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Yeasts colonizing the leaves of fruit trees
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Abstract - Yeasts were isolated from leaf surfaces of five species of fruit trees located in southwest Slovakia. One hundred
and fifty five yeast strains belonging to 11 genera were isolated from 300 samples of leaves. Seventeen yeast species were
identified, but only three occurred regularly: Aureobasidium pullulans, Cryptococcus laurentii, and Metschnikowia pulcher-
rima. Species such as Hanseniaspora uvarum, Pichia anomala, Rhodotorula glutinis, and Saccharomyces cerevisiae, were
isolated less frequently. We found only few differences in the yeast community isolated from leaves of different tree species
although dominant species occurred regularly on the majority of leaves. Furthermore, yeast species varied throughout years.
In spite of the fact that the yeast community occupying the leaves of the fruit trees was studied in the samples harvested
in three localities, which are distanced from each other some kilometers, the qualitative representation of the most isolated

yeasts was identical. The differences were only in the frequency of the incidence of individual species in the samples.
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INTRODUCTION

All aerial plant surfaces are inhabited by diverse assemblages of
microorganisms that have profound effects on plant health and
impact on ecosystem and agricultural functions. This environ-
ment is usually named phylloplane or phyllosphere. Many works
on phyllosphere microbiology have focused on leaves, a more
dominant aerial plant structures (Lindow and Brandl, 2003).
Yeasts are important members in many ecosystems (Fleet,
1998) and also form a major component of the population on
leaves (Nakase, 2000; Inacio et al., 2002). Little is known about
the ecological role of the phylloplane yeasts. The leaf surface
characteristics may affect, both qualitatively and quantitatively,
the immigration of yeasts to the phylloplane (Blakeman, 1973).
Yeasts are active as competitors for nutrients, antagonists
or symbiotic associates or as victims of the behaviour of their
neighbours (Do Carmo-Sousa, 1969). Leaf surfaces are colo-
nized by members of several genera of saprophitic yeasts that
provide a natural barrier against plant pathogens (Fokkema et
al., 1979). Leaves are exposed to rapid fluctuation of tempera-
ture and relative humidity values, which may have an impact on
the yeast population. Large fluxes of UV radiation are also one
of the most prominent features of the leaf surface environment
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to which micoorganisms have presumably had to adapt (Lindow
and Brandl, 2003). Many plants contain a number of compounds
whose adaptive significance may be a defense against inverte-
brates and microorganisms (Robinson, 1974). These compounds
also act, in some cases, as selective agents which shape the
yeast community composition (Lachance, 1990).

The external surface of the leaf as a habitat for yeasts has
been recognized more recently as an interior of flowers or fruits
of higher plants. Several years ago, the extensive isolation stud-
ies of yeasts from plant materials were carried out (Middelhoven,
1997; Nakase, 2000; Inacio et al., 2002) and yeast species were
isolated and described from these habitats.

Yeasts were also isolated from the leaves of apple and mango
trees (Jager et al., 2001; Fiss et al., 2003; Camatti-Sartori et
al., 2005). Some of them have a potential use as antagonists
and can serve as a biological control against post-harvest decay
of apples and pears (Ippolito and Nigro, 2000; Seibold et al.,
2004).

No information on yeasts associated with the phyllosphere on
the territory of Slovakia and neighbouring countries is available.
Only the yeasts associated with fruits and grapes were studied
in Slovakia. In our previous investigations, we studied the yeast
population colonizing the surface of the leaves and needles of
various wood plants from a forest park (Slavikova et al., 2007).

The purpose of this work was to study the yeast commu-
nity colonizing the leaf surface of various fruit trees during two
consecutive years in order to find out which yeast species are
predominant and what is their frequency.
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MATERIALS AND METHODS

Sampling. Yeasts were isolated from leaf surfaces of five spe-
cies of fruit trees: apple, cherry, apricot, peach, and plum. The
leaves of these fruit trees were harvested in three localities:
peripheral part of Bratislava, Malé Levare (approximately 50 km
from Bratislava), and Malé Zaluzie (approximately 100 km from
Bratislava). All three sites are located in southwest Slovakia.

Leaves were collected in the springtime, in the middle of
June, and in autumn, in the late September, during two consecu-
tive years (June 2006 to September 2007). Seventy five samples
were collected during each sampling. In total, this resulted in
300 samples from which yeasts and yeast-like organisms were
isolated. Leaves were carefully ripped out of twigs and put into
sterile plastic bags, transported to the laboratory, and processed
within 2 h after the harvesting.

