Georgia Agriculture Education Curriculum


Course:
03.451

Forest Science I

Unit 9:
Forest and Tree Disorders
Lesson 3:
Forest Diseases

GPS:
 AG-FS-10-C,AG-FS-10-D, AG-FS-10-F

Academic Standards:
ELA9SV1, ELA9LSV2, SCSh2, SCSh9
Objectives: 

1.
Identify specific forest diseases.

2. Recognize and describe the damage caused by certain forest diseases

3. Describe the life cycles of forest diseases.

4. Recommend control practices for forest diseases.

Teaching Time:  
5 days – 55 minute periods
References:

Georgia Pest Control Handbook. Current Edition. 

Forests and Forestry. Interstate Publishers, Inc. Danville, IL. 
Insects and Diseases of Trees in the South. United States Forest Service.
Forest Health Guide for Georgia Foresters, Georgia Forestry Commission

www.gfc.state.ga.us/Education/ 

Science of Forestry Management, AAVIM
Georgia Ag. Ed. Power Point: Forest_Disorders.ppt
Georgia Ag. Ed. Power Point: Forestry_Diseases.ppt
Materials and Equipment:

Samples of disease damage, etc.
Teaching Procedure

Introduction and Mental Set

Organisms that can cause tree disease are fungi, bacteria, viruses, 

mycoplasmalike organisms (MLO’s), and nematodes.  The fungi are the

most important group to forest pathology.  Many fungi require a weakened

host yet others are perfectly capable of infecting healthy plants.  Extensive

deviations from the normal such as drought, freezing, defoliation and

transplanting shock often predispose trees to disease.  The economic and


environmental impacts that diseases have caused are illustrated best by the devastation wrought by Dutch Elm disease and Chestnut Blight.  Both

diseases were introduced into North America in the early to mid 1900’s.

Since then most of the American Chestnut and Elm trees have been killed.

As the United States expands its trade with foreign countries, the threat of 

new diseases being introduced into American forests becomes more

imminent.

Discussion

1. Disease list:  The diseases covered in this lesson are those that are included in the Tree and Forest Disorders event of the Forestry CDE.  They are listed in the Forestry CDE portion of the FFA Awards 

2. Manual.  They are also listed here for convenience.


       
Diseases


       
Annosus Root Rot


       
Black Knot


       
Brown Spot Needle Blight


       
Cedar Apple Rust


       
Fusiform Rust



Hypoxylon Canker


       
Littleleaf Disease



Needle Casts



Nectria Canker


      
Pine Needle Rust


       
Pitch Canker



Slime Flux



Sooty Mold



Sudden Oak Death


2.
Disease descriptions:  Student notes can be located on the 


                     Curriculum CD under 03451, Unit 9, Student Notes.  These 





descriptions include the importance, identification of the pathogen, 



identification of the injury,  biology and control.  The student notes 





were developed so that they could be copied and handed to the 





students to be placed in their notebooks.  The blanks are to be filled 

in the students.  Teacher notes follow this section.
3.
Hardwood Diseases (Foliage, Twig and Canker)

Black Knot, Dibotyron morbosum
Importance — Black knot is an important disease of cherry, because it degrades this valuable veneer and lumber species.  Except for southern Florida and southern Louisiana, this disease is found throughout the Southeast.  Many species of cherry are affected, but black cherry is the only commercially important species.  The disease is rarely fatal.

Identifying the Fungus —Swellings on the branch of the host plant are covered with an irregular, rough, fruiting layer of fungal tissue.  Spore bearing fruiting bodies form within this fruiting layer.  The fruiting bodies and the spores are easily recognized by a specialist.

Identifying the Injury — Black knot is a disease that causes irregular black swellings on black cherry stems, branches, and twigs.  Often a white fungus is found growing over the swellings.  Later, the swellings blacken and appear rough.

Biology — Infection occurs during the spring, and swellings develop the following spring.  These swellings are overgrown by a black irregular mass of fungal fruiting bodies.

Control —Control is generally achieved by pruning out diseased tissue along with at least 12 inches of uninfected wood.  In forest stands, trees with infections on their boles should be removed during improvement thinning.
Hypoxlon Canker, Hypoxylon spp.



