
AN ABSTRACT OF THE THESIS OF

Hans P.P. Wittig for the degree of Master of Science in
Botany and Plant Pathology presented on January 14, 1992.

Title: Effect of Resident Epiphytic Fungi on Development of
Brown Rot Blossom Blight of Stone Fits.

Redacted for Privacy

Kenneth B. Johnson

Abstract approved:

Antagonistic effects of Epicoccum purpurascens,

Aureobasidium pullulans, Trichoderma spp., and Botrytis

cinerea on establishment of Monilinia fructicola infections

in cherry and peach blossoms were assessed in field and mist

chamber studies. Conidia of each fungus were applied to

blossoms that were subsequently inoculated with conidia of

M. fructicola. Mist chamber experiments on forced cherry

blossoms demonstrated that recovery of M. fructicola was

significantly reduced (P=.05) when spores of E. purpurascens

and B. cinerea had been applied 24 hr prior to inoculation

with M. fructicola. Reduction in recovery of M. fructicola

was comparable to that obtained with the fungicide benomyl.

In field trials done in 1990 and 1991, applications of

E. purpurascens and A. pullulans reduced cherry blossom

blight relative to nontreated blossoms by 47 to 65 and 54 to

58%, respectively, compared to reductions of 80 to 96 and 84

to 97% with the fungicides benomyl and iprodione,

respectively. Twig blight in peach, an indicator of blossom



blight infection, was reduced by 37% relative to nontreated

blossoms with applications of E. purpurascens, compared to

54 and 51% reductions with benomyl and iprodione,

respectively.

Analysis of the influence of antagonistic fungi

sprayed onto blossoms on fruit set indicated that B. cinerea

was a weak pathogen of stone fruit blossoms. Significant

reductions (P=.05 and P=.10) were obtained in fruit set

compared with the nontreated control when conidia of B.

cinerea were applied to both cherry and peach blossoms in

1991.

Latent Monilinia infections were evaluated by dipping

green cherries in the herbicide paraquat. Applications of

E. purpurascens and A. pullulans to blossoms caused

reductions in the number of latent Monilinia infections in

green cherries by 18 and 49%, respectively in 1990, and 61

and 66% respectively in 1991. This compares with reductions

of 98 and 92% in 1990 and 1991, respectively, with the

fungicide iprodione. It was observed that the antagonists

E. purpurascens and B. cinerea also became established as

latent infections. These fungi were recovered at a

significantly (P=.05) higher percentage on green cherries

where they had been applied as antagonists to blossoms.

No meaningful differences were detected in the amount

of brown rot that developed on fruit due to the influence of

fungal treatments on blossoms.
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Effect of Resident Epiphytic Fungi on Development of

Brown Rot Blossom Blight of Stone Fruits

INTRODUCTION

Stone fruit production in Oregon, which includes

peaches, cherries, prunes and plums, had a crop value in

1989 of over 35 million dollars and was grown on over

6,300 ha (Williamson and Kriesel, 1990). The most

important of these crops for Oregon is cherries. Oregon

ranks second in the United States in production,

accounting for 26.6% of total production.

An important constraint to stone fruit production in

Oregon is the disease brown rot, caused by the fungi

Monilinia fructicola (Wint.) Honey and Monilinia laxa

(Aderh. and Ruhl.) Honey. Infections by these fungi cause

blighting of blossoms and twigs, development of cankers on

woody tissue, and rotting of fruit (Byrde and Willets,

1977). In Oregon, the disease cycle is initiated

principally by conidia released from overwintering fruit

mummies and from cankers on twigs blighted the previous

season. Infections caused by primary conidia also result

in production of secondary conidia that can infect host

tissues within the same season.

Standard disease management practices recommended

for brown rot include orchard sanitation (i.e., removal

and destruction of infected plant tissue) and three to

five fungicide sprays applied at the flowering stages of
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pink, full bloom, and petal fall, and on maturing fruit.

Two classes of fungicides, the benzimidizoles and the

dicarboximides, were introduced in the 1970's and 1980's,

respectively, and, at least for a time, provided excellent

control (Zehr, 1982). Isolates resistant to

benzimidizoles, however, were identified as early as 1975

(Jones and Ehret, 1976; Whan, 1976; Ogawa et. al., 1981;

Ogawa et. al., 1984), and field resistance to

dicarboximides has also been documented (Katan and Shabi,

1982; Penrose et. al., 1985; Elmer and Gaunt, 1986).

Fungicide resistance in the brown rot fungi,

combined with a slower rate of new fungicide registration,

has accelerated investigations into alternatives in

controlling brown rot blossom blight. One strategy of

interest is biological control, which can be attained by

applying fungi, that are natural epiphytes of stone fruit

blossoms, to blossoms. Potentially, increased populations

of resident fungi with antagonistic characteristics to the

brown rot pathogens on blossoms could augment or replace

the use of fungicides as a preventative to brown rot

infections.

Brown Rot Disease Cycle

Rainfall and/or high humidity are essential to the

development of brown rot blossom blight. These weather

conditions promote the production of primary inoculum from

host tissue infected in the previous year. Corbin and
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Ogawa (1974) monitored the dispersal pattern of M. laxa

conidia and found the number of airborne conidia trapped

was highest on rainy days and during rainy periods.

Dispersal of conidia began in spring just before stone

fruit blossoms opened.

Conidia of the brown rot pathogens, M. laxa and M.

fructicola, germinate in 2 to 4 hr if moisture and

temperature conditions are favorable. Infection of

susceptible tissue occurs over a relatively wide

temperature range, 4 to 30° C, with an optimum of 27° C

(Wilson and Ogawa, 1979). The critical period for flower

infection extends from the time the unopened flowers

emerge from the winter buds until petals dehisce. All

parts of the flower, the stigma, stamens, petals, or

sepals are susceptible to infection. Leachates from petals

and flower tubes of closed blossoms and petals of open

blossoms stimulate spore germination and germ tube growth

(Ogawa and English, 1960). Infected tissue is brown and

this discoloration can extend through all the flower

parts. If the fungus reaches the spur, other flowers in

the cluster may wilt. The fungus may, however, be

confined to the sepals and petals (Byrde and Willets,

1977). Initial floral infections may spread into the

woody tissue to cause a twig blight and/or a canker.

Infection in woody tissues are often the source of primary

inoculum in succeeding years (Wilson and Ogawa, 1979).



4

Fruit infections result from inoculum made available

from infected tissues established during bloom and

continuing throughout the growing season. Blossom blight

infections also can influence the amount of fruit rot

through the establishment of latent infections. Jenkins

and Reinganum (1965) found that latent infections of M.

fructicola in peach and apricot fruit occurred frequently,

particularly in a season of moderate to severe blossom

infection. Fruit losses during a dry harvest period are

then due mainly to the activation of latent infections

during fruit ripening. Similar results were obtained by

Wade (1956) who studied M. fructicola on apricots. This

study concluded that the amount of fruit rot could be

reduced by fungicide applications during bloom.

Biological Control of Blossom Infections

The surfaces of aerial plant parts provide a habitat

for epiphytic microorganisms, many of which are capable of

influencing the growth of pathogens (Blakeman and Fokkema,

1982). Blossom surfaces are one such habitat that

especially favors fungal growth (Raymond et. al., 1959;

Melgarejo et. al., 1985; Boland and Inglis, 1988). Fungi

used as antagonists for diseases caused by fungal

pathogens may be preferential due to their similarities in

habitat requirement and nutrient utilization. Peng and

Sutton (1990) developed a leaf-disk assay to evaluate

microorganisms for biological control of gray mold of
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strawberry. Of the 230 microbial candidates they isolated

(44 of which were bacteria and yeasts), only mycelial

fungi were moderately-high to highly effective in

suppression of this fungal pathogen.

Development of an understanding of the mycoflora of

stone fruit blossoms and how they interact with the brown

rot fungi is crucial to providing an effective control of

blossom blight through the use of biological organisms.

One study conducted in Spain examined the mycoflora of

peach twigs and flowers to determine the significance of

these organisms in the brown rot disease cycle. Assays of

flowers and twigs indicated that the resident fungi were

mostly common hyphomycetes including the genera

Alternaria, Botrytis, Cladosporium, Epicoccum,

Paecilomyces, Aspergillus, Fusarium, Penicillium and

Trichoderma (Melgarejo, 1985). Nineteen fungal isolates

obtained from twigs were then further tested for

antagonism to M. laxa in vitro. Five fungi, Aspergillus

flavus, Epicoccum purpurascens and three species of

Penicillium, significantly inhibited the growth of M.

laxa. E. purpurascens was the most antagonistic of the

five, inducing the largest zone of inhibition and reducing

radial mycelial growth in all three types of media used.

