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Antifungal activity of sodium bicarbonate alone or in combination with a
low dose of thiabendazole against crown rot in banana cv. Enano Gigante
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ABSTRACT

Crown rot is the most important postharvest disease in banana worldwide. This study evaluated
the antifungal efficacy and potential of sodium bicarbonate (sB) as an alternative for the control
of crown rot (cr) in banana cv. Enano Gigante. The fruits were artificially inoculated with Colle-
totrichum musae and incubated at 26-27 °C for 7 d. Through various in vivo treatments, 500 mM sB
was identified as the most effective concentration. In addition, the effect of dip temperatures on
sB efficacy was analyzed. Results showed that 500 mM ss significantly reduced cr incidence and
severity by 77.8 % and 92.9 %, respectively, at temperature of 40°C. The combination of sB with a
low dose of thiabendazole (225 uL L) achieved complete control of the disease. These findings
contribute to postharvest disease management by proposing an effective and sustainable alterna-

tive to the use of conventional fungicides.
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RESUMEN

La pudricion de la corona es la enfermedad postcosecha mas importante del banano en todo
el mundo. Este estudio evalud la eficacia antifiingica y el potencial del bicarbonato de sodio
(sB) como alternativa para el control de la pudricién de la corona (cr) en banano cv. Enano Gi-
gante. Los frutos fueron inoculados artificialmente con Colletotrichum musae e incubados a 26-
27 °C durante 7 d. Mediante diversos tratamientos in vivo, se identificé que 500 mM de sB fue la
concentracién mas efectiva. Ademas, se analiz6 el efecto de la temperatura de inmersién sobre
la efectividad del sB. Los resultados mostraron que 500 mM de sB redujo significativamente la
incidencia y severidad de la cr en 77.8 % y 92.9 %, respectivamente, a una temperatura de 40 °C.
La combinacién de ss con una dosis baja de tiabendazol (225 pL L) permiti6 el control total de
la enfermedad. Estos hallazgos contribuyen al manejo de enfermedades postcosecha al proponer

una alternativa efectiva y sostenible al uso de fungicidas convencionales.
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INTRODUCTION

Bananas are cultivated in over 135 countries, with
India, China, Indonesia, Brazil, Ecuador and the
Philippines being the leading producers (Food and
Agriculture Organization of the United Nations [rao],
2022). Mexico ranks twelfth worldwide, with an annual
production of 2.6 million tons (rao, 2022). Despite their
global importance, bananas are highly perishable,
leading to significant postharvest losses (De Costa &
Erabadupitiya, 2005).

Crown rot (cr) is the most prevalent posthar-
vest disease affecting bananas, causing considerable
economic losses during storage, transportation and
marketing (Krauss & Johanson, 2000). The disease
is primarily caused by Colletotrichum musae, a fungal
pathogen that thrives under postharvest conditions
(Krauss & Johanson, 2000; Lassois et al., 2010; Muirhead
& Jones, 2000).

Current management strategies rely heavily on
synthetic fungicides, such as thiabendazole (TBz),
prochloraz, and imazalil. Although effective, these
chemicals raise several concerns, including environ-
mental contamination, the accumulation of harmful
residues in fruits, and the development of fungicide-re-
sistant strains (Gatto et al. 2011; Jinasena et al. 2011;
Mari et al. 2003). As the demand for more sustainable
agricultural practices increases, there is a growing
need to explore alternative methods for controlling cr.

This research addresses this need by investigating
sodium bicarbonate (sB) as a low-toxicity alternative
to traditional fungicides. ss is known for its anti-
fungal properties, however, its potential for managing
cr caused by C. musae in bananas remains largely
unexplored.

This study aims to: 1) evaluate the primary in vivo
effect of sB on cR, 2) assess the influence of dip tem-
perature on the effectiveness of ss, and 3) determine
the antifungal efficacy of s applied alone or in combi-
nation with low doses of TBz against cr. By identifying
effective, and environmentally friendly treatments, this
research advances postharvest disease management
and contributes to the development of sustainable
practices in banana production.
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MATERIALS AND METHODS

Fungal pathogen

Colletotrichum musae strain pac-1 used in this study
was isolated from diseased banana fruits showing
typical symptoms of crown rot at the Laboratorio de
Fitopatologia del Colegio de Postgraduados, Campus
Tabasco (Cardenas, Tabasco, México). The strain was
identified through molecular analysis of the internal
transcribed spacer (1ts) region, showing 99.101 %
sequence similarity to C. musae, with the following
nucleotide sequence:

(GACCTGCGGAGGGATCATTACTGAGTTTACGCTCTGCAACC
CTTTGTGAACATACCTATAACTGTTGCTTCGGCGGGTAGGGTC
CCCGTGACCCTCCCGGCCCCCCGLCCCLCCGGGCGGGTCGGLCGC
CCGCCGGAGGATAACCAAACTCTGATTTAACGACGTTTCTTC
TGAGTGGTACAAGCAAATAATCAAAACTTTTAACAACGGAT
CTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGAT
AAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTT
GAACGCACATTGCGCCCGCCAGCATTCTGGCGGGCATGCCTGTTC
GAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTTGGGGCCCTA
CAGCAGATGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGC
CTCCTTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGG
ACTCTTGCCGTAAAACCCCCCAATTTTCCAAAGGTTGACCTCGGA
TCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATA).

