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fruits on Potatoe dextrose agar (PDA). A total of four (4) fungi were
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Postharvest spoilage, sweet cherry fruit nearum, and Fusarium proliferatum. Fusarium proliferatum was the
Fusarium species, fungicides, antifungal most prevalent of the four fungi isolated and appeared in all four
activity, quality parameters. locations. Cherry fruit spoilage was most severe in humid environments

and was enhanced by wounds on fruit surfaces. The pathogenicity test
revealed that all four isolates proved pathogenic when artificially
inoculated into healthy cherry fruits. These organisms are, therefore,
the causal agents of cherry fruit rot under the conditions of this study. C
herry suffers from several diseases at all stages of its life. Cherry rot,
caused by the fungus Fusarium species is the most important postharve

st disease of cherry.An experiment was carried out to test the possibilit

y of using some mefentrifluconazole and y19315 fungicide to reduce
postharvest losses induced by Fusarium species in cherry fruits. In this
study,the antifungal activity of fungicides under in vitro conditions was
assayed by testing various concentrations(0,0.6, 0.3, 0.15, 0.075 pg/ml)
for y19315 and (1, 0.5, 0.25, 0.125 pg/ml) for mefentrifluconazole and
under in vivo condition by using different essential oil concentrations
(0, 10,50 and 100 pg/ml) for both fungicides on inoculated cherry
fruits.
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Results of the in vitro showed that all fungicides at all tested concentrations were significantly reducing the fungal
linear growth. In vitro, results showed significant antifungal activity of all tested fungicides on all fungal species.
y19315 were the most effective with EC50 of 0.033 ul/ml, whereby inhibition percentages ranged from 60.2% to
87.7% against YTMZ 52-1 followed by mefentrifluconazole which had an EC50 of 0.354 ul/ml, whereby inhibition
percentages ranged from 35% to 58.6% against H24-1 for the concentrations 0.6 to 0.075 pl/ml and 1 to 0.125 ul/ml
respectively. The higher concentrations tested of fungicides significantly reduced lesion diameter. In vivo, studies
showed that two fungicides, y19315 and Mefentrifluconazole, tested against different Fusarium isolates caused fruit
rot in cherry fruits. In the case of y19315, at concentrations of 10, 50, and 100 pl/ml, it exhibited varying levels of
efficacy against different isolates. For F. Graminearum (H19-1), the efficacy was 0.1%, 49.71%, and 100%,
respectively, while for F. Proliferatum (HZZ 291), it was 95.82%, 100%, and 100%, respectively. F. Fujikuroi(B34-
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1) showed the efficacy of 50%, 89%, and 100%, and F. Lateritium (YTMZ 60-3) had efficacy of 91%, 100%, and
100%. Notably, at 50 pl/ml, all fungicides showed a significantly increased efficacy. At the highest 100 pl/ml
concentration, both fungicides completely suppressed fruit rot for all isolates. In the case of Mefentrifluconazole,
similar trends were observed, with varying efficacy levels against different isolates. At 100 pl/ml, it inhibited fruit
rot, except for isolates H19-1 and B34-1. These findings suggest the potential of y19315 and Mefentrifluconazole as
effective fungicides for controlling fruit rot caused by Fusarium isolates in cherry fruits, especially at higher
concentrations.. The study suggests that using fungicides can positively affect disease control and the quality of
cherry fruit, with higher concentrations being more effective. The findings can contribute to developing regulatory
policies and disease control strategies for cherries and related fruits.

Introduction:-

This study focuses on cherries (Prunus spp.), edible fruits rich in vitamins, antioxidants, carbohydrates, and
minerals, widely cultivated in countries like Turkey, China, the United States, and Iran. Cherries have significant
health benefits, including weight loss, cancer prevention, and management of various ailments [1-3]. Despite their
economic and ornamental value, cherry production faces challenges, notably due to postharvest diseases caused by
fungi such as Botrytis cinerea and Monilinialaxa, which limit shelf life and marketability [4-7]. The chemical
composition of sweet cherries (Prunus avium) greatly influences their sensory quality and consumer acceptance,
with total soluble solids (TSS), titratable acidity (TA), and maturation index (TSS/TA ratio) being key indicators [8-
31]. Sweet cherries contain high water content (~80-83%), moderate carbohydrates (12.2-17.0g/100g), proteins (0.8-
1.4g/100g), low fats, and are good sources of potassium, calcium, vitamins C, E, and K [12-38]. Varieties such as
Bing, Rainier, Lambert, and Royal Ann differ in flavor and appearance and are mainly harvested in late spring or
early summer [26-30]. Postharvest diseases, predominantly caused by fungi, are major threats to fruit crops
including cherries, apples, bananas, and papayas. These diseases are influenced by physical, physiological,
mechanical, and environmental factors such as temperature and humidity [39-59].

Recent advances emphasize biological control and natural treatments, including edible coatings, as safer alternatives
to chemical fungicides [40-62]. For example, coatings like sodium alginate help maintain cherry quality and
antioxidant properties during storage [62,76]. Preharvest factors affecting cherry quality include cultivar,
temperature, light intensity, ripening stage, and treatments with substances like salicylic acid, abscisic acid, and
oxalic acid, which enhance phenolic content, anthocyanins, and antioxidant activity [63-73]. Postharvest handling
involving rapid precooling, cold storage (optimal at 0°C, 90-95% humidity), and controlled atmosphere can prolong
shelf life while maintaining quality [60,61,74-76].

