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1. Review of historical approaches to shoot blight management

2. Host defense inducers available for fire blight management

3. Summary of previous work with defense inducers

4. SCRI Project: Shoot blight/inducer objectives and some 1st year data

Game Plan for this Presentation



• Symptoms: Shepherd’s crook, blackening/necrosis 
of leaf mid-vein and pedicel

• Reduces bearing wood for following season

Shoot Blight Symptoms



Shoot Blight 
Symptoms



Shoot Blight Symptoms: 
Spread into central leader



Goal: Prevent infections of shoots and slow migration of bacteria
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Historical Management of Shoot Blight in the Eastern US

• First line of defense: Chemical Management
• Prohexadione Calcium
• Copper (young and/or organic plantings)
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• How copper works:
• Contact with water: Cu2+ ions 

released from copper 
compounds

• Copper for disease 
management
• Non-discriminatory: Plants, 

bacteria, fungi,  people……
• Protectant only: Must be applied 

before pathogen arrives
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Fire Blight Management: Copper
Goal: Prevent infections of shoots and slow migration of bacteria



Shoot Blight: 2021 MSU Copper Trials

*

1. Mastercop, 1 pt
2. Mastercop, 2 pt
3. Previsto, 2.5 QT
4. Double Nickel, 1 QT + Cueva, 2 QT
5. untreated control



9

Shoot Blight: Biologicals and Reduced Risk 
Pesticides Options 

Prohexadione calcium: Apogee, Kudos
How it works: Conditions host against infection: Thickens xylem cell 
walls + stops terminal growth + Defense Induction

• Historically considered the gold standard in more mature plantings for shoot 
blight control

• Traditional applications (in N. Central and Eastern USA) two applications: 6-12 
oz/100 gal (3-6 oz/100 gal for tree <5 years): 1-3” shoot growth & 14-21 days 
later



• “Apogee effect” --
Barrier to infection

Apogee

Non-trt

Apogee
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Shoot Blight: Biologicals and Reduced Risk 
Pesticides Options 

Prohexadione calcium: Apogee, Kudos
How it works: Conditions host against infection: Thickens xylem cell 
walls + stops terminal growth + Defense Induction

• Historically considered the gold standard in more mature plantings for shoot 
blight control

• Historical Applications (in N. Central and Eastern USA) two applications: 6-12 
oz/100 gal (3-6 oz/100 gal for tree <5 years): 1-3” shoot growth & 14-21 days 
later

• New Thoughts: Start applications earlier, more frequent applications at lower 
rates? 



Trials at AgriTech – 20 yr old ‘Gala’/B9
Untreated
Streptomycin 
Streptomycin + PhCa 6 oz/100 gal Postbloom
PhCa 3 oz/100 gal @Pink  
PhCa 6 oz/100 gal @Pink
PhCa 3 oz/100 gal @Tight Cluster*
PhCa 6 oz/100 gal @Tight Cluster*
PhCa 2oz/100 gal + Actigard 1oz*@Pink & PF

Inoculation
Within 24 hrs

Ea273 106 CFU/ml

Strep
PhCa

6oz
PhCa

6oz

*Slide courtesy of K. Cox, Cornell



Blossom Blight Shoot Blight 

2020 Pro-Ca Trials at Cornell AgriTech

*Slide courtesy of K. Cox, Cornell



Game Plan for this Presentation

1. Review of historical approaches to shoot blight management

2. Host defense inducers available for fire blight management

3. Summary of previous work with defense inducers

4. SCRI Project: Shoot blight/inducer objectives and some 1st year data



Actigard

Regalia

e.g. ProPhyt

LifeGard

PGRs: 
Prohexadione Calcium



Induction of a local defense 
response and production of 

signal molecules 

Induction of defense 
responses to distal tissues. 

Accumulation of PR proteins 
and secondary metabolites 

Adapted from Hartmann M., Zeier T., Bernsdorff F., Reichel-Deland V., 
Kim D., Hohmann M., et al. (2018) Flavin Monooxygenase-GeneratedN-
Hydroxypipecolic Acid Is a Critical Element ofPlant Systemic Immunity. 
Cell. 173:456–469. 

SAR 
induction

Pathogen 
attack

induced
not induced

Priming state. Stronger and 
faster defense responses 
against future infections

Adapted from Vega D., Newton A. C., 
Sadanandom A. (2018) Post-translational 
modifications in priming the plant immune 
system: ripe for exploitation? FEBS Letters. 
592:1929–1936

Slide courtesy of A. Baro and T. Dupont, WSU



• 17-yr-old Malus x domestica ‘Rome 
Beauty’ on semi-dwarfing rootstocks

• Treatments applied to runoff at 20% 
bloom, 40% bloom, 80% bloom, and 50% 
petal fall

• Complete randomized block design, 4 
single-tree replicates per treatment 

• Trees were inoculated with Erwinia
amylovora strain  Ea 273 (1 x 106) after 
80% bloom spray application with hand 
pump backpack sprayer

2020 Host Defense Inducer Trials at MHCREC, NC
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USDA-NIFA SCRI: Comprehensive Fire Blight Management 
Systems for the United States

1. Identify effects of environmental factors and host cultivars on 
resistance induction and biopesticide efficacy

2. Assess the influence of tree vigor, pathogen strain, and 
environmental conditions on rate of systemic movement through 
apple trees

