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Abstract

Epiphytic microorganisms isolated during three years from apple leaf and fruit
surfaces were examined for selection of isolates to protect apples against blue
mould (Penicillium expansum). The fungus is one of major reasons of apple losses
during cold storage in Bulgaria. Out of 264 isolates of bacteria, fungi,
actinomycetes and yeasts three isolates of yeasts appeared very effective against
blue mould on wounded ‘Golden Delicious’ apples, both at 2 and 22°C.
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Introduction

Damages caused by diseases during fruit storage are often of greater signifi-
cance than losses by diseases and pests which occur during fruit trees cultivation.
In Bulgaria losses during fruit storage reach 15–19% yearly, out of which 8–10% is
caused by fungi of Penicillium and Botrytis genera (Krasteva 1976, Shekhata 1992).
The possibility of building fruit pathogens’ resistance to fungicides and contami-
nation of fruit as well as environment with chemicals, encourage search for alter-
native control methods based on biocontrol agents (Spotts and Cervantes 1986).
The epiphytic microorganisms existing on fruits and leaves of fruit trees were the
object of studies conducted by Janisiewicz and Roitman (1988), Pusey and Wilson
(1984), Roberts (1990), Wisniewski and Wilson (1992), Sobiczewski and Bryk
(1995).
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The aim of our study, performed in 2002–2005, was to detect microorganisms
suitable for protection of apples against blue mould of apples caused by Penicillium
expansum.

Materials and methods

Isolation of epiphytic microorganisms

Fungi, yeasts and bacteria were isolated from the surface of apple leaves and
fruits of ‘Golden Delicious’ and ‘Starkrimson’ cultivars. Seven fruits with their aban-
doned leaves constituted each sample. The samples were collected from single fruit
trees and small private organic orchards not treated with pesticides for the last three
years. Plant material was washed with 200 ml of phosphate buffer (pH 6.5) on rotary
shaker at 100 rpm for 5 min. The number of microorganisms was determined using
serial dilution plate method on potato dextrose agar (PDA) medium. After 48–72 h
of incubation at 25°C the morphologically differing colonies of microorganisms were
transferred onto nutrient yeast dextrose agar (NYDA) medium.

Preparation of the pathogen inoculum

Penicillium expansum was isolated from decayed apples and maintained on PDA
medium. After 12–14 days of cultivation at 25°C and 16 h photoperiod the water
suspension of P. expansum conidia was prepared according to Jijakli et al. (1993).
The concentration of spores was adjusted to 104 and 105 in 1 ml with
hemocytometer (Burker’s cell).

Preliminary screening for antagonism (in vitro)

Each isolate was plated on PDA medium in a Petri dish making crossed streaks.
After three days of incubation at 25°C the pathogen inoculum was pulverized on
the surface of plates – in the form of spore suspension (104 spores per 1 ml). Each
isolate was tested in two Petri dishes. The antagonistic reaction was determined by
observation of inhibition zone appearance around the streaks after three and 10
days of co-cultivation.

Biotest with apple fruit (in vivo)

‘Golden Delicious’ fruits were harvested and stored in a cold storage at Fruit
Growing Institute, Plovdiv, at 2°C, RH 85%. The microorganisms tested were cul-
tivated in flasks liquid nutrient (NYDA) medium on rotary shaker at 150 rpm for
48 h, separated by centrifugation at 3000 rpm. Water suspension of each microor-
ganism was standardized to 106 and 107 cfu/ml on a spectrophotometer (wave
length 465 nm) according to Janisiewicz and Roitman (1988). Treatment of apples
was performed as described by Bryk et al. (1999) with slight modification. Apples
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were washed in water and disinfected by swabbing with cotton dipped in 95% eth-
anol. They were symmetrically wounded with cork borer in three places of 3 mm in
diameter and 3 mm deep. 25 �l of antagonist suspension was introduced into the
hollows and after 30 min 25 �l of conidial suspension of pathogen was added. In
control the hollows were filled with sterile water. First screening was performed at
22°C after seven days. Each microorganism was tested on five fruits. Those capable
to reduce blue mould incidence by over 80% were further tested at 2°C for 45 days.
The test was performed on 15 fruits per each microorganism.

Data analysis

The effectiveness index (EI%) was calculated as follows:

EI%
control – treatment

control
=

∅ ∅

∅
× 100

where Ø means an average diameter of rotting lesion; rating from 0 (no effect) to
100 (total effectiveness).

Results

From the collected fruit and attached leaf samples 264 isolates of epiphytic bac-
teria, fungi, actinomycetes and yeasts were obtained. Out of those 39 isolates in-
hibited the growth of P. expansum after three days of co-cultivation on PDA
medium. However, after 10 days of incubation 29 of the isolates lost their activity.
The highest antagonistic activity was demonstrated by six isolates of yeasts and
two of bacteria. They were selected for tests on apple fruits. As a results (data not
shown) only three yeast isolates (3-10, 14-16, 16-1) significantly decreased (over
80%) the development of rot during seven days of incubation at 22°C. Therefore,
they were tested on apple fruits in cold storage. Limitation of blue mould lesion de-
velopment at 106 cfu/ml of bioagent concentration used was 84–93% in case of 104

and 73–84% in case of 105 spores of P. expansum per 1 ml applied (Fig. 1).
Using the bioagent concentration of 107 cfu/ml, resulted in the effectiveness of

87–99% in case of 104 and 70–89% in case of 105 of P. expansum spores per 1 ml ap-
plied for inoculation (Fig. 2). Isolate numbered 3-10 was most effective.

Discussion

Some of the epiphytic microorganisms living on apple fruit and leaf are able to
protect apple fruits against P. expansum. Microorganisms active in the control of
postharvest diseases have been also isolated from many plant species by several au-
thors (Janisiewicz and Roitman 1988, Gullino et al. 1991). In our study over 200 iso-
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Fig. 2. Effect of yeast isolates 3-10, 14-16, 16-1 (107 cfu/ml) on limitation of blue mould lesion
development on ‘Golden Delicious’ apples inoculated with water suspension of Penicillium expansum

at 104 and 105 spores per 1 ml
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Fig. 1. Effect of yeast isolates 3-10, 14-16, 16-1 (106 cfu/ml) on limitation of blue mould lesion
development on ‘Golden Delicious’ apples inoculated with water suspension of Penicillium expansum

at 104 and 105 spores per 1 ml



lates of epiphytes have been obtained and tested for antagonistic potential against
P. expansum. The differences between their activity in vitro and in vivo activity were
noticed. Similar findings were described in other studies by Cook and Baker (1983).
In our study about 15% of the microorganisms tested inhibited the growth of
P. expansum on potato dextrose agar, but only 4% maintained their activity for a lon-
ger period. Most of the isolates active under in vitro conditions did not show the pro-
tective activity on fruits. This type of activity could be associated with competition
for nutrients and space. Three of our yeast isolates presented high antagonistic activ-
ity against P. expansum in in vitro and a high protective activity on ‘Golden Delicious’
fruits. The ratio between concentration of antagonist and pathogen inoculum was
related to its effectiveness. Higher degree of rot limitation was obtained with lower
level of P. expansum spores and higher concentration of bioagent.
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