Importance - Fungi in the genus Hypoxylon generally cause a white



rot of hardwood slash. However, some species are known to cause

severe cankering of stressed hardwoods. Cankering caused by this

fungus contributes to the premature death of trees stressed by drought, construction damage, or other problems. Rapidly rotting tissue leads to structural weakening, which causes serious hazard to people or property in high-use areas.

Identifying the Fungus - The fungus is usually visible as a definite

fruiting layer that has dislodged the bark. Fruiting layers vary in color.



Hundreds of small, black fruiting bodies are imbedded in this layer.



Identifying the Injury - The fungus invades the tree's cambium, and



the fruiting layer exerts sufficient pressure to dislodge the bark. 


Careful observation is sometimes needed to see the fruiting layer, 


since it can resemble the bark of some trees, such as hackberry.



Biology - Weakened trees are most often attacked by Hypoxylon 


spp. The fungal spores enter wounds, germinate, and grow into the



cambium, severely cankering and often girdling the tree very 


quickly.  Concurrently, white rot of the sapwood under the canker 


begins.  Fruiting structures eventually cover the cankered area and 


rupture the bark. Spores are produced at a rapid rate and are wind 


borne to new hosts.



Control - Disease prevention can be achieved in high value trees by



keeping the tree vigorous and unwounded. Fertilize high value 


trees and water them during drought periods. Once infection has 


occurred, remove infected limbs or trees, because they rapidly 


become hazardous to people and property.


Nectria Canker, Nectria galligena and N. magnoliae


Importance - Nectria canker is the most common canker disease 


of hardwood trees. It seriously reduces the quantity and quality of 


forest products. This disease usually does not kill trees, but causes 


serious volume losses. It is common on yellow birch, black 



walnut, and sassafras. It also occurs on aspen, red oak, maple, 


beech, poplar, and birch.



Identifying the Fungus - The fungus can be identified by the



creamy-white fruiting structures that appear on cankers soon after



infection. It can also be identified by the pinhead-sized, red,



lemon-shaped perithecia near canker margins after 1 year.



Identifying the Injury - Well-defined localized areas of bark,



cambium, and underlying wood are killed by the fungus. 



Concentric, annual callus ridges develop around the expanding 


canker, and bark sloughs off the older parts of the canker. After 


several years, the canker resembles a target.



Biology - The fungus survives through the winter in cankers, and



produces spores during the spring. Windblown and water splashed


spores infect tree wounds and branch stubs.



Control - Cankering may be minimized in high value areas by



avoiding wounds and pruning out branch cankers. Sterilize pruning



tools before moving to an uninfected tree and conduct pruning



operations during dry periods when spores are less abundant.


Slime Flux


Importance - This disease results in persistent, bad-smelling, 


bleeding cankers on the stem or at the base of many species of 


hardwoods. Oaks are the most seriously affected species. 



Incidence is low, but severe quality loss occurs to the infected 


tree.



Identifying the Cause - The prime wounding agents are insect 


borers, mechanical injuries, and natural cracks and splits which 


are rarely observed. Clear sap flowing from the wound becomes 


colonized with bacteria, darkens, and develops an unpleasant 


odor. The specific bacteria causing the dark color and odor are 


rarely identified.



Identifying the Injury - Patches of wet bark having a sour smell 


are generally the first symptom of this disease. In addition, 



insects are attracted to the wet area. Often the bark in the area 


of the 
slime flux separates from the tree bole and gives a hollow 


sound when tapped.

Biology — Wounding of hardwoods causes sap to flow from the injured area.  Bacteria colonize the sap causing the typical odor.  The bacteria-laden fluid is toxic to the bark and enlarges the wound with time.
Control — In the forest, practices that minimize wounding will reduce the spread of this disease.  For urban trees, maintaining vigorous, healthy growing conditions (through fertilization, watering, and mulching) and avoiding wounds will reduce the probability that trees will be affected by this disease.  Removing bark from the affected area will reduce damage to an individual tree.


Sudden Oak Death, Phytophthora ramorum


Sudden Oak Death syndrome is a primarily a forest pest that is 


spread through the movement of nursery stock. The spore-like 


structures (sporangia and oospores) of P. ramorum are easily 


spread by contaminated tools, wind, water, and splashing rain. 