Yeast isolation. Each sample (5 g) was cut up and placed in the
250-ml flask containing 50 ml of sterile distilled water and shaken
on a rotary shaker at 25 °C for 2 h. Leaf washing solutions were
serially diluted and 0.1 ml of each dilution was spread on malt
agar (MEA; Oxoid) containing 80 pg-ml-1 of streptomycin. The
plates were incubated at 25 °C. After 3, 5 and 10 days different
colonies were picked and streaked pure on the malt agar plates.
Cultures were maintained on the malt agar slants.

Yeast identification by conventional methods. The morpho-
logical and physiological characteristics of isolates were exam-
ined by the methods described by Yarrow (1998). Strains were
identified according to Kurtzman and Fell (1998) and Barnett et
al. (2000).

Yeast identification by molecular methods. The identifica-
tion of the strains belonging to the species Cryptococcus lauren-
tii, Rhodotorula glutinis and Saccharomyces cerevisiae was also
confirmed by the sequencing analysis of the rRNA gene internal
transcribed spacer (ITS) regions according to Esteve-Zarzoso et
al. (1999) and Leaw et al. (2006).

DNA extraction. Cells were collected from a fresh yeast colony.
The DNA was extracted by using the Ultra Clean Microbial DNA

Isolation kit (MOBIO Laboratories, USA) in accordance with the
manufactures instructions. The extracted DNA was stored at
-20 °C.

PCR reaction and DNA digestion. To amplify the ITS region two
primers: ITS1 (5" TCCGTAGGTGAACCTGCGG 3') and ITS4 (5’
TCCTCCGCTTATTGATATGC 3') were used. The PCR was per-
formed in a total reaction volume of 50 ul consisting of Taq
polymerase buffer (Apligene), 0.02 mM dNTPs, 0.02 puM of each
primers, 1 unit of Taq polymerase (Apligene), 3-10 ng DNA in
1-2 pl of TE buffer PCR amplification was carried out in PTC-100
Programmable Thermal Controller (MJ Research, Inc., USA). After
an initial denaturation at 94 °C for 4 min, 25 cycles of amplifica-
tion were conducted as follows: denaturation at 94 °C for 1 min,
annealing at 48 °C for 30 s, and extension at 72 °C for 1 min.
The final extension was at 72 °C for 10 min. A negative control
was performed for each run by replacing the template DNA with
sterile water in the PCR mixture. The amplification products were
precipitated by ethanol and diluted in an appropriate buffer.
Amplicons were digested with Haelll, Taql, Trul, Hinfl, Hhal and
Eco88I restriction endonucleases (Promega). The digests were
analyzed by 2% agarose gel electrophoresis in TBE buffer (10X
stock solution/l: 108 g Tris base, 55 g boric acid, 40 ml 0.5 M
EDTA pH 8.0; working solution was 1X TBE). Gels were stained
with ethidium bromide and visualised under UV light (Ultra. Lum,
Inc.). The amplification products of the unknown strains were
compared with the amplification products of reference strains
(Zarzoso et al., 1999; Leaw et al., 2006).

Reference strains. Cryptococcus laurentii CCY 17-3-2 (Type),
Rhodotorula glutinis CCY 20-2-34 (Type), and Saccharomyces
cerevisiae CCY 21-4-96 (Type) are maintained in the Culture
Collection of Yeasts, Institute of Chemistry, Slovak Academy of
Sciences, Bratislava.

RESULTS AND DISCUSSION

One hundred and fifty five yeast strains belonging to 11 genera
and 17 species were isolated from 300 samples of leaves. Table
1 provides a list of isolated species. Aureobasidium pullulans,

TABLE 1 - Occurrence of yeasts and yeast-like species isolated from the leaves of trees

Species Apple Plum Cherry Apricot Peach
Aureobasidium pullulans 35% 20 28 33 30
Candida tropicalis 2 3
Cryptococcus albidus 10 3 5 2
Cryptococcus laurentii 28 22 25 27 23
Geotrichum candidum 7 3
Hanseniaspora uvarum 5 2 3 7 18
Metschnikowia pulcherrima 30 32 13 32 33
Pichia anomala 4 5 2 5
Pichia guilliermondii 3 3 3
Pichia membranifaciens 3 2 2 3 2
Pseudozyma aphidis 2 2 4

Pseudozyma fusiformata 2 2
Rhodotorula glutinis 4 2 3 3 2
Rhodotorula minuta 2
Rhodotorula mucilaginosa 3 2

Saccharomyces cerevisiae 2 10 8 10
Yarrowia lipolytica 2

* The number gives % of positive samples.
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Cryptococcus laurentii, and Metschnikowia pulcherrima were the
most frequently isolated species and occurred on leaves of all five
kinds of fruit trees.