3.Development of pre-breeding lines with improved fire blight 
resistance

4.New extension tools and development of economic models and 
interactive spreadsheet to identify profit maximizing and risk 
minimizing fire blight management strategies

https://www.google.com/url?sa=i&url=https%3A%2F%2Ftheccwh.org%2Fcornell-university-college-of-human-ecology-history-of-home-economics-fellowship%2F&psig=AOvVaw2iicug307sr1_UWywboscQ&ust=1613743909038000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNi8qNXO8-4CFQAAAAAdAAAAABAD
https://www.google.com/imgres?imgurl=https%3A%2F%2Fcals.ncsu.edu%2Fhorticultural-science%2Fwp-content%2Fuploads%2Fsites%2F6%2F2016%2F06%2Ftom-kon.jpg&imgrefurl=https%3A%2F%2Fcals.ncsu.edu%2Fhorticultural-science%2Fnews%2Ftom-kon-appointed-new-apple-physiologist%2F&tbnid=Cqx9Q0gPcGNOgM&vet=12ahUKEwjule640fPuAhUM61MKHZ9AC8UQMygBegQIARBB..i&docid=UQMkwsfgruEdwM&w=1000&h=510&q=tom%20kon%20ncsu&client=firefox-b-1-d&ved=2ahUKEwjule640fPuAhUM61MKHZ9AC8UQMygBegQIARBB


2 oz Apogee + 1 oz Actigard experiments, MI and NY, 2019

Weekly Applications of Apogee + Actigard
• Applications every 3-4 weeks starting at king bloom petal fall



12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
May June

1st spray (king 
bloom petal fall) 2nd spray 3rd spray 4th spray 

Time 0 Time 7 Time 14 Time 21 Time 28 Time 35

Genes Description

NIMIN2 NIMI-interacting protein 2

JAA Jasmonate-induced protein-
like

PR-1 Pathogenesis related protein 
1

PR-2 β 1,3-Glucanase
PR-4 Barwin domain chitinase

PR-14 Lipid transfer protein

β-actin Housekeeping gene 

EXPERIMENTAL DESIGN

Slide courtesy of A. Baro and T. Dupont, WSU



Acibenzolar-S-methyl 
(2 oz / 100 gal)
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Prohexadione-calcium 
(6 oz / 100 gal)

7 14 21 28 35

Acibenzolar-S-methyl - drench 
(2 oz / 100 gal)

7 14 21 28 35
Acibenzolar-S-methyl (1 oz / 100 gal) +
Prohexadione-calcium (2 oz / 100 gal)

7 14 21 28 35

Jasmonate-induced like protein
Pathogenesis-related protein 1
Pathogenesis-related protein 2 

Pathogenesis-related protein 4
Pathogenesis-related protein 14
NIMI-interacting protein 2
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* Significant gene 
expression relative 

to the water-
treated control

Slide courtesy of A. Baro and T. Dupont, WSU



Comprehensive Fire Blight Management Systems for the US
• How can we integrate Apogee/Kudos for shoot 

blight control in young trees?
• How does tree vigor affect the severity and 

incidence of shoot blight infection? 
• Nitrogen programs, rootstock vigor, pro-ca 

timing
• How does tree vigor affect the rate of Ea

movement through young trees?
• Deliverable: Improved specificity for shoot blight 

forecasting based on new inputs in forecasting 
systems

Photo: A. Vogel



Orchard Establishment
SPRING 2021 FALL 2022SPRING 2022

Slide courtesy of A. Vogel



Concerns related to P-Ca in 
young orchards

• Decreased canopy infill
• Increased 

establishment time
• Decreased return 

bloom



Experiment Set-up
Treatment Kudos 

Rate
ASM

1 0 No
2 2 oz No
3 6 oz No
4 0 Yes
5 2 oz Yes
6 6 oz Yes

• Two research sites at 
MHCREC, Mills River, NC
• Inoculated block
• Clean block
• ‘Buckeye Gala’ on ‘M.9-

T337’
• 0.9 x 4 m spacing

ASM Rate = 1 oz/A



Pathology Data
• Disease Incidence

• Disease Severity

• Colony counts by 
tissue type

• Bacterial density





Horticultural 
measurements 

• Vegetative shoot length/ growth rate
• Height and TCSA
• Blossom cluster counts
• Pruning weight
• Total linear bearing surface
• Yield in year 3



Shoot Growth 2022



Critical disease 
window in NC 

from early May –
mid June 



Severity of shoot 
blight 21 Days after 

Pro-Ca +/- Actigard (2 
oz/A) application



Next SAR/Tree Vigor Steps
1. Continue defense gene expression analyses (Gala, Pk Lady, Fuji, HC, 

EC)
2. Repeat trial in 2023 with and without artificial inoculation-Select 

treatments?
3. ESM for xylem cell wall thickness-growth rate across different 

cultivars and Pro-Ca rates
4. Determine effect (if any) on role of environment on defense gene 

induction (magnitude and timing)



Thanks! 
WSU

Tianna DuPont
Aina Baro

Cornell University
Kerik Cox

Anna Wallis

MSU
George Sundin
Cory Outwater

Xiaochen Yuan (Iowa)

NCSU
Peter Ojiambo
Rachel Douglas
Sean Gresham

Chris Clavet
Jimmy Larson

UCR
Jim Adaskaveg
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