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ABSTRACT 

Janisiewicz, W. J., Tworkoski, T. J., and Kurtzman, C. P. 2001. Bio-
control potential of Metchnikowia pulcherrima strains against blue mold 
of apple. Phytopathology 91:1098-1108. 

Eight strains of Metschnikowia pulcherrima isolated over a 4-year 
period from an unmanaged orchard and selected for their biocontrol 
activity against blue mold (caused by Penicillium expansum) of apples 
were characterized phenotypically, genetically, and for their biocontrol 
potential against blue mold on apples. All strains grew well and only 
differed slightly in their growth in nutrient yeast dextrose broth medium 
at 1°C after 216 h, but large differences occurred at 0°C, with strain T5-
A2 outgrowing other strains by more than 25% transmittance after 360 h. 
This strain was also one of the most resistant to diphenylamine (DPA), a 
postharvest antioxidant treatment. All strains required biotin for growth 
in minimum salt (MS) medium, although strain ST2-A10 grew slightly in 
MS medium containing riboflavin or folic acid, as did ST3-E1 in MS me-
dium without vitamins. None of the strains produced killer toxins against 
an indicator strain of Saccharomyces cerevisiae. Analysis of Biolog data 
from YT plates for all eight strains using the MLCLUST program resulted 
in separation of the strains into one major cluster containing four strains 

and four scattered strains from which strain ST1-D10 was the most distant 
from all other strains. This was particularly apparent in 3-D and principle 
component analysis. Genetic differentiation of the eight strains using maxi-
mum parsimony analysis of nucleotide sequences from domain D1/D2 of 
nuclear large subunit (26S) ribosomal DNA resulted in detection of two 
clades. Strain ST1-D10 grouped with the type strain of M. pulcherrima 
but the remaining seven strains grouped separately, which might possibly 
represent a new species. All strains significantly reduced blue mold on 
mature Golden Delicious apples during 1 month of storage at 1°C follow-
ed by 7 days at room temperature, but strains T5-A2 and T4-A2 were dis-
tinctly more effective under these conditions. Strain T5-A2 also was the 
most effective in tests on harvest mature apples treated with the lowest 
concentration of the antagonist and stored for 3 months at 0.5°C. Popula-
tions of all eight strains increased in apple wounds by approximately  
2 log units after 1 month at 1°C followed by 5 days at 24°C. Our results 
indicate that M. pulcherrima is an excellent candidate for biological 
control of postharvest diseases of pome fruit. The variation in phenotypic, 
genetic, and biocontrol characteristics among strains of M. pulcherrima 
isolated from the same orchard should make it possible to select antago-
nists with characteristics that are most desirable for postharvest application. 

 
Biological control of postharvest diseases (BCPD) of fruits with 

antagonistic bacteria and yeasts has emerged as the most effective 
alternative to fungicides during the past few years. The initial 
products have been registered by the United States Environmental 
Protection Agency (EPA). BioSave 110 (EcoScience Corp., 
Orlando, FL), containing a saprophytic strain of Pseudomonas 
syringae van Hall, has been used commercially on pome fruit in 
the United States since 1996 (27,50). Although these pioneering 
products are effective, they have limitations with regard to 
spectrum of activity and efficacy under various environmental 
conditions and on various fruit. To address those limitations, new 
biocontrol approaches are being developed, such as applying mix-
tures of antagonists with superior biocontrol potential to indivi-
dual antagonists (24,25), combining antagonists with nonfungi-
cidal methods such as heat treatment (8), cultural methods (44, 
51), and substances that are generally regarded as safe (8,14,26, 
58). Biological control also can be improved by more rigorous 
selection of the antagonists and physiological or genetic improve-
ment of the antagonist strains to fulfill specific niche requirements 
and enhance biocontrol traits (2,54,55) 

Since the first report on the occurrence of natural antagonists on 
fruit against blue mold, a postharvest fruit decay caused by 

Penicillium expansum Link (22), many effective bacterial (4,9, 
12,28,36,48,49) and yeast (6,7,15,17,20,29,31,32,34,37–41,43,46, 
51,56,57,59) antagonists were isolated from pome fruit world-
wide. The most effective antagonists against decays of pome fruit 
were found among the resident microflora of apples. Of 13 yeast 
species reported to be residents of apple (10), 7 (6,7,15,20,29,34, 
35,37,43,59) had strong antagonistic activity against postharvest 
decays of pome fruits. 

The resident microflora of apple may vary from site to site and 
from season to season (10). Some species of yeasts have been 
isolated frequently from apples at various geographical locations, 
which confirms their resident status as described by Davenport 
(10). However, genetic and physiological niche requirements can 
vary among strains within a species, and intraspecies variation is 
poorly understood. Preliminary work with bacteria and yeasts 
isolated from an unmanaged orchard in Kearneysville, WV indi-
cated significant differences in biocontrol potential among strains 
of the same species (W. J. Janisiewicz, unpublished data). It is 
likely that the biocontrol potential of strains of the same species 
from different locations may vary. 

