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REY MOULD, caused by Botrytis cinerea Pers. (ex Fr.), is one

of the most severe postharvest disease of fruit and vegetables.
The use of fungicides is restricted in most countries, and there are
problems due to the negative effects they may have on the human and
environmental health, and on the selection of fungicide-resistant
strains of the pathogen. The use of naturally occurring antagonists to
control storage decay and increase product quality represents a
practicable alternative to chemical fungicides. However, the
mechanisms of action for most of the antagonists investigated have
not yet been fully elucidated, because of the difficulties due to the
complex interactions between host, pathogen, antagonist, and others
microorganisms occurring in the site of interaction. Among the
desirable characteristics of microbial antagonists is included the
ability for siderophores production. Several phyllosphere yeasts
species are known to produce hydroxamate-type siderophores, iron-
binding compounds in response to Fe-stress conditions. In this
research, more than 100 red yeasts were isolated from the surface of
organically and conventionally trained grape berries and leaves,
orange fruits, and olive drupes. The ability to produce siderophores
was scored qualitatively, and the most active isolates were selected for
further biocontrol activity tests against Botrytis storage rot on apple
fruits. On the whole, results indicated that isolates R50 and R51,
identified as Rhodotorula spp., were the most effective in reducing
Botrytis storage rot on apple fruits, although with an intermediate
hydroxamate-ty pe siderophores production.

Keywords: Grey mould, Red yeasts, Biocontrol agents, Siderophore.

Postharvest decays of fruits and vegetables account for significant levels of yield
losses. It has been estimated that about 20-25% of the harvested fruits and
vegetables are decayed by pathogens during postharvest handling, even in
developed countries, in developing countries, postharvest losses are often more
severe due to inadequate storage and transportation facilities. At the beginning of
the 1960s, treatments based on chemical fungicides were the main method to
reduce postharvest fruit losses and they gave satisfactory results. However, the
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fungicide option for managing postharvest decays is increasingly limited, in
addition, the use of fungicides on fruit after harvest is regulated by different food
protection agencies. The intense use of fungicides in the postharvest phase has
contributed to the appearance of resistant fungal strains, widespread in
packinghouses. Nowadays, fungicide resistance is frequently reported for the
main fungal pathogens such as Penicillium, Monilinia, Botrytis, etc. Although
the use of synthetic fungicides remains a primary method of controlling
postharvest diseases, the global trend appears to be shifting towards reduced use
of fungicides, substituting them with alternative means based on physical and
biological approaches. However, the great effort made by researchers,
documented by many peer-reviewed publications, has been only partially
compensated by the appearance on the market of BCAs available for industrial
application to control postharvest decays (Sharma et al., 2009 and Liu et al.,
2013). The use of naturally occurring antagonistic yeasts and yeast-like fungi to
protect fresh fruit and vegetables against postharvest diseases has gained
increasing importance. The large body of information now available
demonstrates that these microorganisms have characteristics of “ideal
antagonist” (Wilson and Wisniewski, 1989), such as the ability to survive under
adverse environmental conditions, resistance to chemicals (Droby et al., 1992
and Ippolito et al., 1998), competition for nutrients and space, absence of
deleterious metabolites for human health (Ippolito et al., 1997, Piano et al., 1997
and Castoria et al., 1998). Furthermore, preharvest application of yeasts and
yeast-like fungi is becoming increasingly popular since this treatment results in
the colonization of fruit surfaces and wounds by the biocontrol agents prior to
the establishment of postharvest pathogens (Lima et al., 1997, Leibinger et al.,
1997 and Ippolito et al., 1998).

A number of different microorganisms including bacteria, filamentous fungi,
and yeasts have been isolated and shown to protect fruit against postharvest
pathogens, some of them have been utilized to develop commercial products such
as Aspire (Candida oleophila strain 182: Ecogen, Inc., Langorne, PA), Bio-Save
10 and 11 (Pseudomonas syringae strain ESC10 and ESC11: EcoScience Corp.,
Worcester, MA), and Yield Plus (Cryptococcus albidus: Anchor Yeast, Cape
Town, South Africa). During the past few decades, promising studies have
reported effective preharvest disease control by commercially available biological
controlagents and other microorganisms at various developmental stages (Elmer &
Reglinski, 2006, Nally et al., 2012 and Parry et al., 2011). Furthermore,
postharvestapplications of several biocontrol agents have also been demonstrated
to be effective during storage of table grapes (Romanazzi et al., 2012).

