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Abstract 
Isolates of the yeasts Candida membranifaciens, Rhodotorula mucilaginosa and Pichia 
guilliermondii obtained from healthy apples were evaluated as potential bio. control agents for 
apple gray mold caused by Botrytis mali and B. cinerea.  In-vitro volatile metabolites emitted from 
all yeast isolates inhibited the mycelial growth of B. mali and B. cinerea by 82.7 to 97.7 and 81.2 to 
98.3 percent, respectively. Each of the yeasts significantly reduced the decay area in apples 
inoculated with the pathogens C. membranifaciens A2, A4, A5 and P. guilliermondii A6 had the 
greatest effect on decay reduction at 4oC, 20 oC and 20±3 oC. The populations of C. 
membranifaciens A2 and C. membranifaciens A5 during the experiment increased in apple wounds 
at 4oC. 
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Introduction 
 
Fruits and vegetables are highly perishable 
products, especially during the postharvest phase, 
when considerable losses due to microbiological 
diseases, disorders, transpiration and senescence 
can occur (Chan and Tian, 2005). Grey mold 
disease caused by Botrytis is considered one of the 
most serious postharvest diseases on various fruit 
including apples. Disease infection may occur in 
the field during harvest or earlier, but development 
usually occurs during the postharvest stage (Ten-
Have et al., 1998). Although the use of synthetic 
fungicides is the most effective decay control 
treatment, there is strong interest in finding 
effective and safe non-fungicidal methods of decay 
control (Sholberg and Conway, 2004; Conway et 
al., 2005; Droby, 2006). Considerable successes 
have been achieved utilizing microbial antagonists 
to control postharvest diseases (Wilson and 
Wisniewski, 1994). Several species of bacteria 
were reported as being effective in laboratory and 
pilot tests for controlling blue mold and gray mold 
in apple fruit including Bacillus lichniformis 
(EN74-1) and Pseudomonas fluorescens isolates 
1100-6 and Pf1 (Jamalizadeh et al., 2008; Etebarian 
et al., 2005; Mikani et al., 2008). 

Yeasts are readily found in the apple phylosphere 
and the antagonistic activities of Candida saitoana 
Nakase & Suzuki, Metschnikowia pulcherrima Pitt 
& M. W. Miller, Acremonium breve (Sukapure & 
Thirum.) W. Gams, Aureobasidium pullulans (de 
Bary) Arnaud and Cryptococcus laurantii 
(Kufferath) Skinner against postharvest pathogens 
have been studied (McLaughlin et al., 1990; 
Janisewicz and Koreston 2002; Zang et al., 2005). 
The objective of this research was to investigate the 
biocontrol potential of isolates of Candida 
membranifaciens, Rhodotorula mucilaginosa and 
Pichia guilliermondii against gray mold of apples. 
 
Materials and methods 
 

Gray mold pathogens 
Isolate Bm2 of Botrytis mali Rheule (Mikani et 
al., 2008) and isolate Bc1 of Botrytis cinerea 
Pers. were obtained from Golden delicious 
apple fruit were used in this study. All cultures 
were derived from single-spore isolates and 
was maintained on potato-dextrose agar (PDA) 

at 4 oC. 
 
Bioisolates 
Yeast antagonists were isolated from apple fruit by 
serial dilution and plated on yeast- malt extract agar 
(YMA). All fungal cultures were derived from 
single-spore isolates and maintained on YMA 
medium in darkness at 4 oC. The isolates were 
identified by Centraalbureau voor 
Schimmelcultures, Fungal Biodiversity Centre. 
Institute of the Royal Netherlands Academy of Arts 
and Science Uppsalalaan 8,3584 CT Utrecht, The 
Netherlands as Candida membranifaciens (Lodder 
& Kreger) Wick. & K.A. Burton (A2, A4 and A5), 
Rhodotorula mucilaginosa (A. Jörg) F.C. Harrison 
(A3 and A7) and Pichia guilliermondii Wick. (A6). 
For all experiments, antagonist suspensions were 
prepared by growing cultures in nutrient yeast 
dextrose broth (NYDB) for 24-48 h at 25±1oC with 
shaking at 200 rpm. 
 
In vitro studies 
Antagonist-pathogen dual culture (Dennis and 
Webster, 1971b), volatile metabolite test (Lillbro, 
2005) and cellophane overlays methods (Dennis 
and Webster, 1971a) were used to observe the 
effect of yeast isolates on Botrytis. All antagonists-
pathogen combinations were examined with four 
replication plates per treatment. In dual culture, one 
loop of NYDB containing yeast was streaked on 
one-half of a 90-mm Petri plate. After 48 h, plugs 
taken from actively growing 5-day-old colonies of 
Botrytis were placed on the other side, 1.5 cm from 
the edge of the Petri plate. Controls consisted of 
cultures of B. mali alone. Petri plates were 
incubated at 25 oC for 7 days and then colony area 
was measured. 

