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Abstract

The objective of this work was to evaluate the postharvest behavior of the fruit of mango cv.
Ataulfo in a state of physiological maturity in response to infection induced by Colletotrichum
siamense and Colletotrichum asianum. Mangoes were inoculated with C. siamense and C. asianum
and stored for 10 days at 28 °C and RH of 85-90%. The virulence of Colletotrichum spp. was
evaluated in the fruits. And its effect on the variables of physical, chemical quality and respiration.
At 10 days of storage, C. siamense showed greater virulence than C. asianum in mango fruits, with
some differences in internal color between inoculated fruits and controls. The fruits inoculated with
C. asianum had greater respiratory activity and lower texture with respect to the control. The
physical and chemical quality variables in the fruits showed significant differences with respect to
storage time, but not due to the presence of the fungus. The infection of the mangoes caused by the
two species of Colletotrichum manifested as necrotic spots in the infected area of the fruits,
affecting the appearance and visual quality.
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Introduction

Mango (Mangifera indica L.) is one of the most important tropical fruits in the world, due to its
characteristic sweet taste, aroma, creamy texture and nutritional properties; in addition, Mexico
ranks first in exports worldwide (Altendorf, 2019). The main mango producers in the country are
Sinaloa (19.04%), Guerrero (18.70%), Nayarit (15.42%) and Chiapas (12.85%), where mango cv.
Ataulfo is one of the most important cultivars nationwide with more than 31% of the cultivated
area (63 971 ha) and is one of the most exported to the US and Canada (Ariza-Flores et al., 2018;
SIAP, 2021).

During the maturation process of the mango fruit, biochemical reactions occur, such as the loss of
firmness caused by enzymes that degrade complex polysaccharides of the cell wall and the increase
in the content of sugars in the pulp (Tharanathan et al., 2006; Litz, 2009). These changes make it
easier for the fruits to be more susceptible to the attack of phytopathogens or to the development
of fungi present in a latent state, such as Colletotrichum spp., which reduces pre- and postharvest
quality (Tovar-Pedraza et al., 2020; Fuentes-Aragoén et al., 2020).

Most of the postharvest losses of the mango fruit are generated by anthracnose caused by the
fungus Colletotrichum gloeosporioides, with losses between 30 and 60% of production, which
also affects leaves and inflorescences (Benitez-Camilo et al., 2003; Carrillo-Fasio et al., 2005);
Huerta-Palacios et al., 2009). Under inadequate conditions of agronomic management of
mango crop, anthracnose can be present at any stage of fruit development. In tender fruits, the
fungus can prevail in its latent form, manifesting itself after its physiological maturity with
irregular dark brown or black sunken lesions on the peel, as well as small dark circular lesions
on the pedicel and peduncle (Carrillo-Fasio et al., 2005; Tovar-Pedraza et al., 2020; Fuentes-
Aragon et al., 2020).

In Mexico, at least seven cryptic species belonging to the C. gloeosporioides complex (C. siamense,
C. asianum, C. tropicale, C. alienum , C. fructicola, C. chrysophilum and C. queenslandicum) have
been identified based on multilocus phylogenetic analyses as the species causing the symptoms of
anthracnose in mango tissues. However, C. siamense and C. asianum are the most common and
widely distributed species (Tovar-Pedraza et al., 2020; Fuentes-Aragon et al., 2020; Mora-Aguilera
et al., 2021). The above raises new questions about the physiological response of the fruit to these
fungal species.

It has been reported that the pathogenicity of Colletotrichum species in fruits may vary due to the
effect of environmental conditions and host, Sharma et al. (2013). So, it is important to know the
physiological response and postharvest quality of mango fruits exposed to different species of
Colletotrichum. The objective of this work was to determine the virulence of C. siamense and C.
asianum in mango fruits cv. Ataulfo, in addition to estimating its effect on the parameters of quality
and respiratory activity during storage.
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Materials and methods
Plant material

Fruits of mango cv Ataulfo with physiological maturity harvested from a commercial orchard
located in Los Mochis, Sinaloa, Mexico, were used. The fruits were selected according to color,
uniform size and without visual damage; they were washed with 1% sodium hypochlorite for
2 min, rinsed with distilled water, sprayed with 70% alcohol and left to dry (Tovar-Pedraza et
al., 2020).

Inoculation of mango fruits

In duplicate, the fruits were divided into 3 batches; batches 1 and 2 were inoculated with strains of
C. siamense (UACH 334) and C. asianum (UACH 310) (Tovar-Pedraza et al., 2020) and the third
was used as the control without inoculation. Previously, the isolates of Colletotrichum spp. were
left 10 days growing in potato dextrose agar culture medium (PDA, BD Bioxon, Mexico) at 28 °C.
Discs of 5 mm diameter of agar with the fungus were cut and placed in an induced wound of 1 mm
in diameter by 1 mm deep on the surface of the epicarp of the fruits according to Alvarez et al.
(2020). Subsequently, all fruits were stored at 28 °C at 85-90% relative humidity (RH).

