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2What is a Plant Disease?
– A disorder that interrupts plant physiological function

– Abnormal functioning of an organism: Biotic

White Pine Blister Rust 
(fungus) Glomerella Fruit Rot 

(fungus)

Rose Rosette Disease 
(virus)

Fire Blight (bacteria)

Photo courtesy of Emma Lookabaugh, Mike Munster



3What is a Plant Disease?
– A disorder that interrupts plant physiological function

– Abnormal functioning of an organism: Abiotic?

Retired Extension 
Director

Nutrient 
Deficiency

Frost Damage



Apple Disease Challenges in the Southeast 



Apple Disease Challenges in the Southeast 

• Paucity of disease resistant cultivars
• Breeding efforts focus on consumer preference 
• Usually single-disease resistance

‘Goldrush’

http://kuffelcreek.wordpress.com/

‘Prima’

http://www.eatlikenoone.com/prima-apples.htm

‘Liberty’

http://www.plant.photos.net/index.php?title=File:Apple_libertye.jpg



Apple Disease Challenges in the Southeast 
• Warm, humid climate

– Favorable for pathogen infection and disease development 

– Inadequate chilling hours: longer period of susceptibility to 
blossom infection

Susceptible Host

Biology and 
availability of 
pathogen

Conducive 
Environment



Apple Disease Challenges in the Southeast 
• Maintaining practices of fungicide resistance 

management and maximum annual applications

– Commercial apple growers in Hendersonville NC: Up to 24 
fungicide applications in 2017!

Multi-site 
Protectants

Single-site Fungicides
Biologicals

Mancozeb Group 3: S.I.’s Bacillus spp.

Captan Group 11: “Strobys” A. pullulans

Copper Group 7: SDHIs

Sulfur Group 1: “T-Methyl”

ziram U12: Dodine

Phosphorous 
Acid



Apple Disease IPM



Apple Disease IPM: Deterrence

Usually a pre-plant tactic: Minimize abiotic and biotic factors 
favoring disease



Pre-plant tactic: Plant cultivars that are less susceptible to 
most economically devastating disease in the region 

Apple Disease IPM: 
Host Resistance



Apple Disease IPM: 
Host Resistance

Pre-plant tactic: Plant dwarfing rootstocks with resistance to 
fire blight, Phytophthora, and replant disease

Photo courtesy of G. Sundin



Apple Disease IPM: Cultural
Pre + post-plant tactic: Remove overwintering inoculum and 
deter opportunistic pathogens



Apple Disease IPM: Biological Control 

• Biologicals: living organism competitors, bacterial 
antimicrobials/metabolites, bacteriophage
(-) Not as efficacious as conventional products, esp. under 
high disease pressure

(-) Performance not consistent

(+) Organic production; short REI/PHI

(+) Some induce plant defenses



• Prohibit fungal spore germination

(-) Application by prediction, phenology, gut feeling

(-) Risk of harming non-targets

(+) Low risk for resistance development

Apple Disease IPM
Chemical Control: Protectant Fungicides



Chemical Control: Protectant Fungicides15

• Fungicide movement in plant = 
Non-systemic

• Surface active/contact fungicide 
that is not/should not be 
absorbed by plant tissue 
(surfactant/mixing partner)
• Phytotoxic if absorbed

• Work by direct contact with 
pathogen on the plant surface: 
Coverage is critical

https://www.google.com/imgres?imgurl=https://www.hummert.com/ProductImages/02-1215.jpg&imgrefurl=https://www.hummert.com/product-details/28354/rally-40-wsp&docid=swkPWmh_FHzBUM&tbnid=DPzZkpTLGcpZbM:&w=220&h=250&bih=484&biw=1130&ved=0ahUKEwituumsnqnPAhVLQyYKHf8-DBEQMwhCKAEwAQ&iact=mrc&uact=8


Protectant/Non-systemic Fungicide 

Movement
16

Top of Leaf 
(surface)

Leaf Underside

• Fungicide remains on surface where 
applied
• Rain can redistribute (move it to other 

surface parts)
• Plant tissue (i.e. leaves) emerging after 

application or tissue missed during 
application not protected
• Unless material redistributed

No penetration

https://www.google.com/imgres?imgurl=https://www.hummert.com/ProductImages/02-1215.jpg&imgrefurl=https://www.hummert.com/product-details/28354/rally-40-wsp&docid=swkPWmh_FHzBUM&tbnid=DPzZkpTLGcpZbM:&w=220&h=250&bih=484&biw=1130&ved=0ahUKEwituumsnqnPAhVLQyYKHf8-DBEQMwhCKAEwAQ&iact=mrc&uact=8


• Applications under slow drying conditions

– Early morning or evening/night-time, foggy or misty day, high 
humidity, cloudy, low wind, high application volume

