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INTRODUCTION TO 1997 REVISION

This publication has been revised
because additional research and evalu
ations have been conducted, providing
new data. The oak wilt and decline
section has been changed; Texas live
oak decline has been replaced with
oak decline, and the oak wilt section
has been updated and expanded.
Corticium and Texas root rots have
been deleted, and dryadeus root rot has
been added. Figure 28c in the root
damage by Prionus sp. section has
been replaced. Pesticide information
has been revised to conform with cur
rent recommendations.

The most current taxonomic clas
sifications of pathogenic fungi and
disease names are not always indicated
in the text of individual disease
descriptions. To keep the reader cur
rent on the presently accepted scientif
ic and disease names, a list of new

III

names that are synonyms of the old
ones is provided on page 64.

Special thanks to: A.D. Wilson for
preparing the list of revised names for
diseases and fungal taxa; Wilson and
Starkey for preparing the oak wilt sec
tion; Leininger for preparing the
dryadeus root rot section; IW. Taylor
for revising the pesticide section; c.A.
Lowe for editing the revisions and
offering quality suggestions; and RD.
Brown for revising, editing, and coor
dinating the project. Wilson and
Leininger are with the Southern
Research Station, USDA Forest
Service, Stoneville, Mississippi;
Starkey, Taylor, Lowe, and Brown are
with the Southern Region, USDA
Forest Service; Starkey is in Pineville,
Louisiana; Taylor, Lowe, and Brown
are in Atlanta, Georgia.
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INTRODUCTION

The oaks (Quercus spp.) are
among our most valuable hardwood
resources, amounting to one-third of

_the hardwood sawtimber volume in
the United States. Over half the an

nual cut of oak lumber is produced in
the 13 Southern States. Oaks are best

known for their timber production
and resulting fine furniture, beautiful
flooring, and other products. Yet,
aesthetics, watershed management,
recreation, and wildlife are goals now
given equal or greater priority by
many. The oaks are valued for shade
and ornamental purposes - a single
tree sometimes adds thousands of
dollars to real estate values.

Insects, diseases, and pollutants
present a continuing threat to oaks. A
major portion of the acorn crop is
destroyed during some years - ham
pering regeneration efforts. Seedling
mortality and dieback add to this
problem. Terminal and top injury ad
versely affect tree form. Repeated
defoliations cause growth loss and
mortality. Borers and decay cause
defect and degrade amounting to an
annual loss of millions of dollars. In

direct losses occur through disruption
of sustained forestry practices,
regulation of forest types, and altered
wildlife habitat. Homeowners may
incur the expense of chemical control
and possibly the cost of tree removal
if mortality occurs. Nuisances created
by numerous insects decrease tourist
use and revenue.

It is far better to prevent attack
by insects and disease than it is to
remedy them after they occur. Be

aware of, and use, cultural practices
that maintain and promote tree vigor.
Match tree species to the proper site.
Assure sufficient water, nutrients,

space, and sunlight. A void accidental
injuries such as cuts, bruises, and
broken limbs. Use practices that
favor natural controls such as birds

and other predators, parasites, and
insect pathogens. Practices such as
"pick-up and destroy" and "prune
out and destroy" can help reduce
hibernating forms and inoculum
reservoirs. When all else fails,

chemical controls may become
necessary.

This booklet will help nur
serymen, forest woodland managers,
pest control operators, and home
owners to identify and control pest
problems on oaks. The major insect
and disease pests of oaks in the South
are emphasized. Descriptions and il
lustrations of the pests and their
damage are provided to aid in iden
tification. Brief notes are given on
biology and control to aid in
predicting damage and making con
trol decisions. A list of chemical con

trols is provided. Chemical controls
are subject to change as certain com
pounds are banned and new materials
approved. Thus, the chemical control
section can be removed (tear sheet)
and discarded when outdated. For

further information on pesticides,
contact your State Forester, county
agent, or the nearest office of State
and Private Forestry, USDA Forest
Service.

IV
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INSECT DEFOLIATORS

ELM SPANWORM, Ennomos subsignarius (Hubner)

Importance. - Elm span worms
attack red and white oaks, and other
species especially Carya, (hickory,
pecan and related trees) throughout
the East. This is a destructive forest

pest, particularly in the southern Ap
palachians where widespread, severe
outbreaks have occurred. Repeated
defoliation can cause growth loss,
dieback, reduction in mast crops, and
mortality.

Identifying the Insect (figure la).
- Larvae are slate grey to brownish
black with yellowish body markings
(yellow or green at low population
densities) and 1.6 to 2 inches (40 to 50
mm) long. The adults are snow-white
moths. The olive green eggs are laid
in masses on the underside of small

branches (figure Ib).
Identifying the Injury (figure Ic).

- Young larvae feed on the edge and
undersides of leaves, causing a shot
hole appearance. Later, they con
sume the entire leaf except the main
veins, leaving a feathered appearance
to the tree.

Biology. - Overwintering eggs
hatch in early spring when the buds
break, usually April in the South. The
larvae feed for 4 to 6 weeks, and then

pupate in net-like cocoons on the
host tree or understory. Six to 10 days
later, in late June to mid-July, the
moths emerge and deposit their eggs.
There is one generation per year.

Control. - Insect parasites at
tack the eggs of the elm spanworm.
Other natural enemies also are im

portant in keeping infestations in
check. Chemical controls are often

needed to protect high-value trees.

Figure 1. - (a) Elm span worm larva; (b) elm spanworm egg mass on branch; (c) defoliation by
elm span worm.

2
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FALL CANKERWORM, Alsophila pometaria (Harris)

Importance. - The fall
cankerworm is one of the most com

mon and injurious species of loopers
in eastern forests. Repeated defolia
tion causes growth loss, reduction in
mast, can eventually kill trees and
causes a nuisance in high-use areas.

Identifying the Insect (figure 2a).
- Larva color varies with population
density from light green with yellow
stripes, to green with a dark dorsal
stripe, to black with whitish lines.
The mature larva is .8 to I-inch (19 to
25 mm) long. The adult female is
wingless and ash gray; males have
wings. Eggs are laid in masses of
more than 100 on small twigs (figure
2b).

Identifying the Injury (figure 2c).
- Early signs are small holes in
leaves or complete skeletonization of

the leaves. Larger larvae consume all
except the midrib and major veins.
Feeding is complete in 5 to 6 weeks.

Biology. - Overwintering eggs
hatch in late April or early May. The
larvae feed on young leaves at branch
tips. Mature larvae enter the soil to
pupate. Adults emerge, mate, and
deposit eggs in November and
December. There is one generation
per year.

Control. - The eggs and larvae
of the fall cankerworm are attacked

by insect parasites. Other natural
enemies also help control this pest.
Sticky bands placed on trunks of
high-value trees can snare the
wingless females before they lay their
eggs. Chemical controls may be
needed.

');)

Figure 2. - (a) Fall cankerworm larva; (b)fall cankerworm female moth and egg mass on branch;
(c) oak stand defoliated by fall cankerworm.

3
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ORANGESTRIPED OAKWORM, Anisota senatoria (1. E. Smith)

Importance. - This defoliator
occurs over much of the East. It
defoliates trees in parks,
campgrounds, picnic areas, and along
city streets. However, forest stands of
red and white oaks on upland sites
suffer most when outbreaks occur.

Identifying the Insect (figure 3a).
- The larva is black with eight
narrow yellow stripes; it is about 2 in
ches (50 mm) long. There is a pair of
long, curved "horns" on the second
thoracic segment. The adult moth is
yellowish-red; forewings are orange
purple and each has an oblique band
and white spot.

Identifying the Injury (figure 3b).
- Young larvae feed in groups,
skeletonizing the leaf. Later, they

consume all but the main veins. Older
larvae are less gregarious and can be
found crawling on lawns and sides of
houses.

Biology. - Adults appear in June
and July, and deposit clusters of
several hundred eggs on the under
side of leaves. The eggs hatch within a
few days and the caterpillars feed
during July to September for 5 to 6
weeks. In the fall, mature larvae
pupate in the soil, where they
overwinter. There is generally one
generation per year.

Control. - Natural enemies
generally prevent widespread defolia
tion, but chemical control may be
needed for high-value trees.

Figure 3. - (a) Orangestriped oak worm larva; (b) tree defoliated by orangestriped oakworm.

4
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VARIABLE OAKLEAF CATERPILLAR, Heterocampa manteo
(Doubleday)

Importance. - This defoliator is
common throughout eastern North
America. It feeds on all species of
oaks, but prefers the white oaks.
Some infestations have covered

millions of acres - retarding growth
and tree vigor. Outbreaks usually
subside after 2 to 3 years, before
serious tree mortality occurs.

Identifying the Insect (figure 4a).
- Caterpillar color is variable, but is
generally yellowish green with a
narrow white stripe down the center
of the back, bordered dorsally with
reddish-brown, and one or two
yellowish stripes on the sides. Mature
larvae may reach 1.5 inches (37 mm)
long. The adult moth is ashy grey

with three dark wavy lines across the
forewings.

Identifying the Injury (figure 4b).
- Young larvae skeletonize the leaf
while older larvae devour the entire

leaf except the leaf stalks and main
veins. There are two periods of
defoliation - one in June to July and
another in August to October.

Biology. - There are two genera
tions in the South and one generation
in the North. In the South, the larvae
feed from early May until late June,
and pupate in the soil. Second
generation larvae feed from mid
August until late September, then
move to the ground to spin cocoons
and overwinter as prepupae. Larvae
of the single generation in the North
are present during June to mid
August.

Control. - Insect parasites and
predators eat the eggs and larvae of
this pest. Winter mortality also helps
keep most infestations in check.
Chemical control is occasionally
needed to protect high-value trees.

Figure 4. - (a) variable oakleaf caterpillar larva; (b) defoliation by variable oakleaf caterpillar in
'residential area.

5
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YELLOWNECKED CATERPILLAR, Datana ministra (Drury)

Importance. - This caterpillar is
a defoliator of oaks and a few other

hardwoods throughout the United
States. Infestations have been most

common in the Appalachian and
Ozark Mountains and foothills.

Damage is more severe to shade and
ornamental trees than to forest
stands.

Identifying the Insect (figure 5).
- The larva is yellowish and black
striped, and moderately covered with
fine, white hairs. The head is jet
black; the segment behind the head is
bright orange-yellow - hence its
name, yellownecked caterpillar. Full
grown larvae are about 2 inches (50
mm) long. When disturbed, the lar
vae lift their head and tail in a dis

tinctive "U" shape.

Identifying the Injury. - Newly
hatched larvae skeletonize the leaf;
older larvae devour all except the leaf
stalk. Individual trees, or even stands,
may be defoliated during summer
and early fall.

Biology. - Moths appear during
June and July and deposit white eggs
in masses of 50 to 100 on the under
sides of the leaves. Larvae feed in

groups, maturing in August and Sep
tember. Mature larvae drop to the
soil and pupate at depths of 2 to 4 in
ches (5 to 10 em) where they spend
the winter. There is one generation
per year.

Control. - Natural enemies

generally keep infestations in check.
Chemical controls are occasionally
needed.

Figure 5. - Ye/lownecked caterpillar larvae.

6
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FOREST TENT CATERPILLAR, Malacosoma disstria (Hubner)

Importance. - Outbreaks occur
periodically on oaks and other
hardwoods over wide areas of the
eastern half of North America.

Growth loss and dieback occur, but
trees are seldom killed unless they
sustain 3 or more successive years of
defoliation.

Identifying the Insect (figure 6a).
- Caterpillars have pale bluish lines
along the sides of a brownish body; a
row of keyhole-shaped white spots
down the middle of the black back;
sparsely covered with whitish hairs;
and reach 2 inches (50 mm) at
maturity. Adult moths are buff
brown with darker, oblique bands.

a

Egg masses of 100 to 350 eggs encircle
the twigs and are covered with frothy,
dark brown cement.

Identifying the Injury (figure 6b).
- The first noticeable signs of attack
are sparse crowns and falling frass.
Caterpillars often cluster on the lower
trunks of infested trees. Trees or even

stands may be completely defoliated
during spring.

Biology. - Eggs hatch in early
spring. Caterpillars feed for 4 to 6
weeks on the opening buds, foliage,
and flowers. Despite its name, this
species does not form tents. Pupation
occurs in yellowish cocoons and lasts
10 to 14 days. Moths emerge from
late May to July and deposit their
eggs, which overwinter. There is one
generation per year.

Control. - Natural controls in

clude insect parasites of the pest's
eggs, larvae, and pupae. Predators,
virus and fungus diseases as well as
high and low temperatures also kill
forest tent caterpillars. Several
chemicals and a microbial insecticide

are registered for control.

Figure 6. - (a) Forest tent caterpillar larvae; (b) defoliation by forest tent caterpillar.

7
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GYPSY MOTH, Lymantria dispar (Linnaeus)

Importance. - The gypsy moth,
which came from France, has long
been considered one of the most im
portant pests of red and white oaks in
the Northeast. It has spread
southward to Virginia and appears to
be moving in on southern
hardwoods. It causes widespread
defoliation resulting in reduced
growth, loss of vigor, mortality, and
reduces aesthetic, recreational and
wildlife values.

Identifying the Insect (figure 7a).
- Larvae are brownish gray with
tufts of hair on each segment and a
double row of five pairs of blue spots,
followed by six pairs of red spots, on
the dorsum. Larvae are about 1.6 to
2.4 inches (40 to 60 mm) long. Adult
females are whitish and males are
dark brown.

Identifying the Injury (figure 7b).
- Young larvae chew small holes in
leaves. Older larvae feed on leaf

edges, consuming entire leaves except
for the larger veins and the midrib.
The entire tree may be defoliated.

Biology. - Larvae emerge in
May from overwintering eggs and
feed until mid-June or early July.
Pupation occurs in sheltered places
and lasts 2 weeks. Adults emerge in
July and August. Females deposit
masses of 100 to 800 eggs covered
with buff-colored hairs on trunks and
other sites.

Control. - Natural controls in
cluding introduced insect parasites
and predators, virus disease, and ad
verse weather conditions help control
the gypsy moth. Chemical and
microbial insecticides have been used
extensively.

Figure 7. - (a) Gypsy moth larva; (b) defoliation by gypsy moth.

8
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SLUG OAK SAWFLY, Caliroa quercuscoccineae (Dyar)

Importance. - This pest is
usually endemic on the oaks;
however, during 1974-1976, it was
epidemic in Kentucky, Virginia and
Tennessee. Repeated defoliations
retard growth, vigor, and mast crops,
and kill some trees.

Identifying the Insect (figure 8a).
- Larvae are slug-like, yellowish
green and shiny with a black head
and thoracic legs, and .5 inch (12
mm) long. Larvae feed in groups. The
adult is a typical sawfly, about .25
inch (6-8 mm) long, and light brown.

Identifying the Injury (figure 8b).
- Leaves may be skeletonized. Lar
vae consume the epidermis, making
the leaf transparent. The leaf is left

with a fine network of veins. Defolia

tion starts in the upper crown in early
summer and progresses downward.
By late summer, heavily infested trees
may be completely defoliated.

Biology. - Larvae in cocoons
survive the winter. Larvae pupate in
the spring. Adults and larvae are pre
sent throughout the summer. Eggs
are deposited in single rows of slits on
the lower leaf surface along main
veins. There are two to three genera
tions per year.

Control. - Microbial diseases
and other natural enemies generally
keep the slug oak sawfly in check. In
secticides may be ,needed on high
value trees.

Figure 8. - (a) Slug oak sawfly larvae; (b) feeding inJury by slug oak sawfly.

9
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WALKINGSTICK, Diapheromerajemorata (Say)

Importance. - The walkingstick
attacks oaks and other species
throughout the East. Branches are
killed or die back in heavily
defoliated stands. Continued defolia

tion for several years can kill the
trees. The insects create a nuisance in

high-use areas such as parks and
recreation areas.

Identifying the Insect (figure 9a).
- Nymphs and adults are slender
and have long thin legs and antennae.
While motionless, they closely resem
ble twigs of their host. Adults are

about 2.5 to 3 inches (62-76 mm)
long. Body color varies.

Identifying the Injury (figure 9b).
- The entire leaf blade, except the
base of stout veins, is consumed.

During heavy outbreaks, large stands
are often completely denuded. Trees
may be defoliated twice during the
same season.

Biology. - Overwintering occurs
in the egg stage, in leaf litter. Eggs
hatch in May and June. Nymphs
reach adulthood during summer and
fall. Females deposit up to 150 eggs
which are dropped randomly to the
forest floor. There is one generation
per year in the South; 2 years are re
quired farther North.

Control. - Natural controls are
often effective. Chemical control is

occasionally needed in high-use
areas.

Figure 9. - (a) Walkingstick adult; (b )jo!est stand defoliated by walkingsticks.

10
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OAK LEAFROLLER, Archips semiferanus (Walker)

Importance. - This insect
sometimes defoliates many red and
white oaks throughout the East.
Defoliation has been most severe

along ridge tops where white and
chestnut oak frequently occur. Forest
areas are often defoliated for several

consecutive years, killing many trees.
Identifying the Insect (figure 10).

- Larvae are various shades of green
about 1.2 inch (29 mm) long, and
have black heads. At rest, the wings
of the adult appear bell-shaped and
are creamy brown and gray with a
darker cross band.

Identifying the Injury. - The lar
vae either fold or roll individual

leaves together, forming an enclosure
for protection and rest, when not
feeding. Extensive stands of trees may
be completely defoliated, including
the understory.

Biology. - Overwintering eggs
hatch in April and the young larvae
begin rolling the leaves and feeding.
Feeding is complete by mid-June and
pupation occurs in cocoons within
the rolled leaf or in bark crevices.

Moths emerge in late June or early
July and deposit eggs in masses on
the trunk and branches.

Control. - Natural enemies are

usually effective. Chemical controls
may be needed to protect high-value
trees.

Figure 10. - Oak lea/roller larvae.

11
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SOLITARY OAK LEAFMINER, Cameraria hamadryadella
(Clemens)
GREGARIOUS OAK LEAFMINER, Cameraria Cincinnatiella
(Chambers)

Importance. - These leafminers
occur over much of the East. They at
tack various oaks, but prefer the
white oak group, Heavy infestations
cause browning and premature drop
ping of foliage - sometimes over
large areas.

Identifying the Insect. - Adults
and larvae of both species are similar.
Young larvae are flat and taper
toward the rear, and are about .25
inch (6 mm) long at maturity. Adults
are pale and silvery with bronze
patches on the wings.

Identifying the Injury. - Larvae
of the solitary oak leafminer feed
singly, forming irregular, blotch-like

mines just below the upper leaf sur
face; a single leaf may contain several
contiguous mines (figure II). Larvae
of the gregarious oak leafminer feed
together, forming large mines.

Biology. - The winter is spent in
the larval stage in leaves on the
ground. Adult moths emerge during
the spring and females lay eggs on the
leaves. There are two to several
generations per year.

Control. - Rake fallen leaves
promptly and burn them to destroy
pupae in cocoons. Natural enemies
are helpful. Chemical control is oc
casionally needed.

Figure II. - Leaf mines caused by the solitary· oak leafminer.
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OAK SKELETONIZER, Bucculatrix ainsliella (Murteldt)

Importance. - This insect is
common on the oaks, particularly the
red oaks, in the East. Trees that
sustain repeated attacks are
weakened and suffer crown thinning
and die-back. Ornamental trees ap
pear especially vulnerable.

Identifying the Insect (figure 12a).
- Larvae are slender, yellowish
green, 'and .2 inch (5 mm) long. They
often spin down on silken threads
when disturbed. Adults are small,
blackish and marked with paler
areas.

Identifying the Injury. - Cater
pillars eat the fleshy green part of the
lower surface, entirely or in part,
which gives the leaves a brownish,

skeletonizeo appearance (figure 12b).
As heavily infested trees are
defoliated, the skeletonized leaves
drop off and cover the ground.

Biology. - Winter is spent in the
pupal stage in white cocoons, about
.1 inch (3 mm) long and ridged
longitudinally on leaves and trunks.
Adults emerge during the spring and
deposit eggs on the undersides of
fully grown leaves. The youngest
(first-instar) larvae enter the leaves to
feed, forming tiny mines. Older lar
vae feed externally. There are two or
more generations per year.

Control. - Rake fallen leaves
promptly and burn them to destroy
cocoons. Insecticides may be
necessary on high-value trees.

