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ABSTRACT

Objective: To determine the physiological quality of maize seeds from the F6 (Yellow X V-54A) experimental
variety and its relation to the maturation stages of the seeds, as well as its association with physiological maturity.
Methodology: Eight cob samples were assessed to determine the presence of milk line and black layer, moisture
content, and dry matter accumulation during seed maturation. A germination test was used to establish
physiological quality. The experiment included a completely randomized design with replicated measures at
5% significance.

Results: The milk line decreased (100 to 10%) and the black layer gradually appeared (0 to 99%) as seeds
matured. Moisture content decreased (58.1 to 25.4%) as sampling progressed, resulting from the highest biomass
accumulation (74.6%) and physiological quality (72.5%). The percentage of ungerminated seeds reached 94.3%
when seeds were immature; however, this percentage decreased to 18.5% at physiological maturity. Seedling
abnormalities ranged from 3.8 to 16.8%.

Conclusions: The physiological quality of maize seeds depended on their physical attributes rather than on
their physiological maturity.

Keywords: Zea mays L., milk line, black layer, physiological maturity.

INTRODUCTION

Seed production largely depends on the environmental conditions that take place
during the growth and development of the crops (Miya et al.,, 2017). Some indicators
of the physiological maturity of maize include moisture content, maximum dry matter
accumulation, and presence of black layer. These parameters are used to determine the
quality of the seeds (Ferreira et al., 2013; Sripathy and Groot, 2023).

The maximum accumulation of dry matter takes place when the seed reaches its
physiological maturity (=35% moisture) (Tadeo-Robledo et al., 2010). Subsequently,
several physiological processes take place, depending on environmental conditions.
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These processes contribute to the deterioration of the seed. In this regard, Jacob et al.
(2014) suggested that crops must be harvested as soon as possible after they reach their
physiological maturity. Some morpho-physiological changes have been identified as
indicators of physiological maturity: the presence of the black layer, the disappearance
of the milk line, and the decrease of moisture content (Estrada-Urbina et al., 2023a).
Meanwhile, Bewley et al. (2013) and Dayal et al. (2014) indicate that harvest maturity
occurs in a 7-10-day interval after the seeds have reached physiological maturity (<20%
moisture content). Nevertheless, these characteristics depend on genotype and sowing date.

In other studies, the seed quality is related to their maturity. Consequently, the highest
germination rate takes place when the seeds have a high moisture content, before they reach
physiological maturity (Carvajal et al., 2017; Mancera and Ramirez, 2018). In addition,
the maximum seed quality potential is recorded when they accumulate the highest dry
matter percentage and the lowest moisture level (Lozano-Pérez, 2021). Therefore, the
objective of this study was to determine the physiological quality of maize seeds from the
F6 (Yellow X V-54A) experimental variety and its relation to the maturation stages of the
seeds, as well as its association with the morphological markers related to physiological

maturity.

MATERIALS AND METHODS
Location of the experiment and plant material

The study was carried out in the Analisis de Semillas lab of the Colegio de Postgraduados
- Campus Montecillo (19° 27° 54.7” N and 98° 54’ 24.3” W). The F6 (Yellow X V-54A)
experimental maize (Zea mays L.) variety was used in the experiment. This variety was
grown and harvested during the spring-summer season (year 2022), in experimental fields
of the Colegio de Postgraduados.

Seed sampling

Eight samples were taken from five cobs. The first was at 20 days after flowering (daf)
—i.e., 106 days after sowing (das). Afterwards, the samples were collected in a seven-day
interval until the seeds reached physiological maturity (PM). In order to guarantee the
highest possible homogeneity and to prevent damages, harvesting was carried out only in
phenotypically identical plants.

Milk line and black layer

For each sampling, lengthwise sections were used to visually determine the presence of
the milk line (ML) and the black layer (BL) in 100 seeds (Estrada-Urbina et al., 2023a). In
addition, the presence of the black layer was registered in eight repetitions of 25 seeds. PM
was taken into account when 100% of the seeds had BL (Molina et al., 2003).

Moisture content and dry matter

Moisture content (MC) was determined according to the methodology of the
International Seed Testing Association (ISTA, 2021a), by drying two replicates of 5 g of
maize at 130%2 °C for 4h. Afterwards, MC was calculated with equation 1.
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(iws-wps)

MC =
(ws -wrt)

100 Equation 1
Where MC=moisture content (%); WT=weight of the metal tray (g); /WS=initial weight of
the seed before the drying process (g); WDS=weight of the dried seed in the metal tray (g).

Seed dry matter (DM) was determined using a similar method than the one used for
MUC. The results were expressed as accumulated biomass percentages and were calculated
with equation 2.

_ (wDs*100)

DMS = aws) Equation 2

Where: DMS=dry matter of the seed (%); /W.S=initial weight of the seed in the metal tray
before the drying process (g); WDS=weight of the dried seed in the metal tray (g).

Physiological quality

Physiological quality was determined with the standard germination test (GER) in eight
replications of 25 seeds, which were placed in Anchor® paper towels, previously soaked in
distilled water. Subsequently, the paper towels were rolled up and placed inside a germination
chamber at 25%1 °C for 7 days, with a 24 h white light photoperiod. After the incubation
period, the seedlings were evaluated based on the criteria of the ISTA (2021b) regarding
the number of normal (NNS) and abnormal seedlings (NAS), as well as ungerminated
seeds (NUS). The following equations were used to determine physiological quality:

Equation 3 was used to determine the germination percentage.

NNS

GER = 5 *100 Equation 3

Where: GER=germination percentage and NNS=number of normal seedlings.

Equation 4 was used to calculate the percentage of abnormal seedlings.

A
ABNOR = NAS
25

*100 Equation 4

Where: ABNOR=percentage of abnormal seedlings and NAS=number of abnormal
seedlings.

Equation 5 was used to establish the percentage of ungerminated seeds.

NOGS = NUS

*100 Equation 5

Where: NOGS=percentage of non-germinated seeds and NUS=number of ungerminated
seeds.
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Experimental design and statistical analysis

A complete randomized design with repeated measures for the sampling factor was
used for the experiment. The analyses of variance (ANOVA) were conducted at an ¢=0.05
significance with the first-order autoregressive matrix covariance, in order to obtain the
lowest value of BIC (Bayesian Information Criterion). ANOVA were carried out with the
following statistical model,

Vi =,u+Muei +£ij

where: V= i-th sampling response, in the j-th replication; u=overall mean; Mue,=fixed

effect of the i-th sampling; el-j=experimental error.

The data in percentage were transformed using the arcsen ( y/ 100) equation,
to homogenize the variances for their subsequent analysis. When the ANOVA showed
statistical differences, the Tukey’s test (@=0.05) was employed.

All data were analyzed in RStudio software (R Core Team, 2022).

RESULTS AND DISCUSSION
Milk line and black layer

From 20 to 27 daf, the seeds were immature and the grains had a liquid endosperm
(milky texture). At 27 daf, there was decrease of the ML of 15%, from the crown to the
pedicel of the grain. At 34 daf, the ML recorded a 20% decrease. Regarding the harvests
that took place between 48 and 69 daf (134-155 das), the ML decreased towards the pedicel
around 50, 45, 25, and 10% (Figure 1).

At 20, 27, and 34 daf, the seeds were immature and, consequently, no visual proof
about the presence of the BL was observed. Therefore, the ANOVA did not detect any
significant difference (p>0.05) during these development stages. During the 41-69 daf
period, significant statistical differences (p<0.05) were found. In addition, at 41 daf (127
das), a faint and greyish BL was detected in 27% of the seeds. Consequently, this period was
identified as the beginning of physiological maturity (BPM).

The presence of the BL increased as the samplings progressed and, finally, it became
totally dark. Irom 41 to 48 daf, the BL of the seeds increased 59%, while from 55 and 62
daf, it increased at a lower rate. The BL percentage for these periods reached 67.5 and
78.5%, respectively. Finally, a dark BL was completely visible in 100% of the seeds at 69 daf
(Figure 2). Therefore, based on the visible black color of the BL (Figure 1), the seeds reached
their PM at 69 daf —i.e., 155 das. In this regard, Mancera and Ramirez (2018) pointed out
that the BL is the best PM indicator. They estimated that the BL percentage in the seed
should be >75%. However, they also considered that the ML is a more practical parameter.
Consequently, taking into account both morphological parameters is fundamental to draw
a better inference of the PM. The visual evaluation of the I'6 (Yellow X V-54A) experimental
variety showed that the plant material was immature during the first two samplings (20
and 27 daf), when the endosperm had a liquid texture (100% ML) and the seeds did not
have the BL. As the samplings progressed, the endosperm started to solidify and the BL
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Figure 1. Advance of the milk line and presence of the black layer as indicators of the physiological maturity
of the F6 (Yellow X V-54A) experimental maize (Zea mays L.) variety. The red line shows the advance of the
milk line from the crown to the pedicel of the seed. The blue arrow points out the presence of the black layer
in the placenta area of the seed. A) 20 daf; B) 27 daf; C) 34 daf; D) 41 daf; E) 48 daf; F) 55 daf; G) 62 daf; and
H) 69 daf.

became more noticeable as the seeds reached their PM. These results match the findings
of Martimez-Alvarez (2015) and Lozano-Pérez (2021).

Dry matter

The dry matter weight gain at 20 and 27 daf (41.9 and 44.5%, respectively) was not
statistically significant (p>0.05). At 34 daf the DM increased 8.7% compared to the
previous sampling, and 1.4% at 41 daf. Nevertheless, DM content did not registered
statistically significant differences (p>0.05) between these two harvesting stages. At 48 daf,
the behavior was similar than at 34 daf: DM was 10.5% higher than in the previous harvest.
Finally, the grains accumulated the highest DM percentage (71.5%) at 55 daf. In addition,
they continued recording a lower accumulation until they reached their physiological
maturity (Figure 2).

Zavala-Hernandez et al. (2015) reported that maximum dry matter accumulation is
an indicator of the PM, while Ferreira et al. (2013) stated that PM is associated with the
presence of the BL in all the seeds and the disappearance of the ML. In this study, the seeds
reached the PM with a 74.6% dry matter accumulation and 100% BL. These results match
the findings of Bewley et al. (2013), who linked dry matter content with the physiological
maturity of the seeds.

Moisture content
The seeds recorded 58.1% MC at 20 daf; however, this percentage decreased by 2.7% at
27 daf (Figure 3). No statistically significant difference was recorded in both cases (p>0.05).
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Figure 2. Dry weight gain and presence of the black layer (BL) during the maturation period of the seeds of
the F6 (Yellow X V-54A) experimental maize (Zea mays L.) variety. Mean value = standard error. Means with
different letters in each sampling are statistically different (Tukey, =0.05).

From 34 to 41 daf, MC decreased by 0.9%, recording 46.5 and 45.6%, respectively. Likewise,
no statistically significant differences (p>0.05) were recorded between them.

From 20 to 41 daf, MC decreased 12.5%. This last period was established as the BPM
of the seed, given the appearance of a faint BL (27%) (Figures 1 and 2). From 48 to 69 daf,
MUC decreased 10.4, 17.1, 17.7, and 20.2% in relation to the BPM. Consequently, the I'6
(Yellow X V-54A) experimental variety reached its PM when the seeds recorded a 25.4%
MC (Figure 3), 100% BL, 10% ML, and 74.6% DM.

MC could be one of the main causes of seed deterioration: as it increases, a significant

germination decrease takes place, as a result of the increase of cellular respiration (Estrada-
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Figure 3. Relation between the germination percentage and moisture content during the maturation process
of F6 (Yellow X V-54A) experimental maize (Zea mays L.) variety. Mean value * standard error. Means with
different letters in the eight samplings are statistically different (Tukey: @=0.05).
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Urbina, 2022). Magdaleno-Herndndez et al. (2020) pointed out that, during the formation
and maturation processes, maize seeds undergo physiological, chemical, and physical
changes (such as the increase of cellular respiration), which directly impact germination.
For their part, Ghassemi-Golezani et al. (2011) mentioned that the maximum physiological
quality of maize seeds is related to their maximum dry matter accumulation and their
lower moisture content. Consequently, the lack of germination during the first four
samplings (from 20 to 41 daf) could be the result of a high MC (58.1-45.6%), a doughy-
liquid endosperm (100-50% ML), and a low BL presence (0-27%).

Likewise, this study recorded that germination reached 72.5% when MC decreased
to 25.4%. These results match the reports of Mishra et al. (2023), who linked the physical
with the physiological elements, because moisture content highly impacts seed maturity
degree and quality. According to Sripathy and Groot (2023), dry matter accumulation
—an indicator of physiological maturity— is the best sign of maximum quality seeds.

Physiological quality

Germination was not statistically different at 20 (1.8%), 27 (3.3%), 34 (3.0%), and 41
daf (2.0%). However, it increased by 16.3% at 48 daf (Figure 3). The 41 daf harvest was
established as the BPM, recording a 27% BL and a 50% decrease of the ML in the seeds.
Meanwhile, germination increased 70.5% from the BPM to the PM of the seed (69 daf).
Consequently, the seeds of the plant material used in this study reached their PM with
a 72.5% maximum germination. In this regard, the physiological quality of maize seeds
depends on their maturation degree. Therefore, in contrast with immature seeds, a higher
germination is achieved when the seeds reach their PM (Escobar-Alvarez et al., 2024b).

However, MC affected germination percentage of the I'6 (Yellow X V-54A) experimental
variety (Figure 3). This situation was the result of the maturation process of the seeds,
which is highly influenced (88%) by their moisture content (Estrada-Urbina et al., 2023b).
Consequently, the high MC of the seeds diminished their germination. Likewise, Rosabal-
Ayan et al. (2014) mentioned that germination involves cellular (enzymatic activation)
and genetic changes (protein hydration, respiration, cell proliferation, or gene activation).
Immature seeds cannot produce new plants, because they are not fully developed;
meanwhile, the food material translocation to the seed stops during its physiological
maturity, reaching its highest quality level. However, the moisture content is still too high
(20%) to store the seeds (Dayal et al., 2014).

Normal seedlings

Figure 4 shows the growth and development evolution of the normal seedlings, from
their earliest stages to their PM. Figures 4A and 4B show that the seedlings were under-
developed when the seed was immature. In the case of the first and second samplings, the
coleoptile had a <20.0 mm development, growing longer as the subsequent harvests took
place. Figures 4C and 4D show a better coleoptile development. The emergence of the
cotyledonary leaf is evident.

The coleoptile of some seedlings had a slight malformation (Figures 4C and 4D). This
situationis the consequence of the position of the seedsin the Anchor® paper towels: adjacent
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Figure 4. Growth and development of normal seedlings from the germination test of the F6 (Yellow X V-54A)
experimental maize (Zea mays L.) variety. A) 20 daf; B) 27 daf; C) 34 daf; D) 41 daf; E) 48 daf; F) 55 daf; G) 62
daf; and H) 69 daf.

seeds served as a barrier for the upright growth of the seedlings and, consequently, these
seedlings were not classified as abnormal (ISTA, 2021b). In addition, the secondary roots
grew gradually. In the samplings carried out after the BPM (48 daf), the seedlings showed
a better development of the secondary roots and primary leaves (Figures 4E and 4H). The
cotyledonary leaf and the first true leaf appeared at 55 and 62 daf] respectively. Once the
seeds reached their PM, the seedlings showed their maximum growth and development
potential, in comparision to the previous stages when the seeds were both immature and
starting to mature. Escobar-Alvarez and Estrada-Urbina (2024a) visually detected the
differences regarding the quality of the seedlings from maize seeds with two degrees of
maturation. The seedlings from PM seeds were more vigorous, since the development of
the cotyledonary leaf and the secondary (coronary and seminal) roots were fundamental to

determine their quality.

Abnormal seedlings

Figure 5 shows that the coleoptile growth and development were inhibited from 20 to
34 daf. The Figure also includes the emergence of a 3.0-12.0 mm primary root (with a
damaged root cap) and the lack of development of secondary roots (Figures 5A, 5B, and
5C). Regarding the BPM (41 daf), the main root was approximately eight times bigger
than in the previous sampling. The root system was damaged and no secondary root
development was recorded. The coleoptile development remained difficult until 55 daf
and, in this same structure, the filling of leaf primordia never exceeded 50% (Figures 5D,
5E, and 5F).
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? 4yl

Figure 5. Growth and development of abnormal seedlings from the germination test of the F6 (Yellow X
V-54A) experimental maize (Zea mays L.) variety. A) 20 daf; B) 27 daf; C) 34 daf; D) 41 daf; E) 48 daf; I) 55 daf;
G) 62 daf; and H) 69 daf.

Foliar structures grew in the coleoptile when the seeds reached a more advanced
maturity (62 daf). Even during this stage and until their PM, the coleoptile of some
seedlings was deformed (rolled-up shape), while other seedlings grew laterally or with a
positive geotropism.

In addition, malformations and maldevelopment of the primary and secondary roots
(Figures 5G and 5H) were identified. All these malformations are included in the ISTA
(2021b) rules for the germination test. Clear malformations, deficiencies, and weakness in the
root system and foliar structures were observed. These seedlings were classified as abnormal,
because their main structures were deformed and prevented their optimal development,
from the beginning of their maturity to their PM (Guillén-de la Cruz et al, 2018).

During the germination test, all seedlings without main structures, malformed, badly
damaged, sick, or rotten, were classified as abnormal and were not taken into account for
the germination percentage. These seedlings were not expected to become normal plants,
impacting their growth in the fields (Vujosevic et al., 2018).

The ABNOR variation recorded statistically significant differences (p<0.05) throughout
the evaluation period. The highest percentages of abnormalities were recorded at 55 and
62 daf: 8.5 and 16.8%, respectively (Figure 6). The abnormal seedlings recorded the same
behavior pattern during the experiment. This pattern was divided into two periods: 1) 20-
41 daf and 11) 48-69 daf. The percentage of ABNOR was lower during the first period and
it increased during the BPM.

Non-germinated seeds
The percentage of non-germinated seeds (NOGS) fluctuated between 88.5 and 94.3%
from 20 dafto the BPM. However, from 48 to 62 daf, NOGS decreased =72%. Therefore,
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Figure 6. Morphological alteration of the maize seeds maturation of the F6 (Yellow X V-54A) experimental
maize (Zea mays L.) variety alteration recorded in the germination test. Mean value * standard error. Means
with different letters in the eight samplings are statistically different (Tukey, @=0.05).

NOGS at 48, 55, and 62 daf were statistically significant between each period (p<0.05),
recording 75.8, 53.8, and 22.3%, respectively. Finally, NOGS recorded 19% when the
seeds reached their PM (Figure 6). In this regard, immature seeds reached the highest
ABNOR and NOGS percentages in this study, as a result of the lack of the nutrients
required to complete the development process. Consequently, the embryo could not
reach a satisfactory growth (Alves e al., 2018). Likewise, the high MC could promote
a high metabolic activity (cellular respiration) that resulted in seed deterioration —i.e.,
a low physiological quality (Pardo-Varela, 2016). One of the factors that contribute to
a high physiological quality of the seeds is a timely harvest. There are several adverse
environmental conditions, which accelerates the deterioration process of the seeds
during their maturation; consequently, it is important to identify the right moment
of the harvest of seeds. This activity (harvest) is usually associated to the physiological
maturity of the seeds. However, seeds have their highest moisture content in that stage,
hindering the harvesting process (Sripathy and Groot, 2023). This research suggests
that the best time to the seed harvest is when they reach the physiological maturity. On
the other hand, Estrada-Urbina et al. (2023b) indicate that maturity does not match
maximum physiological quality and that the high seed quality is highly dependent on

moisture content.

CONCLUSIONS

Asmoisture content decreased, the seeds of the 6 (Yellow X V-54A) experimental variety
recorded a higher physiological quality. The maximum quality of the product depended
on the moisture content of the seed and, consequently, the germination percentage was
not associated with physiological maturity. Finally, depending on seed maturity, a higher
percentage of normal seedlings was recorded.
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ABSTRACT

Objective: To identify the spatiotemporal dynamics of the types of crime committed in Mexican agroecosystems
and their relationship with the economic performance of Mexican states from 2006 to 2022.
Design/Methodology/Approach: The study consisted of the following stages: 1) documentary research; 2)
collection of data from official indicators and a hemerographic review of 292 newspaper articles; and 3) a
statistical analysis for the evaluation of the information collected.

Results: The most frequent crimes in agroecosystems from 2006 to 2022 were homicide, kidnapping,
and extortion. The most impacted productive components were livestock, avocado, and seed trade. The
states with the highest criminal rates were Guerrero, Michoacdn, and Sinaloa. Likewise, according to the
statistical analysis, a decrease in socioeconomic indicators causes an increase in crime in the agroecosystems
and vice versa.

Study Limitations/Implications: The information analyzed was obtained from newspaper reports, given
the lack of statements or documents with official figures on the incidence of crime in Mexican agroecosystems.
Findings/Conclusions: According to theoretical approaches that consider crime as a fundamentally rational
act (based on benefits and costs), crimes in agroecosystems increase as the indicators of economic development
decline, and diminish as the economy grows. This phenomenon can be analyzed from a social and economic
approach.

Keywords: Mexican agroecosystem, crime, rural crimes, economy.

INTRODUCTION

Agriculture is the most important economic activity both for the biological maintenance
of humanity and its social reproduction, as well as for the employment and income it
generates for rural areas (FAO, 2009). Likewise, agriculture makes a major contribution
to the Mexican economy, because it creates jobs, preserves natural environments, and
promotes progress in rural areas. However, given that agriculture produces wealth,

agricultural producers are continuously exposed to crime.
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Although the reasons that motivate a person to commit crimes are diverse, they
can be divided into two main categories: irrational criminal conduct and the rational
behavior of a subject who secks a benefit (Becker, 1974). This research focuses on the
latter, since rational individuals who decide to commit a crime expect to obtain greater
benefits than they would obtain by legal means; on the contrary, if individuals consider
that they will have better opportunities in legal activities, they will be less likely to
commit a crime. Therefore, before engaging in illicit activities, people evaluate their
profitability; however, faced with the opportunity to obtain a higher income through
legal means, their motive to commit a crime disappears. In conclusion, the level of
crime increases when economic recessions cause high unemployment rates (Lozano et
al., 2018).

Quiroz et al. (2015) explain that the global indicators of economic activity and crime
have a non-monotonic relationship, because crime diminishes when economic performance
is high and increases when the economy declines.

In this sense, crime is a consequence of social disintegration —which is characterized
by deep economic polarization, lack of opportunities, and loss of values (Calvillo, 2014).
It is a maladjustment that challenges society through non-compliance with the rules of
coexistence. It can be found throughout the world, without distinction of social strata
and it results in violence, robberies, terrorism, drug trafficking, rape, murder, etc.
(Jimenez, 2005).

Criminal violence is one of the problems with the greatest repercussions in Mexico,
because it generates human losses, impacts economic activities, causes school absenteeism,
and leads to forced migration (Quiroz et al., 2015). Romero et al. (2013) point out that
the violent criminal conduct that impacts the Mexican economy consist of operations
with resources of illicit origin, such as extortion, robbery, kidnapping, human trafficking,
drug trafficking, threats, attacks, home invasion, collusion of authorities with criminals,
smuggling, forgery, identity theft, burglary, obstruction of the transport system, and
homicide. These authors indicate that agriculture is among the most affected economic
sectors, since some crimes occur specifically in rural areas, such as the theft of tractors
or livestock. Meanwhile, Ceccato (2016) also includes crimes against nature and wildlife
among criminal activities committed in rural areas.

In addition to the loss of human lives, crime deeply affects the economic activities of the
agricultural and rural sector (Cornejo and Rojas, 2017; Aguirre and Goméz, 2020), since
productivity and the ability to provide jobs are reduced by bribery, theft of machinery,
livestock, and merchandise, and kidnappings. Some people even stop their economic
activities, afraid of becoming victims of violent acts (Diaz and Diaz, 2016).

Smith (2020) highlights that agricultural producers distrust the authorities, because
the authorities do not intervene in a third of the crimes that occur in agroecosystems,
either due to the lack of complaints or because many of the reported cases are not solved,
generating a feeling of rejection. According to Diaz and Diaz (2016), the lack of complaints
is related to the potential collusion of rural authorities with criminal groups, generating
fear of repercussions if a victim files a report. Therefore, rural population distrusts the

authorities, as well as each other. For example, just like the police, some members of the
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community associate with criminal organizations to guarantee their well-being, attacking
their communities and causing social disintegration.

Although the way in which crime threatens the integrity of rural producers, causes
displacement, encourages the abandonment of land, harms production, and violates the
quality oflife hasbeen documented, the dynamics between crime in Mexican agroecosystems
and economic activity has not been analyzed. Consequently, the objective of this research
was to identify the spatiotemporal dynamics of the types of crime committed in Mexican

agroecosystems and their relationship with the economic performance of the Mexican
states from 2006 to 2022.

MATERIALS AND METHODS

The research mainly consisted of the collection of documentary information and the
processing and analysis of the data.

Data was obtained through a hemerographic review and through official indicators.
For this purpose, a compilation of newspaper articles about the impact of criminal
activities in the agriculture and the rural areas of Mexico was carried out. The said
articles had been published in two national circulation newspapers, La Jornada
and Reforma, between December 1, 2006 and November 30, 2022. To address the
relationship between crime and the economic performance of Mexico, variables that
provided valuable information were established to better understand this dynamic. The
variables are described in Table 1.

The information on these variables was captured per year and per state. These data

were retrieved from the INEGI consultation portal and the reports published by each state

government.
Table 1. Variable description.
g g O Unit of
Variable Variable Name Description
measurement
. Indicator of a country's economic performance. It can be used to assess o
GDP Gross Domestic Product Y P Millions of pesos

economic prosperity and growth over time.

Gross Domestic Product | This indicator specifically focuses on the contribution of agricultural and

DP PA . . . Milli i
¢ by Primary Activities rural activities to GDP. HHONS Of pesos
Indicates the proportion of unemployed people in the active population.
UR Unemployment Rate Unemployment is related to crime as unemployed individuals facing Percentage

economic hardships may be more inclined to engage in criminal activities
out of necessity.

Measures the public perception of corruption. High corruption indices
PC Perception of Corruption | may indicate that it contributes to crime by reducing the effectiveness of Percentage
institutions that provide security and justice.

Indicates the frequency of crimes in specific geographic areas. It helps to
CIR Crime Incidence Rate understand the magnitude of the crime problem and how it changes over Absolute numbers
time.

Indicates the number of crimes occurring in rural areas. Since there is no
source that registers crimes affecting the countryside, news reports can
provide useful information to understand this problem, its implications, and
the most recurrent regions.

Crime Incidents
CI (according to news
reports)

Absolute numbers
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The analysis was carried out in two stages: 1) review of newspaper articles; and 2)
statistical analysis of the variables.

The hemerographic review was made up of 292 newspaper articles. The variables
used for the text analysis were: productive component of the impacted agroecosystem
(activity), location (state), date, and crime classification. Table 2 describes the crimes
identified in the articles.

Given the extensive amount of data, a six-year average was developed. Consequently,
two six-year and one four-year sets with six variables per state were calculated.

Descriptive analysis was carried out with STATISTICA (v. 8.0) to obtain the mean and
standard deviation of the variables. Subsequently, diagrams were developed to graph the
behavior of the variables throughout the study period. The same exercise was repeated,
taking into account only the last year of each period, to obtain a perspective related to
the exchange rate between them. However, due to the lack of information before the first

period, 2007 was used as a reference year.

RESULTS AND DISCUSSION
The crimes with the highest rates are homicide, kidnapping, and extortion, which are

not necessarily typical of agricultural contexts and, on the contrary, are more frequent in

Table 2. Description of crime types.

Crime

. . Description
classification P

Involves the theft of animals, mainly horses or cattle, and is characterized by its
rural nature (Norza et al., 2012). It is considered an act against property and is
stipulated in most penal codes of livestock-rearing countries, as it affects the growth
of the sector (Cornejo and Rojas, 2017).

Cattle Rustling

Article 390 of the Federal Penal Code defines extortion as the act of forcing
another to give, do, refrain from doing, or tolerate something, with the purpose
Extortion of obtaining a benefit for oneself or for someone else and/or causing harm to
another’s property. This includes the collection of fees for protection or “floor
rights”.

A violent act that disrupts the victim’s body and causes death, either immediately
Homicide or due to complications that cannot be treated because they are incurable or
because of lack of access to necessary resources (Padrén and Garcia, 2018).

Taking someone else's property without the owner's consent. It is a crime against
economic property that is situational and opportunistic, as its execution depends
on three elements: object, person, and place, where accessibility, vulnerability,
potential gain, and chances of success are evaluated (Norza et al., 2012).

Theft

Physical and movable deprivation of a person’s freedom, meaning that victims
Kidnaoin cannot move from one place to another. Its motivations attack the victims’
PPiig property, as they are forced to deliver money, information, or some goods in

exchange for their freedom (Muiioz, 2019).

A crime related to copyright, such as the production, reproduction, importation,
storage, transportation, distribution, sale, or rental of copies of works, phonograms,
videograms, or books protected by the Federal Copyright Law for profit and
without the authorization of the copyright holder.

Piracy

Ilecal Losein Activities that involve dismantling or destroying natural vegetation, cutting down,
& Seing uprooting, toppling, or felling trees.
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urban areas. The most characteristic crimes of the countryside, such as cattle rustling and
illegal logging, have a lower incidence (Figure 1).

In this study, homicide was the most common crime. The victims belong to any
productive component without distinction. Nevertheless, most homicide victims are
ranchers, agricultural business owners, and producers who had been previously kidnapped
or who refused to pay protection rackets. Other regular victims are the leaders of rural
organizations and environmental activists, who pose a threat to the development of the
illicit activities of organized crime groups.

Kidnapping was the second most frequent crime and mainly affects livestock producers,
avocado growers, and owners of agricultural trading companies or their relatives, who have
a greater chance of paying a ransom due to their high level of income. However, income
is not a limiting factor, because although the percentage is lower, small producers were
also kidnapped. Agrarian organization leaders and environmental activists were likewise
targets of kidnappings, for the same reasons mentioned in the paragraph about homicides.

In rural areas, extortion can be observed mainly in the so-called derechos de piso, a
protection racket system where producers are forced to pay bribe to criminal groups in
exchange for permission to work their own land, as well as payments per ton received, and
for the use of transportation. Producers are also forced to plant narcotic plants on their
plots; refusals to cooperate with criminals results in reprisals. Some agricultural companies
are also victims of extortion. They are forced to fine and reduce the payments to the
producers, arguing that humidity has damaged the crops. The resulting difference goes
to the criminals, who sometimes demand one-time payments to refrain from kidnapping
company members.

Information about robberies is scarce and, in most cases, the stolen goods are vehicles,
machinery, and agricultural equipment.

Cattle rustling is a major rural crime, with two major modus operandi: 1) the violent
robbery of producers, who are subdued while the criminals take away the livestock; and 2)

the theft of livestock transport vehicles on the road. In addition to economic losses, cattle

(=]

&0
40
2

Homicide Kidnapping Extortion Robbery Cattle Clandestine Piracy
rustling Table

W2006-2012 mW2012-2018 m2018-2022

Figure 1. Six-year crime incidence, according to newspaper articles.
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rustling has repercussions on final consumers, due to the loss of health control, which can
trigger an epidemiological problem (Lago et al., 2019).

The articles consulted mention that illegal logging allows organized crime to generate
profits from the commercialization of wood and resin, which is a problem for some
producers since criminal groups invade their land to cut down trees.

Finally, an unprecedented crime was identified in the agricultural context: the impact
of piracy in the seed trade. Criminal groups often steal, reproduce, and market patent
seeds. Others collect empty packages of original seeds and fill them with fake product to
pass it off as authentic. This situation impacts, on the one hand, the seed companies (which
do not obtain profits), and on the other hand, the farmer (who does not obtain the expected
productive results).

The state with the highest criminal rates in Mexico was Guerrero, followed by Michoacan
and Sinaloa. Figure 3 shows the matches for each state in the newspaper articles consulted.

A decrease in the reporting rate of the crimes was recorded, indicating that the
authorities are not always aware of the magnitude of the problem. Only 292 articles
about the said crimes were found —a small figure, considering that sixteen-year period
under study.

One of the major features of criminal violence in agroecosystems is the failure to meet
the demand, caused by the reduction and delay in production. This phenomenon is
attributed to the loss of producers, either due to homicides or land abandonment, driven
by threats or the need to escape the violence that impacts the region. This situation led to
a decrease in cultivated areas and the closure of numerous farms.

An additional consequence of the insecurity and violence is the withdrawal of foreign
investors, who used to rent land for vegetable production. This withdrawal has a negative

Others (25)
Seeds
Corn
Wood
Lemon
Milk

Cattle

Beans
Sugargane

Avocado

T“l”"“

20 30 40 50 60

(=]
-
o

m2018-2022 wm2012-2018 m2006-2012

Figure 2. Impact of crime on the productive components of agroecosystems, between 2006 and 2022 (six-year
periods).
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Figure 3. Criminal rate in agroecosystems per state (six-year periods).

impact on the local economy and increases the probability that unemployed laborers turn
to criminal activities as a source of livelihood.

Furthermore, this low supply increases the cost of agricultural products above their
usual prices for final consumers.

Homicide, kidnapping, and extortion were the most frequent crimes found in the study.
Based on the Programa Nacional de Seguridad, Samano and Leal (2020) classify them as
high-impact crimes and suggest that their high rates have a deep and negative relationship
with the displacement of agricultural producers from the state of Tamaulipas. Interestingly,
migration and forced displacements are some of the most marked consequences of crime in
agroecosystems.

The analysis found that cattle rustling is carried out with violence within the producers’
property or through the theft of livestock transport vehicles. However, other research record
different modus operandi. For example, Donnermeyer and Barclay (2005) mention that it
is common for lost livestock to end up in neighboring herds and not be returned to their
owner. They also suggest that some criminals hire local herders who have the necessary
equipment and local knowledge.
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Articles mentioned that most crimes in agroecosystems are not reported. Donnermeyer
and Barclay (2005) indicated that very few cases end in a conviction, because a long time
passes between the crime and the moment in which the producers realize that something
happened. In other cases, they consider that the authorities are not prepared or aware of
the rural context and are therefore unable to address their problems. For their part, Diaz
and Diaz (2016) and Aguirre and Gémez (2020) highlighted the inefficiency of the rule
of law in Mexico, explaining that agricultural producers do not report crimes due to the
corruption of the authorities and their connection with organized crime.

The various economic consequences of rural crimes leave producers vulnerable, because
it is easier to engage in criminal behavior as a means of subsistence. This situation further
contributes to the deterioration of the social fabric. Arisukwu ¢z al. (2020) mention that most
of the crimes in the rural areas of Nigeria are committed by unemployed youths. Likewise,
Diaz and Diaz (2016) indicate that some rural inhabitants in Mexico first participate in
drug trafficking through drug production or working as informers for criminal groups,
reporting on every movement that occurs in their communities.

The statistical analysis shows the dynamics of the variables in the three established
periods (Table 3 and Figure 4).

The analysis of the socioeconomic variables in the three periods identified a constant
increase in GDP, which indicates a sustained economic growth. Similarly, primary sector
GDP (PS-GDP) shows an increase throughout the periods, which suggests growth in the
primary sector of the economy.

The unemployment rates (UR) variable shows a constant decrease throughout the
periods, indicating animprovementin economic activities and areduction in unemployment.
Meanwhile, an increase in corruption perception was observed throughout the periods,
which could indicate a worsening in the perception of institutional integrity. For its part,
there was an increase in the crime incidence rate throughout the periods, which suggests
an increase in criminal activity. In the case of criminal incidents recorded in newspaper
articles, the values fluctuate significantly throughout the periods, increasing from the first
to the second and then dropping drastically in the third.

Table 4 shows the values resulting from the repetition of the same exercise, carried out
to determine the exchange rate between periods.

Table 3. Six-year behavior of socioeconomic variables in Mexico (2006-2022).

Period
Variable
2006-2012 | 2012-2018 | 2018-2022 Standard
deviation

Gross Domestic Product (GDP) | 452942.5 522410.5 531284.2 522921.6
Gross Domestic Product by
Primary Activities (GDP PA) 15138.0 17266.0 18761.4 14683.4
Unemployment Rate (UR) 4.7% 4.2% 3.6% 1.2%
Perception of Corruption (PC) 8.2% 11.88875% 13.43125% 3.8%
Crime Incidence Rate (CIR) 83590.0 89298.7 101528.2 106433.0
Crime Incidents (CI) 0.968750 1.890625 0.835938 2.5
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The table shows an increase in GDP except in the last period, but this reduction is barely

Table 4. Exchange rate of the variables between periods.

perceptible. Likewise, the PS-GDP maintained a constant growing trend over the years.

The unemployment rate (UR) showed an exponential increase in the first two years, but in

Year
Variable

2007 2012 2018 2022 Standard
deviation
Gross Domestic Product (GDP) 445452.0 482218.5 553164.6 532521.7 525077.2

Gross Domestic Product by
Primary Activities (GDP PA) 15208.78 15609.84 18563.78 19120.78 14803.1
Unemployment Rate (UR) 3.365313 4.943594 3.170313 2.919375 1.4
Perception of Corruption (PC) 7.975 10.08 13.38 13.27 4.0
Crime Incidence Rate (CIR) 77231.4 85022.5 104135.0 104682.6 109077.9
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2018 it fell below the initial point and continued decreasing in 2022. The initial perception
of corruption (POC) had high values and increased until 2018, when it began to slowly
decrease. The crime rate (CR) grew slowly but steadily until 2018, when it apparently
stagnated.

According to the variables of the comprehensive socioeconomic analysis, an inverse
trend is observed between the indicators of the economic sector and the factors that favor
crime. Therefore, as economic indicators grow, critical variables (such as unemployment
and the perception of corruption) decrease, causing a slowdown in crime. This phenomenon
stablished an inverse connection between economic development and the factors that lead

to crime (Figure 5).
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Figure 5. Exchange rate of the GDP (PIB), PS-GDP (PIB PA), UR (TDD), POC (PDC), and CR (TID)
variables during 2007, 2012, 2018, and 2022.
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CONCLUSIONS

Crime was present in Mexican agroecosystems and rural life during the 2006-2022
period. The most common crimes were homicide, kidnapping, and extortion. In addition,
a new form of crime was found in rural areas: seed piracy. Crime was more frequent in
agroecosystems which mainly produce livestock and avocado, but also include seed trade.
Agricultural organizations leaders and environmental activists are frequently the victims of
crime. The states with the highest criminal rates in rural areas were Guerrero, Michoacan,
and Sinaloa.

Crime reached its highest peak during the second period (2012-2018), and decreased
considerably in the third period (2018-2022), following the dynamics of socioeconomic
development indicators.

This research highlights the inverse relationship between socioeconomic development

and crime: when the economy declined, rural crimes tended to increase and, on the
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contrary, rural crimes decreased when socioeconomic indicators increased. This research
is based on a theoretical current that suggests that crime is fundamentally a rational act
and, overall, it should be analyzed from a social and economic point of view.
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ABSTRACT

Objective: Optimize a production unit for biodiesel, glycerin, and soap using a mathematical programming
model (MPM). Determine the optimal quantities of waste cooking oil from different sources (ACD, =glycerin
and biodiesel; ACD,=soap) to maximize the income of a biodiesel production company.
Design/methodology/approach: To assess the availability of ACD inputs, stratified sampling was conducted
from February 8 to 19, 2021, measuring the ACD generation of restaurants in downtown Texcoco, State
of Mexico. The analysis was conducted using an economic approach for a biofuel-producing company,
considering 10 decision variables in the objective function (OF), subject to 18 constraints. These variables were
based on the technical requirements to produce 1 liter of biodiesel and a 400 g bar of soap, using technical
coefficients (input-product). Excel® Solver® was used to generate a sensitivity report and analyze shadow prices
(SP) and reduced costs (RC).

Results: Monthly revenues exceeding $140,000 MXN were obtained. ACD, emerged as the scarcest and most
valuable input within the model.

Limitations on study/implications: Proper management of ACD disposal can generate income through the
production of biodiesel, glycerin, and soap.

Findings/conclusions: MPM proves to be the most efficient method for utilizing kitchen waste and converting
it into valuable products.

Keywords: Waste cooking oil, biodiesel, mathematical programming, optimization.

INTRODUCTION

Edible vegetable or animal oils are a fundamental dietary component in the Mexican
diet. After frying and cooking processes, waste cooking oil (ACD) is generated (Banerji e
al., 2022). At high temperatures (160-200 °C), vegetable oils composed of triacylglycerols
undergo physical and chemical modifications, resulting in toxic compounds formed
through oxidation, hydrolysis, and polymerization of triglycerides (Tsoutsos et al., 2016).
According to Gonzdlez and Gonzalez (2023), 1 liter of used cooking oil can contaminate
approximately 40,000 liters of drinking water. Furthermore, once cooled, the oil solidifies
and can clog pipes and drains. Improper disposal of ACD poses serious environmental issues.

The compounds produced from the degradation of cooking oils have harmful effects on
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human health and are known to be mutagenic, carcinogenic, neurotoxic, and hepatotoxic,
among others (Tsoutsos ¢t al., 2016). This highlights that improper ACD disposal can lead
to environmental pollution and public health problems (Lopes ¢t al., 2020). There is a
pressing need to implement alternatives for the reuse and final disposal of these residues
in order to give new life to what is typically considered single-use waste (Tsoutsos et al.,
2016). ACD can be repurposed through transformation, for which the simplex method
an algorithm used to optimize the value of the objective function (OF) while considering
defined constraints proves useful. This is an iterative process that improves the OF in
each step until reaching the optimal solution (Alvarado-Boirivant, 2011). In this research,
an MPM was developed to maximize the net income of a company producing biodiesel,

glycerin, and soap, making efficient use of ACD as a limited resource.

MATERIALS AND METHODS

The ACD was classified into two types based on its origin and quality, according to
culinary practices. The quantity of ACD generated was estimated by production strata
in the central area of the municipality of Texcoco, State of Mexico, Mexico, located at
coordinates 19° 30° 42.98” N, 98° 52’ 58.55” W.

A stratified sampling was conducted from February 8 to February 19, 2021: ACD,
was obtained from restaurants (n=16), taco stands and Mexican snacks vendors (n=12),
and local diners (n=>5) to produce biodiesel and glycerin; ACD, was collected from fast
food establishments and bars (n=13), as well as donut and churro vendors (n=>5) for
soap production. The sample size was based on Santoyo ¢t al. (2002), totaling 51 units
(22% of the total population). The model includes percentage-based constraints on the
availability of ACD types, according to their participation in final production. A total of
ACD,=18,833 L/month was recorded, of which 82% came from restaurants, 15% from
taco stands, and 3% from local diners. ACD,=14,147 L/month was primarily sourced
from fast food vendors, contributing 46.3%. Using a mathematical programming model
(MPM), an optimal profit-maximizing solution was sought through the Simplex method
via Microsoft Excel® and Solver™. The model design required a literature review to obtain
technical coefficients that identified the necessary inputs for producing biodiesel, glycerin,
and soap. The general form of the objective function (OF) is mathematically expressed as
described by Anderson et al. (2013) and Alvarado-Boirivant (2011):

Maximize Z = 27];1 ¢; *xj where j=1 up ton (1)

Subject to 18 constraints and 10 decision variables:

ap Xj+a0x0+ ajgx5+ .+ a; o x ===b
agy X| F a9 x5+ a9 x5 +...F ay 10 X0 ===by
agy X) + a9 %9+ 5%+ .4 ag 1o X)) S==bg (2)

ajg Xyt agoXgtajgsxstotagg gx ===,



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/x3wyyz08 29

And non-negativity restrictions x;= 0 (3)

Where c¢=net price coefficient of OF, a=technical coefficient, x=decision variable,
b=available resource. Using the sensitivity report in Excel® Solver®, shadow prices (SP)
and reduced costs (RC) were analyzed. Optimized production and sales of biodiesel,

glycerin, and soaps were considered (Table 1).

In this way the OF is:

MAX Z = ACD,, *(=8) + ACD,, *(=8) + ACD,,, *(=8) + ACD,,, *(=8) + ACD, ,
#(—8)+ BIO*(—13.48) + JB*(=11.1) + GI*30 + J *50 + B*24 4)

The technical coefficients were obtained from Tacias et al. (2016). Through the
transesterification of fats and oils, 1 L of ACD reacting with 0.376 mL of methanol
(CH;0H) in a basic environment and under the action of a catalyst such as 0.09 g of
potassium hydroxide (KOH), produces 1 L of biodiesel and 0.361 mL of glycerin. For the
production of a 400 g bar of soap, 253 mL of ACD, 139 g of sodium hydroxide (NaOH),
4 g of colorant, and 4 g of fragrance are required. The study also notes that the acid index
(Al) and the content of free fatty acids in the oil are key parameters that determine the
feasibility of ACD for biodiesel production. The Al was measured based on the Mexican
standard for determining free fatty acids (NMX-F-101-SCFI2012, S.E. 2012), calculating
the free fatty acids as oleic acid (%) using the following formula:

V' X N x28.2
Free fatty acids such as oleic, in% = ——— (5)

pm

Where: V=milliliters of sodium hydroxide solution used to titrate the sample. N=normality

of the sodium hydroxide solution. pm=mass of the sample in grams.

Table 1. OF decision variables.

Variable Abbreviation Notation Coefficient Element in OF
Waste Cooking Oil from Restaurants ACD,, X, c o *X,
Waste Cooking Oil from Mexican taquerias and snack bars ACD,, X, Cy co*X,
Waste Cooking Oil from Commercial Kitchens ACD,, X, Cg cs*X,
Waste Cooking Oil from Fast Food and Snack Bars ACD,,, Xy Cy c Xy
Waste Cooking Oil from Potatoes and Donuts ACD,, X5 [ c5*X5
Biodiesel Production BIO X6 Cq ce* X
Bar Soap Production JB X, [ c*X,
Glycerin Sales Gl Xg Cq cg*Xg
Kg of Soap Sales J Xy Cq co*Xg
Biodiesel Sales from All Levels B X0 Clo 10X

Source: Prepared by the authors. ¢,=net price=product price, * quantity produced;—variable cost,
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To measure the acid index (Al), the following materials were used: a) accurately

standardized sodium hydroxide solution; b) 95% (v/v) ethyl alcohol, neutralized at the

time of use with 0.1 N sodium hydroxide using phenolphthalein as an indicator; ¢) 1.0%

alcoholic phenolphthalein indicator solution; d) 500 mL Erlenmeyer flask; e) 20 cm’®

volumetric pipette; f) 50 cm”® burette graduated in 0.1 cm’; g) electromagnetic stirrer; h)

beaker; i) graduated cylinder; and j) 30-gauge stainless steel mesh. ACD,| with an AI<2 was

used for biodiesel and glycerin production, while ACD, with an AI>2 was used for soap

production (Table 2).
The MPM was constrained with the following algorithms:

Liters of ACD,: (1X, +1X, +1X,) <18833

Liters of ACDy: (1X, +1X,) <14047

Liters of methanol: (0.376X, ) <12362.88

Potassium hydroxide catalyst (KOH) kg: (0.09X 6 ) =295.2
Sodium hydroxide catalyst (NaOH) kg: (0. 139X, ) =18281
Soap coloring g: (O.O4X7 ) =5260.8

Fragrance soaps g: (0.O4X7 ) =5260.8

Labor hours: (1X; +1X;)<10000

Energy Kilowatts: (0.0185.X, +0.0041X, ) < 32880.368
Distilled water liters: (0.05X,) <274

ACD, biodiesel restaurant L (O. 188X, —0.812X, —0.182 1X3) <0

ACD); taco shop for biodiesel L: (—0.1581X, —0.8419.X, —0.1581X,) <0

ACD, fast food and bars L: (0.5375X, —0.4625X,) <0
Biodiesel transfer L: (— LX) —1X, —1X5 —1X, ) =0
Soap transfer L: (— 1X, —1X, + 2.5X7) =0

Biodiesel for sale L: (— 1X, —1X), ) =0

Glycerin for sale L: (—0.366 1X; — IXS) =0

Wind soap L: (= 1X; +1X,)<0

Table 2. Average annual acidity index by stratum.

Stratum Densit?’y Go2o Free. Fatty Acid number

Kg/m mm°-/[s Acids % mg KOH/g
Formal Restaurants 912 41.5 0.9 1.78
Taquerias and Mexican Snacks 860 46.1 1.57 1.16
Cheap Kitchens 909 34.9 0.99 1.98
Fast Food and Bars 890 44.6 1.72 5.42
Potatoes and Churros 918 56.9 0.58 3.13
Average 897.8 44.81 1.35 2.7

Source: Prepared by the authors.
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RESULTS AND DISCUSSION

From the MPM, the total Net Income obtained was $149,983.32 MXN per month
from the activities of the biodiesel, glycerin, and soap production company. All variables
were selected by the model; therefore, each had a Reduced Cost (RC) of 0 (Table 3).

When the objective is maximization, the opportunity cost or shadow price (SP)
represents the benefit forgone by not having an additional unit of a resource, and thus
this result can be interpreted as a market price (Anderson et al., 2013). The catalyst KOH
has an SP of $148.33 MXN/L, as this input is essential for the production of biodiesel and
glycerin. The SPs corresponding to transfers match the market price in the MPM, while
the remaining inputs have an SP=0, indicating they are still available (Table 4).

Bierkens ez al. (2019) mention that market prices rarely constitute a valid indicator of
the social value of resources, due to the various reasons that cause such markets to not
operate under perfect competition. One alternative is the so-called shadow prices (SP),
which indicate the marginal cost of production. The model yielded an SP of $7.56 MXN/L
for ACD,, a figure close to its market price, which according to the surveys conducted was
$8.00 MXN; for ACD,, its SP=0. According to Ortiz and Caicedo (2015), constraints
with an SP=0 indicate that having a greater quantity of these resources will not result in
an increase in total net income. Therefore, the model indicates that ACD, is more valuable
than ACD,, and it is more feasible for the company to focus on soap production rather
than biodiesel production.

Table 3. Optimal value of activities that maximize the
objective function.

Variable Optimized quantity RC
ACD,, 2663.36 0
ACD,, 518.57 0
ACD,, 98.07 0
ACD,,, 6496.74 0
ACD,, 7550.26 0
BIO 3280 0
JB 5618.8 0
Gl 1184.08 0
Jk 5618.8 0
B 3280 0

Source: Data obtained directly from the MPM.

CONCLUSIONS

The model maximized its profits and a monthly profitability exceeding $140,000 MXN
was determined. This income increases based on the addition of scarce resources, such as
ACD, and KOH. Therefore, it is concluded that ACD, is more important for this model,
as its availability allows for soap production. The obtained shadow prices (SP) reflect the
scarcity of resources the higher the value, the scarcer the resource is considered, and thus
it holds a higher value as an alternative for resource valuation.
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Table 4. Shadow prices of the MPM.

Restriction Resource (inputs) SP
1 ACD, 0
2 ACD, 7.56
3 Biodiesel Transfer 8
4 Soap Transfer 15.56
5 Methanol 0
6 Catalyst (KOH) 148.33
7 Catalyst (NaOH) 0
8 Dye 0
9 Fragrance 0
10 Labor 0
11 Electricity 0
12 Distilled Water 0
13 Transfer of Produced Biodiesel for Sale 24
14 Transfer of Glycerin for Sale 30
15 Transfer of Soap for Sale 50
16 Restriction on Restaurant ACD
17 Restriction on Taco Shops
18 ACD food bar restriction

Source: Data obtained directly from the MPM.
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ABSTRACT

Objective: Assess national competitiveness in the global blueberry market from 2011 to 2021.
Methodology: Five indicators were estimated to analyze production specialization and the commercial
competitiveness of Mexican blueberries in the three leading producing states.

Results: Specialization in blueberry production has increased; both planted and harvested areas expanded in
recent years due to agricultural and sectoral strategies implemented by the governments of the main producing
states. As a result, Michoacdn and Baja California emerged as the most specialized states in this production.
Conclusions: The commercial competitiveness of blueberries has risen and continues to grow. Mexican
blueberries are profitable due to strong demand, with national production meeting both domestic and
international consumption. It remains one of the least affected products during the COVID-19 pandemic.

Keywords: competitiveness, blueberry, production, specialization, growing.

