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Karely, new variety of cut flower heliconia,
suitable for the humid Mexican tropics
Ortiz-Curiel, Simitrio*; Avendaño-Arrazate Carlos H.1; Iracheta-Donjuan Leobardo1
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ABSTRACT
Objective: To describe Heliconia uxpanapensis  Heliconia latispatha var. Karely, interspecific variety generated
for cut flower based on commercial standards.
Design/Methodology/Approach: Interspecific hand pollination was carried out between H. uxpanapensis
Gutiérrez Báez  H. latispatha Benth. The female parent is endemic to Mexico; it presents compact growth
due to its pachymorphic rhizome, red and erect inflorescence, and bracts in distal position. H. latispatha grows
expansively due to its leptomorphic rhizome, its inflorescence, composed of orange bracts, is erect and helical.
The F1 hybrid was self-fertilized and produced viable seed. The mature zygotic embryos were germinated
in vitro, the seedlings were acclimatized at six months and at ten months they were established in the field;
Heliconia var. Karely was generated from this population.
Results: Karely variety is F2 product of the interspecific cross between H. uxpanapensis  H. latispatha, it
presents a compact growth habit, erect inflorescence, bracts in distal position of orange color with red border.
The inflorescence is clean and healthy. The postharvest half-life is 15 days.
Study Limitations/Implications: Karely must be cultivated under an agroforestry system in conditions of 20
to 30% shade for the adequate pigmentation of the bracts. In addition, it requires sandy-loam soil for proper
development and growth of its inflorescence.
Findings/Conclusions: Karely has ideal characteristics for cut flower and meets the characteristics established
by the market.
Keywords: Inflorescence, bract, cut flower.
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INTRODUCTION
Heliconia are a group of tropical plants that include more
than 220 species, which have ornamental
aptitude due to their inflorescence of
remarkable colors (Kress et al., 1999).
Thirteen of these species inhabit the
tropical rainforests of Mexico, still in wild
condition (Ortiz-Curiel et al., 2015a); however,
improved varieties are also cultivated in Mexico
for cut flower with commercial aims, particularly for
the domestic market.
The varieties that are grown are of small (20 cm) to large
(1.20 m) inflorescence, of multiple shapes, colors and textures.
They are cataloged among exotic flowers due to their varied
colors and the strange shapes of their bracts (Ortiz-Curiel et al.,
2015b); in addition, their market niche is almost exclusive for the
luxury market (Baltazar-Bernal et al., 2011).
3
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Colombia is the main producer and exporter of heliconia at the global level, and
although the specific amount of exports of heliconia is unknown, because in the
nomenclature of foreign export they are grouped with foliage, the export flow in 2020
was for the amount of 590.8 million dollars FOB (cost of the merchandise in the country
of origin, transport and exports rights) with growth higher than 3.6% annually in the last
three years (Procolombia, 2021).
In Mexico, the states of Chiapas, Tabasco and Veracruz are the main producers of
heliconia for cut flower (Grajales and Montejo, 2008; Saldaña, 2004; Linares-Gabriel
et al., 2017); however, there is no statistical record that points at volume of sales at the
national or international level. Only Baltazar-Bernal et al., (2011) documented that the
local production is destined to the wholesale food market in Mexico City, place that
concentrates and distributes to wholesalers in the country, and these to flower shops. It has
also been documented that intermediaries are the ones that transport the flowers to the
market in Mexico City.
At least 50 variables are cultivated in Mexico, which are found in the list of the
Heliconia Society International (Brunner, 2005), agency that documented 1066 cultivars
through the countries of Central and South America. Some cultivars that are grown
in our country are scarcely competitive because the market is dynamic, changing and
constantly seeks novelty and quality. The high price of the plant material of the new
varieties of heliconia in the international market, as well as the expenditure for imports,
are costs that few producers are willing to defray.
To contribute and stimulate the development of tropical flower growing, the National
Institute of Agricultural and Livestock Forest Research (Instituto Nacional de Investigaciones
Forestales Agrícolas y Pecuarias, INIFAP) implemented the genetic improvement program
from the collection of the native heliconia diversity (Ortiz-Curiel et al., 2015b). In that
program, the first variety of heliconia was obtained through the different methodologies
of genetic improvement, among them interspecific hybridization; this variety is associated
to the commercial standard in heliconia such as size of inflorescence, color, shape and
durability (Díaz et al., 2002). In this sense, the objective of this study is to describe Heliconia
uxpanapensis  Heliconia latispatha var. Karely, variety that is apt for cut flower.
MATERIALS AND METHODS
In the year 2014, in the Heliconia germplasm bank from INIFAP-Experimental Field
Rosario Izapa, interspecific manual pollination between two native species of Mexico, H.
uxpanapensis Gutiérrez Báez  H. latispatha Benth, was carried out. The origin of the
parents that gave rise to the Karely variety is listed in Table 1.
Table 1. Data of the accessions that originated the new variety of Karely heliconia.
Code

Species

Origin

Latitude
(N)

Longitude
(O)

Altitude
(m)

Uxp-10

H. uxpanapensis Gutiérrez Báez

Veracruz

17° 15’

94° 22’

82.0

Lat_an

H. latispatha Benth

Chiapas

15° 16’

92° 42’

35.6
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Heliconia uxpanapensis was the female parent, which is endemic (Figure 1A). It presents
pachymorphic rhizome and therefore is of cluster growth, red stem, it prospers in conditions
of 80 to 90% of sun radiation, reaches a height of up to 5 m, presents an erect inflorescence,
large, with up to 15 red to purple bracts arranged in a distal position on a rachis moderately
in zig-zag. For its part, H. latispatha, the male parent, presents leptomorphic rhizome,
reason why it is highly invasive, it is of green stem, 1 to 2.5 m, tolerates 100% sunlight; its
inflorescence is erect, of small to medium size with up to 10 bracts, of orange color, thin
and curved on the tip, located in a rachis in zig-zag and when they age, they adopt a spiral
shape (Figure 1B).
The interspecific hybrid (Karely’s parent) presents intermediate inheritance between
H. uxpanapensis and H. latispatha, both in its vegetative and reproductive structures (Figure
1C). The rhizome is of intermediate growth between leptomorphic and pachymorphic, of
brown color and thin stem; with erect inflorescence, distal although helical when it ages; it
presents bracts of orange color on the outside and red on the inside; its lengthened bracts
makes them similar to H. latispatha, while its height of up to 5 m and number of bracts of
11-15 makes it similar to H. uxpanapensis; its main distinction is that it flowers all year long.
In July 2018, auto-fertilization of the interspecific hybrid H. uxpanapensis  H. latispatha
was induced; with the help of fabric protectors, inflorescences were covered and seed was
obtained to generate the F2. The F2 seed was sown in vitro through the technique described
by Ortiz-Curiel et al. (2019) and seedlings were obtained. In January 2019 the seedlings
were acclimatized in polystyrene trays of 128 cavities with transparent dome and a substrate
with a proportion of 80:20 peat-agrolite v/v was used. The acclimation was performed in
a condition of 50% shade and relative moisture of 100% in the first 30 days. After 60 days
of acclimation, the plants were changed to 2030 cm bags in 50-50% substrate of loamagrolite soil. In August 2019, in the Experimental Field Rosario Izapa, 90 plants were sown
in sandy-loam soil, with pH of 6, in shade intensity of 20%, and under irrigation conditions.
The flowering began in March 2020 and since that date the morphologic characterization

A

B

C

Figure 1. Parents of Heliconia var. Karely. A) H. uxpanapensis Gutiérrez Báez and B) H. latispatha Benth, and C) Interespecific
hybrid H. uxpanapensis  H. latispatha.

6

Agro productividad 2022. https://doi.org/10.32854/agrop.v15i2.2161

started, based on the descriptors suggested for the genus Heliconia by Avendaño et al. (2017).
Later, the selection process began based on commercial standards for cut flower, where the
H-67-9 plant was selected in the end. This plant is propagated asexually to maintain the
genetic identity and a plot was established for morphologic characterization, agronomic
evaluation, and shelf life in the conditions referred before. Finally, this genotype was called
Karely variety.
RESULTS AND DISCUSSION
Karely varietal description
The plant is of medium to high growth habit, of cluster growth (Figure 2A), with erect
inflorescence and bracts in distal position. These morphological traits are similar to H.
uxpanapensis, except in its inflorescence color, since Karely presents rachis and bracts of
orange color (Figure 2B), while H. uxpanapensis presents red inflorescence. As the Karely
inflorescence ages the orange color of the bracts gets more intense, becoming red. A special
characteristic of Karely is that its bracts are healthy and do not get dirty with the rainwater
that they store. In addition to the characterization studies, the first trials on its post-harvest
life showed that it has a mean durability of 15 days with slight indications of senescence
under conditions of 27 °C and 82% of relative humidity.
Table 2 presents the morphological descriptors of the Karely variety. The traits of this
variety described suggest that it is adequate for cut flower. Its inflorescence, as well as the
phylotaxy of its bracts, is an attribute that facilitates the arrangements of the inflorescences
in the package and avoids scarring or bruising, relevant characteristic of commercial
varieties such as Heliconia wagneriana, H. bihai, H. stricta, H. ortotricha, and H. caribaea. In
this sense, it is apt both for national and international trade. The thickness of the stem
in the cutting zone, of 2.5 cm  4.2 cm compared to 3.4 cm  4.6 cm of H. caribaea,
represents lower weight per volume if it is considered that each flower stem is up to 1.2 m
long; this finally translates into a cost reduction for transport.

A

B

Figure 2. Heliconia uxpanapensis Gutiérrez  H. latispatha variedad Karely. A) Plant before flowering, and B)
Inflorescence.
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Table 2. Morphological descriptors for the genus Heliconia with which the Karely variety was described (Avendaño et al., 2017).
Number

Character

1
Culm growth
2
Type of rhizome
3
Plant growth
4
Plant length (cm)
5
Pseudostem length (cm)
6
Pseudostem width 60 (mm)
7
Pseudostem thickness 60 (mm)
8
Pseudostem colour
9
Pseudostem shape
10
Pseudostem pubescence
11
Pseudostem length ratio and leaf length
12
Wax in pseudostem
13
Limb edge
14
Limb ondulation
15
Limb’s base shape
16
Limb’s apices shape
17
Limb length (cm)
18
Limb width (cm)
19
Limb length-to-width ratio
20
Limb color
21
Leaves arrangement
22
Leaves present
23
Limb’s petiole length (cm)
24
Petiole consistency
25
Leaf length (cm)
26
Wax in limb
27
Type of leaf venation
28
Leaf growth
28
Leaf symmetry
30
Inflorescence growth
31
Inflorescence length (cm)
32
Inflorescence width (cm)
33
inflorescence length-to-width ratio
34
Rachis shape
35
Rachis width (cm)
36
Rachis thickness (cm)
37
Presence of pubescence
38
Open bracts
39
Second bract length (cm)
40
Second bract width (mm)
41
Second bract thickness (mm)
42
Bracts arrangement
43
Bracts color
44
Bract shape
45
Rachis colouring
46
Type of inflorescence
47
Sepals colour
48
Pedicel color
49
Sepal length of the most flourished flower (mm)
50
Most flourished flower width (mm)
51
Most flourished flower thickness (mm)
52
Pedicel length (mm)
53
Pedicel width (cm)
54
Ovary color
*Obtained from: Munsell Plant Tissue Color Book.

Character/Mean of Heliconia Karely variety

Compact
Pachymorph
Musoide
277.0
151.3
48.9
28.9
Green
Oval
Glabrous
1.13
Absence
Entire
Absence
Alternate
Acute
125.7
38.3
3.2
Light green
Alternate
4
139.0
Full
264.7
Absence
Highly visible
Outwards (salient)
Symmetric
Erected
55.0
25.0
2.2
Undulate
17.4
18.3
Glabrous
12.0
12.0
4.3
25.0
Distichous
Orange
Boat-like
Orange
Erected
Yellow
White
51.6
6.1
5.3
18.5
5.3
Yellow

Example Heliconia uxpanapensis

Reed

Reed (5R3/10)
Reed (5R3/10)
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Due to its origin, the Karely variety is favorable for the producing zone of heliconia
under agro-forestry management, in association with cacao or timber-producing trees,
since 20 to 30% shade is necessary for an adequate tonality and quality of inflorescence.
The documentation that supports the Karely variety was delivered to Mexico’s National
Seeds Inspection and Certification Service (Servicio Nacional de Inspección y Certificación de
Semillas en México, SNICS-SADER) for its registry in the National Catalog of Varieties and
to obtain the corresponding Breeder Title. It should be mentioned that the plant material
for multiplication is protected in the INIFAP-Experimental Field Rosario Izapa.
CONCLUSIONS
Heliconia var. Karely was described, destined for cut flower. Its morphological
characteristics of inflorescence such as shape, size, weight, inflorescence color and
durability are attributes of commercial importance.
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ABSTRACT
Objective: To characterize the profile and empowerment level of women in the coffee (Coffea arabica L.)
production sector in the High Mountains Region, Veracruz, Mexico.
Design/methodology: The assessment considered two scenarios: women coffee production owners (MDP)
and coffee producers’ wives (EFP). The study was conducted in five municipalities with a “non-probabilistic”
sample. Eighty questionnaires with a Likert-type scale were applied in the municipalities of Coatepec,
Huatusco, Sochiapa, Tlaltetela, and Zentla, Veracruz.
Results: The age of women in both profiles ranged between 41 and 60 years. Marital status for MDP is
20% single and 23% divorced, while 80% of the EFP are married. Education level among MDP is higher
than among EFP. Most MDP have two or more jobs (78%), while EFP are mostly housewives (68%). Most
MDP (65%) presented a high empowerment level and 35% a medium level. Among EFP, 45% had a high
empowerment level and 55% a medium level.
Limitations and implications: Survey on how male producers perceive women’s participation and
empowerment within the coffee sector.
Conclusion: Empowerment level is higher among women production owners —since this allows them to show
leadership and autonomy in decision-making— than among women who depend economically on a male
producer. This dependency limits the role women play in decision-making.
Key words: Coffee, Likert scale, Education, Self-esteem, Leadership.

INTRODUCTION
Women’s empowerment has been a relevant topic of interest for public policy design
and constitutes per se a field of study for the benefit of women. It is also important in
the international arena, as stated by the United Nations (UN) Sustainable Development
Agenda 2015-2030, the International Fund for Agricultural Development (IFAD), and
the World Food Programme (WFP). In the case of rural women, empowerment has been
posed as a strategy to break the cycles of poverty and inequality among men and women
(Naciones Unidas, 2018).
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As is the case with other concepts, women’s empowerment depends on its
contextualization and conceptualization. However, despite their diversity, all these concepts
agree that empowerment is a social process that occurs at individual and collective levels,
and involves management abilities, awareness, and self-realization for the comprehensive
development of the female gender (Rowlands, 1977; Schuler, 1997; Denman et al., 1997;
Meza et al., 2002).
For the purposes of our research, we used the concept as described by Rowlands (1997),
who highlights the three powers of the female gender: “power over, power to, and power
with,” in relation to decision-making and the fulfilment of personal interests, as well as
individual and collective positioning. Consequently, women’s empowerment stands for the
importance of autonomy, participation, self-esteem, and conditions for equal opportunities.
These tools enable women to improve their social situation in life, which in turn will allow
them to exercise control over their decisions, in addition to granting them financial,
behavioral, and family security (Marín and Okali, 2008). All this can be conceptualized
as the interrelation of processes for the comprehensive development of women, based
on positive change through the advancement of their attitudes, skills, self-esteem, and
confidence.
Coffee growing is an activity of socioeconomic relevance. In Mexico ––the ninth
largest producer of coffee worldwide–– coffee growing is present in 14 states, involves
more than 500,000 producers and 30 ethnic groups (original peoples), and takes up over
700,000 hectares. It is a strategic activity in the agrifood sector of the State of Veracruz
––the second largest national producer, with 139,000 hectares and 42,000 growers. The
following municipalities stand out in this agribusiness: Misantla, Tlapacoyan, Coatepec,
Coscomatepec, Zentla, Huatusco, Ixhuatlán del Café, Zongolica, Tezonapa, Córdoba, and
Sierra de Santa Marta (Los Tuxtlas Region) (Sánchez Hernández et al., 2019; VargasArroyave et al., 2020).
In the coffee growing sector of Veracruz, the role of women is pivotal insofar as they
participate in the horizontal production-distribution-consumption cycle, either as owners
of coffee plantations or as producers’ wives who take part in productive activities (SADER,
2018; Vargas-Arroyave et al., 2020). Nevertheless, some stereotypes have imposed the idea
of this activity as exclusively male, thus minimizing the efforts of women (Biermayr-Jenzano,
2016). Nava and Hernández (2017) consider that women’s participation in this sector
is higher than in other agrifood chains, both in agriculture and in livestock production;
hence the importance of studying their participation in the sector, either direct (as coffee
production owners) or indirect (contributing to production by being in charge of domestic
chores and family care). Our goal was to characterize the profile and empowerment level
of women coffee growers in the mountainous area of the State of Veracruz, Mexico.
MATERIALS AND METHOD
The High Mountains Region of the State of Veracruz, Mexico, comprises an area of
6,053 km2 (8.4% of the state territory). It adjoins the Capital Region (N), the Sotavento
Region (E), the State of Puebla (W), the Papaloapan Region (SE), and the State of Oaxaca
(S). It is the most diverse region in terms of climate, fauna, and flora, which vary according
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to the altitude of its 57 municipalities (600-3,200 masl) (Gobierno del Estado de Veracruz,
2018). This study was conducted in five representative municipalities of the coffee sector in
social, economic, and productive terms, as well as in terms of cultivated area and population
involved in the activity: Sochiapa, Tlaltetela, and Zentla (small holders), and Coatepec and
Huatusco (commercial) (PRONATURA, 2017; Gobierno del Estado, 2018).
We considered a non-probabilistic sample using a snowball sampling method (Alloati,
2014) for women coffee production owners (MDP40) and coffee producers’ wives
(EFP40). During the second half of 2020, a 25-entry questionnaire with a 0.94 reliability
level was designed and applied, based on Cronbach’sα (alpha) coefficient for Likert scales
(Carmines and Zeller, 1979; Quero Virla, 1997). Six dimensions were taken into account:
family context; self-esteem; autonomy; self-efficacy; participation and equal opportunities;
and inclusion and nondiscrimination. Seventeen variables were also taken into account:
capacity for success; participation in projects; successful performance; believing in one’s
own abilities; decision-making; important decisions; decision-making power; activity
coordination; successful activities; equal rights; equal remuneration; income; equal
opportunities; roles; leadership; participation in production; and participation in sales. An
Excel Microsoft database was created and the data was analyzed with the STATISTICA
version 7.0 software to obtain measures of central tendency and descriptive statistics.
RESULTS AND DISCUSSION
Characterization of women in the coffee production sector
According to our results (Table 1), the age of women in both profiles ranged between 41
and 60 years (38% MDP and 50% EFP); they are therefore considered middle-aged. In this
respect, Hernández (2016) indicates that participation of 15- to 19-year-old women (young
women) in the coffee harvest represents 40% of the their total participation. Later on (in
the range of 20-39 years of age), their participation decreases to 20%, as a consequence
of reproductive age and childcare. After 40 years of age, women’s participation increases
again. It is important to highlight the fact that women’s participation in the coffee sector is
higher than in other branches of the primary sector (such as livestock and corn), which are
considered purely male activities (Candelaria et al., 2011).

Table 1. Characterization of the coffee growing woman —Women Coffee Production Owners (MDP) and Coffee Producers’ Wives (EFP)— in
five municipalities of the High Mountains Region in Veracruz, Mexico.
Characterization

MDP

Representative percentage of
questionnaires (%)

EFP

Representative percentage of
questionnaires (%)

Age (years)

De 41-60

38

De 41-60

50

Number of occupations (number)

Two

78

One

68

Civil status

Married

45

Married

80
28
55

Scholarship

High school

30

Unfinished
elementary
school

Number of hectares planted (ha)

1-2

86

1.

Source: self made.
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In both profiles, most women are married (45% MDP and 80% EFP) and some others
live in domestic partnership (10% MDP y 10% EFP). Among MDP, 20% are single and
23% divorced. Data on the relation between leadership and age among women producers
match the findings of López-Zepeda (2018). The education level among MDP is secondary
school (30%), complete elementary school (20%), and incomplete elementary school (25%).
Meanwhile, the education level among EFP is incomplete elementary school (28%),
complete elementary school (23%), and secondary school and college (18%). This reflects
an overall low education level, which is consistent with the data provided for the rural
sector by the Secretaría de Agricultura y Desarrollo Rural (SADER, 2018) (Nava and
Hernández, 2017).
Regarding the number of jobs held in each profile, 78% of MDP have two jobs, among
which coffee grower stands out, together with housekeeper and professional; in the
EFP profile, 68% only has one job (housekeeper), while 30% has two jobs (professional,
tradeswoman, or employee). These data are similar to those reported by Paz-Paredes
(2017). In this respect, it is important to emphasize the role of women, because whether
or not they are direct coffee producers, they carry out household-related and extra farm
activities that contribute to the household economy.
The amount of cultivated hectares fluctuates between less than one (1.0 ha), and
one to two (1-2.0 ha), for 86% of the owners and 90% of the relatives (Lopez Morgado and
Díaz Padilla, 2020). Similarly, according to Estado et al. (2010), there is no gender-related
difference regarding productive capacity in agricultural tasks. Ejea (2009) mentions that
smallholder coffee growers view their coffee crops as a saving mechanism and rely on other
crops for their daily expenses.
Out of the six empowerment-related dimensions evaluated (Figure 1), autonomy (8.19),
equal opportunities (8.69), inclusion and nondiscrimination (8.70), and participation (8.30)
were the most important for MDP. The least important variable was family context (8.03).
In this respect, some of the interviewees argued that their families have never motivated
them at all and that their achievements have been entirely their own. The most important
dimensions for EFP were family context (8.25) and self-efficacy (8.44), which shows an instinct
to form family ties —since these women are more in contact with their families— and is
consistent with the number of jobs (one: housekeeper, 68%). The least important dimensions
were autonomy (7.28), equal opportunities (7.88), inclusion and nondiscrimination (7.92),
and participation (7.50). The low participation of this group in the coffee production
process and in decision-making is easy to understand, because these activities are left in
charge of their husbands or relatives, which leaves women participation at a minimum.
This is consistent with reports by Chablé et al. (2007) regarding proportionality between
income and decision-making capacity among women. Likewise, Cárcamo et al. (2010)
mention that women coffee production owners participate in decision-making within the
organizations to which they belong, while wives participate in the production process only
to a certain extent but are not taken into account for decision-making.
The results for each profile’s level of empowerment are described below (Figure 2). In the
case of MDP, 65% reached a high empowerment level, while 35% showed an intermediate
level. Among EFP, 45% had a high empowerment level, while 55% had an intermediate
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Figure 1. Assessment of empowerment level dimensions for Women Coffee Production Owners (MDP) and
Producers’ Wives or Relatives (EEP) in five municipalities of the High Mountains Region, Veracruz. Source:
Self-collected data.

level. Likewise, Vargas-Arroyave et al. (2020), among others, found that most women have
a clear perception of leadership, high participation, and self-sufficiency.
According to FAO, when gender equality improves, rural women have more access to
resources, services, and opportunities. Achieving empowerment not only for women, but

Figure 2. Empowerment level for Women Coffee Production Owners (MDP) and Producers’ Wives or
Relatives (EFP) in five municipalities of the High Mountains Region, Veracruz. Source: self-collected data.
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also for men and children, brings about better life conditions, socioeconomic benefits, and
the strengthening of future generations (Development Bank, 2013).
Final data distributions are positively skewed for both cases, since 50% of results focus
on data that fluctuate between 6.710. For MDP, all variables have an 8.32 mean with
data between 5.5710. Meanwhile, EFP have a mean of 7.91 with results of 6.7 (first
quartile) and 9.4 (third quartile) (Figure 3).
Activities that more actively involve the wives or female relatives of small producers
should be fostered, in order to take their ideas into consideration and allow them to have a
direct impact on coffee cultivation; otherwise, the gender gap that is so frequently found in
production systems will persist.
The right to land definitely empowers women, in contrast to those who are not owners.
Empowerment implies strengthening confidence and self-esteem, as well as participating
as a social group to improve life conditions. The development of rural women in economic
activities strengthens their autonomy and gender equality, improves their family context,
and expands development opportunities for their communities. However, achieving
empowerment is an ongoing challenge for women in the rural sector, because it requires
raising awareness on these topics among men, besides understanding that both men and
women are complementary and not competitors.
It is important to design public policies that help to underpin and acknowledge those
activities carried out by rural women in their social, productive, economic, and cultural
role, in order to have an impact on and improve the situations and contexts in which they
grow (become empowered) (Hernández and Nava, 2019). In addition, it is necessary to
expand and further the research and studies about the role of women in other important
chains of the agrifood sector in the State of Veracruz, Mexico.

