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Apple scab
• Disease cycle: Understanding why 

management may have failed in 2019

• Optimizing protection

• Management failure? Asking A LOT of 
questions…

• Update on fungicides available in 2020/21 

Marssonina blotch
• Being proactive: Awareness

Bitter rot
• Management update

Apple scab

Photos: K. Peter 

Marssonina blotch

Stubborn diseases that can get the better of us…

Bitter rot



APPLE SCAB: 

Why was 2019 so challenging?!?!?

Photos: K. Peter 



Disease cycle of Venturia inaequalis: 

Spores overwinter

Spring: primary inoculum

Secondary inoculum

polycyclic

Orchards are self-
infecting: 
spores travel ~100 feet

Vaillancourt, L. J. and J.R. Hartman. 2000 Apple scab. The Plant Health Instructor. DOI: 10.1094/PHI-I-2000-1005-01 (www.apsnet.org)

MUST get 

control of the 

disease early!

Leaf wetness + temp

Ascospores: 

• Reside in 

overwintered 

leaves

• Mature at green 

tip

• Temperature 

dependent

• Discharged by 

early spring rains

• Mature spores not 

all released at 

once

• **Peak dispersal: 

Bloom – Petal fall

• Primary infection 

can last until mid-

June
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Predicting apple scab infection: Mills Table
 Average temperature + leaf wetness hours necessary = ability of spores to cause infection

Disease severity 

during the season

Severe: rainy spring

Little: hot and dry

Smart management: spraying only when you need to!

Riskiest conditions 

for infection
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Phenology of apple trees

Primary Period for Dispersal of Apple Scab Ascospores

Late pink thru petal fall
Disease conditions 
present = 
control is critical

Overwintering 

leaves: Apple 

scab (wet)

Ascospore data: PSU Tree fruit pathology lab

Scab infection period presents itself, keep in mind where we are 
during the ascospore dispersal 

Photo: K. Peter 
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Apple Scab Infection Events:
Learning lessons from Adams County, PA
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Managing apple scab in 2019: Where one could have gone 
gone wrong…

HINT: Management failure WAS NOT 
due to fungicide resistance (most likely)

• Reviewing the basics of fungicides

• What to spray and when

• Optimizing fungicide applications

• Questions to ask when scab pops 
up



Systemics/Penetrants Protectants

All fungicides: Effective when applied BEFORE infection occurs

Aprovia, Indar, Fontelis, Merivon, etc Mancozeb, captan, sulfur, ziram

• Moves into leaf tissue (locally)

• Have efficacy AFTER fungus has 
penetrated plant tissue (24-72 hours: 
limited depending on fungicide, 
disease, and rate)

• Less susceptible to wash-off (inside 
leaf tissue)

• Stays on surface of leaf
• Washed off when…

• 0.1 in rain = 50% removed
• > 2 in rain = will remove most

• IF have been recently 
applied = efficacy remains

• OLD residues (>1 week) = 
efficacy reduced

• Exception: “Sticky” fungicides
• Fungicides applied with 

spreader-stickers more 
resistant

• Provides a “buffer”
• Do not use spreaders with 

captan

Fungicide 101 Review… Understanding your fungicide choices and how 
they work



Dormant Green tip Tight Cluster Pink  Bloom  Petal Fall Covers Preharvest

Copper EBDC +
Syllit OR
Captan OR

Potassium 
bicarbonate

EBDC +
Syllit OR
FRAC Groups
3
9
OR Sulfur (PM 
control)

Potassium 
bicarbonate

EBDC+
FRAC Group 7
(2 complete/4 half sprays)

Aprovia
Fontelis
Luna Tranquility
Luna Sensation
Merivon
Pristine
Sercadis

Captan
(alone) OR
+ TopsinM
+ Ziram

(2 complete/4 
half)

Merivon
Pristine  
Luna 
Sensation 
+ Captan

Pink  PF
Rotate during this period 
with another FRAC group:
EBDC +
FRAC Group 3 and/or 9

