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ABSTRACT

Amiri, A., Holb, I. J., and Schnabel, G. 2009. A new selective medium for
the recovery and enumeration of Monilinia fructicola, M. fructigena, and
M. laxa from stone fruits. Phytopathology 99:1199-1208.

Isolation of Monilinia spp. from stone and pome fruit surfaces is
difficult due to the presence of several fast-growing fungal species such
as Rhizopus, Alternaria, and Penicillium spp. Therefore, a new selective
medium (acidified potato dextrose agar [pH 3.6] amended with fosetyl-
aluminum [fosetyl-AL] at 500 ug/ml) (APDA-F500) was developed for
the recovery of Monilinia propagules. The antifungal agents fosetyl-Al,
dichloran, ammonium molybdate, and 2-deoxy-D-glucose (2-dD-glucose)
were tested in potato dextrose agar (PDA) for their selective activity
against Monilinia fructicola and seven common fungal contaminants of
peach, including Alternaria alternata, Aspergillus niger, Colletotrichum
acutatum, Gilbertella persicaria, Penicillium expansum, Phomopsis
amygdali, and Rhizopus stolonifer. Dichloran, ammonium molybdate, and
2-dD-glucose inhibited spore germination and mycelial growth of all test
fungi, including M. fructicola, at comparable levels. Fosetyl-Al added to
PDA (PDA-F) at 500 or 1,000 pg/ml did not inhibit germination of any of
the fungi but had a strong effect on mycelial growth of six of eight test
fungi at 1,000 ug/ml, with the exceptions being R. stolonifer and M.

fructicola. Germination and mycelial growth of M. fructicola were least
affected on APDA-F500 compared with the other test fungi. On APDA-
F500 at pH 3.2 and 3.6, germination of M. fructicola was not inhibited
but mycelial growth was reduced by 54.2 and 24.2%, respectively. In all,
17 M. fructicola, 6 M. fructigena, and 6 M. laxa isolates collected from
different geographic locations and diverse hosts were evaluated for their
germination and mycelial growth on APDA-F500 (at pH 3.6). Germi-
nation was not inhibited for any isolate and relative mycelial growth was
45.8 to 83.3%. Field-grown peach fruit from South Carolina and Hungary
and plum fruit from Hungary were used to test the selectivity of APDA-
F500 for the recovery of three Monilinia spp. compared with PDA-F500
and Monilinia selective medium (MSM) previously developed for
Monilinia spp. detection. Percent recovery of M. fructicola from South
Carolinian peach fruit was highest on APDA-F500 (0, 17, and 69% in
June, July, and August, respectively) compared with PDA-F500 (0, 3.5,
and 50%, respectively) and MSM (0, 0, and 6.8%, respectively).
Moreover, APDA-F500 selectively recovered M. fructigena and M. laxa
propagules from the surfaces of Hungarian peach and plum fruit. Our
results indicate that APDA-F500 is a useful medium for selective
isolation and enumeration of the three most common Monilinia spp.
attacking stone fruits worldwide.

Monilinia spp. are widespread fungal plant pathogens that
cause extensive damage on members of the Rosaceae family, in-
cluding important agricultural crops such as pome and stone
fruits. Monilinia fructicola, M. fructigena, and M. laxa are the
most common species within this genus (26). M. fructicola is
most prevalent in North and South America (7,35,40,45) and has
recently emerged in several European countries (9,13,48). In
Spain and Italy, the two major countries producing stone fruits in
Europe, M. laxa and M. fructigena are the most important cause
of postharvest brown rot in peach and nectarine (36,54). Monilinia
spp. commonly infect blossoms, twigs, and fruit, causing blossom
blight, twig blight, and fruit brown rot, respectively. Conidia of
the fungus overwinter in fruit mummies or cankerous lesions
(10,35) serve as a primary inoculum source and cause blossom
blight in the spring. Under unfavorable climatic conditions, infec-
tions remain latent in immature fruit until conditions become
favorable for disease development later in the season (8,16,21).

The recovery and isolation of plant pathogens enables scientists
to study the genotypic and phenotypic diversity and the dynamics
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of pathogen populations (4). However, the presence of bacterial,
yeast, and several other fungal contaminants can make such
efforts difficult. In one investigation dedicated to study the diver-
sity of Monilinia spp. and the fungal microflora of stone fruit
mummies in California orchards, more than 20 fungal genera
were isolated (27). Penicillium, Cladosporium, Mucor, and Rhizo-
pus spp. were most frequently isolated, while the recovery of
Monilinia spp. was <4%. In respect to M. fructicola, the recovery
of isolates can be especially challenging in dry years when iso-
lations have to be performed on asymptomatic fruit. This is well
documented by a study conducted by Emery et al. (16), where the
incidence of latent infections of M. fructicola on commercially
grown peach fruit varied between 0.4 and 22%.

The use of a selective medium can greatly facilitate isolation
attempts. Selective media have been developed for the isolation of
fungal plant pathogens such as Botrytis spp. (14,32), Fusarium
spp. (53), Alternaria spp. (28), and others. The only medium
available for isolation of Monilinia spp. (Monilinia selective
medium [MSM]) was developed >30 years ago by Phillips and
Harvey (49). MSM consists of peach juice, streptomycin, and
neomycin to limit the development of bacteria and pentachloro-
nitrobenzene (PCNB) at 1,000 pg/ml to limit the growth of other
fungal contaminants of peach fruit. The MSM medium has not
been particularly selective for M. fructicola (49) and requires a
5- to 7-day incubation period (49). One reason for the weak
selectivity of MSM might be related to the limited antifungal
activity of PCNB, as reported for Penicillium spp. (19), Fusarium
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spp. (43,53), and Epicoccum spp. (55). Furthermore, PCNB is
undesirable as a constituent of media because of its carcino-
genicity (17,42).