Melgarejo et. al. (1986) then conducted field studies to

determine the effectiveness of A. flavus, E. purpurascens,

Penicillium frequentans and Penicillium purpurogenum in
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controlling twig blight by M. laxa. Experiments were done

on 3-yr-old peach trees, with inoculations of antagonists

and pathogen made on small incisions on twigs having a

diameter of 0.5 cm. Inoculum was applied to the incisions

in the form of mycelial plugs (also containing conidia)

and was then wrapped with water soaked cotton wool and

aluminum foil. All four fungal antagonists significantly

reduce lesion growth when inoculated 10 days before the

pathogen was applied. Although this study clearly

indicates the potential for fungal antagonists to reduce

disease caused by M. laxa, the experimental conditions did

not resemble the natural conditions under which pathogen

and antagonist would interact.

Following Melgarejo's studies (1985, 1986), De Cal

et. al. (1990) investigated the effect of P. frequentans,

in combination with nutrients and the fungicide captan, to

control peach twig blight by M. laxa. Inoculum of P.

frequentans was prepared in differing forms which included

conidia from cultures grown on potato dextrose agar (PDA),

mycelium and conidia obtained from potato-dextrose broth,

wheat bran dusts and mycelial plugs grown on PDA. The

first two forms of inoculum were used with and without the

nutrients 1% malt extract and 0.3% yeast extract.

Inoculum of M. laxa consisted of 1 cm2 discs of 7-day-old

cultures on PDA. Field trials were conducted on 2- and 5-

yr-old peach trees. Protocol for inoculum application to
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incised wounds on twigs was the same as that used by

Melgarejo (1986). Treatments were applied 1 day before

application of M. laxa and also were applied at various

intervals following inoculation with M. laxa. Some

treatments involved alternating applications with the

fungicide captan. In trial 1, treatments involving

1)conidia plus mycelium plus nutrients, 2)bran inoculum,

or 3)mycelial plugs, significantly reduced pathogen

colonization as measured by length of lesions. In trial

2, all treatments reduced colonization. The difference in

control was attributed to conditions that were more

conducive to disease in the first trial or to the greater

number of treatment applications in the second trial. The

differing types of inoculum gave rise to differences in

twig surface populations of P. frequentans, and those

treatments with higher populations were more effective in

controlling shoot blight. Populations were higher on

those shoots receiving P. frequentans with nutrients in

some form (bran, malt and yeast extracts or nutrient

agar). Combinations of P. frequentans and captan gave a

level of control similar to or less than that given by the

antagonist or chemical alone.

There are other examples of the use of the same

epiphytic fungi found on stone fruit blossoms to control

related blossom diseases of other crops. Epicoccum

purpurascens Ehrenb. ex Schlecht. (syn. E. nigrum Link)
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has controlled white mold in snap beans when applied as a

foliar spray at the blossom stage (Zhou and Reeleder,

1989). In field trials, addition of 1% malt extract to

the three applications of E. purpurascens inoculum

significantly enhanced the protection of bean pods

conferred by E. purpurascens. Field studies in Norway

showed a reduction in dry eye rot of apple, caused by B.

cinerea, by spraying flowers with conidial suspensions of

Trichoderma harzianum (Tronsmo and Ystaas, 1980). The

conidial suspensions, in 0.1% malt extract, were applied

three times during the flowering period. Infection of

strawberries by B. cinerea has been reduced with species

of Trichoderma, Epicoccum, Gliocladium, or Penicillium

applied to flowers (Tronsmo and Dennis, 1977; Peng and

Sutton, 1990). Tronsmo and Dennis (1977) were able to

achieve control comparable to the fungicide dichlofluanid

using several different Trichoderma species. Spore

suspensions, in a 1.0% sucrose solution, were first

applied at early bloom and repeated at 14 day intervals

until the first harvest. Influence of Trichoderma also

was observed after the fruit was harvested, as a reduction

in fruit rot in storage. Trichoderma hamatum was tested

as a control agent of B. cinerea on blossoms of snap beans

(Nelson and Powelson, 1988). In laboratory tests, in a

detached blossom-pod assay, an isolate of T. hamatum

reduced pod rot 94% compared with the nontreated control.



9

The yeast-like fungus, Aureobasidium pullulans, also

has been shown to suppress disease in various crops. In a

greenhouse study, gray mold of strawberries was reduced by

the application of this fungus (Bhatt and Vaughan, 1962).

A. pullulans also reduced infection of onion leaves by

Alternaria porri (Fokkema and Lorbeer, 1974), reduced the

number of infections on rye and wheat caused by

Helminthosporium and Septoria (Fokkema, 1971; Fokkema and

Van Der Meulen, 1976) and has been shown to be an

effective antagonist to penicillium rots of citrus fruits

(Wilson and Chalutz, 1989). Other yeasts used as

biocontrol agents include: Exophiala ieanselmei for

Botrytis on roses (Redmond et. al., 1987), Cryptococus

laurentii for Botrytis on apple (Roberts, 1990) and

Debaryomyces hansenii for penicillium rots on citrus

(Wilson and Chalutz, 1989).

These studies on blossoms and other susceptible

aerial plant surfaces indicate that significant disease

control can be attained by applying nonpathogenic fungi to

these surfaces. These successes also may be useful in

identifying potential biocontrol agents for brown rot

blossom blight under Oregon conditions.

Brown Rot Disease Cycle in Relation to Biocontrol

An effective biological control agent for brown rot

blossom blight must be able to inhibit the ability of M.

fructicola to rapidly infect blossoms under optimal
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environmental conditions. This could be accomplished by

epiphytes having one or more of these characteristics:

production of antibiotic substances which inhibit spore

germination and germ tube growth; a hyperparasite which

attacks the pathogen before the infection can spread;

competition for nutrients and leachates responsible for

stimulating pathogen spore germination; or perhaps a weak

pathogen which can colonize and degrade blossom tissue

without disrupting the pollination, fertilization, and

growth and quality of the fruit. Because organisms

compete most successfully in the environment in which they

are adapted, it has been suggested that biological control

agents should be obtained from the same plant tissues and

under environmental conditions in which they will be used

(Baker and Cook, 1974).

The purpose of this study was to evaluate fungal

epiphytes obtained from stone fruit blossoms for their

potential to reduce infections caused by M. fructicola on

blossoms of peaches and cherries, and to determine the

effect of these epiphytes on the establishment of latent

brown rot infections. This investigation was designed to

test the interaction between pathogen and antagonist in a

natural environment. Field plots were established with

little augmentation other than the application of fungal

inoculum (or fungicides) during bloom. The objectives of

this study were accomplished by first screening fungal
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isolates from blossoms to identify potential antagonists.

Selected fungal residents, with varying antagonistic

characteristics, were then tested in a mist chamber and in

the field. Establishment of latent infections was

measured directly in cherries using a paraquat dip assay

(Cerkaukas and Sinclair, 1980) and indirectly by

evaluating the amount of fruit rot that developed.
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MATERIALS AND METHODS

Selection of Antagonists

In 1989, 1990, and 1991, peach blossoms were sampled

from three commercial orchards with varying pesticide

management programs, ranging from 'organic' (i.e., fungicide

use restricted to allowable natural minerals) to a standard

spray schedule with synthetic fungicides (Appendix A). In

1989, blossoms were sampled on 4 and 11 April from trees in

at least 25% full bloom. One blossom was randomly sampled

from each of 40 trees in each orchard and clipped directly

into styrofoam egg cartons, which were used to avoid cross

contamination among blossoms in transport to the laboratory.

In the laboratory, blossoms were transferred from egg

cartons with flamed forceps to the center of petri plates

containing potato dextrose agar (PDA) with 100 ppm

streptomycin. Twenty-nine isolates of the most commonly

recovered fungi from blossom samples were identified.

Fungal identification was based on morphology and color of

isolate colonies, conidia and conidiaphores. Isolates were

subcultured onto PDA and stored on PDA slants at 4° C.

Following identification of the resident fungi, a

preliminary in vitro assay was done to determine if these

organisms could inhibit the growth of M. fructicola.

Mycelial plugs, with a diameter of 0.5 cm, of 16 fungal

isolates and M. fructicola were placed on opposite sides of

petri plates (100 x 15 mm) containing PDA plus 100 ppm
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streptomycin or water agar amended with pureed peach fruit

(Gerber baby food, 150 ml/ liter). Each isolate paired with

M. fructicola was replicated six times at each of two

temperatures: 12° or 18° C. Measurements of radial mycelial

growth and zone of inhibition that formed between the fungi

were made after 7 days incubation and then every 3-4 days.