Figure 12.-(a) Larvae and cocoons 0/ oak skeletonizer on undersurface o/leaf' (b) lea/skeletonized
by oak skeletonizer.
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MINOR DEFOLIATORS

InjuryInsect

Spring cankerworm,
Paieacrila vernala (Peck);
the larva (figure 13) is a typical
looper, yellowish-brown to greenish
black with two yellowish stripes,
about 1.2 inch (30 mm) long; the
female moth is wingless, gray with
black dorsal line; one generation per
year.

Linden looper,
Erannis Iiliaria (Harris);
the larva (figure 14) is a looper-type,
yellow with brown head and 10 wavy
black lines on dorsum, 1.5 inches (37
mm) long; female moth is wingless,
yellowish-gray with two rows of
black spots; one generation per year.

Pinkstriped oakworm,
Anisola virginiensis (Drury);
the larva (figure 15) is greenish
brown with four pink stripes, a pair
oflong, curved "horns" is on the
second thoracic segment, 2 inches
(50 mm) long; the adult is a
brownish-red moth, white spot on
forewings; two generations per year.

Spiny oakworm,
Anisola sligma (Fabricius);
the larva (figure 16) is tawny and
pinkish with white specks, 2 inches
(50 mm) long, two long curved
"horns" are on the second thoracic

segment, and short spines on all
other segments; one or two
generations per year.

Asiatic oak weevil,
Cyrlepislomus caslaneus (Roelofs);
adults (figure 17) are greenish-brown
to black weevils, .25 inch (6 mm)
long, with short snouts; one
generation per year.

Oak leaftier,
Croesia semipurpurana (Kearfott);
the larva (figure 18) is dirty white to
light green, .5 inch (12 mm) long,
pale head, brownish thoracic legs;
adults are yellow with brown
markings; one generation per year.

'See CONTROLS. page 66.

Many hosts, heavy on live oak in
Texas; skeletonizes leaves at branch
tips; may devour all but midribs and
large veins; outbreaks can occur on
shade trees and forested areas;
reduces tree vigor and growth.

Many hosts, heavy on white oaks
in South; partial feeding on
individual leaves (ragging) is typical,
complete defoliation occurs during
outbreaks; outbreaks less common in
South than in North; reduces tree
vigor and growth.

Red and white oaks; leaves eaten
except leaf stalks and midribs;
stripped branches and trees common,
entire stands less common;
defoliation in summer and fall; less
common than orangestriped
oakworm, except in bottomland
forests; causes growth loss and crown
decline. .

Red and white oaks; larvae feed on
leaves, July to September, consuming
all but leaf stalk and main veins;
partial defoliation common; heavy
widespread defoliation uncommon.

Wide host range, including red and
white oaks; adults emerge in spring
and feed on leaves by chewing in
from the margins toward the midribs
and devour all but the larger veins;
during fall they create nuisances by
invading houses in large numbers.

Foliage of red oak group; young
larvae feed on buds in early spring;
older larvae fold or tie together
sections of leaves with webbing and
feed inside the folds until late May;
severe outbreaks have occurred in

upland oaks, killing some trees, with
decline of others.
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Figures 13-18.- (13) Spring cankerworm larvae on defoliated branch; (14) linden looper larva;
(15) pinkstriped oak worm larvae; (16) spiny oakworm larva: (17) asiatic oak weevil
and feeding injury; (18) oak leaf tier larva.
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INSECT BORERS

CARPENTERWORM, Prionoxystus robiniae (Peck)

Importance. - Carpenterworms
are serious borers throughout the
United States. Wormholes cause

degrade estimated at 15 percent of the
value of rough sawn lumber and un
sightly scars on ornamental trees.

Identifying the Insect (figure 19a).
- Newly hatched larvae are .25 inch
(6 mm) long and reddish pink. Larvae
gradually become greenish white and
are 2 to 3 inches (50 to 75 mm) long at
maturity. Brown pupal skins
protruding from entrance holes are
common in early summer. Adults are
grayish, stout-bodied moths; the
hindwing in the male has an orange
spot (figure 19b).

Identifying the Injury (figure 19c).
- Earliest signs of attack are sap
spots on the trunk. Later, frass (wood
chips and pellets) is ejected from en
trance holes. Burrows 2 inches (50

mm) in diameter under the bark, and
galleries .5 inch (12 mm) in diameter
and 5 to 8 inches (12 to 22 cm) long in
the wood are typical. Galleries are
open or only loosely plugged with
frass. If les in lumber are dark
stained.

Biology. - Adult )ths appear
in April to June and depud 400 to
800 eggs in bark crevices. Eggs hatch
in 10 to 12 days and young larvae
tunnel into the bark and wood. Pupa
tion occurs within the gallery during
spring and lasts 3 weeks. A life cycle
requires 1 to 2 years in the South, and
2 to 4 years in the North.

Control. - Maintain high tree
vigor. Remove brood trees. Prevent
bark injuries. Natural enemies help.
Control with trunk spray or gallery
fumigation.

Figure 19. - (a) carpenterworm larva in gallery; (b) carpenterwormjemale moth; (c) tree trunk
with carpenterworm attacks.
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OAK CLEARWING BORER, Paranthrene simulans (Grote)

Importance. - This borer attacks
the lower trunk of red and white oaks
throughout the East. In the South, at
tacks are most common between root
flanges of large red oaks. Damage in
cludes degrade, entries for decay and
nursery cull.

Identifying the Insect (figure 20a).
- The larva is purplish gray, black
head, brown thoracic shield, and 1
inch (25 mm) long. Adults are color
ful, black and orange banded, bee
like moths with a wing expanse of 1.5
inches (37 mm).

Identifying the Injury (figure 20b).
- Sap spots and fine frass first ap
pear. Later, granular frass is ejected
in clumps from .3 to .6 inch (9 to 15
mm) entrance holes. There is little
mining under the bark. Galleries are
.3 inch (9 mm) in diameter, 4 inches
(10 cm) long in the wood, and shaped
much like those made by carpen
terworms (figure 20c).

Biology. - Moths emerge during
June and July and deposit eggs in
bark crevices. Eggs hatch in 15 to 18
days and the larvae tunnel into the
bark and wood of host trees. Pupa
tion occurs within the gallery. A
generation requires 2 years.

Control. - Open-grown trees are
most susceptible, thus maintain a well
stocked stand. Identify and remove
brood trees. Prevent or minimize in
juries. Larvae can be "wormed-out"
with a knife and wire. Insecticides
will protect valuable trees. Individual
borers can be killed by gallery
fumigation.

Figure 20. - (a) Male moth of oak c1earwing borer; (b) oak c1earwing borer entrance holes in bark;

(c) gallery made by oak clear wing borer.
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RED OAK BORER, Enaphalodes rufulus (Haldeman)

Importance. - Many of the large
oaks in the East have been attacked

by this borer, resulting in defects and
serious degrade in the timber.
Valuable shade trees in parks and
cities are sometimes injured.

Identifying the Insect (figure 21a).
- Adult borers, are light brown,
robust beetles with long antennae and
about 1 inch (25 mm) long. The shiny
white, robust larvae have tiny legs on
the thorax.

a

Identifying the Injury. - Initially,
tiny pin-holes with fine, extruded
frass are present. Later, entrance
holes become larger and sap-stained,
followed by ejection of granular frass
(figure 21b). A few excelsior-like
fibers are present in frass just before
pupation. Tunnels are about .5 inch
(12 mm) in diameter and 6 to 10 in
ches (IS to 25 cm) long (figure 21c).

Biology. - The pest has a 2-year
life cycle. Eggs are laid in July and
August on the bark. The larva mines
under the bark during the first year,
tunneling into the wood the second
year. Pupation occurs and the adult
exits through the bark near the en
trance.

Control. - Maintain high tree
vigor. Remove brood trees. "Worm
out" with knife or wire. Control in
high-value trees with trunk spray or
gallery fumigation.

Figure 21.- (aJ Adult beetle of red oak borer; (bJ sapstained bark and entrances typical of the red
oak borer; (c) cross-section of oak trunk with red oak borer holes.
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WHITE OAK BORER, Goes tigrinus (DeGeer)

Importance. - This borer is
found in the East wherever its host
species grow. Young trees 2 to 8 in
ches (5 to 20 cm) in diameter, in the
white oak group are attacked. Some
degrade occurs.

Identifying the Insect (figure 22a).
- The larva is moderately robust and
cylindrical; 1 to 1.5 inches (25 to 37
mm) long; yellowish-white; head
strongly depressed with dark brown
mandibles; and legless. The adult bee
tle has a spine on each side of the
thorax; about .8 to 1 inch (20 to 28
mm) long; white and brown mottled;
and antennae about as long as the
body.

Identifying the Injury (figure 22b).
- Egg niches .25 inch (6 mm) in dia
meter cut singly in the bark are fol
lowed by sap ooze and fine, moist
frass. Later, the insects eject
yellowish, ribbon-like pieces of frass
containing pulverized wood and
fibrous shreds. Galleries are about .5
inch (12 mm) in diameter and 6 in
ches (15 cm) long. Each borer leaves a
small, elongate entrance hole and a
circular .3 inch (8 mm) exit hole.

Biology. - Adultbeetles emerge
during May to June and deposit eggs.
Eggs hatch in about 3 weeks and the
larvae tunnel directly into the wood.
Pupation occurs within the gallery
and lasts 2 to 3 weeks. A life cycle re
quires 3 to 5 years.

Control. - Woodpeckers and
sap-ooze are the most important
natural controls. Remove brood
trees. Follow practices that promote
stand vigor. Direct controls are oc
casionally needed.

Figure 22. - (a) White oak borer larva in gallery; (b) brood-tree of white oak borer with numerous
a/lacks alJdfrass around the base of the tree.
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TWOLINED CHESTNUT BORER, Agrilus bilineatus (Weber)

Importance. - This borer attacks
red and white oaks throughout the
East. Trees weakened by drought,
defoliation, or other factors are most
susceptible. Larvae destroy the cam
bium and girdle the tree. Mortality
has been extensive in weakened
stands.

Identifying the Insect. - Adult
beetles are about .2 to .5 inch (6 to 12
mm) long, slender, and black with a
light yellowish stripe on each wing
cover. Larvae are white, slender, flat
tened, about 1 inch (25 mm) long,
and have two spines at the rear end.

Identifying the Injury (figure 23).
- Larvae excavate winding mines in
the inner bark and outer sapwood of
the main trunk and large branches,
frequently girdling the tree. Attacks

usually begin in the tree tops and ex
tend downward as the trees continue
to weaken. D~shaped emergence
holes are evidence of infestation.

Biology. - Adults emerge during
spring and early summer and deposit
eggs in bark crevices. Eggs hatch in
10 to 14 days and the larvae burrow
through the bark and cambium. They
overwinter in cells in the bark and
pupate the following spring. There is
one generation per year.

Control. - Control is mainly a
matter of preventing attacks through
cultural practices that promote tree
vigor. Spraying to protect foliage
from defoliators is recommended in
some areas. Trunk sprays offer some
promlse.

Figure 23. - Twolined chestnut horer larvae and mines in inner hark.
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OAK TIMBERWORM, Arrhenodes minutus (Drury)

Importance. - The oak tim
berworm is a major cause of defect
and degrade in the red and white oaks
in the East. Attacks are most com
monly associated with wounds on
mature trees.

Identifying the Insect (figure 24a).
- Adults are brownish black, brentid
weevils about 1 to 1.4 inches (25 to 35
mm) long. The female has a narrow
snout, while the male's mouth-parts
are broad and flattened. The larvae
are white, elongate, cylindrical, and
curved (figure 24b).

Identifying the Injury. - Attacks
usually occur at blazes, around other
borer entrances, and other wounds

that expose the sapwood. White,
powdery frass at egg sites on exposed
wood is good evidence of infestation.
Winding tunnels .1 inch or smaller
(0.2 to 3 mm) in diameter, charac
terize damage in lumber.

Biology. - During spring and
early summer, females chew cylin
drical holes into the sapwood and lay
single eggs. Eggs hatch in a few days
and the larvae bore almost through
the tree then "V-turn" back across
the grain to the point of origin. Pupa
tion occurs in the gallery, and adults
emerge through circular holes near
the egg site. The life cycle requires 2
to 3 years.

Control. - Avoid wounds and
injuries, including other borer attacks
to largely prevent infestation by the
oak timberworm.

Figure 24. - (a) Oak timberworm adult female; (b) oak timberworm larvae and galleries in wood.
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COLUMBIAN TIMBER BEETLE, eorthy/us co/umbianus
(Hopkins)

Importance. - This beetle occurs
over much of the East and attacks the

white oaks and, to a lesser extent, the
red oaks. It attacks the trunks of live

trees of all sizes. Damaged wood is
degraded for such uses as veneer,
cooperage, and furniture.

Identifying the Insect (figure 25a).
- Adults are black to reddish

brown, cylindrical beetles about .2
inch (4 mm) long. The larvae are
white, legless and C-shaped.

Identifying the Injury (figure 25b).
- Holes less than .1 inch (1 to 2 mm)
in diameter, are bored straight into
the sapwood until the tunnel nears
the heartwood, then it turns right or
left. Damage is conspicuous in log
ends. Streaks of stain originating
from the tunnels are known as

f1agworm defects.
Biology. - Adult beetles con

struct galleries. Eggs are laid in cham
bers along the main tunnel where the
larvae live and develop. Larval food
is a white fungus that grows on the
gallery walls. There are two to three
generations per year.

Control. - There is no apparent
relationship between tree vigor and
susceptibility. No natural enemies
have been found. Protection of

veneer-quality trees with insecticides
seems possible.

Figure 25. - (a) Columbian timber beetle adult in brood cell; (b) columbian timber beetle galleries
and 'flag" stains in white oak.

22 Page 207 of 382



PIN-HOLE BORERS, Platypus spp. and Xyleborus spp.

Importance. - These ambrosia
beetles are best known for their
damage to fresh-cut logs and un
seasoned lumber. They also readily
attack weakened, stressed, and dying
trees and healthy trees with bark in
juries. Damage is largely in the form
of degrade.

Identifying the Insect. - Adult
beetles are black to brown; .1 to .2
inch (3 to 6 mm); elongate and cylin
drical with a wide head in Platypus
and cylindrically compact in
Xyleborus species. Larvae are white,
slightly curved to curculiform,
legless, and .1 to .2 inch (3 to 6 mm)
long.

Identifying the Injury (figure 26a).
- White to light brown boring dust
in small piles in bark crevices is good
evidence of attack. Numerous round
holes about .1 inch or less (1.5 to 3

mm) in diameter, branche9 or un
branched, stained black, extend into
the wood. The lower trunk may
sustain hundreds of attacks (figure
26b).

Biology. - The beetles are at
tracted to wood with a moisture con
tent above 48 percent. They do not
feed on the wood, but instead feed
upon ambrosia fungi which they
culture within the galleries. In the
Gulf States, beetles are active most of
the year. There are two or more
generations per year.

Control. - Maintain tree vigor.
Salvage infested timber immediately.
Promptly use logs during summer
months. Store logs under water or
water spray. Green lumber is often
kiln dried or chemically dipped to
prevent attack.
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TWIG PRUNER, Elaphidionoides villosus (Fabricius)

Importance. - The twig pruner
occurs throughout the East. It prefers
the oaks but also attacks other

deciduous species. Larvae bore into
the stems and cut off or prune twigs,
terminals, and branches about .25 to
I inch (6 to 25 mm) in diameter.
Severe pruning adversely affects tree
form and the aesthetic quality of or
namental plantings, and creates
clean-up problems.

Identifying the Insect (figure 27a).
- Larvae are cylindrical, white, and
measure about .5 to .8 inch (12 to 21
mm) long at maturity. Adult beetles
are gray mottled.

Identifying the Injury (figure 27b).
- During the summer, fall, and win
ter, pruned twigs (with leaves at-

tached) 12 to 40 inches (30 to 100 cm)
long litter the ground under infested
trees. The end of the severed twig pre
sents a smoothly cut surface. Split the
pruned twigs to reveal the larva.

Biology. - Adults emerge during
spring and deposit eggs in small twigs.
The larva burrows down the center of

the stem and severs the twig, which
falls to the ground, in late summer or
fall. Pupation and adult emergence
occur the following spring. There is
one generation per year.

Control. - Collect and burn

severed twigs during the fall and win
ter. Natural enemies help control the
twig pruner. Insecticides are rarely
needed.

Figure 27. - (a) Ends of girdled twigs, tunnel, and larva oft wig pruner; (b) young tree with top
recently severed by twig pruner.
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TILEHORNED PRIONUS, Prionus imbricornis (Linnaeus)
BllOADNECKED ROOT BORER, Prionus laticollis (Drury)

Importance. - These root borers
occur throughout the East. Roots are
often hollowed or severed. Open
grown trees and those weakened by
disease are most susceptible. Young,
vigorous tree.s are occasionally cut off
at the ground.

Identifying the Insect (figure 28a).
- Larvae of both species are fleshy,
creamy white with three pairs of small
legs. They have cylindrical bodies and
attain lengths of up to 3 inches (75
mm). The adult beetles are robust,
broad, dark brown, somewhat flat
tened, and up to 1.5 inches (37 mm)
long (figure 28b).

Identifying the Injury. - Because
injury occurs to the roots below
ground, correct diagnosis is difficult.
The above-ground symptoms are

gradual decline of the tree, charac
teristic of severe, prolonged stress,
i.e., leaves sparse, small, and
yellowish. Examination of roots
reveal the burrowing larvae and root
damage (figure 28c).

Biology. - Adult beetles emerge
from the soil in early summer and
deposit 300 to 500 eggs in the soil.
Young larvae burrow through the soil
to the roots and begin feeding. The
feeding period lasts 3 to 5 years.

Control. - Disease, drought,
mechanical injury, and poor soil con
ditions increase tree susceptibility.
Therefore, follow cultural practices
that will keep trees thrifty and
vigorous. Insecticides are seldom
needed.

Figure 28. - (a) Larva ofPrionus species tunneling in root; (b) adult beetle ofPrionus sp.;
(c) root damage by Prionus sp.
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Insect

MINOR BORERS

Injury Control*

Little carpenterworm,
Prionoxystus macmurtrei (Guerin);
larva (figure 29) pink to white, dark
head and thoracic shield, 2.25 inches
(57mm); adult gray-mottled moth;
life cycle 2 to 3 years.

Beech borer, Goes pu/veru/entus
(Haldeman); roundheaded larva,
white, legless, cylindrical, about 1.5
inches (37 mm); adult brownish-gray
longhorned beetle; life cycle 3 to 5
years.

Spotworm borer,
Agri/us acutipennis (Mannerheim);
larva is slender, flattened, white,
about 1.3 inches (32 mm) long; adult
beetle is narrow, dark metallic blue,
about.5 inches (12 mm) long; a
generation requires 2 years.

Flatheaded appletree borer,
Chrysobothris femorata (Olivier);
larva (figure 32) is flathead ed, white,
about I inch (25 mm) long; adult
beetle is oval, flattened, greenish
bronze, about.6 inch (16 mm) long;
one generation per year.

Oak branch borer,
Goes debi/is (LeConte);
roundheaded larva, legless,
yellowish-white, about.6 inch (IS
mm); adult longhorned beetle,
mottled reddish-brown and gray; life
cycle 3 to 4 years.

Oak-stem borer,
Anejlormorpha subpubescens
(LeConte); roundheaded larva,
slender, about.7 inch (18 mm) long;
adult narrow, light brown, spine on
the third and fourth segments of
antennae. One generation per year.

'See CONTROLS page 66.

Trunks and branches of sawtimber

and shade trees; prefers red oaks;
mine under bark, and gallery in wood
.4 x 6 inches (I x 15cm); frass of
wood chips and excrement pellets;
causes lumber degrade, disfigures
ornamental trees.

Trunks of saplings and poles of red
oaks; attacks are clustered (figure 30);
galleries are about .4 x 8 inches (0.9 x
20 cm); grayish frass with fibrous
shreds extruded in ribbons; degrade,
entries for decay, stem breakage.

Trunks over .5 inch (12 mm) in
diameter in white oak group,
particularly heavy on overcup oak in
river bottoms; larvae tunnel spirally
in outermost growth ring (figure 31);
spot stains and frass-packed tunnels
are defects that degrade lumber.

Trunks and branches of red and

white oaks of all sizes; larvae bore
into phloem and outer sapwood;
mines girdle and kill small trees;
newly transplanted trees and those
weakened or stressed are most

susceptible.

Small branches and terminals

about .3 to 1.5 inches (9 to 37 mm) in
diameter, mainly white oaks; attacks
(figure 33) near crooks and branch
crotches; galleries about .2 x 3 inches
(6x 75 mm); yellowish frass protrudes
from elongate entrance hole; infested
stems become swollen, and often
break or die back.