The development of an efficient Monilinia spp.-selective
medium is useful to study aspects of the ecology and biodiversity
of Monilinia spp., which may ultimately lead to improved disease
management practices. The goal of this study was to develop an
efficient selective medium for Monilinia spp. Specific objectives
were to (i) screen for active ingredients that selectively support
germination and mycelial growth of M. fructicola, M. laxa, and
M. fructigena; (ii) investigate their inhibitory activity against
several potential fungal peach contaminants; and (iii) determine
the ability of the newly developed medium for Monilinia spp.
recovery from asymptomatic stone fruits.

MATERIALS AND METHODS

Fungal isolates and inoculum production. Forty-three iso-
lates of fungal opportunists or pathogens of peach fruit, including
Alternaria alternata, Aspergillus niger, Colletotrichum acutatum,
Gilbertella persicaria, M. fructicola, M. fructigena, M. laxa,
Phomopsis amygdali, Penicillium expansum, and Rhizopus
stolonifer were used in this study (Table 1). Isolates were stored at
—80°C on silica gel (grade 40; Sigma-Aldrich, St. Louis) and new

TABLE 1. Characteristics of fungal isolates used in this study

cultures were grown from this stock on potato dextrose agar
(PDA) medium (EMD Chemicals Inc., Gibbstown, NJ) for each
experiment. Conidia of Monilinia spp. and Alternaria alternata
isolates were produced on V8 agar and acidified PDA (APDA; pH
4.2), respectively. Conidia from the remaining isolates were ob-
tained on PDA medium incubated at 22°C for 3 to 4 days, with
the exception of C. acutatum and Phomopsis amygdali isolates,
which had to be stimulated for sporulation by keeping cultures in
the dark for 7 days before exposure to a 12-h photoperiod for 10
to 15 days. For each experimental run, conidia were freshly har-
vested and resuspended in 10 ml of sterile distilled water con-
taining 0.05% Tween 80. Conidia were filtered through cheese-
cloth and the final concentration was determined using a
hemacytometer.

Fungicides and media recipes. Four active ingredients (a.i),
including dichloran (Botran 75WP; Gowan Company, Yuma, AZ),
ammonium molybdate tetrahydrate (ammonium molybdate; EMD
Chemical Inc.), 2-desoxy-D-glucose (2-dD-glucose) (grade II,
98%; Sigma-Aldrich), and fosetyl-Aluminum (fosetyl-Al) (Aliette
WDG; Bayer Crop Science, Research Triangle Park, NC), were
evaluated for their effect on germination and mycelial growth of
the test fungi. These active ingredients were chosen because anti-
fungal effects against common peach pathogens were reported
previously. For example, dichloran was shown to inhibit R. sto-

Fungal species Isolate name Geographic origin (region, country) Host Year of isolation
Monilinia fructicola Mf.Pdtl1 South Carolina, United States Peach 2007
Mf.DMap4 South Carolina, United States Peach 2008
Mt.Egpc5 South Carolina, United States Peach 2007
Mf.Egpcl2 South Carolina, United States Peach 2007
Mf.Bmpc9? Georgia, United States Peach 2006
Mf.Bpcl Georgia, United States Peach 2007
Mf.Bpc8 Georgia, United States Peach 2007
Mf£.SLf8 Georgia, United States Peach 2008
1390 California, United States Peach 2005
NJO7 New Jersey, United States Peach 2006
NJO8 New Jersey, United States Peach 2006
NJO12 New Jersey, United States Nectarine 2006
NJO15 New Jersey, United States Peach 2006
2F New York, United States Cherry 2007
6¢ New York, United States Cherry 2007
10B New York, United States Cherry 2007
13B New York, United States Cherry 2007
Monilinia fructigena MFG.E4 Szabolcs, Hungary Apple 2002
MFG.D10 Hajdd, Hungary Plum 2001
MFG.BP7 Pest, Hungary Apple 2001
MFG.ME16 Borsod, Hungary Apple 2001
MFG.MAT11 Szabolcs, Hungary Apple 2001
MFG.DP24 Hajdd, Hungary Apple 2002
Monilinia laxa ML.E14 Szabolcs, Hungary Cherry 2000
ML.D5 Hajdd, Hungary Plum 2002
ML.BP5 Pest, Hungary Cherry 2001
ML.ME6 Borsod, Hungary Peach 2001
ML.MA21 Szabolcs, Hungary Cherry 2001
ML.DP7 Hajdd, Hungary Plum 2002
Alternaria alternata Aabyl Georgia, United States Peach 2006
Aa.scl South Carolina, United States Peach 2006
Colletotrichum acutatum Ca.ccal Georgia, United States Peach 2006
Ca.ca2 South Carolina, United States Peach 2006
Phomopsis amygdali Pa.byl Georgia, United States Peach 2006
Pa.egl South Carolina, United States Peach 2006
Rhizopus stolonifer Rs.by2 Georgia, United States Peach 1996
Rs.by5 Georgia, United States Peach 1996
Gilbertella persicaria Gp.pchl South Carolina, United States Peach 2006
Gp.mmy1 South Carolina, United States Nectarine 2006
Penicillium expansum Pe.expl South Carolina, United States Apple 2006
Pe.exp2 South Carolina, United States Pear 2006
Aspergillus niger An.crl South Carolina, United States Peach 2006
An.crol South Carolina, United States Peach 2007