Figure 3: Final empowerment level assessment for Women Coffee Production Owners (MDP) and Producers’
Wives or Relatives (EFP) in five municipalities of the High Mountains Region, Veracruz. Source: Self-collected
data.
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CONCLUSIONS
Women coffee producers in the studied regions reached higher empowerment levels
than producers’ wives. Ownership of production provides economic independence
and security which strengthen aspects of leadership, self-management capacity, and
participation in productive and socioeconomic activities. Economic dependence limits the
decision-making capacity and the roles adopted within the household and the productive
activities, which are frequently viewed as unpaid help. Nonetheless, both producer and
non-producer women lag behind in basic prerogatives, such as education and income.
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ABSTRACT
Objective: To evaluate the antibacterial and antifungal activity of hydroethanolic extracts of Dionaea muscipula
J. Ellis against bacteria models and fungi of agricultural importance.
Design/Methodology/Approach: In vitro plants of D. muscipula were propagated and acclimatized for three
months. The antibacterial activity of the hydroethanolic extracts against Escherichia coli and Bacillus cereus was
evaluated, and the antifungal activity against Aspergillus niger, Fusarium oxysporum and Pseudocercospora fijiensis.
Analysis of variance (ANOVA) was carried out to compare the means obtained with Tukey’s test (p0.05).
Results: The hydroethanolic extracts of in vitro and acclimatized D. muscipula presented bacteriostatic activity
against the bacteria E. coli (65.20 and 69.78% of inhibition) and B. cereus (91.75 and 92.61% of inhibition), and
antifungal activity against the fungus P. fijiensis of 7.56 and 14.21% of inhibition, respectively.
Study Limitations/Implications: The hydroethanolic extracts of in vitro and acclimatized D. muscipula did
not show antifungal activity against A. niger and F. oxysporum.
Findings/Conclusions: The hydroethanolic extracts of in vitro and acclimatized D. muscipula presented
bacteriostatic activity against bacteria E. coli and B. cereus and antifungal activity against the fungus P. fijiensis.
Keywords: antibacterial activity, antifungal activity, Dionaea muscipula, carnivore plants.
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INTRODUCTION
Carnivore plants have attracted the general public due to their exotic nature and the
ability to attract, capture and digest insects (Ellison and Adamec, 2018); carnivorism provides
nitrogen (N), phosphorus (P) and other supplementary mineral nutrients, improving the
growth and reproduction of carnivore plants, some of which produce digestive enzymes
to degrade insects such as Dionaea muscupila J. Ellis (Takahashi et al., 2011; Young et al.,
2018). Carnivore plants, in contrast with common plants, are rarely infected by different
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pathogenic agents carried by insects, such as bacteria, viruses and fungi, which can
suggest the presence of defense mechanisms or production of secondary metabolites in the
plant (Ogihara et al., 2013). It has been reported that the extracts from the tissues of D.
muscipula present antioxidant (Makowski et al., 2020), anticancer (Kawiak et al., 2019), and
antibacterial properties against bacteria such as Enterococcus faecalis, Staphylococcus aureus,
Klebsiella pneumoniae and Pseudomonas aeruginosa (Królicka et al., 2008). However, despite
being of utmost importance, the fungicide activity against phytopathogenic fungi has been
scarcely studied. Therefore, the antibacterial and antifungal activity of hydroethanolic
extracts of in vitro and acclimatized D. muscipula against model pathogens and of agricultural
importance (E. coli, B. cereus, A. niger, F. oxysporum and P. fijiensis) was evaluated.
MATERIALS AND METHODS
D. muscipula plants were used, belonging to the active collection of the Biotechnology
and Plant Cryobiology laboratory from the Chemistry School at Universidad Veracruzana,
from in vitro culture in a semisolid MS medium (Murashige & Skoog, 1962) at 1/3 of
concentration, supplemented with 3% sucrose (Fermont®) and 2.5 g L1 phytagel (SigmaAldrich®) as jellifying agent. The pH was adjusted to 5.80.1, with HCl 0.1 N (Fermont®)
and NaOH 0.1 N (Fermont®) and sterilized in autoclave at 120 °C and 115 kPa for 15
min. Later, D. muscipula seedlings were sub-cultured in containers with 30 mL of culture
medium in a laminar flow hood. The explants were incubated at 251 °C with irradiation
of 40 molm2 s1 provided by fluorescent lamps of 60 W (Osram®) with a photoperiod of
16 hours light and 8 hours darkness. In vitro plants of D. muscipula were acclimatized during
three months using Peat Moss and agrolite (1:1) as substrate, in controlled greenhouse
conditions under radiation with natural light of 130 mol m2 s1, 302 °C and 605%
of HR. In addition, a sample of the specimen was deposited in the CORU Herbarium Dr.
Jerzy Rzedowski Rotter of the Biological and Agricultural Sciences School at Universidad
Veracruzana, Córdoba, Veracruz, with number of identification certificates SVH001.
Preparation of hydroethanolic extracts
Fifteen (15) g of in vitro and acclimatized D. muscipula plants were used, three months
old, in sterile conditions, washed with distilled water and dried with filter paper, frozen
with liquid nitrogen and pulverized in a mortar with pestle; then, they were macerated
by adding 100 mL of a 80:20 ethanol:water (% v/v) solution. The extracts were poured
into sterile Erlenmeyer flasks covered with aluminum paper to avoid photo oxidation,
the hydroethanolic extracts were concentrated in rotary evaporator (IKA®) to a tenth of
the original volume, frozen to 62 °C and liquid nitrogen was added to lyophilize at
86 °C and 0.01 mbar in a freeze-drier (LABCONCO® 7.2).
Biological material (bacteria and fungi)
Bacteria cultures (E. coli and B. cereus) and fungal cultures (A. niger, F. oxysporum, and P.
fijiensis) were used, which belonged to the active collection of the Biotechnology and Food
Analysis laboratory of the Chemistry School at Universidad Veracruzana. To cultivate E.
coli, 22.5 g of trypticase soy broth (CSoT) were used and dissolved in 750 mL water, taken
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to boiling point in constant agitation; the pH was adjusted to 7.30.2. Then, 50 mL were
poured in Erlenmeyer flasks of 125 mL and sterilized in autoclave at 120 °C and 115 kPa
for 15 min. Nutritional broth was used to cultivate B. cereus, 6 g were weighed and diluted
in 750 mL of water, it was heated and agitated until its complete dilution. The pH was
adjusted to 6.90.2, and 50 mL were poured in Erlenmeyer flasks of 125 mL and sterilized
in autoclave at 120 °C and 115 kPa for 15 min.
To cultivate A. niger, F. oxysporum, and P. fijiensis, 7.8 g of potato dextrose agar (PDA)
(MCDLab) were used, 200 mL of distilled water were added, and this was left to rest for
15 min; then, it was heated for 1 min in constant agitation until its dilution, sterilized in
autoclave at 120 °C and 115 kPa for 15 min, and left to cool until 45 °C. In a laminar flow
hood, the PDA medium was poured into sterile Petri dishes and left to solidify for 15 min.
Finally, for the inoculation, squares of 1 cm2 of agar from a Petri dish with the fungus in
active growth were used and incubated at 28 °C.
Evaluation of the antibacterial activity
The hydroethanolic extracts were re-suspended with sterile distilled water to obtain a
concentration of 1% and filtered using a membrane (Millex®), with a pore size of 0.22 m
to eliminate residues.
The evaluation of the antibacterial activity of hydroethanolic extracts was carried out
through the poisoned medium method described by Ochoa Fuentes et al. (2012). The
strains of E. coli and B. cereus were activated in 125 mL flasks, adding 50 L of the inoculum
from each bacterium in 50 mL of CsoT medium and nutritional broth, respectively. Later,
after 18 hours of incubation, 45 mL of fresh medium were taken and inoculated with 5 mL
of culture medium activated with E. coli and B. cereus.
For the evaluation of the antibacterial activity, 150 L of the extracts at a concentration
of 1% were added to the culture medium inoculated with E. coli and B. cereus, 150 L
of broad-spectrum commercial antibiotic (Ceftriaxone) were used as positive control, the
negative control consisted in the inoculated culture medium with the respective bacteria,
and as target the culture mediums without inoculation were used added with 150 L of the
hydroethanolic extract.
A bacterial growth kinetic of 12 h was conducted. Each hour an aliquot of 1000 L
was taken in a laminar flow hood to avoid crossed contamination and the absorbance
was measured at 620 nm in spectrophotometer ( JENWAY 6305™). Each treatment was
carried out by triplicate.
Evaluation of the antifungal activity
The evaluation of antifungal activity of the extracts of D. muscipula was determined
through the “empty box” method described by Cruz-Cruz et al. (2010). Initially, Petri
dishes were filled to ¼ of its volume with “agar-agar” medium (Omnichem®) and it was
left to solidify, plastic cylinder molds (0.5 cm of diameter) were placed to form a “well” in
the central part of the Petri dish. In parallel, 10 inoculates of 1 cm2 from each fungus were
mixed with 400 mL of PDA medium at 36 °C and the resulting suspensions were served
in Petri dishes that contained the solidified “agar-agar” medium with the plastic cylinder
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mold. For all the evaluations, 150 L of the hydroethanolic extracts at 1% were used to fill
the wells, and for the negative control 150 L of a 80:20 ethanol:water (% v/v) mixture were
added to the wells, and for positive control 15 L of Neomicol®.
Later, the Petri dishes that contained A. niger and F. oxysporum were incubated during
7 days at 28 °C, and for P. fijiensis 15 days at 28 °C. Each treatment was carried out
by triplicate. The evaluation of the antifungal activity was conducted by measuring the
inhibition area through the ImageJ version 2018 software.
Experimental design and statistical analysis
A completely random experimental design was used. All the assays were performed
by triplicate. The data were processed using the MINITAB 18 STATISTICAL software
and the statistical analysis was carried out through an analysis of variance (ANOVA) and a
means comparison using Tukey’s test (p0.05).
RESULTS AND DISCUSSION
Evaluation of the antibacterial activity of hydroethanolic extracts of in vitro
and acclimatized D. muscipula against E. coli and B. cereus
The hydroethanolic extracts of in vitro and acclimatized D. muscipula presented
bacteriostatic activity against E. coli (Table 1), showing inhibition of microbial growth of
65.200.52 and 69.780.72%, respectively. The positive controls (Ceftriaxone), inhibited
97.900.83 and 96.250.63% of microbial growth of E. coli in both evaluations, showing
significant difference compared to the treatment with hydroethanolic extracts. The negative
controls (inoculated medium) did not present inhibition, while in the blanks (cultivation
medium) bacterial growth was not observed.
Authors like Tafur et al. (2011) report that gram-negative bacteria have higher resistance
to the secondary metabolites, which could be the reason of bacteriostatic activity. Chávez
Pérez et al. (2017) reported that plumbagin from the tissue of D. muscipula provides the
antibacterial properties while Tokunaga et al. (2004) describe that they provide protection
against predators and parasites.
The results from the hydroethanolic extract of Dionaea against E. coli presented a
bacteriostatic activity; that is, the extract did not completely inhibit the bacteria, but rather
made it age, stopping its growth and reproduction. Makowski et al. (2020) reported that the
elicitation with C. sakazaki lysates increased the bactericide properties of the D. muscipula
Table 1. Percentage of bacterial inhibition of hydroethanolic extracts from in vitro and acclimatized plantlets of D. muscipula.
E. coli

Control  (Ceftriaxone)
Control  (inoculated medium)
Hydroethanolic extract 1%

B. cereus

In vitro
plantlets (%)

Acclimatized
plantlets (%)

In vitro
plantlets (%)

Acclimatized
plantlets (%)

97.900.83ª

96.250.63ª

97.572.71ª

99.200.57ª

c

c

c

0.000.00

0.000.00

0.000.00

0.000.00c

65.200.52b

69.780.72b

91.750.12b

92.610.35b
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tissue against E. coli, thus suggesting that gram-negative bacteria are less sensitive to the
compounds derived from D. muscipula tissue.
The evaluation of hydroethanolic extracts of in vitro and acclimatized D. muscipula also
presented bacteriostatic activity against B.cereus (Table 1), showing inhibition of microbial
growth of 91.750.12 and 92.610.35%, respectively. The positive controls (Ceftriaxone)
inhibited 97.572.71 and 99.200.57% of microbial growth of B. cereus in both evaluations,
showing significant difference compared to the treatment with hydroethanolic extracts.
Likewise, the negative controls (inoculated medium) did not show inhibition, while in the
blanks (culture medium) bacterial growth was not observed.
The bactericide activity presented by the extracts of D. muscipula against B. cereus
inhibited 91.75 and 92.61% of microbial growth, being higher than those observed with
E. coli of 65.20 and 69.78%. Manandhar et al. (2019) describe that the difference in
the nature of the cell wall makes gram-positive bacteria more susceptible to different
compounds than gram-negative bacteria. Authors like López et al. (2011) report
that metabolites found in the extracts with antimicrobial activity are flavonoids and
naphthoquinones, which owe their antibacterial activity to sharing analogue structures
with antibiotics.
Evaluation of the antifungal activity of hydroethanolic extracts of D. muscipula
against A. niger, F. oxysporum and P. fijiensis
The hydroethanolic extracts of in vitro and acclimatized D. muscipula did not show
inhibition against phytopathogenic fungi A. niger and F. oxysporum (Table 2). This could
be because the extracts of D. muscipula did not have the specific secondary metabolites
to combat the growth of A. niger and F. oxysporum. However, the hydroethanolic extracts
of in vitro and acclimatized D. muscipula presented antifungal activity against P. fijiensis,
respectively.
The in vitro seedling extract showed fungal inhibition of 7.561.1 and the ex vitro seedling
extract of 14.210.85%, with significant statistical differences. The fungal inhibition of ex
vitro seedling extract (14.210.85%) was higher (0.28%) than what was observed in the
positive control (Neomicol®) (13.91.3%), without significant statistical differences (Table
2, Figure 1).
Castillo et al. (2012) describe that the plants synthesize secondary metabolites with
antifungal activity to stop or inhibit the development of mycelia growth or reducing the

Table 2. Percentage of fungal inhibition of hydroethanolic extracts from in vitro and acclimatized plantlets of D. muscipula.
A. niger
®

Control  (Neomycol )
Control  (ethanol:water, 80:20)
Hydroethanolic extract of in vitro D. muscipula 1%
Hydroethanolic extract of acclimatized D. muscipula 1%

F. oxysporum

P. fijiensis

a

13.931.39a

b

0.610.54

0.610.54c

0.360.31b

0.780.29b

7.561.1b

0.50.14b

0.610.13b

14.210.85a

11.540.62
00

a

b

16.371.17

Values represent the mean  SD (standard deviation). Means with different letters in a column are statistically different
(Tukey’s test; p0.05). At 15 days post-inoculation.
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B

C

D

Figure 1. Antifungal activity evaluation of hydroethanolic extract of D. muscipula against P. fijiensis. A) Positive control (Neomycol®); B) Negative
control (ethanol-water); C) D. muscipula in vitro; D) acclimatized D. muscipula.

sporulation of fungal pathogens. Mosquera et al. (2009) reported inhibition of 100% of
P. fijiensis, using methanolic extracts of topobea (Topobea cf discolor), which is associated
to the high concentration of secondary metabolites, among which the flavonoids were
found, which have been reported in D. muscipula J. Ellis. Meanwhile, Jiménez et al. (2003)
describe that a greater exposure to environmental conditions can induce the proliferation
of secondary metabolites. Kreher et al. (1990) report the isolation of naphthoquinones:
plumbagin, hydroplumbagin 4-O--glucopyranoside, 3-cloroplumbagin and droserone
from methanol extracts of D. muscipula plants. Eilenberg et al. (2010) report the antifungal
activity of droserone and 5-O-metyldroserone in the secretions of the traps of the Nepenthes
khasiana carnivore plant, with the inhibition of spore germination and the growth of plant
pathogens such as Botrytis cineria, Rhizoctonia solani, Fusarium oxysporum and Mycosphaerella
graminícola, as well as the inhibition of human pathogen fungi growth such as Candida
albicans CBS 562, C. albicanmas, C. krusei, C. glabrata, Aspergillus flavus, A. niger, A. fumiga.
This suggests that the antifungal activity observed in this study is related to the presence of
secondary metabolites in the hydroethanolic extracts of D. muscipula.
CONCLUSIONS
The hydroethanolic extracts of in vitro and acclimatized plants of Dionaea muscipula J.
Ellis presented bacteriostatic activity against Escherichia coli and Bacillus cereus. However,
they did not show antifungal activity against Aspergillus niger and Fusarium oxysporum.
However, they showed inhibition of fungal growth of Pseudocercospora fijiensis.
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ABSTRACT
Objective: To evaluate the effect of hydrogen peroxide, potassium sorbate, sodium bicarbonate, and chitosan
on mycelial growth and in vitro germination of Colletotrichum sp., to be used for future management of
anthracnose disease in postharvest cv. Ataulfo mango fruit.
Design/Methodology/Approach: The effectiveness of the treatments was evaluated using the poisoned
culture method. The evaluated concentrations of hydrogen peroxide and potassium sorbate were 1.0, 0.8,
0.6, 0.4, 0.2, 0.16, 0.12, 0.08, and 0.04%; sodium bicarbonate, 1.0, 0.8, 0.6, 0.4 and 0.2%; and chitosan,
2.5, 2.0, 1.5, 1.0 and 0.5%. A 6-day disk of Colletotrichum sp. mycelial growth was placed in each poisoned
culture medium. The inhibition of mycelial growth and the germination of Colletotrichum sp. conidia were
evaluated. The experimental design was completely randomized with five repetitions for mycelial growth and
four for conidium germination. The results were analyzed using the Kruskal-Wallis test and
the comparison of average ranges. The CE50 and CE95 of each product was estimated
using Probit analysis with the results of mycelial growth inhibition.
Results: The mycelial growth inhibition (100%) of the Colletotrichum sp. strain
was reached starting at concentrations of 0.16, 0.2, 1.0, and 2.5% for hydrogen
peroxide, potassium sorbate, sodium bicarbonate, and chitosan, respectively.
The inhibition of conidium germination was only observed in
treatments with hydrogen peroxide and potassium sorbate.
The CE50 and CE95 for hydrogen peroxide was 0.1 and
0.12%; for potassium sorbate, 0.10 and 0.19%; for sodium
bicarbonate, 0.16 and 0.88%; and for chitosan, 1.20 and
2.18%.
Findings/Conclusions: The evaluated treatments
represent an effective and viable ecological alternative
for the control of Colletotrichum sp., causal agent of
anthracnosis in mango fruit.
Key words: Anthracnosis, mango, in vitro control,
ecological alternatives.
25

Agro productividad 2022. https://doi.org/ 10.32854/agrop.v15i2.2051

26

INTRODUCTION
One of the diseases with greatest economic importance in mango (Mangifera indica
L.) farming is anthracnosis or cankers, caused by the fungus Colletotrichum gloeosporioides
(Sharma and Kulshrestha, 2015). During postharvest, this disease appears as small,
rounded lesions, brown to black in color, with undefined outlines that are slightly sunken
into the fruit’s flesh. The lesions increase in size as the fruit ripens until joining together,
and in severe cases, they cover the entire surface (Siddiqui and Ali, 2014). The control
of anthracnosis in postharvest mango fruit is generally done with synthetic fungicides.
However, due to the demands of the international market, these have ceased to be used
due to the possible risks for human health and environmental contamination (LanderoValenzuela et al., 2016). Because of the restriction of pesticide use, currently the market
has proposed control alternatives such as hydrothermal treatment, use of inorganic salts,
storage in controlled and modified environments, biological control strategies, products
of organic origin, and vegetable extracts, among others (Dessalegn et al., 2013). Among
the products of organic origin, the use of chitosan has shown an inhibitory effect on the
development of the disease in postharvest mango fruit cv. Tommy Atkins (GutiérrezMartínez et al., 2017). However, there are reports that the effectiveness of chitosan
depends on the pathogenic strain evaluated, the molecular weight of the product, the
concentration used, and its degree of deacetylation, among other variables (BautistaBaños et al., 2006; Li et al., 2008). Other organic alternatives for the management of
anthracnosis are the use of sodium bicarbonate and potassium sorbate, which have
shown total control of the disease in the postharvest of papaya (Ferreira et al., 2018)
and olives (El-Sayed et al., 2014). The use of hydrogen peroxide has been reported as
inorganic alternative, whose use in the laboratory has shown promising results for control
of the pathogen (Muangdech, 2014). Based on the above, the study evaluated the in vitro
biological effectiveness of hydrogen peroxide, potassium sorbate, sodium bicarbonate,
and chitosan on the mycelial growth and germination of Colletotrichum sp., with the
aim of applying the findings in future studies on the management of anthracnosis in
postharvest mango fruit cv. Ataulfo.
MATERIALS AND METHODOLOGY
The study was carried out in the Phytopathology Laboratory of the Rosario Izapa
Experimental Field, belonging to the INIFAP based in Tuxtla Chico, Chiapas.
The pathogenic strain (6523) of Colletotrichum sp. used in this study was obtained
from mango inflorescences (Mangifera indica L.) with symptoms of anthracnosis, collected
in Huehuetán, Chiapas, Mexico. This strain was selected given its previous evaluation
for pathogenicity and aggressiveness (Martínez-Bolaños et al., data not published). The
evaluation of treatment effectiveness was done using the poisoned culture method. For
this, individual flasks (one per treatment) were prepared with potato-dextrose-agar (PDA)
medium and sterilized at 120 °C for 15 min, and then each treatment was added once the
medium reached an average temperature of approximately 40 °C, followed by transferring
the growth medium into Petri dishes. The evaluated products were hydrogen peroxide and
potassium sorbate in concentrations of 1.0, 0.8, 0.6, 0.4, 0.2, 0.16, 0.12, 0.08, and 0.04%;
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and sodium bicarbonate in concentrations of 1.0, 0.8, 0.6, 0.4, and 0.2%. Each combination
of product/dose was considered one treatment. Additional treatments consisted of chitosan
of low molecular weight (Sigma-Aldrich) in five concentrations (0.5, 1.0, 1.5, 2.0, and 2.5%)
(Ghaouth et al., 1991), for which a PDA medium was prepared; after its solidification, 1000
L of each concentration of chitosan were added to form a film approximately 1 mm in
thickness on the growth medium.
After the growth medium solidified, a disk (5 mm diameter) of the strain’s mycelial
growth (6 days old) was deposited on the medium’s surface, in the central area; and, finally,
the dishes were incubated at room temperature (252 °C) for a period of 6 d. As a control
treatment, mycelial growth disks were used on PDA without adding any treatments.
A completely randomized experimental design was used with five repetitions for each
one. The evaluated response variable was the percentage of effectiveness for each treatment,
expressed as a percentage of inhibition of mycelial growth (PIMG) of the Colletotrichum sp.
strain, with the following formula:

PIMG =

Control growth − Treatment growth
*100
Control growth

To evaluate the effect of each of the treatments on the germination of fungal conidia,
two additional Petri dishes were used for each treatment, and 100 L of the 6523 strain
conidia suspension (concentration of 1105 conidia/mL) were deposited and dispersed
on the surface of the poisoned growth medium. The Petri dishes were incubated at
room temperature (252 °C) for 24 h and then 100 conidia were counted and the total
germination percentage was determined under a compound microscope (40x). A conidium
was considered germinated when the length of its germination tube was greater than that
of the conidium itself.
The results on inhibition of Colletotrichum sp. conidia growth and germination were
analyzed using the Kruskal-Wallis test and a comparison of average ranges (P0.05), given
that the errors were not normally distributed. The effective concentration of the products
to inhibit 50 and 95% of mycelial growth (CE50 and CE95, respectively) was estimated
using a Probit analysis.
RESULTS AND DISCUSSION
The concentrations of hydrogen peroxide, potassium sorbate, sodium bicarbonate,
and chitosan demonstrated a significant inhibitory effect on the mycelial growth of
Colletotrichum sp. (P0.05). The hydrogen peroxide showed inhibition of more than 95%
on the mycelial growth of the fungus at a dose of 1.12 to 1.0% (Table 1 and Figure 1).
These results were statistically different from the other concentrations (difference with
the average ranges test). In the lowest dose of this inorganic product (0.04%), there was
little effectiveness (15.7%). Similar results were obtained with the evaluation of potassium
sorbate, as it totally inhibited the development of the pathogen at concentrations from
0.2 to 1.0% (Figure 2).
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Table 1. Inhibition of mycelial growth and conidia germination of Colletotrichum sp. in vitro, under different concentrations of hydrogen peroxide
(HP), potassium sorbate (PS), sodium bicarbonate (SB), and chitosan (Q).
Treatment

Concentration (%)

PH

Mycelial growth inhibition (%)

33.5 a

0

18.5 b

0.60

100.0

33.5 a

0

18.5 b

0.40

100.0

33.5 a

0

18.5 b

0.20

100.0

33.5 a

0

18.5 b

0.16

100.0

33.5 a

0

18.5 b

0.12

95.7

30.0 b

0

18.5 b

0.08

20.0

12.4 c

0

18.5 b

0.04

15.7

8.6 d

0

18.5 b

0.00

0.0

3.0 e

100

38.5 a

47.0 **

39.0 **

3.5

0.2

1.00

100.0

37.0 a

0

18.5 b

0.80

100.0

37.0 a

0

18.5 b

0.60

100.0

37.0 a

0

18.5 b

0.40

100.0

37.0 a

0

18.5 b

0.20

100.0

37.0 a

0

18.5 b

0.16

83.0

27.4 b

0

18.5 b

0.12

67.0

18.6 c

0

18.5 b

0.08

25.0

11.8 d

0

18.5 b

0.04

14.8

9.2 d

0

18.5 b

0.00

0.0

3.0 e

100

38.5 a

46.7 **

39.0 **

4.1
1.00

100.0

28.0a

0.80

92.9

22.8 b

0.2
56.5

2.5 b

100

14.5 a

0.60

79.6

18.2 c

100

14.5 a

0.40

63.7

12.4 d

100

14.5 a

0.20

54.2

8.6 e

100

14.5 a

0.00

0.0

3.0 f

100

To
DMSr

DMSr

18.5 b

0

100.0

DMSr

To

Average range

2

100.0

To

Q

33.5 a*

Conidia germination (%)

0.80

DMSr

BS

Average range

1.00

To

SP

1

14.5 a

28.0 **

22.8 **

2.3

0.7

2.50

100.0

24.5 a

100

12.5 a

2.00

90.6

21.3 a

100

12.5 a

1.50

85.9

21.3 a

100

12.5 a

1.00

20.8

11.8 b

100

12.5 a

0.50

8.2

8.4 bc

100

12.5 a

0.00

0.0

4.0 c

100

12.5 a

14.9 *

-

6.5

1

2

To=Statistic for Kruskal-Wallis test, DMSrMinimum significant difference of ranges, Average of five repetitions, Average of four repetitions,
*Values with the same letter are not different in the comparison of average ranges (P0.05).
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Figure 1. Mycelial growth of Colletotrichum sp. at different concentrations of hydrogen peroxide. Scale bar: 1 cm.

Figure 2. Mycelial growth of Colletotrichum sp. at different concentrations of potassium sorbate. Scale bar: 1 cm.

Concentrations at less than 0.2% demonstrated a 14.8 to 83.0% inhibition. With
respect to sodium bicarbonate, the total inhibition of mycelial growth of the fungus
was reached only at the highest dose (1.0%), followed by the concentration of 0.8% with
92.9% effectiveness (different from the average ranges test at a concentration of 1.0%),
while at the lowest dose (0.2%), effectiveness was 54.2% (Figure 3). Finally, chitosan in
the highest concentration (2.5%) did not allow the growth of the mycelial pathogen, but
there was no statistical difference with concentrations at 2.0 and 1.5%, with an inhibition
of 90.6 and 85.9%. In the lowest dose of chitosan (0.5%), the effect was minimal (8.2%)
(Figure 4).
In the germination tests of Colletotrichum sp. conidia, a significant effect was observed
from concentrations of hydrogen peroxide, potassium sorbate, and sodium bicarbonate
(P0.05) compared to the control, with total inhibition of germination when using the
different concentrations of hydrogen peroxide and potassium sorbate, and with 43.5%
inhibition of germination when using sodium bicarbonate at 1.0%. Finally, there was no
observed inhibitory effect on conidia germination when the different concentrations of
chitosan were used, or in the control.
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Figure 3. Mycelial growth of Colletotrichum sp. at different concentrations of sodium bicarbonate. Scale bar: 1 cm.

Figure 4. Mycelial growth of Colletotrichum sp. at different concentrations of chitosan with low molecular
weight. Scale bar: 1 cm.

Similar results of the effectiveness of hydrogen peroxide on the inhibition of mycelial
growth of C. gloeosporioides were reported by Muangdech (2014) when using concentrations
of 0.5% and 0.25%. The inhibitory effect of hydrogen peroxide can be attributed to its
capacity for producing highly reactive oxygen free radicals, which adhere to and damage
some of the cellular components, including membrane rupture, enzymatic inhibition,
nucleoside oxidation, disruption of protein synthesis, and finally, cellular death (Finnegan
et al., 2010). Its inhibitory effect on fungal cells has been shown in different fungi species
and is attributed to the peroxidase enzyme. Together with an adequate concentration
of peroxide as an oxygen donor, this enzyme directly affects the proteins of the spores
and mycelium by forming a lignin barrier in the cell walls and in so doing, limiting the
development of the fungus ( Joseph et al., 1998).
The effectiveness of potassium sorbate for inhibiting the growth of Colletotrichum was
previously reported by Jabnoun-Khiareddine et al. (2016), who obtained total inhibition
of the mycelial growth of C. coccodes with the use of potassium sorbate at concentrations
of 0.5, 1.0, and 1.5%. The principal mode of action in most of the compounds based on
potassium salts was a reduction in the turgor pressure of the fungi, which causes a collapse
and contraction of the hyphae (Fallik et al., 1997a; Palmer et al., 1997).
The sensitivity of Colletotrichum sp. to sodium bicarbonate in the present study is
consistent with that obtained by Hasan et al. (2012), who observed greater sensitivity
of C. gloeosporioides with the increase in concentration of this compound. The authors
reported more than 60% inhibition of mycelial growth at concentrations of 1.0%, and
total inhibition of 2.0, 2.5, and 3.0%. However, the effect of sodium bicarbonate on the
germination of spores observed in this study differed partially from that reported by Hasan
et al. (2012), who mentioned an inhibitory effect only at doses above 2.0%, while in the case
of Colletotrichum sp., inhibition was observed starting at 1.0% in this study.

31

Agro productividad 2022. https://doi.org/ 10.32854/agrop.v15i2.2051

The inhibitory and antifungal effect of sodium bicarbonate is attributed to its different
modes of action. Sodium bicarbonate has the capacity to elevate the pH of its surroundings,
it can deactivate the extracellular enzymes of fungi, and it can interact directly with cellular
membranes and interrupt cellular physiology (Palou et al., 2001). Additionally, the salts in
sodium bicarbonate increase osmotic stress, reducing the turgor pressure of fungal cells,
which results in the collapse of hyphae and spores (Fallik et al., 1997b; De Costa and
Gunawarhana, 2012).
The results obtained with the use of chitosan in the inhibition of mycelial growth of
Colletotrichum sp. are similar to those reported by Berumen et al. (2015). However, they
differ from that reported by these authors in relation to its effect on conidia germination:
they reported an effect at concentrations of 1.0, 1.5, and 2.0%, while no effect was observed
for this variable under the doses evaluated in this study.
The inhibition of the growth of this fungus is due to the groups of free aminos in
chitosan that produce changes in cellular permeability and cellular disequilibrium of ionic
homeostasis of K and Ca2, among others, which cause the hyphae to atrophy, deform,
and collapse ( Jun et al., 2011; Peña et al., 2013). In addition to the aforementioned changes,
it has been shown that chitosan produces a physical barrier for diverse pathogens in
different fruits, while also increasing firmness and delaying ripening in strawberry, tomato,
peach, and papaya (Luna et al., 2001; Bautista-Baños et al., 2003).
Hydrogen peroxide reached the lowest CE50 and CE95 for the mycelial growth of
Colletotrichum sp. with 0.1 and 0.12%, followed by potassium sorbate with 0.1 and 0.19%,
while chitosan of low molecular weight reached the highest CE50 and CE95 with 1.2 and
2.18%, respectively (Table 2).
Table 2. CE50 and CE95 values of potassium sorbate, hydrogen peroxide,
sodium bicarbonate, and chitosan for the mycelial growth of Colletotrichum sp.
isolated from mango inflorescences.
CE50 (%)

CE95 (%)

Hydrogen peroxide

Product

0.10

0.12

Potassium sorbate

0.10

0.19

Sodium bicarbonate

0.16

0.88

Chitosan

1.20

2.18

CONCLUSIONS
The inhibitory effect observed on mycelial growth and conidia germination of
Colletotrichum sp., with the use of hydrogen peroxide, potassium sorbate, sodium
bicarbonate, and chitosan, suggest their possible use as ecological alternatives for the
postharvest management of anthracnosis in mango fruit var. Ataulfo.
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ABSTRACT
Objective: To analyze the genotype-environment interaction (GEI) within the dry fodder production of 24
edgeless barley fodder lines (Hordeum vulgare L.) or commercial controls of the same and other species across
five environments.
Design/Methodology/Approach: A randomized complete block design with three repetitions was used in
the five trial environments, with fodder harvested at 105 d after sowing. Data were analyzed as combined
random blocks over environments and the GEI was analyzed using the AMMI model.
Results: Significance (p0.01) was detected in the main effects and the GEI. Genotypes G26 (Cerro Prieto),
G27 (Gabyan95), G10, G3, G19 and even genotype G24, showed interactions close to zero, so they were
considered stable, while the edgeless barley lines: G6, G1 and G2 were qualified as desirable for dry fodder
production, according to their superiority over the general mean and their low GEI.
Study Limitations/Implications: Results may vary when evaluating other environments and genotypes.
Findings/Conclusions: There are stable and desirable edgeless fodder barley genotypes that represent an
option for fodder production in the study region. The oat control was considered the least productive and the
locality of Zaragoza, Coahuila, is considered a potential environment for dry fodder production using edgeless
fodder barleys such as those evaluated in this study, in addition to showing adequate discriminatory power.
Keywords: edgeless barleys, dry fodder, genotype-environment interaction, AMMI model.

