 3, Table 3).
Diml accounted for 17.17% of the variation and was represented by shape, firmness,
multiparous characteristics, and style projected position; meanwhile, Dim2 accounted
for 13.02% and was represented by the type of leaves, growth habit, color intensity of the
hypocotyl, and fruit size and color. Group I was comprised of populations 7 (G), 10 (]),
and 12 (L), which had irregular transversal shaped features (iF'T), low firmness in shelf
life (dFE), flattened shape (aFF), colorless epidermis (1CE), ‘cat-face’ appearance (pACE),
slightly projected style (IPE), and multiparous bunch (mPI). Group II was more diverse
and included populations 1 (A), 2 (B), 3 (C), 4 (D), 5 (E), 6 (IF), 14 (N), and the Rio Grande
(P) and Floradade (Q) control plants; they were characterized by a high fruit firmness in
shelf life (fFE), semi-determined growth (sHC), and medium-sized plants ({TP). Group
IIT included populations 13 (M) and 15 (O), which had the usual features for greenish-
purple unripe fruits (vinCF), purple ripe fruits (mCFM), potato leaves (ppTH), and
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Figure 3. Qualitative traits associated with 15 wild tomato populations. A) vectors and eigenvalues; B) biplot
with Dim1 and Dim?2.
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Table 3. Qualitative characteristics of 15 wild tomato populations. A) vectors and values provided by the authors; B) biplot Dim1 and Dim2.

No. Characteristics Code Diml Dim2 Dim3
1 | Dark yellow seed aCS 0.6684402 2.0297843 2.0881350
2 | Purple hypocotyl mCH 1.0915815 3.8292992 3.9739250
3 | Potato leaf ppTH 1.0915815 3.8292992 3.9739250
4 | Purple color of ripe fruit mCFM 1.0915815 3.8292992 3.9739250
5 | Green-purple color of immature fruit vmCF 1.0915815 3.8292992 3.9739250
6 | Intermediate facility to separate the fruit 1SP 1.2132500 2.2585527 1.0104040
7 | Leaflets with wavy margin oMF 0.7440139 1.6607922 0.3125941
8 | Hypocotyl with high intensity staining alH 0.0089196 3.4410878 1.7452220
9 | Inflorescence ending in flower PV 1.1645026 2.4048689 0.8925949
10 | Semi-determinate growth habit sHC 1.2628357 1.2238481 0.0333420
11 | Intermediate height plant iTP 1.2944758 1.4165056 0.1365200
12 | High firmness fruit on shelf (10 ds) fFE 1.3976733 0.6467704 0.9987624
13 | Fruit with slightly cleft base IFB 0.9743000 0.9013400 0.9734923
14 | Small size fruit pTF 0.7561467 2.6603956 0.7735197
15 | Intermediate foliage density iDF 0.3894345 1.8728563 0.0277012
16 | Gray seed gCS 1.1993170 0.7731033 0.1997073
17 | Multiparous inflorescence mPI 3.0136009 0.2436924 0.4061571
18 | Low firmness fruit on shelf (10ds) dFE 3.8586452 0.0072673 0.3857630
19 | Fruits of intermediate firmness at harvest e 5.1271148 0.0381446 0.2380655
20 | Fruit with irregular cross section iFT 5.8700385 0.2078257 0.1033894
21 | Flattened shaped fruit alF 5.8700385 0.2078257 0.1033894
22 | Fruit with irregular apex scar iCA 5.8700385 0.2078257 0.1033894
23 | Fruit with indented apex iFA 5.8708385 0.2078257 0.1033894
24 | Slightly exserted style IPE 4.5409601 0.3207046 0.0731773
25 | Fruit with cat-face appearance pACF 4.5409601 0.3207046 0.0731773
26 | Large height plant aTP 1.5123073 1.6146075 0.5467456
27 | Fruit with colorless epidermis 1CE 2.0324658 0.3782076 0.8280825
28 | Inflorescence ending in vegetative and/or flower aPV 0.9250148 1.9872506 0.6346747
29 | Indeterminate growth habit iHC 1.5123073 1.6146075 0.5467456
30 | Dark brown seed oCS 0.0386171 2.1683382 1.3910380
31 | Pericarp with intermediate intensity ilP 1.3232791 0.5456709 2.8052140
32 | High foliage density aDF 0.4023615 2.0551404 0.0500720
33 | Very small fruit size mTF 0.1701719 2.7182851 0.0849405
34 | Hypocotyl with low intensity staining bIH 0.1710982 3.3076166 0.4143379
35 | Small size seed pTS 0.2033297 4.9517903 0.5795743
36 | Yellow color of ripe fruit aCFM 0.1893568 2.1148779 0.0718591
37 | Yellow pericarp aCP 0.4490272 5.2368754 0.4117801
38 | Leaf type with sprout bTH 0.3150106 5.5416175 1.2303180
39 | Intermediate firmness fruit on shelf (10 ds) iFE 0.2137655 3.7368020 1.5691100
40 | Green hypocotyl vCH 0.1599537 4.2070902 0.6804410
Eigenvalue 0.34833078 0.26523764 0.23946287
Percent variance 17.17 13.08 11.81
Cumulative percent variance 17.17 30.25 42.06
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purple hypocotyls (mCH). Group IV was comprised of populations 8 (H), 9 (I), and
11 (K), which had yellow pericarps (aCP), medium firmness in shelf life (iFE), green
hypocotyls (vCH), and leaves “with sprouts” (b TH).

Main component analysis

Based on 28 morpho-agronomic quantitative characteristics, the analysis showed that
the first three components (CP1, CP2, and CP3) accounted for 67.41% of the observed
phenotypic variation. CP1 and CP2 contributed 55.48% and they were mainly related to
fruit and cyme features; these results are similar to the findings of Carrillo and Chévez
(2010) and Bonilla-Barrientos et al. (2014), who isolated a total variability of 68.5% and
77.03%, respectively. CP1 and CP2 were taken into account to associate the populations,
which were divided into three groups (Figure 4, Table 4). Group I was divided into two
subgroups, gathering all the colors of the fruits. The first included populations 3 (C),
13 (M), 15 (O), 2 (B), and Rio Grande (P), while the second subgroup was comprised of
populations 1 (A) and Floradade (Q). Group II included populations 4 (D), 5 (E), 6 (F), 8
(H), 14 (N), 9 (I), and 11 (K). Finally, Group III was made up of populations 7 (G), 10 (J),
and 12 (L).
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Figure 4. Quantitative traits associated with 15 wild tomato populations. A) vectors and eigenvalues; B) biplot
with Dim1 and Dim2
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Table 4. Quantitative characteristics of 15 wild tomato populations. A) vectors and values provided by the authors; B) biplot CP1 and CP2.

No. Trait Code PC1 PC2 PC3
1 Seedling emergence EP —0.14198804 0.11521405 —0.12579729
2 Sympodium length LS 0.13320737 —0.17528546 0.35529871
3 Sympodium diameter DS 0.18321171 0.08319585 0.00757643
4 Leaves per sympodium HS —0.07523910 —0.10923667 0.25064273
5 Leaflets per leaf TH 0.14068266 0.27455916 —0.12154306
6 Leaf length LH 0.11393586 0.09477567 0.20869656
7 Leaf width AH 0.14493577 0.07362487 0.13757391
8 Height of the first fruit cluster AR 0.17529247 —0.02925165 0.31747032
9 Flowering time OF 0.11597196 0.17869755 —0.00578613
10 Flowlers per inflorescence FI 0.08574209 0.08963171 0.36935312
11 Inflorescence length L1 —0.04857321 0.05337954 0.42025007
12 Number of petals NP 0.17782611 —0.33828452 0.02959308
13 Number of sepals NS 0.15265601 —0.37798700 —0.02001142
14 Corolla diameter DCO 0.21288692 0.12456773 0.20616778
15 Calyx diameter DCA 0.18580503 0.12907483 0.23916102
16 Stamen length LE 0.18568266 0.23435240 0.06262061
17 Number of stamens NE 0.16737826 —0.35399539 —0.06575172
18 Total length of the pedicel LP 0.05029053 —0.28628617 0.15991232
19 Abscission zone length LA 0.22620119 0.13930400 0.08418366
20 Ripening time DM 0.20394520 0.08432035 0.09869649
21 Pedicel scar width AC 0.27931441 —0.00396691 —0.12167903
22 Fruit weight PF 0.26249150 0.07044068 —0.13380377
23 Polar diameter of fruit DP 0.25179816 0.12224396 0.01619772
24 Equatorial diameter of fruit DE 0.27961214 —0.03989131 —0.08083599
25 Number of locules per fruit LF 0.11858295 —0.39097791 —0.03009091
26 Pericarp thickness GP 0.26439998 0.10644528 —0.02280295
27 Columella thickness GC 0.25827506 —0.12926713 —0.12077907
28 Number of seeds per fruit SF 0.21938254 —0.05610109 —0.17912647
29 Total soluble solids GB —0.18806195 —0.14116580 0.25398408
Eigenvalue 11.69699 4.39148 3.45959
Standard deviation 3.4204 2.0956 1.8800
Percent variance 40.34 15.14 11.93
Cumulative percent variance 40.34 55.48 67.41
CONCLUSIONS

Wild populations showed a high phenotypic variability in the vegetative and reproductive

stages; the fruit and cyme characteristics made the most important contribution to their

discrimination. We discovered a type of leaf that had never been reported among tomato

descriptors and called it “with sprouts”. Materials with high °Brix values, high firmness in

shelf life, and intense red and purple colors were detected. These elements are related to
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bioactive compounds with high antioxidant capacity with great potential for the genetic

improvement of modern varieties.
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ABSTRACT

Objective: To determinate the nutritional composition of larvae of the Rhynchophorus palmarum L. 1758
(Coleoptera: Curculionidae) beetle in palm trees of the Mezquital Valley, Hidalgo, Mexico.
Design/Methodology/Approach: In January 2020, 250 g of South American Palm Weevil (Rhynchophorus
palmarum) larvae were collected from damaged Canary Island date palms (Phoenix canariensis). The larvae were
gathered at the Universidad Politécnica de Francisco I. Madero, located in Tepatepec, Hidalgo, Mexico. They
were placed in a plastic jar and later in a freezer for conservation and transportation to the Departamento
de Nutricién Animal y Bioquimica, Facultad de Medicina Veterinaria y Zootecnia, Universidad Nacional
Auténoma de México, where their nutritional composition was evaluated by proximate chemical analysis.
Results: In their proximate composition, the larvae of R. palmarum presented a protein concentration of 25.52%
(dry basis) and of 9.04% (wet basis), ether extract of 19.77%, dry matter of 35.74%, humidity of 64.26%, ashes
0f 0.70%, crude fiber of 1.64%, nitrogen-free extract of 4.58%, calcium of 0.20%, and phosphorus of 0.31%.
Study Limitations/Implications: No previous research about the use of this insect as human food in Mexico
was found.

Findings/Conclusions: We conclude that these larvae can be exploited for human and livestock food (as a
protein and energy supplement) and even to enrich and prepare conventional foods for society.

Keywords: worm, beetle, protein, food, entomophagy.

INTRODUCTION
The polyphagous feeding habit of Rhynchophorus palmarum L. allows it to develop its life
cycle in various crops, such as sugarcane (Saccharum officinarum), oil palm (Elaeis guineensis),

pineapple (Ananas comosus), coconut (Cocos nucifera), and banana (Musa X Paradisiaca).
During their life period (30.7 £ 14.3 days), females
cause direct damage, laying 245+ 155 eggs that
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hatch in 2-4 days. The eggs are deposited in a hole in the palm trunk made by the female
with its rostrum. In its turn, the larva enters the stem and feeds exclusively on living tissues
for a period of 52 to 62 days, causing the death of the host, as a result of the destruction
of the apical meristem. This insect can also cause indirect damage, because it is a vector
of the Bursaphelenchus cocophilus nematode, which causes the disease known as red ring, an
additional limitation to the production and performance of its hosts (Rodriguez- Currea et
al., 2017). Likewise, Sumano et al. (2012) reported this insect as a severe pest of coconut (C.
nucifera L.) and oil palm (E. guineensis Jacq.) crops in the neotropics.

Meanwhile, Vargas et al. (2013) showed that some of the insects considered as pests have
a high nutritional quality: they provide proteins and supplements such as minerals and
vitamins. In some cases, they are raised and sold to the population who considers them
a delicacy. Additionally, Tejada-de Hernandez (1992) reported that, based on the study
of the chemical composition of food, we can determine not only the proportion of the
elements and macromolecules that make them up, but also infer their nutritional quality
and lay the foundations for a greater knowledge, therefore increasing their appreciation.
This is an important factor, in the case of products (such as insects) that can be attractive
for consumption by both humans and animals. Invertebrate consumption can provide
significant amounts of animal protein, especially to indigenous communities during the
most difficult times of the year.

Espinosa et al. (2020) report that the consumption of insects is known as entomophagy
and that it is part of the culture of some countries —such as Mexico, Thailand, and
China. According to these authors, Ecuador is another country where lemon ants and this
beetle (R. palmarum L.) are consumed. R. palmarum L. is native to the Ecuadoran Amazon
region and has become one of the country’s traditional dishes. Another similar concept is
anthropo-entomophagy, mentioned by Sancho et al. (2015). This activity constitutes the
main nutritional and food resource of 130 countries in Africa and the Americas, where the
largest population of active entomophages lives. There are 113 registered entomophagous
countries, with more than 3,000 ethnic groups that consume at least 1,500 species of insects
in their diet. Based on this information, we determined the nutritional composition of the
larvae of the Hynchophorus palmarum L. 1758 (Coleoptera: Curculionidae) beetle in palm
trees of the Mezquital Valley, Hidalgo, Mexico.

MATERIALS AND METHODS

In January 2020, larvae of the South American Palm Weevil (Rhynchophorus palmarum
L. 1758) were collected from damaged Canary Island date palms (Phoenix canariensis) in
the gardens of the Universidad Politécnica de Francisco I. Madero, located in Tepatepec,
Hidalgo, Mexico (Figure 1).

Palm trees over 6 m high with stress symptoms were felled with a chainsaw. Once the
central leaves were cut, the galleries were exposed and the larvae were collected (Figure 1).
Subsequently, they were deposited in a plastic jar and placed in a freezer for conservation
and transport to the Departamento de Nutricién Animal y Bioquimica, Facultad de
Medicina Veterinaria y Zootecnia, Universidad Nacional Auténoma de México (UNAM),

where they were analyzed. The nutritional composition and concentrations of calcium
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Figure 1. Larvae and galleries of the R. palmarum weevil.

and phosphorus of 250 g of fully developed larvae —4 cm long, 2 cm wide, and an average
weight 0f'9.2 g¢— were evaluated through a proximate analysis. Each analysis was performed
in triplicate and the averages were calculated.

The results are presented as a wet basis, which was determined by drying them in an
oven at 50 °C for 72 h; the dry matter content was calculated by difference. The crude
protein was evaluated using the Kjeldahl method, the ether extract was obtained using a
Soxhlet extractor, and the ash content was determined by the calcination method using
a Linbert TZ45T muffle. Crude fiber was determined by two digestions —one acid and
the other alkaline— in an ANKOM 200/220 fiber analyzer and the nitrogen-free extract
was calculated by difference: the protein, fat, mineral salt, and crude fiber percentages
are subtracted from 100% of the dry matter (AOAC, 1990). Gross energy was determined
using the methodology described in Standards for Bomb Calorimetry and Combustion Methods
(Tejada, 1992). The determination of calcium (Ca) was made by the precipitation method
—forming calcium oxalate— and the concentration of phosphorus (P) by the ammonium

phosphomolybdate method by visible UV (AOAC, 1990).

RESULTS AND DISCUSSION

Figure 2 shows the specimens of larvae, pupae, adults, and cocoons of the black palm
weevil females and males found at the study site.

Table 1 shows the proximate chemical composition on a wet basis of the South American
Palm Weevil larvae and compares them with three edible Lepidoptera larvae in the state

of Hidalgo, Mexico. R. palmarum larvae have 25.52% crude protein and are surpassed by
C. redtenbacheri (31.23%), A. remingtoni (33.69%), and A. hesperiaris (37.79%). As can be seen,
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Figure 2. South American Palm Weevil (Rhynchophorus palmarum) larvae, pupae, adults, and cocoons; the
weevil is a pest of the Canary Island date palm (Phoenix canariensis) in the Mezquital Valley, Hidalgo, Mexico
(A, female; B, male).

these insects have a high nutritional value (Ramos et al., 2012; Rodriguez-Ortega et al.,
2020). We determined that the concentration of digestible protein in the South American
Palm Weevil larva is lower (17.68%) than the concentration reported for the Lepidoptera
A. remingtoni larva (33.69%).

On the one hand, the South American Palm Weevil larva contains 4.58% nitrogen-free
extract (Table 1), a slightly higher percentage than A. hesperiaris (4.21%), but lower than
C. redtenbacheri (5.46%) and A. remingtoni (6.07%). On the other hand, insects in the larval
stage accumulate a greater amount of fat, which they use during their metamorphosis
into beetles. This phenomenon was observed in the South American Palm Weevil larvae
analyzed, which registered 19.77% of ether extract (Table 1).

The ash concentration was 0.7%, a value slightly lower than the larvae of the other
insects (Table 1). These results are similar to those reported by Espinosa et al. (2020), who
also indicate that the ash represents the total content of minerals in food. Minerals are
essential for several body functions. They act as catalysts in a large number of metabolic
reactions: for example, calcium is a constituent of bone tissue and iron is an important
part of the blood. Therefore, their intake is indispensable, because human beings cannot
synthesize them.

Consequently, the mineral concentration of insect larvae is very attractive when used
as food. In this case, it can be used as a supplement in the feed fortification for animal
consumption or in the preparation of new food products for society (Rodriguez-Ortega et
al., 2016). Table 1 also shows the Ca (0.02%) and P (0.31%) concentrations; these values
are exceeded by the percentages of the other insects, except Ca in Comadia redtenbacheri.
These concentrations can cover a person’s daily needs, depending on their age, sex, activity
performed, and physiological state; these results match the findings of Ramos-Elorduy
et al. (1998). The humidity concentration was similar to that reported by Maceda et al.
(2021), who fed larvae with three types of plant tissue.

Additionally, Ramos-Elorduy et al. (1990) point out that 100% of the insects they have
analyzed provide more energy than chicken, 95% more than wheat and rye, 87% more
than corn, 84% more than vegetables, 70% more than fish, lentils, and beans, 63% more

than beef, and 50% more than soybean, among other conventional foods. Comparing
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Table 1. Nutritional composition of South American Palm Weevil (Rhynchophorus palmarum) larvae and three edible Lepidoptera (Agathymus
remingtoni, Aegiale hesperiaris, and Comadia redtenbacheri) larvae in the state of Hidalgo, Mexico.

Rhynchophorus Agathymus Aegiale Comadia

palmarum (%) remingtoni (%) hesperiaris (%) redtenbacheri (%)
Variable Roci;ff;e(;—()gé)tega Ramos et al. (2012) Ramos et al. (2012)
Dry material 35.74 35.76 NA NA
Humidity 64.26 64.24 77.15 58.30
Crude protein (Nitrogen X 6.25) 9.04 12.05 8.64 10.09
Ethereal extract 19.77 15.97 7.98 23.43
Ash 0.70 0.82 1.05 0.87
Crude fiber 1.64 0.85 0.96 1.85
Nitrogen free extract 4.58 6.07 4.21 5.46
Calcium** 0.02 0.40 0.02237 0.01269
Phosphorus** 0.31 0.56 0.57 0.33
Crude protein** 25.52 33.69 37.79 31.23
Pepsin digestible protein 0.2%** 17.68 30.84 NA NA
True protein** 22.68 NA NA NA

NA=Not analyzed. Methods: humidity (AOAC 2015 934.01), protein (AOAC 2015 2001.11), ether extract (AOAC 1990 920.39), ash (AOAC
2015 942.05), crude fiber (AOAC 2015 962.09). **Results are expressed on a dry basis.

our data with the findings of those authors, we were able to determined that these beetle
larvae have good protein, fat, and minerals percentages and should be considered as part of
entomophagy diets. The Food and Agriculture Organization of the United Nations (FAO)
established in 2013 that the consumption of insects —which has been part of the traditional
diet of millions of people— is an alternative nutrient source (especially of protein) (Espinosa
et al., 2020).

Finally, the good nutritional characteristics of the larvae of R. palmarum position them
as a food rich in digestible proteins and with a good caloric content, representing a food

alternative for humans or for livestock.

CONCLUSIONS

In Mexico, particularly in the state of Hidalgo, there are no reports of Rhynchophorus
palmarum as an edible insect and it is only considered a new pest of the Phoenix canariensis
palm tree. However, according to the results reported in this research, we conclude that, as
a result of their high nutritional value, these larvae can be exploited as human or livestock
food, used as a protein and energy supplement, and even consumed to enrich and prepare

conventional foods for society.
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ABSTRACT

Objective: To determine the growth, specialization, and dynamics of beef carcass production in eight regions
of Mexico, in the 2000-2018 period.

Design/Methodology/Approach: The annual growth rates from 2000 to 2018 in each of the regions were
calculated. Based on this information, we were able to determine the relative and dynamic specialization of
beef production through Regional Analysis Techniques, such as the Location Quotient and the Differential-
Structural Method.

Results: During the 2000-2018 period, the domestic beef carcass production had diverse annual growth.
Most of the location quotients greater than the unit were obtained in Chiapas and Sonora, while Sinaloa and
Chihuahua obtained lower location quotients. The results of the Differential-Structural Method showed that
Sinaloa was the most dynamic region, while Veracruz and Sonora have been left behind and showed little
specialization in all sub-periods.

Limitations/Implications: The differentiated annual growth between regions implied underdevelopment
and intra-regional dynamism over time. The change in the productive calling of some regions involved a
transformation from being specialized to non-specialized. The dynamics of the regions was determined by
hypothetical gains, while the underdevelopment was related to hypothetical losses of various magnitudes.
Findings/Conclusions: Sinaloa had the highest growth and dynamism of all the regions. Veracruz and
Sonora were left behind and showed little specialization throughout the analyzed period.

Keywords: Growth, cattle, regional analysis techniques.

INTRODUCTION

Poultry, beef, and pork meat are the main sources of animal origin protein, which is the
basis of human nutrition. In 2018, Mexico produced 6.94 million tons of carcass meat of
the following species: poultry (47.98%), beef (28.53%), pork (21.61%), and sheep, goats, and
turkey (1.88%) (SIAP, 2020).

Image by Bruno /Germany at Pixabay
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Beefhas a high protein value and it has great social and economic importance in Mexico
(Puebla-Albiter et al., 2018). It is the second most important productive activity (SIAP,
2020). However, the sector’s productive structure has undergone substantial changes at
regional level.

From 2000 to 2018, the domestic beef production registered an annual average
growth rate (TCGMA) of 2.02%, increasing from 1.40 million tons (mt) in 2000 to 1.98 mt
in 2018.

The cattle production dynamism in the country showed disparities between regions
(Puebla-Albiter et al., 2018). In 2018, Veracruz (Ver) and Jalisco (Jal) contributed 25.06%
of the national production, while Chiapas (Chis) and Sinaloa (Sin) accounted for 10.69%,
while Sonora (Son) and Chihuahua (Chih) contributed 8.13% (SIAP, 2020).

This reflects the differences in the beef production behavior between different regions of
Mexico. Therefore, the objective of this work was to determine the beef carcass production
growth, specialization, and dynamics in eight regions of Mexico from 2000 to 2018. The
aim was to generate indicators that allow the implementation of policy strategies that

encourage the production of this type of meat.

MATERIALS AND METHODS

To determine the regional dynamics of beef carcass production (2000-2018), Mexico
was divided into eight production regions: Veracruz (Ver), Jalisco (Jal), Chiapas (Chis),
Sinaloa (Sin), Sonora (Son), Chihuahua (Chih), and Baja California (BC), which together
accounted for 51% of the national total (SIAP, 2020). All other Mexican states were grouped
in a region called the rest of Mexico (rM).

