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Disease Triangle
Disease Concepts

� What is a plant disease?

� The interference with normal plant 
function

� If biotic: the development of host-parasite 
relationships between plants and plant 
pathogens

Why Are Plant Diseases So 
Difficult to Control?

1. The inoculum of plant pathogens is 
microscopic. 

2. Disease control is preventative, not 
reactive.

3. The weather is unpredictable
4. Pathogens change.
5. There are so many host plants.

Types of Disease
� Abiotic (Non-Infectious)

� These cannot “spread” 
from plant to plant

� Salt injury

� Water imbalances

� Nutrient imbalances

� Biotic (Infectious)
� Pathogens can spread 

from plant to plant
� Fungi (the plural of 

fungus)

� Bacteria (the plural of 
bacterium)

� Nematodes

� Viruses

� Phytoplasmas

� Parasitic plants

Abiotic (Non-Infectious) Diseases
Salt Damage to Junipers

Probable Manganese (Mn) deficiency on Red 
Maple Probable Iron (Fe) deficiency on 

Oak
Be Careful With Nutrient Deficiency

The Symptoms Could be Caused By:
– Soil lack of nutrients
– Soil pH interferes with nutrient availability
– Drought
– Root damage
– Disruption of vascular flow in the stems

Types of Disease
� Abiotic (Non-Infectious)

� These cannot “spread” 
from plant  to plant Salt 
injury

� Salt injury

� Ozone injury

� Water imbalances

� Nutrient imbalances

� Biotic (Infectious)
� These can spread from 

plant to plant
� Fungi (the plural of 

fungus)

� Bacteria (the plural of 
bacterium)

� Nematodes

� Viruses

� Phytoplasmas

� Parasitic plants
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Note: The Diversity of Nature

Not all fungi are plant pathogens: though 
pathogens are parasites, others live 
saprophytically, living on already dead 
organic matter. Other fungi are animal and 
human pathogens, others are beneficial, 
such as mycorrhizal fungi.

The same is true of other pathogen groups: not 
all bacteria, nematodes and viruses are plant 
pathogens. 

Examples of Infectious Diseases

� Anthracnose leaf blotches
� Bacterial crown gall
� Bacterial fireblight of 

rosaceous hosts
� Black spot of rose
� Cedar rust diseases
� Dutch elm disease
� Tar spot of maple
� Plum black knot

� Septorialeaf spot of 
dogwood

� Phytophthoraroot and 
crown rots

� Powdery mildew diseases
� Scab on crabapple
� Sphaeropsistip blight of 

pine
� Verticillium wilt

Black Spot of Rose
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What’s in a Name: Alternate 
Hosts

Cedar (Juniper) – Apple Rust

On Juniper

On Crabapple

Tar Spot of Maple – Late Season

Plum Black Knot
Bacterial Crown Gall

Septorialeaf spot on dogwood

86 – Lily Rhizome
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Spores on wet overwintered 
infected leaf debris

Powdery Mildew:  Nine Bark 
‘Diablo’

Powdery Mildew on Dogwood

Powdery Mildew on Callery Pear Powdery Mildew on Callery Pear
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Diplodia Tip Blight - ISU

The Host Plant

Verticillium Wilt
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Guignardia Leaf Blotch at its Worst

Rhizomorphs of Armillaria on lower trunk of black cherry.  Bark has  fallen off.

Mycelial fan of Armillaria at base of pine (bark removed).
Armillaria mushrooms growing from killed tree (probably A. mellea).



8

Remember the shoestring fungus Quite the fashion setter

Ten Keys to Disease Management

� Power of the Triangle: Host
� Power of the Triangle: Pathogen
� Power of the Triangle: Environment
� Disease is a Process
� Diagnostics are Critical to Management
� Each Disease is Unique
� Disease Cycles are Important
� All Plants Make Faults
� Timing is Everything
� Disease is in the Eye of the Beholder

Plant Pathogens are
Micro-Organisms
You can’t see them with the naked 
eye!

A Fungus Amongus

� Hypha (- hyphae plural):

� The microscopic, thread-like cell-to-cell 
basic form of fungi

� Mycelium (- mycelia plural):
� The fungal structure that is made-up of 

multiple strands of hyphae.A Fungal Mycelium

A Fungal Hypha With Cell Septa

A Fungal Hypha Lacking Cell Septa

Armillaria spp.

When Fungi Go Big-Time!
Mycelium:

Rhizomorphs a.k.a."Shoestring Fungus"
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� Fruiting Structures (a.k.a. “fruiting 
bodies”):
� The fungal structure that gives rise to 

spores

� Mushrooms are an example

When Fungi Go Big-Time!

Armillaria spp.