INTRODUCTION
Among the cereals with small grain used for fodder production, oats (Avena sativa L.) is
one of the most used during the winter in Mexico, and in this area the state of Coahuila
ranks fifth nationally (SIAP, 2015). Dairy farms established in this state carry out intensive
fodder production and require forage options that allow them to produce fodder with the
required nutritional quality during critical periods such as winter, when alfalfa (Medicago
sativa L.) reduces its production and before the early sowing of corn (Zea mays L.) for silage.
Due to the conditions and needs of this region mentioned, it has been suggested that
barley can represent a good option for fodder production, given its precocity compared to
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wheat, oats and triticale; therefore, in the generation of fodder genotypes of this species,
they developed with absence of edges in the spike, precocity and production of dry matter
(fodder) superior to oats. In the generation of high-yielding genotypes, it is necessary to
quantify the genotype-environment interaction (GEI), in order to: (i) use them as parents
in a breeding program, or (ii) recommend their use by producers in a given region (Crossa
et al., 1990).
The genotype-environment interaction is defined as the differential relative
behavior shown by genotypes when evaluated in different environments, and when it is
present in large proportion it hinders the genetic progress of selection (Yang and Baker,
1991; Magari and Kang, 1993), thus highlighting the importance of its determination.
Additionally and to highlight the importance of the GEI study, in the opinion of
Monsour et al. (2018) the identification of stable and high-yielding genotypes is essential
for food security.
Various parameters and models have been used over time to measure GEI, with
the AMMI model being the most effective in the analysis of multiregional trials as it
captures a large proportion of the interaction’s sum of squares, accurately separating the
main effects from those of the GEI (Gauch, 1992). There are few reports on genotypeenvironment interaction with the AMMI model in winter cereal fodder production, one
of them was carried out in triticale to evaluate stability and fodder production through
cuttings (Lozano et al., 2009), and recently, it has been studied in flour wheat through
three samplings (Ramírez et al., 2021). Presently, there is no knowledge about a study on
the stability of fodder production with edgeless barley. Therefore, this study analyzes the
genotype-environment interaction in dry fodder production of 24 edgeless barley lines
and commercial controls across five environments, and measures the yield potential and
discriminatory power of the environments.
MATERIALS AND METHODS
Twenty-four advanced lines of edgeless barley descendent from the fodder variety
Gabyan 95 crossed with the Esperanza variety were evaluated together with commercial
controls of the same and different species. The malting variety cv. Cerro Prieto and the
forage variety Gabyan 95 were used as controls of the same species and oats cv. Cuauhtémoc,
triticale cv. Eronga83, and an experimental line of fodder wheat (AN-266-99) as controls of
another species, as shown in Table 1.
The environments were formed by the combination of two localities whose evaluations
were carried out in different productive cycles. The locality of San Ignacio, Municipality of
San Pedro de las Colonias, Coahuila (25° 45’ 32” N and 102° 58’ 58” W), at an altitude of
1100 masl, with a mean annual temperature of 18 °C and a mean annual precipitation of
400 mm, where evaluations were carried out during the fall-winter (F-W) 2016-2017 and
2018-2019 cycles.
The locality of Zaragoza, Coahuila (28° 28’ 31” N and 100° 55’ 10” W) registers 360
masl, with a mean annual temperature of 22 °C and a mean annual precipitation of 300400 mm (Arriaga et al., 2000), where the evaluations were carried out during the F-W
2016-2017, 2017-2018 and 2018-2019 cycles, identifying the environments (Table 2).
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Table 1. Identification of the genotypes evaluated in five environments.
Genotype

Genotype

1.- CANI-1

16.- CANI-103

2.- CANI-9

17.- CANI-104

3.- CANI-10

18.- CANI-108

4.- CANI-11

19.- CANI-126

5.- CANI-12

20.- CANI-128

6.- CANI-15

21.- CANI-129

7.- CANI-63

22.- CANI-130

8.- CANI-69

23.- CANI-131

9.- CANI-70

24.- CANI-133

10.- CANI-77

25.- Oats (cv. Cuahutémoc)

11.- CANI-80

26.- Barley cv.Cerro prieto

12.- CANI-82

27.- Barley cv. Gabyan 95

13.- CANI-85

28.- Wheat (AN-266-99)

14.- CANI-99

29.- Triticale (cv. Eronga-83) (Tcl)

15.- CANI-100

Land preparation consisted of traditional work used for the establishment of smallgrain winter cereals in regions where they are sown under irrigated conditions, consisting
of fallowing, harrowing, leveling, or framing, and irrigation layout. Sowing was done by
manual seed drilling, with a planting density of 95 kg ha1, applying a fertilization dose of
120N-80P-00K, incorporating nitrogen in a fractionated manner: half at sowing and the
other half in the first auxiliary irrigation; and phosphorus, all during sowing.
The experimental plot size was 6.3 m2 (6 rows, 3 m long by 0.35 m between rows) and
the useful plot was 0.175 m2. At 105 days after sowing (das), 50 cm of one of the rows with
full competence was cut at a height of 5 cm above ground level. The harvested material
was dried in a roofed sunroom until a constant weight was obtained. Once the fodder
weight was determined, it was transformed to t ha1. The information from the trials
was analyzed as randomized complete blocks combined across environments to detect
genotype-environment interaction, and the interaction analysis was performed under the
following AMMI model:
Table 2. Localities and evaluation cycles and their identification
as environment.
Locality and cycle

Environment

San Ignacio O-I 2016-2017

E1

Zaragoza O-I 2016-2017

E2

Zaragoza O-I 2017-2018

E3

San Ignacio O-I 2018-2019

E4

Zaragoza O-I 2018-2019

E5
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n

Yij = µ + g i + e j + ∑ λk α jk γ jk + Rij
k=1

where: YijYield of the i-th genotype in the j-th environment, Overall mean, giEffect
of the i-th genotype, ejEffect of the j-th environment, kEigenvalue square root of the
k-th axis of the PCA, ik jkPCA score for the k-th axis of the i-th genotype and j-th
environment respectively, and RijResidual of the model.
The principal component analysis (PCA) scores for environments and genotypes are
expressed as units of the corresponding eigenvalue times the square root of the eigenvalue
(Zobel et al., 1988). The sum of squares of the genotype-environment interaction is
subdivided into PCA axes, where the k-axis has ge12k degrees of freedom, where g
and e represent the number of genotypes and environments, respectively. Normally only
the first two principal components (PCs) are retained in the model; the remaining ones are
sent to the residual. The scores assigned to the genotypes can take positive or negative values
with respect to the PCs, with those with values close to zero (lower interaction) considered
stable genotypes; higher values indicate a higher interaction with the environments and
depending on the sign and the quadrant of the generated graph a broader description
of the genotypes and environments is made. Additionally, genotypes were qualified as
desirable if they have a yield higher than the general mean of the experiment together
with lower interactions with the environments. Analyses were performed using the SAS
software (1989).
RESULTS AND DISCUSSION
The analysis of variance showed high significance (p0.01) between environments,
genotypes and in the genotype-environment interaction (GEI), which when analyzed
using the AMMI model (Table 3), also showed high significance in the first two principal
components (PCs) with which 77.79% of the GEI was explained. The first component
contained 43.64% of the GEI while the second CP explained 34.15% of this interaction.
Table 3. Results of the analysis using the AMMI model for dry fodder yield of
the genotypes evaluated in five environments.
Variation source
Replications (Rep)
Environments (Env)

DF

SS

HS

2

6.166

3.083NS

4

2129.560

532.390**

28

907.745

32.419**

112

779.470

6.960**

PC1

31

340.156

43.639**

PC2

29

266.179

34.149**

Residual

52

173.135

3.329

Genotypes (Gen)
Env  Gen

DFDegrees of freedom, SSSum of squares, HSHalf squares,
**Significant at 0.01 probability, NSNot significant.
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The variance explained with the first two principal components was higher than that
reported by Lozano et al. (2009), but lower than that reported by Ramírez et al. (2021) in
three samplings and allows a reliable explanation of the GEI, since according to Crossa
(1990) and Gutierrez-García et al. (2006) the explanation should be greater than 75%.
In malting barley, studies on GEI in grain production have been conducted in the El Bajío
region with an explanation of 72.3% of the GEI with the first two principal components,
and it has been considered adequate (Pérez-Ruíz et al., 2015). In other latitudes, Monsour
et al. (2018) have reported an explanation of 62.6% with the first two components and
highlighted the usefulness of the AMMI model in the study of GEI. Other studies have
been conducted to analyze promising barley lines using the AMMI method and GGE
Biplot (Kendall et al., 2019), but there are no reports on GEI in dry fodder production of
this species, which limits the comparative study.
By plotting the genotypes and environments on the plane generated with the first two
PCs, an adequate visualization of the interaction shown by the genotypes and the behavior
of the test environments was obtained, as shown in Figure 1, where the genotypes that
showed the least interaction are located near the crossing of the lines that start from the zero
point of both axes, whose intersection represents zero GEI. Thus, genotypes G26 (Cerro
Prieto), G27 (Gabyan95), G10, G3, G19 and even genotype G24, showed interactions
close to zero, so they were considered stable and could be used as parents in a breeding
program or recommended for use by producers in the study region (Crossa et al., 1990),
1990), as has been done in flour wheat (Ramírez et al., 2021), genotypes that after 90 days
showed low or no GEI, unlike those studied here.
Genotypes G2, G17, G11 and G20 showed small and positive interactions, while the
largest and most positive interactions were shown by genotypes G5, G13, G6 and G1.
These positive interactions indicate that genotypes exhibiting them may show slightly
higher yields than those determined here in the environments where they are positively
associated.

Figure 1. Genotype environment interaction showed by environments (E) and genotypes.
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Wheat (G28), barley genotype G14 and Tcl cv. Eronga 83 showed the most negative
interactions, together with barley genotypes: G23, G8 and G7, coinciding with that
reported by Ramírez et al. (2021) for the control Tcl. cv. Eronga 83 with respect to the type
of interaction shown. Oats followed by genotypes G9, G22 and G21 showed inconsistency
in their interactions that fluctuated between negative interactions detected by PC1 and
positive interactions detected by PC2.
The A3 environment (Zaragoza 2017-2018) due to its location in the first quadrant
has potential for better yields and is an environment with discriminatory power given
the distance to the intersection of the lines that indicate zero GEI; genotypes G5, G13,
G6, G1 and G17 were associated to this environment, which will produce more in this
environment.
The A1 and A2 environments, on the other hand, exhibited lower potential for increasing
yield and lower discriminating power due to the short distance to the intersection of the
zero GEI lines. The following genotypes were associated with these environments: wheat
(G28), G4, G23, G7, G14, G8 and G29 (Tcl cv. Eronga 83), which will produce better in
these environments.
According to PC1, the most negative interactions correspond to the genotypes mentioned
above in addition to oats; according to this PC, A4 (San Ignacio 2018-2019) exhibits a high
discriminatory power and oats cv. Cuauhtémoc (genotype frequently used in that locality)
was strongly associated in this environment, followed by genotypes such as G9, G22, G21
and G24 which could represent an option in fodder production in that locality. Ramírez
et al. (2021) have reported that this location favored the production of leaf dry matter in
wheat and possibly promoted a similar reaction in the barley studied. Negative interactions
indicate that genotypes exhibiting them may show yields below those estimated in the
study. Environment 5 (Zaragoza F-W 2018-2019) showed good discriminatory power and
adequate potential for obtaining higher yields.
A better score of the potential of the genotypes is obtained by elaborating a graph
showing the yield achieved by the genotypes and the interaction detected by the first
principal component (Figure 2), so that the desirable genotypes (those with yield above
the general average and interactions close to zero) can be classified. The line crossing
the X axis represents the overall mean of dry fodder estimated at 13.629 t ha1 and the
line crossing the Y axis represents zero GEI, in such a way that genotypes such as G6
showed the highest mean dry fodder production and has small and positive interactions, so
it can be classified as desirable; genotypes G1 and G2 showed similar behavior although
with lower yields, and they are also considered desirable. These genotypes are considered
candidates to be registered as varieties and then recommended for exploitation in the study
region.
Genotypes such as G11, G19 and G5 showed similar yields to genotypes G23 and G22,
with the difference that the latter exhibited small negative interactions while the former
showed positive interactions. Those that exhibit positive interactions may perform slightly
better than estimated, while those that exhibit negative interactions tend to yield less than
estimated or predicted.
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Figure 2. Genotypes and environments (A) based on FST yield and first PC from the AMMI model (GEI) in
the first sampling.

Environment 3 (A3; Zaragoza F-W 2017-2018) averaged the highest yield of the
environments evaluated, due to which it is considered a favorable environment for
fodder production with the barleys evaluated here. Environment 5 (A5; Zaragoza F-W
2018-2019) was located within the same quadrant as A3 although with lower yield, so
Zaragoza, Coahuila, could be catalogued as suitable or potential for fodder production
using edgeless fodder barley genotypes such as those evaluated in this study. The genotypes
that are located within the same quadrant with certain environments tend to be positively
associated with them, that is, they produce better in those environments, so they could
be specifically recommended for exploitation in the particular environment(s) with which
they are associated, as is the case of the genotypes mentioned above.
Oats (genotype 25) presented the lowest yield of the genotypes evaluated, coinciding
with that reported by Ramírez et al. (2021) when compared with wheat, followed by wheat
(genotype 28) and triticale (Tcl, genotype 29), all of them showing negative interactions
and associated with the environment 1 (A1) which was the least productive and which can
also be exploited in A2. A similar assertion can be made for genotypes G4, G8 and G14 in
the same Figure 2.
The separation of controls from different species used in the study (oats cv. Cuauhtémoc,
triticale cv. Eronga83, and wheat AN-266-99) on the far left of the graph was mainly due
to the precocity of barley as a species, to which the maximum dry matter accumulation
has been reported to occur around 106 das (Wilson et al., 2017), a similar time to that of
this study and which constitutes a favorable characteristic that is reflected in shorter land
occupation time and lower water consumption (Colín et al., 2007). The malting barley cv.
Cerro Prieto was intermediate between the fodder barleys and the commercial controls of
other species, suggesting differences in the new fodder genotypes when compared to the
malting barley. Genotype 27 (Gabyan 95) is parent of the lines evaluated and can be said
to impart good stability and production characteristics to its offspring according to the
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results found in this study, differing as mentioned from the malting barley cv. Cerro Prieto
(genotype 26).
CONCLUSIONS
Genotypes G26 (Cerro Prieto), G27 (Gabyan95), G10, G3, G19 and even genotype
G24 were considered stable, since they showed interactions close to zero. The new edgeless
barley lines: G6, G1 and G2 were rated as desirable for dry fodder production based on
their superiority over the overall mean and their low GEI. The control oats was the least
productive of the genotypes evaluated. The locality of Zaragoza, Coahuila, is considered
a potential environment for dry fodder production using edgeless fodder barleys such as
those evaluated in this study, in addition to showing an adequate power of discrimination.
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ABSTRACT
Objective: To select new sugarcane (Saccharum spp.) hybrids with better adaptability and higher field and
industrial performance, within the supply area of the Quesería Sugar Mill of the Beta San Miguel group (BSM).
Design/methodology/approach: We set up a group of 11 new hybrids in the agro-industrial phase in order
to compare their adaptability and their field and industrial performance, using the Mex 69-290 commercial
hybrid as control.
Results: The obtained results indicated that during the soca cycle and under local soil conditions, the ColMex
05-484, ColMex 05-38 (C9), and ColMex 05-627 hybrids produced the highest estimated field yields, with
values of 154, 149, and 143 t/ha1, respectively. The highest percentages of sucrose in cane (Pol) in 12-monthold plants were observed in the ColMex 05-147 (16.8%), ColMex 08-38 (C8) (16.5%), and ColMex 05-897
(16.1%) hybrids, according to their intermediate stage maturity curve.
Study limitations/implications: The limitations that could affect the results of the research were the
abundance of stones on the topsoil and the poor distribution of rainfall during crop development (1,203 mm).
Findings/conclusions: After analyzing the agricultural and industrial performance of several hybrids, we can
conclude that ColMex 05-484 was the best, surpassing the Mex 69-290 commercial control.
Keywords: Sugarcane, Field Yield, Sucrose, Dry Tropic.

INTRODUCTION
Sugarcane (Saccharum spp.) is the main source of sugar among developing countries
(Rodríguez, Castillo, and Flores, 2005). Most of the world’s sugarcane is produced in the
Americas (54% of the world total). Mexico is the sixth largest producer, with an average
of 55 million tons (FAOSTAT, 2017). Over 164,000 Mexican producers grow sugarcane
in 15 states (CONADESUCA, 2016). Annually, the sugarcane agro-industry benefits
over two million people, both directly and indirectly. During the 2018/19 sugar harvest, a
surface of approximately 805,000 ha was cultivated, with an average production of 70.81 t
ha1 (CONADESUCA, 2019). Although Colima does not stand out as one of the largest
sugarcane producer states, it has better yields than the national average (for both rainfall
and irrigation agriculture), with 80 t ha1.
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Creating new varieties is one of the main technological priorities of sugarcane producers
and industrialists in the country (Moreno, 2010). Hence the need to expand and/or renew
the number of commercial varieties. The currently grown varieties have been used for
over 30 years, which makes them more vulnerable to plagues and diseases, incapable of
adapting to edaphoclimatic changes, prone to have a low productivity and, as a result, to
present decreased crop yields.
In this context, following an experimental process —that comprised the variety
hybridization and selection stages, during an evaluation period of 14 and 15 uninterrupted
years (Sentíes et al., 2016)—, the national genetic improvement program obtained high agroindustrial yield cultivars for some sugarcane areas of the country. In Campeche, through
the agro-industrial evaluation of new varieties, Vera et al. (2016) found that CP 94-1674
and SP 83-5073 achieved a better cane and sucrose production than commercial varieties.
Likewise, after evaluating a group of new varieties in Guatemala, Ronald (2015) found
that CP 73-1547 was the highest yielding variety across four altitudinal strata. Therefore,
the objective of this research was to select new sugarcane hybrids with better adaptability
and field and industrial performance, in Ocotillo, municipality of Cuauhtémoc, Colima,
Mexico, located within the supply area of the Ingenio Quesería S.A. de C.V. (Quesería
Sugar Mill) of the Beta San Miguel group (BSM).
MATERIALS AND METHODS
Study area. The study was conducted within the supply area of the Quesería Sugar
Mill, in Ocotillo, Cuauhtémoc, Colima, Mexico. The plot is located at 19° 19’ 33” N and
103° 40’ 15’’ W, at 839 meters above sea level (masl). The edaphoclimatic conditions of the
site are: sandy loam soil; light stoniness at a depth of no more than 30 cm; warm and humid
weather with summer rains; average annual temperature of 23.7 °C; and an approximate
annual rainfall of 1,200 mm (Figure 1).

Figure 1. Geolocation of the new sugarcane hybrids trial site, at Ocotillo, Colima.
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Study phase. We evaluated the agro-industrial phase —i.e., the last research stage in
the selection of new sugarcane hybrids. In this phase, a small number of hybrids —with
their respective regional control(s)— are evaluated in trials under experimental design.
Evaluated hybrids. We established a group of 11 new sugarcane hybrids derived from
Fuzz seeds (generation 2005) which we compared to the Mex 69-290 commercial control
during the soca cycle (Table 1). We suggested the new hybrids included in this study based
on their outstanding agro-industrial characteristics. These features had been observed
during the previous ten years of evaluation at the INIFAP’s Campo Experimental Tecomán
and Sitio Experimental Costa de Jalisco.
Experimental design. We chose a randomized block design with four repetitions. The
experimental unit or plot had five 8 m (long)  1.20 m (wide) furrows. The useful plot had
three 8-m long furrows.
Evaluated variables. Using the Pol ratio method, the sucrose percentage and the
theoretical sugar estimate were determined in the laboratory for each variety in 10 to
12-month-old plants. This method was designed and implemented in late 1959 at the Los
Mochis Sugar Mill, in Sinaloa, by Mr. R. P. Humbert, and was adopted by the IMPA for
its research work. The main objective of this method is to determine, based on a sample
of milling stalks, the sucrose percentage in cane, the fiber percentage, and the moisture
and reducing sugars percentages in section 8-10, in order to evaluate the sucrose and fiber
contents of each treatment (Rodríguez, 2005). The sampling was done in the two lateral
furrows of the experimental plot. Subsequently, the maturity curve of each hybrid was
traced. Following IMPA’s methodology, the population of milling stalks per hectare was
evaluated in the field with 12-month-old plants. This was done by sampling three 8-m long
furrows. The field yield estimate was also obtained, as were the local climatic conditions
(annual v. historical rainfall).
Statistical analysis. The SAS statistical program was used to carry out an analysis
of variance (ANOVA) of the treatments (hybrids). A Tukey test (5%) was used to compare
means and the hypothesis were tested using the F test.
RESULTS AND DISCUSSION
Characterization of rainfall: historical and during the study. A large part (77.45%)
of the Quesería Sugar Mill’s supply area is classified as rainfall zone (12,313 ha); it is
mainly located in northern Colima and in some municipalities of southern Jalisco. Another
Table 1. List of new sugarcane hybrids evaluated at Ocotillo, Colima, within the supply area of the
Quesería Sugar Mill.
Hybrid and clone

Origin

Hybrid and clone

Origin

ColMex 05-542 (C1)

Fuzz

ColMex 05-484 (C3)

Fuzz

ColMex 05-627 (C10)

Fuzz

ColMex 05-147 (C9)

Fuzz

ColMex 05-89 (C1)

Fuzz

ColMex 05-38 (C8)

Fuzz

ColMex 05-129 (C3)

Fuzz

ColMex 05-897 (C6)

Fuzz

ColMex 05-437 (C1)

Fuzz

ColMex 05-977 (C7)

ColMex 05-38 (C9)

Fuzz

Mex 69-290

Fuzz
Testigo
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17.90% of the surface is cultivated using deep irrigation (2,846.9 ha); this area is located in
the central and southern part of Colima and its water sources are the Peñitas and Ámela
irrigation units. Therefore, only 4.65% of the surface is cultivated with auxiliary irrigation
(740 ha): approximately two or three rounds of surface irrigation are applied during the
most critical periods of the crop cycle (March-May).
Figure 2 shows the behavior of historical monthly rain precipitation (2007-2019) as
compared to rainfall during the months when the crop was developed. Historically, the
rainiest months were June-October, with an average water volume of 1,123.6 mm: 92%
of the rain precipitation during those months. Figure 2 also shows that rainfall during the
development of the crop and the evaluation of the new sugarcane hybrids behaved similarly
to the historical data: the rainiest months were June-October, with a water accumulation of
1,094 mm (90%) during the said period. Additionally, compared with the consumptive use
and/or water requirements of the sugarcane crop for the different months of its productive
development (1,712.2 mm per year), the remaining months (November-May) had a rain
shortage of 926 mm. Meanwhile, a 417 mm rain excess (non-usable water) took place only
during the months of June-October. Therefore, according to the calculations, 785.6 mm
of usable water was available during the study: i.e., 926.6 mm of water were needed. This
could have affected the agro-industrial crop yields for each of the evaluated hybrids.
Milling stalk population. This is one of the most relevant variables, as a result of its
direct impact on the field yield potential. As Hernández (2004) points out, in addition to
stalk population, components such as plant height and stalk diameter have an impact on
the field yield, and they must be considered as distinctive characteristics of the varieties in
the late stages of selection. Meanwhile, Viveros et al. (2014) used path analysis to show that
sugarcane tons per hectare have a high correlation with stalk population and diameter; in
other words, high plant populations and thick stalk diameters are required to achieve a large
sugarcane production. The analysis of variance (ANOVA) results for this variable (Table
2) shows a highly significant difference between treatments, although not for repetitions,

Figure 2. Monthly rainfall averages at the Quesería Sugar Mill, historically and during the sugarcane hybrid
study.
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Table 2. Analysis of variance of milling stalks and field yield estimate for the new sugarcane hybrids trial at
Ocotillo, Colima, Mexico.
Variation
source

DF

Calculated F

Table F

PrF

Population

Yield

0.05

0.01

Population

Treatment

11

7.01

19.35

2.10

2.87

0.0001 **

0.0001 **

Repetition

33

0.68

1.06

2.89

4.44

0.5714 NS

0.3812 NS

Error

33

Total

47
9.87

9.90

C.V.

