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Radial colony growth of three isolates of Gliocladium roseum and three isolates of Bottytis
cinerea were measured on 1/4 strength potato dextrose agar amended with concentrations of
NaHCO3 ranging from 0-2% (w/v). Compared to the control, reductions in colony diameter of the
B. cinerea isolates ranged from 60-79% and 73-89% on media amended with 0.125 and 0.25%
NaHCO3, respectively. Colony diameter for two isolates of G. roseum were significantly enhanced
(P< 0.05) at 0.125% NaHCO3, but reduced 0-9%, 31-49% and 53-68% on media amended with
0.25, 1 and 2% NaHCO3 respectively. From these results, we concluded that concentrations of
NaHCO3 in the range of 0.125-2% could differentially inhibit growth of B. cinerea, over that of the
antagonist, G. roseum.

Young leaves and blossoms were inoculated with mixed suspensions of B. cinerea and G.
roseum with or without 0.125% NaHCO3. Incidence of infection of leaves of B. cinerea was
significantly reduced (P< 0.05) by a G. roseum concentration of >1x104 conidia/ml. The addition of
NaHCO3 to conidial suspensions provided an additional significant decrease (P < 0.05) in the
proportion of leaf pieces that B. cinerea infected. In a second experiment on leaves, NaHCO3
(0.125%) added to inoculum suspensions reduced the incidence of B. cinerea such that adding G.
roseum to the inoculum suspensions had no additional effect. On detached blossoms both the
incidence and sporulation of B. cinerea was significantly reduced (P < 0.05) for all concentrations
of G. roseum >1 x104 conidia/ml. The addition of NaHCO3 to conidial suspensions did not

significantly reduce (P < 0.05) the incidence or sporulation of B. cinerea on blossoms in the first
experiment; however, in a second experiment the addition of this chemical provided an additional
reduction (P< 0.05) in both the incidence and the sporulation of B. cinerea on blossoms.
In a field experiment, G. roseum alone did not reduce the incidence of gray mold fruit rot.
The combination of G. roseum and NaHCO3, however, significantly reduced (P < 0.1) gray mold
fruit rot on one of four harvest dates.
Results of this study demonstrated some potential for integration of G. roseum and
NaHCO3 for the control of gray mold on strawberry.
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Modification of Phyllosphere Environments to Enhance Establishment of
Gliocladium roseum, an Antagonist of Botrytis cinerea

Introduction
Gray mold fruit rot, caused by the fungus Botrytis cinerea is a significant limiting factor to

the commercial production of strawberries in the Willamette Valley of western Oregon. During
bloom period, climatic conditions are highly conducive to the development of severe disease
situations. The principal form of inoculum infecting both flowers and leaves is conidia (Jarvis
1962, Braun & Sutton 1987). Conidial infections of stamens, petals and sepals result in the
establishment of quiescent infections in the developing fruit (Powelson 1960, Jarvis 1962).
Quiescent infections become active rots as the fruit ripens, usually beginning at the proximal end
of the berry.

Currently, growers rely on the application of fungicides beginning at 5% bloom and
repeated at 7-14 day intervals up to the harvest period. Renovation (mowing of leaves and tilling),
avoidance of excess nitrogen applications, and decreasing plant density can reduce disease
incidence. The reliance on fungicides as the principal form of control, however, has led to

development of pathogen populations resistant to benzimidizole and dicarboximide fungicides,
both of which had previously provided effective control (Katan 1982, Johnson et al 1994).
Public health concerns regarding pesticide residue on foods, potentially detrimental
impacts of widespread pesticide use, lack of commercially acceptable resistant varieties, and
fungicide resistance has led to interest in alternative strategies for gray mold management.
Consequently, biological control has been proposed as a possible strategy (Bhat & Vaughn 1962,
Tronsmo & Dennis 1977). This strategy is implemented by spraying suspensions of saprophytic
fungi (commonly conidia) onto blossoms or other tissues attacked initially by B. cinerea (Peng &
Sutton 1991). Fungi applied to suppress B. cinerea typically have been components of the
mycoflora found naturally on strawberry leaves and debris. The mycoflora of strawberry leaf and
floral tissue includes mycoparasites, saprophytes, and epiphytes (Mclean & Sutton 1991). Surface
disinfection of strawberry leaves prior to inoculation with B. cinerea demonstrated that the
presence of an established leaf mycoflora can reduce the frequency of successful infections by
the pathogen (Braun & Sutton 1988). Recently, Gliocladium roseum has been shown to be a
promising antagonist effectively precluding colonization of host tissues by B. cinerea (Peng &
Sutton 1991). To date, the antagonist G. roseum is considered non-pathogenic and found to occur
naturally on blossoms and leaves of strawberry, and in the soil of strawberry fields (Mclean &
Sutton 1991, Bennett unpublished).
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A second alternative for control is to apply inorganic chemicals that are considered
environmentally and toxicologically benign. Some of the most important chemicals fitting these
criteria are the salts of bicarbonates, such as CaCO3 (Bordeaux mix), (NH4 )2CO3 (Chestnut mix),
Na2CO3 (Burgundy mix), which have been used historically for the control of pathogenic fungi

(Ainsworth 1961). Several reports have shown that carbonate and bicarbonate salts are highly
inhibitory to B. cinerea (Palmer et al 1994a) and other foliar, pathogenic fungi (Ziv & Zitter 1992,
Horst et al 1992).

Integrated control, or the use of two or more control strategies simultaneously, has long
been central to pathosystem management. Strategies involving a combination of cultural

practices, chemical control, resistance, and biological control are used to reduce both the amount
of initial inoculum and the rate of disease increase. More recently, the integration of the biocontrol
agent Trichoderma harzianum and fungicides has been used as a strategy with the specific intent
of reducing use of synthetic fungicides (Elad et al 1993).

The objective of this study is to examine the effect of the integration of NaHCO3 and the
antagonist, G. roseum, on the suppression of B. cinerea on the phyllosphere and on blossoms of
strawberry.
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Literature Review

Gray mold disease cycle
Bottytis cinerea overwinters as sclerotia and as hyphae within crop debris and in a

quiescent state inside green leaves. Warming temperatures and high humidity in the late winter
and early spring stimulate the production of conidia from overwintering structures. Miller and

Waggoner (1957), in spore trapping studies, observed that the greatest releases of spores were
correlated with periods of high humidity regardless of rain or time of day. In addition, most spores

were trapped in air at less than 0.5 m above the canopy leading to the conclusion that the
majority of conidia are produced and remain within the canopy. Similarly, Johnson & Powelson
(1983), concluded that conidia produced locally within the field were a major cause of blossom
infections and the resultant pod rot in snap bean crops. Measurement of dispersal gradients and
disease gradients from a point source of inoculum in a field indicated that the majority of conidia
was deposited within 3 m of their source. The disease gradients on blossoms were similar to
those of the inoculum dispersal gradients indicating that most disease is the result of local
inoculum sources within the field.