The study period was divided into three sub-periods: 2000-2006, 2007-2012, and
2013-2018. To determine the beef production behavior, the annual growth rates (2000-
2018) in each of the regions were calculated. To determine the relative specialization
and production dynamics, Regional Analysis Techniques (TAR) were used, including the
Location Quotient and the Differential-Structural Method (MDE) (Boisier, 1980).

The dynamism and specialization indicators were obtained from the SECRE (sector-
region) matrix, which is a double-entry table, where the rows are the sectors and the columns
are the regions (Boisier, 1980). The sectors were the years of study and the columns, the
regions (Del Moral-Barrera et al., 2008). The analysis variable was beef carcass production
measured in thousands of tons, which was processed with the TAREA software (Lira and
Quiroga, 2003) and Microsoft Excel - 2013.

The Location Quotient (Qj;) indicates the proportion of beef production in a specific
year (sector “i”) in a given region (region “j”), compared to the relative size of the same
activity at the national level. This quotient was used to measure the relative or inter-

regional specialization of cattle production for each year, using formula 1.

0. = Vij EIV’/ (1)
T2V 220
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Where Vj;=Value of Vfor sector “7” in region “”; EiVii =Value of V for the regional total;
Ele,j =Value of V for the national total of the sector “i”;zizjl/ij =Value of V for the

[P

and region “7”.

133
4

national total of sector

The values of Q;; are:
Q;=1 indicates that the relative size of sector “7” in region “J” is identical to the relative
size of the same sector in the country. Therefore, there is no regional specialization in
that sector (year).
Q<1 indicates that the relative size of sector “¢” in region “” 1s smaller than the relative
size of the same sector in the country. Consequently, there is no regional specialization
in that sector (year).
Q;> 1 indicates that the relative size of sector “” in region 7 is greater than the relative
size of the same sector in the country. In this case, there is a regional specialization in

[P

sector “i” (year).

The Differential-Structural Method consists of comparing the change observed in a
variable during a period, both at regional and national level. This change is compared
with what would have happened in the region, if the variable in question had shown an
identical behavior, both in the region and in the country. The method determines changes
both in the regions’ relative position and in the territories’ productive structure over time
(Boisier, 1980). The Differential-Structural Method is divided into three components: total
effect (ET), differential effect (ED), and structural effect (EE). The ET compares the final
value (year t) of the variable under study, in region j, with the hypothetical value that
the said variable would have had, if the region had had the same growth behavior as
the country. The “expected or hypothetical” value is obtained by applying the national
variation coefficient (rSR) to the initial value of the variable in year zero. ET is obtained

using formula 2.

T, =30V, ()= S1v; (0)* 5k @

Vij=Value of variable V for year 7, in region j. 0=Year zero or initial year (given the
study period, year zero would be 2000, until 2017). t=Final year (given the study
period, year ¢ would be 2001, consecutively, until 2018). rSR=National variation
coefficient.

EiZjVij (t)
rSR=— <

2,2,V (0)

A positive E'T indicates a “hypothetical gain” or an expected gain of the activity in the

study region, because the regional growth is higher than the national growth. A negative
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ET indicates a “hypothetical loss” of activity in the region, since the activity growth is
lower in the study region than in country (Boisier, 1980). The ET is explained by the
combination of two effects: differential effect and structural effect.

ET/ = ED]. +EEj

The differential effect compares the final value (year ¢) of the variable under study,
recorded in year i, in region j, with the hypothetical value of the said variable during the
same year. The said effect represents the comparison of the production dynamics for each
year i, in region j, with the national dynamics during the same year. It is expressed through
formula 3.

0, =30 {v, (0-[v, (0)+rs, ]} ®

rS;=Annual variation coefficient at national level

= Zszy (t)
o X,;(0)

If a region obtains a positive differential effect, the annual production in the said region
surpassed the national production for the same year. Consequently, the regions with
positive differential effects were identified as dynamic (Boisier, 1980) and competitive (Lira
and Quiroga, 2003) and they also had better productive conditions (Del Moral-Barrera
et al., 2008). Regions with a negative ED were underdeveloped and non-competitive, and
had worse production conditions.

The structural effect is the consequence of the fact that, on a national scale, production
grows more on some years than in others. Consequently, in years (sectors) of rapid growth
(SRC) at the national level, regions that have a specialized productive structure will tend
to show positive relative changes. Meanwhile, in years (sectors) of slow growth (SLC),
regions with specialized productive structure will present negative relative changes. The
EE reflects the relative weight of the different years (sectors) at the regional level, compared
to the relative weight of the same years at the national level (Boisier, 1980). The EE is
expressed through formula 4.

n
EE; =2 7S *

S50 S350 | 2-" 0 ¢

A positive EE indicates that the region specializes in SRC at the national level, while
a negative EE indicates that the region specializes in SLG at the national level (Lira and

Quiroga, 2003).
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RESULTS AND DISCUSSION

During the 2000-2018 period, the national beef carcass production underwent diverse
cyclical annual growth, which caused changes in its productive distribution (Table 1).
From 2001 to 2002, the national production grew 3.74%, as consequence of the greater
contribution made by Sin and Son. This behavior was motivated by the income and world
population increase, in addition to changes in diets and the global meat trade liberalization
reported in the previous year (Dyck and Nelson, 2003).

During 2004 and 2005, production maintained positive growth; however, Jal, Chis,
Son, and Chih reported negative increases. Since the end of 2005, a noticeable growth
in the price of corn significantly impacted production costs in all branches of intensive
livestock farming, both in Mexico and abroad (SAGARPA, 2009).

From 2010 to 2011, national beef production increased by 3.39% due to the participation
of Chih (10.42%) and Son (7.97%). This dynamic was the result of favorable market
conditions and it was influenced by the increase in the calf export price, which benefited
producers and exporters (Cruz-Jiménez and Garcia-Sdnchez, 2014).

From 2016 to 2017, national production increased by 2.57%, driven by the general
growth in most regions. The wide availability of feed grains and pastures, combined with

Table 1. Annual growth rates of beef production per region, 2000-2018 (%).

Year Ver Jal Chis Sin Son Chih BC ™ National
2000-2001 3.27 | —2.67 | —2.78 13.80 0.00 0.37 | —=1.63 | —0.03 0.43
2001-2002 1.51 1.00 3.32 16.45 10.34 3.31 —8.62 4.45 3.74
2002-2003 1.08 | —2.21 7.37 | —2.39 4.73 6.80 3.71 3.20 2.47
2003-2004 | —3.99 1.33 3.10 0.75 | —4.96 1.88 12.94 5.17 2.66
2004-2005 369 | —1.00 | —3.16 090 | =3.66 | —0.75 12.38 0.81 0.91
2005-2006 7.85 1.34 0.46 0.70 440 | —1.61 10.36 3.31 3.55
2006-2007 1.41 0.39 1.09 1.73 0.97 0.82 5.77 1.23 1.37
2007-2008 3.73 0.13 0.54 291 | —2.23 19.99 | —4.32 1.41 1.96
2008-2009 3.58 0.27 5.95 2.55 | —0.23 8.08 | —3.05 1.98 2.27
2009-2010 4.12 4.21 0.49 0.09 595 | —1.%35 12.35 1.02 2.33
2010-2011 3.15 3.46 2.33 | —0.33 7.97 10.42 7.07 2.40 3.39
2011-2012 | —4.18 2.41 3.75 | 2956 | —9.39 | —6.52 | —6.90 1.86 0.92
2012-2013 | —3.83 4.76 1.21 | —14.27 | =0.52 | —19.73 2.92 1.84 —-0.76
2013-2014 | —1.96 | —2.13 | —2.19 3.67 | —4.72 | =3.37 | —0.67 3.95 1.13
2014-2015 2.23 | —0.49 1.04 | —2.03 | —1.70 | —0.71 0.66 1.65 0.99
2015-2016 1.28 6.33 0.69 1.40 | —3.68 5.81 2.31 1.23 1.81
2016-2017 2.31 477 | —9.54 10.82 4.16 2.88 3.52 2.58 2.57
2017-2018 | —0.11 5.17 0.99 5.01 6.18 8.40 3.23 2.25 2.80

Ver: Veracruz, Jal: Jalisco, Chis: Chiapas, Sin: Sinaloa, Son: Sonora, Chih: Chihuahua, BC: Baja California,
rM: rest of Mexico. Source: Table prepared by the authors based on data from the Sistema de Informacién
Agroalimentaria y Pesquera (SIAP, 2020).
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the high beef prices in the country, encouraged ranchers to fatten their cattle for longer
periods (FIRA, 2017).

Positive production growth continued during 2018 —particularly in Son (6.18) and
Chih (8.40). Such increases were consequence of the gradual growth of the cattle herd
and the relative stability of grain prices that influenced the growth of national production

(FIRA, 2019).

Regional relative specialization

Production specialization is a source of increased competitiveness for a given sector
(Bustamante-Lara et al., 2020). During the analyzed period, Chis was the region that
reported the highest number of location quotients greater than the unit, which indicated that
the relative size of cattle production was greater than the relative size of the same activity at
the national level. This indicator reflected that Chis specialized in beef production during
this period. In contrast, Sin recorded the highest number of location quotients lower than
the unit, which indicated that the meat production relative size in that region was smaller
than the activity’s relative size in the country. This value indicated a regional specialization
absence of the activity.

During the 2000-2006 sub-period, Chis and Son recorded location quotients greater
than the unit, indicating that these regions specialized in beef production, while Sin and
BC showed a relative lack of specialization in this livestock activity.

In the 2007-2012 sub-period, Chis and Son continued to specialize, reporting
coefficients greater than the unit; they were joined by Ver, which also reported numbers
greater than one. Sin continued to show a lack of specialization and Jal started to behave
the same way (Table 2).

From 2013 to 2018, Sin, Jal, and BC recorded location quotients greater than the unit.
The first two regions maintained a similar behavior to the previous sub-period. For its
part, Ver no longer specialized in bovine production; just like Chih, it recorded location

quotients lower than the unit.

Regional dynamics of beef production

The results of the Differential-Structural Method showed that the dynamics of beef
production in Mexico was different between the regions and periods studied.

During 2000-2006, BC and Sin obtained a positive total effect (ET), as a consequence of
the contribution of the differential effect (ED) and the structural effect (EE). This implied
that these territories were dynamic and specialized, a behavior that entails hypothetical
gains of 9.90 and 8.72 thousand t, respectively. Ver, Jal, Chis, Son, and Chih obtained a
negative ET, as a consequence of a greater contribution made by the negative ED. This
meant that the territories were left behind (in terms of growth), reflecting hypothetical
losses of various magnitudes (Table 3).

During 2007-2012, Sin, Chih, and Chis obtained a positive ET, resulting from the
greater contribution made by the likewise positive ED. However, only Sin continued with
the dynamic trend and the same productive calling as during the previous sub-period; in

practice, this dynamism meant 19.34 thousand tons of expected profit. The rest of the
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Table 2. Location quotients of beef production per region in Mexico (2000-2018).
Year Ver Jal Chis Sin Son Chih BC ™
2000 1.03 1.16 1.07 0.82 1.14 0.99 0.88 0.96
2001 1.06 1.13 1.04 0.92 1.14 0.99 0.86 0.96
2002 1.03 1.10 1.04 1.04 1.21 0.99 0.76 0.97
2003 1.02 1.05 1.09 0.99 1.24 1.03 0.77 0.97
2004 0.95 1.03 1.09 0.97 1.15 1.02 0.85 1.00
2005 0.98 1.01 1.05 0.97 1.09 1.00 0.94 1.00
2006 1.02 0.99 1.02 0.94 1.10 0.95 1.00 0.99
2007 1.02 0.98 1.01 0.95 1.10 0.95 1.05 0.99
2008 1.04 0.97 1.00 0.96 1.05 1.12 0.98 0.99
2009 1.05 0.95 1.03 0.96 1.03 1.18 0.93 0.98
2010 1.07 0.96 1.02 0.94 1.06 1.14 1.02 0.97
2011 1.07 0.96 1.01 0.90 1.11 1.21 1.06 0.96
2012 1.01 0.98 1.03 1.16 1.00 1.13 0.98 0.97
2013 0.98 1.03 1.05 1.00 1.00 0.91 1.01 1.00
2014 0.95 1.00 1.02 1.03 0.94 0.87 1.00 1.03
2015 0.97 0.99 1.02 1.00 0.92 0.86 0.99 1.03
2016 0.96 1.03 1.01 0.99 0.87 0.89 1.00 1.03
2017 0.96 1.05 0.89 1.07 0.88 0.89 1.01 1.03
2018 0.93 1.08 0.87 1.10 0.91 0.94 1.01 1.02

Ver: Veracruz, Jal: Jalisco, Chis: Chiapas, Sin: Sinaloa, Son: Sonora, Chih: Chihuahua,
BC: Baja California, rM: rest of Mexico. Source: Table prepared by the authors, based
on the interpretation of TAREA software.

Table 3. Coefficients obtained from the application of the Differential —Structural Method in the beef
producing regions in Mexico (thousands of tons).

Periods
Region 2000-2006 2007-2012 2013-2018
ET ED EE ET ED EE ET ED EE
Ver —1.04 —1.21 0.17 —2.40 —2.46 0.06 | —31.47 | —22.12 —9.35
Jal —28.88 | —28.70 —0.18 —2.28 =5.14 2.86 13.24 15.12 —1.88
Chis —5.68 —5.58 —0.10 2.03 2.01 0.01 | —23.03 | —18.70 —4.32
Sin 8.72 8.55 0.17 19.34 19.30 0.04 —-8.72 —5.09 —3.63
Son —2.92 —2.90 —0.02 —7.89 —7.82 —0.07 —9.55 —6.67 —2.88
Chih —2.87 —2.86 —0.01 12.86 12.83 0.04 | —18.04 | —14.81 —3.23
BC 9.90 9.87 0.03 —2.36 —-2.31 —0.06 —0.15 2.97 -3.12
™M 22.77 22.83 —0.06 | —19.30 | —19.32 0.02 11.34 43.93 | —32.59

ET: total effect, ED: differential effect, EE; structural effect. Source: Table prepared by the authors, based
on the interpretation of TAREA software.
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regions recorded a negative ET, as a consequence of the greater relative weight of ED
values, which were also negative.

In the 2013-2018 sub-period, Jal achieved a positive ET, caused by the contribution
made by the ED, changing its behavior in the previous sub-periods, from an underdeveloped
region to a dynamic region. In the rest of the regions, the ET was negative, resulting in

underdeveloped territories, with worse productive conditions.

CONCLUSIONS

During the study period, beef carcass production in Mexico revealed discrepancies in
relation to growth and dynamism between the regions. Chiapas and Sinaloa recorded the
highest amount of positive growth in the analyzed years. Chiapas and Sonora specialized
in beef production in the first two sub-periods, but stopped specializing and changed their
productive calling during the third sub-period. Sinaloa was dynamic and specialized in
the first two sub-periods, but became underdeveloped and lacked specialization in the last
sub-period. Chiapas and Chihuahua were originally underdeveloped, became dynamic in
the second sub-period, and returned to an underdeveloped state in the third sub-period. In
contrast, Veracruz and Sonora remained underdeveloped and showed little specialization

throughout the entire period.
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ABSTRACT

Objective: To identify an optimal combination of sweet, coffee, and chocolate flavors to maximize liking of
sensory attributes in a beverage formulated with residual grain from amaranth popping.
Design/Methodology/Approach: We evaluated nine mixtures formulated with refined sucrose, instant coffee,
and cocoa powder. Formulations were plotted in the simplex coordinate system. We prepared a milkshake-like
beverage using residual grain from the amaranth popping process (RGAPP) as base. Sucrose, coffee, and cocoa
were used as flavoring agents. We conducted a consumer study to identify the optimal mixture that maximized
liking, acceptability, and purchase intent.

Results: When testing the overall liking of the prepared milkshake-like product, we observed favorable
reactions to those formulations that contained more sucrose and cocoa powder. Consumers found formulations
1 (30% coffee and 70% sucrose), 2 (70% sucrose and 30% cocoa powder), and 7 (30% sucrose and 70% cocoa
powder) tastier than the others. The formulations with high coffee and low sucrose content were the least liked.
Formulation 8 (70% coffee and 30% cocoa powder) had the lowest overall liking score for the milkshake-like
beverage.

Study Limitations/Implications: The results represent a segment of mostly young consumers (81%), between
18 and 24 years old.

Recommendations/Conclusions: Consumers showed interest in the developed products as they usually
drink different kinds of beverages in the morning. There was a significant difference between formulations,
mainly due to the different levels of sucrose. The use of flavorings is a viable strategy for the development of
milkshake-like beverages formulated with residual grain from the amaranth popping process aimed to harness
the benefits that this ingredient can offer to human nutrition.

Keywords: Amaranth, Residual grain, Popping, Milk-shake, Optimization.
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INTRODUCTION

In Mexico, amaranth is mainly consumed in its popped form. The popping process
has several purposes: to provide flavor, color, texture, and aroma to amaranth grains;
improving the antioxidant activity (Muyonga et al., 2014); and reducing the impact
of antinutritional agents such as tannins, oxalates, and phytates (Gamel ez al., 2006).
The anatomical composition of amaranth varies naturally, due to the position of its
grains in the panicle and their maturation speed and other factors. This variation has
consequences on the popping process since it causes differences in grains’ popping
ability. The amount of unpopped grain —or residual grain from the amaranth popping
process (RGAPP)— can reach up to 10% of the total grain weight. This grain is usually
separated from popped grain and is not used for the production of amaranth bars
(alegrias) to avoid product rejection. Using this byproduct —which has already gone
through a thermal process— in milkshake-like beverages could be an option for its
commercial use.

Consumer lifestyle has changed throughout the years. Although it has been shown
that breakfast is important for a healthy lifestyle, a considerable number of teenagers and
adults go out in the morning without having this meal (Hallstrom et al., 2011). While
this situation is related to socioeconomic factors, it is also true that today’s accelerated
lifestyles reduce the time people dedicates to prepare food. One way to reduce the time
spent preparing breakfast is to drink milkshake-like beverages made by blending premixed
dehydrated ingredients with milk. Although RGAPP has potential as an ingredient for the
preparation of milkshake-like beverages, amaranth’s characteristic aroma and flavor could
limit consumer acceptance. Tanimola et al. (2016) found that using amaranth in pasta can
reduce liking by 1.7 (flavor) and 1.3 (aroma) units in the hedonic scale, compared with
products prepared with wheat flour. Zula et al. (2020) found a similar pattern in bread:
color, flavor, aroma, and texture acceptance decreased when the amount of amaranth in
bread formulations increased.

One way to improve liking and acceptance is to use a mixture of ingredients that blend
adequately with amaranth. Coffee, chocolate, and sucrose are common flavors, familiar
among consumers (Holkar et al., 2019). This makes them excellent candidates for the
formulation of milkshake-like beverages to drink during breakfast.

Therefore, the objective of this study was to identify an optimal combination of sucrose,
coffee, and chocolate flavors that maximizes sensory attribute liking for a beverage based

on popped amaranth residual grain.

MATERIALS AND METHODS

Amaranth was provided by the company NUTRIAMTO S. de R. L. de C. V,,
located in the Mixteca region, Villa de Chilapa de Diaz municipality, Oaxaca, Mexico.
The following ingredients were used for the flavor mixture in the optimization process:
Hershey’s® unsweetened cocoa powder bought in bulk; unbranded refined sucrose bought

in bulk; and Nescafé® Classic instant coffee. San Marcos® whole milk was used to prepare
the milkshake.
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Mixture design

Flavor mixtures were distributed in the simplex coordinate system, making sure that
the mixtures had at least two ingredients. Nine formulations were established (Table 1).
Sucrose, instant coffee, and cocoa were weighed in powder form. The RGAPP flour

content was kept constants for all formulations.

Mixture preparation for the beverage

Three-hundred g of RGAPP flour were mixed with 200 g of the corresponding
flavoring mixture, according to the formulations shown in Table 1. The mixing process
was carried out manually, gradually adding the formula ingredients until a completely
uniform blend was obtained. The mixtures were stored in 1-kg airtight plastic bags and
preserved at room temperature until they were used in the consumer study. During
the study, the beverages were prepared using 30 g of mixture (RGAPP flour with the
corresponding flavoring mixture) per 250 mL of milk. The ingredients were blended

using a conventional blender.

Consumer study

The consumer study was conducted at the Universidad Tecnoldgica del Centro de
Veracruz and the Colegio de Postgraduados - Campus Cérdoba. Samples were served
in 3-oz souffle cups with approximately 40 mL of milkshake. A three-part questionnaire
was used to collect the consumers’ responses: 1) Demographics (age, gender, occupation,
whether or not and how often the respondents consume amaranth); 2) Liking of each of
the sample’s attributes —appearance, color, aroma, particles, flavor, aftertaste, and overall
liking— in the nine point hedonic scale, where 1=dislike extremely, 5=neither like nor
dislike, 9=like extremely (Saw-Eaw et al., 2007); and 3) Acceptance, purchase intent, and
purchase intent with information about the benefits of amaranth responses were collected
in a binomial scale (yes/no).

Consumer age was distributed as follows: 81% were 18-24 years old; 11%, 25-34 years old;
5%, 35-44 years old; and 3%, 45-54 years old. The gender of the evaluators was distributed
as follows: 45% were women and 55% were men. According to their occupation, 85% were

Table 1. Ingredient percentage for each formulation.

Formulation Coffee (%) Sucrose (%) Cocoa (%)
1 30 70 0
2 0 70 30
3 25 50 25
4 70 30 0
5 50 25 25
6 25 25 50
7 0 30 70
8 70 0 30
9 30 0 70
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students, 13% workers, and 2% both (they studied and worked). Most of the consumers
(68% relative frequency) live in Cérdoba, Fortin de las Flores, Cuitldhuac, and Yanga (in
Veracruz State, México), whereas the rest (38%) live in different parts of the Veracruz State,
Mexico. When asked whether they regularly eat amaranth, 51% of consumers responded
they actually do, 48% answered that they do not, and 1% said that they were not acquainted

with amaranth.

Experimental design

To avoid fatigue bias, each consumer evaluated only two out of the nine formulations.
A balanced incomplete-block design was used (Plan 11.3a, Cochran and Cox, 1957). Since
the original design only has eight repetitions per formulation, the design was replicated
sevenfold. Each formulation was assessed 56 times by a total of 252 consumers. Mean
comparisons were conducted using Tukey’s test (significance level, 0.05). Data analysis and

charts were developed with R in the RStudio integrated development environment.

RESULTS AND DISCUSSION

Table 2 shows the average liking results regarding the appearance, color, aroma,
particles, flavor, aftertaste, and overall liking of the milkshake-like beverages. The
analysis of variance identified the liking differences between formulations, taking
into consideration each attribute independently. There was a significant difference in
appearance liking. Formulation 2 (70% sucrose and 30% cocoa powder) and formulation
8 (70% coffee and 30% cocoa powder) obtained the highest and lowest scores, respectively.
Color and aroma liking were similar for the nine formulations. There were significant
differences in the liking of particle sensation in the beverage. The highest particles liking

scores were achieved by formulations 1 (30% coffee and 70% sucrose) and 2 (70% sucrose

Table 2. Difference between formulations per attribute*.

