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ABSTRACT

Global consumption of blueberries (Vaccinium corymbosum L.) has increased during the
last twenty years due to increased recognition of their health benefits. However, postharvest
losses of blueberry due to pathogenic fungi are significant. The traditional control methods
involving continuous application of synthetic fungicides pose diverse risks, both to health
and to the environment. Therefore, environmentally friendly control methods are sought.
Therefore, the use of a combined treatment of Debaryomyces hansenii with chitosan (CH)
and with salicylic acid (SA) was proposed to inhibit the growth of Botrytis cinerea in
blueberries during postharvest storage. The in vitro results showed great potential as the
percentage of mycelial inhibition was significantly different to that of the control, with values
of 75 and 87% for D. hansenii-chitosan and D. hansenii-salicylic acid, respectively. The
incidence of the disease caused by B. cinerea on fruits decreased significantly when
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applying D. hansenii-chitosan and D. hansenii-salicylic acid with a mean reduction of 46.67
and 37.77%, respectively. The microscopy analysis showed damaged B. cinerea hyphae
due to the effects of the treatments. The combination of D. hansenii with chitosan and
salicylic acid can mitigate the development of gray mold in postharvest blueberries.

Keywords: antagonistic microorganism, gray mold, postharvest

RESUMEN

El consumo mundial de arandano (Vaccinium corymbosum L.) ha aumentado debido al
mayor reconocimiento de sus beneficios para la salud. Sin embargo, por ser un fruto
pequefio las pérdidas por hongos fitopatdgenos son considerables. Las tacticas de control
tradicionales implican la aplicacion continua de fungicidas de sintesis quimica y se busca
implementar estrategias de control amigables con el ambiente. Por ello, se propuso el uso
de un tratamiento combinado de Debaryomyces hansenii con quitosano y acido salicilico
para inhibir el crecimiento de Botrytis cinerea en arandanos en postcosecha. El porcentaje
de inhibicién micelial in vitro resulté significativamente diferente con respecto al control con
valores de 75y 87 % para D. hansenii-quitosano (CH) y D. hansenii-acido salicilico (SA),
respectivamente. La incidencia de la enfermedad disminuyo significativamente al aplicar D.
hansenii-quitosano (CH) y D. hansenii-acido salicilico (SA) en un 46.67 y 37.77 %, en su
orden. El analisis microscépico mostrd hifas de B. cinerea dafiadas debido a los efectos de
los tratamientos. La combinacion de D. hansenii con quitosano y acido salicilico puede
mitigar el desarrollo del moho gris en arandanos postcosecha.

Palabras clave: microorganismos antagdnicos, moho gris, postcosecha

1. INTRODUCTION

The blueberry (Vaccinium corymbosum L.) fruit has properties that makes it an ideal high-
nutrient dense food in a healthy diet. It is a low-caloric fruit, rich in vitamins, amino acids,
and high antioxidant capacity due to its anthocyanin content (Kalt et al., 2020). Blueberries
are commonly referred to as one of the healthiest foods due to its physicochemical
characteristics (Wu et al., 2022). Global consumption of blueberries has steadily increased
during the last twenty years in part due to increased recognition of their health benefits
(Macha-Huaman et al., 2023). The crop is highly vulnerable to decay caused by various
factors, including size, improper handling during harvesting, mechanical damage (Islam et
al., 2019), and primarily due to the attack of phytopathogenic fungus, particularly Botrytis
cinerea (Ramos-Bell et al., 2021). The traditional way to implement postharvest
management control of the fungus is based on the application of agrochemicals that have
residues with negatives impacts on human health, ecosystems and living organisms
(Milin€ic et al., 2020).

In this regard, Sautua et al. (2019) provided evidence for the resistance of B. cinerea to
synthetic fungicides applied to blueberry fruits. To counteract this significant issue, eco-
friendly alternative treatments are starting to be explored. As antagonistic microorganism,
yeast Debaryomyces hansenii have been studied and stand out for their effectiveness at low
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concentrations, their tolerance to adverse conditions and resistance to synthetic fungicides,
and they are perfectly compatible with other fungal control technologies and systems
(Hernandez-Montiel et al., 2021). Chitosan, a natural biocompatible polymer with proven
antimicrobial properties due to its varied attributes (Herrera-Gonzalez et al., 2021), emerges
as an example of what can be studied as alternative. Chitosan can induce defense
mechanisms in plants against phytopathogens, it can chelate metals that are essential in
the pathogenicity of the microorganism. Likewise, the chitosan molecule is positively
charged, which causes an innate ability to permeabilize the fungal membrane (Riseh et al.,
2022). Another example is salicylic acid, which is a naturally occurring phenolic compound
that regulates plant growth and has antifungal properties as it can induce the defense
mechanism system in fruits by activating salicylic acid signaling pathways (Hamss et al.,
2023). To prevent potential resistance, multiple control agents can be used to synergistically
inhibit the growth of pathogenic microorganisms, thus avoiding resistance that may arise
from using a single molecule.