INTRODUCTION

Berries are a category of small, wild, reddish or purplish fruits with a pleasantly tangy-
sweet flavor, including blueberries, raspberries (Rubus idaeus), strawberries (Fragaria), and
blackberries (Rubus ulmifolius) (Palacio, 2018). These fruits are rich in antioxidants, vitamin
G, iron, and tannins plant-based polyphenols used medicinally to promote healing due to
their anti-inflammatory and restorative properties (Quifiones ¢t al., 2012). The blueberry
(Vaccinium spp.), commonly known as “blueberry,” and the cranberry (Vaccinium macrocarpon)
are deciduous shrubs from the Vaccinium genus, part of the Ericaceae family, and are native
to the Northern Hemisphere, primarily the United States and Canada (Bustillo, 2018).
These berries are spherical, measuring between 1 and 2 cm in diameter, and range in
color from deep to light blue hence the name “blueberry” or red in the case of cranberries
(SAGARPA, 2017). They are consumed fresh or used in products such as jams, purées,
juices, wines, pastries, and cereals. In some areas, they are also sold frozen or dehydrated;

however, most of Mexico’s domestic production is exported immediately (Undurraga,
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2013). In recent years, blueberry production has increased at an average annual growth
rate of 28%, with more than 26% of cultivated land dedicated to the crop, resulting in
improved yields and a 4.5% increase compared to 2020 (SIAP, 2022). Blueberries are
grown in central, western, and northwestern Mexico; per capita annual consumption is 71
grams, and the fruit represents 0.3% of the country’s total fruit production (Secretaria de
Agricultura y Desarrollo Rural, 2023). In 2021, Jalisco led production, accounting for half
of Mexico’s blueberry output. However, Michoacdn recorded the highest market prices,
where producers earned an average of over 82,000 pesos per ton, generating 1.278 billion
pesos from 15,490 tons harvested (SIAP, 2022). There are several blueberry varieties,
though most consumption still comes from wild sources. The most widely cultivated type
in Europe and the Americas is the highbush blueberry (Vaccinium corymbosum), representing
80% of cultivated species, due to a breeding program initiated in 1906 (Gonzdlez et al.,
2017). This variety produces the highest quality fruit in terms of size and flavor. The
rabbiteye blueberry (Vaccinium ashei) is less commonly grown, as are cranberries (Vaccinium
macrocarpon) and sour cranberries (Vaccinium oxycoccos) (Gonzalez et al., 2017). Mexico
contributes 5.97% of global blueberry production, harvesting approximately 66,000 tons,
placing the country fifth worldwide (FAOSTAT, 2023). From 2011 to 2021, the planted
area and production increased by 451% and 650%, respectively the period for which
consistent statistical records are available. Therefore, evaluating Mexico’s competitiveness
in the global blueberry market is essential to offer a clear analysis of its production and
to assess competitiveness, which is defined as the agri-food chain’s dynamic ability to
continuously and sustainably maintain, expand, and enhance its market share (Gémez et

al., 2023).

MATERIALS AND METHODS

Blueberries are identified under tariff code 0810.40.01. This falls under Chapter 08,
which covers edible fruits and nuts; peel of citrus fruits, melons, or watermelons. Heading
08.10 includes other fresh fruits; subheading 40 groups cranberries, blueberries, and other
fruits of the Vaccinium genus (SNICE, 2023). The research was conducted using databases
from FAO, SIAVI, and SIAP. Global and national data were collected for the period
2011-2021 to measure five indicators aimed at analyzing production specialization and

commercial competitiveness in Mexico.

Location quotient

It is a static measure that reflects the current state of an activity within a specific sector.
This ratio compares the relative size of a sector in a region to the relative size of the same
sector at the national level (Boisier, 1980). It can be determined in terms of activities,
meaning the agricultural sector and blueberry production will be compared at both the

national and state levels using the following formula:

v o 2

YISV TSI,
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Where: Ql-]-=Value of the location quotient for sector ¢ in region j. Vl-l-=Value of variable
V corresponding to sector 7 in region j. El.Vl-]. =Value of V corresponding to the regional
total. EjVii =Value of V corresponding to the sectoral total. Eizle-]. =Value of V

corresponding to the national total.

In this research, the value of “V” refers to the production value, in thousands of Mexican
pesos, of an activity “1”, which is blueberry production, for region “j”, which includes the
three main blueberry-producing states in Mexico.

The calculation of this quotient yields three results:

o If Q?./.< 1, the relative size of the region is smaller than that of the country; therefore,
there is no specialization.

o If Qil; 1, the relative size of the sector in the region is identical to the relative size
of the same sector nationwide; therefore, there is no specialization in the activity
within the region.

o If Qij> 1, the relative size of the region is greater than the national size; therefore,
there is regional specialization in the activity or sector under study (Boisier,

1980).

Lafay International Specialization Indicator

This refers to specialization and measures the degree to which a country has a
comparative advantage in a particular area, allowing it to be a natural exporter (Durdn &
Alvarez, 2018). This indicator is obtained as follows:

Ik Pdl.j

sz'j +M?]. —Xl.j

Where: ]Lk=Lafay’s International Specialization Index. Pd=It is the production of a good
i in region j. M=Imports of said good in region j. X=Exports of good 7 in region j.

The interpretation of the results following the calculation of the Lafay index reveals the

following scenarios:

e IfIL>1, the country is a net exporter of the good; therefore, this situation improves
as exports become the main destination of production.
» If IL<1, the country is not a net exporter of the good; therefore, its production

should focus more on exports (Durdan & Alvarez, 2018).

In this study, only the volume of production in tons, as well as the value of imports and
exports (in thousands of pesos) of blueberries in Mexico and the main producing states

during the 2011-2021 period, are considered.
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Relative trade balance

The Relative Trade Balance (RTB) measures the relationship between the trade balance
—defined as exports minus imports of a product— and the total sum of a country’s exports
and imports (Nazif Astorga, 1977).

X, —M,
Y U
BCRy = X. + M.,

9 y

Where, according to the period from 2011 to 2021: Xl.j.=Value of exports in tons of product
i1n j which is Mexico and M;;=Value of imports in tons of product  in Mexico.

In general, when this indicator is greater than 1, the country is a net exporter; when it

is less than 1, the country is a net importer.

Commercial Dependency Index

This index calculates the ratio between the value of imports (M) and the value of
apparent consumption (AC) over the same period. It reflects the extent of international
competition for domestic demand (Ramirez et al., 2016). Commercial dependency can be
defined as the economic condition of a country that is largely influenced or determined by
a stronger country. The dependency index is obtained by replacing exports with imports
in the formula for the export specialization index (Placer, J. L., 2015b). This index is

measured using the following formula:

e, = —i
TR+ M- X,

Where: ]DCi/=Trade dependency index of product ¢ in country j; M l./.=Imports of product ¢
from country j; Pl.j: Domestic production of product i of country j; X i/:Exports of product

i from country ;.

These values will be analyzed using tons as the unit of measurement. A country or
region 1is considered to have relative dependency in a specific sector when the relative
weight of that sector in its imports is lower than its weight in the comparison environment

(Placer, J. L., 2015a). This can be interpreted as follows:

* If the coefficient approaches zero, the sector’s productivity competitiveness is
higher, and
» Ifit approaches one, the sector’s competitiveness is lower.

Revealed Comparative Advantage Index
According to Vollrath (1991), the Revealed Comparative Advantage (RCA) Index

reflects the relative share of a good 1 in the trade of a country j compared to the
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share of that same good in global trade (w). It can be calculated using the following

formula:
IVCR! =VCE] —vcr/

Where VCE represents the revealed comparative advantage of exports, and VCI represents

the revealed comparative advantage of imports. They are calculated as follows:

4 X/ (x®
VCE/! =1n[[—’. /(—l ]

X/ A\X)
where: X i‘i =Exports of product ¢ in country j; X, ,f ="Total exports less those of product

i in country j; X;” =Exports of product 7 in the world; X,’ =Total exports less those of

ol [ M| M
VCI; =1n -/
M)\ M

M i‘i =Value of imports of product 7 in country j; M, n/ =Total value of imports less those of

product 7 in the world.

product i in country j; M;* =Value of imports of product i in the world; M’ =Total value

of imports less those of product 7 in the world.

The index can take on positive or negative values. A negative index indicates a trade
deficit, while a positive index reflects a surplus and expresses a comparative advantage
or disadvantage in trade. In other words, a Revealed Comparative Advantage (RCA)
index greater than zero indicates the presence of a competitive sector with potential,
whereas a negative index suggests a net importing sector lacking competitiveness in the

global market.

RESULTS AND DISCUSSION

According to FAOSTAT, in 2021 the leading blueberry-producing countries were
the United States, followed by Peru, Canada, Chile, and Mexico in fifth place. The
top blueberry-importing countries in 2021 were the United States which, despite
being one of the largest producers, does not meet its domestic demand followed by
the Netherlands, Canada, Germany, and the United Kingdom (Trade Map, 2023).
The Tariff Information System Online (SIAVI) reports that the primary importer of
Mexican blueberries is the United States, which acquired approximately 96% of the
total exported volume. The remaining exports were distributed across 31 markets,
including Japan, Canada, Hong Kong, Kuwait, the United Arab Emirates, and others
(SIAVI, 2023). Mexico has experienced continuous growth in both planted and
harvested blueberry area. In 2021, 5,832.66 hectares were harvested, yielding over
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66,400 tons of blueberries the highest productivity recorded, with an average yield
of 11.4 tons per hectare (SIAP, 2023). Globally, this agricultural activity has gained
economic, political, and social relevance and continues to grow and develop (Rebollar,
2013). Since 1996, the United States has been one of the largest global consumers and
producers. Due to its proximity and high demand, Mexico has increased its production
(Pérez, 2018).

Nationally, the states of Michoacan, Jalisco, and Baja California are the most specialized
in blueberry production. In addition to having favorable soil and climate conditions, they
also benefit from advanced technology and a skilled labor force for both production and
commercialization (SADER, 2018).

Location quotient

The location quotient allows us to observe and analyze the level of specialization
in the three main blueberry-producing states: Jalisco, Michoacdn, and Baja California.
The calculation of this quotient shows that the higher the concentration of production
in a state relative to national production, the greater the degree of specialization.
Jalisco demonstrates a high level of specialization in blueberry production, supported
by a government initiative coordinated by the Secretariat of Rural Development called
the “Berry Agribusiness Development Program in the State of Jalisco” (Government
of Jalisco, 2010). This program provided registered producers with blueberry plants to
maximize economic returns, along with other measures to boost productivity (Revilla et
al.,2023). Baja California reached its highest location quotient in 2014, while Michoacan
peaked in 2017 (see Figure 1).

Lafay International Specialization Indicator

This indicator reveals the degree of a country’s specialization in terms of comparative
advantage (Figure 2). It was determined that Mexico is a natural exporter of blueberries, as
indicated by a value greater than one, driven by high yields in recent years. This 1s largely
the result of increased planted area and production, particularly since 2017.

Relative Trade Balance

The indicator shows values close to 1 throughout the series, indicating that Mexico did
not import or purchase a significant quantity of blueberries from abroad. This confirms
that there is no commercial dependency on blueberries in Mexico (see Figure 3).

f'/\\/_v

0 -

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Location quotient

— Baja California -Jalisco Michoacdn

Figure 1. Blueberry Location Quotient by State (2011-2021). Source: Prepared with data from the latest
SIACOM update, 2023.
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Figure 2. Blueberry specialization indicator (2011-2021). Source: Prepared with data from SIAP and SIAVI,
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Figure 3. Relative Trade Balance of Blueberries (2011-2021). Source: Prepared with data from SIAVI, 2023.
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Commercial Dependency Index

Overall, Mexico’s commercial dependency index for blueberries shows positive results,
indicating that the Mexican market is not dependent on the international blueberry market.
As shown in Figure 4, the index peaked between 2015 and 2018, meaning that imports
exceeded exports during that period. It can be inferred that blueberry competitiveness has

increased in recent years.
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Figure 4. Commercial Dependency Index of Blueberries (2011-2021). Source: Prepared with data from SIAVI
and SIAP, 2023.
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The Revealed Comparative Advantage (RCA) of Mexican blueberries in the global
market has shown positive trends, as illustrated in Figure 5. A positive index indicates a
trade surplus and reflects a comparative advantage in trade. An RCA greater than zero
demonstrates that the global market presents a favorable sector with potential for blueberry

commercialization.
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Figure 5. Revealed Comparative Advantage Index of Blueberries (2011-2021). Source: Prepared with data
from SIAVI and TRADE MAP, 2023.

CONCLUSIONS

The primary international market for blueberry commercialization is the United States,
due to its geographic proximity and the free trade agreement. Nevertheless, Mexico must
continue seeking ways to diversify its markets to avoid relying on a single destination. The
Mexican blueberry market does not show signs of commercial dependency; as domestic
production satisfies internal demand. Gompetitiveness indices confirm that Mexican

blueberries are a strategic export product.
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ABSTRACT

Objective: To determine the factors that ensure the permanence of agroecological activities and/or systems
promoted among three family groups affiliated with the Vicente Guerrero Group (GVG).
Design/methodology/approach: The research employed a mixed-methods approach, integrating qualitative
techniques such as participant observation, interviews, and workshops with quantitative methods through a
structured questionnaire. The survey was administered to 34 families from three different groups.

Results: Key factors identified for the continuity of agroecological systems included regular field visits,
the presence of a motivated local representative, the establishment of a demonstrative model plot, ongoing
training, and the feasibility and adaptability of introduced innovations. To maintain their agroecological
orientation, families implemented eight core practices: soil and water conservation, input reduction,
polyculture systems, agroecological pest and disease management, efficient input use, crop rotation, field
redesign, and on-site input production. Families expressed a strong interest in ongoing training related to
agroecological innovations.

Limitations on study/implications: The analysis focused solely on three of the 18 family groups connected
to the GVG across Tlaxcala and Puebla, which may limit the generalizability of the findings.
Findings/conclusions: The sustained success of agroecological initiatives requires dedicated efforts across all
actors within the agroecosystem. The long-term adoption of promoted practices and systems hinges on shared
commitments between the supporting organization (GVG) and the participating family groups.

Keywords: agroecological profiles, agroecological transition, agroecological practices.

INTRODUCTION

Current challenges facing global agri-food systems, along with prevailing trends in
land, water, and biodiversity use, call for the implementation of new food production
models that promote food security while preserving natural resources (Sarandon,
2020; Spiegel et al., 2021). These models also aim to contribute to the paradigm of
food sovereignty. Agroecological systems are rooted in co-participatory processes that
recognize ecological dynamics, peasant knowledge, collective labor, disciplinary insights,
and practical applications (Wezel et al., 2009; Sarandén, 2020). Within this framework,
farmers are co-promoters of the shift toward agroecological techniques (Osorio, 2015),
a process further strengthened by social movements and other actors contributing to
agroecological transitions. The Vicente Guerrero Group (GVG) has been a national and
international benchmark for over four decades, advancing participatory agroecological
strategies for the use and conservation of common goods, fostering connections between
producers and consumers, and promoting local self-determination and productive self-

sufficiency (Roncancio, 2017). GVG acknowledges that agroecological transitions
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require social integration and creativity. Thus, it promotes the development of skills
and capacities through facilitators or community promoters, referred to by Baquero
(2013) as “outstanding community agents”. These individuals serve as essential
catalysts for social dynamism and are vital to agroecological transitions (Guzman et
al., 2016; Méndez et al., 2016). This study seeks to identify the key factors that ensure
the continuity of agroecological activities and systems promoted among three family
groups affiliated with the GVG. It also aims to identify and analyze specific practices
in order to evaluate their operational significance and reinforce the territorial scaling of

agroecology.

MATERIALS AND METHODS

The research was conducted in three localities in the state of Tlaxcala: Vicente
Guerrero, in the municipality of Espaiiita (19° 25* 41” N and 98° 02’ 23” W), San Felipe
Cuauhtenco in Contla de Juan Cuamatzi (19° 18’ 48” N and 98° 07’ 19” W), and San
Francisco Tetlanohcan, in the municipality of the same name (19° 15’ 36” N and 98°
09’ 50” W) (Figure 1).

The study employed a mixed-methods approach, integrating both qualitative
and quantitative methods. Qualitative tools included four participatory workshops,
observation, at least five group meetings, attendance at three fairs (Vicente Guerrero,
Cuauhtenco, and Ixtenco), several field visits, and a structured interview with each
leader of the GVG. The quantitative aspect involved the application of a questionnaire
to 34 families from the three studied groups: 5 from San Francisco Tetlanohcan, 12 from
San Felipe Guauhtenco, and 17 from Vicente Guerrero, who have received support for
2, 10, and 40 years, respectively. The questionnaire covered five areas: 1. Socioeconomic
characteristics, 2. Agroecological transition, 3. Practices and motivations supporting
the permanence of existing systems, 4. Monitoring and training needs. Both qualitative
and quantitative data were analyzed, recorded, and graphed using Microsoft Word and
Excel, as well as JASP (version 0.18.1.0, 2023). The results are presented in bar and

radar charts.

Vicente Guerrero
mm San Felipe Cuauhtenco

B San Francisco Tetlanohcan

Figure 1. Geographic location of the localities, State of Tlaxcala.
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RESULTS AND DISCUSSION
Methods for monitoring GVG families

The agroecological transitions promoted by the Vicente Guerrero Group (GVG) are
rooted in local needs, identified through participatory methods that not only address
current realities but also shape the strategies for follow-up. These efforts aim to build
collective self-determination through a peasantry in agroecological transition (Morején,
2023). The implementation and continuity of agroecological activities in communities take
various forms, with participatory strategies such as exchanges, workshops, diagnostics, and
field visits emerging as the most effective. These approaches, also emphasized by Mercon
(2015), prioritize the most pressing local issues, fostering broader influence within other
families in the territory. However, challenges such as the use of unfamiliar or poorly adapted
species, and varying levels of commitment and interest, can hinder or even interrupt the
continuity of these practices.

The GVG has developed follow-up strategies aimed at ensuring the permanence of
each promoted agroecological activity, practice, or system. This includes encouraging
ongoing participation of local leaders who act as liaisons between the community and the
organization. These processes foster knowledge exchange and skill development among
farming families, empowering them to serve as ambassadors of agroecological practices.
Together with the GVG, they work to build local self-management and establish synergies
between communities and institutions that share this vision (Roncancio, 2017; Zebadia et
al., 2024). Notably, 83% of the families reported receiving some form of support such as
training, inputs, employment, income, or invitations to events an average of 15 times per
year, which reinforces their agroecological engagement.

For over four decades, the GVG has been recognized as a national and international
reference in agroecological promotion, the result of ongoing efforts by the organization,
its partners, and member families who bear testimony to their strong socio-environmental
commitment. The GVG stands as a beacon of the agroecological movement, championing
traditional agricultural systems such as the milpa, local seed varieties, and agroecological
innovations across Mexico and Latin America (Zebadua et al., 2024).

Eight commonly adopted practices were identified as key strategies for maintaining
agroecological profiles (Figure 2). Soil and water conservation, reduced use of agrochemicals,
and agroecological pest and disease management were highlighted by families as essential to
sustaining these systems. These practices form part of broader campesino strategies aimed
at addressing the socio-environmental problems generated by conventional agricultural
models (Sanchez, 2014; Sarmiento ez al., 2017; Zebadua et al., 2024).

Families particularly emphasize the role of agroecological practices in the recovery
and/or preservation of their natural resources. Espanita, one of the partner communities,
is recognized as a pioneer in adapting rainwater harvesting techniques, diversification,
and the production of Tlaxcashi and other organic inputs findings aligned with those of
Hernandez (2015). This community exemplifies how local adaptation of agroecological
innovations, rooted in campesino experiences, integrates agriculture as a central element
of communal life, providing not only food but also delivering vital agro-ecosystem

services. Spatial-temporal diversification thus emerges as a local strategy for maintaining
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Figure 2. Basic practices to maintain agroecological profiles.

agroecological profiles both locally and territorially (Sarandén, 2020), prioritizing the
healthiest production methods possible. Across the three communities, families consistently
acknowledge the significance of cultivating polycultures practices typically implemented
incrementally or at small scales. Polyculture is regarded as essential for preserving and
conserving local agrobiodiversity. Mixing different crops contributes to agroecosystem
sustainability, fertility, and resilience (Herndndez, 2015). In Tetlanohcan (40%), Cuauhtenco
(70%), and Vicente Guerrero (54%), polycultures are deemed indispensable as they serve as
key sources of nutrition for the family diet and promote the use and conservation of native
sedes a practice strongly supported by the GVG through initiatives such as community
seed funds and local fairs (Medina, 2016; Sarmiento ez al., 2017).

In Tetlanohcan and Cuauhtenco, several families (40%) consider knowledge-sharing
dialogues as essential tools for acquiring skills in preparing soil amendments and
managing crops, pests, and diseases. Thirty-two of the thirty-four surveyed families
expressed their interest in gaining these skills through GVG exchange activities, while
eighteen believed this knowledge could be acquired through peer-to-peer training
visits. The GVG implements the Campesino a Campesino (GaC) methodology,
recognized as one of the most effective strategies for disseminating, adopting, and
adapting agroecological innovations among farmers. The approach is based on three
core components: exchanges, visits, and experimentation, all tailored to the diverse
learning styles of participating families. The majority of families (85%) reported that
their primary learning occurred through hands-on experimentation testing, observing,
and evaluating new techniques directly in their plots (Tuchin, 2023). Visual assessment
1s the dominant form of evaluation in these processes. Meanwhile, for 32% of families,
the most meaningful learning occurred through exchanges that shared real-life
experiences within similar contexts. Another 41% highlighted exchange visits as highly
effective learning opportunities traditional methods for transmitting knowledge among

campesinos. (Ocampo—Alvarez, 2016; Tuchin, 2023).
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Monitoring and continuity process between GVG and linked families

The Vicente Guerrero Group (GVG) implements a range of follow-up strategies
to support activities promoted among partner families. Over the past three years, the
majority of families (71%) have received some form of training through workshops, talks,
or courses. A smaller percentage (9%) reported having been invited throughout the year to
participate in fairs held in other communities or in cultural events such as “Maize Day”
and “Native Seeds Day.” These initiatives serve to strengthen both the communal work
and the communication among partner communities.

The perceived benefits of implemented practices significantly influence families’
decisions to remain involved with the GVG. Approximately 65% indicated their willingness
to continue their engagement through training or participation in various projects, while
18% expressed interest in maintaining involvement through exchange visits. The continued
use of agroecological practices is largely an individual decision 97% reported this as a
personal choice which highlights the need for strong intrinsic motivations to undertake
agroecological transitions (Guzman et al., 2016; Spiegel ¢t al., 2021).

Anoteworthy finding is that most of the surveyed families (88%) expressed a strong will
to keep implementing agroecological practices, as they are convinced of the advantages
of producing food through such methods. About 82% noted that their involvement
was based on deliberate decision-making, while 79% attributed it to the pursuit of
common well-being. Overall, families believe that adopting agroecology allows them
to reduce harm to otherssomething that can occur when conventional or even certified
organic producers use external inputs for crops that are often excluded from their own
household diets. Interestingly, 18% of the participants viewed agroecological methods
as an integral part of their lives, interpreting them as a local or campesino way of
life. This aligns with what Ortega-Espées (2018) refers to as a foundational principle of
peasant-environment harmony.

The implementation of agroecological strategies is based primarily on the voluntary
choices of families, shaped by their specific needs. As these practices are adopted, new needs
emerge, necessitating additional management strategies. Figure 3 presents the training
needs identified by the surveyed families, reflecting their interests, length of engagement
with the GVG, availability of resources, and evolving priorities.

Topics such as recipe development (food, cosmetics and/or medicines), resource
management and conservation, and production of inputs are common needs in all three
cases.

It is worth noting that in communities such as Vicente Guerrero and Acxotla del
Monte, among others, the Vicente Guerrero Group (GVG) actively fosters the dialogue of
knowledge among local groups striving to enhance, empower, and give visibility to peasant
women. These initiatives include the preservation of traditional dishes, medicinal formulas,
and cosmetic practices. As part of this effort, the “Mujeres de Vicente Guerrero” group
GVG partners meet weekly to transform backyard-grown aromatic herbs into various
products such as cosmetics (soaps), medicinal remedies (syrups, tinctures), and other items
showcased during exchange events. These women play a pivotal role in community transition

processes under various identities: as producers, vendors, chefs, backyard caretakers,
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Figure 3. Training needs of families in the three groups.

artisans, preservers, and seed donors. Their contributions underscore the significance of
gendered agroecological innovation. The conservation and sustainable management of
local resources remains a key concern for families. The longstanding presence of the GVG,
coupled with an inherited awareness among rural families of the importance of preserving
natural resources, are foundational reasons why a large portion of families expressed strong
interest in participating in training sessions aimed at maintaining agroecological practices.
Driven by the need to reduce reliance on external inputs, the GVG has promoted the
reuse of organic waste to develop natural inputs for pest, disease, and crop nutrition
management (Avila, 2019). These strategies are not only fundamental to agroecological
transition processes (Guzman et al., 2016) but also essential to the organization’s original
efforts to increase plot productivity (Sanchez, 2014). In Vicente Guerrero, there is also
growing interest in analyzing the nutritional content of locally processed products to
inform consumers of their quality and health benefits. Lastly, the families involved in the
study acknowledged several achievements and contributions of the GVG, including: a) the
production of bio-inputs (60%), b) soil and water conservation efforts (82%), and c) eco-
technologies (71%) such as ferro-cement tanks for rainwater harvesting, fuel-efficient stoves
(lorena), vermicomposting systems, seed preservation structures (cuescomates), and simple
micro-tunnels for vegetable production. These techniques and structures are now visibly
integrated into the agroecosystems of Tlaxcalan communities. Moreover, 33% of families
expressed a sense of representation through the native seed protection and rescue law, an
important recognition also highlighted by Baquero (2013). The GVG’s more than four
decades of agroecological history exemplify a model worthy of replication, recognition,
preservation, and enhancement as part of broader territorial agroecological transitions.

CONCLUSIONS
The GVG’s promotion of agroecological transitions through collective strategies
fosters the adoption and adaptation of innovations tailored to local needs. The continuity

of implemented agroecological practices hinges on ongoing communication via field
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visits, community interest, and the feasibility and adaptability of each transferred
technique. Therefore, the strategy of continuous training and knowledge exchange
equips families with tools, skills, and insights essential for the effective management of

their agroecosystems.
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ABSTRACT

Objective: To establish the development conditions of white-rot fungi with the use of vinasse as substrate and
zeolite and commercial agricultural lime as support.

Design/methodology/approach: Pure vinasse from a sugarcane distillery was used as the main nutrient on a
support of vinnase-zeolite and vinasse-lime in 1:1 proportion. The variable of study was the daily radial growth
(mm—day_l) of each of the four isolates on vinasse-inert culture medium. The experimental unit was glass Petri
dishes of 90X 15 mm by triplicate. A Mann-Whitney U test was conducted (using R Studio).

Results: Four fungal isolates (G= Ganoderma sp. K., P=Pleurotus sp. B., Py=Pycnoporus sp. K., and Tr= Trametes
sp. C.) were cultured on zeolite-vinasse and agricultural lime-vinasse and their daily radial growth was
recorded. Two fungal isolates were able to develop tissue covering the Petri dish in 9 days. Zeolite-vinasse
was the best treatment, showing a median of 2.1 mm—day_l on isolate G and 1.6 mm—day_1 on isolate P with
significant differences (p<0.05).

Limitations on study/implications: All the white-rot fungi strains test were cultured at 28 °C and minimal
development conditions with the use of a byproduct of the sugarcane industry and the use of non-conventional
inerts.

Findings/conclusions: The development of mycelium by the isolated fungi G and P on a substrate with
zeolite-vinasse recorded the highest growth compared to the agricultural lime.

Keywords: Zeolite, agricultural lime, vinasse, white-rot-fungi.

INTRODUCTION
Sugarcane (Saccharum spp.)is one of the crops that generates an important agroindustrial

activity in Mexico. Itis grown in 15 states with a surface of 800 thousand hectares, operated
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by 49 sugar mills (SADER, 2021). Within this agroindustry, the production of sugarcane
ethanol is considered a solid industry (Lépez-Ortega et al., 2021). Vinasse is a black liquid
of unpleasant odor generated as a final byproduct of the distillation process of sugarcane
juice to obtain ethanol. This vinasse contains a high content of organic matter that could
trigger a negative environmental impact if it is not treated adequately (Montiel-Rosales et
al., 2022). It is estimated that for every liter of ethanol produced, 10 to 15 L of vinasse is
obtained (Cortes-Rodriguez ez al., 2018). The excessive incorporation of vinasses into soils
modifies the pH and conductivity and can cause toxicity where it is dumped (Nakashima
and de Oliveira Junior, 2020). Among the conventional treatments to treat contaminant
effluents of agroindustrial activities, anaerobic degradation can be achieved through
activated muds, rotative biological contactors, shallow ponds, or percolating filters.
However, the processes can be inhibited with the presence of phenol compounds, salt and
sulfur ions (Carpanez et al., 2022; Fernandes et al., 2020). Among the treatments of vinasses,
the use of fungal biodegradation is considered an alternative potential. Xylophagous fungi
called white-rot fungi have demonstrated the ability to degrade different synthetic and
natural contaminants, through their lignocellulosic enzymes (Grelska and Noszczynska,
2020; Saglam et al., 2018). These enzymes are not specific, although they allow the
degradation of recalcitrant compounds (Del Gobbo et al., 2022). There are precedents
in the bioremediation of sugarcane vinasses performed in a fixed-bed bioreactor with
Pleurotus ostreatus FUNGICOL S.A.S) for the removal of substances that cause coloring
in the vinasse, decoloring 83% after 36 days (Tapie et al., 2016). “Airlift” bioreactors with
concentric tube have also been evaluated, managing to discolor the vinasse between 58 and
78% using a strain of Pleurotus sajor-caju CCB020 (Aragdo et al., 2020). Other species such
as Trametes sp. 'T'3 showed 75% of discoloring when it is immobilized on polyurethane, and
a production of laccase enzymes of 112 U L~ after 21 days (Ahmed et al., 2022). Usually,
all these practices are conducted in liquid media on bioreactors. Among the techniques
used in the removal of contaminants from effluents, the use of zeolites has been helpful in
the treatment of residual water, mainly because of their crystalline structure, capable of
storing water within its pores that can be liberated through heat (de Magalhaes ez al., 2022).
As materials for remediation, they are more efficient in the removal of heavy metals in
residual waters than in the soil (Otunola and Ololade, 2020). Given the accomplishments
developed, the following research had the single objective of establishing the conditions of
development on zeolite and commercial agricultural lime as inert bases for the development

of biomass from local isolates of xylophagous fungi using vinasse as the main substrate.

MATERIALS AND METHODS
The experiment was carried out in the facilities of the Applied Microbial Biotechnology
laboratory of Colegio de Postgraduados, Campus Cérdoba (N 18° 517 22” W; 96° 517 34”),

in the municipality of Amatlan de los Reyes, Veracruz.

Samples of fungi collected
Fructiferous bodies of white-rot fungi were collected from trees fallen in the
experimental fields of Colegio de Postgraduados, Campus Cérdoba, located on N
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18° 51 22.967” W; 96° 51 36.434”. The collection was conducted according to the
methodology by Guzman (1990).

Procurement of vinasse

The vinasse was obtained from a storage tank in Alcoholera de Zapopan S.A. de C.V.,
Atoyac, Veracruz. The vinasse sample was taken directly from the storage tanks. After
a few hours of the bioethanol production process, 20 L were collected. The vinasse was
transported to the laboratory and stored in a cold room at 4 °C until its use (Del Gobbo
et al., 2022). The nutritional composition of vinasse was shared by the technical staff, and

it is presented in the following Table 1.

Procurement of inerts

The zeolite used in this study was acquired from the company Grupo COYPUS SA.
De C.V. Based on an X-ray study and EDS chemical analysis, it was found that zeolite is
constituted by 10% Clinoptilolite and 90% Heulandite (Not published). Commercial lime
from Agrical Grupo Calidra S.A de C.V. was used, whose constitution is CaCO,, 90-
98.5% and SiO,, 0.1-2%.

Isolation and conservation of white-rot fungi
The sporocarps of xylophagous fungi collected were washed three times with purified
water, the soil was removed with sterile gauze, submerged in ethanol at 70% and the

excess water was eliminated on previously sterilized filter paper. Then, with the use of

Table 1. Nutritional and physicochemical composition of the
sugarcane juice vinasse.

Test Result Contribution kg/L
N % 0.07 0.71
P % 0.013 0.31 (P,O5)
K% 0.223 2.73 (K,0)
S % 0.057 0.58
Mg % 0.028 0.29
Ca % 0.033 0.34
Na ppm < 250 < 250
Al ppm <30 < 0.05
Mn ppm 19.2 0.019
Cu ppm <25 < 0.003
7Zn ppm <125 <0.013
B ppm <25 < 0.025
Moisture % 97.7 -
Dry matter % 2.3 -
pH 3.71 -
CE mmhos/cm 8.81 -

Laboratories A-L de México, S.A. de C.V. A&L Laboratories, INC.
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the blade of a #11 Braun® scalpel, the fungus pileus was dissected and a fragment of the
tissue from the inside was taken. The tissue dissected was placed on potato dextrose agar
(PDA) BD Bioxon® (39 g/L_l). They were incubated at 28 °C in a Binder® incubator
for 10 days (Liu ez al., 2016). After 10 days of growth in PDA, the fungi mycelium was
dissected from the Petri dish, preserving the fungi tissue inside cryovials with distilled
water and others with glycerol at 6% under refrigeration at 4 °C (Abatenh, 2018; Linde
et al., 2018). Then, it was resown in PDA medium to maintain fresh cultures for the

experiments.

Experimental design

Two treatments were evaluated: 1) Mixture of 20 ml raw vinasse with 20 grams of
zeolite, and 2) 20 ml vinasse with 20 g of agricultural lime. Each treatment was mixed
homogeneously and placed in crystal Petri dishes of 90X 15 mm and sterilized for 15 min
at 15 Lb pressure.

Four isolates from the fungi collected after 10 days cultured on PDA were used. From
the fungus mycelium, 1 cm? was taken from each of the isolates and placed in the middle
of the crystal Petri dishes with the mixture of vinasse-zeolite and vinasse-agricultural lime.
The Petri dishes with each treatment were sealed with 45 mm plastic film. Triplicates of
each isolate were made.

Radial growth

The radial growth of mycelium on the treatments of raw vinasse mixture on vinasse-
zeolite and vinasse-agricultural lime was recorded, where the methodology of radius of the
colony was used (Bilay ez al., 2000; Zubyk and Klechak, 2023). The growth speed (Vc) was

estimated through the equation:

_Ri—Rf
A

Ve

Where: Ri is the initial radius of the colony in mm and Rf’is the final radius of the colony
in mm and At is the linear duration in days. The experiment ended when the mycelium
colonized the limits of the Petri dish.

Statistical analysis

The response variable was the radius of the colony. The data distribution was verified
and subjected to a Mann-Whitney-U non-parametric analysis, to compare differences in
the radial growth on the vinasse-zeolite and vinasse-agricultural lime mixture (p<0.05)
according to McKnight and Najab, (2010). Statistical analyses were performed with
the Rstudio software (R core team, 2022). The experimental unit was a Petri dish with
treatments of 1) vinasse-zeolite and 2) vinasse-agricultural lime, and 3 repetitions of each

of the treatments from each isolate were carried out.
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RESULTS AND DISCUSSION

From the wood rot, 4 fungi were obtained. The determination of mycelium was made
following the macroscopic traits (Guzmdn, 1990; Stalpers, 1978; Bettucci et al., 1971).
Each isolate received a code (Figure 1).

Two i1solates showed mycelial development on zeolite and agricultural lime. In both
isolates, growth was observed on the treatments. The isolates codified as G and P began
to develop on day 4 and 5; and until day 8 and 9, they covered the Petri dish, respectively.
The Mann-Whitney-U analysis on the treatments of the isolate G on vinasse-zeolite and
vinasse-agricultural lime showed that the radial growth in vinasse-zeolite (median=2.1
mm, Interquartile Range=1.2, 3.5 mm) differed significantly (p<0.05) from the growth on
vinasse-agricultural lime (median=1 mm, Interquartile Range=0.4, 1.9 mm). Meanwhile,
the isolate P on vinasse-zeolite (median=1.6, Interquartile Range 1.1, 3.2 mm) differed
significantly (p<0.05) from vinasse-agricultural lime (median=0.7 mm, Interquartile
Range=0.3,1.8).

During the growth of isolates on the vinasse-zeolite and vinasse-agricultural lime
treatments, the mycelium showed different morphology; the isolate G on vinasse-zeolite,
vinasse-agricultural lime presented vegetative mycelium, while the isolate P had aerial
growth reaching the superior margins of the Petri dish on both treatments (Figure 2).

Because of the microporous structure of zeolite, it allows the transference of matter
between the intracrystalline space and the medium surrounding it, in addition to its
compositionin AlO, which confers negative charges that can be neutralized by compensation
cations (de Magalhaes et al., 2022; De Smedt ¢t al., 2015). These characteristics provide
important properties in the capacity for adsorption and ionic exchange for the possible

use of zeolite as support for immobilization (Borges-Rodriguez et al., 2012). Meanwhile,

Figure 1. White-rot fungi in situ and on PDA after 10 days: a) Zrametes sp. C (T), b) Trametes sp. C (T) on PDA,
c) Pycnoporus sanguineus aff. K. (Py), d) Pycnoporus sanguineus aff. K (Py) on PDA, e) Pleurotus djamor aff, B, (P), d)
Pleurotus djamor aff. B (P) on PDA, g) Ganoderma sp. K. (G), h) Ganoderma sp. K on PDA.
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Table 2. Mycelial development of white-rot fungi on vinasse-zeolite and vinasse-agricultural lime. The
mean of the radial growth (mm-day ™~ 1) is presented, and the standard deviation, difference between medians

of zeolite and agricultural lime (mm—day_]), respectively.

Vinasse-Zeolite

Vinasse-Agricultural lime

Is°l:te (mm-day~!) + Standard | (mm-day ) % Standard Median (mm-day )
code deviation deviation
G 2.27+1.44 1.24%1.14 2.1 5. 1.0%
P 1.97+1.27 1.04£1.01 1.6 vs. 0.7%

*=Significant difference (p<0.05).

Figure 2. Demonstrateive assay of mycelium growth on treatments at day 7, where: a) Isolate G with vinasse-
zeolite, b) Isolate G with vinasse-agricultural lime, c) Isolate P with vinasse-agricultural lime, and d) Isolate P
with vinasse-zeolite.

the capacity for biodegradation of xylophagous fungi is linked to the enzymatic oxidative
capacity of oxidases, peroxidases, oxidoreductases, especially laccases, which facilitate the
degradation of complex contaminant structures to intermediate metabolites that are easier
to degrade (Vaksmaa et al., 2023).

CONCLUSIONS

The fastest growth on the treatments of vinasse-zeolite and vinasse-agricultural lime
was obtained on vinasse-zeolite. Therefore, it is possible to use vinasse as a source of
substrate to obtain fungal biomass of xylophagous fungi on inert materials such as zeolite
and agricultural lime as support. It is the first study where an inert of mineral origin like
zeolite 1s used, agricultural lime as support, and vinasse as substrate for the development
of xylophagous or white-rot fungi. The colonization on treatments was achieved in 8 and

9 days. The development of the fungi allowed metabolizing the vinasse that served as
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substrate on the support of zeolite and agricultural lime. This study allows the bases to
understand with future vision the level of traces retained in zeolite and agricultural lime,
so that vinasses have a lower environmental impact when they are dumped in agricultural

fields or runoffs that can affect living organisms in bodies of water.
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ABSTRACT

Objective: To determine the chemical composition and in situ degradability of Guazuma ulmifolia Lam. fruits
and assess whether targeted nutrition (TN) with 300 g of fruit meal for seven days before the withdrawal of a
progestogen influences reproductive variables in Pelibuey ewes.

Design/Methodology/Approach: A proximal chemical analysis and in situ degradability assessment of dry
matter and protein from G. ulmifolia fruits were conducted using two Rambouillet rams fitted with rumen
cannulas at different incubation times (0, 6, 12, 24, 48, and 72 h). To evaluate the effect of TN on reproduction,
71 Pelibuey ewes were assigned to one of two treatments: CIDR (n=36) or CIDR+TN (300 g of G. ulmifolia
fruit meal) for seven days (n=35). On day 9, CIDRs were removed, and TN was discontinued.

Results: Estrus synchronization response was similar (p>0.05) between treatments. However, ewes
supplemented with G. ulmifolia fruits exhibited a shorter time to estrus onset (28.68+1.15 h). Fertility rates
were comparable between treatments (p>0.05), while fecundity was higher in the CIDR+TN group.

Study Limitations/Implications: The use of G. ulmifolia fruits as a dietary supplement promotes their
conservation and integration into agroforestry and silvopastoral systems in tropical regions.
Findings/Conclusions: TN with 300 g of G. u/mifolia fruit meal for seven days before progestogen withdrawal
reduced the time to estrus onset and increased fecundity in Pelibuey ewes.

Keywords: Local resources, Estrus synchronization, Prolificacy, Food supplement.

INTRODUCTION

The productive efficiency of sheep production systems depends, among other
factors, on reproductive efficiency. However, this is influenced by the lambing interval
and the number of offspring per birth (Martinez-Gonzdlez et al., 2017). One strategy
to enhance productivity and profitability in these production units i3 to improve flock
reproductive capacity, thereby increasing the number of lambings per ewe per year and

reducing production costs (Hinojosa-Benavides et al., 2019). Among the reproductive
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management strategies that enhance ewe performance, the use of biotechnologies such as
estrus synchronization stands out. This technique involves the application of effective and
ecasily implementable pharmacological methods to manipulate reproductive physiology,
improving both productivity and economic efficiency in sheep production systems
(Lozano-Gonzdlez et al., 2012). Nutrition is the key determinant of economic efficiency
in livestock production units. Consequently, there is constant pressure to minimize both
the quantity and duration of supplementation periods to optimize the cost-benefit ratio of
this practice (Baldi et al., 2008). Supplementing with energy- and protein-rich concentrates
during specific periods and in appropriate amounts —an approach known as “Targeted
Nutrition” (IT'N)— can enhance reproductive efficiency in females (Martin & Reza, 2016).
The fruits and foliage of tropical trees and shrubs (Pifieiro-Vazquez ez al., 2013) can serve
as valuable feed sources, improving livestock productivity by increasing dietary protein
levels (Ku-Vera et al., 2014). Some of these plants contain secondary compounds capable
of modifying nutrient degradation rates and transit through the gastrointestinal tract
(Getachew et al., 2000; Pirela et al., 2010). The gudcimo tree (Guazuma ulmifolia Lam.),
belonging to the Sterculiaceae family, is widely distributed in the tropical regions of Mexico
and adapts well to various soil and climatic conditions (Manriquez-Mendoza et al., 2011).
From a producer’s perspective, it represents an alternative forage resource that mitigates
seasonal feed shortages for livestock during drought periods (Villa-Herrera et al., 2009).
The fruits of G. ulmifolia contain up to 13.6% crude protein, 56.0% neutral detergent fiber,
41% acid detergent fiber, 1.5% ether extract, and 49.5% in vitro dry matter digestibility
(Cervantes-Marin et al., 2015; Herndndez-Herndndez et al., 2017). Their chemical-
nutritional composition makes them a viable supplement to meet the dietary requirements
of small ruminants. Based on this, the aim of the present study was to determine the
chemical composition and in situ degradability of dry matter and crude protein in G.
ulmifolia fruits. Additionally, the study aimed to evaluate whether TN with 300 g of mature
G. ulmifolia fruit meal for seven days prior to progestogen withdrawal influences estrus
synchronization, prolificacy, and fecundity in Pelibuey ewes.

MATERIALS AND METHODS
Study site

The study was conducted from June to December 2015 at the commercial production
unit “La Gloria,” located in the community of Tequexquinahuac, Texcoco municipality,
State of Mexico (98° 82° W, 19° 47° N, 2,480 m.a.s.l.). The climate is classified as
temperate sub-humid, with an average annual temperature of 15.9 °C and an average
annual precipitation of 686 mm (INEGI, 2023).

Fruit collection and processing

Mature G. ulmifolia fruits were manually collected during the fruiting season (February-
March) when they turned dark brown and naturally detached from the tree. Collection
took place in pastures within the community of Angostillo, Paso de Ovejas municipality,
Veracruz, Mexico (96° 54° 197 W, 19° 21° 80” N, 260 m.a.s.l.). After collection, the fruits
were sun-dried for approximately two days, then ground using a hammer mill equipped
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with a 1/8-inch sieve. The processed fruit meal was stored in sealed containers to prevent
moisture absorption. A subsample was further ground using a Thomas Wiley® Model 4 mill
with a 1.0 mm retention sieve for chemical composition analysis and ruminal incubation to
determine in situ degradability.

Chemical composition

Proximal chemical analysis of the ground fruits was performed following the methods
of the Association of Official Analytical Chemists (2016). Neutral detergent fiber (NDF)
and acid detergent fiber (ADF) were determined using the ANKOM filter bag technique.
All analyses were conducted at the Animal Nutrition Laboratory of the Colegio de
Postgraduados, Montecillo Campus.

In situ ruminal degradability of dry matter and protein

To estimate the in situ degradability of dry matter and protein, two adult Rambouillet
rams (65.06x£1.75 kg body weight) fitted with permanent rumen cannulas (50 mm
diameter) were used. The animals were housed in individual cages and fed 2.0 kg DM
animal ™! day_1 of a total mixed ration consisting of 30% commercial concentrate (Borrega
Plus; Alimentos Unién Tepexpan®™) and 70% oat hay. The degradability of G. ulmifolia fruits
was assessed over two 72-hour experimental periods, following a 7-day adaptation period
designed to stabilize rumen conditions. During adaptation, rams were supplemented with
300 g animal ™! day_1 of G. ulmifolia fruit meal.

For ruminal incubation, 5X5.5 cm multilayer polyester filter bags (F57 bags, Ankom
Technology Corp., Macedon, NY) were used. Each bag was filled with 0.5 g of fruit
sample (dry basis) and placed inside a mesh tied to a 70 cm nylon cord with a metal weight
to ensure immersion in the ventral sac of the rumen. The bags were incubated at 0, 6, 12,
24, 48, and 72 hours (n=4 bags per incubation time) in reverse order, ensuring all were
retrieved simultaneously. After removal, the bags were washed under low-pressure running
water until clear, then dried in a forced-air oven at 65 °C for 24 hours and weighed.

To calculate in situ crude protein degradability, dry matter content (AOAC method
954.01) and crude protein (AOAC method 925.09) were analyzed in the ruminal incubation
residues (AOAC, 2016). Dry matter loss was estimated as the weight difference of the sample
before and after ruminal incubation, following the methodology of Orskov & McDonald
(1979).

The degradation kinetics were modeled using the equation:
D=a+bx(1—¢")

Where: a=soluble fraction of the substrate; #=insoluble but potentially degradable fraction
and c=degradation rate of the potentially degradable fraction; £=incubation time.

Reproductive performance
A total of 71 adult Pelibuey ewes (3.4+0.2 years old, 47.2+4.2 kg BW) were selected.
All ewes were fed 2.0 kg ewe ! day_1 of the same total mixed ration used during the
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adaptation period (70% oat hay, 30% commercial concentrate), which contained 12.4% CP,
42% ADF, 50% NDF, 2.0% EE, and 9% ash. Seven days before the synchronization protocol,
all ewes underwent sanitary management, which included deworming (Closantil oral 5%,
Laboratorios CHINOIN) and selenium supplementation combined with vitamin E (MU-
SE®, Intervet Schering-Plough Animal Health), following the recommended dosage for
cach product.

Treatments and estrus synchronization protocols

All ewes underwent an estrus synchronization protocol (Figure 1). Each ewe received an
intramuscular injection of 1.0 mL prostaglandin Fya (5 mg dinoprost, Lutalyse®, Zoetis) at
the time of insertion of a CIDR intravaginal device impregnated with 0.3 g progesterone
(CIDR P4), which remained in place for nine days. Seven days before CIDR removal,
ewes were randomly assigned to one of two treatments: CIDR (n=36); CIDR+ Targeted
Nutrition (n=35) (300 g of G. ulmifolia fruit meal per day for seven days before CIDR
removal). Supplemented ewes received 300 g/day of a wet-based mixture containing

ground G. ulmifolia fruits, processed to a particle size of 1-4 mm.

Evaluated variables

Estrus response: number of ewes in estrus relative to the total number of ewes per
treatment; time to estrus onset: time elapsed from progestogen removal until the first signs
of estrus; fertility rate: number of pregnant ewes relative to the total number of inseminated
ewes; prolificacy: number of lambs born per ewe that gave birth; fecundity: number of
lambs born per ewe exposed in each treatment. Estrus detection began four hours after
CIDR removal and was subsequently monitored every four hours using a teaser ram fitted
with an apron; ewes displaying external estrus signs were separated from the group for
natural mating, with a second service 12 hours after the first. Fertility was determined
45 days post-insemination via abdominal ultrasound (Contec CMS600P2VET); ewes
were classified as pregnant (positive) or non-pregnant (negative) based on the presence or
absence of well-defined fetal structures; prolificacy and fecundity were recorded at lambing
by counting the number of lambs born per ewe.

inserted CIDRP; 0.3 g
and injection with Natural Pregnancy
5 mg PGF,,, mating diagnostic

FN: 300 g of Guazuma ulmifolia fruit meal
for seven days

0 Day 9 Day 12 Day 57
T1= Treatment CIDR (n=36)
T2= Treatment CIDR + NF (n=35)

Figure 1. Estrus synchronization protocol implemented in Pelibuey ewes treated with progestogens (CIDR)
and Targeted Nutrition with Guazuma ulmifolia fruits.
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Statistical analysis

Estrus response and fertility variables were analyzed using a logistic regression model
with the Logistic procedure in SAS; time to estrus onset, prolificacy, and fecundity were
analyzed using the Log-Rank survival curve method with the Life Test procedure; mean

comparisons were performed using the Bonferroni method (SAS, 2011).

RESULTS AND DISCUSSION

The fruits used for supplementation contained 5.7% moisture, 12.6% crude protein,
1.6% ether extract, 7.1% ash, 47.9% neutral detergent fiber, and 38.8% acid detergent
fiber. In situ dry matter digestibility (Figure 2) was 58.8%; the degradation parameters were
a=37.98,b=22.09, c=0.04, resulting in an effective degradation of 59.93% with a passage
rate of 0.02%.

In situ crude protein digestibility was 60.2%, with degradation parameters a=42.32,
b=18.26, c=0.05, leading to an effective degradation of 59.9% and a passage rate of 0.02%.

The chemical composition of G. ulmifolia fruits falls within the ranges reported by other
authors (Cervantes-Marin et al., 2015; Hernandez-Herndndez ¢t al., 2017) and is considered
sufficient to meet the maintenance nutritional requirements of sheep (NRC, 2007). A high
proportion of the fruit undergoes ruminal degradation, as in situ dry matter degradability
reached 58.8%, differing from the 40% previously reported by Romén ¢z al. (2008) and
Goémez-Gurrola et al. (2014). The high in situ crude protein degradability observed in
this fruit may be attributed to its nutritional composition, secondary compounds, and low
neutral and acid detergent fiber content, which influence the digestive dynamics of certain
feed fractions, as reported in other ruminant studies (Getachew et al., 2000; Pifieiro-
Viazquez et al., 2013). No significant difference (p>0.05) was observed in estrus response
between treatments, as both groups had the same number of ewes in estrus (Table 1), with
values similar to those reported by Ake-Lépez et al. (2014) and Sosa et al. (2014). The estrus
synchronization response exceeding 97% confirms the effectiveness of the progestogen-
based hormonal treatments used to synchronize estrus in small ruminants. The mechanism
of this hormonal method is based on prolonging the luteal phase of the estrous cycle,
which inhibits gonadotropin activity. Upon progestogen withdrawal, progesterone action

65
60
55
50
45

40 —DMS ——DPC
35
30

Degradability (%)

0 6 12 18 24 30 36 42 48 54 60 66 72

Incubation time (h)

Figure 2. In situ ruminal degradation of dry matter (D MS) and crude protein (D PC) from Guazuma ulmifolia

fruit meal, using the model D=a+b* (1 - e_f*t)
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ceases, leading to gonadotropin release and estrus onset in most ewes within a short period
(Cérdova-Izquierdo et al., 2019).