The two principle ways strawberry tissues become infected with B. cinerea are through
conidia or by contact with an active lesion. All tissues are susceptible to infection through direct
contact with an actively growing lesion. Infections resulting from conidial inoculum occur mostly on
young, expanding green leaves (Braun & Sutton 1988), blossoms, and ripe fruit (Powelson 1960 ,

Jarvis 1961, Wilcox & Seem 1994). The primary sources of conidia during the spring blossom
period are from colonies of the pathogen established in overwintered leaves (Braun & Sutton
1988), and in old fruit mummies. Most fruit rot is initiated through the conidial infection of
blossoms, which is the reason that fungicides are applied during the bloom period (Wilcox &
Seem 1994)

To infect blossoms, conidial germ tubes of B. cinerea first penetrate anthers, sepals,
petals or stigmas (Jarvis 1961, Powelson 1960, Bulger et al 1987). As anthers senesce,
mycelium grows down the filament and infects the floral receptacle at the point of connection,
where it remains quiescent until the fruit ripens. Sepal infections remain quiescent until they
senescence, at which time, mycelium from the actively growing fungus can infect the fruit at the
point of attachment with the receptacle. Although conidia may germinate and infect the stigma, the
slow rate of growth of mycelium through the stylar tissue makes it an unlikely pathway for fruit
infection (Bristow et al 1986). Similarly, petals generally dehisce and fall free of the developing
green fruit and may not contribute significantly to fruit infections (Powelson 1960). All infected
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tissues that senesce in the field during bloom and the fruit development period are potential
sources of secondary inoculum.
Germination of B. cinerea conidia requires a persistent water film, and can occur over a

wide range of temperatures. For example, 90% of conidia of B. cinerea applied to strawberry fruit
in aqueous suspensions germinated after 4-5 h at 20 C if a film of water was maintained (Jarvis
1961). Germ tube growth also occurs over a wide temperature range, 0 to 35 C, with an optimum
range of 24 to 28 C, however; the formation of appressoria and subsequent penetration of host
tissue occurs in a more restricted temperature range of 15 to 20 C ( Shiraishi et al 1970).

Temperatures of 15 to 20 C and relative humidities greater than 90% were observed to be optimal
conditions for disease development in the field (Devaux 1978). Two studies (Kosuge and Hewitt
1964, Blakeman 1975) have indicated that both the rate and proportion of conidial germination are

increased significantly in the presence of low concentrations of sugars. In addition, B. cinerea
showed a significant increase in the mean length of germ tubes when germination occurred in the
presence of 100 pg/ml of glucose. Glucose and fructose were identified as the two principal
reducing sugars that stimulated germ tube growth ( Kosuge & Hewitt 1964).
Receptivity of strawberry leaves to conidial infection is determined by the stage of leaf
growth. Young emerging leaves are highly receptive to infection, but the mature, fully-expanded
leaves are non-receptive (Braun and Sutton 1988). Both senescent leaves and cold-stressed
leaves were found to be moderately receptive to conidial infection. Surface disinfestation of leaves
prior to inoculation with B. cinerea also increased the receptivity of the tissue. Surface disinfested
leaves inoculated at all stages of development and then allowed to senesce, produced more

conidia of B. cinerea than the corresponding non-disinfested leaves (Braun & Sutton 1988).
Conidial infections of B. cinerea in young expanding leaves become quiescent within the

epidermal cells of the host (Sutton 1990). The morphology of the fungus in these infections is
typically a broad hyphae that is branched, septate and pigmented (Braun & Sutton 1988). Flushes
of new leaves that are produced in mid- to late-summer are readily infected by B. cinerea, and
carry the fungus through the winter. These leaves senesce in the following spring and serve as a

source of inoculum for blossom infection (Braun & Sutton 1988). Colonies of B. cinerea that are
established in spring senescing leaves survive and retain a potential for sporulation for several
months under field conditions (Braun & Sutton 1988). Application of the fungicide, myclozolin, in
either early spring or fall suppressed subsequent sporulation of B. cinerea on senescing leaves in
late spring, and thereby, reduced fruit rot as effectively as standard captan treatments applied to
blossoms (Sutton 1990).
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Biological Control of B. cinerea
Inhibition of B. cinerea through the application of microorganisms to the infection court
has been demonstrated through studies involving receptivity of disinfected leaves (Braun &
Sutton 1988), selective fungicide action (Bollen & Scholten 1971), and by inundative application of

competing saprophytic antagonists. Surface disinfection of strawberry leaves increased their
receptivity to conidial infection by B. cinerea indicating that the presence of epiphytic mycoflora is
inhibitory to the establishment of the pathogen (Braun & Sutton 1988). In commercial
greenhouses an increase in gray mold on cyclamen leaves when sprayed with benomyl was
attributed to the presence of benomyl resistant strains of B. cinerea and to the selective action of
the fungicide in restricting growth of phylloplane mycoflora (Bollen & Scholten 1971). Nelson &
Powelson (1988) observed that T. harzianum significantly reduced B. cinerea pod rot in snap
beans when applied to the pod surface. T. harzianum also has been effective in reducing B.
cinerea infections on apple fruit (Tronsmo & Ystaas 1980), strawberry fruit (Elad et al 1993), and
cucumber (Elad et al 1993). Yeasts and bacteria applied inundativly to rose petals reduced the
number of B. cinerea lesions. The yeast, Exophiala jeanse/mei, provided disease control not
significantly different from that of the fungicide, iprodione (Redmond et al 1987).

A principal factor in the suppression of B. cinerea colonization is competition for leaf
surface nutrients with other microorganisms of the phyllosphere, including bacteria, yeast and
other filamentous fungi. Brodie & Blakeman (1971) using 14C labeled amino acids, demonstrated
that the bacterial antagonist most effective in inhibiting B. cinerea germination, were those that

were most efficient at removing the labeled amino acids from a B. cinerea conidial suspension.
This is consistent with Blakeman's (1975) findings that the presence of low concentrations of
amino acids on plant surfaces could increase germination of B. cinerea conidia by 10-fold when

compared to the distilled water control. Fokema & Lorbeer (1974) found that the number of
conidial infections of B. cinerea and Alternaria porri on onion leaves were reduced when
inoculated simultaneously with the saprophyte Aureobasidium pullulans (59% and 92%,
respectively). They observed that the presence of A. pullulans reduced germ tube growth of B.
cinerea but did not decrease the proportion of conidia that germinated. A. pullulans also was
found to reduce the concentrations of both carbohydrates and amino acids on onion leaf
leachates.

After several years of working with G. roseum, Sutton and Peng (1993) concluded that
control of B. cinerea was primarily through competition for nutrient substrates on the plant surface.

G. roseum suppressed sporulation of B. cinerea colonies on leaf disks only when conidia of the
antagonist were applied within 24 h of the pathogen. When G. roseum was applied 48 h after
inoculation, suppression of disease was negligable. They concluded that the antagonist was
effective only while B. cinerea was in the process of initial colonization. This isolate of G. roseum
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also produced an antifungal compound in culture. In this regard, Peng & Sutton (1991) recovered

two mutants of the original G. roseum isolate: one with enhanced production of the antifungal
compound and a second mutant that was apparently deficient in its ability to produce the
compound. All three isolates of G. roseum were equally effective in their ability to inhibit conidial
infection of leaf disks by conidia of B. cinerea; therefore, antibiosis was not considered the primary
factor in the antagonism observed.