Yield

DF : Degrees of freedom; C.V. : Coefficient of variation.
When the value of F calc. (calculated F) is lower than F tabla (tabulated F) (5%), there is no Significant
Difference (NS).
When the value of F calc. is equal to or higher than F tabla (5%), but lower than (1%), there is a Significant
Difference (*).
When the value of F calc. is higher than or equal to F tabla (1%), there is a Highly Significant Difference (**).

with values of 0.0001 and 0.5714, respectively. The 9.87% Coefficient of Variation (CV)
indicates that the trial data are reliable.
In the mean grouping based on the Tukey test (5%) of the milling stalk population
(Figure 3), the ColMex 05-129 and ColMex 05-38 (C8) hybrids stand out with values of
over 109,000 and 108,000 stalks/ha, respectively. However, based on the Least Significant
Difference (DMS) (22,327 stalks), the five subsequent hybrids are statistically equal, with
an average of 95,000 stalks. The remaining evaluated hybrids (41.66%) are statistically
inferior to the abovementioned, which include the Mex 69-290 commercial control, whose
nearly 85,000 stalks/ha are lower than the 24,000 and 23,000 stalks of the ColMex 05-129
and ColMex 05-38 (C8) hybrids, respectively, which were the most outstanding hybrids
(Figure 3).
Field yield. In the case of this trial and under the edaphoclimatic conditions of
Ocotillo, Colima, Table 2 shows a significant difference between treatments, although
not for repetitions, with values of 0.0001 and 0.3812, respectively. The coefficient of
variation yielded a result of 9.90%, which indicates that the experiment results are good
and reliable. Figure 4 shows that three groups (A, B, and C) were formed according to

Figure 3. Milling stalks population per hectare for 12-month-old plants at Ocotillo, Colima.
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Figure 4. Estimated yield per hectare in 12-month-old plants at Ocotillo, Colima.

the mean grouping by the Tukey test (5%), with 12-month-old plants. The ColMex 05484, ColMex 05-38 (C9), and ColMex 05-627 hybrids stand out with values of 154, 149,
and 143 t ha1, respectively. However, based on the DMS that resulted from the analysis
(28.49 t), the subsequent two hybrids are statistically equivalent; one of them is the Mex
69-290 commercial control, with a value of 135 t ha1. The remaining evaluated hybrids
(41.66%) are statistically lower than the aforementioned, with a field yield average of 96.97
t/ha, although their value surpasses the national yield by 25 t ha1. Cervantes et al. (2017)
reported that the new varieties include a group of weather, soil, and management variables
that have a noticeable influence on the behavior of field and factory yields.
Sucrose percentage (Pol). The sucrose content in cane is one of the most important
components during the harvest: it is associated with high field yields and a high factory
efficiency. The larger the amount of sugar obtained in the agro-industry, the higher the
price offered to the producer per ton of sugarcane. Figure 5 shows the sucrose percentages
of the new hybrids studied for the trial at Ocotillo, Colima, among which the ColMex 05147, ColMex 05-38 (C8), and ColMex 05-897 hybrids stand out; their values increased

Figure 5. Industrial analysis (Pol) of 10- to 12-month-old plants for the new sugarcane hybrids, agro-industrial
phase, at Ocotillo, Colima.
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during the 10th to 12th months of plant growth, reaching 16% sucrose in cane values
during the last month. Meanwhile, the sucrose content of the Colmex 05-129, ColMex
05-38 (C9), Mex 69-290, and ColMex 05-89 hybrids clearly decrease in month 12, which
means that the hybrids of this study area have an early to late-intermediate maturity stage.
The remaining evaluated hybrids have an intermediate to late maturity stage behavior,
where the harvest is usually carried out in March-June (depending on the calendar of each
of the country’s sugar mills). Studies conducted in the Jalisco region by García-Preciado et
al. (2017), which included two evaluation cycles, showed that the sucrose content of some
new hybrids match the content of some of the materials shown in Figure 3. In this respect,
Chávez (1982, quoted by García et al. (2017)) mentions that sucrose in sugarcane presents
an inverse linear correlation with the moisture content. Therefore, further evaluations are
necessary to determine maturity curves (Delgado et al., 2012). In addition, considering the
interaction of edaphic, climatic, and management aspects of the behavior or response of a
new material to a specific environment (Cervantes et al., 2017) is vital for the distribution
of the new hybrids.
CONCLUSIONS
After analyzing the agricultural and industrial behavior of the new hybrids during the
soca cycle and under the local edaphoclimatic conditions, the ColMex 05-484, ColMex
05-38 (C9), and ColMex 05-627 hybrids had the highest estimated field yields, with values
of 154, 149, and 143 t ha1 respectively. The hybrids with the highest sucrose percentage
in cane (Pol), in 12-month-old plants, were: ColMex 05-147 (16.8%), ColMex 08-38 (C8)
(16.5%), and ColMex 05-897 (16.1%), according to their intermediate-stage maturity curve.
Finally, a well-distributed annual rainfall is an important factor that has a direct impact on
field yield.
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ABSTRACT
Objective: To determine the prevalence and the risk factors associated to the incorrect application of the
anabolic implant in intensive cattle feedlots.
Design/Methodology/Approach: An observational study was conducted in which 888 cattle ears were
evaluated from five livestock feedlots. The criteria of the condition of the anabolic implant were: correct and
incorrect (encapsulated, abscessed, in cartilage, poorly placed, bunched, partial and missing.). The results were
evaluated through the chi-squared test and logistic regression, the alpha level established was 0.05.
Results: A prevalence of 64.30% incorrectly applied anabolic implants was observed. At least 50% of the
cattle from the feedlots evaluated presented failures in the application of the implant. Encapsulated and poorly
implants represented 91.6% (51.4 and 40.2%, respectively) of the total incorrect conditions. The risk of a
bovine presenting an incorrect condition increased 1.8 times more when the feedlot has more than 4000 cattle
(P0.001) and 4.2 times more when they are females (P0.001); the season of the year was not a risk factor
(P0.17).
Study Limitation/Implications: The incorrect application of anabolic implants derives in failures that
complicate their absorption and integration into the organism, which is why more studies are suggested to
determine the economic impact that this can cause.
Findings/Conclusions: The prevalence of the failures in anabolic implants is high, and, therefore, the
productive and economic benefits that favor the application of this productive technology are not being
obtained, in addition to there being determinant risk factors.
Keywords: Cattle, growth promoters, anabolic implant, condition.
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INTRODUCTION
Anabolic steroids are substances that increase the retention of nutrients from food by
the animal’s organism; in particular, they increase the retention of protein and non-protein
nitrogen, and its later transformation into protein, specifically in the skeletal muscle of
ruminants (Palermo, 1998). The use of anabolic implants as growth promoters is a routine
practice in the intensive production of beef, and it has been estimated that a higher
proportion than 95% of cattle in confinement in northwestern Mexico are implanted
(Cáñez et al., 1985). This practice has the purpose of improving the productive yield and
food efficiency, thus reducing the production costs; concerning this, it has been informed
that in comparison to non-implanted livestock, the daily weight gain increases (5-18%) and
the dietary efficiency improves (5-10%) (Duckett et al., 1996; Mader, 1998). The anabolic
implant must be placed in the posterior part of the ear, via subcutaneous in the middle
third, between the two longitudinal cartilaginous ribs (Mader, 1998). However, an incorrect
application of the implant can cause different conditions (encapsulated, abscessed, in
cartilage, poorly placed, bunched, partial and missing), which has been called “failure of
the anabolic implant” (Barajas et al., 2010; Berry et al., 2000; Folmer et al., 2009), causing
double loss, first the investment in the implant and second the loss of productive benefits
(Barajas et al., 2010). In this regard, failures have been reported in the absorption of the
implant from 2.65% (Folmer et al., 2009) to 95.5% (Zollers et al., 2002), which is reflected
in an estimated economic loss of $15.1 USD to $22.50 USD per animal (Anderson and
Botts, 2002; Barajas et al., 2010), as a reflection of the loss of calculated productive yield
in 0.077 kg day1 of reduction in weight gain of the carcass (Mader, 1998). Therefore,
it becomes necessary to perform studies to evaluate the technique of anabolic implants
in confined beef cattle. Because of this, the purpose of this research was to determine
the prevalence and the risk factors associated to the incorrect application of the anabolic
implant in intensive feedlot cattle.
MATERIALS AND METHODS
Location of the study area and generalities of the sampling
The research was conducted in two Federal Inspection Type Meat Processors; this type
of establishments are regulated by the norms NOM-194-SSA1-2004 corresponding to
Products and Services, which indicate the sanitary specifications in the establishments
devoted to the sacrifice and skinning of animals for supply, storage, transport and retail.
Sanitary specifications of products and the norm NOM-033-SAG/ZOO-2014 indicate
the method to slaughter domestic and wild animals, located in the municipality of Culiacán,
Sinaloa, Mexico (24° 2’ 4.92” N to 25° 16’ 33.6” N) (INEGI, 2020). To determine the
condition of the anabolic implant of cattle when finalizing the fattening, n888 ears were
inspected. The cattle evaluated came from five production units, three of which had more
than N4000 bovines and were considered as large feedlots, and two with inventory of less
than N4000 bovines which were considered as small feedlots. Four fattening production
units are located in the municipality of Culiacán and one in the municipality of Guasave,
Sinaloa. Twenty-three (23) cattle feedlots were inspected, where the origin and sex of the
bovines were identified. In the period when the evaluations were performed, the season
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was determined according to the monthly average temperature, winter (29 °C) and
summer (29 °C), obtained from the meteorological station of the Center for Research
in Feed and Development (Centro de Investigación en Alimentación y Desarrollo, CIAD, 2019)
located approximately 4.2 km from the meat processors.
Evaluation of the condition of the anabolic implant
When starting the inspection of the implant’s condition, the ear implanted was removed
from each bovine, and later dissected with a scalpel blade number 23; the criteria of the
condition of the anabolic implant were classified as: 1-correct, 2-incorrect (encapsulated,
abscessed, in cartilage, poorly placed, bunched, partial and missing), capturing at the end
a photograph of each inspection as evidence. The criterion to assign the condition of the
anabolic implant was: correct when the anabolic implant is degraded and liberated into
the blood stream; encapsulated when there was a fibrous capsule that covered the anabolic
implant and it was found without degradation; abscessed when there was purulent content;
in cartilage when it was incrusted in the ear’s cartilage; poorly when it was positioned
outside the middle third, close to another anabolic implant, identification earrings, orifices
or notches; bunched when it was bound together in the same site; partial when there were
less pellets than those that there ought to be, even if they were in degradation process or
not; and missing when it was not applied or lost (Barajas et al., 2010; Berry et al., 2000;
Folmer et al., 2009).
Statistical analysis
All the ears that presented at least one inadequate condition of the anabolic implant
and were identified as incorrect were included. The prevalence was calculated as number
of incorrect implants/number of ears evaluated  100. A graph was made to understand
the order of presentation of failures in the implant. The association between the time of
the year, sex of the animal, and size of the feedlot with the condition of the implant was
analyzed with the Chi-squared test. To estimate the odds ratio, a logistic regression analysis
was conducted with the LOGISTIC procedure from SAS (SAS, 2002), for the sex variable
the procedure used was univariate analysis for 474 observations, while for the feedlot size
and time of the year it was multivariate analysis, where there were 888 observations. The
alpha level established was 0.05.
RESULTS AND DISCUSSION
Prevalence of the conditions of the anabolic implants
A prevalence of 64.30% (IC 95% 61.01-67.59) of incorrect anabolic implants was
observed. Folmer et al. (2009) observed failures of 2.65% when sanitary measures were
applied at the time of placing the implant; likewise, Anderson & Botts (2002) observed
5.75% in the fault of the implant when contaminating the site at the time of placing the
implant and using an implant with an antibiotic pellet (Tylosin tartrate), and therefore the
high prevalence in our study can be attributed to the implantation technique. Our findings
differ from what was reported by Berry et al. (2000) and Barajas et al. (2010), from 20 to
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32.98%, respectively, although it is lower than that reported by Zollers et al. (2002) of 94.1%
fault of the implant.
Table 1 shows the prevalence of the fault of the anabolic implant in each feedlot, which
presented prevalence higher than 50% of incorrect anabolic implants.
When determining the prevalence of the criteria of the condition of incorrect anabolic
implant (n369), the conditions encapsulated and poorly represented 91.6% (51.4 and
40.2%) respectively (Figure 1).
During the implantation, bacteria present in the site (auricle) are inevitably introduced
under the skin, an inflammation process begins on day one in the surrounding area and
the organism seeks to inhibit this infection; the anabolic implant is considered a foreign
body and on day seven it is encapsulated as the organism attempts to isolate it to minimize
its impact; by day fourteen a capsule of fibrous connective tissue forms, which will be
degraded by macrophages and the absorption of the anabolic implant in the blood stream
will begin, the thickness of the capsule will depend on the amount of bacteria present in
the implantation site (Loughin, 2004); this causes for the implant not to degrade, which is
why sanitary measures have been established to decrease the pathogenic load (Lancaster,
2009). Likewise, in a poorly placed implant (close to the base of the ear), the irrigation is
lower and this affects absorption (Goodall, 1955). Parrott et al. (1985) indicate that the
percentage of losses is reduced from 29 to 14% when applying it in the middle zone, since
Table 1. Prevalence of the anabolic implant condition in Feedlots cattle.
Condition of the anabolic implant

Total

Incorrect

Correct

Feedlot 1

106 (84.80 %)

19 (15.20 %)

125

Feedlot 2

235 (58.89 %)

164 (41.10 %)

399

Feedlot 3

99 (97.05 %)

3 (2.94 %)

102

Feedlot 4

105 (49.52 %)

107 (50.47 %)

212

Feedlot 5

26 (52 %)

24 (48 %)

50

571

317

888

Total

Figure 1. Incorrect conditions of the anabolic implants n369: EncEncapsulated, PPPoorly placed,
BunBunched, ParPartial, AbsAbscessed, MisMissing, CartIn cartilage.
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the skin is less relaxed and firmer which ensures that the anabolic implant is not displaced
to the incision zone and lost, and close to other implants, earrings or blood vessels, where
irrigation can be interrupted; however, the formation of new blood vessels and capillaries
towards surrounding tissues (angiogenesis) takes place (Lancaster, 2009); thus, it is possible
that absorption is favored.
In cattle with the incorrect condition of the implant, 151 ears (40.92%) presented one
failures condition and 147 ears (39.83%) presented 2 conditions (Table 2).
Risk factors
When determining association between size of the feedlot, time of the year, and sex with
the incorrect condition of the anabolic implants, the three factors were associated (P≤0.05)
(Table 3).
When the size of the feedlot and the time of the year were included in the logistic
regression model, only the size of the feedlot was determined to be a risk factor (P0.05).
Likewise, the sex was also estimated as a risk factor (Table 4).
The risk for a bovine to present an incorrect condition of the anabolic implant when the
size of the feedlot was larger than n4000 cattle is 1.8 times higher (P0.05). This result
Table 2. Prevalence of the number of incorrect conditions per ear inspected.
Number of incorrect conditions

Number of ears

%

1

151

40.92

2

147

39.83

3

13

3.52

4

1

0.27

Table 3. Association of size of the feedlot, sex, and time of the year with the condition of the anabolic
implant.
Condition of the anabolic implant

Feedlot size

Sex6

Incorrect2

43 (4.84 %)

132 (14.86 %)

175 (19.71 %)

Large

274 (30.86 %)

439 (49.44 %)

713 (80.29 %)

Small4
5

Total

317 (35.70 %)

571 (64.30 %)

888 (100 %)

Female

59 (12.45 %)

215 (45.36 %)

274 (57.81 %)

Male

108 (22.78 %)

92 (19.41 %)

200 (42.19 %)

167 (35.23 %)

307 (64.77 %)

474 (100 %)

126 (14.19 %)

266 (29.95 %)

392 (44.14 %)

Summer

191 (21.51 %)

305 (34.35 %)

496 (55.86 %)

Total

317 (35.70 %)

571 (64.30 %)

888 (100 %)

Total
Time of the
year
1,2

7

Winter

8

P3

Total

Correct1

0.0006

0.0001

0.0493

Correctthe anabolic implant was absorbed, Incorrectthe anabolic implant was not absorbed.
Probability values of the chi-square statistic.
4,5
Small4000 animals, Large4000 animals.
6
n474.
7,8
Winter29 °C, Summer29 °C.
3
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Table 4. Risk factors associated to the condition of the anabolic implant.
Risk factor
Intercept
Time of the year

Estimator

Standard error

0.7958

0.0960

0.0984

0.0725

Winter

4000

0.3028

0.0973

Intercept

0.5664

0.1021

0.0001
1.217

0.0916-1.618

0.1747

1.832

1.251-2.683

0.0019
0.0001

1
0.7267

Female
1

P3

1

Male

Sex

CI2 95 %

1

Summer
4000

Feedlot size

OR1

2

0.1021

4.278

2.866-6.384

0.0001

3

Odds Ratio , Confidence interval 95 %, Statistical association (P0.05).

is attributed to the human factor that is related to the management of the animals, so that
with more animals in the inventory of a livestock farm there is more work and workers can
be tired and reduce the efficiency of implantation, which is why it is recommended that
there be a substitute worker available.
Authors like Elanco (2017) and Brsci et al. (2018) indicated that when decreasing the
number of animals in charge of a worker, the deficiencies in the operative management
of the feedlot are reduced in up to 3.5%. Likewise, the analysis showed that the females
had 4.2 more risk of presenting incorrect anabolic implants (P0.05). These results agree
with those found by Anderson and Botts (2002), who reported that the females presented
3% more probability of implantation failures compared to the males and this is possibly a
reflection of the temperament that depends on the sex, which could modify their behavior.
CONCLUSIONS
The prevalence of incorrect anabolic implants was 64.30%, and the conditions with
highest frequency were encapsulated and poorly placed. An association between the time
of the year, the inventory and the sex with the incorrect condition of anabolic implants was
identified. The risk of an animal presenting such a condition increases 1.8 times when the
inventory of the livestock feedlot is large and 4.2 times when they are females; therefore,
it is important to consider the economic losses that this could generate and to direct more
attention to the implantation technique.
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ABSTRACT
Objective: To describe the main economic and ecological characteristics in the production of native stingless
bees (NSBs) in the Yucatan Peninsula (YP), Mexico.
Design/Methodology/Approach: Through the snowball method, an exhaustive search for references about
meliponiculture was conducted, using keywords individually or combined, such as meliponiculture, Melipona,
native stingless bees, Mayan meliponiculture, Yucatan Peninsula, etc.
Results: In Campeche and Yucatán there is a total of N216 producers who own a total of 3,362 “jobones”
destined to meliponiculture. However, economic and ecological studies are scarce and do not allow deeply
understanding the benefits of NSBs in the YP; that is, information about production costs and economic
benefits that would be obtained with the conservation of NSBs.
Study Limitations/Implications: This study describes the socioeconomic and ecological aspects of native
stingless bees in the Yucatan Peninsula.
Findings/Conclusions: Meliponiculture is an important activity from the cultural aspect, therefore, its rescue
and conservation is urgent; on the other hand, the sale cost of Melipona honey is higher compared to honey
from the Apis melifera L. bee, representing an economic alternative for the producers of rural communities.
Keywords: Melipona, Plebeia, Trigona, Scaptotrigona.
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INTRODUCTION
Apiculture refers to breeding and exploitation of honey bees (Apis mellifera L.), and
meliponiculture to breeding and production of native stingless bees (NSBs) or Melipona bees
(Tribe: Meliponini), which do not have a sing (Crane, 1992). According to archaeological
vestiges from the Proto-classic period found in Mesoamerica (Crane, 1992; Calkins, 1973),
meliponiculture is a cultural, economic and social activity that Mayan communities
developed before the arrival of the Europeans.
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The concept of meliponiculture was implemented by Paulo Nogueira Neto to define
the activity of the people who are devoted to breeding and caring for NSBs, which
is practiced in tropical and subtropical regions of America, Africa, Asia and Australia
(Viene, 2017). Honey bees are originally from the old world, while NSBs are native
to America, Africa, Asia and Australia; some indigenous cultures have maintained a
close relationship with them because they are an important resource to obtain honey,
cerumen (mixture of wax and resins), larvae, pollen, and they are also part of their
worldview (Rosso et al., 2001).
Meliponiculture in Mexico, in the Mayan regions of the Yucatan Peninsula (Campeche,
Quintana Roo and Yucatán), is an important activity because interesting management
processes have developed; the nests are housed inside logs and desiccated squash fruits
(Cucurbita sp.) (Rosso et al., 2001). However, indigenous groups in Puebla and Veracruz
practice it to a lesser scale (Pererira-Nieto, 2005). Until before the “discovery” of the
American Continent, native stingless bee breeding was part of the sociocultural, dietary,
medicinal, ritual and commercial customs of many indigenous peoples (Ballivián, 2008;
Quezada-Euan, 2005; Carrillo-Magaña, 2004).
MATERIALS AND METHODS
The “snowball” method was used for the study, which is based on randomly following
the literature cited by an author, until completing a number of main authors about the
themes of a particular area; the search concludes when the cited authors are found again,
causing the decrease in references, which indicates a maximum number of studies (Bernard,
2006). The search for keywords was done through digital search engines, using keywords
such as meliponiculture, Melipona, native stingless bees, Mayan meliponiculture, Yucatan
Peninsula. The sample size was not defined because it acted as a final census.
Taxonomy of native stingless bees (NSBs)
Melipona are found in the tropical and subtropical regions of Africa, Asia, Australia and
America, and in this last region they are distributed from Mexico to Argentina (QuezadaEuan, 2005). The highest diversity of meliponines is found in America, with more than
400 species described, followed by the Indo-Australian region with close to 90 species and
Africa with close to 30 (Arnold et al., 2018). In Mexico, a total of 46 species have been
identified in 11 genera of NSBs (Ayala, 1999); in the Yucatan Peninsula there are 17 species
(Ayala, 1999; Ayala, 1992; Quezada-Euan, 2005; Figure 1, Table 1). The NSBs belong to
the Meliponini tribe, Apinae subfamily and Apidae family (Michener, 2000).
The NSBs are characterized by the absence of a functional sting compared to other
tribes of the Apidae family. In addition, they present a great reduction in venation of
the anterior wings, simple non-bifurcated nails, and a line of comb-like thick hair in
the internal distal margin of the posterior tibias called penicillium (Ayala, 1999). The
atrophied sting in the NSBs has allowed their easy management compared to European
bees (Figure 1); however, their defense mechanism consists in biting with the mandibles,
rolling up in the hair, or placing propolis on their enemies (De Matos and Fernandes,
2007).
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Figure 1. Melipona beecheii in the Yucatan Peninsula, Mexico. A. Management of a colony. B. Honeycomb. C.
Lateral view of M. beecheii. D. Front view of M. beecheii. Photos: W. Cetzal-Ix

Table 1. Native stingless bee species present in the Yucatan Peninsula, Mexico (modified from González-Acereto, 2012).
Taxa

Economic and ecological uses

Reference

Cephalotrigona zexmeniae Cockerell

Natural and commercial pollination

Grajales-Conesa et al. (2013)

Lestrimelitta niitkib Ayala

Natural pollination

Grajales-Conesa et al. (2013)

Frieseomelitta nigra Cresson

Natural and commercial pollination

Quezada-Euán (2005)

Melipona beecheii Bennett

Honey production, natural and commercial
pollination

Crane (1992); Quezada-Euán (2005)

Melipona yucatanica Camargo, Moure & Roubik

Honey production, natural and commercial
pollination

Quezada-Euán (2005)

Nannotrigona perilampoides Cresson

Natural and commercial pollination

Macias et al. (2001); Cauich et al. (2006)

Partamona bilineata Say

Natural and commercial pollination

Cerna Chávez et al. (2015)

Plebeia frontalis Friese

Natural and commercial pollination

Vandame (2012)

Plebeia moureana Ayala

Natural and commercial pollination

Vandame (2012)

Plebeia parkeri Ayala

Natural pollination

Vit et al. (2013)

Plebeia pulchra Ayala

Natural pollination

Vit et al. (2013)

Scaptotrigona pectoralis Dalla Torre

Honey production, natural and commercial
pollination

Quezada-Euán (2005)

Trigona fulviventris Guérin-Méneville

Natural pollination

Vit et al. (2013)

Trigona fuscipennis Friese

Natural and commercial pollination

Vandame (2012)

Trigona corvina Cockerell

Natural pollination

Vit et al. (2013)

Trigonisca maya Ayala

Natural pollination

Vit et al. (2013)

Trigonisca pipioli Ayala

Natural pollination

Vit et al. (2013)

Agro productividad 2022. https://doi.org/10.32854/agrop.v15i2.2108

60

Brief history of meliponiculture in Mexico
The NSBs have their roots as honey producers since the times of the Mayan civilization,
which can be corroborated in ancient codices and references in sacred texts (Echazarreta et
al., 1997). Indigenous communities in Mexico use preferably two species (Melipona beecheii
and Scaptotrigona mexicana) for the production of honey and wax. Breeding of both species
was very intense in the past, since honey was highly appreciated as an element to trade
between Mesoamerican civilizations, in such a way that there were guardian gods and
protectors of these bees such as Ah-Mucen-cab among the Mayan, whose image can still
be appreciated in the buildings of Tulum and others (Sayil), as well as in scenes of the
Matritense Codex (Quezada-Euán, 2011). Both species are still being managed; however,
they have been widely displaced by honey bees, which have higher honey production and
a market positioned in Europe (Quezada-Euán and Ayala-Barajas, 2010).
Meliponiculture in times of peninsular Maya people reached a high level of production,
because this ethnic group developed the activity at a similar level of management as
with honey bees, like in medieval times in Europe, with densities of up to 500 colonies
(Quezada-Euán et al., 2001). The honey and wax produced by the Maya people were
traded from the border between Campeche and Tabasco to Guatemala and Honduras;
however, during the Spanish conquest, Yucatec honey was one of the main products offered
in the Tenochtitlan market (currently Mexico City) (Pereira-Nieto, 2005). After the Spanish
conquest, the Yucatan Peninsula paid tributes with honey and wax from the NSBs, and
more than 35,000 kg of the so-called “Campeche wax” was exported to Europe (Reyes,
2011). The products derived from the domestication of NSBs had diverse uses, such as
food, for ceremonies and traditional medicine (Carrillo-Magaña, 2004). Between the 3rd
and 10th centuries, the period when the Mayan culture was at its maximum height, honey
and wax were two of the most abundant products traded in ancient times, as were salt, dry
fish, henequen, muslin, and copal (Carrillo-Magaña, 2004). However, the displacement of
meliponiculture had several factors, beginning with the arrival of the Spanish to the YP
in the 15th century, when the Mayan production system suffered gradual changes as the
workforce of the traditional processes was moved towards new activities.
The introduction of extensive livestock production also caused a gradual process of
disappearance of rainforests, which increased with the establishment of the henequen
monocrop; with the disappearance of the rainforest, the spaces for nesting and sources of
food for NSBs were scarce (Quezada-Euán, 2011), affecting the populations. In parallel,
the introduction of sugarcane (Saccharum spp.) and its generalized consumption contributed
even more to the abandonment of this activity (Pereira-Nieto, 2005).
The beginning of the abandonment of meliponiculture in the YP marked the
introduction of European bees (A. mellifera) for the beekeeping activity, which took place at
the beginning of the 20th century. The presence of European bees in the YP is recent when
compared to other regions of the American continent, where honey bees were introduced
with the arrival of the Spanish conquistadores; the first apiaries were established in Yucatán
in 1911, with honey bees imported from the United States to Yucatán (Echazarreta et al.,
1997). This was because honey bees produced a higher amount of honey in comparison
to the Melipona bees, which also had an effect in the reduction of the meliponiculture

61

Agro productividad 2022. https://doi.org/10.32854/agrop.v15i2.2108

activity. In the year 2020, the honey production from honey bees was 54165 t annually
(SIAP, 2020), and there are no records of stingless bee honey production.
Architecture of the nest
The NSBs build their nests exposed or in pre-existing cavities such as tree holes, termite
nests, or underground, using cerumen (wax mixed with resins), clay and other materials.
The breeding honeycombs are arranged horizontally or in clusters and store the honey and
the pollen in ellipsoidal jars (Nates-Parra and Rosso, 2013). The indigenous peoples housed
them in hollow trunks known regionally as “jobones”, which are arranged horizontally,
the stingless bee breeder extracts honey from the ends (Figure 2, Table 2; QuezadaEuán, 2011). The most representative hive consists in an artificially hollowed trunk, with

Figura 2. Meliponary established in the locality of Tankunché, Calkiní, Campeche, Mexico. Photos: J.F.
Martínez-Puc.
Table 2. Main structures that make up a nest of Meliponini bees.
Structure name

Function

Access tube

It allows to control the humidity and temperature, as well as the defense of the nest

Entrance

Main cavity for nest access

Tunnel

Made of cerumen, it is tube-shaped and leads to the breeding chamber

Batumen

Lines the nest cavity and its ends, and allows ventilation

Food pots

Spherical structures made of soft cerumen lie outside the involucre and are used to store pollen and
honey separately.

Involve

Series of cerumen sheets that surround the brood chamber to maintain the thermoregulation of the nest
and thus protect the queen from being attacked by enemies.

Pillars and connectives

Both structures keep the nests fixed. The pillars are vertical and the connectives are horizontal.