2. MATERIALS AND METHODS
2.1. Plant material and fungal strain

The blueberry fruits were collected from Nayarit, Mexico at physiological maturity without
apparent damage and then transferred to the Integral Food Laboratory and stored at 4 °C
for analysis. (Shi et al., 2023). The Botrytis cinerea fungus was provided by the Integral Food
Research Laboratory of the Technological Institute of Tepic, Mexico.

2.2. Preparation of treatments

The L1 strain of Debaryomyces hansenii donated by the CIBNOR Phytopathology
Laboratory, commercial grade chitosan (Golden-Shell Co., China) with a molecular weight
of 47.5 kDa and 90% deacetylation and reagent grade salicylic acid (Sigma Aldrich, USA)
were used in this investigation. The strain was prepared in liquid culture medium PDB
(Potato Dextrose Broth, Difco™) in constant agitation at 180 rpm for 24 h to obtain a
concentration of 10 cel mL~" of D. hansenii (Hernandez-Montiel et al., 2018).

Chitosan was prepared at 0.1% by dissolving it in sterile distilled water and 1% acetic acid.
Salicylic acid was used at 5 mM from the dissolution in distilled water and 5% glycerin of an
initial concentration of 50 mM, according to the methodology described by Ramos-Bell et al.
(2024).

2.3. Percentage of mycelial inhibition in vitro

Botrytis cinerea was seeded in the center of the 0.8 cm diameter disc shaped plate, the
plates were incubated for 8 days at 25 °C. The combination of D. hansenii—chitosan and D.
hansenii—salicylic acid was evaluated on the in vitro growth inhibition of B. cinerea. For this,
potato dextrose agar (PDA) medium containing the different treatments was added to 9 cm
diameter Petri dishes. Disc of 0.8 cm diameter of B. cinerea was placed in the center of a
petri dish. Then, the plates were incubated for 8 days at 25 °C (Jiang et al., 2016). The
percentage of mycelial growth inhibition (MGIl) was determined taking into account the
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control and treatment growth according to equation 1. The phytopathogen without treatment
was considered as a control. Five replicates per treatment were carried in a completely
randomized design and the results were analyzed through an analysis of variance (ANOVA).
The means differences were determined by LSD-Fisher (p<0.05). The Statistica v12.0
program was used (StatSoft Inc., 2013).

(Colony control diameter—Colony treatments diameter)

% MGI =

x100 Eq.1

(Colony control diameter)
2.4.In vivo combined effect of Debaryomyces hansenii

The analysis was carried out following the methodology described by Ramos-Bell et al.
(2022). The blueberry fruits were washed and disinfected with a 2% commercial chlorine
solution and dried at room temperature to later make a 1x1 cm wound with a sterile needle.
The blueberries were immersed for 2 minutes in a solution of D. hansenii (1x108 cel/mL) +
chitosan (0.1 %), another solution of D. hansenii (1x108 cel/mL) + salicylic acid (5 mM) and
distilled water as a control. The fruits allowed to dry for 1 h, then 5 pL of spores (1 x 10% mL-
") of B. cinerea were inoculated. Once dried, the blueberries with and without treatment were
stored at 25 °C and 90 % relative humidity for 8 days and the in vivo effect of the treatments
was determined according to equation 2, with the percentage of incidence as the response
variable. Untreated fruits were considered as controls. The experiment was carried out in
duplicate with 30 fruits per treatment and the results were analyzed with a randomized
design using an ANOVA. The LSD-Fisher test was used to obtain the means (p<0.05) using
the Statistica v12.0 program (StatSoft Inc., 2013).

Number infected fruits

% Incidence = x 100 Eq. 2

Number total fruits

2.5. Scanning electron microscopy

Treated and untreated fruit tissue samples of 8 mm in diameter were placed in a vial in
contact with a solution of 3 % glutaraldehyde and 0.1 M Sorensen's phosphate buffer pH
7.2 for 24 h. Then, the tissues were gradually dehydrated in 30—100 % aqueous ethanol
solution for 1 h. The samples were dried in a critical point dryer (Samdri — 780A, USA) and
coated with gold palladium in an ionizer (lon Sputter JFC-1100, Jeol). For structural
analysis, the tissues were analyzed using a scanning electron microscope (Jeol JSM-6390,
USA) at 5 kV.

3. RESULTS
3.1. In vitro percentage of mycelial inhibition
The mycelial growth of Botrytis cinerea was significantly affected by all the treatments

(Figure 1), with the highest inhibition, 75% and 87%, produced with the combined treatments
D. hansenii-chitosan (CH) and D. hansenii-salicylic acid (SA), respectively.
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Fig. 1. Mycelial inhibition of B. cinerea due to the effect of chitosan (CH) and the yeast D.
hansenii combined with chitosan and salicylic acid (SA). Different letters in the bars indicate
significant differences between treatments (p < 0.05).