Cherries also have medicinal and traditional uses, including anti-inflammatory effects and applications in folk
medicine [78-82]. Globally, sweet cherry production is about 2.2 million tons annually, with Turkey as the leading
producer followed by the United States, Iran, and others. Modern orchard systems and cultivars aim to optimize
yield and fruit quality [83,84]. Fruit rotcaused by multiple fungal species including Fusarium spp., poses significant
postharvest challenges, especially in China where such diseases are under-researched [85-87]. This study aims to
isolate and identify Fusarium species causing cherry fruit rot using molecular techniques (tef and ITS sequencing),
assess genetic diversity, analyze phylogenetic relationships, and evaluate pathogenicity. The findings are expected to
inform biosecurity policies and disease control strategies to mitigate losses in cherry production.

ISOLATION AND IDENTIFICATION OF FUSARIUM SPECIES:

Cherries are essential and valuable fruits given by nature to us. So, it is necessary to protect it against bacterial and
fungal pathogens during postharvest. Hence, the present work aims to understand the characteristics of the fungal
pathogen, its infection and disease-causing ability, and the control of pathogens causing postharvest diseases using
chemical and biological approaches.

Fusarium fungi infect cherry fruit through wounds caused by mechanical damage and environmental factors. Later
in the infection process, white and cotton-like mycelia conidia are produced on infected cherry fruits, considered the
typical postharvest disease symptom of cherry fruits. Cherries are susceptible to fungal attacks; recent research has
focused on safer methods of preventing fungal spoilage. Fruit rot caused by Fusarium species is the most common
postharvest disease in the cherry industry. Postharvest fruit rot, the primary cause of fruit decay, causes enormous
economic losses worldwide every year and can account for up to a large proportion of total cherry postharvest
losses. Cherries are susceptible to fungal attacks; recent research has focused on safer methods of preventing fungal
spoilage.
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Figure 2.1. Typical symptoms of postharvest decay of cherry fruits

Materials and Methods:-

Materials:-
Chemical Reagents
Agar powder, Potatoes and Glucose, ethanol, isopropanol, trichloromethane, MixTagq.

Methods:-
Sampling and fungal isolation

Fruit rot-affected cherry samples were collected from various sites across China (figure 2.1). The fruits were washed
under tap water and surface sterilized in 70% ethanol for 10 seconds, then fixed in 5% sodium hypochlorite for 90
seconds, followed by three rinses with sterile distilled water and then blotted dry with sterilized filter paper [88].
The laboratory was disinfected, and the equipment was properly sterilized. The safety inoculation was correctly
disinfected using a UV beam for 15 minutes and sprayed with Ethanol to avoid cross-contamination. The chamber
was filled with filtered air, and the Bunsen burner flame was kept lit. With a sterile scalpel knife, tissue segments,
including symptomatic and asymptomatic areas, were sliced and placed onto potato dextrose agar mixed with
penicillium to prevent contamination during incubation. The plates were incubated at 26°C, and each isolate was
purified by single spore isolation after being sub-cultured [89].

Morphological identification:

In this study, 12 isolates were used; these isolates were isolated from diseased cherries with postharvest rot
symptoms and identified as Fusarium species using morphological and molecular biological methods. The isolates
were identified morphologically using [90]. For further examination, the organisms were placed in Potato dextrose
agar petri dishes. The fungus was grown on a potato dextrose agar (PDA) medium to investigate its morphological
properties. The plates were kept at 25° C in an incubator. Fungi morphological features such as form, edge, surface,
color, pigment, and diameter were studied beginning on day 7. After the fungi on the plates had matured, the fungal
strains were examined under a microscope. Temporary slides of diseased tissues were made and observed under a
light microscope. Fungi were identified after reference to [91], [92], [93], [94], [95], [96], [97], and [98].

DNA extraction by the CTAB method:

The genomic DNA of each strain was extracted according to the fungal DNA extraction using CTAB method [99].
Materials: water bath, grinder, small high-speed centrifuge (maximum centrifugal force > 12000) % g), 1.5 mL
centrifuge tube, 70% ethanol, isopropanol, trichloromethane, Liquid nitrogen, etc.

To ensure the extraction quality of DNA, the following protocol was followed. First, two grinding beads were added
to a sterile 1.5 ml centrifuge tube. Then, 25-100 mg of purified pathogen hyphae were placed in the same tube. Next,
300 pl of liquid nitrogen was added, and the sample was ground for 1 minute using a grinder. The tube containing
the pathogenic hyphae was ground with liquid nitrogen to aid in cell lysis. Afterwards, liquid nitrogen (CTAB)
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solution was added to the centrifuge tube, and the mixture was shaken to facilitate DNA extraction. Subsequently,
600 pl of trichloromethane was added, and the tube was centrifuged at 12,000 rpm for 10 minutes at room
temperature. Following centrifugation, 500 pl of the upper phase, which contained the DNA, was carefully
transferred to a new tube. Then, 500 pl of isopropanol was added, and the tube was centrifuged again at 12,000 rpm
for 10 minutes at 20 °C. The resulting DNA pellet was washed with 500 pl of 70% ethanol and centrifuged at 12,000
rpm for 5 minutes at 20 °C. The DNA pellet was subsequently dried for 50 minutes. Finally, the pellet was re-
suspended in 50 pl of ddH2O to obtain the DNA sample. This extraction procedure ensured the isolation of high-
quality DNA from the purified pathogen hyphae.

PCR amplification of DNA fragments:

Fusarium was identified as the fungus, sequencing the internal transcribed spacer (ITS) regions confirmed the
primer sequence obtained after the laboratory test. After that, 50 L PCR reactions were prepared with primers [TS1
(5-TCCGTAGGTGAACCTG CGG-3") and ITS4 (5'-TCCTCCGCTTATTGATATGC-3") [100]. Sangon Biotech
Kit was used for the PCR experiment, which included an initial denaturation for 3 minutes at 95°C, 35 cycles of 1
minute at 95°C, annealing for 40 seconds at 54°C, extension for 40 seconds at 72°C, and final extension for 10
minutes at 72°C. PCR products were separated by electrophoresis through 1.2% agarose gels in TAE, and the
extracted gel was detected using a gel electrophoresis imaging strip. The concentration of the DNA sample was
measured at the same time.