Sudden Oak Death has been found in California (12 counties), 


Oregon (only one county), Germany, The Netherlands, Great 


Britain, and several other European countries. Depending on the 


climatic conditions and susceptible hosts in these areas, the 



disease ranges from devastating to minor on the respective 



forest 
ecosystems. No one knows what impact this disease 



could have in Georgia’s humid subtropical environment. 


It will kill oak trees, but other host plants may carry the disease and are affected, but may not be killed. Many of Georgia’s (and throughout the East coast) native under-story forest plants are in related host families primarily affected by Sudden Oak Death. These include azaleas, rhododendrons, mountain laurel, blueberries, camellias, maples, beeches and buckeyes. Unfortunately, these are very common plants in Georgia’s nursery trade, as well as our forest ecosystems. Oak trees are essentially the last major nut bearing tree species on the East coast following the extinction of the American Chestnut some 40 years ago. If Sudden Oak Death has a similar impact on Oaks as the Chestnut blight had on American Chestnuts, this could potentially devastate our forest ecosystems and directly impact a major food source for wildlife. No one knows what potential impact this disease could have on East coast ecosystems, forestry, or agriculture. The cost of surveying and containing this disease alone could cost Georgia millions of dollars. 
There is no known cure for Sudden Oak Death once a mature tree is infected. For all practicality, it is not logistical or cost effective to apply preventative fungicides to mature stands of trees in a forest setting. The only known way to “control” Sudden Oak Death is by prevention and exclusion – by keeping potentially infected plants out of Georgia


4.
Conifer Diseases (Foliage)
          Needle Casts, Hypoderma sp. And Lophodermium sp.
Importance — Needle cast fungi are common diseases of conifers throughout the South.  Infected trees in forest stands normally recover. However, losses to non-forest conifers, such as Christmas trees and nursery seedlings, can be substantial.  Eastern white, loblolly, slash, shortleaf, Virginia, and Scotch pines, as well as spruce and firs, are susceptible.

Identifying the Fungus — There are over 25 needle cast fungi known in the South.  They can be identified only after examining the spores microscopically.  

Identifying the Injury — Depending on the identity of the infecting fungus, needles begin to turn yellowish-brown by winter or early spring.  Later, the browning progresses, and fungal fruiting bodies are produced.  These small, black fruiting bodies may be bordered by brown or yellow margins, or both.  In the more advanced stages, the tree has a scorched appearance.

Biology — Generally, new needles are infected in the spring or summer. The fungi colonize the needle tissue, turning it yellow and later brown. Fruiting bodies are formed in these brown areas, which produce spores that are spread during wet weather to reinfect new needles on other trees.
Control — No controls are practical in forest stands. Fungicide sprays may be applied in Christmas tree plantings and nurseries.
          Brown Spot Needle Blight, Scirrhia acicola
Importance — Longleaf pine is the only species in the South that is damaged by this disease.  Seedlings are often heavily infected while in the grass stage and often die after repeated defoliations.

Identifying the Fungus — Boat-shaped spores are produced in the yellow bands on the needles.  Positive identification can be made by examining the spores under a microscope.

Identifying the Injury — Infected needles develop grey-green spots, which later turn brown.  Eventually, a yellow band develops on the needle. The affected area then increases in size, resulting in death of the needle.

Biology — Spores are released from the fruiting bodies (acervuli) on the needles throughout the year.  The spores are splashed short distances by rain drops.  During the winter and early spring, perithecia are produced on dead needles.  Spores from these perithecia are responsible for longer distance spread of the fungus.

Control — Plant resistant or high-quality seedlings on intensively prepared sites.  When seed trees are used, burn in the fall to destroy diseased needles.  Where seedlings are established, burn during the dormant season.  Remove seed trees when seedlings are 1 or 2 years old. Fungicide sprays are effective in controlling this disease in nurseries.
Pine Needle Rust, Coleosporium sp.
Importance — Needle rust is most prevalent on young trees.  The disease usually does not seriously damage trees, and is of most concern in Christmas tree plantings and nurseries.  Most two- and three-needle pines throughout the South are susceptible.  Goldenrod, asters, and other plants serve as the alternate hosts.

Identifying the Fungus — The fungus has four stages.  The aecial stage on the pine needles looks like small, white-orange “sacks.”  Aeciospores infect the alternate host, which results in orange, powdery spores on the leaves. Later orange, cushion-like objects, called telia, are produced on the underside of the leaf.  The last stage (pycnial) looks like frosty, orange droplets on the pine needles.