Virulence analysis

The virulence test in the inoculated mangoes was measured with a vernier, the diameter of the
lesions was considered perpendicularly and the values in each of the fruits were averaged at 0, 2,
4, 6, 8 and 10 days of storage. The results were expressed in millimeters (mm).

Color

The external and internal color of the fruits was determined with a Konica model CM-700
spectrophotometer (Minolta Inc., Japan) and the color coordinates L”, a*, b”, as well as chromaticity
(C) and hue angle (h) were calculated with the onColor QC version 5 program (Siller-Cepeda et
al., 1994).

Respiration

Respiration was measured in three fruits per treatment at 1, 2, 4, 6, 8 and 10 days after inoculation
(DAI), individual fruits were placed in a closed system (3.8 L) for one hour, the sample of the
accumulated gas was taken, and the production of CO> was evaluated. The analysis was determined
in an Agilent Technologies model 7820 gas chromatograph adapted with a thermal conductivity
detector for CO; analysis, equipped with a HayeSep Q column of 1.83 m x 3.175 mm. Helium was
used as a carrier gas with a flow of 25 ml min?. As standard, CO2 at 0.52% in a mixture with
nitrogen (Praxir, Mexico) was used. The results were expressed in ml CO2 kgt h.,
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Quality parameters

For the quality of the fruits, weight loss, firmness, pH, titratable acidity and total soluble solids at
0, 2, 4, 6, 8 and 10 DAI were evaluated. The percentage of weight loss was evaluated with the
difference of initial and final weight of the mango fruits (Muy-Rangel et al., 2004). The firmness
reported in Newtons (N) was determined as the effort to penetrate the pulp of the fruit using a
DFGS-100 model penetrometer (Chatillon Digital Force, USA). With a cylindrical punch of 8 mm
in diameter (Bourne, 1980). For total soluble solids (TSS) an RM-40 model refractometer (Mettler
Toledo, Mexico) was used, the results were expressed in total soluble solids (Brix) (AOAC, 1998).
Titratable acidity (TA) reported in (%) of citric acid and pH were determined in a model T-50
automatic titrator (Mettler Toledo, Mexico) (AOAC, 1998).

Statistical analysis

For the test of virulence in the mango fruits with the two species of Colletotrichum (C. siamense
and C. asianum), a repeated measures design was used. The response variable was lesion diameter.
For the analysis of firmness, pH, titratable acidity, total soluble solids and internal color, a
completely randomized design with factorial arrangement A x B was used. Factor A was the
treatments: mango-C. siamense, mango-C. asianum and the control, and factor B was the sampling
days (0, 2, 4, 6, 8 and 10 DAI). For the variables of weight loss, external color and respiration in
the fruits, a design of repeated measures over time was used. The differences of the evaluated
parameters were determined by an Anova with significance of 5% and a Tukey test in the NCSS
statistical package, 2020.

Results and discussion

Virulence analysis

The isolate of C. siamense showed a cottony growth, circular in shape, white and slightly gray,
while C. asianum showed a cottony and irregular mycelial growth, of white-gray coloration; both
characteristics were similar to that reported by Tovar-Pedraza et al. (2020), which supports the
reproducibility of the fungus. The symptoms of the disease were characterized by black, irregular
and sunken lesions, as well as gray mycelial growth and production of asexual fruiting bodies
(acervuli) of the fungus in the cuticle of the fruit.

The species C. asianum and C. siamense have been most frequently associated with anthracnose
with high pathogenicity in different mango cultivars and distribution worldwide (Limaet al., 2013,
Sharma et al., 2013; Pardo-De la Hoz et al., 2016; Liu et al., 2017; Fuentes-Aragon et al., 2020;
Tovar-Pedraza et al., 2020; Mora-Aguilera et al., 2021). In the virulence analysis, a larger lesion
size was observed in the fruits inoculated with C. siamense with maximum values of 33 mm at 10
days of storage (Figure 1), similar to those reported by Li et al. (2019), for mango fruits inoculated
with C. gloeosporioides stored at eight days at 25 °C at a RH of 85-90%.
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Figure 1. Lesion diameter in fruits of mango cv Ataulfo inoculated with Colletotrichum siamense and
C. asianum, stored for 10 days at 28 °C with 85-90% RH. The bars indicate standard deviation.
Same letters in superscripts are statistically equal (Tukey p> 0.05).

Tovar-Pedraza et al. (2020) observed in Manila mango a shorter propagation time of
Colletotrichum spp. (5 DAI) against 8 DAI. The Ataulfo mango has greater amounts of phenols,
flavonoids and beta-carotenes both in pulp and in peel (Manthey and Perkins-Veazie, 2009;
Sulaiman and Ooi, 2012), which could act as components of inhibition of the growth of the
fungus. In addition, in the peel of immature mango fruits are some antifungal compounds such
as chitinases, gallotannins and resorcinols (5-12-cisheptadecenyl resorcinol and 5-
pentadecenyl resorcinol), which decrease with maturation and are involved in resistance to
pathogens such as Alternaria alternata and C. gloeosporioides (Droby et al., 1987;
Karunanayake et al., 2011; Sinniah et al., 2012).