Formulation | Appearance Color Aroma Particles Flavor Aftertaste (I):l:::
1 5.30x1.83ab 5.45x2.12a 6.19%x1.53a 5.18x1.71ab | 5.33%=1.86ab 5.23x1.85ab 5.46x1.71ab
2 5.59x1.77a 5.75%1.50a 5.80%1.50a 5.45*1.8la 5.93%2.04a 5.50%1.832 5.78x1.92a
3 5.29x1.93ab 5.75%1.60a 6.21+1.82a 4.64*1.73ab | 4.78%x1.77abc | 4.68x1.90abc | 4.85%1.75abc
4 4.98+2.38ab 5.46x1.79a 6.45*1.67a 4.56*1.73abc | 3.87%1.92cd 4.09%1.75cd 4.45+1.83bc
5 5.00x1.80ab 5.75%1.73a 6.45*1.59a 4.50%1.87abc | 3.75%2.04cd 4.30%x1.69bcd | 4.25%2.00cd
6 5.50x1.55ab 5.82x1.53a 5.69*1.76a 4.52*1.65abc | 4.45+1.88bc 4.57*x1.88abc | 4.64%1.92bc
7 5.38x1.45ab 5.89%1.63a 5.47%1.92a 4.80%x1.82ab | 4.64=*1.98bc 4.57%x1.95abc | 5.09%1.79abc
8 4.48+2.08b 5.21*2.13a 5.52*2.12a 3.52+1.90c 2.96x2.12d 3.30+2.15d 3.29+1.75d
9 5.05£1.60ab 5.48x1.61a 5.55*1.73a 4.35%£2.02bc | 4.09%1.92cd 4.09+2.04cd 4.31%x1.61cd
p-value 0.0403 0.507 0.054 5.18e-06 7.29e-15 4.58¢-08 9.36e-12

* Mean values = standard deviation. Means with the same letter in the same column are not significantly different according to Tukey’s test
(@=0.05). Formulations: 1 (30% coffee and 70% sucrose); 2 (70% sucrose and 30% cocoa powder); 3 (25% coffee, 50% sucrose, and 25% cocoa
powder); 4 (70% coffee and 30% sucrose); 5 (50% coffee, 25% sucrose, and 25% cocoa powder); 6 (25% coffee, 25% sucrose, and 50% cocoa

powder); 7 (30% sucrose and 70% cocoa powder); 8 (70% coffee and 30% cocoa powder); 9 (30% coffee and 70% cocoa powder).
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and 30% cocoa powder). The highest effect of particles was observed in formulation
8 (70% coffee and 30% cocoa powder), with a 3.52 liking score, which indicates that
consumers moderately disliked this combination. All formulations had the same amount
of RGAPP flour. It is therefore possible that the remaining ingredients had an effect
on particle perception. Likewise, a significant difference (p-value=7.3e 15) regarding
flavor was found. Formulations 1 and 2 had the highest liking scores, while formulation
8 had the lowest. This result was probably a consequence of the high concentration
of coffee and the lack of sucrose in this formulation. This pattern was also recorded
in the aftertaste and overall liking attributes. On one end, formulations (particularly
2) with the highest percentages of sucrose had higher liking scores in the appearance,
particles, flavor, aftertaste, and overall liking categories. On the other end, formulation
8, with a high percentage of coffee and no sucrose, had the lowest liking scores for the
same attributes. This behavior suggests that sucrose concentration and the sweet flavor
may have influenced the consumers’ responses regarding particles, aftertaste, and overall
liking. However, it is unlikely that this influence reached the appearance attribute, since
it was evaluated before the consumer tasted the sample.

Most consumers identified the taste of amaranth (83%); among them, 43% thought
that amaranth was an adequate flavor —which confirms that the amount of amaranth
in the formulation was adequate—, while 25% identified a slight taste of amaranth. Only
15% 1identified an intense flavor, while 17% did not identify the flavor. Some consumers

described strange flavors, such as burnt, earth, and medicine.

Impact of sensory attributes on acceptance and purchase intent

Table 3 shows the results for the multiple logistic regression analysis. Based on the
p-values for each attribute’s coefficients (estimated values), the most relevant attributes for
the acceptance of the milkshake-like beverage (regardless of the formulation) were flavor
(p=0.0024), aftertaste (p=0.0364), and overall liking (p=7.6e-10).

The following attributes had an impact on purchase intent (regardless of the formulation):
appearance (p=0.0460), color (p=0.0313), flavor (p=0.0005), and overall liking
(p=7.6e-10). As it can be seen, aftertaste was not critical to consumers, but appearance

Table 3. Key attributes for acceptance according to the logistic
regression analysis.

Attribute Estimate Pr (>]z])
Appearance 0.14 0.1437
Color —0.01 0.8971
Aroma —-0.10 0.2331
Particles 0.12 0.2720
Flavor 0.39 0.0024*
Aftertaste —0.27 0.0364*
Opverall liking 0.99 7.6e-10*

* Pr (> ]z]) values that indicate a statistically significant relation
between attributes and product acceptance.
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and color were. According to Piqueras-Fiszman and Spence (2015), a product’s appearance
1s a sensory characteristic that may determine consumers’ expectations about the product
before they consume it. Consumers took into consideration more attributes for purchase
intent (four) than for acceptance (three) (Table 4). After consumers were informed about
the benefits of amaranth and asked again whether or not they would buy the product,
only two attributes had an impact on purchase intent: appearance (p=0.084) and overall
liking (p=0.0010). This trend —a significant change observed in consumers’ answers—
was confirmed with McNemar’s test (p=2.2¢-16). In this test, 178 answers changed from
‘would not buy’ to ‘would buy’ after consumers were informed about the benefits of

amaranth.

Optimization

Formulations 2 (70% sucrose and 30% cocoa powder) and 7 (30% sucrose and 70%
cocoa powder) had the highest appearance liking rating (Figure la). However, regarding
color (Figure 1b) —which is a specific characteristic of appearance—, most formulations
(2, 3,5, 6, 7, and 9) obtained >5.5 liking scores. Formulation 7 (30% sucrose and 70%
cocoa powder) obtained the highest score. This suggests that there are other appearance
characteristics that could have had an impact on liking. Most formulations had favorable
aroma liking scores (Figure lc). However, unlike color, the highest liking scores were
observed in the formulations with a higher percentage of coffee and sucrose. The highest
aroma liking scores were recorded with formulations 1 (30% coffee and 70% sucrose) and 4
(70% coftee and 30% sucrose). According to Mahmud et al. (2020), aroma is a decisive factor
for beverages, particularly for coffee. Liking of particle sensation in beverages (Figure 1d)
was low, since no formulation obtained favorable scores. Liking scores for flavor, aftertaste,
and overall liking (Figures le, 1f, and 1g) were higher for the formulations with a higher
sucrose concentration. Likewise, the optimal region obtained when the attributes’ optimal
regions were superimposed also pointed towards the formulations with a higher sucrose
concentration (Figure 1h).

Table 4. Key attributes for purchase intent according to the logistic regression analysis.

Purchase intent after providing
Purchase intent information regarding amaranth
Attribute e

Estimate Pr (>]z|) Estimate Pr (>]z])
Appearance 0.22 0.0460* 0.17 0.0284*
Color —0.22 0.0313* —0.10 0.1722
Aroma —0.13 0.1563 0.02 0.6976
Particles 0.12 0.3105 —0.09 0.3060
Flavor 0.47 0.0005* 0.14 0.2065
Aftertaste -0.15 0.2612 0.06 0.5505
Overall liking 0.95 7.06¢-08* 0.40 0.0010*

* Pr (>]z[) values that indicate a statistically significant relation between attributes and purchase
intent.
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CONCLUSIONS

Formulations showed liking differences for appearance, particles, flavor, aftertaste,
and overall liking. Acceptance and purchase intent were determined by flavor, aftertaste,
and overall liking. A favorable change in purchase intent was observed when consumers
were informed about the benefits of amaranth. Sucrose and cocoa powder were the
decisive ingredients for the liking level. The optimal region for the milkshake-like beverage

formulation was in a sweet taste slightly combined with chocolate.
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ABSTRACT

Objective: To determine the problems that extension workers face during their work to promote rural
development, from their own perspective.

Design/Methodology/Approach: The research was carried out with extension workers, who took part of
the 2019 Rural Development Program (PDR) in Morelos, Mexico. An exploratory-descriptive methodology,
with a non-probabilistic convenience test, was carried out. The tool comprised 25 items. Thirty-one extension
workers and 6 technicians of various programs were interviewed.

Results: Most of the extension workers were men, 86% of their professional profiles are related to agricultural
sciences, 10% has a master degree, and 45% has some kind of proficiency certificate. The interviewees pointed
out that they were not paid enough for their services, that each technician had to work with too many producers,
and that a short-term contract is not enough to achieve the development processes. The main activities carried
out were related to the program.

Study Limitations/Implications: As a result of the SARS COVID pandemic, the interviews were carried
out remotely and we could not get in touch with more extension workers.

Findings/Conclusions: Extension workers demand long-term contracts, appropriate payments, and a lower
technician:producer ratio, in order to make their work more efficient and to contribute to the development of
families and communities. They also mentioned that they would like to focus on extension activities and that
their involvement in management issues aimed at exercising the resources of government programs should not
be a priority.

Keywords: Rural extension, communitary agricultural work, capacities, rural development.

INTRODUCTION
Government policies seek to improve development and, therefore, to increase and
improve production through infrastructure, equipment, supplies, and extension services

support. These services are very important. From several decades onward, Mexico has

Image by CESAR AUGUSTO RAMIREZ VALLEJO at Pixabay
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implemented technology transfer, training, and technical support programs, in order to
help producers to obtain higher income from their harvests, consequently improving the
quality of life of their families.

Extension is the service provided by the technicians recruited by government,
education, and research or private programs, which facilitates the access of rural actors
to knowledge, information, and technologies (Lépez-Barbosa, 2021). However, the term
extension can be defined from different angles. Some authors restrict its definition to
technology transfer and technical support, while others point out that extension includes
several economic, productive, social, environmental, and even psychological subjects.
They claim that it should be holistic and inclusive, because respecting the needs of the
producers themselves is vital. The main problems could be solved based on a participatory
appraisal. Knowledge must not only be considered from a technical-productive point of
view, but it also must take into account the lore, customs, and traditions of the producers.
Providing this knowledge exchange from an eclectic point of view would facilitate its
appropriation (Lépez-Barbosa, 2021; Méndez-Sastoque, 2006). The technician role is
fundamental for extension. According to the Secretaria de Agricultura y Desarrollo
Rural (SADER, 2016), extension workers provide agricultural knowledge to producers
and exhort them to adopt new and improved ways to work with their crops and livestock.
Extension workers favor the achievement of the processes of the said development.
Other authors point out that extension workers must think about rural life beyond the
territorialization of primary activities, acknowledging its multidimensional character
and fully understanding that, besides the economic and productive point of view, rural
life also includes social, cultural, political, and environmental aspects. Additionally, they
must acknowledge that agricultural activities are part of a broader whole, involved in
territorial dynamics, which include local, regional, domestic, and international levels
(Mayoral-Garcia et al., 2015). Extension workers are also trained in different aspects, in
order to achieve a development in the family unit, group of producers, or communities
where they carry out their work. Extension workers are essential actors in rural
development processes, and they must have different characteristics that allow them
to complete objectives required by extension. These characteristics include: an active
engagement; a professional behavior; self-training; values and principles; capacity to
transmit knowledge and show the producers new and improved production techniques;
acknowledging the main problems of the community in order to look for joint solutions;
and combining the knowledge of the producers to strengthen their capacities in their
rural environments (Lopez-Alcocer and Castro-Ibanez, 2010; Medina et al., 2015). In
order to face and solve problems, these professionals must work in coordination with
other involved actors, and they require training that, sometimes, goes beyond the
capacities acquired through a sound technical-scientific education (Méndez-Sastoque,
2006). Therefore, education and research institutions must find a break-even point
between the education offer and the social demand that the agricultural professionals
carry on their shoulders (Méndez-Sastoque, 2006).

From a holistic point of view, the work of the extension workers requires commitment,

a clear vision about the rural development processes, and an institutional environment
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that guides, fosters, and encourages them (Lopez-Barbosa, 2021). Therefore, they
must feel the support of an income and a solid contract, that will allow them to focus
their whole attention in the development of the inhabitants, instead of worrying about
how long they will be paid or which extra activities they must fulfill, because they are
under a government contract. Medium and long-term contracts would allow workers to
achieve better results. Extension workers must also have guarantees about their quality
of life, in order to contribute with greater interest and authenticity to their full-time
jobs as extension workers and, consequently, to the rural development processes. Rural
development boosts territorial resources, involving inhabitants or interested parties as
driving subjects of their own development, through the implementation or development
of capacities to improve the economic, social, political, cultural, and environmental
quality of life of the inhabitants.

As a result of the importance of extension workers for rural development processes,
the objective of this research was to determine, from the extension workers’ perspective,
the problems they face in their work in favor of rural development. The assumption was
that the activities of extension professionals are not aimed at a holistic extension —i.e., to
achieve the development of a family or community—, as a result of the short-term nature
of their contracts and the extra activities they must carry out on behalf of the contracting

nstitutions.

MATERIALS AND METHODS

The research was carried out with extension workers who took part in the 2019 Rural
Development Program (PDR), in Morelos, Mexico. The Rural Development Program was
1 out of 11 support programs implemented in 2019 by the Secretaria de Agricultura y
Desarrollo Rural (SADER), under the U category (other grants). The overall objective of
the program was to sustainably increase the productivity of the family production units
(UPFs), aimed to improve the income of rural populations. The program was made up of
four components: I. Capacity development, extension, and rural assistance. II. Economic
integration of productive chains. III. Strengthening of family production units (UPFs). I'V.
Technology research and transfer (SADER-FAO, 2019). The target population was the
formal or informal UPFs, located in municipalities of rural priority attention areas, and
formal or informal family production units, located in highly and extremely marginalized
areas (SADER-FAO, 2019).

A descriptive and exploratory method was used in this research, in order to describe
the characteristics of a set of individuals and areas of interest (Monje-Alvarez, 2011).
Exploratory studies can be used to obtain information about the possibility of carrying out
more complete research about a particular context, to explore new problems, to identify
concepts or promising variables, and to establish priorities for future research (Hernandez-
Sampieri et al., 2006). Descriptive research specifies properties, characteristics, and
important features of any analyzed phenomenon (Hernandez-Sampieri et al., 2006).
The sample was a non-probabilistic convenience test: an easy, efficient, and economic
sampling, which allows the use of other methods as data is gathered (Monje-Alvarez,

2011). The main interest is not measurement, but to understand the full complexity of
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the phenomena and the social processes (Martinez-Salgado, 2012). A data gathering tool
—including semi-structured questions— was sent via Google Forms to 31 technicians
who took part in the PDR 2019. The tool included 25 items. Additionally, six extension
technicians from several programs were interviewed. Data was gathered from April to
July 2020. The data was systematized using Excel® and, subsequently, it was analyzed.
In addition, literature research was carried out, in order to obtain information about

extension and its importance.

RESULTS AND DISCUSSION
General aspects of extension workers

Out of the interviewed technicians, 77% are men and 23% are women. Despite a
majority of men, the involvement of women in these programs is increasing. This increase
is the result of the need to get a work that will allow women to contribute to the economic
income of their families. Additionally, they mentioned their good performance in the
communities helps them to obtain contracts for new programs. Women have an easier
access to the domestic environment of families, which helps them to not only participate in
productive aspects, but also organizational or commercial aspects, such as health, culture,
environment, and education, among others (Esquisabel, 2018).

Regarding the age range, 50% are 31-50 years old; this category can be considered as
optimal for the development of this activity, taking into account that people work from
25 until 60 years old (Mayoral-Garcia et al., 2015). The lower percentage included 20-to-
30-year-old technicians, who have just obtained their bachelor degree and who have just
entered the work market. The age range was distributed as follows: 20-30 (17%), 31-40
(30%), 41-50 (20%), 51-60 (27%), and 61-70 years old (6%).

The prevailing professional profiles were those linked with agricultural sciences (86%),
followed by biotechnology (7%), and administration, accounting, and business (7%). Ten
percent of the interviewees has a master degree. Exceedingly few technicians from the
social area are hired; this situation can be related to a productive approach by those
in charge of the program. There is also a lack of holistic knowledge, which includes
different factors that must be considered to achieve rural development. Landini (2013a)
carried out a study aimed at determining the profile of extension workers who work
for the Argentinian public extension system and found that most technicians obtained
a master degree on rural development or extension. Despite having technical careers,
extension workers must also be aware about the areas of their work in which they are not
proficient; therefore, they constantly seek to update their knowledge about the subjects

required in their work areas, both technical and non-technical subjects.

Training

Forty-five percent of extension workers have some kind of proficiency certificate,
including: teaching in-person human capital training group courses (EC00217);
development of rural investment project design (EC0020); facilitation of innovation
processes to improve competitiveness (EC00489); facilitation of innovation processes

to improve competitiveness among people, social groups, and economic organizations
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(EC00818); evaluation of the qualifications of candidates, based on competitiveness
standards (EC0076); and citric harvesting (EC0093). The rest does not have any kind
of certification. They attend the appropriate training offered by the institutions on the
subjects that producers require the most.

The main objective of the PDR is to contribute to the improvement of the income of
the rural population. Therefore, determining if the technicians were trained in regional
development aspects —to carry out their work and to comply with the objectives of the
program— was fundamental. Forty-seven percent of the workers said that they were
trained; however, the training was not always related to regional development. The
training mainly included program operation guidelines, project development, and the
use of platforms to meet requirements or to submit reports; other workers mentioned
training about technical issues. Forty-three percent did not attend training and 10% did
not answer the question. Without a clear idea and without an institutional environment
that promotes, guides, and encourages it, it is very difficult to achieve rural development
(Lépez-Barbosa, 2021). Therefore, technicians must be involved in these ideas; otherwise,
they will not know where to go, to whom they must turn, or how they can take part of the
rural development processes.

Sixty-eight percent of the technicians provide training and consultancy to
producers or groups, based on the needs they mention during their meetings; six
percent said that they base these training and consultancy on their own decisions,
because they do not have enough time to carry out a participative appraisal; the rest
of the extension workers did not answer the question. The technicians mainly provide
training in four areas: production (87%), organization (45%), management (32%), and
commercialization (9.6%). Production is the most important subject for producers and,
as a consequence, also for technicians, because their certifications are mainly about this
subject. These results match those obtained in the Caazapa, Canindeyd, and Central
regions in Paraguay, where extension workers were asked about the subjects, they
wanted to be trained in. The three most mentioned areas were commercialization, to
learn how to “persuade” producers, and several technical subjects (Landini, 2013b).
Additionally, Landini (2013b) pointed out that the thematic areas in which extension
workers are most interested include: first, technical issues and then, rural extension
methodologies.

Regarding the way in which the training and technology transfer are carried out,
the extension workers pointed out that it was through consultancy, exchange tours with
producers from Morelos and Michoacan, demonstration plots, trainings, and mainly
through work sessions in collaboration with the Instituto Nacional de Investigaciones
Forestales, Agricolas y Pecuarias (INIFAP). However, only 2% of the technicians said that
the lore of the producers was considered during the knowledge exchange. Nevertheless,
the combination of knowledge must be considered, because the producers’ traditional lore
is aimed at production systems management, which guarantees their physical and social
reproduction (Sanchez-Olarte et al., 2015). Therefore, this lore should be included, along

with eclectic knowledge.
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Contribution of field work to rural development

Ninety percent of the interviewed service providers was hired as a field technician, 7%, as
project designer, and 3%, as strategic planner. Field technicians received $20,000.00 MXN
for their services; strategic planners received $30,000 MXN;, and project designers received
$25,000.00 MXN. The terms of their contracts were variable: the strategic planners were
hired for 12 months, the project designers for 11 and 10 months, and the UPF technicians
for 7, 5.5, and 3 months. The argument was that the different times were the result of a gap
at the beginning of the program; the technicians pointed out that the time was not enough
to carry out the proposed methodology and that the situation got worse due to COVID 19.
Therefore, they suggested that they should be hired atleast for a year, in order to appropriately
implement the methodology of the territorial development project (PRODETER). A
longer contract period would allow them to achieve a good performance in their jobs.

The work of the extension workers is very complex; it is not only aimed at technology
transfer, but also at carrying out a more comprehensive job —that includes production,
organization, management, social, and commercialization aspects—, mainly with the
UPLs, helping them to achieve their development. If people are to take part in the answer
to their problems and, consequently, appropriate the solutions and projects, a long-term
field work must be carried out. Therefore, systematic technical accompaniment must be
provided properly and on time, considering different aspects of rural life (Cadena-Iiiiguez
et al., 2018). Non-explicit purposes, guidance, and inefficiency in the use of resources in
extension strategies, and creativity to adopt and adapt different short-term models have
created an environment of dissatisfaction, despondency, and even uncertainty among the
actors in charge of extension and the extension services in the Mexican agricultural sector
(Rendén-Medel et al., 2015).

Based on experience, to generate results in extension services, four consecutive cycles
are needed in the case of agricultural production units (Santos-Chavez et al., 2019).

The activities that extension workers carried out with the UPFs’ members were mainly
project formulation and follow-up, organization and entrepreneurial development of the
work groups, productive chain integration, technical support, file integration, resource
management, intervention plan development, request for quotation, accounting
logs development, and georeferencing. These activities are mainly reflected in the
implementation of the program. Ultimately, the work of the technicians was to identify,
develop, and kickstart projects that would benefit the groups that took part of the
program and that would obtain assets to improve their production systems. However,
an alleged accompaniment never took place, and a set of educational processes did not
favor an integral and sustainable rural development (Lépez-Barbosa, 2021).

Although most of the professionals pointed out that they carry out the activities according
to the producers’ needs and based on a participatory appraisal, producers continue to prefer
benefits in kind, while government institutions give priority to the spending of resources,
because some of the activities required by government institutions from producers include
spending of resources before a given deadline. Technicians mentioned that —and as a
result of the hiring gap— they spent most of their time carrying out administrative and

management activities, in order to exercise the resources.
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Each field technician provided services for at least 31 producers from 16 municipalities;
the highest coverage was found in Tepalcingo, while Puente de Ixtla and Totolapan had
the lowest number of technicians (Table 1). Thirty localities from a highly and extremely
marginalized area were benefited. The number of producers was too high regarding the
period of the contract and, as a result of it, the workers could not carry out all the activities
included in the work plan.

The technicians also mentioned that going from a community to another or to the
capital of the state —to carry out the necessary procedures to follow-up the producers’
needs or to implement the program— took a great effort, as a result of the lack of time
to perform all the activities. Therefore, the heads of the programs must be aware of the
technician:producer ratio. Extension workers should be able to provide their services to
a smaller number of producers, spending enough time working with them, because the
main objective of the programs is to contribute to the improvement of the quality of life of
families and not only to exercise the resources of the said programs.

Technicians provided their services to more than 30 producers during their work
contract. We must mention that their work has an influence; however, they must not be
considered as the only actors and actions that can contribute to the improvement of the
rural population of marginalized areas. Rural development depends on several actors,
mainly the producer, government institutions, professionals from several specialties, and
communities, among others. The work of technicians as facilitators and the involvement of

various actors can achieve rural development.

Table 1. Percentage of municipalities where
extension workers provided their services.

Municipality Technicians (%)
Ayala 3
Axochiapan 7
Jonacatepec 4
Ocuituco 7
Puente de Ixtla 1
Temoac 6
Tepalcingo 24
Tepoztlan 8
Tetela del Volcan 4
Tlalnepantla 10
Tlaltizapan 2
Tlaquiltenango 8
Tlayacapan 6
Totolapan 1
Yecapixtla 3
Zacualpan 6
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CONCLUSIONS

The involvement of extension professionals is required to favor rural development
processes. They must be aware of rural development. This will help them to know how to
perform their work, because the responsibility is not exclusively theirs. Instead, it depends
on different actors who can contribute to the welfare of families. Therefore, a holistic
and eclectic work with the producers must be carried out. Technicians cannot mainly be
focused in the productive area and in complying with the requisites for the exercising of
the resources of a government program; they must also be authentically involved, based
on their own conviction. Extension workers should sign long-term contracts, have a decent
salary, and work with a lower technician:producer ratio, in order to work in an efficient

manner and to contribute to the development of families and communities.
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ABSTRACT

Objective: To develop a protocol for the aseptic in vitro establishment and multiplication of Aechmea fasciata
(Lindl.) Baker.