Identifying the Injury — Infected pines often have white-orange blisters on the needles.  Although these are actually fruiting structures of the fungus, they are an obvious feature of infection.

Biology — Pycniospores form on pine needles in the spring; then orange, aecial blisters form.  The spores from the aecial blisters infect the alternate hosts, which produces urediospores on the leaf.  These spores reinfect the alternate host, but not the pine.  Later, telia form on the leaves.  These produce orange-yellow spores, which infect the pine.

Control — No control is needed in forest stands.  The alternate host can be reduces through mowing or the use of herbicides.  This would only be justified around high-value areas, such as nurseries.
         Cedar Apple Rust, Gymnosporangium juniperi-virginianae
Importance — The golf ball-size galls that form on eastern redcedar (alternate host) are unsightly, but cause little harm to the tree.  The primary hosts - apples - experience foliage loss, growth loss, reduced quantity and quality of fruit, and, in some cases, death.

Identifying the Fungus — The fungus forms galls on the branches of eastern redcedar.  In the spring, these galls produce long, orange tendrils or “horns.”  Leaf spots form on the apple host in the spring.  These spots produce yellow spores on the lower surface of the leaf.

Identifying the Injury — Brown, round galls form on the branches of redcedar, but they cause no injury.  On apple leaves, yellow spots occur that later turn brown and result in cupping and curling of the leaf.
Biology — The redcedar needles are infected in the summer by aeciospores from the apple host.  The next spring, brown galls begin to appear on the needle.  Later, larger brown galls, with small round depressions, form on the twigs.  The next spring, orange, jellylike horns (telia) protrude from these galls.  Spores, produced in these horns, infect the apple host, which results in the leaf spots and the production of aeciospores.

Control — Picking and disposing of the galls can improve the appearance of the redcedar.  The stage on apple is generally controlled with fungicides. Reducing the number of eastern redcedars may reduce the occurrence of the disease on apple.
5.           Conifer Diseases (Stem, Branch, and Cone)
          Fusiform Rust, Cronatium f. sp. fusiforme
Importance — Fusiform rust infections that occur on the main stem within the first 5 years of a tree’s life normally cause tree death.  Infections that occur later in the life cycle of the tree weaken the stem, resulting in wind breakage at the canker or quality loss at rotation.  Losses in individual nurseries can exceed 80 percent.  Loblolly and slash pine are the most susceptible species.  Longleaf is fairly resistant.  Oak is the alternate host.

Identifying the Fungus — The fungus produces orange spores on the surface of fusiform-shaped pine galls in the spring.  Orange spores are produced on the lower surface of the oak leaves.  Later, hairlike structures are also produced on the leaf.

Identifying the Injury — Spindle-shaped swellings or galls develop on the branches or main stem.  Main stem infections on older trees are somewhat depressed on one side.  Trees commonly break at the canker.  In the spring, the galls turn orange.  Infection on the oak host produces orange leaf spots and hairlike telia, which can cause cupping and curling of the leaf.

Biology — Orange-yellow blisters form on the pine gall: the blisters produce aeciospores.  In late spring, uredia are formed on the underside of young oak leaves.  During late spring or early summer, brown, hairlike structures (telia) form on the oak leaves.  Spores produced on the telia infect the pine.

Control — The control strategies for fusiform rust are complex for forest stands and nurseries, and are too numerous to discuss here.  In general, genetically improved seedlings are more resistant to fusiform rust and should be used in areas where the disease has historically been a problem.
          Pitch Canker, Fusarium moniforme var. subglutinans
Importance — Pitch canker can damage many pine species, including all of the commercially important southern pines.  In forest stands, only plantations of slash, and occasionally loblolly pine, are seriously affected. While mortality can result from abundant cankering, losses from growth suppression are more common.

Identifying the Fungus — Pinkish fruiting bodies (sporodochia) containing fungus spores are produced on cankered shoots in the needle scars and on the outer surface of bark.  Microscopic features of the spore-bearing structures aid in identification.

Identifying the Injury — Infected trees exhibit shoot dieback of the current year’s growth, and abundant resin flow from the affected area.  The wood beneath cankers is resin-soaked.  The main terminal and upper laterals are most often affected.