Those meeting the specifications were sent to Hangzhou Shangya Biotechnology Co., Ltd. for sequencing. The
universal primers for the Fusarium species complex, namely EF-1H and EF-2T, given by White et al. [101], were
used to amplify the TEF region of the genomic DNA of fusarium isolates. Post-PCR protocol is the same as for ITS.

Table 2.1 Protocol of the Reaction system

ddH20 20.0 ul
2 x Rapid Taq Master Mix 25.0 ul
Primerl1 (10 uM) 2.0 ul
Primer2 (10 pM) 2.0
Template DNA* 50 ul

Table 2.2 Primers used in this study.

Primer Sequence (5°-3”) PCR Reference
product

ITS1 TCCGTAGGTGAACCTGCGG 570bp [100]

ITS4 TCCTCCGCTTATTGATATGC

TEF-F ATGGGTAAGGARGACAAGAC 700bp [101]

TEF-R GGARGTACCAGSATCATGTT

Phylogenetic relationship analysis:

Molecular Evolutionary Genetics Analysis software was used to perform phylogenetic analyses based on ITS and
TEF sequences. Blastn software was used to align the sequences with other reference sequences from the genus
Fusarium from the National Center for Biotechnology Information (NCBI). Fusarium species with high similarity
sequences were downloaded from the GenBank database. Phylogenetic analyses were performed using Neighbor
joining algorithm in Mega 11 software.
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Data analysis and processing:

The obtained sequences were compared in NCBI (National Center for Biotechnology Information) nucleic acid
database, the data were processed by Excel 2010, and the phylogenetic tree was constructed by neighbor joining
(NJ) in mega 7.0 software.

Results and Discussion:-

Identification of Fusarium spp.

12 Fusarium isolates were isolated from the diseased fruits with the postharvest rot symptoms on cherry fruits at 3
locations (table 2.4). The isolates originating from every culture were characterized based on their morphological
characteristics, such as colonies, macroconidia and microconidia of Fusarium isolates, as shown in figure 2.2.
According to the results, the sequences obtained in our laboratory was as determined to be Fusarium isolates namely
Fusariumproliferatum, Fusarium lateritum, Fusarium fujkuroiand Fusarium graminearum belonging to four species
[90].

Leyva-Madrigal et al (2015) reported that Fusarium spp is a widespread group of fungi that comprises many
important pathogens that can cause severe yield losses [102]. Wang and Wang (2017) also reported that Fusarium
equiseti caused postharvest rot in stored cherry fruits [103]. In this study, new symptoms were observed with cotton-
like in diseased cherry fruits, different from the symptoms caused by Fusarium spp published before. Therefore, the
new symptoms presented in this study could provide helpful information for the rapid diagnosis of this postharvest
disease.

Figure. 2.2. Morphological characteristics of Fusarium species isolated from diseased Chinese cherry

postharvest fruits in cold storage.
f’ -
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k 1

Isolated F. graminearum (a), F. graminearum (b), F. graminearum (c), F. fujikuroi (d), F. proliferatum (e), F.
fujikuroi (f), F. fujikuroi (g), F. lateritium (h), F. lateritium (i), F. proliferatum (j), F. proliferatum (k), F.
proliferatum (I) and F. proliferatum (m)

Table 2.3 Colonies and macroconidia features for Fusarium species isolated in this study.

Fusarium species Colonies Macroconidia features
growth rate
(mm/d) Shape Length (um) | Width (um) | Septum
F. proliferatum 8.4-8.9 slender 13-24 3.1-3.9 4-6
F. lateritium 6.9-7.4 falcate 37-45 2.9-4.9 2-4
F fujikuroi 7.5-8.6 falcate 24.4-39 2.9-4.9 2-5
F. graminearum 8.8-9 oval 30-45 2.6-3.7 4-5
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Sequences analysis:

ITS Sequences analysis of Fusarium isolates was sequenced and submitted in NCBI database. Based on the closest
match of BLAST analysis, it showed 100% homology with F. graminearum, F.Fujikuroi, F. lateritiumand F.
proliferatumwith the accession numbers of deposited in table 2.4.

TEF Sequences analysis of Fusarium isolates were sequenced and submitted in NCBI database. Based on the closest
match of BLAST analysis, it showed 100% homology with F. graminearum, F. proliferatum, F. Fujikuroi and F.
lateritium with accession numbers deposited in table 2.4. Hence, the pathogens were confirmed as Fusarium species.

Sequencing the ITS and TEF gene region is effective for identifying some species of Fusarium. The current fungal
taxonomic systems have used macroconidia and microconidia in the asexual stages to identify fungal species.
However, the plasticity and intergradation of the phenotypic traits has presented difficulties in identifying the
filamentous fungi [104]. Similar studies by Wang et al. (2021) which involved isolation of 21 fungal species from
infected cherries and performed PCR amplification of ITS and TEF gene region using universal ITS and TEF
primers [105]. The fungal pathogens of cherries were identified as belonging to four species, Fusarium fujikuroi,
Fusarium lateritium, Fusarium proliferatumand Fusarium graminearumbased on its cultural, morphological and
molecular characteristics. Molecular profiling using ITS region sequencing is an indispensable method for
identification studies as studied by [106].

