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Fig 1. Comparison of means and grouping of the incidence percentage of green (Penicillium digitatum) and blue
mold (P. italicum) disease in citrus fruit resulting from the interaction of the pathogen and the examined yeasts.



... g Candida membranifaciens g o B yro 1 D> 398 S 1

Xedathan 20 les 2S3T L awslie 55 LS e 650 italicum)

Table 1. Comparison of the efficacy percentage of examined yeast isolates in inhibiting green mold (P.
digitatum) and blue mold (P. italicum) pathogens of citrus fruit, compared to the chemical fungicide Xedathan
20

Treatment  P. digitatum P.italicum

Xedathan 20 100 100
FBF-YPC-4 98 50
FBF-YPC-10 99 58
YSH6 88 25
YSH4 86 25
YSH10 79 33
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g5 33 by ki) 65 2 5l Bl 5 gled SSET
.;t;(.t,ﬁ;u,gmf)g”mﬁ)uﬁ

FBF-YPC—4 4ld> (s silS 5 alis doys Vov/ al
«l4>= 5 Candida memberanifaciens e Olge «

Rhodotorula e Olge 4 FBF-YPC-10 BOT 3 hos wiyp 9 5y S oo bl

FBF— M}J €0 gn Lg))ﬁ Lsimf_J)Lg,A Q}AJT u’"L“"j
e g ple b awlis 53 FBF-YPC-10 5 YPC4

(Yo 5 ¥ JS2) b o Lelis mucilaginosa

P = . -
Cwd 44 Gl:.' g}dL‘d‘f .w‘b ;)Lu:.v )L@.A\ )J b 61\;‘);
FBF-YPC4
100 Candida membranifaciens NR-111296 T

98 Candida oleophila NR-155224 T

Candida sake NR-151807 T
98 Metschnikowia koreensis KF059236 T

100 Aureobasidium pullulans NR-144900 T
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Fig 2. Phylogenetic position of the superior yeast isolates in the inhibition assay of citrus fruit green and blue
mold pathogens, based on sequencing the ITS region. The neighbor—joining (NJ) method was used to construct

the tree with 1000 bootstrap replicates. Byssochlamys spectabilis was used as the outgroup, and the scale bar
reflects a 0.05 nucleotide change per site.
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Table 2. Characterization of the superior yeast isolates in inhibiting citrus fruit green and blue mold pathogens,
and presentation of the percentage similarity with the closest standard isolates in the NCBI database

Yeast isolats GenBank

Closest type strain

Similarity

FBF-YPC-4 PX237386.1 Candida membranifaciens NR-111296 T 100 %

FBF-YPC—
10

PX237385.1  Rhodotorula mucilaginosa NR073296 T 100 %
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Abstract

Postharvest decay in citrus fruits is considered one of the major challenges in the production and storage chain of
these products, primarily caused by the activity of fungal pathogens. Among these, green mold (Penicillium
digitatum) and blue mold (P. italicum) are regarded as the most important agents of damage. Management of
these diseases is usually carried out by using chemical fungicides; however, concerns regarding their
environmental impact and the emergence of resistant strains have increasingly highlighted the need to develop
and apply alternative methods. In recent years, the use of biocontrol agents, especially antagonistic yeasts, has
attracted considerable attention from researchers as a sustainable and environmentally friendly approach to
controlling postharvest diseases in citrus fruits. This study was conducted to evaluate the biocontrol potential of
yeasts isolated from citrus fruits surfaces against the causal agents of green and blue mold diseases in citrus. To
this purpose, fruit samples were collected from various orchards in Mazandaran province, and various
indigenous yeasts were isolated from them. Based on phenotypic characteristics, representatives from each yeast
group were selected, and their ability to inhibit the growth and development of infections caused by the
aforementioned fungi was examined on Thomson Navel oranges. First, superficial scratches similar to natural
damage were made on the surface of the fruits, after which they were placed in a suspension of yeast (at a
concentration of 1078 cells per milliliter of water). Subsequently, the fruits were inoculated with a suspension of
pathogenic fungal spores (at a concentration of 10”5 spores per milliliter). After two weeks of storage under
warehouse conditions, the incidence of disease was recorded and the data were subjected to statistical analysis
based on a factorial experimental design in a completely randomized layout. The results show that both the type
of yeast and the type of pathogen have a significant effect on the biocontrol efficiency. Molecular identification
of the superior isolates was carried out using sequencing of the ITS gene region with specific ITS1 and ITS4
primers, and based on this, the two yeasts were identified as Candida membranifaciens and Rhodotorula
mucilaginosa, respectively. Biocontrol performance assessment according to Abbott’s formula also shows that
these two yeasts were highly effective in reducing decay, especially decay caused by green mold, with their
efficacy in controlling green mold estimated at 98% and 99%, respectively. In contrast, for controlling blue
mold, the efficacy was lower, reported at 50% and 58%, respectively. Overall, the results of this study indicate
that the use of indigenous antagonistic yeasts can serve as an effective and eco—friendly alternative to chemical
fungicides in the management of postharvest decay in citrus fruits and offers a suitable strategy for the
development of integrated postharvest disease management systems.
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