Final measurements were made after 2 and 3 wk for fungi

grown on PDA at 18° C and 12° C, respectively, and 3 wk for

fungi grown on the peach agar. After the incubation period,

the distance of radial growth by each fungus along a line

drawn directly from the center of initial plugs was

measured. In addition, the width of the zone of inhibition

between the isolates also was measured. The zone of

inhibition was defined as the clear zone remaining between

the two fungal isolates at the end of the incubation period.

Radial mycelial growth and the width of the zone of

inhibition between isolates were expressed as a proportion

relative to the initial distance between fungal isolates.

To illustrate, let A and D represent the center of the

mycelial plugs for isolates 1 and 2 at the beginning of the

incubation period, and B and C the extent of mycelial growth

for isolates 1 and 2, respectively, at the end of the

incubation period:

.<--AB--->.<--BC-->.< CD >.
A B C D

Isolate 1 Isolate 2

Isolate l's relative radial mycelial growth would be the
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proportion AB/AD, where AB represents the radial mycelial

growth that occurred during the incubation period and AD

represents the initial distance between isolates 1 and 2.

The zone of inhibition would be expressed as the proportion

BC/AD, where BC represents the zone of inhibition

established at the end of the incubation period.

Mist Chamber Experiment

A review of published reports of the use of the same

resident fungi as biocontrol agents and the in vitro

screening of resident fungi for antagonism of M. fructicola,

resulted in selection of four fungi to examine in further

experiments. The fungi selected were E. purpurascens, B.

cinerea, Trichoderma spp. and A. pullulans. The isolate of

B. cinerea was resistant to the fungicide benomyl.

Initially, the effectiveness of these fungi to prevent

colonization by M. fructicola was assessed in a mist chamber

on forced cherry blossoms. This experiment offered the most

realistic environment to observe the interaction between M.

fructicola and antagonistic fungi under conditions of

optimal disease development.

Inoculum for the application of spore suspensions to

blossoms was obtained by growing B. cinerea, E.

purpurascens, Trichoderma spp. and M. fructicola for 12-17

days on PDA at room temperature. A. pullulans spores were

obtained from 4 to 5-day-old cultures grown on PDA. Spore

suspensions were prepared by washing conidia from the



15

surface of the medium with distilled water. Conidial

suspensions were then filtered through two layers of cheese

cloth to remove mycelial fragments. Spore concentrations

were adjusted with the use of a hemacytometer. Conidial

concentrations applied to blossoms were 1 x 105 spores/ml

for B. cinerea and E. purpurascens and 1-5 x 106 spores/ml

for Trichoderma spp. and A. pullulans. The concentration of

M. fructicola inoculum was 5 x 104 conidia/ml.

Blossoms were forced from dormant wood collected in

February from the OSU Department of Botany and Plant

Pathology Research Farm, Corvallis, Oregon. To be able to

conduct forced blossom experiments over a period of time,

dormant wood was collected, wrapped in a moist paper towel,

placed in plastic bags, and then stored at -2° C. Before

use in experiments, dormant branches were surface sterilized

in a 10% commercial bleach solution for 90 sec. A fresh cut

was made on the end of each branch to enhance water uptake.

Buckets containing branches with cut ends in water were

covered with plastic bags to reduce desiccation while

blossoms developed. After about 2 wk, four pieces of

flowering wood 25-35 cm long were placed into florists foam

to represent an experimental unit. A randomized block

design was established in the mist chamber with eight

treatments. The eight treatments were: 1) nontreated

control, 2) iprodione (Rovral 50WP at 0.3 g a.i./1), 3)

benomyl (Benlate 50DF at 0.3 g a.i./1), 4) B. cinerea, 5) E.
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purpurascens, 6) Trichoderma spp., 7) A. pullulans and 8) a

mixture of E. purpurascens and Trichoderma spp. Treatments

were applied to blossoms outside of the mist chamber with

spray bottles until runoff occurred. Within the mist

chamber, a fine mist was applied to blossoms intermittently

for 10 sec every 10 min. Inoculum of M. fructicola was

applied to all experimental units 24 hr after application of

the antagonists. Seven days following the application of

the inoculum, 6-8 blossoms were sampled from each

experimental unit and plated onto PDA. The incidence of

blossom colonization by applied fungi was determined by

recording the number of fungi found growing from blossoms

four and 10 days after plating of samples. Percentage of M.

fructicola recovered from blossoms was calculated for each

treatment and for each replication. This experiment was

conducted three times on 2 March (2 replications), 26 May (2

replications), and 24 July (3 replications). Data on

percent recovery of M. fructicola from blossoms for the

seven replications were combined for analysis.

Cherry Field Experiments

Blossom blight. Efficacy of five biological control

treatments, E. purpurascens, Trichoderma spp., A. pullulans,

B. cinerea and a mixture of E. purpurascens and Trichoderma

spp., to prevent blossom blight infection by M. fructicola

was tested in field trials in 1990 and 1991. Also tested

was a treatment involving a mixture of a benomyl resistant
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strain of B. cinerea with the fungicide benomyl. Control

treatments included a nontreated control and the fungicides

benomyl (Benlate 50DF at .56 kg a.i./ha) and iprodione

(Rovral 4F at .47 kg a.i./ha). In addition to the

protectant sprays, all blossoms also were inoculated with M.

fructicola. A randomized complete block design with nine

treatments and four replicates was used in 1990, and eight

treatments and five replicates in 1991. The fungicide

benomyl was omitted in 1991.

Experimental treatments were arranged in a 25-yr-old

block of sweet cherry cv. Royal Anne located on the OSU

Department of Botany and Plant Pathology Research Farm,

Corvallis, Oregon. Trees were planted on a 12.2 by 6.1 m

spacing; each experimental unit consisted of half of a tree.

Spore suspensions were prepared as previously described for

the mist chamber experiment. Eight liters of each treatment

suspension were applied to each experimental unit on each

treatment date with a hand gun from a 100 1 pull tank

sprayer. In 1990, treatments were applied at 50% full bloom

and at full bloom (2 and 5 April). Inoculum of M.

fructicola was applied 1 day after the full bloom spray. In

1991, an additional spray at petal fall was included to be

more consistent with the recommended spray schedule.

Applications of 1991 treatments were done on 1 April (except

the treatments involving E. purpurascens, which were applied

on 6 April due to difficulties in spore production), 10 and
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18 April. Application of M. fructicola was done on 12

April.

Percent blossom infection was determined by recording

the number of positive blossom infections per number of

blossoms. Branches were marked for assessment before

disease developed. Number of blossoms counted on marked

branches for each treatment replicate was 600-700. A

positive reading was recorded for those necrotic blossoms

where M. fructicola was sporulating or where the

characteristic progression of the disease could be seen on

the peduncle. In 1990, disease progress curves were

established from readings taken 11, 14 and 18 days following

the application of M. fructicola. In 1991, disease progress

curves were established from readings taken 6, 9, 11, 14 and

18 days following application of M. fructicola.

Effectiveness of the treatments was determined by

establishing disease progress curves and comparing the area

under the disease progress curve (AUDPC). Disease progress

curves were established for percent blossoms with disease

symptoms for each replicate. AUDPC values were obtained by

integrations using the mid-point rule between observations:

AUDPC =

n

i=1

[Y1 + Yi-1] /2 * [ Zn - Zn_l]

where Y is the percent infection, Z is the observation date,
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i the ith observation date, and n the total number of

observations.

Fruit set. In 1991, an assessment was done to

determine the influence of the treatments on fruit set. The

number of blossoms that developed into healthy green fruit

was counted on the same marked branches used to evaluate

blossom blight. Percent successful fruit development was

calculated and compared among treatments.

Latent infections. Establishment of latent Monilinia

infections in cherries was assessed by inducing artificial

senescence in green cherries with a 'paraquat dip assay'

(Cerkaukas and Sinclair, 1980). Symptomless green cherries

were collected in the field, 48 and 72 cherries per

experimental unit in 1990 and 1991, respectively. Cherries

were surface sterilized for 60 sec in a 10% commercial

bleach solution, rinsed with sterile distilled water for 60

sec and then dipped into a 1:32 dilution of 23.2% paraquat

dichloride (Gramoxone Super, manufacturer) for 2 min. The

paraquat dichloride was first filter sterilized by passing

it through a 0.45 um filter to remove any spore

contaminants. Treated cherries were placed into sterile

tissue culture wells (24 per plate) and placed into closed

plastic boxes (26 cm x 33 cm x 10 cm). The bottom of

each box was lined with moist paper towels to maintain a

high level of humidity. Cherries were monitored for

expression of Monilinia infections and final readings were
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taken after 11 and 9 days for 1990 and 1991, respectively.