The fungus was cultured on potato dextrose agar
(ppA) medium (BD BiOoxoN, Estado de Mexico, Mexico)
in Petri dishes. Cultures were incubated at 25 °C for
7-14 d to ensure optimal growth.

Fruit

The experiments were performed using bananas (Musa
paradisiaca), specifically the Enano Gigante cultivar.
Banana bunches were harvested from commercial
fields in Cunduacan, Tabasco, Mexico. Prior to the
experiments, the bunches were dehanded and thor-
oughly washed with tap water to remove dust, floral
remnants and latex. The bananas were randomized
and allowed to air-dry at ambient temperature before
further processing.

Gonzilez-Jiménez et al.
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Fruit disinfection and ripening

The bananas were disinfected by immersion in an
1 % aqueous chlorine solution (sodium hypochlorite,
5 % v/v, Hycel Reactivos Quimicos, Jalisco, Mexico) for
1 min. They were then rinsed with water and air-dried
at room temperature. Following disinfection, the fruits
were immersed in 2,000 ppm ethephon (eTHREL 21.7 %
Ls Bayer, Mexico) for one min to induce ripening. Prior
to inoculation, the cut surfaces of the crown were dis-
infected again by immersion in 70 % ethanol for 30 s.

Inoculum preparation of Colletotrichum musae

Conidia from a 14-day-old Colletotrichum musae strain
pAc-1 grown on ppA medium were harvested and sus-
pended in a 0.05 % (w/v) aqueous Tween® 80 solution.
The conidial suspension was filtered through sterile
cloth to remove debris. The conidial concentration
was then adjusted to 1 x 10° conidia mL* using a
hemocytometer.

Fungal inoculation

A 100 pL aliquot of the C. musae conidial suspension
(1 x 10° conidia mL™") was applied to the cut surface
of the crown of each banana hand. The conidia were
then evenly distributed with a small brush to ensure
uniform coverage.

Antifungal activity of sodium bicarbonate against
crown rot in primary in vivo screenings

The most effective sB concentration for reducing
mycelial growth and inhibiting conidial germination
in in vitro experiments (data not shown) was selected
to determine the concentration range for the in vivo
experiments. Fruit disinfection and forced ripening
were performed as described in the “Fruit disinfection
and ripening” section. The following preventive and
curative sB treatments were evaluated: 250 mM, 300
mM, 350 mM, 400 mM, 450 mM, 475 mM, and 500 mM.
Treatments were applied using a manual atomizer to
ensure complete coverage of the crown cut surface.
Inoculation of the crown cut surface was car-
ried out either 1 h before or 1 h after ss application,
following the procedure described in the “Fungal
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inoculation” section. Each treatment consisted of three
replicates, with three banana hands arranged in a com-
pletely randomized design. Each hand contained three
or four fruits. Inoculated banana hands were placed
in 10 kg plastic boxes and incubated at 24-26 °C and
80-90 % relative humidity for 7 d.

Disease incidence [(number of diseased crowns/
total number of crowns) x 100] and severity were
assessed at 7 d post-inoculation. Disease incidence
was expressed as the percentage reduction relative to
the control treatment. Disease severity was evaluated
using the scale proposed by Alvindia et al. (2004),
defined as follows:

0 No discoloration or mycelial growth on the
crown.

1 Discoloration or mycelial growth limited to
the crown cut surface.

2 Discoloration or mycelial growth covering
less than 10 % of the crown area.

3 Discoloration or mycelial growth affecting
11-40 % of the crown area.

4 Discoloration or mycelial growth affecting
41-70 % of the crown area.

5 Discoloration or mycelial growth affecting
71-100 % of the crown area.

6 Discoloration or mycelial growth spreading
to the finger stalks.

7 Discoloration or mycelial growth reaching
the pulp of the fingers.

Disease severity was expressed as the percentage
reduction in cr severity and calculated using the fol-
lowing formula:

CRIC-CRIT

jxlOO
CRIC

Percentage reduction of crown rot severity:(

Where cric is the crown rot index of the control
group and crir is the crown rot index in the treatment
group.

All assays were performed in duplicate to ensure
the reliability of the results.

Influence of dip temperature on sodium bicarbonate
effectiveness

To evaluate the effect of dip temperature on the effi-
cacy of sp for controlling cr, a series of experiments
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was conducted using Enano Gigante banana fruits.
Fruit disinfection and ripening were performed as
described in the “Fruit disinfection and ripening” sec-
tion. For these assays, an sB concentration of 500 mM
and a dip duration of 20 min were used.