Seedlings and sprouts about .5 to I
inch (12 to 25 mm) diameter; red and
white oaks; larva bores down center of
stem, cutting off sections, burrows to
stem base or roots to overwinter; frass
is ejected through row of small holes in
bark (figure 34), kills large numbers of
seedlings and sprouts in Southeast.
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Figures 29-34. - (29) Little carpenterworm larva; (30) cluster of attacks on sapling by beech borer;
(31) bark removed to expose larval mines of spot worm borer; (32) jlatheaded
apple tree borer larva in mine under bark; (33) oak branch borer entrance, with
yellow frass; (34) oak-stem borer larva in gallerv of stem with row of small holes.
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MISCELLANEOUS INSECTS
OAK PHYLLOXERIDS, Phylloxera spp.

Importance - Phylloxerids are
very small, aphid-like insects that at
tack the foliage and buds of red and
white oak trees of all sizes. Heavy in
festations stunt and weaken the trees.

The distorted foliage mars the beauty
of ornamentals.

Identifying the Insect (figure 35a).
- Phylloxerids are small .01 to .02
inch (0.3 to 0.6 mm) long, aphid-like,

lack cornicles and usually spiny in ap
pearance. Winged forms have
reduced wing veination. They are
usually found in clusters.

Identifying the Injury (figure 35b).
- Buds and young developing leaves
(undersurface) on terminals and
branch ends are attacked, causing the
leaves to curl and twist. Growth may
be reduced or stopped. Mature and
nearly mature leaves are unaffected.
Damage occurs during spring an<;l
early summer.

Biology. - The biology is not
well known, but overwintering occurs
as eggs in bark crevices. Eggs hatch
during the spring. There appear to be
several generations per year.

Control. - Natural controls
usually keep damage to a minimum.
Ornamentals may require chemical
control.

Figure 35. - (a) Close-up of oak phylloxerid feeding along leaf midrib; (b) left, leaves curled and

deformed hy phylloxerids: righl. healthy leaves.
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OAK LEAF APHIDS, Myzocallis spp.

Importance. - These aphids in
fest the undersides of leaves, leaf
stalks, and tender twigs of trees in the
red and white oak groups throughout
the East. Heavy infestations distort
the foliage and weaken the plants.
Honeydew and sooty molds further
mar the beauty of ornamentals.

Identifying the Insect (figure 36).
- The aphids are .04 to .06 inch (I to
1.5 mm) long, soft-bodied, pear
shaped, with a pair of cornic1es at
posterior of abdomen. They may be
yellow, green, pink, or brown, with
darker pigmented blotches on the ab
domen, and dusky bands on wings.
Winged and wingless forms occur.

Identifying the Injury. - Clusters
of aphids feed largely on the under-

side of the leaves. Feeding Injury
curls and folds the leaves. Every leaf
on a tree may be curled and distorted
during heavy attacks. Leaf surfaces
become sticky with honeydew
followed by growth of black, sooty
fungus.

Biology. - Overwintering occurs
as eggs deposited in bark crevices of
host plants. The eggs hatch in the
spring and nymphs begin feeding on
the leaves. There are several genera
tions per year, but the highest pop
ulations have been observed during
the spring.

Control. - Natural enemies
usually keep infestations in check. In
secticides are sometimes needed on
ornamentals and other high-value
trees.

Figure 36. - Oak leaf aphids.
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OAK LACE BUG, Corythucha arcuata (Say)

Importance. - Adults and
nymphs feed on white oaks from
Alabama and the Carolinas to
southern Canada. By the end of
August, the leaves may be discolored
and perform little photosynthesis.

Identifying the Insect (figure 37).
- Nymphs are black and covered
with spines. Adults have broad,
transparent, lacelike wing covers;
flattened; and about .25 inch (6 mm)
long.

Identifying the Injury. - Infested
leaves have chlorotic flecks on the up
per side of the leaf. Heavily infested
trees may be partly defoliated, es-

pecially during dry weather.
Biology. - Adults overwinter in

bark crevices and similar protected
areas of their host. They arouse from
hibernation during spring and attach
eggs to the underside ofleaves. Upon
hatching, nymphs begin feeding on
the underside of the leaf. A complete
cycle from egg to adult may develop
in 30 to 45 days; several generations
occur each year. In late summer, all
active stages may feed together.

Control. - Natural enemies are

usually effective. Chemical controls
may be needed on shade and or
namental trees.

Figure 37. - Adults and nymphs of oak lace bug.
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PERIODICAL CICADA, Magicicada septendecim (Linnaeus)

Importance. - Cicadas (locusts)
attack oaks as well as other species
and are widely distributed in the East.
Egg-laying punctures by the adults
often severely damage young,
transplanted trees and branches of
large trees.

Identifying the Insect (figure 38a).
- Adults are heavy bodied, and 1.6
inches (40 mm) long. Their wings are
transparent with prominent veins.
The female is completely black on
top, while the male has four or five
orange-brown abdominal segments.

Identifying the Injury (figure 38b) .

- Females puncture the twig in
straight rows to lay eggs and often
damage twigs so severely that their
terminal portions die. Large numbers
of molted skins of the nymphs may be
found attached to trees trunks.

Biology. - The adult female cuts
the bark of twigs and lays 24 to 28
eggs. Newly hatched nymphs drop to
the ground, burrow into the soil, and
feed on the roots for 13to 17 years.

Control. - Protect small trees
with netting. Properly timed Insec
ticides may be necessary.

.zJi

Figure 38. - (a) Periodical cicada; (b) branches with egg-laying puncture injuries by periodical
cicada.
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LECANIUM SCALES, Lecanium spp.

Importance. - The lecanium
scales are distributed throughout the
United States. High scale populations
severely reduce vitality, weaken the
tree, and cause branch or crown
dieback. They have been of greatest
concern to shade and ornamental red
and white oaks.

Identifying the Insect (figure 39).
- The body of the adult female is cir
cular to ovoid, strongly convex or
tortoise-shaped, and about .2 to .3
inch (4 to 7 mm) in diameter. Young
females may be tan or mottled with
black, but older females are reddish
or dark brown. After their eggs
hatch, the female body shells remain
loosely attached to the bark. Scales
commonly overlap and encircle por
tions of infested twigs.

Identifying the Injury. - Trees of
poor vigor or with branch and crown
dieback should be examined closely
for scale insects. Lecanium scales are

most prominent on twigs during the
spring and early summer.

Biology. - Eggs are produced
underneath the female in late spring.
Eggs hatch in early summer and the
immature insects seek feeding sites on
the underside of leaves. In late sum
mer, they migrate to twigs where they
overwinter. They complete their
development in the spring. There is
usually one generation per year.

Control. - Parasites and
predators are effective in controlling
infestations. However, insecticides
are often used and are most effective
against immature scales.

Figure 39. - (a) Lecanium scale insects on a branch.
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GOUTY OAK GALL, Callirhytis punctata (Osten Sacken)

Importance. - This gall is among
over 600 gall insects that attack the
oaks in the United States. Gouty oak
gall is most common on scarlet, red,
pin, water, and black oaks. In heavy
infestations, twigs, large branches,
and occasionally entire trees may be
killed.

Identifying the Insect. - Adults
are small, black, cynip wasps with an
oval, shiny, and slightly compressed
abdomen. The larvae are white and
globe-shaped.

Identifying the Injury (figure 40a).
- Galls are irregular, globose,
woody, 1.5 inches (38 mm) in
diameter, and encircle the twigs and
small branches. They sometimes oc
cur so close together that they form
nearly continuous masses (figure
40b).

Biology. - This species has alter
nate generations. The first produces
small blisterlike galls on leaves in the
spring. The second produces gouty
galls during the summer.

Control. - Natural controls are
generally adequate. Prune galls from
small trees and destroy. Chemical
control is possible, but poorly
defined.

Figure 40. - (a) Close-up of single gall showing gall insect emergence holes; (b)trees heavily infested

by gouty oak galls.

33

Page 218 of 382



OAK-APPLE GALL, Amphibolips confluenta (Harris)

Importance. - This is one of
many leaf galls that affect oaks.
These galls usually damage the tree
less than do twig galls. However,
heavy infestations of this and other
leaf galls can cause premature leaf fall
and are unsightly on ornamental
trees.

Identifying the Insect. - Adults
are very small and dark with an oval,
compressed abdomen. The larvae are
small and globe-shaped.

Identifying the Injury (figure 41).
- Galls are about .5 to 2 inches (12
to 50 mm) in diameter, and are filled
with a fibrous mass. Each contains a
single larva inside a hard center cap
sule. The galls are produced on the

midrib or stem of leaves. Galls for
med during spring are green, but
become light brown on drying with a
thin, papery shell. Oak-apple galls oc
cur principally on red, black, and
scarlet oaks.

Biology. - Oak-apple galls
usually start during spring when the
young leaf is being formed,
sometimes appropriating the entire
leaf for its own purpose. The biology
is poorly known, but it probably has
alternate generations on different
host parts.

Control. - Natural enemies are
usually sufficient. Galls can be picked
or pruned off small ornamental trees.
Direct controls are seldom necessary.

Figure 4 I. - Cluster a/oak-apple galls.
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ACORN WEEVILS, Curculio spp.

Importance. - These weevils at
tack both red and white oaks and are

found wherever the hosts grow. Also,
weevils in the genus Conotrachelus
and moths in the genus Melissopus
account for some losses. A major
portion of the crop may be destroyed.

Identifying the Insect (figure 42a).
Acorn weevils are robust and

brown. The beak is long and slender,
sometimes longer than the body, in
the female. The larvae are legless,
robust, dirty-white, and C-shaped.

Identifying the Injury (figure 42b).
- There may be one or more holes in
the acorn. Dissecting the acorn will
reveal signs of feeding and one or
more C-shaped larvae.

Biology. - Female weevils drill
one or more holes into the acorn and

deposit a single egg in each hole. Lar
vae feed until full grown, then cut exit
holes in the shell. Full-grown larvae
enter the soil where they spend I to 2
years before pupating and emerging
as adults.

Control. - Natural controls help
to minimize losses. Chemical control

may be needed in seed orchards.

Figure 42. - (a) Adult acorn weevil on acorn; (b) larva,feeding injury. and exit hole of acorn
weevil.
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MINOR MISCELLANEOUS INSECTS
Insect

Giant bark aphid,
Longistigma caryae (Harris);
(figure 43) with relation to other
aphids, this species is very large, .25
inch (6 mm) long, long slender legs,
and is covered with a bluish-white

"bloom"; several generations per
year.

Pit scales,

Asterolecanium spp.; adult females
are circular and enclosed in

yellowish, waxy, translucent
covering, .04 to .08 inch (I to 2 mm)
in diameter; one generation per year.

Kermes scales,
Kermes spp.; adult females are
globular or gall-like, yellow-brown
black, solid or mottled, about .1 to .3
inch (3 to 7 mm) in diameter.

Obscure scale,
Melanaspis obscura (Comstock);
adult female cover (figure 46)
circular, grayish to black 
resembling bark in color .08 to .1
inch (2 to 3 mm) in diameter; two
generations per year.

Spider mites,
Oligonychus spp. and Eotetranychus
spp.; .02 inch (0.5 mm) long, spider
like, eight legs, sucking mouthparts;
large numbers often present; many
generations per year.

White grubs,
Phyllophaga spp.; larva (figure 48) is
milky white, C-shaped, about I inch
(25 mm) long, brown head; adult
beetle is robust, oval, brown, about
.5 to I inch (12 to 25 mm) long.

'See CONTROLS page 66.

Injury

Terminals, twigs, and branches of
red and white oaks; aphids feed by
sucking the plant sap; heavily
infested stems badly weakened or
killed; honeydew and sooty molds
mar beauty of ornamentals.

Found on twigs, branches, and
trunks of red and white oaks; prefers
white oaks; maturing females
produce ring-like swellings or pits on
the bark (figure 44) causing a rough
appearance; branches and trees may
be killed.

Scales (figure 45) occur on twigs,
branches, near buds, near wounds,
on leaf midribs, and petioles ofred
and white oaks; dieback or
"flagging" of newly formed
terminals, branch ends, and new
leaves; early leaf drop; mar beauty of
shade trees.

Trunks and branches of red and

white oaks; infestations are often
heavy and layered, killing branches,
or resulting in general weakening,
and sometimes death of tree.

Foliage and buds ofred and white
oaks; scattered chlorotic stippling on
leaves (figure 47) later yellowing or
bronzing, then browning and dying
offoliage; mats of webbing often
present; weakens tree and mars
beauty.

Wide host range, including oak
seedlings and young trees; larval
feeding prunes and girdles roots;
nurseries and young plantations
often damaged; adults may defoliate
trees.
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Figures 43-48.-(43) Nymphs and adults of giant bark aphid; (44)pit scale on oak branch;
(45) kermes scale on oak twigs; (46) obscure scale on oak branch; (47) left, healthy
leaves; right, chlorotic stipling caused by spider mites; (48) left, white grubs and
root injury; right, healthy roots.
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DECAY FUNGI - CANKER ROTS

HISPIDUS CANKER, Polyporus hispidus (Bull. ) Fr.

Importance - Hispidus canker,
caused by P. hispidus, appears on
willow oak, Nuttall oak, white oak,
and hickory. Incidence of infestation
varies by area and species, but may be
as high as 13 percent. Cankers
lengthen about 6 inches (15 cm)
yearly. The decay column length ex
ceeds the canker length. Diseased
trees are quickly converted to culls.

Identifying the Fungus (figure
49a).- Hispidus conks are about 2
to 12 inches (5 to 30 cm) wide,
spongy, stalkless, yellowish-brown to
red, with pores on the lower surface.
Conks are produced during the sum
mer or fall. They dry to a black mass,
fall, and can usually be found around
the base of infected trees.

Identifying the Injury (figure 49b).
- Hispidus cankers are large,
elongate, sunken in the center and
bordered by callus folds. Infected
stems become spindle-shaped. A

small branch stub may be found near
the center where the infection started.

Biology. - Microscopic spores
are released from conks for a few
weeks. They are spread by the wind,
but most travel no more than 140
yards (128 m). Spores reaching dead
branches on healthy trees start new
infections. Conks will form after
deadening or felling diseased trees.

Control - Cut hispidus-diseased
trees as soon as possible for salvage
and to reduce disease spread by
limiting spore dissemination to
healthy trees. No suitable treatment
is known for high-value trees in ur
ban areas.

Figure 49. - (a) Polyporus hispidus conk; (h) Hispidus canker.
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SPICULOSA CANKER, Poria spiculosa Campb. & Davids

Importance. - Spiculosa
cankers, caused by P. spiculosa, may
occur on up to 10 percent of the
bottom-land red oaks in some areas.

The decay column increases about 10
inches (25 cm) in length, yearly.

Identifying the Fungus. - Conks
of P. spiculosa develop flat under the
bark and the brown fruiting surface
becomes exposed with maturity
following tree death. Doubtful infec
tions can be identified by chopping
into the canker center. The brown

fungus material will be exposed if the
infection is well established.

Identifying the Injury (figure 50).
- Cankers appear as rough, circular
swellings with depressed centers.
Remains of a branch stub can usually
be found in the center of the canker.

Biology. - Spores are released
from the conks and carried by the
wind to branch stubs on healthy trees
where infection occurs. Trees respond
to invasion of the cambium by
developing callous tissue.

Control. - Cut diseased trees or
deaden them to allow room for

healthy growing stock. No suitable
treatment is known for high-value
trees in urban areas.

Figure 50. - Spiculosa canker, including cross section.
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IRPEX CANKER, Irpex moWs Leys ex Fr.

Importance. - Irpex canker,
caused by I. mollis, occurs most fre
quently on red oaks. Incidence of this
disease varies greatly in different
areas. It is the least common of the
canker rots, affecting only a small
percentage of the trees. However, the
decay under Irpex cankers extends
above and below the canker face as
much as 8 feet (2.4 m). The rate of
decay is unknown.

Identifying the Fungus (figure 51).
- The conks of I. mollis are 1 to 5
inches (2.5 to 12 em) wide and creamy
white, yellowing with age. They have
short, jagged "teeth" on the lower
surface. Conks usually occur during
late summer and fall.

Identifying the Injury. 
Infections are associated with dead

branch stubs. Irregular cankers up to
2 feet (0.6 m) long may develop.
There is white rot in the heartwood
behind these cankers. The canker face
will have a number of sunken areas
with swollen margins resulting from
callous tissue formation.

Biology. - Reproduction is by
means of microscopic spores,
produced and released by the conks
each fall. The spores are spread by
the wind to branch stubs on suscepti
ble trees where infection occurs. The
wood is decayed and the cambium
killed, causing progressively larger
cankers.

Control. - Control measures are
similar to those described for
hispidus cankers.

Figure 5/. - Irpex motlis conks on canker surface, including cross section.
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BUTT ROTS

Importance. - Butt rot, the
decay at the base of living trees, is the
result of the invasion of one of a
number of decay fungi (Polyporus

spp., Hericium sp., and Pleuro/us sp.)
which enter the trees through
wounds. Fire wounds are the most
typical type. Data indicate that butt
rot affects 29 percent of the white
oaks and 39 percent of the red oaks
on loess and alluvial sites in the Mid
south. It is the most serious cause of
cull.

Identifying the Fungi. 
Numerous fungi can cause butt rot;
however, five are responsible for
about one-half of the identified cases.
The following description will help to
identify the most common fungi.

Hedgehog Fungus Rot. 
Hericium erinaceus (Bull.) Pers conks
are 4 to 10 inches (10 to 25 cm),
globular, and occur singly or in
clusters. They are white, but yellow
with age, and have tooth-like projec
tions pointing downward. This
fungus is found mostly during the fall
in butt hollows or where other open
ings in the tree have developed (figure
52).

Polyporus Fungus Rot. - Poly
porus fissilis Berk & Curt., produces
shelf-like, white, succulent conks 3 to
8 inches (7.6 to 20.3 cm) wide, that
yellow with age (figure 53). The lower
surface is made up of small pores.
They usually appear during the fall or
winter.

Figure 52. - Hericium erinaceus conk. Figure 53. - Polyporus fissilis conk.
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Varnish Fungus Rot. - Polyporus
lucidus Leys ex. Fr. produces conks 3
to 10 inches (7.6 to 25.4 cm) in size
which usually appear yearly during the
summer near the soil line (figure 54).The
conks have a shiny, reddish, hard upper
surface; a short, stout stalk; and pores on
the lower surface. The consistency is
tough and woody.

Sulfur Fungus Rot. - Polyporus

sulphureus Bull. ex Fries has conks 2
to 12 inches (5 to 30 cm) wide. They
are soft, fleshy, moist, bright orange
red on the upper surface and red
yellow on the lower pore surface. The
conks become hard, brittle, and white
with age. They appear singularly or in
clusters, usually during the fall (figure
55).

Oyster Fungus Rot. - Pleurotus

sapidus Kalchr. forms shelf-like conks
which are white to light grey. They
are soft and fleshy and may have a
short stalk. Gill structures radiate
from the point of attachment on the
lower surface (figure 56). Conks ap
pear on living trees and slash during
most of the year except dry periods.

Identifying the Injury (figure 57).
- Conks, old wounds, hollows, ab
normal swellings or butt bulge in
dicate butt rot. Decayed wood may
be soft or brittle, and brown to white.
The decay core may be small or in
clude the entire heartwood. The core
extends vertically from less than an
inch to several feet. Affected trees are
weak and subject to breakage.

Figure 54. - Polyporus lucidus conk. Figure 55. - Polyporus sulphureus conk.
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Biology. - Following tree wound
ing, bacteria and non-decay fungi
flourish on the exposed woody
tissues, creating conditions for es
tablishment of decay fungi.
Windborne microscopic spores
released for a few days to several
weeks from conks on infected trees

germinate 'on wounds and penetrate
the tree. The decaying stage of the rot
fungi follows and conks will. be
produced. The rate of decay varies
with the tree species, fungus, and
wound size. Decay is most extensive
when wounds are large; decay usually
does not develop in wounds less than
2 inches (5 cm) wide. Regardless of

wound size, wood volume loss is
minimal when wounds are less than 4

years old.
Control. - Because all infections

occur through bark wounds, injury
prevention is the primary approach
to control. Severely decayed trees of
no value should be deadened. Con

sider early salvage for infected trees
that have value because the lower,

most valuable portion of the log is be
ing decayed, with an increased
susceptibility to insect attack,
windthrow and degrade from stain.
Repair valuable urban trees by
removing the decay, treating the
cavity with a fungicide and filling it
with a suitable material.