In addition to Monilinia, B. cinerea and E.

purpurascens also were observed sporulating from treated

cherries. In 1991, an assessment was made for the

expression of latent infections of B. cinerea and E.

purpurascens. Final readings for the expression of the two

antagonists were recorded after 12 days incubation in the

moisture chambers.

Fruit rot. Number of diseased mature cherries also

was monitored. In each year, the proportion of diseased

fruits was determined from a sample of 150-300 cherries per

replicate. Disease evaluations were made five times in 1990

and three times in 1991. Analysis of treatment effects were

made on the date of evaluation with the highest incidence of

disease.

Peach Field Experiments

Efficacy of the same treatments used on cherries in

1990 also was tested on peach blossoms in 1990 and 1991. A

randomized complete block design with nine treatments and

nine replicates was used in 1990 and nine treatments and

eight replicates in 1991. Peach trees used for the field

trials were 11 and 7-yr-old cv. improved Elbertas located on

the OSU Department of Botany and Plant Pathology Research

Farm, Corvallis, Oregon. Trees were planted on a 6.1 m by

6.1 m spacing.

Experimental units consisted of individual trees. All
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treatments were sprayed with inoculum of M. fructicola.

Inoculum preparation and spore concentrations used were the

same as those previously described in the mist chamber

experiment. Eight liters of inoculum were applied per tree.

In 1990, treatments were applied at 50% full bloom and at

full bloom (20 and 27 March) with M. fructicola applied 1

day after the full bloom spray. In 1991, an additional

spray at petal fall was included. Application of 1991

treatments were made on 8, 19 and 29 March. M. fructicola

was applied on 21 March.

Blossom colonization. To determine the ability of the

antagonists to survive on blossoms, a sample of blossoms was

made after the application of treatments. In 1990, five

blossoms were sampled from each tree 10 days following the

last application of antagonists and plated directly onto

PDA. In 1991, 10 blossoms were taken from each tree 16 days

following the last application of antagonists, and plated

directly onto PDA. Incidence data were calculated from the

number of fungi determined to be growing from blossoms.

Twig blight. Amount of blossom blight was determined

by counting the number of new vegetative shoots (twig)

blighted. Proportion of infections was recorded on 130-200

shoot tips per replicate, depending on the size of the tree.

A positive infection was recorded where blighted twigs still

had necrotic blossoms attached or where the twig had turned

a whitish-ashen gray color. Counts were made on 2 May in
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1990 and on 23 May in 1991.

Fruit set. In 1991, an assessment was made of the

influence of treatment sprays on fruit set. Blossoms were

counted on a marked branch for each tree on 29 March and 3

April. The circumference of the marked branch also was

measured to determine the branch cross sectional area

(BCSA). Number of fruit on the marked branches was counted

on 12 June. Fruit set values were determined by the

procedure used by A. Azarenko (personal communication) and

were expressed as:

Fruit Set = (no. fruit/ no. blossoms)/ BCSA

Fruit rot. Amount of fruit rot development was

assessed by evaluating disease at several points in time to

establish cumulative disease progress curves. Infected and

healthy fruits were counted while in the tree or on the

ground if the fruit had fallen between assessment dates. A

peach was considered to be infected if there was evidence of

sporulation of M. fructicola on the fruit surface. After

each assessment, fruit was cleared away from under the tree

so as to not influence counts of future fallen fruit and to

get accurate counts of total fruit per tree. Infected

fruits in each tree also were picked after counting to

reduce the amount of secondary inoculum. Counts were made

every 3-4 days to insure that infected fruits found on the

ground had developed their infections while hanging in the

tree. In 1990, six measurements were made between 23 August
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and 10 September. In 1991, eight measurements were made

between 2 and 30 September.

Disease progress curves were established for the

cumulative number of infections measured on the observation

dates relative to the total number of fruit. The AUDPC was

obtained with the same equation used to calculate the AUDPC

for cherry blossom blight, with Y representing the

cumulative disease proportion.

Statistical Analysis

All dependent variables were analyzed by analysis of

variance (ANOVA). Proportional incidence variables and

AUDPC values for cherry blossom blight in 1990 were arcsine

square root transformed before ANOVA to provide homogeneity

of within treatment variance. AUDPC values for cherry

blossom blight in 1991 and peach fruit rot were log

transformed to provide homogeneity of within treatment

variance. Criteria for selecting transformations were made

by analyzing residual patterns of data compared to predicted

values. Means were compared by the Fischer's protected

least significant difference (LSD) procedure at P=.05 or

P=.10 when treatment effects were found to be significant.
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RESULTS

Selection of Antagonists

The most common genera of epiphytic fungi found in

commercial peach orchards and from plantings of peach

located on the Oregon State University Department of Botany

and Plant Pathology Research Farm were Cladosporium,

Botrytis, Fusarium, Monilinia, Alternaria, Sclerotinia,

Trichoderma, Epicoccum, Aureobasidium and Penicillium.

In vitro pairings of resident fungi with M. fructicola

indicated characteristics considered advantageous in

antagonistic fungal interactions. One characteristic was

the formation of a zone of inhibition between the antagonist

and M. fructicola. Epicoccum was consistent in forming a

zone of inhibition at 12° and 18° C on both types of media

(Tables 1 and 2). Another antagonistic characteristic was

the rate of growth. Trichoderma demonstrated the ability to

grow relatively faster than M. fructicola. At the end of

the incubation period, for both types of media and

temperatures, Trichoderma occupied a significantly higher

(P=.05) proportion of the initial distance between isolates

compared to the four other resident fungi (Tables 1 and 2).

Relative radial growth of the resident fungi was

significantly higher (P=.05) on peach agar than on PDA at

18° C. Relative radial growth of M. fructicola was

significantly higher (P=.05) on PDA than on peach agar at
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both temperatures. The zone of inhibition was significantly

larger on peach agar than on PDA at both temperatures.

There was a media x fungal isolate interaction for the

relative radial growth of resident fungi and M. fructicola,

and the size of the zone of inhibition for both

temperatures. For example, a zone of inhibition for

Cladosporium and Aureobasidium was formed on peach agar, but

not on PDA at both temperatures (Tables 1 and 2).
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Table 1. Relative radial mycelial growth and the formation

of a zone of inhibition of resident fungi paired with

Monilinia fructicola on potato dextrose agar (PDA) and peach

agar at 12° C.

PDA Peach agar

Relative Growth":

ZIP'

Relative growth":

ZIResident M.fruct. Resident M.fruct.

Epicoccum 0.42 0.41 0.17 0.50 0.33 0.18

Trichoderma 0.85 0.15 0 0.81 0.18 0.01

Alternaria 0.45 0.43 0.12 0.54 0.28 0.18

Cladosporium 0.47 0.53 0 0.56 0.29 0.15

Aureobasidium 0.34 0.65 0.01 0.30 0.46 0.24

LSD (P=.05) (0.10) (0.13) (0.08) (0.10) (0.13) (0.08)

x- Relative growth values are expressed as the proportion of

the initial distance between isolates occupied by the fungi

at the end of 3 wk incubation.

y- Width of the zone of no fungal growth relative to the

initial distance between fungal isolates at the end of

incubation period.
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Table 2. Relative radial mycelial growth and the formation

of a zone of inhibition of resident fungi paired with

Monilinia fructicola on potato dextrose agar (PDA) and peach

agar at 18° C.

PDA" Peach agar"

Relative growthx: Relative growthx:

Resident M.fruct. ZIY Resident M.fruct. ZI

Epicoccum 0.33 0.48 0.19 0.43 0.45 0.12

Trichoderma 0.83 0.17 0 0.76 0.22 0.03

Alternaria 0.40 0.50 0.10 0.55 0.40 0.06

Cladosporium 0.34 0.65 0.01 0.41 0.45 0.14

Aureobasidium 0.25 0.75 0 0.32 0.50 0.18

LSD (P=.05) (0.08) (0.09) (0.05) (0.08) (0.09) (0.05)

v- Incubation period for PDA was 2 wk.

w- Incubation period for the peach amended medium was 3 wk.

x- Relative growth values are expressed as the proportion of

the initial distance between isolates occupied by the fungi

at the end of the incubation period.

y- Width of the zone of no fungal growth relative to the

initial distance between fungal isolates at the end of the

incubation period.
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Mist Chamber Experiment

Recovery of M. fructicola from blossoms after the mist

treatment was greatest in the nontreated control (Table 3).