Honey Mushrooms

When Fungi Go Big-Time!
Fruiting Structures:

Polyporus= “many pores” squamosis= “scaly”

Polyporus squamosus

A "Sign" = the actual pathogen

Leaf Cross-Section

Fungal Infection:

Fungal spore lands on the surface of the plant leaf:The spore germinates:The fungus penetrates the plant:Fungal hyphae grow within the plant leaf 
establishing a host – parasite relationship
Disease symptoms develop

THE POWER OF THE TRIANGLE

Disease Triangle
The Host Plant

Plant Resistance
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The Host Plant
Plant Resistance:  
Apple Scab

Resistant Susceptible

Tale of Two Crabapples

OSU OARDC Crabapple 
Evaluation Plot

Table 1.  Apple Scab at Secrest Arboretum in Wooster, Ohio in 2003.

Crabapple Taxon Aug 14 Jul 2     Jun 2

‘Adirondack’ 0.00 0.00 0.00
‘Bob White’ 0.00 0.00 0.00 
‘Canterbury’ 0.00 0.00 0.00 
‘Cardinal‘ 0.00 0.00 0.00
‘Firebird’ 0.00 0.00 0.00 
‘Foxfire’ 0.00 0.00 0.00 
‘Golden Raindrops’ 0.00 0.00 0.00 
‘Holiday Gold’ 0.00 0.00 0.00
‘Jackii’ 0.00 0.00 0.00 
‘King Arthur’ 0.00 0.00 0.00
‘Lollipop’ 0.00 0.00 0.00 
‘Louisa’ 0.00 0.00 0.00 
‘Prairie Maid’ 0.00 0.00 0.00 

0 = no scab observed;  
1 = less than 5% of leaves affected and no aestheti c impact;  
2 = 5-20% of leaves affected, with some yellowing b ut little or no defoliation, moderate aesthetic imp act;  
3 = 20-50% of leaves affected, significant defoliat ion and/or leaf yellowing, substantial aesthetic im pact;   
4 = 50-80% of leaves affected, severe foliar discol oration and defoliation, severe aesthetic impact; a nd 
5 = 80-100% of foliage affected, with 90-100% defol iation.

Table 1.  Apple Scab at Secrest Arboretum in Wooster, Ohio in 2003.

Crabapple Taxon Aug 14 Jul 2     Jun 2

‘‘Rawhide’ 0.00 0.00 0.00 
‘Silver Moon’ 0.00 0.00 0.00 
‘Strawberry Parfait’ 0.00 0.00 0.00  
‘Tina’ 0.00 0.00 0.00  
M. sargentii 0.00 0.00 0.00
‘Royal Raindrops’ 0.00 0.00 0.00
‘Sinai Fire’ 0.20 1.00 1.00
‘Hamlet’ 0.33 0.00   0.00 
‘Camelot’ 0.40 0.40 0.20
‘Callaway’ 0.50 0.00 0.00 
‘Dolgo’ 0.60 0.60 0.60 
‘Excalibur’ 0.60 0.60 0.00 
‘Prairifire‘ 1.00 0.80   0.40 
‘Red Jewel’ 1.00 1.00 0.60

0 = no scab observed;  
1 = less than 5% of leaves affected and no aestheti c impact;  
2 = 5-20% of leaves affected, with some yellowing b ut little or no defoliation, moderate aesthetic imp act;  
3 = 20-50% of leaves affected, significant defoliat ion and/or leaf yellowing, substantial aesthetic im pact;   
4 = 50-80% of leaves affected, severe foliar discol oration and defoliation, severe aesthetic impact; a nd 
5 = 80-100% of foliage affected, with 90-100% defol iation.

Table 1.  Apple Scab at Secrest Arboretum in Wooste r, Ohio in 2003

Crabapple Taxon Aug 14 Jul 2     Jun 2

‘Beverly’ 1.20 0.25 0.00
‘Guinevere’ 1.20 0.80 0.80 
‘Candymint’ 1.40 1.00 1.00 
‘Pink Princess’ 1.80 1.00 0.20 
‘Cinderella’ 2.00 2.00 1.20
‘Lancelot’ 2.00 1.00 0.60
‘Mary Potter’ 2.00 2.00 1.80
‘Purple Prince’ 2.00 1.40 1.00 
‘Scarlet Brandywine’ 2.25 1.50 1.25
‘David’ 2.80 2.00 2.00 
‘American Salute’ 3.00 3.00 2.00
‘Manbeck Weeper’ 3.00 2.80 1.80 
‘Molten Lava’ 3.00 2.00 1.00
‘Royal Fountain’ 3.00 2.80 1.80
‘Red Jade’ 3.00 2.00 2.00 

0 = no scab observed;  
1 = less than 5% of leaves affected and no aestheti c impact;  
2 = 5-20% of leaves affected, with some yellowing b ut little or no defoliation, moderate aesthetic imp act;  
3 = 20-50% of leaves affected, significant defoliat ion and/or leaf yellowing, substantial aesthetic im pact;   
4 = 50-80% of leaves affected, severe foliar discol oration and defoliation, severe aesthetic impact; a nd 
5 = 80-100% of foliage affected, with 90-100% defol iation.

