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Abstract: Phlyctema vagabunda is one of the main postharvest pathogens in late-harvest apples in Chile.
The control of this pathogen is mainly through synthetic fungicides or copper-based compounds;
however, there are concerns about the residues of these products in food and the environment.
Therefore, there is a need for seeking alternative control strategies, in which propolis, a resinous
substance collected by bees with antimicrobial properties, could be an environmentally friendly
and safe alternative to control for P. vagabunda. The aim of this study was to characterize and
determine the pathogenicity of Chilean isolates of P. vagabunda and to evaluate the antifungal activity
of propolis against P. vagabunda in vitro and in vivo conditions. The Chilean isolates were identified
as P. vagabunda through morphological and molecular characterization. The concentrations of propolis
of 0.5% and 0.05% significantly decreased the mycelial growth and germination of conidia by 88.5%
and 100%, respectively. The incidence and severity of the disease in apples also decreased by 57.2%
and 61.3%, respectively. The use of propolis extract could be a promising alternative for the control of
P. vagabunda in apples.

Keywords: apple; postharvest disease; propolis; bull’s-eye rot

1. Introduction

Bull’s-eye rot of apple fruits has become an important and frequent postharvest disease
in apples in Europe, South Africa, and Chile [1-4]. The disease can be caused by various
species, including Phlyctema vagabunda, Neofabraea malicortis, Neofabraea perennans, and
Neofabraea kienholzii. In Chile, P. vagabunda was reported for the first time in 2005 [5],
and it was described as the only species of the genus Neofabraea [4] until the detection of
P. perennans in 2020 [6].

Postharvest diseases represent an important limitation to preserving high-quality
commercial fruit for a prolonged storage period [7]. Fruit infection occurs in the field and is
favored by long periods of rainfall and temperatures near 20 °C [3], but symptoms show up
after 3 to 5 months of cold storage (0 °C), with individual or numerous lesions observed in
a single fruit [8]. Disease symptoms are characterized by a circular, slightly sunken lesion
with concentric rings that can vary in color from light brown to dark brown, originating
from a lenticel in the fruit epidermis [9]. According to the literature, the incidence of
bull’s-eye rot may vary from 10 to 60% in late-harvest cultivars such as ‘Cripps Pink’,
where they are the most affected varieties, with disease incidences depending on the season
and locality [4]. In organic production, incidences in these cultivars can be as high as
80-90%. Furthermore, economic losses can be further increased if the pathogen presents a
quarantine condition for export markets [10], as is the case in China [11].
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The control strategies for the bull’s-eye rot disease include the removal of fallen
fruit and dead tree branches from the orchard floor [12], and the use of fludioxonil and
numerous copper applications, but even with the use of fludioxonil, the disease incidence
is still around 35% [13]. However, due to growing concerns about chemical residues in
the food chain and environmental problems, consumers are calling for a reduction in the
use of synthetic fungicides [14]. Furthermore, chemical applications could induce the
development of pathogen resistance to the active ingredients [15]. Therefore, there is a need
to seek alternative control strategies for bull’s-eye rot disease that are both environmentally
friendly and safe for human consumption. Studies on the use of propolis have shown
promising results for postharvest disease control [16-18]. However, propolis extracts have
not been used to control P. vagabunda.

Propolis is a natural resinous product collected by bees from different plant exudates [19].
The bees use propolis as a cementing material to close cracks or spaces that may exist in the
hive, as well as having antiseptic properties that maintain hygiene inside the colony [20,21].
The use of propolis has a positive effect on human health, where its antibacterial, antifun-
gal, anti-inflammatory, antiviral, anesthetic, and antioxidant properties stand out [22,23].
Propolis” positive properties may be associated with its chemical components. In fact,
over 850 chemical compounds have been identified in propolis, belonging to flavonoids,
terpenes, and phenolics, which vary according to geographical location, plant sources, and
bee species [24].

Therefore, the aim of this study was to characterize and determine the pathogenicity
of Chilean isolates of P. vagabunda and to evaluate the antifungal activity of propolis
methanolic extracts against P. vagabunda in vitro and in vivo.

2. Materials and Methods
2.1. Pathogen Isolation

An apple of the cultivars ‘Cripps Pink’, ‘Fuji’, and ‘Royal Gala’ was collected in
autumn 2017 from organic farms in the Cato area, Nuble Region (36°30' S-71°48' W). The
samples consisted of a box containing 80 apples (18 kg). Six samples of ‘Cripps Pink’,
five of ‘Fuji’, and five of ‘Royal Gala” were stored at 0 °C for 5 months. Apples with
characteristic symptoms of the disease were selected and superficially disinfected with
sodium hypochlorite (1.0%). Then symptomatic pieces were cut from the margins of the
lesion, which were deposited in Petri dishes with potato dextrose agar medium (PDA) and
incubated for 14 days at 20 °C. Pure cultures of P. vagabunda isolates were preserved at
—80 °C in 80% (v/v) glycerol until used.