The cell free metabolites test with cellophane 
overlays method was conducted to determine if 
these isolates of yeast produce metabolites that 
inhibit Botrytis. In this method the antagonist is 
grown over the surface of cellophane membrane 
laid on an agar medium, and the metabolites 
produced were allowed to diffuse through the 
cellophane overlays into the agar. Nine-cm 
diameter membranes (Australia Cellophane, 
Victoria) boiled in distilled water (DW), interlaid 
with filter paper, and autoclaved before placed on 
the potato dextrose agar (PDA) medium. 
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Antagonist suspension was spread on the 
cellophane membrane. The cellophane membrane 
and adhering yeast were removed after 48 h. One 5-
mm diameter plug of the pathogen was placed in 
the center of the petri plate and incubated at 25oC. 
Colony diameters were measured after 7 days. For 
the volatile metabolites test, one plug of Botrytis 
was placed in the center of a PDA petri plate. A 
loop of yeast was spread on MEAC (malt extract 
agar supplemented with %0.01 chloramphenicol) 
Petri plate. The yeasts petri plates were placed 
“bottom to bottom” with the mould petri plates on 
the top. Parafilm was wrapped around the edges of 
the petri plates to hold the petri plates together and 
prevent leakage. Colony diameters were measured 
after 10 days. The percentage of growth inhibition 
was calculated using the formula, n= (a-b)/a ×100 , 
n is the % growth inhibition; a is the colony area of 
untreated B. mali Bm2 or B. cinerea Bc1 and b is the 
colony area of treated B. mali Bm2 or B. cinerea 
Bc1 (Etebarian et al., 2005). 
 
In vivo studies 
Apples (Malus domestica cv. Golden Delicious) 
were washed in 70% ethanol for 30 sec, dipped in a 
0.1% sodium hypochlorite solution and rinsed with 
sterile distilled water (SDW) 3x.  The fruits were 
wounded in triplicate with a 3-mm-diameter nail to 
a depth 5 mm. For storage experiments, yeast cells 
were prepared by growing cultures in nutrient yeast 
dextrose broth (NYDB) for 48 h. at 25±1 oC with 
shaking at 200 rpm. The cells were pelleted by 
centrifugation at 3000×g for 10 min, resuspended in 
sterile distilled water, and centrifuged again. The 
resulting pellets were dispersed in SDW (El 
Ghaouth et al., 1998). Concentrations of each 
isolate were adjusted to 1×108 or 1×107 cfu ml-1 
with a hemacytometer. Fruits were treated with 
50µL of cell suspension of yeast (1×107 cfu ml-1) or 
sterile distilled water (SDW). After 4 h., a 20 µL 
suspension of pathogen spores (1×105 spores ml-1) 
was inoculated into each wound. Botrytis isolates 
were grown on PDA plates (90-mm diameter). 
Conodia were harvested by flooding 2-week-old 
cultures with sterile distilled water containing 0.1% 
(vol/vol) Tween 80. Suspensions were adjusted to 
1×105 or 1×106 conidia ml-1 with a hemacytometer. 
Noninoculated wounds were treated with SDW. 
Each apple constituted a single replicate and each 
treatment was replicated 4 times. Treated apples 
were placed on cardboard trays that were then 

enclosed in plastic bags. The inside of the bugs 
were sprayed with SDW to maintain high relative 
humidity. Fruits were stored at 20oC or 4 oC. 
Similarity in other experiment wounds were treated 
with 50µL of 1×108 cfu ml-1 suspension of yeast and 
after 12h. inoculated with 30µL 1×106 spore ml-1 
suspension of the pathogen and fruits were 
incubated at 20±3 oC. After incubation period (9 
days at 20 oC or 20±3oC and or 25 days at 4 oC) 
wounds were examined and the lesion diameters 
were measured using digital calipers and lesion area 
was calculated. 
 
Concentration of antagonist during antagonist –
pathogen interaction 
Isolates of C. membranifaciens A2 and C. 
membranifaciens A5 were recovered from the 
wounds after incubation at 4oC for 0, 17 and 25 
days. A core sample, 8mm in diameter by 10mm 
deep, was aseptically removed from each wound 
and ground with a mortar and pestle. One gram of 
this sample was diluted in 10 ml of sterile distilled 
water. Cells were counted using a hemacytometer. 
There were three single fruit replicates per 
treatment. 
 