The basidiomycetous yeasts A. pullulans was present in
20-35% of the samples and C. laurentii in 22-28% of samples
(Table 1). The species A. pullulans and C. laurentii have been
often associated with the surface of plants. They were isolated
from all leaves regardless of plant or location (Andrews et al.,
2002; Inacio et al., 2002; Pereira et al., 2002). Cryptococcus
laurentii has been reported to be heterogenous based on DNA
G + C content, whole-cell protein electrophoretic patterns,
and the sequences of the D;/D, region of 26S rDNA and ITS
regions (Sugita et al., 2000; Takashima et al., 2003). We have
not found such heterogenity among the studied strains (Fig. 1).
Cryptococcus albidus occurred less frequently, but it was present
in 10% of samples of apple leaves.

A marked dominance of basidiomycetous yeasts on phyl-
loplane was reported by Inacio et al. (2002), but Middelhoven
(1997) reported only about one third of the strains frequently
found on plants growing in an arid climate as basidiomycetous
species. We found out that the ascomycetous and basidiomycet-
ous species were present in the leaf samples in approximately
equal frequency.

Table 1 shows low incidence of Rhodotorula glutinis on
leaves and together with another two carotenoids producing
species Rhodotorula mucilaginosa and Rhodotorula minuta
occurring only in 3-7% of the samples. Rhodotorula glutinis has
a world-wide distribution and some studies have suggested that
this species might encompass more than one species (Gadanho
and Sampaio, 2002). Figure 1 shows that the strains isolated
from the fruit trees exhibited similar profiles as the type strain
R. glutinis (Fig. 1). The red yeast species Sporobolomyces also
belongs to the yeasts frequently occurring on leaf surfaces
(Phaff and Starmer, 1987; Nakase, 2000). A surprising result
was the absence of ballistoconidia-forming yeasts in the sam-
ples of fruit tree leaves. A low incidence of this group of yeasts
was also found on leaves and needles of wood trees in the forest
park (Slavikova et al., 2007) and on the phylloplane of plants

in the Arrdbida Natural Park in Portugal (Inacio et al., 2002).
On the other hand, Sporobolomyces roseus was the dominant
species of the fish-pond water samples collected in the locality
Zelezna Studnicka in autumn, when the water contained many
fallen leaves (Slavikova and Vadkertiova, 1995) and probably
became more easily released from the decomposed leaves.

The ascomycetous species Metschnikowia pulcherrima was
the third most frequently isolated yeast species. It was isolated
from 13-33% of the samples and dominated in spring samples
(Table 1, Fig. 2). Metschnikowia pulcherrima has been consid-
ered to be a typical constituent of flowers and fruits (Phaff and
Starmer, 1987; Lachance et al., 2001) although Kvasnikov et
al. (1975) reported this species typical of phyllosphere, both
wild and cultural plants. The apiculate yeast Hanseniaspora
uvarum is also often associated with plants and fruits and is
the usual resident species of yeasts, regardless of the cluster
sector or the ripeage (Phaff and Starmer, 1987). It belongs to
the most common fermentative spoilage yeasts. Similar to M.
pulcherrima, H. uvarum ferments only glucose. Flowers, espe-
cially their nectars, are considered as an ideal habitat for yeasts
because they contain sugar. These yeasts can be distributed
between different plants or between flowers and leaves by pol-
linating insects. Hanseniaspora uvarum was present in samples
of all kinds of fruit trees in both seasons and all localities (Table
1, Figs. 2 and 3).

The pellicle-forming Pichia anomala was found in associa-
tion with trees (Spencer et al., 1974), whereas S. cerevisiae
predominated in the phyllosphere of wild plants (Kvasnikov et
al., 1975). Pichia anomala and Saccharomyces sp. belonged
to the most frequently found ascosporogenous yeasts iso-
lated from the surfaces of leaves and needles in a forest park
(Slavikova et al., 2007). Their incidence on the leaves of fruit
trees was less frequent; higher incidence was detected only in
autumn. The strains of S. cerevisiae were more common on
leaves of plum, peach, and apricot and did not occur on cherry
leaves. The species of the genus Pichia: P. anomala, P. mem-
branifaciens, and P. guilliermondii were found together only in
4-10% of the samples (Table 1).
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FIG. 1 - Example of PCR-RFPL analysis of the ITS region Cryptococus laurentii, Rhodotorula glutinis and Saccharomyces
cerevisiae strains. Lanes 1-4: isolates from fruit tree leaves no. 31, 604, 116 and 251 phenotypically identified
as C. laurentii; lane 5: C. laurentii CCY 17-3-2 (Type); lanes 6-10: isolates from fruit tree leaves no. 109, 235,
242, 244 and 250; lanes 11-14 isolates from fruit tree leaves no. 18, 227, 259 and 292; lane 15: R. glutinis CCY
20-2-34 (Type); lane 16: S. cerevisiae CCY 21-4-96 (Type); lanes M: DNA size marker; DNA cleaved with Hhal.
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FIG. 2 - Yeast species most frequently isolated from the leaves harvested during the spring and autumn sampling (the number gives
% of positive samples and is an average of two sampling).