Gliocladium roseum
Gliocladium roseum first described by Bainier in 1907 who noted its tendency to produce

two types of conidiophores; a branched verticilliate type and a penicilliate type (Isaac 1954). G.
roseum is generally considered to be an inhabitant of soil, but may exist as an endophyte of
plants, a saprophyte or in close association with other fungi (Papavisas 1985). G. roseum has
been isolated from strawberry crowns, flowers and leaves (Gourley & Mac Nab 1964, McLean &

Sutton 1992). Many isolations of G. roseum were made in relation to the investigation of diseased
plant materials, and the fungus has been found frequently in association with pathogenic fungi.
Kilpatrick et al (1954) isolated G. roseum from roots and crowns of red clover infected with
Rhizoctonia spp., Fusarium oxysporum and F. solani. Huber & Finley (1959) isolated G. roseum
from bean roots infected with R. solani and Fusarium solani. Theron and Holz (1991) isolated G.
roseum from lesions caused by F. solani on potato tubers.

Barnett & Binder (1973) described G. roseum as a necrotrophic mycoparasite that can
exist indefinitely as a saprophyte. Although growth is not dependent on the presence of other
organisms, G. roseum can derive nutrients by growing over colonies of 'susceptible' host fungi. G.
roseum hyphae appear to curl around host hyphae and conidia, which is followed by cell lysis and
disintegration of their contents (Pachenari & Dix 1980, Barnett & Lilly 1962). Barnett & Lilly (1962)
observed that cultures of G. roseum do not appear to produce any difusable toxic substances in

advance of the growing hyphae and that penetration of living host hyphae was rare, noting the
internal presence of G. roseum hyphae only in dead host cells. Sutton (1993) did not observe
hypha of G. roseum penetrate cells of B. cinerea when both fungi grew in close proximity to each
other on the surface of leaves or within epidermal tissues. Pachenari & Dix (1980) also reported
that the penetration of living host hyphae was rare, but did note that G. roseum produced the
hyphal wall degrading enzymes chitinase and 31-3 glucanase when grown in the presence of B.
Turhan (1993) described bursting and collapse of Alternaria alternata conidia without hyphal

penetration by G. roseum. Walker & Maude (1975), however, described formation of appressoria
by G. roseum on hyphae of B. allii and subsequent penetration of living cells.
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The optimum temperature for growth of G. roseum isolated from soil was 25 C with an
optimum pH range of 6.4 8.0 (Isaac 1954). Sutton & Peng (1993) determined that G. roseum

was effective in controlling colonization of B. cinerea in strawberry leaves at temperatures in the
range of 10-25 C, with effectiveness of the antagonist increasing with higher temperatures. This
study also examined the effect of temperature on the germination of G. roseum conidia. At 10 C it
required 120 h to reach the maximum percent germination while at 25 C the maximum percent
germination occurred in 24 h.

Carbonates
Salts of carbonates such as CaCO3 (Bordeaux mix), (NI-14)2CO3(Chestnut mix), Na2CO3

(Burgundy mix), have been used historically for the control of many pathogenic fungi. Macau ley &

Griffin (1969) in a series of studies that compared mycelial growth of Gibberella zeae, Fusarium
oxysporum, and Trichoderma sp., under various constant pH values with a series of CO2
concentrations, concluded that carbonate ions, not just pH, affected mycelial growth. This study

also demonstrated a strong differential response to carbonates among fungal species. The
fungicidal properties of NH4HCO3 on sclerotia of Sclerotium rolfsii were attributed to the presence
of free NH3, C032-, HCO3- ions (Punja & Grogan 1982). Recent greenhouse studies (Ziv & Zitter

1992) (Horst et al 1992) have shown NaHCO3 to be effective in the control of Sphaerotheca
pannosa var. rossa, Diplocarpon rosae, Sphaerotheca fuliginea, Didymella bryoniae, Alternaria
cucumerina, Ulocladium cucurbitae. Palmer et al (1994) reported a 98% reduction in germination
of B. cinerea conidia on agar coated glass microscope slides sprayed with 0.05 M (0.5%) KHCO3.

This reduction in germination also included morphological alterations to non-germinated conidia of
B. cinerea, including the appearance of having been crushed or constricted along an equatorial
line. They also report inhibition of radial growth of spore initiated colonies on potato dextrose agar
amended with 0.05 M (0.5%) KHCO3. Although the mechanism of inhibition has yet to be
described, Cantino (1956) in a series of experiments culturing Blastocladiella emersonii with
NaHCO3, observed inhibition of the enzymes isocitric dehydrogenase and ketoglutarate oxidase,
which led to gross morphological changes in single cell plantlets of the fungus Blastocladiella
emersonii. Using 14C-labeled NaHCO3, Kosuge & Dutra (1962) found germinating B. cinerea

conidia would uptake the labeled carbon and produce labeled aspartic acid.
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Integration of Biological and Chemical Control
When used as part of an integrated disease management program, biocontrol agents
become part of a complex system influenced by a variety of abiotic and biotic variables . On the
one hand, biocontrol agents may be restricted by environmental factors such as temperature
(Tronsmo & Dennis 1971, Peng & Sutton 1993) humidity and free water (Park 1982, Diem 1971).
On the other hand, integrated practices may facilitate greater use of biocontrol agents in disease

management and increase their effectiveness. For example, disease management practices that
integrate biological and chemical control, or integrate the use of two or more antagonists, have the
potential to compensate for the effects of environmental parameters restrictive to the antagonist,

while at the same time reducing the use of chemical fungicides. Alternating applications of the
antagonist, Trichoderma harzianum, with the fungicide iprodione controlled gray mold on

cucumber fruit equal to that of the standard fungicide treatment. This represented a 50%
reduction in the number of fungicide applications. Tank mixes of T. harzianum and iprodione
resulted in significantly better disease control than the antagonist alone under environmental

conditions that did not favor growth of T. harzianum (Elad et al 1993).
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Materials and Methods

Growth Response of Botrytis cinerea and Gliocladium roseum to NaHCO3 in Culture
B. cinerea isolates 2, 230, 245, were obtained from either blackberry or strawberry in the
Willamette Valley. All isolates were maintained on Difco potato dextrose agar amended with 200

mg/ml streptomycin (SPDA). Cultures were kept at room temperature under 40 watt fluorescent
lights with a 12 h photoperiod. Gliocladium roseum isolate 2 (from J. Sutton, University of Guelph,
Ontario, Canada) and isolates 5 and 15 (isolated from soil in a commercial strawberry field in
Benton County, OR.) were cultured on SPDA and incubated on a laboratory bench.
Radial growth response of all isolates to NaHCO3 was determined by first cutting 4-mm

diameter mycelia! plugs of B. cinerea and G. roseum, with a cork borer from the margins of
actively growing colonies. Hyphal plugs were then transferred with an agar knife and placed
mycelial side down in the center of 9 cm petri plates that contained 1/4 strength PDA (10g potato
dextrose agar, 12g water agar, 1L H2O) amended with 0, 0.125, or 0.25% NaHCO3 for the B.

cinerea and 0, 0.125, 0.25, 0.5, 1, or 2% NaHCO3 for G. roseum. Each treatment was replicated
six times and arranged as a randomized block design. Radial growth response was determined by
averaging two measurements of colony diameter with the second measurement taken
perpendicular to the first. Measurements of B. cinerea colony diameter were taken after 72 h of

incubation at room temperature and after 11 days for G. roseum. The experiment with B. cinerea
isolates 2 and 245 was repeated three times and twice with isolate 230 . The experiment with G.
roseum was repeated twice with isolate 2 and once with isolates 5 and 15. Results of individual

experiments for each isolate where combined after determining that growth response and error
variances were similar among experiments. Analysis of variance was performed using the GLM

procedure of SAS (Statistical Analysis System, Cary, NC.).