Powdery 
mildew control 
starts at TC

Photos: K. Peter 

FRAC 7 and 11:
4 complete 
spray MAX per 
season of each = 
includes ALL 
products (single 
and premix)

Apple scab: Strategy (when bitter rot is not a problem)
 Keep intervals tight Through 1st cover (monitor weather!)
 Best Management Practice (BMP): COMPLETE SPRAYS BLOOM  PETAL FALL



Dormant Green tip Tight Cluster Pink  Bloom  Petal Fall Covers Preharvest

Copper

Apple scab: Strategy  = Adjuvants (products w/ adjuvants) are your 
best friend during persistently wet weather early in the season

Photos: K. Peter 

Broad-spectrum products (a.i. mancozeb or 

ziram) to persist longer during rainy weather for 

early season:

Dithane Rainshield

Manzate Pro-Stik

Roper Rainshield

Penncozeb + spreader sticker (4 fl oz/100 gal)

other mancozeb + spreader sticker

Ziram + spreader sticker
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Phenology of apple trees

Primary Period for Dispersal of Apple Scab Ascospores

Late pink thru petal fall
Disease conditions 
present = 
control is critical

Overwintering 

leaves: Apple 

scab (wet)

Ascospore data: PSU Tree fruit pathology lab

Why complete sprays from BLOOM through PETAL FALL??

Photo: K. Peter 

GREATEST 
CHANCE FOR 

DISEASE

Risks with half sprays:
Sub-lethal dose
Unintentional fire blight



2018 – 2019 PSU Apple scab field trials: Block with known FRAC 11 resistance
 Flint Extra (w/ and w/o Manzate Pro-Stick) at Bloom and Petal Fall (COMPLETE)
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Untreated Flint Extra Flint Extra +
Mancozeb

Scab incidence on 
fruit at harvest

2018:
Bloom: May 7
Petal fall: May 14
1C: May 24

2019:
Bloom: April 25
Petal fall: May 2
1C: May 16

Rainfall
0.54 in

4.91 in
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Apple Scab Infection Events

Symptoms: 
~June 4 - 8

P
E

A
K

 S
P

O
R

E
S

scab



Scab management – Additional considerations for wet conditions

In very wet weather: 
ABSOLUTELY MUST RE-APPLY FUNGICIDES IN THE RAIN 

• Mancozeb, captan, and sulfur will all provide several days of protection if applied 
in the rain

• If extended warm rains occur over the next few days: 
 AN ABSOLUTE MUST to get out and renew coverage by spraying a    

protectant (mancozeb, captan, or sulfur) in the rain

• Duration of product: Avoid spraying in pouring rain = product washes off

• Duration of product: Applied during a drizzle = Uncertain about duration, but 
could expect 2 – 3 days

• Prioritize coverage: most susceptible cultivars/problem blocks



Fungicide 
Failure!

Is Resistance 
to Blame?

Fungicide failures may not be due to resistance

Ask the following questions:
• Was my sprayer calibrated? (i.e. is the sprayer reaching the top of the trees?)
• Was I using enough water to cover my trees? (50 vs. 100 GPA)
• Was it rainy from bloom through petal fall?

• Did I use alternate row middle sprays during this period?
• Did I stretch my spray intervals during the primary apple scab period too far: 

more than 7 days for complete sprays; more than 3.5 days for alternate row 
middle sprays?

• Did I wait too long to reapply fungicides after a very wet period?
• Was it a windy day when I sprayed?
• How fast was I driving?
• Did I ever adjust the fan speed while spraying?
• Is the affected location in a low-lying area and not drying out completely?