However, despite the success demonstrated with a large number of microbial
antagonists, in most cases their performance under large-scale and commercial
conditions has been insufficient or inconsistent (Droby et al., 2001, 2009). For
biological control to be generally accepted by growers, its performance must be
improved to meet the demand for a disease reduction level comparable to that of
chemical fungicides. However, such a high level of control could not be
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obtained using fewselected biocontrolagents against a large number of pathogens
and in different climatic conditions (Droby et al., 1998). Therefore, to maximize the
performance of biocontrolagents, it is necessary to identify new effective biocontrol
agents having characteristics suitable for the environment in which they will be used.
Furthermore, the availability of a large number of effective biocontrol agents
occupying different ecological niches and having different mechanisms of action,
could allow the use of two or more microorganisms in a combined strategy
(Janisiewicz, 1998 and Spadaro & Gullino, 2004).

Yeasts appear the most promising biocontrol agents because competition for
nutrients, direct interaction with the pathogen and induction of host defense seem
to be the main modes of action (Droby and Chaltuz,, 1994). These mechanisms
make yeast biocontrol agents readily acceptable by consumers since production
of antibiotics seems not to be involved. Moreover, yeast activity may be
enhanced by integration with cultural methods (Sugar et al., 1994), low
fungicide concentrations (Droby et al., 1993 and Lima et al., 2011) or calcium
salts (Ippolito et al., 1994). Siderophores produced by different microorganisms
have been widely studied as biological agents and it is an alternative to take into
account in the control of phytopathogenic microorganisms. Recently there has
been an increasing interest in the use of biological control and siderophores
produced by several of the fluorescent pseudomonas.

Siderophores are extra cellular, low molecular weight (500 to 1000 Daltons),
virtually Fe(lll)-specific ligands produced as scavenging agent in order to combat
low iron stress. Theyare known as a high-affinity chelating agents for ferric iron, and
limitation of iron availability is one of the mechanisms by which biocontrol agents’
act in inhibiting the growth of phytopathogens (Hu and Xu, 2011). Iron chelating
agents, make complex with iron-Ill with high affinity, facilitate biocontrol by
sequestering iron from pathogens, thus limiting their growth (Sullivan and Gara,
1992, Chiriani et al., 1993, Champomier-Veges et al., 1996 and Diaz de Villegas et
al., 2002). Due to their potentialities in the biological control of phytopathogenic
fungi and bacteria their study has been stimulated in recent years (Prema and
Selvarani, 2013).

Theaim of this study is to evaluate the antagonistic activity of some strains withina
collection ofthe red yeasts highlighting their abilities to survive under cold storage
conditions, and to determine the production of siderophores by qualitative and
quantitativeassays in theisolates showing high potentiality in the antagonistic test.

Material and Methods

Microorganisms and culture conditions

The yeasts used in this study, belonging to DiSSPA (Dipartimento di Scienze
del Suolo, della Pianta e degli Alimenti, University of Bari, Italy) collection,
were isolated from table grape berries and leaves, olive drupes and citrus fruits
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(sweet orange and Clementine) cultivated according to both, organic and
conventional management systems.