Leaf Disease/Antagonist Dose Response
A leaf disk assay was used to determine if NaHCO3 and G. roseum when applied
together with B. cinerea in a mixed suspension could reduce the incidence of infection by the
pathogen and its subsequent sporulation of B. cinerea on strawberry leaves. Strawberry plants of
cultivar 'Totem' were grown in the greenhouse with supplemental lighting (photoperiod 12 h) from
October to May and treated every other week with a balanced water soluble fertilizer (N-P-K: 2020-20). Senescing leaves and blossoms were removed from the plants continuously to reduce the
potential for B. cinerea conidia to arise from sources other than treatments. Excess foliage was
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removed just prior to inoculation and expanding 6- to 8-day-old leaves with leaflets just unfolding
were tagged for inoculation. Leaves selected for treatments were free of any visual disease
symptoms or insect damage.
To produce conidial inoculum, G. roseum and B. cinerea were cultured as described
previously in the growth response experiment. Conidia were collected from 10- to 12-day-old
cultures by flooding plates with distilled water to which the surfactant Tween 20 (0.2 ml/L) was
added. Colonies were rubbed gently and the resulting conidial suspensions were filtered through
four layers of cheese cloth and the concentration of conidia suspensions were determined with the

aid of a hemocytometer. The G. roseum concentration was adjusted to give a stock solution of
2x106 conidia/ml, and the B. cinerea concentration was adjusted to give two stock solutions with
concentrations of 1.2x106 and 4x106 conidia/ml. Twenty-four 250 ml Erlenmeyer flasks were

labeled with treatment numbers. The G. roseum and B. cinerea stock suspensions were added to
the flasks and diluted appropriately to obtain two flasks each of a factorial combination of the
following pathogen and antagonist concentrations: 2x105 and 6 x105 cfu/ml for B. cinerea, and 0,
1x104, 1x106, 2.5x105, 5x105, and 1x106 cfu/ml for G. roseum. NaHCO3, 0.125 g/100m1, was

added to one of the two flasks of each treatment combination. The experimental design was a
randomized complete block design with five replications and with time as the blocking factor.

Within a block, four leaves received each treatment, and the experiment was repeated twice. For
the first experiment, plants were inoculated on 4, 11,18 October and 1,15 November 1994. For
the second experiment plants were inoculated on 3,10 (2 blocks), 17 (2 blocks) January 1995.
All treatments were applied by misting with a hand sprayer until runoff. Immediately
following the application of treatments, the plants were placed into clear plastic bags with moist
paper towels and shielded from direct sunlight for 48 h in the greenhouse. Following removal from
the plastic bags, plants were kept at 20-25 C in the greenhouse without supplemental lighting.

Treated leaves were collected 8 days following inoculation. Treated leaves from the first
experiment were surface disinfested by immersion in a 0.05% NaOCI solution for 2 min then

rinsed in sterile distilled water. Treated leaves from the second experiment were surface
disinfested using a 30 sec dip in 70% ethanol, followed by a rinse in sterile distilled water, a 2 min
soak in a 0.05% Na0C1 solution, followed by a rinse in sterile distilled water. Twelve 1 cm leaf

disks were cut from each leaf (a total of 48 disks per treatment per inoculation date) and placed
immediately adaxial surface up on paraquat chloramphenicol agar (PCA, 5g Bacto agar, 60111

paraquat, 300 mg chloramphenicol) (Peng & Sutton 1991).
Assessment of gray mold incidence on leaf disks was made 8 days after culture on PCA.
Incidence was calculated as the percent of leaf disks on which B. cinerea sporulated. A measure
of the extent of colonization by B. cinerea was determined by estimating the number of

conidiophores per leaf disk using a dissecting microscope. For analysis of variance, the incidence
of B. cinerea was transformed with -In(1-y) to correct for multiple infections. Estimates of
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conidiophore number were transformed with 1og10(y+1). Assessment of G. roseum incidence on

leaf disks was calculated as the percent of leaf disks on which G. roseum sporulated. For analysis
of variance, the incidence of G. roseum was transformed with -In(1-y) to correct for multiple

infections. Analysis of variance was performed using the GLM procedure of SAS (Statistical
Analysis System, Cary, NC.).

Blossom Disease/Antagonist Dose response
Conidial infections of blossoms are the principal cause of gray mold in strawberry fruit. A
blossom assay was used to determine if NaHCO3 and G. roseum when applied together with B.
cinerea in a mixed suspension would reduce the incidence of colonization by the pathogen and
subsequent sporulation on blossoms.
G. roseum isolate Gr-2 and B. cinerea isolate Bc-2 were cultured as described
previously. A factorial arrangement of mixed suspension of B. cinerea and G. roseum conidia and
NaHCO3 were prepared as described previously for the leaf experiment except that the
concentrations of B. cinerea were reduced to 1x104 and 4x104. A randomized complete block
design was used with date of inoculation as the blocking factor. Each treatment was applied to
four blossoms on each inoculation date. Treatments were applied with a hand sprayer until runoff.
The experiment was repeated twice, with individual replications on 10, 27 February, and 7, 10, 14
March 1995 for the first experiment and 21, 24, 28 March, and 4 April 1995 for the second
experiment.

Commercial transplants of the day neutral strawberry cultivar `Tristar' were grown in the
greenhouse with supplemental lighting (14 h photoperiod) from October to May. Plants were
treated every other week with a balanced water soluble fertilizer (N-P-K: 20-20-20). Blossoms and

senescing leaves were continuously removed to reduce the potential for B. cinerea conidia to
arise from sources other than treatments. Excess foliage was removed prior to inoculation and 13 healthy, newly opened blossoms per plant were tagged for inoculation

Treated blossoms were collected 8 days following inoculation. Blossoms were surface
disinfested by immersion in 70% ethanol for 30 sec followed by a rinse in sterile distilled water,
immersion in a 0.07% NaOCI solution for 2 min, and a second rinse in sterile distilled water.
Blossoms were then placed into individual cells (17 mm in diameter) of disinfected microtitre
plates (Corning, Corning, NY.), which were then placed into plastic storage containers
(Rubbermaid, Wooster, OH.) lined with moist paper towels.
The proportion of blossoms on which B. cinerea and G. roseum sporulated was recorded

14 days after blossoms were collected. Incidence was calculated as the proportion of infected
flowers on which the fungus was detected per treatment within a block, which was transformed
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before analysis of variance with -In(1-y) to correct for multiple infections. A measure of the extent
of colonization by B. cinerea also was determined by estimating the average number of
conidiophores per blossom. Estimates of conidiophore number were transformed with logio(Y+1).
Analysis of variance was performed using the GLM procedure of SAS (Statistical Analysis
System, Cary, NC.).

1994 Field Experiment
In 1994, the capability of NaHCO3 to enhance the control of gray mold by G. roseum was

tested in a field trial at the North Willamette Research and Extension Center near Aurora, OR. A
randomized complete block design was used with six treatments and four replications. Plots were
3 rows wide (3 m) by 3 m in length.