Strains of an antagonist species can be characterized for effec-
tiveness in controlling fruit decay and for phenotypic characteris-
tics that are useful in determining their commercial potential. For 
example, differentiation criteria for decay control on apple can in-
clude the biological control potential of the isolates (efficacy, 
spectrum of activity), ability to colonize the fruit surface under 
various conditions, utilization of substrates occurring in fruit, 
growth at cold storage temperatures and at 37°C (human body 
temperature), and compatibility with antioxidants (e.g., diphenyl-
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amine [DPA], used for control of superficial scald, a physiological 
disorder). Additional criteria may include resistance to environ-
mental stress in the orchard, if biocontrol agents will be applied 
prior to harvest (3,21,34,53,55), and pathogenicity of the antago-
nists to fruit, because strains of some antagonists with good 
biocontrol potential (e.g., Aureobasidum pullulans (de Bary) 
Arnaud) can cause minor decay on some fruit (6,13,42). 

Metschnikowia pulcherrima P. I. Pitt & M. W. Miller has been 
recognized as one of the 13 resident species on cider apple trees 
(10). It has been frequently isolated from all floral parts and from 
buds of apple (10). It also has been one of the most frequently 
isolated microorganisms from wounded apple tissue in an orchard 
(24). It is also a dominant species on mature grapes (10) and on 
the bloom of icewine grapes (5). M. pulcherrima was reported to 
control Botrytis cinerea on apple (39,41), and decays of peach and 
table grapes (11) after harvest. This yeast also has been frequently 
isolated in our work during the last decade and showed high levels 
of control of blue mold caused by P. expansum on pome fruits  
(W. J. Janisiewicz, unpublished data). 

The objectives of this study were to determine biocontrol poten-
tial of various M. pulcherrima strains, isolated at different times 
from an unmanaged orchard, against blue mold of apple, and to 
determine variability among these strains based on characteristics 
important in postharvest biological control and genetic divergence 
used in the latest yeast taxonomy.  

MATERIALS AND METHODS 

Isolation of microorganisms. Microorganisms were isolated 
from wounds of artificially wounded ‘Golden Delicious’ or ‘Red 
Delicious’ (Malus domestica Borkh.) apples in a 6- to 10-year-old 
unmanaged apple orchard planted with Golden Delicious, Red 
Delicious, ‘Empire’, ‘Stayman’, and ‘York’ apple trees at the 
Appalachian Fruit Research Station in Kearneysville, WV, as 
described previously, with a few modifications (24). Briefly, 
Golden Delicious apples were wounded by removing the skin in 
an area of approximately 3 cm2 and 2 mm deep at weekly intervals 
starting 5 weeks before harvest in 1993; and only once, 4 weeks 
before harvest, in 1994. In 1997, Red Delicious apples were 
wounded 1 week before harvest. The wounded areas on fruit were 
removed for isolation of microorganisms with a cork borer (1 cm 
in diameter by 1 cm deep) 1 week after each wounding in 1993; 1, 
2, 3, and 4 weeks after wounding in 1994; and 1 week after 
wounding in 1997. In 1993 and 1994, samples were ground with 
mortar and pestle in phosphate buffer and dilution plated on 
nutrient yeast dextrose agar (NYDA; Difco Laboratories, Detroit) 
medium and, after incubation, colonies were isolated and purified 
as described previously (24). In 1997, the samples were ground in 
4.5 ml of water and the resulting slurry was added to 200 ml of 
10% apple juice in 500-ml Erlenmeyer flasks, and shaken at  
150 rpm at 26°C. At 42 and 66 h, 2 ml of the culture was trans-
ferred to fresh 10% apple juice that was used for subsequent 
sampling. Samples for dilution plating were taken after 0, 24, 42, 
66, and 140 h. After incubation of the plates, colonies were 
purified as described previously (24). 

Pathogen and antagonists. The pathogen used was a very 
aggressive isolate of P. expansum (MD-8) from our collection that 
was previously isolated from a decayed apple in storage. It was 
maintained on potato dextrose agar (PDA; Difco Laboratories), 
and continued virulence was assured by periodic transfers through 
apple. A conidial suspension (5 × 104 conidia/ml) was used for 
fruit inoculations as previously described (28). 