Table 1.  Apple Scab at Secrest Arboretum in Wooste r, Ohio in 2003

0 = no scab observed;  
1 = less than 5% of leaves affected and no aestheti c impact;  
2 = 5-20% of leaves affected, with some yellowing b ut little or no defoliation, moderate aesthetic imp act;  
3 = 20-50% of leaves affected, significant defoliat ion and/or leaf yellowing, substantial aesthetic im pact;   
4 = 50-80% of leaves affected, severe foliar discol oration and defoliation, severe aesthetic impact; a nd 
5 = 80-100% of foliage affected, with 90-100% defol iation.

Crabapple Taxon’ Aug 14 Jul 2     Jun 2

‘Canary’ 3.20 2.80 2.00
‘Coralburst’ 3.20 3.00 1.00
‘Professor Sprenger’ 3.20 300 2.00
‘Brandywine’ 3.25 2.00   1.75
‘Adams’ 3.40 2.80 2.20 
‘Sugar Tyme’ 3.40 3.00 2.00 
‘Sentinel ‘ 3.40 2.60 1.80
‘Thunderchild’ 3.40 3.00 2.00
‘Red Splendor’ 3.60 2.60 2.00
‘Silver Drift’ 3.80 2.80 1.80 
‘Doubloons’ 4.00 2.20 1.60
‘Donald Wyman’ 4.20 2.80 2.00 
M. floribunda 4.00 2.60 2.00

Table 1.  Apple Scab at Secrest Arboretum in Wooste r, Ohio in 2003.

0 = no scab observed;  
1 = less than 5% of leaves affected and no aestheti c impact;  
2 = 5-20% of leaves affected, with some yellowing b ut little or no defoliation, moderate aesthetic imp act;  
3 = 20-50% of leaves affected, significant defoliat ion and/or leaf yellowing, substantial aesthetic im pact;   
4 = 50-80% of leaves affected, severe foliar discol oration and defoliation, severe aesthetic impact; a nd 
5 = 80-100% of foliage affected, with 90-100% defol iation.

Crabapple Taxon’ Aug 14 Jul 2     Jun 2

‘Harvest Gold’ 4.00 3.00 2.00 
‘Indian Magic’ 4.60 3.00 2.00
‘Pink Satin’ 4.60 3.60 2.00
‘Spring Snow’ 4.60 3.00 2.00
‘Snowdrift’ 4.20 3.00 2.00
‘Weeping Candied Apple’ 4.20 3.80 2.00
‘Jewel Berry’ 4.60 3.30 2.00 
‘White Cascade’ 4.60 3.00 2.20  
‘Royal Scepter’ 4.80 2.20 2.00
‘American Masterpiece’  5.00 3.00 2.00 
‘American Spirit’ 5.00 3.00 2.00 
‘American Triumph’ 5.00 3.00 2.00
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The Story of Fireblight:  Control

� Site of plantings

� Resistant taxa
� Coppers and streptomycin

� Hawthorn laws (Netherlands)

The Story of Fireblight:  Control

� Site of plantings

� Resistant taxa
� Coppers and streptomycin

� Hawthorn laws (Netherlands)

The Host Plant
Plant Resistance:  Anthracnose

Sycamore:
Platanus occidentalis 

London Planetree: 
P. occidentalis x P. orientalis

The Host Plant

Verticillium Wilt

Using the Disease Triangle
The Environment

Water

Wet Foliage

Anthracnose Diseases

Sycamore Anthracnose

Leaf Spots

Rose Black Spot
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Poor Drainage

The Environment

Root Rot

Taxus Phytophthora Root Rot
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Using the Disease Triangle

Botrytis on Roses

The Pathogen:  Sanitation The Pathogen:  Sanitation
Peony Leaf Blotch
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Leaf Cross-Section

Disease Prevention:
Fungicide

The Pathogen:  Fungicides

� Fungicides are preventative

� They must be applied before symptoms 
appear to achieve maximum disease 
prevention

� You may not know whether or not they are 
actually needed

Disease Cycles

� “Succession of all events and interactions 
among the host, parasite and environment 
that occurs in a disease, from initial 
infection of the plant by a causal agent, 
through pathogenesis, to over-seasoning, 
until another infection occurs.”