The concentration of these antifungal compounds can vary between mango cultivars, which
generates a differential resistance against Colletotrichum infection, but this response can also be
different in the same cultivar against different species of Colletotrichum (Karunanayake et al.,
2011; Sinniah et al., 2012; Fuentes-Aragodn et al., 2020).

Mycelial growth and disease symptoms in mangoes inoculated with Colletotrichum spp. showed
significant differences at day 10 of storage with respect to the control; but not between species
(Figure 1). However, Figure 2 subjectively shows that C. siamense caused larger irregular black
sunken lesions compared to those produced by C. asianum. So, to deduce the effect of the biotic
stress caused by Colletotrichum spp. in mango, it is important to analyze the physiological changes
and the defense response at the biochemical and molecular level in the fruits.

Color

The variables of the external and internal color of the fruits (Figure 2) were not statistically different
between mangoes, but during the storage time (p< 0.05). For the external color at day zero, the
fruits were less luminous, of lower saturation and with values of 90 °h, which correspond to
mangoes in physiological maturity of yellow-green color; variables that changed significantly in
the first four days of storage. Subsequently, the fruits showed a trend of change with final values
of L= 62, greater color saturation= 60 and a hue= 65 °h that corresponds to fruits in maturity of
consumption, of yellow-orange color, according to the color circle of Minolta (1994).
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C. siamense
Color (day 0) Color (day 4) Color (day 8) Color (day 10)
Exter Inter Exter Inter Exter Inter Exter Inter
L 639, 7170 L 65, 623scp L 637, 60.lsc L 626 60.56c
C 3974 62 C 595, 59.7s C 613, 56.58 C 599, 609

°h  90.6. 74.2a8 °h 715, 67.28c °*h 66.1.  61.6o °h

62.7p

64.64

C. asianum
Color (day 0) Color (day 4) Color (day 8) Color (day 10)
Exter Inter Exter Inter Exter Inter Exter Inter
L 56.2c 72ap L 62.6a 61.6sc L 62.8s 61.6ac L 623, 60.6sc
C 39.3; 60.3s C ©56.5. 58.8s C 62 628 C 613: 63.1as
°h 904, 73.5x8 °h 742y 64.4cp °h  66.2c 63.1co °h 64.84 61.5p

Control
Color (day 0) Color (day 4) Color (day 8) Color (day 10)
Exter Inter Exter  Inter Exter Inter Exter Inter
L 56.3. 76.4a L 619, 65.4gcp L 6255 61.3sc L 615, 60.6ac
C 401y 76.7a C 552. 60.3g C 608, 63.2a8 C 60.3, 63.4x8
°h 75.3p 67.9sc °h 66.1c  64.2cp °h 64.9¢ 62.9cp

915, 76.1a8

Figure 2. Effect of anthracnose symptoms induced by Colletotrichum siamense and C. asianum on the
appearance of mango cv Ataulfo and data on external (exter) and internal (inter) color in
luminosity (L); chromaticity (C); and hue angle (°h) stored 10 days at 28 °C with 85-90%
RH. Values with equal letters by response variable between external color (lowercase) and internal
color (uppercase) are statistically equal (Tukey p> 0.05).

The color of the mango pulp showed a change from light yellow (h= 74) to yellow to slightly
orange (h= 63). The luminosity and hue values showed on average a linear change trend of -2.4
units for every two days of storage, while the color saturation was polynomial of order 2 with an
increase during the maturation of the fruits. Huerta-Palacios et al. (2009) reported darkening,
rotting and development of acervuli between the pulp and the surface of the peel in areas damaged
by Colletotrichum.
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Similarly, a change in the color of the mango peel is reported due to the effect of the fungus, due
to the presence of hyphae that can penetrate the epidermal cells and degrade the cell walls through
hydrolytic enzymes, causing the death of the host tissue (Sandoval-Chavez et al., 2015). The
change in mango color during maturation occurs due to the degradation of chlorophyll and the
accumulation of carotenoids and phenolic pigments (Tharanathan et al., 2006). Mango cultivars
such as Ataulfo and Manila Super lose their green color and yellow and orange hues appear on
fruits in maturity of consumption, which is mainly provided by carotenoids (Ortiz et al., 2002;
Singh et al., 2013), as observed in the fruits of this experiment.

Respiration

The mango fruits presented their maximum respiratory activity at two days of storage, with no
significant difference between the inoculated fruits (153.6 for C. siamense and 168.7 ml CO>
kg h! for C. asianum), but with the control fruits (132.2 ml CO; kg h?) (Figure 3). The
increase in respiratory activity within a few days of storage can be related to fruits of advanced
maturity at the beginning of the experiment, which is corroborated by values of lower acidity
and higher total soluble solids at the cut; which coincides with what is cited by Osuna-Garcia
et al. (2002).

200 ~

a —~0O— Testigp —— C.siamense —%— C. asianum

180 -
160 -
140 A
120 -

100 -
80 -

Respiration (ml CO, kg h)

60

Days of storage at 28 °C

Figure 3. Respiratory behavior in fruits of mango cv. Ataulfo inoculated with Colletotrichum siamense
and C. asianum, stored for 10 days at 28 °C with 85-90% RH. The bars indicate standard error
(n= 3). Same letters by treatment and day are statistically equal (Tukey, p> 0.05).