The suspensions of the M. pulcherrima strains for fruit inocu-
lation and nutrient utilization tests were prepared as described 
previously (28). Briefly, the yeasts were grown in 50 ml of nu-
trient yeast dextrose broth (NYDB; Difco Laboratories) medium 
in 250-ml Erlenmeyer flasks on a rotary shaker at 150 rpm at 
26°C. Following incubation for 24 h, the cells were harvested by 

centrifugation at 7,000 × gn for 10 min, resuspended in water, and 
adjusted to a concentration 1.6 × 107 CFU/ml or 2.5 × 106 CFU/ml 
with a spectrophotometer at 420 nm. For the biocontrol experi-
ment described below, concentration adjustments were performed 
by 10-fold dilutions of the original concentrations. 

Antagonist selection and scale-up biocontrol tests. The 
biocontrol potential of the isolated microorganisms against P. 
expansum was determined in primary and secondary screening on 
Golden Delicious apples (23). Eight strains of M. pulcherrima 
(identified by Centraalbureau Voor Schimmelcultures, Delft, The 
Netherlands), which came from the three isolation procedures in  
3 years and demonstrated strong biocontrol potential against blue 
mold in the screening tests, were selected for scale-up biocontrol 
tests on Golden Delicious apple, and a variety of other physiologi-
cal and genetic tests. The selected yeast included strains T4-A2 
and T5-A2 from the 1993 isolation; ST1-D10, ST2-A10, ST3-E1, 
and ST3-E13 from the 1994 isolation; and FMB-24H-2 and FMB-
140H-7A from the 1997 isolation. In the first test, very mature 
apples (firmness 45.4 Newtons) stored for 8 months at 1°C were 
removed from storage, washed, dried, placed on fruit tray packs, 
and equilibrated to room temperature over night. The next day, the 
fruit were wounded midway along the calyx–stem end axis with a 
standardized tool that had two six-penny nails (4 mm in diameter) 
placed 2 cm apart and protruding 3 mm from a wooden block. 

Fig. 1. Control of blue mold on mature (stored for 8 months at 1°C before 
application of treatments) ‘Golden Delicious’ apples, inoculated with Peni-
cillium expansum alone (control) or in combination with the individual 
strains of Metchnikowia pulcherrima (1.6 × 107 CFU/ml) and stored for 
1 month at 1°C followed by 7 days at room temperature. Minimum sig-
nificant difference (MSD) is for comparing treatments with strains of M. pul-
cherrima; the control treatment was not included in the statistical analysis.  

http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PHYTO.2001.91.11.1098&iName=master.img-000.jpg&w=248&h=371
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Each wound was inoculated with 25 µl of pathogen-antagonist 
mixture or the pathogen alone (control). The pathogen inoculum 
concentration was 5 × 104 conidia/ml and the antagonist was 
applied at 1.6 × 107 CFU/ml. After inoculations, apples were 
placed in boxes with polyethylene liners and stored at 1°C for  
1 month. The fruit were then stored at room temperature for  
7 days and evaluated for decay development. Measurement of 
decay severity on the fruit without decay was set to zero. There 
were three replicates per treatment and nine apples per replicate. 
The treatments were arranged in a completely randomized design. 
The results from this experiment confirmed our preliminary test, 
where only three apples were used per replicate. 

In the second test, apples were used within 1 month after 
harvest. The fruit were inoculated as before and an additional two 
1:10 dilutions of the original antagonist concentration were used. 
Approximately 1 h after inoculating the fruit, when the conidial 
suspension was no longer visible in the wounds, fruit were placed 
in wooden crates in polyethylene liners and stored at 0.5°C for  
3 months. The treatments were arranged in completely random-
ized design. Additional experiment was conducted using the origi-
nal antagonist concentration of ≈1 × 106 CFU/ml. 

The Waller-Duncan multiple-range test was performed for 
separation of means of lesion diameter and percentage of wounds 
infected on fruit treated with the eight strains of M. pulcherrima 

and P. expansum (SAS/STAT User’s Guide, version 6, 4th ed.; 
SAS Institute Inc., Cary, NC). 

Population dynamics on apple. Golden Delicious apples were 
wounded as above and inoculated with 25 µl of M. pulcherrima 
strains at approximately 1.6 × 106 CFU/ml. The yeast strains were 
isolated from the wounds within 2 h after application (time 0) and 
after 1 month in storage at 1°C, followed by 5 days at 24°C 
according to the procedure described previously (27). Wounded 
tissue was removed with a cork borer, extracted with water in a 
Stomacher blender (Seward Medical, London, England), plated on 
NYDA medium with a Spiroplater (Spiral Biotech, Bethesda, 
MD), and colonies were enumerated with a Casaba II laser 
counter and the Ben 4.0 program (Spiral Biotech) system. The ex-
periment was repeated with the antagonist concentration of ≈2.5 × 
106 CFU/ml. 