� American Phytopathological Society

Disease Cycles

� “Disease Cycles are important to green 
industry plant health managers because 
understanding the unique succession of 
events for each infectious disease is the key 
to development of effective management 
strategies for each disease.  It leads to 
important questions, such as…

Disease Cycles

� How does the pathogen survive between 
growing seasons?

� How does the pathogen move about?

� Do insects play a role in the dispersal of 
pathogens?

� When do infections occur?
� Is there a repeating cycle to infection?
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Using the Disease Triangle
Rose Black Spot Management

� Avoid overhead irrigation, especially late in the day or at 
night (Environment).

� Prune away shade-producing vegetation to improve rapid 
drying of foliage (Environment).

� Destroy infected leaves and canes of the previous year 
(Pathogen).

� Use an effective spray program with a properly labeled 
fungicide beginning when leaves emerge in the spring 
(Pathogen).

� Some varieties have been reported to be resistant or 
tolerant to black spot (Host Plant).

From:  “Disease Control in the 
Landscape,” OSU Extension 
Bulletin 614 

The Story of Fireblight:  Hosts

� Rosaceae, esp. apple, pear, pyracantha

� Crabapples:  ‘Golden Raindrops’, ‘Sinai 
Fire’, ‘Firebird’, ‘Silver Moon’

� Callery pears:  ‘Aristocrat’, ‘Autumn Blaze’

Which of the following plants are 
susceptible to fireblight disease?

A. Pear
B. Apple
C. Mountainash
D. Firethorn
E. All of the above.

Black Knot Susceptibility

� Occurs only on trees 
and shrubs in the 
genus Prunus

Plum Black Knot
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Verticillium Wilt Diseases

� All Conifers
� Birch
� Crabapple
� Dogwood
� Holly

� Oak
� Pear
� Planetrees
� Sweet Gum
� Willow

What about this list is relevant to a discussion of 
Verticillium wilt disease?

Verticillium Wilt Diseases

� Ash
� Barberry
� Catalpa
� Elm
� Magnolia

� Maple
� Redbud
� Russian Olive
� Tuliptree
� Viburnum

What about this list?

What’s in a Name: Alternate 
Hosts

Cedar (Juniper) – Apple Rust

On Juniper

On Crabapple
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Which of the following would be 
considered powdery mildew 
fungicides?

A.  Rubigan

B.  Banner
C.  Thiophanate - methyl products

D.  Strike
E.  All of the above

Downy Mildew Fungicides

� Which of these are good downy mildew 
fungicides?

� Aliette

� Heritage
� Stature

� All of the above 

Which of the following are water 
mold fungi?

� Pythium ultimum

� Phytophthora cinnamomi

� Fusarium oxysporum

� Rhizoctonia solani

� Thielaviopsis basicola

Which of the following are useful 
for controlling water mold fungi?

A. Chipco 26019
B. Cleary’s 3336
C. Rubigan
D. Banner MAXX
E. Daconil
F. Banrot
G. Subdue

Fungicides are toxic to fungi

� may be lethal to the pathogen

� inhibit germination or growth
� affect inoculum quality (survival, amount)

� by multiple mechanisms
� by single site mechanisms
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Fungicides for Scab

Banner Maxx
Cygnus
Compass
Daconil
Heritage
Eagle
Mancozeb
Cleary’s 3336

Banner Maxx
Cygnus
Compass
Daconil
Heritage
Eagle
Mancozeb
Cleary’s 3336

Rubigan
Sovran
Spectro
Sillit
Strike
Terraguard
Vanguard
Zyban

Rubigan
Sovran
Spectro
Sillit
Strike
Terraguard
Vanguard
Zyban

Notes : Tebuject is registered for tree injection. Trees are to be injected as a 
preventative treatment. Do not inject trees less than 2 inches in diameter or unless 
trees are suffering from various stresses. 

Fungicides for Oomycetes

� Copper--Camelot, Kocide
� Mefonoxam-- Subdue
� propamocarb-- Banol
� fosetyl- Al-- Aliette
� Phosphorous acid --Agri-fos, Vital, BioPhos etc.
� Etridiazole-- Terrazole Truban
� Strobilurins-- Heritage, Compass, Cygnus, Fenstar
� Mancozeb--Dithane, Protect T/O
� Dimethomorph--Stature--not effective against 

Pythium

Should fungicides be used in the landscape?  
Be sure that the answer to all of the following 
questions is yes!