The following treatments were evaluated: 1)
non-inoculated treatment (wi), 2) control (water at
ambient temperature), 3) hot water at 30 °C (aw 30 °C),
4) hot water at 40 °C (aw 40 °C), 5) hot water at 45 °C (Hw
45 °C), 6) 500 mM sodium bicarbonate at 30 °C (sB 30 °C),
7) 500 mM sodium bicarbonate at 40 °C (sB 40 °C), and 8)
500 mM sodium bicarbonate at 45 °C (sB 45 °C).

The crown cut surface was inoculated either 1 h
before or 1 h after the dip treatments, following the pro-
cedure described in the “Fungal inoculation” section.
A total of 18 L of a 500 mM aqueous sB solution was
used for the dip treatments, either heated or unheated.
For heated treatments, the solution was warmed using
a manual heater (Silverline, pc-ca, 1000 W, Cardenas,
Tabasco, Mexico). Banana hands were placed ina 15 L
multi-perforated plastic container and immersed in the
treatment solution.

Each treatment consisted of three replicates, with
four banana hands per replicate (each hand containing
3-4 fingers). After treatment, the banana hands with
treated and inoculated crowns were placed in 10 kg
plastic boxes and incubated at 24-26 °C and 80-90 %
relative humidity for 7 d.

Crown rot incidence [(number of diseased crowns/
total number of crowns) x 100] and disease severity
were assessed after 7 d using the scale proposed by
Alvindia et al. (2004). Disease incidence and severity
were expressed as percentage reductions relative to the
control treatment. All experiments were performed in
duplicate to ensure the reliability of the results.

Effect of sodium bicarbonate alone or in combination
with thiabendazole

Dip assays were conducted on Enano Gigante bananas
to evaluate the effect of ss applied alone or in combina-
tion with thiabendazole (TBz). Treatments were applied
for 20 min at either ambient temperatures or 40 °C. Fruit
disinfection and forced ripening were performed as
described in the “Fruit disinfection and ripening” section.

The following treatments were tested: 1) control
(water), 2) non-inoculated treatment (wi), 3) 500 mM
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sB applied alone (sB), 4) 500 mM ss + 225 uL L TBz
(sB+TBZz), 5) 225 uL L' tBZ (TBZ 225), 6) 450 UL L' TBZ
(TBZ 450), and 7) 600 pL L T8z (TBZ 600).

Fungal inoculation was performed as described
in the “Fungal inoculation” section. Dip treatments
were carried out as previously described, with ss and
T8z dissolved in water at the desired concentrations
and mixed thoroughly using a plastic rod to ensure
homogeneity.

Each treatment consisted of three replicates, with
four banana hands per replicate (each hand containing
3-4 fingers). After treatment, banana hands with inoc-
ulated and treated crowns were placed in 10 kg plastic
boxes and incubated at 24-26 °C and 80-90 % of relative
humidity for 7 d.

Disease incidence [(number of diseased crowns/
total number of crown) x 100] and disease severity were
assessed 7 d after inoculation using the scale proposed
by Alvindia et al. (2004). Both variables were expressed
as percentage reductions relative to control treatment.

Statistical analysis

Data on cr incidence and severity reduction were
analyzed using analysis of variance (anova) under
a completely randomized design using Statgraphics
Plus version 5.1 software. Percentage data were trans-
formed using the arcsine square root transformation
of the proportion of diseased crowns to meet aAnova
assumptions. Mean comparisons were performed
using Fisher’s protected least significant difference
(LsD) test at a significance level of p < 0.05. Results are
presented as non-transformed values for clarity.

REsuLTs

Antifungal activity of sodium bicarbonate against
crown rot in primary in vivo screenings

Curative effect. Among all sB treatments evaluated in
the primary in vivo curative assays against banana cg,
only the 500 mM and 475 mM concentrations signifi-
cantly reduced disease incidence, achieving reductions
of 77.8 % and 33.4 %, respectively. The remaining treat-
ments did not significantly affect disease incidence
compared with the control. Similarly, these two treat-
ments were the most effective in reducing cr severity,

Gonzilez-Jiménez et al.
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with reductions of 92.9 % and 78.6 %, respectively.
Treatments with 450 mM and 400 mM sB showed mod-
erate effects, reducing disease severity by 58.7 % and
11.1 %, respectively. The remaining treatments did not
significantly reduce disease severity (Figure 1).

Preventive effect. Overall, no significant reduction in cr
incidence was observed in bananas treated with ss, inocu-
lated with Colletotrichum musae, and incubated under the
specified conditions during the primary in vivo experi-
ments. However, sB significantly reduced cr severity. The
500 mM sp treatment was the most effective, achieving
a 65.5 % reduction in severity, followed by the 475 mM
sB treatment, with resulted in a 45.2 % reduction. The
remaining sB treatments had little effect on cr severity

Figure 1. Curative and preventive effect of sodium bicarbonate at different
concentrations on crown rot (CRr) in primary in vivo experiments using artificially
inoculated banana cv. Enano Gigante with Colletotrichum musae. Treatments
were applied 1 h before or 1 h after inoculation and incubated for 7 d at 24-26 °C
and 80-90 % ru. Reductions in disease incidence and severity were determined
relative to the control treatment (water), which showed 100 % disease incidence
and disease severity values ranging from 95.2 % to 100 % in curative assays
and 100 % for both variables in preventive assays. Values for cr incidence and
severity reduction represent means of two independent experiments. Within
each treatment type, columns followed by different letters indicate significant
differences according to Fisher’s protected Lsp test (p < 0.05) following ANOvA.
Incidence and severity reduction data were arcsine-transformed prior to analysis;
however, non-transformed means are presented. Each treatment consisted of
three replicates. nd = not determined, w1 = treatment without inoculation.