Growth at various temperatures. To determine growth of the 
strains at 0, 1, and 37°C, the yeasts were grown in NYDB me-
dium overnight and aqueous suspensions of the yeasts at ≈1.6 × 
107 CFU/ml were prepared for each isolate as above. Then,  
125-ml Erlenmeyer flasks, each containing 50 ml of NYDB 
medium, were inoculated with 1 ml of the yeast cell suspension 
and placed on a shaker at 150 rpm. Growth of the yeast in the 
flasks was determined by measuring the turbidity of the cultures at 
640 nm at time intervals over 168, 216, and 360 h for flasks incu-
bated at 37, 1, and 0°C, respectively. Due to the lack of growth 
after 168 h at 37°C, strain viability was determined by transferring 

Fig. 2. Severity of blue mold decay on ‘Golden Delicious’ apples (stored 
for less than 1 month at 1°C before application of treatments) inoculated 
with Penicillium expansum alone (control) or in combination with the 
individual strains of Metchnikowia pulcherrima at A, 1.6 × 107 CFU/ml and 
B, 1.6 × 105 CFU/ml and stored for 3 months at 0.5°C. Minimum significant 
difference (MSD) is for comparing treatments with strains of M. pul-
cherrima; the control treatment was not included in the statistical analysis.  

Fig. 3. Incidence of blue mold decay on ‘Golden Delicious’ apples inocu-
lated with Penicillium expansum alone (control) or in combination with the 
individual strains of Metchnikowia pulcherrima at A, 1.6 × 107 CFU/ml and 
B, 1.6 × 105 CFU/ml and stored for 3 months at 0.5°C. The control treatment 
was not included in the statistical analysis.  

http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PHYTO.2001.91.11.1098&iName=master.img-001.jpg&w=249&h=377
http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PHYTO.2001.91.11.1098&iName=master.img-002.jpg&w=248&h=371
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the flasks to 26°C and determining the growth after an additional 
72 h. The identity of the strains in flasks with growth was 
confirmed by microscopic and visual observation of the colonies 
that grew after streaking the cultures on plates with NYDA 
medium and incubating them at 26°C for 72 h. The experiment 
was repeated. 

Tolerance to DPA. To determine the tolerance of the yeast 
strains to DPA, aqueous suspensions (100 ml) of the yeasts were 
prepared in 250-ml Erlenmeyer flasks at a concentration of 
approximately 1.6 × 107 CFU/ml as described previously. Concen-
trated stock solutions (1 ml) of two commercial DPA products, No 
Scald DPA EC-283 (Elf Atochem America, Inc. Monrovia, CA) or 
Shield DPA (Pace Int. LP, Kirkland, WA), were added to the yeast 
suspension to make a final concentration of 0.2% active ingredient 
(equal to the commercially recommended concentration of  
2,000 ppm). The flasks were placed on a rotary shaker at 75 rpm 
at 26°C. The samples were collected at time intervals during 9 days, 
dilution-plated on NYDA medium with a Spiroplater, and colonies 
were counted with the Casaba II laser counter and BEN 4.0 pro-
gram system after 48 h of incubation at 26°C as described above. 
There were three replications per treatment. The experiment was 
repeated. 

Production of killer toxins. Killer yeasts secrete a toxin to 
which they are immune but which is lethal to sensitive yeasts. 
This phenomenon has been used in classification of yeast strains, 
including strains of M. pulcherrima. The eight M. pulcherrima 
strains were tested for production of the killer toxin using a sensi-
tive strain of Saccharomyces cerevisiae NCYC 1006, (National 
Collection of Yeast Cultures, Norwich, U.K.) sensitive to the 
killer toxin (16). Filter-sterilized supernatants of the eight yeast 
cultures grown in NYDB for 7 days were evaluated by an agar 
diffusion test on NYDA plates. Wells, 1 cm in diameter, were 
made in the center of the agar plates using a cork borer and 100 µl 
of the supernatant was placed in the wells. After 24 h of 
incubation at 4°C, the plates were seeded with the 24-h-old-
culture of the indicator strain and incubated at room temperature. 
The plates were evaluated daily for zones of growth inhibition. 
There were three plates per treatment. In the second test, the M. 
pulcherrima strains and the indicator strain of S. cerevisiae were 
streaked perpendicularly across the NYDA plates without touch-
ing each other. The streaks with the eight isolates were made 24 h 

before the streak with the indicator strain. The plates were evalu-
ated daily for 5 days for growth inhibition of the indicator strain. 
There were three plates per treatment. 