2.2. DNA Extraction from Phlyctema Vagabunda Isolates

The DNA extraction was performed in six isolates of P. vagabunda from cultivar ‘Cripps
Pink’, based on the methodology described by Montalva et al. [25], with modifications.
Thus, pieces of mycelium were macerated into 1.5 mL microcentrifuge tubes with 200 uL
of preheated (65 °C) 4% CTAB extraction buffer (Tris-HCl 100 mM pH 8.0, NaCl 1.4 M,
EDTA 20 mM pH 8.0, 4% CTAB w/v, and 0.2% 2-mercaptoethanol (v/v)) using sterile
plastic pestles. Another 300 pL of extraction buffer was added, and the macerated samples
were then incubated for 30 min at 65 °C. Subsequently, 500 uL of chloroform-octanol (24:1)
cooled to —20 °C were added, mixed by inversion, and centrifuged at 4 °C for 10 min at
5000 g. The supernatant phase was extracted, mixed again with 400 pL of chloroform-
octanol (24:1), and centrifuged (5 min at 5000x g). After that, 300 puL of the supernatant
was placed into a new 1.5 mL tube, and 150 uL ammonium acetate (7.5 M) and 220 uL of
cold isopropanol (—20 °C) were added, allowing the precipitation of the nucleic acids at
—20 °C for 60 min. After this period, the samples were centrifuged at 13,000 g for 20 min at
4 °C. The precipitated DNA was then washed with 200 uL of ethanol (70%) and centrifuged
for 5 min at room temperature. Then, the ethanol was removed, and the DNA pellet was
allowed to dry for 40 min at 37 °C. Finally, the DNA pellet was suspended in 50 pL of
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molecular grade water, quantified using Infinite 200 PRO NanoQuant (Tecan Group Ltd.,
Miénnedorf, Switzerland), and stored at —20 °C for later use.

2.3. Fungal DNA Amplification

The PCR reaction (25 pL) contained 20 ng of DNA, 0.1 mM dNTPs, 2 mM MgCl,,
0.4 uM primers, and one unit of Tag DNA polymerase in 1x Taq PCR buffer. PCR was car-
ried out using the primer described by Cao et al. [26] (F 5'-CTTTCTCCGTTGTCCCATCC-3
and R 5-GAACATTGCGCATCTGGTCC-3') that amplify a region of the B-tubulin gene
(Btub). The amplification conditions were as follows: an initial denaturation at 94 °C
for 3 min, followed by 35 cycles of denaturation at 94 °C for 30 s, annealing at 58 °C for
30 s, polymerization at 72 °C for 45 s, and an extension step at 72 °C for 5 min. PCR
products were separated on a 1.0% (w/v) agarose gel with 0.05 uL mL~! of SYBR™ Safe
DNA Gel Stain (Invitrogen, Carlsbad, CA, USA) in a TBE buffer at 70 V for 60 min. The
amplicons were visualized in a UV light transilluminator (TFX-20.M, Vilber Lourmat,
Marne-la-Vallée, France).

2.4. Nucleotide Sequencing and Phylogenetic Analyses

To verify the identity of the fungal isolates, PCR amplicons were purified and se-
quenced by Macrogen Inc. (Seoul, Republic of Korea). The sequences obtained were
compared with other B-tubulin genes deposited in the GenBank® database using the Basic
Local Alignment Search Tool (BLAST, NCBI) to determine sequence similarities. Addition-
ally, a phylogenetic tree for P. vagabunda isolates reported in Chile and in other parts of the
world was constructed with Geneious Prime 2019 software (Biomatters, Auckland, New
Zealand) using the neighbor-joining method with 1000 bootstraps. The sequences were
submitted to the NCBI GenBank database.

2.5. Effect of Temperature on Mycelial Growth and Conidial Production of Phlyctema Vagabunda

Four Chilean isolates of P. vagabunda (CP5, CP8, CP9, and CP13) from ‘Cripps Pink’
apples were used to determine the effect of temperature on mycelial growth and on the
ability to produce conidia, according to the methodology described by Cameldi et al. [1].
In brief, in Petri dishes with tomato agar medium (TA), 6 mm agar discs with the 10-day
pathogen mycelium in active growth were placed in the center of the plate and incubated
at0, 5, 10, 15, 20, 25, and 30 °C for 14 days. After that, mycelial growth and morphology
were assayed at each incubation temperature.