Design/Methodology/Approach: Different concentrations of NaClO (2, 3, 4, and 5%) were assessed for
the aseptic establishment of A. fasciata. During the shoot induction stage, the three following treatments
were tested: T} =6-benzyladenine +naphthalene-1-acetic acid (BA+ANA; 5+2 mg L™ 1); To=zeatin+2,4-
dichlorophenoxyacetic acid (Zea+2,4-D; 5+2 mg L_l); and Tg=control with no plant growth regulators.
During the shoot multiplication stage, three more treatments were assessed: Tj=Zea+2,4-D (2.5+1 mg L™ 1);
To=Zea+2,4-D (5+2 mg L_l); and Tg=Zea+2,4-D+gibberellic acid (AG3) (2.5+1+3.5 mg L.™ 1). To assess
the number of cellular events, different nitrate concentrations were tested in the medium (18.8, 39.4, and 60
mM NOj ). Finally, during the shoot regeneration stage, nine treatments derived from the combination of
three concentrations of kinetin (KIN: 0, 0.1, and 0.5 mg L_l) and of indole-3-acetic acid (AIA: 0, 0.3, and 0.4)
were assessed. Completely randomized designs were used in each stage. Duncan’s test (p=<0.05) was used to
compare the means during the shoot induction and multiplication stages. A regression analysis was carried out
to study the aseptic establishment and a non-parametric test (Kruskal-Wallis) was made to assess the “amount
of microshoots during regeneration” variable.

Results: A. fasciata aseptic explants with 4% NaClO were established. Shoot induction was most effective with
the BA+ANA (5+2mg L™ 1) treatment. The highest callus production was reported with the Zea+2,4-D (5+2
mg L~ 1) treatment. The largest number of microshoots was obtained with high nitrate doses. Meanwhile, the
most successful regeneration was achieved with the 0.1 mg KIN L' and 0.4 mg AIA L™ treatment.

Study Limitations/Implications: The application of Zea and 2,4-D during multiplication induced callus
formation.

Findings/Conclusions: Apical bud explants in an MS medium with BA and ANA present organogenesis.
The use of Zea and 2,4-D forms calluses in the already established in vitro shoots, which regenerate with the
use of KIN and AIA. Better microshoot coloring and development were achieved with MS salts, which have a
medium nitrate content.

Keywords: Plant growth regulators (RCV), Microshoots, Bromeliads, Tropical forest, Endangered species.
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INTRODUCTION

Bromeliaceae are one of the main components of tropical forests. Their tank-shaped
anatomy enables the development of microhabitats (Martinelli et al., 2008). Microhabitats
created by bromeliads establish interactions among different species and consequently
contribute to the stability of forest ecosystems (Dal-Vesco et al., 2014). However, a number
of bromeliad species are endangered due to soil loss, forest fragmentation, and illegal
exploitation of plants with high ornamental and commercial value (Balke et al., 2008;
Negrelle ¢t al., 2012). As a consequence of the severe habitat loss of bromeliads and their
high commercial demand, a need to develop protocols or techniques for the propagation
of species in vulnerable conditions has arisen. One of them is the Brazilian bromeliad
Aechmea fasciata, one of the most valued and commercialized ornamental species due to
its shape and inflorescence (Ping-Lung et al., 2010). The most common multiplication
methods used for this species include seed propagation and vegetative bud propagation —
which usually produces 4 to 8 shoots. However, these traditional methods are not adequate
for the massive propagation that is required to commercialize this plant and satisfy the
market’s demands, since both techniques lead to low production levels and a slow growth
—approximately 2 to 3 years (Martins et al., 2013). One of the main alternatives for
massive plant production is micropropagation. This method has several advantages over
conventional propagation: a large number of plants can be produced from a small tissue
segment, in a short period of time, and in a significantly reduced space, free of pests and
disease (Guerra and Dal-Vesco, 2010; Pickens ez al., 2006). Micropropagation is considered
an important technique to optimize bromeliad production and thus satisfy the ornamental
plant market. It is currently necessary to develop in vitro cultivation protocols to propagate
bromeliads. These protocols should allow for a sustainable exploitation of wild species that
will satisfy the local market’s demands, while reducing overexploitation and recovering
endangered species. Therefore, this research secks to develop a protocol for the aseptic
in vitro establishment and multiplication of Aechmea fasciata (Lindl.) Baker, a species with

ornamental potential.

MATERIALS AND METHODS
Vegetable matter

A. fasciata plants were kept in greenhouse conditions. Apical bud explants taken from
the shoots were used for the aseptic establishment and shoot induction. To reduce and
avoid the proliferation of pathogenic microorganisms, donor plants were sprinkled every
other day with a solution made of 5 g L™ of Agri—mycin® 500 (a. i. tribasic copper sulfate,
streptomycin sulfate, and oxytetracycline hydrochloride) and 5 g L™ of Amistar® (a. 1.

azoxystrobin and difenoconazole).

Aseptic establishment

A pre-disinfecting measure was carried out in the lab: the explants were washed
with commercial detergent for 5 minutes and then rinsed. Afterwards, the explants were
submerged in 100% acetic acid for 20 minutes and then placed in 100% hydrogen peroxide
for 10 minutes. Finally, they were soakedina 5 g L~ solution of Agri—mycin® 500 for 30
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minutes, after which they were rinsed with distilled water. Once under aseptic conditions,
the first superficial disinfection was carried out with 70% ethanol for 1 minute. The
explants were subsequently immersed in four concentrations of NaClO (2, 3, 4, and 5% a.
1.) for 20 minutes, adding a drop of Tween™ 20. All explants were rinsed thrice with sterile
distilled water mixed with 100 mg of citric acid L~!. The culture medium consisted of
MS inorganic salts, supplemented with Morel and Wetmore vitamins (1951) and 2 g L
of activated charcoal. Incubation conditions were a 16/8 h light/dark photoperiod. The
number of contaminated explants was assessed 15 days after sowing.

Culture media

The formula proposed by Murashige and Skoog (1962) was used as culture media,
adding Morel and Wetmore vitamins (1951), enriching it with 3% sucrose, and using 2.25
g L' of Phytagel (Sigma Aldrich) as gelling agent. In each experiment, the appropriate
plant growth regulators (RCV) were added to the medium. The media pH was adjusted
to 6.0 with KOH or HCl 1 N. Finally, the media were sterilized in an autoclave at a
temperature of 120 °C and a pressure of 1.05 kg cm ™% for 15 minutes.

Shoot induction and multiplication

Three treatments were assessed in the shoot induction stage: T'|=6-
benzyladenine +naphtalene-1-acetic acid (BA+ANA; 5.0+2.0 mg L~ 1); To=zeatin+2,4-
dichlorophenoxyacetic acid (Zea+2,4-D; 5.0+2.0 mg L™ 1); and Ts=control with no RCV
in apical bud explants. The following variables were assessed: number of shoots per explant
(the shoots resulting from individuation); shoot length (the length of shoots resulting from
individuation, measured in mm); and number of leaves.

Considering the presence of calluses as response variable, three treatments were assessed
in the multiplication stage: T)=Zea+2,4-D (2.5+1.0 mg L™ l); To=Zea+2,4-D (5.0+2.0
mg L™1); Tg=Zea+2,4-D+gibberellic acid (AGs), (2.5+1.0+3.5 mg L"),

Modification of nitrate concentration in MS medium

An experiment was conducted where the nitrate concentration (NO;) in the MS
medium salts was modified. Three treatments were assessed (T;=18.8 mM, T9=39.4
mM, T3=60 mM), in order to determine which one had the largest number of cellular

events.

Shoot regeneration based on A. Fasciata calluses

In the shoot regeneration stage, the effects of nine treatments —resulting from the
combination of three kinetin concentrations (KIN: 0, 0.1, 0.5 mg L™ l) with three indole-
3-acetic acid concentrations (AIA: 0, 0.3, 0.4 mg L_l)— were assessed, in order to identify

the concentration required to achieve shoot formation.

Statistical model
A completely randomized design was chosen. Four repetitions per treatment were

randomly sown for shoot induction; eight repetitions per treatment, for multiplication;
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five repetitions per treatment, for callus-based shoot regeneration; and six repetitions
per treatment, for the assessment of nitrate concentration. Each jar with an explant was
considered an experimental unit. Data were analyzed separately for each test with the
Infostat software v. 2016, while the means were compared using Duncan’s test (p=0.05).
To analyze the “contamination” variable, the presence or absence of bacterial or fungal
colonies on the explant surface was assessed. A regression analysis was carried out based on
the data obtained. A non-parametric Kruskal-Wallis test was used to analyze callus-based

shoot regeneration.

RESULTS AND DISCUSSION

The apical bud contamination decreased when the concentration of NaClO in
the disinfecting solution increased. The lower number of contaminated explants was
obtained with treatments T3 and T4 (4 and 5% NaClO, respectively), with a value of
p=0.034 (Figure 1). Although less contaminated explants were obtained with the 5%
NaClO treatment, necrosis was observed, probably due to NaClO-induced cytotoxicity.
Rodriguez et al. (2001) suggest that high contamination levels in bromeliad in vitro cultures
are caused by leaf shape and arrangement, since the union between leaves and stalks is
a suitable reservoir for the development of microorganisms —particularly bacteria and
fungi. However, the disinfection method used in this work enabled the elimination of
contamination and the successful establishment of the 4. fasciata apical bud explants.

Shoots were produced after a 20-day development, as a consequence of the disinfection
process applied to the explants and their in vitro establishment. Shoot production had a
better response with BA+ANA (5.0+2.0 mg L_l) than with the Zea+2,4-D (5.0+2.0
mg L_l) treatment and the control with no RCV (Table 1). The high redifferentiation
potential of the apical bud explants accounts for their organogenic response, since they
contain the vegetative apical meristem which, owing to its characteristics and cell types,
allows them to achieve a higher regeneration rate (Firoozabady and Moy, 2004). The results
of this study agree with Skoog and Miller’s model of organogenesis (1957), according to
which vegetative bud differentiation is fostered by the auxin/cytokinin balance, favorable

to cytokinin (Segura, 2008). Saucedo et al. (2008) suggest that adding auxin to the culture

12 -
y=-2.1571x+11.429
10 7 R?=0.9324

Number of contaminated
explants (buds)
o

0 1 2 3 4
Treatments (NaClO %)

Figure 1. Effect of four different NaClO concentrations (T1=2%, To=3%, T3=4%, and T4=5% with a
20-minute immersion) on the aseptic establishment of 4. fasciata apical buds.
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Table 1. Response of plant growth regulators (RCV) in apical buds during A. fasciata shoot induction.

Treatments Number of leaves | Number of shoots Lengt l(lc:)ShOOts
Control (No RCV) Unanswered Unanswered Unanswered
T, (BA+ANA; 5.0+2.0 mg L_l) 7.50 a 6.75b 1.75a
Ty (Zea+2,4-D; 5.0+2.0 mg L)) 6.25 a 2.25a 1.58 a

Values with a different letter in each column indicate statistical differences (Duncan, p<0.05). BA=6-
benzyladenine; ANA=naphtalene-1-acetic acid; Zea=zeatin; 2,4-D=2,4-dichlorophenoxyacetic acid.

medium could directly influence the number of shoots, because an adequate cytokinin/
auxin balance hinders the elongation of shoots, inhibits rooting, and stimulates the emission
of shoots.

During the multiplication stage, the assessed treatments resulted in the formation of
calluses instead of shoots. No significant differences were found in the variance analysis
regarding the “callus presence” variable; however, the Zea+2,4-D (5.0+2.0 mg L_l)
treatment showed a higher callus development (Figure 2). These results match the
findings of Obukosia et al. (2005), who found that a high 2,4-D concentration leads to
callus formation in the chrysanthemum. Similarly, Ping-Lung et al. (2010) report callus
formation when a combination of 2.0 mg 2,4-D 1.”" and 1.0 mg ANA L™ is used in 4.
Jasciata ovary explants. The formation of calluses instead of shoots could be explained by
an inadequate balance between endogenous and exogenous regulators or by the influence
of the A. fasciata genotype on the response to in vitro morphogenesis.

The largest amount of microshoots was obtained with 60 mM NO;, which
produced an average of 213.43 microshoots, while 18.86 mM NOj yielded an average
of 28 shoots. Although there was no statistical difference in the amount of microshoots
produced by treatments with 60 and 39.4 mM NO, (the latter producing an average
of 166.67 microshoots), better development and coloring (bright green) were observed
in the microshoots produced with a concentration of 39.4 mM NO; (Figure 3). These
results match the findings of Droste et al. (2005), who found higher survival rates among

Figure 2. Cellular response during A. fasciata multiplication with Zea+2,4-D (5.0+2.0 mg L_l).
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Figure 3. Cellular response of A. fasciata calluses to nitrate concentrations in the MS medium. A) 18.8 mM NOj ;
B) 39.4 mM NOj ; and C) 60 mM NO; .

Tillandsioideae seedlings, a subfamily of the Bromeliaceae, using the MS medium with 50
and 25% macronutrient concentrations. One morphological characteristic of this species
are its epidermal-trichome-covered leaves, which are important for the absorption of water,
amino acids, and moisture. For this reason, the roots no longer fulfill that function and
they are apparently used exclusively for anchorage purposes. Therefore, they have become
independent from their substrata and developed the ability to colonize nutrient-poor
habitats (Estrada-Méndez, 1995). Based on this information and on the results of this work,
these in vitro cultured species might require, instead of low or high nitrate concentrations,
intermediate quantities of the total content of the MS medium.

A non-parametric analysis was necessary to examine the behavior of the values provided
by the “number of shoots” variable in relation to the different treatments in the shoot
regeneration based on 4. fasciata calluses. The Kruskal-Wallis test was used to determine
that there is no significant difference with a value of x*=12.50 and p=0.13. However, the
0.1 mg KIN L~ " and 0.4 mg ATA L™ treatment produced more microshoots than the
other treatments. Similarly, Dal-Vesco et al. (2014) report a high shoot proliferation rate
regarding Vriesea reitzii callus regeneration in an MS medium supplemented with 0.7 mg
of AIA ™!, Meanwhile, Alves ez al. (2006) report a regeneration rate of 60 V. reitzii shoots,
obtained by cultivating the leaf’s basal region in a MS medium supplemented with KIN
and two cytokinins (BAP and 2-iP).

CONCLUSIONS

The aseptic establishment of A. fasciata apical buds succeeded when they were
immersed in 4% a. i. NaClO for 20 minutes. The highest shoot average was produced
by the BA+ANA (5.0+2.0 mg L_l) treatment. The application of Zea+2,4-D (5.0+2.0
mg L_l) to the MS medium during the multiplication stage produces calluses. The MS
medium with the 60 mM NOj treatment produces more A. fasciata microshoots, with no
statistical difference, with the 39.4 mM NO, treatment. However, better coloring and

development were observed with 39.4 mM NO;. Callus-based shoot regeneration was
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achieved in an MS medium with 0.1 mg KIN L~ and with 0.4 mg ATA L~ This proves

that mass production is feasible, if alternative sources for iz vitro culture are used.
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ABSTRACT

Objective: To evaluate the substitution of regular DL-methionine (RM) by protected DL-methionine (PM) in
the productive performance of finishing pigs.

Design/Methodology/Approach: 50 pigs (56.85%£2.02 kg of live weight) distributed in a completely
randomized experimental design were used. The treatments consisted of the substitution of MR by MP (0, 25,
50, 75, and 100%) in diets for finishing I and II pigs.

Results: As the MP in the diet increased, the gain of final live weight (LWF) and backfat thickness (BFT)
in finishing I increased linearly (p=<0.05), while feed:gain ratio (FGR) decreased linearly (p=0.07). PM at
finishing IT phase linearly (p=<0.10) improved feed intake, FGR, and longissimus muscle area.

Study Limitations/Implications: Feeding pigs by including protected amino acids improves their productive
response.

Findings/Conclusions: The use of protected methionine in diets for finishing I pigs improves some productive
response variables.

Keywords: Synthetic amino acids, absorption, bioavailability, pigs.

INTRODUCTION

Adding synthetic amino acids (AA) to pig diets prevents deficiencies and the excess
of crude protein, decreasing N excretion and environmental pollution (Gloaguen et al.,
2014). In pig production, the second or third limiting AA related to the production of feed
1s methionine (Met); including a synthetic version of this AA is essential when the main
ingredients do not meet the requirement (NRC, 2012).
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Synthetic AAs are more rapidly absorbed than protein AAs and this may result in a
transient imbalance between AAs in the systemic circulation of pigs, which may influence
AA bioavailability (Yang and Liao, 2019). Likewise, the metabolic inefficiency of AA can
be largely attributed to catabolizing enzymes that are mainly present in pancreatic juice
and some of the other digestive organs (Wu, 2009).

The use of protected AA which can resist stomach conditions and allow a slow release
in the intestine can help to overcome the above-mentioned bioavailability limitations (Piva
et al., 2007). Protected AAs are used in ruminants in order to overcome ruminal conditions
and be used in the small intestine. Commercially available protected AAs include lysine
and methionine, which have successfully improved productive parameters in ruminants
(Lee et al., 2012; Zanton et al., 2014). Feeding protected methionine (PM) to pigs instead
of regular methionine (RM) increased weight gain and feed intake (Figueroa-Velasco et al.,
2020). However, it was not determined whether using a single source or a combination of
both (regular and protected) achieved a better result. Meanwhile in finishing pigs, the use
of protected lysine (PL) instead of regular lysine (RL) did not affect growth and carcass
characteristics (Prandini e al., 2013).

Sun et al. (2020a; 2020b) observed that the use of PL and PM improves the balance
of absorbed AA and contributes to the reduction of AA supplemental levels in the diet of
broiler chickens and laying hens, improving the efficiency and bioavailability of AA, without
negative effects on productive performance. For their part, Prandini ez al. (2013) mention
that PL. —compared to RL and lysine bound to the proteins of the macro ingredients—
improved AA bioavailability in pigs, as a result of its slower release and absorption rate.
This could reduce the crude protein (CP) content and improve the efficiency of the use of
synthetic AA in the diet.

Owing to the favorable results obtained by the use of protected AA in ruminants
and non-ruminants, the substitution or combination of RM by PM in diets for pigs was
assumed to improve the productive response, as a consequence of the greater bioavailability
and the synchronization of absorption of the AA obtained from the intact protein of the
ingredients. Therefore, the objective of this study was to evaluate the effect of substituting
regular synthetic DL-Met (RM) by protected DL-Met (PM) on the productive variables,

carcass characteristics, and urea concentration of finishing pigs.

MATERIALS AND METHODS

The study was carried out at the Experimental Farm of Colegio de Postgraduados, in Texcoco,
State of Mexico, Mexico, at an altitude of 2,241 m. The climate is temperate sub-humid
with summer rains, with a mean annual temperature of 15.2 °C and an average annual
rainfall of 644.8 mm.

Pigs were managed according to the technical specifications for the production, care,
and use of lab animals, complying with the Official Mexican Standard NOM-062-
Z00-1999 (SAGARPA, 2001).

Fifty hybrid pigs (Landrace X Yorkshire X Duroc) were used in this study. The group
consisted of 35 barrows and 15 sows, with 56.85%x2.02 kg of initial live weight (LWI).
Treatments consisted of substituting regular synthetic Met (RM, 0% PM control diet) by
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25, 50, 75, and 100% protected methionine (PM). PM concentrations for finishing stage I
were: 0, 0.025, 0.050, 0.075, and 0.100% MS of the diet. For finishing stage II, they were:
0, 0.046, 0.093, 0.139, and 0.185% MS of the diet. The evaluation period in both stages
was 28 d. PM concentrations were established taking into consideration the requirements
suggested by the NRC (2012). The PM contained 85% encapsulated DL-methionine
(Mepr0n® Evonik, Germany).

The diets (Table 1) were formulated with the Excel Solver command (Microsoft Excel,
2007), based on sorghum-soybean meal, added with synthetic AA [L-lysine-HCI, DL-

Table 1. Basal diets used to evaluate the substitution of regular methionine by

protected methionine in finishing I and finishing II pigs.

Ingredient (%) Finishing I Finishing IT
Sorghum grain 82.51 82.96
Soybean meal 14.48 13.48
Soybean oil 0.66 0.77
L-lysine (50%) 0.64 0.71
DL-methionine 0.10 0.16
Protected methionine (PM) 0.00 0.00
L-threonine 0.07 0.10
L-tryptophan 0.00 0.14
Vitamins premiXJr 0.17 0.17
Minerals premix‘ﬂ 0.17 0.17
NaCl 0.30 0.30
CaCOg 0.86 1.00
Calculated content (%)
Metabolizable energy (Mcal kg™ ]) 3.30 3.300
Crude protein 15.20 15.00
Calcium 0.59 0.64
Phosphorus 0.34 0.33
Lysine 0.85 0.93
Threonine 0.52 0.57
Tryptophan 0.15 0.16
Methionine 0.31 0.37
Methionine +Clysteine 0.48 0.53
Determined content (%)
Crude protein 14.95 14.75
Calcium 0.56 0.58
Phosphorus 0.30 0.30

" Contribution per kg of feed: Vitamin A, 15,000 IU; vitamin D3, 2,500 1U;
vitamin E, 37.5 IU; vitamin K, 2.5 mg; thiamin, 2.25 mg; riboflavin, 6.25 mg;
niacin, 50 mg; pyridoxine, 2.5 mg; cyanocobalamin, 0.0375 mg; biotin, 0.13
mg; choline chloride, 563 mg; pantothenic acid, 20 mg; folic acid, 1.25 mg.
T Contribution per kg of feed: Fe, 150 mg; Zn, 150 mg; Mn, 150 mg; Cu, 10
mg; Se, 0.15 mg; I, 0.9 mg; Cr, 0.2 mg.
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methionine (Evonik Industries AG., Parsippany, NJ, USA), L-threonine (Jefo Nutrition
Inc., Saint-Hyacinthe, Quebec, Canada), L-tryptophan (CPB Aurum, Mexico)]; these AAs
covered the requirements suggested by the NRC (2012).

The feed of the finishing stage II included 5 mg kg_1 of ractopamine (Paylean™,
Elanco, Mexico) and the formulation requirements of the diets were adjusted based on the
recommendation of the NRC (2012) when this S-adrenergic is added.

The pigs were housed in individual pens equipped with a hopper feeder and nipple
drinker. Food and water were provided ad libitum. The pens were cleaned and the health
status of the pigs was inspected on a daily basis.

Backfat thickness (BF'T) and longissimus muscle area (LMA) were measured at the tenth
rib with real-time ultrasound (SonoVet 600, Medison, Inc., Cypress, CA, USA) at the
beginning and at the end of each phase. These data —along with the initial live weight
(LWI) and final live weight (LWF) were used to estimate the fat free lean gain (FFLG), as
well as the lean meat percentage (LMP), the initial lean meat percentage (LMPI), and the
final lean meat percentage (LMPF), using the equation number five proposed by Burson
and Berg (2001).

At the end of each stage, blood samples were taken from the anterior vena cava, using
10-mL Vacutainer”® tubes with heparin (BD Vacutainer, Franklin Lakes, NJ, 07417, USA).
The samples were placed on ice. Subsequently, they were centrifuged at 1286 g for 20 min
using a Sigma 2-16K centrifuge (Osterade am Harz, 37520, Germany) to separate the
plasma from cells. Plasma from each sample was transferred to a polypropylene tube and
stored in a freezer (EUR251P7W Tappan, Electrolux Home Products North American,
Augusta, GA, 30907, USA) at —20 °C, until the urea was determined.

Laboratory analysis. The plasma urea nitrogen concentration (PUN) of the blood
samples was determined with a spectrophotometer (Varian Cary UV vis Spectrophotometer,
Victoria, Australia) using the methodology proposed by Chaney and Marbach (1962). The
crude protein (PC) of the feed was determined by the macro-Kjeldahl method (AOAC,
2005). The calcium (Ca) and phosphorous (P) concentration of the feed was determined
with an atomic absorption spectrophotometer (Perkin Elmer 4000, Lambda 2 series,
Perkin Elmer Inc., Norwalk, C'T, USA), following Karl et al. (1979).

Response variables. The following variables were analyzed: growth performance
[average daily feed intake (ADFI), average daily gain (ADG), feed:gain ratio (FGR), LWE,
and FFLG)], carcass characteristics (BF'T, LMP, and LMA), and PUN.