� Is the plant a valuable specimen?
� Has the disease been properly diagnosed?
� Is the disease life-threatening to the plant?
� Have all available cultural practices been used?
� Are there legal chemical controls available?
� Are appropriate application methods available?
� Will only one or a few fungicide applications each 

season be sufficient to control the disease?
� Are targets such as play areas or vegetable gardens 

unlikely to be exposed to the treatment?
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Reasons Fungicides Fail

� Faulty Diagnosis Of Disease.
� Faulty Diagnosis of the Type of Disease. 
� Faulty Fungicide Selection. 
� Improper Timing. 
� Overreliance on Fungicides. 
� Confusing Fungicide Names. 
� Fungi May Develop Resistance to Fungicides. 

Test Your Fungicide Knowledge 

Azoxystrobin
Etridiazole
Fenarimol
Mancozeb
Thiophanate-methyl
Triadimefon
Trifloxystrobin
Triflumazole

Heritage
Truban
Rubigan
FORE
Cleary’s 3336
Strike
Compass
Terraguard

Match these fungicide common and trade names:

“The science of plant pathology 
must be far more than mere squirt 

gun botany.”

- Roland Thaxter

Managing foliar diseases

� Choose to plant disease-resistant species 
and cultivars.

� Provide good sunlight penetration and 
ventilation through judicious pruning.

� Prune out blighted shoots.
� Rake up and destroy fallen leaves as they 

occur and in autumn.
� Apply fungicides only if justified.

Tar Spot of Maple – Late Season

“Tar spot of maple is one of the 
most spectacular—and least 
damaging—diseases of maple.”

- Wayne Sinclair
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Insects To Discuss Today

� Sawflies and Caterpillars

� Bagworms
� Sucking Insects

� Emerald Ash Borer
� Asian Longhorned Beetle

From Thomas Eisner

� “Insects won’t inherit the 
Earth…They own it now.” 

Insects Are Truly With Us!

� At any given time, it is estimated that there are 10 
quintillion (10,000,000,000,000,000,000) 
individual insects flying, crawling, or squirming 
across the face of the Earth.

� Their biomass is 2.2 trillion (2,200,000,000,000) 
pounds or 1.1 billion (1,100,000,000) tons.

� For the 6.5 billion people on Earth, this means 
there is around 330 lbs. of insects for each person.

But Not All Of Them Are So Bad!

� Of the 90,000 described species of insects found 
in North America north of Mexico, only 6,700 or 
7.4% are pests.  Of this number, only 700 species 
frequently or occasionally cause serious damage.  
That is only 0.7%.  The remaining 6,000; or 6.6%, 
rarely cause significant damage.

� Many of the other insects are “beneficials”, 
including Predators, Parasitoids, and Pollinators.  

Some Good Guys:
Fiery Searcher 
Caterpillar Hunter

Six-Spotted Tiger 
Beetle

Wheel Bug

Sawflies
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Caterpillars vs. Sawflies

Why is it Important to 
know the difference 
between caterpillars 
and sawflies?

SpraySpray

Nothing Happens!

Imidacloprid

Caterpillars vs. Sawflies

SpraySpray

Nothing Happens!

Bt:  Bacillus thuringiensis

� Caterpillars:

� Moths & Butterflies
� 2 – 5 pairs of prolegs

� Crochets (hooks) on prolegs
� Sawflies:

� Wasp-like insects

� 6 – 9 pairs of prolegs
� No crochets on prolegs

Caterpillars vs. Sawflies

Cecropia Moth: Caterpillar & Moth

Introduced Pine Sawfly Larva

Prolegs (4 pairs)

Prolegs (7 pairs)

Thoracic legs (3 pairs)

Caterpillars vs. Sawflies
You don’t even need to take 
your shoes off!

High Five!

Dusky Birch Sawfly Roseslug Sawflies
Bristly Roseslug 
Sawfly
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European Pine Sawfly

Redheaded Pine Sawfly

Sawfly Insecticides
Traditional
� Sevin
� Orthene

Still/Now Available
� Pyrethroids (permethrin, 

resmethrin, 
esfenvalerate, 
bifenthrin, cyfluthrin)

� Merit (imidacloprid)
� Safari (dinotefuran)
� TriStar (acetamiprid)
� Soaps or Oils

“Pre-Loading” Imidacloprid

� European Pine Sawfly:

� Overwinters as eggs:  eggs hatch in 
spring

� Fall application (mid-Oct. to mid-Nov.) 
prevents eggs from hatching

� Redheaded / White Pine Sawflies:
� Overwinter as pre-pupae:  eggs hatch in 

late-spring to early summer
� Spring application prevents egg hatch of 

1st generation (remember:  2 

Items To Discuss Today

� Insects in Perspective
� The Importance of Diagnosis
� Treeage
� Sawflies: Diagnosis and Control
� Caterpillars– Bagworms And More
� The Emerald Menace
� Insects Suck!
� Why Trees Matter

Bagworm:



22

Defoliation on Tricolor Beech Bagworm on Arborvitae

Plastic Ono Bagworm Band

Global Worming?