 Bloom through petal fall: COMPLETE SPRAYS
• Spray interval tight through 1st cover

 Wet weather in the forecast: Use systemics and rainfast protectants 

 Raining a lot: APPLY FUNGICIDES IN THE RAIN

 Protection failure: ASK a lot of questions…

Apple scab: Preventing management failures

This Photo by Unknown Author is licensed under CC BY-NC-ND

http://1opinionatedwoman.com/fitness-revolution-day-11/
https://creativecommons.org/licenses/by-nc-nd/3.0/


Year Name Company FRAC # Scab
Powdery 
Mildew*

Rust* Rots*

2020 Cevya
(5 fl oz/A) 

BASF 3 Excellent
Good-

Excellent
Excellent Excellent

2020 Miravis
(3.4 fl oz/A) 

Syngenta 7 Excellent
Good-

Excellent Suppresses
Suppresses 

(Good)

2021 Excalia
(4 fl oz/A) 

Valent 7 Excellent
Good-

Excellent
Good Excellent

2018 – 2019 PSU Efficacy Trials

• Comparable in efficacy (for scab):
• Inspire Super
• Aprovia
• Sercadis
• Indar + Fontelis
• Merivon
• Luna Sensation
• Luna Tranquility

Always tank mix with a broad spectrum



Marssonina leaf blotch on apple: “Late season apple scab”
 Can infect BOTH leaves and fruit 

Marssonina caronaria

Cultivar Susceptibility (to date)

Rome Very susceptible

Honeycrisp Very susceptible

Cameo Very susceptible

Empire Very susceptible

Scab resistant 
varieties

Very susceptible (if nothing 
applied early season)

Fuji Susceptible

Gala Susceptible

Red Delicious Susceptible

Golden Delicious Moderately resistant

Stayman Moderately resistant

Cortland Moderately resistant

Other cultivars??

2019: Widespread throughout Eastern U.S



Marssonina leaf blotch on apple (Marssonina caronaria)



Management: Avoiding premature defoliation (can be severe) and 
avoiding build up of pathogen

• Sanitation is key to limit 
disease: Overwinters in 
infected fallen leaves

• Uncertain of timing of first 
spores

Early season = important

Product
Marssonina control efficacy 
(preliminary)*

Captan Excellent

Ziram 76 DF* Good - Excellent

Mancozeb Excellent

Sulfur Good

Omega Fair (@ low rate)

Cevya, Trionic Good - Excellent

Inspire Super Fair – Excellent* (suppresses?)

Luna Sensation, Merivon Excellent

Flint Extra Fair – Excellent* (suppresses?)

Luna Tranquility Excellent

Aprovia, Fontelis, Miravis, 
Excalia, Sercadis

Good - Excellent

Topsin M Good

Cueva + DN, Regalia + Stargus, 
Regalia+ Badge SC, Kaligreen

Fair



Bitter rot: Management update

Bitter Rot

Photos: K. Peter 

Bitter rot disease outbreaks:
• Optimal temperature between 68 – 86°F 

+ at least 13 hours of leaf wetness (what 
is known for strawberry anthracnose) 

• Infections can start at any point during 
the summer: show in late-summer/fall

• The most important infection period is 
still unknown
• Control: Bloom through harvest



Over 500 total isolates

Caused by 8 species in the Colletotrichum acutatum and C. 
gloeosporioides species complexes (Glomerella cingulata)

Slide courtesy of Phillip Martin



FRAC Active ingredients Trade names C Notes

1 Thiophanate-methyl ― Topsin 3-5 If resistance present 👎

7

Benzovindiflupyr👍 Aprovia 2 Max 4 applications per year

Fluxapyroxad 👎 Sercadis , in Merivon 4-5 Mostly insensitive

Fluopyram 👎 In Luna Products 4-5 Mostly insensitive

9
Pyrimethanil 👎 Penbotec, in Luna T. 4 Mostly insensitive

Cyprodinil 👎 Vangard, in Inspire S. 4 Mostly insensitive

11

Pyraclostrobin👍
Cabrio, in Pristine and 
Merivon

2 If resistance present 👎

Trifloxystrobin 👎 Flint Extra, in Luna S. 4-5 Mostly insensitive

Kresoxim-methyl 👎 Sovran 4-5 Mostly insensitive

12 Fludioxonil👍 Scholar 2 Post-harvest for apples

29 Fluazinam 👍 Omega 3 Low dose field trials 👎

TFPG Table 4.8. C = Degree of control: 1 = best, 2 = good, 3 = fair, 4 = slight, 5 = none

Overall results for fungicide sensitivity Slide courtesy of Phillip Martin



• Sanitation is key!