The remaining five species: Candida tropicalis, Geotrichum
candidum, Pseudozyma aphidis, Pseudozyma fusiformata, and
Yarrowia lipolytica were isolated from the leaves less frequently.

The samples of leaves were harvested from five various fruit
trees, in two seasons of year during two consecutive years in
three localities distant from each other from 50 to 100 km. We
found out that although the leaves as habitats for the microbial
colonization came from various fruit-tree species, only few dif-

ferences in the yeast community were observed. The dominant
species occurred regularly on the majority of leaves. Leaves of
peach trees were occupied by the most heterogenous yeast flora
(Table 1). The marked differences in the frequency of individual
species isolated in spring and autumn are evident (Fig. 2). The
higher frequency of the yeast flora in autumn could be explained
by the changes in the leaf surface, when probably due to ero-
sion processes the leaf became more accessible for colonizing
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FIG. 3 - Yeast species most frequently isolated from the leaves of fruit trees harvested in three localities (the number gives % of posi-

tive samples).



Ann. Microbiol., 59 (3), 419-424 (2009)

423

by epiphillic microorganisms (Neinhuis and Barthlott, 1998).
Regardless of distance of individual localities, the qualitative
representation of the most isolated yeasts was identical. The
differences were in the frequency of the incidence of individual
species in samples (Fig. 3).

The representation of species colonizing the leaves of fruit
and wood trees (Slavikova et al., 2007) seems to be very similar,
but the frequency of individual species is distinct. Considerable
differences were found in the incidence of M. pulcherrima and H.
uvarum, which occurred more frequently on leaves of fruit trees,
whereas P. anomala, S. cerevisiae and A. pullulans were found in
the higher incidence on wood trees. The abundance of C. laurentii
and R. glutinis was almost similar in both types of trees.

The occurence of yeasts on fruit trees could be also influenced
by chemical compounds, mainly fungicides which are used in the
production system. The fungicides could substantially reduce
yeast population, but some have no effect on yeasts. Comitini
and Ciani (2008) noticed a drastic reduction in the yeast popula-
tion caused by fungicides. Saccharomyces cerevisiae exhibited
the highest sensitivity to some fungicides (Ribeiro et al., 2000).
Our results show lower incidence of this species on leaves of fruit
trees in comparison to wood trees, which could be affected by
the chemical spraying of fruit trees. On the other hand, C. /au-
rentii and R. glutinis performed low sensitivity towards several
fungicides commonly applied on fruits and vegetables (Lima et
al., 1998). The incidence of these species on the leaves of wood
and fruit trees was almost similar, in spite of chemical treatment
of fruit trees. The occurrence of yeasts after the chemical spray-
ing depends also on their ability to repopulate the surface of the
leaves (Andrews and Harris, 2000).

Middelhoven (1997) reported that phylloplane yeasts exhibit
wide biodegradative activities. From his study, it is clear that
phyllosophere yeasts are able to attact and to assimilate many
high-molecular and low-molecular plant constituents and that
they may benefit from many compounds leaking out of the plant.
By succesfully competing for nutrients, yeasts may protect the
plant against phytopathogenic fungi.

Some isolates of A. pullulans, P. anomala, M. pulcherrima,
and C. laurentii showed antagonistic activities against a number of
pathogenic fungi (Fredlund et al., 2002; Allen et al., 2004; Seibold
et al., 2004). The production of antibacterial compounds by phyl-
loplane isolates of C. laurentii and R. glutinis towards bacteria
were reported by McCormack et al. (1994). Pimenta et al. (2009)
pointed out that the changes in the native microbiota could nega-
tively affect the antagonistic action against pathogens.

The monitoring of the yeast community is actually funda-
mental to the better underestanding of their functions in natural
environments. It is possible that some of our isolated strains
may have the biological control potential against foliar and post
harvest diseases, but it remains the aim of further studies to
investigate this capability.
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