The presence of conidia was determined by microscopic observation at 10x mag-
nifications (BA310, Motic, Hong Kong, China), and the number of conidia per colony
was determined by suspending total conidia in distilled water and quantifying them in a
hemocytometer. The longitudinal and transverse dimensions of 50 conidia of each isolate
were determined by using the Motic Image Plus 2.0 software.

2.6. Pathogenicity of Phlyctema Vagabunda Isolates In Vivo Condition

The pathogenicity of the isolates CP5, CP8, CP9, and CP13 was validated and de-
termined in ‘Cripps Pink” apples. Fruits were disinfected superficially by immersion in
sodium hypochlorite (1.0% v/v) for 3 min, rinsed four times in distilled water, and allowed
to dry in the laminar flow chamber. Then, the equatorial area of the fruit was disinfected
with ethanol (70%), and a fruit disk (5 mm) was extracted from this section and replaced by
a 10-day mycelial disk of the pathogen. The apples were incubated for 20 days at 20 °C.
The disease severity was determined by measuring of rot diameter [27].

2.7. Propolis Extract Source

To evaluate the antifungal activity of propolis against P. vagabunda, four methano-
lic extracts of propolis obtained previously by Arismendi et al. [28] were used in this
study. Two samples, LR15 and LR16, were obtained from apiaries located in the city of
Valdivia, Los Rios Region (39°48’ S-73°17' W) in the years 2015 and 2016, respectively. The
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other two samples, RN15 and RN16, were collected in the city of Chillan, Nuble Region
(36°32' S-71°59’ W), also in the years 2015 and 2016, respectively. Briefly, propolis samples
were kept at 4 °C and protected from light until polyphenols were extracted. The propolis
was ground into a powder using a mortar and pestle. Then, 500 mL of methanol (100%)
was mixed with 60 g of propolis. The mixtures were kept for 48 h in sealed vessels at room
temperature (20 °C) in dark conditions. After this time, the mixture was vacuum filtered
to obtain a colored liquid with no waste particles. To separate the methanol solvent from
propolis compounds, it was completely evaporated by using a rotary evaporator (R-210,
Buchi, Flawil, Switzerland). The extract was stored at 4 °C until its use.

2.8. Effect of Methanolic Propolis Extracts on the Mycelial Growth of Phlyctema Vagabunda
Isolates

The effect of the four propolis extracts (RN15, RN16, LR15, and LR16) on the mycelial
growth of P. vagabunda was determined using the methodology described by Yang et al. [18],
with modifications. We used isolate CP13 of P. vagabunda since it resulted in the most
aggressive isolate. Thus, different concentrations of propolis extract were prepared by
dissolving the requisite amounts in 50% ethanol and mixing with organic apple juice agar
(AFE® + 20 g agar L~1) to obtain final concentrations of 0.0, 0.01, 0.05, 0.1, 0.15, 0.2, 0.25, 0.30,
0.40, and 0.50%. Agar discs (5 mm) with the 10-day pathogen mycelium in active growth
were placed on each plate and incubated at 20 °C for 14 days. The control corresponded to
ethanol (50%). Each treatment was performed in triplicate. The diameter of the mycelial
growth of P. vagabunda was measured, and the percentage of inhibition of mycelial growth
was determined using the formula described by Mohammedi and Atik [29]:

Growth inhibition (%) = [(Dc — Dt)/Dc] x 100 €))

where
Dc = diameter of the colony in the control (mm);
Dt = diameter of the colony in the treatment (mm).

2.9. Effect of Methanolic Propolis Extract on the Conidial Germination in In Vitro Condition

Inhibition of conidia germination of the P. vagabunda isolate was determined using the
methodology described above at the following propolis concentrations: 0.00, 0.005, 0.01,
0.05, and 0.1%. In these cases, the propolis (LR16) that showed the greater inhibition of
mycelial growth in previous experiments was tested against isolate CP13. Thus, 150 uL of
a conidial suspension of the pathogen (1 x 10* conidia mL~!) was spread in Petri dishes
with apple juice agar containing different propolis concentrations and incubated at 20 °C
for 4 days. The control corresponded to ethanol (50%). Three replicates (plates) were
performed per concentration, and a control treatment without propolis was included. The
percentage of inhibition of conidial germination was determined with the formula:

Inhibition of conidia germination (%) = [(Gc — Gt)/Gc] x 100. 2)

where
Gc = germination of conidia in the control;
Gt = germination of conidia in the treatment with propolis.