Summerell et al (2010) and Shan et al (2019) reported that Fusarium genus contains about several species that are
important plant pathogens worldwide [107], [108]. Accurate identification of pathogen plays a vital role in the
development of disease management strategies [109]; [110]. [111] reported that Fusarium isolates are very difficult
to differentiate based only on their morphological properties, but [89], [109], [112] and [113] suggested that both
morphological characteristics and molecular approach are necessary to accurately identify Fusarium species.

Table 2.4 Information of the Fusarium species isolated from our lab

Isolate Suggested Geographical Year GenBankaccession GenBank accession
identification location number (ITS) number (TEF-1a)
HI19-1 F. graminearum Henan 2021 MK780229.1 MK896869.1
B30-1 F. graminearum Henan 2020 MF800906.1 MG826888.1
SCHY 10-2 F. graminearum Shandong 2021 MH299910.1 KY283902.1
H13-1 F. fujikuroi Henan 2020 MW260108.1 MN223456.1
HZZ 29-1 F. proliferatum Hebei 2020 0K325614.1 KF267266.1
B34-1 F. fujikuroi Hebei 2020 MW314763.1 MK443268.1
YTMZ 60-3 F. lateritium Hebei 2020 KC787693.1 0K484428.1
HZZ 14-2 F. lateritium Shandong 2021 0K482905.1 MF521454.1
YTMZ 40-3 F. proliferatum Shandong 2021 MW391506.1 MK952792.1
H24-1 F. proliferatum Hebei 2021 MT372093.1 MN861758.1
YTMZ 29-1 F. proliferatum Henan 2020 MN747996.1 KT239489.1
YTMZ 52-1 F. proliferatum Shandong 2020 MT039382.1 MW091266.1

ITS, internal transcribed spacer; TEF1-a, translation elongation factor.

Phylogenetic Analysis:

Diseased cherry fruits were collected from three different regions in China for our study. All 12 Fusarium species
isolates from 4 Fusarium species were successfully identified using morphological and molecular characteristics.
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Morphological identification was carried out using multi-locus phylogenetic analyses. The ITS region is the most
commonly used genomic region for fungal identification [114]. According to Nayyer et al (2018) and Guan et al
(2020) ITS region can distinguish Fusarium from other fungi, and it is incapable of distinguishing between closely
related Fusarium species [110]; [113]. TEF-1, a highly conserved protein-encoding region, was more effective in
determining various closely related Fusarium species [115]; [116].

The F. graminearum, F. fujikuroi, F. proliferatum, and F. lateritium, sequences isolated from our lab was then
compared with other fungal sequences to determine the relation of the pathogens.

In this study, a combination of ITS and TEF-1 gene regions were useful in successfully distinguishing the closely
related Fusarium species in the phylogenetic tree.

Based on the phylogenetic findings, all Fusarium isolates were suitable for use in our research it was purified,
cultured on PDA and stored at 4°C.
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Figure 2.3. Phylogenetic tree using MEGA 7.2 showing fungal sequences

Following fungal identification and determining that the extracted fungi wasF. graminearum, F. fujikuroi, F.
proliferatum, and F. lateritium, sequencing comparison using software Mega 7.2 with other sequences obtained from
NCBI, all Fusariumisolates showed a phylogenetic relationship with other sequence.

THE ANTIFUNGAL EFFECTS OF FUNGICIDES ON FUSARIUM SPECIES:

Fusarium fungi are known to cause postharvest diseases in cherry fruits during storage, which can adversely affect
their quality. Several Fusarium species are responsible for postharvest decay in cherry fruits. Therefore, managing
postharvest diseases is a crucial aspect of cherry fruit production during storage.

There is no single effective method for controlling Fusarium fungi in fruits and other crops. Fungicides are
commonly used to manage pathogenic Fusarium species. However, there are currently not enough varieties available
that exhibit measurable resistance to Fusarium diseases. Some Fusarium species that infect cherry fruits can produce
mycotoxins, resulting in severe postharvest decay.

Materials and Methods:-

Test reagents and methods:

The technical drugs for the tested drugs were dissolved in acetone and prepared into 10 mg/L drug mother liquor,
respectively, which were stored in the refrigerator at 4°C until ready for use. Please refer to the table below for the
tested drugs and their respective concentration gradients.
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For the fungicide sensitivity trials, twelve Fusarium isolates were selected. The recommended fungicides used in this
study were y19315 and Mefentrifluconazole. Two hundred milliliters of each fungicide and 200 mL of penicillin
were added to separate flasks containing 200 mL of Potato Dextrose Agar (PDA) medium. The fungicides were
added at the concentrations specified in the table below, with each concentration tested in triplicate. The experiment
was conducted using the laboratory test method recommended for fungicides [117]. Fungal colonies were grown in
Petri dishes containing PDA mixed with fungicides and without fungicides (control experiment). The diameters of
the colonies were measured after the colonies had grown to 50-70 mm in size.

Table 3.1 Fungicides and their concentration for tests

Fungicide Concentration
y19315 0.6, 0.3, 0.15,0.075
Mefentrifluconazole 1,0.5,0.25,0.125

In vitro antifungal susceptibility to Fusarium isolates:

The sensitivity of each isolate to y19315 and Mefentrifluconazole was determined by comparing radial growth on
media affected by fungicides to growth on unaffected media (control). y19315 was diluted in methanol to four
concentrations, and Mefentrifluconazole was diluted in sterile distilled water to a concentration of 40 pg/mL. To
flasks containing 200 mL Potato Dextrose Agar (PDA) medium, 200 pL of fungicides and 200 pL of penicillin were
added. As a control, PDA plates containing only 200 pL of penicillin were used. Table 3.1 shows the concentrations
of each fungicide used. Each fungicide concentration was mixed into autoclaved media.