For this study G roseum isolate Gr-2 and B. cinerea isolate Bc-2 were cultured as
described previously. Conidia of both G. roseum and B. cinerea were obtained by immersing
plates in distilled water containing the surfactant Tween 20 (0.2 ml/L), rubbing the cultures gently
to dislodge the conidia and filtering the suspensions through four layers of cheesecloth. Conidial
concentrations were determined with aid of a hemocytometer and the concentrations adjusted

using distilled water containing the surfactant Tween 20 (0.2 ml/L). Biological control treatments
were G. roseum (2x106 conidia/ml); G. roseum (2x106 conidia/ml) + NaHCO3 (2%w/v); and G.
roseum (2x106 conidia/ml) + KHCO3 (2% w/v) + Nu Film-17 sticker/spreader (0.58 L/ha, Miller

Chemical, Hanover, Pa.). Control treatments were water; NaHCO3 (2% w/v); and vinclozolin

(Ronilan 50DF 1.1 kg/ha) and captan (50WP 4.5 kg/ha) applied on alternating weeks. This latter
treatment represented the standard disease control practice.
All treatments were applied in 1169 L/ha of water with a pressurized CO2 backpack
sprayer at 206.7 kPa, which was equipped with a boom that directed four hollow-cone nozzles at

each row. The first application was made at first bloom (22 April) with subsequent applications on
29 April, and 6 and 11 May. On 27 April and 4 May, the experimental blocks were inoculated with
a total of 11.4 L of a B. cinerea conidial suspension (1x104 conidia/ml distilled water), which was
applied with a hand-pumped backpack sprayer used solely for biological inoculations.
Blossoms were sampled on 7 May, 24 h after the third treatment application, to determine

the incidence of blossoms with G. roseum and B. cinerea. Twenty-four blossoms were randomly
sampled from the center row of each plot, and placed immediately into surface disinfested cells

of microtitre plates (17 mm diameter, Corning, Corning, NY). Flowers chosen for sampling were at
a stage just prior to petal drop, which was to assure that the flowers had been open during the
application of the treatments. Microtiter plates containing the blossoms were placed into plastic
bags lined with wet paper towels. After incubation for 1 wk, flowers were scored for the presence
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of B. cinerea and G. roseum. A positive score was assigned only if conidiophores were present.
Sporulating infections arising only from the petals were noted but not included in the analysis
since some of the flowers had lost some or all of their petals during handling.
To determine gray mold incidence on fruit, 48 symptomless fruit at early pink stage were

sampled from the center row of each plot on 31 May and 3, 8, and 13 June. Fruit were surface
disinfested in 0.5% Na0C1for 2 min, then rinsed in distilled water and placed in individual cells of
disinfested, plastic 'six pack trays' (TFI Plastic Mfg. LTDP). Fruit in the trays were incubated for 10
days in clear plastic bags lined on the bottom with moist paper towers. Rotted fruit were removed
daily and the incidence of gray mold fruit rot for each sample day was determined. Analysis of
variance was performed using the GLM procedure of SAS (Statistical Analysis System, Cary,
NC.).
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Results

Growth Response of Botrytis cinerea and Gliocladium roseum to NaHCO3 in Culture
Growth of all isolates of B. cinerea were inhibited by NaHCO3 at the concentrations of
0.125 and 0.25% (Table 1). For isolate Bc-2, the reduction in colony diameter was 61% for the
0.125 NaHCO3 concentration and greater than 73% for the 0.25% NaHCO3 concentration when
compared to the control (0% NaHCO3). For isolate Bc-245, the reduction in colony diameter was
59 and 82% for NaHCO3 at 0.125 and 0.25%, respectively, when compared to the nonbicarbonate control. For isolate Bc-230, the reduction in radial colony size was 79 and 89% for
NaHCO3 at 0.125 and 0.25% respectively. For all isolates, as the NaHCO3 concentration

increased, the margins of the colony became increasingly irregular.
For G. roseum, the growth response on NaHCO3 amended media varied among isolates

(Table 2). The colony diameter of isolate Gr-2 was significantly larger (P < 0.05) on media
amended with 0.125 and 0.25% NaHCO3 but was reduced by 7, 45, and 65%, when PDA was
amended with 0.5, 1, and 2% NaHCO3, respectively. Isolate Gr-15 also showed significantly (P <
0.05) larger colony diameter on media amended with 0.125% NaHCO3, and a significant (P <

0.05) reduction in colony diameter of 5, 18, 32, 53% on media amended with 0.25, 0.5, 1, 2%
NaHCO3, respectively. Isolate Gr-5 did not show a larger colony size in response to low NaHCO3

concentrations, however, growth was not significantly reduced (P < 0.05) on media amended with
0.125% NaHCO3. Radial colony diameter for isolate Gr-5 was significantly reduced (P < 0.05) on
media amended with 0.25% or greater NaHCO3, with a reduction of 9, 25, 49, 68 and 50% on
media amended with 0.25, 0.5, 1 and 2% NaHCO3, respectively.

Leaf Disease/Antagonist Dose Response

Experiment 1. The proportion of leaf disks on which B. cinerea sporulated decreased as

the concentration of G. roseum increased from 0 to lx104 conidia/ml (Fig.1A, B). Only the main
effects of G. roseum and NaHCO3 were significant (P < 0.05) and no significant interactions were

observed. All concentrations of the antagonist G. roseum reduced the proportion of leaf disks
with sporulating B. cinerea colonies compared to the non-G. roseum control. Increasing
concentrations of G. roseum, however, did not provide any additional suppression of the
pathogen. The addition of NaHCO3 to conidial suspensions also significantly (P < 0.05) decreased
the proportion of leaf disks on which B. cinerea was detected. Increasing the
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TABLE 1. Colony diameter of Botrytis cinerea isolates after 3 days growth on potato dextrose agar
amended with NaHCO3.

B. cinerea isolate
2w

245w

230x

colony diameter

colony diameter

colony diameter

0

78.67 aZ

67.53 az

67.38 aZ

0.125

31.31 b

27.86 b

14.17 b

% NaHCO3

7.2 c
12.25 c
20.89 c
0.25
w- Values are for three experiments combined
x- Values are for two experiments combined
z-Values within a column followed by the same letter are not significantly different (P < 0.05)
according to Fisher's Protected Least Significant Difference.

TABLE 2. Colony diameter of Gliocladium roseum isolates after 11 days growth on potato
dextrose agar amended with NaHCO3.

G. roseum isolate
2w

5X

15x

colony diameter

colony diameter

colony diameter

55.83 bz

71.13 aZ

39.0 bz

0.125

59.3 a

70.44 a

41.5 a

0.25

58.9 a

64.63 b

37.06 c

0.5

52.1 c

53.44 c

32.06 d

1.0

30.73 d

36.06 d

26.69 e

c/o NaHCO3

0

18.31 f
22.44 e
19.53 e
w- Values are for two experiments combined
x- Values are for one experiment
z-Values within a column followed by the same letter are not significantly different (P < 0.05)
according to Fisher's Protected Least Significant Difference.
2.0

concentration of B. cinerea from 2x105 to 6x105 conidia/ml significantly (P < 0.05) increased the
proportion of leaf disks on which the pathogen sporulated. At the lower concentration of B. cinerea
inoculum (2x105 conidia/ml), the number of conidiophores of B. cinerea on leaf disks was reduced
by treatment with G. roseum at all concentrations of the antagonist greater than or equal to 1x105
conidia/ml and by the addition of NaHCO3 at 0.125% (Table 3). The higher concentration of B.
cinerea inoculum (6x105 conidia/ml) resulted in a significantly greater (P < 0.05) number of
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conidiophores per leaf disk compared to the lower inoculum concentration, but the overall main
effect of G. roseum and NaHCO3 was still apparent at both concentrations of the pathogen.