However, ewes that received fruit supplementation exhibited estrus sooner after
progestogen withdrawal (Table 1) compared to the CIDR group. The time to estrus onset
observed in this study was shorter than the values reported by Fraire e al. (2013) and Sosa
et al. (2014) in CIDR-treated ewes.

The reduced time to estrus onset in the CIDR+TN group is likely due to the nutrient
intake, as follicular populations in small ruminants are highly sensitive to the availability
of energy and protein, which can enhance folliculogenesis through nutrition (Martin et
al., 2004). Protein- and energy-rich supplementation increases plasma concentrations of
metabolic signals that influence folliculogenesis (Vifioles et al., 2009), ultimately affecting
circulating estradiol levels, leading to a shorter time to estrus onset (Scaramuzzi et al.,
1999; Martin et al., 2004; Ake-Lépez et al., 2014). The fertility rates obtained in this study
(Table 2) were similar between treatments (p>0.05), with acceptable values exceeding 80%.
Fertility is influenced by the number of services and body condition at mating (Salomon &
Maxwell, 2000; Vinoles et al., 2009). In this study, each ewe received two services, one at
estrus detection and a second 12 hours later. Body condition may have also contributed to
the high fertility rates, as the ewes’ initial body condition scores (BCS) ranged from 3.00 to
3.75 (on a 1-5 scale; Russel e al., 1969), which is considered moderate to high and had a
positive effect on pregnancy rates, measured as fertility.

Targeted nutrition with G. ulmifolia fruits did not affect prolificacy (p>0.05) in this
study; ewes gave birth to 1.44 to 1.66 lambs, values similar to those reported by Fraire
et al. (2013) in ewes synchronized with progestogens alone and supplemented during
the synchronization period. Fecundity (Table 2) differed between treatments (p<0.05)
and was higher in ewes receiving targeted nutrition. This index depends on fertility
and prolificacy, as well as factors influencing these parameters, including ovulation
rate, number of fertilized ova, and embryo survival. These, in turn, are affected by
genetic factors (e.g., breed and individual variation) and environmental factors (e.g.,

Table 1. Reproductive variables of Pelibuey ewes synchronized with progestogens (CIDR) and Targeted
Nutrition (TN) for 7 days with 300 g of Guazuma ulmifolia fruit meal.

Treatment n Sheep in estrus % Onset of estrus (h)
CIDR 36 35 97.22a 32.82x1.71a
CIDR+FN 35 35 100 a 28.68x1.15b

a, b Values with different literals in the same column are statistically different (p<0.05).

Table 2. Fertility, prolificacy, and fecundity of Pelibuey ewes synchronized with progestogens (CIDR) and
Targeted Nutrition (TN) for 7 days with 300 g of Guazuma ulmifolia fruit meal.

Fertility
Treatment n Prolificacy Fertility
n (%)
CIDR 36 29 80.55 a 1.44%0.09 a 1.20%£0.12 b
CIDR+FN 35 33 94.28 a 1.66+0.11 a 1.57%0.12 a

a, b Values with different literals in the same column are statistically different (p<0.05).
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nutritional status before and after mating, and the use of hormonal treatments) (Rojas
& Rodriguez, 1995; Rubianes & Ungerfeld, 2002). The higher fecundity observed in
the CIDR+TN group with G. ulmifolia fruit supplementation is likely related to the
higher fertility rate in this group and the effect of targeted nutrition, which stimulates
follicular development, increases the number of preovulatory follicles, and ultimately
enhances the number of follicles reaching ovulation (Pérez-Herndndez et al., 2009).
These factors contribute to an increased ovulation rate, directly impacting fecundity
(Rattray et al., 1981).

CONCLUSIONS

The chemical composition and degradability of G. u/mifolia fruits are suitable for their
use in targeted nutrition for ewes. The consumption of 300 g of these fruits for seven days
before progestogen withdrawal reduces the time to estrus onset and increases the fecundity
of Pelibuey ewes. Therefore, this resource has potential for inclusion in targeted feeding

programs to enhance the reproductive performance of Pelibuey ewes.
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ABSTRACT

Objective: to determine the prevalence of Cryptosporidium spp. in a population of lactating calves from one to
60 days of age.

Design/Methodology/Approach: this was an under convenience cross-sectional epidemiological study in
cattle ranches located in five municipalities in the temperate zone of Veracruz, Mexico. The complete sample
size was 500 animals (Win Episcope© 2.0), 100 per municipality. A feces sample was taken directly from the
rectum with a latex glove and transported in refrigeration (4 °C) to the laboratory for analysis. The samples
were analyzed using modified the Faust centrifugation method, and the Ziehl-Neelsen technique. Statistical
analyses were performed in STATA® 14.0. at a 95% confidence interval.

Results: all municipalities presented Cryptosporidium spp. An overall prevalence of 62.6% was found, within a
range of 49% to 83% according to the municipality. In regard to sex, a prevalence of 78.4% (45,,CI 69.9-85.0) of
Cryptosporidium spp. was found in males. Regarding age, the highest prevalence of Cryptosporidium spp. 75.6% in
living tissue was found in calves one to 15 days old (45, CI 69.8-80.7). The highest prevalence 78.7% was found
in liquid feces (45, CI 71.6-84.6), which proves that diarrhea sometimes fetid, is the main sign of Cryptosporidium
spp. presence in lactating calves.

Limitations/ Implications of the study: the study did not consider other pathogens that also can cause
diarrhea in lactating calves.

Findings/Conclusions: Cryptosporidium spp. is present in lactating cattle in the temperate zone of central
Veracruz, Mexico. The highest prevalence was found in lactating calves one to 15 days old, in males, and in
those with liquid stools.

Keywords: bovine, diarrhea, protozoan, Ziehl-Neelsen.
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INTRODUCTION

Cryptosporidium spp. is a single-celled protozoan that inhabits the intestinal villi of calves,
lambs and other animal species including humans. Transmission is fecal-oral by ingestion of
sporulated oocysts (Yang et al., 2021). Also, indirectly by water and food contaminated with
fecal material, by contact with contaminated environmental surfaces, or person-to-person
contact (Pezzani, 2023). The life cycle of this protozoan begins with the ingestion and
decystation of oocysts that involves asexual and sexual phases, and ends with the infective
phase of the parasite, which is eliminated in large quantities in the feces (Gunasekera et al.,
2020). Oocysts are environmentally resistant, and remain viable for a long time (Olson et
al., 2004).

There are 29 mammalian species of Cryptosporidium (Ryan et al., 2021), of which six
have been found infecting cattle, the most common being Cryptosporidium parvum, widely
distributed in intensively produced dairy cattle (Thomson et al., 2017) and has been
identified as one of the primary etiological agents of neonatal diarrhea (Wells and Thomson
2014; Santin, 2020). Clinical cryptosporidiosis is characterized by profuse watery diarrhea,
loss of weight yield, and death (Thompson et al., 2016). In calves (less than six weeks of
age) it reduces daily weight gain. Young calves can shed a large quantity (3.89X 1010) of
oocysts in six to 12 days (Shaw ez al., 2020). Older calves (=6 months) and adult cattle may
be naturally infected with C. parvum and excrete oocysts, while remaining subclinical or
asymptomatic (Shaw et al., 2021).

Cryptosporidiosis is recognized as endemic in cattle worldwide and is one of the leading
causes of neonatal enteritis in calves around the world. In various studies implemented
in Europe, North America and Egypt, it has been reported that in calves from meat
production systems the prevalence is lower than in dairy calves; with prevalence values
6-78% of Cryptosporidium parvum in calves from dairy herds (Garro et al., 2016 Brainard et
al., 2020; Weldemariam et al., 2024). This behavior has also been reported in meta-analyses
of Cryptosporidium spp. in ungulates (Hatam-Nahavandi et al., 2019). In South America,
prevalence values from 7.3% in Colombia (Bulla-Castaneda e al., 2024) to 51.75% in
Brazil (Candeias et al., 2022) are reported. Various risk factors have been identified, such
as contact with other species (goats and sheep), use of a semi-intensive breeding system,
absence of hygienic conditions —fecal contamination of food and water (Conceicao et al.,
2021) and high animal density in hot and humid climate (Brainard et al., 2020; Bulla-
Castafieda et al., 2024).

In Mexico, in the states of Coahuila and Durango, prevalence values 56.41% and
87.17% of Cryptosporidium spp. have been reported in adult animals and calves. This
suggests that the parasite is endemic and represents a risk to the dairy industry; in
addition to risks to public health if manure is applied as fertilizer in agricultural lands
(Lopez et al., 2020). In the northern region of the state of Veracruz, a prevalence 78%
was reported in calves from one-day old to six months of age in a beef cattle production
system (Aguilar et al., 2007). Similarly, another study in dual-purpose production systems
found an overall prevalence 73.6% of Cryptosporidium spp. in calves from three to 12

months of age from three ecological regions of central Veracruz (Casteldn-Herndndez et

al., 2011).
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In Mexico there is a wide variety of calf breeding systems in the different dairy regions
of the country. In specialized livestock management in the state of Veracruz there are no
reports of Cryptosporidium spp. in calves. Therefore, it is important to know the situation of
livestock farming and thus be able to establish appropriate control strategies for the disease
caused by this parasite. The objective of this research was to determine the prevalence
of Cryptosporidium spp. in calves <60 days of age in cattle ranches; under the hypothesis
that a prevalence higher than 50% can be found in calves from 1 to 60 days of age, in the

temperate zone of Veracruz, México.

MATERIALS AND METHODS
Study site

The study was implemented across the municipalities Acatlan (19° 4* N; 96° 50° W),
Landero y Coss (19° 44” N; 96° 51° W), Miahuatlan (19° 43’ N; 96° 53° W), Xico (19°
25" N; 97° 00’ W), and Naolinco (19° 39’ N; 96° 51° W), in the temperate zone of central
Veracruz.

Experimental design and protocols

The collection of samples was based on an under convenience cross-sectional
epidemiological study with lactating calves from one to 60 days of age, regardless of
sex, presence or absence of diarrhea, in cattle ranches located in the five municipalities
above mentioned. The number of calves included in the study was estimated with the
statistical software Win Episcope© 2.0 (Thrusfield et al., 2001), considering a 50%
prevalence, a 5% margin of error, and a confidence level at 95%, the animal sampling
size was set in N <500 animals. The study protocol was approved by the Bioethics and
Animal Welfare Commission of the Faculty of Veterinary Medicine and Zootechnics

under Universidad Veracruzana, in compliance with the Mexican Standard (NOM

-062-200-1999).

Collecting and transporting of samples

From each one of the municipalities, 100 animals were selected in order to obtain
samples from 500 lactating calves. Samples were collected from February to July 2023,
in the ranches where producers agreed to participate. A feces sample was taken directly
from the rectum of each calf, using a latex glove and deposited in a bag. Individual
samples were identified with the ID-number of the animal, date of birth, and the
number or name of the mother. The fecal samples were kept refrigerated (4 °C) and
transported to the Parasitology Laboratory of the Diagnostic Unit Ranch “Torredén del
Molino” of the Faculty of Veterinary Medicine and Zootechnics, under Universidad

Veracruzana.

Diagnose laboratory techniques

The samples were analyzed using the modified Faust centrifugation method and the
modified Ziehl-Neelsen technique (Figueroa-Castillo et al., 2015), in order to detect the
presence of Cryptosporidium spp.
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Statistical analysis

Data was stored in a Microsoft Excel® database. Overall and specific prevalence by
age was calculated according to age class (1 to 15 days, 16 to 39 days, and 40 to 60 days);
also by sex, municipality and the structural consistency of the feces (normal, pasty, semi-
liquid, or liquid). For the data analysis, the statistical software STATA® 14.0 was used.
A Chi-Square test ( XQ) with a 95% confidence interval was performed to determine the
relationship between the presence of Cryptosporidium spp., and the sex, age, or consistency
of the feces.

RESULTS AND DISCUSSION

Table 1 shows the prevalence of Cryptosporidium spp. per municipality. Positive samples
were obtained in the five municipalities, with an overall 62.6% prevalence within a range
49% to 83% (x*=27.08 y p<0.001) depending on the municipality (Table 1). In addition,
the actual 64.08% prevalence was obtained by means of the formula developed by Ameni
et al. (2008) for the Zielh-Neelssen test.

These results coincide with other studies, such as those in the state of Veracruz and
other Mexican southern states, and the Lagunera Region of Mexico. In Veracruz, 12-20%
prevalence values have been reported per municipality (Aguilar ez al., 2007); also an overall
prevalence up to 73.6% (Castelan-Hernandez et al., 2011). Whereas in the Lagunera
Region, a 71.79% prevalence of Cryptosporidium spp. is reported in cattle (Lépez et al.,
2020). Variation in prevalence may be due to possible differences in facilities, management,
or diet in each study. Likewise, it has been described that environmental factors such as
temperature and humidity influence the survival and transmission of Cryptosporidium spp.
oocysts, the hot climate with a high humidity content favor the persistence and propagation
of this parasite. In addition, Cryptosporidium oocysts are extremely resistant to the action
of commonly used chemical control agents. Oocysts can survive in ambient conditions,
maintaining their infective capacity in the environment for prolonged periods about three
months or more (Ikiroma and Pollock, 2021; Weldemariam ez al., 2024).

In this study, according to the sex of the evaluated animals, a 78.4% prevalence was
observed in males, higher than 66.1% found in females, statistically significant ( x2=4-.58;

p=0.032). In regard to the age of the animals, significant differences were found among

Table 1. Prevalence of Cryptosporidium spp. found with the Zielh-Neelssen technique in lactating calves per
municipality sampled in Veracruz, Mexico.

Municipality Lactating calves Laftoastiitxil‘;i;)v es Prevalence (%) *959,CI
Acatlan 100 57 57.0 46.7-66.7
Landero y Coss 100 49 49.0 38.9-59.1
Miahuatlan 100 83 83.0 73.8-89.5
Xico 100 59 59.0 48.7-68.6
Naolinco 100 65 65.0 54.7-74.0
Total 500 313 62.6 58.1-66.8

*Confidence Interval at 95%.
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the age classes <X2:41-5; p<0.001). The highest prevalence 75.6% of Cryptosporidium spp.
was found in calves of 1-15 days of age. However, animals aged 16-39 days and those aged
40-60 days also had a moderate prevalence of 53.1% and 41.1%, respectively (Table 2).

Some studies have indicated that there may be differences in the prevalence and
severity of infections between male and female calves. In a previous study in Veracruz,
the prevalence was 78.7% for females and 45.5% for males; Although the prevalence was
considerably higher in female calves, it was suggested that could be due to female sampled
population, which was larger than that of males (Castelan-Hernandez et al., 2011). In our
study, despite we got a larger population of females than males, the trend was opposite,
we found a higher prevalence of Cryptosporidium spp. in males than in females (78.4%
vs. 66.1%, respectively). Some studies mention that there is no relationship between a
greater or a lesser presence of Cryptosporidium spp. when comparing females and males
(Bulla-Castaneda et al., 2024). However, the variability in the results in different studies
related to the sex of calves focuses more on the management given to them on farms
(Silverlas et al., 2009).

Regarding age, Lépez et al. (2020) observed a higher prevalence in weaned calves
87.17% than in adult cattle 56.41%. However, in studies on calves, other authors indicate
that higher prevalence values and higher odds ratios (OR) are found in animals <20 days
of age (Thomson et al., 2019; de Alba et al., 2023). This high prevalence in calves under
three weeks-old is because they are more susceptible to Cryptosporidium infection due to
their immature immune systems. Also, because there is a higher probability of exposure
to contaminated environments (Bilata and Shimelis, 2023). In another study, Zeleke ez al.
(2017) mentioned that the prevalence of Cryptosporidium infection decreases as the age of
the animal increases, which is consistent with what was found in this study, because calves
aged 1-15 days had a 75.6% prevalence, whereas in those aged 40-60 days, prevalence was
reduced to 41.1% (Table 2).

Regarding the consistency of the feces and prevalence of Cryptosporidium spp., we
found that there were significant differences (X2=77.8; p<0.001). Table 3 shows that
the highest prevalence was in the consistency of semi-liquid stool 70.7%, and liquid stool

78.7%; This proves that the main sign of Cryptosporidium spp. in lactating calves is the

Table 2. Prevalence of Cryptosporidium spp. by the Zielh-Neelssen technique in lactating cattle according to
sex and age classes (1-15, 16-39, and 40-60 days) in Veracruz, Mexico.

Sex Lactating calves Laf::tiitril;e((::l)ves Prevalence (%) *050,CI
Female 325 215 66.1 60.6-71.2
Male 175 98 78.4 69.9-85.0
Age (days)

1-15 255 193 75.6 69.8-80.7
16-39 160 85 53.1 45.1-61.0
40-60 85 35 41.1 30.7-52.3
Total 500 313 62.6 58.1-66.8

*Confidence Interval at 95%.
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Table 3. Prevalence of Cryptosporidium spp. by the Zielh-Neelssen technique in lactating calves related to the
consistency of the feces.

C(i?:;is:.z::sy Lactating calves Lafto:tiitxil‘;e((::l)ves Prevalence (%) *950,CI
Normal 58 15 25.8 15.6-39.2
Pasty 89 35 39.3 29.3-50.2
Semi-liquid 188 133 70.7 63.6-77.0
Liquid 165 130 78.7 71.6-84.6
Total 500 313 62.6 58.1-66.8

*Confidence Interval at 95%.

presence of diarrhea, which sometimes, can be fetid. That is why an empirical diagnosis
of cryptosporidiosis could be done by observing the consistency of the feces, since the
presence of this protozoan could be suspected through the appearance of the stools.

The high prevalence of Cryptosporidium spp. reported in this study could indicate that feces
of liquid consistency are unequivocal sign related to the distinct presence of this parasite.
In Italy, Diaz et al. (2018) associated the presence of liquid feces with Cryptosporidium.
However, it is possible that the consistency of the feces is caused by other pathogens that
weaken the immune system of calves, making them more susceptible to Cryptosporidium
infection (Conceigao et al., 2021). Diarrhea caused by this parasite is associated with the
excretion of a large number of oocysts, but it is not evident that such an excretion always
occurs at the same time of diarrhea (Castro et al., 2002).

Nonetheless, the relative risk between the presence of Cryptosporidium spp. oocysts
and the occurrence of diarrhea is significant in calves. It is demonstrated there is a
relationship between them (Aguirre et al., 2013), since those animals that had feces of
liquid consistency had a higher prevalence (78.7%). This also coincides with Herndndez-
Valdés (2018) who reported the highest prevalence 75.5% in the semi-liquid feces of dual-
purpose cattle in the central region of the state of Veracruz. Both examples are similar to
our findings in this study.

In order to reduce the presence of Cryptosporidium in calves, better sanitary practices
should be implemented; some of which are that calves got adequately access to colostrum;
to separate calves apart from adult animals; to 1solate those animals that excrete diarrhea; as
well as an efficient cleaning when new animals are brought into management areas. Better
management practices are relevant because Cryptosporidium presence in lactating calves
has a negative impact on growth. In addition, because that is a parasite highly resistant
to environmental conditions, it can contaminate water, feed and feed management; thus

affecting other animal species, even people.

CONCLUSIONS

The infection caused by Cryptosporidium spp. infection was confirmed in lactating calves
in cattle ranches of five municipalities located in the temperate zone of central Veracruz,
Mexico. The highest prevalence of Cryptosporidium spp. occurred in newborn calves from

one to 15 days of age, particularly in males, and in those that excreted liquid feces.
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ABSTRACT

Objetive: to evaluate the production of white radish microgreens (Raphanus sativus var. Daikon) in on-demand
coupled aquaponics systems without climate control.

Design/Methodology/Approach: three treatments with three replicates each were established production of
white radish microgreens with no substrate. In treatment H, a 50% commercial hydroponic solution was used,
in treatment D distilled water was used, and in treatment T we used water derived from the tilapia culture.
Results: the production of radish microgreens in semi-open systems without climatic control was similar in the
treatments with water derived from tilapia culture and the 50% hydroponic solution.
Limitations/Implications of the study: it is necessary to test this type of microgreens culture with a greater
number of species and under different conditions, as well as testing restrictions or sanitary remediation. The
production obtained presented significant biological contamination issues, so radish microgreens were not
suitable for human consumption.

Findings/Conclusions: it was possible to use the water from a tilapia farm in aquaponics systems coupled on-
demand for the hydroponic production of white radish microgreens. However, there was no difference between
aquaponics and the production obtained with hydroponic fertilizers.

Keywords: functional-foods production, circular economy, AREL — Resource-limited aquaculture-farmers.

INTRODUCTION

Aquaponics 1s a food production technology, growing interest in recent years. In this
technology, aquaculture and hydroponics are symbolically integrated, so fish and plants
are grown on shared resources (Tokunaga et al., 2015). In economic terms for some cases
of aquaponics production, the plant component is usually responsible for the majority of
income (Quagrainie ef al., 2018). Because in these on-demand coupled systems plant yield
is measured by unit (or kg), and it depends on plant density (plants per mQ), production
period (weeks), and unit value ($, currency), Bailey and Ferrarezi (2017) proposed using
“$ m~? per week” as a unit that groups those factors together and provides a common
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point for comparison between two very different cultures. This becomes useful because an
alternative crop with high economic value and short cultivation time can be a reasonable
option for the production of plants in aquaponics systems.

Microgreens are short-cycle vegetables (7 to 21 days) that are harvested without roots
when cotyledon leaves are fully developed, still turgid, and the first true leaves are present
(Lee et al., 2004; Kyriacou et al., 2016). Due to their phytochemical compound content,
these vegetables are considered functional foods (Kyriacou et al., 2019), which are foods and
food components that can provide benefits beyond basic nutrition (IFIC, 2011). Therefore,
microgreens culture can be a good option for non-commercial and small-scale aquaponics,
as it is the case with Resource-limited Aquaculture farmers —AREL.

Because microgreens are plants in their early life stage, their nutrient needs are lower
because the seed content is the nutrient needed for that stage. This can be explored in
aquaponics systems, as it has been suggested that plants with lower nutritional requirements
are better suited for cultivation within them (Kloas et al., 2015; Yep y Zheng, 2019).

According with reported by Garcia-Sifuentes et al. (2024), radish production in
aquaponics systems is a topic of interest for micro- and small-scale tilapia producers in
the states of Guerrero and Oaxaca. The production of radish microgreens in decoupled
aquaponics systems that use water from tilapia production systems may represent a
first approach to radish production for these producers. In this case, without the need
to implement complete coupled aquaponics systems, aiming to produce functional foods
with high nutritional and economic values. The objective of the study was to evaluate the
aquaponics production of white radish microgreens as a productive alternative.

MATERIALS AND METHODS

An experiment was established for the aquaponics production of white radish
microgreens. Three treatments were established, each one with three replicates. In each
treatment the solution for the growth of the microgreens was different. Treatment (D) was
distilled water; (H) was a 50% commercial hydroponic solution, and (T') was water derived
from a semi-intensive open-air tilapia culture (Table 1).

For treatment T, a share of the aquaculture water (10 L) was taken and after allowing
the algae to settle for 48 h in refrigeration, only the supernatant was used without the
microalgae sediments. The three solutions remained refrigerated at 4 °C until they were used.

The hydroponics solution was prepared with distilled water as base and a commercial
hydroponic fertilizer; with a calibrated composition to obtain 10% N, 8% P, 18% K,

Table 1. pH and electrical conductivity values (mS cm_Q) in treatments D: distilled water, H: 50% hydroponic
solution and T water from tilapia culture.

Treatment pH Electri(c;lsc:rzc_hzx)ctivity N-NO; (mg L™ D)
H 6.75 0.88 75 (mg L™, N)
D 8.20 0.01 0.12
T 8.43 1.15 4.34

mS cm~ % SI equivalent unit, milisiemens per square centimeter.
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Table 2. Concentration (mg L™') of macro- and microelements of the hydroponic solution at 50%
concentration, according to the guaranteed composition of the commercial fertilizer.

Macroelement Concentration (mg L™~ D) Microelement Concentration (mg L")
N 75.00 Fe 0.75
P 60.00 B 0.015
K 135.00 Zn 0.075
S 18.75 Cu 0.0015
Mg 13.50 Mn 0.015
Ca 44.25

2.50% S, 1.80% Mg, 5.90% Ca, 0.10% Fe, 0.002% B, 0.010% Zn, 0.0002% Cu and 0.002%
Mn. From this, a dilution to 50% of the concentration indicated for edible vegetables was
prepared (Table 2).

Trial condition

For microgreens culture we used hydroponics trays, (Bisphenol A) BPA-free, with
measurements of 0.33X0.25X0.03 (length Xwidth Xdepth, cm). The trays consist of three
parts, the first one (bottom) is used to contain the solution for growth; the second (middle)
1s a grid on which the seeds are placed to allow the roots to develop towards the lower tray,
where the solution for growth is contained.

The third (upper) part is a temporary tray that is placed on the seeds during the first
days of growth, in order to generate pressure on them and facilitate the roots to grow into
the right direction; otherwise they are not directed towards the lower tray. These trays can
be used with or without substrate in the middle part with grid; for this trial, only the grid
was used, with no substrate (Figure 1).

Microgreens production was implemented in two stages, both without climatic control,
in semi-open systems. During the experimental period, in both stages, the maximum and

minimum ambient temperature and humidity were recorded with a thermohygrometer
(Thermopro™ TP359S, Canada).

Figure 1. Hydroponics trays for microgreens production with no substrate.
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The first stage, with a duration of 5 days, corresponds to germination and the
blackout (dark phase). This was done in the growth area of fish larvae and fry, which
is an open and roofed area. During that stage, temperatures were 25.5 °C average
minimum and 34 °C average maximum; while the minimum relative humidity was 47%
and the maximum, 93%.

The second stage, which corresponds to the photosynthesis phase, was done in a
shade house with anti-aphid mesh walls and monofilament mesh shade roof, for 30%
radiation reduction with UV light stabilizer (Textiles Agricolas, Mexico). During this
stage, temperatures were 25.5 °C average minimum and 46.7 °C average maximum. The

extremes of relative humidity were 44% minimum and 88% maximum.

Seed pretreatment

Special Daikon (white radish) seeds were acquired for microgreens production (De mi
Siembra, Hidalgo, Mexico). For each tray, 15 g of seeds were weighed, which corresponds
to adensity of 176 g m™? as it is recommended by specialized producers (Johnny’s Selected
Seeds, Maine, USA) of seeds for microgreens. The seeds were hydrated for 6 hours in
distilled water and then distributed in each of the growing trays. After their distribution on
each tray they were covered with the upper tray and a weight of 3 kg was placed on them
to exert pressure on them and force the roots to go to the lower part of the tray.

For 3 days the seeds were sprinkled with distilled water twice a day. On days 4 and 5,
the dark phase took place, which is a period in which first sprouts remain without light
to force the elongation of the stems. On the fourth day, the weight was removed and after
randomly assigning the treatments, 120 mL of solution corresponding to each treatment
was added to the lower tray. On day 5, 50 mL of extra solution were added to each of the
replicates according to their treatment.

From day-6 to day-9, the microgreens were installed in the shade house and the amount
of water added daily was recorded. On ninth day, when the first true leaves began to
sprout, the experiment was completed. The microgreens were harvested and for each
treatment, fresh weight and average dry weight of microgreens (g), and fresh weight and
average dry weight of roots (g) were recorded. The length of 10 microgreens per replicate
was randomly measured to obtain the average length per treatment (mm). With the data
obtained, the productivity (g m_Q) of radish microgreens was calculated, also was the seed

yield (g g_l), microgreens sprouted per seed.

Statistical analyses
A completely randomized experimental design was used. For all variables, after
checking the assumptions of normality and homoscedasticity in the results, data were

analyzed with analysis of variance and the means contrasted with the Tukey’s test (p=<0.05).
STATISTICA® 12.0 (StatSoft Inc., 2013) was used for the analyses.

RESULTS AND DISCUSSION
On day six, when the microgreens were installed in the shade house, insect larvae were

detected in some of the replicates. The solution was removed from all of them and 120
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mL of the solution corresponding to each treatment (distilled water, hydroponic solution
at 50% concentration, or water derived from tilapia culture) were added. This process had
to be carried out daily, because from day seven onwards insect larvae were present in all
the trays and the solutions presented brown color and bad smell. However, we decided
to continue with the experiment to record the effects of the treatments, and to test if the
presence of larvae would cause the death of the white radish microgreens.

Fresh weight, dry weight, overall productivity of the microgreens, and seed yield of
white radish were similar (p < 0.05) in the H and T treatments and lower in D (Table 3,
Figure 2).

The microgreens produced in the treatments with hydroponic solution at 50%
concentration, and those in the water derived from the tilapia culture were similar in size
and apparent vigor, while in treatment D the production was lower. This is consistent with
what was reported by Murphy et al. (2010) and Murphy and Pill (2010), who indicated that
a higher concentration of nitrates improves shoot yield.

However, even though the concentrations of N-NOg were different in the solutions of
the H and T treatments, the productive variables evaluated were statistically similar. It has

been reported that microgreens production may be higher in aquaponics systems than in

Table 3. White radish microgreens produced with treatments, D: distilled water, H: commercial hydroponics
solution at 50% concentration, and T: water derived from Tilapia culture.

Tl Treatment
D H T

Microgreens fresh weight (g) 8.77x1.23% 44.84%16.81° 43.65+11.63"
Discarded fresh weight (g) 83.87+6.92? 83.72+15.95? 88.57x7.01%
Microgreens dry weight (g) 0.87+0.27% 3.94+1.29" 4.47+1.39"
Discarded dry weight (g) 10.23+0.34 * 8.52+1.04° 8.85+1.46 %
Shoots height (mm) 59.36+6.34 * 71.66*+1.43*% 71.09%£6.37 *
Productivity (g m"2) 106.30+14.89 * 543.56+203.72 529.09+140.91 "
Seed yield (g g_l, microgreens per seed) 0.58+0.08* 2.99+1.12° 2.91+0.78"

Figure 2. White radish microgreens produced with H, T and D treatments. In columns (from left to right),
H: commercial hydroponics solution at 50% concentration, T: water derived from tilapia farming, and D:
distilled water.
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traditional systems (Guerreiro et al., 2024), but it was not demonstrated in this study. In
addition, insect larvae were present in the three treatments; For this reason, it is considered
that the use of any tested solution did not represent a greater risk or an advantage in regard
to the proliferation of insect larvae.

For AREL producers interested in reusing water from aquaculture farming, the
production of microgreens of different species (in this case radish) in aquaponics systems
coupled on-demand may represent a viable option to produce functional foods, either for
their own consumption or for sale. However, this type of farming requires cost-efficient
investment and know-how, because it uses water from aquaculture farming, of which only
replacement water can be used. Moreover, the structure for coupled farming can be built
with local materials.

These characteristics make coupled systems be seen as ideal for AREL producers,
who generally have limited access to financing, formal education and technical training.
It is these producers that a low-cost aquaponics system can benefit (Adeleke et al., 2022;
Flores Nava et al., 2013). The sale of microgreens could support food security for AREL
tilapia farmers. However, an additional economic benefit would depend on the presence
or developing of appropriate markets.

The presence of insect larvae during the production of radish microgreens made it
impossible to use them for human consumption. Tests are needed to prevent microgreens
contamination. In addition, it is advisable to perform tests with a greater number of plant
species, as well as to characterize the quality and safety of those microgreens to be used as

food for human consumption.

CONCLUSIONS

The production of radish microgreens in aquaponics systems coupled on-demand was
similar to that obtained with the 50% commercial hydroponic solution, but higher than
that obtained with distilled water. A productive alternative cannot be generalized due to
the conditions of this test. More research and sanitary control are needed.
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ABSTRACT

Objective: to identify the social and environmental impacts derived from the inappropriate use and
management of pesticides by mango producers in the municipality of San Marcos, Guerrero, Mexico,
emphasizing the effects on the health of farmers and environmental contamination.
Design/Methodology/Approach: a cross-sectional study was applied to 40 mango producers using a
questionnaire. In addition, focus groups were conducted to delve into pesticide management practices and
farmer perceptions of risks. Data were analyzed through descriptive statistics with the GraphPad Prism 7
software.

Results: farmers interviewed (100%) use pesticides, although only 40% identified to what pests those are used.
The most commonly used agrochemicals belong to the organophosphate and pyrethroid chemical groups.
Ninety-one percent of farmers do mix two or more pesticides without using personal protective equipment;
50% have presented some symptoms of poisoning. Empty containers are left in the orchards and the remains
are dumped directly into the soil, contaminating groundwater aquifers.

Limitations/Implications of the study: the design of appropriate pesticide management programs is
needed; also the promotion of sustainable agriculture practices in the region.

Findings/Conclusions: almost all the producers (91%) use pesticides improperly, half of them have experienced
some chemical intoxication. This study highlights the importance of developing awareness strategies that
include training programs based on scientific evidence, in order to teach the proper handling of agrochemicals,
with a focus on the prevention for human health and environmental risks.
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INTRODUCTION

Mango, usually considered the top of tropical fruits, is grown in different regions of
the world. Mango fruit (Anacardiaceae) is native to India, and is known for more than
4000 years. It is grown in tropical and subtropical climate areas with 24 to 27 °C optimal
temperatures for development. Mango prefers soils with 5.5 to 7.5 pH, at altitudes between
600 and 1200 m (Lebaka et al., 2021). In 2019, mango production was 51 million tons
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(Megagrams, Mg) in 85 countries around the world. India was the main producer and
exporter with approximately 22 million Mg per year (Sial et al., 2015). Different varieties
of mango are grown in the world, the most common are Alfonso in India, Carabao in the
Philippines, Ataulfo and Manila in Mexico and Tommy Atkins and Keitt in Florida.

In Mexico, the variety with the largest cultivation area is Ataulfo, whose production
occurs in April and May, and it is marketed nationally for fresh or industrial use. Due to
its low firmness and short shelf life, it is exported in small volumes. In Guerrero, the Costa
Chica region stands out for a high production of this fruit. An estimation of approximately
7117.8 hectares are planted for a harvest around 103 055 Mg. Mango varieties highlighted
in terms of production are Ataulfo, Manila, Tommy Atkins and Haden. However, producers
face heavy economic losses because they do not have the necessary infrastructure for the
post-harvest stage. Particularly, absence of packing facilities and necessary conditions for
storage, phytosanitary problems, low prices and the absence of marketing channels (Luna-
Esquivel ez al., 2006).

Indiscriminate use of pesticides is considered another major problem. Mainly because
it is used intensively despite the restrictions. Previous studies have shown that exposure to
these chemical compounds is associated not only with environmental pollution, but with
effects on human health (Lyall e al., 2017). It is considered that pesticides enter the human
body by dermal, respiratory or oral route (Daley et al., 2014). Prolonged exposure over
the years increases risks to human health with several effects, such as renal, hepatic, or
endocrine damage, among others (Peres ez al., 2006; Sagiv et al., 2008; Mnif ez al., 2011).
Therefore, itis necessary to implement studies to acknowledge the social and environmental
problems derived from the use of pesticides; as well as to develop strategies to address them
adequately.

In this context, this research aimed to answer What are the social and environmental
impacts derived from the inappropriate use of pesticides in mango harvest operation in
the Costa Chica region, Guerrero, Mexico? The objective was to assess the social and
environmental impacts of the indiscriminate use and management of pesticides by mango

producers in the municipality of San Marcos (Guerrero) Mexico.

MATERIALS AND METHODS
Characteristics of the study area

The study was carried out in the municipality of San Marcos, Guerrero, in the
geographical coordinates (DD) 16.794444 N and —99.391111 W, at an average 50 m
altitude (Figure 1). This municipality is characterized by the high production of mango of
different varieties, the most outstanding are Ataulfo and Manila. The study area was tracked
along several routes visiting the mango orchards, accompanied by local farmers. Fruitful
dialogues were established with them, with the research project as framework. Meetings
with the local producers were attended by the major (president of the municipality) of San
Marcos, the president of the National Committee of the Mango Product-System A.C. and
other leaders in the region.

In a meeting with the producers, the research team presented the problems related

to mango cultivation in the region, derived from a documentary analysis. An extended
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Figure 1. Location of the study area. Municipality of San Marcos (Guerrero) Mexico. 1System/Datum: WGS
1984; Projection: UTM, zone 14N.

research proposal was also presented, which obtained a positive unanimous response. In
addition, an exploratory talk was held that allowed to know the producers’ ideas, opinions
and expectations about the activities to be implemented.

Research techniques and procedure

We used a mixed methodology with a participative exploratory approach. A flexible,
iterative design was used to collect data from a variety of sources, through interviews and
focus groups. Producers from six localities in the municipality of San Marcos (Guerrero),
Mexico participated in this research; San Marcos, Estero Verde, Alto de Ventura, Las
Vigas, Nuevo Tecomulapa and El Palomar.

In the first discussion meeting, producers were asked to identify the main pests that
affect their mango orchards. As well as the pesticides that farmers regularly use to combat
pests and in what concentrations they use pesticides. In both activities, discussion groups
were formed and bond paper was provided, allowing producers to respond to the questions:
What are the main pests that affect mango cultivation? What pesticides do you use to
combat pests? What concentrations of pesticide do you use to fumigate?

At the end, each team presented results and conclusions. The next activity consisted of
conducting visits to the mango orchards, to verify the physical condition of the trees and
to record whether an inappropriate disposal of empty pesticide containers existed. Also, if
given the case, to verify the presence of agrochemical residues in the soil after fumigation.
Data obtained were systematized and analyzed using the GraphPad Prism 7 statistical

software to calculate averages and to generate graphic analyses. All the information was
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collected after informed and voluntary consultation to participate in the research. Also, all
procedures were approved by the Bioethics Committee of the Research Directorate of the
Autonomous University of Guerrero (Fol. Num. CB-004/23).

To learn about the use and management of pesticides, symptoms of poisoning, social and
environmental impacts generated by the use of pesticides, a semi-structured interview was
applied. The interviews were conducted at the facilities of the City Council of San Marcos,
Guerrero, where a total of 40 mango producers from the six localities attended. They were
questioned about the preparation of agrochemicals, personal protection equipment or
measures they use; also, about the existence of symptoms of poisoning, and their awareness
of the social and environmental problems caused by an inadequate disposal of chemical
remains of pesticides and containers (either empty or burned).

RESULTS AND DISCUSSION
Identification of pests and diseases in mango plantations

Information collected from interviewees showed that mango producers usually use
agrochemicals to control pests and diseases, trying to avoid losses in mango production.
However, even with this use farmers report average losses of 30%, and in some cases 50%.
The toxic potential of those products, which allows to control diseases and destroy pests,
also makes them potentially harmful to human health and the environment (Plenge-
Tellechea et al., 2007).

During the identification of pests that affect mango production, farmers informed
problems in leaves, vegetative shoots, flowering and fruits. The most common pests include
fungi of the genera Colletotrichum, Fusarium, Oidium, Capnodium, and Erysiphe. Other
important pests are the fruit fly (Anastrepha) which damages the mesocarp; bacteria of the
genus Xanthomonas which causes the black spot; and the snow mealybug, which feeds on
the sap and causes a plant general weakening (Figura 2).

Over time, farmers have observed various pests in their orchards; they highlight the
importance of identifying these pests correctly and in time to proceed with treatment and

elimination.

Figure 2. Mango producers during identification of main pests that affect mango production.
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Pesticide use and management

Once the producers identified the mango pests, our interest moved towards the
knowledge of the process they implement to mitigate or eradicate the damage. To do this,
six focus groups were organized, then we provided them a set of images of commercial
pesticides, and we asked them to select which ones they used regularly. Then, producers
explained what type of pests they fought and in what concentrations pesticides are used.
A similar study implemented in a banana area in Colombia highlighted the importance of
identifying the pesticides that producers use. Their purpose was to develop a Hazardous
Waste Management Plan, and to ensure their proper management (Camargo et al., 2021).

The conclusions of the focus groups revealed the lack of a standard measure and
procedure for the preparation of pesticides. Some producers have 16-liter pumps, while
others use 25-liters pumps. For liquid pesticides, they use the measuring cup included
in the package. However, for powdered pesticides they use a soup spoon, which causes
variability in the measurement. Some producers add two soup spoons for each 25-liter
pump, while others add four to five spoons (Figure 3). Despite the differences in
concentrations, producers know the group of pests to be controlled by each pesticide;
whether it is an insecticide, fungicide, bactericide or herbicide. The latter are commonly
known as “ultimate killers”. Producers are also aware that beneficial pollinating insects
die along with pests.

The presence of pests and diseases in orchards is one of the main phytosanitary problems.
For this reason, the use of agrochemicals is an integral part of the production system, with
the aim of improving crop yields. However, it is important to recognize the adverse impacts
that agrochemicals have on the environment (Mena-Espino y Couoh-Uicab, 2015).

Evaluation of producer exposure to pesticides

The average age of the producers interviewed was 52 years old; 53% of them have
used pesticides for more than ten years, while 46% have applied chemicals for less than
ten years. Mango producers learned how to prepare pesticides on the recommendation of
neighbors or acquaintances who are dedicated to the same type of crop; with the exception

Figure 3. Mango producers during identification of pesticides used for pest control in their orchards.
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of four producers who follow the indications of the labels on the packaging. A factor to
consider about the levels of exposure to chemicals is the low level of education of the
producers. Because this could be associated with the lack of reading comprehension of the
instructions for use of each product. In addition to the very small letters on the containers,
which include complex mathematical formulas and a technical language that is difficult to
understand.

This exponentially increases the risk of poisoning due to improper handling of active
substances. In the study by Lépez-Davila et al. (2019), the degree of training of farmers
in the use of pesticides was low; only 28.3% had received specialized courses for that use.
On the other hand, similar data were reported in the state of Durango, where only 40%
of producers had received training on the appropriate use and management of pesticides
(Esquivel-Valenzuela et al., 2019). To achieve effective pest control, 92% of producers mix
two or more pesticides. Common combinations include Foley® Rey/Manzate Mancozeb®,
Foley® Rey/ Captan®, Foley® Rey/ Benomyl®, Velcron®/ Manzate Mancozeb® and
Malathion®/Amistar®. The goal of mixing these active compounds from pesticides is the
allegedly faster control of fungi and insects.

Sometimes, at the end of the fumigation days, the remains of pesticide are poured
directly onto the ground at the edges of the orchards. Whereas empty containers are thrown
away or burned; since there is no Agency or public policy that regulates this action, farmers
have normalized this situation, without paying attention to the social and environmental
consequences that this entails. Yafiez and Camarena (2019) also reported in Sinaloa, that
61% of farmers leave containers in the field or burn them after use. Interviews recorded
that 40% of producers wear masks, boots and sometimes, gloves. However, the protection
is not complete, so there is a direct exposure to agrochemicals during the handling and
application process. The lack of protection during pesticide application is also a common
practice in the state of Coahuila, where it was reported that 75% of producers lack personal
protective equipment; while in the state of Chihuahua that percentage is 73% (Esquivel-
Valenzuela ¢t al., 2019; Ordonez-Beltran et al., 2019).

According to Khan et al. (2015), in the process of preparing the solution or in the
application by spraying, producers are exposed to pesticides spillage and contact, because
they use defective sprayers. Adverse weather conditions or inadequate preventive measures
are other factors to consider (Tsimbiri ef al., 2015). Pesticides can remain in the environment
for much longer than intended, because of some specific characteristics that include
toxicity, persistence, and organic effects. For this reason, people who work in agricultural
fields are exposed to these risks, without awareness (Bejarano, 2017).

During the preparation and application of agrochemicals, it is essential to wear
personal protective equipment, as this protects from possible adverse consequences
(Houbraken et al., 2016). Jiménez-Quintero et al. (2016) mentioned that despite producers
know the importance of protective equipment, they do not use it during the labor.
According to Negatu ez al. (2016), pictograms on pesticide labels help to inform about
risks to human health and advise the use of personal protective equipment. In contrast,
the interviewed producers stated that labels are not understandable, because their size

is too small. Of producers, 30% are unaware of the long-term health effects of pesticide
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exposure; whereas 50% stated that they had experienced some symptoms of poisoning at
least once; such as, blurred vision, vomiting, headache or dizziness (Figure 3).

A study conducted in Tanzania showed that 93% of farmers have suffered poisoning from
pesticide exposure, mainly from organophosphate pesticides (Lekei et al., 2014). According
to Eskenazi et al. (2007) these symptoms can be avoided when farmers wear full personal
protective equipment (coveralls, masks, gloves and boots) and they have water available for
hand washing. In agreement, farmers in Cuba and India expressed that the instructions
for use and safety procedures on labels are difficult to understand. Mainly because most of
labels, in addition to appear in small print, use technical vocabulary in a foreign language
(Kumari and Reddy, 2013). Producers also believe that a lack of knowledge can lead to
situations such as an incorrect election of products, inappropriate dosage, and misuse of
pesticides, which jointly lead to a failed pest control.

The pesticides most commonly used by producers are fungicides and insecticides
of the chemical group of organophosphates, carbamates and pyrethroids. The most
commonly used pesticides belong to grade II toxicity, which according to the World Health
Organization corresponds to moderately toxic (Table 1).

Theinterviews conducted with the producers madeit visible the social and environmental
problems related to the use of pesticides. First of which is the loss of biodiversity, mainly
pollinating insects. Also, farmers consider that dumping the remaining pesticide on the
orchards and adjacent lands contaminates the subsoil, while burning the empty containers
causes air pollution. The inadequate disposal of empty pesticide containers was confirmed,
thus the low awareness of farmers about the risk to which they are exposed (Negatu et
al., 2016). Because these pesticides are dispersed in the air and become pollutants for
biotic systems (animals and plants), and for abiotic systems (soil, air and water). As well as,

Table 1. Types of pesticides and frequency of use by mango producers.

Trade name Chemical group Active ingredient Product type Toxicity*
Foley Rey Organophosphatc/ Chlorpyrifos .cthyl/ Insecticide I
pyrethroid permethrin
Malathion Organophosphates Malathion Insecticide 1I
Insecticide and

Velcron Organophosphates Monocrotophos acaricide I

Sultron Elemental sulfur Fung1c1.d.e and 1I
acaricide

Benomyl Benzimidazoles Benomyl Fungicide 1I

Captan Carboximides Captan Fungicide 11

Manzate Carbamates Mancozeb Fungicide I

Amistar Methoxyacrylates Azoxystrobin Fungicide 1I

Dimethoate Organophosphate Dimethoate Insecticide 1I

Permethrin Pyrethroids Permethrin IHSCCUC.I c!c and 1II
acaricide

Pervel Pyrethroids Permethrin Insect1C} c!e and 1I
acaricide

*Joxicity classification by the World Health Organization. Al: extremely toxic; BI: highly toxic; II:
moderately toxic; III: slightly toxic.
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pesticides are a risk to environmental stability, which potentially can lead to a public health
problem. Other aspects on which farmers reflected were the frequency with which they
present symptoms of poisoning, as well as the harvest of contaminated fruits. Similarly,
producers have detected that the early fall of fruits while growing is becoming more and
more frequent.

According to Bustamante-Villarroel ¢t al. (2014) and Lépez-Dévila e al. (2020), the
indiscriminate use of pesticides, as well as their application at inappropriate times, becomes
a potential hazard to the environment with impacts on soil fertility, beneficial organisms,
wildlife, water reservoirs, and even on human health.

This research with mango producers in the Costa Chica region allowed us to learn
directly about their agricultural practices and their experience in pesticide management.
Moreover, on their perceptions of the damage to pollinators, which are key elements in
the production chain of their crops. This study highlighted the importance of developing
awareness strategies that include scientific evidence-based training programs. Such
programs should teach the correct handling of agrochemicals, with a focus on the
prevention of health and environmental risks. It is critical that these programs involve

agricultural authorities, public health experts, and local communities.

CONCLUSIONS

The lack of use of personal protective equipment, the inability to properly interpret
product labels, and low risk perception are critical factors that increase pesticide exposure
and, therefore, health risks. A 91% of farmers mix two or more pesticides without full
knowledge, and 50% have suffered symptoms of poisoning. These findings highlight the
urgent need to implement effective interventions.

Mango production generates considerable economic and social benefit for the region;
this relevance justifies the proper intervention of Science academy and the Government
to work together with the producers. Academy should supply data and experiences that
support the development of sustainable agricultural practices; and governmental entities
should strengthen regulation and control of pesticide use. While, producers should make
efforts towards adopting safer and more sustainable practices.

Future research should focus on measuring the long-term effects of pesticide use on
local ecosystems; also, in developing alternative and less toxic methods and technologies
for pests control in agriculture production. In addition, there is a need to evaluate the
effectiveness of educational interventions in reducing the risk of exposure to pesticides.
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ABSTRACT

Objective: the objective of this study was to evaluate the effect of hydrogen peroxide (H,O,) on seed
germination and initial development of maize seedlings (Zea mays L.) based on water stress or irrigation.
Design/Methodology/Approach: seeds of seven maize materials were treated with four doses of H,O, (150,
100, 50 and 0 mM). The elongation of the mesocotyl, coleoptile and other characters of maize seedlings were
evaluated. Individual and combined analyzes of variance were performed with SAS® v. 9.1 for Windows
(SAS® Institute, Inc., 2002). A comparison of means was performed with the Tukey test (p=<0.05), as well as
principal components analysis (PCA).

Results: the effect of HyO, in the seed of native and hybrid maize showed positive effects for the rate and
percentage of emergence, length of mesocotyl and coleoptile and dry matter production in both humidity
environments. The analysis of dispersion on principal components allowed us to visualize that the doses of 50
and 100 mM were superior for Xnuc Naal and San Pablefio genotypes, both in irrigation and drought.
Limitations/Implications of the study: this study was limited to evaluate seedlings. It is suggested to extend
evaluations to the reproductive stage.

Findings/Conclusions: doses of H,O, at 50 and 100 mM showed a positive effect on seed germination and
initial development of maize seedlings.

Keywords: water stress, ecophysiology, biomass.

INTRODUCTION

Hydrogen peroxide (HyO,) has been of interest in agronomic research due to effects on
plant growth and development under conditions of water stress (Cerny et al., 2018). Plants
usually generate reactive oxygen species (ROS), such as HyO,, which is a highly reactive
oxygen molecule that acts as a regulator in plant growth as a response to biotic and abiotic
stress (Choudhury ez al., 2017). Excessive accumulation of HyO, can be harmful to plants
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by causing oxidative damage, so the importance of managing an adequate dose of H,O, is
highlighted (Guo et al., 2023).

Some studies have shown that the use of H,O, as a treatment in seeds could mitigate
the adverse effects of water stress by modulating various physiological and biochemical
processes (Cetinel et al., 2021). Guo et al. (2021) indicated that HyO, improves seedling
vigor, so it could be useful as a promoter of germination and emergence of maize seedlings
inirrigation or drought. In addition, it has been observed that H,O, can induce antioxidant
responses, and regulate the expression of stress-related genes in plants exposed to drought
conditions (Khedia et al., 2019). Drought regularly affects the emergence, elongation of
mesocotyl and coleoptile of seedlings, and development of adult maize plants (Villalobos et
al., 2024).

The mesocotyl is the region that connects the plumule (top of the seedling) to the radicle
(at the bottom). Whereas the coleoptile is the protective sheath that surrounds the plumule
emerging from the seed during germination (Niu et al., 2020). The study of these structures
could have important implications for acclimatization under conditions of water stress and
deep seeding of maize seedlings (Zhao et al., 2021; Villalobos et al., 2024). The objective of
this study was to evaluate the effect of H,O, on seed germination and initial development

of maize seedlings (Zea mays L.), with water stress and irrigation as evaluation conditions.

MATERIALS AND METHODS
Location of the study and genetic material

The experiment was established in greenhouse conditions at the China Technological
Institute located in Chind, Campeche, Mexico, in the 2024 spring-summer cycle. Seeds
of seven maize genotypes were used: one variety (Chichen Itza), five native races (San
Pablefio, Xnuc Naal, Dzib Bacal, Pix Cristo, Chaac Mejen Naal), and one commercial

hybrid (Zarco) as the control.