Gonzilez-Jiménez et al.

(Figure 1). Based on these results, the 500 mM sB concen-
tration was selected for further experiments.

Effect of the dip temperature on sodium bicarbonate
effectiveness

Curative effect. Among all treatments evaluated to
determine the influence of dip temperature on the effi-
cacy of 500 mM ss applied for 20 min, only the sB 40 °C
treatment significantly reduced cr incidence, achieving
a reduction of 83.3 %. The sB 45 °C treatment followed,
with a 41.6 % reduction in cr incidence, whereas
the remaining treatments had no significant effect.
Similarly, the ss 40 °C and sB 45 °C treatments were the
most effective in reducing cr severity, achieving reduc-
tions of 90.5 % and 91.7 %, respectively. The remaining
treatments showed moderate reductions in cr severity,
ranging from 41.7 % to 44.0 %, except for the nw 30 °C
treatment, which showed no reduction (Figure 2).

Preventive effect. Overall, sB treatments evaluated to
assess the influence of dip temperature in preventive
applications did not significantly affect cr incidence in
Enano Gigante bananas inoculated with Colletotrichum
musae and incubated under the specified conditions for
7 d. However, these treatments significantly reduced cr
severity, except for the nw 30 °C treatment. The sp 40 °C
and sB45 °C treatments were the most effective, reducing
cr severity by 61.9 % and 63.1 %, respectively. The aw
40 °C, aw 45 °C, and sB 30 °C treatments followed, with
reductions in disease severity of 50.0 %, 50.6 %, and
36.9 %, respectively (Figure 2). Based on these results,
the sB 40 °C treatment, with a 20 min immersion, was
selected for subsequent curative assays.

Curative activity of sodium bicarbonate alone or
in combination with thiabendazole. The 500 mM
sB treatment applied alone significantly reduced cr
incidence, achieving an 83.3 % reduction. Its curative
effect was statistically similar to that of the 600 pL L
TBZ treatment (tBz 600), which resulted in a 95.8 %
reduction in cr incidence. The combined treatment of
sB with 225 pL L Bz (TBz 225) significantly improved
curative control compared with ss alone, achieving
complete cr control (100 % reduction in disease inci-
dence). The effectiveness of this combined treatment
was statistically equivalent to that of the 600 uL L*

Acta Agricola y Pecuaria 12: e0121031
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Figure 2. Effect of dip temperature on the efficacy of water alone or 500 mM sodium bicarbonate (sB) applied for 20 min to control crown rot (cr) in artificially
inoculated banana cv. Enano Gigante with Colletotrichum musae. Treatments were applied 1 h before or 1 h after inoculation and incubated for 7 d at 24-26 °C and 80-
90 % relative humidity. Reductions in disease incidence and severity were calculated relative to the control treatment (water), which showed 100 % disease incidence
and severity across all treatment types and temperatures. Values for cr incidence and severity reduction represent means of two independent experiments. Within
each treatment type, columns followed by different letters indicate significant differences according to Fisher’s protected Lsp test (p <0.05) following aNova. Incidence
and severity reduction data were arcsine-transformed prior to analysis, non-transformed means are presented. Each treatment consisted of three replicates. w1 =non-
inoculated treatment.

Acta Agricola y Pecuaria 12: 0121031 Gonzilez-Jiménez et al.
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TBZ treatment. In contrast, the 450 uL L TBZ treatment
(commercial dose) had not significantly affect cr inci-
dence. Similarly, the combined sB + TBz 225 treatment
improved cr severity control, achieving a 100 % reduc-
tion, whereas ss applied alone reduced disease severity
by 97.6 % (Figure 3).

DiscussioN

This study evaluated the in vivo antifungal activity of
sodium bicarbonate (ss) against postharvest crown
rot (Cr) in banana cv. Enano Gigante. Bananas were
artificially inoculated with Colletotrichum musae on the
crown of banana hands, and treatments were applied
before and after storage for 7 d at 24-26 °C and 80-90 %
relative humidity.

Regarding the primary in vivo antifungal activity
of sB, the 500 mM concentration was the most effective
treatment for reducing cr incidence under curative
conditions, achieving a reduction of 77.8 %. In con-

trast, the same treatment applied preventively did
no reduce cr incidence, suggesting that s exhibits
curative activity but limited preventive efficacy under
conditions evaluated. Additionally, sB at 475 mM and
500 mM effectively reduced cr incidence. The reduc-
tions achieved with 500 mM s in both incidence and
severity (77.8 % and 92.9 %, respectively) exceeded
those reported for other salts, such as sodium sili-
cate at 130 mM and potassium carbonate at 175 mM
(Gonzalez-Jiménez et al., 2023; 2024), suggesting a
potentially stronger antifungal effect under the condi-
tions tested.