Vitamin requirements. The requirement of the yeast strains for 
vitamins was determined in minimum salt (MS) medium as de-
scribed by Barnett et al. (1). Briefly, nine vitamins: (p-aminoben-
zoic acid, 200 µg/liter; biotin, 20 µg/liter; folic acid, 2 µg/liter; 
myo-inositol, 10 mg/liter; nicotinic acid, 400 µg/liter; pantothenate 
[Ca], 2 mg/liter; pyridoxine HCl, 400 µg/liter; riboflavin, 200 
µg/liter; and thiamine HCl, 400 µg/liter), individually or in 
combination, were added to 50 ml of the MS medium in 125-ml 
Erlenmeyer flasks. The flasks were inoculated with 1 ml of ≈1.6 × 

Fig. 4. Populations of Metchnikowia pulcherrima strains in wounds of ‘Gol-
den Delicious’ apple at the time of inoculation (time 0) and after 1 month of 
storage at 1°C followed by 5 days at 24°C. To determine population sizes in 
the wounds, the wounded area was removed with a cork borer, extracted in 
water using a Stomacher blender, dilution-plated on nutrient yeast dextrose 
agar medium, and colonies were counted after incubation for 48 h at 26°C. 
Bars indicate ± SD.  

 

Fig. 5. Growth of the eight strains of Metchnikowia pulcherrima in nutrient 
yeast dextrose broth medium at A, 1°C, B, 0°C, and C, 37°C.  

http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PHYTO.2001.91.11.1098&iName=master.img-003.jpg&w=247&h=191
http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PHYTO.2001.91.11.1098&iName=master.img-004.png&w=249&h=543
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107 CFU/ml of aqueous suspensions of the M. pulcherrima strains 
and incubated on a shaker at 150 rpm at 26°C. Turbidity of the 
cultures at 420 nm was determined immediately after inoculation 
and after growth for 22 h (±2 h). The experiment was conducted 

twice with similar results, the first time on individual strains at 
various times and the second time on all strains concurrently. 

Utilization of amino acids. To determine the ability of the 
yeast to utilize the major amino acids present in apple juices tissue 

 

Fig. 6. Survival of the eight strains of Metchnikowia pulcherrima in water (control), or aqueous suspensions of two commercial products, No-Scald DPA or 
Shield DPA. Samples were taken from the flasks at intervals, dilution-plated on nutrient yeast dextrose agar medium, and colonies were counted after 48 h of 
incubation at 26°C. The concentration of the active ingredient diphenylamine (DPA) in the suspensions was at the commercially recommended rate of 0.2% 
(2,000 ppm). Bars indicate ± SD.  

http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PHYTO.2001.91.11.1098&iName=master.img-005.png&w=456&h=610
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culture plastic plates (Costar, Corning Inc., Corning, NY) were 
used as described previously (30). Briefly, 5% apple juice alone or 
with the yeast at a concentration 1.6 × 106 CFU/ml was dispensed 
into the wells of the plates (1 ml per well). Suspensions containing 
an antagonist in apple juice were prepared by mixing 1:1 (vol/vol) 
of 10% apple juice and the water suspension of the antagonists. 
Then, 1 ml of this suspension was placed in the wells and incu-
bated at 26°C. Samples for time 0 were collected within 5 min 
after mixing the antagonist with the juice. There were three repli-
cates (three wells) for each isolate at each sampling time. Concen-
tration of the three dominant amino acids (asparagine, glutamic 
acid, and aspartic acid) was determined with high pressure liquid 
chromatography using the procedure described earlier (30). The 
experiment was conducted twice with similar results. The time 
interval was 2 and 1.5 h and duration of the experiment was 6 and 
4.5 h for the first and second experiment, respectively. 

Biolog differentiation of M. pulcherrima strains. The growth 
potential on various carbon and nitrogen sources and the resulting 
relatedness of M. pulcherrima strains was determined with YT 
Biolog plates of the Biolog system (Biolog Inc., Hayward, CA) 
according to the recommended procedure. The plates were inocu-
lated with the yeast suspensions made from cultures grown in 
NYDB medium overnight, which were washed twice in sterile 
distilled water before application to the plates. The data from the 
YT plates was analyzed with the MLCLUST program (Biolog 
Inc.). The experiment was conducted twice with similar results. In 
the first test, the YT plates were inoculated with different strains 
at different times and, in the second test, all strains were 
inoculated concurrently. 

Genetic differentiation of M. pulcherrima strains. Genetic 
differentiation of M. pulcherrima strains was determined using 
analysis of divergence of the nucleotide sequence in the variable 
D1/D2 domain (≈600 nucleotides) of large subunit (26S) riboso-
mal DNA according to the procedure described by Kurtzman and 
Robnett (33). Sequences of the eight putative M. pulcherrima 
strains were initially compared against a database of D1/D2 se-
quences from all known ascomycetous yeasts using the maximum 
parsimony program of PAUP 4.063a (52). The nearest neighbors 
in this analysis were M. pulcherrima (NRRL Y-7111, type strain) 
and M. reukaufii (NRRL Y-7112, type strain). A recompiled 
dataset comprised of the eight strains along with M. pulcherrima 
and M. reukaufii (outgroup species in the analysis) was again ana-
lyzed by maximum parsimony with heurisitic searches employing 
both simple and random sequence additions. Confidence limits for 
phylogenetic trees were estimated from bootstrap analysis (1,000 
replications).  

