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Figure 2. In vivo screening of epiphytic yeasts highly antagonistic to Botrytis cinerea compared to the strain L4 (less 
effective), by observing the development of grey mould on apples co-inoculated with yeast isolates and the pathogen 
(in controls: (C+) apples were inoculated only with the pathogen while in (C–) they were inoculated with sterilised 
distilled water)

Figure 3. In vivo effect of yeasts on the percentage of di-
sease reduction after co-inoculating the apple wounds by 
the suspension of yeasts at 1 × 108 cells and the conidial 
suspension of B. cinerea at 1 × 105 spores/ml (Control: 
apple inoculated by the pathogen alone). Data were pooled 
from three experiments; LSD value = 12.087 at 5% level; 
individuals with different letter are significantly different; 
those with the same letter belong to the same group)
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In vivo screening of yeast antagonists. The biocon-
trol efficacy of the five selected yeasts was confirmed 
by using the in vivo test on apple fruits (Table 1 and 
Figure 2). Wounded apples treated with B. cinerea 
developed signs of disease in two days and the diam-
eter of the lesions induced in the fruit was 25 mm. 
The treatments of fruits with the five yeasts at the 
concentrations of 1 × 108 cells/ml reduce the lesion 
diameter of the grey mould disease on infected apples 
by more than 63%. Moreover, results showed that the 
strain L7 significantly reduced the development of the 
pathogen compared to controls (Table 1). In fact, it 
had the highest in vivo biocontrol efficacy by about 
95% of disease reduction. The disease incidence with 
this strain did not exceed 10%. Yeast strains L1, L2, 
L5, and L10 reduced grey mould on apple by 63.2, 
92.9, 70.3, and 82.0%, respectively (Figure 3). No signs 
of disease were observed in negative controls or in 
wounds inoculated solely by the yeast cell suspensions.

Characterisation and identification of selected 
antagonists. Yeast isolates have been identified on 
the basis of their morphological, physiological, and 
biochemical properties. No mycelium was observed for 
L2 and L10 strains. Pseudomycelium was observed for 
strains L1, L5, and L7. Different characteristics of the 
colony and the cell are shown in Table 2. The round 

to ovoid shape was predominant among yeast cells. 
The physiological and biochemical profiles including 
assimilation of sugars, hydrolysis of urea, and growth 
at various temperatures are summarised in Table 2. 

From the Internal Transcribed Spacers (ITS) re-
gion analysis (Figure 4), the active yeast isolates 
were identified as belonging to A. pullulans (L5, L7, 
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Table 2. Comparison of morphological, physiological and biochemical characteristics of the five effective yeasts (L1, 
L2, L5, L7, and L10) with Aureobasidium pullulans, Citeromyces matritensis, and Cryptococcus flavescens as listed 
by Kurtzman and Fell (1998) 

Characteristics L1, L5, L7 Aureobasidium 
pullulans L2 Citeromyces 

matritensis L10 Cryptococcus 
flavescens

Colony’s  
morphology

circular, slimy  
and smooth

circular butyrous,  
smooth and glistening

circular with the surface  
irregular and lowly postulate

Pigmentation pinkish white zellowish-cream, dull
Pellicule formation  
on broth medium + + – – + +

Cell’s  
morphology

ovoidal, singles very variable  
in shape and size.

round, singles, small groups,  
no pseudohyphae

round, singles, pairs,  
short chains

Assimilation
Glucose +    +    + + + + + +
Saccharose +    +    + + + + + +
Maltose +    +    + + + + + +
Lactose +    –     + – – – + +
d-Xylose +    +    + + + –/d/w + +
Galactose +    ±    + + – +/– + +
Urea hydrolysis +    +    + + – – ± +
Growth temperature (°C)
4 +     –    – + + + + +
25 ++  +     + + ++ ++ ++ ++
28 ++  +   ++ +++ ++ ++ ++ ++
37 +    +   + + – v + v