The effect of the fungicides on mycelial growth in vitro was studied using PDA media supplemented with the
fungicide concentrations listed in Table 3.1. A 5-mm diameter mycelial plug was transferred to the center of petri
dishes (90 mm) with the fungicide-amended media and the non-amended media from the margin of a five-day-old
actively growing culture of each isolate. The sensitivity of the isolates to the fungicides was determined by
measuring the colony diameter when the control mycelial grew to 50-70 mm in diameter after incubation at room
temperature in the dark. Each plate yielded two perpendicular colony diameter measurements, as well as the original
plug diameter (5 mm). The experiment was repeated.

The diameter of each colony on fungicide-affected media was measured in comparison to the diameter of the colony
on unaffected media. For each fungicide concentration, the relative growth reduction percentage was calculated as
follows: 100-(diameter on fungicide-amended medium/diameter on non-affected medium) *100. The value for each
isolate was calculated by determining the effective fungicide concentration that inhibited mycelial growth by 50%
using SPSS. Isolates were considered sensitive if their ECs, values were equal to or less than 10 pg/mL, and
resistant if their ECsy values were greater than 10 pg/mL [118]. The experiment was carried out using the method
recommended for fungicide laboratory tests [117].

In vivo Experiment of fungicides:

Fully matured cherry fruits were obtained from a commercial orchard and transported immediately to the laboratory.
Uniform-sized and unblemished cherry fruits with consistent color were selected for the test. To determine
pathogenicity, ten healthy cherry fruits were randomly chosen, surface sterilized with 75% ethanol, rinsed three
times with distilled water, and dried. After culturing strains in darkness at 25°C on PDA medium for 7 days, sterile
water was added to the submerged colony surface to wash out the spores with an applicator. The spores were then
filtered through three layers of filter paper to create a spore suspension, which was adjusted to a concentration of
10°mL. Using a sterilized fine needle, the dried cherry surface was punctured and inoculated with 10 uL of the
spore suspension.

It was placed in a light incubator with alternating light and dark for 12 hours at 25°C for moisturizing culture. After
24 hours, each fruit was sprayed with 0, 10, 50, and 100 pg/mL of 200 pL of the test reagent, respectively, and
samples that were not sprayed served as the control. Each treatment was repeated three times. The incidence was
observed after 7 days, and the control effect was calculated using the following formula: E/% = [(Dc — Dt)/Dc] x
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100. Where E is the control effect as a percentage, DC is the diameter of the lesion in the control group in mm and
DT is the diameter of the lesion in the treatment group in mm.

Data Analysis:-

The data processing software used for calculating the ECs, value of Fusarium species on mycelial growth was SPSS
Statistics 23.0. The pathogenicity data were analyzed using one-way ANOVA based on a completely randomized
design. Means were compared using Tukey's test (P<0.05), also utilizing IBM SPSS Statistics 23.0

Results and Discussion:-

In vitro antifungal susceptibility to Fusarium isolates:

The effect of increasing fungicide concentration on mycelial growth of Fusarium species was evaluated. Table 3.2
presents the results obtained. The findings revealed a significant (p<0.05) reduction in mycelial growth for all tested
fungicides across the concentration gradient.

Specifically, the mycelial growth of H19-1 and YTMZ 52-1 was notably suppressed by y19315, with reductions of
24.5 mm and 26.5 mm, respectively, observed at a concentration of 0.075 mg/L. These results corresponded to
inhibitions ranging from 50% to 60%, as depicted in Figure 3.1. When the concentration was increased to 0.15
mg/L, y19315 exhibited the highest detrimental effect on mycelial growth, resulting in reductions of 13 mm for
YTMZ 52-1, 19.17 mm for B30-1, and 19.17 mm for H19-1, with inhibitions ranging from 61% to 80%. Moreover,
y19315 fungicide significantly (p<0.05) suppressed mycelial growth of YTMZ (8.88 mm) and H19-1 (15.83 mm)
across the concentration gradient, resulting in inhibitions ranging from 67% to 87%, as outlined in Table 3.2.
Notably, increasing the concentration to 0.6 mg/L led to even greater reductions in mycelial growth caused by
y19315, as highlighted in Table 3.2.

Table 3.2. Effect of y19315 fungicide on Fusarium isolates mycelium growth along concentration
gradient.

Mycelial Growth diameter (mm)

Isolates Fungicide concentration (uL/mL)
CK 0.6 0.3 0.15 0.075
y19315

HZZ 29-1 58+3.69d 23.8+2.71e 33.5+2.51d 38.542.07dc 43.3+1.63d
H13-1 56.5£2.07¢ 28.3+3.5d 35.3+2.8¢c 42+1.1¢c 48+1.26b
YTMZ 29-1 59.3+£3.01d 23+2.1e 29+1.26¢ 34.8+1.6d 37.8+1.83
B34-1 63+1.26¢ 41+2.45a 46.8+1.72a 50.2+0.75a 54.33+0.82a
H24-1 67.17+1.83b | 32.43+1.9¢ 39+1.26b 43+2.37cb 44.5+2.35d
YTMZ 40-3 60.5+3.33d 15.83+1.94f | 28+1.55¢ 42.83+£1.47b 46+1.9¢
YTMZ 60-3 46+1.26g 40+0.63a 40.6+0.82b 42.33+1.51b 45+0d
HZZ 14-2 44.5+2.07¢g 39.17+£3.92b | 39.67+0.82b 40.18+0.63¢c 41+0e
YTMZ 52-1 65.83+1.17¢ | 8+1.55h 8.88+4.31h 13+1.55f 26.17+3.19¢
B30-1 48.5+9.75f 12+0.89¢g 18.17+3.66f 19.17+2.56¢ 32.33+1.97f
H19-1 48.67+£2.66f | 12.5+1.05¢g 15.83+2.56¢g 19.17+2.64¢ 24.5+£1.22¢g
SCHY 10-2 78.33+2.25a | 20.83+0.98¢ | 26.33%1.63¢ 39.83+1.17dc 46.17+0.75¢
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Mean values with the same lowercase letters in the same column did not differ significantly (p>0.05)
according to Duncan’s Multiple Range Test.
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Figure 3.1. Inhibitory effect of y19315 fungicides on mycelial growth of Fusarium isolates.