Statistical analysis. The experimental design was a completely randomized with five
treatments and 10 replicates. Each pig housed in an individual pen was considered an
experimental unit. The normality and homogeneity of the data were evaluated with the
Shapiro-Wilk and Levene’s tests, respectively. An analysis of variance was performed with
the data using the GLM procedure of SAS (2010) and the effect of PM concentration was
determined with orthogonal polynomials to detect linear or quadratic trends (p=<0.10).
Initial live weight and sex were used as covariates (p<0.10) for LWF, ADG, ADFI, FGR,
FFLG, and LMP. Meanwhile, the initial LMA and BFT were used as covariates (p=<0.10)

of their respective final measurements.
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RESULTS AND DISCUSSION

In finishing stage I, ADG (p=0.009), LWF (p=0.01), and BFT (p=0.01) had a linear
increase and FGR had a linear decrease (p=0.07) as the level of PM inclusion in the diet
increased (Table 2). The percentage of lean meat in the carcass showed a quadratic trend
(p=0.06), as a result of the substitution of RM by PM, increasing when 25 or 50% of RM
was replaced by PM. The use of RM or PM did not affect (p>0.10) the other carcass
characteristics.

Table 3 shows the results of finishing stage II. Adding PM did not seem to have an effect
(p>0.10) on ADG, LWF, FFLG, BFT, and LMP. However, ADFI (p=0.08) and LMA
(p=0.09) increased and FGR had a linear decrease (p=0.10) in response to the substitution
for RM in the diet by an increasing amount of PM. The PUN behaved in a quadratic
manner (p=0.06): the highest concentrations were recorded with the control treatment
and the treatments with the highest amount of PM; meanwhile, replacing 25 and 50% of
the RM with PM resulted in the lowest concentration.

In the present experiment, proportional improvements in growth performance were
observed during finishing stage I in response to the substitution of RM by PM. However,
only improvements in FGR and LMA were observed during finishing stage II. These
differences between both stages match the findings of Figueroa-Velasco et al. (2020) who
observed that the positive effect of using PM in fattening pig feed is differential at every
stage. Pigs fed with PM at starting and finishing phases increased their feed intake and
weight gain, while PM improved protein synthesis (lean meat percentage and longissimus
muscle area) in finishing pigs (Figueroa-Velasco et al., 2020).

During finishing II stage, the higher ADFI was reflected in lower FGR in pigs fed
with a higher PM concentration, although there was no statistical improvement in ADG.
However, the treatments with the highest PM content had the highest LMA values. The

Table 2. Response of finishing I pigs (50 to 75 kg of weight) fed with five levels of protected methionine.

Treatment (Protected methionine, %) p Value

0 25 | 50 75 | 100 SEM Lineal | Quadratic
Growth performance
ADG (kg) 0.68 0.70 0.75 0.76 0.83 0.03 0.009 0.57
ADFI (kgd ™" 2.61 2.63 2.65 2.56 2.77 0.15 0.60 0.61
FGR 3.74 3.79 3.53 3.35 3.31 0.21 0.07 0.94
LWI (kg) 53.56 58.53 56.32 56.58 58.19 0.97 - -
LWF (kg) 72.53 78.05 77.43 77.80 81.47 2.49 0.01 0.57
FFLG (kg d™") 0.23 0.23 0.25 0.23 0.27 0.01 0.23 0.66
Carcass characteristics and plasma urea nitrogen
BFT (mm) 9.40 10.59 10.46 11.51 10.21 0.40 0.07 0.02
LMA (cm?) 26.81 28.71 28.55 28.09 27.57 1.10 0.79 0.20
LMP 52.69 53.56 53.57 53.05 52.29 0.55 0.48 0.06
PUN (mg dL ™} 13.44 14.17 13.11 11.71 13.49 1.12 0.51 0.67

SEM: standard error of the mean; ADG: average daily gain; ADFI: average daily feed intake; FGR: feed:gain ratio; LWI: initial live weight;
LWT" final live weight; FFLG: fat free lean gain; BF'T: backfat thickness; LMA: longissimus muscle area; LMP: lean meat percentage.
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Table 3. Response of finishing I pigs (75 to 100 kg of weight) fed with five levels of protected methionine.

Treatment (Protected methionine, %) p value
0 2 | s0 | 75 | 100 SEM Lineal | Quadratic

Growth performance

ADG (kg) 0.77 0.73 0.78 0.78 0.79 0.03 0.47 0.80
ADFI (kgd ™) 2.82 2.80 2.88 2.84 3.10 0.12 0.08 0.12
FGR 3.67 3.69 3.67 3.65 3.98 0.10 0.10 0.13
LWF (kg) 96.88 97.50 99.36 97.83 99.56 3.18 0.50 0.78
FFLG (kgd™") 0.24 0.25 0.27 0.25 0.28 0.01 0.16 0.81
Carcass characteristics and plasma urea nitrogen

BFT (mm) 14.48 13.57 14.05 14.03 14.47 0.61 0.82 0.34
LMA (cm?) 32.36 33.16 33.76 32.39 34.67 0.74 0.09 0.72
LMP 50.88 51.68 52.34 50.95 51.42 0.46 0.81 0.12
PUN (mg dL™}) 25.27 19.89 19.52 23.71 22.28 1.80 0.71 0.06

EEM: standard error of the mean; ADG: average daily gain; ADFI: average daily feed intake; FGR: feed:gain ratio; LWI': live weight final;
FFLG: fat free lean gain; BI'T: backfat thickness; LMA: longissimus muscle area; LMP: lean meat percentage.

higher ADFT could have been caused by a higher bioavailability of methionine and the
resulting imbalance with other AAs led the pig to consume more feed to compensate their
diminished bioavailability. The imbalance of AAs is confirmed by the highest PUN in the
treatments that contained the highest amount of PM. The PUN is a biological indicator
of the efficient use of the AA of the diet, because this blood metabolite is very sensitive to
changes in the contribution of CP and AA in the feed (Lents et al., 2013). This imbalance
caused a greater intake of food —in order to be able to ingest a greater quantity of other
AAs—, since the growth potential allowed pigs to continue synthesizing muscle protein,
resulting in a greater LMA accumulation.

The use of PM can increase its availability and absorption in the animal’s organism
(Piva et al., 2007). This can be potentially reflected in a better productive response, since a
greater availability of methionine in standard diets for pigs improves ADG, LW, FGR, BFT,
and LMP (Chen et al., 2014; Shen et al., 2014). Piva et al. (2007) showed that protected AA
can be fully and slowly released in the intestine, which could allow a greater constancy in
plasma concentration between time lapses in feed intake (Prandini ez al., 2013).

The better metabolic efficiency of microencapsulated (protected) AAs compared to
synthetic AAs traditionally used in pig feed may be due to their slower rate of release
and absorption in the gastrointestinal tract (Prandini et al., 2013). This allows for greater
bioavailability by reducing the transient imbalance between AAs in the systemic circulation
(Wu, 2009). Furthermore, synthetic AAs are rapidly absorbed through the gastrointestinal
tract and are available for metabolic purposes (Wu, 2009).

Meanwhile, protein-bound AAs are released into the gastrointestinal lumen after the
digestive processes take place, at a rate that varies among feed ingredients (Wu, 2009;
NRC, 2012). The differential absorption rate of protein-bound and synthetic AAs may
decrease the use of AAs for protein synthesis throughout the body. This imbalance could
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lead to the oxidation of rapidly absorbed crystalline AAs, as well as of AAs absorbed at a
later stage from intact proteins (Yen et al., 2004).

CONCLUSION

The substitution of regular synthetic methionine by protected methionine in the diet of
finishing I pigs (50-75 kg of weight) improves weight gain and feed:gain ratio. However, the
dietary use of protected methionine in pigs from 75 to 100 kg does not have a clear effect

on the productive variables and carcass characteristics.
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ABSTRACT
Objective: To isolate bacteria from pulgue with probiotic potential for animal feed.
Design/Methodology/Approximation: Samples were taken from pulque in the municipalities Tlatlauquitepec,
Puebla; Otumba and Tequexquinahuac, Estado de Mexico. For the samples, pH, moisture, ash, and protein
were determined. The bacteria colonies were isolated and identified morphologically. Gram dyeing and the
catalase test were conducted in pre-selected strains from colonies. In the end, strains with probiotic potential,
resistance to pH, biliary salts and antimicrobial activity were identified.

Results: For pH, moisture, ash, and protein in pulque samples from Tlatlauquitepec, the results were 3.3,
96.17%, 5.98% and 0.352 g 100 mL_l; from Otumba, 3.25, 97.67% and 0.1763 g 100 mL_l; and from
Tequexquinahuac, 2.25, 97.55%, 4.65% and 0.1765 g 100 mL. ™", Six different strains were isolated (C2, C3
and C4 in Tequexquinahuac; C5 and C6 in Otumba; and C1 in Tlatlauquitepec). It was found that strain C1
could grow in a pH of 3.0 with survival of 84 % and 73% in biliary salts.

Study Limitations/Implications: Bacteria from pulgue present probiotic characteristics that can be used for
animal feed.

Findings/Conclusions: Strain C1 grew in pH of 3.0 and showed

high percentage of survival, which is why it can be used as
probiotic in animal feed.

Keywords: Viscous alcoholic beverage, fermentation
of agave nectar, intestinal microbiota, pathogenic
microorganisms.
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INTRODUCTION

Pulque is a viscous, non-distilled, alcoholic beverage that is produced and consumed
in Mexico, product of the fermentation of Agave nectar (Escalante et al., 2008). The
fermentation is produced in non-aseptic conditions, which favors the presence of
microorganisms (Kluyveromyces, Zymomona, Leuconostoc and Lactobacillus) which are found
in fermented products with probiotic potential (FAO-WHO, 2006; Valadez-Blanco et
al., 2012). Probiotics are an alternative to reduce the use of antibiotics because they are
innocuous additives constituted by live microorganisms that improve immune-modulating
properties (Angmo et al., 2016). For this, they must be able to survive the passage through
the digestive tract, and to resist the action of gastric juices and of biliary salts at the start of
the duodenum (Herndndez-Garcia et al., 2019). In the search for strains that can be used
as probiotics, fermented foods such as pulque are an option, where species that belong to
the genera Leuconostoc and Lactobacillus perform viscous and lactic acid fermentation, while
the species Zymomonas mobilis and Saccharomyces cerevisiae perform alcoholic fermentation
(Escalante et al., 2008). Taking into consideration that pulgue contains a consortium of
microorganisms, it can be considered an important source of probiotics; therefore, the
objective of this study was to isolate bacteria with probiotic potential from pulgue, which

can be used for animal feed.

MATERIALS AND METHODS
Origin of pulque and sampling

In this study samples were taken in three municipalities that produce pulgue in central
Mexico: 1) Ocotlan, Tlatlauquitepec, Puebla (19° 51° 05” LN and 97° 29’ 46” LW), 2)
Tequexquinahuac (19° 30 00” LN and 98° 53’ 00” LW) and 3) and Otumba (19° 42’ 55
LN and 98° 49 *00” LW) in Estado de Mexico (INEGI, 2009). In each site, 500 mL of
pulque were sampled. The samples were deposited in sterile containers and conserved in
ice during their transport to the Animal Nutrition laboratory, Colegio de Posgraduados,
Campus Montecillo, where the proximal chemical analysis was performed.

Proximal chemical analysis: pH, moisture, ash and protein

The pH was determined with a potentiometer (Hanna HI 98107) in 100 mL of pulque.
Moisture and ash were determined by the freeze-drying method, techniques described in
AOAC (1995). The determination of total nitrogen was carried out by the micro Kjeldahl
method, using 0.5 mL of pulgue and 2 mL of concentrated HoSOy; it was catalyzed and
digested until it had an emerald green coloration. It was cooled and transferred to a distiller
tube where 30 mL of NaOH at 40% were added. Later, an Erlenmeyer flask with 6 mL of
H3BOg at 4% with indicator was placed and the distiller was turned on. Finally, titration of
the distillate was conducted with HCI1 0.05 N.

Isolation and morphologic identification of colonies
Inside a gas extracting hood (LABCONCO class II type A2), serialized dilutions were
carried out (101 to 106) using 9 mL of saline solution and 1 mL of the pulque sample,

and aliquots of 0.5 mL from each dilution were sown by surface extension in Petri dishes
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with Man-Rogosa-Sharpe-Agar (MRS) medium, methodology described by Cervantes-
Contreras and Pedroza-Rodriguez (2007).

Pre-selection of strains: Gram dyeing and catalase test

Catalase-negative colonies and Gram-positive bacillus were selected. Gram dyeing was
made taking a sample from the isolated colony and deposited in a slide together with a
drop of distilled water; it was left to dry, and the smear was fixed by heat (Harrigan, 1976).
Selection of strains with probiotic potential: resistance to pH, biliary salts, and antimicrobial
activity

After the biochemical tests, strains were selected with characteristics that define
probiotics such as survival to the digestion process, which is why the strains selected were
subjected to tests such as resistance to acid pH, biliary salts and their action described by
Gomez-Zavaglia et al. (1998) and Da Silva-Ferrari et al. (2016).

RESULTS AND DISCUSSION
Physicochemical characteristics

In this study the pH ranged from 2.55 to 3.30 (Table 1), values that are below the limits
of quality included in the Mexican norm NMX-V-037-1972 (Secretaria de Economia,
1972), which range from 3.5 to 4.0. With higher fermentation there is an increase in the
production of lactic acid from lactic acid bacteria as in the production of ethanol through
microorganisms of genera Zymomonas and Saccharomyces (alcoholic fermentation), reducing
the sugar content and acidifying the medium (Escalante et al., 2008). This is an ideal
characteristic for pulque, since it is given by different microorganisms that give rise to the
three fermentative processes: lactic, alcoholic, and viscous (Lappe-Oliveras et al., 2008).

For its part, moisture was similar between the three samples evaluated, with ranges of
96.17 t0 97.67% (Table 1); this was parallel to what was reported by Anderson et al. (2009),
who found 98% of moisture in pulque samples. Regarding ash, 5.98% and 4.65% were
found in this study in Tlatlauquitepec and Tequexquinahuac, respectively, which were
results higher than those found by other studies that report lower contents (from 0.3 to
0.5%). These results are because of the way that the Agave nectar extraction is performed,
since a large amount of solids with the minerals that could be in the form of ash in pulque
are separated when this is done (Escalante et al., 2016).

Finally, 0.352, 0.1763 and 0.1765 g of protein 100 mL™" were obtained in
Tlatlauquitepec, Otumba and Tequexquinahuac (Table 1). Results of 0.14 to 0.31 g protein
100 mL ™! were found by Leén-de la O et al. (2012), while Anderson et al. (2009) reported
0.6 g protein 100 mL ™", The concentrations of protein and pH in pulgue are quite variable,

Table 1. Proximal chemical analysis of pulgue samples from the three municipalities sampled.

Samples Hp Humidity (%) Ash (%) Protein (g 100 mL_l)
Tlatlauquitepec 3.30 96.17 5.98 0.352
Otumba 3.25 97.55 4.10 0.1765
Tequexquinahuac 2.55 97.67 4.65 0.1763
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since they are determined by the time of fermentation (Escalante et al., 2008). Values of
0.37 g protein 100 mL ™" have been reported at the beginning of the nectar’s fermentation;
48 h later, the concentration decreases to 0.10 g protein 100 mL™! (Cervantes-Contreras
and Pedroza-Rodriguez, 2007). Therefore, the characterization of pulgue is complex since
it involves factors that intervene in its production: microorganisms, type of maguey and of
soil, climate, time of harvest, and innocuousness practices that were conducted during the
process (Angmo et al., 2016).

Isolation and morphological identification of colonies

Six strains were isolated in the study (C); G2, C3 and C4 correspond to Tequexquinahuac,
C5 and C6 to Otumba; and C1 to Tlatlauquitepec (Table 2). The strains C2, C3, C4 and
(G5 have morphological characteristics associated to yeasts. The characteristics found in this
study agree with what was reported by Escalante ez al. (2016): white, creamy colonies, large
and with regular edges. The strains CG1 and C6 presented morphological characteristics of
Lactobacillus spp. (Figure 1a), which were reported in studies carried out by Leén-de la O et
al. (2012).

Figure 1. Strain C1 isolated from the sample from Tlatlauquitepec, Puebla (a), and its Gram dyeing (b).

Table 2. Morphological characteristics of the colonies isolated from pulque collected in three municipalities.

Tlatlauquitepec Tequexquinahuac Otumba
Characteristic
Cl1 C2 C3 C4 C5 Cé6

Size Small Medium Large Medium Large Small
Colour White White Cream White White Cream
Form Round Concave Round Round Round Round
Elevation Convex Convex Flat Convex Convex Flat
Area Lisa Lisa Lisa With reliefs Lisa Lisa
Borders Continuos Continuos Continuos Irregulares Continuos Continuos
Reflected light Bright Bright Opaque Bright Bright Opaque
Appearance Creamy Creamy Creamy Secas Creamy Creamy
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When performing Gram dyeing and the catalase test in the six isolated strains,
only C1 fulfilled the characteristics that distinguish lactic acid bacteria of the genus
Lactobacillus, which are: positive Gram dyeing, bacillus shape and negative catalase
(Table 3; Figure 1b). Therefore, it was the only one selected for the probiotic
potential tests.

For a microorganism to be considered probiotic, it must be viable at the moment
of consumption. Although there is still not an adequate dose, the food industry and
the Food and Drug Administration (FDA) recommend an amount of 10-6 CFU mL ™!
(Tripathi and Giri, 2014). The CFU of each dilution corresponds to each strain obtained
presented in Table 4; as can be seen, C1 from Tlatlauquitepec was the one that presented
a higher concentration (2X 107% CFU mL_l) which is within the recommendations to
be supplied as probiotic. In its part, C4 was the one that obtained the lowest recount.
The CFU mL ™! values obtained in the samples analyzed are low compared to what was
reported by Escalante et al. (2008) who describe that lactic acid bacteria predominate
during the first hours of fermentation of the Agave nectar with pulque (BAL; 1.5X 1078
CFU mL™"), followed by aerobic mesophilic bacteria (1.2X 10~/ CFU mL™") and yeasts
(8.8x107° CFU mL ™), stating as so until the end of the fermentation.

Probiotic potential tests

The C1 strain isolated from Tlatlauquitepec grew with pH of 3.0 and showed a survival
of 84% (Table 5). Similar data were found by Gonzalez-Vazquez ¢t al. (2015) when they
subjected the sample isolated from pulque to a pH of 1.5 for 4 h and found survival of

Table 3. Gram dyeing and catalase test of the isolated strains.

Samples Strains Gram stain Form Catalase Test

Tlatlauquitepec 1 Positive Bacilli Negative

2 Positive Leaven Positive
Tequexquinahuac 3 Positive Leaven Positive

4 Positive Leaven Positive

5 Negative Bacilli Positive
Otumba — — —

6 Positive Bacilli Positive

Table 4. Counting of colony forming units (CFU mL"™ 1) per municipality sampled.

. Dilutions
Samples Strains o 7 103 10° 10° 10°
Tlatlauquitepec Ml UuCcT ucT 232 60 12 2
M2 ucT UCT ucT 646 130 -
Tequexquinahuac M3 UCcT UCT UCT 16 - -
M4 134 - - - - -
Otumba M5 ucT 98 20 4 - -
M6 ucCT 232 - - - -

UNC=Uncountable. The dash means bacteria growth.
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Table 5. Percentage of survival of the C1 strain isolated from Tlatlauquitepec.

Dilutions (U(li"c“:rle_l) A(‘;ij‘ll?ig‘:llg{_li):; Survival (%) (Uggnszl_ 3 B(iIIJeF?“I:I?;?;A’ Survival (%)
10! ucCT uCT uCT ucCT uCT uCT
102 UCT UCT uCT uCT UCT UCT
10° uCT UCT uCT uCT UCT uCT
10* ucT uCT uCT ucT uCT uCT
10° uCT uCT uCT UCT UCT UCT
10° 390 380 97.43 310 156 50.32
10 80 76 95 92 89 96.73
108 13 8 61.53 - - -

Mean 84.65 201 122.5 73.53

UNC: Uncountable, CFU: colony forming units (CFU). The dash means without bacteria development.

60% of the L. casei strain. For their part, Cervantes-Elizarrards e al. (2019) determined
the probiotic properties of 10 BAL strains of the genus Lactobacillus isolated from pulque,
subjecting the strains to a pH of 2 during 2 h, obtaining a survival of 63.2 to 96.3%.
Escalante et al. (2016) mention that when the tolerance of BAL to a medium with pH of
3.0 1s evaluated in vitro, it should be done for 3 h, average time that digestion takes. The
results obtained indicate that C1 can be a candidate to be used as probiotic (Gonzalez-
Vézquez et al., 2015). The resistance of the strains to conditions of acid pH has been
attributed to the different regulation mechanisms of intracellular pH and alkalization of
the external environment through decarboxylation and deamination reactions (Tripathi

and Giri, 2014).

Biliary salts

The in vitro evaluation of the strain selected was conducted at a concentration of
0.5% of biliary salts, incubating it at 37 °C during 24 h. C1 showed a survival of 73%
(Table 5). These results are similar to those found by Castro-Rodriguez et al. (2015)
where four strains of L. mesenteroides isolated from pulque had a survival of 88 to 99%
subjected to 0.5% of biliary salts. For their part, Cervantes-Elizarrards et al. (2015)
obtained different results from those in this study, where three out of the ten strains of
BAL isolated from pulgue showed a resistance to biliary salts (0.5%) of 52.5 to 55.7%, and
the remaining strains obtained a resistance of 58.8 to 66%. The capacity for resistance
to biliary salts is attributed primarily to the presence of the hydrolase enzyme of
biliary salts, which is secreted by some lactic acid bacteria of the genus Lactobacillus
(Begley et al., 2006). The results obtained both in the pH test and in that of biliary salts
indicate that the C1 strain is a candidate to be probiotic. A probiotic strain is capable
of surviving as it passes through the stomach (pH=3.0) and small intestine (biliary salts
0.5%) (Herndndez-Mancipe et al., 2019), places where these two natural and important

barriers are found in mammals.
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Antimicrobial activity against pathogenic bacteria

The C1 strain did not show antimicrobial activity against the pathogenic bacteria F.
coli ATCC 25922 and Salmonella typhimutium ATCC 14028 (Figure 2). In a study carried
out by Cervantes-Elizarrards ¢t al. (2019), the authors found that 4 out of 10 strains of
BAL isolated from pulque did not present antimicrobial activity against Escherichia coli and
Staphylococcus aureus. There are reports that lactic acid bacteria and Leuconostoc mesenteroides
P45 isolated from pulque have activity against enteropathogenic bacteria £. coli (EPEC), L.
monocytogenes, S. enterica serovar Typhi and Typhimuriu (Giles-Gdémez et al., 2016). The lack
of antimicrobial activity presented by the C1 strain can be attributed to the absence of
conditions for anaerobiosis.

Figure 2. Results from the antimicrobial activity of strain C1.

CONCLUSIONS

It was found that the strain from Tlatlauquitepec, Puebla (C1), grew in pH of 3.0 and
showed a high percentage of survival; therefore, it can be used as probiotic in animal feed.
However, it did not show antimicrobial activity against pathogenic bacteria £. coli ATCC
25922 and Salmonella typhimutium ATCC 14028.
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ABSTRACT

Objective: The Mexican hairless pig (Sus scrofa) is a species with high degree of rusticity and environmental
adaptation, capable of being included in genetic improvement programs and participant in food sovereignty.
As a monogastric animal, its diet is diverse, which could include grains and fodders. However, there are few
records about current alternatives used in its diet that are capable of improving the yields and quality of the
meat. In the Yucatan Peninsula there are native corns with fodder potential, capable of being used in animal
feed. The objective of this review was to show the potential of native corns, and their capacity to be used in the
diet of the Mexican hairless pig.

Design/Methodology/Approximation: A systematic review of the literature from the period 2000 to 2020
was carried out, where the potential of Creole corns to be used in animal feed was documented, both because
of their yields in grain and their plant biomass production.

Results: Based on the information analyzed, the use of San Pablefio, Dzit bacal, and Nal Tel breeds is
recommended, for their inclusion in the diet of the Mexican hairless pig due to their nutritional, mineral and
antioxidant value.

Study Limitations/Implications: There are studies pending to allow understanding the form and quantity
to supply them in the diet.