4 Amiri et al. (3).
b Ma et al. (39).
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lonifer at 2.5 pg/ml and Aspergillus spp. and Penicillium spp. at
12.5 pg/ml (33); 2-dD-glucose was shown to reduce mycelial
growth of R. stolonifer and Penicillium expansum at 1 pg/ml (15);
ammonium molybdate at 10 mM significantly reduced the
incidence of Penicillium expansum and R. stolonifer in apple fruit
(44); and fosetyl-Al was shown to be active against a range of
fungi at concentrations ranging from 100 to >2,000 pg/ml (18).
All active ingredients were incorporated into autoclaved and
cooled (50°C) PDA used as basal medium after preliminary tests
using several media (data not shown). Dichloran was added to
PDA at final concentrations of 5, 15, and 25 pg/ml; ammonium
molybdate at 10%, 5 x 10%, and 10* pg/ml; fosetyl-Al at 500, 750,
and 1,000 pg/ml; and 2-dD-glucose at 1, 2, and 5 pug/ml. The in-
hibitory effect of these four active ingredients incorporated into
PDA was compared with MSM (49). The MSM medium
consisted of 2% agar (Acros Organics, Morris Plains, NJ) and 5%
peach juice obtained by mixing yellow cling canned peach halves
(Great Value brand; Wal-Mart, Bentonville, AR) for 1 min in a
blender. The mixture was autoclaved for 20 min and cooled to
50°C before adding PCNB (99%) at 1,000 ug/ml pentachloro-
nitrobenzene (Sigma-Aldrich) and streptomycin sulphate (Bio-
sciences, Inc., La Jolla, CA) at 1,000 pg/ml. Fungicide-amended
PDA and MSM media were poured into polystyrene petri dishes
(90 mm in diameter) and dishes were stored at 4°C for up to
7 days.

Germination of M. fructicola and other test fungi on MSM
and fungicide-amended PDA. A 100-ul spore suspension (10
conidia/ml) volume from each isolate was spread evenly onto
solidified media in petri dishes using a sterilized glass rod. Dishes
were sealed with Parafilm (Pechiney Plastic Packaging, Menasha,
WI) and incubated at 22°C, and percent germination was
determined after 24 and 72 h. To calculate germination fre-
quencies, each petri dish was divided into three sectors of com-
parable sizes with a marker and 100 spores per sector were
examined under a microscope. A conidium was considered
germinated when it had produced a germ tube two times longer
than its diameter. Results were expressed as percent conidial
inhibition relative to the control PDA. Three petri dish replicates
were assessed for each treatment and the entire experiment was
conducted twice.

Mycelial growth and sporulation of M. fructicola and other
test fungi on MSM and fungicide-amended PDA. Plates con-
taining the media were inoculated with mycelial plugs (5 mm in
diameter) taken from the advancing margins of 2- to 3-day-old
Penicillium expansum, R. stolonifer, and G. persicaria colonies;
4- to 7-day-old M. fructicola, Alternaria alternata, and Asper-
gillus niger colonies; and 7- to 10-day-old C. acutatum and
Phomopsis amygdali colonies. Five petri dishes were inoculated
for each isolate—fungicide concentration combination. Dishes
were sealed with parafilm and incubated at 22°C in the dark, and
radial mycelial growth was measured after 48 and 96 h. Percent
growth inhibition on fungicide-amended PDA and MSM was
calculated relative to the unamended PDA control. The entire
experiment was conducted twice. Sporulation of each fungus was
evaluated using the same petri dishes used for mycelial growth
test. The percent sporulation of each isolate was scored using a
scale from O to 4, where 0 = no sporulation, 1 =1 to 25,2 =26 to
50, 3 =51 to 75%, and 4 = >75% sporulation expressed relative to
the sporulation on the control dishes. Three petri dishes were
assessed for each treatment and the entire experiment was
conducted twice.

Effect of pH on the efficacy of fosetyl-Al on germination
and mycelial growth of tested fungi. The effect of pH on
fosetyl-Al activity against conidial germination and mycelial
growth was investigated. Autoclaved PDA was cooled to 50°C;
acidified to pH 2.8, 3.2, 3.6, 4.0, or 5.2 using lactic acid (Sigma-
Aldrich); and amended with fosetyl-Al at 500 pg/ml, resulting in
a medium designated APDA-F500. Nonacidified but fosetyl-Al-

amended PDA was designated PDA-F500. Fosetyl-Al was tested
at 500 pg/ml based upon results from mycelial growth and
germination inhibition. The pH of the medium was verified using
a pH meter (Acumet Basic AB15; Fisher Scientific, Fair Lawn,
NJ). Conidial germination and mycelial growth tests were con-
ducted as described above and all experiments were conducted
twice.

Germination and mycelial growth of Monilinia spp. from
different geographic origins and hosts on APDA-F500. In total,
29 isolates (17 M. fructicola, 6 M. fructigena, and 6 M. laxa) were
tested for germination and mycelial growth on APDA-F500.
These isolates were collected from five states within the United
States, including Georgia, South Carolina, New York, New Jersey,
and California, and four counties in Hungary, including Hajdd,
Szabolcs, Borsod, and Pest (Table 1). Isolates from South Caro-
lina, Georgia, New Jersey, and California were collected from
peach fruit, except for isolate NJO12 from New Jersey. Isolates
from New York were obtained from cherry fruit. M. fructigena
isolates were collected from apple (Hajdd, Szabolcs, Borsod, and
Pest) and plum (Hajdu) fruits, while M. laxa isolates were col-
lected from plum (Hajdu), cherry (Szabolcs and Pest), and peach
(Borsod) fruits. Two isolates from each species were tested for
germination: M. fructicola (isolates Mf.Bmpc9 and 139), M.
fructigena (isolates MFG.E4 and MFG.D10), and M. laxa (iso-
lates ML.E14 and ML.D5). All 29 isolates were tested for my-
celial growth on APDA-F500. Germination and mycelial growth
were evaluated on APDA-F500 (pH 3.6) as described above.
Three and five petri dish replicates were assessed for germination
and mycelial growth, respectively, and the entire experiment was
conducted twice.