A significant reduction (P=.05) in recovery of M. fructicola

from the nontreated control was obtained with the fungicides

benomyl and iprodione. Similarly, significant reductions in

recovery of M. fructicola also occurred when blossoms were

previously treated with the fungi B. cinerea, E.

purpurascens or the mixture of E. purpurascens and

Trichoderma spp..

Colonization of blossoms by B. cinerea and E.

purpurascens was evident by presence of sporulation by these

organisms. There was no evidence of sporulation with the

other fungi, including M. fructicola, although blossoms had

become brown and watersoaked.
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Table 3. Incidence of Monilinia fructicola on cherry

blossoms following application of conidia of M. fructicola

and antagonistic fungi in the mist chamber.

Treatment % Recovery of M. fructicolax

Benomyl 0.0 ay

Epicoccum purpurascens +

Trichoderma spp. 1.1 a

Botrytis cinerea 1.2 a

Epicoccum purpurascens 1.2 a

Iprodione 26.7 b

Aureobasidium pullulans 50.9 c

Trichoderma spp. 51.3 c

Control 68.5 c

x- Percent recovery values were transformed for analysis

using an arc sine square root transformation. Values

presented are back transformed means.

y- Percentages followed by different letters are

significantly different at P=.05 as determined by Fischerls

protected least significant difference procedure.
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Cherry Field Experiments

Blossom blight. In both years, treatments involving

fungicides significantly reduced (P=.05) the amount of

blossom blight as compared to the nontreated control (Table

4). In 1990, the biological treatments A. pullulans, E.

purpurascens and the mixture of E. purpurascens and

Trichoderma spp. significantly reduced (P=.05) the amount of

blossom blight as compared to the nontreated control. For

these treatments, reductions in AUDPC values were 54.2, 51.0

and 53.1%, respectively.

In 1991, E. purpurascens and A. pullulans caused a

64.9 and 57.7% reduction in AUDPC values, respectively, as

compared to the nontreated control (Table 4), although the

values were not significantly different due to high

variation within replications.

The use of a benomyl resistant isolate of B. cinerea

with the fungicide benomyl did not enhance the control of

blossom blight over that obtained by the fungicide alone in

1990. In both years, control provided by B. cinerea alone

was not significantly different from the nontreated control

(Table 4).

Fruit set. Application of B. cinerea to blossoms

significantly reduced (P=.05) the percentage of blossoms

that developed into fruit compared to all other treatments

except the treatment combining B. cinerea with the fungicide

benomyl (Table 5).
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Latent infections. Number of Monilinia latent

infections on green cherries was lowest in treatments

involving fungicides in both 1990 and 1991 (Table 6). In

1990, E. purpurascens with Trichoderma spp. had

significantly fewer (P=.05) latent infections than the

nontreated control. In 1991, E. purpurascens and A.

pullulans also had significantly fewer latent infections

than the nontreated control.

Latent infections of E. purpurascens and B. cinerea

also were detected with the paraquat dip assay. Frequency

of green cherries with latent infections of B. cinerea or E.

purpurascens was significantly higher (P=.05) in fruit from

blossoms treated with these fungi (Table 7). The recovery

of E. purpurascens was significantly higher (P=.05) in the

treatment where it was used alone than in the treatment were

it was used in a mixture with Trichoderma spp. (Table 7).

Fruit rot. Disease incidence of mature cherry fruit

was higher for each treatment in 1991 as compared to 1990

(Table 8). The application of benomyl and B. cinerea to

blossoms significantly reduced (P=.05) brown rot infections

as compared to nontreated control for both years. In 1991,

blossoms treated with B. cinerea also significantly reduced

(P=.05) the number of brown rot infections as compared to

the nontreated control.
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Table 4. Area under the disease progress curve (AUDPC) for

brown rot blossom blight in cherry for 1990 and 1991.

Treatment

1990 1991

AUDPC" AUDPCY

Benomyl 0.01 aZ

Iprodione 0.02 ab 0.02 a

Benomyl + Botrytis cinerea 0.03 abc 0.02 a

Epicoccum purpurascens 0.05 bc 0.19 b

Aureobasidium pullulans 0.04 bc 0.22 b

Epicoccum purpurascens +

0.05 bc 0.46 bTrichoderma spp.

Botrytis cinerea 0.05 cd 0.36 b

Trichoderma spp. 0.06 cd 0.41 b

Control 0.10 d 0.53 b

x- 1990 AUDPC values were transformed for analysis using an

arc sine square root transformation. Values presented are

back transformed means.

y- 1991 AUDPC values were transformed for analysis using a

log transformation. Values presented are back transformed

means.

z- Values followed by different letters are significantly

different at P=.05 as determined by Fischer's protected

least significant difference procedure.
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Table 5. Influence of antagonists applied to cherry

blossoms on percent of cherry blossoms that developed fruit

in 1991.

Treatment % Fruit developmentx

Botrytis cinerea 10.9 aY

Benomyl + Botrytis cinerea 17.5 ab

Aureobasidium pullulans 20.2 bc

Control 22.6 bc

Trichoderma spp. 23.1 bc

Epicoccum purpurascens +

Trichoderma spp. 23.2 bc

Epicoccum purpurascens 27.2 bc

Iprodione 28.1 c

x- Percentage values were transformed for analysis using an

arc sine square root transformation. Values presented are

back transformed means.

y- Values followed by different letters are significantly

different at P=.05 as determined by Fischer's protected

least significant difference procedure.
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Table 6. Percent Monilinia latent infection in green

cherries in 1990 and 1991.

Treatment

% Monilinia infection"

1990 1991

Benomyl 0.4 aY __z

Iprodione 0.5 a 4.7 ab

Benomyl + Botrytis cinerea 0.5 a 2.5 a

Epicoccum purpurascens +

Trichoderma spp. 5.8 ab 57.3 d

Botrytis cinerea 10.1 bc 35.5 cd

Aureobasidium pullulans 10.7 bc 19.8 bc

Epicoccum purpurascens 17.4 bc 23.0 bc

Trichoderma spp. 21.2 c 40.0 cd

Control 21.3 c 58.7 d

x- Percent values were transformed for analysis using an arc

sine square root transformation. Values presented are back

transformed means.

y- Values followed by different letters are significantly

different at P=.05 as determined by Fischer's protected

least significant difference procedure.

z- not tested.
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Table 7. Percent latent infection of Botrytis cinerea and

Epicoccum purpurascens in green cherries in 1991.

% Infectionx

Treatment B. cinerea E. purpurascens

Benomyl + Botrytis cinerea 50.0 a" 0.1 d

Botrytis cinerea 48.1 a 0.1 d

Trichoderma spp. 12.1 b 0.1 d

Iprodione 6.8 b 0.9 cd

Epicoccum purpurascens +

Trichoderma spp. 5.7 b 24.3 b

Control 4.9 b 0.1 d

Aureobasidium pullulans 4.7 b 5.2 c

Epicoccum purpurascens 4.5 b 40.2 a

x- Percent values were transformed for analysis using an arc

sine square root transformation. Values presented are back

transformed means.

y- Values followed by different letters are significantly

different at P=.05 as determined by Fischer's protected

least significant difference procedure.
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Table 8. Percent brown rot infection of mature cherries for

1990 and 1991.

Treatment

% Infection"

1990 1991

Benomyl + Botrytis cinerea 0.9 aY 2.8 a

Botrytis cinerea 1.3 ab 4.0 ab

Aureobasidium pullulans 1.1 ab 4.6 abc

Epicoccum purpurascens 1.8 ab 4.8 abcd

Iprodione 2.2 ab 5.3 bcd

Trichoderma spp. 1.9 ab 7.5 cd

Epicoccum purpurascens +

Trichoderma spp. 1.2 ab 7.7 d

Control 3.2 b 7.1 cd

x- Percent infection values were transformed for analysis

using an arc sine square root transformation. Values

presented are back transformed means.

y- Values followed by different letters are significantly

different at P=.05 as determined by Fischerls protected

least significant difference procedure.
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Peach Field Experiments

Blossom colonization. Blossoms from each treatment

had a high recovery rate for the antagonists which had been

applied during bloom (Tables 9 and 10). In 1991, percent

recovery of B. cinerea, Trichoderma spp., and E.

purpurascens was significantly higher (P=.05) in treatments

where these fungi were applied to blossoms. In 1990,

incidence of E. purpurascens was significantly higher

(P=.05) in treatments where spores of this fungus were

applied to blossoms.