• Dormant copper sprays: knocks back overwintering pathogens

• Apply protection BEFORE the infection occurs!

• Keep an eye out for weather conditions conducive for disease = persistent rainy weather:
• Apple scab: Use “sticky” mancozeb products

• Bloom  petal fall: FRAC 7 products
• BLOOM PETAL FALL: COMPLETE SPRAYS

• Marssonina: Early season important ( = scab)
• Don’t let fungicide coverage lapse

• Bitter rot: Full season control – bloom important 
• Must get protection on fruit before infection!

• Reapply fungicides when it rains 1-2 inches!

• Promote healthy trees
• Proper fertilization, pruning, and water
• Maintain a good control program for other diseases and insect pests

• Management failure? ASK YOURSELF A LOT OF QUESTIONS…

Take home messages for wet weather warriors:



Available Now:
2020 – 2021 Penn State Tree Fruit 
Production Guide

Significant updates since the 2018 –
2019 version

Visit: https://extension.psu.edu/tree-

fruit-production-guide

Or Call: 1 – 877 – 345 -0691

Print : $35
Digital: $15
Bundle – Print + Digital: $45

OR via Google, search:

Penn State Extension Tree 

Fruit Production Guide

https://extension.psu.edu/tree-fruit-production-guide
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Graph from 
Prusky et al 2013

• Infections can start at any point during the summer, but show in late-summer/fall

• The most important infection period is still unknown

Timing of bitter rot infection



Field trial fungicide treatments (rate/A)

Non-fungicide treated control

Manzate early; Omega (6.9 fl oz) full season

GRS; Omega 1C, 4C 

GRS; + Regalia (2 qt) B – 7C

GRS, + Regalia (1 qt) B – 7C

GRS

Mancozeb TC, P;  Regalia (2 qt) B-2C, Stargus (3
qt) B, PF; Badge (4 pt) 1C, 2C

Treatments 3-7 had Captan alternated 
with Captan + Topsin as cover sprays

Different letters indicate a significant difference at 
p = 0.05
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2019 Fungicide field trials: Bitter Rot on Honeycrisp

Grower 
recommended 
standard (GRS):

TC, P: Mancozeb 3 lb/A
B, PF: Merivon 5.5 fl oz/A + Mancozeb 3 lb/A
1C – Harvest: Captan 3 lb/A (rotated with Captan + Topsin M 1 lb/A

Slide courtesy of Phillip Martin



FIRE BLIGHT: Why it shows up when you 

least expect it…

Photo: K. Peter 



Shoot Blight (Version #2):
Understanding the canker blight phase of fire blight

***Bacteria invades 
systemically (inside of the tree) 
and moves from canker(s) to 
growing shoots

 Apogee/Kudos applications 
will prevent

Beware of large, older trees with a history of fire blight….

Symptoms occur after bloom

Develops because of…
Renewed activity by the pathogen at the margins of 
overwintering cankers from previous season

Occurs regularly every year where the disease is established

Can serve as primary source of bacteria for a continuing epidemic of secondary shoot 
infections major losses Photos: K. Peter 



Vulnerability of 
newly planted 
orchards: Planting 
next to older 
orchards with fire 
blight = Problem

This Photo by Unknown Author is licensed under CC BY-SA-NCPhoto: K. Peter

Remember the direction of 

the prevailing winds…!!!

http://www.htxt.co.za/2014/01/23/help-us-find-facebook-fool/
https://creativecommons.org/licenses/by-nc-sa/3.0/


Older trees with a history of fire blight: 
Problems with topworking