Honeycombs and brood chamber

Cells built with cerumen, when the new bee emerges the cell is destroyed and the material is recycled
inside the hive

Scutellum

Structure composed of colony debris, is located in the lower part of the nest

Waste

Place where bees transport waste out of the colony. A group of bees is in charge of removing the garbage
from the hive
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approximately 55 cm length and 18 cm diameter, thickness between 4 and 8 cm, and in the
middle part it includes an orifice of 1.0 cm (which serves for bee entry and exit), while the
ends of the trunk are closed with wood plugs (González-Acereto and De Araujo, 2005).
Meliponiculture today
Melipona bees used currently in Mexico for honey production or for medicinal uses in
the YP, Tabasco, Chiapas and Veracruz (M. beecheii), in Chiapas and Guerrero (M. fasciata),
in the Sierra Norte of Puebla, and the Papantla Region in Veracruz (S. mexicana) (GonzálezAcereto and De Araujo, 2005). The Maya people from the YP and some Nahua groups
from Puebla and Veracruz continue practicing meliponiculture, although due to its limited
economic importance is at risk. There is not a process of generational succession that favors
continuity, since most of the stingless bee breeders are men of advanced age and when they
abandon the activity, the Melipona colonies are lost. In Yucatán it is estimated that there
are less than 500 Melipona breeders, with average holdings of ten colonies (Quezada-Euán
et al., 2001).
In the YP, honey from stingless honey bees is still being used as part of traditional
medicine, and important healing properties are attributed to it, particularly for respiratory
diseases and ocular illnesses such as cataracts (González-Acereto, 2012). In rural
communities, honey is also used for the diet of women who have given birth (GonzálezAcereto, 2012). Recent studies show that honey from Melopona bees have antimicrobial
and scar-healing properties, which is why they can be used in the treatment of wounds and
some throat diseases (Quezada-Euán, 2001).
Authors such as Márquez (1994) point out that meliponiculture has weaknesses, such
as: 1) lack of awareness of the destination of production, 2) no producers’ organizations or interest in
forming them, 3) many management techniques have been lost, such as division of the colony, 4) it is
an activity that is scarcely practiced, 5) scarce production and therefore it generates limited income, 6)
lack of dissemination and promotion of it, 7) lack of current and potential markets for its products, 8)
there is no trust from producers regarding technological innovations, such as “rational boxes”, 9) lack
of government support, and 10) no connection between producers and researchers.
The authors, Guzmán et al. (2011), indicated that there are advantages of this production
practice, since: 1) it has been possible to conserve it because of its traditional rootedness in
the Maya culture, 2) it requires low capital and workforce investment, 3) its products can be
traded at a higher price than those of A. mellifera, 4) it is easy to work with the bees, given
their docility and lack of sting, 5) it is distributed primarily in the tropical and subtropical
regions of the world, 6) the bees stand out for being excellent pollinators of native and
cultivated flora in the ecosystems which they inhabit.
On the other hand, the NSBs visit flowers to obtain nectar and pollen for their
subsistence and they are a stabilizing element of the ecological environment through the
pollination of plant communities (González-Acereto and De Araujo, 2005). Some species
collect resins, mud or excrement that they use in the construction of their hives. The
advantages of their products for the human diet and health are achieved in the national
and international organic market, where they have their greatest market positioning.
Currently, the need to optimize and to increase the productivity is based on the development of
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different types of boxes, such as the Capel model, Isis model, Juliana model, Kerr model, Bayesian
model and PNN model.
Economic aspects of meliponiculture
The economic aspect of meliponiculture in Mexico has not been generally evaluated
yet, and only some evaluations have been conducted about pollination in tomato and chili
crops, where an increase in production and quality of the product was observed (QuezadaEuán, 2005). However, there are few producers in the YP that use the benefits of these bees
in production, especially in the management of crops under greenhouse conditions, since
bumblebees are generally used for pollination (Tribe: Bombini). Likewise, there is scarce
literature about the NSBs, with regards to detailed numerical reports and statistics about
their favorable impact in production, which would represent a better management of these
bees in the southern region of Mexico.
The amount of honey harvested from meliponines is relatively low compared to the
harvest in apiaries, since 0.25 to 1 kg of honey can be harvested in meliponaries per year
(Echazarreta et al., 1997). Melipona honey (M. beecheii) presents many attributes that favor
fixing high prices, such as the scarcity and the medicinal properties.
According to Pat-Fernández (2018), Melipona breeders in the Biosphere Reserve
of Los Petenes in the state of Campeche sell on average 88.5% of the honey harvested,
and the surplus is destined to family consumption. The honey is sold to local buyers and
intermediaries in the region, the sale price in 2015 ranged between $3.11 USD and $49.81
USD. For the case of honey from A. mellifera, in 2017 it was traded in $1.725 USD per kg,
with an average price in the last ten years of $1.42 USD per kg.
In Yucatán, it is estimated that there are 162 Melipona breeders with approximately
1,900 “jobones” (Quezada-Euán et al., 2001), and in the Biosphere Reserve of Los
Petenes in Campeche, a total of 54 Melipona breeders with a total of 1,462 “jobones”
(Pat-Fernández, 2016). In this state, as in the national sphere, studies about the benefits
of the NSBs in the pollination of crops under greenhouse conditions are also scarce; this
system is used in the region for tomato and habanero chili production. Pollination with
this bee species represents a great economic potential for the YP, due to the cost reduction
when substituting non-native bumblebee colonies (Bombus), as well as the risk of importing
diseases and exotic species (González-Acereto and De Araujo, 2005).
Based on the aforementioned, it can be stated that economic and ecological studies
are required to allow evaluating further the benefits of the NSBs in the YP, that is, for
information to be generated about the economic benefits that would be obtained with
the conservation of NSBs and from using them as pollinators in agricultural crops, whose
importance also transcends in the conservation of biodiversity. Therefore, it is necessary
to raise awareness among producers, populations of rural communities and cities about
managing NSBs and the conservation of their natural habitat.
CONCLUSIONS
The conclusion is that meliponiculture is an important activity from the biological,
social and economic viewpoint. However, more studies are needed from the ecological
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and socioeconomic point of view, since there is scarce information about the typology
of producers, characterization of production systems, productive and value chains, and
identification of market niches. It is important to foster the activity among young people,
in order to rescue cultural and technical knowledge generated by traditional Melipona
breeders, to ensure the conservation of the activity.
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ABSTRACT
Objective: To describe the variety of coriander (Coriandrum sativum L.) based on the guides by the Union for
the Protection of New Varieties of Plants (UPOV) and to evaluate their agronomic performance.
Design/Methodology/Approach: The variety was generated through the mass selection method followed
by individual mass selection. The varietal description was conducted based on a local guide proposed and on
guidelines by the UPOV. The experimental design used was in complete random blocks with four repetitions.
Phenological and morphological traits of the plant were recorded. The means were compared with Tukey’s
test at a level of 5% confidence.
Results: INI-17 is of tall bearing, with growth habit of semi-erect basal leaf. The number of basal leaves is
high, of medium length and mean degree of lobulation, with intensity of foliage color. The number of umbels
is high, the petals do not contain anthocyanins, and it is of late flowering; it has fruit of medium size and brown
seeds that have high linalool content.
Study Limitation/Implications: Seed production is highly dependent on the temperature and presence of
vectors, and it is of long cycle.
Findings/Conclusions: The agronomic performance and tolerance to plucking was comparable with
commercial varieties, has aesthetic characteristics, of flavor and essential oil content that are demanded by
consumers and the fragrance industry.
Keywords: fresh biomass, oil, flowering, yield.

INTRODUCTION
In Mexico, there are several aromatic species that are cultivated and used in various
culinary dishes. This is the case of coriander (Coriandrum sativum L.), which is a native
aromatic plant of the eastern region of the Mediterranean, which is grown in many parts
of the world, from 14 to 2,350 m of altitude (Ayanoglu et al., 2017). The main producing
countries are: India, Morocco, Bulgaria, Romania, Canada, China, Syria and Mexico.
Meanwhile, the main importer countries are Malaysia, Pakistan, Saudi Arabia, United
Arab Emirates, and the United Kingdom (FAO, 2019).
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All the production is destined to the fresh produce market, both for national consumption
and for export. During the last five-year period, exports of fresh coriander have increased
by 100%, with the United States being the main buyer (98%), followed by Canada (1.8%),
and another 15 countries intermittently (SIAP, 2020).
More than 7,689.16 hectares per year are planted in Mexico, where Puebla (3,289.63 ha)
and Baja California Norte (1,396.69 ha) contribute more than 60% of the surface destined
to this crop. The mean fresh biomass yield is 16.84 t ha1. In the state of Guanajuato, 3,691
t were produced, with a production value per hectare of $740.88 USD (SIAP, 2020), which
represented an increase of 5.8% (184.5 ha) in the production compared to 2018, situation
that shows a constant growth due to its demand in many countries of Asia, Europe and
North America.
The production of coriander in Mexico is highly dependent on the varieties generated
by foreign companies and less than 5% of the surface devoted to the production of coriander
is with seed that producers reproduce, devaluating the quality and genetic purity, as well as
in detriment of the yield (personal communication with producers).
The improved varieties that are introduced to the country are traded at prices that
smallholder producers cannot pay ($2.5 USD per lb); in addition, they lack previous
evaluations in producers’ lands, which can sometimes lead to obtaining plants that do not
fulfill the preferences and tastes of consumers. Despite the adaptation that the materials
of foreign origin have had, the maximum yield has not been reached in the state of
Guanajuato, mainly resulting from the effect of the climate, since cultivation in a warm
climate experiences a notable decrease in yield (30%), primarily because of early plucking
(premature emission of the floral scape) caused by the impact of days with temperature
over 28 °C (González-Pérez et al., 2017).
With the objective of contributing to solve part of the demand for coriander varieties
of local germplasm, the National Institute of Forestry, Agricultural and Livestock Studies
(Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias, INIFAP),
implemented coriander for genetic improvement (tolerance to plucking, followed by
other traits such as fresh biomass production, odor and essential oil content), since 2013
(Guzmán-Maldonado et al., 2018). The objective of this study was to perform the varietal
description of the improved material INI-17, based on the guidelines from the UPOV
(2013) and to evaluate its performance in the field.
MATERIALS AND METHODS
The generation of the variety was through mass selection, followed by individual
selection. The process of mass selection was conducted in 2013, with a genetic base of n31
populations collected in different producing regions of central and southern Mexico. Seven
selections were obtained (Table 1), which were evaluated during two years (three sowings
per year6 cycles). Later, through the process of individual selection, four populations
with high yield were identified (fresh biomass production).
During the years 2015 and 2016, the four outstanding populations were cultivated in
three cycles per year (S-S, S-F and F-W). In these six cycles individual plants were selected
within each population to integrate a new balanced compound with equal number of
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Table 1. Origin of the coriander accessions used in obtaining INI-17.
Number

Origin†

Accession

Latitude‡

Longitud

Altitude*

1

L9-CB

Mextiquic de Carmona, San Luis Potosí

22° 15’ 03’’

101° 07’ 36’’

2050

2

L13-CB

Tekax, Yucatan

20° 12’ 42’’

89° 16’ 34’’

37

3

L17-CB

Tizimin, Yucatan

21° 08’ 10’’

88° 08’ 44’’

21

4

L21-CB

San Juan Teposcolula, Oaxaca

17° 33’ 03’’

97° 25’ 29’’

2302

5

L25-CB

San Juan Teposcolula, Oaxaca

17° 33’ 03’’

97° 25’ 29’’

2302

6

L29-CB

Ixtacuixtla de Mariano Matamoros, Tlaxcala

19° 19’ 31’’

98° 22’ 44’’

2282

7

L-31-CB

Paso del Toro, Tlalixcoyan, Verazruz

18° 71’ 69’’

96° 09’ 69’’

10

†

Place where the original material was collected
‡
Geographical coordinates estimated based on the collection site
*
Meters above sea level.

seeds and selection pressure of 10%. The selection criteria were focused on traits related to
tolerance to plucking, fresh biomass production, and essential oil content, traits that give
high commercial value (Acimovic et al., 2016). In the sixth cycle, the experimental variety
called COR-VER-C6 was integrated, which, with the purpose of registry in the National
System of Seed Inspection and Certification (Sistema Nacional de Inspección y Certificación de
Semillas, SNICS) was defined as INI-17.
During the S-S 2016 cycle, the first cycle of varietal description was conducted, and
the homologous cycle was carried out in S-S 2017 (20° 34ʼ 39”″ N and 100° 49ʼ 13”″W)
at 1,760 m of altitude. The varietal characterization was based on the guide proposed by
González et al. (2017) and with the guidelines of the UPOV (2013).
In the S-S 2017 cycle, under a completely random design, the new INI-17 variety was
established and as control, the California® variety and a population that producers grow,
in a plot found in the locality of Juventino Rosas, Guanajuato (20° 38ʼ′04”″N and 101° 01ʼ
06” W) at 1,878 m of altitude. The following traits were determined: days to emergence
(DE), days to emission of the floral scape (DEFS), days to flowering (DF), days to seed
harvest (DSH), fresh biomass production per plant (FBP), and essential oil content (EOC).
The data obtained from the traits evaluated were subjected to a variance analysis and
Tukey’s means comparison test (P0.05) with the statistical SAS package (SAS, 2008).
Since in the F-W cycle there are conditions of temperature and relative moisture required
by the crop, as well as the presence of pollinators that improve the seed production, in 2017,
in a plot of 2500 m2 located in the same population where the experimental design was
established, the size of the population increased according to the agronomic management
recommended by González-Pérez et al. (2017).
RESULTS AND DISCUSSION
Characterization
The INI-17 variety presents tall bearing, 700.5 cm of height on average, with
growth habit of semi-erect basal leaf. The number of basal leaves is high (303), with
medium color intensity of foliage, medium length, and medium degree of lobulation.
The petals do not contain anthocyanins; it has fruit of medium size and brown seed
(UPOV, 2013) (Table 2).
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Table 2. Differences between traits of the varieties California and INI-17.
Characteristic

Differences
California

INI-17

Médium

Absent

Plant: height

Unreported

Medium

Basal leaf: length

Unreported

Seedling: anthocyanin coloration of hypocotyl

Plant: number of basal leaves

Few

Many

Sparse

Dense

Basal leaf: degree of lobing

Unreported

Medium

Leaf: size of terminal leaflet

Unreported

Medium

Petals: anthocyanin

Unreported

Absent

Plant: density of foliage

Fruit: size
Fruit: shape
Time of beginning of flowering

Large

Medium

Broad elliptic

Circular

Unreported

Late

It is a variety with physiological maturity and late flowering, according to the
response presented in the various characterization cycles. The emergence is on average
at 15 days, the emission of the flower scape is around 86 days, and the physiological
maturity of the seed is reached at 120 days after sowing (das). It presents on average 16
umbels (Figure 1), the weight of 1000 seeds is 11.2 g, and the seed contains on average
7.730.15% of essential oil (linalool).
Agronomic performance
The response of the improved material was statistically similar to the controls in three
traits: days to emergence, number of umbels, and weight of 1000 seeds (Table 3). In days to
flower scape (86 days), days to flowering (98 days), days to seed harvest (125 days), and fresh
biomass production (221.7 g), INI-17 was statistically superior to the two controls (Table
3; Figure 2). Meanwhile, in the number of basal leaves (31) and the content of essential oil
(7.06-7.73%), it was similar to California and higher than the producers’ seed (6.95%).

Local variety

INI-17

California variety

Figure 1. Contrast between INI-17, the commercial California variety, and a landrace. The tolerance to
plucking and a higher fresh biomass production by INI-17 stand out.
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Table 3. Means comparison of traits of agronomic importance evaluated in the INI-17 variety
and two commercial controls of coriander (Coriandrum sativum L.). F-W cycle, 2017.
California

INI-17

Days to emergency (DE)

Character

12.0*‡a

12.0a

15.0a

Days to flower scape emission (DFSE)

58.0b

58.0b

86.0a

Days to flowering (DF)
Days to seed harvest (DSH)

Farmer seed

78.0b

84.6b

98.0a

100.0b

100.0b

125.0a

Number of basal leaves (NBL)

17.0c

Number of umbels (NU)

14.2a

16.0a

16.0a

Fresh biomass production (FBP; g)

91.8c

149.2b

221.7a

Weight of 1000 seeds (WS; g)

10.7a

11.2a

11.2a

Essential oil content (EOC; %)

6.95b

26.0ab

7.06ab

31.0a

7.73a

*means within the row followed by a different letter indicate statistical differences (P0.05).
‡
mean values of four repetitions.

Figure 2. INI-17 variety in the stages of flowering and seed formation.

The performance of the INI-17 variety was similar to the California variety in several
traits. However, INI-17 is a coriander variety of long cycle (125 days), which is an advantage
for fresh production. The plant accumulates fresh biomass of 221.7 g on average. It showed
medium tolerance (50%) to powdery mildew (Erysiphe heraclei). It is not sensitive to day
length, although days with high temperatures (26 °C) and sunny during the flowering
period favor the formation and the accumulation of essential oil in the seed (linalool). This
indicates that INI-17 can be competitive, preferably in regions with warm climate such as
the state of Guanajuato, for which this variety was generated as a response to the demand
for materials tolerant to premature plucking.
For the management of this variety it is advisable to have a plantation density of 50
to 100 plants per m2, and this is achieved with 13 to 20 kg of seed, which contributes to
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a better benefit-cost rate (B/C1.65), when it is produced for fresh consumption. Seed
production depends on pollination by different species of insects, and to a lesser degree by
the wind. The F-W cycle is the recommended season to produce seed of the INI-17 variety,
which is whey sunny and warm days between 17 and 18 °C took place, conditions that
favor the vegetative development and activity of the insects that stimulate the formation of
seeds.
INI-17 has the breeder Title 2184 and is inscribed with the registration number CIL001-080819 in the National Catalog of Plant Varieties (Catálogo Nacional de Variedades
Vegetales, CNVV) of the National Service for Seed Inspection and Certification (Servicio
Nacional de Inspección y Certificación de Semillas, SNICS). The basic seed is available to farmers
in the Bajío Experimental Field of the CIR-CENTRO-INIFAP, in Celaya, Guanajuato,
Mexico.
CONCLUSIONS
The INI-17 variety is of tall bearing with growth habit of semi-erect basal leaf. It has
medium intensity of foliage color, leaves of medium length, and mean degree of lobulation.
The petals do not contain anthocyanins, fruit of medium size and brown seed. It is of
physiological maturity and late flowering with tolerance to premature plucking and high
content of essential oil (linalool).
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ABSTRACT
Objective: To evaluate the carcass and fillet yield, and the effect of four cooking methods (steaming, griddling,
baking, or pan-frying) on the degree of sensory acceptance and proximate composition of fillets from Dormitator
latifrons.
Design/methods/approach: Whole and gutted fish, and the fillets cut from them, were weighed to determine
yield. The fillets were cooked by steaming, griddling, baking, or pan-frying according to local traditional
methods. The organoleptic characteristics (color, odor, general appearance, taste, texture, and juiciness) were
evaluated using a 5-point hedonic scale. The proximate analysis was done on raw and cooked fish samples.
Results: The average weight of the fish was 446.063.4 g, with a carcass yield of 83.0% and a fillet yield of
18.7%. The organoleptic characteristics did not show significant differences, with all treatments obtaining
average scores above 4 (like) in the hedonic scale. Regarding the proximate composition, the protein and ash
content of the fish fillets increased with most of the cooking methods. The highest lipid content was obtained
with the frying method.
Limitations/implications: The evaluation of nutritional quality was done at the proximate level only since it
was considered that the protein nutritional quality (fillet protein), would not be modified substantially.
Findings/conclusions: All four cooking methods were associated with a high level of acceptance and good
nutritional quality, although the increase in lipid content of fried fish could have a detrimental effect on
consumer health, in the case of a high level of consumption.
Keywords: Pacific fat sleeper; nutritional quality; heat treatment.

INTRODUCTION
One of the greatest benefits of aquaculture is its capacity to produce nutritious and
healthy food for human consumption, contributing to ensuring the food security of local
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populations. Moreover, aquaculture is also a source of income and employment (AvilésQuevedo & Vázquez-Hurtado, 2006). However, in Mexico, these benefits have not
materialized.
The use of fish proteins from species of low commercial value, such as D. latifrons,
constitutes a feasible alternative to produce food products of high nutritional quality,
economically viable, and easily available to the general population. In countries such
as Ecuador, D. latifrons has great commercial importance (Flores-Nava & Brown, 2010).
Unfortunately, in Mexico, the genus Dormitator has received little attention. These fish
are mostly consumed at the local level and have not shown much commercial potential.
They are not widely produced using aquaculture techniques despite the fact that they have
a high nutritional potential (Ganchoso et al., 2012). In some regions of Mexico, people
are not used to eating this fish. In others, it is considered a cheap and delicious dish. It is
usually sold whole and fresh, and consumed fried and in ceviche (Larumbe, 2002). It is
important to study the effect of the cooking methods since they can alter the concentration
of nutrients in the fish (Castro-González et al., 2013; 2015). It would be useful to promote
the consumption of these fish by highlighting their value as autochthonous and regional
food products, as well as suggesting the use of different cooking methods that preserve their
sensory and nutritional characteristics (NOM-043-SSA2-2005).
Several studies have focused on the effect of different cooking methods on the nutritional
quality of some species of marine fish (Türkkan et al., 2008; Ansorena et al., 2010; CastroGonzález et al., 2013; Nieva-Echevarría et al., 2016) and some freshwater ones (Ågren &
Hänninen, 1993; Gokoglu et al., 2004; Pietrzak-Fiećko et al., 2017). However, no studies
have focused on D. latifrons. The aim of the present study was to evaluate the effect of
four cooking methods on the degree of sensory acceptance and proximate composition of
Dormitator latifrons fillets and to determine the carcass and fillet yield of these fish.
MATERIALS Y METHODS
Sample preparation
D. latifrons fish were obtained from the stock of the Laboratory of Water Quality and
Experimental Aquaculture (LACUIC) of the Coast University Center of the University
of Guadalajara. The fish were sampled from the general population and specimens were
selected according to body weight. They were immediately sacrificed by heat shock, in
accordance with good laboratory animal welfare practices (NOM-062-ZOO-1999).
The selected specimens of D. latifrons were weighed whole. Later, they were gutted
and weighed again, and then they were manually filleted in situ by the same person. The
fillets were skinned, weighed, and their thickness measured with a vernier. The fillets were
then washed with cold drinking water to remove traces of blood, drained, and dried with
absorbent towels. The carcass and fillet yield values were

determined using the following
formulas (Eslava, 2009):
Carcass yield(Gutted weight/total weight)100
Fillet yield(Fillet weight/total weight)100
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The fillets of each fish were distributed among different plastic trays and kept refrigerated
(5 °C) for later cooking. The cooking was carried out in the usual domestic manner and
only kitchen salt was added to the fillets in all treatments (0.5%, 0.5 g of salt/100 g of fillet).
The cooking process had been standardized in previous experiments.
Each treatment included 5 fillets from 5 different fish. The fillets were prepared using
four cooking methods:
Steaming: the fillet was placed in a steamer containing boiling water (the fillet had
no direct contact with the water) for 10 minutes. Griddling: A frypan with a non-stick
coating was placed on an induction heating unit. Once the temperature reached 180 °C,
according to an infrared thermometer (traceable®), the fillet was placed on the frypan
for 5 minutes on each side. Baking: the fillet was placed in a bakeware, covered with
aluminum foil, and baked in an electric oven at 180 °C for 10 minutes. Pan-frying: a
fillet previously coated with commercial wheat flour was placed in a frying pan with
commercial soybean oil (10 mL of oil/100 g of sample) at a temperature of 180 °C and
fried for 5 minutes on each side.
The internal temperature of the fillets was recorded with the aid of a digital kitchen
food thermometer (Taylor Brand, model 3519). After cooking them, the fish samples were
subjected to a sensory analysis. Muscle samples were taken for proximate analysis before
and after cooking. The samples (15 g) of the 5 fillets were homogenized for analysis. Each
parameter was analyzed in triplicate for each treatment.
Sensory analysis
The following characteristics of the fish samples were evaluated for each cooking
method: color, smell, general appearance, taste, texture, and juiciness, in accordance
with the method (adapted) of Narváez-Ortiz et al. (2015). The evaluation of the degree of
acceptance of D. Latifrons as a consumption fish was performed by an untrained panel of
students and workers of CUCOSTA. The 15 panelists were adults of both sexes, between
21 and 62 years old, who indicated that they regularly consumed fish. The evaluated
characteristics were scored using a 5-point hedonic scale (where 1dislike a lot and
5like a lot). The samples were kept warm in an electric oven (60 °C) for immediate
evaluation. They were served in white plastic plates, each of them labeled with a 3-digit
number generated by a random number generator program. Each sample was evaluated
individually. The evaluation was carried out inside three individual cabins, in daylight
conditions, between 11:00-12:00 hours. The score corresponding to the degree of
acceptance of each panelist was matched with the corresponding numerical value to
calculate the average score of the panel.
Proximate analysis
The proximate analysis was carried out according to the method proposed by the
AOAC (1995), considering the following variables: moisture (gravimetric method), total
lipids (Soxhlet method, using hexane as carrier solvent), total ash (calcination method at
550 °C) and total crude protein content (micro Kjeldahl method), multiplying by a factor
of 6.25 to determine total protein. The results were expressed in percentages (%).

76

Agro productividad 2022. https://doi.org/10.32854/agrop.v15i2.2160

Statistical analysis
The data from the sensory analysis were analyzed using the non-parametric KruskalWallis test to determine their degree of acceptance. The Kolmogorov-Smirnov normality
test and Bartlett’s homogeneity of variances test (0.05) were applied to the results of
the proximate analysis before using one-way analysis of variance (ANOVA). Statistically
significant differences (P0.05) between treatments were determined by means of Tukey’s
multiple comparison method. All tests were performed using SigmaPlot v.11.0 (Systat
Software, Inc. Chicago, IL, USA).
RESULTS AND DISCUSSION
Table 1 shows the biometric data and the yield results of the fish under study. The
average weight of the fish was 446.063.4 g, very similar to the maximum weight (447.1
g) obtained by Larumbe (2002) in a semi-intensive culture of D. latifrons. The carcass yield
was 83.04.8%. The results of the present study are similar to that reported by BermúdezMedranda et al. (2021) for this same species (carcass yield of 86.0% and skinless fillet yield
of 20.9%, in fish weighing 92-117 g). Aditionally are close to those reported by Mora (2005)
for pirapitinga (Piaractus brachypomus) specimens of similar weight (85.3%; 400-600 g). In
tilapia (Oreochromis niloticus), Gonçalves et al. (2003) reported carcass yield results of 87.8 and
86.9%, and fillet yields of 37.9 and 38.5% (380-439 and 440-534 g, respectively). In rainbow
trout (Oncorhynchus mykiss), García-Macías et al. (2004) reported a carcass yield of 88.2%
and a fillet yield of 55.2% (from 301.9-479.5 g). The fillet yield values reported

for other
species were higher than those obtained in the present study with D. latifrons (18.72.3%).
Yield depends on various factors such as body weight, morphometric characteristics,
sexual condition, processing technique, filleting method, and filleting efficiency (Carranza,
2018). The low fillet yield of D. latifrons obtained in the present study could be due to its
morphometric characteristics since this fish has a large head in proportion to body size
as well as a large abdominal cavity. Obtaining more yield data is necessary to determine
the ideal weight at which the fish should be slaughtered in order to obtain the best meat
yield for industrial production (Souza et al., 2015). This information would also allow
determining the best presentation and product design to promote the commercialization
and consumption of this species in Mexico.
There were no significant differences (P0.05) between the four cooking methods in
color, smell, appearance, flavor, texture, and juiciness (Table 2). All the treatments had a
high degree of acceptance in the hedonic scale, with average scores above 4 (between like
and like a lot). The results of the sensory evaluation are very important since this is the final
criterion for acceptance or rejection of a product (Santaella et al., 2012).
Table 1. Weight and yield of D. latifrons.
Yield (%)

Total weight (g)

Gutted weight
(g)

Weight of fillets
without skin (g)

Carcass

Fillet

Interval

376-582

324-502

74-104

78-91

15-22

Average

446.00

370.00

83.20

83.01

18.73

63.39

56.84

13.04

4.76

2.30

Standard Deviation
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Table 2. Results of sensory tests on D. latifrons fillets subjected to four cooking methods.
Baked

Pan-fried

Steamed

Griddled

Color

4.200.56

4.400.83

4.200.77

4.330.62

Smell

4.331.11

4.270.59

4.470.83

4.200.77

Appearance

4.200.86

4.270.59

4.470.83

4.200.77

Taste

4.470.83

4.730.46

4.330.62

4.800.56

Texture

4.470.74

4.470.64

4.130.92

4.400.63

Juiciness

4.530.64

4.800.41

4.070.80

4.530.64

Attributes

Values represent the mean  standard deviation. The hedonic scale values range from: 1 (dislike a lot) to 5
(like a lot). Means in the same row without letters indicate that they are not significantly different (P0.05).