(+) positive reaction; (–) negative reaction; (±) moderate; d – delayed growth; w – weak growth; v – variable

Figure 4. ITS rDNA phylogenetic tree of the yeast isolates L1, L2, L5, L7, and L10 (a neighbour-joining phylogenetic 
tree was produced using Schizosaccharomyces octosporus as an outgroup)

and L1) with 98% similarity, to C. matritensis (L2) 
and to C. flavescens (L10) with 100% similarity. The 
ITS sequences of these isolates have been deposited 

in the GenBank database, under the accession num-
bers KY967606 for L1, KY967605 for L5, KY967607 
for L7, KY967604 for L2, and KY967603 for L10. 

L1 Aureobasidium pullulans
Aureobasidium pullulans strain WL18G HQ267769.1
Aureobasidium pullulans isolate RP268 10 KX067792.1
Aureobasidium pullulans isolate 498 KX424384.1
Aureobasidium pullulans isolate RP268 10 KX067792.1
Aureobasidium pullulans strain DG-1 HQ857602.1
L5 Aureobasidium pullulans
L7 Aureobasidium pullulans
Aureobasidium pullulans isolate D116 KX444657.1

     Cryptococcus flavescens strain AUMC 7794 JQ425400.1.1
       L10 Cryptococcus flavescens
     Cryptococcus flavescens strain m155 EF648006.1
Citeromyces matritensis culture-collection CBS:2836 KY102556.1
    L2 Citeromyces matritensis
 Citeromyces matritensis culture-collection CBS:2835 KY102554.1

       Schizosaccharomyces octosporus culture-collection CBS:371 1GU470886.1
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We conclude that there is a correlation between 
the molecular results and the morphological and 
physiological characteristics. The results of physi-
ological characteristics of strains L2 and L10 coincide 
with the data of the rDNA analysis which show their 
correspondence to C. matritensis and C. flavescens, 
respectively. 

DISCUSSION 

The control of postharvest diseases mainly relies 
on the application of synthetic fungicides (Xiao & 
Boal 2009). However, their use has been limited 
due to several factors such as development of resist-
ant strains of pathogens (Zamani et al. 2006) and 
decrease of public concern about their toxic effect 
on human health and environment (Pimenta et al. 
2008). In this respect, microbial biocontrol agents 
have shown a great potential as an alternative to 
synthetic fungicides. Several studies have shown 
the postharvest disease control by using biological 
agents (Droby et al. 2009; Abano & Sam-Amoah 
2012; Yu et al. 2013; Panebianco et al. 2015).

The main objective of this study was to isolate and 
select epiphytic yeast to prevent or reduce attacks 
on Golden Delicious apples by Botrytis cinerea. The 
antagonism has been described by several researches 
(Janisiewicz & Korsten 2002). However, this is 
the first study in Tunisia which highlights the in-
vestigation of epiphytic yeasts from local apples for 
their potential antagonistic activity against B. cinerea.

As the control agent should be adapted to condi-
tions on the fruit surface, the isolation was made 
from the epiphytic microflora associated with fruit 
(Fan & Tian 2001). Different yeasts were isolated 
and purified from the surface of different varieties 
of healthy apples and pears (Jijakli & Lepoivre 
1993; Zhang et al. 2005). This method that has often 
been admitted may have certain limitations. In 
fact, a microorganism isolated and selected for its 
antagonistic activity against disease on a specific fruit 
may not be effective on another fruit. In addition, 
under practical conditions, microorganisms colonis-
ing the fruit surface may encounter problems when 
inoculated in wounds. Furthermore, this technique 
allows isolating only the epiphytic microflora but 
the fruit contains also endophytic microorganisms 
that may be useful. 