Red yeasts isolation

The yeasts have been isolated from both grape bunches closely to maturation
period and leaves collected from the plants which have been received routine
chemical treatments or from plants that were not subject to any kind of
treatments at least for 10 years. Isolates were obtained fromgrape berries and /or
leaves (cv. Italia, Regina and Primitivo), oranges (cv. Valencia) and Clementine
fruits, and olives drupes. Plant parts (fruits and /or leaves) were placed in glass
bakers containing 100 ml of distilled sterilized water, and shacked four an hour
at 250. Subsequently, the washing water were serially diluted (1:10, 1:100,
1:1000, etc.) and 100 ul of each concentration were spread on Petri dishes
contained NYDA, an agarized selective medium for fungi and yeasts (10 g/l of
glucose, 8 g/l of Nutrient Broth, 5 g/l of Yeast extract, agar 18 g/l, distilled
water 950 ml, 50 ml of antibiotic solution containing Ampicillin (250 mg/l) and
streptomycin sulphate (250 mg/l). Petri dishes were then incubated at 24°C and
monitored after 5-7 days for the growth of red yeasts. After the visual selection
based on intensity reddish color, they were transferred to the purity of fresh
substrate, identified according to their morphological characters (Van der Walt
and Yarrow, 1984) and stored in slants containing NYDA substrate.

Evaluation of the siderophores production by universal CAS assay

In order to evaluate the involvement of competition for nutrients as a possible
mechanism of interaction between red yeast and B. cinerea, it was assessed the
ability of red yeast used in the tests of antagonism and of those present at the
collection of DIiSSPA to produce siderophores. This ability to produce
siderophores was assessed qualitatively by the universal CAS assay (Schwyn and
Neilands, 1987). This test makes it possible to identify the siderophores
exclusively through qualitative survey, regardless of their structure. In the course
of the different trials all glassware used in the tests was treated for 12 hr with
HCl 6 M, and thoroughly rinsed with double-distilled water, to remove the
occurrence of iron. For the universal CAS assay, the protocol modified by
Milagres et al. (1999) was followed, in order to solve the problem due to the
toxicity of Chromium-Azurol-S (CAS) to fungi.

The CAS-blue agar was prepared using 60.5 mg of CAS (Dye content 65%,
Aldrich) dissolved in 50 ml of distilled water and mixed with 10 ml of a solution
of iron-Ill (FeCI3-:6H20 1mM in HCI 10mM). After stirring, to the resulting
solution were added slowly 40 ml of an aqueous solution containing 72.9 mg of
HDTMA (Hexadecyl trimethyl ammonium bromide, >99%, Sigma). The
solution thus obtained was autoclaved at 121 °C for 15 min. In parallel, in 750
ml of distilled water, a suspension containing 15 g of agar and 30.24 g of Pipes
(BioChemika, appropriate biological buffer, > 99.0%, Fluka) was prepared, to
which 12 ml of a 50% solution (weight/weight) NaOH were added slowly. The
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resulting suspension was autoclaved at 121 °C for 15 min. Meanwhile, in Petri
dishes (6 cm diameter) 12 ml of PDA were dispensed. After solidification, the
substrate was cut by removing a half and, subsequently, in the empty half, 6 ml
of CAS-blue agar cooled to 50 °C were added.

After cooling, the CAS-blue plates were sown with the yeast isolate being
evaluated for the production of siderophores by scratching on the boundary line
between the two substrates, in the portion of the PDA. For each isolate 5
replications were seeded. The production of siderophores was determined
qualitatively, evaluating the development of color change of CAS blue agar
using an empirical scale (no, low, medium and high).

In vivo antagonistic activity: biocontrol assays.
Effectiveness of antagonistic yeasts in the control of post-harvest botrytis rot on
apple fruits.

In order to test the antagonistic activity of some isolates of red yeast against
B. cinerea, a test was carried out on the fruits of apple variety Golden delicious.
For the test fruits were selected without apparent defects and uniformity in size.
Apples were washed with sodium hypochlorite (NaClO) at 1% for 2 min, rinsed
with distilled water and placed to dry on sterile absorbent paper. Once dried,
apples were arranged in PVC trays (4 for each container), divided by separators
in cardboard sterilized in an oven. Subsequently, on each fruit were performed 4
wounds (2mm x 2mm), using sterile tips (Lima et al., 1997).