The proportion of leaf disks with sporulating colonies of G. roseum was significantly
greater than the control at concentrations of the antagonist greater than 2.5x105 conidia/ml. The
addition of NaHCO3 to the treatments did not significantly affect the proportion of leaf disks with

sporulating lesions of G. roseum. When B. cinerea concentrations were compared, there was a
trend toward decreased incidence of G. roseum at the higher concentration of the pathogen (Fig.
2A, B).

Experiment 2. Results for experiment 2 differed somewhat from those of experiment 1.
As in experiment 1, the proportion of leaf disks on which B. cinerea sporulated, declined as the G.

roseum concentration increased for treatments without NaHCO3, but the addition of NaHCO3
reduced the overall incidence of B. cinerea to the point where increasing G. roseum
concentrations had no additional effect (Fig. 3A, B). The analysis of variance indicated there was
a significant (P < 0.05) G. roseum x NaHCO3 interaction, which was due to the few if any B.
cinerea infections in any of the treatments containing NaHCO3. The means obtained in treatments
that included NaHCO3 indicated a lower level of B. cinerea incidence in the control treatment than
observed in experiment 1.

There was a trend toward reduction of the number of conidiophores of B. cinerea on leaf
disks as the concentration of the antagonist G. roseum increased, however this reduction was not
consistent (Table 4). The concentration of B. cinerea inoculum did not significantly affect the
incidence of leaf disks with G. roseum (Fig. 4A, B).

Blossom Disease/Antagonist Dose Response
Experiment 1. The proportion of blossoms on which B. cinerea sporulated decreased as

the concentration of G. roseum increased (Fig. 5A, B). All treatments with G. roseum
concentrations greater than 1x104 conidia/ml significantly reduced (P < 0.05) the incidence of B.
cinerea on blossoms and the number of B. cinerea conidiophores when compared to the nonantagonist treated control (Table 5). In addition, G. roseum treatments with greater than 2.5x105
conidia/ml significantly reduced (P < 0.05) the incidence of B. cinerea on blossoms when

compared to the treatments that received lower concentrations of the antagonist. Increasing the
concentration of B. cinerea did not significantly increase the incidence of the pathogen on water-
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FIGURE 1. Proportion of strawberry leaf disks on which Bottytis cinerea was detected after coinoculation of B. cinerea and Gliocladium roseum in water (N1) or 0.125% NaHCO3 (N2) for
experiment 1. A) B. cinerea at 2x105 conidia/ml, B) B. cinerea at 6x105 conidia/ml.
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TABLE 3. Estimated mean number of Botrytis cinerea conidiophores on strawberry leaf disks after
co-inoculation of B. cinerea and Gliocladium roseum in water or 0.125% NaHCO3 for experiment
1.

B. cinerea conidiophores / leaf disk
2x105 B. cinerea conidia/ml

G. roseum
conidia/ml

6x105 B. cinerea conidia/ml

water

0.125% NaHCO3

water

0.125% NaHCO3

0

233.4 a*

78.4 a*

337.8 ab*

26.5 a*

1x104

82.2 ab

14.8 ab

137 ab

46.9 a

1x105

40.7 b

4.1 b

49.1 b

23.2 a

2.5x105

19.4 b

8.1 b

66.6 b

21.4 a

5x105

26.5 b

13.1 ab

103.7 ab

24.7 a

10.5 a
99 b
6.2 b
26.9 b
1x106
*Values within a column followed by the same letter are not significantly different (P < 0.05)
according to Fisher's Protected Least Significant Difference.

TABLE 4. Estimated mean number of Botrytis cinerea conidiophores on strawberry leaf disks
after co-inoculation of B. cinerea and Gliocladium roseum in water or 0.125% NaHCO3 for
experiment 2.

B. cinerea conidiophores / leaf disk
2x105 B. cinerea conidia/ml

6x105 B. cinerea conidia/ml

G. roseum
conidia/ml

water

0.125% NaHCO3

water

0.125% NaHCO3

0

37 a*

2.8 ab*

29.9 ab*

1.3 a*

1x104

31.4 a

2 ab

40.7 a

0.8 a

1x105

13.1 ab

1.7 b

18.5 ab

1.9 a

4b

0b

24.6 ab

0.9 a

7.7 ab

5a

5.6 b

0.7 a

2.5x105
5x105

0.2 a
10.6 ab
1.8 b
10.5 ab
1x106
*Values within a column followed by the same letter are not significantly different (P < 0.05)
according to Fisher's Protected Least Significant Difference.
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FIGURE 2. Proportion of strawberry leaf disks on which Gliocladium roseum was detected after
co-inoculation of Botortis cinerea and G. roseum in water (N1) or 0.125% NaHCO3 (N2) for
experiment 1. A) B. cinerea at 2x105 conidia/ml, B) B. cinerea at 6x105 conidia/ml.
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FIGURE 3. Proportion of strawberry leaf disks on which Bottytis cinerea was detected after coinoculation of B. cinerea and Gliocladium roseum in water (N1) or 0.125% NaHCO3 (N2) for
experiment 2. A) B. cinema at 2x105 conidia/mI, B) B. cinerea at 6x105 conidia/ml.
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FIGURE 4. Proportion of strawberry leaf disks on which Gliocladium roseum was detected after
co-inoculation of Botrytis cinerea and G. roseum in water (N1) or 0.125% NaHCO3 (N2) for
experiment 2. A) B. cinerea at 2x105 conidia/ml, B) B. cinerea at 6x105 conidia/ml.
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treated control blossoms, but did increase the number of conidiophores per blossom in this
treatment (P < 0.05) (Table 5). NaHCO3 did not significantly reduce the incidence of B. cinerea on

blossoms, but there was a trend toward reducing the number of conidiophores (Table 5). There
were no significant interactions among the main factors G. roseum and NaHCO3. The proportion

of blossoms on which G. roseum sporulated was 100% for all treatment concentrations ranging
from 1x104 to 1x106.

Experiment 2. The second experiment was similar to experiment 1 in that incidence of
B. cinerea on strawberry blossoms declined as the concentration of G. roseum was increased
(Fig. 6A, B). All treatments with G. roseum concentrations greater than 1x104 conidia/ml
significantly reduced (P < 0.05) the incidence of B. cinerea infections on blossoms and the
number of conidiophores when compared to the water-treated control. In addition, treatments with
greater than 2.5x105 conidia/ml of G. roseum significantly reduced (P < 0.05) the incidence of B.
cinerea when compared to the treatments with lower concentrations of the antagonist. The higher

concentration of B. cinerea significantly increased (P < 0.05) both the incidence and the number
of conidiophores per blossom when compared to the lower concentration of B. cinerea. The
addition of NaHCO3 to the inoculum significantly reduced (P < 0.05) both the incidence (Fig. 6A,

B) and the number of B. cinerea conidiophores per blossom (P < 0.05) (Table 6). As in
experiment 1, the proportion of blossoms on which G. roseum sporulated was 100% for all
treatment concentrations ranging from 1x104 to 1x106.