2.10. Effect of Propolis Extract on the Control of Phlyctema Vagabunda in Apple

The antifungal activity of the propolis extract (LR16) in fruits was determined using
the methodology described by Daniel et al. [30], with modifications. Organic ‘Cripps
Pink” apples were used, selecting healthy and homogeneous fruits. Fruits were disinfected
superficially with 1.0% sodium hypochlorite (v/v), rinsed in distilled water, and allowed
to dry in the flow chamber. In the equatorial zone of the fruit, two equidistant wounds
(3 x 3 mm) were made, where one corresponded to the treatment with 30 uL of propolis
extract (0.5%) dissolved in ethanol (50%) and the other to the control, treated only with
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ethanol (50%). The ethanol was allowed to evaporate for 60 min, and then, 20 puL of a
conidial suspension (5 x 10° conidia mL~') of P. vagabunda (CP13 isolate) was inoculated
into each wound. The fruits (five fruits) were arranged in plastic boxes (one box per
replicate, four replicates), and plates with water were used to maintain high humidity
(~80% RH). The boxes were incubated at 20 °C for 20 days. The percentage of incidence
and severity of the disease were determined according to Vero et al. [27]: The severity was
considered as the diameter of rot caused by the disease. The assay was repeated twice.

Incidence (%) = (number of symptomatic wounds/total number of wounds) x 100. (3)

2.11. Data Analysis

The statistical difference in the disease severity of Chilean isolates of P. vagabunda in
‘Cripps Pink’” apples and the specific effect of propolis extract on conidial germination of
P. vagabunda were determined by a one-way ANOVA. Then, post hoc analysis was run
with the Tukey HSD test to separate means between treatments. Furthermore, the effect
of propolis extracts on mycelial growth was presented as a cluster analysis (standardized
data) with the Euclidean metric as a measure of distance. Clusters were subjected to a
nonparametric analysis of variance and a comparison of means through the Kruskal-Wallis
test. Additionally, the incidence and severity of P. vagabunda in apples and in those treated
with propolis were determined by the Student’s t-test. All analyses were run using InfoStat
software 2018e (FCA-UNC, Cérdoba, Argentina).

3. Results
3.1. Isolation, Characterization and Molecular Identification of the Chilean Phlyctema
Vagabunda Isolates

The stored apples ‘Cripps Pink’, ‘Fuji’, and ‘Royal Gala’ recorded an incidence of 92%,
80%, and 18%, respectively. In total, 60 isolates of P. vagabunda were obtained from apple
fruits that showed bull’s-eye rot symptoms. Moreover, 30, 28, and 2 P. vagabunda isolates
were isolated from apples ‘Cripps Pink’, ‘Fuji’, and ‘Royal Gala’, respectively. The isolate
colonies showed compact mycelial growth, septate hyphae, and mycelia that were initially
white and then turned to a white/pink color, although, some isolates showed colonies of
a darker color. Of the thirty ‘Cripps Pink’ isolates, four (CP5, CP8, CP9, and CP13) were
selected for identification through sequencing since each of them showed different mycelia
colors. Additionally, an isolate (FU11) from ‘Fuji’ and one (GA2A) from ‘Royal Gala’ were
also randomly selected for sequencing. A single DNA fragment of 554 bp of the B-tubulin
gene was amplified in all the isolates amplified. The DNA sequences showed that all the
Chilean isolates of P. vagabunda had 100% homology between them and 98% similarity with
P. vagabunda reference sequences obtained from GenBank (Accession KM253738, AF281452,
and KR866089). Furthermore, the phylogenetic tree constructed by the neighbor-joining
method showed that Chilean P. vagabunda isolates (CP5, FU11, CP13, CP9, CP8, and GA2A)
were grouped in the same clade with the reference isolates of P. vagabunda with a significant
bootstrap value (98) (Figure 1). Within the P. vagabunda clade, the Chilean isolates formed
a subgroup on their own, separated from the P. vagabunda isolate from Bologna, Italy
(KP263365) (Figure 1). The sequences of the isolates CP5, FU11, CP13, CP9, CP8, and GA2A
were deposited in the GenBank® database under accession numbers MN234125, MN234129,
MN234126, MN234128, MN234127, and MN234130, respectively.