Establishing conditions of the experiment

A series of seedbeds were established with soil known in the region as kan-kab or luvisol.
Seeds of all genotypes were treated with four concentrations of H,O, 150, 100, 50 and 0
mM for a period of eight hours. Subsequently, seeds were sown in the seedbeds at a depth of
15 cm, and they were distributed at a distance of 5 cm between plants and 10 cm between
rows. A randomized complete blocks design was used and the experimental unit consisted
of 20 seeds with two replicates. The seedbed measurements werel.5 mX0.70 mX0.20 m
(length X width X height), after sowing irrigation to saturation was applied for all treatments.
For the irrigation treatment, constant watering was implemented in order to keep the
substrate moist and for the drought treatment only that irrigation to saturation was applied.

The variables were recorded seven days after planting.

Variables and statistical analysis
The percentage of emergence (PE) was determined by counting the number of seedlings
emerged at the end of the trial related to the number of seeds sown per experimental unit.

The emergence velocity rate (VE) was calculated by counting the seedlings that emerged
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per day in the days following the appearance of the first seedling. The units of measurement

were seedlings per day (Maguire, 1962).

PE = [(Number of seedlings emergea’) / 25] X100 (1)
n €l
VE = zi=17 (2)

Where, X;: number of seedlings emerged on the i-th day. V;: number of days after sowing
until the i-th day.

The following variables were recorded in each seedling, but reported as averages.
Mesocotyl length (LOM, cm) was measured from the seed junction to the base of the
coleoptile; choleptile length (LOC, cm) from the base of the coleoptile to its apex, with
a ruler. The total dry weight of the biomass (TDW, mg) composed by the dry weights of
mesocotyl (DWM, mg), coleoptile (transparent sheath) (DWC, mg) and aerial portion of the
plant (developing green leaves) (DWA, mg). All dry weights were obtained by drying those
structures in an oven (MEMMERT®) at 70 °C for 72 h, then weighed on an analytical
scale METLER®).

With the data obtained, individual and combined analyses of variance were performed,
as well as the comparison of means with the Tukey test (p=<0.05) in SAS® v. 9.1 for
Windows. A principal component analysis (PCA) was performed from the matrix of
correlations between the characters, with the SAS® princomp procedure. Likewise, a
graph of dispersion on principal components, with the first two of them as vectors in each

case, was developed to explain the variation due to moisture, genotype, and dose of H,O,.

RESULTS AND DISCUSSION

Some interactions such as dose Xmoisture, dose Xgenotype, moisture X genotype, and
dose Xmoisture X genotype were significant (p=<0.05) in specific characteristics shown
(Table 1). That is, there was genetic diversity in the variables under study, for genotypes
effect in each dose of H,O,, and based on soil moisture content. The absence of an
interaction humidity Xgenotype in LOM and dry weight of seedling structures implies
that, although water stress reduces those in regard to the irrigation condition, the effect was
proportional and parallel for all genotypes.

Soil moisture. LOM and DWM, DWC, DWA, and TDW were positively associated
with the irrigation condition (Figure lA). Likewise, VE and PE did not present a
favorable association under drought conditions; that is, drought reduced both rate and
percentage of seed emergence (Figure 1A, quadrant 3). In a similar study, Li et al.
(2017) associated such differences with water stress, which led to a reduction in water
absorption, seed moisture content, seed germination and vigor index, as well as seedling
growth and DWA. Zhao et al. (2021) indicated that among maize varieties there is a
variability in the amount of water required to initiate the germination and emergence
processes of seedlings. Length of coleoptile was not associated with any of the other
variables studied.
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Table 1. Results of the analysis of variance of mesocotyl length and other characteristics of maize with
different doses of H,O, under irrigation or drought during the 2024 spring-summer cycle.

FV |DF| VE EP LOM | LOC | DWM | DWC | DWA | TDW
RE 1 0.04™ 1767 | 0.07™ 0.2™ 2.36° 0.53" | 108.9" | 91.5™
M 1 1.45" | 5516.0" | 17.4™ 49" 4217 1.80" | 395.3™ | 541.5"
G 6 1.10" | 3585.7" | 185" 115" 1.83" 1.27% 196.4™ | 214.3"
D 3 3.00" | 7849.6™ | 104™ 0.7" 22.9™ 6.417 | 54657 | 930.5"
D*M | 3 0.03" | 3134" 1.5 0.6" 0.12" | 0.19" 7.1 8.9™
D*G | 18 | 028" | 66297 | 457 2.0 1.16™ 0.99" 58.0° 66.1"
M*G | 6 0.08" | 23597 | 04™ 0.7" 0.06™ | 0.09™ 5.9 6.4™
D*M*G | 18 | 0.04” 91.7" | 05" 0.5" 0.13% | 0.10™ 11.4" 12.3%
Error 0.01 0.69 | 0.31 0.22 0.69 0.50 32.3 35.23
Total

C.V. % 0.07 132 | 889 | 1201 876 | 12.33 | 2335 | 1561

FV: variation factor; DF: degrees of freedom; RE: replicate; M: moisture; G; genotype; D: dose; CV:
coefficient of variation; VE: emergence rate (seedlings per day); EP; emergence percentage (%); LOM: length
of mesocotyl, cm; LOC: length of coleoptile, cm; DWM: dry weight of mesocotyl, mg; DWC: dry weight of
coleoptile, mg; DWA: dry weight of the aboveground portion, mg; and TDW: total dry weight of seedling,
mg. Significant at *p=<0.05; **p=<0.01; ns: non-significant.

Genotype. Maize genotypes Xnuc Naal and San Pablefio were positively associated
with LOM, DWM, DWA, and TDW (Figure 1B, second quadrant). Sdenz and Cassab
(2021) indicated that some genotypes have developed long mesocotyls that allow plant to
emerge at greater depths than others, such as Xnuc Naal and San Pablefio. Likewise, LOC
was positively associated with PE, VE and DWC (Figure 1B, third quadrant). The maize
variety Chichen Itza and the Zarco (hybrid) showed a lower association in regard to all the

characteristics studied compared to the native races.
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Figure 1. Dispersion of means of A: characteristics and B: genotypes of maize in irrigation and drought based on the first two principal components
(2024 spring-summer cycle). VE: emergence rate (seedlings emerged per day); PE: percentage of emergence; LOM: length of mesocotyl, cm; LOC:
length of coleoptile, cm; DWM: dry weight of mesocotyl, mg; DWC: dry weight of coleoptile, mg; DWA: dry weight of the aboveground portion,
mg; and TDW: total dry weight of seedling, mg.
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Hydrogen Peroxide dose. Based on the projection and angles of the vectors, TDW,
DWA, DWM, LOC and LOM were positively associated with the dose 50 mM of H,O,
(Figure 2, quadrant 2). Likewise, when the seeds did not contain H,O,, there was no
positive association in any characteristic (Figure 2, quadrant 3).

At a high dose (150 mM) of HyO, there was a lower effect on the characteristics of
maize seedlings (Figure 3, quadrant 4). Both VE and PE were positively associated with the
100 mM dose of H,O, (Figure 2, quadrant 1); that is, Hy,O, could be useful as a promoter
of seed germination and plant emergence (Guo et al., 2021) of maize seedlings in irrigation
or drought.

Interaction dose X genotype Xmoisture. Principal component analysis (PCA) indicated
that the first two components (PC1 and PC2) together accounted for, 76.6% in drought
(Figure 3A), and 77.5% in irrigation (Figure 3B), of the total variation observed among
H,0, doses, genotype, and moisture. Cargnelutti and Toebe (2021) indicated that at least
two main components are sufficient to adequately represent the variation of the evaluated
characteristics.

In this study, for the first component (PC1) the most important variables in regard to
dose of HyO, were LOC, DWM, TDW and DWA in drought (Figure 3A) and irrigation
(Figure 3B). For the second component (PC2), the origin variables with superior weight
were PE, VE, LOM and DWC in both moisture conditions (Figure 3A, B). Other studies
reported that the mesocotyl-coleoptile elongation contributes to improve crop establishing
in maize, which leads to a higher percentage of emergence and population density. In such
conditions, re-sowing is not necessary and this impact positively the production costs of
maize crop (Reed et al., 2022).

In this context, based on the PCA (PC1 and PC2) shown in Figure 3, it can be observed
that the 50 mM dose of HyO, in drought and irrigation was the most determinant at PC1;
this is, the characteristic of greater relevance in the explanation of the variation observed.
This means that, the lower the concentration of H,O,, the better response was obtained

on the characteristics of the maize seedlings (Cerny ef al., 2018).
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Figure 2. Dispersion of H,O, doses based on the first two principal components (2024 spring-summer cycle).
VE: emergence rate (seedlings emerged per day); PE: percentage of emergence; LOM: length of mesocotyl, cm;
LOC: length of coleoptile, cm; DWM: dry weight of mesocotyl, mg; DWC: dry weight of coleoptile, mg; DWA:
dry weight of the aboveground portion, mg; and TDW: total dry weight of seedling, mg. D1, D2, D3 and D4:
doses 150, 100, 50 and 0 mM of H,O,.
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Figure 3. Dispersion of genotypes based on the dose of HyO, in A: drought and B: irrigation, for the first two principal components (2024 spring-
summer cycle). VE: emergence rate (seedlings emerged per day); PE: percentage of emergence; LOM: length of mesocotyl, cm; LOC: length of
coleoptile, cm; DWM: dry weight of mesocotyl, mg; DWC: dry weight of coleoptile, mg; DWA: dry weight of the aboveground portion, mg; and
TDW: total dry weight of seedling, mg. D1, D2, D3 and D4: doses 150, 100, 50 and 0 mM of H,O,. S: San Pablefio; X: Xnuc Naal; D: Dzib Bacal;
P: Pix Christ; C: Chaax Mejen Naal; H: Zarco (control).

CONCLUSIONS

The effect of hydrogen peroxide on native and hybrid maize seeds showed positive
effects on rate and percentage of emergence, length of mesocotyl, length of coleoptile
and dry matter production in both moisture environments. The dispersion on principal
component analysis allowed us to observe that the 50 and 100 mm doses were paramount

through the Xnuc Naal and San Pableno genotypes, in irrigation and drought.
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ABSTRACT

Objective: The article examines the factors influencing the adoption of nitrogen dose reduction technologies
among wheat farmers in the Yaqui Valley, Mexico.

Design/methodology/approach: Through the analysis of a sample of 336 farmers, the study identifies key
factors associated with technology adoption, including gender, educational level, farm size, and land tenure.
Additionally, factors such as access to technical advice and a positive perception of the technology’s adaptability
and relevance also play a crucial role. A random utility model was used to determine the probability that a
wheat farmer would decide to adopt the described technology.

Results: The findings suggest that the male farmers male, higher education levels, technical advice,
prior knowledge of the technology, and a positive perception of its adaptability, usefulness, and relevance
influence the likelihood of adopting the proposed technology. Additionally, adoption is less likely when
production is carried out without the support of technical advisors or when the farmers is not legally
constituted as a legal entity.

Limitations on study/implications: The research focuses on a specific type of technology and a particular
region.

Findings/conclusions: The use of new technologies among agricultural farmers is a high-impact tool in public
policy aimed at supporting rural areas. Additionally, it is suggested that further actions, such as establishing
demonstration plots with the proposed technology and inviting regional associations and farmers, as well as
accompanying the technological proposals with certified technical advisors, can lead to a higher adoption rate,
offsetting low educational levels and small plot sizes.

Keywords: Agriculture 4.0, technology adoption, wheat, logit.

INTRODUCTION

The sustainability of wheat production is increasingly challenged by environmental
concerns and the need for efficient resource management. Nitrogen, a key nutrient in wheat
cultivation, plays a crucial role in yield and quality; however, its excessive and inefficient
use leads to economics losses and severe environmental impacts, such as soil degradation

water contamination, and greenhouse gas emissions (Matson et al., 1998; Beman et al.,
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2005). Addressing this problem requires the adoption of modern technologies, known as
Industry 4.0 (Schwab, 2017), that optimize fertilizer application and maintain productivity.

This study examines the factors influencing the adoption of nitrogen dose reduction
technologies among wheat farmers in the Yaqui Valley during the Fall-Winter
2022/2023 cycle.

The Yaqui Valley, located in northern Mexico, in the states of Sonora and Chihuahua,
has historically been a center for agricultural innovation. It was a pivotal region during
the Green Revolution, introducing high-yield wheat varieties, mechanization, and
expensive fertilizer use (Cerutti, 2019). While these advancements increased productivity,
they also contributed to nitrogen overuse, which remains a challenge today. Nitrogen use
efficiency in the region is reported to be approximately 31%, highlighting the need for
improved management strategies (Millar ez al., 2018; CIMMY'T, 2021). Modern precision
agriculture technologies, such as optical sensors, have been developed to optimize nitrogen
application by detecting the crop’s specific nutrient needs and adjusting fertilizer doses
accordingly (Ortiz et al., 2007; Ruan et al., 2005; Santillano ez al., 2013; Crain et al., 2012).
Therefore, these technologies can reduce nitrogen application rates while maintaining
or even improving wheat yields. Despite their potential benefits, adoption rates among
farmers in the Yaqui Valley remain low.

However, it is noteworthy that access to the new technologies has not been widespread,
and the conditions for accessing them are unequal (Mehrabi et al., 2021), whether due to
indispensable factors for suppliers to expand them, or due to demand factors that limit
adoption, such as educational, digital capabilities, or tradition and inertia in production
methods (Elizondo et al., 2023).

Lapidus (2017)points to some impediments toits adoption, highlighting the dependence
on donor resources to transfer the technology to farmers through advisors. On the other
hand, it is common that when it comes to adopting input-saving technologies, incentives
tend to interfere between input-supplying companies that provide credit, and farmer
organizations. By identifying the economic, technical, and institutional barriers to
adoption, this research seeks to provide valuable insights for policymakers, researchers,
and stakeholders interested in promoting sustainable nitrogen management practices
in wheat production. The hypothesis of the study was that The adoption of nitogen
dose reduction technologies among wheat farmers in the Yaqui Valley is influenced
by a combination of economic, technical, and institutional factors. Specifically, it is
hypothesized that farmers with greater financial resources, higher levels of technical
knowledge, and stronger institutional support are more likely to adopt these technologies.
Conversely, traditional farming practices, limited access to credit, and weak extension

services act as barriers to adoption.

MATERIALS AND METHODS

The concurrence of high fertilizer prices resulting from the beginning of the Russia-
Ukraine war, in the fall-winter (F-W) 2022/2023 cycle, motivated the Fideicomisos
Instituidos en Relacién con la Agricultura (FIRA) to implement a support scheme to

encourage the adoption of efficient fertilization practices. FIRA absorbed 65% of the cost of
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the technological proposal corresponding to equipment rental, training and hiring of field
advisors, diagnostic, recording in field logs, coordination of the application, supervision
and validation of its use.

Proposed agricultural technology and practice

The first element inherent to the technology evaluated in this study was the diagnosis of
the need for nitrogen by means of images taken by remote sensors integrated to drones. The
images make it possible to estimate the quantity and quality of vegetation by measuring
the intensity of radiation in the red and infrared bands of the electromagnetic spectrum
emitted by the vegetation. The imaging varies according to the desired resolution. Related
to the choice of technology (Spati et al., 2021) have found that drones are more effective for
fields with high spatial heterogeneity although not at any cost compared to other available
alternatives, such as satellite imagery or handheld devices (e.g. green secker).

The second element consisted of more efficient fertilizer application practices that
considered no nitrogen use prior to planting, then an application of a maximum of 100
units of nitrogen, buried and solid, in the first fertilization at the time of planting. Then,
prior to the first irrigation, the crop was diagnosed by means of a multispectral image
obtained by the drone. Based on the interpretation of the image taken, recommendations
were generated for the dose of nitrogen required to cover the needs in the strongest stage of
crop development. Finally, in a subset of farmers, a second crop diagnosis using the drone
was proposed prior to the second irrigation to determine a possible additional nitrogen
requirement in order to ensure the quality of the grain.

Target population and study sample

The population of farmers for whom the Yaqui irrigation district issued permits in the
F-W 22/23 cycle corresponds to 138,252 hectares of wheat managed by 11,073 irrigation
users. In addition, the local ministry of agriculture (SAGARHPA) identified, in addition
to irrigation users, 5,648 farmers who used irrigation permits in the F-W 22/23 cycle.
Since the collection of information requires the estimation of various parameters, the
most relevant of which is the proportion of farmers adopting the technology, a sample size
was used to reach a confidence level of 95% and precision in the estimator of technology
adoption of 3% for the population described resulting in sample size of 321 farmers
(Cochran,1977).

Technology promotion

In the first phase, the local association of farmer unions AOASS (Asociacién de
Organismos de Agricultores del Sur de Sonora) promoted the technological program to
the representatives of each of the farmer unions that make up the association and provided
institutional support for its subsequent dissemination to the respective farmers. In the
second phase, the representatives of each association disseminated the technology and
FIR A’s institutional support to the farmers of their respective union. Finally, AOASS held
a meeting in each of the respective premises to further explain the technology, its benefits,

the work plan and the respective cost reduction support.
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Data collection

The data collection process was designed following established methodologies for
studying technology adoption in agriculture. To ensure scientific rigor, we incorporated
elements from meta-analyses by Mwangi and Kariuki (2015) and Ruzzante e al. (2021),
which synthesize a wide array of studies on farmer’s decisions to adopt new technologies.
These studies highlight four key dimensions relevant to adoption processes: i) exposure of
the farmer to the technology, i1) economic- productive characteristics of the farmers, 1ii)
institutional support elements for the application of the technology and iv) socioeconomic
profile of the farmer’s household. Based on these dimensions, a structured survey was
developed and validated through expert consultation with agricultural economists and
extension specialists. The survey was administered through in-person interviews by
trained enumerators at the end of the 2022-2023 fall-winter agricultural cycle. The sample
consisted of 336 farmers from the Yaqui Valley who had been exposed to the initial offer
of nitrogen reduction technologies. The selection process followed a stratified random
sampling approach to ensure representation across different farm sizes, production systems,
and access to institutional support.

Data collection adhered to standardized protocols to minimize bias, ensuring that all
enumerators received training in survey administration. The data were then digitized
and verified for consistency before analysis. This methodological approach ensures that
the findings accurately reflect the factors influencing the adoption of nitrogen reduction

technologies among wheat farmers in the region.

Diagnostic method

A random utility model (Ben-Akiva et al., 1985) was used to determine the probability
that a wheat farmer would decide to adopt the described technology. The model is
defined as:

U, =V, +e,, i=l.,IAn=1..,N (1)

in>

Where U, is the expected utility of alternative ¢ for farmer n, V;, is the deterministic
component of the utility and ¢, is the random component. In the hypothetical case that
V,, contains perfect information about the determinants of utility, the farmer would choose
the highest alternative. Therefore, the probability that farmer n chooses alternative i over

alternative j is:
P:(i)=pr(U, 2U,,)
= Pr(Vm +e.

m

v
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where C, is the set of options for farmer n, which in the present case is considered as

[, ={i.j}={Adopt, Notadopt}).
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Equation (1) assumes that the random errors are independently and identically
distributed across the 7 alternatives and N individuals (n =1..,.N ) and follow an extreme
value distribution meaning ¢, = € "€ in equation (2) is logistically distributed. The
probability of choosing 7 is obtained by integrating equation (2) over a continuum of all

possible values for €,. Thus, the probability that farmer n chooses alternative i is given by:

uv,
Pn(l')=e—ﬂV (3)

]n
jec,’

where ¢ 1s a positive scale parameter, #>0. The choice probability model with two

probability options (i =1y j=0) has a more succinct expression as follows:

uv,
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l+e
where ' is the vector of parameters to be estimated.

RESULTS AND DISCUSSION

The results are grouped according to farmer characteristics as follows: 1) socioeconomic
profile, ii) economic-productive characteristics and iii) knowledge and previous exposure to
technology.

Socioeconomic profile

Adoption rates show significant differences according to gender and schooling level.
The odds ratio presented in Table 1 show that gender significantly influences technology
adoption, with an OR of 0.057 meaning that male are 94.3% less likely (1-0.057) to adopt
technology compared to women, all other variables being constant.

Regarding women’s participation, the finding is consistent with some similar studies
such as Ndiritu et al. (2014) which noted that women farmers in Kenya are less likely to
adopt intensified farming practices such as minimum tillage and use of animal fertilizer.
However, it should be noted that the present study highlights structural differences in the
economic-productive characteristics of men and women, since female have on average
smaller landholdings (34 hectares) compared to men (79 hectares), in addition to the fact
that land tenure is their own in 28% of cases compared to 50% in the case of men. These
facts are interpreted as proxies for other potential explanatory factors in the low adoption

rate shown by women.
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Thus, farmers with basic and secondary less school likely to adopt technology compared
to those with higher education.

According to Ruzzante et al. (2021) farmer education is positively correlated with
adoption motivation. Similarly, Feder ez al. (1985) concludes that “the most educated
farmers are the first to adopt modern technologies”. On the other hand, Knight ef al. (2003)
find that schooling positively influences the adoption of modern inputs both directly and
indirectly, through a reduction in risk aversion. These results reinforce current findings in
the context of the Yaqui valley wheat producers.

Economic-productive characteristics

The size of the plot is one of the variables with the greatest theoretical and practical
support with respect to its importance in terms of the decision to adopt new technologies.
This hypothesis has been identified by Feder et al. (1985) and is generally linked to a
proxy role for other potentially determining factors, such as the ability to withstand
greater risks, access to essential inputs, information on technologies, access to specialized
labor, among others.

Although it is common to elaborate on the “scale neutrality” of technologies, i.e. that
technologies are of equal benefit to small and large-scale farmers, data from the sample
revealed that plot size was critical in explaining adoption in favor of farmers with larger
size of land. There also seems to be a trade-off between scale and form of access to
land, since farmers that commonly lease land to third parties as a way to increase scale
and thus make technology adoption attractive, in this sample, renting land decreases
the propensity to adoption. This behavior seems to be associated with the idea that
“the returns to investment for the use of these technologies are lower as time horizon
of the exploitation of a given area is shortened” (Lachman et al., 2022), due to the high
turnover that can occur on rented land. The first studies regarding this association were

Table 1. Socioeconomic characteristics associated with technology adoption.

Adopter Non- (.)dds
Indep .endent Category adopter | Ratio (OR) pvalue
variable (a) (b) a/b
(c) (d) c/d
1: Female 1 72 0.057 0.005%**
Gender
0: Men (ref.) 49 214
1: <30 years (ref) 3 26
2: 30 to 40 years old 7 31 1.957 0.364
Age 3:40 to 50 years old 6 44 1.182 0.824
4: 50 to 60 years old 11 60 1.589 0.504
5: =60 23 125 1.595 0.473
0: No studies 0 2
1: Basic 7 86 0.294 0.005%**
Schooling
2: Secondary 4 57 0.247 0.012%*
3: Higher (ref) 39 141

**p-value<0.01; ** p-value <0.05; *p-value<0.10



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/p8j4b033 109

Table 2. Economic and productive characteristics associated with technology adoption.

Adopter Non- Odds Ratio
Independent Categor adopter (OR) value
variable gory (a) (b) a/b prvatu
(© (d) c/d
1: Rented (ref)) 33 130
Land tenure 2.285 0.010%*
0: Own 17 153
) 1: Individual (ref) 25 204
Production Form - 0.397 0.003%**
2: Legal entity 25 81
. 1: <20 ha (ref)) 4 114
Plot size (ha) 0.131 0.000%**
0: =20 ha 46 172
1: Yes 48 256
Access to credit 2.813 0.166
0: No 2 30
. .9 1: Yes (ref.) 44 204
Technical Advisor 2.948 0.017%*
0: No 6 82
Wheat yield (ton/ha) 50 284 1.776 0.002%**
o .
% of total income from 50 984 1.005
wheat

**p-value<0.01; ** p-value <0.05; *p-value<0.10

carried out in the context of the green revolution, for example, Vyas (1975) found that
the form of land tenure did not significant influence adoption of technologies and, rather,
as these technologies showed their potential, they were gradually adopted by all farmers.
However, with the emergence of new and more diverse technologies, the phenomenon
was further explored and farmers with owned land were found to more often adopt those
technologies with higher costs (e.g. stone terraces in Ethiopia; Gebremedhin and Swinton,
2003) or with positive medium and long-term sustainable effects on land (e.g. natural
resource management technologies, especially prevention of soil erosion; Ruzzante et
al., (2021). It is worth mentioning that the technology addressed in the present study has
positive effects on cost reduction in the short term and generates medium- and long-term
environmental benefits by making less intensive use of nitrogen and mitigate soil erosion.

Adoption 1s less likely when farmer’s production is carried out without the support of
technical advisors or when the farmer is not established as a legal entity. These findings
suggest the presence of “network effects”, where interactions with other actors could be
enhancing the adoption of these technologies, which are not necessarily easily assimilated
independently and autonomously by farmers. This highlights the crucial role of external
information sources and peer influence in the diffusion and adoption process of these and
other technologies, as emphasized by Lachman et al. (2022).

Prior knowledge of technology
The farmer’s prior knowledge of the technology, as well as the farmer’s revealed
perceptions regarding its positive adaptability, usefulness, and relevance, make them more

likely to adopt it.
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Table 3. Characteristics of prior knowledge of technology.

Non- Odds Ratio
Adopter d OR
Independent Categor IS (OR) val
variable ategory (a) (b) a/b prvatue
© (@ o/d
) 1: Yes 4 40
Complexity 0.535 0.254
0: No 46 246
1: Yes 32 88
Useful 4.000 0.0007%#*
0: No 18 198
1: Yes 46 233
Relevance 2.616 0.077*
0: No 4 53
) 1: Yes 45 215
Adaptation . 2.972 0.026%*
0: No 5 71
1: Yes 15 19
Pre-application 5.030 0.000%#*
0: No 35 223
1: Yes 19 48
Previous results 3.039 0.00 1 %#**
0: No 31 238
0: No test 20 31
Test - 0.593 0.099%*
1: With test 30 205

*#* p-value<0.01; ** p-value<0.05; *p-value<0.10

Joint impact assessment

The proportion of farmers that used the nitrogen dose reduction technology in the
sample is 14.8%. In order to jointly test the effects that significantly explain this behavior,
the various groups of variables were tested simultancously therefore enhancing their
precision and the nature of their statistical significance reducing the possibility of error in
the interpretation of individual parameters. The estimates of all parameters revealed an
association consistent with the direction suggested by the individual analysis.

The estimates of all parameters used in the model revealed their expected signs
(Table 4). They also confirmed statistical significance with respect to their univariate
counterparts. In general, farmers’ characteristics show, through their respective
parameters, a lower impact on the probability of adoption if they are considered jointly.
For instance, schooling shows that a greater number of years of education increases
the probability of adoption by 1.52% for each additional year of schooling and not
by 2.70% as suggested when considered individually. However, of greater relevance
is the comparison of marginal effects for impact variables, particularly those that are
of a non-idiosyncratic nature. Noteworthy is the fact that having previous exposure
to the new technology in a neighboring plot increases the probability of adoption in
14.5% while, for example, a smaller plot size reduces it by only 11.4%. In this way,
small farmers previously exposed to the new technology can be compensated for other
limiting characteristics and enhanced on their probability of adoption. A similar result
is obtained if a technical advisor is present to support the farmer in the normal course
of his activities.
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Table 4. Parameter Estimates and Marginal Effects of the multiple variable Logit Model.

Independent Categor Estimation Average marginal
variables egory (standard error) effects
Socio-economic characteristics
Female (ref) —2.740
Gender*** —16.18%
Men (1.042)
—0.008
Age —0.08%
(0.013)
0.160
Schooling** 1.52%
(0.070)
Productive economic characteristics
Own (ref.) 0.644
Land Tenure* 6.12%
Rented (0.389)
) Individual (ref.) —0.331
Production Form —3.26%
Legal entity (0.383)
) <20ha (ref.) —1.399
Plot size (ha)** —11.36%
>20ha (0.595)
) Yes (ref) 1.215
Access to Credit 9.24%
No (0.860)
Yes (ref) 0.954
Technical Advisor* 8.24%
No (0.499)
. 0.548
Wheat yield (ton/ha) ** 5.24%
(0.234)
. 0.020
% Wheat of total productive plots** 0.19%
(0.009)
Prior knowledge of the technology
) No (ref) 1.299
Previous results*** 14.52%
Yes (0.406)
—11.092
Const.
(2.713)

*#*p-value <0.01; **p-value <0.05; *p-value<0.10

The reference class for the estimation of the respective parameter is highlighted in parentheses (ref).
Number of observations=5329. Likelihood ratio test: —100.730. McFaden R?=0.281. ROC=0.855.

The variables Age and Schooling are treated as discrete numerical variables.

The marginal effect indicates the change in the expected probability of adopting the technology for a unit
change in an explanatory variable.

Technical advisor: Farmers with declared availability of technical advisor during previous productive
activities.

Effectiveness of the technology

Figure 1 illustrates the changes with respect to the previous cycle in terms of fertilizer
use and in terms of crop production (tons per hectare). As for the fertilizer, various nitrogen
molecules were used, such as urea (67%), ammonia (23.3%) and phosphonitrate (2.9%),
among others. As can be seen, the majority (57%) of adoptive farmers are in quadrant

(II), which simultaneously shows an increase in yield and a decrease in fertilizer use. On
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Figure 1. Change vs. previous cycle in fertilizer use and yield (tons per hectare).

average, within this quadrant there is a 20% lower use of fertilizer, and a 10% higher yield
compared to the previous cycle.

Likewise, the evaluation of field results shows that wheat production is more profitable
with the technology tested in this study with respect to the traditional technology. If we
consider the Benefit/Cost ratio for the farmer as proposed in Table 5, we conclude that
the farmer increases revenues as compared to costs from 1.055 to 1.149, even considering
the additional cost for the crop diagnosis with drone and field advisory and consulting
services. This is due to the fact that the technology allowed reducing on average the cost of

the crop by saving fertilizer, in addition to increasing, on average, wheat yield.

Table 5. Profitability of wheat cultivation through traditional technology and Optimal Fertilization.

... Nitrogen dose Nitrogen dose
Traditional . .
Concept reduction technology | reduction technology
technology . q
without Support with support
Total Cost $ per ha 36,938.00 36,418.05 35,764.00
1. Cost per ha: 36,938.00 35,502.05 35,502.05
(of which Fertilization) 15,747.00 14,311.05 14,311.05
2. Drone/ha - 153.50 30.70
3. Advice/ha - 500.00 100.00
4. Consultancy/ha - 262.50 131.25
Income $ /ha 38,967.50 41,834.20 41,834.20
-Yield tn/ha 7.15 7.68 7.68
-Price [ tn 5,450.00 5,450.00 5,450.00
B/C ratio 1.055 1.149 1.170

1/ Traditional technology: Cost of cultivation (www.FIRA.gob.mx)
Price: Price per ton of crystalline wheat during harvest at the end of May/2023 (310 dis/tn)

CONCLUSIONS
The adoption of new agricultural technologies is crucial for agricultural development,
especially in Mexico, as it enhances nitrogen use reduction in wheat production in the

Yaqui Valley and consequently improves overall agricultural productivity. However, the
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decision and associated risks fall on farmers, which limits implementation. This study
identified key adoption barriers, including lack of education, technical assistance, and
financial resources. Farmers with higher education levels, access to credit, and technical
support are more likely to adopt these technologies. at the adoption rate was 14.8%, but
it could increase through strategies such as field demonstrations and specialized technical

assistance.
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ABSTRACT

Objective: To quantify the income and production costs of agave syrup and their determining factors, as well
as their potential to improve the competitiveness and profitability of agave production.
Design/Methodology/Approach: Three representative production units (URP) of agave syrup were designed
through a cross-sectional mixed method, using semi-structured interviews and the producer panel method, as
examples of typical production systems of the region. Economic indicators, such as economic and financial
viability and benefit/cost ratio (B/C), were obtained.

Results: The three URP recorded financially positive net incomes; consequently, they are a viable alternative
in the short-medium term. The three URP recorded 1.87, 1.74 and 1.08 B/C ratios.

Study Limitations/Implications: The results are not statistically significant; therefore, they cannot be
extrapolated to the rest of the population.

Findings/Conclusions: To increase the competitiveness of agave syrup, sharing its functional properties is
fundamental to develop a highly consolidated market where the sales of the producer are certain.

Keywords: Maguey, artisanal products, functional products.

INTRODUCTION

Functional foods have been drawing attention since the COVID-19 pandemic, because
their active ingredients can be used to prevent and treat several diseases (Kim et al., 2022).
Regular consumption of nutrient-rich functional foods —particularly plant-based foods—
can improve metabolic health, reduce inflammation, control weight, and potentially
reduce sugar consumption. Consequently, functional foods improve the overall human
health (Jurek, 2022). As a result of the interest of people in an improved lifestyle, functional
foods are becoming increasingly popular and the related industry is rapidly growing. An

example of these products is agave syrup, a sugar substitute. As a result of its nutraceutical
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properties (Ozuna and Franco-Robles, 2022), agave syrup has recently become very
popular in the health, organic, and functional markets, as well as food for patients with
diabetes. Agave syrup (AS) is mainly produced with agave sap from the Agave tequilana
and A. salmiana species. This vegan sweetener has been used to substitute conventional
saccharine sweeteners. As a result of its nutritional value, AS has a higher content of
minerals, vitamins, and polyphenols than other traditional sweeteners (Saraiva et al.,
2022; Yargatti and Muley, 2022). Unlike other natural syrups and honeys, AS is a great
natural sweetener due to its prebiotic potential and low glycemic index (Mellado-Mojica
and Loépez-Pérez, 2013). In addition, AS has a great potential in international markets,
where it can be used as an alternative to diversify products, improving the entry of agave
producers into the said markets (Narvdez-Sudrez ¢t al., 2016). Studies about AS are scarce
and have mainly focused on the biotechnology, food, and health areas (Mellado-Mojica
and Lépez-Pérez, 2013; Ozuna and Franco-Robles, 2022), as a consequence of its physical
and chemical properties and its biological functionality. Therefore, the socioeconomic
factors of this product have not been fully analyzed, leading to a lack of information about
its basic indicators, such as profitability and benefit/cost ratio, which are fundamental to
evaluate AS competitivity.

Consequently, the objective of this study was to quantify the income and production
costs of AS, to measure its competitivity level, and to determine its potential as an economic
viable alternative for both agave producers and potential investors.

MATERIALS AND METHODS

The experiment consisted of a cross-sectional mixed method and a sample of 15
participants. Data were collected with semi-structured interviews and the producer panel
method, adapted from the Delphi method, which consists of discussions and information
exchange about technical management, prices, and product yield between experts and
producers (Sagarnaga-Villegas et al., 2014).

The study focused on three Representative Production Units (URP) of AS. These
URP were used as models of the production systems frequently found in the home
region of the participating producers. The URP were identified as IXAS10, THAS12,
and CDASB800. The abbreviations referred to the study areas (IX: Ixtapaluca; TH:
Teotihuacan; and CD: Cardonal, Hidalgo), the AS economic activity, and the monthly
production scale (10, 12, and 800 liters). These URP were chosen based on the opinion
of local experts. Fieldwork was carried out in January 2022. Based on the recognition of
inflation of monetary and non-monetary assets (CINIF, 2020), the data from this study
were updated to reflect 2024 values.

Economic and financial viability and the B/C ratio of the Mexican agricultural sector
were determined using the modification proposed by Sagarnaga ez al. (2014) to the method
developed by the Agricultural & Applied Economics Association (AAEA, 2000) and the
United States Department of Agriculture (USDA, 2013).

Total income was calculated based on the liters of AS sold multiplied by market price
and other sources of income (bank transfers, self-consumption, etc.). Production costs

included all the expenditures directly associated with the production of AS. According to
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the methodology used in this study, three types of costs were identified: operational costs
(OQ), general costs (GC), and economic costs (EC).

Operational costs (OC) are directly related to production level (supplies, direct labor,
and interest payments on short-term loans, etc.). Meanwhile, general costs (GC) do not
depend on production level (payment of services, taxes, insurances, interest payment on
long-term loans, etc.).

Economic costs (EC) consist of OC, GC, and opportunity costs from factors of
production (capital invested in land and in extraordinary improvements, working capital,
labor payment, and unpaid management).

B/C ratio is used to calculate profitability, dividing total income by total operational
costs: a >1 B/C indicates that the project is profitable; an=1 B/C shows that the project is
not viable; and, finally, a <1 B/C indicates that the project is not profitable.

Financial viability measures the capacity of the company to tackle operational and
general costs. Positive results indicates that the URP has a medium-term viability.
Meanwhile, economic viability is the capacity of the company to pay opportunity costs
from factors of production (land, workforce, and capital). Positive results indicate that
factors of production are appropriately paid and, consequently, the company is viable and
has a low chance of disappearing in the long-term, because producers will rarely find

another highly profitable activity in which to invest the factors of production.

RESULTS AND DISCUSSION
Technical parameters and net income of URP

IXAS10 and THASI2 have an artisanal production system, using unpaid family labor
and adapting home facilities. Fifty percent of producers pointed out that their main activity
1s agave cultivation. Producers sell pulque, pulque bread, leaves, distilled beverages, syrup,
and other products. CDAS800 has a semi-industrialized production system. The URP
has 4 employees working in the production process. It has specialized infrastructures and
belongs to an organization of producers that only produce agave syrup.

In terms of agave sap yield, the three URP required 10 liters of sap to produce 1 liter
of AS. These results match the findings of Vazquez-Garcia et al. (2016), who reported that
other producers obtained the same yield. Significant differences about production time
and syrup standardization were recorded. Both artisanal processes resulted in a production
of 2-4 liters per day, with substantial color and consistency differences. Meanwhile, the
semi-industrialized process obtained up to 240 liters and the resulting agave syrup had the
same color and consistency, due to the use of specialized machinery. According to Cechura
and Hockmann (2014), the lack of homogeneity in artisanal food processing is the result
of a low scale production and family labor, as well as a minimum use of machinery and a
focus on traditional methods.

The three URP reported different prices, because producers establish their sell price
based on market prices and the destination of their products. The price of CDAS800 was
the closest to the actual price ($221.00 MXN per kilogram) reported by Franco-Malvaiz
et al. (2014). In the net cash flow and the financial analysis, income is determined by the

direct syrup sales, while self-consumption is added to the total income to calculate the
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income of the economic analysis. IXAS10, THAS12, and CDAS800 recorded a 10, 8.33,

and 1% self-consumption, respectively (Table 1).

Production costs

The purchase of agave sap accounted for 50-70% of the operational costs of the three
URP. After the operation costs, bottling is the second major element in the costs of artisanal
producers. Meanwhile, 75% of the sales of CDAS800 were buck sales and, consequently,
bottling costs were not significant. The second major cost for this URP was labor, which
accounted for 14% of the total operational costs. I'or their part, IXAS10 and THAS12 did
not employ paid workforce, which therefore was not significant in their costs. According to
Jiménez-Jiménez et al. (2014), this situation limits their competitiveness. This type of URP
does not consider family labor among its supply costs.

The semi-industrialized CDAS800 had higher machinery and equipment depreciation
costs than the artisanal IXAS10 and THASI12. The latter URP do not always have the
equipment and machinery required for their processes and, consequently, do not include
deterioration costs among their general costs. The general costs of the artisanal URP
ranged from 1.5 to 4% of the total costs, while the general costs of the semi-industrialized
URP (CDAS800) accounted for 20% of the same heading. This URP has a specialized
structure and a higher machinery and equipment investment and, consequently, a high
depreciation cost (Table 2). Meanwhile, IXAS10 and THAS12 recorded low depreciation
costs, because they have minimum infrastructure, furniture, and equipment. These results
match the findings of Barrera et al. (2018), who reported that rustic agricultural activities
have low depreciation costs, as a result of the lack of infrastructure and equipment.

The opportunity costs were a key factor for IXAS10 and THASI2 (who produce
their own syrup), accounting for 48 and 49.5% of the total economic costs, respectively.
Consequently, unpaid labor was included in their economic analysis. Meanwhile, the
unpaid labor of CDAS800 accounts only for 12% of the total economic cost. A factor
that stood out in the economic analysis was the management opportunity cost: it was 50
times higher in the industrial process than in the artisanal process. These results match the
reports of Esquivel-Marin et al. (2022), who found that primary production requires scarce
or no management at all. However, it increases depending on the integration degree of the
producers.

As a result of their artisanal production, the producers of IXASI0 and THASI2
sold their products through short commercialization chains and at their own farms.

Nevertheless, this study took into account the rent of premises for the viability analysis,

Table 1. Technical parameters and annual net income in thousands of pesos (2024).

URP Type of Production | Self-Use | Selling Price Income
Technology (It) (It) (MXN$/1t) Financial Economic
IXAS10 Rustic 120 12 545 65,364 71,901
THASI12 | Rustic 144 12 409 58,828 63,730
CDAS800 | Industrial 5700 60 216 1,229,129 1,242,066

Source: Table developed by the authors with information collected in the field.
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Table 2. Annual productions costs in thousands of pesos (2024).

General Costs IXAS10 THAS12 CDAS800
Agave sap 13,618 16,341 343,165
Packaging 9,532 5,760 70,812
Labor 0 0 163,412
Other 11,149 9,497 230,263
Operating costs 34,299 32,375 807,652
Depreciation 596 1,453 204,418
General subtotal 596 1,453 204,418
Financial 34,895 33,827 1,012,070
Opportunity Cost of Location 13,618 13,618 0
Family Labor 13,618 10,894 0
Management 2,724 2,451 137,771
Working capital 4,219 4,224 96,918
Economic 69,073 65,014 1,149,841

Source: Table developed by the authors with information collected in the field.

in case the producers wanted to sale their products in a permanent store. For its part,
CDASB800 did not include rent costs in their sales, because they are distributors.

Given their use of intermediaries, the sale prices of THAS12 and CDAS800 were lower
than IXAS10’s. For its part, the policy of IXAS10 involves working with no more than one
intermediary. This policy can be defined as a short commercialization chain (Ministerio de
Agricultura, 2012). This strategy allowed them to capture most of the market value of the

product, mainly in pulque and barbacoa establishments, as well as local fairs.

Competitiveness indicators

The net income was financially positive for the three URP; consequently, they have
a short- and medium-term viability. However, only IXASI0 and CDAS800 have an
economically positive income and therefore have a long-term viability. Meanwhile,
THASI2 had an economically negative income and, therefore, its long-term viability
is in question. According to Dominguez-Garcia et al. (2017), the factors of production
could be more efficiently used in another more profitable production activity. Therefore,
the ongoing operation of THASI2 is at risk. The financial and economic B/C ratio of
IXAS10, THAS12, and CDAS800 were 1.87 and 1.04, 1.74 and 0.98, and 1.21 and 1.08,
respectively. These results match the findings of Franco-Malvaiz et al. (2014), who reported
a 1.85 financial B/C ratio, a very similar figure than the one obtained by IXASI10 and
THASI12 (Table 3).

IXASI10 recovered its economic cost and obtained a 4% profit, CDAS800 obtained an
8% profit, and THASI2 did not recover its total costs and recorded a 2% economic loss.
Although CDAS800 is economically viable, it could make a better use of its resources,
because at the time it only operated at 10% of its capacity. Consequently, this situation

has a negative impact on the unit production cost. GDAS800 has a semi-industrialized
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Table 3. Competitiveness indicators of the URP.

e Viability Benefit-Cost Ratio
Financial Economic Financial Economic
IXAS10 Viable Viable 1.87 1.04
THASI12 Viable Unviable 1.74 0.98
CDAS800 Viable Viable 1.21 1.08

Source: Table developed by the authors with information collected in the field.

production which results in a higher fixed assets investment that generates high economic
costs, due to depreciation and opportunity costs resulting from the capital invested in
machinery. These costs could be reduced adjusting the production infrastructure to the
volume of the URP or increasing production.

Opverall, other reports about the agave value chain reported a lower competitivity in the
production of AS. On the one hand, Fonseca-Varela and Chalita-Tovar (2022) found a 1.27
B/C ratio in mezcal production. On the other hand, Avila-Lara et al. (2021) reported a 1.24
B/C ratio in the production of agave sap.

Taking into account the characteristics of the production of AS and the costs estimated
in this study, the production of AS is a profitable activity for the three URP. However, the
economic profitability indicator showed that THAS12 was inefficient and, consequently,
its long-term permanence is not guaranteed. IXAS10 complemented its activities with the
sale of other agave and local products, improving its profitability. Finally, CDAS800 can

improve its economic benefits if it increases its production volume and its client portfolio.

CONCLUSIONS

The production of AS is an important opportunity to diversify and increase the income
of the agave primary production. In addition, it is attractive to investors interested in the
elements of the production chain that follow the production of agave sap. The growth
of the functional product markets drives the AS demand. The AS profitability can be
optimized through three key strategies: improving technical efficiency, strengthening
its marketing based on its beneficial properties, and forming strategic alliances with
specialized shops and gourmet restaurants. These actions will not only increase the
positive perception among consumers, but also will guarantee a more efficient and

sustainable commercialization of AS.
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ABSTRACT

Objective: This study aimed to evaluate the effects of prepartum supplementation with coffee by-products
specifically coffee husks on piglet performance, with a focus on weight gain and immunoglobulin G (IgG)
concentrations in colostrum and milk.

Design/methodology: Coffee by-products were collected, dried, ground, and sieved, and caffeine content
was quantified using high-performance liquid chromatography (HPLC). Between gestation days 110 and 112,
50 g of coffee husks mixed with feed were administered to the sows, delivering a total caffeine dose of 750
mg. Farrowing was induced on day 113 using cloprostenol. Piglets were weighed at birth and at weaning,
and pre-weaning mortality was recorded. Additionally, colostrum and milk samples were analyzed for IgG
concentrations using a Brix refractometer.

Results: While no significant differences were observed in birth weight, piglets from caffeine-supplemented
sows exhibited significantly higher weaning weights and increased IgG concentrations in both colostrum and
milk, indicating improved lactogenesis. Pre-weaning mortality was also markedly lower in the supplemented
group (0.97%) compared to the control group (10.83%), suggesting enhanced neonatal vitality and reduced
mortality risk. The incorporation of coffee by-products into animal diets offers potential sustainability and
health benefits; however, possible anti-nutritional effects and regulatory challenges must be addressed for
widespread application.

Conclusions: Prepartum supplementation of sows with coffee by-products enhances IgG levels in colostrum
and milk, supporting the development of heavier piglets with reduced mortality. These outcomes contribute to
improved productivity and profitability in small-scale swine production systems.

Keywords: Coffee husk, neonatal mortality, weaned piglets, caffeine.
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INTRODUCTION

Coffee is one of the most widely consumed commodities worldwide and ranks second
only to petroleum in terms of raw material trade. Despite its global economic importance,
coffee production generates over 23 million tons of by-products annually, primarily from
the processing of coffee cherries into green coffee beans (Iriondo-DeHond et al., 2020;
Durdn-Aranguren et al., 2021; Lee et al., 2023). These by-products including husks, pulp,
parchment, mucilage, and silver skin are often discarded, contributing significantly to
environmental waste. As approximately 90% of the coffee cherry becomes waste, this presents
a critical environmental challenge and highlights the need for sustainable solutions, such
as the valorization of these by-products through biotechnological applications (Iriondo-
DeHond et al., 2020; Klingel ez al., 2020; Bobkova et al., 2022). Coffee by-products are rich
in bioactive compounds, including polyphenols, alkaloids, chlorogenic acid, antioxidants,
carbohydrates, proteins, and dietary fiber. However, despite their high nutritional value,
these compounds are often underutilized, exacerbating their environmental impact
(Esquivel and Jiménez, 2012; Heeger et al., 2016). In some cases, coffee by-products are
repurposed as fertilizers or additives in animal feed. Nevertheless, their use as exclusive
feed ingredients is limited due to the presence of anti-nutritional factors such as caffeine,
tannins, and polyphenols which can reduce feed intake, impair nutrient absorption, and
negatively affect weight gain in livestock species including tilapia, ruminants, and poultry
(Duran-Aranguren et al., 2021; Eckhardt et al., 2022; Lee et al., 2023). While the use of
coffee by-products in monogastric animals, such as pigs, remains underexplored, existing
research suggests caffeine may offer benefits in these species. Studies involving oral and
injectable pharmaceutical-grade caffeine have shown its prophylactic and therapeutic
potential in sows and their offspring. Doses ranging from 250 mg/sow/day to 6.4 g/sow
have been administered without inducing nervous or behavioral disturbances, yielding
improvements in thermoregulation, neonatal survival, lactation weight gain, gas exchange
at birth, and overall weight gain during lactation especially in low-birth-weight piglets
when combined with glucose (Superchi ez al., 2013; Dearlove et al., 2018; Sanchez-Salcedo
et al., 2019; Jarrat et al., 2023). Importantly, no adverse effects on maternal behavior
were reported (Superchi et al., 2016). The processing of 1 kg of coffee cherries produces
approximately 430 g of by-products, which can contain between 3.4 and 18 mg of caffeine
per gram. It is estimated that nearly 40% of the total caffeine is removed during processing
and ends up in these by-products (Heeger e al., 2016), making materials such as coffee
husk a potentially sustainable source of caffeine.

Therefore, the aim of this study was to evaluate the effects of prepartum supplementation
with coffee husk on piglet weight gain and immunoglobulin G (IgG) levels in colostrum
and milk during parturition. We hypothesize that the caffeine present in coffee husk can
enhance piglet health and performance, while also providing a sustainable strategy for

repurposing waste from the coffee industry.

MATERIALS AND METHODS
The experiment was conducted within a smallholder pig production system located in

the central region of Veracruz, Mexico. A total of 223 piglets born to 20 multiparous sows
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of hybrid Yorkshire-Landrace genetics (average weight: 189.53+4.53 kg; body condition
score: 3; average previous litter size: 13.5%1 piglets) were included in the study. The sows
were randomly assigned to two experimental groups: Control (n=11) and Coffee Husk
(n=9). Group allocation was based on a prior statistical power analysis to ensure balanced
baseline characteristics and sufficient sample sizes for detecting significant differences. All
sows were multiparous (mean parity: 2.66%0.12). Individuals with compromised health
or any condition likely to affect experimental outcomes were excluded. To minimize
variability, 223 piglets were selected based on litter homogeneity within each group.
Sows were housed individually in farrowing crates (1.5 m wideX2.2 m long) beginning
one week prior to the expected farrowing date. Environmental conditions were controlled,
maintaining a temperature of 27.8£0.46 °C and relative humidity between 60-70%. Each
farrowing crate was equipped with a piglet nest area containing an infrared heat lamp to
ensure a postnatal temperature of 30 °C. All sows received a standard diet containing 13%
crude protein, 3.2 Mcal ME/kg, and 18.6 g/day of lysine, with ad libitum access to water.
Farrowing was induced in accordance with standard farm management practices, and all
piglets were allowed immediate access to colostrum after birth. The experimental protocol
was reviewed and approved by the Bioethics Committee of the Academic Program in
Agricultural and Livestock Development at Universidad Veracruzana (approval code:
MDA-BIO-002). All procedures were conducted in compliance with established national
ethical guidelines.

Sampling and analysis

Coffee Husk Preparation: The coffee husk used in this study was obtained via the
wet processing method from a Coffea robusta plantation located in Cosautldn, Veracruz,
Mexico (19° 20”00 N, 96° 59° 00” W). After collection, the husk was sun-dried for three
days and subsequently oven-dried at 40 °C until a constant weight was achieved. The
dried material was ground using an electric mill (Hamilton Beach model CMO08) and
sieved through a 500-4m mesh. The processed husk was then vacuum-sealed and stored in
biosafety chambers to prevent contamination.

Reagents: Analytical-grade reagents used included acetonitrile (HPLC grade, 99.9%),
formic acid (HPLC grade, 98-100%), methanol (HPLC grade, 99.8%), and ethanol (99.5%,
Tedia Brand, Control Técnico y Representaciones, S.A. de C.V., Monterrey, Nuevo Ledn,
Mexico). HPLC-grade water (18 m€2) was produced using a Milli-Q50 purification system
(Millipore Corp., Bedford, MA, USA). Authentic standards of alkaloids and phenolic
compounds commonly found in coffee and its by-products were purchased from Sigma-
Aldrich, with the following purities: caffeine (99%), trigonelline (97.5-102.5%), theobromine
(99%), theophylline (99%), chlorogenic acid (95%), neochlorogenic acid (>98%), 3,5-di-
caffeoylquinic acid (95%), 3,4-di-O-caffeoylquinic acid (90%), protocatechuic acid (97%),
and caffeic acid (98%).