1994 Field Experiment
Blossoms. The proportion of flowers on which G. roseum sporulated was significantly
greater (P < 0.05) for all treatments that received this antagonist (Table 7). The G. roseum
treatment without bicarbonates had a significantly (P < 0.05) greater proportion of flowers on
which G. roseum sporulated compared to treatments where G. roseum was applied in
combination with NaHCO3, or with KHCO3. Only the fungicide treatment significantly reduced (P<

0.05) the proportion of blossoms on which B. cinerea sporulated, although there was a tendency

for a reduction in the proportion of blossoms with B. cinerea on G. roseum-treated blossoms
relative to the water-treated control.
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FIGURE 5. Proportion of strawberry blossoms on which Botrytis cinerea was detected after coinoculation of B. cinerea and Gliocladium roseum in water (N1) or 0.125% NaHCO3 (N2) for
experiment 1. A) B. cinerea at 1x104 conidia/mI, B) B. cinerea at 4x104 conidia/ml.
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TABLE 5. Estimated mean number of Botrytis cinerea conidiophores on detached blossoms after
co-inoculation of B. cinerea and Gliocladium roseum in water or 0.125% NaHCO3 for experiment
1.

B. cinerea conidiophores / leaf disk
2x105 B. cinerea conidia/ml
G. roseum
conidia/ml

6x105 B. cinerea conidia/ml

water

0.125% NaHCO3

water

0.125% NaHCO3

0

57.9 a*

47.6 a*

122.3 a*

116.9 a*

1x104

3.0 ab

1.4b

7.2b

2.2 bc

1x105

1.5 bc

0.5 bc

2.1 c

3.1 b

2.5x105

0.9 bc

0.3 bc

1.9 cd

0.8 cd

0.1 c

0.8 bc

0.9 cd

0.8 cd

5x105

0.2 d
0.3 d
0c
0.6 bc
1x106
*Values within a column followed by the same letter are not significantly different (P < 0.05)
according to Fisher's Protected Least Significant Difference.

TABLE 6. Estimated mean number of Botrytis cinerea conidiophores on detached blossoms after
co-inoculation of B. cinerea and Gliocladium roseum in water or 0.125% NaHCO3 for experiment
2.

B. cinerea conidiophores / leaf disk
2x105 B. cinerea conidia/ml

6x105 B. cinerea conidia/ml

G. roseum
conidia/ml

water

0.125% NaHCO3

water

0.125% NaHCO3

0

70.3 a*

28.6 a*

219.8 a*

164.9 a*

1x104

5.2 b

2.5 b

17.5 b

14.3 b

1x105

2.8 b

0.4 c

7.7 bc

10.4 b

2.5x105

0.9 c

0.1 c

3.4 cd

0.4 c

5x105

1.4 bc

0.1 c

1.2 d

1.8 c

0.4 c
2.2 cd
0.3 c
0.5 c
1x106
*Values within a column followed by the same letter are not significantly different (P < 0.1)
according to Fisher's Protected Least Significant Difference.
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FIGURE 6. Proportion of strawberry blossoms on which Botrytis cinerea was detected after coinoculation of B. cinerea and Gliocladium roseum in water (N1) or 0.125% NaHCO3 (N2) for
experiment 2. A) B. cinerea at 1x104 conidia/ml, B) B. cinerea at 4x104 conidia/ml.
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TABLE 7. Percent of strawberry blossoms sampled from the field on 7 May on which Bottytis
cinerea and Gliocladium roseum sporulated after incubation under high humidity at 20 C for 7
days.

Percent of blossoms with
B. cinerea

Treatment

G. roseum

G. roseum

70% a*

24% ab*

G. roseum + NaHCO3

53% b

19% ab

G. roseum + KHCO3 + Nu Film

47% b

18% ab

NaHCO3

11% c

29% ab

Vinclozolin 0.56kg a.i./ha
alternating with
captan 2.21kg a.i./ha

9% c

5% b

33% a
6% c
Control
*Values within a column followed by the same letter are not significantly different (P < 0.05)
according to Fisher's Protected Least Significant Difference.

Fruit. Nearly mature fruit were sampled from the field on 31 May and 3, 8, and 13 June
and incubated at high humidity as gray mold became apparent over a period of 2-10 days. The
cumulative incidence of gray mold on individual fruit did not continue to increase beyond 10 days
of incubation. The antagonist G. roseum did not significantly reduce (P < 0.1) the incidence of
gray mold on sampled berries compared to the control (Table 8). G. roseum + NaHCO3 did
significantly reduce (P < 0.1) the incidence of gray mold on berries sampled on the third sampling
date, 8 June. The fungicide treatment significantly reduced (P < 0.1) the incidence of gray mold
for picking dates 31 May, 3 and 13 June. On 8 June, the fungicide treatment did not
significantly reduce (P < 0.1) the incidence of gray mold when compared to the control.
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TABLE 8. Incidence of Botrytis cinerea on fruit sampled from the field on 31 May, 3, 8, and 13
June 1994 after surface-disinfection and incubation at high humidity at 20 C for 10 days.

Percent gray mold fruit rot from sample date:
3 June

8 June

51.6% a*

55.7% a*

57.8% a*

43.2% ab*

51% a

47.9% a

44.8% c

37.5% ab

Nu Film

46.4% a

49% a

46.4% bc

45.31% ab

NaHCO3

47.9% a

55.2% a

46.4% bc

36.5% b

25% b

37% b

46.4% bc

21.4% c

Treatment
G. roseum
G. roseum + NaHCO3

31 May

13 June

G. roseum + KHCO3 +

Vinclozolin 0.56kg a.i./ha
alternating with
captan 2.21kg a.i./ha

46.9% a
55.7% a
56.8% ab
52% a
Control
*Values within a column followed by the same letter are not significantly different (P < 0.1)
according to Fisher's Protected Least Significant Difference.
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Discussion

The control strategy employed in the study to integrate chemical and biological control,
was dependent on the selective inhibition of B. cinerea by NaHCO3. The observed tolerance of G.
roseum at concentrations of NaHCO3 inhibitory to B. cinerea (Table 2), showed a useful degree of
compatibility among G. roseum and NaHCO3, suggesting that these two entities could be
combined in an integrated program. Macau ley & Griffin (1969) demonstrated previously a
differential in response to carbonates among fungal species. The observed inhibition of hyphal
growth of B. cinerea at 0.125 and 0.25% NaHCO3 was consistent with a previous report on this
pathogen (Palmer et al 1994b).
In the strawberry leaf colonization experiment, the combination of NaHCO3 and the

antagonist G. roseum did not provide a consistently measurable additive effect throughout all of
the experiments. In the first leaf experiment, the addition of NaHCO3 to the G. roseum treatments
produced a significant reduction in both the proportion of leaf disks infected with B. cinerea and
the number of conidiophores. Since there was not a significant interaction of NaHCO3 with G.
roseum, it is assumed the observed reductions attributable to each factor were additive. In
experiment 2, NaHCO3 had a greater effect on inhibition of B. cinerea relative to experiment 1,

that completely masked the effect of G. roseum. The second leaf experiment used a more
rigorous surface disinfestation technique suggesting that the principle effect of NaHCO3 was to
slow penetration of the leaves by B. cinerea, thereby making the fungus more susceptible to a
harsh surface disinfestation. This also may have been true in experiment one but, due to a less
thorough surface disinfestation, partially-penetrated conidia may have remained viable on the
surface of the leaf. When the leaf disks were cut and then placed onto PCA media, these partial
infections may have resumed growth. Hyphal tips of B. cinerea have been shown to resume
growth within 60 min when placed in a high humidity environment following a 14 day period of
desiccation (Park 1982).
The suppression of sporulation by biological control agents may be an effective method of
disease control when inoculum is produced locally (Kohl & Fokema 1994). Braun and Sutton
(1988) determined that B. cinerea conidia produced on senesced overwintered leaves were a

primary source of inoculum infection for blossoms in strawberry fields, and that suppression of
sporulation on these old leaves was effective in reducing strawberry gray mold incidence. Peng &