Wounds were inoculated with 40 pl of cell suspension of the antagonist at a
concentration of 8,5-9x10" cells/ml. The inoculum was prepared by placing the
antagonist to grow in a nutrient broth (NYDB, 10 g/l of glucose, 8 g/l of Nutrient
Broth, 5 g/l Yeast extract, distilled water 1000 ml). NYDB flasks were seeded
with a loopful of yeast and incubated at 24 °C for 48 hours over rotary shaker, at
130 rpm. After growth, the culture was harvested by centrifugation at 4000 rpm
for 15min and the pellet re-suspended in 2 ml of sterile distilled water. The
concentration of the suspension was determined by cell counts in
haemocytometer and adjusted by appropriate dilutions. In the test some isolates
from different origins were used.

Afterinoculation ofthe antagonist in the wounds, the fruits were left to dry for 2
hours at roomtemperature, so as to promote adhesion of the yeast in the wounds.
Subsequently, in the same wound, a conidial suspension of B. cinerea (20ul) at a
concentration of 4.5x10* conidia/ml was inoculated. Fruits inoculated with the
antagonistandsterile distilled water servedas control. The conidial suspension of B.
cinerea(isolateno. 69), was obtained by collecting in sterile distilled water the conidia
produced after the growth in PDA plate for 8 days. The concentration of the obtained
suspension was determined by haemocytometer and brought tothedesired value (4.5 x
10* conidia / ml) by means of suitable dilutions ( Ljakli and Lepoivre, 1993).
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At the end of inoculation phase, the containers, sealed in plastic envelopes,
then were stored at 0£1°C for 20 days, fruits then were held at room temperature
up to 6 days and the number of infected wounds and the lesion diameter were
determined.

Iron (111) Perchlorate assay

The quantitative determination of siderophores production was carried out by
using the ferric-perchlorate test. This assay is based on the capacity of the
hydroxamates to form stable complexes with the iron at low pH values (Payne,
1994). The yeasts were cultured on plates containing selective PDA, from which
one loopful was collected to inoculate 20 ml of the specific culture medium
(Table 1). Flasks were incubated at 25 £1°C for 24 h, in shaking culture (200
rpm). Subsequently, 99 ml of fresh culture medium were inoculated with 1 ml of
the preculture liquid and the whole was incubated at 25°C (x1°C), for 72 hours,
on rotary shaker at 200 rpm. The culture was then collected by centrifugation at
6000 rpm, 4 °C, for 10 min. The supernatant was collected and used for the
quantitative determination. The assay was carried out by mixing 500 pl of
supernatant culture medium (as such or appropriately diluted) with 2.5 ml of a
solution containing 5 mM FeCls, and 0.1 M HCIO,4. The concentration of the
hydroxamate-type siderophores was determined by reading the maximum optical
density (OD max) at 480 nm of the resulting solution versus a 500 pl of blank
solution, similarly prepared from sterile liquid medium. The list of yeast isolates
tested according to the protocol previously described, is reported in Table 2.

Experimental design and statistical analysis

The test was set according to a completely randomized design. For each yeast
isolate tested, three replications, each consisting of 4 apples, were used. Four
equidistant wounds were performed on the upper zone of each apple. Moreover,
for each yeast isolate, three apples were inoculated with the potential antagonist
alone, in order to ascertain any pathogenic activity by yeast. Apples inoculated
with water were used as a control.

The results obtained were subjected to analysis of variance and the means of
the different treatments were compared by the Duncan Multiple Range Test
(DMRT) (Gomez and Gomez, 1984).

TABLE 1. Composition of the culture medium used for the production of
siderophores.

Culture medium for siderophores production
Saccarose 25 g/l
(NH4)2S0O4 4 g/l

POsHK> 39/l
Citric acid 1yl
MgSO4 0.08 g/l
Zn SO, 0.002 g/l
Adjust the pH to 6.8 and sterilized (whole cycle autoclave).
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TABLE 2. List of red yeasts subjected to ferric perchlorate assay with its area of
origin and isolation matrix.