Findings/Conclusions: Creole corns that are present in the Yucatan Peninsula present high rusticity and
agroclimatic adaptation, with productive potential to compete with the commercial varieties and hybrids, in
the production of corn grain and fodder, reason why they can be used in the diet of the Mexican hairless pig,
since it is an animal species of great adaptation.

Keywords: nutrition of Sus scrofa, corn breeds and varieties, corn ensilage, Ibero-American pigs, nutritional
content of Creole corn.

INTRODUCTION
Mexico is considered to be the center of origin of corn, due to the existence of a broad
diversity of native breeds and varieties (Massieu-ITrigo and Lechuga-Montenegro, 2002).

These have propagated to other countries of Latin America, such as Guatemala, Colombia,
Peru and Brazil (Aleman-Pérez et al., 2020).

Image by JamonSeleccion at Pixabay:~



Agro productividad 2022. https://doi.org/10.32854/agrop.v1515.2162 110

In Mexico, Creole corns occupy the first place in agriculture (Hortelano-Santa Rosa
et al., 2012), since they represent close to 75% of national corn production (Tadeo-Robledo
et al., 2015) and there is the presence of more than 61 endemic breeds (Arias et al., 2007).
This is despite the existence of commercial hybrids produced by government institutions
and by large international companies (Monsanto, Pioneer, Syngenta), which lead the global
seed market (Tadeo-Robledo et al., 2015). The productive potential of corn breeds is due
to its capacity for environmental adaptation, which has allowed the development of the
diversity of species present in Mexico, which have guaranteed the supply of foods among
the vulnerable population (Hortelano-Santa Rosa ez al., 2012), and can be used in animal
nutrition, through the inclusion of these in the diet of monograstic animals.

The Mexican hairless pig is a species with great potential to be included in food security
projects. This is due to its characteristics of environmental adaptability, in addition to high
rusticity and productive capacity, added to the quality of its meat. Likewise, since it is a
monogastric species, it presents great tolerance to diets rich in fiber, such as fodders, which
can represent an option in animal nutrition (Ramos-Canché et al. 2020).

In the Yucatan Peninsula, there are genetic materials of high yield in production of
grain and fodder, which have not been used in their totality in areas such as the agriculture
and livestock sector (Villalobos-Gonzalez et al., 2019) as in the case of animal nutrition.
The objective of this article is to present an updated review on the fodder potential of
native corns and their inclusion in the diet of the Mexican hairless pig (Sus scrofa), to
provide knowledge that can help to improve the sustainable production and the genetic
conservation of both species.

MATERIALS AND METHODS

A systematic review of national and international articles and publications was
conducted, about the corn breeds and varieties present in the Yucatan Peninsula and
their potential in fodder production, as well as their capacity to be used in the diet of the
Mexican hairless pig.

Sources used. The search for information was performed through the indexed
databases: Google Scholar, Scielo, Dialnet and Redalyc. Only articles from indexed
journals were considered as sources of information, considering mainly primary sources.

Strategies for the search. The consultation of information was conducted with
the words “razas de maiz” + “forraje” + “Peninsula de Yucatdn”, “razas de maiz” +
“caracterizacion” + “Peninsula de Yucatdn”, “maices nativos” + “potencial forrajero”,

9 <<

“ensilaje de maiz” + “ganancia de peso” + “en cerdos”, “caracteristicas” + “cerdo pelén

3 <

mexicano” + “Investigacién” (“corn breeds” + “fodder” + “Yucatan Peninsula”, “ corn

9% ¢

breeds” + “characterization” + “Yucatan Peninsula”, “native corns” + “fodder potential”,
“corn ensilage” + “weight gain” + “in pigs”, “characteristics” + “Mexican hairless pig”
+ “research”). A range of 20 years (2000-2020) was considered in the publications, and
titles in Spanish and English were taken into consideration, published within this range of
years in the search engines.

Criteria of inclusion and exclusion. Only scientific articles were considered, while

reviews, theses and gray literature were excluded.
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Extraction of the data and data analysis. The literature review resulted in a total of
219 publications related to corn breeds, corn varieties and use of fodder in pigs in Mexico,
in the Yucatan Peninsula and outside the country. The abstracts and complete documents
were taken into consideration to select the information, and a total of 58 scientific articles
were obtained, which were considered in this review. Results of the documental review

were organized into sub-themes to ease their analysis and discussion.

Corn breeds and varieties present in the Yucatan Peninsula

In the Yucatan Peninsula, among the principal corn breeds that have been recorded
and which are still conserved until today, the following stand out: Nadl Xdy, Xnuc Nadl
Blanco, Gallito Amarillo, Dzit Bacal, Mejeén Nadl, Rosa San Juan, Chack-Chép, Teél
Chdck, Sack Teél, San Pableno, Eji-Criollo Morado, Xmején Naal Tsitbacal and Clavo
Chia-paneco (Villalobos-Gonzdlez et al., 2019). Likewise, the following breeds and
varieties are recognized: San Pablenio amarillo, blanco, rojo, Nal Xoy amarillo, Nal Xoy
blanco, palomero amarillo, tabloncillo, Nal Tel (Sak Nal Tel, Kan Nal Tel, Chac Nal Tel),
X’mejen Naal (Sak X’mejen naal, K’an X’mejen naal, Chac X’mejen naal), pix cristo, Sak
tux (Gonzdlez-Valdivia et al., 2016). The breeds Nal t'eel, Xmejen nal, T’siit bakal and
Xnuuk nal are the most representative and with highest presence in the states that make up
the Yucatan Peninsula (Cdzares-Sdnchez et al., 2015). In this sense, Villalobos-Gonzélez
et al. (2019) evaluated local varieties present in the Yucatan Peninsula, highlighting the
breeds Nadl Xdy and Dzit Bacal as the ones with the highest grain yield, of 4,751 and
4,417 kg. Likewise, studies performed by Ku-Pech ez al. (2020) mention the persistence in
the use of the breeds Nal Xoy, Xnuk Nal which is due to their characteristics of resistance
and rusticity, and the use of the breed Nal Tel because of its precociousness, together with

Dzit Bacal, because of its high yields.

Fodder potential of native corns

Sanchez-Herndndez et al. (2011), when comparing the fodder potential of corn
genotypes with different sowing densities (50,000; 62,500 and 83,333 plants ha™ l), showed
the superiority of Creole corns with a yield of 57 t ha~! of green matter at a density of
83,333 plants, in comparison with the hybrid H-520 which contributed 36.4 t ha™! of
fodder and the control variety VS-536 with a yield of 36 t ha~!, both managed at 62,500
plants ha™~!. These results highlight the importance of understanding the fodder potential
of the Creole materials that are useful in the agriculture and livestock sector.

Similar results were found by Godina-Rodriguez et al. (2020) who, when evaluating
the fodder potential of native corns of the central zone of Mexico, found a great potential
for the production of total dry matter of genotypes such as Ratén Tuxpefo Nortefio, with
means of 8.8 ton ha™'; these values are higher than those found with commercial hybrids
such as A6-069-B with means of 3.1 ton ha ™", showing the importance of the improvement
and rescue of corn genetic materials for fodder production.

For their part, Villalobos-Gonzdlez et al. (2019) evaluated 13 native corn accessions
from the Yucatan Peninsula, pointing to the breeds Eji-criollo Morado, San Pablefio
and Xmején Nadl Tsitbacal, with the best means of plant height (370, 340 and 337 cm,
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respectively), and regarding grain yields, Nadl Xdy, Dzit bacal and San Pablefio (4751,
4417 and 4017 kg ha™ !, respectively). This allows concluding that there was high genetic
variability, which could serve in terms of the rescue and improvement of native breeds with
productive purposes.

A distinctive characteristic of native breeds is their adaptation and great rusticity to
agroecological conditions, which ensures production compared to commercial hybrids,
which totally depend on the agronomic management that is characteristic of technological
packages. In this regard, Conceigao-dos Santos et al. (2019) mention the breeds Dzit bacal,
with an efficient use of water and climatic adaptation, as well as the breed Xmején nal,
due to its precociousness, with potential to be used in the Yucatan Peninsula in fodder and

grain production, respectively.

Nutritional content of native corns from the Yucatan Peninsula

Studies performed in native corns to know the variation in the composition of the grain
have shown to have a high nutritional content in the native precocious breeds, such as Nal
t'eel and Xmejen nal, which have presented high concentrations of protein (10.80-11.9%
and 10.2-11.9%) and triptophan (0.00080-0.12% and 0.094-0.129%). Meanwhile, the breeds
of type T’sfit bakal and Xnuuk nal present higher lysine concentration (2.97 g) and lower
protein concentration (10.54 and 10.62%). The average of fiber ranged between 1.13 and
1.57%, with Nal t’eel occupying the first place. This variation in the chemical composition
of native corn populations is a determining factor for the genetic improvement, and for
their inclusion in animal nutrition (Cdzares-Sanchez ¢t al., 2015).

For their part, Chi-Sdnchez et al. (2021) studied the mineral concentration of various
native corn varieties present in the Yucatan Peninsula, where the genotypes Xnuuk-nal
anaranjado stood out, with ranges of P of 52.66 mg kg_l, and concentrations of K of
3693.36 mg kg™, S of 71.99 mg kg™, Mg of 831.91 mg kg~ ' and Na of 1831.94 mg
kg™ ! followed by Xnuuk-nal anaranjado with high concentration of Ca (127.68 mg kg™ 1).
Likewise, X’mejen nal anaranjado was outstanding, with a high concentration of Zn (36.8
mg kg_l) and Cu (1169.4 mg kg_l). Therefore, these native corns can be used in the
genetic improvement and in nutritional management programs, both for humans and for
animals.

Grain coloring is an important factor in mineral and nutritional content, aspect
which is very present in the native corn varieties. The orange grains with high content of
carotenoids, flavonoids and anthocyanins stand out, which presently confer antioxidant
properties, to be considered in the food industry (Zhirkova et al. 2016).

Potential use of corn fodder in the diet of the Mexican hairless pig

In the Yucatan Peninsula, the Mexican hairless pig is bred in three types of production
systems (backyard, extensive and intensive), with drove sizes between 9, 56 and 96 animals.
The diet in these systems is based primarily on the use of wheat bran, corn and balanced
meals, as well as fodder of tree species such as breadnut (Brosimum alicastrum). Corn is used
in the intensive systems, in proportions of 42% as feed, and 60% as supplement, and the use
of fodders occupies percentages of 10 to 70% in pigs’ diets (Hernandez ez al., 2020).
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An alternative in their diet can be the inclusion of corn ensilage, with which the fodder
potential of the native corn species could be exploited, and the production costs in intensive
systems can be reduced (Villalobos-Gonzadlez et al., 2019). The fodder potential of the corn
breeds and varieties present in the Yucatan Peninsula provides the possibility of being used
in the production of corn ensilage, alternative feed in times of low water levels (Villalobos-
Gonzidlez et al., 2019). A distinctive characteristics of the native varieties is that races of
short, intermediate and long cycle can be found, so that they can be farmed in different
regions and under different climate conditions (Gonzdlez-Valdivia et al., 2016).

It is important to consider that the use of fodders and ensilages in pigs’ diets should not
exceed 20% of the portion (Gonzdlez et al., 2020). Likewise, studies conducted by Weber ez
al. (2008) to understand the effect of the inclusion of different sources of fiber (dry distillery
grains with soluble elements, soy husk or citrus pulp), showed that in proportions of 7.5%
they are capable of increasing the content of pro-inflammatory and anti-inflammatory
cytokinins of the intestinal tissue.

Studies performed with ensilage of a mixture of yucca roots (Manihot esculenta Crantz)
and corn residues in Yorkshire X Landrace X CC21 pigs showed acceptability to diets
with alternative supplements, although significant differences from the inclusion of ensilage
were not manifested, and no animal deaths or digestive type disorders were found (Gabrera
and Lezcano, 2012).

The inclusion of corn ensilage in pigs’ diets have been successfully used by Kanengoni
et al. (2015) in native breeds of growing South African Windsnyer pigs and in Large
White X Landrace crosses, attaining an acceptability of the corn ensilage in high and low
proportions, for both pig breeds, both native and in the crosses, influencing the breeds in
acceptability of the feed.

Likewise, Capraro et al. (2017) showed that the use of corn ensilage improved the
quality of the dorsal fat during the seasoning process, without generating effects in the loss
of condiments for ham elaboration. In this sense, Sun ¢z al. (2018) mention that there was
a decreasing line in the final weight and average weight gain with the use of full-plant corn
ensilage in proportions of 20, 30 and 40% in the diet of growing pigs (Duroc X Landrace
X Large White), with means of fiber between 3.0 and 4.5%, as well as in the apparent
digestibility of the nutrients. However, the daily food intake increased linearly, concluding
that the inclusion of full-plant corn ensilage, supplied at between 20 and 30%, can ensure
the yield and improve the health of growing pigs.

On the other hand, Lyu et al. (2020) reported that the use of corn ensilage in the diet
of mestizo pigs Duroc A (Landrace A Northeastern Indigenous) did not cause health
problems in the pigs’ health, which were able to tolerate high concentrations of it (80%
in the inclusion of fodders); and contrary to the common idea, the pigs fed with corn
ensilage improved the load capacity of the livestock, without causing violent falls in the
yield. In addition, the yields reached in final weights with corn ensilage were close to the
conventional management with fodders with a difference of 13.2%.

Corn ensilage can represent an option for the diet of the Mexican hairless pig. However,
there are no data from studies carried out in Mexico on the inclusion of corn ensilage in

pigs’ diets, and particularly of the Mexican hairless pig. Therefore, studies are necessary
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which allow understanding the behavior of omnivores, as well as the portion and the
adequate way of providing these foods. Likewise, studies are necessary on the nutritional
contribution of native corn ensilage, due to the effect of the grain color, stage of cutting,
and ensilage process, as well as the quality of the corn ensilage. With this, the production

and rescue of native corn species 1s incentivized, which are at risk of genetic loss.

CONCLUSIONS

Creole corns present high rusticity and agroclimatic adaptation in the Yucatan
Peninsula, and there is also a large diversity of them. The ones that stand out are San
Pablefio, Dzit bacal, and Nal Tel type breeds, which present productive potential to
compete with the commercial varieties and hybrids in maize production for grain and
fodder, in addition to having nutritional, mineral and antioxidant value. Therefore, they
can be used in the diet of the Mexican hairless pig, since it is an animal species with great
adaptation. However, there are still studies pending that would allow understanding the
form and amount to supply them in the diet. This translates into scientific research areas

for the Yucatan Peninsula, and especially for the state of Campeche.
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ABSTRACT

Objective: To analyze experiences with various activities and practices carried out in different agroecological
regions of Mexico, involving diverse crops, but excluding the use of chemicals.
Design/Methodology/Approach: Surveys were conducted in four agricultural regions of Mexico (Texcoco,
Estado de México; Vicente Guerrero, Tlaxcala; Michoacan; and Tetela del Volcan, Morelos); they tackled a
broad description, background, inputs, and agroecological practices, in order to enable a descriptive analysis.
Results: Out of all the agroecological units, 60% are ejidos and 40% are small private properties. Producers
are between 25 and 68 years old. Plots range from 0.50 to 20 ha. The main crops are corn (Zea mays ssp. mays)
and avocado (Persea americana Mill.). Forty-five percent of the crops are rainfed and 36% are irrigated/rainfed.
Half of the producers perform crop rotation, while 40% prefers crop association. After 15 years of experience,
the number of producers who did not use chemical herbicides increased from 59% to 95%. Crop nutrition is
based on such elements as compost (27%) and manure (23%). Fifty percent of the producers manage pests and
diseases through agroecological practices. Sixty-eight-point-two percent receive technical advice, while 77.3%
are familiar with the decree to phase out the use of glyphosate.

Study Limitations/Implications: Currently, 13.6% of producers are still transitioning and continue to
perform chemical control of pests and diseases, as well as chemical fertilization.

Findings/Conclusions: It is indeed possible to produce crops and obtain healthy food while caring for
biodiversity, making use of environmental-friendly local resources, and achieving soil conservation.

Keywords: Agroecological, Chemical-free, Zea mays, Persea americana, Healthy crops.

INTRODUCTION
Food security means that all people should have access to safe and nutritious food, which
in turn will allow them to lead a healthy life (FAO, 2009). Meeting these food needs calls
for sufficient production, in terms of availability and access for the population. However,
agricultural environments are increasingly limited, mainly as a result of demographic
changes (structure, distribution, and concentration), as well as of the effects of climate
change (OMS-FAQO, 2018) that directly affect production systems and crops.

Moreover, these changes also affect farmlands. This is relevant because, in order to

. guarantee food security, agricultural production must be carried out in healthy substrates,
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with no physical, chemical or biological limitations, with sustainable productivity, and
with minimal environmental degradation (FAO, 2015; Montanarella et al., 2015; IICA,
2021).

The increase of food production can be achieved by either the enhancement of crop
capacity in existing agricultural land or the expansion of the area of crop production, or
both (Van Wart et al., 2013). In Mexico, 18 million hectares are allocated to agricultural
production (SIAP, 2020); however, some authors argue that the agricultural frontier
amounts to 31 million hectares (Turrent et al., 2012). Nonetheless, increasing productivity
could reduce this agricultural frontier. Therefore, production systems must become
more efficient, in order to meet the food demand of a population that is estimated to
surpass 138 million by 2030 (Torres-Torres y Rojas-Martinez, 2018). This food demand
must be met in volume and quality, avoiding soil degradation and preserving biodiversity.
Production systems must focus on the search and implementation of productive practices
and technologies; they must also promote healthy products, appreciate cultural settings,
preserve resources, and be economically viable for producers and consumers.

The experiences accumulated by generations of producers, along with new technologies
and technical monitoring, will have a major impact in the search for food security. Many
practices carried out by producers are part of traditional agriculture, a lore transmitted
through experience from one generation to the next one. Consequently, much of this
information and lore could be lost. Therefore, lines of research that enable an optimal
development and expansion of such knowledge should be designed.

In accordance with social movements and government initiatives that seek to phase out
the use of glyphosate, transition and conversion processes from conventional agricultural
production systems (monocropping, use of agrochemicals, etc.) to agroecological production
systems (agrobiodiversity, nutrient recycling, etc.) have been promoted in recent decades.
Their aim is to further food security and sovereignty (Cevallos e al., 2019) and to move
towards healthy agrifood models that are ecologically responsible, economically viable,
socially just, culturally relevant, and environmentally friendly.

Hence, the objective of this work was to analyze experiences with various activities
and practices carried out in different agroecological regions of Mexico, involving diverse
crops and excluding the use of chemicals. The aim was to document, assess, and potentiate
their replication and expansion, consequently contributing to the development of tools that

enable the production of healthier and better food.

MATERIALS AND METHODS

This work relied on field visits and surveys conducted in four agricultural regions of
Mexico, known as agroecological centers, which were chosen because they have produced
crops without the use of agrochemicals. The goal was to gather the experiences related to
these production systems and to determine how they can be replicated and expanded to
other agricultural zones. The agroecological centers were: 1) Texcoco, Estado de México,
Mexico, particularly the producers who take part in the Tianguis Orgdnico Chapingo
(TOCH); 2) Grupo Vicente Guerrero, Tlaxcala, Mexico (Tlaxcala); 3) Ario de Rosales
and Uruapan, Michoacan, Mexico (Michoacan), which have considerable experience



Agro productividad 2022. https://doi.org/10.32854/agrop.v1515.2195 119

in organic avocado production; and 4) Tetela del Volcdan, Morelos, Mexico (Tetela), an
agroecological center currently transitioning towards chemical-free production.

The visits took place from March to August 2021. Field observations were made of the
prevailing conditions in the crop plots, the activities performed, and the tools and inputs
used. Depending on the phenological state of the crops, the quality of the harvested products
was analyzed. Meanwhile, surveys were conducted with the managers and owners of the
production units. These included open and closed questions distributed in four sections
concerning an overall description, background, inputs, and management practices within
the production units. A database was created with the gathered data; a descriptive analysis
of the production units and the agroecological farming systems practiced in the various

centers under study was developed from the said database.

RESULTS AND DISCUSSION

A total of 22 production units were visited: 45.5% belong to the agroecological center
of the Tianguis Orgdnico Chapingo; 22.7%, to Michoacan; 18.2%, to Vicente Guerrero,
Tlaxcala; and 13.6%, to Tetela del Volcan, Morelos. Sixty-percent of all agroecological
centers are ejidos and 40% belong to small owners.

Out of all producers, 73% are men and 27% are women. Their ages range from 25 to 68
years old; most of them (45%) were 50 to 70 years old and 14% belong to the 40-50 years old
range. Regarding the size and distribution of production units, we found diversity within
and between agricultural centers, as well as among producers. Some centers feature very
large plots (such as avocado orchards), while others have small plots distributed in different
lots (for example, the Texcoco and Tlaxcala centers). The two largest plots (20 ha) were
used for the production of fruit crops. Others plots have 14, 8, 7, and 4 ha. However, the
largest number of plots ranged from 0.5 to 4 ha.

Corn (Zea mays ssp. mays) and avocado (Persea americana Mill.) were the main crop
species; they accounted for 32% and 36% of all the crops, respectively. Nevertheless,
vegetable crops, maguey (Agave salmiana), coffee (Coffea sp.), and even forage grasses were
also found (Figure 1). The diversity of crops in these places proves that healthy food can
be produced using agroecological practices that do not involve chemicals. Moreover, these
practices contribute to one of the principles of agroecology: exploring agrodiversity as an
instrument for a healthy, diverse, and abundant production of food, while preserving the
common goods (Sarandén, 2020).

In the agroecological centers, producers practiced rainfed agriculture (45%), agriculture
with irrigation (8%), and a combination of both production systems (36%). Units with access
to irrigation are mainly focused in the production of vegetables, while rainfed production is
practiced with annual crops, mainly corn and beans (Phaseolus vulgaris L.), as well as other
cereals and legumes. In the case of avocado production, there are differences between
centers: rainfed agriculture is practiced in the Michoacdn center, while in Tetela —in
addition to rainfed production— a fertigation system is used for the nutrition of orchards.
The main sources of water for irrigation are wells and springs.

Crop rotation is practiced in half the units under study. This agroecological practice

depends on the crop species, since annual or short cycle crops —as well as the different
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Figure 1. Main species cultivated in the production units of the agroecological centers in four regions of
Mexico.

seasons in which those crops are established— enable rotation. In contrast, perennial crops
such as avocado, coffee or forage grasses limit this practice. Another activity (associated
crops) 1s carried out in less than 40% of the units considered in this work. Cereals can be
associated with legumes and, in some cases, with other species. Corn, wheat (Zrititicum
aestivum L.), beans, broad beans (Vicia faba 1.), and zucchini (Cucurbita spp.) stand out
among these crop species. This practice is mainly carried out in the Texcoco and Tlaxcala
centers, which are focused on the production of annual crops. Texcoco is an outstanding
case, since vegetable producers practice crop association and rotation, mainly with short-
cycle vegetables that allow them to grow several crops on small surfaces and in short
periods. Additionally, these practices maintain a constant production and contribute to
the enrichment of soil fauna diversity (Rodrigues et al., 2016).

Regarding the last time they used chemicals, more than 50% of interviewees did not
specify a date or have not kept an exact record. However, some have gone chemical-free
for a year, while others have spent 18 years without using chemicals in the production
of their crops. This reveals that transitioning towards a chemical-free agriculture entails
a transformation process in which various actions must be implemented in order to
achieve the agroecological production goals. In the particular case of glyphosate, 59% of
producers used this product when applying chemicals. As a result of the transition towards
agroecological crops, currently 95% of units use neither glyphosate, nor other chemically
synthesized herbicides.

Consequently, the management of weeds is now carried out using two methods:
manual (22.73%) and mechanical (31.83%) (Figure 2). The agricultural system, the crops,
the phenological state, and the area, as well as the producer’s ability to acquire tools and
equipment, all contribute to determine the method and the moment when weed control
will be carried out. In areas larger than 1 ha, mechanical control prevails. In addition, 30%
of producers combine manual and mechanical methods.