RESULTS 

Biocontrol potential. In the first test, on mature apples stored 
for 8 months before application of the treatment, all strains re-

duced severity and incidence of decay. Apples treated with strain 
T5-A2 had the smallest lesion, and those protected with this strain 
and T4-A2 had the lowest incidence of decay (Fig. 1A and B). 

In the second test, little decay developed at the highest concen-
tration of the antagonist, and there were no significant differences 
among antagonists except strain FMB-140H-7A, which had sig-
nificantly higher severity and incidence of decay (Figs. 2 and 3). 
On fruit protected with antagonists diluted 100-fold, treatment 
with strain T5-A2 had the smallest lesion and the lowest incidence 
of decay (Figs. 2 and 3). The next treatments with the smallest 
lesions were strains ST3-E13, T4-A2, and ST2-A10, and with the 
lowest incidence of decay strains ST3-E13 and ST2-A10, follow-
ed by T4-A2. 

Population dynamics on apple. All eight strains grew well in 
apple wounds over 1 month at 1°C followed by 5 days at 24°C. 
During this period, populations increased approximately 2 log 
units for all strains (Fig. 4). 

Growth at various temperature. All strains grew in NYDB 
medium at 1°C (Fig. 5). Two strains, ST3-E1 and ST3-E13, grew 
distinctively slower and, after 216 h, their growth was at least 
18% transmittance less than the other strains. At 0°C, there was 
greater separation between strains, with strains ST3-E1, ST3-E13, 
and ST1-D10 growing the slowest and strain T5-A2 outgrowing 
all other strains by more than 25% transmittance after 360 h. None 
of the eight strains grew in NYDB medium at 37°C (Fig. 5). After 
moving the flasks from 37 to 26°C, five strains (ST2-A10, ST3-
E1, ST3-E13, T4-A2, and T5-A2) resumed growth and reached 
turbidity below 10% transmittance after an additional 72 h of 
incubation. No growth occurred in flasks with strains ST1-D10, 
FMB-24H-2, and FMB140H-7A (data not shown). 

Tolerance to DPA. There were significant differences in the 
tolerance of the eight M. pulcherrima strains to two different 
formulations of DPA (Fig. 6). Populations of all strains declined 
greatly in No Scald DPA and were not recovered in six of the 
eight strains after 9 days. Strains T5-A2 and FMB-24H-2 were 
recovered after 216 h, with strain T5-A2 having almost two logs 
greater populations than FMB-24H-2. Shield DPA had a much 
less negative effect on the survival of the yeasts. The populations 
started to decline noticeably after 5 days and generally did not 
decline more than two log units after 9 days. The only exception 
was strain T4-A2, which declined more than four log units by the 
end of the experiment. 

Production of killer toxins. None of the eight M. pulcher- 
rima strains produced killer toxins, and none inhibited the growth 
of the indicator strain of S. cerevisiae (NCYC 1006) in the cul- 
ture filtrate agar diffusion test or the cross-streak test on NYDA 
plates. 

Vitamin requirements. All strains required Biotin for normal 
growth (Table 1). Strain ST2-A10 had limited growth on folic acid 
and riboflavin, and strain ST3-E1 had very limited growth in 
media without vitamins. Growth with a mixture of vitamins was 

TABLE 1. Growth of Metchnikowia pulcherrima strains in minimum salt (MS) medium containing individual vitamins and their mixture 

 Strain (% transmittance, 420 nm, after 22 h)a 

Vitamin ST1-D10 ST2-A10 ST3-E1 ST3-E13 T4-A2 T5-A2 FMB-24H-2 FMB-140H-7A 

p-Aminobenzoic acid 99.7 99.2 93.2 96.9 99.9 99.0 98.3 99.6 
Biotin 18.6 10.2 7.9 10.8 11.8 8.7 11.2 13.0 
Folic acid 99.7 89.6 93.6 98.7 99.9 99.9 99.0 99.7 
Myo-inositol 99.8 93.5 95.2 97.8 99.6 99.6 99.1 99.5 
Nicotinic acid 99.2 98.3 95.2 98.8 99.9 99.5 99.1 99.8 
d-Pantothenate 99.5 98.8 95.0 98.4 99.9 99.3 98.6 99.5 
Pyridoxine HCl 99.4 96.4 94.9 96.8 99.9 98.2 98.9 99.0 
Riboflavin 99.7 78.5 94.2 98.8 99.8 99.5 99.2 99.3 
Thiamin HCl 99.8 93.8 93.7 98.5 99.7 98.4 97.8 99.8 
Mixture 9.5  8.7 8.2 8.8 10.6 9.7 11.0 12.3 
None 99.6 ND 94.1 97.5 99.8 98.6 98.2 99.5 
a Time ± 2 h; addition of vitamin mixture and yeasts to MS medium reduced transmittance by <1% for all samples at 0 h. 