– Extends contact period on leaf and fruit surface

• Applications following warm, rainy, windless weather

– Petal fall – 10-14 mm fruit (1st C): Key thinning timings

– Young, susceptible leaf and fruit tissue without cuticle 
protection

• Tank mixtures containing surfactants and 
spreader/stickers that may disrupt waxy cuticle

– Oils, urea, calcium chloride, LI-700? Regulaid? 17

Protectant/Non-systemic Fungicides: 

Conditions Favoring Phytotoxicity
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Protectant/Non-systemic Fungicides: 

Conditions Favoring Phytotoxicity



Captan Gold 
5 lbs/A

Captan Gold + 
Regulaid

Captan Gold + 
Li-700

19

Captan + Surfactant Phytotoxicity



Apple Disease IPM: Chemical Control

• Single-site fungicides

(+) Manage number of phytopathogenic fungi 

(+) Minimize harmful effects to non-targets and 
environment

(+) High level of protective and curative(?) activity
• Curative: Stop/inhibit fungal growth-fungistatic

• DMI (Demethylation inhibitor fungicides)
• 24-72 hours post-infection application
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• Moves through vascular tissue (xylem 
and/or phloem) to reach parts of plant 
not directly sprayed with fungicide

• Usually good in “kick-back”/curative 
mode

• New leaves may be protected 
depending on movement rate

• Rare in fungicide world
• Phosphorous acid fungicides and 

mefanoxam/metalaxyl (good on root 
diseases)

Single-site/Systemic Fungicide 

Movement

https://www.google.com/imgres?imgurl=https://www.hummert.com/ProductImages/02-1215.jpg&imgrefurl=https://www.hummert.com/product-details/28354/rally-40-wsp&docid=swkPWmh_FHzBUM&tbnid=DPzZkpTLGcpZbM:&w=220&h=250&bih=484&biw=1130&ved=0ahUKEwituumsnqnPAhVLQyYKHf8-DBEQMwhCKAEwAQ&iact=mrc&uact=8


22

• Absorbed by plant but do not travel far
• Move within a treated plant organ 

(primarily leaf)

• Interfere with fungal growth, have post-
infection/curative/kick-back activity

• Movement of most modern fungicides
• Translaminar movement: Spray from one 

side of leaf moves to other side 

Leaf Surface

Leaf Underside

Single-site/ Locally Systemic Fungicide 

Movement

https://www.google.com/imgres?imgurl=https://www.hummert.com/ProductImages/02-1215.jpg&imgrefurl=https://www.hummert.com/product-details/28354/rally-40-wsp&docid=swkPWmh_FHzBUM&tbnid=DPzZkpTLGcpZbM:&w=220&h=250&bih=484&biw=1130&ved=0ahUKEwituumsnqnPAhVLQyYKHf8-DBEQMwhCKAEwAQ&iact=mrc&uact=8


Apple Disease Management Options: 
Biological + Chemical Control

• Single-site fungicides

(+) Manage number of phytopathogenic fungi 

(+)Minimize harmful effects to non-targets and 
environment

(+)High level of protective and curative(?) activity
• Curative: Stop/inhibit fungal growth-fungistatic

• DMI (Demethylation inhibitor fungicides)
• 24-72 hours post-infection application

(-) Specificity fosters development of resistant 
populations with repetitive use



Most modern fungicides 
generally target specific sites 
that are specific to fungi

DMIs (FRAC 3)

QoIs (FRAC 11)
SDHIs (FRAC 7)

MBCs (Group 1)



Fungicide Resistance Management



A Reason for Concern: A (Bad) Trip Down 
Memory Lane…

Doc Godfrey, 1967
co-founder AgChem

Service Corp.

2004-2006

57%

Resistance 
stable for 30+ 

years!



Fun with FRAC
• FRAC: Fungicide Resistance Action Committee: 

In general, there will be cross-sensitivity (cross-resistance) 
between fungicides in same FRAC group
• In other words, pay attention to FRAC # and rotate or resistance!

High Risk
Med. to High Risk

Low Risk



Strobilurin Fungicides
Standalone Products (single active ingredient)

trifloxystrobin

kresoxym-methyl
Pyraclostrobin: not 

labeled alone for apples



Strobilurin Fungicides
Premixed Products (stroby + another single-site fungicide)

pyraclostrobin 
+ fluxapyroxad

pyraclostrobin 
+ boscalid

trifloxystrobin
+ fluopyram



Development of Fungicide Resistance

Naturally occurring 
resistant members of 
population 
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Great Rate Debate: For single site fungicides (particularly 
DMIs), use the highest rate

– Kills off most resistant members of population 

8 oz 5 oz 6.5 oz 6.5 oz

Mitigating Fungicide Resistance



Summing it up: Mitigating Fungicide 

Resistance
• Practice good application strategies

• Don’t exceed seasonal limits within FRAC groups
• Ensure sprayer is calibrated
• Apply prior to infection events (minimize ‘kick-back’ applications
• Don’t cheat on coverage (e.g. ARM)
• Adopt cultural practices aimed at inoculum reduction