Sutton (1991) found G. roseum to be highly effective in suppressing the sporulation of B. cinerea
on strawberry leaf disks from both field and greenhouse grown plants and on petal and stamens
of greenhouse produced blossoms. This study demonstrated that both the antagonist G. roseum,
and NaHCO3 were effective in suppressing infection and subsequent sporulation on leaf disks
when co-inoculated in the greenhouse with high concentrations of B. cinerea conidia. In the first
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leaf experiment, the incidence of B. cinerea on leaf disks declined from 57% on water to 21% on

the high G. roseum treatment. The incidence of G. roseum, on disinfected leaf disks, however,
never exceeded 30%. This suggests that G. roseum affects B. cinerea mostly by reducing initial

germination and appressoria formation, and this antagonist may not compete directly for sites of
entry into the leaf.

The protection of strawberry blossoms from conidial infection by B. cinerea has been
shown to be a effective strategy for preventing gray mold of strawberry fruit (Powell 1952, Peng
and Sutton 1991, Wilcox 1994). This study found that G. roseum was a highly effective antagonist

of B. cinerea on blossoms that were removed from the plant after inoculation and allowed to
senesce naturally. In addition, in one of the two blossom experiments (experiment 2), there was a
consistent additional effect of NaHCO3 on suppression of B. cinerea over the range of G. roseum
concentrations applied to blossoms (Fig. 6A, B). The concentration of NaHCO3 used in the

experiments was relatively low (0.125% w/v), and the use of a higher concentration of NaHCO3
may provide a more consistent protection against infection by the pathogen.
In field experiments with G. roseum, Peng & Sutton (1991) have reported control of gray
mold on strawberry equal to that of fungicide treatments. The 1994 field experiment indicated

some control attributable to G. roseum, but this control was not as great as that of the standard
fungicide treatment. Variation in temperature can affect both the ability of the pathogen (Bulger et
al 1987) and G. roseum (Peng and Sutton 1993) to colonize leaf and blossom tissue. The G.
roseum isolate used in this study was originally isolated from strawberry in Ontario, Canada. The
ability of this isolate to suppress B. cinerea on the detached blossoms, but its inability to
adequately control fruit rot under field conditions, indicates that there are factors that are not
understood completely, which, for now, precludes the use of this antagonist in commercial
production. In the 1994 field experiment, the integrated treatment of NaHCO3 and G. roseum
reduced the incidence of B. cinerea fruit rot on only the third harvest date (8 June). On the fourth
harvest date (13 June) NaHCO3 alone significantly reduced the incidence of B. cinerea fruit rot
(Table 8). The cool rainy conditions that prevailed during the first two treatment application dates

may have affected the ability of the G. roseum to effectively compete with B. cinerea. Sutton and
Peng (1993) reported that the effective temperature for G. roseum to control B. cinerea
sporulation on leaf disks was 10- 25 C. They also found that at 10 C, G. roseum required 120 h to

reach maximum germination of conidia, whereas at 25 C, the maximum germination occurred
within 24 h. In the field experiment, the minimum and maximum temperatures for the day
immediately after the first application were 2.7 and 17.7 C, respectively, and 2.8 and 20.5 C,
respectively, for the day immediately after the second application. It is unknown how this

fluctuation of temperature from suboptimum to optimum affects the ability of G. roseum to
effectively antagonize B. cinerea on floral surfaces. The minimum and maximum temperatures
after the third and fourth treatment application dates were 26.7 and 11.1 C, and 29.4 and 11.1 C,
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respectively. Relative to early bloom, the higher temperatures late in the bloom period,
corresponded to the improved control by the G. roseum + NaHCO3 treatment on late ripening fruit
(Table 8). In a 1990 field trial of several biocontrol agents, Peng and Sutton (1991) report control
of gray mold on fruit by G. roseum equal to that of the fungicide captan. In their study, the
treatments were applied shortly before nightfall a total of six times at five-day intervals starting at

the green flower-bud stage. The initiation of treatment applications prior to 5% bloom or the
increased frequency of application, may account for the significant disease control that was
achieved. Increasing the frequency of applications, in particular may insure that a high percentage
of the blossoms receive an effective dose of the biocontrol agent.
It also should be noted that some B. cinerea infections observed in the field experiment
began at the distal end of the berries. Jarvis (1961) and Powelson (1960) both stated that the
majority of berry infections that arise from infections of floral parts begin at the proximal end of the
fruit. Therefore rots that began from the distal end of the berry may have been the result of a postbloom infection, resulting from conidia or an active lesion contacting the ripening fruit (Jarvis
1961). It may also be that the use of a 0.05% Na0C12 solution for surface disinfestation was
insufficient to eliminate all adhering conidia from nearly-mature (pink) berries.
During the 1994 field trial, some phytotoxicity was observed on plants that received G.
roseum + KHCO3 (2% w/v) + Nu Life (sticker/spreader), symptoms included a marginal necrosis

gradually spreading inward, with some leaves slightly upturned. Phytotoxicity was not observed in
any other treatment plots.

While this study has not conclusively shown the advantage of integrating NaHCO3 with a
biological antagonist, it has shown some potential for this strategy. The high level of B. cinerea
suppression achieved in the greenhouse on both leaves and blossoms under conditions of high
disease pressure, indicates a potential for use of this strategy in the production of greenhouse
crops susceptible to B. cinerea, especially in situations where resistance of B. cinerea to
registered fungicides has limited their effectiveness (Elad et al 1993). One drawback of this study
was that it dealt only with a single concentration of NaHCO3 and a range of G. roseum

concentrations for both the blossom and the leaf experiments. The growth response of G. roseum
to NaHCO3 in culture and the 1994 field experiment in which a 2% concentration of NaHCO3 was
used, indicate the potential for applying NaHCO3 at higher concentrations than used in the leaf
and blossom experiments. A study of B. cinerea disease response over a range of NaHCO3
concentrations with a single concentration of G. roseum would be a good compliment to this
study, as would examining the effect of G. roseum and NaHCO3 on establishment of quiescent B.

cinerea infections in fruit grown under greenhouse conditions. There may be other biocontrol
agents with sufficient insensitivity to NaHCO3 to merit further investigation of integrating their use

with NaHCO3. Although control of B. cinerea in the field experiment was inconsistent, it should be
noted that the two applications of the pathogen may have increased B. cinerea inoculum levels to
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an unnaturally high level in the treatment plots. Under more 'natural' conditions, the G. roseum
combined with NaHCO3 may provide more effective control.
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