1104 PHYTOPATHOLOGY 

generally similar to growth with biotin alone except with strain 
ST1-D10, where percent transmittance in the mixture was almost 
half of that with the biotin. 

Utilization of amino acids. The three main amino acids in 
apple juice (asparagine, aspartic acid, and glutamic acid) were 
utilized by all strains. Asparagine, aspartic acid, and glutamic acid 

concentrations of juice at time 0 were 0.161, 0.042, and 0.028 mM, 
respectively. Amino acid concentrations at time 0 (immediately 
after mixing juice with the antagonists) was not modified by strain 
T5-A2 but was reduced by all other strains (Fig. 7). Amino acids 
were completely depleted by all strains except ST3-E1 and FMB-
24H-2 within 4.5 h of mixing. 

 

Fig. 7. Depletion of amino acids from 5% apple juice by various strains of Metchnikowia pulcherrima at 26°C. M. pulcherrima strains were suspended in 
diluted apple juice, placed in wells of plastic tissue culture plates, and incubated at 26°C until the indicated sampling time. Samples were filtered to remove the 
yeasts and the filtrate was analyzed by high pressure liquid chromatography. Bars indicate ± SD.  

http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PHYTO.2001.91.11.1098&iName=master.img-006.png&w=459&h=604
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Biolog characterization. Analysis of data from Biolog YT 
plates using MLCLUST program resulted in separation of the 
strains into five distinct clusters (Fig. 8). One cluster contained 
four strains, which included representatives from all three methods 
of isolations in three different years, and the remaining four 
clusters included single strains, three from the second year and 
one from the third year of isolation. 

Genetic characterization. Phylogenetic analysis of D1/D2 se-
quences from the eight putative strains of M. pulcherrima resulted 
in distribution of the strains between two clades. Strain ST1-D10 
clustered with the type strain of M. pulcherrima, whereas the 
other seven strains formed a closely related independent clade, 
which appears to represent a sister species of M. pulcherrima 
(Fig. 9). Bootstrap support for these two clades was moderate (77 
and 68%, respectively). 

DISCUSSION 

The eight strains varied in biocontrol potential of blue mold on 
mature Golden Delicious apple. Strains T5-A2 and T4-A2 were 

the most effective in reducing decay. Strain T5-A2 was also most 
effective in the second biocontrol test on less mature fruit at the 
lowest concentration of the antagonist. These two strains differ in 
various phenotypic characteristics important for implementation 
of biocontrol. Strain T5-A2 grew exceptionally well and had the 
strongest growth at 0°C. This may be particularly useful for appli-
cation to apples and perhaps pears, which are stored at 0°C or 
even lower temperatures. 

All eight strains grew well in NYDB medium at 1°C and 
increased in population by approximately two log units in apple 
wounds during 1 month of storage at 1°C followed by 5 days at 
24°C. This is a good indication of their commercial potential for 
biocontrol of postharvest decays of apple that are stored at 1°C or 
perhaps even at lower temperatures. Lack of growth at 37°C, the 
human body temperature, by all strains may reduce the number of 
tests necessary for registration of the antagonists by the EPA. The 
three strains that were killed by prolonged exposure to 37°C will 
not be suitable for any treatment that combines an antagonist with 
hot air (4 days at 38°C), which can significantly improve decay 
control on apples (8). 

 

Fig. 8. Dendrogram and principal component analysis chart of BIOLOG profiles of the eight strains of Metchnikowia pulcherrima. YT Biolog plates were read 
72 h after application of the yeasts. Results from the BIOLOG test were subjected to cluster analysis with the MLCLUST program. The scale in the dendrogram is in 
units of taxonomic distance. To help distinguish patterns in the dendrogram and principle components chart, the strains are divided into groups designated by letters.  

http://apsjournals.apsnet.org/action/showImage?doi=10.1094/PHYTO.2001.91.11.1098&iName=master.img-007.png&w=384&h=458


1106 PHYTOPATHOLOGY 

An increase in population by approximately two log units in 
apple wounds, as well as rapid removal of the amino acids from 
apple juice by all strains, confirmed that these antagonists are 
excellent colonizers of apple wounds and can thrive on apple as a 
substrate. However, under the conditions of the experiments, these 
characteristics did not differentiate strains well. A significant 
decline in amino acids for some strains at time 0 is intriguing and 
warrants further investigation. Additional tests, such as those that 
reflect the kinetics of growth in apple wounds, and the utilization 
of amino acids under different conditions may be necessary to 
determine potential differences among the strains. 