3.2. Effect of Temperature on Mycelial Growth and Conidial Production of Phlyctema Vagabunda

Temperatures of 15 and 20 °C induced the highest mycelial growth for the four
Chilean P. vagabunda isolates (CP5, CP8, CP9, and CP13) tested in this assay (Table 1 and
Figure 2), where the isolate CP13 outstood with the highest mycelial growth at 20 °C.
The mycelial growth of the isolates was significantly lower (nested ANOVA, F = 6.11,
p <0.0001, df = 21.56) at temperatures higher than 20 °C and lower than 15 °C, and at
30 °C no mycelial growth was detected. On the other hand, when Chilean isolates were
tested at the same temperature that apple fruits are normally stored (0 °C) and at 5 °C,
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the fungal mycelial growth was lower, but it never stopped growing (Table 1). The four
Chilean isolates showed conidial production only at 0 and 5 °C; no conidia were observed
at the other tested temperatures (Table 1).

— JN856022.1 Neofabraea alba (Casa blanca Chile)
MN234126.1 Phlyctema vagabunda isolate CP 8
JN856046.1 Neofabraea alba (San Carlos Chile)

— JN856030.1 Neofabraea alba (Chimbarongo Chile)
MN234129.1 Phlyctema vagabunda isolate FU 11
MN234125.1 Phlyctema vagabunda isolate CP 5

so| | MN234128.1 Phlvctema vagabunda isolate CP 13
MN234127.1 Phlyctema vagabunda isolate CP 9

MN234130.1 Phlyctema vagabunda isolate GA2A

ss | KR866089.1 Neofabraea alba (China)

AF281452.1 Neofabraea alba (USA)

50

54

KM253738.1 Neofabraea alba (Poland)
KP263365.1 Neofabraea alba (Bolonga Italy)

KR859288.1 Neofabraea kienholzii
- |AF281462.1 Neofabraea kienholzii

| KR859289.1 Neofabraea kienholzii

80| - AF281463.1 Neofabraea malicorticis
5 IAF2814 72.1 Neofabraea perennans

98 ' MN687908.1 Neofabraea perennans isolate GC57 (Chile)

aw

AF281450.1 Pezicula cinnamomeda

Figure 1. Phylogenic tree showing the relationships between Neofabraea spp. isolates published in Gen-
Bank and the isolates obtained in this study (CP5, CP8, CP9, CP13, FU11, and GA2A), inferred by the
neighbor-joining method based on the partial sequencing of the B-tubulin gene. Pezicula cinnamomea
was used as an outgroup.

10°C 15°C 20°C 15°C 30 °C

- 90000000
9600000
0000000

Figure 2. Effect of temperature on the growth and conidial production of Phlyctema vagabunda on
tomato agar medium, 14 days post inoculation.
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Table 1. Effect of temperature on mycelial growth and conidial production of Phlyctema vagabunda.
The isolates were cultured on tomato agar at 0, 5, 10, 15, 20, 25, and 30 °C for 14 days.

Temperature (°C) Isolate Mean (SE) Conidial Production
20 CP 13 20.50 (0.5) a -
15 CP5 19.92 (0.36) ab -
20 CP8 19.67 (0.66) ab -
15 CP9 19.50 (1.00) ab -
15 CP13 19.50 (0.00) ab -
15 CP8 19.17 (0.44) ab -
20 CP9 19.17 (0.22) ab -
20 CP5 17.75(0.8) b -
10 CP9 15.00 (0.00) ¢ -
25 CP5 14.50 (1.00) ¢ -
10 CP8 14.33 (0.08) cd -
10 CP5 13.58 (0.22) cd —
10 CP 13 12.92 (0.30) cd -
25 CP9 11.67 (0.16) de -
25 CP13 9.83 (0.88) ef -
25 CP38 8.17 (0.22) fg -
5 CP5 6.33 (0.66) gh +
5 CP8 5.50 (0.00) ghi +
5 CP9 5.50 (0.28) ghi +
5 CP13 5.17 (0.92) hi +

0 CP13 3.83(0.16) hi +
0 CP8 3.50 (0.50) i +
0 CP9 3.25(0.38) i +
0 CP5 3.00 (0.00) i +
30 CP9 0.00 (0.00) j -
30 CP13 0.00 (0.00) j -
30 CP8 0.00 (0.00) -
30 CP5 0.00 (0.00) j -

Data represent the average of the isolates. Different letters indicate growth differences for an isolate at different
temperatures based on Tukey HSD test (p < 0.05). Symbol + mean conidia production and symbol — mean
no conidjial.