The effect of increasing the concentration of Mefentrifluconazole fungicide on the mycelial growth of Fusarium
species was investigated, and the results are presented in Table 3.3. The findings demonstrated a significant (p<0.05)
decrease in mycelial growth for all tested fungicides across the concentration range.

The mycelial growth of H24-1 was notably inhibited by Mefentrifluconazole, with reductions of 43.67 mm observed
at a concentration of 0.125 mg/L. These results corresponded to a 35% inhibition, as shown in Figure 3.1. When the
concentration was increased to 0.25 mg/L, Mefentrifluconazole had the most detrimental effect on mycelial growth,
resulting in reductions of 41.33 mm for H24-1 and 41.83 mm for YTMZ 52-1, with inhibitions ranging from 36% to
38%. At a concentration of 0.5 mg/L, Mefentrifluconazole fungicide significantly (p<0.05) suppressed mycelial
growth consistently across the concentration gradient, as outlined in Table 3.2. Importantly, increasing the

concentration to 1 mg/L led to an even greater reductions in mycelial growth caused by Mefentrifluconazole, as
highlighted in Table 3.2.

Table 3.3. Effect of Mefentrifluconazole fungicide on Fusarium isolates mycelium growth along
concentration gradient.

Mycelial Growth diameter (mm)
Isolates Fungicide concentration
CK 1 0.5 0.25 0.125
Mefentrifluconazole
HZZ 29-1 58+4.1e 27.8+12.2f 36.242.04¢ 45.5+0.55d 49.3+1.63d
H13-1 56.5+2.07f 31.84+0.98¢ 33.8+0.75g 42+40.89¢ 43.17£0.41F
YTMZ 29-1 | 59.3+£3.01e 37+0.63c 40+1.1d 49.8+0.41c 52+0¢

12
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B34-1

63+1.26d 39.67+0.52b 43.33+£1.03c 50.33+0.82¢ | 55.33+4.18b
H24-1 67.17+1.83b 27.83£1.6 31.33+£0.52¢g 41.33+3.33 43.67+1.97
YTMZ 40-3 | 60.5+£3.33¢ 40.83+2.04b 49.83+3.13b 54.83+£1.47b | 55.5+1.64b
YTMZ 60-3 | 46+1.26h 40.17+1.94b 39.83+0.75d 42.33+£2.07e 45+0¢e
HZZ 14-2 44.5£2.07h 40.5+1.22b 40.17+0.41d 43.5+2.07¢ 45+0¢e
YTMZ 52-1 | 65.83%1.17¢ 27.83+1.47f 33.67+£1.03¢g 41.83+0.98f | 49.17+0.41d
B30-1 48.5+£9.75¢g 32.5+1.52d 35.33+0.82¢ 37.67£1.03g | 39.67+0.82¢g
H19-1 48.67+2.66 31.83+3.19¢ 34.543.08f 37.17+2.32g | 37.5£5.09¢g
SCHY 10-2 78.17+2.14a 52.67+1.21a 56+1.26a 61.5+1.64a 70.33+3.01a

Mean values with the same lowercase letters in the same column did not differ significantly (p > 0.05)
according to Duncan’s Multiple Range Test.
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Figure 3.1. Inhibitory effect of fungicides on mycelial growth of Fusarium isolates.
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Table 3.4 ECs values corresponding to 50% inhibition of mycelial growth

Strain name Fungicide name EC;, values Regression equation
HZZ 29-1 y19315 0.323 y=0.504+1.026x 0.993
Mefentrifluconazole 1.452 y=-0.102+0.63x 0.887
H13-1 y19315 0.723 y=0.230+1.633x 0.968
Mefentrifluconazole 1.151 y=-0.045+0.73x 0914
YTMZ 29-1 y19315 0.198 y=0.543+0.772x 0.984
Mefentrifluconazole 1.530 y=-0.194+1.05x 0.925
B34-1 y19315 1.608 y=-0.162+0.78x 0.980
Mefentrifluconazole 1.727 y=-0.216+0.91x 0.929
H24-1 y19315 0.433 y=0.200+0.550x 1
Mefentrifluconazole 0.354 y=0.341+0.756x 0.938
YTMZ 40-3 y19315 0.225 y=1.091+1.685x 0.980
Mefentrifluconazole 2.523 y=-0.449+1.11x 0.996
YTMZ 60-3 y19315 1.862 y=-0.218+0.80x 0.919
Mefentrifluconazole 2.627 y=-0.368+0.87x 0.881
HZZ 14-2 y19315 1.092 y=-0.051+1.34x 0.981
Mefentrifluconazole 2.9 y=-0.489+1.05x 0911
YTMZ 52-1 y19315 0.033 y=1.940+1.313x 0.771
Mefentrifluconazole 0.484 y=0.319+1.012x 0.942
B30-1 y19315 0.152 y=1.179+1.439x 0.864
Mefentrifluconazole 1.540 y=0.181+0.965x 0.951
SCHY 10-2 y19315 0.115 y=1.013+1.078x 0.864
Mefentrifluconazole 2.389 y=-0.331+0.87x 0.951
H19-1 y19315 0.085 y=1.062+0.99x 0.901
Mefentrifluconazole 0.947 y=-0.910+0.02x 0.935

ECs, values (ng m/L) of F. graminearum, F. fujikuroi, F. proliferatum, and F. lateritium isolates grown on
potato-dextrose media amended with y19315 and mefentrifluconazole.