Inert ingredients in NoScald DPA were, most likely, responsible 
for the rapid population decline of all eight strains because there 
was less decline if the yeast strains were exposed to Shield DPA at 
the same active ingredient concentration. Similar effects were 
obtained in tests with P. expansum conidia, where the ability of 
the conidia to germinate declined more rapidly after exposure to 
NoScald DPA than to Shield DPA (W. J. Janisiewicz, unpublished 
data). A few strains, including T5-A2, were very resistant to DPA 
and most decline in populations occurred after 5 days. This strain 
can be considered for biological control in packinghouses in the 
central and eastern United States, where it is common practice to 
keep DPA treatment suspensions, in which the antagonist will be 
applied, for up to 1 week before changing. However, pilot tests 
under commercial conditions will have to be conducted to deter-

mine if and how frequently the drenching suspension should be 
recharged with the antagonist. 

Biotin was required for efficient growth by all strains. It will be 
important to determine if the availability of biotin limits growth of 
the yeast in fruit wounds. If this occurs, the addition of biotin may 
significantly increase populations of the antagonist and enhance 
biocontrol. Also, it may be possible to develop a mixture of the 
antagonists consisting of a strain of M. pulcherima and a yeast 
capable of producing biotin that may enhance M. pulcherima 
populations and improve biological control. 

Analysis of the D1/D2 domain sequence data grouped strain 
ST1-D10 together with the type strain M. pulcherrima, whereas 
the other seven strains formed a separate clade. This indicates that 
ST1-D10 is the true M. pulcherima species strain. The most 
closely related strain pairs of the two clades (ST1-D10 and ST2-
A10) differ from one another by 12 (2% of all nucleotides used in 
analysis) nucleotide substitutions (Fig. 9). From our experience, 
strains differing from one another by more than 1% substitutions 
in domain D1/D2 represent separate species (33). Consequently, it 
appears that the seven strains in the clade sister to M. pulcherima 
might possibly represent a new species. Additional molecular 
analysis is needed to further examine genetic differences among 
these seven strains. 

Biolog data resulted in the distinct separation of strain ST1-D10, 
but three additional strains were also separated from the main 
cluster. However, strain ST1-D10 was more distant from the main 
cluster then the remaining three strains, particularly in 3-D (data 
not shown) and principal component analysis, which agrees with 
the analysis of the sequence data. 

All M. pulcherrima strains were good antagonists against blue 
mold on apple. Commercial development of this antagonist will 
require selection of a strain with phenotypic and functional 
characteristics desired for the given postharvest biological control 
system. Strain T5-A2 appeared to be well suited for commercial 
development against postharvest decay on apple. M. pulcherrima 
is common in wine production (5,18,47) and as a resident on 
many fruit (10,19); thus, it may be readily accepted for application 
to consumable products. 

Our results clearly indicate that there is a significant diver- 
sity among strains of the same yeast species (species determined 
by traditional method) from a single orchard. This diversity is 
greater in phenotypic and functional (biocontrol) characteristics 
than is apparent from rDNA divergence. The differences between 
different locations within a region or between different geo-
graphical regions may be even greater. In order to find better 
strains of a yeast biocontrol agent, it will be worthwhile to first 
explore a single location (e.g., orchard) by making multiple iso-
lations of the same species over time. A well-characterized collec-
tion of strains of the same species will provide needed flexibil- 
ity in choosing the most appropriate strain for a particular 
application. 

Although the eight strains of M. pulcherrima that we tested is a 
relatively small sample size, we found large diversity among the 
strains. The diversity we observed within M. pulcherrima is 
consistent with reports from different laboratories that various 
strains of a species will differ in their biocontrol potential (4, 
9,11,28,35,39,43). It also suggests that using simple genetic 
criteria to estimate biocontrol efficacy (45) may be difficult until 
desirable biocontrol properties can be equated with particular gene 
sequences.  
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Fig. 9. Phylogenetic tree of the eight putative strains of Metchnikowia pul-
cherrima from a single orchard represented by one of the most parsimonious
trees derived from maximum parsimony analysis. Strain NRRL Y 7111 is the 
type strain of M. pulcherrima. Numbers on the upper sides of branches 
indicate nucleotide differences between strains. Numbers on the lower sides 
of branches are bootstrap percentages based on the frequency with which a 
given branch appeared in 1,000 bootstrap replications. Consistency index = 
0.947, retention index = 0.688.  
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