Bagworm:

��������������������������������

Caterpillars
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Forest Tent Caterpillar

Forest Tent 
Caterpillar

Caterpillar Madness

MapleBurning BushPeony

Katsura

Lilac

Hawthorn

Yellownecked Caterpillar

Yellownecked 
Caterpillar

Different 
Color-
Phases

Big Problems:
• Feed in colonies = rapid defoliation
• 2 to 3 generations per season

Mimosa Webworm

Caterpillar Insecticides
Traditional
� Sevin
� Orthene (Professional only)

Still/Now Available
� Tempo, Talstar, Deltagard, Scimitar, 

Astro

� Conserve
� Emmamectin-benzoate (Arborjet)

� Soaps or Oils
� Bt

� Merit / Meridian (imidacloprid)? 
(NO!)

� Flagship (thiamethoxam)? (NO!)

� Arena (clothianidin) (Suppression)
� Safari (dinotefuran) (Pretty Good)

� TriStar (acetamiprid) (Very Good)

A Real Problem With Early 
Neonicotinoids and 
Caterpillars

Sucking Pests



24

Sucking Pests

� Aphids

� True Bugs (Plant Bugs, Lace Bugs)
� Scale Insects

� Mites:
� Spider Mites
� Eriophyid Mites

Stippling:  Sycamore Lace Bug

Symptoms of Sucking Pests

Bronzing:  Baldcypress Rust Mite

� Foliage Discoloration:

� Spots & Stipples
� Yellowing & Bronzing

� Twisted foliage
� Sticky “honeydew” sometimes colonized by 

black sooty mold

Four-Lined Plant Bug

Sucking Pests:  True Bugs

Linden Lace BugHawthorn Lace Bug

Sucking Pests:  Scales
Hard Scale: Euonymus Scale

Soft Scale: Magnolia Scale

Calico Scale Scale Control (Crawlers)
Traditional
� Sevin
� Orthene (Professional 

only)
� Malathion

Still/Now Available
� Tempo, Talstar, 

Deltagard, Scimitar, 
Astro

� Merit (imidacloprid): 
(soft scales)

� Safari (dinotefuran) 
(armored & soft scales!)

� Soaps & Oils
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Insecticide LD50s

Acephate (Orthene) 980
Chlorpyrifos (Dursban) 270
Diazinon 400
Ethoprop (Mocap) 62
Fonofos (Crusade) 18
Isofenphos (Oftanol) 20
Isazofos (Triumph) 40-60
Malathion 1000
Trichlorfon (Dylox/Proxol) 250

Organophosphates (acetylcholinesterase inhibitors)

Bendiocarb (Turcam) 156
Carbaryl (Sevin) 246

Bifenthrin (Talstar) 375
Cyfluthrin (Tempo) 826
Fluvalinate (Mavrik) 282
L-cyhalothrin (Scimitar) 79
Permethrin (Astro) 430

Pyrethroids (disrupt nerve sodium pump)

Carbamates (acetylcholinesterase inhibitors)

Insecticide LD50s

Imidacloprid (Merit) 450
Nitroguanidine (post-synaptic block, nicotinic ACH sites)

Thiamethoxam (Meridian) 1563
Nitroguanidine (post-synaptic block, nicotinic ACH sites)

Newer Insecticide LD50s

Clothianidin (Arena) >5000
Nitroguanidine (post-synaptic block, nicotinic ACH sites)

The Neonicotinoids

Acetamiprid (TriStar) 217
Pyridylmethylamine (post-synaptic block, nicotinic ACH sites)

Dinotefuran (Safari) >2000
Nitroguanidine (post-synaptic block, nicotinic ACH sites)

Halofenozide (MACH2) 2850
Diacylhydrazine (molt accelerating compound, induces molt)

Spinosads (Conserve) 3783-5000
Spinosad (synaptic stimulation nicotinic acetycholine sites)

Fipronil (Chipco Choice) 97
Phenylpyrazoles (GABA receptor disruption)

Newer Insecticide LD50s

Azadirachtin A & B (Azatrol, Neem, etc.)
>3540

Tetranortriterpenoid (ecdysone blocker; antifeedant)

Chlorantraniliprole (Acelepryn) >5000
Anthranilic Diamides (muscle calcium disruption)

Landscape Disasters
of 2011

Just when you think it 
can't get any worse!