Similarly, curative dip treatments with 500 mM ss
at 40 °C for 20 min effectively controlled cr, reducing
incidence and severity by 83.3 % and 97.6 %, respec-
tively. These reductions exceeded those reported by
De Costa & Gunawardhana (2012), who observed a
62 % reduction with 300 mM ss. This difference may be
associated with the higher sB concentration and longer
immersion period used in the present study. Compared

Figure 3. Efficacy of 500 mM sodium bicarbonate (s8) applied alone, 225 uL L-1 thiabendazole (18z 225), 450 uL L-1 thiabendazole (t8z 450), 600 pL L-1 thiabendazole
(tBz 600), and the combination of 500 mM ss and 225 pL L-1 18z (sB + TBZ) for controlling crown rot (cr) in artificially inoculated banana cv. Enano Gigante with
Colletotrichum musae. Treatments were applied for 20 min at 40 °C, 1 h after inoculation, and incubated for 7 d at 24-26 °C and 80-90 % relative humidity. Reductions
in disease incidence and severity were determined relative to the control treatment (water), which showed 100 % incidence and severity. For each variable, columns
followed by different letters indicate significant differences according to Fisher’s protected rsp test (p < 0.05) following anova. Incidence and severity reduction
data were arcsine-transformed prior to analysis; however, non-transformed means are presented. Each treatment consisted of three replicates. wi = non-inoculated

treatment.
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with the results of Alvindia (2013), who applied sB at
50 °C for 30 min, a slightly greater reduction in cr inci-
dence was observed in the present study (83.3 % vs.
77.6 %), despite differences in treatment conditions.

Chi & Anh (2019) reported that s concentrations
between 250 mM and 350 mM applied for 25 min had
no significant effect on cr incidence, which is consis-
tent with our findings. Alvindia et al. (2004) observed
an 86 % reduction in cr severity when 6 g L sB was
applied as a curative treatment, whereas Qiao et al.
(2022) reported a 72.47 % reduction using 100 mg L™
hinokitiol. Although these reductions were substantial,
they were lower than those achieved in the present
study, possibly due to differences in treatment condi-
tions and application parameters.

In preventive treatments, ss did not significantly
reduce cr incidence, suggesting that Colletotrichum
musae conidia remained viable after exposure, in
agreement with the findings of Alvindia & Natsuaki
(2007). However, sB significantly reduced cr severity,
indicating a partial inhibitory effect on disease pro-
gression. Longer immersion periods may improve
preventive efficacy, potentially by increasing the expo-
sure of infected tissues to sB. The 61.9 % reduction
in cr severity observed with 500 mM sB was compa-
rable to the 65 % reduction reported by Alvindia &
Natsuaki (2007) using 5 g L sB combined with 2.5 mL
L surfactant.

The application of sB at 40 °C enhanced its cura-
tive effectiveness, achieving an 83.3 % reduction in cr
incidence, compared to the 0 % reduction observed
in preventive dips treatments under the same condi-
tions. In curative assays, hot water treatments at 40 °C
and 45 °C reduced cr severity by up to 41 % relative
to the control. Thus, heated s provided greater fruit
protection that non-heated ss. The enhanced effective-
ness of heated s may be attributed with additive or
complementary effects between thermal treatment and
salt activity. Hot water treatments alone were more
effective in reducing cr severity and cr incidence.
Previous studies have shown that hot water enhances
the efficacy of s against Penicillium italicum (Palou et
al., 2001) and Penicillium digitatum (Cocco et al., 2008;
Schirra et al., 2008) in citrus. In addition, heat treat-
ments may induce defense responses in fruit tissues,
contributing to reduced pathogen growth (De Costa &
Gunawardhana, 2012).
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Hot water is generally considered more effective
as a curative treatment because it primarily reduces
or eliminates fungal inoculum (Alvindia, 2012). It also
exerts a direct effect by inhibiting germ tube elonga-
tion or inactivating fungal conidia (Di Francesco et
al.,, 2018). Furthermore, hot water may indirectly sup-
press fungal development by triggering physiological
responses in fruit tissues (Schirra et al., 2000) and by
modifying the chemical environment of the fruit rind
through the activation of antimicrobial compounds
(De Costa & Erabadupitiya, 2005). However, although
hot water acts as a fungistatic agent, it lacks residual
activity to prevent fungal development after thermal
treatment (Alvindia, 2012), which may explain the
limited induction of defense mechanism observed in
preventive treatments using hot water alone against
Colletotrichum musae. In the present study, the com-
bined application of hot water and sB significantly
reduced both cr incidence and severity compared with
individual treatments, consistent with the findings of
Alvindia (2013), who demonstrated that thermal treat-
ment enhances the efficacy of salts.