Statistical analysis 
Data on decay area at 20±3 oC was subjected to log. 
transformation before analysis. The completely 
randomized design was used for all experiments. 
Analysis of variance was performed on the data and 
means were separated using Duncan`s multiple 
Range Test at p<0.05 (Little and Hill, 1978). 
 
Results 
 
Effect of yeasts on Botrytis mali Bm2 and  
B. cinerea Bc1 in vitro 
The seven yeast isolates tested inhibited 
mycelial growth of B. mali Bm2 by 13.92 to 
33.2 and B. cinerea Bc1 by 24.09 to 36.65 
percent in dual culture antagonist-pathogen 
(Tables 1 and 2). Antifungal activity of 
volatile metabolites of all the isolates tested 
against B. mali Bm2 and B. cinerea Bc1 
ranged from 82.72 to 97.71 and 81.18 to 
98.33 percent respectively. Inhibition by cell 
free metabolites of isolates R. mucilaginosa 
A1, C. membranifaciens A2  and A5 and 
P. guilliermondii A6 using the cellophane 
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method ranged from 1.16 to 5.68 percent 
(Tables 1 and 2). 
 
Effect of yeast isolates on grey mold decay 
development 
All isolates significantly reduced decay area at 4oC, 
20oC and 20±3oC (Tables 3 and 4). Isolate of C. 
membranifaciens A2 at 4oC, isolate of C. 
membranifaciens A5 at 20 oC and isolates of C. 
membranifaciens A2 and C. membranifaciens A5 at 
20±3oC against B. mali Bm2 were the best 
antagonists (Table 3). Isolate of P. guilliermondii 
A6 at 4oC, isolates of C. membranifaciens A2, C. 
membranifaciens A5 and P. guilliermondii A6 at 20 

oC and isolate of C. membranifaciens A2 at 20±3oC 
against B. cinerea Bc1 were the best antagonists 
(Table 4).  
 

Concentration of antagonist during antagonist –
pathogen interaction 
The number of C. membranifaciens A2 and C. 
membranifaciens A5 cells for each wound during 
interaction antagonist and pathogen increased and 
closely followed (R2=1) a second order polynomial 
function (Fig1). The equation y= -0.0057x2+ 
0.2431x+ 5.699 for A2 and y= -0.002x2+ 0.151x+ 
5.699 for A5, where y is the log number of yeast 
and x is the number of days after inoculation, 
describes the relationship at 4oC. 
 

Discussion 
In this study, 7 strains that had been isolated from 
apple fruits were tested for their ability to control 
grey mold of apple. Previously, many other authors 
had isolated their biocontrol agents from the surface 
of the host (Janisiewicz, 1996; Jihakli et al., 1993; 
Roberts, 1990). Results obtained from dual culture 
and cell free metabolites with cellophane overlays 
method indicate that the yeast produced no 
antibiotic substance in agar medium. Vero et al. 
(2002) observed that isolates of Cryptococcus 
laurentii (strain 317) and Candida ciferrii Kreger 
van Rij (strain 283), showed no antifungal activity 
in dual culture with Penicillium expansum Link. 
Perhaps a little inhibition of growth of the pathogen 
in dual culture antagonist-pathogen caused by 
volatile metabolites or competition for nutrient 
because, generally the activity of antagonist yeasts 
is not based on the production of antibiotics or 
other secondary toxic metabolites (Droby and 

Chalutz, 1994). Fan and Tian (2000) suggested that 
Cryptococcus albidus (Saito) Skinner produced no 
antibiotic substance in biocontrol of B. cinerea and 
P. expansum. Spadaro et al., (2002) observed in 
artificial wounds in apple, antagonism of all 
pathogens tested (B. cinerea, P. expansum, Monilia 
sp. and Alternaria sp.) were not achieved by either 
culture filtrate (without yeast cells) or autoclaved 
cell suspension (killed cells), living cells of the 
antagonists are necessary to guarantee the fungal 
control. Also in vitro experiments of Spadaro et al. 
(2002) on B. cinerea spore germination, neither the 
culture filtrate nor autoclaved cells of the four 
isolates of Metcshnikowia pullcherima had any 
effect on the germination. 