For their part, Cienfuegos et al. (2004) reported for fruits of mango cv Kent at physiological
maturity maximum respiratory activity at six days of storage at 27 °C (62.7 ml CO kg* h'%), while
Dautt-Castro et al. (2019) observed it at 13 days at 20 °C (62.29 ml CO kg h) for mango cv
Kent. Similar to this work, Palafox-Carlos et al. (2012) reported a respiratory activity of 122.2 ml
CO2 kg h' in mango cv Ataulfo, which related it to a stage of advanced maturity.

In general, the respiratory activity of mango fruits depends on the variety, the state of maturity and
storage temperature, with a climacteric behavior and a decreasing respiratory activity until the
senescence of the fruits (Martinez-Gonzalez et al., 2017; Palafox-Carlos et al., 2012), which
accelerates in the presence of phytopathogens, as observed in this study. The production of ethylene
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and CO- during climacteric maturation triggers the transduction of signals for the activation of
several transcription factors that in turn activate the expression of genes that encode enzymes that
catalyze changes in maturation such as color, flavor, texture, aroma, among others (Grierson, 2013;
Martinez-Gonzalez et al., 2017; Dautt-Castro et al., 2019).

Firmness

The loss of firmness was similar between the inoculated and control fruits during storage, 85% of
loss occurred in the first four days, without significant changes during the subsequent days of
storage, with average values of 7 N (Figure 4). It is important to mention that the fungus affected
a localized area of the fruit (Figure 2) and the values of the texture of the fruit were not taken
exactly in the damaged area. Quintero et al. (2013); Dautt-Castro et al. (2019) reported a loss of
firmness below 20 N at 10 days in mango fruits from different cultivars and different storage
conditions.

160

140 aaa —O0— Testigo —— C.siamense —%— C. asianum

120 &
100 |
80 1
60 1
40 -
20 1

Firmness (N)

bbb bbb

—

0 1 2 3 4 5 6

Days of storsge at 28 °C
Figure 4. Firmness in fruits of mango cv Ataulfo inoculated with Colletotrichum siamense and C.

asianum, stored for 10 days at 28 °C with 85-90% RH. The bars indicate standard error (n=
5). Same letters by treatment and day are statistically equal (Tukey p> 0.05).

For their part, Carrillo-Fasio et al. (2005) observed a firmness of 20 N at 12 days in mango cv Kent
with anthracnose. However, Kader (2008) pointed out that the firmness of the mango for
consumption should be between 13 and 26 N, which occurred at four days for the mangoes in this
study, possibly due to the state of maturity and the storage temperature. Naturally, the change in
the firmness of the mango is due to the rupture of the cell walls, caused by the enzymatic
degradation of polysaccharides such as celluloses, hemicelluloses and pectins and the generation
of low molecular weight sugars soluble in water and quantified as soluble solids (Islas-Osuna et
al., 2010; Quintero et al., 2013; Singh et al., 2013).

The inoculated mangoes of this study subjectively showed a greater rupture of the peel, possibly
induced by the hydrolytic enzymes of the pathogen, compared to the control fruits (Figure 2). It
has been suggested that a firmness of less than 20 N in mango fruits can cause mechanical damage
during handling and storage, in addition to being considered of poor quality for commercialization
(Quintero et al., 2013).
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Weight loss

All mango fruits showed on average 1% weight loss per day, with an increasing linear behavior,
dependent on storage days and without significant difference between inoculated mangoes and
controls. The weight loss (WL) of the fruits is expressed: inoculated with C. siamense (%WL=
1.159*day-0.01, R?= 0.9998), C. asianum (%WL= 1.047xday-0.05, R?>= 0.99) and the control

(%WL= 1.039=day-0.09, R?>= 0.9983), with significant difference between the storage time due to
the effect of physiological activity.

For mango cv Ataulfo stored for 12 days at 20 °C a weight loss of 9% is reported and for the same
conditions, values between 2.5 and 5.4% for mangoes cv Haden, Manila Rosa, Tommy Atkins and,
Kent (Siller-Cepeda et al., 2009), where WL is clearly related to variety. On the other hand,
Carrillo-Fasio et al. (2005) found a weight loss of 4.6% in mango cv Kent stored nine days at 20
°C with the presence of C. gloeosporioides. The greatest weight loss in the mango fruits in this
study may be due to the higher storage temperature used (28 °C).

pH, titratable acidity and total soluble solids (TSS)

During the maturation process of the fruits, the pH and soluble solids increased, and the acidity
decreased significantly during the storage time, while the inoculation of the fruits with the two
species of Colletotrichum had no significant effect compared to the control. At day zero and 10
days at 28 °C, the mangoes had values of pH from 2.9 to 5, acidity from 3.2 to 0.12% of citric acid
and TSS from 10 to 18 °Brix, which correspond to a normal behavior of maturity of the fruit with
good chemical quality.