Figure 56. - Pleurotus sapidus conk. Figure 57. - Butt bulge indicates decay.

45
Page 229 of 382



TOP ROTS

Importance. - Top rot results
from the invasion of the heartwood
by many of the same fungi (Sterium
spp. and Poria sp.) which cause butt
rot. The incidence of infection is
similar to butt rot, but typically less.
However, the associated volume
losses are much less since this disease
occurs in that part of the tree which is
not usually used for timber. Top rot
results in limb breakage and thus
becomes-important as a safety hazard
in high use and urban areas.

Identifying the Fungi. - Three
common top rot fungi, S. gausapatum

Fr., P. andersoni (Ell & Ev) Neuman
and S. subpileatum Berk. & Curt.
must usually be identified by cultural
characteristics because conks rarely
are seen on dead branches. Others,
such as Hericium erinaceus, Polyporus
fissilis, Pleurotus sapidus and
Polyporus sulphureus were described
previously with butt rot fungi.

Identifying the Injury. - The
presence of broken limbs often in
dicates decay (figure 58). Examina
tion of the broken surface will con
firm its existence. Presence of branch

scars alone indicates top rot. The in
cidence and amount of decay rise
sharply with increased size and/or
age of scars. The decay can be es
timated by judging the scar size and
age in broad classes (table I).

Table 1. Expected length of decay in
the main stem behind branch
scars of oaks.

Age

less than

IS years
more than

IS years

Diameter of branch scar

inches

- - - - - - - - - - (em) - - - - - - - - - -
1-3 4-6 7-10

(2.5-7.5) (10.2-15.2) (18-25)

1.2 4.8 30

(3.0) (12.1) (76.2)
2.4 12 68.4

(6.0) (30.4) (173.7)

Biology. - The life cycle of heart
rot fungi, as top rots, is about the
same as was discussed for butt rots.
The environment differs, thus some
different fungi are involved. Those
butt rot fungi which invade the roots
are not encountered and others, such
as Stereum sp., become more
prevalent.

I Control. - There are no mea

sures for direct control of top rots.
Recognizing top decay and early har
vesting of infected trees is the most
useful control method. Prevention of
injuries inflicted during logging could
help reduce top rot in growing stock.
In urban or high-use areas, early
detection and appropriate removal of
hazardous limbs should be carried
out.

Figure 58. - Fungus conk indicates top rot.
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ROOT ROTS

SHOESTRING ROOT ROT
Clitocybe tabescens (Scop. ex Fr.) Bres,

Armillaria mellea Vahl ex Fr.

Importance. Root rot
organisms, C. tabescens and A.
mellea, cause major losses
throughout the United States.
Windthrow of infected trees in urban
and high-use areas contribute to the
importance of root diseases. Ad
ditional losses occur from loss of
vIgor.

Identifying the Fungi (figure 61).
- In the fall, clumps of yellow
mushrooms grow on the ground near
the tree and occasionally on the bole
several feet above the ground. Thin
black strands of mycelia
(rhizomorphs) are produced on the
root surface which resemble black
shoe laces. C. tabescens is a southern
form of A. mellea. The mushroom
has decurrent gills and produces
white spores.

Identifying the Injury. - Infected

trees may have low vigor. Roots may
show various degrees of decay and
have rhizomorphs on the surface.
Frequently, root rot is evident only
on wind-thrown trees. The rate of

spread in the soil is about I foot (0.35
m) per year.

Biology. - The fungus can live in
dead roots and stumps for many
years. Rhizomorphs spread through
the soil on infected roots near healthy
roots that become infected.
Mushrooms produce abundant
spores, but they are not important in
infection of living trees. The fungus is
most pathogenic on slow-growing
trees.

Controls. - Spread can be con
trolled by removing the infected tree.
Sterilize the soil before replanting.
Any cultural practices that reduce
stress and increase tree vigor will
prolong tree life.

Figure 59. - Clitocybe tabescens mushrooms on oak.
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DRYADEUS ROOT ROT, Inonotus dryadeus (Pers.:Fr.) Murrill

Importance. - This fungus is
distributed widely on oak, elm, and
maple species in the East. It is com
mon at the bases of older, living oaks
in yards, parks, and along streets.
While its ability to kill trees is ques
tionable, it will decrease tree health
over time.

Identifying the Fungus. 
Fruiting bodies are tan-to-buff colored
conks or irregular cushions, 4 to 24
inches by 3 to lO inches, on roots or at
bases of trees. Young conks may grow
around green leaves or show leaf
imprints on top from where leaves lay
on the growing conks. A yellowish liq
uid may exude from young conks, and
old conks look like burned wood on
top (figure 60).

Identifying the Injury.

Thinning crowns may result from
long-term infections that degrade root
systems. The slow crown deterioration
weakens the tree and may lead to a
more serious butt rot.

Biology. - Microscopic spores
enter the tree through dead or scarred
roots or through fire or logging scars
at tree bases. Once extensive decay has
occurred, conks are produced.

Control. - The best control is to

prevent injury (e.g., from lawn mowers
and tire traffic) because the fungus
enters through wounds in the bark of
roots or tree bases. As with all root and
butt rotters, bole and crown conditions
should be monitored regularly for
signs of weakening and possible
breakage.

Figure 60. - Young (tan) and old (black) Inonotus dryadeus conks on water oak.
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DECLINES AND WILTS
OAK DECLINE

Various abiotic stresses, insects, and pathogens

Importance. - Oak decline
affects a few to many oaks, mainly red
oaks, over broad forest areas of the
eastern United States. Damage varies
by ,region, site condition, forest type,
and year. Hickory species may be
affected in association with oaks.

Identifying the Agents.
Environmental, stand, and site factors
usually are involved at first. Various
insects and pathogens are involved in
later stages.

Identifying the Injury. - Oak
decline usually affects mature over
story trees and is typified by a gradual
but progressive dieback of the crown
(figure 61), reduced growth, and tree
death after several years.

Biology. - Oak decline involves
complex interactions between environ
mental and biological stresses and sub-

Figure 62. - Mycelial
fans (white patches) of
Armillaria root rot and

horizontal galleries (white
lines) of two-lined chest
nut borer at base of red
oak in the last stage of
decline.

sequent attacks by secondary pests.
Predisposing factors, such as genetic
potential, climatic factors, or old age,
can set the stage for damage by some
other injury. Drought, insect defolia
tion, unseasonable freezes, root dam
age, or extended flooding can incite
active decline. Contributing factors,
such as pathogens (e.g., Armillaria
root rot, page 47), insects (e.g., two
lined chestnut borer, page 20), or both,
(figure 62) can kill trees.

Control. - Harvest oak stands
before they become over mature.
Promote advanced reproduction in
young and middle-aged stands to
ensure regeneration at harvest.
Removing dead and declining oaks
utilizes trees before they degrade but
will not correct conditions leading to
decline.

Figure 61. -Red oak
crowns in various stages
of decline. From left to
right: crowns are fairly
healthy, actively declin
ing, and recently killed.
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OAK WILT, Ceratocystis jagacearum (T.W Bretz) 1. Hunt

Importance. - Oak wilt is one
of the most destructive diseases of
oaks in the Eastern United States. Red

and live oaks (in Texas) are more
severely affected than white oaks.
Susceptible trees may be killed within
a few months after infection. The dis

ease generally progresses more rapidly
in the homogeneous stands of semiev
ergreen live oaks in the shallow soils
of central Texas than in the mixed
hardwood stands of deciduous oaks in

deeper soils of northern and eastern
States.

Identifying the Fungus. - The
fungus is recognized by the presence
of grayish fungal mats beneath cracks
in the bark of infected red oaks (figure
63a). Fungal mats do not form on
white or live oaks. The imperfect stage
(Chalara quercina) may be identified
microscopically in pure culture.

Identifying the Inj ury.
Symptoms range from leaf bronzing,
marginal and veinal leaf necrosis, and
twig dieback in early stages of the dis
ease to defoliation, branch dieback,

and eventual death of the tree (figure
63b-e).

Biology. - The fungus spreads
short distances by root transmission
through root grafts and common root
systems (live oaks) shared between
infected· and healthy trees. Sapwood
beetles (Nitidulidae) are well-estab
lished vectors in northern States and

are responsible for long-distance
transmission by carrying spores from
fungal mats to wounds in healthy trees.
Vector transmission is not well defined
in Texas.

Control. - Controls used in
northern and eastern States include the
use of silvicides to kill infected red

oaks to reduce fungal mat formation
and insect transmission, and the avoid
ance of tree wounding during periods
of insect activity. Trenching (figure
63f) to sever root grafts helps control
root tranmission of the fungus from
infected to un infected roots. Firewood

should be covered with plastic and
used within a year after cutting to
reduce vector activity. The triazole
fungicide (propiconazole) is useful in
preventing infections in healthy,
threatened trees with high economic
value.
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Figure 63. - (a) Fungal mat on red oak; (b) declining crowns of red oa~ (c) marginal leaf
necrosis of red oak; (d) veinal necrosis of live oak; (e) defoliation of live oak; (f) trenching to
prevent root transmission.
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CANKERS

NECTRIA CANKER, Neetria galligena Bres.

Importance. - Nectria cankers,
caused by N. galligena, are frequently
found on some oak species. These
cankers are most important in trees
less than 20 years old. The canker can
girdle and kill young trees or make
them weak and subject to wind
breakage.

Identifying the Fungus. - The
fungus can be identified by the
creamy-white fruiting structures that
appear on cankers soon after infec
tion. It can also be identified by the
small, red, lemon-shaped perithecia
near canker margins after 1year.

Identifying the Injury (figure
64). - Well-defined localized areas
of bark, cambium, and underlying
wood are killed by the invading
fungus. A concentric callus ridge

develops around the expanding
canker annually and bark sloughs off
the older parts of the canker. After
several years, the annual concentric
callus ridges on the cankers resemble
a target.

Biology. - The fungus overwin
ters as a saprophyte in cankers and
produces spores for new infections
during the spring. Windblown and
water-splashed spores infect tree
wounds and branch stubs. Secondary
infections result from spores
produced on new spring cankers.

Control. - Cankers may be
minimized in high-value areas by not
pruning during wet weather, avoiding
wounds, pruning out branch cankers,
and sterilizing pruning tools before
moving to an uninfected tree.

Figure 64. - Nectria canker.
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BOTRYODIPLODIA CANKER, Botryodiplodia theobromae Pat.

Importance. - B. theobromae,
can cause cankers and dieback in oak
species over a wide geographical area.
It is a potentially destructive
pathogen under certain adverse en
vironmental conditions, especially if
trees are somewhat stressed.

Identifying the Fungus. - Black,
stromatic fruiting .,structures of the
fungus develop on bark over the
cankers: However, microscopic ex
amination of spores is necessary for
correct identification. Mature spores
are dark, two-celled, and elongate.

Identifying the Injury. - It is dif
ficult to identify the canker by symp
toms alone. Therefore, the fungus
must be isolated and identified. Ac

tive cankers on trees with rough bark
can be detected only after removing

bark to expose dead cambium. Old or
inactive cankers appear sunken and
are surrounded by callus tissues.
Dieback is frequently caused by B.
theobromae, but can be confused with
injury resulting from other diseases
or stress conditions (figure 65).

Biology. - The biology of
Botryodiplodia cankers in oaks is
poorly known. However, the cankers
are favored by high temperatures.
Cankers and dieback can develop
rapidly in stressed trees. Fungal
spores are spread by the wind and in
sects.

Control. - Cankers can be
minimized by preventing wounds,
pruning out cankered and dead limbs
to reduce inoculum, and maintaining
tree vigor when possible.

Figure 65. - Botryodip/odia canker. including cross section.
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HYPOXYLON CANKERS, Hypoxylon spp.

Importance. - Hypoxylon
cankers affect most oak species in
North America. Both H.
atropunctatum and H. mediterranium
have been reported in oaks. They af
fect mainly trees that have been
stressed by wilt, drought, construc
tion damage, or other injuries. Limbs
and boles weakened by Hypoxy/on
spp. can be a safety hazard in high
use areas.

Identifying the Fungus (figure 66).
- Hypoxy/on spp. can be identified
by the light-to-dark-colored crusty
fungus tissue (stromata) over the
cankered area. Numerous small black

fruiting structures are embedded in
the stromata.

Identifying the Injury. - Bark
sloughing and decay are associated
with Hypoxylon cankers. Affected
trees are subject to wind breakage.

Biology. - The fungus infects
stressed trees through wounds and
either produces a canker or quickly
kills the tree by colonizing the
sapwood. Fruiting structures develop
on the cankers and ascospores are
discharged into the air and spread to
new infection sites. Hypoxylon
cankers are generally secondary to
some other disease or stressing condi
tion in trees.

Control. - Remove cankered

limbs before they fall on someone,
and to reduce the amount of in
oculum for new infections. Maintain

tree vigor and avoid wounding and
stubbing of branches to minimize
conditions favoring cankers.
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Figure 66. - Hypoxylon canker, including
close-up view.
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LEAF DISEASES

ANTHRACNOSE, Gnomonia quercina Kleb =
Gloeosporium quercinum West

Importance. - Severely affected
oaks may be defoliated by midsum
mer, which reduces growth,
predisposes trees to other diseases
and makes the trees unsightly. White
oaks are most severely affected.
Anthracnose does not result in major
losses in forests.

Identifying the Fungus. - Black,
dot-size, cushion-like, fruiting bodies
form on necrotic tissue where spores
are produced. A beaked, flask
shaped, fruiting structure can be
found on overwinter leaves.

Identifying the Injury (figure
67). - Round to irregular, light
brown to black areas appear on the

leaf, most frequently along veins. Affec
ted leaves often appear scorched, and
may curl or twist and drop from the tree.
Infrequently, cankers and dieback can
occur on small twigs.

Biology. - The fungus overwin
ters in dead leaves. Spores
(ascospores) are windblown to the
new, expanding leaves and shoots.
Another spore type (conidia), which
reinfects other leaves or shoots, is
then produced.

Control. - Collect and dispose
of fallen leaves and twigs. Remove
unneeded branches to increase air

movement. Fertilize to increase vigor
and use fungicide sprays.

Figure 67. - Oak anlhracnose, including close-up view.
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LEAF BLISTER, Taphrina caerulescens Tul.

Importance. - Because most of
the affected leaves remain on the tree,
oak leaf blisters do not cause losses
under forest conditions. Affected

trees may appear unsightly, but there
is little damage.

Identifying the Fungus. - The
mycelium occurs intercellularly in the
leaf tissue. Dome~shaped,
microscopic, fungus cells are formed
beneath the cuticle, usually on the up
per leaf surface. The distal cell
becomes the sac (ascus) in which
eight ascospores are formed.

Identifying the Injury (figure
68). - Affected leaves develop many
blisters on the upper surface. The
blisters are round, raised, wrinkled

and vary in color from yellow to pur
ple. The leaf is depressed on the
corresponding lower surface.

Biology. - Spores (ascospores)
of the fungus are produced on the
surface of the blisters. The spores are
carried by the wind to bud scales
where they remain over winter. In the

spring whelJ the buds are expanding,
the fungus eriters the leaf through the
natural leaf openings (stomata) and
the cycle is complete.

Control. - Collect and dispose
of leaves. Plant or manage for resist
ant oak such as pin and Shumard.
Properly timed fungicide sprays can
control this fungus.

Figure 68. - Oak lea/blister.

56 Page 240 of 382



ACTINOPELTE LEAF SPOT, Actinopelte dryina (Sacc.) Hoehn.

Importance. - Actinopelte leaf
spot can reach epidemic proportions
and cause major loss of foliage.
Growth losses, increased stress on the
tree and unsightly conditions result.
Overall, the disease normally remains
endemic and causes foliage loss only
in the fall, with no subsequent effect.

Identifying the Fungus. - Small,
brown, dot-like fruiting bodies are
formed on the necrotic tissue. Spores
are elliptic and clear or colorless and
can be microscopically observed by
crushing a fruiting body.

Identifying the Injury (figure
69). - Round to irregular, red-brown

spots develop along the leaf veins.
The spots are normally surrounded
by light brown areas and may merge
to kill large areas of the leaf in late
summer. Small twig cankers may be
formed.

Biology. - The fungus overwin
ters in the affected twigs and foliage.
Spores of the fungus are spread by
wind and rain-splash the next grow
mg season.

Control. - Collect and dispose
of fallen leaves. Remove unneeded
branches to increase air movement.
Fertilize to increase vigor and use
fungicide sprays.

Figure 69. - A ctinopelte leaf spots, including close-up view.
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LEAF RUST: FUSIFORM RUST and EASTERN GALL RUST,

Cronartiumfusiforme quercuum (Berk) Miyabe
Hedge & Long and C.

Importance. - In forest stands
these diseases are of minor impor
tance on oak (alternate host).
However, they affect the aesthetic
value of shade trees and ornamentals.

Fusiform rust on pine (primary host)
is the most important disease of pine
in the Southeast.

Identifying the Fungi (figure
70). - Both fungi develop brown,
bristly spine-like structures on the un
derside of the oak leaf.

Identifying the Injury. - Small
yellow spots develop on the leaf sur
faces in spring. Some defoliation may
occur. Red, water and willow oaks
are primarily affected. White oaks are

seldom affected.

Biology. - Leaf rusts require two
hosts to complete their life cycle.
Fungus spores (aeciospores)
produced on pine galls are
windblown and infect young oak
leaves. Spores (urediospores) are
produced on the oak leaf which re
infect oak. Spiny-like hairs (telial
columns) on the lower oak leaf'sur
face release teliospores which
produce another spore stage
(basidiospore) that infects pine. This
infection results in a gall with
aeciospores, and the cycle is com
pleted.

Control. - No control needed.

Figure 70, - Rust telial columns on oak leaf including close-up view.
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SEEDLING DISEASES

DAMPING-OFF, Cylindrocladium spp.

Importance. - Soil-inhabiting
fungi such as Fusarium, Cylin
drocladium, Rhizoctonia, Pythium and
Phytophthora species cause heavy
losses (25 to 50 percent) in pre- and
post-emergence seedlings. Fungi at
tack the young developing radicles
killing seedlings 30 to 45 days after
the seedlings emerge.

Identifying the Fungus. - The
pathogens involved are minute and
can be identified only by the use of a
microscope. Tentative identification
can be made by cultural charac
teristics. Cylindrocladium spp. are the
most important pathogens in
hardwood nurseries.

Identifying the Injury (figure
71). - The first symptom is failure of
seedling emergence. The seed may rot
or seeds may have a dead or damaged

radicle (pre-emergence damping-off).
Seedlings may remain stunted (post
emergence damping-off).

Biology. - The fungi are mostly
soilborne and remain inactive in the
absence of a host as chlamydospores
or sclerotia. The presence of host
roots stimulates the fungus, which
grows over roots and penetrates the
epidermis and cortex. Cylindro
cladium spp. also produce airborne
conidia which may cause leaf spots
and defoliation.

Control. - Grass cover crops
will reduce the inoculum potential;
however, clover and other
leguminous cover crops increase the
pathogen. Do not apply nitrogen fer
tilizer until 45 days after the seedlings
emerge.

Figure 7/. - Damping-off of oak seedlings.
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PHANEROGAMS

MISTLETOE, Phoradendron spp.

Importance. - Branches beyond
the mistletoe infection may be stunt
ed and even die. Trees usually are not
killed. However, in heavy infections
on water oak, trees may decline and
be killed. This true mistletoe is used

for Christmas greens.
Identifying the Causal Organism

(figure 72). - Leafy, evergreen tufts
of perennial shoots with dark green,
leathery leaves occur as bunches on
branches of oaks. The plant is
opposite-leaved and the stems are
rounded and jointed. The flowers are
inconspicous. White to red berries are
produced in the fall.

Identifying the Injury. - The
most conspicuous sign of the disease
is the presence of the parasite. The af
fected branch may be slightly
enlarged and multiple infections may
result in tree decline. Excess shading
of tree leaves by large mistletoe plants
produces dieback and decline.

Biology. - The sticky seeds are
spread by birds and animals. The
seeds lodge on young branches, ger
minate, grow into the young branch
and produce a mistletoe plant.

Control. - Control is normally
not needed but mistletoe can be con

trolled by removing it and cutting
branches at least I foot below the in

fection point.

