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Fig. 1. The ability to control green mold disease in citrus fruits by superior yeasts after six days of storage under

packinghouses conditions in compared to the control

SLS o0 g0 5o 6K Z oy 5len (11 (o Sy Sla o ¢l Jolss 53 Sole 59 de)d lols 42 =) g
Table 1. Analysis of variance of disease incidence percentage in the interaction of native yeast species for the

control of citrus fruit green mold pathogen

Source DF Mean Square  F Value Pr>F
Model 54 2952.3 14.67™ <.0001
Error 110 201.2

Corrected Total 164

Coeff. Var .= 21
** There is a significant difference at the 1% level
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Table 2. Comparison of mean and grouping of percentage incidence of citrus green mold disease in pathogen
interaction with studied yeasts

Disease

Disease

Incidence ggs&g?ng ﬁ:;:men ¢ Incidence g?gﬁ;?ng Yeast Treatment
Mean(%) Mean(%)
59.33 bcdefg 202D2 100 a Control, 407,509,620,800
56 cdefg 1 96.3 ab 406, 500, 510, 601, 621, 803
55.67 cdefg 700,703D2 92.67 abc 7,12, 200, 404, 411, 508, 515, 618
55.33 cdefg 513 89 abcd 604
52 defgh 702 85.3 abcd 5, 6, 8, 408, 416, 707
40.33 efghi 705 D2 81.67 abcd 415
33.33 fghij 302-1 77.67 abcd 403
25.67 ghij 4,10, 300 74.3 abcde 9
18.33 hij 304D2 74 abcde 404 D
7.33 ij D504, 507D2 70.67 abcde 1
3.67 i 501D2, 506D2 66.67 abcdef 2
0 i 610D2, 617D2 66.33 abcdef 3,404 C, 414,514
63 abcdef 602

* In the control treatment, only a pathogen suspension with a concentration of 104 cfu/ml was used.
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Table 3. Sequence accession numbers of superior isolates in biological control assay and their geographical

origins from Mazandaran province.
Accession  Nr

Isolate  GPS position D1/D2 domain D1/D2 domain closest type strain Similarity
: (%)
in NCBI
N36.497553 .
501 D2 E52 889628 PQ686301 Hanseniaspora uvarum CBS286 T 100
N36.497553 . . T
506 D2 E52 889628 PQ180322 H. occidentalis CBS783 99.8
N36.42288 —_ . T
D 504 E52 91681 PQ180320 Pichia kluyveri CBS7275 100
N36.42288 . T
507 D2 E52 91681 PQ686308 P. kluyveri CBS7275 100
N36.475903 T
610 D2 E52 132050 PQ686322 H. uvarum CBS2585 99.8
N36.475903 -
617 D2 E52 132050 PQ686323 H. uvarum CBS2584 99.8
501 D2
%3610 D2
617 D2
Hanseniaspora uvarum CBS:2585 T
Saccharomyces mikatae ATCC:MYA-4448 T
506-D2
100 ' Hanseniaspora occidentalis CBS:280 T
Candida theae ATCC:MYA-4746 T
99 Sporidiobolus pararoseus CBS:484 T
Rhodotorula paludigena CBS:6566 T
Metschnikowia pulcherrima CBS:2253 T
— Pichia thaimueangensis ATCC:MYA-4468 T
D 504
39 \
s 507-D2
Pichia kluyveri CBS: 7275 T
Neurospora crassa NW:011929470.1
—_—
0.10
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Fig. 2. Phylogenetic relationship of citrus superior epiphytic yeast isolates to each other and to standard fungal
isolates based on the D1/D2 LSU region sequences. Dendrograms were drawn using the Neighbor—Joining
method and distance matrices were calculated using the Jukes—Cantor method with 1000 Bootstrap replicates.
Bootstrap values of 700 or more (from 1,000 replicates) are indicated at the nodes Neutospora crassa was used

as an outgroup. The dashed line reflects a 0.1 nucleotide change at each position.
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Abstract

Green mold (Penicillium digitatum) is one of the most important diseases of citrus fruits during the
postharvest and storage stages, which causes significant damage if not properly managed. In recent years, this
pathogen has been controlled by the use of chemical fungicides. In order to reduce fungicide application and
eliminate toxic residues, it is necessary to use other management methods. Use of microbial agents in biological
control is one of these methods. Based on previous reports on the ability of yeasts to inhibit pathogens, the
ability of native isolates to inhibit pathogen that cause green mold has been investigated. For this study, citrus
fruit and leaf samples were gathered from various areas in Mazandaran province during autumn of 2023. Yeast
colonies were then isolated and purified in the lab by using malt agar medium. Due to the large number of
isolates, representatives of isolates were selected based on their phenotypic characteristics (shape, color and
margin of the colony, physiological characteristics). The test was conducted on citrus fruits of the Thomson
Novel variety and its Soluble solids concentration (SSC) content was determined to be 10 °Brix at the time of
harvest. The biocontrol test was carried out on the citrus fruit with 44 yeast isolates. The fruit pieces were
initially placed in a yeast suspension with a concentration of 1078 cells per milliliter of sterile water, and after
being stored for five hours at room temperature, 10 microliters of the green mold with a concentration of 1074
cells per milliliter was added to the center of each cut piece. Fruits were stored under packinghouses conditions
with over 90% humidity for six days until symptoms of disease appeared. The results of variance analysis based
on the percentage of disease occurrence indicated that among the yeasts, there was a significant difference at a
1% level, regarding their ability to inhibit the green mold pathogen under storage conditions. Comparing the
average percentage of disease incidence based on according to Duncan’s multiple range test at significance level
1% shows that the yeasts in the two statistical groups performed very well. Sequencing the D1/D2 domain
within the Large subunit ribosomal ribonucleic acid (LSU rDNA) region was employed to detect these
outstanding isolates. According to the results, the top—performing yeasts were Hanseniaspora uvarum,
Hanseniaspora occidentalis, and Pichia kluyveri. So that after six days, they had complete inhibition of the
occurrence and development of the pathogen compared to the control.
Keywords: Biocontrol, Epiphytic, Orange, Penicillium digitatum, Postharvest.