Extraction Conditions: To determine the chemical composition of the coffee husk
and quantify caffeine content, Soxhlet extraction was performed. A 12.5 g sample of coffee
husk was refluxed with 250 mL of ethanol (solid/liquid ratio: 1:20) at its boiling point

(78 °C) for 7 hours. Ethanol was selected as the solvent based on its proven effectiveness in
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caffeine extraction over methylene chloride (Roman-Montalvo et al., 2024). The extraction
process was carried out in triplicate. Resulting extracts were evaporated to dryness and
analyzed via HPLC.

HPLC-DAD Analysis: The dried ethanolic extract was analyzed using a Varian
ProStar 320 HPLC system (Polaris Series) equipped with a diode array detector (DAD)
and a C18 HYPERSIL ODS column (125X4.6 mm, 5 um particle size), maintained at
30 °C. The mobile phase consisted of solvent A (0.1% aqueous formic acid) and solvent B
(acetonitrile), both filtered through a 0.45 gm membrane and sonicated for 10 minutes. A
gradient elution program was employed: 5% B (0-2 min), 7% B (2-4 min), 10% B (4-8 min),
12% B (8-12 min), 13% B (12-16 min), 14% B (16-20 min), 16% B (20-22 min), 18% B (22-24
min), 22% B (24-26 min), 26% B (26-28 min), 28% B (28-30 min), 30% B (30-32 min), and
100% B (32-44 min), at a flow rate of 1.0 mL/min.

The alkaloids and phenolic compounds detection were performed at 280 and 340 nm.
Metabolite identification was based on retention time and spectral comparison with
authentic standards. Caffeine quantification was conducted using an external calibration
curve, with results expressed in mg of caffeine per kg of dried coffee husk. The linearity of
the method was assessed using the R? coefficient, calculated by analyzing the relationship
between caffeine concentration (0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09 and 0.10
mg/mL) and the corresponding peak area.

Method Validation: Linearity was assessed by plotting peak area against caffeine
concentrations ranging from 0.01 to 0.10 mg/mlL, and calculating the coefficient of
determination (RQ). Detection limit (DL) and quantification limit (QL) were established
based on signal-to-noise ratios of 3 and 10, respectively, following Rada-Mendoza &
Salazar S. (2011). Precision was determined by evaluating the repeatability of three area
readings for a 0.05 mg/mL caffeine standard.

On the other hand, the accuracy was estimated in terms of the percentage of caffeine
recovery (%R), similar to the method proposed by Tuesta-Hidalgo et al. (2024), but with
some modifications. Briefly, 50 mg of caffeine standard (Caf) was added to 12.5 g of a coffee
husk sample (fortified sample), which was then extracted using a Soxhlet, as described
previously. The procedure was performed in duplicate. The result was calculated with the

following equation:

_ Quant. of Caf in the fortified sample — Natural Quant.of Caf X100
B Added amount of Caf

%R

Treatment administration

On day 110 of gestation (four days before the expected farrowing date on day
114), between 18:00 and 20:00 hours, 50 g of coffee husk mixed with the standard
diet comprising broken yellow corn, sorghum, and commercial additives was offered to
the sows for ad libitum consumption. This supplementation protocol was repeated on
days 111 and 112, resulting in a total intake of 150 g of coffee husk and an estimated

cumulative caffeine dose of 750 mg. On day 113, farrowing was induced at 9:00 a.m.
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via intramuscular administration of 1 mL of cloprostenol (0.075 mg; InducelActive,
Virbac, Mexico).

Litter Weighing and Pre-Weaning Mortality: All piglets were weighed immediately
after birth and then returned to their respective pens. A second weighing was conducted at
weaning, 21 days postpartum, using a mechanical floor scale. Pre-weaning mortality was
calculated as the number of piglets that died before weaning divided by the number of live-
born piglets, multiplied by 100 (Schodl et al., 2019). After this, piglets were weaned, ear-
tagged, and transferred to the weaning area, where they were grouped by weight following
standard farm procedures.

Colostrum and Milk Density Analysis: Colostrum samples were collected manually
approximately six hours after parturition from all teats in both the upper and lower rows
of each sow. Samples were analyzed immediately using a Brix refractometer (Atago 3810
Pal-1, China), calibrated with distilled water before each set of measurements. A drop of
colostrum was placed on the prism, and the Brix percentage was recorded to estimate IgG
concentration, as described by Balzani ez al. (2016). The same procedure was repeated for

milk samples collected 24 hours postpartum.

Statistical analysis

The analysis began with the sorting and classification of data obtained from the
experimental procedures. Descriptive statistics and independent-sample t-tests were used
to evaluate differences between groups, with birth weight, weaning weight, Brix percentage
of colostrum and milk, and pre-weaning mortality serving as the dependent variables. A
significance level of P<0.05 was established, and results were expressed as mean * standard
error. Statistical analyses were conducted using the SigmaPlot 12 software package.

RESULTS AND DISCUSSION

The use of coffee by-products as a food supplement for both human and animal
consumption is not a novel concept. Initiatives in Europe and the Americas have been
proposed to address the substantial volume of waste produced by the global coffee
industry, which generates more than 23 million tons annually and is considered highly
polluting (Eckhardt et al., 2022). In this context and given the apparent lack of interest
from major transnational corporations in effectively utilizing waste from coffee production
systems (Rivera-Rojo, 2022) small-scale production systems present a viable alternative.
To enhance their productivity and profitability, these systems must leverage accessible
resources through a systems-based approach. Integrating surrounding agricultural

activities can provide additional inputs or innovative methods to support farm operations

(Angel-Herndndez et al., 2021).

Chemical coffee husk characterization

Six phenolic compounds and four alkaloids were identified in the chromatogram
of the ethanolic extract of coffee husk: chlorogenic acid, neochlorogenic acid, 3,5-di-
caffeoylquinic acid, 3,4-di-O-caffeoylquinic acid, caffeic acid, protocatechuic acid,

theobromine, theophylline, trigonelline and caffeine. The calibration curve equation to
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quantify caffeine was y=819052X—-3778.4 (R2=O.9969). DL and QL of the method were
0.011 and 0.038 mg/mL, respectively, whereas %R was 91.18*=3.37 and precision was 2.08
%. The amount of caffeine found in the sample was 4,962.67+816.52 (mg of caffeine/Kg
of dried coffee husk).

Brix determination in colostrum and milk

All results for both experimental groups are presented in Table 1. Colostrum from
sows supplemented with coffee husk showed significantly higher IgG concentrations, as
estimated by Brix degrees, compared to the control group (t(18)=—2.258, P=0.03). This
study revealed a slight but consistent increase of nearly 2.5 Brix degrees in the supplemented
group, corresponding to approximately 2 to 3 mg/mL more IgG than in the colostrum of
control sows. Given the moderate correlation between Brix degrees and IgG concentration
(r=0.56) as reported by Balzani (2016), Brix refractometry serves as an efficient and
practical tool for on-farm estimation of immunoglobulin levels in colostrum. Similarly,
milk samples collected 24 hours postpartum from supplemented sows also demonstrated
significantly higher Brix values compared to the control group (t(18)=—2.929, P=0.009).
The elevated IgG levels observed in both colostrum and milk from the supplemented group
may be attributed to the biological effects of caffeine on mammary tissue.

Caffeine is known to promote mammary gland development by enhancing tissue
sensitivity to mammotropic hormones and increasing intracellular cAMP levels,
which in turn stimulates beneficial cellular activities. Additionally, caffeine inhibits
phosphodiesterase, leading to cAMP accumulation in mammary epithelial cells, and
influences pituitary hormone secretion by modulating neurotransmission (Li and
Hacker, 1995). These mechanisms contribute to greater mammary gland development
by stimulating expansion of the endoplasmic reticulum and growth of lobular structures,
enabling enhanced fat globule accumulation and promoting lactogenesis (Segura et al.,
2020; Farmer et al., 2006). Consequently, increased consumption of colostrum and milk
combined with higher protein content in these secretions —is critical in the early life of
piglets. It ensures greater intake of immunoglobulins, thereby enhancing passive immunity

and reducing susceptibility to viral and bacterial infections (Superchi ez al., 2016).

Lactational weight and preweaning mortality

Research has shown that caffeine is capable of crossing the placental barrier and can
be detected in biological fluids such as colostrum and milk in pigs (Mazzoni ef al., 2012;
Superchi et al., 2013). In the present study, piglets born to sows supplemented with
coffee husk alongside their regular diet showed no significant differences in birth weight
compared to control piglets (t(221)=1.011, P=0.31; 1.513%0.03 kg vs. 1.469%0.02 kg,

Table 1. Brix degrees in colostrum and milk for both groups of sows.

Density Colostrum (%) Milk (%) P-val
(Brix degrees) 6 h post-partum 24 h post-partum vatue
Control 26.27£0.5 21.27x0.5 0.030

Coffee by-products 28.66x1.0 24.00x0.7 0.009
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for control and coffee husk groups, respectively). This outcome aligns with previous
findings suggesting that caffeine administration during late gestation is safe, as the
fetuses are already fully developed at that stage (Sanchez-Salcedo et al., 2019; Superchi
et al., 2013).

However, at 21 days postpartum, piglets from the coffee husk-supplemented group
exhibited significantly higher weaning weights (t(207)=—4.769, P<0.001), averaging
5.820%x0.08 kg compared to 5.213%0.09 kg in the control group. This outcome
supports earlier research by Sdnchez-Salcedo et al. (2019), who reported increased
weaning weights in piglets following subcutaneous caffeine supplementation in sows
during late gestation (Control: 6.52+0.25 kg vs. Caffeine: 6.87%0.18 kg, P<0.05).
Conversely, Dearlove et al. (2018) found no significant effect on weaning weight with
oral caffeine supplementation (6 g/day) starting on day 112 of gestation. The improved
weight gain observed in this study likely results from caffeine’s stimulatory effects,
including enhanced colostrum and milk intake. Adequate colostrum consumption
has been linked to increased daily weight gain during lactation and through weaning
(Huting et al., 2019; Quesnel and Farmer, 2019; Amatucci et al., 2022). Caffeine is
known to reduce lethargy by blocking adenosine receptors, thereby decreasing fatigue
and increasing alertness. This heightened state of energy may encourage piglets to
nurse more vigorously and frequently, promoting better nutrition (Dearlove et al.,
2018; Sanchez-Salcedo, 2019). Ensuring optimal development within the first 72 hours
of life establishes a solid foundation for systematic feeding and adaptation, providing
a developmental advantage over piglets not exposed to caffeine’s stimulatory effects
(Farmer et al., 2006). Pre-weaning mortality is a key performance indicator in pig
production systems, reflecting overall piglet and litter management, particularly in full-
cycle farms. In this study, pre-weaning mortality was markedly lower in the caffeine-
supplemented group (1 death; 0.97%) compared to the control group (13 deaths; 10.83%).
Most piglet deaths were attributed to crushing by the sow. The significant reduction in
mortality in the supplemented group is consistent with the positive effects of caffeine
on neonatal vitality observed in previous studies (Dearlove et al., 2018; Superchi et
al., 2016). Caffeine supplementation in sows, whether administered the day before
induced farrowing (27 mg/kg) or for three days before natural farrowing (6 g/day), has
been shown to reduce stillbirth rates and improve neonatal adaptation, including better
thermoregulation, viability, and extended gestation by an average of 1.1 days (Dearlove
et al., 2015; Superchi et al., 2013, 2016). In contrast, van Wettere e al. (2018) reported
increased piglet mortality when sows received oral progesterone (0.4% w/v) and caffeine
(2.4 g/kg feed) concurrently from days 111 to 113 of gestation. The authors suggested
that the combined use of two uterine contractility inhibitors may have led to prolonged
farrowing and increased mortality.

These findings support the hypothesis that improved nutrition and caffeine-induced
stimulation enhance piglet reflexes and adaptive behavior, reducing risks such as
asphyxia, dehydration, and crushing. Meanwhile, piglets from control sows may face
early-life challenges linked to pain, stress, or inadequate care during and after farrowing,

compromising their initial development and survival (Tummaruk and Kridtasak, 2012).
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CONCLUSIONS

This study demonstrates that supplementing pregnant sows with 150 g of coffee husk
a natural source of caffeine —between days 110 and 112 of gestation effectively enhances
piglet development without negatively impacting sow behavior or causing adverse
outcomes such as abortion. The supplementation led to increased immunoglobulin
G (IgG) concentrations in colostrum and milk, with levels 2 to 3 mg/mL higher than those
observed in the control group. Additionally, piglets born to supplemented sows exhibited
weight gains of up to 600 g more than those in the control group by weaning. Pre-weaning
mortality at 21 days was also significantly reduced (0.97% in the coffee husk group us.
10.83% in the control group).

These improvements in early piglet performance could enhance profitability in small-
scale swine production systems and provide practical solutions to ongoing challenges in
pig farming. However, to fully understand the role of caffeine administered through coffee
husk, further pharmacokinetic and behavioral research is essential. Future studies should
explore varying doses and administration durations to precisely determine the amount of
caffeine transferred to piglets via colostrum and milk, as well as its potential effects on both
sow and piglet physiology and development.
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ABSTRACT

Objective: To compare the influence of endogenous heat load or cooling on thermoregulation plasticity
between hair sheep and meat goats at extreme heat.

Design/methodology/approach: Mature ewes and does of contrasting coat color were subject to endogenous
heat load from animal activity, heat increment from feeding, and heat dissipation by shower to compare the
changes on their core body temperature as a proxy of thermoregulation plasticity at extreme heat.

Results: Endogenous heat load from activity increased core body temperature in both treatment groups
similarly, however, ewes showed slower heat dissipation response which extended cooling phase time. The heat
increment of feeding affected core body temperature greater in ewes than in does within the first postprandial
hour with no difference on heat dissipation response thereafter. Cooling by shower increased heat load
dissipation and reduced core body temperature similarly in both groups of animals, however, wetting does
triggered an increase in the behavior of basking in the sun.

Limitations on study/implications: Does lost endogenous heat load from activity faster and had a lower
heat increment due to feeding than ewes. Cooling by shower helped keep ewes’ core body temperature lower
longer than in does who looked for sunshine to rewarm themselves.

Findings/conclusions: Meat goat slightly overperformed to hair sheep on thermoregulation plasticity when
challenged with endogenous heat load at extreme heat. Cooling by shower improved the thermal comfort of
hair sheep at extreme heat but limited benefits were observed in meat goats. The red coat color did not increase
thermal heat gain in meat goats.

Keywords: Hair sheep; Meat goats; Extreme heat; Thermoregulation.

INTRODUCTION
A recent rise in average ambient temperature was greater for the northern extratropics

(90 N-23.6 N) and tropics (23.6 N-23.6 S) than southern extratropics, leading to the highest
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ambient temperature on record in the northern hemisphere (NASA, 2024). These record-
breaking temperatures threaten livestock performance and the lives of people living in
those regions (Sejian et al., 2018). Most sheep and goat dwell in tropical and subtropical
regions with the highest density in the Sub-Saharan region and India (FAO, 2022) where
they rely on rangeland for feed. In doing so, they face scorching temperatures (Sejian et
al., 2018). Animal activity and feeding induces endogenous heat load on top of the impact
of solar radiation, which oftentimes surpasses animals’ heat dissipation capacity (Mitchell
et al., 2018). The core body temperature (Tc) or body’s inner tissue mean temperature
is commonplace represented by rectal temperature (IUPS Thermal Commission, 2001),
which reflects the balance between heat gain and loss (NRC, 1971; Gupta & Mondal,
2021). Small ruminants may be more tolerant to extreme heat compared to other livestock
(Joy et al., 2020) apart from camel. Research has demonstrated that hair sheep and goats
are the most heat resistant among sheep (Mcmanus e al., 2020; Dearborn et al., 2023)
and livestock (Gaughan et al., 2019; Nair et al., 2021), respectively. Thermotolerance is
dependent on many factors, with pervasive misconceptions persisting, such as linking coat
color to thermoregulation (Mcmanus et al., 2020) which remains elusive to explain (Stuart-
Fox et al., 2017). We hypothesize that meat goats have greater thermoregulation plasticity
at extreme heat compared to hair sheep. The objective was to compare the influence of
endogenous heat load from activity, feeding, and cooling on core body temperature of hair
sheep and meat goats at extreme heat.

MATERIALS AND METHODS

A set of trials were performed under climatic conditions during summer months at
two locations: The Sheep Research Unit at Instituto de Ciencias Agricolas at Universidad
Auténoma de Baja de California and at a goat production unit “Los Pequenos Agricultores”
located 1.5 km apart from one another. The locations were within the Sonoran Desert
characterized for extreme heat waves during summer months. Four adult ewes (46.3£8.0 kg;
DorperXPelibuey X Katahdin; solid-white coat color; Ovis aries L.) and four does (45.8+7.5
kg; Kalahari red; red coat color; Capra hircus L.) in non-pregnant and non-lactating stage
were used to evaluate the influence of endogenous heat load or cooling on thermoregulation
plasticity at extreme heat. Ewes and goats were group-housed in 10 m X5 m open-lot pens
with 14 m? of shade. Ewes and does were fed 1.2 kg of low-quality 50:50 alfalfa-grass hay
mixture 50:50 in the morning (0940 h) and evening (1930 h). The animals had free access
to drinking water. The three treatments were endogenous heat load from activity (EHA),
heat increment from feeding (HIF), and cooling by shower (CSH). EHA was generated
by pushing ewes and does around for 5 min at regular walking pace. HIF was induced
by supplementing 0.30 kg of concentrated feed (0.7% of shrunk BW) per animal per day;
concentrated feed consisted of steam flaked corn, distillers grain with solubles, alfalfa and
sudangrass hay, molasses, tallow, urea and minerals. CSH was done by soaking animals
with running water during 5 min. All treatment effects were evaluated at the hottest part
of the day (1555 h; solar radiation >850 W/m?% >40.0 °C) for three consecutive days.
The ambient temperature and relative humidity were recorded throughout the entire

experimental period at 10-min interval using a wireless environmental data logger (Kestrel
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Drop D2, Kestrel Instruments, Miami, FL). The temperature-humidity index (THI) was
calculated by the formula

THI =((1.8%7) +32)—[(0.55-0.0055* RH) * (1.8% T) - 2.8]
where 7=temperature, °C and RH=relative humidity (NRC, 1971).

Vaginal temperature was recorded at 10-min interval with the help of a temperature
data logger (Thermotracker BT; iButtonLink LLC, Whitewater, WI) fixed onto a washed
(hormone-depleted) controlled internal drug releasing device (CIDR 330 sheep & goat
insert, Zoetis). The CIDR was aseptically inserted five days before the beginning of the
trials. Inspections for vaginal irritation, vaginal discharge, or displaced devices were
conducted daily. The trial was analyzed as a generalized randomized block design using
linear mixed model for analysis of repeated measures (SAS Inst. Inc., Cary, NC; Version
9.1). Covariance structure (selected for minimum AIC, AICC and BIC) was unstructured.

Differences of least square means were compared by Tukey test.

RESULTS AND DISSCUSSION
Ambient conditions

The magnitude of thermal stress on homeotherms depends on humidity and ambient
temperature (T}, ) which could be estimated by the temperature-humidity index (THI; NRC,
1971). The T, and THI during trials are shown in Figure 1. Treatments were applied in the
afternoon where T and ground radiation remained high such that for an animal in the sun
on a typical summer day receives 662 kcal/mQh (NRGC, 1971).

The average THI values preceding animal activity, feed supplementation and cooling
were 86.13, 84.84 and 87.77, respectively, which all were over the threshold at which small
ruminants suffer hyperthermia (THI>84.4; Srivastava ez al., 2021). Animal adaptation to
extreme heat (EH) involves physiological fluctuations within the body that have trade-offs
such as poor productive and reproductive performance and health. All animals originated
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Figure 1. Daily ambient conditions during trials; Ta=Ambient Temperature; RH=Relative Humidity;
THI=Temperature Humidity Index; arrow indicates treatments application time. Gray, dark, and dashed line

indicate Ta, RH, and THI, respectively.
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from local herds already were acclimated as demonstrated by goats which were mated and

succeed reproductively.

Influence of endogenous heat load from activity on thermoregulation

The influence of endogenous heat load from activity (EHA) on core body temperature
(T,) in ewes and does is shown in Figure 2. There was an interaction between animal
group and time for T, (P<0.01). Heat-acclimated ewes and does did not have different
(P>0.10) T, (39.53 vs. 39.51°C) at extreme heat (EH; THI=86.13) during pretreatment
even though the THI was above the threshold (84.40) at which small ruminants suffer
hyperthermia (Srivastava et al., 2021). Similar results were reported from hair sheep adapted
to EH (Pulido-Rodriguez et al., 2021). The activity increased T, numerically, though not
statistically (P>0.10) between both groups of animals at 20-, 40-, 60- or 120-min following
treatment. However, there was a T, reduction (P<0.01) in does (—0.3 °C) at 180-min after
treatment. Tc in both groups of animals peaked (P<0.01) at 20-min following treatment.

However, at 40-min post-treatment, does showed better heat dissipation capacity than
ewes, whose T slightly increased for the reminder of the 180-min post-treatment period. A
simple linear regression of THI and T of ewes and does from peak T, onwards are shown
in Figure 3. This model explains (P<0.001) most variation (R2=0.99) of T, in goats but
not in ewes (P>0.10) whose T, did change (R2= 0.001) as ambient thermal load went down
and where does were able to shed heat. Controlling T_ in a narrower range and timeframe
in does could be an indicative of greater thermoregulation plasticity which is an advantage
when grazing at EH (Nair e al., 2021). EHA added on top of high ambient heat load
caused heterothermy, or larger amplitude of T, rhythm, in ewes, which is another response
of heat-acclimated mammals to save water at EH (Hemet et al., 2010), a condition called
“adaptive heterothermy” (Schmidt-Nielsen et al., 1957).
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Figure 2. Performance of T, following activity in small ruminants as a function of time; gray light and dark line
indicate T, in ewes and does, respectively.
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Figure 3. Performance of T, in small ruminants at cooling phase as a function of THI; gray light and dark line
indicate ewes and does T, respectively.
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It is likely that the animals used here were already heat-acclimated, similar to reports
of wool sheep kept into climatic chambers (THI=82 for 49 d) not having different T
compared to sheep in the control group (Bernabucci et al., 2009). Sun-resistant animals

express different ways to cope with EH, which would be worth further exploration.

Influence of heat increment of feeding on thermoregulation

The influence of treatment effects on T, in ewes and does at EH is shown in Figure 4.
Environmental conditions where harsh (THI=84.84) for the animals at treatment time.
There was an interaction between animal group and time (P<0.0001) following treatments.
Concentrate supplementation at 0.7% of shrunk BW increased (P<0.05) T, at 20-, 40-,
and 60-min following treatment. This heat increment of feeding (HII) comes from rumen
fermentation, digestive process and nutrient metabolism (NRG, 1981). During the 20-, 40-,
and 60-minutes following concentrate consumption, ewes demonstrated greater T than
does, however there was no difference (P>0.10) after 60-minutes.

The basis of this is not known, but it could be ascribed to differences in rumen
fermentation patterns between sheep and goats. The end-product of organic matter
fermentation in the rumen are volatile fatty acids (VFA), predominantly acetic, propionic
and butyric acid (Dijkstra, 1994). Rumen fermentation in sheep generates around 85%
acetic acid compared to about 75% in goats (Craine and Hansen, 1952). Acetic acid itself
generates greater heat loss which was estimated to be around 60% compared to just 16% for
all VFA combined, approximately. The theoretical greater acetic acid production during
rumen fermentation in sheep (Armstrong and Blaxter, 1956) and its greater heat loss may
be the cause of larger amplitude of postprandial T, rhythm in sheep. Consistently, does
showed narrowed amplitude of postprandial T_ rhythm which could be an advantage while
foraging at EH.

Effect of cooling by shower on thermoregulation

Evaporative cooling systems are an effective method to mitigate heat load in livestock
in hot/dry environments (Chen et al., 2016). The current trial was conducted at the
greatest temperature and THI (THI=87.77) among thermoregulation trials where
non-sun resistant goats are at danger of hyperthermia (Srivastava et al., 2021). The
influence of cooling on T, in ewes and does at extreme heat are shown in Figure 5.
Before treatment with water ewes had greater Tc (P=0.006) compared to does (39.49
vs. 39.25 °C, respectively) at EH. Interestingly, the difference on thermoregulation
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Figure 4. Postprandial T, in small ruminants as a function of time; gray light and black line indicate T in ewes
and does, respectively.
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Figure 5. T, in cooled small ruminants as a function of time; gray light and black line depict T, in ewes and
does, respectively.

plasticity at such EH conditions did not prevent the heat-acclimated animals in the
study from maintaining their T, within the range observed at thermoneutral conditions
(Bernabucci et al., 2009; Mcmanus et al., 2020). Even though providing shade reduces
solar radiation it does not eliminate the large heat load (THI>87.00) caused by
reflected solar radiation (Mitchell et al., 2018), which was a heavier burden for ewes’
heat dissipation mechanisms.

Showering the animals with water reduced I, in both groups of animals similarly (Chen
et al., 2016) right after cooling. However, the reduction (0.25 °C) of T in wetted does
triggered the behavioral change of basking in the sun, a passive rewarming ectothermic
strategy in many species to reduce the need of endogenous heat production (Signer et al.,
2011; Stachowicz et al., 2019). Basking in the sun at such high solar radiation rapidly
increased thermal head load (Mitchell ez al., 2018) which surpassed pre-treatment T, at
40-min post-treatment. The increase in Tc from basking plateaued 60-min post-treatment.
Does basked in the sun until T, reached 39.71 °C, at which point they ceased the behavior.
This could be an indication of greater thermoregulation plasticity. The basis of this is not
certain, however the behavioral change adopted by does might indicate a preference to stay
dry and reduce their internal heat load using other mechanisms (Stachowicz et al., 2019).
Conversely, ewes treated with a shower of water remained cooler for 40 min post-treatment,
rewarmed slowly, and reached pre-treatment T at 60-min following the treatment. This
timeframe could be used as a reference for a programed cycle cooling in sheep (Chen et
al., 2016). However, showering does with water at EH does not have a positive impact as it

triggers behaviors that counter any cooling benefits.

The controversial view of coat color on thermoregulation in livestock

A fraction of inflow heat comes from solar radiation within the visible reflectance
wavelength, while half comes from outside the visible reflectance wavelength. Solar radiation
from the visible reflectance wavelength is depending on coat color (COC; Dawson et al.,
2014). Dark COC Santa Ines sheep showed similar thermoregulation characteristics than
their crosses with whiter COC at EH (Pulido-Rodriguez et al., 2021), in which other heat
exchange channels such as dry heat exchange and evaporative heat transfer played a bigger
role (Mitchell ez al., 2018). The Kalahari red goat which has a fully pigmented skin and
red coat color and is considered sun resistant (OSU, 2024), contradicts the misconception
that lighter COC results in improved thermoregulation (Stuart-Fox et al., 2017). When
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Kalahari red goats experience increased extreme heat, their coats get thinner and darker

red, not lighter.

CONCLUSIONS

Fully pigmented skin red coat color meat goats had improved thermoregulation at
EH when challenged by endogenous heat load compared to solid-white coat hair sheep.
Cooling hair sheep by showering with water reduced T_, however showering did not benefit
goats long term. Skin and coat color play a minor role compared to other physiological
and behavioral mechanism to cope with heat load. Small ruminant breeds and biotypes
resilient to extreme heat are more likely to provide a much-needed animal food-source for
human nutrition under limited environmental accommodations.
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ABSTRACT

Objective: To evaluate the diversity of terrestrial mammals visiting artificial drinking troughs in the
conservation zone of the Technological University of Calakmul, as well as their conservation status, activity
patterns and behavior at these sites.

Methodology: Four artificial water sources were installed in strategic locations, each equipped with a camera
trap station to record the species using the water sources and document their behavior in five categories:
passing through, feeding, foraging, hydration, and temperature regulation. The data were analyzed using
accumulation curves and ecological interaction networks.

Results: Twelve species were recorded, highlighting the use of water as a fundamental resource, especially
during dry periods. Among the observed species, the jaguar and puma stood out as key predators in the
ecosystem.

Limitations: This study was limited to a small conservation area within UTC and would benefit from greater
sampling coverage.

Conclusions: Artificial water sources are an effective strategy for maintaining the availability of water during
critical periods and provide important interaction points for wildlife. The data obtained in this study suggest
that university conservation areas are crucial for protecting biodiversity and the academic training of students.

Key words: conservation, activity patterns, monitoring

INTRODUCTION

Green areas and peri-urban forests are essential for the sustainability of cities, due to
the various environmental benefits they provide such as noise mitigation, air purification,
water infiltration, soil erosion reduction, and helping regulate the microclimate (Al-paidze

and Salukvadze, 2023). These areas are of utmost importance for biodiversity, as they offer

habitats and resources for the subsistence of native species (Verdi-Vazquez et al., 2021).
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Universities have green areas thatin most cases accurately represent the local biodiversity.
These areas function as conservation sites that host a high diversity of wildlife and in recent
years have gained increased relevance as they serve as ideal laboratories to study the effects
of urbanization on biodiversity (MacGregor-Fors, 2005; Lin ¢ al., 2020). Authors such
as Faggi and Perepelizin (2006) state that species richness is lower in urban areas than in
suburban peripheries. Therefore, these spaces can be reservoirs of unexplored biodiversity
in different institutions and their green areas or peri-urban ecosystems.

Water is essential for all living organisms and its availability can influence the spatial
distribution of wildlife to varying degrees (Paredes ¢t al., 2017). Climate change has become
a topic of great importance in research, encompassing predictable climate fluctuations,
impacts and adaptive or resilience responses observed in diverse ecosystems and human
communities in Calakmul (Revollo and Rios, 2023).

The implementation of artificial water sources in strategic locations is a positive
measure to mitigate human-wildlife conflicts and can serve as an accessible alternative
for animals in need of hydration (Contreras-Moreno ¢t al., 2024a,b). These water sourcers
play a crucial role in mitigating the effects of drought on wildlife.

In the Calakmul Region, water is a major concern during the dry season, and the
implementation of artificial drinking stations for wildlife is a common management
practice (Contreras-Moreno et al., 2024b). Therefore, these drinking stations may have
a positive impact on the conservation of certain species; however, it is crucial to consider
how their presence might influence the overall ecosystem and the diversity of species
present (Hernandez-Goémez et al., 2020). Therefore, the objective of this study was to
assess the diversity and conservation status of terrestrial mammals visiting the artificial
drinking stations in two different vegetation types within the forest area of the Universidad
Tecnolégica de Calakmul (UTC).

Since the green areas of UTC are adjacent to the Voluntarily Designated Conservation
Area (Area Destinada Voluntariamente a la Conservacién, ADVC) Xpujil, and, in turn,
to the central zone of the Calakmul Biosphere Reserve, it is expected that the mammals
visiting the UTC drinking stations will be medium to large-sized species, some of which
may be classified as environmentally threatened according to Mexican environmental

regulations.

MATERIALS AND METHODS
Study Area

The study was conducted within the conservation zone of the Universidad Tecnoldgica
de Calakmul (18° 31° 36.96” N, 89° 23* 59.57” W), located in the town of Xpuyjil, in the
municipality of Calakmul, Campeche (Figure 1). The area is situated near the Calakmul
Biosphere Reserve (REBICA) and the Voluntarily Designated Conservation Area
(ADVCQ) Xpujil, which together cover over 20,000 km? (Reyna-Hurtado et al., 2019).
It includes 20 hectares of seasonally flooded lowland semi-evergreen forest and semi-
deciduous medium-height forest. The area is located at an elevation of 242 meters above
sea level, with an average annual temperature of 26 to 27 °C (INEGI, 2024).
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Installation of Drinking Stations

Four artificial waters troughs made of black plastic (Rotoplas® brand), each with a
capacity of 300 liters, were installed (Contreras-Moreno et al., 2024a). These stations were
distributed along the access road to the institution’s forest conservation area, maintaining
a minimum distance of 350 meters between each station. Their purpose was to provide

water for the wildlife inhabiting the surrounding forest areas (Figure 1).

91%0'0.0"°0

UTCALAKMUL
Polygon of RB Calakmul  4®

CAMP QROO

100

® Camera station point }

o
[ Area of Universidad Tecroh ] Ca‘l.'qi:mut

Figure 1. Geographical location. a) Location of the Technological University of Calakmul on the Yucatan
Peninsula, b) polygon of the university and sampling sites, c) artificial water trough in medium sub evergreen
forest, d) artificial water trough in seasonally flooded lowland forest.
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Statistical analysis

To assess sampling completeness, accumulation and extrapolation curves were generated
using the iINEXT software in its different orders (Chao et al., 2016). To determine the
reasons for visiting the drinking troughs by terrestrial mammals, ecological interaction
networks were performed in the Rstudio software using the Bipartite interface (Dormann
et al., 2008). Mammal activities were categorized based on photographic evidence into
five behavioral types: passing, feeding, foraging, hydration, and temperature regulation.
Similarly, to identify the abundance of mammal species and their presence across camera
trap stations and vegetation types, chord diagrams were creating using OriginPro software
(OriginPro, 2023). Finally, to determine the conservation status of the recorded species, the
Mexican Official Standard NOM-059-SEMARNAT-2010 (SEMARNAT, 2010) and the
IUCN Red List of Threatened Species (IUCN, 2022) were consulted, and a systematized

list was generated.

RESULTS AND DISCUSSION

With a sampling effort of 155 nights/trap, 12 species of medium and large terrestrial
mammals were identified, representing six orders and nine families. The most diverse
family was Felidae, with three species: jaguar (Panthera onca Linnaeus), puma (Puma concolor
Linnaeus), and ocelot (Leopardus pardalis Linnaeus). In contrast, Myrmecophagidae and
Sciuridae were the least diverse, each represented by a single species. The species with the
highest number of records was the gray fox (Urocyon cinereoargenteus Schreber) (n=156),
followed by the sereque (Dasyprocta punctata Gray) (n=24). In contrast, the species with
the fewest records were the Yucatan squirrel (Sciurus yucatanensis J. A. Allen) (n=1) and
the anteater (Zamandua mexicana Saussure) (n=1) (Figure 2a). The vegetation type with
the greatest mammal diversity was seasonally flooded lowland forest, with a total of 13
species, compared to the semi-evergreen medium-height forest, where only four species
were recorded (Figure 2b).

The results of this study confirms that artificial water troughs is a functional alternative
to ensure water availability for wildlife in the Calakmul region (Contreras-Moreno et
al., 2024a). Although the sampling effort was significantly lower than that of Contreras-
Moreno et al. (2024a, b), the detection of ecologically important and elusive species, such
as jaguar and puma, suggests that the UTC conservation area maintains exceptional
conditions with a high degree of conservation. The presence of three of the region’s large
felids —puma, jaguar, and ocelot— underscores the conservation value of the area and the
urgent need to ensure its continued protection.

The species accumulation and extrapolation curve show asymptotes for the forest
conservation area, with the lowland flooded forest exhibiting a higher sampling effort,
while the medium sub-evergreen forest does not reach its asymptote (Figure 3a and b).
The species interaction networks and their activity at the artificial watering troughs reveal
that a total of 11 species visit the troughs in a passing manner, followed by seven species
classified under the hydration category, with the gray fox being the species with the highest

number of visits (Figure 3c).
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Figure 3. Accumulation curves and interaction networks. a) Species accumulation curve for the study site, b)
species accumulation curve for the two vegetation types, and c) ecological interaction network of species and
their visitation activity at the watering holes.

The presence of seven species from the carnivore group detected in this study highlights
a spatial coexistence between these species. Coexistence among large predators has
primarily been studied along three axes: feeding, space, and time (Avila-Ndjera et al.,
2016). The fact that these species coexist in the UTC conservation area suggests that the
region likely maintains a sufficient availability of prey, which helps sustain the ecological
balance. In this regard, it has been suggested that coexistence between top predator species
is mediated by the selection of prey with different activity patterns (Hernandez-Sanchez
and Santos-Moreno, 2020).

Of the 12 species recorded, some are listed under different protection categories
according to NOM-059-SEMARNAT-2010. In total, 33.33% of the species are considered
at risk, including felines such as the ocelot and jaguar, which are classified as Endangered
(Table 1; Figure 3).

Access to water is a matter of life and death for wildlife in the Maya Forest, as it has been
observed that the lack of water can lead to dehydration and death in large animals such as
jaguars, tapirs, and white-lipped peccaries (Gandiwa et al., 2016). In this regard, the use of
artificial drinking troughs serves as an alternative to ensure water availability during the
dry season for predators and other species (Mandujano-Rodriguez and Herndndez, 2019),
thus helping to mitigate the issue of water scarcity.
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Table 1. List of registered terrestrial mammal species. NOM-059-SEMARNAT-2010 categories: endangered
(P), threatened (A), subject to special protection (SP). IUCN category: endangered (EN), vulnerable (VU),
near threatened (N'T), least concern (L.C), not assessed (NA). Vegetation type: lowland flooded forest (LFF)
and medium sub evergreen forest (MSEF).

Family Specie NOM-059 IUCN LFF MSEF
Camidac Canis familiaris — — 22 —
Urocyon cinereoargenteus — LC 146 9
Cervidae Mazama pandora \'48 5
Dasyproctidae Dasyprocta punctata — LC 45 —
Didelphidae Didelphis marsupialis — LC 28 —
Leopardus pardalis A NT 6 —
Felidae Panthera onca P NT 3 —
Puma concolor LC 1 1
Mephitidae Spilogale angustifrons — DD 2 —
Myrmecophagidae Tamandua mexicana — LC 1 —
Procyonidae Nasua narica — LC 30 1
Sciuridae Sciurus yucatanensis Pr LC 1 —

Figure 4. Photographic record of species. a) Didelphis marsupialis Linnacus, b) Mazama pandora Merrian, c) Urocyon cinereoargenteus calves, d) female
and calf of Urocyon cinereoargenteus Schreber, e) Dasyprocta punctata Gray, f) Nasua narica Linnaeus, g) Leopardus pardalis Linnaeus, and h) Panthera
onca Linnaeus.
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The high diversity of species that continuously visit the troughs during the dry season
in the Maya Forest underscores the effectiveness of the water supply strategy provided
by artificial troughs in the UTC conservation zone. In addition to allowing individuals
to access water, the troughs facilitate interactions among individuals from different
populations, which could be considered a site for socialization (Contreras-Moreno et al.,
2024a).

Based on the results obtained, it is expected that there will be increased interest in
conducting research at sites near urban areas, such as botanical or ethnobiological gardens,

and green areas within educational institutions.

CONCLUSIONS

This study demonstrated that the UTC conservation area supports mammal species of
high ecological value. Maintaining the habitat quality of this area could serve as a functional
refuge for large mammals, especially if water is supplied through artificial drinking troughs
during the dry season.
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ABSTRACT

Objective: To determine the impact of the Sembrando Vida program on corn and bean production in the
eight states where the program began to be implemented.

Design/methodology/approach: A total of 64 structural analysis tests were carried out with dichotomous
variables (using control variables) to determine the impact of the Sembrando Vida program on corn and bean
production in Puebla, Durango, Veracruz, Tabasco, Chiapas, Campeche, Quintana Roo and Yucatan, in the
years 2019, 2020, 2021 and 2022. This type of test allows determining whether a variable changed its trend or
its intercept or both, due to an event.

Results: The Sembrando Vida program has not been successful in impacting corn production in seven of
the eight states examined and, in the case of beans, it did not impact in six of the eight states analyzed. The
exception in corn was the state of Quintana Roo in 2022; and, in the case of beans, it was Quintana Roo in
2019 and 2022 and Durango in 2019, 2021 and 2022.

Limitations on study/implications: Fruit trees were not examined; each state was not characterized; and the
states to which the program was expanded were not analyzed.

Findings/conclusions: The objective of the study was achieved because it was determined that, in general,
the Sembrando Vida program did not impact the production of corn and beans (with exceptions); and that it
is necessary to restructure government programs so that they have a greater effect.

Keywords: government programs; econometric analysis; agricultural production; and social support.

INTRODUCTION

The programs destined to the agricultural sector take on relevance due to the importance
of this sector for countries, since that is where the foods that society demands are produced,
and it is a relevant economic sector. Some examples of these programs are the National
Plan for Integrated Agriculture in Thailand or the International Fund for Agricultural
Development in China (Zhu et al., 2024; Yunez, 2020; Garcia et al., 2018; Hanpongpandh,
2003; Brambila et al., 2014; Méndez, 2011; OCDE-FAO, 2011; Terrones and Sdnchez,
2010; Hewitt, 2007).

Among the programs destined to the agricultural sector, there are the following: social,
which are focused on improving the wellbeing of people in this sector; and those destined

to improving or increasing production in the agricultural sector. These programs have the
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purpose of generating a structural change in the production or the standards of living of
recipients of the program (SADER, 2024; Gallardo et al., 2020; Gémez and Tacuba, 2017).

In Mexico, various programs for the agricultural sector have been implemented since
1900, such as: Fertilizers for Wellbeing (Fertilizantes para el Bienestar), and Program for
Support to Small-Scale Producers (Programa de Apoyo a Pequernios Productores). These
programs have had different objectives, such as increasing the production, productivity
and competitiveness of the agricultural sector; or social, such as contributing to improve
the standards of living of people from the agricultural sector (Arriaga et al., 2023; Gallardo
et al., 2020; Secretaria de Desarrollo Social, 2014; Gémez and Tacuba, 2017).

Likewise, to achieve these objectives, these programs have implemented different
strategies, such as backing for producers to modernize the sector through the purchase
of machinery; and, increasing their productivity by giving out fertilizers (Arriaga et al.,
2023; Gallardo et al., 2020; Secretaria de Desarrollo Social, 2014). The social objectives of
these programs destined to agricultural areas are the most important, especially poverty
reduction. This is because it has been pointed out that in rural zones the percentage of
poverty is higher than in urban areas (SADER, 2024; CIMMY'T, 2023; Baca and Cuevas,
2018; Briceno, 2010; CONEVAL, 2024).

Additionally, the agricultural sector in Mexico has other challenges, such as: a group
of producers lacks economic resources that allow them to modernize and increase their
production, and that it is the most vulnerable to economic crises such as the one in
2008 (Rios, 2020; Ayala and Chapa, 2017; Guzman et al., 2012; Becerril et al., 2011; De
Grammont, 2010).

The programs in Mexico destined to the agricultural sector have received criticism.
Such was the case of the National Program for Farmland Modernization (Programa
Nacional de Modernizacion del Campo), which was examined by Gémez and Tacuba
(2017); the authors mention that the program did not improve the competitiveness of
the sector. Another program studied is that of Fertilizers for Wellbeing, which has been
called out for providing fertilizers that are more toxic than those habitually used (Diaz,
2008). For their part, Martinez (2023) and Lépez-Villafaiie (2020) have analyzed the
Bienpesca programs directed to the fishing sector and Production for Wellbeing directed
at the agricultural sector. They indicate that, in both programs, the expenditure on the
operation is higher than the benefits they have caused. In turn, Delta (2019) indicates
that the programs have had a significant impact because they increased agricultural
productivity by 20%.

Specifically, Sembrando Vida was one of the proposals from President Lopez Obrador
in 2018, under a modality of plots of corn, bean and fruit trees. It seeks to generate
employment for the population at risk of migration, by promoting agricultural productivity
and improving the rural per capita income. Likewise, it is a program that is included in the
proposal from 2018 called Integral Development Plan for Central America. The program
consists of generating jobs offering a wage of $6,000 pesos and giving benefits such as
a savings register and fund. Sembrando Vida started in 2019 in Campeche, Chiapas,
Durango, Puebla, Quintana Roo, Tabasco, Veracruz and Yucatan. By 2022, it had nearly
450,000 employees and at the end of 2023 it already operated in 21 states (SADER, 2024;
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Arriaga et al., 2023; Loépez, 2021; Gallardo et al., 2020; Santiago, 2023; Montes and
Sanchez, 2024; Ortiz and Sanchez, 2024; Santiago, 2023).

This program was a change in the federal government’s policy in Mexico compared
to prior periods. Since the reform to Article 27 and the entry into force of the North
America Iree Trade Agreement in 1994, this sector has suffered disloyal competition, lack
of support and an increase in poverty. One of the novelties is that the Sembrando Vida
program covers several areas, seeking to create employment, give technical support, and
include women (Montes and Sdnchez, 2024; Santiago, 2023).

In this sense, Montes and Sanchez (2024), Cortez et al., (2022), Santiago (2023), and
Ortiz and Sanchez (2024) conclude that the Sembrando Vida program has the novelty
of placing peasants at the core; it offers monthly backing; it is necessary to improve the
registration requirements; the people have a good perception of the program; problems
with technical support and for inputs persist; the impact in the socioeconomic area is
negative; the resources granted are not sufficient to achieve the goals of the program and
to cover its basic needs; and it should encompass beyond the rural level to address the
predicament of migration.

Therefore, the objective proposed for this study is to determine the impact of the
Sembrando Vida program on the production of corn and beans in the eight states where
the program started to be implemented. Likewise, the research hypothesis is that the
Sembrando Vida program impacted corn and bean production in the eight states where it
started to be implemented.

MATERIALS AND METHODS

To reach the objective of the study and to test the hypothesis, 64 structural analysis
tests with dichotomous variables were conducted. These tests, according to Gujarati and
Porter (2009) and Wooldridge (2010), allow to determine if a variable changed its trend
or its intercept, or both, because of an event. That is, with these tests, it will be possible to
establish whether the Sembrando Vida program caused a change in the trend or in the
intercept of corn and bean production in the eight states where it started to be implemented.

The databases that were used in this study are the agricultural production from the
eight states where the program started to be implemented (Puebla, Durango, Veracruz,
Tabasco, Chiapas, Campeche, Quintana Roo and Yucatan) and the yield per hectare of
the eight states, which were extracted from the Agrifood and Fishing Information Service
(Servicio de Informacion Agroalimentaria y Pesquera, SIAP) website (SIAP, 2024).

In addition, the Trimester Index of State Economic Activity (Indice Trimestral de Actividad
Econdmica Estatal, ITAEE) was used, which was obtained from the National Institute
of Statistics and Geography (Instituto Nacional de Estadistica y Geografia, INEGI) website
(INEGI, 2024). The three databases have a temporality of 1980 to 2022, they are annual
data (an annual average was obtained for ITAEE), and there are 43 data.

Regarding the databases, according to Gujarati and Porter (2009) and Wooldridge
(2010), it is necessary to have a broad database for this type of tests that require conducting
regressions. This is because, according to the authors, based on the Gauss Markov theorem

and the assumption of normality, which allow, among other things, for a model to be a
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best unbiased estimator (BUE) and to conduct hypothesis tests. In this sense, because the
production data are only in annual data, and to fulfill the test requirements, the decision
was made to use the temporality available from SIAP (2024), which was 1980 to 2022.

Structural analysis tests

To analyze the impact of the Sembrando Vida program on corn and bean production
in the eight states where it started to be implemented, 64 structural analysis tests with
dichotomous variables were used. To conduct them, the methodology presented by
Gujarati and Porter (2009) and Wooldridge was employed. With this methodology, the
existence of a structural change could be determined, and whether that change was in the
intercept, the slope or both.

In this sense, and according to the authors, the dates when the event took place should
be chosen, and with that determine where the tests will be applied. Because the program
started to be implemented in 2019, the tests for 2019 would be applied; however, considering
the delay that the effect of the program could have on corn and bean production, the tests
for 2020, 2021 and 2022 were conducted.

It should be noted that, as indicated before, these tests require conducting regressions
and therefore it is necessary to have abundant robust data. Likewise, because the data are
annual, the temporality available was used, which is 1980 to 2022 (there are only 43 data).
The information from the 64 tests that will be made is summarized in Table 1.

Table 1 shows that for each of the eight states examined (Puebla, Durango, Veracruz,
Tabasco, Chiapas, Gampeche, Quintana Roo and Yucatdn), two tests will be conducted
because there are two products which are analyzed (corn and bean), and four years will be
examined (2019, 2020, 2021 y 2022). Therefore, the 64 structural analysis tests that will be

conducted will have the form of Equation 1.
Y =a,+a,D,+ BT + By(D,T)+xB; +x,B, + u, (1)

Where: Y=corn or bean production from one of the eight states; &, =intercept value;
ao= differential intercept value; D,=dichotomous variable, where 0 are the observations
before the cut and 1 after the cut (see Table 1); B,=beta value of time; 7=time;
B,=differential slope; x; =Trimester Index of State Economic Activity (Indice Trimestral
de Actividad Econdmica Estatal, ITAEE); B;=Beta value of the ITAEE control variable;
xy=Yield of one of the eight states (UDM/HA); B,=Beta value of the control variable,

yield; @, =stochastic error.

Table 1. Information about structural analysis tests that will be conducted.

Independent variables Independent variable Years th'flt were Cut
examined
Time Corn and bean production from 2019 0 before the year
Trimester Index of State Economic Activity (fndz'ce Puebla, Durango, Veracruz, Tabasco, 2020 examined and 1 after
Trimestral de Actividad Econdmica Estatal, ITAEE). Chiapas, Campeche, Quintana Roo 2021 the year examined.
Yield (UDM/HA) and Yucatan. 2022

Source: Prepared by the authors.
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The 64 structural analysis tests that have the form of Equation 1 will be made according
to what was described by Gujarati and Porter (2009) and Wooldridge (2010), and the Excel
software will be used. Likewise, Equation 1 indicates that two control variables were added
with the aim of obtaining more robust results.

This is how, in the 64 tests that will be made, the intercept (@, ) and the differential slope
(By) will be reviewed, with the aim of establishing the presence of a structural change in
corn and bean production in the eight states examined during the years 2019, 2020, 2021
and 2022.

In this sense, when only the p value of the differential intercept (&) is lower than 0.05,
then there is a structural change in the intercept; on the other hand, in the case where
only the p value of the differential slope (B,) is lower than 0.05, then there is a structural
change in the slope; lastly, in the case that both values are lower than 0.05, then there is
a structural change in the slope and in the intercept. If both values are higher than 0.05,

there is no structural change.

RESULTS AND DISCUSSION

Based on the methodology, the results from the 32 structural analysis tests with
dichotomous variables of corn in the eight states examined in the years 2019, 2020, 2021
and 2022, are presented in Table 2.

The results from the structural analysis tests for corn production presented in Table
2 show that a structural change was not present in seven of the eight states examined in
the periods 2019, 2020, 2021 and 2022, since in these tests the p values of the intercept
(@y) and of the differential slope (B,) are higher than 0.05 in every case. This means that
there was not a structural change in corn production in the years 2019, 2020, 2021 and
2022, in the states of Puebla, Durango, Veracruz, Tabasco, Chiapas, Campeche and
Yucatan. The only exception is the state of Quintana Roo, where it was found that corn
production suffered a structural change in the differential intercept (¢, ) in the year 2022,
since its p is lower than 0.05.

Now, the results from the 32 structural analysis tests with dichotomous variables of
bean from the eight states examined in the years 2019, 2020, 2021 and 2022 are presented
in Table 3.

The structural analysis tests of bean production presented in Table 3 show that there
was no structural change in six of the eight states examined in the periods 2019, 2020, 2021
and 2022, since in these tests, the p values of the intercept (¢,) and of the differential slope
(By) are higher than 0.05 in every case. This means that there was no structural change in
bean production in the years 2019, 2020, 2021 and 2022, in the states of Puebla, Veracruz,
Tabasco, Chiapas, Campeche and Yucatan.

The exceptions are the state of Quintana Roo, where it was found that in the years
2019 and 2022, bean production suffered a structural change in the differential slope
(ay), since the p value is lower than 0.05 in both years; and Durango, where it was
found that in the year 2019 there was a structural change in the slope (B,) and in the
differential intercept (&, ), because the p value is lower than 0.05 in both cases, and in the
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Table 2. Structural analysis tests with dichotomous variables of corn.