The conidia produced at 0 and 5 °C by the four isolates (CP5, CP8, CP9, and CP13)
were cylindrical, with some being slightly curved. There were no differences in conidia
size within the isolates (nested ANOVA F = 0.94, p = 0.49, df = 6.0, 16 media =+ 0.5) at both
temperatures. Conidia size varied from 9.99 um x 2.79 pm to 11.11 pm X 3.05 um (Table 2).
There were statistical differences (one-way > ANOVA F =7.36, p = 0.0005, df = 7.0, 16) in
the conidia production per colony, where the isolates CP13 and CP8 reached higher conidia
production values (5 °C) than the other Chilean isolates of P. vagabunda (Table 2).

Table 2. Population and morphological characterization of conidia produced by the isolates CP 5, CP
8,CP 9, and CP 13 at 0 and 5 °C after 14 days of incubation in tomato agar.

Isolate Growth Temperature (°C) Conidia N° Colonies—1 Length (um) Width (um)
CP5 0 1.44 x 105 £ 2.6 x 10* ab 1042+ 19a 274+02a
CP8 0 1.78 x 10° £ 1.0 x 10* a 1042+ 14a 297 +0.1a
CP9 0 9.68 x 10* £2.2 x 10%b 999+19a 279+0.1a
CP 13 0 1.03 x 10°+14 x 103b 10.78 £ 2.5a 3.06 £0.1a
CP5 5 1.05 x 10° +£ 1.3 x 10*b 1094+ 1.6a 2.87+02a
CPs8 5 1.34 x 105 £ 2.5 x 10* ab 10,10+ 24 a 283+02a
CP9 5 991 x 10* £33 x 10°b 10.72 4+ 09 a 287 +02a
CP 13 5 2.02 x 10° £ 8.6 x 102 a 11.11+25a 305+03a

Different letters in the same column indicate statistical differences according to Tukey HSD test (p < 0.05).
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3.3. Pathogenicity of Chilean Phlyctema Vagabunda Isolates on Apple Fruit
All of the Chilean isolates of P. vagabunda showed a 100% disease incidence in apple
fruits. However, there were statistical differences (one-way ANOVA F = 3.61, p = 0.016,
df = 3, 92) in the disease severity, wherein the Chilean CP13 isolate showed a significantly
larger rot diameter than the CP8 isolate, with no significant differences from the CP9 and
CP5 isolates (Figures 3 and 4).
20
a ab
18 + = ab b
’é‘ 16 = u
£ 14
=12
210
&
Z 8
o]
= 6
M4
2
0 T T T T 1
CP13 CP9 CP5 CP8

Isolates

Figure 3. Disease severity (rot diameter) of Chilean CP13, CP9, CP5, and CP8 isolates of Phlyctema vagabunda
in ‘Cripps Pink’ apples incubated at 20 °C for 20 days. Letters on bar indicate statistical differences
between isolates after Tukey test (p < 0.05).

Figure 4. Disease severity of Chilean CP13 isolate of Phlyctema vagabunda in ‘Cripps Pink” apples
inoculated with sterile distilled water (A), mycelium disc (B), and conidia suspension (C). The fruit
was incubated at 20 °C for 20 days.

3.4. Effect of Propolis Extracts on the Mycelial Growth of Phlyctema Vagabunda

Since CP13 resulted in the most aggressive isolate in apple fruits (Figure 5), propo-
lis methanolic extracts were tested for their effects on the mycelial growth of this iso-
late. The propolis extracts at different concentrations could be grouped into four clusters
(CC =0.91): Cluster 1, Cluster 2, Cluster 3, and Cluster 4, based on their effect on mycelial
growth (Figure 5). In Cluster 1, the propolis extracts LR16: 0.5% and LR15: 0.5% were
grouped in the same clade, which showed the greatest inhibition of mycelial growth, with
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88.5 and 81.6%, respectively. In the other clusters, the inhibition of mycelial growth was
equal to or less than 70%. The groups that showed greater inhibition of mycelial growth
(Cluster 1 and Cluster 2) are mainly composed of extracts from the Los Rios (Figure 5).

Cluster 1

RLIG (0.50)

RL15 (0.50)
RN 16 (0.50)
RL16 (0.30)
RL16 (0.20)
RL15 (0.30)
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Figure 5. Phenogram of the cluster analysis of the inhibition of the mycelial growth of Phlyctema vagabunda
(CP13 isolate) by the four propolis extracts (RN15, RN16, RL15, and RL16) at different concentrations
(0.01, 0.05, 0.1, 0.2, 0.25, 0.3, and 0.5%). Average—average linkage and Euclidean distance. Means
with the different letter is showing a significant difference (p < 0.05) between clusters.