Quintero et al. (2013) reported for mango a pH range from 3.3 to 5.3, acidity from 1.5 to 0.35% of
citric acid and TSS from 10.5 to 20 °Brix during 10 days of storage at 25 °C. The results cited are
similar to those of the mature mango cv Ataulfo, as the green Ataulfo mango is more acidic than
most mangoes, which is reflected in pH and acidity. Siller-Cepeda et al. (2009) studied Haden,
Manila Rosa, Tommy Atkins and Kent mangoes stored for 12 days at 20 °C and observed an initial
pH from 2.9 to 4.7 and a final pH from 3.9 to 4.9. The °Brix found in these same cultivars at
maximum maturation were less than the 18 °Brix found in Ataulfo mango, which indicates that
mangoes cv Ataulfo may develop greater sweetness.

Biochemical changes that occur during fruit maturation include the degradation of polysaccharides
that are reduced to low molecular weight carbohydrates, and the decrease in organic acids
(Tharanathan et al., 2006; Siller-Cepeda et al., 2009; Quintero et al., 2013). With the presence of
monosaccharides such as sucrose, fructose and glucose during storage days, TSS (°Brix) and the
sweetness of mango increase (Tharanathan et al., 2006; Siller-Cepeda et al., 2009). While the
decrease in acidity in diseased fruits is due to the fact that pathogens use organic acids to carry out
respiratory activity (Ruiz and Guadarrama, 1992). On the contrary, in the results of this study, all
the fruits showed a similar behavior in the variables of chemical quality, this could have occurred
because the disease was not severe enough and was localized to cause changes in the quality of the
rest of the fruit.
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Pathogens break down pre-existing barriers in plants and fruits (cuticle, cell wall and preformed
antifungal compounds) and immediately the recognition and activation of induced structural and/or
biochemical defenses at the local or systemic level that prevent infection and pathogen from
spreading begins (Sinniah et al., 2012). The induction of these defenses causes the accumulation
of phytoalexins, the synthesis of proteins that strengthen the cell wall and proteins related to
pathogenesis. Sinniah et al. (2012) reported transcriptional activation of defense genes in the peel
of mango fruits (cv Karutha Colomban and Willard) in response to C. gloeosporioides infection.
Therefore, it is important to know the role of the defenses induced at the biochemical and molecular
level of mango fruits in the resistance to pathogens such as Colletotrichum spp.

Conclusions

Infection induced by Colletotrichum siamense and C. asianum in fruits of mango cv Ataulfo in a
state of physiological maturity did not generate significant differences in most of the quality
parameters with respect to the control, except for the internal color and respiration. Colletotrichum
siamense presented greater virulence compared to C. asianum in fruits of mango cv Ataulfo
inoculated and both species affected the visual appearance in the inoculated area with respect to
the control fruits. Therefore, it is important to study the biochemical and molecular response in
areas near the diseased tissue to understand the defense response of the fruits to the different species
of Colletotrichum to generate data that help establish different control strategies.

Acknowledgements

The authors thank the technical support of engineer Rosalba Contreras Martinez and MSc Isidro
Marquez Zequera of the Laboratory of Postharvest Quality and Phytopathology, of CIAD, AC.
And for the financing of the work of this research to CONACYT-FORDECYT, project # 292474
(2017).

Cited literature

Altendorf S. 2019. Major tropical fruits market review. Food and Agriculture Organization of the
United Nations, FAO (Ed). Roma, Italy. 1-10 pp.

Alvarez, L. V.; Hattori, Y.; Deocaris, C. C.; Mapanao, C. P.; Bautista, A. B.; Cano, M. J. B. and
Nakashima C. 2020. Colletotrichum asianum causes anthracnose in philippine mango cv
Carabao. Australasian Plant Disease Notes. 15(13):1-5. https://doi.org/10.1007/ s13314-
020-00384-x.

AOAC. 1998. Association of Official Analytical Chemists. Official methods of analysis. In:
William, S. Ed. CD-ROM. 16™ Ed. Washington DC, USA.

Ariza, F. R.; Michel, A. A; Barrios, A. A.; Otero, S. M. O.; Avendafo, A. C. H. and Lopez, L. P.
S. 2018. Thermal treatment for controlling canker (Colletotrichum gloeosporioides (Penz.)
Penz & Sacc) and improving the quality of mango fruits (Mangifera indica L.) cv Ataulfo.
Agroproductividad  11(1):72-79. http://www.revista-agroproductividad.org/index.php/
agroproductividad/article/view/155/130.

Benitez, C. F. A.; Huerta, P. G.; Holguin, M. F y Toledo, A. J. 2003. Efecto de Colletotrichum
gloeosporioides (Penz.) Penz. y Sacc. en la caida de frutos de mango (Mangifera indica L.)
cv Ataulfo en el soconusco, Chiapas, México. Rev. Mex. Fitopat. 21(2):223-227.
http://www.redalyc.org/articulo.0a?id=61221218.

1112


https://doi.org/10.1007/%20s13314-020-00384-x
https://doi.org/10.1007/%20s13314-020-00384-x
http://www.revista-agroproductividad.org/index.php/%20agroproductividad/article/view/155/130
http://www.revista-agroproductividad.org/index.php/%20agroproductividad/article/view/155/130
http://www.redalyc.org/articulo.oa?id=61221218

Rev. Mex. Cienc. Agric. vol. 13 num.6  August 14 - September 27, 2022

Bourne, M. C. 1980. Texture evaluation of horticultural crops. Sensory and objective evaluation of
horticultural crops. HortScience. 15(42):51-57.