Volatile metabolites of all of the isolates 
effectively reduced mycelial growth of the 
pathogen. Most, if not all, yeast cultures produce 
traces of volatile and non-volatile acids (Kreger-
van Rij, 1984). Druvefors et al. (2004) strongly 
suggest that one of mechanisms of Pichia anomala 
(E.C. Hansen) Kurtzman against Penicillium 
roqueforti Thom may be production of ethyl 
acetate. C. membranifaciens A2, A4 and A5 and 
P. guilliermondii A6 strongly reduced decay 
development at 4 oC and 20 oC. The biocontrol 
activity of these isolates was dependent on the time 
and concentration of the antagonist. When applied 
after 12 h at 108 cells per ml, all isolates effectively 
inhibited decay development. Usall et al. (2000) 
reported the lesion size of P. expansum decreased 
as the concentration of cells of Candida sake (Saito 
& Ota) van Uden & Buckley  increased from 
1.6×105 to 1.6×106 CFU/ml. Droby et al. (2002) 
found that in biocontrol of Penicillium digitatum 
(Pers.: Fr.) Sacc.  of grapefruit by Candida 
oleophila development of  resistance was time and 
yeast concentration dependent. Fan and Tian (2000) 
reported better control of decay of apple was 
achieved when the antagonist Cryptococcus albidus 
was applied after than before P. expansum. 

Growth curves for C. membranifaciens showed 
that the antagonist could both colonize and grow in 
apple wounds. Even after a period of 25 days at 4 
oC, the number of yeast cells was greater than was 
originally introduced into the wound. Vero et al. 
(2002) demonstrated that only one application of 
the antagonist may be enough to prevent blue mold 
rot for a period of at least 35 days. Previous studies 
(Mercier and Wilson, 1995; Piano et al., 1997; Fan 
and Tian, 2000) have shown that effective 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

Iran. J. Plant Path., Vol. 48, No. 1, 2012: 17-26 
 

21 

Table 1. Percentage of growth inhibition of Botrytis mali Bm2 by different isolates of antagonist in vitro 

Isolates of yeast 
Dual culture 7d. after 

inocubation 

Volatile metabolites 

10d. after inoculation 

Cell free metabolites 7d. 

after inoculation 

R. mucilaginosa A1 25.43bc 90.22ab 3.23c 

R. mucilaginosa A3 13.92d 97.71a - 

R. mucilaginosa A7 24.91bc 89.63ab - 

C. membranifaciens A2 33.2a 83.37b 5.68a 

C. membranifaciens A4 26.11b 82.72b - 

C. membranifaciens A5 22.87c 88.54ab 3.23c 

P. guilliermondii A6 27.2b 97.38a 3.80b 

Each treatment was replicated 4 times with each colony measurement as the average of 2 independent measurements. 
Means within columns followed by the same letter do not differ significantly at p≤0.05 according to Duncan٫s Multiple 
Range Test 

 
 

Table 2. Percentage of growth inhibition of Botrytis cinerea Bc1 by different isolates of antagonist in vitro 

Isolates of yeast 
Dual culture 7d. after 

inocubation 

Volatile metabolites 10d. 

after inoculation 

Cell free metabolites 

7d. after inoculation 

R. mucilaginosa A1 35.11a 96.02ab 2.16b 

R. mucilaginosa A3 24.09c 95.41b - 

R. mucilaginosa A7 34.35a 95.12b - 

C. membranifaciens A2 26.98b 95.43b 2.55a 

C. membranifaciens A4 27.4b 96.86ab - 

C. membranifaciens A5 24.15c 81.18c 1.16d 

P. guilliermondii A6 36.65 98.33a 1.41c 

Each treatment was replicated 4 times with each colony measurement as the average of 2 independent measurements. 
Means within columns followed by the same letter do not differ significantly at p≤0.05 according to Duncan٫s Multiple 
Range Test 
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Table 3. Decay areas of infection on Golden delicious apples inoculated with Botrytis mali Bm2 challenged with 
yeast isolates 

 

107 CFU ml-1 (antagonist) 

105 spores ml-1 (pathogen) 

Pathogen inoculation after 4 h. 

108 CFU ml-1 (antagonist) 

106 spores ml-1 (pathogen) 

Pathogen inoculation after 12h. 