Recovery of Monilinia propagules from peach and plum
fruit surfaces. PDA-F500, APDA-F500, and MSM media were
tested for their ability to recover M. fructicola propagules from
freshly harvested peach fruit (cv. Redskin). On 6 June, 9 July, and
13 August 2007, 10 asymptomatic fruit of similar size (=4, 7, and
9 cm in diameter, respectively) were harvested at each evaluation
time from the Musser Fruit Research Center in Seneca, SC. In
addition, the ability of APDA-F500 medium to recover M. laxa
and M. fructigena propagules from peach and plum fruit grown in
Hungary was evaluated. Twenty asymptomatic plum (cv. Cacan-
ska rodna) and 20 peach (cv. Cresthaven) fruits were harvested in
the vicinity of Debrecen, Hungary on 16 and 29 August 2008,
respectively. The fruit surface microflora was washed off within
48 h of harvest with 100 ml of sterile water as described
previously (2). A 100-ul aliquot of each fruit wash was spread
over PDA-F500, APDA-F500 (pH 3.6), and MSM from peach
fruit collected in South Carolina. Fruit washes from peach and
plum fruit collected in Hungary were spread on APDA-F500.
Three replicate petri dishes were inoculated for each fruit.
Colonies of M. fructicola and other microorganisms were counted
on each petri dish after 4 days of incubation at 22°C using a
digital colony counter (Bel-Art Products, Pequannock, NJ). A co-
nidial suspension of M. fructicola (isolate Mf.Bmpc9) at 10*
conidia/ml was spread on each media and used as a standard for
M. fructicola identification. The washed fruit were peeled and the
peels were arranged in a square format used to calculate the fruit
surface. Colony counts were converted to conidia per square
centimeter of peach or plum surface. Five colonies resembling M.
fructicola, M. fructigena, or M. laxa and other most-observed
fungal propagules growing on each media were randomly selected
for identification. Colonies from one dish of each medium were
transferred to new PDA dishes, grown for 5 to 7 days, and identi-
fied by amplifying and sequencing the ribosomal internal tran-
scribed spacer (ITS) regions ITS 1 and ITS 2 as described previ-
ously (31).

Statistical analysis. All laboratory experiments were con-
ducted twice and, because results from the two experimental runs
were similar (variance between the two runs <0.05), data were
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combined for analysis. Based on the five replicates from two
experimental runs, data from conidial germination, sporulation,
and mycelial growth inhibition experiments were expressed as
percent relative to the control (PDA). Means and 95% confidence

intervals (Cls) were computed for statistical evaluation (11). No
formal hypothesis test was carried out due to violation of under-
lying assumptions because several values were close to 100 or 0.
Number of colony counts of each microorganism on each medium
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Fig. 1. Conidial germination (open bars) and mycelial growth (closed bars) inhibition of Monilinia fructicola and seven other fungal contaminants of peach fruit

grown on Monilinia selective medium (MSM) and potato dextrose agar (PDA)
germination and 96 h for mycelial growth at 22°C. Data are the means (tw

amended with various active ingredients relative to unamended PDA after 72 h for
o isolates per species) of 18 and 10 replicates per media and active ingredient

concentration across two experimental runs for spore germination and mycelial growth, respectively. Vertical bars indicate the standard deviations.
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was transformed to the number of colonies per square centimeter
of fruit surface. Data from recovery tests of Monilinia spp. from
peach and plum surfaces were examined using analysis of vari-
ance after the assumption of a normal distribution of errors was
verified. Means were compared using the Newman-Keuls test.
Analysis was performed using STATISTICA program (version
6.0; Statsoft, Inc.).

RESULTS

Germination and mycelial growth of test fungi on MSM
and fungicide-amended PDA. All fungi tested germinated
without inhibition on PDA after 24 h. No or weak germination of
C. acutatum, Phomopsis amygdali, Alternaria alternata, and M.
fructicola was observed after 24 h of incubation regardless of the
fungicide treatment (data not shown). Dichloran and ammonium
molybdate had no germicidal effect on P. amygdali, Aspergillus
niger, Penicillium expansum, and Alternaria alternata (dichloran
only) after 72 h of incubation at 22°C (Fig. 1). These two com-
pounds, applied at 25 and 10,000 pg/ml, respectively, inhibited
germination of M. fructicola (89 and 100%), R. stolonifer (86.5
and 78.7%), G. persicaria (72.8 and 100%), and C. acutatum
(ammonium molybdate only, 100%). All fungi germinated
without inhibition on PDA amended with fosetyl-Al at 500 or
1,000 pg/ml. Germination of M. fructicola and C. acutatum was
completely inhibited by 2-dD-glucose at 5 pg/ml but no effect
was observed on the germination of the other fungi. Phomopsis
amygdali, Aspergillus niger, and Penicillium expansum germi-
nated (100%) on MSM medium, whereas conidial germination of
M. fructicola was 80.5% inhibited relative to nonamended PDA
(Fig. 1).