Figure 72. - Mistletoe infection. including
close-up view.
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CHEMICAL DAMAGE, AIR POLLUTION,
PESTICIDES AND OTHER CHEMICALS

Importance. - The total impact
of chemical damage is unknown.
Large losses have occurred in very
localized areas. The losses normally
can be traced to a point source such
as a chemical spill or industrial waste.
Not as easily recognized but perhaps
more damaging are the non-point
source pollutants such as those
associated with a large city. Many
oak species decline, dieback and suc
cumb over a period of years. On the
other hand, some oak species are
relatively resistant to many pollutants
and are not affected.

Identifying the Causal Agent.
Chemicals can arrive at the tree in a

variety of forms through the air or
soil. Several conditions must occur to

cause damage. There must be a
susceptible host in a receptive condi
tion, and the chemical must arrive in
a quantity and form that will affect
the host. Some chemicals damage on
contact, others interact with tree

processes.
Identifying the Injury (figure

73). - Most chemicals have certain
characteristic symptoms. Ozone
causes small bleached or pigmented
spots on the upper leaf surface. Sulfur
dioxide kills some areas between the
leaf veins. Fluoride kills tissue on the

leaf margin or between the veins.
Ammonia causes faded leaf margins
and dead or dying tissue with green
islands mostly near veins. Herbicides
cause blotchy dead areas on the sur
face of mature leaves; expanding
leaves curl and become distorted.

Because of great variation of
susceptibility among trees and the
combination of chemical and climatic

factors, diagnosis is complex. Thus,
proper diagnosis may require a per
son with extensive training and ex
penence.

Control. - Protect from

chemicals or plant resistant trees.

Figure 73. - Chemical damage - due 10

ammonia.
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MINOR DISEASES

Disease Agent

Leaf spot, Septoria spp.
The fungus overwinters on dead
leaves; spores are wind disseminated
to young leaves in the spring.

Powdery mildew, Microsphaera
alni and Phllactinia guttata.
These fungi overwinter on dead
leaves and their spores are spread by
the wind to healthy leaves.

Twig canker, Dothiorella quercina.
The fungi overwinter on dead
tissues; in the spring, spores are wind
disseminated to wounds and twigs.

Spot anthracnose, Eisinoe,
quercus - jalcatae. The southern red
oak is preferred host; spreads by
wind disseminated spores.

Smooth patch, A leurodiscus
oakesii (figure 77).The fungus
survives on the bark surface and

releases spores which continues its
spread.

Iron-deficiency chlorosis
(figure 78); iron deficiency may be a
common problem with pin and
willow oaks in some of the less acid
soils.

'See CONTROLS page 66.

Injury

Small round spots with straw
colored centers may be numerous;
(figure 74); red oaks are preferred;
defoliation may result in growth loss,
but no mortality.

White, powdery mold patches on
leaves and buds (figure 75); leaves
may be distorted, stunted and
dropped prematurely.

Small sunken branch cankers and

twig dieback (figure 76).

Very small spots on leaf upper
surface starting about mid-summer.

Often regarded as a threat to stand
by owner, but it is of minor impor
tance; control rarely needed.

Yellow-green discoloration
between veins; leaves may curl, turn
brown along margins and between
veins.
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Figures 74-78.- (74) Septoria lea/spot; (75) powdery mildew; (76) twig canker; (77) smooth patch;
(78) iron-deficiency chlorosis.
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REVISIONS OF NAMES FOR
DISEASES AND FUNGAL TAXA

Page Names Previously Used

40 Polyporus hispidus (Bull.) Fr.

41 Poria spiculosa Campb. & Davids

42 IRPEX CANKER

Irpex mollis Leys ex Fr.

43 Hericium erinaceus (Bull.) Pers

Polyporus fungus rot

Polyporus jissilis Berk & Curt.
44 Polyporus lucidus Leys ex. Fr.

Polyporus sulphureus Bull. ex Fries

44, 45 Pleurotus sapidus Kalchr.

46 Sterium spp.

Poria sp.

S. gausapatum Fr.

P. andersoni (Ell & Ev) Neuman

S. subpileatum Berk. & Curt.

Polyporus jissilis

Pleurotus sapidus

Polyporus sulphureus

47 Clitocybe tabescens (Scop. ex Fr.) Bres

Armillaria mellea Vahl ex Fr.

52 Nectria galligena Bres.
53 BOTRYODIPLODIA CANKER

Botryodiplodia theobromae Pat.

54 H. atropunctatum
H. mediterranium

55 Gnomonia quercina Kleb

Gloeosporium quercinum West

56 Taphrina caerulescens Tul.

57 ACTINOPELTE LEAF SPOT

Actinopelte dryina (Sacc.) Hoehn.

58 Cronartiumfusiforme quercuum (Berk)
Miyabe Hedge & Long and C.

62 Microsphaera alni

Phllactinia guttata

Dothiorella quercina
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Names Currently Accepted

Inonotus hispidus (Bull.:Fr.) Karst.

Phellinus spiculosus (Campbell &
Davidson) Niem.
SPONGIPELLIS CANKER

Spongipellis pachyodon (Pers.)
Kod. & Pouz.

Hericium erinaceus (Bull.:Fr.) Pers.

Tyromyces fungus rot

Tyromyces jissilis (Berk. & Curt.) Donk

Ganoderma lucidum (w. Curt.:Fr.) Karst.

Laetiporus sulphureus (Bull.:Fr.) Murr.

Pleurotus ostreatus (Jacq.:Fr.) P. Kumm.

Stereum spp. (spelling correction)

Inonotus spp.

Stereum gausapatum (Fr.:Fr.) Fr.

Inonotus andersonii (Ell. & Everh.) Cerny.

Xylobolus subpileatus (Berk. & Curt.)
Boidin

Tyromyces jissilis
Pleurotus ostreatus

Laetiporus sulphureus

Armillaria tabescens (Scop.) Dennis,
Orton & Hora

Armillaria mellea (VahI:Fr.) P. Kurnm.

Nectria galligena Bres. in Strass.
LASIODIPLODIA CANKER

Lasiodiplodia theobromae (Pat.)
Griffon & Maubl.

H. atropunctatum (Schwein.:Fr.) Cooke

H. mediterraneum (De Not.) IH. Miller

Apiognomonia errabunda
(Roberge) Hahn.

Discula umbrinella (Berk. & Broome)
Sutton

Taphrina caerulescens
(Desmaz. & Mont.) Tul.
TUBAKIA LEAF SPOT

Tubakia dryina (Sacc.) Sutton

Cronartium quercuum (Berk.)
Miyabe ex Shirai

f. sp.fusiforme (Hedge. & N. Hunt)
Burdsall & G. Snow

Microsphaera penicillata (WaIIr.:Fr.) Lev.

PhyUactinia guttata (Wallr.:Fr.) Lev.

Botryodiplodia gaUae (Schwein.)
Petro & Syd.
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PESTICIDES
EPA-registered chemicals for control of insects and diseases that attack

oaks. (See labels for dosages and application methods.)
INSECT

INSECTICIDEINSECTINSECTICIDE

Bacillus

Slug oak sawflyCarbaryl
Elm spanworm

thuringiensis Pyrethrin
Carbaryl

Oak leafrollerCarbaryl
Bacillus

Diazinon
Fall cankerworm

thuringiensisOak leaftier,Spring cankerworm
Carbaryl

Solitary oak
Carbaryl

Acephate leafminerMalathion

Linden looper
MethoxychlorGregarious oakDiazinon

Naled
leafminer

Orangestriped

CarbarylOak skeletonizerCarbaryl
oakworm

ChlorpyrifosInsect borers
Lindane

Pinkstriped
Methoxychlor

oakworm
Carbaryl

Spiny oakworm

Oak leaf aphidsDiazinon

Yellownecked

Chlorpyrifos
Giant bark aphidsMalathion

caterpillar

Acephate

Carbaryl

Carbaryl

Malathion and
Forest tent Acephate

Oak lacebug
mixtures

caterpillar
Dylox LindaneChlorpyrifos MethoxychlorBacillus

Periodical cicadaCarbaryl
thuringiensis

Carbaryl

Lecanium scalesCarbaryl

Gypsy moth

MethoxychlorPit scalesDiazinon

Acephate

Kermes scalesMalathion

Variable oakleaf

Carbaryl
Obscure scale

Methoxychlor

caterpillar

Malathion Dicofol

Caterpillars

Pyrethrin
Spider mites

Diazinon

Imidacloprid

Malathion

Permethrin
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PESTICIDES, (continued)

EPA-registered chemicals for control of insects and diseases that attack
oaks. (See labels for dosages and application methods.)

FUNGI FUNGICIDEFUNGI

Chlorothalonil

Phymatotriehum
Powdery mildew

BenomylCorti cum root rot

Lime sulphur
Polyporus lueidus

Septoria leaf spot

FerbamStereum

Actinopeltes
CaptanIrpex canker

Dothiorella quereina
BenomylPoria canker

Elsinoe faleatae

ZinebNectria canker

Anthracnose

Copper
(metallic)Benomyl

Botryodiplodia

Leaf blister

Captan
Ferbam

Damping-off

Fusiform rust

Clitocybe root rot

CaptanEastern gall rust

Armillaria root rot

Dexon FUNGICIDE

Lime sulphur

Copper
(metallic)
plus
methoxychlor

Captan
Ferbam

Oil plus lime
sulphur

CONTROLS
Controls for insects and diseases presented in table form

I. Natural controls often adequate.
2. Place sticky bands around trunk.
3. Prune infected twigs and destroy.
4. Rake fallen infected leaves and

destroy.
5. Maintain high tree vigor with

cultural practices.
6. Open-grown trees most

susceptible; maintain good
stocking.

7. Identify and remove brood trees.
8. Prevent or minimize injuries.

66

9. Mechanically "worm-out" with
knife and wire.

10. Wrap trunk of newly
transplanted trees.

II. Control with chemical insecticide

12. Control with biological
insecticide.

13. Control with gallery fumigation.
14. Remove and burn diseased

materials from the tree and area.

15. Control with chemical fungicide.
16. Control with iron chelate.
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INDEX

Aphids, giant bark 36
Aphids,oak leaf 29

Beetle, Columbian timber 22
Borer, beech 26
Borer, broadnecked root 25
Borer, flatheaded appletree 26
Borer, oak branch 26
Borer, oak clearwing 17
Borer, oak-stem 26
Borer, pin-hole 23
Borer, red oak 18
Borer, spotworm 26
Borer, twolined chestnut 20
Borer, white oak 19
Borer-

also see Tilehorned prionus
and Twig pruner, Little
carpenterworm, Carpenter
worm, Oak timberworm,
Columbian timber beetle

Bug, oak lace 30

Cankerworm, fall .. . . . . . . . . . . . . . 3
Cankerworm, spring 14
Carpenterworm 16
Carpenterworm, little 26
Caterpillar, forest tent 7
Caterpillar, variable oakleaf. . . . . 5
Caterpillar, yellownecked 6
Cicada, periodical 31

Gall, gouty oak 33
Gall, oak-apple 34
Grubs, white 36
Gypsy moth 8

Lacebug-see Bug
Leaf galls - see Gall
Leafminer, gregarious oak 12
Leafminer, solitary oak 12
Leafroller, oak II
Leaf skeletonizer-

see Oak skeletonizer
Leaftier, oak 14
Locusts-see cicada
Looper, linden 14

INSECTS Page Page

Mites, spider 36
Oak skeletonizer 13

Oakworm, orangestriped 4
Oakworm, pinkstriped 14
Oakworm, spiny 14

Phylloxerids, oak 28

Sawfly, slug oak 9
Scale, kermes 36
Scale,lecanium 32
Scale, obscure 36
Scale, pit 36
Spanworm, elm 2
Spider mites 36

Tilehorned prionus 25

Timber beetle, Columbian 22
Timberworm, oak 21
Twig pruner 24

Walkingstick 10
Weevil, acorn 35
Weevil, Asiatic oak 14

DISEASES
Actinopelte leaf spot 57
Anthracnose 55
Anthracnose, spot 62

Blister, leaf 56

Canker, Botryodiplodia 53
Canker, Hispidus 40
Canker, Hypoxylon 54
Canker,Irpex 42
Canker, Nectria ; 52
Cank'er,spiculosa 41
Canker, twig 62
Damping-off 59
Decline, oak 49
Dryadeus root rot 48

Hedgehog fungus root 43

Iron Deficiency 62

Leaf Spot 62
Leafspot, Actinopelte 57
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INDEX, (continued)

Page

Mildew, powdery 62
Mistletoe 60

Oyster fungus rot 44
Polyporus fungus rot 43

Poria fungus rot 46

Rust, eastern gall 58
Rust, fusiform 58

Shoestring root rot. 47
Smooth patch 62
Stereum fungus rot 46
Sulfur fungus rot 44

Varnish fungus rot. 44

Wilt, oak 50
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CAUTION ----------,

Pesticides used improperly can be injurious to man, animals, and plants.
Follow the directions and heed all precautions on the labels.

Store pesticides in original containers under lock and key - out of the
reach of children and animals - and away from food and feed.

Apply pesticides so that they do not endanger humans, livestock, crops,
beneficial insects, fish, and wildlife. Do not apply pesticides when there is
danger of drift, when honey bees or other pollinating insects are visiting
plants, or in ways that may contaminate water or leave illegal residues.

Avoid prolonged inhalation of pesticide sprays or dusts; wear protective
clothing and equipment if specified on the container.

If your hands become contaminated with a pesticide, do not eat or drink
until you have washed them. In case a pesticide is swallowed or gets in the
eyes, follow the first aid treatment given on the label, and get prompt medical
attention. If a pesticide is spilled on your skin or clothing, remove clothing im
mediately and wash sl\in thoroughly.

Do not clean spray equipment or dump excess spray material near ponds,
streams, or wells. Because it is difficult to remove all traces of herbicides from
equipment, do not use the same equipment for insecticides or fungicides that
you use for herbicides.

Dispose of empty pesticide containers promptly. Have them buried at a
sanitary land-fill dump, or crush and bury them in a level, isolated place.

NOTE: Some States have restrictions on the use of certain pesticides.
Check your State and local regulations. Also, because registrations of
pesticides are under constant review by the U.S. Environmental Protection Agency,
consult your State forestry agency, county agricultural agent or State extension
specialistto be sure the intended useis stillregistered.

tPt?~~+'fFOLLOW THE LABEL

U.S. DEPARTMENT Of AGRICULTURE

Page 254 of 382



Forest Service 

Southem Forest 

New Orleans, 
Louisiana 

General Technical Report 
SO-64 
October 1 986 

A Guide to the Insect Borers, 
Pruners, and Girdlers of 
Pecan and Hickory 

J. D. Solomon and J. A. Payne 

Page 255 of 382



Many insect borers, pruners, and girdlers attack, damage, and 
kill pecan and hickory trees. By using the idormation contained 
in this publication, resource managers, landowners, and other 
interested people should be better able to identify and manage 
these pests. Yellow-bellied sapsuckers are also discussed because 
damage caused by these birds is ofken confused with that of insect 
borers. Class, order, and family names of these pests are listed in 
the Appendix as additional idormation for the reader. 
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A Guide to the Insect Borers, Pruners, and Girdlers of Pecan 
and Hickory 

J. D. Solomon and J. A. Payne 

Pecan, Cava iZLi nsis (Wangefi.) K. Koch, and 
at least 10 species of hickory, Curya spp., are native to 
the Eastern United States, Eight of these are econom- 
ically important when grovvn for timber production, 
commercial nut production, ornamental purposes, 
and ~ l d l i f e  food. Pecan is best known for it8 nutri- 
tious nuts, which are produced in quantities that 
make them a major economic commodity, but is also a 
prized species for use in fine f w i t u r e  and paneling 
(Kennedy and others 1981). During recent years, it 
has been commonly called the "black walnut of the 
South," and interest in commercial plantings is grow- 
ing because of its high stumpage value (Adrams and 
Thielges 1976-77). The hickories have long been 
known for their use in the manufacture of handle 
stock, sporting goods, and some furrriture. 

Insect borers, pruners, and girdlers are injurious 
pests of pecan and hickory. Although most of these 
pests have a wide distribution, they seldom threaten 
trees over large areas. Damaging populations typi- 
cally occur on a local basis, such as a nursery, individ- 
ual nut-producing grove, forest stand, young timber 
plantation, or ornamental trees in a neighborhood or 
small geoeaphic locality. Much has been written on 
the insect pests aBecting the nuts and foliage of 
pecan, but little has been published on the insect 
borers affecting the tree itself. The cryptic habits of 
the insect borers have hampered eEorts to document 
this grou of pests, kinom infomation is widely scat- 
tered and 5 ound in older literatwe, much of which is 
not generally available to those wbo need to use it, 

The kminals, branches, tmrr3rs, and roots of trees 
of all sizes are vulnerable to borers. Natural regener- 
ation is sometimes heavily infested by girdlers and 

ers. Nurseries and young plantings located close 
to heavily infested stands or woodlots are most likely 
to be damaged. toss of teminals and main stems in 

young timber plantations adversely affects tree fom. 
rs and girdlers can dlrastically reduce the num- 
nut-bearing branches and subsequent nut crop 

of nut-producing trees. Girdled branches can create 
cleanup problems on residential propedies. Young 
transplanted trees are particularly susceptible to bor- 
ers and often need protection. Borer holes and associ- 
ated stain and decay cause defects in the wood that 
reduce its value for lumber, veneer, handle stock, and 
other products. Wo oles and bark scars also ad- 
versely afl'ect the aesthetic beauty of shade an 
mental trees. Borers sometimes invade the ca 
and callus around new grafts and prevent union of 
scion and stock; recently top-worked trees have smf- 
fered serious damage in the past. Stressed trees are 
particularly susceptible to bark beetles and pin-hole 
borers. Bark beetles have caused widespread mortal- 
ity of hickory during extended periods of drought. 
Yellow-bellied sapsuckers are included in this guide 
because the holes they peck in the bark are often 
confused with those caused by insect borers. 

Impact from pests can be minimized through good 
management. Cultural practices that maintain and 
promote tree vigor are of utmost importance. New 
plantings should be on good sites, preferably away 
from heavily infested stands, woodlots, or old, deterio- 
rating orchards. Adequate space, water, and nutri- 
ents should be provided. EEods should be made to 
keep injuries such as cuts, bwises, and broken limbs 
resulting from cultivation, mowing, thinning, and 
harvesting equipment to a minimum. Injuries that do 
occur should be promptly treated to speed the healing 
process. -actices such a '"pick-up and destroy" and 
"pmne-out and destroy" can help to reduce damage by 

ers, especially when practiced on an 
area or neighborhood basis. W e n  possible, practices 
should be adopted that favor natwal controls such as 
predators, parasites, and insect pathogens. Chemical 
control may oecasionally be needed. 

J. D. Solomon is research enbmologist at  the Southern H Laboratory, mainlain& at  Stoneville, MS, by the Southern Forest 
Experiment Station, Forest Service-USDA, in coopration with the Mississippi Agricultural and Forestry Experiment Station and the 
Southern Hardwood Forest Research Group. J. A. Payne is research entomologist at  the Southeastern Fruit and Nut Research Laboratow, 
Agricultural Research Service, USDA-Byron, GA. 
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This publication should aid forest managers of tim- 
ber resomces, f a m  managers of nut producing 
poves, exknsion and pest control persouel, and 
homeovvners to identify, manage, m d  control the 
major insect borer, p er, and girdler pests of pecan 
and hickow. Descriptions and illustrations of the 
pests and their damage-including galleries, frass, 
size and portion of tree ideskd, and tree condition- 
are presenbd tr, aid in identification. Infomation on 
biofom and control are given to help in predicting 
damage, managing populations, and making control 
decisions. Specific chemical controls are not given in 
this publication. For the latest intbmation on pesti- 
cides contact your State Foreskr, Extension Agent, or 
the nearest oflice of State and Private Forestry, 
USDA Forest Service. 

PECAN CARPENI'ERWORM 
Cossuia magnifica (Strecker) 

Importance. ---me pecan carpentemom, Cossula 
magnifica (Strecker), is primarily a pest of pecan, but 
is also found in the hickories and repostedly some 
oaks throughout the Southern. 'United States and 
Mexico (Baker 1972, Matz 1918, Moznette and others 
1931). It attacks the branches and trunks of trees of 
all sizes, but shows a preference for trees 8 to 31 cm 
d.b.h. Small branches may break or dieback at the 
tunneled sites. Although very few trees break or die 
from carpentemom attack, heavy repeated attacks 
may stmcturally weaken the tree, reduce its vigor, 
and provide ent ays for decay fungi and other 
pathogens. The value of sawlogs and lumber from in- 
fested trees is markedly reduced because w o d o l e s  
will cause the wood to be degraded. Although popula- 
tions may be heavy locally, widely scattered infesta- 
tions and sporadic appearance minimize the overall 
economic impact of the pecan carpenternom. 