Puebla | Durango | Veracruz | Tabasco | Chiapas |Campeche Quintana Yucatan
Year Corn Roo
p-value
Interception 0.99 0.25 0.24 0.04 0.11 0.01 0.00 0.88
Differential intercept 0.75 0.38 0.26 0.40 0.70 0.51 0.27 0.59
X 0.95 0.66 0.69 0.02 0.07 0.00 0.95 0.19
2019 Differential slope 0.75 0.34 0.25 0.40 0.72 0.47 0.32 0.59
Economic activity (ITAEE) 0.85 0.95 0.20 0.77 0.04 0.13 0.79 0.20
Yield 0.00 0.00 0.00 0.84 0.00 0.00 0.00 0.04
Interception 1.00 0.26 0.16 0.06 0.12 0.01 0.00 0.83
Differential intercept 0.89 0.29 0.50 0.77 0.83 0.41 0.17 0.89
X 0.96 0.67 0.49 0.03 0.08 0.00 0.95 0.20
2020 Differential slope 0.89 0.51 0.11 0.60 0.90 0.81 0.96 0.94
Economic activity (ITAEE) 0.86 0.99 0.11 0.96 0.04 0.15 0.85 0.20
Yield 0.00 0.00 0.00 0.84 0.00 0.00 0.00 0.04
Interception 1.00 0.31 0.27 0.04 0.11 0.01 0.00 0.90
Differential intercept 0.86 0.09 0.94 0.62 0.55 0.52 0.17 0.58
X 1.00 0.76 0.75 0.02 0.07 0.00 0.95 0.21
2021 Differential slope 0.86 0.66 0.48 0.37 0.70 0.24 0.96 0.46
Economic activity (ITAEE) 0.82 0.91 0.23 0.79 0.04 0.12 0.85 0.22
Yield 0.00 0.00 0.00 0.84 0.00 0.00 0.00 0.03
Interception 0.95 0.28 0.28 0.06 0.10 0.01 0.00 0.91
Differential intercept 0.77 0.07 0.87 0.85 0.47 0.21 0.01 0.72
9099 X 0.97 0.69 0.77 0.03 0.06 0.00 0.81 0.21
Differential slope 0.77 0.17 0.44 0.54 0.53 0.69 0.37 0.58
Economic activity (ITAEE) 0.85 0.93 0.25 0.89 0.03 0.14 0.96 0.22
Yield 0.00 0.00 0.00 0.84 0.00 0.00 0.00 0.04

Source: Prepared by the authors.

years 2021 and 2022 where only the differential slope changed (B,) because the value is
lower than 0.05 in both cases.

Therefore, the results from the research are similar to the findings by Gémez and
Tacuba (2017), who indicate that the programs Fertilizantes para el Bienestar and Programa
Nacional de Modernizacion del Campo, did not have a significant impact, which they attribute
to deficiencies in their design.

The latter is indicated by Ortiz and Sdnchez (2024), Cortez et al. (2022) and Santiago
(2023), authors who analyzed the impact of Sembrando Vida, signaling some deficiencies,
such as: the resources granted are not enough to achieve the goals of the program and to
cover their basic needs; it should go beyond rural zones, and give technical support and
inputs; it is necessary to improve the registration requirements; and it should encompass

beyond the rural level.



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/rlzamw?20 157
Table 3. Structural analysis tests with dichotomous variables of bean.
Puebla | Durango | Veracruz | Tabasco | Chiapas |Campeche Quintana Yucatan
Aifio Frijol Roo
p-value
Interception 0.05 0.19 0.92 0.50 0.20 0.01 0.57 0.01
Differential intercept 0.44 0.04 0.76 0.94 0.67 0.94 0.06 0.80
9010 X 0.49 0.31 0.24 0.43 0.95 0.07 0.05 0.89
Differential slope 0.38 0.04 0.70 0.89 0.63 0.91 0.04 0.80
Economic activity (ITAEE) 0.89 0.13 0.52 0.63 0.18 0.03 0.07 0.37
Yield 0.00 0.00 0.05 0.00 0.00 0.00 0.12 0.56
Interception 0.07 0.24 0.99 0.50 0.23 0.01 0.79 0.01
Differential intercept 0.67 0.94 0.46 0.38 0.55 0.58 0.86 0.93
2020 X 0.57 0.39 0.22 0.41 0.86 0.07 0.03 0.89
Differential slope 0.62 0.40 0.59 0.95 0.92 0.95 0.15 0.95
Economic activity (ITAEE) 0.99 0.18 0.46 0.63 0.21 0.03 0.04 0.38
Yield 0.00 0.00 0.05 0.00 0.00 0.00 0.20 0.56
Interception 0.04 0.25 0.90 0.51 0.20 0.01 0.53 0.01
Differential intercept 0.92 0.69 0.27 0.28 0.64 0.49 0.64 0.91
X 0.33 0.37 0.25 0.43 0.94 0.07 0.07 0.88
2021 Differential slope 0.94 0.04 0.78 0.93 0.65 0.90 0.14 0.80
Economic activity (ITAEE) 0.77 0.15 0.54 0.65 0.18 0.03 0.09 0.36
Yield 0.00 0.00 0.05 0.00 0.00 0.00 0.16 0.56
Interception 0.04 0.24 0.88 0.49 0.18 0.01 0.42 0.01
Differential intercept 0.13 0.92 0.20 0.23 0.67 0.42 0.70 0.93
X 0.33 0.42 0.27 0.41 0.97 0.07 0.12 0.87
2022 Differential slope 0.94 0.03 0.83 0.85 0.51 0.93 0.02 0.75
Economic activity (ITAEE) 0.77 0.18 0.56 0.61 0.16 0.03 0.22 0.36
Yield 0.00 0.00 0.05 0.00 0.00 0.00 0.04 0.56

Source: Prepared by the authors.

The deficiencies pointed out by the authors can explain why, in general, no evidence

was found in the study of a structural change caused by the Sembrando Vida program.

Therefore, according to the results and the study, it is necessary to address these deficiencies

of the program.

On the other hand, there are authors that have found evidence that the government

programs have had a significant impact, as in the case of De Ita (2019), who indicates

that Bienpesca and Production for Wellbeing, have had a significant impact because they

increased agricultural productivity by 20% in the states where the program was applied like

Guerrero, Veracruz and Chiapas.

About this, Montes and Sanchez (2024) and Santiago (2023) indicate that the Sembrando

Vida program has some characteristics that make it stand out over previous programs.

They are that: it seeks to cover several areas; it seeks to create jobs; give technical support;

include women; place peasants at the center of the program; and offer monthly support.
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This is why even when these programs do not achieve their aim, it is necessary to continue
supporting the agricultural sector in Mexico. This is because the agricultural sector has
multiple problems, such as the poverty of people in the agricultural sector and the lack
of modernization of a large part of agricultural producers (Rios, 2020; Baca and Cuevas,
2018; Ayala and Chapa, 2017; Guzman et al., 2012; Becerril ¢t al., 2011; De Grammont,
2010). Because of this, the study suggests continuing to support the agricultural sector in

Mexico, although restructuring the program for it to have a more significant impact.

CONCLUSIONS

The results indicate that the Sembrando Vida program has not been successful in
impacting corn production in seven of the states examined, and in the case of bean, it
did not impact in six of the eight states analyzed. The exception in corn was the state of
Quintana Roo in the year 2022; and in the case of bean, it was Quintana Roo in the years
2019 and 2022, and Durango in the years 2019, 2021 and 2022. This allows establishing
that the Sembrando Vida program did not have a significant impact on the production of
two crops. This can be attributed to deficiencies of the program. Some limitations of the

study are that fruit trees were not examined.
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ABSTRACT

Objective: To identify the factors influencing growers in the municipalities of Fresnillo, Rio Grande, and
Zacatecas to either incorporate or refrain from incorporating available cattle manure into vermicompost
production, trade, and use.

Design/methodology/approach: A questionnaire comprising 59 items was designed to assess human, social,
physical, and economic factors related to vermicompost use in agricultural plots. The questionnaire was
administered to 30 growers. The resulting dataset was analyzed using Principal Component Analysis (PCA)
and Cluster Analysis (CA) to identify dominant factors and to classify growers.

Results: Both PCA and CA enabled the identification of key factors within each domain and facilitated the
classification of growers.

Limitations on study/implications: The sample size is relatively small due to the limited number of growers
using vermicompost in the study region.

Findings/conclusions: Among growers using vermicompost, three distinct groups were identified: the first
group (10 growers) perceives improvements in soil fertility and contamination reduction; the second group (9
growers) values enhanced plant nutrition and increased soil microorganism activity; and the third group (11
growers) reports better plant growth and greater disease resistance.

Keywords: Human capital, Social capital, Physical capital, Economic capital.

INTRODUCTION

The increase in agricultural production has driven the adoption of improved seeds
and the intensive use of agrochemical products (Deepak, 2019). As a result, farmers have
faced declining profits and rising input costs (Deepak, 2019). In response to this situation,
they have sought to incorporate treated organic materials to produce environmentally
friendly fertilizers (Enebe & Erasmus, 2023), such as vermicompost-derived products.
Vermicomposting is a viable alternative due to its simple production techniques and the
ecological and economic benefits it offers (Deepak, 2019).
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Vermicompostingis a biological process in which earthworms decompose organic matter,
transforming it into a nutrient-rich (Thirunavukkarasu et al., 2022) and microbe-enriched
fertilizer (Enebe & Erasmus, 2023). The resulting product, known as vermicompost,
contains essential nutrients such as carbon, nitrogen (N), phosphorus (P), and potassium
(K), as well as microorganisms, enzymes, plant growth regulators, and hormones (Gupta
& Garg, 2008). Various sources of organic waste can be used in the vermicomposting
process, including animal manure, sewage sludge, food production waste, kitchen waste,
and horticultural residues, among others (Thirunavukkarasu et al., 2022).

The potential benefits of using vermicompost include stimulating plant growth,
reducing the incidence of diseases, and increasing soil porosity and microbial activity
(Padilla et al., 2021). In other words, vermicompost promotes soil biology improvement,
which leads to enhanced crop productivity (Enebe & Erasmus, 2023), including nutrient
absorption and plant growth. Recently, Keskin e al. (2025) reported that vermicompost
induces increases in root biomass and leaf area. These effects can be attributed to the
role of vermicompost in increasing organic carbon in the soil, as well as its capacity to
improve soil water retention, aeration, and porosity (Haque & Biswas, 2021; Liu et al.,
2020; Wang et al., 2018).

The use of vermicompost produced from bovine manure has generated growing
interest in the dairy industry (Padilla et al., 2021); however, dairy farmers face several issues
regarding manure management (Padilla et al., 2021); this implies the need for guidance
on the proper management and use of vermicompost through the organization of various
training and outreach activities (Sharma & Garg, 2019).

In the case of the state of Zacatecas, Mexico, some farmers and companies produce
and market vermicompost. However, the evident issue is the lack of information
regarding production systems, products (vermicomposts and leachates), as well as
their composition, quality, storage, packaging, transportation, and distribution. In
this context, the municipalities of Fresnillo (16,890.80 thousand liters), Rio Grande
(15,226.20 thousand liters), and Miguel Auza (23,014.70 thousand liters) are the
top producers of cow’s milk (SIAP, 2021); this implies that these municipalities have
the highest number of dairy cattle farms and greater manure production due to the
confinement of the animals.

Therefore, it is essential to understand the challenges, issues, and problems faced by
farmers who have access to dairy cattle manure in adopting vermicomposting technology
(Padilla et al., 2021). Thus, the objective of this research was to identify the reasons why
farmers with access to bovine manure in the municipalities of Fresnillo, Rio Grande, and
Miguel Auza, Zacatecas either incorporate or do not incorporate this raw material for the

production, marketing, and use of vermicompost.

MATERIALS AND METHODS

A data generation/collection instrument was designed with semi-structured statements,
considering a first section about the respondent’s data, such as the production unit profile,
infrastructure, equipment, and input acquisition. The second section of the instrument

included 59 items based on the Likert scale. These items addressed technical and productive
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aspects within the human (14 items), social (19 items), physical (15 items), and economic
(11 items) domains, in accordance with the Mexico’s Sustainable Rural Development Law
(DOF, 2019). The response scale consisted of five agreement categories. The categories
were: Disagree, Partially Disagree, Neither Agree nor Disagree, Agree, and Strongly Agree
(Likert, 1932). The information generated through the application of semi-structured
questionnaires can be useful for estimating their reliability using the Cronbach’s alpha
statistic (Aflorve-Guillén, 1991).

The application of the semi-structured questionnaire was carried out from November
2022 to May 2023. The instrument was administered to farmers in the municipalities of
Fresnillo, Rio Grande, and Miguel Auza, Zacatecas. Visits to the involved farmers were
conducted to inform them about the study and obtain their consent as informants. Once
consent was obtained, the questionnaire was provided to them in printed form so they

could answer it at their convenience, ensuring their responses were not influenced.

Data Collection and Analysis

The data collected from the surveys were entered into a Microsoft Excel® spreadsheet,
classified by human, social, physical, and economic capitals. Values from 1 to 5 were
assigned to the Likert scale levels. This approach made it possible to calculate basic statistical
estimators and verify whether the sample (n=30) was representative. The reliability of
the questionnaire was confirmed through Cronbach’s alpha coefficient (¢). This statistical
estimator evaluates the internal consistency of a set of items. The « is used to determine
the reliability of a survey that uses a measurement scale, as it reflects the correlations
between the variables. The higher the a value, the greater the internal consistency of the
questionnaire.

A principal component analysis (PCA) was carried out with the aim of identifying the
items that explain the largest portion of the variance in the data matrix. The principal
components (PCs) allowed for the identification of the variables (items) that best describe
the structure of each component, thus facilitating the ordination of the involved farmers.
Additionally, a multivariate cluster analysis (CA) was performed to classify the farmers
based on the structure of the Principal Components (i.e., the coefficients of the Principal
Components) that together explained >60% of the total variation. Overall, this analysis
confirmed the groups identified through the PCA. The statistical analyses were performed
using MINITAB 16® software.

RESULTS

All the farmers who participated in answering the questionnaire were men (n=230)
(Table 1). The sample was found to be representative. Regarding age distribution, 40% of
the respondents are 60 years or older; 30% are between 50 and 59 years old; 23.33% are
between 40 and 49 years old; and 6.67% are between 30 and 39 years old. Concerning
educational level, 86.67% of the farmers completed only basic education (primary and
secondary), while 13.33% reached higher secondary education. Additionally, 66.67% of the

farmers reported using vermicompost.
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Table 1. Statistical Estimators of the Farmers (n=30) who
answered the questionnaires in the municipalities of Fresnillo,
Rio Grande, and Miguel Auza, Zacatecas, Mexico.

Age class Percentage
18 to 29 years DNA'
30 to 39 years 2 6.67
40 to 49 years 7 23.33
50 to 59 years 9 30
>60 years 12 40
Schooling
Elementary 15 50
Secondary 11 36.67
High 4 13.33
Bachelor NA NA
Other NA NA
Use Vermicompost
Yes 20 66.67
No 10 33.33

"DNA: Does not apply.

Reliability of the Questionnaire

The Cronbach’s Alpha values for the Human Capital (@=0.819), Social Capital
(@=0.826), and Physical Capital (¢=0.802) indicate good reliability. Additionally, the value
of this coefficient for Economic Capital (@¢=0.935) suggests excellent internal consistency.
Therefore, the information generated through the application of the questionnaire is

sufficiently reliable. For example, the error associated with the information about the

Human Capital of the farmers is 0.329 (i.e., 0.819%0.819=0.670; 1 —0.670=0.329).

Human Capital

The PCA conducted based on 14 items about Human Capital showed that the first four
components explain 67% of the total variance (Table 2). CP1 (31%) reflects the farmers’
perception of soil improvement and the importance of training. CP2 (15.6%) focuses on
knowledge about plant nutrition and the vermicomposting process. GP3 (12.3%) highlights
the use of leachate as a fertilizer and plant disease resistance, while CP4 (8.1%) is based on

case of use and improvements in seed germination and soil aeration.

Table 2. Eigenvalues, proportions of explained variance, and cumulative variance associated
with the first four principal components (PCs) corresponding to 14 items on Human Capital
regarding the use of vermicompost based on the perceptions of 30 surveyed farmers.

PC1 PC2 PC3 PC4
Eigenvalue 4.3422 2.1792 1.7150 1.1387
Proportion of variance 0.310 0.156 0.123 0.081
Accumulated variance 0.310 0.466 0.588 0.670
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Both the PCA results (Figure 1) and CA results through the Euclidean Distance=—62.87
(Figure 2) identify two groups of farmers. The first group (farmers 2, 11, 14, 17, 22, 23,
25, 26, and 30) agrees that vermicompost is easy to apply, improves plant nutrition and
disease resistance, and uses technical instructions; the second group (remaining farmers)
highlighted improvements in germination, roots, and soil aeration, and considers training

to be important.

Social Capital
The Principal Component Analysis (PCA) on Social Capital (19 items) showed that
the first five principal components explained 61.6% of the total variability. CP1 (25.5%)
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Figure 1. Position of the 30 farmers according to their perception, considering 14 items on Human Capital
regarding the use of vermicompost in the orthogonal plane defined by the first two Principal Components.
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Figure 2. Dendrogram of 30 farmers based on their perception, considering 14 items on Human Capital
regarding the use of vermicompost as variables.
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is related to recommendations from suppliers to improve soil fertility; CP2 (10.3%) is
associated with the reduction of chemical fertilization and technical support; CP3 (10%) is
linked to soil aeration and plant tolerance to stress; GP4 (9%) is associated with germination
and yield; and CP5 (6.8%) is related to plant nutrition and root growth.

Three groups of farmers were identified based on their perception of vermicompost
usage recommendations (Figure 3). The multivariate cluster analysis (CA) confirmed these
groups through Ward’s method and Euclidean Distance=—10.46.

Physical Capital

The PCA on Physical Capital, based on the perception of 30 farmers, revealed
that the first four components explain 68.3% of the total variation. CP1 emphasizes
soil fertility and nutrition. CP2 is more related to plant growth improvement and
soil aeration. CP3 highlights that fertility and photosynthesis are enhanced. CP4
refers to how vermicompost facilitates germination and induces stress tolerance.
In the plane defined by CP2 vs. CP1, three groups of farmers were identified (not shown).
The first group perceives improvements in soil fertility and reduced pollution; the second
values soil nutrition and microorganisms; and the third observes plant growth and
resistance. The hierarchical cluster analysis confirmed these groups through a Euclidean
Distance=—40.24 (Figure 4).

Economic Capital

The PCA of 11 items on Economic Capital, based on the perceptions of 30
farmers, showed that the first two components explain 87.8% of the total variation.
CP1 highlights the reduction of costs in fertilizers, root growth enhancers, plant
nutrition, and pest control, while CP2 emphasizes the use of machinery and specialized
labor, as well as the reduction in chemical fertilizer quantities and increased yield.
In the CP2 vs. CP1 plane, three groups of farmers were identified (Figure 5). The first

34 e
o H
16 )
24 ey, =
’J" "’\ :
o~ & >N i ooy
2 B ¥ [ . g
IS 1 = J ] - Y
g ] \ {/ 3
o ’ Wi 3
8 | iy Y
o ] N i %
E 04 [} I H 19 18
8 v 11 Hi mE
% 4 [ 1
= %29 7 i HI = I
2 . o [ 30 I
= ', - " ]
2y LT il 43 "
3] I
= it ]
o 23 1 ]
" . [ '
24 : - AN V4
- 3 e
28 H
a4 L] [ ]
o
- - LLLLL e e -
-7.5 -5.0 2.5 0.0 2.5 5.0

Principal Component 1

Figure 3. Position of 30 farmers according to their perception considering 19 items of Social Capital on the use
of vermicompost in the orthogonal plane defined by the first two Principal Components.
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Figure 5. Position of 30 farmers according to their perception, considering 11 items of Economic Capital on
the use of vermicompost in the orthogonal plane defined by the first two Principal Components.

group does not perceive cost savings or the need for machinery; the second disagrees with
the reduction of chemical fertilizers and hormones but perceives an increase in income; the
third perceives reductions in fertilization and plant nutrition costs. The multivariate cluster

analysis (GA) confirmed these groups using Ward’s method and a Euclidean distance of
—139.13.

DISCUSSION
Human Capital

The PCA and the CA identified two groups of farmers based on 14 statements related
to Human Capital. The first group, composed of 8 respondents, agrees that vermicompost
leachate 1s a useful foliar fertilizer. This aligns with Kmet'ovd & Kovacik (2014), who argue
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that using leachate can increase crop productivity. This effect is attributed to the humic
acid in the leachate, which provides nutrients such as calcium, iron, potassium, sulfur, and
phosphorus (Adhikary, 2012). The second group, made up of 22 farmers, understands
that vermicompost enriches the soil with microorganisms. Edwards ez al. (1984) observed
significant populations of Gram-negative Enterobacteriaceae, protozoa, and fungi in
vermicompost substrate. Additionally, they noted that worms, by digesting organic matter,
increase the surface area of the material, promoting microbial colonization and the

decomposition of organic matter.

Social Capital

When analyzing 19 items on Social Capital, three groups of farmers were identified.
The first group, consisting of 5 farmers, agrees that technical advisors and suppliers
frequently recommend the use of vermicompost to improve the aggregation of soil mineral
particles. According to Ansari & Ramnarain (2020), the application of vermicompost
increases microbial activity, enzymes, and humic acid content, which improve soil
aggregation, stability, and aeration. The second group, made up of 23 farmers, agrees
that vermicompost improves plant nutrition. Several studies (e.g., Atiyeh et al., 2000;
Ozores-Hampton & Vavrina, 2002) have shown that a growing medium with 10 to 20%
vermicompost enhances plant growth. Finally, the third group (2 farmers) notes that
technical advisors and suppliers recommend the use of vermicompost to improve root
growth and structure. McClintock (2004) states that vermicompost improves the physical
structure, fertility, and microbiological properties of the soil, promoting plant growth both

in transplants and field crops.

Physical Capital

Analysis of 15 items on Physical Capital identified three groups of farmers. The first
group, consisting of 10 farmers, agrees that the vermicomposting process requires four
to six months, although some researchers indicate that vermicomposting can require 40
to 45 days (e.g., Ansari & Ramnarain, 2020). The second group (9 farmers) agrees that
vermicompost improves soil fertility. Ansari & Ramnarain (2020) note that its application
improves soil properties such as organic matter content, nitrogen, phosphorus, potassium,
sulfur, zinc, and boron, which favor crop yields such as cereals. The third group (11 farmers)
agrees that vermicompost provides disease resistance. In this regard, vermicompost based
on sludge and bovine manure reduces infection by pathogens causing root rot in tomatoes
(Szczech & Smolinska, 2001). Other studies (e.g., Asciutto et al., 2006) also indicate that
vermicompost controls various species of Phytophthora and Rhizoctonia, through

biological disease-suppression mechanisms (Simsek-Ersahin ez al., 2009).

Economic Capital

Analysis of the 11 items on economic capital identified three groups of farmers. The
first group (11 farmers) disagrees with the idea that the use of vermicompost reduces costs
associated with disease control and the application of rooting agents. This perception

contradicts the fact that vermicompost contains humic acids (Atiyeh ez al., 2002), as well
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as auxins, gibberellins, and cytokinins (Singh et al., 2008); these compounds are growth
regulators that enhance plant growth, and improve productivity in various crops (Atiyeh
et al., 2002). The second group, consisting of 7 farmers, disagrees with the idea that
vermicompost reduces the amount of chemical fertilizer required; this partially aligns
with the findings of Jeyabal & Kuppuswamy (2001), who found that the combination of
vermicompost and nitrogen fertilizer increases productivity more than the fertilizer alone.
The third group, made up of 12 farmers, agrees that using vermicompost can reduce
costs associated with chemical fertilizers. In this regard, Guo et al. (2015) demonstrated
that although the initial costs of the vermicomposting process are higher than those of
traditional composting, the production of worms and the use of cow manure vermicompost

increase crop yields, such as maize, resulting in economic benefits.

CONCLUSIONS

When vermicompost is used in production units, one group of farmers (10) perceives
improvements in soil fertility and reduced contamination; a second group (9) values soil
nutrition and microorganisms; and a third group (11) observes better plant growth and
disease resistance. Therefore, it is recommended to foster collaboration among farmers,
technicians, and public servants, as this could promote the development of capabilities
regarding agroecological practices to enhance the production, commercialization, and use

of vermicompost to improve agricultural productivity.
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ABSTRACT

Objective: to determine the main factors that explain the decrease in the real price of chicken meat for the
producers in Mexico during the period 1994-2021.

Design/ Methodology/Approach: an inverse supply function was used to determine the percentage change
in the price of chicken meat when the factors that determine this variable vary.

Results: it was proved that technological change was the main variable explaining the decrease in the price
of this white meat. Other factors, such as decrease in the price of competitive products and the inputs used as
feed for broilers, also favored price drop.

Study limitations/ Implications: a limitation of the study is that only Mexico’s domestic data were used.
Findings/Conclusions: a drop in the price of chicken meat to the producer in Mexico is explained by
the behavior of the factors that determine chicken meat supply in the period analyzed. Such factors were
technological development, as well as the decrease in the prices of the inputs used in production, and other
competitive goods, which explain price drop to the producer.

Keywords: chicken meat, price to the producer, technological change, inverse supply function, flexibility.

INTRODUCTION

The decrease in the price of chicken meat in Mexico in recent decades has contributed
to one of the main objectives of domestic economy policy, this is to keep the inflation rate
in single digits. According to Mexico’s Agrifood and Fisheries Information Service (SIAP,
2022), chicken, beef, pork and eggs had a 5% share in the National Consumer Price Index
in November 2022; which allow us to assume that the 26.3% decrease in the real price to
the producer of chicken meat that was experienced from 1994 to 2021 has caused also a
decrease in the real price of this meat to the consumer, thus reducing inflationary pressure
on the Mexican economy and increasing the overall purchasing power of Mexicans.

The decrease in the price of chicken meat brought benefits for consumers of this
meat, the first of which was a consumption increase. The Organization for Economic
Cooperation and Development (OCDE, 2018) states that in the last 40 years there has
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been an increase in the production and consumption of several types of meat, chicken
meat industry has been the most successful in this expansion. This agency adds that the
price of this meat is lower than that of other types of meat, so the evolution of the price of
chicken meat has been lower than the evolution experienced in the National Consumer
Price Index. If the prices of January 1990 are taken as reference, overall prices increased
1083% up to January 2016; whereas chicken unit price increased by 662%.

Due to the decrease in price, the amount of chicken meat consumed in Mexico
experienced growth in the same period, from 1.25 million tons (Megagrams, Mg) in 1994
to 4.48 million Mg in 2021; this means a growth of 258.5% in the period of analysis, with a
4.8% average annual growth. The consumption of chicken meat was supplied with national
production and imports. From 1994 to 2021, the amount of chicken meat produced in
Mexico increased 2.54 million Mg, from 1.1 to 3.7 million Mg produced in the cited period
(SIAP, 2024), this means a 225.8% growth rate and a 4.31% average annual growth.

The growth of chicken meat in recent years seems to indicate that the decrease in the
price of chicken meat is due to a growth in the supply of this industry, which would mean
a shift of the supply curve to the right, according to economic theory. Tomek & Kaiser
(2014) indicated that the supply of a good is a function of the price of the good, the price
of goods that compete for resources (competitive goods), the price of goods related to the
product under analysis, and technological development, among others. Therefore, in the
period 1994-2021 there are factors that increased the supply of chicken meat and explain
price drop of this meat.

To address the high consumption of chicken meat in Mexico, the objective of this
research was to determine the factors that explain the decrease in the real price of this
meat to the producer. In particular, considering the quantity of chicken meat produced,
the real price of balanced feed for broilers, the real price of pork meat to the producer, and
technological development. The main hypothesis considers that the real price of chicken
meat to the producer will be determined mainly, by technological development and by the
real price of the balanced feed used for chicken meat production.

MATERIALS AND METHODS

If we observe that consumption has increased, then demand is excluded as a factor
explaining price drop of chicken meat. Therefore, the decrease is due to the shift in the
supply curve, caused by the behavior of factors that affect supply, such as technological
change and the price of inputs used in feeding chicken. The model to determine those
factors that explain price drop in chicken meat is an inverse supply function that allows
determining the percentage of change in the price of chicken meat when the factors that
determine this variable vary.

To obtain the model, the following supply function is used:

QPCP, = f(PPCP,, PPCC,,PRAB,_,,CA,) (1)

where QPCP, is the quantity of carcass chicken produced in a year ¢ in Mg; PPCP, is the
real producer price of carcass chicken in year ¢ in Mexican pesos (MXN §) per Mg; PPCCt
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is the real price to the producer of carcass pork in year ¢ in MXN §$ Mg_l; PRAB,_ is the
real price of broilers feed in year ¢—1, in MXN § Mg_l; and (4, is the feed conversion in
year ¢, in g of carcass chicken per kg of balanced feed.

The model was formulated based on microeconomic theory, which stipulates that
changes in the quantity supplied of a product will be determined by A) observed changes
in its price; B) price of inputs; C) price of goods that compete with the targeted factors
of production; and D) technological development, which determines the efficiency of
production, therefore, its production costs (Tomek & Kaiser, 2014).

Then you get the QPCP differential:

PCP PCP PCP PCP
90PC: dPPCP+MdPPCC+MdPRAB+%dCA 2)

dQPCP = —=——
9PPCP 9PPCC dPRAB

and divide both members of the supply function by QPCP and multiply the four independent
variables of this function by PPCP/PPCP, PPCC/PPCC, PRAB/PRAB and CA/CA. So, the

resulting equation,

dQPCP _ dQPCP PPCP dPPCP + dQPCP PPCC dPPCC + dQPCP PRAB dPRAB
QPCP  dPPCP QPCP PPCP  dPPCC QPCP PPCC  0PRAB QPCP PRAB
dQPCP CA dCA
dCA QPCP CA

(3)

can be expressed in percentage terms (—) as follows:

QPCP =&, PPCP +¢, PPCC + &, PRAB +¢,CA ()

where (—) indicates percentage change of the variables of the model; €, is the proper price
elasticity of supply; €, is the cross-price elasticity of supply; &5 is the elasticity that relates
the quantity of chicken meat produced to the price of the balanced feed; and ¢, is the
elasticity that relates the supply of chicken meat and feed conversion and where ¢, £,>0;
y €&y y €3<0.

The inverse supply function can be obtained by expressing the price as a function of the
quantity supplied; this is:

— ] £ £ £, —
PPCP = +—QPCP — -2 PPCC — = PRAB — -~ C4 (5)
& € € &

Since,
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9QPCP PPCC

&, _ IPPCC QPCP _ 9PPCP PPCC _

e 0QPCP PPCP ~ 3PPCC PPCP
9PPCP QPCP

V2 (6)

and it is considered for the other independent variables that relations similar to the one

expressed by equation 6 can be obtained; Then, equation 5 can be expressed as follows:

PPCP = +y,QPCP +7y, PPCC +y, PRAB—y,CA (7)

wherey,,7,, 73 andy, measure the percentage change in PPCP when it varies by 1% QPCP,
PPCC, PRAB and CA4, respectively; and with the consideration of the sign of the elasticities,
then y, and y,>0 and y, and y;4<0.

Therefore, PPCP is expected to react directly to changes in PPCC, PRAB and QPCP;
and conversely with CA. This indicates that a decrease in QPCP, PPCC and PRAB would
drive the same effect as a shift of the supply curve to the right causing a decrease in the
price, and an increase in CA would have the same effect.

The information used in the model was obtained from the sources mentioned below.
Supply-related elasticities of chicken meat came from Nochebuena-Molina et al. (2023).
The growth rates shown in the model equation 7 were calculated using information
in the periods 1994-1996 and 2019-2021. From SIAP (2024) the quantity of carcass
chicken produced; the producer price of a Mg of chicken meat; the producer price of one
Mg of pork; and the producer prices of corn and soybeans were obtained. The values in
real terms were obtained by dividing the independent variable by the 2018 value of the
National Consumer Price Index, as it was reported by INEGI (2024).

The actual price of broiler feed (PRAB) was obtained as follows: A) the amount of corn
and soybeans used in the production of feed constitutes 92.4% of a Mg of balanced feed; B)
if the share of both inputs is established as 100%, it is obtained that corn constitutes 50.8%
of the balanced feed and soybeans have a participation of 49.2%; C) a weighted average of
the real producer prices of corn (PM,) and soybeans (PS,) was calculated to obtain the price
of the balanced feed, that is,

PRAB=(PM, *0.508)+(PS, *0.492)

The time series referring to feed conversion (CA), the variable used here to represent
technological development, was calculated as follows. A) The initial value for 1985
reported by Rigolin (2014) was used, this is 2.5 kg of balanced feed were necessary to
obtain one kg of chicken meat in carcass; B) the final value reported by the National
Union of Poultry Farmers (UNA, 2022) for 2021 was taken, where 1.75 kg of balanced
feed were necessary to obtain one kg of chicken meat in carcass; C) the decision to
use the indicator reported by the UNA (2022) as the final value was done because the
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indicator reported previously by Rigolin (2014) is updated every 10 years. D) for the
years between 1994 and 2021, the amount of balanced feed needed to obtain one kg of
chicken meat was estimated with the equation 8; E) if this rate is applied to the value
reported for 1985, the estimated value for 1986 is obtained, repeating the process until
the value reported by the UNA in 2022 is obtained; and finally F) in order to observe
whether technological development in the chicken meat industry has contributed to obtain
more meat from one kg of balanced feed, the inverse of what was previously obtained was
calculated, thus finding the amount of chicken meat in kg that is obtained from one kg of
balanced feed.

The formula to obtain the growth rates of the independent variables in the model was

as follows:

1/(n=1)
F
(V—) - 1) *100 (8)
Vi

where 7 is the growth rate, VF'is the final value, V7 is the initial value, and 7 is the number

of years in the time series.

RESULTS AND DISCUSSION

Table 1 presents the results of the model. Supply price flexibility measures the
percentage change in the price to the producer when a 1% change occurs in the quantity
supplied, ceteris paribus. This interpretation is similar for each independent variable used
in the model. The estimated flexibilities are also shown in Table 1. It can be observed that
the flexibility relating the price and supply of chicken meat was 5.26; this indicates that in
the event of a 1% increase in the quantity offered, the price of chicken meat will increase
by 5.26%; a response more than proportional to the unit increase in the quantity offered.
In the period under analysis, chicken meat supply experienced a growth of 107.9%, which
explains the partial growth of the price by 568.1%.

Table 1. Factors that explain the change in the price of chicken meat in Mexico.

Supply function Inverse supply function
QPCP={(PPCP) PPCP=f(QPCP)
Variable i i
Elasticit in(c]lhanrg:lil ne | Partial change | g g in(;hanxglz;nnt Partial change
astiaty epencie in QPCP exibraty epencie in PPCP
variable variable
PPCP 0.19 —13.1 -2.5 - - -
PPCC —0.48 -8.0 3.8 2.53 -8.0 —20.2
PRAB —0.21 -8.3 1.7 1.11 -8.3 -9.1
CA 3.79 27.7 104.9 —19.95 27.7 —551.9
QPCP - - - 5.26 107.9 568.1
Total change in PPCP - - - - - —13.1
Total change in QPCP - - 107.9 - - -
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As a competitive product, the flexibility that relates the producer price of chicken
meat with the producer price of pork was 2.53; This means a 1% increase in the real
price to the producer of pork will cause an increase of 2.53% in the real price of chicken
meat to the producer. Regarding the price of goods that compete for the use of resources
and according to information from SIAP (2024) and INEGI (2024), the real producer
price of pork in Mexico decreased by MXN $5359.25 Mg_1 between 1994 and 2021,
with a growth rate of 11.85% and an average annual decrease of 0.47%. This would
imply, according to economic theory, that at similar conditions of both supply and
demand, chicken meat production is more competitive than that of pork meat, since the
decrease experienced in the chicken meat industry was greater than that experienced in
the pork industry.

The flexibility corresponding to the real price of balanced feed was 1.11, which caused
a positive response in the price of chicken meat. This is, facing a 1% increase in the price
of balanced broilers feed, the price of chicken meat will increase by 1.11%; That is a more
than proportional response to the increase in the price of balanced feed. In relation to
the price of feeds used for livestock feed such as corn and soybeans, the Organization
for Economic Cooperation and Development-OECD (OCDE, 2018) stated that balanced
feed for broilers is a mixture of corn (which provides energy), soybeans (which provides
protein), oils, fats, supplements and vitamins. Nochebuena-Molina ¢t al. (2023) indicated
that one Megagram of balanced feed for broilers contains 469 kg of corn and 459.91 kg of
soybeans (jointly supplying 92.4% of total inputs).

As a technological variable, feed conversion presented a flexibility of —19.95, which
means that, in the event of a 1% increase in this indicator, the price of chicken meat will
decrease by 19.95%. This inverse effect of the technological variable (feed conversion)
on the price of chicken meat is the most determining to the price of chicken meat in
Mexico. Innovation by market participants can provide a number of desirable outcomes,
such as increased production efficiency that can lead to decreased costs, improvements
in product quality, a greater variety of products, and improvements in product safety
(OECD, 2016).

In regard to technological change, Barbut (2015) stated that the decrease in chicken
meat prices has its origin in improvements on genetics, health, breeding and processing.
The selection of more efficient breeds in terms of meat production has resulted in better
feed efficiency (i.e. the amount of balanced feed needed to obtain one kg of meat). In 1925
this index was 4.7, whereas in 2010 it was 1.92; which means that using balance feed
promoted a more efficient use of resources, decreasing production costs in the chicken
meat industry, so making it more competitive.

The value of the flexibilities and the growth rate of the independent variables allow
us to analyze what has been the factor that explains the decrease observed in the price,
which during the period of analysis was —13.1%. The independent variables QPCP,
PPCC, PRAB and CA showed a growth of 107.9, —8.0, —8.27 and 27.7% in the period
1994/96-2019/21. The decrease in the producer price of pork made the production of
this meat less profitable and the resources were then channeled to chicken meat. In such

a way that the fall in PPCG caused a 3.8% growth in chicken meat production, causing



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/f5tk5h27 177

a price drop of —20.2% in the price of chicken meat to the producer, that made it more
competitive.

The decrease in the PRAB caused the production costs of chicken meat to decrease,
which stimulated its production by 1.7% and a —9.1% drop in the price of chicken meat.
Finally, the increase in CA caused a better use of balanced feed, thus reducing production
costs in the chicken meat industry, which stimulated its production by 104.9%. Such
an increase in supply caused a —551.9% decrease in the price of chicken meat. These
data indicate that the behavior of the variables PPCC, PRAB and CA determined price
drop of chicken meat, and that the most determining variable in the behavior of this
price was feed conversion. To what was mentioned above, Barbut (2015) added that
those improvements in breeding and processing, in combination with innovation in the
primary processing sector of chicken industry, and in the agricultural sector have led to
an overall decrease in the price consumers pay for a unit of chicken meat.

In the absence of studies that analyze the effect of technological development on the
prices of agricultural products and, especially, on the chicken meat market, the results
are compared with what is stipulated by economic theory. As Tomek and Kaiser (2014)
stated, in a given market, constant technological development causes the supply function
to shift to the right, and if the supply of the analyzed good increases faster than demand,
then the price of the product will decrease. If this occurs over time, the trend in the prices
of a given product will be downward. Salvatore (2009) established that, if a production
process presents a technological improvement that reduces production costs, the supply
curve will shift downwards; this is, towards an increase in supply and a decrease in the
price of the product.

In 2022, the OECD joined with the Food and Agriculture Organization of the United
Nations (FAO), indicated that it is expected an increase between 12 and 13% in chicken meat
production in Mexico from 2022 to 2031. This increment would be promoted by a rising
demand and a favorable meat-forage price ratio compared to other meats, in response to
technological development in animal health, feeding practices and genetics. Regarding the
consumption of this type of meat in the country, OECD-FAO expect the above mentioned
increase, due to the tendency to consume more white meat because of ease in preparation
and a perception of being a better food option. In turn, these perceptions are coupled
with the fact that the prices of chicken meat are lower than those of other types of meat.
Regarding prices, OECD-FAO stated that the world reference price of chicken meat, after
experiencing an increase in 2021, shall resume a downward trend, and it will continue so
in real terms until 2031.

Regarding technological change, OECD-FAO (OCDE-FAO, 2022) projected an
improvement in the forage to meat conversion rate in those countries that have this rate
set at 1.75 (similar to that of Mexico), where this rate is expected to decrease by 0.05% per
year until 2031. The United States Department of Agriculture (USDA, 2022) projected
that global chicken meat consumption will increase by 16.7% from 2023 to 2031, driven
by an increase in the population of developing countries and an increase in population
income. This Agency expects Mexico’s poultry production to grow during the 2023-2031
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period at a slower rate than consumption, which would cause an increase in chicken meat
imports in order to meet demand. As for prices, the Agency established that the nominal
prices of chicken meat products will show an upward trend until 2031; but, it will depend
on inflation if real prices increase or decrease.

Derived from the above, it 1s proposed that those Mexican policies that stimulate the
development and acquisition of chicken breeds with a higher feed conversion rate would
be the best instruments to face the challenge of the constant increase in demand for

chicken meat.

CONCLUSIONS

The increase in the supply of chicken meat was greater than the increase in demand
during the period 1994 to 2021 because of technological development. The inverse effect
of the technological variable caused the decrease in the price of chicken meat to the
producer. Due to this decrease in the real price of chicken meat to the producer, the activity
remained profitable, because of the observed decrease in the total cost of production. The
behavior of the factors that explain the supply of chicken meat in the period analyzed were
determinants to price drop.

The decrease in the prices of the competitive good evaluated and the inputs used as
feed for broilers, as well as the technological change (an improved feed conversion rate)
explained the drop in the price of chicken meat to the producer. Those positive effects of
free trade could be nullified in the near future if global economics would determine an
increase in the price of inputs used for feeding broilers, or a change in the price of goods
that compete with the chicken industry. If that were the case, the price of chicken meat
would eventually be increased.
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ABSTRACT

Objective: To identify Cryptosporidium spp. in water tanks and ponds of dairy farms from the Comarca
Lagunera.

Design/Methodology/Approach: The experiment was carried out in dairy farms from the Comarca
Lagunera, a region that extends on both sides of the border between the states of Coahuila and Durango,
Mexico. Water samples from 36 open-air ponds (with or without polyethylene covers) and four stainless-steel
tanks were analyzed using a modified version of the conventional Zichl-Neelsen method. In addition, n=28
feces samples were taken from 10 dairy farms.

Results: The modified Ziehl-Neelsen method was used to identify Cryptosporidium spp. in five water samples
(12.5%) out of the 33 samples taken from open-air ponds without a polyethylene cover. Cryptosporidium spp. was
not detected in the 28 remaining water samples (84.9%). In addition, the parasite was not detected either in the
three water samples from open-air ponds with a polyethylene cover or in the four samples from the stainless-
steel tanks. Meanwhile, Cryptosporidium spp. was found in 57% of the 28 feces samples.
Limitations/Implications: Molecular studies should be carried out to identify the Cryptosporidium species
found.

Findings/Conclusions: The parasite in question was detected in some open-air ponds of the dairy farms
under study using the conventional diagnosis method. Future research should include an analysis to determine
if the species found are zoonotic, in order to prevent potential diseases among humans and animals.

Keywords: Zoonoses, Protozoan, Cattle, Mexico.

INTRODUCTION

Cattle production has a worldwide impact: millions of families work in dairy production.
In addition, it provides food security to countries and households and it is a major source
of income (FAO, 2023). The domestication of cattle took place about 10,000 years ago,
providing humankind with a survival and development alternative. Furthermore, the fast
development of technology has transformed dairy production into one of the main food
industries (Silanikove et al., 2015).

The five countries with the highest dairy production are India, USA, China, Pakistan,
and Brazil (FAO, 2023). For its part, Mexico holds the eighth place among worldwide
producers. Meanwhile, the Mexican states of Jalisco, Coahuila, Durango, and Chihuahua


mailto:jesflor13@gmail.com

AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/wtfytal2 182

account for 50% of the total domestic production (SIAP, 2023). In northern Mexico,
parts of Coahuila and Durango make up an area called Comarca Lagunera. This region
is one of the main producers in the country. The arid climate and scarce precipitation of
the dairy basin result in a high production. In addition, the intensive production systems
of the area are highly technified —from automatic milking systems to milking handling
preserving cold chain conditions—, enabling their growth and development (Gallegos-
Daniel et al., 2023).

From the epidemiological point of view, zoonotic diseases have a major impact on
domestic animals. These diseases can be transmitted to humans directly or through
fomites and they can be transmitted or propagated through water (Thompson et al.,
2016). Bacteria, viruses, and protozoa are three etiological agents that cause waterborne
diseases. Protozoa are the less regulated agent, because conventional water treatments do
not tackle their cystic form. Cryptosporidium spp. is included in this group. This parasite
causes cryptosporidiosis, an emergent disease identified by the American authorities
in 1993, after an outbreak that took hundreds of human lives in Milwaukee, Wisconsin
(Doménech, 2013).

Studies about water in the Comarca Lagunera region are scarce and, consequently, no
information about water pollution related to Cryptosporidium spp. is available. Therefore, this
study proposed that water ponds and tanks that supply water to calves have Cryptosporidium
spp. oocysts. Consequently, identifying the cryptosporidia in water is fundamental to

determine if it is a source of transmission in dairy herds.

MATERIALS AND METHODS

The study was carried out in September 2021 and May 2023 in the Comarca Lagunera.
This region is located in both sides of the border between the states of Coahuila and
Durango (25° 33’ 00” N and 10° 26° 00” W).

Water samples from open-air ponds of 40 regional dairy farms were analyzed. The
samples were taken from September to November 2021. Each 4 L sample was taken
from the opposite side of the water inlet. A layer of organic matter was identified at the
pond’s edge. It was carefully removed to take a water sample from the area. Previously
disinfected plastic containers were used for the sampling. These containers were placed
at =4 °C in a cooler and taken to the lab. The water sample information included if they
were taken from a pond covered with oilcloth or polyethylene covers or if the tank had
a concrete bottom. Water samples from farms without a water pond were collected from
stainless-steel tanks.

Water sample analysis

The samples were allowed to settle for 24 h at room temperature in the Unidad de
Diagnéstico Veterinario lab of the Universidad Auténoma Agraria Antonio Narro -
Unidad Laguna. Afterwards, a pump was used to suck the supernatant and then it was
sieved with a .0017 inches (#325) test sieve. Approximately 80 ml of sediment were finally
recovered. Subsequently, the recovered sediment was centrifuged at 2,500 xg for 10

minutes, in 10 ml tubes with screw tops. The supernatant was sucked and the sediment
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was suspended in a 2.5% potassium dichromate solution (5:1 ratio). Afterwards, the water
samples were centrifuged again at 2,500 xg for 10 minutes. A 2 ml aliquot was taken
from each sample and was placed in 2.5 ml microcentrifuge tubes for their analysis. The
solution rested for 1 h. Subsequently, 50 uL. were taken from the bottom of the tubes
and were placed in a microscope slide. The samples were air dried and stained with the
modified Ziehl-Neelsen method (mZN) (Garcia ¢t al., 1983). A Coplin staining jar was
used to filter carbol fuchsin, before the slides were treated for 30 minutes. Afterwards,
they were washed with running water and immersed in acid-alcohol-resistant for 10
seconds. Subsequently, they were washed with running water and immersed in methylene
blue for five minutes. Finally, they were again washed with running water and air-dried.
Once they were dried, the slides were treated with xylol and placed in coverslips. Light
microscopy with a 40x magnifying glass was used to visualize the samples, comparing
the shape, size, and redness of oocysts of a positive control previously identified in a cow

feces sample.

Collection and analysis of feces samples

In addition to the water samples collected in the area, feces samples were taken
from 28 calves (1-20 days old). The handing of the calves used in this complied with
the technical specifications for the production, care, and use of animals in the lab
(SAGARPA, 2001). A bottle labelled with the name of the farm, earing cattle number,
and date of birth of the calves was used to collect the feces sample. The samples were
kept in a cooler (2-8 °C).

Two grams of the feces from each sample were placed on a microscope slide. The
material was used to carry out an extension. Subsequently, the samples were air-dried and
stained with the modified Ziehl-Neelsen method (mZN) (Garcia et al., 1983). A Coplin
staining jar was used to filter carbol fuchsin, before the slides were treated for 30 minutes.
Afterwards, they were washed with running water and immersed in acid-alcohol-resistant
for 10 seconds. Subsequently, they were washed with running water and immersed in
methylene blue for five minutes. Finally, they were again washed with running water and
air-dried. Once they were dried, the slides were treated with xylol and placed in coverslips.
Light microscopy with a 40x magnifying glass was used to visualize the samples, comparing
the shape, size, and redness of oocysts of a positive control previously identified in a cow

feces sample.

Data analysis

Descriptive statistics were used to analyze the positive and negative values of samples
obtained from water ponds, water tanks, and feces that recorded a positive result with the
modified Ziehl-Neelsen method. Inferential statistics were used to establish the relationship
between water storage conditions (open or closed water tank or pond, with or without a
polyethylene cover, or with a concrete bottom) and the positive and negative results of the
feces samples subjected to a water analysis. The Chi-Square test (XQ) was used to calculate
the ratio between the categorical variables, using the InfoStat-Statistical Software (2020).
The significance level was P<0.05.
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RESULTS AND DISCUSSION

Cryptosporidium spp. was found in five samples (12%) in tanks without covers. These
samples were part of the 36 samples taken from water ponds with and without polyethylene
covers (Table 1). Meanwhile, no oocysts were found in four samples taken from water
tanks.

A total of 28 feces samples were taken from 10 dairy farms. Cryptosporidium spp. was
found in 16 samples (57%) from nine dairy farms: seven samples (25%) from five dairy farms
were positive for Cryptosporidium spp. in water; and nine samples (32%) from four dairy
farms, were negative in water. In addition, the remaining 12 samples tested negative for

Cryptosporidium spp. (Table 2).

Number of samples examined (n=28) Number of positive samples

Using the staining method of the mZN, this study found Cryptosporidium spp. in the
open-air ponds of five dairy farms (12.5%). No oocysts were found in dairy farms with
closed water storage systems, such as stainless-steel tanks. These closed systems are less
likely to be polluted by Cryptosporidium spp. oocysts from the environment, because they
are protected from winds, wildlife (such as waterfowl and landbirds), and insects that could
carry oocysts to dairy farm water sources (Aberg et al., 2020). According to Wu et al. (2020),
Cryptosporidium spp. is a single-cell protozoan parasite that causes gastroenteritis to humans
and animals. For their part, Zhou et al. (2003) pointed out that water is a reservoir for
Cryptosporidium spp. and other microorganisms.

The 36 water samples subjected to the mZN were divided into two groups: samples
from water ponds with polyethylene covers and samples from water tanks with a concrete
bottom and without polyethylene covers. The plastic infrastructure of the tanks of three

Table 1. Cryptosporidium spp. found in water samples. Five out of 40 samples recorded a positive
diagnosis using the modified Ziehl-Neelsen method. They accounted for 12.5% of the total.
Significance: P<0.05.

Water Sampl((:ls::(z)l)mi ned Positive samples p-value
Tank 4 0
Pond 36 5 (12.5%) 0.4396
Pond with cover 3 0 0.4824
Pond without cover 33 5 (15.1%)

Table 2. Cryptosporidium spp. found in feces samples. Sixteen out of 28 samples recorded a positive
diagnosis using the modified Ziehl-Neelsen method. They accounted for 57% of the total. Significance:

P<0.05.
Feces Samples examined sam.p.les —
(n=28) positive
Five stablt?s were pos.mve for 14 7 (25% 0.4450
Cryptosporidium spp. in the water
Five stabl(?s were negatlve for 14 9 (32%
Cryptosporidium spp. in the water
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dairy farms recorded negative results. Eighty-six percent of the negative samples were
from dairy farms with tanks without coating. These results are the consequence of the
periodical preventive management of the pond, the biosecurity measures followed to
prevent diseases in the farms, and the disease treatment protocols applied to the animals
(Cleere et al., 2017).

Meanwhile, the mZN was used for a presumptive cryptosporidiosis diagnosis of neonatal
animals. The results indicated a total prevalence of 57%. Out of this total, 32% of the feces
samples from dairy farms tested positive to Cryptosporidium spp., although, according to the
mZN, the protozoa were not found in water. In the case of these dairy farms where the
parasite was found in the feces but not in their water sources, the animals could have been
infected by direct fecal-oral transmission, bad husbandry practices, or housing animals of
different ages in the same stables (Agrawal et al., 2023). Nevertheless, 25% of the positive
feces samples came from dairy farms where, according to the mZN, Cryptosporidium spp.
was present in their water sources. Therefore, the animals were probably infected by water
from polluted ponds; however, water is not the only source of transmission of oocysts and
the subsequent infection (Ikiroma and Pollock, 2021).