In general, mycelial growth of isolates grown on ammonium
molybdate-amended PDA and MSM was sparse and lacked
uniformity. Growth inhibition data were also collected 48 h after
inoculation but mycelial development of some test fungi was
insufficient for data collection (data not shown). Dichloran,
ammonium molybdate, and 2-dD-glucose added to PDA at the
higher rate inhibited strongly mycelial growth of all eight fungal
species. The average percent inhibition relative to nonamended
PDA was 62.9 to 100% (Fig. 1). Dichloran inhibited mycelial
growth of all test fungi at the lower rate (5 pg/ml) by >50%, with
the exception of Phomopsis amygdali (17.8%). Mycelial growth
inhibition of all fungi tested was 52 to 100% at the lower rate
(1,000 pg/ml) of ammonium molybdate, with the exception of A.
niger (8% inhibition). Dichloran and 2-dD-glucose completely
inhibited M. fructicola mycelial growth at 5 pg/ml. Among the
four active ingredients tested, fosetyl-Al at 1,000 pug/ml inhibited
R. stolonifer and M. fructicola mycelium the least (72 and 22%,
respectively). The inhibition of mycelial growth of the eight fungi
tested on fosetyl-Al-amended PDA at 500, 750, and 1,000 pg/ml
was 0.0 to 53.1, 10.8 to 91.1 (data not shown), and 22.2 to 99.0%,
respectively (Fig. 1). Mycelial growth of all eight test fungi was
inhibited at a similar level on MSM medium, and the average
percent inhibition ranged from 60% in Alternaria alternata, R.
stolonifer, and Aspergillus niger to 67.6% in M. fructicola and
76.2% in C. acutatum (Fig. 1).

Sporulation of test fungi on MSM and fungicide-amended
PDA. Overall, sporulation was reduced on MSM and on PDA
amended with the higher concentration of all four active ingre-
dients, with the exception of Phomopsis amygdali and Aspergillus
niger on 2-dD-glucose-amended PDA (Table 2). In contrast to all
other fungi tested, sporulation of M. fructicola was readily

TABLE 2. Relative sporulation of Monilinia fructicola and seven other fungal species on Monilinia selective medium (MSM) and on potato dextrose agar

amended with different active ingredients

Relative sporulation®

Active ingredient (ug/ml)

Dichloran Ammonium molybdate Fosetyl-aluminum 2-deoxy-D-glucose
Fungal species 5 15 10° 104 500 750 1 5 MSM
Monilinia fructicola 2 0 1 0 4b 3 2 0 0
Alternaria alternata 2 1 0 0 2 0 3 2 0
Rhizopus stolonifer 0 0 1 0 4 2 2 0 0
Gilbertella persicaria 0 0 2 0 4 1 0 0 0
Phomopsis amygdali 3 2 2 0 2 1 4 4b 2
Penicillium expansum 4 2 4 2 3 1 1 0 2
Aspergillus niger 3 0 4b 1 3 1 4 4b 1
Colletotrichum acutatum 0 0 0 0 2 0 3 0 0

4 Sporulation relative to potato dextrose agar (PDA). Data are the mean sporulation level of 12 replicates (from two isolates per species) per media and active
ingredient concentration across two experimental runs after 4 days of incubation at 22°C. Sporulation levels 0, 1, 2, 3, and 4 indicate no sporulation, <25, 26 to

50, 51 to 75, and >76% sporulation, respectively, relative to the PDA control.
b Sporulation heavier than control.

TABLE 3. Effect of pH on the germination and mycelial growth of Monilinia fructicola and seven other fungal contaminants of peach fruit on acidified potato

dextrose agar amended with fosetyl-aluminum (PDA-F)?

Inhibition of conidial germination (%)

Inhibition of mycelial growth (%)

PDA-F at pH PDA-F at pH

Fungal species APDAP 2.8 3.2 3.6 4.0 APDAP 2.8 3.2 3.6 4.0
Monilinia fructicola 0 50.5+8.1 0 0 0 18.1£6.6 84.2+58 542+£82 242143 0
Alternaria alternata 0 100 100 100 23.1+£12 21.2+39 100 963+1.7 735+132 13.1+33
Rhizopus stolonifer 6.6+1.9 100 100 50.5+10.1 162+23 29+47 963+37 919+46 39.6+59 8.8x1.1
Gilbertella persicaria 0 100 100 55.7+8.4 0 36.3+5.7 100 84.0£84 439x49 3.8£0.7
Phomopsis amygdali 62.6+73 100 100 100 62.6+93 594 +10.8 100 100 883+58 39.6%£53
Penicillium expansum 126 £ 1.7 100 723+52 658+73 12.6+1.7 142168 100 983+1.7 783+69 198+14
Aspergillus niger 32.6+5.8 100 100 75.2+8.4 0 33.5+9.6 100 100 340+44 0
Colletotrichum acutatum 4.6 £ 1.7 100 100 100 24.6+6.2 7.6+2.8 100 87.6+7.7 72.1£33 323£55

4 Data are means £95% confidence intervals of 10 replicates (from two isolates per species) per media and pH value across two experimental runs.

b Acidified PDA (APDA) at pH 3.6.
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observed on PDA amended with fosetyl-Al at 750 ug/ml (Table
2). All other active ingredients completely inhibited sporulation of
M. fructicola at the higher rates, including on MSM.

Effect of pH on the efficacy of fosetyl-Al. All fungi tested
were strongly inhibited (>90%) on unamended APDA medium at
pH <3.2 (data not shown). At pH 5.2, all fungi, with the exception
of Phomopsis amygdali, grew >50%. Consequently, only
inhibition data from APDA at pH 3.6 are shown (Table 3). Un-
amended APDA medium at pH 3.6 inhibited conidial germination
of C. acutatum, R. stolonifer, Penicillium expansum, Aspergillus
niger, and Phomopsis amygdali by 4.6, 6.6, 12.6, 32.6, and
62.6%, respectively, whereas no inhibition of M. fructicola,