In avocado production centers and in places where perennial crops are present, weed
management may vary. In Michoacan, for instance, weeds are allowed to grow until
they complete their biological cycle, before they are cut out. In Tetela, weeds are cut

in their early stages using manual weeding machines. In both centers, the remains are
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Figure 2. Weed management practices in agricultural production centers in four regions of Mexico. Source:
field work, 2021.

incorporated into the soil, in order to allow the agroecological system to make the most
of them.

Crop nutritionis one of the activities that most impacts agricultural production (Alcdntar
and Trejo-Téllez, 2009). Different nutrition-focused practices and inputs were registered,
mainly based on local elements (direct or processed): for example, the use of compost (27%
of the units) and (fresh or dry) manure (23%). Moreover, 18% of units use elements that
can make up an agroecological fertilization program (minerals, rocks, green manures,
leachates, etc.). When fertigation is applied (13%), chemical fertilizers are the main source
of nutrients for crops (Figure 3). An example of this situation occurs in avocado plots that
are transitioning towards agroecological production.

Regarding pest and disease control, 50% of units carry out various agroecological
practices; 9.09% combines trapping and manual management when the characteristics
of the agent that causes an affectation allow it. No control is carried out in 27.27% of
production units. Producers consider that organisms are part of the agrosystem and, along
with weed management, do not affect the crops. Therefore, their presence within the
system promotes the proliferation of beneficial organisms that enrich the biodiversity of
the agricultural system. On the same subject, Redin et al. (2021) mention that the quantity

and quality of plant materials deposited in the soil influence the edaphic fauna. A small
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Figure 3. Practices and inputs used as fertilizing sources in agroecological production in four regions of Mexico.
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percentage of units (13.6%) still carry out chemical control, especially when combating
fruit crop diseases (Tetela). However, they are transitioning and they hope that, in the short
term, this practice will go hand in hand with chemical-free weed management (Figure 4).

Figure 5 shows that nearly three quarters of producers receive technical advice
(68.18%). This is an important finding, because when producers were questioned about
their knowledge about alternatives to the use of glyphosate, the same percentage (68.18%)
responded they were not aware of any alternatives. In personal communication, they
mentioned that they associate an alternative to the use of a similar product or a product
that fulfills the functions of glyphosate. Nonetheless, 77.27% of interviewees are aware of
the decree that establishes actions for the phasing out of products that contain glyphosate
as an active ingredient (DOF, 2020).

The various agroecological practices registered in this study not only maintain a
healthy production, but they also contribute to a reduction in the use of chemicals.
Employing traditional lore, together with technical support, makes it possible to move
from conventional, agrochemical-dependent agriculture to a kind of agriculture that has
understood that the main alternatives to reduce the use of chemicals lie in cultural and
biological management methods (Shimada et al., 2021).
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Figure 4. Main practices and input used for pest and disease control in agroecological production in four
regions of Mexico.
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Figure 5. Consultancy and awareness about alternatives to the use of herbicides and of the decree for the
gradual reduction of the use of glyphosate in agroecological centers in four regions of Mexico.
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The results of this work show the experiences of the producers themselves in
agroecological systems. This will enable further exploration, particularly in each one of

the different study areas (nutrition, weed management, pests and diseases, among others).

CONCLUSIONS

Producers from the agroecological centers in Texcoco, Tlaxcala, Michoacan, and
Tetela perceive that agroecological production is viable, friendly to their environmental
and cultural surroundings, and it also allows them to obtain healthy food.

The experiences of the agroecological centers result in a successful production of
crops without using synthetic products. They may be replicated in other production units
adjacent to the centers themselves and even in other agricultural regions throughout the
country, once they have been adapted to their particular characteristics.

Agroecological production systems reveal that producing crops and obtaining healthy
food products, free of toxic agents for consumers, is indeed possible while still respecting

biodiversity, using environmental-friendly local resources, and achieving soil conservation.
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ABSTRACT

Objective: The objective of this study was to determine the nutritional content of palm kernel meal (PM)
produced in the state of Chiapas, Mexico, as feed for ruminants.

Design/Methodology/Approach: The following were determined: content of dry matter (DM), total protein
(TP), ethereal extract (EE), ash, neutral detergent fiber (NDF), acid detergent fiber (ADF), amino acids, long
chain fatty acids (LCFA), minerals, polyphenols, and the in vitro degradability of DM (IDDM), of the NDF
(IDNDF), and of the ADF (IDADF).

Results: The contents were: DM 92.23%, TP 10.56%, EE 7.2%, ash 3,09%, NDF 76,56% and ADF 57,20%.
The PM had low concentration of lysine (0.3%), methionine (0.228%) and tryptophan (0.095%), and high
contents of lauric acid (50.49%), palmitic acid (10.92%), stearic acid (19.725%), oleic acid (13.56%), copper (23.3
mg kg™ '), iron (230.5 mg kg™ '), zinc (78.47 mg kg™ ) and total phenols (7.8 mg g ), although the IDDM
(46.02%), IDNDF (29.91%) and IDADF (27.61%) were low.

Findings/Conclusions: The PM, as byproduct of the oil agroindustry, has some important nutritional
characteristics to be used as feed for ruminants. It is recommended to conduct a chemical analysis of this
byproduct before including it in balanced meals to have an adequate balance of nutrients.

Keywords: palm kernel meal, chemical composition, degradability, byproduct.

INTRODUCTION

O1l palm (Elaeis guineensis Jacq.) is a plant from which oil is extracted from its fruit,
primarily for human consumption, whether from pressing or using solvents (Stein et al.,
2015). During the extraction process, byproducts are generated that can be an alternative
to be used in animal feed (Pang et al., 2018), such as the palm kernel meal (PM; Figure 1).
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Figure 1. a) Oil palm, b) Bunch of fruits, ¢) From fruits, d) Palm kernel meal.

In Mexico, the total surface sown is 82,150.60 ha, located primarily in the states of
Chiapas, Tabasco, Campeche and Veracruz, and 54,600.52 ha are harvested; Chiapas is
the main producer, with a surface sown of 43,468.17 ha and 34,215.05 ha harvested (SIAP,
2015). It is estimated that the production of PM is 13,169.37 t per year, approximately
(Garcfa and Yanez, 2010), which represents an important source of nutrients for the animal
diet. The PM has been used in production systems as an ingredient in diets for birds,
pigs (Zumbado et al., 1992; Kperegbeyi and Ikperite, 2011), sheep (Freitas et al., 2017),
goats (Ebrahimi et al., 2012), cattle (Oladokun et al., 2016), and fish (Mazén et al., 2018).
However, the results reported are inconsistent mainly due to the variation in the content
and the availability of nutrients. The ethereal extract (EE) can be higher than 6% (Oliveira
et al., 2015), raw protein (RP) varies from 10 to more than 14% (Freitas et al., 2017), and
there are contents of neutral detergent fiber (NDF) higher than 60% (Stein et al., 2015),
acid detergent fiber (ADF) higher than 40% (Sulabo et al., 2013) and lignin (Lig) over 20%
(Fereira et al., 2012), which means that the digestibility of the PM can be low and that it
would be a more appropriate food for ruminants. It is important to highlight that Shahidi
and Nazck (2006) consider that the PM can also be a natural source of antioxidants in
meat, since there are high contents of polyphenols. Presently, in Mexico, PM is a byproduct
with high demand for the diet of animals due to its low cost, and it is commercialized
primarily for ruminants. The scientific information on the nutrient content of PM is
scarce in Mexico, and the results are quite variable. It is important to generate information
about the chemical composition of the PM to include it in balanced meals and to have an
adequate balance of nutrients for animals. Therefore, the objective of this study was to
determine the nutritional content (DM, RP, EE, ash, NDF, ADF, lignin), long chain fatty
acids, content of amino acids, minerals, total phenols, and in vitro degradability of the DM
(IDDM), of the NDF (IDNDF), and of the ADF (IDADF) of the PM as byproduct of the oil
industry in the state of Chiapas, Mexico.

MATERIALS AND METHODS
Chemical analyses

A homogeneous sample of PM was obtained, which was ground through a 1 mm
sieve with a Willey mill (Arthur H. Thomas, Philadelphia, PA). The dry matter (DM),
raw protein (RP), ethereal extract (EE) and ash (ash) were determined according to the
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AOAC (2005). The contents of NDF, ADF and lignin (Lig) were determined according
to Van Soest et al. (1991). All the analyses were made by triplicate in the Ruminant
Nutrition laboratory of the Livestock program of Colegio de Postgraduados Campus
Montecillo. The amino acid profile was determined through the AMINONIR® near
infrared technique (Sedghi ez al., 2014), in the company Evonik®S.A.de C. V. Measuring
the content of calcium (Ca), magnesium (Mg), copper (Cu), iron (Fe) and zinc (Zn) was
carried out in a GBC atomic absorption spectrophotometer model SavantAA. Selenium
(Se) in a spectrophotometer of coupled plasma in optical emission of brand Horiba
Scientific, model Ultima 2 (ICP-OES). Phosphorus (P) was determined in an Ultra-
Violeta (UV) spectrophotometer brand Jenway, Model 6715, in the National Laboratory
for Research and Agrifood and Forestry Service (Laboratorio Nacional de Investigacion
y Servicio Agroalimentario y Forestal, LANISAF) at Universidad Auténoma Chapingo,
Texcoco, Estado de México.

The long chain fatty acid (LCFA) profile was determined with the methodology of
esterification and trans-esterification by Sukhija and Palmquist (1988), modified by
Palmquistand Jenkins (2003) and Jenkins, (2010), in a Hewlett Packard 6890 chromatograph
with automatic injector, arranged from a silica capillary column (100 m X 0.25 um of
thickness, Sp-2560, Supelco Brand). The concentration of total phenols was determined
according to Makkar (2002) and the phenolic compounds according to Aguiniga-Sanchez
et al. (2017).

In vitro degradability of DM, NDF and ADF

The in vitro degradability of DM, NDF and ADF of the PM was determined in a Daisy
11® ANKOM® incubator model with 25 gm pore. The ruminal liquid from a Holstein bull
(550 kg PV) was used as inoculum, with a permanent cannula in the rumen fed with a diet

based on oats hay with grain and alfalfa hay. The samples were inoculated and incubated
for 3,6,9, 12, 24, 48 and 72 h, following the methodology by Curzaynz et al. (2020).

RESULTS AND DISCUSSION

The RP content (Table 1) of PM was 10.55%, value lower than 13.24, 15.9 and 19.4%
reported by Fereira et al. (2012), Abubakr et al. (2014) and Tipu et al. (2014), respectively.
That of EE was 7.27%, value higher than 1.3 and 6.3% reported by Stein et al. (2015) and
Sulabo et al. (2013), respectively, although lower than 9.1 and 12.1% reported by Abubakr
et al. (2014) and Tipu et al. (2014). The content of NDF and ADF was 76.5 and 57.2%,
values higher than 77.9 and 49.4% reported by Stein e al. (2015), although lower than 72.3
and 47.6% reported by Abubakr et al. (2014), respectively (Table 1). The content of amino
acids was low, particularly of essential amino acids such as lysine, methionine, threonine,
phenylalanine, and tryptophan (Table 1). This indicates that the protein from the PM is
of low quality, which could limit its use in diets for non-ruminants. The concentrations of
calcium (Ca), phosphorus (P) and magnesium (Mg) are low, compared to other ingredients
such as corn, although copper (Cu), iron (Fe) and zinc (Zn) are relatively high (Table 1).
These values should be considered when PM is included in balanced meals, since it can
be deficient in macronutrients but entail metabolic risks from the excess of Cu and Zn.
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Balandran-Quintana ez al. (2019) mention that the nutritional value of an oily ingredient
is practically given by the extraction method of the oil used, since it can affect the nutrient
content. The most frequently used methods are from mechanical extraction or pressing,
solvents, and hydrothermal techniques. Extraction from pressing is the one mainly used
in Mexico the, which seems to leave more oil and less nutrients in the PM, in contrast
with the extraction with supercritical carbon dioxide, which seems to be a more efficient
technique for oil extraction and to concentrate more certain nutrients.

The fat from the PM is made up primarily by saturated fatty acids (SFA), mainly lauric,
palmitic and stearic, which make up 81% and present low concentration of unsaturated fatty
acids (UFA), mainly oleic (Table 2). The presence of phenols in the PM is a very important
nutritional characteristic due to their high content and concentration of hydroxybenzoic
acid (Table 2).

The degradability of the DM was determined traditionally at 24 h because of the daily
consumption of the animal. The results show that the IDDM, IDNDF and IDADY and the
digestion rate (Kd) of PM were low (Table 3). These results agree with those reported by
FEDNA (2015). The degradability of a nutrient allows estimating the nutritional value of a
food or a diet and predicting the productive behavior of the animal. The low degradability

Table 1. Chemical analysis for content of amino acids and minerals in palm kernel meal (PM).

Nutrients (%) Aminoacids (%) Minerals

Dry material 92.23 | lysine 0.37 | Phosphorus (%) 0.16
total protein 10.55 | methionine 0.22 | Calcium (%) 0.12
Ethereal Extract 7.27 | threonine 0.36 | Magnesium (%) 0.19
NDF 76.56 | tryptophan 0.09 | Copper (mgkg ™) 23.30
ADF 57.20 | Leucine 0.79 | Iron (mg kg™ 230.55
Cellulose 23.75 | isoleucine 0.42 Zinc (mg kg~ 1) 78.47
hemicellulose 19.75 | histidine 0.21

lignin 31.30 | valine 0.63

ashes 3.09 | Phenylalanine 0.52

NDF: Neutral detergent fiber; ADF: Acid detergent fiber.

Table 2. Long chain fatty acids and phenolic acids in palm kernel meal.

Fatty acid (%) Phenolic acids

caprylic 4.34 | Totals 7.80£0.50 mg g~ !
capric 4.12 | gallic 0.007+0.0003 ug g~
Undecanoic 0.15 | ferulic 0.002%0.0001 ug g_1
lauric 50.49 | hydroxybenzoic 0.276£0.0228 ug g~
myristoleic 7.67 | protocatechuic 0.008+0.0002 ug g~
palmitic 10.82

stearic 19.72

oleic 13.56

linoleic 1.95
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Table 3. /n vitro degradability and digestion rate of the palm kernel meal.

Time Digestibilidad (% MS)

Hour Dry biomass NDF ADF
0 1.46 0.00 0.00
3 1.99 0.78 0.81
6 5.60 2.24 1.81
9 6.41 2.75 2.56
18 16.94 7.62 6.77
24 27.94 15.97 13.41
48 32.97 18.79 16.48
72 34.38 20.90 17.34
96 46.02 29.91 27.61

Kd/% h 3.80 4.80 4.30

NDF: Neutral detergent fiber; ADF: Acid detergent fiber.

of the PM is due to the high concentrations of fiber (ADF) and lignin, which is given by the
presence of the pit or hard husk that covers the kernel and, also, due to the high fat content
that affects the growth of cellulolytic bacteria and ruminal fermentation (Chanjula ez al.,
2010). Other factors that affect the chemical composition of the PM is the efficiency of oil
extraction from the kernel, the residual endocarp, agronomic tasks, and the oil extraction
method used (Balandrdan-Quintana et al., 2019).

CONCLUSIONS

The palm kernel meal produced in the state of Chiapas is a byproduct with nutritional
characteristics that can be used in animal feed, particularly because of’its content of protein
and fat. However, it should be considered to be a rough food due to its high fiber content
and low digestibility, characteristics that make it a more appropriate food to be included in
balanced meals for ruminants, although in limited amounts. Due to the variability in the
nutritional composition and low digestibility of palm kernel meal, it should be analyzed
prior to its incorporation in the diets for animals. It is suggested to research more about its

potential as a source of natural antioxidants from its high content of total phenols.
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ABSTRACT

Objective: To describe the threats to forests and the repercussions that these imply for the maintenance and
conservation of orchids in their natural habitat.

Design/Methodology/Approach: A comprehensive reference search on orchids and their habitats was
performed. The physiological and morphological characteristics of orchids in Megamexico are described
according to their life forms; additionally, the way in which these adaptations respond to the environment
in which they thrive is explained. In this regard, threats to orchids and forests are listed. Therefore, emphasis
is placed on the implications that habitat loss would have for the prevalence of many orchid species in this
biogeographical region.

Results: The humid forests of the mountain ranges of Megamexico host an impressive orchid richness, where
there are far more epiphytic life forms than terrestrial ones. However, these ecosystems face a major threat from
anthropogenic activities. As a result of the constant threats faced by forests —such as deforestation, arsons, land
use change, etc.—, epiphytic orchids are the most threatened species, due to the loss of their habitat and the
ecological requirements they need to survive.

Study Limitations/Implications: This study describes the threats to many orchid species as a result of
habitat loss and illegal looting.

Findings/Conclusions: Forest conservation is vital for orchid maintenance and conservation because genetic
diversity and ecological interactions among orchid species and other organisms are maintained.

Keywords: Orchidaceae, epiphytes, conservation, Megamexico.

INTRODUCTION

Megamexico is a defined biogeographical region
based on the geographic affinities and the
endemism of the phanerogamic flora of Mexico.
It stretches from the Sonoran, Chihuahuan, and
Tamaulipan deserts in northern Mexico, and the
southern United States of America, to central
and northern Nicaragua (Rzedowski,
1991). This region stands out in the
world for its complex geological st
history  (Ferrusquia-Villafranca,
1998), 1its rugged topography
(Mastretta-Yanes et al., 2015), and its
climatic heterogeneity; these characteristics
encourage the presence of almost all types of
world vegetation (Rzedowski, 1991).
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Therefore, tropical evergreen forest (TEF), tropical sub-deciduous forest, tropical
deciduous forest, thorn forest, xeric shrubland, grassland, oak forest, coniferous forest,
mountain mesophyll forest (MMF) and aquatic and sub-aquatic vegetation are found in
this biogeographic region (Rzedowski, 1991) (Figure 1). The presence of these types of
vegetation favors the presence of a great diversity of flora and fauna species.

IMPORTANCE OF ORCHIDS IN MEGAMEXICO

Orchidaceae is one of the most diverse groups of plants in Megamexico (Villasenor, 2016).
Undoubtedly, orchids are one of the more charismatic and striking families of flowering
plants (Figure 2). They belong to the most diverse family of angiosperms and they have
the greatest morphological variation (Christenhusz and Byng, 2016). This group of plants
encompasses about 30,000 species, grouped in 736 to 880 genera (Givnish et al., 2015).

Orchids have complex physiology and morphology which have allowed them to adapt
to the forests where they live. Based on their life form, there are terrestrial, lithophyte
(growing on rocks), and epiphytic (growing on trees without causing a negative effect)
species. Particularly, epiphytes show CAM photosynthesis; meanwhile, most of the
terrestrial species are G3. All orchids develop small, powder-like seeds. The roots of

90°W
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30°N-

25°N-

20°N-{ == limits of Megamexico
- Mountain mesophyll forest .
- Tropical evergreen forest

Coniferous forest

Pine-oak forest
15°N1 [ Tropical sub and deciduous forest
- Grassland

Xeric shrubland

- Aquatic and sub-aquatic vegetation

Figure 1. Types of vegetation found in Megamexico.
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Figure 2. Orchid diversity in the mountain mesophyll forest (MMF) and tropical evergreen forest (TEF).

epiphytes develop a velamen, a special tissue that allows them to absorb water from the
environment. These characteristics are a response to their eco-physiological adaptations,
such as the range of light tolerance, temperature, and humidity (Krémer et al., 2007).
According to Benzing (1990), epiphytism, along with CAM photosynthesis, is the result
of a set of adaptations developed to survive the conditions of the canopy. This has favored
their expansion in the forest canopy, especially in the case of tropical forest orchids living
in humid environments.

The great diversity of orchids is given by their ability to occupy a wide range of ecological
niches (Ricklefs and Renner, 1994), their association with specific pollinators, and their
dispersing capabilities (Tremblay, 1992; Jersdkova ez al., 2006). Consequently, these factors
have promoted their diversification and reduced their vulnerability to extinction (Ricklefs
and Renner, 1994).

Gutiérrez-Rodriguez et al. (2022) reported 1,732 orchid species in Megamexico, which are

taxonomically grouped into 189 genera, 36 subtribes, and 17 tribes. From this number, 982
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species are endemic —i.e., just over 50% are exclusive to this region, making it an important
area for orchid diversity. Seventy percent of orchids (1,226 species) are epiphytes, while the
remaining are terrestrial. The most diverse areas (characterized by a high degree of orchid
endemism) are located in the humid forests of the mountain ranges of southeastern Mexico,
central Guatemala, and central Nicaragua. In these areas, epiphytes were considerably
more abundant than terrestrial species (Gutiérrez—Rodriguez et al., 2022).

Terrestrial orchids thrive best in environments with clearly defined seasonality. For
example, they usually comprise most of the orchid flora of oak forest, and pine-oak forests,
as well as of sub and tropical deciduous forests. This type of vegetation is common in the
north, center, and west of Megamexico, as well as in some parts of the south of this region.
By contrast, an abundant presence of epiphytes is encouraged in forests where humidity
is extremely high. This type of forest is located in the central-southern and southeastern

Megamexico, as well as in high elevations of the main mountain systems.

Threats to orchids

The flower is the most attractive part of orchids (Van Der Pijl and Dodson, 1966).
Their beauty and the amazing morphological variation of their flowers have attracted the
attention of scientists, botanists, growers, and nature photographers. However, many species
are sought, looted, and trafficked by sellers, collectors, and people in general (Espejo-Serna
et al., 2002) (Figure 3). Compared to other plant families, orchid species face many threats

Figure 3. Orchids face several threats, including trafficking and illegal sale.
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(both natural and of human origin). Orchids are one of the most illegally trafficked and
most vulnerable groups in Megamexico and around the world. In the countries that make
up Megamexico, orchids figure prominently on many of the threatened species lists. For
example, 188 species are included in the Mexican NOM-059-SEMARNAT endangered
species list (SEMARNAT, 2010). Hdgsater and Soto-Arenas (1998), Kull ez al. (2006),
Garcfa-Franco (2018), and many others have reported that the abundance of various
species has been decreasing to critical levels in recent decades. In addition, many species
are used for ornamental purposes. Furthermore, some species have economic value; such
is the case of Vanilla, used as a flavoring around the world.

The Environmental Management Units (EMUs) have been a viable and sustainable
method for the conservation of many orchids. Nevertheless, it has not been convenient
for many others, because it is almost impossible to recreate the ecological conditions
found in their natural habitats. This is particularly true about those orchids that have a
symbiotic relationship with fungi and depend on them to survive. The same phenomenon
takes place with those species that serve as a home for other organisms (e.g., Myrmecophila
Rolfe and Caularthron Raf)) and that benefit from them, protecting these orchids from
defoliators. Others depend on anthills to germinate, such as Epidendrum flexuosum G. Mey.
and Coryanthes picturata Rchb. f.

Epiphytic orchids are in serious risk of extinction

Different orchid groups have different resilience levels (Kull ez al., 2006). Some of the
species are more resistant to disturbance than others. Particularly, some terrestrial orchids
seem to be favored by these disturbances, like some of the species belonging to the Bletia
Ruiz & Pav. genus which are commonly found on the roadsides. Somechow, terrestrial
orchids —such as Dichromanthus aurantiacus (Lex.) Salazar & Soto Arenas— are not as
threatened as epiphytes: they can survive the disturbance and even colonize degraded
areas like pastures. By contrast, some Habenaria Willd and Lepanthes Sw. species do not
tolerate these disturbances and are highly susceptible to changes.

THE ROLE OF FORESTS IN THE MAINTENANCE OF ORCHIDS

Cloud immersion, vast water availability, and shade in mountain habitats provide
favorable microclimates for the prevalence of epiphytic orchids (Gutiérrez-Rodriguez et al.,
2022). Epiphytic orchids are at the highest risk of extinction, because the environments in
which they thrive are being destroyed.