Twig blight. In 1990, disease proportions were too

low for assessment. In 1991, disease incidence was

moderately higher than in 1990, averaging only 3.5% twig

blight in the nontreated control (Table 11). In this

season, the treatments benomyl with B. cinerea, benomyl,

iprodione, E. purpurascens, E. purpurascens with Trichoderma

spp. and B. cinerea significantly reduced (P=.05) twig

blight compared to the nontreated control.

Fruit set. Fertilization of blossoms was influenced

by the application of fungal antagonists. Fruit set in both

the E. purpurascens and B. cinerea treatments were

significantly lower (P=.10) than the nontreated control

(Table 12).

Fruit rot. The influence of treatments applied to

blossoms on the incidence of fruit rot was not detectable.

AUDPC values were higher for each treatment in 1991 as
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compared to 1990. In 1990, the treatment of E. purpurascens

with Trichoderma spp. was the only treatment that

significantly reduced (P=.10) fruit rot compared to the

nontreated control (Table 13). Benomyl with B. cinerea, and

A. pullulans had AUDPC values in 1990 of 34.7 and 51.9%,

respectively, lower than the nontreated control. These

differences, however, were not significant (P=.10).
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Table 9. Incidence of fungi found on peach blossoms

following application of antagonistic fungi in 1990.

% Recoveryx

Treatment MonY Bot Tri Epi Alt Aur

Control 15.0 57.5 12.5 15.0 55.0 10.0

Iprodione 2.5 23.1 18.8 2.5 35.0 26.9

Benomyl 0.0 35.0 5.0 12.5 75.0 7.5

Benomyl +

Botrytis cinerea 0.0 55.0 8.8 15.6 77.5 11.3

Botrytis cinerea 17.5 65.0 15.0 15.0 35.0 17.5

Epicoccum
15.0 35.0 10.0 95.0 40.0 0.0purpurascens

Trichoderma spp. 0.0 46.3 41.9 20.0 38.8 10.6

Epicoccum purpurascens

+ Trichoderma spp. 10.0 27.5 35.0 82.5 32.5 7.5

Aureobasidium
0.0 45.6 21.3 2.5 54.4 26.9pullulans

LSD (P=.05) (12.0) (23.1) (18.2) (16.8) (23.3)(16.0)

x- Percent recovery based on 40-45 blossoms (five

blossoms/replication).

y- Mon=Monilinia fructicola, Bot=Botrytis cinerea,

Tri=Trichoderma spp., Epi=Epicoccum purpurascens,

Alt=Alternaria spp., Aur=Aureobasidium pullulans.
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Table 10. Incidence of fungi found on peach blossoms

following application of antagonistic fungi in 1991.

% Recoveryx

Treatment MonY Bot Tri Epi Alt Aur

Control 48.8 58.8 8.9 13.3 3.0 67.0

Iprodione 30.5 29.6 18.9 11.5 6.3 86.1

Benomyl 12.0 35.9 4.0 5.1 77.4 80.3

Benomyl +

Botrytis cinerea 5.0 95.0 3.8 6.4 12.9 63.4

Botrytis cinerea 21.1 97.3 1.3 13.8 4.3 54.5

Epicoccum
27.1 64.3 15.4 70.6 5.1 52.5

purpurascens

Trichoderma spp. 32.4 49.8 91.1 7.0 1.3 68.9

Epicoccum purpurascens

+ Trichoderma spp. 30.0 45.5 88.0 74.9 2.8 31.3

Aureobasidium
45.5 54.5 3.8 11.3 13.8 96.3

pullulans

LSD (P=.05) (13.7) (15.0) ( 9.6) (13.7) (10.9)(17.7)

x- Percent recovery based on 75-80 blossoms (10

blossoms/replication).

y- Mon=Monilinia fructicola, Bot=Botrytis cinerea,

Tri=Trichoderma spp., Epi=Epicoccum purpurascens,

Alt=Alternaria spp., Aur=Aureobasidium pullulans.
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Table 11. Incidence of twig blight in peach for 1991.

Treatment % Twig blight

Benomyl + Botrytis cinerea 1.5 ax

Benomyl 1.6 ab

Iprodione 1.7 ab

Epicoccum purpurascens 2.2 abc

Epicoccum purpurascens +

Trichoderma spp. 2.3 abc

Botrytis cinerea 2.5 be

Aureobasidium pullulans 2.6 cd

Trichoderma spp. 3.0 cd

Control 3.5 d

x- Values followed by different letters are significantly

different at P=.05 as determined by Fischer's protected

least significant difference procedure.
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Table 12. Influence of antagonists applied to peach

blossoms on fruit set in 1991.

Treatment Fruit seta

Epicoccum purpurascens 0.05 aY

Botrytis cinerea 0.05 a

Aureobasidium pullulans 0.05 ab

Trichoderma spp. 0.06 ab

Benomyl + Botrytis cinerea 0.07 ab

Iprodione 0.08 bc

Epicoccum purpurascens +

Trichoderma spp. 0.08 bc

Control 0.08 bc

Benomyl 0.10 c

x- Fruit set values were calculated by dividing the percent

of blossoms fertilized on a branch by the cross sectional

area of the branch.

y- Values followed by different letters are significantly

different at P=.10 as determined by Fischer's protected

least significant difference procedure.
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Table 13. Area under the disease progress curve (AUDPC) for

brown rot development on peach fruit in 1990 and 1991.

Treatment

1990 1991

AUDPCX AUDPC

Epicoccum purpurascens +

Trichoderma spp. 0.19 aY 3.31 ab

Aureobasidium pullulans 0.29 ab 3.60 ab

Benomyl + Botrytis cinerea 0.29 ab 2.40 a

Botrytis cinerea 0.49 b 2.88 ab

Benomyl 0.46 b 3.04 ab

Iprodione 0.49 b 3.43 ab

Trichoderma spp. 0.49 b 4.56 ab

Control 0.60 b 4.07 ab

Epicoccum purpurascens 0.59 b 4.68 b

x- 1990 AUDPC values were transformed for analysis using a

log transformation. Values presented are back transformed

means.

y- Values followed by different letters are significantly

different at P=.10 as determined by Fischer's protected

least significant difference procedure.
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DISCUSSION

Blossoms of stone fruits host a number of fungi with

the potential to disrupt the brown rot disease cycle. In

this study, the fungi found residing on peach blossoms were

consistent with the epiphytic mycoflora found in other

studies done on peach twigs and flowers (Melgarejo et.al.,

1985), bean and rapeseed flowers (Boland and Inglis, 1988),

and apple leaves (Andrews and Kenerley, 1978).

The presumption of biological control of diseases

initiated on blossoms is that increased populations of

antagonistic epiphytes on floral surfaces can decrease

disease through direct competition with the pathogen for

nutrients and establishment on blossom surfaces or through

antibiosis. In this study, application of spores of

epiphytic fungi to stone fruit blossoms reduced brown rot

blossom blight both in the mist chamber experiment and in

field trials. The level of control, however, was not

equivalent to that achieved with fungicides. The most

consistent and effective fungus examined was E.

purpurascens. Next in effectiveness was A. pullulans. The

two other fungi, Trichoderma spp. and B. cinerea showed

little promise for control of blossom blight, with the

latter regarded as a weak pathogen of stone fruit blossoms

(Ogawa and English, 1960).

E. purpurascens was first identified as a potential
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antagonist to M. laxa by Melgarejo et. al. (1985) in their

investigations of peach flower and twig mycoflora. E.

purpurascens also has been shown to antagonize other

pathogens including Cytospora cincta (Royse and Ries, 1978),

Sclerotinia sclerotiorum (Zhou and Reeleder, 1989),

Rhizoctonia solani (Chand and Logan, 1984), Alternaria

brassicicola (Pace and Campbell, 1974) and Ceratocystis ulmi

(Webber and Hedger, 1986). Its apparent mode of control is

through the production of antifungal compounds (Brown et.

al., 1987; Bamford et. al., 1961; Royse and Reis, 1978). It

may also inhibit pathogen establishment through competition

for infection site. In this study, the ability of E.

purpurascens to rapidly colonize blossom tissue was

demonstrated in the mist chamber, with sporulation observed

within a week of its application to blossoms. Colonization

ability also was evident in the level of recovery from peach

blossoms where E. purpurascens had been applied to blossoms

in 1990 and 1991 (Tables 9 and 10). Competitive exclusion

of the pathogen also may be responsible for the decrease in

the number of Monilinia latent infections due to the

application of E. purpurascens to blossoms (Table 6).