A

Monilinia fructicola Phomopsis amygdali

Monilinia fructicola Phomopsis amygdali

Alternaria alternata, and G. persicaria was observed on APDA
(Table 3). The fungi tested were differentially inhibited on APDA-
F500. A strong inhibition (>50%) of conidial germination of all
fungi was observed on APDA-F500 medium at pH 3.6, except M.
fructicola (0%) (Table 3); complete germination inhibition was
observed for Alternaria alternata, Phomopsis amygdali, and C.
acutatum. At pH 3.2, germination of all tested fungi was
completely inhibited, with the exception of Penicillium expansum
and M. fructicola (72.3 and 0% inhibition, respectively). M.
fructicola was the only fungus able to germinate (50.5%
inhibition) on APDA-F500 at pH 2.8. Even though germination of
R. stolonifer and Penicillium expansum was not entirely inhibited

Rhizopus stolonifer Penicillium expansum

o

Rhizopus stolonifer

Fig. 2. Germination (A) and hyphal growth (B) of Monilinia fructicola, Phomopsis amygdali, Rhizopus stolonifer, and Penicillium expansum on potato dextrose
agar (PDA) (first row) and acidified PDA amended with fosetyl-aluminum at 500 pg/ml (APDA-F500) at pH 3.6 (second row) after 72 h of incubation at 22°C.
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on APDA-F500 at pH 3.6, the germ tube length was substantially
reduced for R. stolonifer and, to a lesser degree, for Penicillium
expansum compared with M. fructicola (Fig. 2A).

The average growth inhibition on unamended APDA at pH 3.6
varied between 7.6% for C. acutatum and 59.7% for Phomopsis
amygdali (Table 3). Mycelial growth of the fungi tested was re-
duced by lowering the pH of the PDA-F500 medium. At pH 2.8,
mycelial growth of most fungi was completely inhibited, with the
exception of M. fructicola (84.2% inhibition) and R. stolonifer
(96.3% inhibition). Germ tube elongation of M. fructicola was
less affected at pH 3.6 compared with the other fungi tested
(Fig. 2B).

Intraspecific variation in germination and mycelial growth
of Monilinia spp. on APDA-F500. Germination of the three
Monilinia spp. was not inhibited (100% germination) on APDA-
F500 at pH 3.6 after 72 h (Fig. 3). Relative mycelial growth of M.
fructicola, M. fructigena, and M. laxa isolates on APDA-F500
was 45.8 to 83.3, 58.8 to 80.4, and 53.3 to 79.8%, respectively,
after 96 h of incubation (Table 4).

Recovery of Monilinia propagules from peach and plum
fruit surfaces. No M. fructicola propagules were recovered on
any of the media at the early (June) sampling date (Table 5). The
recovery of M. fructicola was significantly higher (P = 0.03) on
PDA-F500 and APDA-F500 compared with MSM at the July and
August sampling dates. However, the number of contaminants
(i.e., bacteria, yeast, and other fungi) was eight to nine times
greater on PDA-F500 and MSM at the June and July sampling
dates and two to three times higher at the August sampling date
compared with APDA-F500 (Table 5). M. fructigena and M. laxa
propagules were collected in August from peach and plum fruit
collected in Hungary. The recovery of M. fructigena and M. laxa
on APDA-F500 from peach was 64.3 and 4.2% and from plum
was 56.2 and 3%, respectively (Table 6).

Among fruit surface contaminants, Cladosporium spp. were
recovered most frequently on APDA-F500 in June while
Aureobasidium spp. and other nonidentified yeast were recovered
at higher rates later in the growing season. Propagules of
Alternaria spp. were recovered on PDA-F500 and MSM but not
on APDA-F500 during the three sampling periods. There was a
significant (P = 0.017) reduction in recovery of bacteria on
APDA-F500 compared with PDA-F500 and on MSM, despite
the high concentration of streptomycin (1,000 pg/ml) in the
later medium (Table 5). The slow growth of M. fructicola
propagules on MSM made its distinction from other contami-
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M. laxa M. fructigena M. fructicola

Monilinia species
Fig. 3. Germination of three Monilinia spp. on acidified potato dextrose agar
amended with fosetyl-aluminum at 500 ug/ml relative to unamended potato

dextrose agar after 72 h. Data are the means of 36 replicates (two isolates per
species x three plate x three countings per plate) across two experimental runs.

nants more difficult compared with APDA-F500 and PDA-F500
(Fig. 4). Other common fungi isolated from peach surfaces
included R. stolonifer and Geotrichum candidum (on PDA-
F500 only), Fusarium equiseti, Ustilago esculenta, Epicoccum
nigrum, Rhizosphaera macrospora, and the yeast Issatchenkia
orientalis.

DISCUSSION

The recovery of Monilinia spp. from plants is an important step
for studying their biology and ecology, but isolation attempts can
be challenging. Bacteria and yeasts are generally faster growing,
omnipresent on fruit surfaces, and tend to develop suppressive or
antagonistic activities against fungi. Additionally, other fast-
growing fungi can overgrow the target fungus during isolation and
culturing. MSM was previously developed for the recovery of
Monilinia spp. from stone fruits (49) but, in this study, MSM was
suppressive to mycelial growth of M. fructicola. MSM also did
not prevent germination of three of the eight common peach
fungal contaminants tested in this study, including Penicillium
expansum, Phomopsis amygdali, and Aspergillus niger. The weak
selectivity shown in this study is in agreement with an earlier
report stating that growth of Monilinia spp. on MSM can be
obscured by bacteria, yeast, and other fungi, especially when free
water is present on the medium surface when plating the sample
(49). With the new selective medium APDA-F500 developed in
this study, the recovery of Monilinia spp. from stone fruit is much
improved. Many potential fungal contaminants were suppressed
while Monilinia colonies were still developing.