The direct or indirect effects of bicarbonate salts
on microorganisms are likely associated with reduced
turgor pressure within fungal cells, leading to hyphal
and conidial collapse (Ili¢ et al., 2018). Additionally,
bicarbonate ions may increase membrane perme-
ability, promoting the leakage of ionic species and
further reducing turgor pressure within fungal cells
(Fallik, 2004).

When the effect of sB applied alone or in combi-
nation with a low dose of T8z was evaluated against
cr under curative conditions, the combined treatment
of 500 mM ss and 225 uL L7 TBz (sB+TBZ) not only
improved cr severity control (100 % reduction) but
also completely suppressed cr incidence (100 % reduc-
tion). These results suggest that s may have enhanced
the effectiveness of T8z, potentially by facilitating its
diffusion or penetration through the fruit cuticular
wax (Da Silva Franca et al., 2024; Schirra et al., 2008).
Furthermore, the results suggest a synergistic interac-
tion between s and TBz, since sB applied alone was less
effective and 1Bz applied alone at 225 puL L did not
significantly reduce cr incidence. The combined treat-
ment (sB + TBz) was more effective than the commercial
1Bz dose (450 pL L), and slightly more effective than
the regional dose (600 uL L™).

Gonzilez-Jiménez et al.
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Synergistic effects have previously reported for the
combination of 400 mg L of T8z and 0.5 % sB at 40 °C
to control green mold caused by P. digitatum in citrus,
showing high efficacy in both Tbz-sensitive (85.8 %)
and TBz-resistant (83.3 %) strains (Schirra et al., 2008).
Similarly, the combination of butylated hidroxyanisole
with 1Bz exhibited synergistic effects, inhibiting up to
96 % of myecelial growth and conidial germination of
Colletotrichum musae (Khan et al., 2001). Moreover, the
combination of gum Arabic and chitosan was reported
to completely inhibit mycelial growth and conidial
germination of C. musae, achieving a 92.5 % reduction
(Magbool et al., 2010). In contrast, the findings of the
present study differ from those reported by Vidal-
Vergara et al. (2022), who did not observe synergistic
effects when combining potassium silicate with T8z to
control postharvest anthracnose in papaya caused by
Colletotrichum brevisporum.

On the other hand, the results obtained in this
study suggest reduced sensitivity of Colletotrichum
musae to TBz at the commercial dose (450 pL L)
under the evaluated conditions in Tabasco, Mexico.
Consequently, banana producers in this region report-
edly use higher 18z doses (600 pL L'), which are
considered effective under local conditions. However,
confirmation of fungicide resistance would require
dedicated sensitivity and molecular analysis. Previous
studies have documented resistance to benzimidazole
(the chemical group to which T8z belongs) associated
with mutations in the Tus-2 gene (Torres-Calzada et
al., 2015) and other resistance-related mechanisms in
fungal species (Downing, 2000).

CONCLUSION

sB demonstrated curative activity against both the inci-
dence and severity of cr in primary in vivo experiments.
Its effectiveness was further improved when applied
as a dip treatment at 40 °C. Under curative conditions,
the combined application of s with low dose of T8z
provided highly effective control of cr. These findings
suggest that integrating s with reduced T8z doses may
represent a promising strategy for postharvest disease
management, particularly in banana packinghouses
operations.

Gonzilez-Jiménez et al.

ACKNOWLEDGMENTS

This work was funded by the Colegio de Postgraduados,
Campus Tabasco. Vianey Gonzalez-Jiménez's doc-
toral studies were supported by a scholarship from
the Secretaria de Ciencia, Humanidades, Tecnologia e
Innovacion (No. 219069-Mexico).

LITERATURE CITED

Alvindia, D. G. (2012). Revisiting hot water treatments
in controlling crown rot of banana cv. Bufigulan.
Crop Protection, 33, 59-64. https://doi.org/10.1016/].
cropro.2011.09.023

Alvindia, D. G. (2013). An integrated approach with hot
water treatment and salt in the control of crown rot dis-
ease and preservation of quality in banana. International
Journal of Pest Management, 59(4), 271-278. https://doi.or
£/10.1080/09670874.2013.845927

Alvindia, D. G., Kobayashi, T., Natsuaki, K. T., & Tanda, S.
(2004). Inhibitory influence of inorganic salts on banana
postharvest pathogens and preliminary application to
control crown rot. Journal of General Plant Pathology, 70,
61-65. https:/doi.org/10.1007/s10327-003-0084-5

Alvindia, D. G., & Natsuaki, K. T. (2007). Control of crown
rot-causing fungal pathogens of banana by inorganic
salts and a surfactant. Crop Protection, 26(11), 1667-1673.
https://doi.org/10.1016/j.cropro.2007.02.008

Chi, K. J., & Anh, V. T. T. (2019). Effect of apple cider vin-
egar, baking soda and salt on growth of Colletotrichum
musae and development of anthracnose disease on ba-
nana fruits. International Journal of Postharvest Technology
and Innovation, 6(4), 239-256. https://doi.org/10.1504/
IJPT1.2019.106459

Cocco, M., Vazquez, D. E., Albors, A., Chafer, M., Meier,
G. E., & Bello, F. (2008). Combinacién de tratamien-
tos térmicos y bicarbonato de sodio para el control
de Penicillium digitatum en frutos citricos. Revista
Iberoamericana de Tecnologia Postcosecha, 9(1), 55-62.