Index of Isolation Matrix, locality and

. Yeast -
collection province
R.103 Rhodotorula glutinis Olive drupes, Larino, Campobasso
R.103/2 Rhodotorula glutinis/2 Olive drupes, Larino, Campobasso
R.50 Rhodotorula spp. Grapes, cv. Regina, Andria, Bari
R.44 Rhodotorula spp. Grapes, cv. Italia, Rutigliano, Bari
R.51 Rhodotorula spp. Grapes, cv. Regina Andria, Bari
R.28 Rhodotorula spp Citrus, cv. Valencia late, Taranto
R.86 Rhodotorula spp Grapeleaves, cv. Italia, Rutigliano,
Bari

R.45 Rhodotorula spp Grape berries,
R.43 Rhodotorula spp Grape berries
R.100 Rhodotorula spp Oranges, cv. Valencia late, CRB
R.29 Rhodotorula spp Oranges cv. Valencia
R.55 Rhodotorula spp Grapes, cv Regina, Andria, Bari
R.97 Rhodotorula spp Oranges, cv. Valencia late CRB

Aureobasidium Reference isolates, for space and
L.47 ullulans nutrient competition (Ippolito etal.,

P 2000)

Aureobasidium Reference isolates, for space and
L672 . -

pullulans nutrient competition

Results

Qualitative evaluation of siderophores production by different isolates of
epiphytic Rhodotorula spp. using universal Chrome Azurol S (CAS) assay:
Detection of siderophore production

Red yeasts isolates listed in Table 3 were tested for their ability to produce
siderophores by using the universal assay of CAS-blue agar (Fig. 1). Different
red-yeast isolates showed different levels of siderophores production (Fig. 2).
Isolates were grouped in four different groups (none, low, medium, and high
siderophore production) according to the level of discoloration induced on CAS-
blue agar plates (Table 3). The color change in the CAS-blue agar plates
indicated that microorganisms reacted in different manners to the assay
(Milagres et al., 1999).
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TABLE 3. Qualitative evaluation of siderophores production by different isolates of
epiphytic Rhodotorula spp. Isolates were grouped according to the level
of discoloration induced on CAS-blue agar plates.

Group Siderophores production level Isolates

None

-

R6, R11, R16, R17, R21, R25,
R56, R61, R75, R81, R84, R87,
R88, R89

RS, R27, R28, R31, R36, R39,
R46,

R49, R55, R58, R62, R67, R70,
R77, R82, R93, R9%4, R97,
R104,

LS 22 R. glutinis

R24, R33, R43, R50, R51, R64,
R66, R71, R76, R86, R90, R79,
R92, R103

R26, R37, R44, R45, R52, R78,
R99, R3
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PDA CAS-blue agar

Fig. 1. Example of the Petri dish containing the substrate CAS -blue agar used to test
the ability of the isolates to produce siderophores.
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Fig. 2. Comparison of the production of siderophores between two red yeasts
isolates.

Efficacy of the antagonistic yeasts in controlling Botrytis rot on apples:

in-vivo assay. Yeast isolates were evaluated for their efficacy as biocontrol agents against
Botrytis rot on apple fruits. After 20 days of cold storage at 0°C (x1°C), followed by six days
shelf life at room temperature, results indicated that some of the tested yeasts induced significant
reduction on both rot percentage as well as lesion diameter (mm), as compared to untreated
control(Fig. 3). Isolates named R43, R50,R51, and 86, belongingto the C group and recognized
as medium rates siderophores producer on CAS assay, showed the highest and significant
efficacy in reducingboth rot percentage and lesion diameter as compared tootherisolatesand the
untreated control. Whereas, isolates R26, R44,R45, R52, R78, R99, and R3 induced significant
reduction of the lesion diameter only, as compared to the untreated control.

Perchlorate ferric assay.

