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Why biological control?

e Replace antibiotics
« Complement other approaches

e Advantage of multiplication
and spread



Diagram of apple flower
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Presenter
Presentation Notes
The disease bacterium increases to high levels on the flower stigma during warm days.  When wetting from rain or dew occurs, it moves into the hypanthium and causes infection through nectary openings.




Presenter
Presentation Notes
The tissue of the stigma secretes moisture and nutrients that not only support pollen tube germination, but are highly favorable for microbial growth.




Presenter
Presentation Notes
The tissue of the stigma secretes moisture and nutrients that not only support pollen tube germination, but are highly favorable for microbial growth.


Erwinia amylovora (Ea)
on flower stigma
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Presenter
Presentation Notes
At left are cells of the fire blight bacterium, Erwinia amylovora.  The data relating temperature to growth on stigmas were recently incorporated into the WSU CougarBlight disease risk model. 


Flower stigma age and bacterial colonization
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Presentation Notes
Another conceptual basis for WSU CougarBlight is the relationship between flower age and bacterial colonization.  Stigmas generally are most conducive to bacteria during the first 4 days after petal expansion.  Later, the stigma tissue collapses and secretions supporting growth cease.
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Ea and beneficial bacteria on ‘Gala’ stigmas

related to flower age
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Presenter
Presentation Notes
It is desirable that beneficial organisms have adaptability similar to the disease organism.  Pseudomonas fluorescens A506, the bacterium in Blightban, grew poorly on old stigmas as compared to E. amylovora or another biocontrol strain, Pantoea agglomerans E325. 


Hypanthium




Hypanthium



Presenter
Presentation Notes
This is a view looking down on the flower hypanthium.  Panel A shows stumps of excised pistil in center and stamen filaments to outside.  Higher magnification in Panel D shows nectary opening where sugars are secreted and where infections by E. amylovora usually start. 


Water relations and Ea in hypanthium
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Presenter
Presentation Notes
As moisture in hypanthium increases, nectar sugar concentrations decrease and bacterial growth rates increase.  The bacterial increase leads to higher disease incidence (data not shown).   Water potential in inner flower tissues also relates to disease incidence; thus, in some situations, it may be wise to limit or avoid irrigation during bloom. 


Growth of microbial strains
In synthetic nectar (25% sugar)
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Presenter
Presentation Notes
Yeast strains were more tolerant than bacteria of high sugar concentrations typical of the hypanthial environment.  Two strains in this test were identified as Aureobasidium pullulans, which is the same microbial species as strains in the product BlossomProtect. 


Survey of natural microbial populations
on ‘Gala’ flowers
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Presentation Notes
During the 1990s, we evaluated the size and composition of natural microbial populations on apple flowers and collected more than 4,000 strains.


Bacteria and yeast genera on apple flowers

Bacteria

Acinetobacter
Actinobacterium
Aeromicrobium
Arthrobacter
Bacillus
Cellulomonas
Clavibacter
Curtobacterium
Erwinia
Kocuria
Microbacterium

Micrococcus
Pantoea
Paenibacillus
Pectobacterium
Pseudomonas
Ralstonia
Rhodococcus
Rhizobium
Stenotrophomonas
\Variovorax

Yeasts

(or yeast-like)

Aureobasidum
Cryptococcus
Pichia
Rhodotorula
Starmerella


Presenter
Presentation Notes
Microbial genera identified indicate the diversity of microorganisms residing on apple flowers.  Bacteria were more diverse than yeasts but not necessarily more frequent.  Among yeasts, Aureobasidium pullulans may have been the single most common microbial species detected. 
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Crab apple
laboratory
model
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Presentation Notes
More than 1,000 strains were evaluated on crab apple flowers for their ability to suppress the disease organism on stigmas. 


- Screening
microorganisms
for potential use

In biological control
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Presentation Notes
More than 1,000 strains were evaluated on crab apple flowers for their ability to suppress the disease organism on stigmas. 


S
Bacteria and yeast genera on apple flowers

Bacteria Yeasts
Acinetobacter Micrococcus (or yeast-like)
Actinobacterium  Pantoea (1) _
Aeromicrobium  Paenibacillus Aureobasidum (2)
Arthrobacter Pectobacterium Cryptococcus (1)
Bacillus Pseudomonas (2) Pichia
Cellulomonas Ralstonia Rhodotorula
Clavibacter Rhodococcus Starmerella
Curtobacterium  Rhizobium
Erwinia Stenotrophomonas
Kocuria Variovorax
Microbacterium *Red indicates highest

ranked groups in
screening assays
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Presentation Notes
Bacteria were more effective on stigmas than yeasts. The top performer was Pantoea agglomerans E325, which later became available under the product name Bloomtime. 


Adaptability of bacteria and yeasts
on flower tissues

Bacteria Yeasts
e Stigma e Hypanthium
e Young flowers e Old flowers

Practical implication

« Bacterial biocontrol agents should be applied
beginning in early bloom

» Application of yeasts may be delayed


Presenter
Presentation Notes
Bacterial biocontrol agents prefer young stigmas, and they are more effective than yeasts on this part of the flower; yeasts are partial to the hypanthium and tend to dominate on old flowers.  The implication for bacteria (as suggested in slide) applies to conventional systems; this may be different for organic programs involving lime sulfur as blossom thinner. 


Proposed future strategies

|. Bacterial biocontrol
Il. Yeast biocontrol
l11. Integrated management


Presenter
Presentation Notes
Slides that follow represent highlights of recently proposed research divided into three parts. 


|. Bacterial biocontrol
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Presentation Notes
Discovery of more effective bacterial biocontrol strains is unlikely, so we must look for ways to increase their efficacy, including the development of improved formulations. 


Microencapsulation to Improve
survival and dispersal

Collaborators: K. Kim & H. Choi, Univ. lllinois

AMCs with E325
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Presentation Notes
Microencapsulation might increase survival of bacterial agents on all surfaces that contact bees, thereby increasing dispersal to flowers emerging after spray treatments. 


Exploit metabolites
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Presentation Notes
Bacterial-based products might be improved by formulating living cells with metabolites produced during growth, some of which are suppressive to the disease organism.


Exploit bacteriophages

Collaborator: A. Svircev, AAFC, Ontario

Phage + carrier

Carrier
bacterium is
Pantoea
agglomerans
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Presentation Notes
A bacterial strain possibly could serve not only as a biocontrol agent but also as a carrier of bacteriophages (i.e., viruses specific to bacteria) that preferentially attack the disease organism.


|1. Yeast biocontrol

e Hypanthium screening
e Assess osmotolerance

e pH consideration


Presenter
Presentation Notes
Yeast strains from apple will be screened using new methods based on disease suppression in the flower hypanthium.  The yeast product BlossomProtect consists of strains originally selected for postharvest fungal diseases, so it is hoped that screening specifically against fire blight will lead to superior yeast strains for this disease. 


I11. Integrated management

e Complementary biocontrol

« Agents with antibiotic-like activity
(e.g., AMPs)

e Plant resistance inducers



Presenter
Presentation Notes
AMPs, peptides that form part of the natural immune systems of all life forms, possibly could be an acceptable substitute for conventional antibiotics, as resistance to AMPs is highly unlikely (notable research is that of Dr. V. Sarojini in New Zealand). 
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