3.2. In vivo combined effect of Debaryomyces hansenii

The percentage incidence of the disease caused by B. cinerea in blueberries was
significantly lower in the combined treatments of D. hansenii with chitosan and salicylic acid,
in comparison with that of the control, being these 46.67, 36.66 and 93.33% respectively.

3.3. Scanning electron microscopy

The structures of B. cinerea with and without treatment were analyzed in wounded blueberry
tissue using a scanning electron microscope (Figure 2). In untreated fruit tissue (Fig. 2 A
and B), abundant mycelium and spores of B. cinerea are observed intact and without any
apparent damage. Meanwhile, in a sample of fruits treated with D. hansenii combined with
chitosan (Fig. 2C and D), disordered mycelium, broken hyphae and the presence of D.
hansenii cells adhered to the B. cinerea structures were observed. The yeast combined with
salicylic acid (Fig. 2E and F) reveals the absence of the germination process of the
phytopathogen and the presence of D. hansenii is also observed on the infected tissue.
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Fig. 2. Scanning electron micrograph of the combined treatment D. hansenii-chitosan and
D. hansenii-salicylic acid on the structures of B. cinerea in blueberry fruit. (A and B) Mycelium
and spores of untreated B. cinerea, (C and D) Structures of B. cinerea under the effect of D.
hansenii-chitosan, (E and F) Structures of B. cinerea under the effect of D. hansenii-salicylic
acid. M: mycelium, S: spores, Y: yeast.

4. DISCUSSION

Similar synergistic results have been obtained when D. hansenii and chitosan were applied
together to control Penicillium italicum (Godana et al., 2022). This was also demonstrated
in another study Garcia-Bramasco et al. (2022) that evaluated chitosan in combination with
Pichia anomala to combat the in vitro growth of Penicillium expansum, obtaining an inhibition
growth percentage of 76.74 %. On the other hand, under in vitro conditions, the combination
of Rhodotorula mucilaginosa with salicylic acid resulted in a 50% inhibition of P. digitatum
(Ahima et al., 2019). Likewise, in this study, the effect of salicylic acid and chitosan is
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enhanced by adding the yeast D. hansenii with an increase in the fungal control of B.
cinerea.

Regarding in vivo evaluation, the potential of D. hansenii to suppress the growth of other
phytopathogens such as Colletotrichum gloeosporioides, P. italicum and B. cinerea has
been reported (Hernandez-Montiel et al., 2018; Vazquez-Vazquez et al., 2021; Ramos-Bell
et al., 2022). Moreover, other authors have explored the potential of combining yeast with
other control agents, such as chitosan and salicylic acid (Shao et al., 2019; Godana et al.,
2021) as addressed in this study. It has been suggested that the synergistic effects in this
type of combination treatments results because chitosan triggers self defense mechanisms
in yeast, that allows to self prepare for more challenging environments, and subsequently to
combat phytopathogens (Godana et al., 2021). The activity of polyphenol oxidase, catalase,
phenylalanine and peroxidase enzymes, appears to be involved in this metabolic reaction,
as observed when potentiating P. anomala with chitosan in table grapes (Godana et al.,
2020). Also, in strawberries when applying R. mucilaginosa grown in a medium containing
chitosan, the defense system of the fruit was induced through the synthesis of phenolic
compounds and provided strength to the cell wall (Gu et al., 2021).

As for salicylic acid, it has been reported that there is a greater effect on the control of green
mold when combined with R. mucilaginosa, it is mentioned that the yeast obtains an
advantage over the pathogen, colonizing the fruit wound quickly through the mechanism of
competition for space and nutrients (Gu et al., 2021).

The combination treatments suppressed the germination of B. cinerea and significantly
damaged its hyphae through possible mechanisms of direct action such as competition,
production of hydrolytic enzymes, and metal chelation, among others. On the other hand,
the different signals of fruit defense response might be activated by inhibiting fungal activity
in the fruit (Ahima et al., 2019).

The treatments evaluated may strengthen the fruit's cell wall and reduce its infection rate
and incidence of gray mold. According to Ochoa-Jiménez et al. (2023), during the fruit
ripening process enzymes act that degrade the cell wall such as pectin methylesterase
(PME), polygalacturonase (PG), pectate lyase (PL), among others. Therefore, it is possible
that chitosan, salicylic acid, and D. hansenii slow the expression of these enzymes.

5. CONCLUSIONS

The results of this initial study assessing combination treatments of Debaryomyces hansenii
with chitosan and salicylic acid are promising. The synergistic effect of such treatments
significantly reduced the mycelial growth of Botrytis cinerea and mitigated the gray mold
disease on blueberries. Likewise, it was evidenced that the combined treatments damage
the structures and inhibit the germination of B. cinerea on tissue of blueberry fruit. Further
research is warranted as to determine whether this combination treatments affect overall
quality traits of blueberry and to demonstrate whether the positive results obtained is due to
the activation of the fruit's defense responses through increased activity of enzymes, and
higher content of phenolic compounds and other plant secondary metabolites.
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