Carrillo, F. J. A,; Garcia, E. R. S; Muy, R. M. D.; Safiudo, B. A.; Méarquez, Z. |.; Allende, M. R. y
Galindo, F. E. 2005. Control bioldgico de antracnosis [Colletotrichum gloeosporioides
(Penz.) Penz. y Sacc.] y su efecto en la calidad poscosecha del mango (Mangifera indica
L.) en Sinaloa, México. Rev. Mex. Fitopatol. 23(1):24-32. http://www.redalyc.org/
articulo.oa?1d=61223104.

Cienfuegos, E. Z.; Garcia, H. S.; Oca, M. M. M. y Gémez, B. T. 2004. Aceleracion de la
maduracion en mango ‘Kent’ refrigerado. Rev. Fitot. Mexic. 27(4):359-366.
http://www.redalyc.org/articulo.0a?id=61027408.

Dautt, C. M.; Lépez, V. A. G.; Ochoa, L. A.; Contreras, V. C. A,; Sortillon, S. A. P.; Martinez, T.
M. A. and Islas, O. M. A. 2019. Genome-wide identification of mango (Mangifera indica
L.). Polygalacturonases: expression analysis of family members and total enzyme activity
during fruit ripening. Frontiers in Plant Science. 10:969. https://doi.org/10.3389/
fpls.2019.00969.

Droby, S.; Prusky, D.; Jacoby, B. and Goldman, A. 1987. Induction of antifungal resorcinols in
flesh of unripe mango fruits and its relation to latent infection by Alternaria alternata.
Physiological and Molecular Plant Pathology. 30(2):285-292. https://doi.org/10.1016/
0885-5765(87)90041-5.

Fuentes, A. D.; Guarnaccia, V.; Rebollar, A. A.; Juarez, V. S. B.; Aguirre, R. F. and Silva, R. H.
V. 2020. Multilocus identification and thiophanate-methyl sensitivity of Colletotrichum
gloeosporioides species complex associated with fruit with symptoms and symptomless
leaves of mango. Plant Pathol. 69(6):1125-1138. https://doi.org/10.1111/ppa.13195.

Grierson, D. 2013. Ethylene and the control of fruit ripening. In: Seymour, G. B.; Poole, M. G. J.
J. and Tucker, G. A. Ed. The molecular biology and biochemistry of fruit ripening. Wiley-
blackwell press. Hoboken, N. J, USA. 4368 p. https://doi.org/10.1002/9781118593714.ch3.

Huerta, P. G.; Holguin, M. F.; Benitez, C. F. A. y Toledo, A. J. 2009. Epidemiologia de la
antracnosis [Colletotrichum gloeosporioides (Penz.) Penz. and Sacc.] en mango
(Mangifera indica L.) cv Ataulfo en el Soconusco, Chiapas, México. Rev. Mex. Fitopat.
27(2):93-105. http://www.scielo.org.mx/pdf/rmfi/v27n2/v27n2a2.pdf.

Islas, O. M. A; Stephens, C. N. A.; Contreras, V. C. A; Rivera, D. M.; Sanchez, S. E.; Villegas, O.
M. A. and Gonzalez, A. G. A. 2010. Novel postharvest treatment reduces ascorbic acid
losses in mango (Mangifera indica L.) var Kent. Am. J. Agric. Biol. Sci. 5(3):342-349.
https://doi.org/10.3844/ajabssp.2010.342.349.

Kader, A. A. 2008. Fresh-cut mangos as a value-added product (literature review and interviews).
Postharvest horticulture consultant, Kader consulting service. Davis CA, USA. 1-42 pp.

Karunanayake, L. C.; Adikaram, N.; Kumarihamy, M.; Bandara, B. R. and Abayasekara, C. 2011.
Role of antifungal gallotannins, resorcinols and chitinases in the constitutive defence of
immature mango (Mangifera indica L.) against Colletotrichum gloeosporioides. J.
Phytopathol. 159(10):657-664. https://doi.org/10.1111/j.1439-0434.2011.01818.x.

Li, T.; Fan, P.; Yun, Z. Jiang, G.; Zhang, Z. and Jiang, Y. 2019. B-aminobutyric acid priming
acquisition and defense response of mango fruit to Colletotrichum gloeosporioides
infection based on quantitative proteomics. Cells. 8(9):1029. https://doi.org/10.3390/
cells8091029.

Lima, N. B.; Batista, M. V. D. A.; Morais, M. A.; Barbosa, M. A.; Michereff, S. J.; Hyde, K. D.
and Camara, M. P. 2013. Five Colletotrichum species are responsible for mango
anthracnose in northeastern Brazil. Fungal Diversity. 61(1):75-88. https://doi.org/10.1007/
$13225-013-0237-6.

