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Table 1. Identification of yeast isolates based on morphological characteristics sequencing analysis of the D1/D2

domains of the large subunit rRNA gene

Species Strain

microscopic
characteristics

macroscopic characteristics

Aureobasidium pullulans G11, G23, G2, G56,

One—celled, and variable

Yeast-like colonies covered

G63, G29, G15, in shape and size, with a slimy mass of spores.
G50, G114, G13, Hyphae are hyaline, Older colonies change to
G36, G33 smooth, and thinwalled, black due
with transverse septa. to chlamydospore production
Candida membranifaciens G59, Gb57, G46, The cells are ovoid, and Colony is off-white to
G31, G19, occur singly and in chalky, dull, powdery, dry
clusters and partly wrinkled with a
hyphal border
Candida intermedia G55, G58 The cells are ovoid, Colony is white to cream
occur singly and in pairs  colored, smooth to slightly
wrinkled and soft
Candida oleophila G35 G47 a few cells are spherical, growth is off-white, dull,
but most are ovoid or both smooth and delicately
long-ovoid to elongate, wrinkled and the margin is
occur singly, in pairs and usually entire with a few
in short branched and tufts of  pseudohyphal
unbranched chains growth
Filobasidium stepposum G17, G48, G18 Cells spherical to  Pinkish white colony, flat
elongated oval, budding
is single polar
Filobasidium magnum G1, G22 Cells usually spherical, Colony is pinkish white,
budding is single polar smothy
Filobasidium wieringae G7, G60 Cells spherical to Colony is white to pink,
elongated oval, budding smoth
is single polar
Hanseniaspora G4, G49 The cells are apiculate, Colony is white to cream
guilliermondii ovoid or elongate, or colored, smooth, glossy,
occasionally longer, and
single or in pairs
Hanseniaspora uvarum G10, G45 The cells are apiculate, Colony is white to creamy,

spherical to ovoid, or

smooth, glossy, and slightly
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elongate, and
singly or in pairs.

occur

raised at the center

Lachancea thermotolerans G27, G26 the cells are spherical to  Growth is butyrous, glossy
ellipsoidal and occur and cream colored,
singly, in pairs or in Pseudohyphae may be
short clusters formed

Meyerozyma guilliermondii G8, G51, G52, G40, the cells are ovoid to Colomy is smooth to

G20, G30

elongateand occur singly,

wrinkled and tannish—white

in pairs, or in short incolor
chains

Metschnikowia pulcherrima  G9, G67, G3, G53 the cells are globose to Colony is cream colored, or
ellipsoid, multilateral if pulcherrimin pigment is
budding produced, reddish-brown the

surface is smooth

Metschnikowia sinensis G16, G21, G41 Cells are globose to colonies are  butyrous,
ovoid, occur singly or in  brownish—cream, smooth
pairs, and show
multilateral  bud ding.
Spherical chlamydospore

Pichia kluyveri G61, G62 cells are  Spherical, Colony is tannish-white,
moderately well dull, sometimes  almost
branched pseudohyphae  powdery, Margins are entire

to finely serrate.

Pichia guilliermondii G32, G5 Cells are Spherical to Dark pink and smooth
ovoid, bipolar budding colony

Rhodotorula nothofagi G37,G38, G12 cells are subglobose to Streak cultures are pale
ellipsoidand budding is orange, flat, smooth,
predominantly polar

Rhodotorula babjevae G25, G6, G28 cells are subglobose to Colonys are pale orange,
ellipsoidand budding is smooth,
predominantly polar

Rhodotorula glutinis G44, G66, G24, cells are Spherical, The streak culture is coral—

G42, G54 Pseudohyphae are red to salmon or slightly

usually absent or poorly orange, smooth
developed

Sporobolomyces ruberrimus ~ G64, G39 The cells are ovoid or the colony is whitish or
elongate, Buds are ovoid orange, slightly wrinkled,
or reniform. flat with a lobate margin

Saccharomyces bayanus G43 the cells are globose, Colony is butyrous and light
ovoid or elongate, and cream colored. The surface
usually occur singly, but is smooth
may occur in groups