MMF are the most threatened ecosystems (Challenger, 1998; Morales and Armenteras,
2013; Téllez-Velasco and Tejeda-Sartorius, 2017), followed by TEF (Gémez-Pompa et
al., 1972). These forests are vitally important, due to the extraordinary biodiversity they
house (Challenger, 1998) (Figure 4). Particularly, these ecosystems have the greatest orchid
diversity, especially of epiphytes. This abundance is the result of a simple phenomenon:
the total area of treetops in tropical forests is considerably larger than the ground area.
Therefore, the niche available for plants is greater (Gravendeel et al., 2004). Herndndez-
Pérez et al. (2017) have shown that tree height can impact epiphyte abundance, richness,
and diversity. In the same way, De Andrade-Kersten et al. (2009) have proven that the
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Figure 4. Tropical evergreen forest (left) and mountain mesophyll forest (right) are the ecosystems with more orchid species.

greatest epiphytes diversity is found in the medium-superior strata of trees, especially in the
branches (Garcia-Gonzdlez et al., 2021).

TEF distribution matches the high rainfall areas of Megamexico and is one of the most
exuberant ecosystems. TEF structure consists of one herbaceous, one shrub, and two
arboreal strata. Epiphytes and lianas are very abundant (Challenger, 1998). Meanwhile,
MMF is the ecosystem which covers the smallest area (Mullingan and Burke, 2005).
Although its area is so small, it is home to a greater diversity of flora and fauna species
per surface unit (Rzedowski, 1978; Challenger, 1998; CONABIO, 2010). This type of
ecosystem is immersed in clouds that cover the vegetation (Hamilton et al., 1995). The
persistence of this forest depends on relatively high humidity, rugged topography, soil with
a high amount of organic matter, and a temperate climate (Velazquez et al., 2000). The
MMF structure is formed by canopy trees, sub-canopy trees, lianas, arborescent ferns,
shrub stratum, climbing plants, epiphytes, and saprophytes.

THREATS TO FORESTS

Forests are home to a large number of plants. However, forests are threatened by several
factors, most of them related to anthropogenic causes. For example, some of the major
threats reported by CONABIO (2010) include: deforestation, illegal logging, livestock,
agriculture, climate change, droughts, fragmentation, road construction, arson, and urban
areas expansion.

Nowadays, MMF and TEF face extreme threats on multiple fronts, including: change
in land use; transformation of lower areas into agroecosystems (e.g., coffee plantations),
livestock, urban expansion, fragmentation, creation of roads, illegal selective logging, and
natural resources overexploitation. Vegetation is almost impossible to regenerate when
forests are felled, and/or fragmented, because environmental conditions change drastically.
Consequently, these ecosystems are impossible to restore (Gémez-Pompa et al., 1972;
Garcia-Franco, 2018).

Climate change also poses serious problems for orchid prevalence and conservation, as
well as for MMF (Foster, 2001; CONABIO, 2010). This phenomenon has had implications
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for hydrological processes affecting precipitation patterns and cloud abundance (Foster,
2001). The absence of clouds in the MMTF is a result of the decrease in cloud formation and
evapotranspiration. Consequently, vegetation is no longer immersed in clouds and there is
not enough humidity to maintain species that require high humidity levels. This situation
leads to local extinctions (Foster, 2001).

If we consider all the threats faced by these forests, the scene is discouraging. Fires and
excessive logging devastate the trees, which fulfill many functions, including being the
orchids’ habitat; consequently, orchid flora is also destroyed. A similar situation has been
reported with the increased mortality of epiphytic orchids, as a result of branches falling
and the death of old trees (Kull ¢t al., 2006).

Despite their great numbers, the conservation of orchidsliving in these types of ecosystems
faces an enormous challenge. The loss and transformation of forests compromise orchids
growing there. Also, given the noticeable lack of protected natural areas in these ecosystems,
taking care of them is a priority. Menchaca et al. (2012) proposed an alternative to meet
this suggestion; they recommend recognizing orchids as a non-timber forest resource that

can also be used by rural communities.

CONCLUSIONS

Forests not only house a high level of biodiversity, but also provide vital habitats for
many species, especially epiphytic orchids. For many reasons, some types of orchids cannot
grow on disturbed sites or in ex situ conditions and, therefore, cannot be cultivated. While
ex situ conservation and tissue culture are a feasible alternative for many species, forest
conservation is essential for the maintenance of orchids; consequently, an uninterrupted
gene flow between in situ populations allows genetic variation. Also, it enables orchids
to maintain their interactions with other organisms. Many authors have reached this
conclusion (e. g., Hagsater et al., 2005; Tejeda-Sartorius et al., 2017).

Orchids play an important role in water intake and nutrient recycling (Garcia-Franco
and Toledo-Aceves, 2008). In addition, their absence in these ecosystems would entail an
unprecedented biodiversity loss which would affect all the species that interact with orchids
—for example, the wide range of their pollinators, etc.

It is clear that, in the best-preserved areas, there is a greater diversity and abundance
of species. However, in highly disturbed forest areas, this diversity and abundance are
much lower and even orchids may be absent. We must raise awareness and motivation
about taking care of our natural resources, because, if the forests disappear, orchids will
follow. Ultimately, if any of the endemic orchid species of our study area disappears, it will
not only disappear from Megamexico, but it will also disappear from the planet. Its lineage

would be lost forever.
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ABSTRACT

Objective: To describe the agribusiness potential of the castor oil plant in Mexico through the collection and
analysis of agricultural, industrial and commercial information that allows decision making for the formulation
of future productive projects to generate economic, social and technological impacts.
Design/Methodology/Approach: The study is descriptive with a transactional design. The information was
collected on national and international agrifood statistical and documentary information platforms.

Results: Different attempts have been made in Mexico in commercial and research projects related to the
cultivation, production and transformation of castor oil, with results that are not very encouraging due to the
lack of knowledge about productive, technological and commercial processes. However, on the other hand, the
need for the industrial sector to import oil to produce high-value products is evident.

Study Limitations/Implications: Isolated efforts have been made by each of the actors in the castor oil
agribusiness, which has prevented the sector’s consolidation.

Findings/Conclusions: An intelligent management of agricultural production must be implemented through
the establishment of commercial crops with the adoption of basic technological packages applied to each
region in particular, with great attention to the availability of planting seed, which should have agronomic
potential, use of nutrition and management of pests and diseases, as well as to foresee all the cultural tasks of
maintenance of the crop and harvesting modality that guarantee yield in the field and quality raw material.
Currently, there is a deficit in the castor oil market in the country, which leads to high business prospects and
business opportunities.

Keywords: Agroindustry, international trade, import substitution, productive projects, added value.

INTRODUCTION

The castor oil plant (Ricinus communis L.) is an inedible crop. Its agricultural production
is exploited predominantly in arid and semi-arid regions of the world (Kallamadi ez al., 2015)
a non-edible oilseed crop of the tropics assumes commercial importance due to its great

utilization value in industry, medicine and agriculture. The present investigation has been
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undertaken to assess the extent of genetic diversity in 31 accessions of castor representing
seven geographic areas in the world using RAPD (random amplified polymorphic DNA.
The center of origin is quite contested; some authors consider it to be probably native of
the region of Ethiopia in Eastern Africa, others from the Northwest and Southwest of Asia,
or from the Arabic Peninsula, subcontinent of India and China (Rukhsar et al., 2018). This
plant is distributed from sea level up to 2,500 masl (Naik, 2018), and a water requirement
between 75 mm and 1.178 mm has been reported, depending on the type of soil, irrigation
method and location (Ramanjaneyulu ez al., 2013).

This plant is mistakenly considered to be a weed, because of the places where it is
seen to grow, although in should actually be considered to be a crop, which requires an
adequate agronomic management. The cultivation of castor oil plant should be thought
of as a competitive production system, which does not jeopardize food security and does
not compete with the lands destined to food production (Navas). The expansion of its
cultivation happened primarily due to its ability to adapt to different environmental
conditions and the various possibilities of use of its main product, the oil extracted
from its seeds (Jachmanian et al., 2009), which has a broad possibility of applications
of high value such as being considered as a bioenergetics crop because its oil can be
converted into biofuel (biodiesel, bioturbosine) for the automotive or aeronautic sector;
for domestic use as a pharmaceutical in the elaboration of different products such as
a laxative agent for the digestive system; as well as for shampoo, cream, cosmetics,
detergents, medicinal soaps, lubricants, nylon, paper, perfume, plastics, laminates,
paints, polyurethane, coating, textiles, dyes, and illumination with torches, among
other functions (Mutlu and Meier, 2010; Ogunniyi, 2006; Freire, 2001). The residue
from the oil extraction is considered an agroindustrial byproduct that can be used as
organic fertilizer or feed for animals (prior elimination or decrease of ricin, a toxin
present in the seed); this residue contains approximately 40% of raw protein, although it
1s deficient in the essential amino acids lysine, methionine and tryptophan (Kole, 2011).
Likewise, seeds and leaves are used for the preparation of extracts to control insects,
pests, rodents, mollusks and phytopathogens, with successful results (CGuadra, 1981;
Upasani et al., 2003; Rodriguez, 2005).

Agribusiness productive projects carried out in Mexico

In Mexico different attempts have been made in commercial and research projects that
refer to the cultivation, production and transformation of the castor oil plant, in states like
Michoacdn, Chiapas and Oaxaca, without any success. This is because of the absence of
an established productive chain, the lack of transference of knowledge and technology
by the agricultural institutes and/or research centers of the country, the low productivity
expressed in the cultivation fields, and the low interest from the government sector in terms
of federal subsidies.

According to Ferndndez-Carpio et al. (2012), improved varieties from Brazil were
sown in the state of Michoacdn, which have adapted with difficulty to the agroecological
conditions of the state, presenting in the crops susceptibility to attacks from pests and

diseases, and also, low production yield in the field.
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For its part, the State Commission on Bioenergetics was created in the state of Chiapas
in the year 2006, with the objective of producing biofuels from the castor oil plant and
another alternative crop, project that did not have good results due to insufficient planning
from the state commission in terms of scientific research, technical information, specialized
consultancy, and almost null information that producers received on the agronomic
management of the plantations (Valero-Padilla ¢t al., 2011).

Meanwhile, in the state of Oaxaca, there are various castor oil extraction plants that
are functioning, one of which dates from the year 1935; that is where they elaborated
the ricin oil for the use of illumination in lamps for the households, pharmaceutical use,
and even as purgative. The agricultural production of the grain has been decreased,
although the base price in the production plant is around ten thousand pesos per ton
(El Universal, 2018). For their part, Rodriguez Hernandez et al. (2013) performed a
study of the competitiveness of the castor oil plant compared to traditional crops such
as corn and bean in the region of Valles Centrales in Oaxaca, place where the castor oil
crops are established; in their research, the authors deduce that according to the results,
agricultural producers require technological changes during the cultivation, such as use
of improved seeds, application of soil fertilization, harvest and postharvest technology,
factors that could impact the increase in yield per area sown; also, to make the prices per
ton more attractive.

This is why the need to describe the agribusiness potential of the castor oil plant in
Mexico becomes clear, through the collection and analysis of agricultural, industrial and
commercial information, to allow decision making for the formulation of future productive

projects that generate economic, social and technological impacts.

MATERIALS AND METHODS

A descriptive type study with trans-sectional design was suggested for the information
analysis. The statistical data on the castor oil plant in Mexico and the world was obtained
from sources of information such as the informatics program called Agrifood Consultation
Information System (Sistema de Informacion Agroalimentaria de Consulta, SIACON), as well
as international archives such as Trade Statistics for International Business Development
(https://www.trademap.org/) and the Food and Agriculture Organization of the United
Nations (http://www.fao.org/statistics/es/).

RESULTS AND DISCUSSION
National context

The incipient development of this crop present in the country opens a great opportunity
to conduct research that generates technological innovations, in the different stages of
cultivation, sowing, development, harvest and post-harvest, because many of the innovations
generated do not reach agro-industrial producers, since the process of transference of
innovation is deficient in space and time, and it does not achieve the consolidation of the
full use of knowledge and technology.
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Ecosystem of the castor oil agribusinesses in Mexico

The Higher Education Institutions and Research Institutions have developed various
scientific, technological and innovation projects with the interest of generating information
and analyzing the agro-industrial potential of the castor oil plant. The research group that
belongs to the Universidad Auténoma de Querétaro and Colegio de Postgraduados Campus
San Luis Potosi, has coordinated research studies for the quantification of nutraceutical
and chemical properties in castor oil plant leaves (Vasco et al., 2021), the evaluation of
morphology and phenology (Garcia-Herrera et al., 2019), growth, development and field
yield of wild materials (Garcia-Herrera et al., 2019a), the physicochemical characterization
of seeds and oils (Vasco et al., 2018; Isaza et al., 2018; Mosquera et al., 2016; Perdomo et al.,
2013), in addition to establishing castor oil crops from research and demonstrative platforms
for the transference of knowledge and technology to the productive sector. Likewise, there
are different government agencies in charge of formulating public policies and sectorial
strategies that have attempted to stimulate the agroindustry of the castor oil plant through
different plans and programs that support the cultivation and the transformation into
oil for industrial use or bioenergetics (DOF, 2018). In this context, the companies that
demand oil in the country have shown interest in having raw material of Mexican origin,
with the objective of substituting imports and minimizing the dependency on international
suppliers, avoiding the exit of foreign currency through such commercial transactions,
and fostering the national agricultural production to consolidate this productive chain, in
addition to generating employment in the rural zones, among others. However, the results
in the production zones have not been encouraging and therefore the import process is the
main alternative to satisfy these needs. Finally, there are various companies that supply
machinery and equipment, which have found the opportunity for creating, fabricating,
importing and transferring the technology necessary to solve the problems of cleaning
the fruit, classifying the grain, extraction, refining and transformation of the oil into high
value products. Next, Table 1 presents the actors of the agribusiness sector ecosystem of the
castor oil plant in Mexico.

Agricultural production in Mexico

According to the information provided by SIACON (2022) and described in Table 2,
the surface sown in Mexico between the years 2016 and 2020 shows a decrease of 89%
by going from 9,520 to 1,044 hectares; this indicator shows the decreasing trend that is
reflected in the production of the castor oil grain. In turn, the yield per hectare had an
upwards trend, showing a minimum of 1.41 ton/ha and a maximum of 3.55 ton/ha. For its
part, the mean rural price per ton of grain of castor oil plant between the years 2016 and
2020 ranged between 277.94 and 384.63 US dollars, generating production values of the
castor oil grain in Mexico between the years 2016 and 2020, from 33 thousand US dollars
(2019) to 3.4 million US dollars (2016).

Agricultural production of the castor oil plant per state
According to the results presented in Table 3, the state of Sonora is the state with

highest productive interest, since it has the Castor Fields plant which has the objective of
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Table 1. Actors of the castor oil plant agribusiness in Mexico

Empresas
Ciencia. Tecnologia e Innovacién Instituciones Empresas que Proveen
i &t v Federales y/o Estatales Demandantes Magquinaria y
Equipos
Secretaria de Agricultura D llo Rural ASA
Universidad Auténoma de Querétaro ceretaria de Agricuitura Lesarrotlo Bura (Ciudad de REINMAC
(SADER) (o
México)
. L . ) . Secretaria de Energia ARTLUX
Universidad Nacional Auténoma de México (SENER) (Querétaro) DERTEK
Universidad Auténoma Chanin Secretaria de Medio Ambiente y Recursos BIOR GRIMA
vers utono piigo Naturales, SEMARNAT), (Baja California) | BIODIESEL
Universidad Auténoma de Nuevo Ledn Secretaria de Hacienda y Crédito Publico Agracast
(SHCP) (Nayarit)
Universidad Auténoma Agraria Antonio Narro SccrctarlaS,Estatalcs de Desarrollo y Fomento al | Castorfields
Sector Agricola (Sonora)
S . . GRIMA
Colegio de Postgraduados Flde.ICOInlSOS Instituidos en Relacién con la BIODIESEL
Agricultura (FIRA)
(Puebla)
Instituto Tecnoléeico de Perot Financiera Nacional Rural de Desarrollo SOLBEN
SHHITo Techologico de Terote Agropecuario, Rural, Forestal y Pesquero (FND) | (Nuevo Ledn)
Instituto Tecnolégico del Roque AGROASEMEX DERTEK
(Oaxaca)
. S . Servicio Nacional de Inspeccién y Certificacién Indu.s tria Torres
Instituto Politécnico Nacional . Barriga
de Semillas (SNICS)
(Oaxaca)
INIFAP Campo experimental:
Valles Centrales
Bajio Sistema Nacional de Investigacién y Oleoquimicos de
Valle del Guadiana Transferencia de Tecnologia para el Desarrollo | México
Rosario Izapa Rural Sustentable (SNITT) (Tamaulipas)
Valle del Fuerte
Norman E. Borlaug
Red Mexicana de Bioenergéticos (REMBIO) Comisién Nacional del Agua Grupo Neoken
(CONAGUA) (Nuevo Ledn)
Egon Meyer
(Estado de
México)
Source: Prepared by the authors.
Table 2. Agricultural production of the castor oil crop in Mexico 2016 to 2020.
2016 2017 2018 2019 2020
Planted area (ha) 9,520 1,888 321.50 304.50 1,044
Harvested area (ha) 6,622 1,768 101.50 33.50 953
Production (ton) 9,321.68 3,478 281.64 119 3,123
Yield (tha™") 1.41 1.97 2.77 3.55 3.28
Rural price media (US$/t) 367.01 384.63 374.22 277.94 341.35
Production value (US$) 3,421,112.63 1,337,736.43 105,394.06 33,074.66 1,066,021.57

Source: Prepared by the authors with data obtained from SIACON (2022).
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Table 3. Statistical data of the agricultural production of castor in States of Mexico.

Year Mexican state P.A (ha) H.A (ha) P (t) Y (¢ ha_l) RPM (US$/t) P.V (US$)
Baja California 34.69 34.69 60.35 1.74 377.19 22,763.41
9090 Nayarit 201.68 201.68 817.33 4.05 513.78 419,931.33
Sonora 756.63 716.63 2,245.43 3.13 277.61 623,363.91
Tlaxcala 51 0 0 0 0 0
Baja California 9 9 18 2.0 378.45 6,812.03
2019 Sonora 244.50 24.50 101 4.12 260.03 26,262.66
Tlaxcala 51 0 0 0 0 0
Baja California 53 53 80.34 1.52 375.93 30,203.01
2018 Nayarit 20 20 93.60 4.68 501.25 46,917.29
Sonora 248.50 28.50 107.70 3.78 262.52 28,273.68
9017 Nayarit 340 340 1,196.80 3.52 526.31 629,894.74
Sonora 1,548 1,428 2,281.20 1.60 310.29 707,841.60
Nayarit 300 300 405 1.35 496.14 200,936.84
2016 Sinaloa 1,000 1,000 930 0.93 300.75 279,699.25
Sonora 8,220 5,322 7,986.68 1.50 368.17 2,940,477.19

Note: P.A (Planted area), H.A (Harvested area), P (Production), Y (Yield), RPM (Rural price media) P.V (Production value). Source: Prepared
by authors with data obtained from SIACON (2022).

ensuring the supply of castor oil grain to the industrial plant Castor Produkte for its future
transformation in ricin oil at competitive prices (Grupo Alego, 2016). Likewise, it shows
that the state of Sinaloa went from being a producing state for the year 2016, to lacking
representativeness in the four years after. For its part, in the year 2020 the state of Nayarit
presented a new drive in the area sown of castor oil crop, with a total of 201.68 ha; it should
be highlighted that it is the agricultural productive development with the highest yields per
area planted in the country, having as reference the period covered between the year 2016
and 2020, while other states such as Tlaxcala and Baja California have lower proportion
of agricultural crops. According to this, the castor oil crop in Mexico has been established
primarily in the northwest region of the country in recent years, where industries of great
interest in the castor grain and oil have been installed, which are in agreement with the
establishment of agricultural crops.

Imports of castor oil in Mexico

Presently, the agribusiness exploitation of this raw material is an urgent need in
face of the demand for the national market and low offer of the Mexican agricultural
production; therefore, this productive sector has required importing the oil primarily from
India with an approximate value of 31 million US dollars, between the years 2016 and
2020 (TRADEMAP, 2022). This evidences a high dependency on the imports of the cited
product from this country, which can generate adverse situations in the supply in face of
occasional changes in the conditions of the international market, agroclimate problems,
and geopolitical events, among others, which can place at risk the offer of raw material for
its agribusiness exploitation (Table 4).
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Table 4. Importation of castor oil in Mexico (2016-2020)

_ 2006 | 2017 | 2018 | 2019 2020
Countries
(thousand USS$)

India 5,516 6,179 6,699 6,325 6,461
Germany 106 102 88 24 137
Brazil 77 85 120 30 332
USA 66 296 146 170 45
Spain 287 515 633 498 302
World totals 6,068 7,345 7,798 7,047 7,276

Source: Prepared by authors data obtained from TRADEMAP (2022).

International castor oil market

Production and area harvested in the main producing countries of castor oil plant
According to data from FAO (2021) expressed in Table 5, between the years 2016 and

2019, the largest area of castor oil plant harvested in the world has been concentrated in

India, becoming the highest offeror of this product in the international market.

Global imports of castor oil in the world

According to Table 6, with information from TRADEMAP (2022), the statistics of
international trade of castor oil identified with the tax fraction 151530, the approximate
value of imports trade of castor oil for the year 2020 in the world was 879 million dollars.
The largest importer for this tax fraction was China with an import value of 362 million
dollars, followed by Germany (88 million USD), United States of America (81 million
USD), and France (78 million USD). It should be highlighted that the trend in global
imports of the product according to the figures reported is increasing, with the exception

of the year 2020, derived from the conditions from the sanitary contingency generated by

COVID-19.

Table 5. World’s top seed producers/harvested area (2016-2019).

2016 2017 2018 2019
Countries Production | Harvested | Production | Harvested | Production | Harvested | Production | Harvested
(t) area (ha) (t) area (ha) (t) area (ha) (t) area (ha)
India 1,376,000 1,037,000 1,568,000 960,000 1,567,560 824,130 1,196,680 751,320
China 40,000 23,000 55,000 30,000 27,000 16,000 36,000 21,000
Mozambique 77,475 202,110 79,944 206,734 82,598 218,521 85,089 224,007
Etiopia 10,000 6,354 9,287 5,759 10,919 6,599 11,157 6,587
Brasil 24,620 44,351 13,481 47,147 14,224 46,075 16,349 50,567
Tailandia 1,100 1,300 1,200 1,300 1,616 1,652 1,588 1,605
Myanmar 12,529 15,108 12,575 15,127 12,886 15,803 13,051 15,881
Paraguay 6,000 6,000 7,000 6,000 7,000 6,000 6,000 6,000
México 9,322 6,622 3,478 1,768 282 102 119 34

Source: Prepared by authors with data obtained from FAO (2021).
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Table 6. World imports of castor oil (2016-2021).

_ 2016 | 2017 | 2018 | 2019 | 2020 2021
Countries
(thousand US$)
China 975,026 | 384,506 | 388,317 | 400,242 | 362,313 -
France 100,102 93,384 | 108,252 97,022 78,362 | 124,257
USA 79,577 96,784 98,609 | 100,167 81,448 | 145,932
Germany 45,641 91,755 92,457 | 115484 88,327 | 122,961
Netherlands 35,841 48,196 49,331 57,862 45,526 ]
Thailand 98,169 35,841 30,781 32,760 94,627 99,343
Ttaly 20,714 28,915 95,209 97,920 99,937 ]
Japan 19,270 95,871 95,384 28,448 19,237 28,369
United Kingdom 11,685 14,601 17,566 18,786 15,436 16,718
Totalin the world | 733,459 | 983,119 | 989,487 | 1,036,354 | 879,099 -

Source: Prepared by authors with data obtained from TRADEMAP (2022).

CONCLUSIONS

Mexico has broad agricultural and commercial potential in the agribusiness of the
castor grain and oil to supply the industrial sector, which leads to high prospects of business
and entrepreneurial opportunities. The agribusiness projects that are undertaken ought
to take into account the necessary agronomic management to generate productivity and
competitiveness. There should be staff that has knowledge in the management of the castor
oil crop or otherwise of oleaginous plants, so that the cultivation cycle can be planned
according to specific technological packages for every agroclimate condition, ensuring the
supply of improved seed for sowing, establishing calendars for the different phenological
stages of the crop and contemplating needs for irrigation and nutrition to guarantee field

yield and physicochemical quality in grain and oil.
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