1113


http://www.redalyc.org/%20articulo.oa?id=61223104
http://www.redalyc.org/%20articulo.oa?id=61223104
http://www.redalyc.org/articulo.oa?id=61027408
https://doi.org/10.3389/%20fpls.2019.00969
https://doi.org/10.3389/%20fpls.2019.00969
https://doi.org/10.1016/%200885-5765(87)90041-5
https://doi.org/10.1016/%200885-5765(87)90041-5
https://doi.org/10.1111/ppa.13195
http://www.scielo.org.mx/pdf/rmfi/v27n2/v27n2a2.pdf
https://doi.org/10.3844/ajabssp.2010.342.349
https://doi.org/10.1111/j.1439-0434.2011.01818.x
https://doi.org/10.3390/%20cells8091029
https://doi.org/10.3390/%20cells8091029
https://doi.org/10.1007/%20s13225-013-0237-6
https://doi.org/10.1007/%20s13225-013-0237-6

Rev. Mex. Cienc. Agric. vol. 13 num.6  August 14 - September 27, 2022

Litz, R. E. 2009. The mango: botany, production and uses. 2"* Ed. CABI press. London, UK. 484-
528 pp.

Liu, L. P.; Shu, J.; Zhang, L.; Hu, R.; Chen, C. Q.; Yang, L. N. and Hsiang, T. 2017. First report
of post-harvest anthracnose on mango (Mangifera indica) caused by Colletotrichum
siamense in China. Plant Dis. 101(5):833-833. https://doi.org/10.1094/ PDIS-08-16-1130-
PDN.

Manthey, J. A. and Perkins, V. P. 2009. Levels of B-carotene, ascorbic acid, and total phenols in
the pulp of five commercial varieties of mango (Mangifera indica L.). Proc. Florida State
Horticultural Society. 122:303-307.

Martinez, G. M. E.; Balois, M. R.; Alia, T. I.; Cortes, C. M. A.; Palomino, H. Y. A. y Lopez, G. G.
G. 2017. Poscosecha de frutos: maduracion y cambios bioquimicos. Rev. Mex. Cienc.
Agric. 19(esp):4075-4087. https://doi.org/10.29312/remexca.v0i19.674.

Minolta Corporation. 1994. Precise color communication: color control from feeling to
instrumentation. Minolta. 13-20 pp.

Mora, A. J. A.; Rios, L. E. G.; Yéfez, Z. M.; Rebollar, A. A.; Nava, D. C.; Leyva, M. S. G. and
Tovar, P. J. M. 2021. Sensitivity to MBC fungicides and prochloraz of Colletotrichum
gloeosporioides species complex isolates from mango orchards in Mexico. J. Plant Dis.
Protec. 1-11 pp. https://doi.org/10.1007/s41348-020-00412-z.

Muy, R. D. M.; Siller, C. J.; Diaz, P. J. y Valdéz, T. B. 2004. Las condiciones de almacenamiento
y el encerado afectan el estado hidrico y la calidad de mango. Rev. Fitot. Mex. 27(2):201-
209. http://lwww.redalyc.org/articulo.0a?id=61027211.

Ortiz, X.; Acevedo, C. X.; Martinez, C. H. J. and de Agrocadenas, O. 2002. Caracteristicas y
estructura de los frutales de exportacion en Colombia. Documento de trabajo. Ministerio
de agricultura y desarrollo rural 19:1-25. http://repositorio.iica.int/bitstream/handle/
11324/6907/BVE18040074 e.pdf?sequence=1.

Osuna, G. J. A.; Guzméan, R. M. L.; Tovar, G. B.; Oca, M. M. M. y Vidal, M. V. A. 2002. Calidad
del mango ‘Ataulfo’ producido en Nayarit. México. Rev. Fitot. Mexic. 25(4):367-374.
http://www.redalyc.org/articulo.0a?id=61025405.

Palafox, C. H.; Yahia, E.; Islas, O. M. A.; Gutiérrez, M. P.; Robles, S. M. and Gonzalez, A. G. A.
2012. Effect of ripeness stage of mango fruit (Mangifera indica L., cv Ataulfo) on
physiological parameters and antioxidant activity. Sci. Hortic. 135:7-13.
https://doi.org/10.1016/j.scienta.2011.11.027.

Pardo, H. C. J.; Calderén, C.; Rincon, A. M.; Cardenas, M.; Danies, G.; Lépez, K. L. and Jiménez,
P. 2016. Species from the Colletotrichum acutatum, Colletotrichum boninense and
Colletotrichum gloeosporioides species complexes associated with tree tomato and mango
crops in Colombia. Plant Pathology. 65(2):227-237. https://doi.org/10.1111/ ppa.12410.

Quintero, V.; Giraldo, G.; Lucas, J. y Vasco, J. 2013. Caracterizacién fisicoquimica del mango
comun (Mangifera indica L.) durante su proceso de maduracion. Biotecnologia en el sector
agropecuario y agroindustrial. 11(1):8-18. https://revistas.unicauca.edu.co/index.php/
biotecnologia/article/view/287/486.

Ruiz, M. y Guadarrama, A. 1992. Comportamiento postcosecha del mango (Mangifera indica) tipo
bocado durante maduracion controlada. Rev. Facult. Agron. 18:79-93.