The inhibitory effects of two fungicides on mycelial growth of Fusarium graminearum were significantly different.
Generally, higher concentrations of mefentrifluconazole were required to reduce colony growth by 50% compared to
y19315. y19315 was more sensitive in its inhibitory effects compared to mefentrifluconazole. The ECs, values of
y19315 for three strains of Fusarium graminearum ranged from 0.085 pg/mL to 0.152 pg/mL (see Table 3.2), with a
mean of 0.117 pg/mL. The ECs, values of mefentrifluconazole for three strains of Fusarium graminearum ranged
from 0.947 pg/mL to 2.389 pg/mL, with a mean of 1.625 pg/mL.
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For five strains of Fusarium proliferium, the ECs, values of y19315 ranged from 0.033 pg/mL to 0.433 pg/mL, with
a mean of 0.242pg/mL. The ECs, values of mefentrifluconazoleranged from 0.354 pg/mL to 2.523 pg/mL, with a
mean of 1.2686 pg/mL. For two strains of Fusarium fujikuroi, the ECs, values of y19315 ranged from 0.723 pg/mL
to 1.608 pg/mL, with a mean value of 1.1655 pug/mL. The ECs, values of mefentrifluconazole for two strains of
Fusarium fujikuroi ranged from 1.151 pg/mL to 1.727 pg/mL, with a mean value of 1.439 pg/mL.

For two strains of Fusarium lateritium, the ECs, values of y19315 ranged from 1.092pg/mL to 1.862 pg/mL, with a
mean value of 1.477 pg/mL. The ECs, values of mefentrifluconazole for two strains of Fusarium lateritium ranged
from 2.627 pg/mL to 2.9 pg/mL, with a mean value of 2.7635 png/mL.

In recent years, the planting area of cherry fruit has expanded rapidly, and the occurrence of postharvest disease has
become more and more serious. However, effective fungicides for controlling Fusarium in cherry have not been
reported. In this study, the indoor toxicity of two fungicides was determined using the hyphal growth rate method
for 12 strains of four types of Fusarium.

Triazoles are sterol-inhibiting fungicides that have no immediate effect on the respiratory mechanism. Therefore,
they do not inhibit spore germination [119], but they are effective in preventing mycelial growth. These fungicides
inhibit DNA synthesis [120].

The radial growth assay was utilized in this study [121] to test the sensitivity of all fungicides. Variations in
sensitivity to fungicides in vitro were observed among isolates. While all isolates were sensitive to the tested
fungicides, sensitivity varied among the isolates and species. A new fungicide, y19315, which is still under
development, reduced radial growth by 50% for all Fusarium species at lower concentrations than
mefentrifluconazole. This indicates that y19315 would likely be more effective at controlling Fusarium species at
lower concentrations than mefentrifluconazole. Ma et al. (2020) reported that mefentrifluconazole did not have a
significant influence on the sensitivity change of C. cassiicola[122]. Although y19315 and mefentrifluconazole have
similar modes of action, a greater concentration of mefentrifluconazole was needed to reduce growth by 50% for F.
graminearum, F. lateritium, F. proliferatum, and F. fujikuroi species.

A large number of studies have shown that there are significant differences in the sensitivity of different Fusarium
strains to fungicides. Masiello et al. (2019) reported that the fungicide isopyrazam required a higher concentration to
inhibit mycelial growth of Fusarium species [123]. Similar results were observed in our study when Fusarium
species were treated with mefentrifluconazole. Tini et al. (2020) observed that Fusarium species did not inhibit
mycelial growth at lower concentrations [124]. This proves that Fusarium species are challenging to control. As a
result, a new fungicide, y19315, was used in this study and showed positive results as it was able to inhibit Fusarium
growth at lower concentrations compared to the already-developed fungicide mefentrifluconazole.
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Figure. 3.1. Mean in vitro ECs, values of y19315 for isolates of F. graminearum, F. proliferatum, F.
lateritiumand F. fujikuroi.
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Figure. 3.2. Mean in vitro ECs, values of Mefentrifluconazole for isolates of F. graminearum, F. proliferatum,
F. lateritiumand F. fujikuroi.

In vivo experiment of fungicide results:

The results of the experiment indicate that cherry fruits inoculated with Fusarium isolates and incubated at 25°C
showed a significant increase in fungal rot. In contrast, cherry fruits coated with y19315 had a low lesion diameter
compared to those treated with Mefentrifluconazole. Upon close observation of the surface morphology of the
inoculated fruits with Fusarium isolates, fruit tissue began to rot around the inoculation point after 24 hours. The
control samples showed decay incidence rapidly increasing from the point of inoculation, with the lesion diameter
engulfing the fruit on day 7, while treated samples inhibited spore germination on the tissue.