Description. -The adult is a grayish moth mottled 
with brown and black blotches (fig. LA) (Moznette and 
others 1931, Baker 19'72, Gill 1924). The forewings 
are mottled with small brown patches, and each has a 
large bromish area at the distal end; the hindwings 
are unifomly darker vvithout distinct markings. The 
wingspan ranges from 37 to 44 mm. The larva is pink- 
ish in color and naked or only sparsely covered with 
short fine hairs that arise from the numerous tuber- 
cles (fig. 1B). The head, cervical shield, and anal plate 
are shiny dark brom. The full-grown larva may 
reach 37 mm in length. The pupa is brom and has a 
sharp projection on its head that is used to help force 
its way through the pupal cell and along the larval 
burrow to the exit hole. 

Evidence of mestation. -The earliest signs of at- 
tack are entrance holes, sap-stained bark, and small 
quantities of moist frass on the small branches during 

1.-Life stages of Cossula magnifica: (A) adult mth;  (B) 
matukure larva. 

mer and early fall (fig. 2A). Dissecting the in- 
d branch will reveal the larval tunnel (fig. 2B). 

However, these signs are ofken overlooked because the 
infested branches may be high above the ground, and 
the frass becomes scattered as it falls to the ground. It 
becomes easier to recognize the attacks when the lar- 
vae later bore into the trunk during the a u t w  
(Moznette and others 1931, h e r  and others 1918). 
Although attacks may occur at any point on the 
trunk, they are usually concentrated around the basal 
part of the trunk from groundline up to about 1.2 m. 
Attacks in the trunk are charrscterked by a small 
circular entrance hole about 6 mm in diameter with 
sap-stained bark below the entrance and a 6 w  excre- 
ment pellets and fine frass in bark crevices (fig. 2C). 
Pellet-like fram often accumulates in piles on the 
ground mound the base of idesbd trees. Entrance 
holes are enlarged to about 9 mm just prior to pupa- 
tion. Brown pupal skins may be found protruding 
from entrance holes d d n g  emergence in lLMay and 
June. Entrances to galleries heal over leaving uni- 
formly round or oval bark scars for several years as 
evidence of previous attacks. 

Biology. -Eggs are deposited on the bark of small 
branches in the tops of trees r emergence and mat- 
ing of the adult moths fkom late April through June 
(Baker 1972, Moznette and others 1931, Gill 1924). 
The newly hatched larvae first attack small twigs and 
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Figure 2.-Injury by larvae of Cossula magnifica in pecan: (A) entrance hole with sap-stained bark in s d l  b m e h ;  (B) small branch dissected 
to expose galk.ry; (C) e n t r a m  hole, frass, and stained bark in large trunk; (D) completed gallery in wood of large trunk; {E) 
wormhole and stain defects in lumber. 

branches and tunnel out the pithy center (fig. 2B). 
When the larva becomes too large for the small twig, 
it crawls out and enters a large branch. Entrances in 
twigs and small branches are usually made adjacent 
to buds, leaf petioles, or small secondary branches. 
The larva may tunnel up to 10 cm in both directions 
from the entrance hole, leaving only shells of small 
branches 10 to 13 mm in diameter. By early fall the 

ae vacate their branch galleries, crawl downward 
on the bark, and bore into the tmnk and large 
branches. Larvae attacking the tmnk usually initiate 
galleries in bark crevices and tunnel ho~onta l ly  or 
obliquely upward for 13 to 32 mm, then vertically for 
another 6 to 13 can (fig. 2D). Many larvae also tunnel 
downward from the point of entrance another 5 to 
10 cm. The cross-section of the vertical portion of the 
gallery is usually round, and about 6 mm in diameter. 
The wornholes and associated stain and decay show 
up as defects in the lumber (fig. 2E). The insect over- 
winters as a larva within the gallery. The follouring 
April or May the mature larva enlarges the entrance 
hole and then encloses itself and pupates in the upper 
end of the gallery behind a very peculiar but charac- 
teristic barrier or network of threadlike material. The 
sharp projection on the head end of the pupa enables 

the pupa to move through the barrier and down the 
tunnel to the entrance hole for emergence. Entrances 
to vacated galleries heal over, leaving uniformly 
round or oval bark scars in the bark (fig. 3). Although 
little is known about the life history, there appears to 
be one generation per year. 

Control. -Although reported to occur throughout 
the South from North Carolina to Florida and west to 
Texas, infestations are generally widely scattered 
(Boethel and others 1980). Trees planted as ornamen- 
tals or in orchards, groves, or other open-grown situa- 
tions are generally more heavily infested than those 
growing in well-stocked forest stands. Care should be 
exercised so that new plantings are not established 
adjacent to old orchards or stands heavily infested 
with carpenhrvvoms. Keeping the trees in vigorous 
condition and free of disease cankers and mechanical 
injuries will help to prevent infestation. Two tachinid 
pmasites, Phorocera comstocki Williston (Leiby 1925) 
and P. sigwkt Aldrich and Webber have been reared, 
but little is known of their effect on carpentemom 
populations. Small numbers of borers can be con- 
trolled by injecting a fuanigant into the gallery and 
then using clay or putty to plug the entrance hole. 
Insecticides used periodically in groves to control nut 
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Description ---The adult is a delicate bluish-black 
ing moth with yellow markings on the thorax, 

yellow-band4 legs, and yellow s l ~ p e s  on sepends 
two and four of the abdmen (fig, 4A) (Herrick 1904, 
Pf ess and Stadey 19671. Wings me transparent with 
bluish-black margins and have a engspan of 14 to 
20 mm. Eggs are p 
shape, and about 0. 

reddish-brom heads, and range in size fiom less than 
1 mm when newly hatched to 14 mm when mature 
(fig. 4B). The prothoracic shield has two dorsal 
yel lo~sh-brom spots. The pupa is brow and re- 
mains inside an cscssn anti!. time fir adult emergence. 

Evidence of Infestathn. --The most easily recog- 
nized early s i p  of attack is the presence of fine frass 
that has been extmded from the tunnels through 
small openings in bark crevices (Herrick 1904, Under- 
hill 1935). By cutting away the outer bark, larval 
tunnels and feeding larvae can be exposed (fig. 4B). 
m e n  inspecting trees for damage, it is impodant to 
examine the lower trunk of young trees, especialliy 
around and just above the groundline. Trees wounded, 

Figure 3.-Round, oval scars in bark provide evidence ofprevi- 
ous a&xk by Cossula magnifica. 

and foliar insects provide some, but not complete, con- 
trol of carpenterworms. Chemical control specifically 
for pecan carpenterworm. is seldom justified (Boethel 
and others 1980). 

DOGWOOD BORER 
Synanthedon scitula (Harris) 

Importance. -Although the dogwood borer, Synan- 
thedon scitula (Harris), is perhaps best known for its 
economic damage to the flowering domood for which 
it is named, it sometimes causes serious damage to 
pecan (Herrick 1904, Moznette and others 1931). It 
has also been found attacking hickory, oak, and many 
other species. It is known from southeastern Canada 
southward over the Eastern United States west to 
Texas. Damage results from the larvae feeding just 
beneath the outer bark in the phloem and cambium. 
Individual branches and even young trees may be 
completely girdled and killed, but most often the stem 
is only pastially girdled or patches of bark killed, At- 
tacks may occur at any point on the tmnk and 
branches of trees of all sizes. Trees that are wounded, 
diseased, or in poor vigor are most susceptible to at- 
tack. It often attacks d and budded trees, de- 
stro~ing much of the cambium and tissue and Figure *.--$,ife stages and tunnels of Synanthedon seitula in 
preventing the union of scion and stock. Topworked pecan: (A) adult churning moth; (El) bark removed ex- 
trees have suffered serious damage in the past. posing the kroae and burrows. 
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&seased, or in poor vigor are most susceptible Lo at- 
hek m d  should be inspecbd fieqaently, A b r  tree@ 
have been ideskd for a yem or SO, the dead bark over 
the borer tmnels be@ns to loosen and break away, 
wmetime8 exposing the wwd b;laeath !fig, 5A), n e s  
that are badly ideskd may have anz ujazher%ltlby ap- 
pemiance, exkibit dieback of branche~ in pa& of the 
cram, and send out sprout;s &om nem the groundline. 
Xrlol-eality wcw~  if trees are eomplekly @rdled, GraB 
failures should be inspckd closely for evidence of 
idesbtion. Frass around fresh woands a& points of 
nafiing and budding can mean the beginning of an 
idestation. Small b r o m  pupal skins may be found 
protmding fromnn tke bark frsm April through O&bw 
(fig. SB). Exposwe of ideabd siks by pfying the barli 
loose keqaently rewals one to a dozen or more larvae 
of various sizes feeding close together in Ioealized tun- 
nels. 

Biology--Adults merge &om April to October with 
the geatest n u d e r  appearing in "Efre early pa& &the 
yeas (Pierce and Nickels 1941, Pless a d  Stanley 
1967). Eggs may be deposikd on the bark anvhere  
along the tmnk or Branches, althsu& mst are placed 
close ta wounds, on or adjacent to frass, near openings 
produced by other borers, and mound grab or buds. 

R w e  5,-Evidem of attaGk by Synanthedan situla in pecan: 
(A) active attack on aunk ofyoung tree; (23) pupal skins 
in bark are positive signs of infestation; (C;i &rh-brawn 
pass-covered cocoons just u d r  the bark with protrud- 
ing pupal skins. 

The eggs hatcfi in 8 Lo 9 days. New& hatched lamae 
are small, fira&le, and v e v  sensitive to humidity; 
many die eom dessication before loeating a suit;tble 
niche ta  be&^ boring, The ntswly hatched I 
able Lst move sha& distances and usually seek waunds, 
h s h  ga&s, and tunnets of other borers to become 
established, although a few are abIe ta ~t~cees~h11y. 

ws ad minjwed siks. tamae m&e 
imemlmly shaped tmnefs or ws that spiral up- 
ward in the bmk and e m b i  fthough the sap- 
wood may be ekhedl, na bumows are made into the 
gapwood, Lamsae of vaPious s i z s  weminter in their 
foumows and w e  able to withstand a wide range of 
temperatwes. me following spring .I;he immature lar- 

ng, while the mature ones pupate. 
usually prepares a cocoon of frass 

ow beneath the ouGer 
bark for pupation (fig. 5C). F)upae within cocoons are 
rmely &und in the leaves rand trash around tihe base 
of the tree, The pupal stage lasts 8 to 12 days. mere 
is one generation per year, with 88me evidence ~f 8 
second generation in iLs southern range. 

Control, -Except under conditions favorable for 
the borers, natwal enemies usually keep infestations 
in clkeck (Pless and Stanley 196'1, 'Underhill 1935). 
Parasites that have been recovered are four bra- 
conids, Apanteles seske Viereck, Agathis buttricki 
Viereek, Microbracon sanninoidae Gahan, M metlitor 
Say, two ichneumonids, Phogenes  ater Cress., 
Scambus (Itoptectis) conquisitor Say, and one eu- 
lophid, Hyssopus sanninoidae Gir, In some cases, up 
to 50 percent of the larvae are parasitized. A disease 
caused by the fungus Cordyeeps sp. has been found 
but is not prevalent. Woodpeckers excavate a small 
number of larvae. Adhering to recommended cultural 
practices for keeping trees vigorous and free of bark 
in jdes  is impodant in preventing serious damage 
due to dogvvood borers. Direct control is seldom 
needed in natural stands but is sometimes needed in 
groves, nurseries, and ornamental trees (Pierce and 
Nickels 1941). 

E uzaphera semi funeral& (Walker) 

Importame,-me American plum borer, Euzo- 
phera semifuneralis (Walker), a pest of pecan and 
hickory., has a wide host range, being especially trou- 
blemme ta fruit trees (Blakeslee 1915, Pierce and 
Nickels 1941). It is widely distributed throughout the 
United States and is also found in Canada, Mexico, 

bia, South America (Heinrich 1956, Forbes 
1890)* It is primarily a pest of trees in poor vigor, 
u~ualfy attacking trees that have been mechanically 
wounded or infected by cader-type fungous diseases. 
The larvae rarely succeed in establishing themselves 
on healthy, uninjured trees. Damage results from the 
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larvae feeding in the cambial area, sometimes 
girdling and killing small trees. It may also be found 
feeding on the callus tissue of recenLly ~ a f t e d  or 
budded trees. Graft; failures are sonretimes attribukd 
to this borer. 

Dmcription. ---The adult has a light-say b d y  with 
grayish-brom hrewings that have a broad, w a v  
band of black and brovvn markings (fig. 6A) 
(Blakeslee 1915, Heinrich 1956, Forbes f 890). The 
hindwings are smokey p r ~ y  with a distinct black mar- 
gin. The vvingspan, ranges from 17 to 25 mm. Eggs 
vary from dull white vvhen deposited to pink or brom 
as incubation propesses. Each egg is oval and meas- 
ures about 0.6 mm long and 0.4 mm in diameter, The; 
larva is white when newly hatched but the color 
varies from dull white to pinkish or reddish brom as 
it develops (fig. 618). The head is dark brown and the 
cervical shield is pale yellow with black markings on 
the sides. Full-sown larvae range from 16 to 28 mm 
and average about 25 mm in length. The pupa is 
brownish black and is found inside a white silken 
cocoon. 

Evidence oflrnfestation. -The most obvious sign of 
idestation is an accumulation of dark-brown or black 
frass adhering to the bark at the site of attack 
(Blakeslee 1915, Pierce and Nickels 1941), The frass 

typically is made up glmost entirely of excrement pel- 
lets shek or aaering loosely .t;ogeLlner by sap exudab 
and silken threads. Attacks are limikd almost en- 
tirely to trees with mechanical wounds, h s t  damage, 
s u  scalds, diwage cankers, pmning and re- 
cent grafts and buds (frg. 7A). PiaLches of dead or dis- 

or paslially &rdled skrns are favored 
siks for invasion, L 
into the living ti~sue,, 
be exposed by lifting p 
of one or more loosely woven cocoons of white silken 

he bark is vezly cbaradristic of the 
borer (fig. ?B), The white silken co- 
h this borer h m  the dogt~rood borer, 

which has dark-brom or black cocoons usually en- 
tirely covered with frass. Attacks may be found on 
trees and branches of all sizes, but they are, most eorn- 
monly found on the lower trunk just above the 
groundline. 

Biology.-The insect oveminters as a 1 
white silken cocoon under loose bark near the en- 
trance to its feeding burrows (Blakeslee 1915, Pierce 
and Nickels 1941). Pupation occurs within the cocoon 
during March and early April and lasts 20 to 30 days, 
Adults emerge during April and May. The females 
mate and begin ovipositing 1 to 3 days a h r  emer- 

Figure 6.-Life stages of Euzophera semifuneralis: {A) adult moth; 
{BI nearly grown lama. 

Figure 7.-Evidence of infesation by Euzophera semifuneralis in 
pecan: (A) bark removed to expose tunneling injury; 
(23) closeup of white silken coeoolls in mined cavity. 
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gene  and deposit eggs for 1 to 4 days, Females deposit 
from 12 to 74 eggs singly on twigs or in small eoups 
in crack and crevices of the bark of suitable host 
trees, The eggs habh in 8 to 14 days afld the young 
lama@ seek waun&, caders, a-nd other s ~ t a b l e  sjites 
to begin feeding. The 1 1 development pe.ocS is 4 
6 weeks. The mature e constmct loosely woven 
ewoons of white silken threads under the bmk for 
pupation. The pupation pedod for 
lasts 10 to 18 days, about half the time required for 
spring pupation. There are two or more generations 
per year. Larvae may be found almost continuamly, 
indicating considerable overlapping of broods. 

Control. -Because the insect is lmgely incapable of 
establishing itself in healthy, vigorous, uninjwed 
trees, damage is unlikely except when trees s d e r  
from frost injury, sun scald, mechanical wounh, or 
canker-type hngous diseases (Blakeslee 1915, Kelsey 
and Shames 1960, Pierce and Nickels 1941). There- 
fore, good cultwal practices that prevent such i n j h e s  
help to minimize damage from the h e r i c a n  plum 
borer. Five ichneumonid parasites, Mesostenus tho- 
raeicus (Cress.), 44. graeilis Cress., ItopZectis m-argina- 
tus (Prov.), Pimpla sp., and Ihchthis sp., help to sup- 
press infestations. An unidentified threadworm 
parasite has also been reared. fiedators include 
lamae of the ostomid, Teazebrioides corliealis 
Melsheimer, ants, and woodpeckers. Chemical control 
is possible but seldom needed. 

AGROIBASIS SHOOT BORERS 
Acrobasis spp. 

Importame. -me acrobasis shoot borers are pests 
of pecan and hickory as well as black walnut and 
butternut from Ontario and Quebec in southeastern 
Canada southward to Florida and west to Texas in the 
United States (Baker 1972, Neumig 1972). Some of 
the more important species include Acrobasis 
nuxvorella Neumig, A. juglandis (h%aron), A. caryi- 
vorella hgonot, aad A. &motella Grote. The acroba- 
sis shoot borers are perhaps best known for their dam- 
age to foliage and nuts, although they often act as 
shoot borers during spring when grovvLh begins 
(Pape and others 1979, NF?unzig 1972). Boring and 
tunneling by the shoot borers cause many new tender 
shoots to become stunded, distorted, or die. Seedlings 
in nurseries can suBer serious damage. Mortality to 
the teminals of young trees intended for timber pro- 
duction is perhaps the most damaging type of injury 
(Kearby 1978). The destruction of teminals causes 
reduced grovvth and dichobmous branching, which 
results in forks, crooks, and abnomal branching. Re- 
peated terminal injury during early growth can ad- 
versely afYect the tree form that is so important when 
the goal is prduction of saw logs for lumber, veneer, 
and other products. 

DeseriptiQn. -The adults are vayish to bromish 
moths with r d d i ~ h ,  black, or white markings an the 
fbrewings and a e n g s p m  of 12 to 20 mm (fig. 8A) 
(Pape  and others 1979, Gill 1925, Neumig 1972). 
''I%@ eggs are oval to elliptical, conva abave and flat- 
brred below, with a reticular rnieropakbm on the 
outer s d a c e  of the charion, W e n  first deposikd, the 
eggs are greenish whih, but they gradually ass 
whitish md then reddi~h. tinge as developme 
gresses. Eggs v q  from 0.5 to 0.8 nnm, in length and 
0.25 to 0.36 rnm in vvidth.. Newly hatched larvae are 
pale rddish brom and about 0.8 rnnn lang, Mature 

ae (fig. 8B) are cyl , taper slightly toward 
each end, and 10 to 19 in len@h. Head and 
mouthp&s are dark yellovvish brom; the prothoracic 
shield is pale brow; and the body is olive green t;o 
jade green, usually darker dorsally than ventrally. 
The newly fomed pupa is olive eeen  but gradually 
changes to light brow. 

Evidence of Infestation. -Shoot damage occurs al- 
most entirely during the spring (Martinat and Wilson 
1978, Neumig 1972, Payne and others 1979). The ear- 
liest evidence of injury may be holes in the swelling 
and unfolding buds. The majority of attaeks to the 
shoot occurs after the buds have opened, but before 
there is much elongating or unfolding of the leaflets. 
Entrance holes are usually made into the basal part of 
the shoot just above the terminal leaf scar of the pre- 
vious season's growth. However, some larvae make 
entrance holes some distance out on the shoot, usually 
where the inner base of a petiole joins the shoot (fig. 
9A). Small amounts of frass are extruded from the 
gallery entrance and silked together to make a short 
loose tube, often foming an extension of the tunnel in 
all except A. &motella, whose larvae do not form a 
frass tube. The frass tube often becomes prominant as 
loosening bud scales and additional frass are silked 
together. Tunnels excavated in the tender shoots by 
the larvae range from 6 to 45 mm long (fig. 9%). The 
injury usually causes the teminal parts of the tender 
shoot to wilt, turn yellow and then brown, and die (fig. 
9C). nnneled shoots sometimes become enlarged, 
swollen, or gall-like. In~ured shoots that s m i v e  often 
become stunted and defomed and lose apical domi- 

Figure 8.-Life s-es of Aerobasis spp.: (A) adult moth; (23) E a r n  
in burrow. 
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Figure 9.-Sgns of infeslatka by A d a s i s  sgp. in pecan: {A) entra 
(C) s b t  terminal killed by larval Lunwling. 

nance to a lateral shoot. The diEerent species of 
Acmbasis can be pdial ly separated by habits in at- 
tacking buds and shoots, site of entrance into the 
shoot, mount  of tumeling, and chasacteristics of the 
frass t u k  m&or silking bgether of adjacent leaves, 
petioles, and shoots (N 

Biohgy. -The shoot nter as partially 
grown lmae in tightly woven coeoons called hiber- 
nacula, typically found where a bud joins the stem 

ig 1972, Mardinat and Wallner 1980, Payne 
and others f 919). m e  I ae emerge fkom the hiber- 
nacula in early spdrrg m d  tumel i n h  the swelling 
buds and tender new shoots. m e n  matwe, a few lar- 

mder baskplabes or hop  to the 
i rrb the litbr or soil and pupak. 