The proximate analysis of raw and cooked D. latifrons fish using the four different
cooking methods evaluated in this study showed significant differences (P0.05) in
moisture content, crude protein, total lipids, and ash (Table 3). The chemical composition
of raw D. latifrons was similar to that reported by López-Huerta et al. (2018) in wild and
farmed fish. Those authors found that the chemical composition can vary according to
the culture conditions since the chemical composition of fish is strongly associated with
their diet. However, variations in chemical composition have also been found between
individuals of the same species depending on age, sex, environment, and season, with the
greatest variation found in lipid composition (Moradi et al., 2011).
In the present study, significant differences (P0.05) were found in the moisture content
between the different cooking methods. As expected, a reduction in moisture resulted in an
increase in protein and ash content in all cooking methods compared to raw fish, depending
on the temperature reached by the fillets during cooking (Table 3) (Castro-González et al.,
2013). Frying was associated with the lowest moisture content. This agrees with the results
reported by other authors in different species (Rainbow trout, Gokoglu et al., 2004; Nile
tilapia, Puwastien et al., 1999; Sea bass, Türkkan et al., 2008).
As expected, fried fish had the highest lipid content compared to the other cooking
methods, mainly due to the absorption of added fat (Pietrzak-Fiećko et al., 2017). It is
possible that this considerable increase in lipid content was due to the flour coating that
was applied to the fillets before frying. The flour coating increased the oil absorption
Table 3. Proximate composition of D. latifrons fillets and internal temperature of the fillets with each cooking
method.
Methods
Raw

Moisture (%)

Protein (%)

Ash (%)

Lipids (%)

82.580.17a

14.270.21a

1.040.03a

0.340.04a

b

b

b

a

Temperature
(°C)
-

Baked

72.910.40

21.430.32

1.640.03

0.410.05

71.382.34

Steamed

69.490.89c

24.470.82c

1.680.04b

0.570.09a

81.542.04

Griddled

d

d

c

a

73.424.25

b

73.042.90

Pan-fried

63.540.56

e

54.841.33

27.690.44

d

27.580.78

2.860.06

d

2.410.02

0.450.10
7.530.29

Values represent the mean  standard deviation. Means in the same column with different letters are
significantly different (P0.05).
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capacity of the fish fillets, despite having used a pan-frying (light or shallow frying), a frying
technology usually associated with low oil absorption compared to deep-frying (Moradi et
al., 2011). It is worth noting that the frying method affects different fish species differently,
depending on their fat content (Castro-González et al., 2015). The results show that, in
terms of total lipid content, D. latifrons is a lean fish, according to the classification of
Acuña-Reyes (2013): lean or “white” (1%), semi-fatty (up to 7%), and fatty or “blue”
(7%). When frying lean fish, unlike fatty fish, the selection of oil for cooking is of greater
importance, since the added oil determines in large measure the composition of fatty acids
(particularly the content of fatty acids n-3 and n-6) of the final product (Sioen et al., 2006;
Ansorena et al., 2010).
Frying is a very popular cooking method because it is quick and easy, and it gives
food color, smell, taste, texture, and palatability characteristics that are very appreciated
by consumers (Al-Saghir et al., 2004; Tirado et al., 2012). But, these characteristics are
usually accompanied by undesirable changes in the frying oil and in the product, caused
by oxidation reactions and changes in the lipid profile of the fried food (Al-Saghir et al.,
2004). These undesirable changes could have a detrimental effect on consumer health,
not because of the fish, but because of the quantity and quality of the fat used for cooking
(Ansorena et al., 2010). This is why health organizations around the world recommend a
lower intake of total dietary fat, and/or the use of healthier oils (such as olive oil), to prevent
cardiovascular diseases (Uran & Gokoglu, 2014; Durán-Agüero et al., 2015). Ansorena et
al. (2010) found that olive oil is effective in preventing lipid oxidation during the frying of
lean fish. Schneedorferová et al. (2015) found that, for the four species of fish studied by
them (carp, herring, northern pike, and cod), pan-frying was the method that resulted in
the greatest decrease in the content of polyunsaturated fatty acids, even when using olive
oil, compared to other cooking methods (electric oven-baking and grilling).
CONCLUSIONS
The four cooking methods used in the present study changed the proximate composition of
the fillets. The frying method produced the greatest changes in lipid content compared to
the other cooking methods under study. The results showed that the cooking methods with
no added oil had little effect on the lipid content and are thus recommended for a healthy
diet. The nutritional quality by weight of D. latifrons fillets improved (the protein content
increased in all cases) with all cooking methods, and the sensory characteristics of taste,
smell, color, texture, appearance, and juiciness had a high degree of acceptance by the
panel of tasters. D. latifrons can thus be considered an attractive product for the consumer.
Nevertheless, further studies are required to evaluate the nutritional quality (related to fatty
acid and mineral content) of food products based on D. latifrons and produced by different
cooking methods.
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ABSTRACT
Objective: To analyze the effect of open field crop management on gardenia flower development.
Design/Methodology/Approach: A randomized block design was used with a factorial arrangement of two
factors conformed by field management (four levels: M1old plant in natural shade; M2 and M3old plant
in full sun and M4mature plant in full sun) and the floral stages (eight levels: tender, lemony, striped, white,
star, caracolled, open and yellow). Eight morphological descriptors were measured: flower weight, perianth
length, perianth diameter, calyx length, calyx diameter, corolla width, number of sepals, and length of sepals.
Results: The analysis of variance allowed to identify highly significant differences (P0.05) in the variables
weight, perianth length, calyx length and diameter, number of sepals, and length of sepals for the managementstage interaction. In handling M1 and M2, the caracolled flower reached a weight greater than 2.940.08 g
with a perianth diameter of 60.661.23 mm. The open flower presented the largest corolla width of 37.391.07
mm. The white button cataloged from the commercial point of view in the category of buttons, according to
weight, perianth diameter, and width of the corolla, presented flower characteristics, thus classifying the floral
development in three stages for buttons and five for flowers.
Findings/Conclusions: Crop management with natural shade increases the size of the flowers in terms of
weight, perianth diameter, and corolla width. These descriptors can be used as quality criteria when selecting
the flower. In addition, the open and caracolled flower can contain the largest reserve of volatile components
and, as they are not commercial qualities, it could be used in the extraction of compounds to produce cosmetics.
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INTRODUCTION
Gardenia jasminoides Ellis (Rubiaceae) is native to central China and has a cultivation
history of over 2,000 years. It grows in many temperate regions, so it is commonly found
in several regions of the world and stands out for its white and fragrant flowers (Mei et al.,
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2015, Zhao et al., 2017). In the last decade, gardenia cultivation has been identified as an
alternative for the economic development of municipalities in the central zone of the state
of Veracruz, Mexico. In this region, the gardenia production area is comprised by the
municipalities of Atzacan, Ixtaczoquitlán, Ixhuatlancillo, Mariano Escobedo, La Perla,
Rafael Delgado and Fortín. In 2016, producers reported a production area for ornamentals
of 103.32 ha, of which 48.9 ha are destined for gardenia cultivation, with the municipality
of Atzacan being the main producer (Rodríguez-Deméneghi et al., 2016).
In the state, there are only open field plantations with rudimentary management,
without defined crop technology. Most of the plantations are less than ten years old and
64% of the producers consider gardenia cultivation to be the main primary economic
activity. However, the problems reported by producers of this species are varied, such as the
difficulty for its commercialization, obtaining good product quality, phytosanitary aspects,
and agronomic practices (Murguía et al., 2008, Alduci-Martínez et al., 2016, RodríguezDeméneghi et al., 2016).
For the commercialization of gardenia, growers classify the stages of the flower
depending on the color and its amplitude according to the following criteria: a) tender:
when the bud is small and green, b) lemony: when the bud is green, but lemon tones are
observed, c) striped: when the flower bud begins to open, the edges have green petals and
the rest is white, d) white: for the flower bud that is not yet fully open, e) star: when the
flower has from one to six open petals, f) caracolled: it is the flower with all the petals of the
first circular line, but keeping the center closed, g) open: is considered a full white opening
of the flower in good condition, and h) yellow: when the flower starts to yellow, indicating
the beginning of the end of the flower’s life span (Murguía et al., 2008, Alduci-Martínez et
al., 2016, Rodríguez-Deméneghi et al., 2016, Çelikel et al., 2020).
Growers mainly market the gardenia flower in lemony (slightly green), striped and
white buds, in addition to the star flower, leaving the caracolled, open and yellow gardenia
unused. This represents approximately 56% of the crop’s production that has no commercial
utility, which needs to be resolved. On the other hand, it has not been analyzed how floral
development is influenced according to crop management. There are also no reports of
morphometric descriptors that allow a description of the floral development of gardenia in
the central zone of the state of Veracruz and allow growers to establish other quality criteria
to classify flowers. The effect of open field crop management on the floral development of
Gardenia jasminoides Ellis was analyzed, so that strategies for the commercial utilization of
the flower can be improved in the short term.
MATERIALS Y METHODS
Study Area
The municipality of Fortín, Veracruz, Mexico, is located at an altitude of 1,000 masl
and borders to the north with Chocamán and Tomatlán; to the northeast with Ixhuatlán
del Café; to the east with Córdoba; to the west with Naranjal, Ixtaczoquitlán, Atzacan
and La Perla. It has a regular temperate-humid climate, with an average temperature of
18.8 °C and an average annual rainfall of 1,832.7 mm. The plantation is located on the
road to Villa Unión, Paso Timón, Fortín, Veracruz (18° 52’ 53.3” N, 96° 59’ 19.3” W). The
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producer fertilizes the plantation twice a year, applying approximately 20 g of urea (46N0-0), there is no irrigation system, and old plants between 30 and 40 years old, mature
plants between 10 and 20 years old and young plants less than 10 years old can be found.
The plot had approximately 600 gardenia plants distributed over an area of 3,500 m2,
which is divided into two management units that are separated by a pasture unit and two
management units. In unit I, management 1 (M1) corresponding to old plants in shade
and management 2 (M2) corresponding to old plants in full sun were carried out; in unit
II, management 3 (M3) corresponding to old plants in full sun and management 4 (M4)
corresponding to mature plants in full sun were carried out. A total of 56 gardenia plants
were randomly selected in the months of May to July 2019 and flowers from old plants
aged between 30 to 40 years and mature plants aged between ten to 20 years were used.
Flower samples
Gardenia (G. jasminoides) flowers were collected from 14 plants chosen randomly for
the four management types per plot in the morning (9 A.M.), for the floral stages: tender,
lemony, striped, white, star, caracolled, open and yellow. All flowers from the sampled plants
were kept in polyethylene bags with double seal and transferred to the School of Biological
and Agricultural Sciences of the Universidad Veracruzana, where the characterization was
carried out.
Morphometric descriptors
Eight morphometric descriptors were evaluated: weight, perianth length, perianth
diameter, corolla width, calyx length, calyx diameter, number of sepals and length of sepals.
Weight was determined with a Rhino BAPRE-3 electronic balance of 0.02 g precision
(Rhino Maquinaria, Estado de México, Mexico); perianth, calyx and sepal length,
perianth and calyx diameter, and corolla width were measured with a Steren HER-411
digital Vernier caliper with 0.02 mm precision (Electrónica Steren, Mexico City, Mexico)
as described by Salinas and Suarez (2002).
Statistical analysis
A randomized block design was used with a two-factor factorial arrangement consisting
of factor A: plot management (four levels) and factor B: flowering stages (eight levels),
which resulted in 32 treatments with 14 replicates, the data were reported as mean 
standard error of the mean (SEM). To establish significant differences in the variation
of morphological descriptors for the eight floral stages, an analysis of variance (ANOVA)
followed by Tukey’s means comparison (P0.05) was performed using SPSS for Windows,
Version 25 (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, version 25.0.
Armonk, NY: IBM Corp.).
A principal component analysis (PCA) and cluster analysis was performed with the
means of each variable per collection, including the 448 collections divided into four
managements and the eight floral stages, which were normalized and transformed with
fourth root. The estimation of principal components was done with the Euclidean distance
similarity matrix, so that the variables involved in the analysis would have the same
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importance. From the similarity matrix, a cluster analysis was performed to group the
eight floral stages of gardenia, in both cases using Primer 7 for-Windows, version 7.0.13
(PRIMER-e, 2017, Plymouth Routines in Multivariate Ecology Research, version 7.0.13,
Albany, Auckland, New Zealand).
RESULTS AND DISCUSSION
The morphometric variables evaluated showed very little variation in gardenia floral
development, with similarities in weight averaging 2.51 g, perianth length of 55.41 mm,
calyx diameter of 5.81 mm, and between four and eight sepals with a length of 16.79 mm
(Table 1).
The analysis of variance allowed identifying significant differences (P0.05) in the
variables weight, perianth length, calyx length and diameter, number of sepals and length
of sepals (Table 1) for the management-stage interaction. Likewise, the number of sepals
was highly significant for plot management and for the floral stages.
The highest coefficients of variation (19.86 to 26.01%) were obtained for perianth
diameter, weight, sepal length and corolla width, which indicate a high variability in the
floral development of gardenia according to the management carried out in the plot under
study.
The floral development of gardenia can be classified into floral stages according to the
color of the bud or flower (Murguía et al., 2008, Alduci-Martínez et al., 2016) in eight stages
and taking into account the floral opening in four stages (Watanabe et al., 1993); however,
recently Çelikel et al. (2020) divide it into twelve floral stages according to the stages of
buds, floral opening and senescence.
Authors such as Watanabe et al. (1993) described the floral development of gardenia in
protected cultivation taking into account the weight, perianth diameter and corolla width,
finding that the flower presents the highest values for these variables just after opening,
which coincides with the results obtained in this study, where the caracolled flower presented
the highest weight and perianth diameter and the open flower showed the highest corolla
width. When comparing the results obtained by these authors, it was observed that these
three morphometric variables are higher in protected conditions, because temperature,
light intensity, fertilization and other agronomic variables are controlled, factors that
cannot be controlled in a rainfed crop.
Likewise, by treating these floral stages with crude enzymes, these authors identified
the dominant precursors in the volatile components responsible for the fragrance of
gardenia, of which they highlighted (Z)-3-hexenol, linalool, borneol, 1-phenylethanol
and 2-phenylethanol. On the other hand, Hattori et al. (1978) reported that extracts of
mature gardenia flowers (open flowers) presented about 130 volatile components and
among these constituents, they mentioned jasmine lactone, cis-3-hexenol, cis-3-hexenol
esters, cis-3-hexenoic acid and tiglic acid. For this reason, the caracolled and open flower
should contain the largest reserve of water and volatile components responsible for the
aroma of gardenia in rainfed conditions and since these are not commercial qualities in the
state of Veracruz, they can be used in the extraction of these volatile components for the
production of cosmetics as an alternative use.
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Table 1. Morphometric descriptors of gardenia floral development in the central region of the state of Veracruz.
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On the other hand, the following figures show the effect of plot management on
the floral development of gardenia flowers. Figure 1 shows that the perianth diameter
increases as the gardenia flower develops, reaching maximum values in the caracolled
flower and decreasing towards the yellow flower. A difference can also be seen between
plot management, reaching the highest values for this variable when management is in full
sun with old planting (M2) for the stages of caracolled, open and yellow flowers; this may
be due to the fact that the soil is enriched by the natural amendment of the falling leaves
of the shade trees, conserving moisture both in the soil and in the plants. With respect to
the tender, lemony and striped buds, it can be seen that the values of perianth diameter
did not show many differences between the different management methods used in the
plot. However, a considerable increase was found when passing from striped to white bud,
probably due to the development of the internal organs of the flower.
Figure 2 shows that the increase in weight is variable in both buds and flowers, and this
may be due to the fact that in the study area temperatures reached up to 36 °C and the

Figure 1. Perianth diameter (mm) of gardenia flower stages with respect to plot management.

Figure 2. Weight (g) of gardenia flower stages with respect to plot management.
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optimum temperatures in which gardenia develops and flowers are between 20 and 28 °C
(Murguía, 2007); there was also relative humidity of 70%, subjecting the plants to water
stress. However, it can be observed that the maximum weight is reached in the caracolled
flower for the management with old plants in full sun (M2), followed by the management
with old plants in shade (M1), due to the fall of the leaves of the shade trees that help to
retain moisture in the plants. On the other hand, the weight slightly decreases in the open
and yellow flower, because a greater loss of water and volatile components can happen due
to the high temperatures recorded in the area.
Figure 3 shows that, like perianth diameter, corolla width increases as the flower
develops, and reaches maximum values in the open and caracoled shaped flower. In the
management with shade and old plant (M1), the best results were obtained in terms of
corolla width and perianth diameter. This is important, because these floral stages, not
being commercial qualities of high value, can be used for the extraction of essential oil,
thus giving an alternative of added value to the crop. In addition, these two morphometric
descriptors can be used as a quality parameter in the commercialization of gardenia
flowers, in addition to the one used by the producers based only on the color of the flower
and the buds.
The management of rainfed crops in the area studied greatly influences the floral
development of gardenia, noting that in a crop provided with natural shade, the soil is
enriched by the fall of the leaves of the trees, conserving moisture and providing nutrients
to the plants. This benefits the development of buds and flowers, while in full sun plants
are subjected to constant water stress, since there is no irrigation system, which causes the
development of buds and flowers to be slower, even when the plants are mature.
The principal component analysis (PCA) showed that the first two components explain
98.9% of the total morphological variability (Table 2). PC1 accounted for 96.3% of the total
variation, and the variables of greatest contribution were perianth diameter and corolla

Figure 3. Corolla width (mm) of gardenia flower stages with respect to plot management.
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Table 2. Vectors and eigenvalues from the principal component analysis and
descriptive value of the total variance for floral development of gardenia.
Variable
Weight (g)
Perianth length (mm)

PC1

PC2

0.053

0.094

0.027

0.391

Perianth diameter (mm)

0.694

0.586

Corolla amplitude (mm)

0.713

0.537

Calyx length (mm)

0.061

0.429

Calyx diameter (mm)

0.014

0.142

Sepals

0.004

0.018

Sepals length (mm)

0.034

0.041

0.339

0.009

Eigenvalues
Explained variance (%)

96.3

2.6

Accumulated variance (%)

96.3

98.9

width. Corolla width describes the open flower, while perianth diameter describes the star,
caracolled and yellow flower (Figure 4).
PC2 explained 2.6 % of the total variation in which the variables perianth diameter,
corolla width and calyx length contributed positively to this component. Calyx length
describes the white button (Figure 4). For both components the most important
morphometric variables were perianth diameter and corolla width.
Figure 5 shows that the floral development of gardenia is separated into two groups
corresponding to buds and flowers, showing that the white bud really presents more flower
characteristics, because it increases the perianth diameter and corolla width considerably
with respect to the striped bud, probably due to the development of the internal floral
organs.

Figure 4. Morphological descriptors of gardenia flower development in rainfed crop.
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Figure 5. Dendogram of gardenia floral development behavior in rainfed crop.

It was also found that in the buds there is greater similarity between the lemony and
striped buds, since the changes that occur between them are minimal with respect to weight,
length and diameter of perianth and calyx, and the number of sepals and their length, so
that greater importance can be given to the change in color for their classification and
selection as established by Murguía et al. (2008) and Alduci-Martínez et al. (2016). In the
flowers, there is a greater similarity between the open and yellow flower, not showing
much difference with respect to weight, perianth diameter, corolla width and calyx length.
This may be due to factors such as plot management, atypical weather conditions present
in the study period, age of the plants and also the beginning of the senescence stage of the
flower (Çelikel et al., 2020). Taking into account each of these points, the classification of
flower stages for the state of Veracruz proposes three stages for buds (tender, lemony and
striped) and five stages for flowers (white, star, caracolled, open and yellow) similar to that
established by Çelikel et al. (2020).
CONCLUSIONS
The floral development of gardenia in the state of Veracruz showed high morphological
variability, which may be related to agronomic, climatic and plant age factors. The
descriptors for weight, perianth diameter and corolla width can reach higher values in
a plot management where plants are under shade; these descriptors can also be included
by growers as quality criteria for the management, selection and marketing of gardenia
flowers. The white bud, which is commercially catalogued within the category of buds,
according to weight, perianth diameter and corolla width, presented flower characteristics,
which allows classifying the floral development in three stages for buds and five for flowers.
The largest reserve of water and volatile components responsible for the aroma of gardenia
can be found in the caracolled shaped and open flower, since these reach the highest
weight, perianth diameter and corolla width, and since they are not commercial qualities
they could be used sustainably through the extraction of essential oil as an alternative to
add value to the crop.
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ABSTRACT
Objective: To characterize the nutritional and biochemical content of 25 genotypes: 5 S4 inbred lines and the
20 possible single crosses formed between them.
Design/Methodology/Approach: The content of oil, starch, protein, ash and phytic acid was determined
in kernels of each genotype, using the American Association of Cereal Chemists’ methods; the information
obtained was analyzed by a complete randomized experimental design and Tukey’s means tests.
Results: For the parents and the crosses, correspondingly, the intervals of the substances under study were: a)
Oil: from 5.99 to 3.84 and 6.40 to 3.55 g ∙ 100 g1, b) Protein: from 8.26 to 5.43 and 9.83 to 5.56 g ∙ 100 g1,
c) Starch: from 88.25 to 74.48 and 96.64 to 72.57 g ∙ 100 g1, d) Ash: from 1.90 to 1.20 and 2.0 to 0.89 g ∙ 100
g1, e) Phytic acid: from 2.40 to 1.08 and 2.29 to 1.11 g ∙ 100 g1.
Study Limitations/Implications: The study shows that in comparison to the parents, the crosses were only
significantly superior in the content of starch, although there were statistical differences of the contents within
each group. The crosses that showed higher contents for a nutritional component were those in which at least
one parent had a high composition of the nutrient.
Findings/Conclusions: The variation in the nutritional and biochemical content showed that there is diversity
among genotypes, which is linked to the contrasting genetic origin of the inbred lines and is feasible to be used.
This research showed the potential of taking advantage of the nutritional components of white maize through
crosses (specially its starch content).
Key words: Zea mays L., corn breeding, starch, oil, phytic acid

INTRODUCTION
Food insecurity and malnutrition, in the middle of the 21st century, continue to be
a global problem; the figures indicate that in the year 2017, 821 million people (11% of
the global population) suffered hunger and some type of poverty, primarily food poverty
(FAO, 2019), and in Mexico, 53.4 million inhabitants have this hindrance, of which 46%
suffer lack of food (CONEVAL, 2017); this is despite the country being the center of origin
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of a broad variety of plant species of local and even global importance. Maize (Zea mays
L.), because of its carbohydrate content, is one of the three principal sources of energy of
the global population (Serna-Saldivar and Pérez, 2019), and in Mexico it is the main food
source, although it is also important for socioeconomic and cultural reasons, because the
country is its center of origin, domestication and diversification.
In Mexico, technical genetic breeding has been adapted from North American
breeding programs centered primarily in hybridization, regarding traits associated with
the production of cobs and grain yield; however, despite the importance and destination of
the production, grain quality has received less attention. Authors such as Pollak and Scott
(2005) showed that the nutritional content of the plant species through time has declined
and they associated this effect to the use of new varieties; however, in recent years, facing
the revaluation of genetic diversity, initiatives for improvement have been proposed and
developed with the objective of improving the nutritional quality and value.
Currently, demands from society lead to the development of new products with
functional properties that provide the nutritional value and other components that
improve the standard of living. Among the genetic resources of maize, there are native
landraces, which have genetic wealth that can contribute to obtaining or increasing
the nutritional value (Serna-Saldívar, 2013; Cázares-Sánchez et al., 2015). Based on
this, the biochemical-nutritional content of a group of inbred lines and their respective
single crosses, which were evaluated previously for grain yield, was determined and
characterized. The hypothesis considered that, given the genetic diversity among the
origin of genotypes, the nutritional content of the lines and their respective crosses would
be differentiated, and the selection with traits of nutritional and industrial revaluation
could be possible.
MATERIALS AND METHODS
The biochemical and nutritional evaluation was carried out with n25 genotypes, five
corresponding to the lines S4 and the possible single crosses (20) between them. The lines
were selected through the per se test and from breeds in 2015. In the racial origin, variants
and mixtures between the races Cónico and Celaya are distinguished.
In the year 2017, the dialelic cross scheme was developed under the Design I (p2) by
Griffing (1956) and the evaluation of grain yield was conducted in three localities of the
area of Valles Altos de Mexico in 2018.
For the biochemical analysis, F2 seed and from the lines were obtained in an alternate
lot through controlled fraternal pollinations. The grain used for the evaluation derived
from adequate agronomic conditions for the production such as fertility, irrigation, pest
control and diseases.
For the determination of biochemical content, a balanced mixture that included grains
from the middle third of five cobs from each genotype was formed, according to the
methodology proposed by Galicia et al. (2012) for biochemical tests in maize. The grains
were put through a cyclone grinder (UDY Corporation®) to obtain flour with particles of
0.5 mm. The weight of the samples, the reagents, and the other materials were recorded in
an analytical balance AND® model GR 202.
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The methods used for the biochemical analysis were the following: for oil the method
used was 30-25.01, protein through Kjeldahl: method 46-11.02, the ashes through
the method 08-01.01, all from AACC (2000), and phytic acid through the method by
Dragiĉević et al. (2011).
The determination of starch was done in two stages. First, that of extraction through the
methodology by Brunt (1998) with ethanol washes of the samples to eliminate soluble sugars,
and to keep complex sugars that are part of the starch. The second consisted in dissociating
the complex to simple sugars through the protocol 76-13.01 of the AACC (2000). The
concentration of total starch was determined through the quantification of glucose through
the colorimetric method by Antrona. The results were expressed in g 100 g1 of dry matter
(dm), based on a standard curve (y3.4943x0.012, R20.997) prepared with glucose
(Sigma Aldrich®). The determination of biochemical content was carried out in the Unit
of Laboratories of the Puebla Campus from Colegio de Postgraduados.
The analysis of the biochemical information was conducted through an analysis of
variance using a completely random design, in addition to conducting Tukey’s means test
to identify the differences between the parents, the crosses, and between both where they
existed.
RESULTS AND DISCUSSION
The analysis of variance showed significant differences between genotypes (linescrosses)
(P0.01) for the nutritional content (Table 1); these were considered associated to the
groups, that is, lines and crosses. However, between groups (lines and crosses), differences
were found only in the content of starch and the yield (P0.01).
The lines showed differences (P0.01) for the biochemical components, which are
associated with their genetic origin. The crosses also showed variation (P0.01) indicating
the possibility of selecting superior ones and the characterization of the behavior of parents
within the crosses.
Genotype comparison (linescrosses)
Among genotypes, the differences (linescrosses) were not the ones expected (Table
2); finding an overexpression in the crosses of the lines as commonly happens in the grain
yield was considered; this phenomenon happened only for starch, so it was considered that
Table 1. Analysis of variance of the nutritional biochemical components and grain yield of Zea mays L. determined in lines S4 and their
respective single crosses.
SV

DF

Yield

Oil

Protein

Starch

Ashes

Phytic Acid

Replications

2

1.08

0.023ns

0.36ns

45.97ns

0.0085ns

0.006ns

Genotypes

24

18.36

1.90**

4.36**

93.35**

0.33**

0.356**

Inbred lines

4

3.75

3.12**

4.30*

93.84**

0.33**

0.69**

Crosses

19

Inbred lines/Crosses

1

Error

48

10.67**
207.1**

1.72**

4.44*

78.5**

0.34**

0.29*

0.55ns

2.69ns

373.39**

0.156ns

0.088ns

0.045

0.74

0.004

0.051

SVSource of variation; DFDegrees of freedom; **P0.01.

29.1
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Table 2. Nutritional biochemical concentration and grain yield of Zea mays L. in the parent lines of single
crosses.
Inbred lines
P6

Yield
6.2

Oil

Protein
b

4.67

7.29

Ashes

ab

c

1.66bc

b

79.25

b

1.20

Phytic Acid

P7

5.7

3.84

8.26

74.48

1.57

1.85ab

P8

7.2

5.80a

5.76

82.52ab

1.84a

2.40a

P9

6.4

a

5.99

5.43

ab

86.68

a

1.90

1.97ab

P10

6.3

3.90c

7.45

88.25a

1.21c

1.08c

4.84

6.84

82.2B

1.55

1.79

Crosses

A

8.4

5.05

7.31

87.7A

1.43

1.70

HSDLin Cr

0.44

0.47

0.80

3.09

0.19

0.22

HSDLines

1.81

0.42

3.29

12.28

0.14

0.64

C. V.

4.06

3.09

17.08

5.29

3.26

12.81

Inbred lines

6.36B

c

Starch

†

The biochemical concentration of each element is shown in g∙100 g1 of dry matter; RtoGrain yield
(t ha1); DMSMinimum significant difference, C.V.Coefficient of variation (%). The letters show the
grouping according to Tukey’s mean test.

the genetic effect that determines the expression of the biochemical characteristics is not
the same in every case; in this sense, Núñez-Terrones et al. (2019) and Bisen et al. (2017)
found that the non-additive genetic effects prevailed over the additive effects; in the first
case, this behavior is justified through the previous exhaustion of the additive variance
through the selection.
The grain’s nutritional biochemical content of the lines (Table 2) showed variation for
each of the components, except protein; the components, according to Kirk et al. (1996) are
fundamental for human diet and nutrition, since they are part of the primary metabolism
and, therefore, the improvement of this content is widely justified.
Among the lines, the interval of variation was 7.2 to 5.7 t ha1 for Rto; of 5.99 to 3.84
g∙100g1 dm for the oil; of 8.26 to 5.43 g 100 g1 dm for the protein; of 88.25 to 74.48 g
100 g1 dm for the starch; of 1.90 to 1.20 g 100 g1 dm for the ash; and of 2.40 to 1.08 g
100 g1 dm for phytic acid (Table 2).
According to Arendt and Zanini (2017), a typical maize grain is composed of 70-75%
starch, 8 to 10% protein, 4 to 5% lipids, 1 to 3% sugars, and 1 to 4% ash; therefore, it was
determined that the lines studied presented a high starch content and a basic nutritional
content of ash and protein, which compared to QPM (Quality Protein) produces 12%.
A similar classification could be done based on the results from Corcueca et al.
(2016) and Mendez-Montealvo et al. (2005). Cázares-Sánchez et al. (2015) point out that
quantity of protein and oil in the maize grain is not high compared to that of other cereals,
although there is variation that should be taken advantage of in plant breeding, since these
characteristics confer quality in products such as tortilla.
For the case of oil, the variation was similar to that found by Martínez et al. (2009)
in their evaluation of 50 maize accessions in Cuba, and they considered this interval as
normal, typical of the maize grain. For the case of ash or minerals, the content was also
considered similar to the one common in maize grains.