Da Silva Franga, K. R., de Medeiros Ferro, M. M., Monteiro
Feijo, F., Cavalcanti da Silva, S. J., Pereira de Melo,
M., de Andrade Lima, G. S., & Pereira Assungao, I
(2024). First report of Lasiodiplodia hormozganensis and
Lasiodiplodia laeliocattleyae causing crown rot disease
in banana fruits in Brazil. Crop Protection, 184, 106784.
https://doi.org/10.1016/j.cropro.2024.106784

Acta Agricola y Pecuaria 12: e0121031


https://doi.org/10.1016/j.cropro.2011.09.023
https://doi.org/10.1016/j.cropro.2011.09.023
https://doi.org/10.1080/09670874.2013.845927
https://doi.org/10.1080/09670874.2013.845927
https://doi.org/10.1504/IJPTI.2019.106459
https://doi.org/10.1504/IJPTI.2019.106459

10

De Costa, D. M., & Erabadupitiya, H. R. U. T. (2005). An
integrated method to control postharvest diseases of
banana using a member of the Burkholderia cepacia com-
plex. Postharvest Biology and Technology, 36(1), 31-39.
https://doi.org/10.1016/j.postharvbio.2004.11.007

De Costa, D. M., & Gunawardhana, H. M. D. M. (2012).
Effects of sodium bicarbonate on pathogenicity of
Colletotrichum musae and potential for controlling
postharvest diseases of banana. Postharvest Biology
and Technology, 68, 54-63. https://doi.org/10.1016/;.
postharvbio.2012.02.002

Di Francesco, A., Mari, M., & Roberti, R. (2018). Defense
response against postharvest pathogens in hot wa-
ter treated apples. Scientia Horticulturae, 227, 181-186.
https://doi.org/10.1016/j.scienta.2017.09.039

Downing, K. H. (2000). Structural basis for the interaction
of tubulin with proteins and drugs that affect microtu-
bule dynamics. Annual Review of Cell and Developmental
Biology, 16, 89-111. https://doi.org/10.1146/annurev.cell
bio.16.1.89

Fallik, E. (2004). Prestorage hot water treatments (immer-
sion, rinsing and brushing). Postharvest Biology and
Technology, 32(2), 125-134. https://doi.org/10.1016/j.post
harvbio.2003.10.005

Food and Agriculture Organization of the United Nations.
(2022). Crops and livestock products. https://www .fao.org/
faostat/en/#data/QCL

Gatto, M. A, Ippolito, A., Linsalata, V., Cascarano, N. A.,
Nigro, F., Vanadia, S., & Di Venere, D. (2011). Activity of
extracts from wild edible herbs against postharvest fun-
gal diseases of fruit and vegetables. Postharvest Biology
and Technology, 61(1), 72-82. https://doi.org/10.1016/;.
postharvbio.2011.02.005

Gonzalez-Jiménez, V. Moscoso-Ramirez, P. A., Ortiz-
Garcia, C. F., Sanchez-Soto, S., & Lara-Viveros, F. M.
(2023). Preventive and curative antifungal activity of
the sodium silicate on postharvest crown rot in banana
cv. Enano Gigante. Silicon, 15, 6683-6693. https://doi.
org/10.1007/s12633-023-02547-8

Gonzalez-Jiménez, V. Moscoso-Ramirez, P. A., Ortiz-
Garcia, C. F., Sanchez-Soto, S., & Lara-Viveros, F. M.
(2024). Control of crown rot with potassium carbonate
in banana cv. Enano Gigante. Plant Pathology, 73(4), 873-
883. https://doi.org/10.1111/ppa.13861

Ili¢, Z. S., Fallik, E,, Manojlovi¢, M., KevreSan, Z., &
Mastilovi¢, J. (2018). Postharvest practices for organi-

Acta Agricola y Pecuaria 12: e0121031

Multispectral camera for evaluation of tropical grasses

cally grown products. Contemporary Agriculture, 67(1),
71-80. https://doi.org/10.2478/contagri-2018-0011

Jinasena, D., Pathirathna, P. Wickramarachchi, S. &
Marasinghe, E. (2011). Use of chitosan to control an-
thracnose on “Embul” banana. rrcsekg, 13(1), 56-60.