3.5. Effect of Propolis Extract on Conidial Germination of Phlyctema Vagabunda in In Vitro
Condition

Considering the previous results, the effect of propolis extract LR16 at 0.005, 0.01,
0.05, and 0.1% on the inhibition of conidial germination of CP13 isolate was evaluated.
Significant differences (one-way ANOVA F = 1104, p < 0.001, df = 3, 8) were detected
between propolis extract concentrations. Conidia germination inhibition was lower than
5% when exposed to the lowest propolis extract concentrations (0.005 and 0.01%). On the
other hand, when the propolis extract concentration increased (0.05 and 0.1%), there was a
100% inhibition of CP13 isolate conidia germination (Figures 6 and 7).

Figure 6. Effect of propolis extracts LR16 at 0% (A), 0.005% (B), 0.01% (C), 0.05% (D), and 0.1% (E) on
the germination of Phlyctema vagabunda (CP13 isolate) conidia. The cultures were incubated at 20 °C
for 4 days.
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Figure 7. Effect of propolis extracts (LR16) at different concentrations on the germination of Phlycterma vagabunda
(CP13isolate) conidia. Lowercase letters indicate statistical differences between propolis concentra-
tions after Tukey test (p < 0.05).

3.6. Effect of Propolis Extract LR16 on the Control of Phlyctema Vagabunda CP13 Isolate in In
Vivo Condition

After 20 days of incubation at 20 °C, significant differences (t-test, p < 0.001) were
detected in the rot incidence of P. vagabunda (isolate CP13) in apples that were treated with
propolis extract (0.5%) and the untreated. In treated apples, the rot incidence decreased
by almost 60%, whereas in untreated fruits, the incidence reached 100% (Figure 8A). In
addition, the disease severity, expressed as the rot diameter, was significantly different
(t-test, p < 0.001) between treated and untreated (control) apples (Figure 8B).

(A)
120

100 +

80 -

60

Incidence (%)

40 +

=

20 A

Control LR16

(B)
14
12 a

Rot diameter (mm)

(= A e ]
1

Control LR16

Figure 8. Incidence (A) and severity (B) of Phlyctema vagabunda (CP13 isolate) in apples treated with
0.5% propolis LR16. Letters indicate statistical differences (f-test, p < 0.05) between treatments after
20 days of incubation at 20 °C.
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4. Discussion

The Chilean P. vagabunda isolated in this study was characterized by producing
colonies with irregular borders and white-rosaceous mycelium when grown on a PDA
medium at 20 °C. Similar results were obtained by Neri et al. [31], who indicated that the
Chilean P. vagabunda produced colonies with pale white-pink mycelium when grown on a
PDA medium at 15 °C. The symptomatology observed in the apple fruits resembles that
described in the literature for P. vagabunda, that is, flat to slightly sunken circular brown
lesions with concentric rings, with the affected tissues being relatively firm and easily
detached from healthy tissue [4,5].

The highest mycelial growth rate of Chilean isolates of P. vagabunda was obtained at
20 °C, which is similar to other studies [1,32] and different from that obtained by Amaral
Carneiro et al., who indicated that the highest colony growth rates were obtained at 15 and
20 °C [33]. The four Chilean isolates analyzed (CP5, CP8, CP9, and CP13) showed conidial
production only at 0 and 5 °C (Table 1), and conidia were characterized as morphotype I
in vitro condition (Table 2). Similar results were obtained by Neri et al. [31] for the Chilean
isolates of P vagabunda. In contrast, Cameldi et al. [1] observed conidia sporulation in
temperatures ranging from 0 to 25 °C after 14 days of incubation in vitro conditions and
they found that morphotype I (10.7 pm x 2.8 um) and morphotype II (23.1 pm x 3.3 pum)
can be present in TA medium when some isolates were cultured at 15 °C. These differences
in conidia morphotypes in vitro of the Chilean isolates in comparison to those from Italy
could be due to genetic differences which are evidenced in the phylogenetic tree (Figure 1),
where Chilean isolates are genetically separated from the Italian isolate. The molecular
characterization of the isolates by partial sequencing of the B-tubulin gene showed that the
four analyzed isolates corresponded to P. vagabunda, which agrees with that reported by
Soto-Alvear et al. [4]. Within the P. vagabunda clade, the Chilean isolates are grouped on
their own and apart from the other isolates, and they are particularly distant from the Italian
isolate KP263365. According to De Jong et al. [34], the coding sequences of the S-tubulin
gene provide robust phylogenetic information for the genus Neofabraea in comparison
to other genomic regions such as ITS or mitochondrial rDNA, clearly demonstrating the
genetic differences between closely related species.