The treatment mixture of E. purpurascens and

Trichoderma spp. was an attempt to enhance control by

complementary antagonistic features. The in vitro study

suggested E. purpurascens was a producer of antibiotics,

consistently forming a zone of inhibition, while Trichoderma
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spp. exhibited rapid growth compared to M. fructicola. The

Trichoderma spp. alone, however, did not provide any

significant reduction in blossom blight infections in any of

the trials. Disease reduction attained by the mixture was

likely due to the action of E. purpurascens. The control

provided by the mixture was more variable than E.

purpurascens alone (Tables 4, 6 and 8). This suggests that

the Trichoderma spp. and E. purpurascens may antagonize each

other.

B. cinerea was chosen as a potential antagonist due to

it's ability to rapidly colonize blossom tissue. This would

allow it to occupy the infection court and directly compete

with conidia of Monilinia that are deposited onto blossoms.

The mist chamber results appeared to confirm this

antagonistic feature, but the degree of colonization also

caused rapid necrosis of the blossoms within a week. It's

action as a weak pathogen was evident in field trials on

cherry and peach where it caused a reduction in fruit set.

The decrease in brown rot infections of fruit with

treatments involving B. cinerea (Table 8) may have been a

result of increased air flow around the fruit due to a

reduction in fruit set.

The isolate of B. cinerea used in these studies was

resistant to benomyl. This isolate was used in combination

with benomyl to see if an increase in control over the

fungicide alone was possible. The addition of B. cinerea
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did not improve the effectiveness of benomyl used alone, and

because it was a weak pathogen, it's use in the mixture was

inappropriate. Resistant strains of appropriate antagonists

combined with a fungicide can control disease by eliminating

saprophytic microflora competing with the antagonist and

through the direct effect of the chemical on the pathogen.

The influence of fungicides on increasing the population of

a resistant fungus was observed in the recovery rates of

Alternaria spp. in treatments involving the fungicide

benomyl (Tables 9 and 10). The isolate of Alternaria

observed in this study was tolerant to benomyl while most of

the other epiphytes were sensitive to benomyl (Appendix C).

When benomyl was used as a protectant spray, Alternaria

became one of the primary fungi found on treated blossoms.

The use of resistant fungi with a fungicide has been studied

with E. purpurascens and iprodione for control of white mold

on snap beans (Zhou and Reeleder, 1989), and also in the

control of M. laxa with Penicillium frequentans and captan

(De Cal et. al., 1990).

Number of latent Monilinia infections found on green

cherries highlights the necessity of applying cover sprays

of fungicides during bloom to reduce the amount of fruit

rot. E. purpurascens and A. pullulans were able to

significantly reduce (P=.05) percent of latent Monilinia

infections in cherries in 1991. This control may have been

caused in part by preemptive establishment of antagonists
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within green fruit (Table 7). The latent infection assay

also demonstrated the possibility that antagonism may occur

between E. purpurascens and Trichoderma spp. In the

treatment involving the mixture of E. purpurascens and

Trichoderma spp., latent infections of E. purpurascens were

significantly reduced (P=.05) with the addition of

Trichoderma spp. (Table 7).

Differences in the amount of rainfall during the

blossom period between 1990 and 1991 demonstrated the

influence of humidity and moisture on the development of

brown rot blossom blight. Rainfall during bloom in 1990 was

0.1 cm for cherry and 0.9 cm for peach, while 1991 had 7.1

cm and 5.7 cm rainfall for cherry and peach, respectively

(weather data obtained from the weather station located at

the Botany and Plant Pathology Research Farm, Corvallis,

Oregon). Moisture and high humidity promote the production

of primary inoculum, aid in the dispersal of conidia, and

are essential for spore germination and subsequent mycelial

development (Byrde and Willets, 1977). This difference

between 1990 and 1991 may account for the higher AUDPC

values for blossom blight obtained in 1991 (Table 4), the

ability to detect twig blight in 1991, and the higher

incidence of M. fructicola recovered from peach blossoms in

1991 (Table 10). With the increase in blossom infection,

also came an increase in the amount of latent infections of

Monilinia observed in the paraquat dip assay of green
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cherries in 1991 (Table 6), and an increase in the amount of

fruit rot that developed in both peach and cherry (Tables 8

and 13). The influence of weather conditions favoring

blossom infections on the amount of fruit rot that develops,

through the establishment of latent infections, has been

reported previously by Wade (1956) and Jenkins and Reinganum

(1965).

Biological control on the phylloplane requires the use

of microorganisms adapted to grow on the same part of the

plant where the pathogen establishes an infection. In

general, antagonists should have strong attributes as a

competitor, producer of antibiotics, hyperparasite, or have

some combination of these traits (Cook and Baker, 1983). To

identify an organism best suited to control brown rot

blossom blight of stone fruits in the field, resident fungi

were chosen with varying antagonistic traits. From this

study, E. purpurascens appeared to be the best suited

organism to antagonize M. fructicola, and thereby reduce the

impact of brown rot disease. E. purpurascens is known to

produce several antibiotics (Brown et. al., 1987; Bamford

et. al., 1961). In addition, it is a relatively good

colonizer of blossom tissue (Zhou and Reeleder, 1991).

Iprodione resistant strains of E. purpurascens have already

been identified and used in field studies (Zhou and

Reeleder, 1989). These resistant strains offer the

possibility of using this organism in an integrated disease



50

management program. While it is unlikely that E.

purpurascens will provide complete control of brown rot

blossom blight when used alone, use of this fungus in

conjunction with fungicides has the potential to reduce

selection of fungicide resistant strains of Monilinia, and

to decrease the amount of fungicide needed to control this

disease.
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APPENDIX A

Survey of Blossom Fungi of Peach in

Three Commercial Orchards

Introduction

Stone fruit blossoms host a number of epiphytic fungi,

some of which are antagonists to the brown rot fungi. An

understanding of the nature of these resident epiphytes is

important in developing alternatives in controlling brown

rot blossom blight. This study examined the diversity and

relative abundance of fungi found on peach blossoms during

the bloom period.

Materials and Methods

Blossoms from three commercial peach orchards,

representing differing blossom blight control strategies,

were sampled in 1990 and 1991. Two orchards, Saunders and

Daum, were located 10 miles northwest of Salem, Oregon; a

third orchard, Lagerstedt, was located in Corvallis, Oregon.

Saunders was managed for organic certification and used only

bordeaux (8-8-100) for disease control during dormancy and

bloom. The Daum orchard, prior to 1990, received only one

or two applications of the fungicide benomyl during bloom.

In 1990 and 1991, one application of each of the fungicides

benomyl and iprodione were used. The Lagerstedt orchard

represented a farm using the standard spray schedule of 3-4
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applications of rotating fungicides (i.e. Kocide, Funginex,

Rovral, Benlate).

In 1990, each orchard was sampled twice during the

bloom period. 108 blossoms were sampled from each orchard

on each sampling date. Samples were taken on 23 March and 4

April for Saunders and Daum, and on 30 March and 9 April for

Lagerstedt.

In 1991, the Daum and Saunders orchards were sampled

four times during the bloom period. Samples were taken on

11, 20, and 29 March, and 8 April. 100-120 blossoms were

sampled from each orchard at each sampling date. Disease

control measures were also monitored for these orchards. An

application of the fungicide benomyl was made in the Daum

orchard on 4 March, seven days prior to the first blossom

sampling date. The fungicide iprodione was applied on 27

March, two days prior to the third sampling date. The

Saunders orchard made applications of Bordeaux on 28

February and on 21 March.

Results

Table Al lists the percent recovery of the most

commonly isolated fungi found on blossoms from the

commercial orchards in 1990. Percent recovery of these

fungi varied greatly from orchard to orchard. For example,

Saunders orchard had higher recovery rates for Sclerotinia,

and lower recovery rates for Alternaria as compared to the

other two orchards. Variations also were evident in
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recovery rates for fungi found on the same orchard for the

two sampling dates. For example, recovery of Epicoccum and

Monilinia increased in the Daum orchard, but decreased for

Aureobasidium between the sampling dates.