Cryptosporidium spp. are commonly found in calves at an early age. This study was
carried out in ten different dairy farms, with 20 days old animals (Diaz e al., 2004).
Although the samples were not taken in the same day, this study confirmed the presence of
the causative agent of cryptosporidiosis (Qi et al., 2020).

CONCLUSIONS

Cryptosporidium spp. has a worldwide distribution and impacts a large number of species.
Using a modified version of the Ziehl-Neelsen method, this study detected its presence in
water samples from ponds and tanks where calves drink. Future research should identify
the Cryptosporidium species found in the Comarca Lagunera to determine if they are
zoonotic or not. This protozoan causes major economic losses and pollutes groundwater,
consequently infecting the human population. In addition, dairy farms should implement

a plan to prevent this infection.
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ABSTRACT

Objective: To analyze the differences between the regulatory frameworks of the European Union and Mexico
in terms of aquatic animal protection and welfare, in order to propose improvements in Mexican legislation.
Design/methodology/approach: Comparative study of legislative frameworks, the European Union
regulatory framework on animal welfare, the current situation of Mexican regulations and the identification of
gaps and areas of opportunity.

Results: The European Union has a comprehensive legislative framework that includes the regulation of
animal husbandry, animal experimentation and transport, as well as aquatic organisms. Mexico has significant
deficiencies, i.e., the absence of a General Animal Welfare Law and a clear lack of specific regulation for
aquatic animals.

Limitations on study/implications: There is no general animal welfare law for Mexico; therefore,
improvements are proposed in consideration of the European Union’s regulatory framework.

Keywords: Aquatic animals, legislation, bioethics, Mexico, European Union.

INTRODUCTION

Animal abuse in Mexico is not a sporadic or uncommon phenomenon. According to
Giles Navarro (2023), the problem of animal abuse is much bigger than what can be seen
through the cases documented in social networks. Mexico ranks first in Latin America
in animal abuse and third worldwide (Berlanga, 2021). Also according to Berlanga
(2021) between 2019 and 2020, 2,490 complaints were received for animal mistreatment,
however, only 101 aggressors were linked to process and 18 sentences were issued for this
crime, while only fourteen aggressors had as a penalty the deprivation of their freedom
in the whole country so it is estimated that the punishment rate for animal mistreatment
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in Mexico is less than 0.01%. The above figures are practically originated by situations in
which the welfare of companion and wild animals is compromised, without considering
experimental animals or animals used in livestock production and aquaculture. If these
were taken into account, the figures would surely increase to much higher levels.

The concept of “animal welfare”, defined by the World Organization for Animal Health
as “the physical and mental state of an animal in relation to the conditions in which it lives
and dies”, has been included in numerous national and international regulations; thus,
Article 13 of the Treaty on the Functioning of the European Union states that animals are
sentient beings “when formulating and implementing the Union’s policies on agriculture,
fisheries, transport, internal market, research and technological development and space...”.

In relation to animal experimentation, according to Serra Palao (2021), mentioning
Kolar (2006 and 2015) and Leyton (2010), this practice is carried out under five main
areas: basic research, research for biomedical and pharmaceutical purposes, for industrial
and commercial purposes, for educational purposes and finally, in the military field.
In the case of research aimed at developing or improving production capacities within
the agricultural field (in which aquaculture production could be included), this can be
included within the “commercial” field. Serra Palao mentions that in the European Union
alone, in 2020, nine million animals were used for experimentation. In the Report from
the Commission to the European Parliament and the Council (Report 2019 on statistics on
the use of animals for scientific purposes in the Member States of the European Union in
2015-2017; CGomisién Europea, 2020) and which is cited by the same author, the number
of animals subjected to experimentation is counted. In the case of aquatic organisms, it is
established that for zebrafish, Danio rerio, and “other fish” (without defining species) a total
of 3,799,499 individuals subjected to experimentation 1s accumulated. This figure is the
highest of all reported species and is only below the corresponding number for mice, which
15 17,408,496. Another aquatic species reported are cephalopods with individuals subjected
to experimentation totaling 25,260. In this same report, the term “animal welfare” is
mentioned in relation to the protection of the natural environment in the interest of the
health or welfare of humans or animals and the preservation of species. Furthermore, in
relation to the reuse of the total number of animals used in experimental procedures, based
on the principle of the three Rs, mentioning that it is only allowed considering the actual
level of severity experienced by the animal and its health and welfare.

In the case of Mexico, Frias-Alvarez and Ortiz-Milldn (2024) focused on calculating the
total number of animals used for these purposes from January 2015 to October 2021, based
on data requested from the National Institute for Transparency, Access to Information
and Protection of Personal Data (INAI). Authorized laboratory animal facilities reportedly
used 5,437,263 animals in this period. However, the authors caution that these data
should be taken with caution due to the absence of an official registry that includes all
Mexican institutions that use animals for these purposes. The research revealed the use
of a wide range of species from different taxonomic groups, including mammals, birds,
reptiles, amphibians, fish and invertebrates. The main purposes of use of these animals
included technological development, innovation, laboratory testing, biological production,

quality control, diagnostic purposes, basic and applied research, and education. Specific



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/pmpz3p47 189

mention is made of the use of invertebrates in aquaculture research. A total of 185,903,422
invertebrates were reported to have been used for this purpose in the six-year period
analyzed. Institutions reporting the use of invertebrate animals for aquaculture research
purposes included universities, research centers and specialized aquaculture institutes.
The document indicates that fish are the second most used group of animals for scientific
purposes in Mexico, with a notable increase in their use compared to other species or
animal groups. This increase can be attributed to the expansion of aquaculture research
and the development of the home aquarium industry. In particular, zebrafish have been
widely used as a model in aquatic ecotoxicology studies.

For aquatic animals subjected to experimentation and aquaculture production, the
interest in minimizing conditions of mistreatment that can lead to stress and suffering is
practically null in many countries, including Mexico. This may be due to the popular belief
that aquatic animals (crustaceans, fish, mollusks) do not perceive pain as mammals do.
Aréchiga-Palomera et al. (2023) mention that the debate on whether fish can experience
pain has been the subject of discussion in the scientific community for the last two decades.
Some scientists argue that fish cannot feel pain due to the lack of a cerebral cortex,
which they claim is necessary to experience pain. They claim that pain is a subjective
experience that requires a conceptual psychological subject, which is not the case for fish.
However, other scientists argue that fish can experience pain. They rely on the presence of
nociceptive pathways in the nervous systems of fish, which are similar to those of mammals.
These pathways are related to the detection of noxious stimuli and trigger behavioral and
physiological responses in fish. In addition, the structure and function of the nervous
system are broadly similar to those of terrestrial vertebrates, with a central nervous system,
consisting of a brain and spinal cord, connected to the sensory organs and muscles by a
peripheral nervous system. In general, the sensory organs of fish are remarkably similar
in structure and function to those of terrestrial vertebrates, as is the endocrine system,
including hormones involved in stress responses (Huntingford and Kadri, 2014). The
debate about pain in fish (and other aquatic animals) has implications for the aquaculture
and fisheries industry as it relates to animal welfare and ethical issues. This debate can even
have epistemological-ethical implications, as can be seen in the work of Henriquez and
Pradenas (2022), which discusses the “sentient” capacity of fish and how the acceptance, or
not, of this quality could grant a moral status to these animals or, on the contrary, maintain
a position in which they are beings without the capacity to experience pain and therefore
alien or removed from any legal proposal to guarantee their welfare. Some scientific
journals require authorization from animal welfare committees for research involving
animals. Although anesthetics are being used to minimize pain in aquatic animal research
and handling practices, the debate on whether they can experience pain continues, despite
the fact that there is already scientific evidence to prove it.

Celaya-Tentori and Almaraz-Alvarado (2018) mention that the regulatory dynamics,
in relation to aquaculture in Mexico, have not kept pace with global demands, and
intermittent progress is observed in aquaculture policy instruments, as well as a limited
vision in terms of the aquaculture-biotechnology binomial, qualifying this as diffuse and

lacking long-term strategies for subregions and species. The authors address the evolution
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of aquaculture regulations, highlighting their importance in the global context and pointing
out the specific challenges faced by Mexico in this area. In this study it is worth noting that,
although the regulations are approached from a historical viewpoint, terms that could
allude to animal welfare or protocols that minimize suffering in the handling or slaughter
of cultured organisms are not included. The focus is only on regulations, highlighting their
importance in the global context and pointing out the challenges faced by Mexico in this
area. This is contradictory to say the least, since this country is a member of the World
Organization for Animal Health (OIE) organization that among its main concerns and
actions are to ensure animal welfare and that has specifically created international standards
for farmed fish that, in our experience, are not applied in Mexico. In contrast, Spain,
also a signatory to the OIE conventions, apparently does have a regulatory framework
that should be applied in the management of farmed fish and other species, through the
legislation adopted by the European Union (EU) as a whole. Title 7 of the OIE Aquatic
Animal Health Code specifically addresses the welfare of farmed fish and includes aspects
of transport, stunning and slaughter. However, it does not address protocols to prevent
suffering during the different phases of culture, so welfare is limited to the aspects outlined
above. The following regulations stand out: Law 32/2007, of November 7, for the care of
animals, in their exploitation, transport, experimentation and slaughter and Royal Decree
1614/2008, of October 3, regarding animal health requirements for aquaculture animals
and products, as well as the prevention and control of certain aquatic animal diseases.
Based on the above scenario, the objective of this study is to establish the existing
legal universe in Mexico, in relation to the animal welfare of aquatic animals subjected to
experimentation and aquaculture production, in comparison with that existing in the EU,
with the intention of establishing the weaknesses, possible coincidences and opportunities

to improve the former based on the experience of the latter.

MATERIALS AND METHODS

An exhaustive database search was conducted to identify relevant documents on animal
protection and welfare in the European Union (EU) and Mexico. In the case of the EU,
documents were selected from a broad legislative framework aimed at promoting and
protecting animal welfare in areas such as animal husbandry, experimentation, transport
and companion animal husbandry. The European regulations reviewed included Directive
2010/63/EU, Regulation (EC) No. 1099/2009, Directive 2006/88/EC., Decision 2008/392/
EC and Directive 2013/35/EU, all obtained from the Official Journal of the European
Union. In addition, Law 7/2023, consulted in the Spanish Official Gazette, was included.

For the context in Mexico, the regulations available in the Official Journal of the
Federation were reviewed, given that there is currently no General Animal Welfare Law
(despite being proposed and approved, it remains pending enactment). The documents
analyzed in the Mexican framework were the General Law of Ecological Equilibrium and
Environmental Protection (LGEEPA), the Mexican Official Norm NOM-062-Z0O0-1999
and the General Law of Sustainable Fisheries and Aquaculture. A comparative analysis
between the European Union (EU) and Mexico was carried out to identify gaps and key

areas in Mexico’s regulatory framework with respect to animal welfare and protection.
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RESULTS AND DISCUSSION
European Union

The European Union (EU) has specific regulations on aquatic animal experimentation
in the context of scientific research. The main regulation addressing this issue is Directive
2010/63/EU of the European Parliament and of the Council, which establishes rules for the
protection of animals used for scientific purposes. Although this Directive focuses primarily
on terrestrial animal experimentation, it also includes specific provisions for the protection
of aquatic animals used in research (Table 1). The key aspects related to aquatic animal
testing in Directive 2010/63/EU are summarized below:

1. Definition of aquatic animals: The Directive defines “aquatic animals” as vertebrates
and cephalopods, such as fish and octopuses, involved in research.

2. Authorization and ethical evaluation: Experiments with aquatic animals must be
authorized and evaluated by ethical committees, which guarantee ethical practices
and minimization of suffering.

3. The “3R” principle: The Directive encourages the reduction, refinement and
replacement of animals in experimentation, to reduce their use and suffering, and to
promote alternatives.

4. Animal welfare standards: Establishes appropriate housing, care, feeding and
humane euthanasia conditions for experimental animals.

5. Annual reporting and transparency: Member states must submit annual reports on

the use of animals in research to promote transparency.

It is clear that Directive 2010/63/EU seeks to balance scientific research with the
welfare of experimental animals, terrestrial or aquatic. In addition, Regulation (EC) No.
1099/2009, on the protection of animals at the time of killing, includes fish as part of the
vertebrate animals that should be subject to separate rules in relation to the rest, terrestrial,
without further elaborating on the possible protocols that could be used. Obviously, there
is no mention of aquatic animals when used for experimental purposes and euthanasia or
slaughter procedures.

More specifically, Council Directive 2006/88/EC, which deals with animal health
requirements for animals and the prevention and control of certain diseases in aquatic
animals, focuses on animal health and safety issues in aquaculture. Although its main
objective is to protect the health of aquatic animals and to prevent and control diseases, the
directive does not directly address animal welfare. However, per se, “protecting health” is
already an element that is directly related to animal welfare. While animal welfare is an
issue related to the way aquatic animals are reared, handled and transported, Directive
2006/88/EC does not focus on specific aspects of welfare, such as the space available for the
animals, their living conditions, their handling or their slaughter.

Mexico
There is no animal welfare law in Mexico. In 2016, the first attempt was made to present

a legislative initiative in the Chamber of Deputies to approve a General Animal Welfare
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Table 1. Animal Protection and Welfare Regulations in the European Union: approach and role.

Name of Standard

Approach

Role

Directive 2010/63/EU on the
protection of animals used for
scientific purposes

Regulation of the use
of animals in scientific
research

Protect animals used in scientific research
and promote alternative methods to
reduce their use.

Regulation (EC) No. 1099/2009
on the protection of animals at
slaughter

Animal welfare standards
during slaughter

Ensure animal welfare during slaughter
through humane practices and adequate
training of personnel.

Directive 2006/88/EC on
animal health requirements for
aquaculture animals

Aquaculture sanitary
control and disease
prevention

To protect the health of aquatic animals
and prevent the spread of diseases in
aquaculture.

Decision 2008/392/EC on
arrangements for Internet-based
information on aquaculture
enterprises

Transparency in the
aquaculture industry

Provide transparency and accessibility to
information on aquaculture production
companies and control of authorized
processing establishments.

Directive 2013/35/EU on the
protection of animals in scientific
procedures.

Animal welfare in
scientific research

To ensure a high level of protection
and welfare for animals in scientific
procedures, also promoting innovation.

Law 7/2023 on the protection of
the rights and welfare of animals.

Recognition of animal
dignity in society

Recognize the dignity of animals as living
beings and regulate behavior towards
them in coexistence, without considering

them merely as elements of economic
activity.

Law in Mexico. Apparently, pressures from bullfighting and fighting cocks businessmen,
as well as livestock producers, for perceiving damage to their interests, did not favor its
approval. This prevents the homologation of state laws, which are very different. Recently,
the Mexican Senate approved a reform aimed at guaranteeing the protection, proper
treatment, conservation and care of animals. The initiative has already been approved
at the federal level and is now under review by state congresses for analysis and eventual
ratification, with the aim of granting it constitutional status. The proposal contemplates
amendments to several articles of the Constitution and establishes that the Congress will
have the power to issue the General Law on Animal Welfare, Care and Protection. The
proposed reforms to the constitutional articles are so that study plans and programs must
include the care and protection of animals (article 3), prohibit animal mistreatment and
guarantee their protection by the State (article 4) and empower the Congress toissue a general
law for the protection of animals (article 73). With the required ratification by a majority of
state congresses completed, the reform is now on track to attain constitutional status upon
its official promulgation. Subsequently, it will be necessary to develop secondary laws to
complement these regulations and ensure the comprehensive implementation of animal
welfare. However, laws require a regulatory framework that allows their application, and
in this sense, aquatic animals for experimentation and cultivation should be included as
subjects to be considered for their protection. This would mean modifying the perception
of these animals as non-sentient and of little interest to the general population.

At present, the regulations that address animal welfare issues in Mexico are included,

in an almost diluted manner, in various Official Standards and laws, which mention the
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subject but do not cover all the required aspects, much less all the animal species that could
be subject to habitual mistreatment.

The General Law of Ecological Balance and Environmental Protection (LGEEPA) in
Mexico has an important component related to animal welfare. In 2019, this law was
amended to include specific provisions related to animal protection and welfare. The
reforms to the LGEEPA in 2019 created a stronger legal framework for the protection
of animals in the country. The LGEEPA includes key points on animal welfare, such as
the prohibition of mistreatment and cruelty, the regulation of animal experimentation
practices, and the imposition of sanctions for those who fail to comply with these provisions
(Table 2).

These reforms to the LGEEPA also recognize the importance of animal welfare in
relation to ecological balance and environmental protection, since cruelty to animals can
have a negative impact on ecosystems and the quality of life of animals. This inclusion in
the LGEEPA apparently reflects Mexico’s commitment to the promotion of animal welfare
and protection within the framework of its environmental and ecological policy. However,
in the absence of a General Animal Welfare Law, its scope is limited and does not cover
the entire scenario that should be addressed. The fundamental principles established in
this law include providing animals with water, food, an adequate environment for their rest
and movement, preventive medical care and treatment when necessary, as well as allowing
them to express their natural behavior and ensuring species-appropriate care conditions.

The following paragraphs of this law state that the Federal Government of Mexico is
responsible for establishing official standards that define the basic principles of dignified
and respectful treatment of animals, addressing aspects such as their capture, captivity,
commercialization, quarantine, training, exhibition, exploitation, transport and slaughter.

It also has the task of supervising compliance with these standards. However, it does not

Table 2. Animal Protection and Welfare Regulations in Mexico: approach and role.

Role

Name of Standard Approach

Establish federal and homogeneous coverage

. . . for the protection of animals, prohibit
General Animal Welfare Law | Animal protection and . P » bro .

: . mistreatment and guarantee the inclusion
(proposed) welfare in Mexico.

of animal welfare in educational plans and
programs.

Prohibit animal abuse, regulate

General Law of Ecological . . . .
& experimentation and establish sanctions for

Protection of animals

Equ.lhbrlum and . and the ecological non-compliance. Promotes the relationship
Environmental Protection . . .
environment. between animal welfare and ecological
(LGEEPA)
balance.
Establish standards for housing, care,
Mexican Official Standard Laboratory animal ethical handling and humane euthanasia

NOM-062-ZO0-1999

welfare.

of laboratory animals. Requires training of
personnel and ethics committees.

General Law for Sustainable
Fisheries and Aquaculture

Sustainability and animal
welfare in aquaculture
and fisheries.

Promotes sustainable aquaculture
development, regulates practices for the
health of aquatic organisms and encourages
ethical practices in captivity. Includes habitat
conservation.
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report on the mechanisms or protocols that should be implemented to guarantee the above,
nor the government agencies that should be involved to achieve such objectives.

The Federal Attorney’s Office for Environmental Protection (PROFEPA) is the
government institution in charge of supervising and enforcing laws and regulations related
to the environment and the protection of fauna in Mexico and plays a fundamental role in
the supervision and promotion of animal welfare (Table 2). However, its primary work is
oriented towards wild animals in captivity, zoos, breeders, animal entertainment centers,
among others. Therefore, its incidence in the scenario of aquatic animals in experimentation
or production is practically null.

Regarding the handling of laboratory animals for experimentation, Mexican Official
Standard NOM-062-Z0O0-1999 establishes the technical requirements and specifications
for the production, care and use of laboratory animals in Mexico (Table 2). This standard
regulates facilities and housing conditions for laboratory animals, ensuring adequate
standards of ventilation, lighting, temperature and humidity. It also establishes guidelines
for care and maintenance, such as feeding, hygiene, disease prevention and requirements
for personnel in charge. In terms of welfare, it dictates ethical guidelines for handling
animals, reducing their stress and pain, and regulates humane euthanasia when necessary.
In addition, it requires detailed documentation of all activities and specifies personnel
training, as well as the creation of ethics committees for the evaluation of research protocols.

The main objective of NOM-062-Z00-1999 is to guarantee the welfare of laboratory
animals used in scientific research in Mexico and establishes standards for their care and
ethical management (Table 2). This standard seeks to balance the need for research with
the protection and welfare of the animals involved. However, it does not include aquatic
animals in any of its chapters, so it is only a general document that should be referred
to when addressing animal welfare aspects in experimentation and adapting it to the
particular requirements of aquaculture research or production.

More related to the issue of aquatic animals for aquaculture production, the General
Law on Sustainable Fisheries and Aquaculture is a law in Mexico that regulates fishing and
aquaculture activities with a focus on sustainability and conservation of marine and aquatic
resources (Table 2). The law establishes principles for the sustainable exploitation of fishery
and aquaculture resources, preserving marine biodiversity and species regeneration. It
defines access rights, regulating concessions and authorizations, and provides for measures
to prevent overexploitation, such as minimum sizes, closed seasons and fishing quotas. It
promotes sustainable aquaculture as a complement to fishing production and encourages
management through refuge areas and exclusion zones. It also establishes a monitoring
system with sanctions, recognizes the importance of conserving marine ecosystems by
preventing pollution and waste, and encourages the participation of local and indigenous
communities in regulating the sector.

Although this law focuses on conservation and regulation of fishing and aquaculture
activities, it also includes provisions related to animal welfare, although not necessarily in
detail. It is worth mentioning that, although the law focuses on aquaculture production, the
development of this activity requires a great effort of previous research for the development

of culture technologies, in this sense the diverse aquatic organisms that are cultivated are,



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/pmpz3p47 195

in the same way, experimental organisms that had to be submitted to bioassays of all kinds.
The General Law on Sustainable Fisheries and Aquaculture contributes to animal welfare
by maintaining the health and quality of aquatic organisms in aquaculture facilities,
regulating management, feeding and disease prevention practices. Although it does not
focus specifically on animal welfare, it promotes ethical treatment in captivity, avoiding
unnecessary suffering in production systems. It also promotes the conservation of marine

and aquatic habitats, benefiting both wild species and captive-bred organisms.

Comparison

European Union

The EU has a comprehensive regulatory framework to regulate animal welfare in areas
such as animal husbandry, experimentation, transport and companion animal husbandry,
with specific rules for each. With Directive 2010/63/EU, animals used in scientific research
are regulated, including aquatic animals. In addition, the “3R” principle (reduction,
refinement and replacement) is promoted to minimize their suffering. Furthermore, the
EU encourages transparency through annual reports on the use of animals in research,
allowing public oversight and promoting accountability in the handling of laboratory

animals.

Mexico

Lack of a General Animal Welfare Law: Mexico does not have a general animal
welfare law covering a wide range of issues. The initiative to establish a General Animal
Welfare Law in 2016 faced resistance from various interest groups. Related regulations are
scattered in various laws that make their cohesion and implementation complicated. The
constitutional reforms presented by the Executive to Congress this year could remedy this
lack of a law that would federally protect animals.

Mexico’s General Law of Ecological Balance and Environmental Protection
(LGEEPA) establishes that the Federal Government must create standards for the
dignified and respectful treatment of animals in activities that include capture, captivity,
commercialization, quarantine, training, exhibition, exploitation, transport and
slaughter. Despite this, the law does not specify clear protocols to guarantee animal
welfare nor does it designate entities responsible for compliance. NOM-062-Z00-1999
regulates the use of laboratory animals, but focuses on terrestrial animals, without
including aquatic animals. The General Law on Sustainable Fisheries and Aquaculture
regulates fishing and aquaculture activities with a focus on the conservation and health
of marine resources, which indirectly contributes to animal welfare, but does not
specifically address animal handling or slaughter.

In general, the European Union has implemented a broader and more specific
regulatory framework for animal welfare, including aquatic animals used in research. In
contrast, Mexico lacks a general animal welfare law and focuses on specific regulations
for laboratory animals and conservation issues in aquaculture. The lack of specific
regulations for aquatic animals may be an important gap in the protection of their

welfare in Mexico.
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Improving Mexican regulations based on European standards
To improve animal welfare conditions for aquatic animals in experimentation and
culture in Mexico, taking the European Union regulations as a model, the following

measures could be considered:

1) Develop a Comprehensive Animal Welfare Law covering specific aspects for
aquatic animals in research and aquaculture production, already existing in
European directives.

11) Establish specific regulations for aquatic animal experimentation, promoting the
“3R” principles and guaranteeing ethical and animal welfare standards.

i) A modification to NOM-062-Z0O0-1999 to include specific provisions for aquatic
animals in experimentation, ensuring a level of protection similar to that of
terrestrial animals.

iv) Implement transparency and annual reporting on the use of aquatic animals in
research and production, following the EU model.

v) Promote public education and awareness of aquatic animal welfare.

vi) Include the participation of experts and local communities in decision-making
related to aquaculture production and research.

vil) Encourage research into alternative methods that reduce the need to use animals
in experimentation.

viil) Improve the General Law on Sustainable Fisheries and Aquaculture with specific
provisions to guarantee the welfare of aquatic animals in aquaculture facilities,
regulating aspects such as space, living conditions and ethical management.

ix) Consider implementing specific regulations for the slaughter or euthanasia of

aquatic animals, ensuring humane methods and training of personnel.

Taken together, these improvements could contribute significantly to strengthening
animal welfare conditions for aquatic animals in Mexico, bringing them in line with the
standards and practices adopted in the European Union. By adopting measures inspired by
EU regulations and customizing them to the Mexican context, animal welfare conditions
for aquatic animals in experimentation and culture could be significantly improved. This
would contribute to balancing the need for research and production with the protection

and welfare of these animals.

CONCLUSIONS

The EU has a comprehensive and specific regulatory framework for animal welfare,
addressing various areas such as animal husbandry, experimentation, transport and
companion animal husbandry. Directive 2010/63/EU stands out for establishing
clear rules for the protection of animals used in scientific research, including aquatic
animals, and promoting the “3R” principles (reduction, refinement and replacement).
In addition, transparency and accountability are emphasized through annual reporting
on the use of animals in research, and aquatic animal experimentation is specifically

regulated.
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Mexico lacks a general animal welfare law, and related regulations are scattered
in different laws, making their cohesion and implementation difficult. Although the
LGEEPA includes provisions related to animal welfare, it does not specify the mechanisms
or protocols to guarantee it, and supervision falls to the Federal Attorney General’s
Office for Environmental Protection (PROFEPA), whose incidence on aquatic animals
in experimentation is limited. The Mexican Official Standard for Laboratory Animals
(NOM-062-Z00-1999) does not include specific provisions for aquatic animals, and the
General Law on Sustainable Fisheries and Aquaculture focuses more on sustainability and
conservation than on animal welfare.
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ABSTRACT

Objetive: to morphologically characterize accessions of pigmented maize belonging to 25 races for use in
genetic improvement programs.

Design/Methodology/Approach: the means of morphological, agronomic and biochemical variables of 275
accessions from 25 maize races were determined. Then, analyses of variance, comparisons of means, and
cluster analyses were performed.

Results: there was non-significant variation in plant height, height to the first ear, and number of leaves. The
variability was significant in stem diameter, weight of one-thousand grains, grain width, and anthocyanin
content. In terms of hardness, 18 of the 25 races fitted the recommended value of flotation index. Four large
groups were defined at a Euclidean distance of 5.

Limitations/ Implications of the study: this research was limited exclusively to the study of pigmented
accessions, excluding those that lacked this characteristic. This delimitation is justified by the particular
objectives of the study. Nevertheless, it is pertinent to consider that the incorporation of non-pigmented
accessions in future breeding research could allow the combination of desirable attributes from both
(pigmented and non-pigmented) groups. However, genetic variability beyond pigmentation trait is anticipated
to be restricted among these groups.

Findings/Conclusions: it was possible to identify the races that comply, in terms of hardness and grain width,
with the Mexican standard NMXFF-034/1-SCFI-2020. In addition, the median anthocyanin content was
identified, as well as the maximum and minimum value. It was possible to group the races into four groups
based on their similarity. The diversity found can be used in genetic improvement programs, as well as in
production programs.

Keywords: Zea mays, genetic diversity, pigmented maize, native varieties.

INTRODUCTION
Mexico is considered the center of origin, domestication, and diversification of maize,

since there is a great genetic diversity throughout the national territory, as evidenced by
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the 68 native races identified (Kato et al., 2009; Caballero-Garcia et al., 2019; Lopez-
Morales ¢t al., 2020). This genetic diversity is composed of complexes of multiple local
variants or landraces, which meet the cultural needs of the producers and adapt to the
agroecological conditions of each region (Pressoir y Berthaud, 2004). Maize landraces are
produced in all agroecological regions of Mexico (Hernandez-Trejo et al., 2023), so those
play an important role in the domestic strategies of farmers, because are resistant and
predictable options in terms of agronomic behavior, issuing confidence for production
(Hellin ez al., 2013; Bellon et al., 2011).

Pigmented maize is highly valued by consumers, due to the nice appearance it adds
to products that are part of the human diet and economically sustain small producers in
rural areas (Herndndez et al., 2017). These natural water-soluble pigments of the flavonoid
group —anthocyanidin glycosides— which are present in the vacuoles of plant cells, giving
red, purple or blue color are known as anthocyanins (Guillén-Sanchez et al., 2014). The
content and type of anthocyanins in the maize kernel varies according to the color of the
grain and the concentration of the pigment in the different structures (Salinas ez al., 2013).
The objective of this research was to morphologically characterize accessions of pigmented

maize belonging to 25 races for their use in genetic improvement programs.

MATERIALS AND METHODS
Genetic material

A total of 275 pigmented maize accessions corresponding to 25 maize races were
evaluated; these were provided by the gene bank of the International Maize and Wheat
Improvement Center (CIMMY'T, Mexico). These accessions come from tropical and
subtropical regions of the Mexican Republic. The races are (English transliterated) Ancho,
Arrocillo, Arrocillo Amarillo, Azul, Bofo, Bolita, Cacahuacintle, Celaya, Chalqueno,
Conico, Conico Norteno, Cristalino de Chihuahua, Elotes Conicos, Elotes de Sinaloa,
Elotes Occidentales, Maiz Dulce, Mushito, Nal-Tel, Olotillo, Oloton, Pepitilla, Reventador,
Tabloncillo, Tepecintle and Tuxpeno.

Experimental site

The evaluation of the genetic materials was done in the experimental lands of the
Universidad Auténoma Agraria Antonio Narro in Saltillo, Coahuila, Mexico, at coordinates
25°20’37” N and 101° 01’ 53” W and 1820 m altitude; With an average annual rainfall

of 400 mm and an average annual temperature of 20 °C.

Crop management

The sowing was made in June 2019, manually with a population density of 62 500
plants per hectare, in rows separated 0.80 m, and 0.20 m between plants. The experimental
units located in 4 m long furrows per accession. The technical management of the crop
was based on the recommendations of (SAGARPA, 2015). In the soil, the fertilization
dose of 300 kg ha~' of nitrogen in the form of urea, and 100 kg ha™! of phosphorus was
applied. Weeds were controlled manually and mechanically at pre-planting and 30 days
after planting.
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Variables evaluated

Plant height. The measurement of this variable was done in the reproductive stage of
the crop (R1, or presence of ‘jilote’, the tassel), excluding the size of tassel and silks. Four
plants under full competition were taken as the experimental unit by accession, reporting
the plant height value in meters (m).

Height to the first ear. Sampling was done in the reproductive stage of the crop (R5,
or physiological maturity by milky kernels line), measuring from the base of the stem to the
beginning of the first ear. Four plants under full competition by accession were taken as the
experimental unit.

Stem diameter. This variable was measured at a height of 10 cm from the base of
the stem. The sample was evaluated at the end of the vegetative stage of the crop (VT, or
presence of tassel), taking as the experimental unit a total of 4 plants under full competition
by accession.

Number of leaves per plant. This variable was measured at the end of the vegetative
stage of the crop (VT), taking as an experimental unit a total of 4 plants under full
competition by accession.

Weight of one-thousand grains. For each accession, the average weight of 100 grains
was recorded in triplicate, then that value was extrapolated, according to ISTA (2018)
procedure.

Grain width. The average width of 10 grains per accession was determined, according
to the methodology described by SNICS (2014), with the use of a digital Vernier (Truper,
Model 14388, Mexico).

Total anthocyanin content. Twenty grains of each accession were ground and
anthocyanin extraction was performed by weighing 20 mg of flour inside 1.5 mL Eppendorf
tubes and adding 1.3 mL of trifluoroacetic acid (TFA). The absorbance of the samples was
read at 520 nm in a Quant Biolek microplate reader (Palacios, 2018). The results were
recorded in micrograms per gram (Ug g h.

Grain hardness. To determine this variable, the flotation index was obtained by
performing the procedure as described in the NMXIT-034/1-SCFI-2020 standard
(Secretarfa de Economia-México, 2020). This consists of placing 100 grains in a sodium
nitrate solution at a 1.25¢ mL ™" density (£0.001 g mL™"), at a temperature of 22 °C to
23 °C; then quantifying the number of grains risen to the surface. Very hard grains are
considered when the number of grains rising to the surface goes from 0 to 12; hard grains
account from 13 to 37 rising to the surface; in grains with intermediate hardness 38 to 62
rise to the surface; soft grains if the number of grains rising to the surface ranges from 63
to 87; and very soft grains if rising grains are accounted from 88 to 100 grains (the total of

grains in the sample).

Statistical analyses

To compare the agronomic, morphological, and biochemical variables of 25
pigmented maize races, an analysis of variance and a comparison of means using
Tukey’s test (p=<0.05) were performed. The coefficient of variation of the flotation

index for each race was obtained through the accessions. Based on the variables, total
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anthocyanin content, flotation index, weight of one-thousand grains, grain width, plant
height, stem diameter, height to the first ear, and number of leaves per plant; a cluster
analysis was performed to generate a dendrogram, calculating the Euclidean distance
with data standardized to mean zero and variance one. These analyses were performed
in the statistical software suite R Studio (v. 4.1.2), using libraries ggplot2, factoextra, cluster
and purrr.

RESULTS AND DISCUSSION

The highest values of plant height were found in the ‘Elotes de Sinaloa’ race, the races
with the lowest plant height were ‘Arrocillo’ and ‘Nal-Tel’ (Table 1). These results are

Table 1. Comparison of means of agronomic, morphological and biochemical variables of 25 pigmented
maize races.

Landrace AP AM DT N?I PMG AG CA'I'1
m | m) | (m) | @Adim) | () | (em) | wge)
Ancho 1.74 0.68abc 1.9b 12a 352cd 0.53a 309b
Arrocillo 1.53 0.50bc 1.8b 9a 333cde 0.67a 391ab
Arrocillo Amarillo 1.63 0.37c 2.2ab lla 331cdef | 0.51a 385ab
Azul 1.78 0.74abc 2.5a 13a 314def 0.57a 315b
Bofo 1.73 0.67abc 2.1ab lla 352¢ 0.55a 325b
Bolita 1.75 0.75abc 2.1ab 13a 308efg 0.5a 273b
Cacahuacintle 1.8 0.82a 2.4ab 14a 394bc 0.48a 348b
Celaya 1.6 0.60abc | 2.4ab 12a 405bc 0.6a 243b
Chalquefio 1.74 0.69abc | 2.1ab 1la 363c 0.57a 367b
Cénico 1.71 0.64abc | 2.lab lla 365¢ 0.53a 301b
Coénico Nortefio 1.86 0.68abc 2.0b Ila 326cdef | 0.57a 313b
Cristalino de Chihuahua 1.8 0.75abc | 2.2ab 13a 31ldefg | 0.6a 343b
Elotes Cénicos 1.69 0.62abc 2.0b lla 358¢ 0.57a 324b
Elotes de Sinaloa 1.9 0.80ab 2.4ab 14a 446ab 0.53a 347b
Elotes Occidentales 1.82 0.73abc 2.0b 12a 439b 0.52a 330b
Maiz Dulce 1.8 0.75abc 1.6¢ 12a 283fg 0.47a 595a
Mushito 1.87 0.77ab 2.1ab 13a 323cdef | 0.44a 305b
Nal-Tel 1.53 0.53abc 1.9b 9a 2449 0.64a 292b
Olotillo 1.73 0.65abc 2.2ab 12a 401bc 0.59a 272b
Oloton 1.69 0.65abc 2.1ab 12a 471a 0.57a 368b
Pepitilla 1.8 0.75abc 2.1ab 12a 403bc 0.66a 349b
Reventador 1.73 0.66abc | 2.0b 1la 298efg 0.48a 261b
Tabloncillo 1.7 0.65abc 2.0b 12a 325cdef | 0.51a 267b
Tepecintle 1.74 0.62abc 1.9b 1la 386¢ 0.5a 280b
Tuxpefo 1.68 0.6labc | 2.0b 1la 2851g 0.56a 357b

AP: plant height (non-significant difference); AM: height to the first ear; DT: stem diameter; NH:
number of leaves per plant; Adim: dimensionless; PMG: weight of one-thousand grains; AG: grain
width; CAT: total anthocyanin content. Means with different letters indicate statistical difference
(p=0.05).
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similar to those presented by Arellano-Vazquez et al. (2003) in native varieties of blue-grain
maize of poor adaptability in five localities of the highlands of Central Mexico, with plant
height values between 1.36 m and 1.51 m; non-significant difference was found in the
variable height to the first ear.

The highest stem diameter was found in the ‘Azul’ race with 2.6 cm and the smallest was
obtained by the ‘Maiz Dulce’ race with 1.6 cm, these values are similar to those obtained
by Verde-Aquino and Santolalla-Ruiz (2021) in a research on the adaptation of 30 double-
cross hybrids of maize for forage with an overall average of 1.88 cm. The number of leaves
ranged from 9 to 14, with a mode of 11 and an average of 11.7; these values are similar
to those obtained by Cutilo-Mendoza et al. (2022) in the agronomic evaluation of three
varieties of maize where they recorded 12 leaves per plant of native maize.

The weight of one-thousand grains presented a significant difference in the 25 races of
maize. The Oloton race obtained the highest value (471 g) and the Nal-Tel race obtained
the lowest (244 g). Ramirez et al. (2020) reported a maximum value for weight of one-
thousand grains of 335.78 g in a purple native maize variety. The grain width ranged from
0.44 to 0.67 cm, only the races Mushito and Maiz Dulce had a grain width less than 0.476
cm, which is the minimum acceptable reference for maize grain that is intended for the
production of tortillas and nixtamal-manufactured products, as established in the Mexican
standard NMXFF-034/1-SCFI-2020 (Secretaria de Economia, 2020). The minimum and
maximum anthocyanin content were 243 and 595 ug g_l, for the Celaya and Maiz Dulce
races, with a median of 324 (Table 1).

The flotation index showed values between 18% and 75% (Table 2) for Elotes de
Sinaloa and Tabloncillo, which corresponds to grains ranging from hard to soft. Nine races
presented hard grains, 14 with intermediate hardness and 2 showed soft grains. Seven
races exceeded the recommended flotation index value, whereas the remaining 18 races
meet the recommended hardness by showing from 10% to 50% floating grains (NMXFF-
034/1-SCFI-2020; Secretaria de Economia, 2020).

In the dendrogram generated based on the agronomic and morphological variables
of the 25 maize races analyzed (Figure 1), four large groups are shown on the base of a
Euclidean distance of 5. The first group has two subgroups; the first subgroup is composed
of the races Celaya, Olotillo, Pepitilla, Elotes occidentales and Oloton, whereas the second
subgroup is composed of the races Cacahuacintle, Elotes de Sinaloa, Bolita, Mushito, Azul,
and Cristalino de Chihuahua.

The second group included the Maiz Dulce race alone. The third group is composed of
the races Arrocillo and Nal-Tel. The fourth group is formed of the races Arrocillo Amarillo,
Reventador, Tepecintle, Ancho, Tabloncillo, Tuxpeno, Elotes conicos, Bofo, Conicos,

Chalqueno and Conico norteno (English transliterated).

CONCLUSIONS

We characterized 275 accessions of pigmented maize from 25 native races, that were
compared through morphological, agronomic and biochemical variables. This made it
possible to identify those races that comply with the Mexican standard NMXTFT-034/1-
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Table 2. Flotation index and grain hardness of 25 maize races.

Landrace Fli(:;i:m (04% Grain hardness
Ancho 44 0.76 Intermediate hardness
Arrocillo 37 0.34 Hard
Arrocillo Amarillo 30 0.16 Hard
Azul 54 0.64 Intermediate hardness
Bofo 44 0.86 Intermediate hardness
Bolita 44 0.67 Intermediate hardness
Cacahuacintle 38 0.67 Intermediate hardness
Celaya 75 0.16 Soft
Chalqueno 60 0.54 Intermediate hardness
Conico 43 0.73 Intermediate hardness
Cénico Nortefio 46 0.69 Intermediate hardness
Cristalino de Chihuahua 23 0.15 Hard
Elotes Cénicos 49 0.66 Intermediate hardness
Elotes de Sinaloa 18 0.99 Hard
Elotes Occidentales 54 0.67 Intermediate hardness
Maiz Dulce 50 0.66 Intermediate hardness
Mushito 57 0.28 Intermediate hardness
Nal-Tel 48 0.33 Intermediate hardness
Olotillo 19 0.92 Hard
Oloton 51 0.50 Intermediate hardness
Pepitilla 20 0.35 Hard
Reventador 26 0.75 Hard
Tabloncillo 75 0.42 Soft
Tepecintle 33 0.95 Hard
Tuxpeno 32 0.99 Hard

As a reference, the desirable flotation index values go from 10%-50%, according to NMXFF-
034/1-SCFI-2020 (Secretaria de Economia, 2020). CV: coefficient of variation.

SCFI-2020, in terms of hardness and grain width. In addition, the median anthocyanin
content was identified, as well as the maximum and minimum value.

With the variables evaluated, it was possible to group these races into four groups
according to their similarity. The diversity found can be used in genetic improvement
programs, as well as in production programs for the better use of these native varieties of

Mexican maize.
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Figure 1. Dendrogram of 25 maize races, considering the variables total anthocyanin content, flotation index,
weight of one-thousand grains, grain width, plant height, stem diameter, height to the first ear, and number of

leaves per plant.
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ABSTRACT

Objective: Foliar application of amino acids can be an ecological alternative to increase the productivity of
horticultural plants. Therefore, the objective of this study was to evaluate the effect of foliar application of the
amino acid-based growth promoter VIUSID agr0® (VA) on the radish growth and productivity variety ‘Red
Hazera’.

Design/methodology/approach: An experiment was carried out in a randomized block design with three
treatments and five replicates. A control (VAO) and two concentrations of the growth promoter at 1.2- and 1.5-
mL L™ were applied in improving leaf area, chlorophyll content, dry and fresh biomass of leaves and tubers,
growth rates, and agricultural yield.

Results: The results showed that the foliar application of growth promoter influenced positively on radish
growth and productivity, especially the concentrations of 1.5 mL L™" showed higher TCC, TAN, FTB,
polar diameter and increased agricultural yield by 21% compared to the control treatments Nonetheless,
foliar application of growth promoter at concentration of 1.2 mL L™! improves TDB, CC, LFB, LA and the
agricultural yield was 10% high than the control treatment.

Findings/conclusions: Taken together, the results of this study indicated that foliar application of growth
promoter is an alternative strategy for increasing radish productivity under garden conditions.

Keywords: amino acids, vegetables, urban agriculture, yield, VIUSID agr0®.

INTRODUCTION

Climate change causing direct and indirect effects, which limiting plant productivity
such as drought, uneven rainfall distribution, soil salinization and elevated temperatures,
are largely caused by inadequate anthropological activity and the need
for intensive agriculture due to the progressive
increase in world population (Gkotzamani et al.,
2024; Makuya et al., 2024). This phenomenon

represents a threat to human health, food

security and ecological sustainability. It is of
particular concern in marginalized and
vulnerable communities around
the world, where action is

urgently needed to reduce
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adverse climate impacts and support the sustainable development goals, especially as they
relate to food (Amoak et al., 2022).

In this context, it is crucial to increase food production with strategies that promote
environmental conservation. In this sense, the foliar application of beneficial elements,
including bioproducts and amino acids, becomes an important option to consider (Pefia
Calzada et al., 2022). On the other hand, it has been documented that amino acid-based
growth promoters can stimulate growth and production in agricultural crops without
causing negative impacts on the environment (Matysiak et al., 2020). In addition, recent
research has shown that these products can improve the quality of agricultural products
when are applied via foliarly (Hu et al., 2023). Moreover, spraying amino acids such as
alanine (Ala), arginine (Arg), glutamine (Glu), glycine (Gly), methionine (Met) and proline
(Pro) has been shown to be effective in mitigating the effects of abiotic stress in vegetables
and grains (Abdelkader ez al., 2023; Repke et al., 2022) and can benefit vegetative growth,
fruit set, yield, and fruit quality (Almutairi et al., 2022).

Another element to take into account is nitrogen (N), which is among the main elements
affecting plant development, physiology and metabolism (Olivera-Viciedo et al., 2024).
N assimilation is related to key physiological or metabolic processes in plants, such as
photosynthesis, photorespiration, respiration, amino acid synthesis, and the tricarboxylic
acid (TCA) cycle (Li et al., 2024). In addition, organic N also favors the ability of plants to
cope with biotic and abiotic stresses (Wang et al., 2022), so combined with foliar application
of organic N with amino acids can be beneficial.

VIUSID agro is a growth promoter that contains important amino acids such as glycine,
tryptophan, alanine, arginine and organic nitrogen in its composition. The effect of the
product has been demonstrated in several important crops like that soybean (Glycine max
L.) (Pena-Calzada et al., 2022), corn (Zea mays L.) (Absy et al., 2018; Penia et al., 2021) and
multiple species, where vegetables stand out (Pefia et al., 2017). In radish, the effect of the
product has not been sufficiently studied and this is the first result obtained in the variety
‘Red Hazera’.

Therefore, the following hypotheses were presented 1) the foliar application of the
growth promoter benefits dry mass accumulation, growth rates, as well as total chlorophyll
content and yield. ii) the capacity to increase the evaluated variables will be greater as the
doses increase. To verify this, the objective of the research was to evaluate the effect of
foliar application of the amino acid-based growth promoter (VIUSID agro®) on radish
growth and productivity variety ‘Red Hazera’.

MATERIALS AND METHODS
Research overview

The research was carried out in the experimental area of the University of Sancti Spiritus
José Marti Pérez, located at the coordinates (21° 93’ 27.95” N 79° 43> 40.90” W). The
variety used was ‘Red Hazera’, obtained from the seed company with 96% germination.
Irrigation was by sprinkling, twice a day. The temperature, humidity and rainfall were
recorded by the Provincial Station of Sancti Spiritus, Figure 1. The planting date was
March 13, 2023 and was harvested on April 18 of the same year. For substrate preparation,
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Figure 1. Mean climatic variables, Rainfall (mm), Temperatures (Tem) (°C) and relative humidity (Hr) (%).

irrigation, agro-technology and pest and disease control, the norms established in the
technical manual for garden production, intensive orchards and semi-protected garden
were followed (Rodriguez ¢t al., 2007).

Experimental design

The experimental design was randomized blocks with three treatments and five
replicates. The plots size was 5 m?. The sowing frame was 0.10X0.05 m. Five plants per
plot were randomly marked for a total of 25 plants evaluated per treatment, 75 in the trial
and the calculation arca was 2.40 m”.

Treatments and composition of growth promoter

Treatments consisted in a Control (VAO) and the foliar application of the amino acid-
based growth promoter VIUSID agr0® at concentrations of 1.2 mL L™ (VAl)and 1.5 mL
L (VA2). The declared composition of the growth promoter VA is: amino acids, Aspartic
acid 1.6 %, Arginine 2.5 %, Glycine 2.4 % and Tryptophan 0.5 %, Organic nitrogen 1.8 %,
pH 6.80, density 1.14 and net mass 1.14 kg (Pena-Calzada ez al., 2022).

VIUSID Agro® application
Applications were made in the morning at 8:30 to 9:30 hours once the dew had
evaporated and wind drift was avoided. A total of four application and in an interval of

seven days during the crop cycle. A manual back sprayer with a capacity of 8 L was used.

Measurement and determination of variables
Studied variables were evaluated at two moments inside of crop cycle at 23 and 36 days
after sowing (DAS), at the same time, last evaluation coincided with the radish harvest.
The number of leaves per plant was counted and recorded. The length and width of the
leaves were determined with a 1500 X 30 mm stainless steel ruler (Format 7647511500). For
the dry mass (DM), the stove (MJW WS 100) was used at 60 °C until constant mass and

then the DM was determined in a Sartorius digital balance, with a precision of +£0.01 g.
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Stem equatorial and polar diameter was measured and recorded with a digital calibrator
Digite® model ACC115-006-11 and *£0.03 mm of accuracy.

The fresh mass of all plant organs was determined in a Sartorius digital balance (model
BS 1248) with an accuracy of £0.01 g in each moment evaluated. To calculate the power
of the source and the power of the demand (Santos et al., 2010) described below: Source
power=Source size (AF)* Source activity (TAN), Demand power=Demand size (ms)*
Demand activity (TCR of the tuber). To determine the chlorophyll content, a (TYS-B
Chlorophyll Meter) was used, the readings were taken on a clear day without clouds (12-
1:00 pm) on the third leaf from apex to base, always in the same orientation and at three
points in a triangular form (Pena Calzada et al., 2022).

For harvesting, it was taken into account that all treatments were within the established
range, equatorial stem diameter greater than 2.4 cm. For the calculation of yield, the
indirect method was used, which consists of determining the production of a plant and
then calculating the production per area, taking into account the production per plant
and the number of plants per area. The following procedure was used for the growth rates
(Table 1).

Statistical analysis

The AgroEstat statistical package (Brabosa & Maldonado, 2015) was used for results
analysis. Normality and homogeneity of variance were performed by Kolmogorov-
Smirnov Levene tests, respectively. When normality and homogeneity existed, we using a
simple analysis of variance (ANOVA) and the Tukey multiple range test (p<0.05) for mean

comparison.

Table 1. Plant growth index (Santos ¢t al., 2010).

Growth rate Symbol Formula Units
Absolute growth rate TCA 17CA=W2-w1) | (1T2-T1) (g-day™ ")
Leaf area LA L4=(xa) f (cm?)

Net assimilation rate TAN TAN*=2W2-w1) | (AF2+ AF1)(12—11) | (g.cm™? .day™))
Relative growth rate TCR TCR=2W2-w1) | (Ww2+w1)(2—11) (g.g” ' day™
Leaf area ratio RAF RAF = )y (AFI | W1+ AF2|W?) (em’g™")
Crop growth rate TCC 1/ 48*(w2-w1)/(2—1) (g-cm™? .day™ )
Leaf area duration DAF ((z4F1+ 14F2)(T2-T1)) | 2 (day ™)
Leaf area index IAF (4F2— AF1) | As
Leaf efficiency index IEF Commﬁ;;ifairigy rass
Harvest index IK Commercial dry mass

Total dry mass

AF=leaf area, T=time, W=dry mass, TAN*: The formula was used because (&) ranged from 1.5 to 2.5.
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RESULTS AND DISCUSSION
Effect of treatments on leaf characteristics at 23 and 36 (DAS)

ANOVA showed no significant effect among VA treatments on leaves number per plantin
both moments evaluated (Figure 2a). However, leaf area (LA) showed significant differences
among VA treatments. At 23 DAS, VA1 reveled higher LA compared with the others VA
treatments and significantly increased LA by 30% compared to the VAO treatments; but
VA2 also exhibited increases in LA by 25% than that VAO doses. Additionality, at 36 DAS,
VAL and VA2 treatments showed similar effects in LA and increasing by 6% in comparison
with the VAO treatment (Figure 2b).

Leaf fresh biomass (LFB) was significantly higher in the VAl treatment at 23 DAS as
compared to the rest treatments. In addition, at 36 DAS, VA1 and VA2 application showed
equal effects and increasing LFB by 22% in comparison with the VA treatment (Figure 2c).
However, the dry biomass reveled no significant differences in both evaluations (Figure
2d). Similarly, the percentage of leaf moisture (LM) at 23 DAS, no significant differences
were found among treatments; while, at 23 DAS, VAl and VA2 treatments exhibited
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Figure 2. Leaves per plant a), leaf area b), leaf fresh biomass c), leaf dry biomass d), leaf wetness e) and
chlorophyll content f) in radish plants at 23 and 36 days after planting (DAS) in function of the three treatments
VAO, VAL, and VA2. Unequal letters indicate significant differences within each independent time (23 and 36
DAS), according to Tukey’s multiple range test (p<0.05).
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similar effects and significantly increased LM compared to the VAO treatment (Figure 2e).
Furthermore, leaf chlorophyll content (LCC), no differences were found among treatments
at 23 DAS. However, at 36 DAS, LCC was higher in the VAI application in comparison
with the Control and VA2 treatments and increased LCC by 35% compared to the control;
nevertheless, at the same time VA2 application increased LCC by 25% respect to the
control treatment (Figure 2f).