The mycelial growth of the fungus was inhibited by 88.5% with propolis from the
Los Rios region (LR16) at a concentration of 0.5%; however, with propolis from the Nuble
region, the inhibition was significantly lower. Similar results were obtained by Ali et al. [35],
using a propolis concentration three times higher (1.5%), who managed to reduce the
myecelial growth of Colletotrichum gloeosporioides by 87%. Propolis is a source of natural
antibiotics, and its extracts have broad-spectrum inhibitory effects on bacteria, fungi, and
nematodes [36-38].

In this study, the highest antifungal activity was observed in propolis from the Los
Rios region (LR15 and LR16), compared to those from the Nuble region (RN 15 and RN 16).
This difference in antifungal activity could be derived from the chemical characteristics
of propolis, which may be linked to their geographical location and botanical origin [39].
Arismendi et al. [28] determined that the propolis of the Los Rios region contained high
levels of pinocembrin and galangin, compared to those of the Nuble region (RN 15 and
RN 16). This quantitative difference in antimicrobial compounds present in propolis could
be dependent on the collection region, mainly because of the flora from which it is extracted
by the bees [36,40,41].

It has been shown that flavonoids such as pinocembrin (flavanone) and galangin
(flavonol), have antifungal activity against phytopathogens such as Aspergillus niger,
Penicillium notatum, and Fusarium sp. [42,43]. In studies made with propolis from China,
strong antifungal activity was demonstrated against citrus blue mold and green mold
caused by Penicillium italicum and P. digitatum, respectively, with pinocembrin being identi-
fied as one of the main active components [36,44]. The mode of action of pinocembrin is
the inhibition of respiration in hyphal cells, which leads to a deficit of energy and damage
to cell membranes, accelerating cell death [45].
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The use of low concentrations (0.05%) of propolis completely inhibited the germination
of P. vagabunda conidia; however, to inhibit mycelial growth, the propolis concentrations
had to be increased 10-fold to reduce 88.5% of the mycelial growth of the pathogen. Similar
results were obtained with the use of propolis to evaluate the germination of conidia of
Botrytis cinerea and Rhizopus stolonifer in strawberries; at a concentration of 0.04%, the
germination of conidia was 100% inhibited [18]. The use of propolis at a concentration
of 0.5% reduced the incidence of P. vagabunda by 57.1% and the severity by 63.1% in
‘Cripps Pink’ apples. Yang et al. [18] reduced the expression of B. cinerea and R. stolonifer in
strawberries by 82% through the use of propolis, yet the control presented only 25% of the
natural incidence. Pereira et al. [46] showed that propolis at a concentration of 5% reduced
the lesion size caused by P. expansum in apples by 66.5%. Loebler et al. [47] reported that
propolis decreased the disease incidence of Stemphylium vesicarium in pears decreased by
25%. In another study where 1.5% chitosan was used in a mixture with propolis (1.5%) for
the control of C. gloeosporioides in avocado, no differences were observed when applying the
chitosan alone or in a mixture with propolis, but it increased the firmness of the fruits [48].
Propolis, in addition to having antimicrobial activity, could improve some organoleptic
characteristics in fruits, parameters not evaluated in this study.

Temperature is an important environmental factor in the growth of fungi both in the
field and in cold room conditions [49]. In this sense, it is important to keep in mind that
low temperatures (0-5 °C) do not prevent the development of the fungus, which is relevant
considering that the fruit is stored in cold rooms (0 °C) for at least three months, where
the development of the pathogen continues [1,5]. Therefore, any tool that is developed to
control this pathogen must consider temperature as an essential factor in the effectiveness
of the control of these potential tools, in the sense that temperature does not limit the
potential of control of these technologies. Our study shows that Chilean propolis can
strongly affect mycelial growth and conidia germination of P. vagabunda; however, these
results are based on temperate climate conditions (20 °C) and not at temperatures as low as
0 °C. Therefore, new assays should be performed under cold storage conditions to validate
what was observed in this study.

5. Conclusions

The molecular characterization showed that the six analyzed isolates belonged to
the species P. vagabunda. This study also showed that the Chilean propolis extracts had
significant in vitro and in vivo antifungal activity against P. vagabunda. Thus, the use of
propolis extract could be a promising alternative for the control of bull’s-eye rot disease in
apples. However, more studies are required to demonstrate the effect of propolis extract in
the control of P. vagabunda in real conditions, especially under cold fruit storage.
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