The pupal shge l a ~ b  11 dco 18 day@, Moths emerge and 
Zy or in small groups, usually on n u b  
afgrx lobes, on or near buds, and on 
edels.  The eg$s hateb in about 7 to 

10 days, mere may %se one to f~)m generations per 
year depn&ng on ;13pies and no&-south lwation. 
In the fall, third in csn~tmct and ove 
ter in cent to a bud. Only dur- 
ing Lh attack the shoob; later 
broods feed on the nuk and foliage (Pape m d  others 
1979). 

lnce hole in termiml shoot; (B) young shoot dissected to expose galtery; 

Control, -Natural enemies help in keeping the ac- 
robasis shoot borers in check. Parasites are probably 
the most important group of natural controls; many 
species of parasites have been reported (Neunzig 
1972, Mastinat and Wallner 1980, Gill 11925). When 
new plantings are established, they should be located 
away from existing areas containing Carya and 
Jugkns spp. Corrective p m i n g  during early grovvt;h 
may be the best alternative to control, especially 
d e n  plantings are intended for timber purposes 
(McKeague and Simmons 1978). 
done in May or early Jme,  soon aaer the current 
season" shoot damage ceases. The pmning technique 
shodd retain the stronge~t ne developing shoot as 
the new bminal .  Corrective ing aims to reestab- 
lish apical dominance by one shoot in order to correct 
forks that may have resulted h m  Leminal bud in- 
jusly, thw impso~ng tree fom. Insecticides may be 
necegsasy when idestations are heavy (Payne and 
ot;lhers 1979). 

Inzpo&ru=e. -The hickory shoot ewculio, Comtru- 
ebzlus aratus (Germ=), atlacks pecan and hickory 
thoughout the Easkm Unikd Stabs &om Massa- 

Page 265 of 382



ekrasedts south to Florida and west to Texas and Kan- 
sas (Phillips 2964, Schosf 1942, Bro.ooks 1922). I n j u  
results from both adult and larval feding. T n j q  
from lapptrae tunneling within the new shoots and leaf 
atems is most damaang, resulting in prematwe fa- 
liage loss and weakening or &ath of nud-producing 
shoots. Loss of kminrsrls in young trees intended for 
timber production can result ins forks and abnormal 
tm& development* Heav;ti damage has occurred in 
twigs and shoots on young budded trees in nurseries. 
%%yere infestations are found most often on unman- 
aged trees or in aoves adjacent to woodlands contain- 
ing native pecan and hieksry Grees (Bayne and others 
2979). Fifty percent or more of the shoots can become 
infeskd, Two other curculio shoot borers, 6, elegans 
(Say) and @, tibUZkis Bmoks, cause inijuries similar to 
C, aralus but are less prevalent. 

Descnjgptisn,-The adult is a weevil-type beetle 
with a shsffd, swut snout that is slightly curved and 
about one-third the len@h of the body, or about as 
long as the head and thorax combined, and has the 
sternum grooved Ifor reception of the beak (fig. 10A) 
(Brooks 1922, Payne and others 1979, Schoof 19423. 
The color is dull payislrr to reddish b rom with an 
indistinct broad band sf yellowish pubescence behind 
the middle sf the elylrsn and a namsw line of the same 
color on eaek side of the thorax, Adults average about 
5 mrn Bong and 2 mrn wide. The egg is oval to oblong, 
cireamy white, semitranspare* and averages 1.1 rnm 
long and 8.7 mm in diameter, The larva is yellowish 
white with a brown bead and black jaws and has a 
scattering of short; but noticeable setae (fig. 10B). The 
larva is legless, slightly curved or crescent shaped, 
and averages about 6.0 rnm long and 1.5 mm in di- 
ameter. The pupa is delicate and white but gradually 
darkens. 

Evtdenee oflnfestation. -Soon after grovvth begins 
in. "&ke spring, feeding and oviposition puncture marks 
made by adult ewculios can be found on tender shoot 
tips and leaf petioles (Brooks 11922, Phillips 1965, 
Payne and others 1979). Egg glanctures are character- 
ized by dark triangular V-shaped marks or spots 3 
mm long on the peen bark. These dark puncture 
marks occur singly just above each leaf axil, but there 
may be 3 to 10 punctures per shoot. The favorite feed- 

Rmre 18----Life s w e s  of6ontstraehelus aratus: ('.] adult weevil; 
159) mture  lama. 

ing place of t11e larva ins in the bulblike swelling at the 
base of the ledpetisle, but it also mines in the pith of 
new shoots and leaf skms (fig, 11 A), An active larval 
gallery usually has a small amount of dark frass at 
the entrance (fig* IIBb* Dissection will reveal. the 
crescent-shaped larvae. The burrows or galler-ees may 
range &om 25 to 51 mm long (fig l1C)- The aEected 
shoot tips and leaves usually become ~~prg?%lowish or 
b r s m  and wither ern the tree or drop away, Shoots 
that are h e a ~ l y  tumefed oRen break and droo with- 
out turning yellow and withering. Late sunames and 
fall feeding by the newly emerging adults cause feed- 
ing puncture wounds along the shoot and leaf petioles, 
but Iak season damage is negligible. 

Biology. ---The hickoq shoot curculis overwinters 
in the adult stage in litter, trash, or debris on the 
n o u d  near host trees (Brooks 1922, Payne and 0th- 
ers 1979, Schsok" 19421. Adults emerge from hiberna- 
tion and become active in early ~pri-ng as buds begin 
unfolding and shook as*h begins, Feeding I>e@ns in 
late March and April in the south and 2 to 4 weeks 
later in the nodhern range. After feeding for a shorC; 
time, females deposit eggs singly in. puncture niches 
in the tender shoot tips and leaf petioles just above the 
enlarged petiole base, Eggs hatch in about a week and 
the larvae be@n feeding and tunneling within the 
tender new a o d h  where they complete their larval 
development. m e n  ;Paally g o w n  by midsummer, the 
mature larvae vacate their galleries, drop do the 
pound beneath the tree, and burairow into the soil. to a 
depth of  12 to 51 mm where they form unlined, 
earGIhen cells for pl;lpatioan- The pupal period lasts hr 
2 to 3 weeks. The adult; eureulios emerge from the 
p u n 9  mostly during AumsL and September, Emerg- 
ing adults are eomparativeiiy inactive and feed rPeq 
little before entering hibernation in the autumn. 
There is one generation per year, 

Control.-Fifty pearcent or more sf the lama1 popu- 
lation may be destroyed by parasites (Brooks f 922). 
The three species 06 parasites identified from %he 
larvae are two tachnids, My iophasia globssa 
(Townsend) and Cholomy iae inaecq uipes Bigot, and 
one chlorapid, Chaetochlorops inquikinus (Ccrquil-bett ) . 
New planztings should be esta"$al%shed, when possible, 
away from heavily infeskd woodlots, Sanitation and 
cultural practices such as clipping, collecting, and de- 
stroying infested shoots can reduce populations when 
only a single or few high-value trees isolated from 

unding host trees are involved, E%iminatisn of 
trash and debris ear% also help to eliminak hibema- 
tion sites, Chemical control i s  usually not necessary 
but occasionally may be needed when many adults rare 
present or when there is a history of damage (Payne 
and others 1979, Phillips 1965, Brooks 19221, Up do 
three spray applications, beginning in early spring 
when unfolding buds have 6 to 25 mm of new p o d h ,  
m q  be necessa~ to control the adults before they lay 
their eggs, 
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Figure k 1.-Young hiekcaq shoots infested Fly Gsnotrachelucj aratus: CAI swollen s b t  with lama1 entrance kole; (B) dark frass being ejected 
from gallery entrance; fC) terminal dissected to expose gctktc?~ and young larva. 

HICKORY BORER 
Goes puleher (Haldeman) 

Importance. -The hickory borer, Goes puleher 
(Haldeman), is found from southern Canada through- 
out the Eastern United States, and although primar- 
ily a pest o f  the hickories, will occasionally attack 
pecan (Baker 1972, Beal and others 1952, Solomon 
1974). The larvae tunnel in the sapwood and heart- 
wood o f  young trees 2 to 14 em in diameter, mostly 
from poundline up to about 5 m. Attacks in large 
trees are infrequent and usually restricted to the 
branches, Borer injuries in vigorously gowing trees 
usually heal widbin a few months after the borers 
emerge, but in trees of  poor vigor, up to 3 years are 
repired. Galleries that heal slowly are frequently 
occupied by ants L"or nesting sites and sometimes kept 
open indefinitely, thus permitting the establishment 
of stain and decay fungi. Trunks weakened by dun- 
nels, woodpecker excavations, and decay oeeasionajily 
break during windstorms. The holes, together with 
the associated stain and decay, degade the wood for 
any commercial use. 

Description.-The adult is a typical long-horned 
beetle with a prominent lateral spine on each side of 
the pronotum (Solomon 1974). The beetle is light 
brown with dark elytral bands at  the base and just 
beyond the middle of the wing covers (fig. 12A). They 
are moderately robust, elongate, and range from 17 to 
25 mm long and 5 to 8 mm wide. Females are slightly 
larger than males and have heavier abdomens but 
slightly shorter antennae. The eggs are yellowish 
white, elongate, and average 4 mm long and 1 mm in 
diameter with a parchment-like surface texture. The 
larva is slightly robust, fleshy, and generally cylindri- 
cal but v e q  slightly flattened dorsally and ventrally; 
the dlasraeic s e p e a t s  are slightly broader anteriorly 
(fig, X2B). The color varies from white to yellowish 
except for prominant dark-brown mandibles and 
amber spiracles. Larvae average 4 mm long when 
newly hatched and reach 18 to 28 mm at maturity. 
The pupa is white to geenish initially, but gradually 
becomes yellowish, and its eyes, mandibles, and ap- 
pendages darken as adult transformation approaches. 

Evidence oflnfestaticrn, -The earliest signs of infes- 
tation are single or small goups of niches 4 to 8 mm 
in diameter chewed in the bark exposing the 
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Figure 12.-Life stages ofGoes pulcher: (A) adult beetle; (B) mature 
lama. 

yellowish-brown phloem beneath (fig. 13A) (Beal and 
Massey 1942, Solomon 1974). However, the most obvi- 
ous evidence is the sap-stained bark and yellowish 
frass protruding from the elongate entrance hole (fig. 
13B). Sap oozing from the point of attack initially 
darkens the bark, but in succeeding years the stain 
becomes bleached or yellowish brown. The frass ex- 
trudes from the entrance in curved shapes or ribbon- 
like pieces that accumulate on the ground below. Nu- 
merous excelsior-like wood fibers 8 to 12 mm long in 
the frass signal larval maturity and approaching pu- 
pation. Each borer leaves two holes, an elongate en- 
trance hole and a 7-mm round exit hole (fig. 1 3 0 .  As 
these wounds heal, the bark scar at  the entrance site 
appears slightly sunken, with a small bulge around 
the periphery. The exit hole heals in much the same 
way that a branch stub is overgrown. The bark scars 
remain in evidence for several years. Wormholes 10 to 
13 rnm in diameter in sawn lumber provide good evi- 
dence of hickory borer infestation (fig. 13D). 

Biology. -The adults emerge during May and June 
(Solomon 1974). After feeding on tender twigs, leaf 
petioles, and leaf midribs and then mating, the female 
begins oviposiding. She chews an oval niche in the 
bark, then forces her ovipositor through the opening 
and downward between the bark and sapwood to lay 

a single egg. One female will deposit up to 14 eggs 
under experimentat conditions on caged trees but 
would probably deposit many more under natural con- 
ditions. Adults live from 11 to 32 days. Females usu- 
ally deposit their eggs singly, although clusters of two 
or three egg niches are sometimes ICound. Open-vswn 
trees and those growing near openings are most fie- 
quently selected for oviposition, with a preference 
shown for branch crotches. The larvae produce small 
mines 1 to 2 cm in diameter under the bark and then 
bore directly into the sapwood. The galleries extend 
horizontally or obliquely upward in the sapwood and 
headwood for 2 to 5 cm, rise vertically for another 6 
to 12 cm, then turn horizontally back to the surface 
(fig. 13E). By the time the larva pupates, galleries 
range from 9 to 16 em long and 10 to 13 mm in diame- 
ter. The life cycle is 3 to 5 years. During late fall and 
early spring of the final year of the life cycle, the 
mature larva prepares a pupation chamber at  the 
uppermost portion of the gallery by plugging the 
gallery tightly with long excelsior-like fibers. Pupa- 
tion lasts for 15 days. The new adult chews a round 
exit hole at  the upper end of the pupal chamber to 
emerge. 

Control. -Woodpeckers, one of the most imporLant 
natural enemies, may capture up to one-third of the 
larvae (Solomon 1974). Some natural mortality is 
found in vigorous trees that produce heavy sap that 
oozes from the oviposition sites. Direct controls have 
not been investigated, but borers in individual trees 
can be controlled by injecting a fumigant into the 
galleries, then plugging the entrance holes with clay 
or putty. Where problems exist in plantings near or 
adjacent to forests, removal of brood trees in the adja- 
cent woodland is advised. 

BROADNECKEDROOTBORER 
Prionus laticollis (L.) 

TILEHORNEI) PRIONUS 
Prionus imbricornis (Drury) 

Importance. -The broadnecked root borer, Prionus 
Laticoltis (L . ) ,  and  t h e  t i lehorned  pr ionus ,  
P. imbrieornis (Drury), are pests of pecan and hickory 
as well as many other trees from southern Canada 
throughout the Eastern United States and extending 
west to the Plains States (Payne and others 1976, 
Linsley 1962). Injury occurs from the larvae feeding 
on and destroying the roots. The larvae feed first on 
the root bark, but they soon enter the wood, com- 
pletely hollowing large roots and often severing them. 
The larvae move from root to root through the soil, 
feeding on the surfaces of smaller roots as they go, 
causing many injuries and wounds. Open-grown ma- 
ture trees and those weakened by disease, drought, 

Page 268 of 382



Figure 13.-Habzllf; and signs of infestation by Goes pulcher in hickory: fAl egg nkhe cut in bark by female beetle; (Bi ribbon offrass being 
extrud~d porn gallery entrance indicating aetiue abhek; fC) elongate entrance hole made by larva below and round exit hole made 
by adult above; 03) defecb in sawn lumber; (23) sectioned stem shoging typical larual gallery. 

mechanical damage, or soil conditions are most sus- 
ceptible to attack, but young, vigorous trees can also 
be attacked and are occasionally cut off at the pound- 
line. Severe root damage results in reduced gowtb, a 
poor nut crop, and eventual death of the tree. In south- 
west Georgia, pecan powers estimated that 3 Lo 10 
percent of the trees showed s i p s  of attack (Payne and 
others 1970). 

Description. -The adults are robust, broad, some- 
what flattened, and blackish brown to reddish brown 
(fig. 14A) (LinsZey 1962). They have antennae about 
half as long as the body, and there are broad spines on 
each side of the prothorax. Adults o f  P. laticollis 
measure up do 45 rnm long land adults of P. inzbricor- 
nis measure up to 3'7 rnm long. The eggs are irrep- 
larly punchate and glossy yellow, but later darken and 
lose their glossiness (Farrar and Kerr 99681, One end 
of the egg is slightly larger than the other, Eggs aver- 
age 3.5 mm long and 1.4 mm wide. The large rood- 
boring larvae are fleshy, elongate-cylindrical, and 
creamy white to yellowish; they have three pairs of 
small legs and small heads armed wi th  strong 
mandibles adapted for boring in wood (fig. 14B) 
(Payne and others 19'90). Mature larvae attain 
lenehs of 9 cm or more and weigh up do 15 g. Pupa- 

tion takes place inside eadhen cells, and pupae are 
white hitially, but their eyes, mandibles, and ap- 
pendages darken as adult transformation approaches. 

Evidence of Infestation. -Since injury to the roots 
occurs below pound le-vel, correct diawosis is often 
dificult (fig. 14C) (Payne and others 1970). Only by 
excavating the tree and examining the roots can one 
confirm the infestation (fig. 15A, 15B). The above- 
pound syndrome is a gadual decline, characteristic 
of any tree under severe, prolonged stress (fig. 16). 
Symptoms often resemble a nutrient deficiency- 
leaves may be sparse, reduced in size, and have a 
Iigkk-peen to yellowish tinge. Nut yields from in- 
fested trees may be three to seven times less than 
ifrorn healthy trees. As an infestation propesses over 
a period of several. years, 70 to 90 percent of the root 
system may be destroyed, resulting in a limb-by-limb 
death of the tree (Sparks and others 1974). 

Biology -Adults emerge from the soil in late spring 
sand early summer (Baker 1972, Benham and Farrar 
19761, The beetles are normally nocturnal or crepus- 
cular in habit and during the day remain hidden be- 
neath debris or loose bark at  the base ofthe tree. The 
females are short-lived-abouL B week-but deposit 
300 to 500 eggs either singly or in groups in the soil 
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1 6 . - D ~ m s a ' ~  for Wonus spp. in pecan: (A) muutfting 
14.-Life sme8 of and inju~y j b r n  Prionw spp: (A) adult rw& dr, eonfirm Wonw infestation; (B) closeup of root 

beetle; (B) mature lama; (C) pecan mot girdled and sp&m shsuiw holes and girdling-most of smaller 
hotlowed by lam=. mtS h u e  been consumed by the l a m .  

near the base of host trees. %%en the eggs hatch in 2 
Lo 3 weeb, the young larvae dig down to the roots and 
bgin feeding on the bark. They move from root to root 
though the mil feeding on the sdaces  of smaller 
r m b  as t)iley go and causing many injuries and 
woun?els. T h y  enkr the vvood of larger roots and hol- 
low, grdle, or sever them. In the s m e r ,  the larvae 
feed on roots in the upper 15 to 45 cm of the soil, but 
in winter they are often found at depths down to 
80 em, The feeding period lasts 3 to 5 years. In early 
spring, matwe 1 ae come to within 6 to 12 cm of the 
soil % d a c e  and prepare large, oval earthen cells in 
which they pupate and transfom to the adult stage. 

Control, -Root bolrers usually attack trees weak- 
ened by other faebrs such as disease, drought, me- 

chanical dmage, or soil conditions (Sparks and oth- 
ers 1974), merefore, cu1t;ural practices shodd be 
follow4 .ko keep trees t h ~ f t y  and vigorous. Since 
these roo% borers are also pests of other tree species, it 
is ad+sab%e to e~tablish new plantings some distance 
away from orchmcls and trads of woodlad that are 
already ideshd, Although little is known about natu- 
ral enemies, they undoubtedly play a role in regulat- 
ing root borer ppulations. A bchnid parasite (near 
Dat ' lk)  has bees reared h r n  P. &ticullis (BeAam 
and Fanar 19761, and geveral backria and Eungi have 
been isolated from dead 1 ae and pupae of P. laticcrl- 
lis. It may be necessau Lo use insecticides occasion- 
ally if root borer ppulations threaten high-value 
trees (Pame and others 19'76). 
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Fiere 16.- Pecan tree in  declining condition-symptom of root 
injury by Prionus spp. 

TWIG GPRDLER 
Oneideres cingulata (Say) 

Importance. -The twig girdler, Oncideres cingu- 
lafa (Say), a pest of pecan and hickory, and to a lesser 
extent several other hardwood species, is found most 
commonly in the Southern States but is known as far 
north as New England and westward to Arizona (Gill 
1924, Herrick 1904, Beal and Massey 1942). The aciult 
beetles girdle twigs and small branches causing the 
injured portions to break away or hang loosely on the 
tree. It is not uncommon to see the ground under in- 
fested trees almost covered with twigs that have been 
cut off: This affects .the beauty and aesthetic quality of 
ornamental plankings. The fruiting area of heavily 
infested trees is oRen geatily reduced, resulting in 
low nut yields the following year and sometimes 
longer. This type of injury causes the development of 
many offshoots that adversely affect the symmetry of 
the tree, Pecan. nurseries located close to heavily in- 
fested woodlots seeasionally sufer considerable loss 
&om girdled seedlings. Repeated girdling of terminals 
causes r'srks, crooks, and other stern deformities in 
young timber plantations as well as in natural repro- 
duetion (Kennedy and others 1981). 