Khan, S. K., Aked, J., & Magan, N. (2001). Control of the
anthracnose pathogen of banana (Colletotrichum musae)
using antioxidants alone and in combination with thia-
bendazole or imazalil. Plant Pathology, 50(5), 601-608.
https://doi.org/10.1046/j.1365-3059.2001.00599.x

Krauss, U., & Johanson, A. (2000). Recent advances in the
control of crown rot of banana in the Windward Islands.
Crop Protection, 19(3), 151-159. https://doi.org/10.1016/
S0261-2194(99)00097-6

Lassois, L., Bastiaanse, H., Chillet, M., Jullien, A., Jijakli,
M. H. & De Bellaire, L. de L. (2010). Hand posi-
tion on the bunch and source-sink ratio influence
the banana fruit susceptibility to crown rot disease.
Annals of Applied Biology, 156(2), 221-229. https://doi.
org/10.1111/j.1744-7348.2009.00381.x

Magbool, M., Ali, A., Ramachandran, S.,, Smith, D. R,
& Alderson, P. G. (2010). Control of postharvest an-
thracnose of banana using a new edible composite
coating. Crop Protection, 29(10), 1136-1141. https://doi.
org/10.1016/j.cropro.2010.06.005

Mari, M., Bertolini, P., & Pratella, G. C. (2003). Non-
conventional methods for the control of post-harvest
pear diseases. Journal of Applied Microbiology, 94(5), 761-
766. https://doi.org/10.1046/j.1365-2672.2003.01920.x

Muirhead, I. F., & Jones, D. R. (2000). Fungal diseases of
banana fruit. Post-harvest diseases. In D. R. Jones, R. H.
Stover & I. F. Muirhead (Eds.), Diseases of banana, abaci
and ensete (pp. 190-211). cas1.

Palou, L., Smilanick, J. L., Usall, J.,, & Vinas, I. (2001).
Control of postharvest blue and green molds of oranges
by hot water, sodium carbonate, and sodium bicarbon-
ate. Plant Disease, 85(4), 371-376. https://doi.org/10.1094/
PDIS.2001.85.4.371

Qiao, Y., Xu, L., Xu, G, Cao, Y., Gao, Y., Wang, Y., & Feng,
J. (2022). Efficacy and potential mechanism of hinokitiol
against postharvest anthracnose of banana caused by
Colletotrichum musae. Lwr-Food Science and Technology,
161, 113334. https://doi.org/10.1016/j.1wt.2022.113334

Schirra, M., D’Aquino, S., Palma, A., Angioni, A., & Cabras,
P. (2008). Factors affecting the synergy of thiabenda-
zole, sodium bicarbonate, and heat to control posthar-
vest green mold of citrus fruit. Journal of Agricultural

Gonzilez-Jiménez et al.


https://doi.org/10.1016/j.postharvbio.2012.02.002
https://doi.org/10.1016/j.postharvbio.2012.02.002
https://doi.org/10.1146/annurev.cellbio.16.1.89
https://doi.org/10.1146/annurev.cellbio.16.1.89
https://doi.org/10.1016/j.postharvbio.2003.10.005
https://doi.org/10.1016/j.postharvbio.2003.10.005
https://www.fao.org/faostat/en/%23data/QCL
https://www.fao.org/faostat/en/%23data/QCL
https://doi.org/10.1016/j.postharvbio.2011.02.005
https://doi.org/10.1016/j.postharvbio.2011.02.005
https://doi.org/10.1007/s12633-023-02547-8
https://doi.org/10.1007/s12633-023-02547-8
https://doi.org/10.1016/S0261-2194%2899%2900097-6
https://doi.org/10.1016/S0261-2194%2899%2900097-6
https://doi.org/10.1111/j.1744-7348.2009.00381.x
https://doi.org/10.1111/j.1744-7348.2009.00381.x
https://doi.org/10.1016/j.cropro.2010.06.005
https://doi.org/10.1016/j.cropro.2010.06.005
https://doi.org/10.1094/PDIS.2001.85.4.371
https://doi.org/10.1094/PDIS.2001.85.4.371

Multispectral camera for evaluation of tropical grasses

and Food Chemistry, 56(22), 10793-10798. https://doi.
org/10.1021/j£802295m

Schirra, M., D’hallewin, G., Ben-Yehoshua, S., & Fallik, E.
(2000). Host-pathogen interactions modulated by heat
treatment. Postharvest Biology and Technology, 21(1), 71-
85. https://doi.org/10.1016/50925-5214(00)00166-6

Torres-Calzada, C., Tapia-Tussell, R., Higuera-Ciapara, I.,
Martin-Mex, R., Nexticapan-Garcez, A., & Perez-Brito,
D. (2015). Sensitivity of Colletotrichum truncatum to four
fungicides and characterization of thiabendazole-resis-
tant isolates. Plant Disease 99(11), 1590-1595. https://doi.
org/10.1094/PDIS-11-14-1183-RE

Vidal-Vergara, A., Moscoso-Ramirez, P. A., Garcia-De la
Cruz, R, & Landero-Valenzuela, N. (2022). Antifungal
effect of silicon against anthracnose on fruit in papaya
maradol. Silicon, 14, 8243-8254. https://doi.org/10.1007/
s12633-021-01588-1

Gonzilez-Jiménez et al.

11

Acta Agricola y Pecuaria 12: e0121031


https://doi.org/10.1021/jf802295m
https://doi.org/10.1021/jf802295m
https://doi.org/10.1007/s12633-021-01588-1
https://doi.org/10.1007/s12633-021-01588-1