The amounts of siderophores excreted into the culture medium were
determined by using the iron (Ill) perchlorate assay. High concentrations of
hydroxamate-type siderophores were obtained with isolates R103, R103/2, and
L47 which were used as references isolates (Fig. 4). Isolats R50, R51, and R99
showed significantly higher siderophores production as compared to the
remaining isolates. Conversely, isolates R43 and R86 which were among the best
in the qualitative test, showed a lower siderophaore production (Fig. 4).
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Fig. 3. Activity of different Rhodotorula spp. isolates on the reduction of Botrytis
storage rot incidence (upper panel) and lesion diameter (lower panel) on
apple fruits, after 20-days storage at 0+1°C and 6 days shelf life at room
temperature. Bars marked with the same letters are not statistically different

according to the DMRT (P<0, 01).
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Fig. 4. Quantitative determination of hydroxamate-type siderophores production by
different isolates of Rhodotorula spp. In the test the isolates R103 of R.
glutinis, already known for its production of siderophores, and the
antagonistic isolates L47 and L672 of A. pullulans, characterized for their
mode of action based on the competition for space and nutrients, were also
included. Bars marked with the same letters are not statistically different
according to the DMRT (P<0, 01).

Discussion

Most ofthe methods used to determine the siderophores production are carried
out on the microorganism culture supernatant, because siderophores are found
there, with the exception of the cell wall-associated mycobactins (Calvente et al.,
2001a). With respectto the assays fordetermining siderophores, they can be either
unspecific or based on chemical or biological properties of the siderophores
(Payne, 1994). In this research CAS-blue agar assay has been used to screen a
number of collected isolates of Rhodotorula spp. and to evaluate their ability to
produce siderophores. Isolates were then categorized according to their capability
of siderophores production in four groups: A (no production), B (low), C (medium)
and D (high production). Although the universal assay on CAS-blue agar,
developed by Schwyn and Neilands (1987), is considered as the most used and
unspecific test, a further confirmation of the obtained data is necessary with in vivo
assay. Our results showed a significant reduction in either decay percentage and
lesion diameter by the strains R50 and R51, thus suggesting that rhodotorulic acid
based-siderophore producedby these isolates has an effective role in the control of
B. cinerea. Similar results have been reported by Calvente et al. (1999), who
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demonstrated that rhodotorulic acid, a hydroxamate-type siderophore produced by
Rhodotorula glutinis strains, improves the biological control of blue rot caused by
Penicillium expansum and gray mould in harvested apples. Rhodotorulic acid, a
siderophore produced by yeasts belonging to the genus Rhodotorula, has also
shown ability to inhibit spore germination of various plant pathogens including B.
cinerea, (Calvente et al., 2001b), since conidia require a large intake of iron for
germinating (Charlang et al., 1981). In addition, Calvente et al. (2001a), mentioned
that yeasts produce hydroxamate-type siderophores (iron-binding compounds) in
response to Fe-stress conditions which are important to the biocontrol of
postharvestdiseases ofapple and pears. In iron(lIl)-perchlorate assay, isolates R50,
R51 showed appreciable results which were in accordance with the results
observed on other chemical or biological test, however, isolates R43 and R86
although showing a high production of siderophores in the qualitative test (CAS-
agar), resulted poor siderophores producer when tested with the quantitative one.
Although the iron(lll)-perchlorate assay provides not only a means of detection but
also considerable information about the structure ofthe compound (Calvente et al.,
2001a), Paul and Dubey (2015) reported that siderophores of the same type can
show different absorbance maximum, thus leading to the hypothesis that these
compound could be structurally different siderophores.

In conclusion, using CAS-blue agar and iron (lll)-perchlorate assays it was
possible to carry out a preliminary screening for hydroxamic-based siderophores
productionin acollection of Rhodotorula isolates originally living on different fruit
surfaces. Moreover, in-vivo assays were useful to identify potential antagonists of
post-harvest gray mould on apple fruits. Isolates R43 and R86 demonstrated high
siderophores production in the qualitative test (CAS-blue agar), whereas they
resulted poor producersin the quantitative test for hydroxamate-type siderophores
production. This leads to the necessity to develop and use further tests, enabling the
quantificationand characterization of other forms of siderophores. Two Rhodotorula
spp. Isolates, R50 and R51, demonstrated high antagonistic activity and a good
survival rate during the cold storage (Nigro et al., unpublished). Further trials on
different fruit species and varieties will provide data to confirm the antagonistic
efficacy of these two new biocontrol agents producing siderophores.
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