Treatment 
Decay area (cm2) 

after 9 d. at 20oC 

Decay area (cm2) 

after 25 d. at 4oC 

Decay area (cm2) after 9 d. at 

20±3oC 

B. mali Bm2 21a 18.84a 31.73a 

R. mucilaginosa A1+ B. mali Bm2 13.92c 15.2b 0.60c 

R. mucilaginosa A3+ B. mali Bm2 17.65b 13.51b 1.09b 

R. mucilaginosa A7+ B. mali Bm2 12.06c 15.02b - 

C. membranifaciens A2+ B. mali Bm2 0.64f 8.16c 0.26e 

C. membranifaciens A4+ B. mali Bm2 6.03d 2.57d 0.29e 

C. membranifaciens A5+ B. mali Bm2 2.5ef 1.54d 0.28e 

P. guilliermondii A6+ B. mali Bm2 4.59de 6.66c 0.35d 

Each treatment was replicated 4 times  with each lesion diameter the average of 2 independent measurements .Means 
within columns followed by the same letter do not differ significantly at p≤0.05 according to Duncan٫s Multiple Range 
Test 

 
Table 4. Decay areas of infection on Golden delicious apples inoculated with Botrytis cinerea Bc1 challenged with 

yeast isolates 

 
107 CFU ml-1 (antagonist) 
105 spores ml-1 (pathogen) 

Pathogen inoculation after 4 h. 

108 CFU ml-1 (antagonist) 
106 spores ml-1 (pathogen) 

Pathogen inoculation after 12h. 

Treatment Decay area (cm2) 
after 9 d. at 20oC 

Decay area (cm2) 
after 25 d. at 4oC 

Decay area (cm2) after 9 d. at 
20±3oC 

B. cinerea Bc1 14.89a 7.57a 11.31a 

R. mucilaginosa A1+ B. cinerea Bc1 3.08c 2.68b 0.33c 

R. mucilaginosa A3+ B. cinerea Bc1 2.16d 1.32c 0.66b 

R. mucilaginosa A7+ B. cinerea Bc1 5.16b 2.09b - 

C. membranifaciens A2+ B. cinerea Bc1 0.49e 0.44e 0.07g 

C. membranifaciens A4+ B. cinerea Bc1 0.5e 0.66d 0.23d 

C. membranifaciens A5+ B. cinerea Bc1 0.28f 0.41e 0.12f 

P. guilliermondii A6+ B. cinerea Bc1 0.08g 0.41e 0.2e 

Each treatment was replicated 4 times with each lesion diameter the average of 2 independent measurements. Means 
within columns followed by the same letter do not differ significantly at p≤.05 according to Duncan٫s Multiple Range 
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Fig. 1. Growth curve of Candida membranifaciens A2 (A) and C. membranifaciens A5 (B) in apple wounds 
without and challenged with Botrytis mali over 25 days at 4oC. Bars represent standard error 

 
 antagonists colonized wounds rapidly. Other 
mechanisms may involve nutrient competition, site 
exclusion, direct parasitism, production of lytic 
enzymes and possibly induced resistance (Droby 
and Chalutz, 1994). 

Supporting evidence for a putative involvement 
of nutrient and space competition and direct 
parasitism in mode of action of antagonistic yeasts 
comes from : (1) observations that biocontrol 
activity of microbial antagonists is concentration – 
depended and can be reversed by the addition of 
exogenous nutrients (Droby et al., 1989) and (2) the 
fact that they are capable of attaching tenaciously to 

fungal cell walls and causing severe cell-wall 
alternations (Wisniewski et al., 1991; El-Ghaouth 
et al., 1998). The possibility that antagonists may 
also induced host defense mechanisms has been 
inferred but not substantiated (Ippolito et al., 2000). 
In this study the result for apples stored at 4 °C, 20 
°C and 20±3 °C showed that C. membranifaciens 
A4 and A5  and P. guilliermondii A6 reduced 
growth of B. mali and were effective material for 
control of the pathogen.  The adaptation of these 
strains  to a wide range of temperature regimes 
provides good market potential for the isolates for 
control of postharvest apple diseases in storage, 
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during transportation, at the market place, and in 
the consumers` home. Nevertheless, it appears that 
control of postharvest diseases with antagonistic 
microorganisms is not often as consistent as control 
with synthethtic fungicides. Efficacy and plasticity 
of the biocontrol system are in need to improved to 
make biocontrol effective under a wide range of 
conditions and against a greater number of 
pathogens. Biological control of post harvest 
disease has been improved by manipulating the 
nutritional environment of the antagonist 
(Janisiewics et al., 1992). 

It has been enhanced by addition of CaCl2 
(McLaughlin et al., 1990) or siderophore 
(Lemanceau et al., 1993; Calvente et al., 1999). 
Addition of low concentration of fungicides to the 
antagonists was also suggested (Droby et al., 1998). 
The control of postharvest diseases of fruit by using 
combination of antagonistic microorganisms with 

natural compound has been shown to be an 
effective alternative (El Gaouth et al., 2000). 
Another approach is the use of mixture of 
antagonists because it may broaden the spectrum of 
activity and allows the combination of various trait 
without employment of genetic engineering for 
improving of antagonist strains (Calvo et al., 2003). 
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