We examined four antifungal agents, including 2-dD-glucose,
ammonium molybdate, dichloran, and fosetyl-Al. These agents

TABLE 4. Mycelial growth of Monilinia spp. isolates from different geo-
graphic origins and hosts on acidified potato dextrose agar amended with
fosetyl-Al at 500 pg/ml

Species, isolate Geographic origin Relative growth (%)*

Monilinia fructicola

Mf.Pdtl1 South Carolina, United States 49.7+9.8
Mf.DMap4 South Carolina, United States 633+7.5
Mf.Egpc5 South Carolina, United States 48.1x£7.0
Mf.Egpcl2 South Carolina, United States 56.6 £ 13.5
Mf.Bmpc9 Georgia, United States 75.6 £13.6
Mf.Bpcl Georgia, United States 58.1+13.7
Mf.Bpc8 Georgia, United States 52.4+13.8
Mf.SLf1 Georgia, United States 83.3+13.5
139 California, United States 69.1+11.6
NJO7 New Jersey, United States 81.8+9.7
NJO8 New Jersey, United States 522+6.1
NJO12 New Jersey, United States 577+6.8
NJO15 New Jersey, United States 46.5+39
2F New York, United States 458 +5.7
6¢c New York, United States 76.6 £13.5
10B New York, United States 48.6 +10.1
13B New York, United States 53.9+12.7
M. fructigena
MFG.E4 Szabolcs, Hungary 78.8 2.5
MFG.D10 Hajdd, Hungary 774122
MFG.BP7 Pest, Hungary 58.8+6.4
MFG.ME16 Borsod, Hungary 65.6 £ 10.6
MFG.MAL11 Szabolcs, Hungary 63.2+5.4
MFG.DP24 Hajdd, Hungary 80.4+6.8
M. laxa
ML.E14 Szabolcs, Hungary 71.7£3.1
ML.D5 Hajdd, Hungary 73.5+32
ML.BP5 Pest, Hungary 546+11.3
ML.ME6 Borsod, Hungary 69.0+5.9
ML.MA21 Szabolcs, Hungary 533+9.4
ML.DP7 Hajdd, Hungary 79.8 4.8

4 Relative growth relative to unamended potato dextrose agar after 96 h of
incubation at 22°C. Data are the mean of 10 replicate petri dishes across two
experimental runs.
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TABLE 5. Recovery of Monilinia fructicola and other microorganisms from peach surfaces on acidified potato dextrose agar amended with fosetyl-Al at
500 pg/ml (APDA-F500) (pH 3.6), potato dextrose agar amended with fosetyl-Al at 500 pg/ml (PDA-F500), and Monilinia selective medium (MSM)

Mean number of colonies per square centimeter of fruit surface + SD*

6 June 9 July 13 August

Organism APDA-F500  PDA-F500 MSM APDA-F500  PDA-F500 MSM APDA-F500  PDA-F500 MSM
Monilinia fructicola 0 0 0 5+0.8 8+1.2 0 76+6.8 99+9.8 8£04
Aureobasidium spp. 712 19£1.6 13£1.4 8+ 1.1 712 814 719 2+0.2 2+0.8
Cladosporium spp. 12423 103+7.1 109 £ 14.7 2+0.9 4+£0.9 23+0.8 2+0.8 2+0.8 2+0.6
Alternaria spp. 0 19+£25 12+£2.0 0 1+£0.3 9+0.2 0 3+03 12+1.2
Bacteria 3+0.8 72+£9.0 27+42 1£04 185+8.5 34+45 3+04 35+£8.1 17+£1.9
Yeast 5+1.2 12+£23 93+143 12+29 24+32 156 +8.3 20+2.1 31+£33 71+1.9
Other 2+04 714 1+£02 2+04 1£0.5 0 3+04 26+3.2 4+£0.9
Total contaminants 29+1.2 232+43 254+ 6.1 25+ 1.1 222+24 230+2.4 35+1.1 99 +£2.7 108 £ 1.1
M. fructicola (%) 0 0 0 16.6 35 0 69.1 50.0 6.8

4 Data are means * standard deviations (SD) of nine replicates per fruit (10 fruit/period) and medium. Peach fruit were washed in 100 ml of distilled water with
0.05% Tween 80 and a 100-ul aliquot of each fruit-wash was spread over media. Propagules of Monilinia and other microorganisms were counted on each dish
after 4 days of incubation at 22°C using a digital colony counter and expressed in number of colonies per square centimeter of fruit surface.

TABLE 6. Recovery of Monilinia fructigena, M. laxa, and other micro-
organisms from peach and plum surfaces on acidified potato dextrose agar
amended with fosetyl-aluminum at 500 pug/ml (APDA-F500) (pH 3.6)

Mean number of colonies/cm? fruit surface + SD?

Organism Peach Plum
Monilinia fructigena 116.5+£22 53.7+8.1
Monilinia laxa 7.5+£23 29+22
Aureobasidium spp. 102+£3.3 20+14
Cladosporium spp. 11.3+£2.6 85+£29
Alternaria spp. 0 0
Bacteria 93+29 72+34
Yeast 169+5.2 144+4.1
Other 9.1+29 69122
Total contaminants 315+6.3 40.8 £ 6.6
M. fructigena (%) 64.3 56.2

M. laxa (%) 4.2 3.0

2 Data are means * standard deviations (SD) of nine replicate plantings per
fruit. In total, 20 plum and 20 peach fruit were sampled on 16 and 29 August
2008, respectively.