According to figure 3.3, the fungicide y19315 exhibited fruit rot efficacy of 0.1%, 49.71%, and 100% for F.
graminearum isolate (H19-1) at concentrations of 10, 50, and 100 pL/mL, respectively. Similarly, for F.
proliferatum isolate (HZZ 29-1), the fungicide had fruit rot efficacy of 95.82%, 100%, and 100% at concentrations
of 10, 50, and 100 uL/mL, respectively. F. fujikuroi isolate (B34-1) had fruit rot efficacy of 50%, 89%, and 100%,
while F. lateritium isolate (YTMZ 60-3) had fruit rot efficacy of 91%, 100%, and 100% at concentrations of 10, 50,
and 100 uL/mL, respectively. However, at 50 uL/mL, all fungicides showed a highly significant increase in efficacy.
At 100 pL/mL, all fungicides exhibited a 100% inhibition of disease efficacy in artificially wounded and inoculated
cherry fruits, resulting in 0% fruit rot.
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Figure 3.3. Effect of cherry fruits coating with various concentrations of y19315 on Fusarium rot disease
incidence after 7 days of storage

Overall, the results suggest that y19315 fungicide can effectively inhibit the growth and spread of Fusarium isolates
in cherry fruits, with a concentration of 50 pL/mL showing the highest efficacy. These findings have important

implications for the management and prevention of fungal diseases in cherry fruits.

Table 3.5. In vivo control efficacy of y19315 on cherry fruits after the inoculation of F. graminearum, F.
proliferatum,F. lateritiumand F. fujikuroifungi.

Isolate Mass concentration of y19315 Control efficacy/%
H19-1 10 0.1+1.33d
50 49.71+7.83¢
100 100.00 + 0.00a
HZZ 29-1 10 95.82+ 11.61ab
50 100 + 0.00a
100 100 + 0.00a
B34-1 10 50.00 + 5.09¢
50 89.00 + 10.59ab
100 100.00 + 0.00a
YTMZ 60-3 10 91.1£9.67ab
50 100.00 + 0.00a
100 100.00 + 0.00a

Mean values followed by different letters within the column are significantly different according to Tukey’s

test (p < 0.05).
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Fig 3.4. In vivo control efficacy of y19315 on cherry fruits after the inoculation of F. graminearum, F.
proliferatum, F. lateritiumand F. fujikuroifungi.

According to the results presented in Table 3.4, Mefentrifluconazole fungicide exhibited fruit rot efficacy of 0.01%,
20.77%, and 81% for F. graminearum isolate (H19-1) at concentrations of 10, 50, and 100 pL/mL, respectively. For
F. proliferatum isolate (HZZ 29-1), the fungicide y19315 demonstrated fruit rot efficacy of 0.84%, 95%, and 100%
at concentrations of 10, 50, and 100 pL/mL, respectively. F. fujikuroi isolate (B34-1) had fruit rot efficacy of
19.01%, 90.45%, and 99.5%, while F. lateritium isolate (YTMZ 60-3) demonstrated fruit rot efficacy of 88.87%,
100%, and 100% at the respective concentrations of 10, 50, and 100 uL/mL. Notably, at the concentration of 50
puL/mL, the fungicides exhibited a significant increase in efficacy. Moreover, at the concentration of 100 pL/mL,
Mefentrifluconazole fungicide completely inhibited disease efficacy in artificially wounded and inoculated cherry
fruits, except for H19-1 and B34-1 isolates.
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Fig 3.5. Effect of cherry fruits coating with various concentrations of Mefentrifluconazole on Fusarium
rot disease incidence after 7 days of storage

Table 3.6. Invivo control efficacy of mefentrifluconazole on cherry fruits after the inoculation of F.
graminearum, F. proliferatum,F.lateritiumand F. fujikuroifungi.

Isolate Mass concentration of Control efficacy/%
mefentrifluconazole

H19-1 10 0.01+4.31d
50 20.77+4.36¢
100 81.00+6.21a

HZZ 29-1 10 0.84+17.1ab
50 95.78 £3.55a
100 100 £ 0.00a

B34-1 10 19.01+ 4.07¢
50 90.45 + 9.89ab
100 99.50+ 1.11a

YTMZ 60-3 10 88.87+4.77ab
50 100.00 + 0.00a
100 100.00 + 0.00a

Mean values followed by different letters within the column are significantly different according to
Tukey’s test (p < 0.05).
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Fig 3.6In vivo control efficacy of mefentrifluconazole on cherry fruits after the inoculation of F.
graminearum, F. proliferatum, F. lateritiumand F. fujikuroifungi.

In the in vivo study, the two fungicides chosen from the in vitro trials inhibited both Fusarium species in artificially
damaged and inoculated cherry fruit. The fungicides had no phytotoxic effect on the tissues of the fruit at any of the
levels examined. Furthermore, these fungicides proved their efficacy against Fusarium isolates and considerably
reduced the incidence of fruit rot. There is currently limited research on the in vivo effect of fungicides in cherry
fruits.

Romero et al. evaluated the in vivo antifungal efficacy of volatile organic compounds on cherry tomatoes infected
with the phytopathogen F.oxysporum[125]. The concentration of the volatile organic compounds ranged from 12.5
to 1000 pg/mL; all treatments resulted in significant inhibition of F. oxysporum growth in a concentration-
dependent manner. For concentrations greater than 125 pg/mL, the inhibitory effect was over 40% for all the volatile
organic compounds except ocimene. However, this monoterpene was the only terpene with 100% growth inhibition
at the largest evaluated concentration (1000 pg/mL). The mixture of six volatile organic compounds, the mixture of
alcohols, and the three individual alcohols showed the greatest antifungal effect, with significant percent inhibition
0f 30.5, 17.1, 40.7, 44.5, and 47.5% for the minimal concentration of 12.5 pg/mL. Our findings revealed that the two
fungicides used in our study also had 100% efficacy at higher concentrations compared to lower concentrations.
This shows that mefentrifluconazole and y19315 had a significant impact on cherry rot at higher concentrations,
which is similar to the findings of other researchers who examined the in vivo effects of volatile organic compounds
on the phytopathogen F. oxysporum in several cherry tomato studies.
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