Sandoval, C. R. A.; Martinez, P. R. A.; Hernandez, 1. M.; Teixidd, 1. E. N.; Usall, I. R. J.; Vifias,
A. | and Torres, S. R. 2015. Mechanisms of resistance in postharvest fruit-pathogen
interaction. Rev. Chapingo Ser. Hortic. 221(3):185-198. http://dx.doi.org/10.5154/
r.rchsh.2014.11.050.

1114


https://doi.org/10.1094/%20PDIS-08-16-1130-PDN
https://doi.org/10.1094/%20PDIS-08-16-1130-PDN
https://doi.org/10.29312/remexca.v0i19.674
http://www.redalyc.org/articulo.oa?id=61027211
http://repositorio.iica.int/bitstream/handle/%2011324/6907/
http://repositorio.iica.int/bitstream/handle/%2011324/6907/
http://www.redalyc.org/articulo.oa?id=61025405
https://doi.org/10.1016/j.scienta.2011.11.027
https://doi.org/10.1111/%20ppa.12410
https://revistas.unicauca.edu.co/index.php/%20biotecnologia/article/view/287/486
https://revistas.unicauca.edu.co/index.php/%20biotecnologia/article/view/287/486
http://dx.doi.org/10.5154/%20r.rchsh.2014.11.050
http://dx.doi.org/10.5154/%20r.rchsh.2014.11.050

Rev. Mex. Cienc. Agric. vol. 13 num.6  August 14 - September 27, 2022

Sharma, G.; Kumar, N.; Weir, B. S.; Hyde, K. D. and Shenoy, B. D. 2013. The ApMat marker can
resolve Colletotrichum species: a case study with Mangifera indica. Fungal Diversity.
61(1):117-138. http://dx.doi.org/10.1007/s13225-013-0247-4.

SIAP. 2021. Sistema de Informacion Agroalimentaria y Pesquera. Anuario estadistico de la
produccion agricola. Secretaria de Agricultura, Ganaderia, Desarrollo Rural, Pesca y
Alimentacion. https://nube.siap.gob.mx/cierreagricola/.

Siller, C. J.; Muy, R. M. D.; Araiza, L. E.; Béez, S. M.; Rodriguez, J.; Béez, R. and Ireta, O. A.
1994. Evaluacion de la calidad de clones de mango introducidos a Sinaloa. Proceedings of
the Interamerican Society for Tropical Horticulture. 38:37-42.

Siller, C. J.; Muy, R. M. D.; Béez, S. M.; Araiza, L. E. y Ireta, O. A. 2009. Calidad poscosecha de
cultivares de mango de maduracion temprana, intermedia y tardia. Rev. Fitot. Mex.
32(1):45-52. http://www.scielo.org.mx/pdf/rfm/v32n1/v32nla6.pdf.

Singh, Z.; Singh, R. K.; Sane, V. A. and Nath, P. 2013. Mango-postharvest biology and
biotechnology. Critical Rev. Plant Sciences. 32(4):217-236. http://dx.doi.org/10.1080/
07352689.2012.743399.

Sinniah, G. D.; Adikaram, N. K. B. and Abayasekara, C. L. 2012. Differential defense responses
expressed in mango (Mangifera indica L.) cultivars resistant and susceptible to C.
gloeosporioides. Indian  Phytopathol.  66(1):34-40. https://www.researchgate.net/
publication/257947503.

Sulaiman, S. F. and Ooi, K. L. 2012. Polyphenolic and vitamin C contents and antioxidant activities
of aqueous extracts from mature-green and ripe fruit fleshes of Mangifera sp. J. Agric. Food
Chem. 60(47):11832-11838. https://doi.org/10.1021/j303736h.

Tharanathan, R. N.; Yashoda, H. M. and Prabha, T. N. 2006. Mango (Mangifera indica L.) The
king of fruits-An overview. Food Rev. Intern. 22(2):95-123. https://doi.org/10.1080/
87559120600574493.

Tovar, P. J. M.; Mora, A. J. A; Nava, D. C.; Lima, N. B.; Michereff, S. J.; Sandoval, I. J. S. and
Leyva, M. S. G. 2020. Distribution and pathogenicity of Colletotrichum species associated
with mango anthracnose in Mexico. Plant Dis. 104(1):137-146. https://doi.org/10.1094
/PDIS-01-19-0178-RE.

1115


http://dx.doi.org/10.1007/s13225-013-0247-4
https://nube.siap.gob.mx/cierreagricola/
http://www.scielo.org.mx/pdf/rfm/v32n1/v32n1a6.pdf
http://dx.doi.org/10.1080/%2007352689.2012.743399
http://dx.doi.org/10.1080/%2007352689.2012.743399
https://www.researchgate.net/%20publication/257947503
https://www.researchgate.net/%20publication/257947503
https://doi.org/10.1021/jf303736h
https://doi.org/10.1080/%2087559120600574493
https://doi.org/10.1080/%2087559120600574493
https://doi.org/10.1094%20/PDIS-01-19-0178-RE
https://doi.org/10.1094%20/PDIS-01-19-0178-RE