Emerald Ash Borer 
(EAB)

Asian Longhorned Beetle 
(ALB)

We have Two 800 lb. Gorillas!
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Diagnostic Case-Study:  What 
Exactly Do You See?
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June 2005June 2006June 2007July 2008

Frass

Banded Ash Clearwing Borer: A 
Native Clearwing Moth

Native Ash Borers:  Very Common

� Clearwing Borers (Attack stressed trees)
� Banded ash clearwing borer
� Ash/lilac borer

� Roundheaded Borers (Attack dead and dying
trees)

� Redheaded ash borer
� Banded ash borer
� Ash and privet borer

� Bark Beetles (Attack dead and dying trees)
� Eastern ash bark beetle

Emerald Ash Borer (EAB)

The “Big Gorilla” of Borers
That’s the 
Gorilla Emerald Ash Borer

(EAB)

Agrilus planipennis

Family:  Buprestidae

���������������

EAB Only Attacks 
Ash Trees 

Distribution of Ash
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Emerald Ash Borer (EAB) Adult
Agrilus planipennis

Order:  Coleoptera
Family:  Buprestidae

“Metallic Wood-Boring Beetles”

SizeColor VariationsAdults Notch Leaves

Limited Impact on Tree Health

���������
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D-Shaped Exit Hole

Dead

Emerald Ash Borer (EAB) Larva
Agrilus planipennis

“Flatheaded Borers”

Bell-Shaped Segments 

Flattened “Head”

Order:  Coleoptera
Family:  Buprestidae

Mature Larval 
Size

Larvae Kill Trees

States With Known EAB Infestations

How Did EAB Spread So 
Far So Fast?

Caught on EAB-Cam! 

�


�
��������
��
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Toledo Today: Emerald Ash Borer
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EAB Infestation Within Trees:

First / Second Year

Second / Third Year

Third / Fourth Year

Larvae Live 
Beneath the Bark of 
Living Ash Trees

EAB Larval Feeding Behavior

Larvae consume 
phloem, cambium, 
and etch the xylem

���������������
���
�

�������
��������
�������������������

Emerald Ash 
Borer Damage
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Ring Porous Trees:  Ash EAB Diagnostics:

BE CAREFUL!  These 
symptoms could be caused by 
something else
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EAB Treatment 
Options

Just Shoot’em!

Insecticide Options for EAB

� Bark and canopy sprays (contact):
� synthetic pyrethroids (Astro, Onyx)

� Bark spray (systemic):
� Dinotefuran (Safari) + Pentra-Bark

� Soil injections / drenches (systemic):
� imidacloprid (e.g. Merit, Bayer Advanced Tree and Shrub Insect 

Control, Xytect)

� Trunk injections (systemic):
� Imidacloprid (IMA-jet, Imicide, Pointer)
� Bidrin (Inject-A-Cide B)
� Acephate (Acecaps)
� Emamectin Benzoate (Syngenta / Aborjet: TREE-äge)
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Asian Longhorned Beetle
in Ohio

ALB Host Trees
� All Maples:

� Sugar
� Silver
� Red
� Norway
� Boxelder

� Ash

� Birches
� Elms
� Willows
� Poplars
� Horsechestnuts
� Buckeyes

OH No!

An Effective Control of 
Silver Maples

Longhorned BeetleLonghorned Beetle

Dave Shetlar, OSU Entomology

Asian Longhorned Beetle (ALB) 
(Anoplophora glabripennis)

Family:  Cerambycidae

ALB is a HUGE beetle!

Roundheaded BorerRoundheaded Borer

5 - 6 Instars:  larval stages

Adults DO NOT survive the winter!

ALB:  Where Did it Come From?

Native to Eastern Asia:
China, the Koreas, and Japan

ALB:  How Did it Get to
North America?

What We Do Know
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ALB is a World Traveler

NY
NJ

MAIL
OH

Toronto

ALB:  How Did it Get to Ohio?
Keep me as Coach, or I'll 
release this beetle!

ALB:  How Did it Get to Ohio?
We Don't Know ... !

Detecting ALB in Landscapes 
and Forests

Another Segway

ALB DIAGNOSTICS

What's Happening to the Tree

And 
What Exactly Do We See?
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Tree Trunk Basics

Graphic by Joe Boggs, OSU Extension

Bark

Phloem

Cambium

Xylem
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Cambial Cells + O2 = Wound (Callus) Tissue
Emerald Ash BorerALB