Foliar application of VIUSID agro® positively influenced in radish growth, probably
by the kinds of amino acids containing and lower amount of organic nitrogen. These
facts have been linked to antioxidant and growth-stimulating effects, both under normal
conditions and under abiotic stresses (Sabagh et al., 2019). In addition, organic nitrogen
applied foliar in small doses leads to stimulate plant growth, which resulting in higher
dry mass accumulation and yield (Ferrari et al., 2021). Similar findings in radish variety
® (Pena-Calzada ez

al., 2018), which subsequent increases on plant growth and productivity. Furthermore, the

Scarle Globe was previously reports with low doses of VIUSID agro

foliar application of VA in promoting plant growth and development were observed earlier
in plant species such as bean (Pefia Calzada et al., 2017), lettuce and beet (Pena Calzada ez
al., 2024; Pérez-Ferndndez et al., 2022), soybean (Pefia Calzada et al., 2022).

Effect of treatments on tuber characteristics at 23 and 36 DAS

Equatorial diameter of bulb (EDB) not showed significant differences between treatments
in the first evaluation; nevertheless, at 36 DAS, the EDB was similar in VAl and VA2
treatments and revealed significant increases (10 %) in comparison with the VAOQ treatment
(Figure 3a). In addition, polar diameter (PD) at 23 DAS the best response was achieved by
VA2 treatments with significant differences than that VAO and VA1 treatments; however,
VAQO treatments showed higher PD respect to the plants treated with VA1 doses. Similarly,
at 36 DAS, the higher PD was in the VA2 treatment, with increasing PD by 45% and
22% 1n relation to the VAO and VA1 treatments, respectively; but at the same time, foliar
application with VAl treatment exhibited higher PD compared to the control treatment
(Figure 3b).

Tuber fresh and dry biomass were influenced by the treatments in the two evaluations
performed (Figure 3c, d). At 23 DAS the tuber fresh biomass (TTM) was significantly
higher in the VA2 treatment respect to the others treatments. However, at 36 DAS
the TFM was higher in the VA2 treatment, with increases by 24% and 10% compared
to the VAO and VAL treatments, respectively; nevertheless, plants treated with VAl
concentration showed higher (13%) TFM in relation to the control plants (Figure 3c).
Additionality, tuber dry biomass (I'DB) at 25 DAS not exhibited significant differences
among treatments; but, in the last assessment foliar application of VAl and VA2
treatments showed similar effects and increases TDB by 81% relative to VAO treatment
(Figure 3d).

These results are related to the application of the growth promoter since Glycine when
applied independently or combined with tryptophan, plays a fundamental role in the
formation of total chlorophylls and vegetative growth (Repke et al., 2022). In addition, amino

acids in foliar application improve crop yield and quality and increase root volume, which
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Figure 3. Equatorial diameter a), polar diameter b), tuber fresh biomass c), and tuber dry biomass d) in radish
plants at 23 and 36 days after planting (DAS) in function of the three studies treatments VAO, VA1, and VA2.
Unequal letters indicate significant differences within each independent time (23 and 36 DAS), according to
Tukey’s multiple range test (p<0.05).

is related to better nutrient uptake, resulting in improved growth and productivity (Mosa
et al., 2021; Souri & Hatamian, 2019). Furthermore, foliar application of organic nitrogen
improves general crop conditions and favors important processes such as photosynthesis
and the bio-assimilates transfer (Dou et al., 2024).

Effect of treatments on source power and demand at 23 and 36 DAS

Source potency (leaves, LSP) and demand potency (tuber, TDP) at 23 and 36 DAS
were influenced by the treatments. In the first evaluation, the LSP and TDP showed equal
effects between VAl and VA2 treatments and were significantly higher by 51% and 36%,
respectively, compared to the control treatment (Figure 4a). Nevertheless, at 36 DAS the
response was inverse and in turn influenced by treatments and crop cycle. LSD and TDP
was higher in the VA1 and VA2 treatments (without difference between them) and showed
increases by 48% and 84%, respectively, relative to the VAO treatment, (Figure 4b).

Effect of treatments on crop growth rates

The treatments influenced the active growth rates of the crop as TAN, the higher TAN
was achieved in the VAI and VA2 treatments without differences between them and an
increased TAN by 52% and 58% as compared to the control treatment, respectively (Table
2). In addition, the net assimilation rate (TAN) showed high values in the treatment VA2
and with significant differences relative to the rest of the treatments and a 48% increase
compared to the control (Table 2). Additionally, the relative growth rate (TCR) revealed
similar response between VA1 and VA2 treatments and increases in TCR by 23% compared
to the control treatment (Table 2).
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function of the three studies treatments VAO, VA1, and VA2. Unequal letters indicate significant differences
within each variable, according to Tukey’s multiple range test (p<0.05).

The TCC was significantly higher in plants that received the VA1 and VA2 treatments
compared to VA0, and the increases were 57% than the control. Similarly, leaf area ratio

(RAF) was higher in the control treatment and showed significant difference with the other

treatments, which indicate that VA1 and VA2 treatments required 6% less area to produce

the same biomass amount. Likewise, leaf area duration (DAF) was significantly higher in

Table 2. Effect of treatments on active growth rate, net assimilation rate, relative growth rate, crop growth

rate, leaf area ratio, and leaf area duration.

Treatments TAC_I ’I:%N -1 _TIC L3S 1
(g- day ) (g-cm “.day ) (g-g -day )
VAO 0.1176 b 0.00049 ¢ 0.0815b
VA1 0.1791 a 0.00069 b 0.0980 a
VA2 0.1860 a 0.00073 a 0.1018 a
VA (F) 262.30%* 178.34%* 92.88
HSD (5%) 0.0080 0.0071 0.0039
Treatments T_(;C —1 R2AF_ 1 DAFI
(g-cm ".day ) (cm®g ) (day )
VAO 0.0008 ¢ 142.99 a 13.6262 a
VA1 0.0012b 136.13 b 13.3501 a
VA2 0.0013 a 133.88 b 12.5441 b
VA (F) 262.30%* 10.23** 45.30%*
HSD (5%) 0.0001 5.1085 0.2875

Unequal letters in the same column indicate significant differences within each variable, according to
Tukey’s multiple range test (p<0.05).
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the VAO and VA1 treatments with similar effects between them and showed increases DAF
by 8% in comparison with the VA2 treatment (Table 2).

The leaf efficiency indexes showed higher values in the VAl and VA2 treatments
(similar effects between them) compared to the VAO treatment, and showed increases of
44% in IEF, 8% in IAY and 31% in IK compared to the control, respectively (Table 3).

The results in growth rates are related to the use of the growth promoter, since it is
demonstrated that it increases the dry mass in a time interval and also the distribution of
dry mass since similar results were found in Chinese cabbage (Pefia-Calzada et al., 2019),
tobacco (Pefia et al., 2018), and the radish variety Scarle Globe (Penia-Calzada ez al., 2018).

Effect of treatments on crop yields

The agricultural yield (AY) was significantly higher with the foliar application of
growth promoter as compared to control, in particular VA2 treatment increase AY by 21%
and 10% respect to the control and VAl treatment, respectively; but at the same, this last
treatment increasing AY by 10% compared to the control treatment (Figure 5).

These results are associated with the use of the growth promoter based on amino acids
and organic nitrogen, as numerous investigations reported benefits of the product on crop
growth and yields (Bustamante Gonzalez et al., 2023; Penia Calzada et al., 2017; Pefia et al.,
2021). Authors attribute this effect on the productivity of the product to its composition
(Romero ¢t al., 2023).

Table 3. Effect of treatments on leaf efficiency index, leaf area index, harvest
index, and yield index.

Treatments IEF IAF IK
VAO 0.0039 b 1.6726 b 0.4687 b
VAL 0.0054 a 1.8168 a 0.6058 a
VA2 0.0058 a 1.7800 a 0.6238 a
VA (F) 166.19%* 45.30%* 87.08%*
HSD (5%) 0.0004 0.0383 0.0313

Unequal letters in the same column indicate significant differences within each

variable, according to Tukey’s multiple range test (p<0.05).

)
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Figure 5. Agricultural yield in radish plants in function of the three studies treatments VAO, VA1, and VA2.
Unequal letters indicate significant differences within each variable, according to Tukey’s multiple range test

(p<0.05).
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CONCLUSIONS

The foliar application of the amino acid-based growth promoter (VIUSID agro®)
influenced positive and directly in radish growth and productivity, resulting in higher
leaf area, total chlorophyll content, fresh and dry mass accumulation, growth index and
agricultural. Additionality, the spraying of the concentration of 1.5 mL L~ of VA favored
the TCC, TAN, F'T'B, polar diameter and increased agricultural yield by 21% compared to
the control treatments Whereas, foliar application of growth promoter at concentration of
1.2 mL L™ " enhanced the TDB, CC, LFB, LA and the agricultural yield was higher (10%)
than the control treatment. Taken together, the results of this study indicated that foliar
application of growth promoter is an alternative ecological to crops management grown

under garden conditions.
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ABSTRACT

Objective: This study describes the multidimensionality and significance of ecophysiology in forests within
the context of climate change.

Design/methodology/approach: A comprehensive review and classification of scientific articles indexed in
the Google and Google Scholar repository was conducted. The focus was on articles related to the importance,
functions, and history of ecophysiology, as well as its relationship with forests.

Results: Ecophysiological studies are fundamental for understanding how plants have evolved in response to
environmental changes through centuries. Research in this discipline has increased significantly over the last
decade, particularly concerning aspects of climate change.

Limitations on study/implications: This review relied exclusively on publications available in Google and
Google Scholar.

Findings/conclusions: Knowledge of forest ecophysiology is fundamental to predicting how plants undergo
adaptations to future environmental changes, including the effects of climate change.

Keywords: ecophysiology, adaptation, organisms, climate.

INTRODUCTION

The study of plants has historically served as a cornerstone in the development of
scientific inquiry, extending back to the origins of humanity (Balick & Cox, 2020). This
emphasis underscores the essential role that plants play in sustaining human life and
supporting terrestrial ecosystems (Harris, 2020). In this context, plant ecophysiology
occupies a critical position in the intersection of ecology and physiology, two disciplines
that have been enriched over time by the contributions of numerous researchers.
Given the pivotal developments in ecophysiology, advancements in related fields also
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directly benefit this discipline by providing a comprehensive conceptual framework to
understand the complex interactions between plants and their environment (Cavieres
et al., 2016; Wilkening et al., 2024). By integrating principles from both ecology and
physiology, ecophysiology plays a crucial role in studying and understanding how
environmental factors influence the physiological processes of plants and how they
adapt to their surroundings (Ainsworth et al., 2016). Plant ecophysiology and ecology
are interconnected fields that focus on different aspects of plant life and their interactions
with the environment (Ainsworth et al., 2016). Ecophysiology specifically investigates
how the physiological processes of plants respond to environmental factors such as light,
water, and nutrients. It emphasizes the underlying mechanisms of these responses and
their implications for plant growth and survival. By integrating knowledge from both
physiology and ecology, ecophysiology provides insights into how plants adapt to varying
conditions in their natural habitats (Lambers et al., 2019).

In contrast, ecology is a broader discipline that studies the relationships between
organisms, including plants, and their environment. It encompasses various interactions
within ecosystems, such as competition, predation, and symbiosis, as well as the distribution
and abundance of species. While ecology can provide context for understanding plant
behavior within ecosystems (Begon & Townsend, 2020), ecophysiology explores deeper
into the physiological mechanisms that underpin these ecological interactions (Ainsworth
etal.,2016).

Interactions among plants, soils, and soil biota have been studied for centuries, initially
from agricultural or forestry perspectives but more recently from a fundamental and
theoretical ecological approach. This evolution in focus highlights the multidimensionality
of ecophysiology, which considers multiple factors affecting plants simultaneously, such as
water, soil, light, and climatic conditions. In forests, where these interactions are particularly
complex, this multidimensionality is essential for understanding how plant species adapt to
their environment and respond to environmental changes.

In 1866, Ernst Haeckel coined the term “ecology” and defined it as the science that
focuses on the relationships between organisms and their environment, thereby establishing
a foundation for studying interactions between organisms and their environmental
conditions. Building on this foundation, Pickett ¢t al. (1994) suggested that ecology emerged
from the need for emphasizing, by Schimper, to integrate physiology and biogeography
(Liittge & Scarano, 2004). This interdisciplinary perspective allows for a comprehensive
understanding of how organisms adapt to their environments. In the context of climate
change, this multidimensionality becomes even more critical.

Forests face unprecedented challenges due to rapid changes in temperature,
precipitation patterns, and extreme weather events. Ecophysiology provides tools to better
understand how these factors affect plants from an integrative perspective. A fundamental
aspect is the inherent multidimensionality of forest ecophysiology, which considers the
complex interactions among plant physiology, soil dynamics, climatic conditions, and
biological interactions between species. By addressing these multiple dimensions, a more
comprehensive understanding is achieved for regarding how trees interact with their

environment and respond to environmental factors such as light, water, and nutrients.
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Thus, the objective of this review is to describe the multidimensionality and significance of

ecophysiology in forests within the context of climate change.

MATERIALS AND METHODS

The methodology employed in this review is based on a qualitative and exploratory
approach designed to identify and analyze key concepts and significant advancements in
the field of forest ecophysiology within the context of climate change. A comprehensive
bibliographic search was conducted using keywords such as “forest ecophysiology”
and “climate change” in the Google and Google Scholar database. This platform was
selected for its accessibility and extensive coverage of scientific literature, facilitating
the collection of relevant information across various disciplines and formats (Biblioteca
Complutense, 2025).

A total of 35 references were selected, including research articles, books, and book
chapters. The inclusion criteria were: i) publications addressing the ecophysiology of
plants or forests; i1) studies analyzing the responses of forest ecosystems to climate change;
and 1i1) works relevant to understanding physiological and ecological mechanisms in forest
environments. The references include a broad time range from 1974 to 2024, allowing for
the incorporation of both historical studies and recent advancements. Furthermore, the
analyzed documents are available in both English and Spanish, ensuring a bilingual and
multicultural perspective in data interpretation.

A bibliometric analysis was not conducted, as the primary objective was to synthesize
key information and construct a coherent conceptual framework that allows for a profound
understanding of forest ecophysiology in the context of climate change. A prior qualitative
focus was carried out due to the dynamic and complex nature of the field, where interactions
among biological, ecological, and environmental factors are fundamental. Additionally,
bibliometric analysis can be limited by its reliance on quantitative metrics that do not
always adequately reflect conceptual relevance or study quality. By concentrating on the
depth and relevance of content, we aim to provide a more integrated perspective that can

guide future research in this area.

RESULTS AND DISCUSSION
Plant ecophysiologys, its origins

Ernst Stahl (1848-1919) is acknowledged as a foundational figure in ecophysiology,
having introduced experimental techniques that significantly advanced plant physiology
by exploring the functions of stomatain transpiration and photosynthesis, thus establishing
key principles for understanding plant-environment interactions (Liittge, 2007; Liittge &
Scarano, 2004). In the 20" century, researchers like Otto Stocker and Bruno Huber
expanded upon Stahl’s work by creating innovative instruments that allowed for precise
measurements of plant behavior in natural settings, focusing on essential physiological
processes (Valladares & Rodriguez-Lopez, 2010). The technological advancements of
the 1970s and 1980s further propelled the field, enabling in situ assessments of critical
environmental variables. A significant study by Kathleen Green and Robert Wright

(1977) illustrated that increased atmospheric CO, levels could linearly enhance the net
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photosynthesis of Pinus ponderosa (Green & Wright, 1977). Subsequent investigations
revealed that water stress markedly limits gas exchange and photosynthetic efficiency
in Pinus radiata, underscoring the vital role of water availability for forest productivity
and the necessity for effective water management strategies (Benecke, 1980). As the
21* century outspread, ecophysiology regained prominence in high-impact scientific
literature, integrating mechanisms at the individual level to analyze ecological and
evolutionary phenomena (Valladares & Rodriguez-Lépez, 2010). Collectively, the
contributions of early ecophysiologists like Stahl have been instrumental in enhancing
our comprehension of how plants adapt to ever-changing environmental conditions.

Gilbert Aussenac (2000) explored the influence of forest stands on microclimatic
conditions and their implications for plant ecophysiology, emphasizing the role of local
climatic characteristics in shaping microclimates that affect temperature, light, and water
availability. This understanding is vital for optimizing silvicultural practices to enhance
forest health and productivity. Additionally, research indicates that conifers in the
Sierra Nevada ecotone utilize soil moisture more efficiently than shrubs, underscoring
the importance of water availability for their survival in montane environments (Royce
& Barbour, 2001). Recent advancements, such as using thermal cameras to monitor
tree transpiration, further highlight the necessity of effective water management and
ecophysiological knowledge for sustaining forest ecosystems amid climate change
(Javadian et al., 2024).

In 2024, Joshi et al. examined seasonal variations in the ecophysiological traits of
leaves from coexisting perennial and deciduous tree species in a white oak forest (Quercus
leucotrichophora) in the central Himalayas, focusing on traits such as net photosynthetic
capacity and stomatal conductance. Their findings highlighted distinct strategies
employed by these trees in response to seasonal changes, which are essential for
their growth and survival. This research contributes to our understanding of species
coexistence and their ecological roles in temperate forest ecosystems, providing insights
for forest management programs and conservation efforts in the Himalayan region
(Joshi et al., 2024). Furthermore, it emphasizes the necessity for long-term physiological
monitoring to address climate change impacts on forest health and productivity, as
current funding often prioritizes innovative but less effective projects over critical in
situ studies (Rubhil et al., 2024). Recent studies have indicated that the vulnerability of
species such as Liguidambar styraciflua is linked to factors like stomatal conductance
and leaf water potential, with water being a key determinant for their development.
These investigations not only aid at assessing species resilience to climate change but
are also vital for developing management and conservation strategies that benefit both

ecosystems and local communities (Esperén-Rodriguez & Barradas, 2015).

Approaches to ecophysiology in forest ecosystems

Plant ecophysiology 1s a crucial discipline that investigates the physiological
mechanisms behind ecological interactions, focusing on how plants acclimate, adapt, and
grow in response to environmental factors. By examining these processes at molecular,

biochemical, and physiological levels, ecophysiology bridges botany, plant physiology, and
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ecology, enhancing our understanding of plant responses to critical factors such as water
availability, light, and nutrients (Huante et al., 2002; Lambers et al., 2019).

This field plays a vital role in addressing climate change and resource scarcity by
providing insights into how physiological processes influence plant adaptation to changing
conditions (Ainsworth ez al., 2016; Hasanuzzaman, 2020a, 2020b). Through the analysis of
plants at both molecular and whole-plant levels, researchers gain valuable knowledge about
species thriving in diverse environments and their responses to environmental stressors
(Bhatla & Lal, 2023; Felisberto et al., 2024; Mendes et al., 2023). This understanding is
essential for managing community dynamics and ecosystem functioning in the face of
environmental changes (Halofsky et al., 2020; Wallis ez al., 2021).

Ecophysiological studies provide a foundation for understanding processes from tissues
to ecosystems (Ainsworth et al., 2016). By exploring the relationships between physiological
traits and environmental conditions, researchers can assess ecosystem efficiency and
resilience to fluctuations in climate and resources. This knowledge elucidates how specific
traits enable survival and competition among species, influencing their distribution and
trait expression along ecological gradients (Buzhdygan ez al., 2020; Medina, 1977; Smith e
al., 2023; Maciel-Mata et al., 2015; Visakorpi ez al., 2023).

Current importance of plant ecophysiology

Plant ecophysiology deepens our understanding of plant evolution, productivity,
and nutrient use efficiency by examining their adaptation to ecosystems over time.
This knowledge is essential for developing strategies to harness plants and forests in
mitigating global climate change. In particular, the ecophysiological analysis of forests
provides a detailed link between tree phenology, physiology, and climatic influences,
offering critical insights into the complex interactions and feedback mechanisms that
shape tree-environment dynamics in the face of the ongoing climate crisis (Stagakis et
al., 2022).

Plant productivity is closely linked to their ability to efficiently utilize available soil
nutrients. Ecophysiology investigates the mechanisms that enable plants to absorb and
utilize essential nutrients, including nitrogen, phosphorus, and potassium, which are
critical for growth in natural environments. This study also considers the interactions
among all biotic and abiotic factors within ecosystems (Ainsworth et al., 2016; Becklin et
al., 2016; Reichardt et al., 2020).

CONCLUSIONS

Through time, plant ecophysiology has established itself as a fundamental discipline
focused on understanding the physiological processes that regulate plant responses to
environmental factors. This field not only contributes to our understanding of plant
evolution but also enables the interpretation of their productivity past, present, and
future as well as their nutrient use efficiency. Additionally, plant ecophysiology provides
new insights into the adaptation of plants to specific ecosystems. By analyzing these
interactions throughout different temporal scales, it becomes possible to develop strategies

for the sustainable management of plants and forests. This may be crucial for maintaining
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vegetation cover with carbon repositories and contributing to the mitigation of global

climate change.
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ABSTRACT

Objective: to evaluate the economic feasibility of subjecting broad-leaf agave bagasse to secondary artisanal
fermentation, with the use of a native yeast to improve ethanol yields and reduce production costs.
Design/Methodology/Approach: the physicochemical characteristics of the bagasse, the amount of sugars
according to °Brix, the yields in batches with and without Saccharomyces cerevisiae MG5 and the production costs
of using the methods described were determined.

Results: the bagasse of Agave cupreata contains °6 Brix of total sugar, 4.89 pH, 56.76% organic carbon and
total fiber of 16.36%. As for the ethanol yields, those were 15 L Mg_1 and 12 LL Mg_1 with and without added
yeasts, respectively.

Limitations/ Implications of the study: a secondary artisanal fermentation process is very expensive and
not economically feasible.

Findings/Conclusions: it is important to standardize the processes of use of agave sugars by small producers
in order to improve the processes, to increase yields, and to reduce economic losses. For valorization of the
bagasse, it is convenient to search for other alternatives.

Keywords: bagasse, broad-leaf agave, fermentation, yields, costs.

INTRODUCTION
Agave, with its high sugar content, is one of the main resources to be used in the
distilled beverages industry; approximately 1.5 million tons (Megagrams, Mg) are used.

With this activity, solid waste is generated such as the remaining plant bagasse from the
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production, approximately 360 thousand Mg per year. Also liquids such as vinasses that
end up dumped directly in the lands owned by the producers; these are byproducts with
acidic pH and a high content of dissolved organic matter that impacts the environment
(Pérez-Zavala et al., 2020; Cérdova et al., 2021; Alvarez-Chdvez et al., 2021). Agave bagasse
is a lignocellulosic waste whose disposal has increased considerably in recent years. It has
become an environmental and public health problem that involves economic losses acting
as waste (Pérez-Zavala et al., 2020; Cruz-Moreno et al., 2023).

However, despite its great availability and high content of fermentable sugars, as well as
the multiple uses and potential applications, the use of bagasse is limited (Montoya-Rosales
et al., 2019). The Agave-mezcal production chain is important for the generation of direct
jobs and because of the distillate industry demanding for products. As it is already said,
there are sugars lost in bagasse; this loss affects especially small producers who refuse to
standardize their processes, but remain guided by their ancestral knowledge inherited from
generation to generation (Hoz-Zavala & Nava-Diguero, 2017).

Bagasse is a raw material to make various products such as compost, paper, substrate
for mushroom production, bio-based construction, biopolymers, surfactants, and biofuels,
among others (Kumar & Chandra, 2020; Mdrquez Aguilar et al., 2022). Unfortunately,
not all mezcaleros (i.e. the people managing Mezcal production) revaluate bagasse. It is
important to apply strategies for the use and re-use of mezcal bagasse in order to reduce
the environmental impact over mezcal producing areas; particularly those with Mezcal
Designation of origin (Hoz-Zavala & Nava-Diguero, 2017; Sierra et al., 2021).

The COMERCAM (Mexican Mezcal Quality Regulatory Council) reported for 2023
a national production of 12 239 655 L of mezcal certified with 45% Alc. Vol. This volume
increases year after year due to the international high demand for mezcal. In the production
of aliter of mezcal, an average of 12 to 15 kg of agave are used, which depends on the species
used. So, it is estimated that for the volume (in liters) produced in 2023, an approximate
average of 165 235.34 Mg of Agave was used; and the volume of bagasse generated by this
industry is unknown. In addition, the production of non-certified mezcal is not accounted
for, and the Mexican Mezcal Quality Regulatory Council (COMERCAM) has no record
of it. The state of Guerrero (Mexico) ranked sixth as a national producer of mezcal that
year (0.68% of the national production). In this Mexican state, two species of agave (Agave
cupreata and Agave angustifolia) are mainly used. There are no records of how much bagasse
is generated in the production of this distilled beverage (COMERCAM, 2024).

This study aimed on a strategy of artisanal re-fermentation of agave bagasse with and
without yeasts to evaluate viability in yields and costs of the process. The goal is that small
producers who still lose sugars in the bagasse disposal can reduce their losses or improve
their production processes at the start.

MATERIALS AND METHODS
Characteristics of the study area

The study was implemented in a site called “Mezcalera La Cueva de la Coyota”, in the
Mixtec community El Calvario, located 11 km to the south of Chilpancingo, the capital
city of the state of Guerrero (Mexico).
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Physicochemical characterization of mezcal bagasse

For the physicochemical characterization of Agave cupreata bagasse, 5 kg of fresh bagasse
were sent to the Center for Agrifood Innovation and Development of Michoacan (CIDAM).
The following parameters were determined in accordance with the corresponding
regulations (Table 1).

Pilot test to obtain artisanal alcohol from the re-fermentation of bagasse
with and without yeasts

An artisanal production of ethanol was made using 2 Mg of 6 °Brix bagasse in four
fermentation tubs, each with 500 kg of bagasse and 100 L of water at a temperature of
28 °C. In two of the tubs, 80 L of water and 20 L of water with 1% sucrose and 10 g of
the yeast Saccharomyces cerevisiae GMY5 isolated from the agave must were added, and were
perfectly mixed in both tubs, in order to start the fermentation process. Added yeast was
previously characterized at the molecular level; then all tubs were left to ferment for 7 to
9 days. After the elapsed time, distillation was done in an 800 L stainless steel still, and
the volume of ethanol was recovered in 20 L jars, following the recommendations of the
CIATE] manual (2014), in order to minimize economic losses in the process. Finally, the
volume and alcohol content of both processes, with and without yeast, were measured; so,
the yields per Mg of bagasse were determined (Carrasco-Lépez et al., 2024).

Determination of alcohol GL degrees
To determine the alcohol degrees, a Gay Lussac hydrometer was used according to the
methodology described by Carrasco-Lépez et al. (2024).

Alcohol yield

Alcohol yield is defined as the amount of ethanol produced per amount of feedstock,
where RB is the amount of alcohol obtained per gram of biomass, VH (L) is the final
volume obtained from each hydrolysate, CR (g L_l) is the concentration of ethanol; and

1000 kg refers to the amount of biomass that was available for each sample (Malagén et al.,

2017).
VH *CR
1000 kg

Table 1. Parameters and methodology used for the physicochemical characterization of
Agave cupreata bagasse.

Parameter Method
pH, electrical conductivity NMX-F-317-NORMEX-2013
Total solids, volatile solids, dry and wet weight NMX-F-428-1982

Total carbohydrates direct calculation with respect
to the major components; reducing sugars

Total proteins NMX-F-068-NORMEX-2011
Organic matter content NMX-F-607-NORMEX-2013
Total fiber (dietary and crude) NMX-F-613-NORMEX-2017

NMX-F-312-NORMEX-2016
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Cost estimation

Production costs (fixed and variable) were estimated, and a monthly production cycle
was assumed. They were compared against the sale prices of ethanol in pharmacies to
calculate CRR, the Cycle Rate of Return. In addition, Unit Variable Costs, Unit Fixed
Costs and Unit Total Costs were estimated; as well as Profit, for each treatment (Barish &
Kaplan, 1978).

RESULTS AND DISCUSSION

The interest in reducing and reusing the bagasse generated in mezcal production
arose by initiative of small producers. Various studies have shown the potential for the
revaluation of waste from the mezcal industry (Aguirre Fierro et al., 2020). Some producers
are aware they lose sugars in bagasse and have considered the possibility of generating
alcohol (ethanol) from the discarded sugars that remain in the bagasse of Agave cupreata.

Figure 1 shows the refermentation process of bagasse that still contained 6 °Brix after
the use of yeasts or without yeasts (Figure 1 A); likewise, distillation after nine days of
fermentation is observed (Figure 1 B).

Physicochemical characterization of mezcal bagasse

Table 2 shows the results of the physicochemical characteristics of the bagasse of Agave
cupreata, in which an acidic 4.89 pH is highlighted, that is very similar to that of species
such as Agave potatorum, Agave angustifolia, and Agave cantala (Santiago Garcia et al., 2006).
Likewise, 4. cupreata has 1.20 g in 100 g of direct reducing sugars, equal to 4. angustifolia
(1.4 g in 100 g) and below 4. potatorum (11.7 g in 100 g). Regarding total reducing sugars
and insoluble fibers, A. cupreata presented only 2.9% and 9.29% in 100 g respectively, well
below other agaves such as A. potatorum, A. angustifolia and A. cantala (170.09, 200.76 and
148.28 g in 100 g; or contents of 13.5%, 14% and 16.7%, respectively) (Santiago Garcia et
al., 2006).

All these data are relevant to confirm whether it is feasible to use 4. cupreata bagasse to
produce ethanol, as it has been successfully tested with the residues of A. angustifolia, Agave
tequilana and A. potatorum, to mention only a few (Rodriguez ez al., 2007).

Figure 1. Procedures for A: refermentation of the Agave cupreata with or without Saccharomyces cerevisiae; B:
distillation after 9 days of secondary fermentation.
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Table 2. Physicochemical characterization of Agave cupreata

bagasse.
Physicochemical parameters Results

pH 4.89
Electrical conductivity (dS cm™") 3.75
Total solids (%) 17.45
Volatile solids (%) 13.15
Wet weight (%) 84.70
Dry weight (%) 15.30
Total carbohydrates (%) 7.50
Direct reducing sugars (g in 100g) 1.20
Total reducing sugars (g in 100 g) 2.90
Protein (%) 5.38
Total Nitrogen (%) 0.86
Organic Matter (%) 97.85
Total organic carbon (%) 56.76
Ether Extract (total fats) (%) 0.28
Dietary fiber (%) Insoluble fraction (%) 9.29
Dietary fiber (%) Soluble fraction (%) 0.99
Crude fiber (%) 6.08
Total fiber (%) 16.36
Ashes (%) 2.15

Artisanal ethanol production using refermentation of the bagasse
of Agave cupreata

A volume of 15.5 L (0.0155 g g_l) of ethanol was obtained for each Megagram of
bagasse with yeast, and 12.4 L. (0.0124 g g~ 1) without yeasts, both adjusted to 45° Alc. Vol.
These yields mean a 20% increase when using S. cerevisiae MG5. However, these results are
very low compared to those obtained when a single fermentation is done. In those processes
volumes of 123.5 0.7 L and 156+ 1.0 L of mezcal were obtained with and without yeasts
respectively. Also, fermentation started at 12 °Brix, and 2 °Brix in the distillate. To the
resulting bagasse, Brix degrees [°Brix| were not determined (Carrasco-Lopez et al., 2024).

Estimation of ethanol production costs from bagasse re-fermentation

The costs of artisanal ethanol secondary fermentation were estimated. To calculate
these costs, the costs of ethyl alcohol were used as a reference. The following indicators
were calculated, Profit (which indicates the effective amount obtained from a sale related to
the initial investment), and the Cycle Rate of Return (Percentage of the initial investment
that returns at the end of each cycle. A negative rate, as it was the case of this work,
indicates losses while a positive CRR indicates profits.

Tables below show the Unit Variable (Table 3), Fixed (Table 4) and Total (Table 5) costs
that help the producer to know the minimum costs that must be considered in order not to

lose their investment. Or else, to redeem the investment in relation to variable expenses (the
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foreseeable investment in each cycle). In this way, each producer is shown in a simplified

way the costs generated by this reprocessing proposal, to validate if the profit they receive
is real (Blank et al., 2012; Novelo, 2016).

Results showed that the costs for the artisanal production of ethanol using reprocessed

or re-fermented bagasse are higher than expected. Therefore, they are not economically

Table 3. Determination of variable costs of ethanol production for the re-fermentation of agave bagasse
with or without yeasts in the bio-manufacture of mezcal.

Variable costs

Category Concept Unit of measure Cost
Container filling, weighing y hauling
) Filling of Alembics )
Mechanical work Working day (15) $5520
Distillation
firewood cutting
Technical assistance Assistance Honorarium $1 000
Raw Materials Bagasse or vinasse Megagrams $0
Organics Yeast Kilogram $1 600
) Firewood Material transfer (2) $1 600
Energetics —
Electricity kw consumed $250
Services Water Monthly fee $100
Total $ MXN $10 070

Table 4. Determination of the fixed costs of ethanol production from the artisanal re-fermentation of agave

bagasse.
Costs
Category Concept Unit of | Useful life Total cost Cost per cycle
measure (years) (monthly)
Rent Installations 20 $250 000 $1041.66
Hose Meter 5 $1 000 $16.60
Structures and systems - -
Tank or cistern Piece 15 $10 000 $55.55
Machinery and Tanks Piece 10 $7 178 $59.81
Equipment Alembic Piece 20 $75 000 $312.50
Carafes (20) Piece 2 $1 000 $41.66
Weigh Piece 20 $3 500 $14.58
. Refractometer Unit 5 $10 000 $166.66
Tools, Accessories and Alcoholmeter Unit 2 $500 $20.83
Materials
shovels Piece 1 $1 000 $83.30
Axe Piece 1 $1 000 $83.30
Wheelbarrow Piece 5 $2 000 $33.30
Total $ MXN $362 178 $1929.25

*It was considered that approximately 15 L of ethanol are obtained for each Mg of reprocessed bagasse and
if a total of 8 Mg per month (8 tubs, 2 per week) is assumed to be processed, then 120 L of ethanol would
be obtained for each cycle. A liter of uncertified mezcal (40% Alc. Vol.) sells for an average of $§ 80 MXN.
With this estimate, up to MXN $ 6400 of net income could be obtained per cycle, which means an income
of MXN §$ 76 800 per year.
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Table 5. Estimation of ethanol production costs in reprocessed bagasse.

Production costs (* L) $149.99
*Net Profit=IB—CT=6400—11999.25 $5599.25
Profit margin=(PV—CP)/PV *100 87.48%
Rate of return on the cycle=GN/CT 46.66%
Total unit costs $11999.25
Unit variable costs $10 070.00
Unit fixed costs $1929.25

IB=Netincome, CT="Total costs, GN=Profit, PV =Selling price, CP=Production
cost (per L); MXN §$: Mexican pesos. *It was considered that approximately 10
L of high-grade ethanol is obtained for each Mg of reprocessed bagasse and if a
total of 8 Mg per month (8 tubs, 2 per week) is assumed to be processed, then 80
L of ethanol would be obtained for each cycle. A liter of uncertified mezcal (40%
Alc. Vol.) is sold for an average of MXN §$ 80. With this estimate, up to MXN $
6 400 net income could be obtained per cycle, which means an income of MXN

$ 76 800 per year.

viable to develop is option in a biofactory. This is, mezcal producers should look for
alternatives to adjust and standardize their sugar consumption processes in the agave must,
so as not to generate economic losses and also, to explore other uses of the bagasse obtained
in their facilities.

Some alternatives for the use of bagasse is to hold training workshops to make useful
by-products; such as compost, briquettes, animal fodder, adobe bricks, ecological pots,
mushroom production substrate, among others. This would expand the possibilities of
using this waste to generate additional economical resources for producer families, as
well as to reduce environmental impact (Paniagua et al., 2021; Acosta et al., 2023; Ordaz

et al.,2019).

CONCLUSIONS

It was shown that it is not feasible to re-ferment bagasse to obtain added value, even
if bagasse i3 discarded with significant amounts of sugars. This is due to re-fermentation
costs are high and the extra yields of ethanol are very low. Thus, the recommendation
to the producers is to be open to technical training, in order to adjust their mezcal
production processes towards consuming all the sugars in the must. Likewise, for the reuse
of Agave cupreata bagasse, other strategies should be generated and applied to reduce the
environmental impact, and to generate additional economic resources for the producer
families using broad-leaf agave.
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ABSTRACT

Objective: This study aimed to evaluate the applicability of equations developed in Black Belly lambs for
predicting carcass tissue composition in Dorper lambs.

Design/methodology/approach: This study was conducted using twenty 6-month-old ewe lambs
(30.53%3.62 kg). Animals were slaughtered, and the carcass was chilled at 1 °C for 24 hours. The carcass
was then split along the dorsal midline, and sections 9-11 were removed from the left half of the carcass. The
remainder of the left half of the carcass was dissected into muscle (TMC), fat (TCF), and bone (TCB), and the
weight of each was adjusted to the total carcass weight. The equations were assessed for their adequacy. The
accuracy and precision of the models were assessed by simple linear regression analysis, graphical analysis,
mean square error of prediction (MSEP) and its components, and sources of error.

Results: The regression analysis indicated that in equations for TCM and TCF, the slope was not different
from unity (P>0.05), but the intercept was different from zero (P<0.05). Nonetheless, all equations showed
low to moderate precision (0.20<r?<0.65), moderate accuracy (bias correction factor <0.65), and low to
moderate reproducibility index and agreement with observed data (concordance correlation coefficient
of 0.30=CCC=0.48) for predicting carcass tissues in Dorper lambs. In equations for TCM and TCF, the
main component of the MSEP was the means bias (>73.29%). In the TCB equation, the main component
of the MSEP was random error (>69.82%). This result indicates that further evaluation is required to
ensure that there is no lack of fit, i.e., simply random variation that cannot be accounted for by the model
in its current form.

Study limitations/implications: The study highlights significant limitations in the equations used to estimate
the carcass composition of Dorper lambs, showing poor agreement between observed and predicted weights.
This highlights the need for more accurate models that consider breed, sex, and local rearing conditions.
Findings/Conclusions: Based on these findings, we suggest that the equations tested in this study are not
effective in predicting carcass tissue composition in Dorper lambs.

Keywords: carcass, hair sheep, mathematical models; prediction, rib section cut.
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INTRODUCTION

The complete dissection of the sheep carcass allows us to know the tissue composition,
but this technique is laborious and expensive. One way of reducing the work involved in
dissecting a carcass is to use equations to estimate the carcass tissue composition (Silva et
al., 2013). Therefore, several authors present it as an alternative, such as the recording
of specific carcass measurements or the use of the tissue composition of primary cuts
and the 9-11 rib section to reduce carcass damage (Escalante-Clemente et al., 2022;
Rivera-Alegria et al., 2022). Silva et al. (2013) state that the evaluation of equations for
accurate and precise estimation of carcass composition is a significant advance, as it
could help to reduce the cost of experiments. As the evaluation of carcass composition
requires the complete dissection of a half carcass, cost is one of the limiting factors for
the conduct of some studies in this area. Marcondes et al. (2012) also stated that methods
that can estimate carcass or body composition without sacrificing the whole carcass are
important because they save time, labor and cost. In addition, these methods would have
to be of acceptable accuracy to be widely used. Also, due to the wide variety of breeds,
management conditions and performance differences between them, it is necessary to
look for factors that allow a better integration of the models in different breeds and
environmental conditions (Torres et al., 2021).

Due to its low cost, the technique of rib sections 9 to 11 has helped estimate the carcass
composition of different animal species (Marcondes ¢t al., 2012; Escalante-Clemente et al.,
2021). This technique has recently been used to determine the carcass tissue composition
of Black Belly lambs (Escalante-Clemente et al., 2021). Pelibuey and Blackbelly breeds are
used in tropical production systems as maternal breeds. Therefore, Katahdin and Dorper
breeds have been introduced to increase productivity in these systems. However, there are
few reports on carcass traits predicted using these breeds. For example, there have yet to be
any reports on using the 9 to 11 rib section to predict carcass traits. According to Tedeschi
(2006), the first step in the development of more accurate and reliable models is the
identification and acceptance of model inaccuracies. Therefore, assessing the suitability of
a mathematical model is an essential step in the modelling process, as it indicates the level
of precision and accuracy of the model’s predictions for the purpose for which it has been
developed. This step is essential to increase confidence in the current model. It also allows
the selection of alternative models or suggests model adjustments. The aim of the present
study was to evaluate the applicability of an equation developed for Black Belly lambs for

predicting carcass muscle weight in Dorper lambs.

MATERIALS AND METHODS

The study was carried out in the experimental area of the The study was carried out at
the Centro de Integracién Ovina del Sureste (CIOS), located in R/a Alvarado Santa Irene
9" section, in the municipality of Centro, with a humid tropical climate and temperatures
ranging from 15 to 44 °C, with an average of 26 °C, Tabasco, Mexico. Twenty 6-month-
old Dorper ewe lambs were used. The animals used in this study were treated following the
guidelines and regulations for ethical animal experimentation of the Academic Department
of Agricultural Sciences of the Universidad Judrez Auténoma de Tabasco (CIEI: Folio
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1173-2022). The average live weight (BW) was 30.53£3.62 kg. Lambs were weaned at
60 days of age and fattened in a cage system with raised slatted floors and group feeding
(ten animals per cage) in a feedlot system. When the target BW was reached, animals were
selected from the fattening groups for slaughter. The diet consisted of 80% concentrate and
20% forage with an estimated 15% crude protein (CP) and 12 MJ metabolizable energy
(AFRC, 1993) and was provided ad libitum. The ingredients of the diet included cereal
grains (53% ground maize, 14% soya bean meal, 20% star grass hay, 3% molasses, 4% rice
flour and a 1% pre-mix of vitamins and minerals.

The animals were slaughtered after a 24-hour fast following the applicable standards
(NOM-033-SAG/Z00-2014 and NOM-088-SAG/Z00-2014). After slaughter, the
carcasses were chilled at 1 °Ci for 24 h. Ribs 9-11 were taken from the left side of the carcass.
The carcass was split medially, and a section through all intercostal spaces between ribs
9-11 (out of a total of 13 pairs of ribs) was taken from the left forequarter, and the segment
was removed as described by Escalante-Clemente et al. (2022). The left half of the carcass
was then weighed and dissected to record the weight of muscle, fat and bone and the
weight. The same procedure was followed for rib sections 9-11. The tissues dissected in the
left half of the carcass plus those dissected in rib sections 9-11 were adjusted to give the total
carcass weight of muscle (T'CF), fat (TCF) and bone (TCB).

The equations proposed by Escalante-Clemente e al. (2022) were evaluated
for predicting total (TCM), fat (TCF), and bone (TCF) of Dorper lambs using the
characteristics of the 9-11 rib section (Table 1). The data used to test the equations are
shown in Table 2. The equations were assessed for their adequacy. The accuracy and
precision of the models were assessed by simple linear regression analysis of the observed
values (Y) with the predicted values (X). The carcass tissue compositions estimated by
the equations were compared with the values observed using the following regression

model:
Y=0,+p XX

Where X=predicted value; Y=observed value; 8, and #, =intercept and slope of the linear
equation, under the following statistical hypothesis: H: ,=0 and H: ;=1 and H_: not
H,. If the null hypotheses were not rejected, the prediction model accurately estimated the

carcass tissue composition.

Also, the following procedures were used: graphical analysis, mean square error of
prediction (MSEP) and its components, and sources of error (error due to bias, error
due to the slope of the regression between observed and predicted values being different
from 1, and random error). The coefficient of model determination (CD) was used to
assess the variance of the predicted data. The bias correction factor (Ch), a concordance
correlation coefficient (GCC) component, was used to indicate deviation from the line of
identity. The GCCs were also used as a reproducibility index to consider precision and
accuracy. Coefficients >0.80 were considered high precision and accuracy. Moderate

precision and accuracy were assumed when the coefficients were >0.51 and <0.79.
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Low precision and accuracy were assumed when the coefficients were <0.50. Finally,

all calculations were performed using the Model Evaluation System (Tedeschi, 2006).

RESULTS AND DISCUSSION

The mean, minimum, and maximum carcass traits and 9-11 rib sections for Dorper
lambs are presented in (Table 1). The total carcass muscle weight (TCM) ranged from 4.32
to 10.25 kg. As for the characteristics of the 9-11 rib section, the weight of ribs 9-11 (WRib)
ranged from 0.11 to 0.28 kg. The muscle of sections 9-11 (MRib) ranged from 0.04 to 0.14
kg, while the fat (I'Rib) ranged from 0.01 to 0.09 kg.

The regression analysis indicated that in equations for TCF the slope was different
from 1 (P>005). However, for TCM and TCB, the slope was not different from unity
(P>0.05), but the intercept was different from zero (P<0.05). This analysis indicated
that adjustments were required to estimate the true value, although the model could
be used to predict carcass tissues in Dorper lambs. Nonetheless, all equations showed
low to moderate precision (0.205r250.65), moderate accuracy (bias correction factor
<0.65), and low to moderate reproducibility index and agreement with observed data
(concordance correlation coefficient of 0.30=CCC=0.48) for predicting carcass tissues
in Dorper lambs. In equations for TCM and TCF, the main component of the MSEP was
the means bias (>73.29%). In the TCB equation, the main component of the MSEP was
random error (69.82%). Itis good to have a high proportion of MSEP in random, because
this helps us to avoid high proportions of MSEP in systematic and mean bias. This is
because most of the variation in results is not due to problems in the equation, but rather
due to random effects. For TCM and TCF, the result indicates that further evaluation
is required to ensure that there is no lack of fit, i.e. simply random variation that cannot
be accounted for by the model in its current form. The CD value for equations for TCM
and TCF also indicated the model overprediction (CD>1 indicates underprediction and
CD< 1 indicates overprediction); however, in the equations for TCB, an underprediction
was observed by the variation by 63%.

Escalante-Clemente et al. (2022) reported that they were able to predict carcass
tissue composition in Black Belly lambs using rib dissection 9-11 and found that the
use of this technique provided moderate to high accuracy (r2>0.595 and =0.92) and
precision (>0.96) predictions. The authors conclude that rib dissection 9-11 is a low

Table 1. Regression equations used to predict carcass tissue composition in Dorper ewe lambs using the 911" rib section.

No. Equation r MSE RMSE | P-Value
1 TCM (kg) = 0.89(£0.66 %) +1.11(£0.10 %% %) X LHCW +24.49(£10.16 *) X FRib 0.90 0.12 0.34 | <0.0001
2 TCF (kg) = —0.19(£0.41%) +0.16 (£0.06 *) X LHCW +20.37(£6.04 **) X FRib 0.61 0.05 0.22 0.0007
3 TBC (kg) = 0.58(20.34 %) +0.28(£0.05%) X LHCW +9.32(£2.49%*) X BRib 0.80 0.02 0.14 <.0001

TCM: Carcass muscle (kg); TCF: Carcass fat (kg); TCB: carcass bone (kg); MRib: Muscle in the 911" rib section (kg); FRib: fat in 9-11 rib
section (kg); BRib: Bone in the 9™-11" rib section (kg); LHCW: left half-carcasses weight (kg). Values within parentheses are the SE of the
parameter estimates. *: P<0.05; **: P<0.01; ***: P<0.001.
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Table 2. Variables used to estimate carcass tissue composition for Dorper lambs.

Variable | Description Mean SD Minimum Maximum
LHCW left half-carcasses weight (kg). 6.83 0.95 4.50 8.70
WRib Weight of 9"-11" rib section (kg) 0.18 | 0.04 0.11 0.28
MRib Muscle in 9"-11" rib section (ke) 0.09 0.02 0.04 0.14
BRib Bone in 911" rib section (kg) 0.04 | 0.01 0.03 0.06
FRib Fat in 9™-11" rib section (kg) 0.04 | 0.02 0.01 0.09
TCM Carcass muscle (kg) 7.85 1.41 4.32 10.25
TCF Carcass fat (kg) 3.24 0.61 2.23 4.59
TCB Carcass bone (kg) 2.51 0.50 1.64 3.68

SE: standard deviation.

Table 3. Descriptive statistics of the relationships between observed and predicted carcass tissue composition

for Dorper lambs.

Variable! Obs TCM Obs TCF Obs TCB
Mean 7.84 9.53 2.51 1.78 3.24 2.89
SD 1.41 1.46 0.49 0.59 0.61 0.31
Minimum 4.32 6.25 1.64 0.84 2.23 2.18
Maximum 10.25 12.46 3.68 2.87 4.59 3.54
r 0.65 0.45 0.20
r 0.80 0.67 0.44
CCC 0.48 0.35 0.30
Cb 0.59 0.52 0.65
MEF —0.90 —2.04 -0.14
CD 0.38 0.27 1.63
Regression analysis
Intercept ()
Estimate 0.38 1.50 0.76
SE 1.28 0.27 1.17
P-value (8,=0) 0.001 0.001 0.04
Slope (8,)
Estimate 0.78 0.56 0.85
SE 0.13 0.14 0.40
P-value (8,=1) 0.12 0.008 0.72
MSEP source, % MSEP
Mean bias 79.25 73.29 29.68
Systematic bias 2.67 8.77 0.48
Random error 18.07 17.93 69.82
Root MSEP
Estimate 1.89 0.84 0.63
% of the mean 19.91 47.38 21.99

! Obs: observed evaluation data set; CCC: concordance correlation coefficient; p=Correlation coefficient
estimate (precision). Ch: bias correction factor; MEF: modelling efficiency; CD: coefficient of model

determination; MSEP: mean square error of the prediction.
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destructive technique that identifies traits in different ruminant species. In Brazilian
Somali lamb carcasses, Souza ¢ al. (2020) showed that rib dissection 9-11 accurately
predicted water, cthereal extract (fat), and energy content. They also concluded that
breed and sex determine the chemical composition of the carcass and that the ethereal
extract (fat) content of rib sections 9-11 is the variable that best describes the carcass
ethereal extract (fat) in hair sheep. In the present study, we evaluated the applicability
of an equation developed by Escalante-Clemente e al. (2022) for Black Belly lambs to
predict carcass muscle weight in Dorper lambs. The equation was developed using rib
section characteristics 9-11.

According to Tedeschi (2006), a model’s usefulness should be assessed for its sustainability
for a particular purpose. Several tests are available to assess model adequacy to ensure
impartiality during the decision process of accepting or rejecting the suitability of a
mathematical model. For that, the identification and acceptance of a model’s wrongness is
an essential step towards the development of more reliable and accurate models. Based on
the results of the statistical evaluations, the evaluated equations cannot predict the carcass
tissue composition of Dorper lambs.

The differences found in the current study may be because we used equations
developed for male lambs of non-meat breeds, whose fat deposition occurs later than
in female lambs and adult ewes. Because of this difference in tissue deposition between
the sexes, some studies have reported that the equations cannot accurately estimate the
amount of each tissue in the carcass (Neves et al., 2018). The differences observed in this
study regarding Dorper lambs may lead to inaccurate estimates. The model evaluations
supported the results of this investigation due to the equations’ inability to predict carcass
tissue composition in Dorper lambs. Therefore, more data on carcass tissues of hair
sheep breeds are needed to develop accurate models for predicting carcass composition.
The study highlights significant limitations in the equations used to estimate the carcass
composition of Dorper lambs, showing poor agreement between observed and predicted
weights. This highlights the need for more accurate models that consider breed, sex, and

local rearing conditions.
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Figure 1. Relationship between the observed and predicted values of carcass tissues in Dorper lambs. The solid line is Y=X, and
the dotted line is the linear regression.
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CONCLUSIONS

The equations used to estimate the carcass tissue composition of Dorper lambs exhibited
a poor fit in predicting the relationship between observed and predicted weights, as well as
a low level of agreement. Based on these findings, we suggest that the equations tested in
this study are not effective in predicting carcass tissue composition in Dorper lambs. This
indicates the need to develop models based on breed- and sex-specific data, considering the

rearing and management conditions of each area.
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