were chosen because of their suppressive activity against some
common peach fruit pathogens and contaminants. The sugar
analog 2-dD-glucose was reported to reduce the mycelial growth
of Rhizopus stolonifer, Botrytis cinerea, and Penicillium expan-
sum at 1 mg/ml without completely inhibiting M. fructicola (15).
In this study, both germination and mycelial growth of M. fruc-
ticola were completely inhibited at a much lower concentration
(5 pg/ml), whereas germination of most other fungi tested was not
inhibited. Similarly, ammonium molybdate showed activity against
Penicillium expansum (37,44,46) and R. stolonifer (44) but also
inhibited germination and mycelial growth of M. fructicola in the
present study. Additionally, ammonium molybdate at 5 mM
enhanced the biocontrol activity of yeasts against M. fructicola on
sweet cherry (50). Dichloran (2,6-dichloro-4-nitroaniline) formu-
lated as Botran 75WP is a protectant fungicide, recommended for
pre- and postharvest Rhizopus rot control in stone, berry, and
grape fruit. Dichloran was reported to inhibit R. stolonifer and
Aspergillus spp. at 2.5 ug/ml and Penicillium spp. at 12.5 ug/ml
when added to a minimum medium (33). We confirmed the
activity of dichloran against R. stolonifer but also noticed an
inhibitory effect against M. fructicola at low concentrations.
Dichloran was less active against mycelial growth of Alter-
naria alternata, Phomopsis amygdali, and Penicillium expansum
and did not affect conidial germination of these organisms.
Among other potential fungal growth suppressors evaluated,
rose bengal, ammonium sulfate, sodium moybdate dehydrate,
and ziram were either suppressive of Monilinia spp. growth or
with no effect against the other fungal contaminants (data not
shown).
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Compared with the three other active ingredients investigated,
fosetyl-Al was the most suitable selective agent for the
development of a new Monilinia spp.-selective medium. The fungi-
cide fosetyl-Al amended to fenaminousulf medium at 250 pg/ml
was previously recommended for selective isolation of Rhizoc-
tonia solani from soil (20). In this study, fosetyl-Al alone failed to
inhibit germination and mycelial growth of any of the fungi tested
but reduced sporulation at the higher concentration (>750 pg/ml),
with the exception of M. fructicola. The acidification of fosetyl-
Al-amended PDA to pH 3.2 to 3.6 resulted in germination and
mycelial growth inhibition of all of the seven test fungi but M.
fructicola in vitro. Germination of Monilinia spp. isolates origi-
nating from different geographic locations was not inhibited on
APDA-F500, and little variation in mycelial growth inhibition
was observed. Therefore, APDA-F500 selectively supports growth
of different genotypes of the three most common Monilinia spp.,
assuming that isolates from different locations are genetically
diverse. At pH 3.2 and 3.6, APDA-F500 limited the growth of
contaminants effectively while supporting M. fructicola develop-
ment during isolation. The Monilinia spp.-selective properties of
APDA-F500 were confirmed on stone fruits from Hungary, docu-
menting the successful recovery of M. fructigena and M. laxa
under different environmental conditions. Acidification of PDA
helped suppress bacterial growth, which is consistent with earlier
reports (1,27,34), and also inhibited key fungal contaminants at
pH 3.2.

Fosetyl-Al belongs to the chemical group known as phos-
phonates and its activity has been reported against several fungi,
including a range of Phytophthora spp. (12,47). Numerous studies
on the mode of action of phosphonates have identified alteration
of fungal metabolism (5,52) and changes in cell morphology
(29,30). It was also suggested that a perturbation of phosphorous
metabolism in fungi may affect their sensitivity to phosphonates
(23,51). Lowering the pH increased the fungicidal activity of
fosetyl-Al. It is possible that the change of the H* gradient in the
acidified medium may have affected the fungal membrane
permeability for fosetyl-Al of most tested fungi but to a lesser
degree for Monilinia spp. This would be consistent with findings
by Barchietto et al. (6) showing that, at a stable pH, the uptake of
fosetyl-Al can be different from one fungus to another. For
example, the activity of fosetyl-Al against Phytophthora nico-
tianae was shown to be higher at pH values of 4 to 7 (22),
whereas its activity was not pH related against P. palmivora (41).

The new APDA-F500 medium is suitable for inoculum density
determination on stone fruit surfaces, which may aid in the pre-
diction of preharvest brown rot disease pressure. The inhibition of
bacteria and selective reduction of fungal growth resulted in
small, easily distinguishable, and countable Monilinia colonies.
Propagule counts on APDA-F500 revealed a progressive buildup



Fig. 4. Growth and colony morphology of Monilinia fructicola and other organisms washed off from peach fruit (cv. Contender) on A, Monilinia spp.-selective
medium (MSM) ; B, potato dextrose agar (PDA) amended with fosetyl-aluminum (fosetyl-AL) at 500 ug/ml; and C, acidified PDA amended with fosetyl-Al at
500 pg/ml, pH 3.6, after 4 days of incubation at 22°C. M indicates M. fructicola propagules.

of M. fructicola on peach fruit from South Carolina as summer
progressed, which is consistent with earlier studies (16,38,49).
The highest density of M. fructicola propagules on peach fruit
was found at the August sampling date. A comparable density of
M. fructigena propagules was found on peach and plum fruit
collected in August in Hungary. The low density of M. laxa popu-
lation on fruit surfaces from Hungary may be explained by the
epidemiology of this species. M. laxa causes primarily blossom
blight and is a minor fruit rot pathogen in Hungary on plum and
peach (24). On the other hand, M. fructigena has not been
reported to cause blossom infections in Central Europe. This
species occurs primarily on ripening fruit and can cause signifi-
cant fruit brown rot, especially on fruit with severe insect damage
(25).

In summary, APDA-F500 was found to be a suitable medium
for selective isolation of Monilinia spp. from stone fruit. This
medium suppressed bacteria and inhibited or limited the growth
of fungi and other organisms commonly encountered on stone
fruit. APDA-F500 also yielded comparable recovery rates of
Monilinia spp. of stone fruit under different environmental condi-
tions. APDA-F500 will facilitate Monilinia spp. recovery from
stone fruits and will be a useful tool for the study of the biology,
epidemiology, and quantification of Monilinia propagules as part
of disease management efforts.
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