Wound Tissue

Tree Trunk Basics

Graphic by Joe Boggs, OSU Extension

Bark

Phloem

Cambium

Xylem

�������&�
,�� 
��
������ ��
��


�� ��
��� ����
��������
��������
-��
��

,�� ����������

���
���
� ��
���
-��
�����
�.����

��������
�����������
��
��������������
���
��������.����

Ring Porous Trees

Graphic by Joe Boggs, OSU Extension

Bark

Phloem

Ash
Black Locust
Elm
Hickory
Honeylocust
Oak

Xylem
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Cambium

Ash Trees

Our Other Non-Native Borer

Emerald Ash Borer 
Tunneling

Graphic by Joe Boggs, OSU Extension

Early Instars Late Instars Phloem, Cambium, and Outer 
Xylem Ring are Destroyed 

Early Damage Eventual Damage

Synchronized Death

Diffuse Porous Trees

Graphic by Joe Boggs, OSU Extension

Birch
Beech
Dogwood
Maple
Poplar
Sycamore
Spruces, Pines,
Firs, Hemlock

���������������
���
�
���
������������
������������

Xylem

Bark

Phloem

Cambium

Maple Trees
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Asian Longhorned Beetle 
Tunneling

Graphic by Joe Boggs, OSU Extension

1st – 2nd Instars

3rd – 5th Instars

Phloem and Cambium are 
Destroyed 

Xylem is Tunneled 

Early Damage Eventual DamageDiffuse Porous:
Don't Die QuicklyBranch Breakage!

What Exactly Do You See with 
ALB?

Holes

NOTE:  Holes are on Living trunks and branches

Holes
Oviposition Pit

Adult Exit Holes

Adults will soon emerge 
through these holes

Oviposition Pit
Oozing Sap

Adult Exit Holes

New 
Oviposition 
Pit

Holes:  Oviposition Pits

Female Chewing an Oviposition Pit

Holes:  Adult Exit Holes

Adult Emerging



33

Holes:  Woodpeckers Frass

Frass:  an adult will 
soon emerge through 
this hole

Bark Cracking / Sloughing Feeding Damage

Powerful Mandibles

Feeding Damage:  Twig/Petiole Feeding Damage:  Leaf Veins
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Thinning Tree Canopy Diagnostics:  The Beetle!

The Worcester, MA, ALB infestation:
Found by a homeowner who identified the beetle!

The Beetle Male guarding a female 
as she chews an 
oviposition hole

The Beetle:  Camouflaged!

ALB Diagnostics

Don't Jump to 
Conclusions!

What's Wrong with This Maple?
Symptom:  Thinning Canopy

Verticillium Wilt?

Construction Injury?

Maple Anthracnose?

Forest Tent Caterpillar?

Root Rot?

Cankerworms?

Chemical Injury?

Asian Longhorned Beetle?
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Holes in Trees

Maple:
Sapsucker Holes

Sapsucker
and Wrong Host

Birch:
Sapsucker Holes

Birch:
Bronze Birch Borer

Asian Longhorned 
Beetle

Some "Nearly"
Look-A-Likes!

Dave Shetlar, OSU Entomology Dave Shetlar, OSU Entomology

Whitespotted Pine Sawyer: Female

Dave Shetlar, OSU Entomology

Whitespotted Pine Sawyer: Male

Note:  White Spot!

Dave Shetlar, OSU Entomology

Cottonwood Borer
(rare in Ohio)
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A Final Segway

It's Not Apples to Apples!

ALB versus EAB

BIG Differences in Spread 
and Management

Emerald Ash Borer

Widespread, dense infestations:
Multiple states

ALB in the United States

Distinct Infestations:
New York, New Jersey, 
Massachusetts, Illinois, and Ohio

EAB versus ALB

EAB

� Single plant genus

� Widespread; large areas infested

� Beetles easily disperse; love to 
fly!

� Can kill trees quickly

� Clear and Present Danger 
throughout much of Indiana

� Multiple management options in 
Indiana

� No chance for eradication

ALB

� Multiple plant families/genera
� Isolated infestations
� Beetles stay with trees; hate to 

fly!
� Diffuse porous trees take a long 

time to die
� Confined to one known 

infestation in Ohio
� Management options predicated 

on eradication
� Eradication has been successful
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What Can You Do?

Remain Vigilant!

Be on the Lookout for 
ALB!

Surveying for ALB Surveying for ALB
I can see 

Kentucky from 
here!

Keep 
Yourself 
Informed 
and  
Updated!

A Guiding Principle:

" Everyone is entitled to their own opinion,

but not their own facts."
-- Daniel Patrick Moynihan
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Sources of Information:

� USDA APHIS:

� http://www.aphis.usda.gov/
� USDA APHIS – Beetle Busters:

� http://www.beetlebusters.info/
� Ohio Department of Agriculture:

� http://www.agri.ohio.gov/

� Toll-Free Phone Number:  855-252-6450

QUESTIONS

We Are Getting Close to the End

Who said: “Time flies like an arrow, 
but fruit flies like a banana.”

A. Karl Marx

B. Groucho Marx
C. Harpo Marx

D. Herman Muller
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First the howling winds awoke us

Then the rains came down to soak us
Now – before the mind can focus –

Crocus.

- Lilja Rogers