Incidence of Cladosporium, Alternaria, Botrytis,

Epicoccum, Aureobasidium and Monilinia on blossoms for the

four sample dates from the Daum and Saunders orchards in

1991 are represented in Figures Al and A2. In the Daum

orchard, incidence of Cladosporium, Alternaria, Epicoccum,

and Botrytis on blossoms declined sharply on the third

sampling date, which was taken just after the iprodione

application. Each of these fungi are sensitive to this

fungicide (Appendix C). In contrast, incidence of

Aureobasidium, a fungus relatively insensitive to iprodione,

increased on the third sample date. By the fourth sampling

date, 11 days following the application of iprodione,

incidence levels of those fungi sensitive to iprodione

appeared similar to the first and second sampling dates.

Incidence of Monilinia remained low throughout the sampling

period.

The use of bordeaux in the Saunders orchard, one day

following the second sampling date, did not cause changes in

incidence of resident fungi like those seen in the Daum

orchard (Figure A2). Incidence of Cladosporium, Botrytis

and Epicoccum decreased slightly between the first and third

sampling dates. Incidence of Alternaria remained low, while
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incidence of Aureobasidium increased substantially between

the third and fourth sampling dates. Incidence of Monilinia

increased from the first to third sampling dates and

remained high.



Table Al. Percent recovery of fungi on peach blossoms from three commercial orchards

in 1990.

Orchard % Recovery'

(sample date) Mont' Bot Scl Alt Epi Tri Aur Cld Fus Pen Ulo

Saunders

March 23 16.0 39.6 90.6 15.1 7.5 0.9 41.5 93.4 3.8 11.3 0.0

April 4 57.4 18.6 94.0 12.0 18.5 0.9 16.7 97.2 3.7 6.5 0.9

Daum

March 23 0.9 32.4 9.3 89.8 11.1 1.9 47.2 84.4 2.8 7.4 0.0

April 4 49.5 33.0 18.5 77.7 54.4 11.7 15.5 88.3 7.8 4.9 7.8

Lagerstedt

March 30 0.0 35.6 41.3 68.3 22.1 5.8 30.8 85.6 10.6 8.7 13.5

April 9 0.0 25.3 37.9 68.7 47.5 16.2 35.4 93.9 25.3 10.1 13.1

x- Percentages based on 100-108 blossom samples for each sample date.

y- Mon=Monilinia, Bot=Botrytis, Sc1=Sclerotinia, Alt=Alternaria, Epi=Epicoccum,

Tri=Trichoderma, Aur=Aureobasidium, Cld=Cladosporium, Fus=Fusarium, Pen=Penicillium,

Ulo=Ulocladium.
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Figure Al. Changes in incidence of resident fungi during

bloom in the Daum Orchard.
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APPENDIX B

Weather Conditions during Bloom of Cherry and Peach

in 1990 and 1991

Daily high temperature and precipitation in

centimeters for Corvallis, Oregon during the months of March

and April in 1990 and 1991 are graphed in Figures B1 and B2.

The total rainfall for March and April of 1990 was 6.3 and

5.9 cm, respectively, and 15.2 and 12.7 cm respectively for

1991. The average temperature for March and April of 1990

was 16.5 and 19.9° C respectively, and 12.7 and 16.3° C

respectively for 1991.

In 1990, the bloom period for peach began on 15 March,

with the first full blooms showing, and lasted until 4 April

with the beginning of petal fall. For 1991, the bloom

period for peach began earlier on 8 March and extended until

30 March. Cherry bloom in 1990 began with the first full

blooms showing on 27 March and lasted until 12 April with

the advent of petal fall. For 1991, cherry bloom began on

1 April and lasted until 18 April.
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APPENDIX C

Sensitivity of Resident Fungi of Stone Fruit

Blossoms to Seven Fungicides

Introduction

Resident epiphytic fungi of stone fruit blossoms have

the potential to disrupt the brown rot blossom blight

disease cycle. Populations of resident fungi, and their

ability to decrease the amount of brown rot blossom blight,

may be influenced by the application of chemical fungicides

during bloom. This study measured the sensitivity of

resident fungi to commonly used fungicides for the control

of brown rot blossom blight.

Materials and Methods

Isolates of nine resident fungi, obtained from

surveys of blossoms on commercial peach orchards, were

tested for their sensitivity to seven fungicides. The nine

fungi tested were Monilinia fructicola, Alternaria sp.,

Cladosporium sp., Aureobasidium pullulans, Botrytis cinerea,

Epicoccum purpurascens, Trichoderma sp., Fusarium sp. and

Penicillium sp.. The fungicides tested were benomyl

(Benlate 50 DF), iprodione (Rovral 50 WP), chlorothalonil

(Bravo 720 F), captan (Captan 50 WP), carbamate (Ferbam 76

WP), copper hydroxide (Kocide 77 WP) and triforine (Funginex

18.2 EC). Mycelial plugs were placed in the center of petri
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plates containing potato dextrose agar (PDA) and PDA amended

with fungicides at concentrations of 0.5, 5.0, 10.0 and 25.0

ppm. Radial mycelial growth was measured 3, 9 and 16 days

after inoculation. Each isolate/fungicide concentration was

replicated three times.

Radial growth of the nine fungal isolates on fungicide

amended PDA was compared to growth on nonamended PDA.

Results

Percent radial growth of resident fungi on fungicide

amended PDA relative to nonamended PDA is illustrated in

figures Cl through C9.

The most effective fungicides in inhibiting growth of

the brown rot pathogen M. fructicola were benomyl and

iprodione. These fungicides completely inhibited growth of

M. fructicola at concentrations greater than or equal to

5.0 ppm (Figure C1). Cholorthalonil (5.0 ppm or greater)

also reduced radial growth of M. fructicola by at least 60 %

compared to the nonamended control. Of the four remaining

fungicides, only triforine was consistent in reducing radial

growth compared to the nonamended control. Figure Cl

indicates that some fungicides tested had a stimulatory

effect on M. fructicola. Ferbam, captan at 0.5 and 5.0 ppm,

and copper hydroxide at 10.0 and 25.0 ppm all increased

radial growth of M. fructicola compared to growth on the

nonamended control.

The effect of the fungicides on radial growth of
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resident fungi produced a specific response for each fungus.

The fungicides benomyl and iprodione were the most effective

in reducing radial growth. At concentrations of 5.0 ppm and

greater, benomyl reduced radial growth of Cladosporium sp.,

E. purpurascens, Trichoderma sp., Fusarium sp. and

Penicillium sp. by at least 60 % (Figures C3, C6, C7, C8 and

C9) as compared to radial growth on nonamended PDA. At

concentrations of 10.0 ppm and greater, iprodione reduced

radial growth of Alternaria sp., Cladosporium sp., B.

cinerea, E. purpurascens, Trichoderma sp. and Penicillium

sp. by at least 60 % (Figures C2, C3, C5, C6, C7 and C9) as

compared to radial growth on nonamended PDA. Reductions in

radial growth, greater than 40 % compared to the nonamended

control, of B. cinerea and Trichoderma sp. also were

obtained with the fungicides chlorothalonil (at 0.5 ppm or

greater) and triforine (at 10.0 ppm or greater). The least

effective fungicides in reducing radial growth of resident

fungi were captan and copper hydroxide.

In some cases, a stimulatory effect also was observed

on radial growth of resident fungi on fungicide amended PDA.

An increase in radial growth of at least 20 % was observed

in Fusarium sp. on PDA amended with carbamate and captan at

0.5 ppm (Figure C8).

In most cases, increasing concentrations of fungicides

caused increasing reductions in radial growth. However,

increasing concentrations of the fungicide copper hydroxide
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appeared to increase radial growth of M. fructicola, E.

purpurascens, Fusarium sp. and Penicillium sp. (Figures Cl,

C6, C8 and C9).

Of the nine fungi tested, the yeast-like fungus A.

pullulans was the most tolerant to the fungicides tested.

Only the fungicide triforine (at 25.0 ppm) was able to cause

a reduction in radial growth of A. pullulans greater than

40% compared to the nonamended control.
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Figure Cl. Radial growth of Monilinia fructicola on

fungicide amended PDA.
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Figure C2. Radial growth of Alternaria sp. on fungicide

amended PDA.
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Figure C3. Radial growth of Cladosporium sp. on fungicide

amended PDA.
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Figure C4. Radial growth of Aureobasidium pullulans on

fungicide amended PDA.
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Figure C5. Radial growth of Botrytis cinerea on fungicide

amended PDA.
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Figure C6. Radial growth of EDicoccum purpurascens on

fungicide amended PDA.
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Figure C7. Radial growrth of Trichoderma sp. on fungicide

amended PDA.
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Figure C8. Radial growth of Fusarium sp. on fungicide

amended PDA.
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Figure C9. Radial growth of Peniciilium sp. on fungicide

amended PDA.
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