Totally 10 yeast strains were tested for antifungal 
activities against B. cinerea. All yeast isolates showed 

more or less antifungal activity against the pathogen 
compared to the control in vitro. The most promis-
ing results were obtained by five epiphytic yeasts 
belonging to the species Citeromyces matritensis 
(L2), A. pullulans (L1, L5, L7), and Cryptococcus fla-
vescens (L10). These strains showed an inhibition 
zone not exceeding 10 mm on Petri plate assays. The 
mycelial growth inhibition of the pathogenic fungus 
ranged from 8.50% to 14.33% in dual culture. The 
treatments of wounded apples with the five yeasts 
significantly reduced the grey mould disease sever-
ity by more than 63%. Their application to wounds 
has no negative effect on fruit quality compared to 
untreated fruit, which proves their non-toxicity to 
apples. Instead, 3 isolates of A. pullulans L1, L5, and 
L7 show high efficiency in reducing t h e  disease 
incidence. The L7 strain had the highest in vivo 
biological efficacy by about 95%.

In an earlier study, Schena et al. (1999) found 
that isolates of A. pullulans were able to control 
Penicillium digitatum, Botrytis cinerea, Rhisopus 
stolonifer, and Aspergillus niger on grapes and Rhiso-
pus stolonifer on cherry tomatoes. The biocontrol 
activities of A. pullulans against blue mould of stored 
apple caused by P. expansum (Bencheqroun 2009), 
monilinia rot in banana (Wittig et al. 1997), and 
grapes by Monilinia laxa (Barkai-Golan 2001) 
were also revealed. Similar results were obtained 
in controlling postharvest decay caused by B. cinerea 
of apple fruit by A. pullulans (Ippolito et al. 2000). 
Nevertheless in previous researches, the incidence 
reduction percentage of grey mould b y  A. pullulans 
did not exceed 19% with an infection rate of 25% 
(Vero et al. 2009). 

In addition, the strains L2 of C. matritensis and 
L10 of C. flavescens highly reduced the grey mould 
disease severity on apples by more than 92 and 82%, 
respectively. Diverse studies evaluated the biological 
activity of the genus Citeromyces previously called 
the genus Torulaspora. In fact, Rosa et al. (2010) 
claimed that Torulaspora globosa is able to control 
the pathogenic fungus Colletotrichum sublineolum 
in sorghum. Ebrahimi et al. (2012) showed that 
Torulaspora delbrueckii is beneficial for controlling 
blue mould caused by Penicillium expansum in ap-
ple fruits. Nevertheless, as far as we know no report 
concerning the use of Citeromyces species against 
B. cinerea is available, which gave a great importance 
to this study. 

Among the species of the genus Cryptococcus, 
C. laurenti, and C. albidus are well-known for their 
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antagonistic activity against various post-harvest 
pathogens such as B. cinerea (Tian et al. 2004). 
Nevertheless, as far as we know, the use of C. fla-
vescens yeast in the B. cinerea control in apples has 
not been surveyed. The already existing studies are 
only interested in its effectiveness against Fusarium 
head blight on wheat (Dunlap et al. 2007).

Briefly, in this work, three yeast strains L2, L7, 
and L10 have been selected for their antagonistic 
properties. The use of such yeasts may constitute an 
important alternative to synthetic fungicides, which 
failed to suppress the development of the fungal 
pathogen. Their potential as biocontrol agents for 
grey mould is interesting and further investigation is 
needed to verify the effectiveness of these antagonists 
under long-term storage on apples. 

CONCLUSION

The present study investigated the isolation, iden-
tification and screening of potential antagonistic 
yeasts isolated from the surface of Golden Delicious 
apples grown in Tunisia. Five yeasts A. pullulans (L1, 
L5, and L7), C. matritensis (L2), and C. flavescens 
(L10) reduced the diameter of the grey mould lesion 
by more than 63%. The L7 strain had the highest in 
vivo biological efficacy by about 95% of the disease 
reduction followed by C. matritensis (L2) and C. fla-
vescens (L10) by 92.90 and 82%, respectively. To our 
knowledge, these latter two yeasts have been newly 
demonstrated to inhibit the grey mould disease on 
apples. Further studies are conducted to evaluate 
their mechanisms of action and exploit them in com-
mercial production and under storage conditions.
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