95

Agro productividad 2022. https://doi.org/10.32854/agrop.v15i2.2085

The content of phytic acid, 90 % of what was found in the germ and the main source
of phosphorus in the seed, also showed variation; according to Hurrell (2004), the parents
showed high concentration of this “anti-nutrient”, although according to Serna-Saldivar
et al. (2013), the lime used during the nixtamalización process can reduce at least 25% of the
phytic acid, allowing higher bioavailability of iron, primarily.
According to the nutritional concentrations among parents (Table 2), and to the normal
concentration for maize grain, according to Arendt and Zanini (2017), the P8 and P9
parents stood out for oil, with 5.88 and 5.90 g 100 g1, respectively; P7 with more than
8.0 g 100 g1 for protein; P8, P9 and P10, with more than 80 g 100 g1 for starch; P8 and
P9 with higher mean values than 1.80 g 100 g1 for ash; P10 with 1.08 g 100 g1 dm of
phytic acid. According to the concentrations, the P8 and P9 parents were considered to be
prominent and the most limited was P6.
Nutritional biochemical content of the grain in single crosses
The interval of variation for each of the nutritional biochemical components for the
crosses was 6.40 to 3.55 g∙100 g1 for oil; 9.83 to 5.56 g 100 g1 for protein, 96.64 to 72.57
g 100 g1 for starch, 2 to 0.89 g 100 g1 for ash, and 2.29 to 1.11 g 100 g1 for phytic acid
(Table 3). The intervals, compared with those obtained in the parents, showed a higher
value in favor of the crosses in the content of oil, protein and starch.
The results showed that the crosses with highest nutritional content were those where
at least one parent with a higher content of the desired element participated. Therefore,
for the evaluation (Table 3), the highest content of oil was attained through the crosses
P9P10 and P6P9, with P9 being the line of highest oil content.
For protein, the crosses P6P7, P7P9 and P10P7 stood out, where P7 is involved,
both in direct and reciprocal cross, with the highest protein content; for starch, the crosses
Table 3. Yield and nutritional biochemical content of the white grain in single crosses of Zea mays L. from Valles Altos of the Mexican Central
Plateau.
Cross
Yield
Oil
Protein

P6P7
8.2

P7P6

P6P8
a

8.3

P8P6
8.7

9.1

P6P9
8.5
ab

P9P6

P7P8

P8P7

P7P9
a

P9P7

8.8

8.1

8.7

9.7

8.3

P8P9
10.3a

5.61

5.66

3.75

5.51

6.36

4.73

4.56

4.55

5.25

5.29

4.22

9.06

f

7.63

7.55

6.58

6.92

7.16

7.83

9.16

6.75

7.16

b

5.56

Starch

72.57

85.04

87.14

85.26

85.64

92.13

95.51

Ashes

1.98

1.74

1.01

1.35

1.34

1.39

1.74

1.41

1.79

1.29

1.13

2.29

1.91

1.27

1.77

1.94

1.9

1.89

1.85

1.93

1.6

1.29

Cross

P9P8

P6P10

P10P6

P7P10

P10P7

P8P10

P10P8

P9P10

P10P9

Media

DMS

Yield

5.9

7.2

7.8

8.6

8.6

8.2

9.1

7.9

8.8

8.4

1.61

4.41

4.95

6.40a

5.66

5.05

0.7

Phytic Acid

Oil

a

5.33

Protein

6.94

Starch

93.82

Ashes

1.09

Phytic Acid

1.46

5.14
6.28
84.6

92.4

85.89

5.46

4.73

87.2

k

3.55

a

9.02

8.24

9.83

5.72

5.86

6.63

87.09

86.13

90.07

96.64a

88.97

87.74

84.9

6.41
87.6

7.31

2.44

87.81

17.77

1.39

0.89g

1.68

0.92

1.32

2.00a

1.36

1.89

1.43

0.21

2.14

d

1.89

1.27

1.51

1.77

1.89

1.52

1.71

0.7

1.11

*The biochemical concentration of each element shows in g 100 g1 of dry matter; Yield t ha1; DMSMinimum significant difference;
C.V.Coefficient of variation.
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P6P8, P9P7, P8P9 and P8P10 stood out, where P8, P9 and P10, which showed
high starch contents, participated.
The results showed the possibility of improving the grain quality through breeding
between lines with higher expression for the desired trait.
Among the crosses, the variation of the grain yield was 10.3 t ha1 to 5.9 t ha1;
regarding the diversity, four outstanding crosses were found with yield higher than 9.0 t
ha1 (P6P8, P7P9, P8P9 and P10P8), where the nutritional content in the
crosses according to the classification by Arendt and Zanini (2017) showed prominent
concentration of starch, exceeding any of the contents reported by Mendez-Montealvo et
al. (2005), and therefore it was considered that the main use and exploitation of the crosses
can be associated to this type of industry and their byproducts.
Based on this, subsequent studies associated with the specific analysis of the quality of
starch and its particular uses, as well as nixtamalización for the elaboration of tortillas,
are suggested; and in addition, according to Vázquez-Carrillo et al. (2014), the content
of protein and oil of the outstanding crosses was considered acceptable and therefore it is
expected that the tortillas made with this maize have prominent firmness and chewability,
as well as good shelf life.
In the crosses, which had less attractive nutritional concentration, trends or behaviors
associated to parents of higher concentration were not defined, although they were for the
case of lower content, where at least one parent of lower concentration participated; in oil,
the cross P10P7; for protein, the direct and reciprocal cross, P8P10 and P10P8; for
starch, P6P7, where an effect of genetic complementarity was found between the parents
that could also be associated with limited genetic divergence.
Compared to other studies, the oil concentration was similar to what was reported by
Mendez-Montealvo et al. (2005) in hybrids and cultivated varieties in Mexico; therefore, it
was considered that although the outstanding crosses from the study are not superior, they
can fulfill the necessary requirements for quality in the market, in addition to continuing
with the genetic improvement of nutritional content together with the grain yield.
For the case of proteins, the content can be unattractive if the expression of the
QPM (12% protein) is considered, although the content was considered normal for the
maize grain. In the study, the cross of highest protein content was the one of lowest oil
concentration; however, Pearson’s correlation analysis (data not shown) did not present
significant correlations between the biochemical contents, which contrasted with the results
by Corcueca et al. (2016) and Scrob et al. (2014), who mentioned the negative correlation
between protein and starch.
In the case of starch, five crosses showed prominent content (P6P8, P9P7, P8P9,
P9P8, P10P7, P8P10), of which two were of satisfactory yield (P6P8 and P8P9),
highlighting the cross between parents P9 and P8, given that both versions stood out, direct
and reciprocal; in addition, in each of the outstanding crosses, at least one prominent
parent participates based on its starch concentration: P8, P9 or P10.
In the ash content, crosses P6P7 and P10P8 stood out, with concentrations of 1.98
and 2.0 g 100 g1, which were higher than those found by Scrob (2014), although the study
showed a greater interval of variation. For the case of phytic acid, P6P7 and P6P10
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exceeded 2.0 g 100 g1 that were considered high and undesirable given the chelating
power of phytates.
In the general data analysis, there are crosses of outstanding yield with prominent
content of some nutritional component, which can be used for grain production; others
where the yield was not satisfactory in the commercial sense but which present high content
of some element and can continue in the breeding process.
The results showed that the particular content of a specific nutritional component
is associated to the specific interaction between parents; however, it can be seen that a
single cross of outstanding behavior for a nutritional component is associated with the
participation of at least one parent with a high composition of the nutrient.
CONCLUSION
The variation in the nutritional biochemical content of the genotypes evaluated showed
diversity that is possible to be used; also, the evaluation showed the potential of use of the
nutritional components through crosses, with starch being the main usable component.
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INTRODUCTION
In Mexico, agricultural production is of great importance due to the incessant
urbanization process, international trade, and demographic changes (Orozco-Hernández
et al., 2017). Added to this, the agricultural sector can endure some of the most changes in
a specific time, either due to market factors or to natural phenomena that can destabilize
supply and demand, and therefore prices. The agricultural sector is one of the most
important for socioeconomic development; additionally, it represents a strategic axis for
national food security and a supply source for multiple national agroindustries. In Mexico,
agricultural production has been promoted in certain states like Jalisco, Guanajuato,
Michoacán, Sinaloa, and Veracruz (SIAP, 2020), which have appropriate agroclimatic
conditions, water availability for irrigation, soil quality, farm labor technification, and
commercialization strategies that give added value, among other factors.
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Agriculture in the state of Querétaro is currently in the midst of a transition, developing
and implementing new technologies and innovation in its agro-industrial processes while
promoting specialized alternative crops with commercial potential, such as: roses (Rosa
spp.), asparagus (Asparagus officinalis L.), berries, grasses, and vegetables, among others,
for national and international supply; in addition to the traditional vocation for crops like
maize (Zea mays L), beans (Phaseolus vulgaris L.), chili pepper (Capsicum annuum L), and red
tomato (Solanum lycopersicum). In the same way, various agronomic practices have been
adopted that allow for a more efficient use of natural resources to increase productivity,
quality, and to contribute with this to the decrease of greenhouse gases, causal factors
of global warming and climate change. Within the technological innovations that rural
farmers have adopted, the following stand out: rainwater capture, rational use of water
and soil, energy generation using solar panels, implementation of protected agriculture,
biological control methods, production of supplies for vegetable nutrition, etc. (CaicedoLópez et al., 2021; Quevedo-Martínez et al., 2019).
The Autonomous University of Querétaro has implemented different research projects
that have allowed it to connect with rural production societies, civil associations and
ejidatarios or communal landowners, focused on the transfer of knowledge and technology
for basic and alternative crops, resulting in the production of different agrifood products
(Vasco Leal et al., 2020; Cuellar-Núñez et al., 2018; Gaytán-Martínez et al., 2017).
However, efforts between different actors are required, including from the academic
sector, government, and private sector to generate technological capacities in farmers;
likewise, to incentivize interest from younger generations in farm work, which will allow
the development of agribusiness groups interested in formulating and proposing solutions
to their basic needs. These groups will generate productive and social intervention projects
referring to the management and agro-industrial use of primary materials obtained from
their production units, which will impact local, national, and international production.
Considering the above, this study characterized the agricultural sector in Querétaro in
2018 with the purpose of facilitating business decision making and suggesting public and
private strategies for the development of high-value projects in agrifood production.
MATERIALS AND METHODS
The present analysis was limited to the state of Querétaro for the year 2018. The
first methodological approach was carried out using bibliometric exploration for the
study object’s conceptualization. In the next phase, statistical data were collected from
information sources such as the Agrifood and Fisheries Information System (Sistema de
Información Agroalimentaria y Pesquera-SIAP, www.gob.mx/siap) and from the Informatic
Program with Statistical Data on Agriculture, Livestock and Fisheries, called the Agrifood
Information Query System (Sistema de Información Agroalimentaria de Consulta, SIACON).
Then, using this information, traditional and alternative agricultural production was
characterized in the state of Querétaro based on the importance represented by its
economic value, production volume, and farmed surface area in different municipalities.
The agricultural production value was expressed according to the Economic Information
System (Peso/Dollar exchange rate) determined by BANXICO (2021) for May 24, 2021.
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Finally, a series of productive and administrative premises are proposed, to consider for
strengthening and consolidatiing; additionally, some strategic and competitive advantages
offered by the agrifood sector in Querétaro are listed.
RESULTS AND DISCUSSION
Importance of agricultural production in the state of Querétaro
According to information obtained from SIAP (2019a), the value of agricultural
production in Querétaro (except for 2014) showed a constant increase from the year 2010
to 2019, growing from $116.5 to $224.2 million US dollars (Figure 1).
It is expected that state agricultural production will continue to grow, considering that
the fundamental objective of the guideline “Querétaro Próspero”, set forth by Querétaro’s
State Development Plan 2016-2021 (2016), was to drive productivity and competitiveness
in the agricultural, livestock and forestry sectors.
Agricultural production in the municipalities of the state of Querétaro
Agricultural production in the state of Querétaro can be found mainly in five
municipalities (San Juan del Río, El Marqués, Pedro Escobedo, Amealco de Bonfil, and
Colón), which represent 65.3% of the surface sown and receive the greatest production
value for their agricultural activities (Table 1). For 2018, Querétaro reported a production
value of approximately $222 million USD and a farmed surface area of 149,409 hectares,
according to the Agrifood Information Query System-SIACON (SIAP, 2019a).
Traditional agrifood production in Querétaro
According to the Querétaro Food Infographic (SIAP, 2019b), the state’s notable
products and their contribution to the national agricultural volume are approximately
2,096,137 tons of products that provide regional food and fodder security to the country.
Agricultural products notable for their economic value are maize (Zea mays L.) as grain and

Figure 1. Agricultural production value in the state of Querétaro, México. Source: Prepared by the authors
with data obtained from SIAP (2019a).
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Table 1. Agricultural production in municipalities of the state of Querétaro (2018).
Municipality

Planted area (ha)

Production value (US$)

Pedro Escobedo

18,575

61,043,880.84

Colón

15,344

38,039,704.11

San Juan del Río

24,190

29,319,041.87

El Marqués

21,329

27,727,707.33

7,961

14,178,844.61

Amealco de Bonfil

18,149

13,524,708.13

Querétaro

10,234

10,233,343.40

Huimilpan

8,420

9,912,791.87

Ezequiel Montes

3,886

6,907,709.34

Corregidora

4,919

3,987,369.16

Arroyo Seco

1,528

2,124,748.39

Cadereyta

6,857.50

1,938,305.15

Jalpan de Serra

1,736

1,166,465.38

Peñamiller

1,149

894,072.06

Toliman

1,284

480,726.65

Tequisquiapan

San Joaquín

627.50

223,631.24

Pinal de Amoles

1,132

146,286.23

Landa de Matamoros

2,088

96,618.36

149,409

221,945,954.11

Total

Source: Own elaboration with data obtained from SIAP (2019a).

fodder, red tomato (Solanum lycopersicum), green chili pepper (Capsicum annuum L.), alfalfa
(Medicago sativa L.), and beans (Phaseolus vulgaris L.) (Table 2).
Maize (Zea mays L.)
Maize (Zea mays L.) cultivation is important because of it cultural, social, economic, and
daily dietary ties to the Mexican population, in addition to its widespread use as animal
feed. The five principal municipalities where maize grain production is concentrated in
Querétaro are: Pedro Escobedo (69 thousand t), San Juan del Río (40 thousand t), Amealco
(39 thousand t), Colón (31 thousand t), and El Marqués (27 thousand t), out of a total
of 256,752 tons that Querétaro registered for 2018. This contribution is low compared
with that reported by SADER (2019) for the states of Sinaloa (5 million 818 thousand
tons), Jalisco (3 million 800 thousand t), and Michoacán (1 million 993 thousand tons).
The varieties or hybrids used for the cultivation of fodder maize in the state of Querétaro
Table 2. Traditional agricultural products produced in the state of Querétaro (2018). Source: Own elaboration with data obtained from SIAP (2019a).

Grain

Forage

Tomato
(Solanum
lycopersicum)

48.8

23.4

38.2

22.1

18.5

1.8

Volume (t)

256,752

752,423

105,500

36,282

553,442

4,678

Planted area (ha)

100,482

10,737

299

689.9

7,451

7,884

Maize (Zea mays L.)
Value (million dollars US$)

Green chili
pepper (Capsicum
annuum L.)

Alfalfa
(Medicago
sativa L.)

Common bean
(Phaseolus
vulgaris L.)
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registered values of 752,432 tons, of which the municipality of El Marqués contributed
375 thousand tons, followed in order of importance by Pedro Escobedo (123 thousand t),
San Juan del Río (70 thousand t), Colón (43 thousand t), and Querétaro (44 thousand t).
Harvesting of this crop included the stalk, leaves, and ears and can be done when green for
ensilage or when dry to obtain animal feed.
Red tomato (Solanum lycopersicum)
Growing red tomato (Solanum lycopersicum) has been very culturally important in the
diet of Mexicans and it represents one of the crops with greatest economic significance,
not only nationally but also for Querétaro, where a production value of approximately
$38.2 million USD was obtained in 2018. Among the main municipalities benefitted by
this crop are Pedro Escobedo (16.4 million US dollars), Colón (15.2 million US dollars),
and San Juan del Río (2.6 million US dollars). At the national level, there is an estimated
annual consumption per capita of 13.8 kg, which makes this product essential for the basic
food basket in Mexico. This product is destined, mainly, to be eaten fresh and the rest is
intended for the transformation industry for making juices, pastes, puree, and preserves,
among other products (Lares-Michel et al., 2017).
Green chili pepper (Capsicum annuum L.)
Green chili pepper (Capsicum annuum L.) is one of the most important vegetable
products in Mexico. During 2018, Querétaro had 689.9 hectares of surface sown with
a production value of $22 million USD. The municipalities where the highest economic
income was obtained for this strategic production chain were: Colón (4.9 million US
dollars), Querétaro (4.8 million US dollars), and Tequisquiapan (3.7 million US dollars).
This product is directed, principally, towards fresh consumption and processing for a large
variety of products, both edible (salsas, dehydrated, brined, pickled, etc.) and non-edible
(pigments, essential oils, etc.).
Alfalfa (Medicago sativa L.)
The production of alfalfa (Medicago sativa L.) is tied to the dairy livestock sector in
Querétaro. Feed for cows, goats, and sheep is the principal destination of this crop. The
three main municipalities for production and commercialization for 2018 were: San Juan
del Río, Tequisquiapan, and Colón, with a production value for that year of approximately
3.9, 3.4, and 3.3 million US dollars, respectively. The state production for that same year
was 553,442 tons. According to information from SADER (2019), in Mexico this crop has
the highest yields between the months of April and September, with a production volume
of 33,711,846 tons, maintaining this average almost constantly from 2009 to 2018.
Beans (Phaseolus vulgaris L.)
Beans (Phaseolus vulgaris L.) are another crop of great importance in the daily diet
of Mexicans and represents a source of protein, carbohydrates, vitamins, and minerals
(Ramírez-Jiménez et al., 2015). The annual per capita consumption in the country is around
9.9 kg (SAGARPA, 2016). Among the more appreciated varieties are the following cultivars:
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Pinto, Bayo, and Flor de Mayo, which contribute higher nutritional quality and health
benefits (Fernández-Valenciando and Sánchez-Chávez, 2017). For 2018, 7,884 hectares
were farmed, distributed mainly in Cadereyta (2.591 ha), Colón (2,960 ha), and Ezequiel
Montes (650 ha). This represented a state production value of approximately $1.8 million
USD for that year.
Agrifood production with high potential in the state of Querétaro
Alternative crops have recently been established in the state while in a productive
reconversion phase, such as: asparagus (Asparagus officinalis L.), roses (Rosa spp.), barley
(Hordeum vulgare L.), and triticale ( Triticosecale Wittmack), among others, which
have increased in farmed surface area as a result of the economic interest for their
commercialization in the national and international market (Table 3). It is worth noting
that in the implementation and establishment of these crops, technological innovations and
integral agricultural management with an agrobusiness perspective have been adopted,
which has allowed for more economic certainty in these production chains.
Asparagus (Asparagus officinalis L.)
Asparagus production (Asparagus officinalis L.) is situated in the municipalities of Colón,
Pedro Escobedo, and El Marqués with a surface sown of 1,079 hectares. With respect
to the principal varieties available, the green variety has stood out for being the most
consumed worldwide. It has a productive life of 10 to 15 years, after which it should be
replaced with new asparagus seedlings to improve productivity. The edible part represents
approximately 23% of the whole plant, and of the remaining 76%, 15% are roots (Zhang et
al., 2019).
Rose (Rosa sp.)
Rose (Rosa sp.) production is carried out in 128 hectares of the municipality of San Juan
del Río, with a growing expansion in the adjoining area that is part of Pedro Escobedo.
According to information from SADER (2019), the state of Querétaro is the third largest
national producer, with an approximate annual production of 608,330 gross, after the state
of Morelos (667,626 gross), and the State of Mexico (7,022,706 gross, each gross equivalent
to 144 stems). The commercialization of production is carried out principally in the states
of Guanajuato, San Luis Potosí, Hidalgo, and Nuevo León, with the size of the bud and
stem standing out, as well as the diversity in colors and long shelf life.
Table 3. Alternative agricultural products in the state of Querétaro (2018) Source: Prepared by the authors with data
obtained from SIAP (2019a).
Asparagus
(Asparagus
officinalis L.)

Rose
(Rosa spp.)

Barley
(Hordeum
vulgare L.)

Triticale
( Triticosecale
Wittmack)

Value (million dollars US$)

12.9

8.9

6.9

2.1

Volume (t)

6,592

608,330

28,749

73,365

Planted area (ha)

1,079

125.30

4,710

2,148
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Barley (Hordeum vulgare L.)
Barley (Hordeum vulgare L.) cultivation is concentrated principally in the municipality
of Pedro Escobedo. During the agricultural cycle spanning fall to winter, the production
value represented approximately $4.3 million USD, followed in order of importance by
San Juan del Río (1.3 million US dollars), and Tequisquiapan (0.7 million US dollars). The
state harvest of this crop is directed particularly toward covering national beer industry
needs, with the most notable buyers being Grupo Model and Heineken México.
Triticale ( Triticosecale Wittmack)
Production of green fodder triticale ( Triticosecale Wittmack) is carried out in the
municipalities of Pedro Escobedo, El Marqués, and Colón by local dairy farmers to feed
their animals, because of the high nutritional value that this cereal provides in protein,
dietary fiber, and starch (Makowska et al., 2020).
Geographic location of agricultural production in Querétaro
Figure 2 shows the main traditional agricultural products and with high potential,
established by municipality, in the state of Querétaro.

Figure 2. Main agricultural products by municipality in Querétaro, Mexico.
Source: Prepared by the authors with data obtained from SEDEA (2020).
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Important considerations for agrifood strengthening and consolidating
in Querétaro
Although agrifood production in Querétaro is growing due to interest in highly
profitable strategic crops and strengthened by national and foreign investment, the
following premises should be considered in order to strengthen and consolidate this
sector in all the productive initiatives mentioned, both in the municipalities with high
potential and in those that must still implement innovation, technology, and business
management (Table 4).
Table 4. Premises to consider for strengthening and consolidating of agrifood production
in the state of Querétaro.
Premises

Results to obtain

To strengthen and consolidate the
agro-industrial ecosystem of the state of
Querétaro.

Growth of the municipal, state, and
national economy.

To encourage knowledge and technology
transfer to agricultural producers focus
groups, through the development of
theoretical and practical skills.

Producers with skills, abilities, and
knowledge in productive, administrative,
and financial topics.

To establish strategic links between several
actors of the agri-food chains in the state of
Queretaro.

Adoption of knowledge through
basic science, applied research and
technological innovations for value
creation.

To implement technical support for the
execution of productive projects.

Managed projects with business strategy.

To adopt adequate infrastructure,
equipment, and machinery for agricultural
production.

Increased productivity in productive
economic units.

To generate agri-food products with high
added value.

Opportunity to enter specialized market
niches.

To promote the interest of young people in
the agri-food sector.

Empowered youth with broad interest in
the agri-food sector.

To make contract farming in agricultural
activities.

Security and assurance in the marketing
of agri-food products, getting fair prices
as well.

Implement the use of agricultural
insurance.

Reduction of the risk and productive
uncertainty derived from environmental
contingencies such as: drought, frost, fire,
among others.

Increase hydro-agricultural infrastructure
in productive economic units.

Efficient use of water.

Below are the main advantages of the agricultural sector in the state of Querétaro.
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Table 5. Strategic and competitive advantages of the agricultural sector in the state of Querétaro.
Commercialization and
market

Terrestrial connection with specialized markets such as Mexico City, Guadalajara, Monterrey, and
access to the main markets of the country.
Querétaro Intercontinental Airport with ease of cargo handling.

Logistics and
Transportation

Freight transport and logistics with suitable mobile units to meet the needs of space, temperature, and
controlled atmospheres.
Established companies as suppliers of commodities, machinery, equipment, tools, and specialized
services for the updating and development of agro-industrial projects.

Supply chain

Ease to articulate agro-industrial clusters with regional companies.
Agricultural producers and investors interested in generating high value-added products and
developing agribusiness.

Business sector

Specialized Agroindustrial parks:
a. Agropark (Municipality of Colón)
b. Florapark (Municipality of Amealco de Bonfil)

Research and link
between academia,
government, and the
business sector

Universities, Institutions and Civil Associations providing teaching, research and links between the
public and private sectors:
Universidad Autónoma de Querétaro (UAQ)
a. Colegio de Ingenieros Agrónomos Queretanos A.C (CIAQ)
b. Unión Ganadera Regional de Querétaro (UGRQ)
c. Centro Universitario CEICKOR
d. Centro Internacional de Mejoramiento de Maíz y Trigo (CIMMYT)
e. Centro de Tecnología Avanzada (CIATEQ)
f. Centro de Enseñanza, Investigación y Extensión en Producción Animal en Altiplano (CEIEPAA
  - UNAM)
g. Centro de Investigación en Ciencia Aplicada y Tecnología Avanzada (CICATA - IPN)
h. Campo Agropecuario Experimental del Tecnológico de Monterrey (CAETEC - ITESM)
i. Instituto Nacional de Investigaciones Forestales, Agrícolas y Pecuarias (INIFAP)
j. Comité Estatal de Sanidad Vegetal de Querétaro A.C. (CESAVEQ)
k. Private universities

Manpower

Availability of specialized labor in areas such as agricultural chemistry, horticulture, greenhouse and
biosystem management, agriculture, agribusiness, and food science and technology, among others.

Support and financing
programs

Security

State and federal support for training and technical assistance. Development of agro-industrial
projects in protected agriculture, technification and modernization of irrigation systems. Marketing
incentives, among others.
Access to financing by federal entities such as FND (Financiera Nacional Rural de Desarrollo
Agropecuario, Rural, Forestal y Pesquero) and FIRA (Fideicomisos Instituidos en Relación con la
Agricultura).
Low levels of insecurity that encourage national and foreign investment.