Biology — Fungus spores are airborne and spread in the summer during windy, wet periods.  The spores infect wounds.  The deodar weevil, which breeds in dying trees and feeds on the phloem of young branches, can transmit the disease.  Spores are abundant in the litter beneath diseased stands, and fruiting bodies persist for months on diseased shoots.

Control — No specific control procedures are available for pitch canker. Forest practices which maintain stand vigor — for example, thinning — may minimize disease hazard.  Salvage harvesting of heavily diseased stands is recommended.  Genetic resistance to the disease exists and should be included in future pest management strategies.
Sooty Mold

Description – A black mold that develops on trees as a result of aphid secretions.  These fungi help entomologists diagnose the occurrence of aphids and other sucking insects.
6. 
Conifer Diseases (Root and Butt Rots and Decay)
          Annosus Root Rot, Heterobasidion annosum
Importance — Is a commercially important disease of conifers.  All southern pines are susceptible, but loblolly and slash pine are most severely affected.

Identifying the Fungus — Conks are often present in the litter at the base of dead or dying trees or tree stumps, or under root masses of wind thrown trees.  Conks, when fresh, are tan to brownish on the upper surface and white with tiny pores on the lower surface.  They are rubbery and tough to tear. In the southern United States, conks are most common from December through March.

Identifying the Injury — Damage from annosus root and butt rot may be scattered throughout a stand or in pockets of dead and dying pine trees called “infection centers.”   Mortality is sometimes preceded by thinning and yellowing of the crown; however, some trees simply turn red and die.  Trees in various stages of dying or death may suffer wind throw.  Infected roots exhibit resin or pitch-soaking, and stringy root decay.

Biology — Annosus root rot and butt rot probably enters the stand when fungal spores land on fresh cut stump surfaces.  The fungus grows through the remaining root system into nearby live trees via root grafts or contacts. Mortality usually begins 2 to 3 years after thinning and often ceases 5 to 7 years later.  Damage increases with the sand content of the soil.  Twelve inches or more of sand or sandy loam above clay subsoil in a soil with good internal drainage is considered a high hazard site for tree mortality.

Control — Prevention and control strategies for annosus root rot include stump treatment, timing of thinnings, prescribed burns, and the manipulation of planting density
          Littleleaf Disease, caused by a complex of agents
Importance — Littleleaf disease is the most important disease affecting shortleaf pine in the South.  Loblolly pine is also affected, but to a lesser degree.  Affected trees often die within 6 years of first symptom expression.

Identifying the Causal Agents — This disease is caused by a complex of factors which include Phytophthora cinnamomi, heavy clay soil, and soil that is low in nitrogen.  Also, Pythium spp. and nematodes often contribute to the damage.  While the soil can be evaluated on site, laboratory analysis is required for confirmation of the fungi, nematodes, and nitrogen deficiency.

Identifying the Injury — While the damage is to the roots, the obvious symptoms are seen in the crown.  The first symptom is needle yellowing.  New needles are shorter and fewer in number.  Eventually, the crown looks sparse and often has a tufted appearance.  A heavy crop of small, very persistent cones normally develops 2 to 3 years prior to tree death.  Often there is a flush of epicormic branches on the bole of the tree.

Biology — This disease occurs on trees growing on low quality sites — such as old fields.  For various reasons, including nitrogen depletion, poor aeration, and rootlet competition, the rate of new rootlet formation by the tree declines and the rate of loss resulting from the killing action of P. cinnamomi increases.  On poor sites, infected trees showing early symptoms are expected to survive about 6 years.  On better sites they may persist 15 to 20 years.

Control — In the forest, losses can be minimized by salvage, favoring Loblolly Pine within its range, or, where silviculturally appropriate, converting to hardwood.  In an urban or high value forest situation, a high nitrogen fertilizer can be used to delay mortality for as much as 6 to 12 years.


Witches broom - An abnormal proliferation of branches or twigs on a 

single branch.

Summary

Diseases, particularly, and insects work slowly and insidiously, whereas fire is sudden and spectacular.  Yet loss from fire is much less than loss from disease and insects.   Investigating and identifying the life cycle of each disease helps plan more effective control techniques.
Evaluation

Written test
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