Wickerhamomyces anomalus  G65, G34 the cells are spherical to Growth is butyrous and

elongate, and occur
singly, in pairs or in
small clusters

faintly tans in color.
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Fig. 1: Phylogenetic Neighbor—joining based tree on the D1/D2 rDNA region sequences in the scale of 0.05
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Fig. 2. The inhibitory effect of antagonistic yeast isolate Metschnikowia pulcherrima G9 against the pathogen
Botrytis cinerea in the dual culture test after 7 days incubation 26 C° in dark conditions.
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Fig. 3. Comparison between the percntage inhibiton of yeast isolates against Botrytis cinerea in dual culture
assays after seven days. The mean diameter of fungal colony in different treatments was compared using
nDuncan's multiple range test (P<0.05). Columns with at least one common letter are not statistically different.
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Fig. 5. Comparison between the inhibiting effects of volatile compounds released by yeast isolates on growth of
Botrytis cinerea after ten days. The mean diameters of fungal colony in different treatments were compared
using Duncan's multiple range test (P<0.05). Columns with at least one common letter are not statistically
different.
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Table 2. Pearson correlations (P<0.01) among antifungal activity of yeast non-volatile compound (non-VOC),
antifungal activity of yeast volatile compound (VOC), and grey mould disease control on grape.

grape grey mould disease antifungal activity of antifungal activity of
inhibition Non-VOC VOC
grape greC):mmt?glld disease 1 0.936%* 0.928%*
a”t'f‘;\lr‘gﬂ@g'(‘:"ty 9 0.936%* 1 0.959%*
antlfung;\z;llc)zaé:t|V|ty of 0.928%* 0.959%* 1

o/ d‘“i’)‘b@""’;"“‘:‘“‘*“*

**Correlation is significant at the 0.01 level.
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Table 3. Siderophore production in CAS medium, biofilm formation by yeasts at 25 °C and enzymatic profile of

yeast strains

Isolates Protease Pectinase Amylase SF:derophore B'Of”.m
roduction formation
pullulans (G11) Aureobasidium + + — + —
pullulans (G63) Aureobasidium + - + + —
pullulans (G33) Aureobasidium + — — +
pullulans (G36) Aureobasidium + + + —
Candida membranifaciens (G46) — — — —
Candida membranifaciens (G19) — — + —
Hanseniaspora uvarum (G10) + - - - +
Hanseniaspora uvarum (G45) + - - — +
Metschnikowia pulcherrima (G9) + — + + +
Metschnikowia pulcherrima (G53) — — — - +
Meyerozyma guilliermondii (G8) + + — + —
Meyerozyma guilliermondii (G52) — + + — +
Meyerozyma guilliermondii (G30) + - + — +
Pichia kluyveri (G61) + + + - +
Rhodotorula glutinis (G54) + — + +
Rhodotorula glutinis (G66) + - + —
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Abstract

Grape gray decay disease caused by Botrytis cinerea is one of the important factors causing rotting and reducing
the quantity and quality of the grapes during the stages before and after harvesting, which makes the use of
chemical fungicides inevitable. Considering the environmental issues with the excessive use of chemical
fungicides for humans and the environment, the use of products based on biological agents has received special
attention. Among biological agents, some yeasts have been shown to possess antagonistic activity against fungi
and are considered as safe and sound alternatives for chemical pesticides. The present study aimed to identify
grape epiphytic yeasts and investigate their ability against the pathogenic fungus B. cinerea in the post—harvest
stage. A total of 67 yeast isolates were isolated from the surface of grape fruits in the vineyards of West
Aczarbaijan province. Based on morphological studies and nucleotide sequence analysis of the D1/D2 domain of
the large subunit 26S rDNA gene, the isolates belong to 21 species and 11 genera. Aureobasidium pullulans was
recognized as the dominant species of grape flora. The ability of 67 yeast isolates to control B. cinerea growth by
the dual—culture method showed that 16 isolates belonging to 7 genera succeeded in inhibiting the growth of the
gray mold, which isolates Rhodotorula glutinis G54 and Metschnikowia pulcherrima G9 showed the greatest of
capability against B. cinerea. A significant difference (P<0.01) was observed between the 16 selected isolates in
terms of inhibition of gray rot on grape berries, as a completely randomized design with four replications. The
isolates Meyerozyma guilliermondii G30, Rh. glutinis G54 and M. pulcherrima G9 were the most effective
isolates in reducing the disease on grape berries with 92.59, 91.37 and 90.15 percent rot inhibition, respectively.
Studies of mechanisms involved in biological control showed that 12 isolates were able to produce protease, 6
isolates were able to produce pectinase and 12 isolates produced amylase. Also, it was found that 9 isolates can
form biofilm and 8 isolates produced a siderophore. Finally, it was found that the grape flora has a high diversity
of yeasts and the superior yeast isolates including G30, G54 and G9, with various biocontrol mechanisms (such
as antibiosis, protease and amylase activities as well as siderophore production), have a high potential to inhibit
the gray rot of grape. However, it is necessary to conduct more studies on selected isolates to creat practical
formulations for biological control or integrated management of fungal diseases of fruits and vegetables.
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