CONCLUSIONS
In the state of Querétaro, the principal municipalities that produce both traditional and
alternative crops are Pedro Escobedo, Colón, San Juan del Río, and El Marqués. These
have implemented productive projects with a business perspective, considering the use
of knowledge, technological innovations, and market intelligence. The state of Querétaro
has strategic and competitive advantages that can position it in this sector, contributing to
its rural development, food sovereignty, and growth. This study constitutes a preliminary
description of agrifood production chains, so it would be important to complement it
with other studies such as econometric, organizational, and technology management and
innovation models, among others.
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ABSTRACT
Objective: To describe the main genes involved in mango and the biosynthetic routes of the most common
pigments, considering the impact on human health when consuming them, and highlighting challenges and
opportunities that could arise from the use of pigments from Mexican mango germplasm.
Design/methodology: A review that gathers and discusses information that contributes to the understanding
of the biochemical and genetic processes that determine pigmentation and vitamin production in mango.
Results: Color is a visual attribute that defines consumer preference. The diversity of pigmentation is defined
by families of genes that code for the production of proteins, which lead to biosynthetic pathways responsible for
the production of vitamins and their precursors. In Mexico there is a wide range of colors in the native mango
germplasm, which could represent an important source of antioxidants, pigments and would bring benefits to
the health of Mexicans, through the consumption of fresh fruit, or the commercial/industrial exploitation of
these.
Limitations/implications: One way to classify the mango is according to the color of the skin, they are
classified as green, yellow and red, however, little has been explored about the benefits they could provide.
Conclusion: The diversity of colors in the mango fruit is determined by different genes and biosynthetic
pathways. Red, green and yellow colors in mango fruit, are a source of carotenoids, betalains, flavonoids and
chlorophylls, precursors of vitamins A, B, C and E.
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INTRODUCTION
In Mexico, the cultivation of mangoes (Mangifera indica L.) is an agricultural activity
that stands out for the volume of domestic production and exports to the United States
and Canada (SIAP, 2017). During 2020, the state of Chiapas produced 270,695 tons of
mangoes (SIAP, 2020). Harvesting is done when physiological maturity has been reached
and during sensory ripening, or consumption of the fruit. At this stage, the pigmentation
of the epicarp (mango skin) is a visual attribute of quality that determines its acceptance in
the market.
	Pigment accumulation is attributed to various genetic events that occur at different
stages of maturation. Phenolic compounds such as anthocyanins and flavonoids have been
associated with pigmentation (Falcone Ferreyra et al., 2012); and it has been found that in
fruits they accumulate more frequently in the skin during the ripening process. Genes that
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control the production of these pigments, such as Phenylalanine ammonia-lyase (PAL),
Chalcone synthase (CHS), Cinnamate 4 hydroxylase (C4H), 4-Coumarate: Coenzyme A
ligase (4CL), among others, have also been associated.
The role of phenolic compounds in pigment accumulation is known. For example,
some specific ones are phenylpropanoid flavonoids (PFP), precursors of chalcones,
flavones, anthocyanins and condensed tannins (Vogt, 2010). The biosynthetic pathway
that regulates these compounds is highly conserved among plant species and is well
documented in Arabidopsis thaliana and in some fruit species such as grape, tomato, olive
(Groenenboom et al., 2013; Martinelli and Tonutti, 2012; Saito et al., 2013); however, it
is unknown whether in all major fruit trees such as apple, peach, pear, mango or others,
such pathway could be similar, although it is known that such biosynthetic pathways and
genes are associated with the production of vitamins A, B, C, E and K (Maldonado-Celis
et al., 2019).
According to information regarding pigment accumulation, the mango fruit has high
nutritional value because it is a rich source of antioxidants, vitamins and other compounds
that can promote human health benefits (Hoang et al., 2015a). The metabolic pathways of
some pigments are described (Hichri et al., 2011; Yonekura-Sakakibara et al., 2008). The
production of these compounds is regulated by various genes, which control the expression
pathways and proportion of these compounds. On the other hand, in some mango varieties
it has been reported that PAL, CHS, C4H, 4CL genes are responsible for regulating the
synthesis and production of such pigments and vitamins.
In Mexico there is a high diversity of criollo varieties of mango (Galvéz-López et al.,
2007a), with a wide spectrum of colors, ranging from green, yellow, red, among other
intermediate colors, which could represent an important source of antioxidants with impact
on the human health of Mexicans, through the consumption of fresh fruit. However, given
the scarce information so far available on the genetic control of mango fruit pigmentation,
it would be useful to know the possible biochemical and genetic processes that determine
such pigmentation. Therefore, this study describes the biosynthetic pathways of the main
pigments and the genes associated with the production of these pigments in various
fruit trees, and their possible application to pigment diversity in Mexican criollo mango
germplasm is discussed.
What is pigmentation?
Fruit color is an index of quality and is the visual characteristic that most attracts
consumers (Kayesh et al., 2013). Flavonoids (FL) are synthesized in the cytosol and
stored mainly in the vacuole. LFs are also found in cell walls, the nucleus, chloroplasts,
and even in the extracellular space, depending on the plant species, tissue or stage of
development (Hichri et al., 2011). Some pigments have also been reported to be stored in
chromoplasts, which are a type of fully developed plastids (Li and Yuan, 2013). Pigment
accumulation is a mechanism attributed to biochemical pathways that are triggered
during fruit ripening. Some of the pigments that have been identified are carotenoids,
betalains, flavonoids and anthocyanins, chlorophyll, among several others (Yuan et al.,
2015a; Sudhakar et al., 2016).
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Carotenoids
Carotenoids are lipid-soluble pigments responsible for yellow, orange and red
coloration; -carotene is a type of carotenoid produced by plants and is the one found in
highest proportion in them; therefore, it is one of the most studied pigments. Carotenoids
are classified into oxygenated (lutein, violoxanthin and neoxanthin), and non-oxygenated
(-carotene and lycopene) (Subburaj et al., 2019). The main interest lies in the fact that it is
a precursor of vitamin A (Arscott and Tanumihardjo, 2010) (Olson, 1999; Perera and Yen,
2007; Stahl and Sies, 2005).
Betalains
Betalains are nitrogen-containing, water-soluble pigments derived from tyrosine.
However, their presence is restricted to only a few plant families related to the order
Caryophyllales, among which the genera Beta, Amaranthus, Opuntia and Hylocereus stand
out. Betalains are divided into two groups: betacyanins, which provide red hues and
are formed by condensation of a cyclo-DOPA (dihydroxyphenylalanine) structure with
betalamic acid, and betaxanthins which provide yellow colorations and are synthesized
from different amino compounds and betalamic acid (Polturak and Aharoni, 2018). Both
have antioxidant and anti-inflammatory activity (Gandía-Herrero and García-Carmona,
2013). Betalains are the least known pigments, although the vitamins associated with these
pigments are vitamin B and C (Rahimi et al., 2019; W.S., 2018).
Flavonoids
Flavonoids are a group of natural compounds with variable phenolic structures produced
by the metabolic pathway of PFP compounds, which also contribute to fruit coloration and
plant protection from ultraviolet radiation (Agati et al., 2012; Pandey, 2013). In 1930 a new
substance was isolated from oranges (Citrus sinenesis), at that time believed to be a member
of a new class of vitamins and designated as vitamin P; this substance was later found to be
the flavonoid rutin and to date, more than 4000 flavonoid variants have been identified.
Recently, there has been interest in flavonoids due to their potential health effects as
antioxidant, antibacterial, anti-inflammatory, anticancer and antiviral substances. Thus,
they also play an important role in plants by decreasing oxidative stress and as growth
regulators (Pandey, 2013). Quercetin is one of the most abundant flavonoids found in fruits
and vegetables, and has been linked to vitamin C and E (Colunga Biancatelli et al., 2020;
Srivastava et al., 2016).
Anthocyanins
They are water-soluble pigments that belong to the flavonoid group, a subclass of the
polyphenol family. Anthocyanins give colors to fruits that, in spectrum, range from red and
purple, to blue (Sudhakar et al., 2016). More than 700 different anthocyanins have been
identified, including pelargonidin, delphinidin, cyanidin, petunidin, peonidin, malvidin,
among many others (Wallace and Giusti, 2014). Some of the functions of anthocyanins
in red mango fruits that have been reported are tolerance to cold and fungal pathogens,
especially when the red color is intense (Sivankalyani et al., 2016; Sudheeran et al., 2018).
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Some vitamins associated with anthocyanins are vitamins C and E (Leong and Oey, 2012;
Martín et al., 2017).
Chlorophylls
Chlorophylls are lipid-soluble green pigments found in all algae, higher plants and
cyanobacteria that photosynthesize. Chlorophyll in plant foods is converted into pheophytin,
pyropheophytin and pheophorbide, after ingestion by humans; these valuable bioactive
compounds show an anti-mutagenic effect, so they are likely to play an important role in
cancer prevention, specifically through inhibition of myeloma cell multiplicity through
pheophorbide. In addition, it is used as a natural food colorant and has antioxidant
properties (Guedes et al., 2019).
Pigment diversity of mango fruit
Mango has a diversity of colors in both skin and flesh. In mango fruit, color development
is an important phenomenon during ripening. Mango varieties can be classified according
to their skin color spectrum or pigmentation, and consumers in some countries have
preferences for a particular color in their imports market. The red mango varieties most
in demand for export are Kent, Tommy Atkins, Haden and Keitt, which are less fibrous,
firmer and suitable for long distance transport (Evans, 2008).
Among the green mango varieties, and mostly known in the world, are Bombay,
Amrapali, Bennet Alphonso, Arroyos, Carabao, Carrie, Chok Anan, Fazli, Himayat, Jean
Ellen, Neelam and Saigon mangoes, all of them rich in beta-carotene. Other well-known
red varieties include Haden, Irwin and Tomy Atkins, Edward, Palmer, Badami, Cogshall,
Vado, San Felipe and Van Dyke mangoes, rich in vitamin A. Meanwhile, the most popular
Table 1. Example of common pigmentation in international mango varieties.
Green varieties

Red varieties

Yellow varieties

Saigon (USA)

Irwin (USA)

Ataulfo (Mexico)

Alampur Baneshan (India)

Van Dyke (USA)

Alfonso (India)

Amparali (India)

Tommy Atkins (USA)

Nam Doc Mai (Thailand)
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yellow varieties are Alfonso, Ataulfo, Banganapalli, Punto, Duncan, Gir Kesar, Glenn,
Nam Doc Mai, Sindhri, Manila, Mallika, Francis and Kesar (Mitra, 2016), rich in vitamin
B, C and E. Table 1 shows some examples of widely traded mango varieties with green, red
and yellow pigmentation.
In Mexico there is also a wide diversity of colors in mango germplasm. The best known
and most widely cultivated variety in the country is the Ataulfo mango, although there
are also other varieties cultivated in smaller proportions, as well as a wide range of criollo
mangoes, all of which are high in nutrients, vitamins and antioxidants. Some registered
varieties are Cotaxtla-1, Cotaxtla-2, Diamante and Zafiro mangoes (SNICS 2020).
Authors such as Gálvez-López et al. (2007b) reported a broad and diverse range
of Mexican criollo mangoes, among which green, red and yellow mangoes can be
distinguished (Table 2). This indicates that genetic recombination of mango germplasm
since its introduction to Mexico has been favored by climatic conditions.
Within the spectrum of green coloration reported in Mexico there are the Criollo
mangos, Tecolote, Madura Verde and Piña. In turn, the red mango germplasm consists
of the varieties Manzanillo Núñez, Suchitoto, as well as the criollo Coche, Manzana,
Cachetio and Pepino. Among the yellow mangoes there are Ataulfo, Diamante Ataulfo,
Elite Ataulfo, Diplomatic and Criollos Manililla, Amate or Amatillo, Alcanfor, Plátano,
Oro, Agua and Ajo. There are also criollo mangos with yellow peels with red dots and
yellow with green dots. This variability of colors could represent an important source of
Table 2. Diversity of colors in native mango germplasm from Chiapas, Mexico (Taken from: Gálvez López et al.,
2007b).
Name

Ripe fruit

Name

Ripe fruit

Name

Manililla

Plátano

Agua

Canela

Viejita

Plátano

Coche

Tecolote

Sin nombre 1

Amatillo

Pepino

Ajo

Cachetio

Manzana

Sin nombre 2

Oro

Alcanfor

Ataulfo 50

Ripe fruit
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antioxidants and pigments that would bring benefits to the human health of Mexicans
through the consumption of fresh fruit, or the commercial/industrial exploitation
of these.
The high variability in coloration and pigments in the native Mexican mango germplasm
constitutes a source of genetic wealth, and makes this species a genetic potential for human
nutritional use and benefit, since most of the criollo mango cultivated in Mexico is not
used.
Pigment biosynthesis
It is evident that the range of coloration that may happen in fruits depends on the
triggering of the biosynthetic pathways of the different pigments present in mango
germplasm. This also applies to all fruits consumed by humans. The main biosynthetic
pathways that convert pigments into products beneficial to human health are described
below.
Carotenoids
Carotenoid biosynthesis in plants begins with the conversion of geranylgeranyl
pyrophosphate (GGPP) by condensation of two molecules to form phytoene via phytoene
synthase (PSY) (Figure 1). Phytoene is subsequently converted to lycopene by the activities
of two desaturases, phytoene desaturase (PDS) and -carotene desaturase (ZDS), and two
isomerase enzymes, -carotene isomerase (ZISO) and carotene isomerase (CRTISO). The
conversion of linear lycopene to -carotene or -carotene represents a bifurcation of the
biosynthetic pathway (H. Yuan et al., 2015b).
Betalaines
The biosynthetic pathway of betalains, as well as the enzymes and genes involved in
this pathway, are less well known than those of flavonoids and carotenoids. Betalains are
synthesized from tyrosine (Figure 2), an aromatic amino acid that is mainly produced in plants
through the shikimate pathway. Tyrosine is initially hydroxylated to form 3,4-dihydroxyL-phenyalanine (L-DOPA) by the enzyme tyrosine hydroxylase. L-DOPA is subsequently
converted to betalamic acid, the central backbone of all betalain compounds, in a two-step
reaction initiated by the enzyme DOPA dioxygenase (Polturak and Aharoni, 2018). The

Figure 1. Schematic representation of carotenoid biosynthesis. GGGP: Geranylgeranyl pyrophosphate, PSY:
Phytoene synthase, PDS: Phytoene desaturase, ZISO: Z-carotene isomerase, ZDS: Z-carotene desaturase,
CRTISO: Carotene isomerase, LCYE: Lycopene -cyclase, LCYB: Lycopene -carotene (Liang et al., 2020).
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Figure 2. Schematic representation of the biosynthesis of betalains. L-DOPA: 3,4-dihydroxy-L-phenylanaline
(Gengatharan et al., 2015).

formation of cycle DOPA is carried out by the enzyme DOPA oxidase. Betalamic acid then
spontaneously condenses with an amine to produce the yellow pigment betaxanthin, or
with DOPA cycle to produce the red pigment betacyanin, the pigmentation depending on
condensation in the pathway.
Flavonoids
The phenylpropanoid flavonoid pathway in plants is responsible for the biosynthesis of a
large number of secondary metabolites. Both flavonoids and anthocyanins are synthesized
at the end of this very diverse metabolic pathway, as well as many intermediate molecules
whose precise biological functions remain largely unknown.
Phenylpropanoids are a group of physiologically active secondary metabolites derived
from phenylalanine, such as lignins, flavonols, isoflavonoids and anthocyanins (Vogt,
2010). All of these perform different important functions, such as protecting plants
against photooxidative damage and UV radiation (Xie et al., 2012). The products of the
PFP biosynthetic pathway have been extensively studied. Phenylpropanoid metabolism
is a key biosynthetic pathway in plant cells, but the regulation of the genes involved is
specific to plant tissue type and the species (Vogt, 2010). The relationship between the
fruit ripening process and the biosynthesis of phenolic compounds is a complex issue
to address (Rinaldo et al., 2010). As the first step in the phenylpropanoid pathway in
plants, phenylalanine is deaminated to produce cinnamic acid through the action of
phenylalanine ammonium lyase (PAL). Cinnamic acid is hydroxylated to coumaric
acid, which is then activated to 4-coumaroyl-CoA by the action of 4-coumarate: CoA
ligase (4CL). Chalcone synthase (CHS) catalyzes the tiered condensation of three
malonyl-CoA acetate units with p -coumaroyl-CoA to produce naringenin chalcone.
Naringenin chalcone is converted to naringenin by chalcone isomerase (CHI) (Figure 3).
Subsequently, flavanone 3-hydroxylase (F3H) converts naringenin to dihydrokaempferol.
Dihydroflavonol 4-reductase (DFR) is an important enzyme in the next step of
anthocyanidin synthesis and can use any of the dihydroflavonols as substrates to produce
anthocyanidin precursors. Afterwards, anthocyanins have three main branches. Each
branch corresponds to the use of one, two or three hydroxyl groups on the B-ring of
dihydrokaempferol. The flavonoid enzyme 3ʹhydroxylase (F3ʹH) is responsible for the
different hydroxylations during the pathway.
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Figure 3. Schematic representation of phenylpropanoid flavonoid biosynthesis. PAL: Phenylalanine ammonium
lyase, C4H: Cinnamate 4- mono-oxygenase, 4CL: 4-coumarate: CoA ligase, CHS: Chalcone synthase, CHI:
Chalcone isomerase, F3H: Flavanone 3-hydroxylase, DFR: Dihydroflavonol 4-reductase and ANS: Anthocyanidin
synthase (Ferreyra et al., 2012).

Chlorophylls
Chlorophyll is synthesized in the chloroplast. In the first phase, the acid glutamic
amino acid is converted to 5-aminolevulinate acid (Figure 4). In this metabolic pathway,
the presence of light is necessary during the reaction that produces protoporphyrin IX.
Other chloroplast enzymes can add either Mg2 to initiate chlorophyll synthesis or
Fe2 to initiate the synthesis of heme groups. Protoporphyrin IX can also be exported
from the chloroplast to the mitochondrion, where it is used to produce large amounts of
cytochromes. This biosynthetic pathway is also important because heme groups serve as
substrate for the synthesis of phytochrome, an essential photosensitive molecule for normal
plant photomorphogenesis (Rüdiger et al., 2006).
Therefore, all pigments have defined biosynthetic pathways that determine the different
colorations in fruits, which are regulated by a series of genetic elements, not yet fully

Figure 4. Schematic representation of chlorophyll biosynthesis. GluRS: Glutamyl-tRNA synthase, HEMA:
Glutamyl-tRNA reductase, GSA: Glutamate-1-semialdehyde, GSA-AT: Glutamate-1-semialdehyde
2,1-aminotransferase, ALA: 5-aminolevulinic acid, HEMB: 5-aminolevulinate dehydrogenase, HEMC:
Porphobilinogen deaminase, HEMD: Uroporphyrinogen III synthase, HEME: Uroporphyrinogen III
decarboxylase, HEMF: Coproporphyrinogen III oxidase, HEMG: Protoporphyrinogen oxidase, CHLH: Mgchelatase, CHLM: Mg-protoporphyrin IX methyltransferase, CRD: Mg-protoporphyrin IX monomethyl ester
cyclase, POR: Protochlorophyllide oxide reductase (Ohmiya et al., 2014).
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known or elucidated. Some associated elements are, for example, genes, SNPs, proteins,
transcription factors, miRNA, among other key elements (Castillejo et al., 2020).
Genes associated to pigmentation
Fruit pigment production and degradation depend on complex events. Particularly
some genes have been related to the modulation of biosynthetic pathways, generating key
enzymes and byproducts in fruit pigmentation. Generally speaking, two types of genes are
required for pigment production: structural genes that encode enzymes involved in each
reaction step, and regulatory genes that control the transcription of structural genes (Liu et
al., 2018).
The PSY gene coding for the enzyme phytoene synthase was found to control the
production of the elements responsible for the limiting reactions of the carotenoid pathway;
therefore, the resulting enzyme is one of the most studied enzymes in plant carotenogenesis
(Yao et al., 2018). This gene presents diverse alleles depending on the species; for example,
in Arabidopsis, only one copy of the PSY gene has been found in chromosome 5, while two
alleles have been found in carrot (Daucus carota) (Clotault et al., 2008; Rodríguez-Villalón et
al., 2009); in tomato (Solanum lycopersicum), maize (Zea mays), rice (Oryza sativa) and sorghum
(Sorghum bicolor L. [Moench]) there are three alleles of the PSY gene (Chaudhary et al.,
2010; Dibari et al., 2012; Fantini et al., 2013). For its part, the PDS gene encoding the
phytoene desaturase enzyme is involved in the carotenoid biosynthesis pathway.
In the modulation of gene expression, the presence of regulatory sequences and
proteins capable of directing gene expression is necessary. Gene expression is the process
by which the information encoded in a gene is used to direct the assembly of a protein
molecule. Regulation of gene expression is one of the most important events in the control
of development and in the responses to environmental changes. Gene regulation is the
process of activating and deactivating genes. The master proteins in the regulation of gene
expression are known as transcription factors.
Transcription factors are proteins that bind to DNA to stimulate or repress the
transcriptional rate of genes by binding to specific promoter regions. This activates or
deactivates gene signaling cascades. Transcription factors have fundamental functions
in almost all biological processes (development, growth and responses to environmental
factors).
In plants, transcription factors have been used to manipulate various metabolic
pathways, of growth and development, and stress responses (Garcia-Morales et al.,
2013). For example, it has been reported that the structural genes of the flavonoid and
anthocyanin biosynthetic pathways function under the control of the MYB transcription
factor, most of which regulate structural genes at different levels acting specifically
depending on the tissue of the plant species. MYB proteins constitute the largest class
of modulators of secondary metabolism; this family of proteins is characterized by the
presence of a characteristic DNA-binding domain called MYB (Docimo et al., 2016).
MYB proteins participate as transcriptional activators or repressors in the regulation of
cellular processes; 339 and 230 MYB proteins have been reported in Arabidopsis thaliana
and rice, respectively (Feller et al., 2011).
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Another important genetic element in the pigment pathway is the PAL gene coding for
phenylalanine ammonium lyase, which plays an important role in the phenylpropanoid
metabolism pathway. The PAL gene is key in phenylpropanoid biosynthesis and is widely
distributed in several plant species. It has also been cloned from fungi. In many plant
species, the PAL gene is encoded by a polygenic family, that is, for each gene there are
several members or alleles; for example, in Brachypodium distachyon (8 members), Populus
trichocarpa (5 members) and Eucalyptus grandis (9 members). Recently, four PAL genes were
identified, expressed and characterized in Arabidopsis thaliana (Li et al., 2019).
The CHS gene controls the first committed step of flavonoid biosynthesis. The
expression of the CHS gene is related to the accumulation of flavonoids and anthocyanins,
which generate the colors ranging from red to purple and also determine the antioxidant
capacity of fruits and leaves. The function of the CHS gene has been studied in many plant
species such as soy and dicotyledons such as apple (Wang et al., 2018).
In mango varieties “Amrapali” (green skin color), “Arka Anmol” (yellow skin color) and
“Janardhan Pasand” (red skin color), the peels were studied at different ripening stages,
analyzing pigments, colors, as well as the gene expression of carotenoids and anthocyanins.
The genes studied were PSY, PDS, ZDS, CHS, CHI, F3H, ANS and DFR. They found that
gene expression levels increased as fruit ripening advanced, and the highest expression
levels were observed in the red-colored variety (Karanjalker et al., 2018).
Table 3 summarizes a list of multiple genes and gene families associated with pigment
production in different species; for example, genes associated with the biosynthetic pathways
of carotenoids, flavonoids, anthocyanins, and chlorophylls. Despite this knowledge, further
molecular studies are still needed to fully understand the regulation and control of all
pigment pathways. For the case of mango, elucidating knowledge is still scarce. In addition
to these genes, it has also been found that some SNPs are probably responsible for the
differences in fruit pigmentation in some varieties; however, these hypotheses still need to
be tested, mainly in Mexican mango germplasm.
Nutritional benefits of pigment consumption
Regardless of the knowledge so far developed in the understanding of the biosynthetic
pathways and the genes associated with fruit pigmentation, it is essential to highlight the
nutritional contribution of pigments to human health. Below are some examples of the
proven benefits of pigments for human health.
Benefits of carotenoids
Interest in carotenoids from a nutritional standpoint has focused primarily on the
provitamin A activity of carotenoids that have -rings, since vitamin A deficiency is a
major micronutrient deficiency worldwide. -carotene is one of the most abundant
carotenoids in fruits and vegetables. Carotenoids have an essential role in human nutrition
and health, as humans cannot synthesize vitamin A de novo, although plant carotenoids
such as -carotene, -carotene, -carotene and -cryptoxanthin provide the main dietary
source of provitamin A (Sharoni et al., 2011).
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Table 3. Genes associated with fruit pigmentation.
Gen

Associated metabolic
pathway

Accesion number

Specie

Author

Carotenoid pigments
PSY

Carotenoid

831587

Arabidopsis thaliana

(Álvarez et al., 2016)

PSY

Carotenoid

103501375

Cucumis melo

(Qin et al., 2011)

PSY 2

Carotenoid

103443160

Malus domestica

(Ampomah-Dwamena et al., 2015)

ZDS

Carotenoid

543629

Solanum lycopersicum

(McQuinn et al., 2020)

PDS

Carotenoid

544073

Solanum lycopersicum

(Charles et al., 2012)

CRTISO

Carotenoid

101267857

Solanum lycopersicum

(Ralley et al., 2016)

LCY-

Carotenoid

544104

Solanum lycopersicum

(Ralley et al., 2016)

LCY-

Carotenoid

544129

Solanum lycopersicum

(Charles et al., 2012)

Flavonoid and anthocyanin pigments
PAL1

PFP

KJ461724.1

Prunus domestica

(Selvaraj et al., 2016)

PAL2

PFP

KJ461725.1

Prunus domestica

(Selvaraj et al., 2016)

PAL

PFP

EF192469.1

Vitis vinifera

(Kobayashi et al., 2011)

PAL

PFP

KF956008

Mangifera indica

(Hoang et al., 2015b)

C4H

PFP

817599

Arabidopsis thaliana

(Schilmiller et al., 2009)

4CL

PFP

116199772

Punica granatum

(Ophir et al., 2014)

CHS

PFP

KJ461726.1

Prunus domestica

(Selvaraj et al., 2016)

CHS1

PFP

KF956020

Mangifera indica

(Hoang et al., 2015b)

CHS2

PFP

KF956023

Mangifera indica

(Hoang et al., 2015b)

CHI

PFP

107779699

Nicotina tabacum

(Li et al., 2019)

F3H

PFP

824287

Arabidopsis thaliana

(Owens et al., 2008)

DFR

PFP

544150

Solanum lycopersicum

(Li et al., 2019)

ANS

PFP

107027946

Sonalum pennellii

Li et al., 2019)

HEMA1

Clorophyll

842198

Arabidopsis thaliana

(Ohmiya et al., 2014)

HEMD

Clorophyll

817195

Arabidopsis thaliana

(Ohmiya et al., 2014)

CHLI1

Clorophyll

5716878

Chlamydomonas reinhardtii

(Brzezowski et al., 2016)

CHLI2

Clorophyll

834633

Arabidopsis thaliana

(Huang y Li, 2009)

Chlorophyll pigments

Beta-carotenes can improve immune function due to their antioxidant capacity and
increase lymphocyte proliferation (Maiani et al., 2009; Yamaguchi, 2012). The benefits
associated with carotenoid intake include enhanced immune system functions and lower
risk of developing chronic degenerative diseases, such as age-related muscle degeneration,
type 2 diabetes, obesity, certain types of cancer such as breast, cervical, ovarian and
colorectal cancers, and cardiovascular disease, among others (Hamer and Chida, 2007;
Britton, 2009; Fernández-García et al., 2012; Bonet et al., 2015; Melo van Lent et al.,
2016). Carotenoids also attract interest as promoters of cognitive functions (Hammond,
2015), as well as skin photo-protectants and providers of cosmetic benefits (MeléndezMartínez et al., 2018).
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Benefits of betalains
Betalains are not well studied compared to other pigments due to their scarcity in nature.
In addition to their relevance as colorants, betalains have various effects that promote health
benefits, such as antioxidant activity, anti-inflammatory activity, antimicrobial activity,
hepatoprotective effects, and chemopreventive and anticancer properties. However,
betalains are quite sensitive to heat, pH, light and oxygen (Gengatharan et al., 2015). There
are reports that betalains are precursors of vitamins B and C (Rahimi et al., 2019; W.S.,
2018). The B vitamins comprise a group of eight water-soluble vitamins that play essential
and closely related roles in cellular functioning, acting as coenzymes in a wide range of
catabolic and anabolic enzymatic reactions. It is important for the metabolism of proteins,
because it helps in the formation of red blood cells in the blood and in the maintenance
of the central nervous system. Their effects are particularly prevalent in numerous aspects
of brain function, including energy production, DNA/RNA synthesis/repair, genomic and
non-genomic methylation, and the synthesis of numerous neurochemicals and signaling
molecules (Kennedy, 2016; Fratoni and Brandi, 2015). Vitamin C was first identified in citrus
fruits. It is an important vitamin in human health; it is water soluble, necessary for normal
growth and development, and it also cannot be synthesized by humans. Its importance lies
in the essential factor in the synthesis of collagen, carnitine and norepinephrine (Pacier and
Martirosyan, 2015).
Benefits of flavonoids and anthocyanins
Many flavonoids have been reported to have antioxidant activity, free radical scavenging
capacity, coronary heart disease prevention, hepatoprotective, anti-inflammatory and
anticancer activities, while some flavonoids exhibit potential antiviral activities (Martín et
al., 2017). In plants, flavonoids help combat oxidative stress and act as growth regulators. For
pharmaceutical purposes, the production of different types of flavonoids has been possible
with the help of microbial biotechnology (Pandey, 2013). Anthocyanins are bioactive
components of nutraceutical and traditional medicine. They have been used as phytopharmaceuticals, appetite stimulants and for the treatment of many other diseases. The
potential health benefits of anthocyanins are antioxidant, anti-angiogenesis, anticancer,
antidiabetic, visual health improvement, anti-obesity, antimicrobial and neuroprotective
effects (Khoo et al., 2017). The vitamins associated with flavonoids and anthocyanins are
vitamins C and E.
Vitamin E is a fat-soluble vitamin found in many foods. In the body it acts as an
antioxidant, helping to protect cells from damage caused by free radicals. Free radicals are
compounds that are formed when the body converts the food we eat into energy. The body
also needs vitamin E to boost its immune system so it can fight off invading bacteria and
viruses. It is also important in the formation of red blood cells and helps to dilate blood
vessels and to prevent blood from clotting within them (Lee and Han, 2018). Therefore,
the consumption of fruits containing these pigments is of utmost importance in the human
diet and health, since they are a rich source of vitamin precursors that have a positive
impact on human health and nutrition.
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Benefits of chlorophylls
Chlorophylls are a fat-soluble pigment that gives plants and algae their green
color and, together with light, is essential for the photosynthesis process to take place.
Chlorophylls have been reported to have antioxidant activity, like anthocyanins, helping
to protect cells from free radical damage; they also have anti-inflammatory, anti-cancer,
anti-mutagenic and other properties. Positive effects on wound healing have also been
reported, and the vitamins associated with chlorophylls are vitamin A, C and E (Zepka
et al., 2019; Levent, 2017).
CONCLUSIONS
Morphological, biochemical and genetic studies of pigment diversity establish the basis
of scientific knowledge that allows the identification of genes leading to the formation of
important compounds with potential benefits for human health. This knowledge represents
the basis for future decisions on the agronomic use of mango germplasm in Mexico.
However, there is still scarce information in terms of knowledge about the genes and
gene families that control all the metabolic pathways involved in the type of pigmentation
that mangoes (M. indica) express. Therefore, it is necessary to develop research aimed at
understanding the elucidation, expression, structure and specific function of these genes,
as this could help to understand the possible levels of accumulation and concentration
of pigments there are among the different red, yellow, green and other color varieties in
the Mexican mango germplasm. Finally, exploring the richness of mango germplasm at
the molecular level could be of great benefit to human health; this would allow initiating
conservation and propagation programs for the different types of mangoes in the country
that could be attractive in national and international markets.
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