Description,-The adults are typical long-horned 
beetles that range from 22 to 16 mm in len@b (fig. 
1IA) (Bilsing 1916, Gill 8924, Herrick 1904). The 
body is cylindrical and generally gayisltr brown with 
a hoarl, ashy-gay band across the middle of the wing 
c~rbers, The eggs are white, elongate oval, and about 
2.5 rnm in len@fi, The larvae are whitish, cyfidneal, 
legless ~ b s  that reach 16 to 25 mm in, leur@h at 
maturity (fig, 1"7B). The pupae are white with sko&, 
dark spines on the dorsal sides of sements. 

Evidence oftTnfestal"ion, -The presence during late 
summer and fall of sever4 bigs on the ground, hang- 
ing loosely attached or lodged in the canopy is good 
evidence of infestation (Gill 1924, Herrick 19016). Most 
girdled twigs are from 6 tea 12 mm-sceasionalb rang- 
ing up to 18 mm-in diameter, and 30 to 60 ern in 
lengtih. The nature of the girdle ikself distinwishes 
the twig girdler from sther branch pruners. The cut 
by the twig girdler is the only one made from the 
outside by the adult beetle and has been described as 
a unifom V-shaped cut (fig. 17A). The cut is seldom 

Figure 17.-Life stwes of Oneideres cineiata: Mi adult beetle 
girdling pecan stem; iki;) mtkdure larucr in g a l l e ~ .  
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complete, leaving a small cent-er with a jagged s d a c e  
caused by the break. Since the t ~ g s  are @rdled while 
the leaves are present, the severed twigs rekin the 
brom leaves for some time (fig. 18). Severed t e g s  
lodged in the tree canopy sr  on the pound o&n retain 
leaves even ahr the tree sheds 1 % ~  leaves in the au- 
tumn, Close inspeetion of the severed twigs will re- 
veal tiny egg niches innd many mandible marks or 
grooves made in the bark by the &male: bwtles. Lmge 
trees usually sustain the most ~ rd l ing ,  but young 
plantation trees are sometimes heavily damaged 
(fig* 19). 

Biology-me adults emerge from fate A u e s t  to 
early October (Efilsing 11916, Gill 1924, Herrick 1904). 
They feed on the hnder bark near bramh ends and 
mate before ovipositing and girdling the twigs. The 
branches are apparently g.irdled by the female so that 
congenial conditions will be provided for the develop- 

ae, whieh are unable to survive in 
living twigs. The girdling extends through the bark 
and well into the wood in a cornplete circle around the 
stem and leaves only a thin column of the center wood 
attached, which breaks easily (fig. 117A). Eggs are laid 
during or after the cuetirrg process, but never before 
the beetle malkes part of the cut, They are inserted 

singly beneath the bwk or slightly in-to the wmd, 
usually near a bud sew or adjacent I;r, a side shoot, The 

ber of eggs per t ~ g  varies from 3 do 8 but may 
range up to 40, Mults live 6 ta 90 weeks, Females 
deposit 50 tx, 200 eggs each, whieh hatch in about 
3 weeks, After oveminte~ng, tbe larvae g o w  rapidly 
in the spring m d  hnnel toward the severed end sfthe 
twig by feeding only on the woody g-tofiiorn and leaving 
the bark intact, A few small eireulm holes are made 
in the bark to eject pelleb of frass and excrement, The 
mature larvae close off the gallev with shredded 
fibers to fom a pupation. chamber, Pupation occurs 
during A u ~ s t  and September and lasts 12 to 14 days. 
'I'he adult chews a eircdar hole in the bark do emerge* 
There is one generation per year* 

Control .-In orchards, nurseries, and ornamental 
plantings, the severed twigs on the gound as well as 
those lodged in the trees should be gathered and 
burned during the kll, wider, and spring when the 
eggs and w b s  are in the twigs (Gill 1924, Mozr=ne.dte 
and others 1931). The same practice should be fol- 
lowed in nearby woodlots when plandings in the viein- 
ity have a history of serious damage from this insect 
pest. Insecticides may be necessaq to prevent damage 
from heavy idestations, although they are probably 

Figure 18.-Hain stem ofyou% &e girdled by &cideres c ine-  
fala. 

Figure 19.-Yoang plantation tree with krminai and mast sf 
bramhs  girdled By Oncideres einwlata. 
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mnecessary in natural forest stands, Natural con- 
trols are important in keeping twig girdler popula- 
tions low; desiccation of the eggs is apparently the 
greatest single decimating factor. Three parasiks: an 

lidis A s h , ,  one ichneu- 
msaaid, Iph iauk  agr&li ( A ~ b . 3 ,  and one eulophid, 
Horismnus sp., help to reduce the girdler population 
(Beal and Massey 1942). A clerid predator, Cy- 
mtodera undulata Say, has also been reared. 

IG PRUNER 
Elaphidiomides villosus (F.) 

OAK TWIG PRUNER 
Elaphidionoides paralblus N e w a n  

Importance. -The twig pruner, Elaphidionoides 
uillosus (F.) and oak twig pruner, E,  parallelus New- 
man, are found throughout the Eastern United States 
northward to Canada and westward to Texas, reach- 
ing greatest importance in their northern range 
(Chittenden 1910, Linsley 1963, Moznette and others 
1931). They attack pecan and hickory as well as other 
forest, shade, and fruit trees but show a marked pref- 
erence for the oaks. The larvae, boring in the stems, 
cut off or prune twigs and small branches. Pruned 
twigs drop to the ground or hang loosely from par- 
tially severed branches. The ground under heavily 
infested trees may be littered with fallen twigs and 
branches. Such pruning and littering adversely afl'ect 
the aesthetic quality of ornamental plantings and 
cause clean up problems; heavy twig losses reduce the 
fruiting area and, in turn, the nut crop; and young 
trees may be deformed. Injuries to trees in natural 
stands are seldom serious. 

Description. -The adult beetles are elongate, slen- 
der, and parallel-sided (fig. 20A) (Chittenden 1910, 
Linsley 1963). The bodies are light to dark brown and 
clothed with irregular patches of fine gray hairs giv- 
ing them a mottled appearance. There are spines on 
the first few joints of the antennae and the tips of the 
wing covers are notched and bispinose. They range 
from 12 to 18 mm in length. Elaphidionoides vilLosus 
resembles E. parallelus very closely, but E. parallelus 
is usually slightly smaller and somewhat more slen- 
der. The larvae are elongate, cylindrical, and creamy 
white; they have short rudimentary thoracic prolegs 
and measure about 14 to 22 mm in length at  maturity 
(fig* 20I3). 

Evidence ofInfestation. -During the summer, fall, 
and winter pruned twigs from 8 to 20 mm in diameter 
and from 20 to 90 em in length litter the ground under 
infested trees (Gill 1924, Moznette and others 1931). 
Pruned twigs may also hang from the crown. The na- 
ture of the girdle itself distinguishes the twig pruners 
from the twig girdler and branch pruner. The cut by 

twig pruners is made frorn inside by the larva, which 
gnaws a circular groove in the wood, leaving only the 
bark intact. The severed end of the twig presents a 
smoothly cut s d a c e ,  near the center of which is an 
oval 2-mm gallery opening onen plugged lightly with 
h88~ (fig. 21). d smaller side-twrg 1s usually halowed 
out and may be broken in its fall to %fie &round, There 
are no egg niches or mandible marks on the bark 
surface as seen, with the twig @rdfer. Moreover, split- 
ting the freshly pruned twig reveals the near1 y g r o w  
twig pmner larva inside, while the twig girdler either 
has not hatched or the larva is too small to be noticed 
until the following spring and summer, 

Biology. ---The adults emerge frorn early spring to 
early summer (Chittenden 1910, &sling 1978). The 
female deposits her eggs in slits in the bark at leaf 
axils near the tips of very small teen twigs that arise 
from a larger twig 8 to 20 mm in diamter, The young 
larva burrows down the center of the twig toward its 
base, hollowing it out more or less completely. When 
the larva reaches the larger limb, it bores into the 
branch and burrows a short distance down the center 
of the stem. In late summer or fall the larva severs the 
branch by making concentric circular cuts from the 

Figure 20.-Life sbges of Elaphidionoides sp: (A) adult beetle; 
(23) mature larva. 
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center outward to, but not including, the thin bark. 
Severed branches later break and fall to the ground 
with the lamae in them. The larva retreats back into 
its bumow and plugs the oval gallery at the severed 
end with small fibrous frass and pupates within the 
burrow the folbwing spring, There is usually one gsn- 
eration per year, but a 2-year generation life cycle has 
been repo*d for E. parallelus in its northern range 
(Gosling 1978). 

Control. -Control of twig pruners in orchards, 
nurseries, and ornamental plandings is similar to that 
for the twig girdler (Chid-tenden 1910, Gill 1924). That 
is, all severed twigs on the pound or lodged in the 
tree should be collected during fall and winter and 
destroyed while the g u b s  are still in the twigs. To be 
most eEective, the severed twigs should be collected 
over the entire orchard, woodlot, or neighborhood. In- 
secticides are rarely needed; natural controls help to 
keep infestations in check. Two braconid parasites, 
Bracon eurygaster Brulle and Odontobracon elaph- 
ivorus Rohwer, have been recovered from the twig 
pruner (Linsley 1963), while two braconids, Meteorus 
tibialis Muesebeck and IphiauEax eutygaster Brulle, 
one ichneumonid, Agonoeyptus discoidaloides 
Viereck, and one tachinid, Minthozelia ruficauda 

Reinhard, were reared from the oak twig pruner 
(Gosling 1978). The downy woodpecker, Dryobates 
pubescens I;., blue jay, Cyanoeitta cristata L,, and 
black-capped chickadee, Parus atricapillus L., have 
been reported to destroy large numbers of the twig 
prunes (Chitf enden 1 9 10) .. A spider, Theridium tepi- 
k r i o r u m  6.  Koch, has also been observed preying 
upon the twig pmner. Rodents, such as squirrels, 
have destroyed up to 31 percent of the oak twig pruner 
population in Michigan studies (Gosling 1978). 

BRANCHPRUNER 
Psyrassa unicolor (Randall j 

Importance. -The branch pruner, Psyrassa uni- 
color (Randall), attacks pecan and hickory, and to a 
lesser extent the oaks and a few other species 
throughout the Eastern United States from Minne- 
sota south to Alabama and west to Texas (Linsley 
1963). The larvae tunneling in the stems cut OR or 
prune large branches. Pruned branches, due to their 
size and weight, usually drop to the ground; they sel- 
dom hang loosely from partially severed branches as 
seen with the twig girdler and the twig pruner. AI- 
though individually pruned branches are generally 
larger than those girdled by the twig girdler or the 
twig pruner, the number of pruned branches is usu- 
ally less. Although individual shade and ornamental 
trees and occasional1y orchard trees may be seriously 
pruned, entire stands or groves seldom sustain eco- 
nomic damage. 

Description. -The narrow, elongate adults are col- 
ored light to reddish brown, have short and inconspic- 
uous pubescence, and are coarsely punctured (fig. 
22A) (Linsley 1963). The antennae are about as long 
as the body in the female and slightly longer in the 
male. In length, females range from 9 to 13 mrn and 
males 7 to 11 mm. In width, females average 2.2 mm 
and males 1.8 mm. The larvae (fig. 22B) are slender, 
elongate, cylindrical, and whitish with dark-brown 
mandibles; they have yellowish thoracic shields, very 
short rudimentary thoracic prolegs, and measure 
about 12 to 18 mm long at  maturity. 

Evidence offnfestation. -Branches are pruned and 
fall to the ground during spring as opposed to sum- 
mer, fall, and winter for those cut off by the twig 
pruners and twig girdler. Pruned branches are often 
much larger than those cut off by other pruners and 
girdlers, ranging from 10 to 50 mm in diameter and 
0.6 to 3.6 m long. Pruned branches generally fall free 
to the ground, seldom hanging from the tree by the 
severed end as is true for the other pruners and 
girdlers (fig. 23A). The cut made by the branch pruner 

Figure 21.-Laroal and ends of twigs by Elaphid- is similar to that of the twig pruner in that is is made 
ionoidos sp. Note oual holes with f ~ s  in en& of from the inside by the larva, which chews a uniformly 
sewred twigs. smooth, circular cut in the wood, leaving only the 
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Figure 22.-Life stages of Psyrassa unicolor: (A) adult beetle; 
(B) m t u r a  larva. 

bark intact (fig. 23B). It diEers from the twig pruner 
in that the larval hole is not at the center of the twig, 
but instead is near one side, usually just below the 
bark near a small side-twig, and the hole is often ' 
plugged with frass. Although the larva usually tun- 
nels in the pruned branch, it will sometimes tunnel in 
the pruned stub still on the tree. 

Biolol5ry.-Adults emerge from late April to early 
June. Eggs are deposited on small twigs that arise 
from a larger branch 10 to 50 mm in diameter. The 

a tunnels d o m  the center of the t ~ g  to- 
ward its base, but it does not hollow out the small twig 
as completely as Elaphaiomides spp. Upon reaching 
the larger brmch, it bores into the branch and begins 
to girdle it. The girdle is completed during late winter 
and spring when the lama makes a smooth, unifom 
concerat~e circular cut, ~f"ten completely severing the 
wood, but leaving the bark intact (fig. 23B). Severed 
branches may break at my time, but breakage occurs 
mostly during spring vvinbtoms. If breakage dues 
not occur immediately, the 1 a usually tunnels into 
the severed portion of the branch just beneath the 
bark near the junction of the small! twig. Here it tun- 
nels toward the center of the stem for 15 to 30 mm 
then back Loward the sdace ,  and finally 
tally just mder the barlr; for 30 to 80 mm (fig. 23C). A 

Figure 23.-Evideme of infestation by Psyrma micolor in peean: 
(A) large severed bmltches have fallen to ground; 
(B) severed branch illustrating nal'ure of lantal cut; 
(C) brval gallery extendintg porn small side branch 
into severed m i n  branch. 

small number of 1 ae, however, tunnel basally from 
the point of girdle. Larvae are sometimes dislodged at 
the time of the break and fall to the gjround and die. 
Some retreat into the small twig before the branch 
breaks. hpation Lalres place  thin. the galleq just 
beneath the bark. The adult chews an imewlarly 
shaped hole though the bark to emerge, Although 
the life history is little known, a generation appar- 
ently requires 1 to 2 years. 

Control.-Severed branches on. the p u n d  under 
trees in orchards and ornamental plantirzgs should be 
picked up in the spring and destroyed before the 
adults emerge in late spring and early sruramer, 'I'a be 
most effective, the pick-up m d  des%roy practice should 
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be done for the entire orchard, woodlot, or neighbor- 
bood. Direct conkol in natural forest stands is rarely 
needed, Two icheumunid parasites of P. unieolor, 
Labena grallator Say and Agronocryptus dis- 
er>idaloide,c; Viereck. help to reduce infestations (Lins- 
ley 1963). 

HICKOEY SPIRAL BORER 
Agrilus areuatus Say 

Importance. --The hickory spiral borer, Agrzlus ar- 
cuatus Say, is primarcify a. pest of pecan and hickory 
but occasionally attacks o"tber &ciduous species 
throughout the eastern half of the United States (Beal 
and Massey 1942, Brooks 1926). Twigs, branches, and 
terminals up to 48 mm in diameter on drees of all sizes 
may be severed. Many of the severed branches break 
and drop to the ground, Serious damage to large trees 
results in reduced nut production, ragged appearance, 
and poor tree symmetry. Repeated attacks on young 
reproduction may cause stunted, misshapened, 
crooked, and forked stems. Although individual trees 
may be seriously damaged, entire stands, groves, 
nurseries, and other pIantings are seldom badly dam- 
aged. Serious damage is most likely to be found in 
plantings adjacent or close to forested tracts contain- 
ing many heavily infested hiekrrries. 

Description. --The adults are dark, slender 
buprestid beetles (fig. 24A) (Brooks 1926). The head 
and thorax of the male are geenish bronze, the wing 
covers are purplish black, and the undeqarls are 
brassy; the female is bronze in color throughout. The 
average length of males is 8 mm and that of females 
about 10 rnm. Eggs are flat, disklike in shape, 0.8 to 

1.1 rnm in diameter, and glued firmly to the smooth 
bark of the twigs. They resemble the shield of  a small 
scale insect. Initially the eggs are smooth and pale 
yellowish green, but before hatching they beesme 
slightly wrinkled and almost black. The larva is a 
slender, fa t ,  legless pub,  with Fdll-gown specimens 
reaching 15 to 20 mm long and 2 mm wide (fig, 24m. 
They are yellowish white except for dzark brown or 
black mouth parts and tail forceps* 

Euidence of Infeshtion. -Branches and terminals 
are severed during the winter and spring (fig. 251 
(Baker 1972, Brooks 1926). The portion above the 
girdle usually dies in the spring before the foliage 
appears, the islJury becoming appareat as the rest of  
the tree puts forth leaves, Severed branches rnay 
break and fall to the pound either before or after 
bud-break in the spring* Stems 8 do 48 mrn in diame- 
ter and 0.5 to 2.5 rn long may be severed; although 
many of these stems are larger than those girdled by 
twig girdlers and twig pruners, on the average they 
are slightly smaller than those pruned by the branch 
pruner. The spiral cut made by the lama is a eharac- 
teristic winding, corncentric cut from the inner bark to 
the heart of the branch or stem, &he coils of the thin. 
burrow J'01Pling and completely sevel.imsg the wood ex- 
cept for the bark and sometimes a slender fiber of 
wood at the center (fig, 26A). 

Figure 24.--Life stages of Agrilus areuatus: (Al adult beetle; 
fB) nearly mature Iarva. 

Fipre 25.-Young hiekoy with m i n  skm severed by Agritus ar- 
euatus. 
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Figure 26.-Chracteristies of injury by Agrilus arcuatus in hick- 
ory: (A) severed branch illustrating spiral cut made by 
the larva; (B) bark removed to expose lama1 nine lead- 
ing to the spiral' cut. 

Biology.-Adults emerge from late April to late 
June, depending on location, and feed on the foliage, 
making elongate notches and slits in the edges of the 
leaves (Brooks 1926, Ruggles 1918). Females begin 
oviposition 10 to 14 days after emergence. A single 
egg is deposited on the bark surface of terminal or 
lateral twigs, usually near the base of a small shoot of 
the current season's growth, and is covered with a 
transparent secretion that glues the egg to the bark. 
Each female lays from 2 to 55 eggs over a period of 1.5 
to 2 months. The eggs hatch in 3 to 4 weeks. The larva 
hatches by chewing its way through the bottom of the 
egg chorion and directly into the twig, In the twig it 
makes an elongate threadlike burrow under the bark. 
Late in autumn it begins a spiral burrow, partially 
severing the twig by spring, The mining larva packs 
the gallery behind itself with fine wood dust. During 
the second summer it mines basally under the bark 
along the stem for 20 to 60 cm leaving a shallow but 
relatively wide burrow packed with brown-colored 
frass (fig. 26B). During late fall it changes its course 
abmptly and cuts a thin symmetrical ring around the 
stem. m e n  the first circuit is completed, it bores spi- 
rally inward, encircling the stem until the stem ten- 

ter is reached. The larva then turns upward toward 
the bark where it mines under the bark for 25 to 
76 mm where it forms a crescent-shaped pupal cham- 
ber. The ends of the chamber extend to the bark, and 
the bottom curves toward the stem center. Both ends 

of the pupal chamber are plugged with frass, Pupation 
occurs during May and June and lasts about 3 weeks. 
The adult gnaws a D-shaped hole in the bark 25 to 
76 mm above its spiral bunow to emerge from the 
pupal chamber. A generation requires 2 years. 

Control.-Young trees in heavily idesbd nurs- 
eries and orchards should be pruned to remove the 
killed branches and Leminals as soon as leaves de- 
velop in the spring in order to collect and destroy the 
larvae (Beal and Massey 1942, Brooks 1926, Ruggles 
1918). Special care should be taken to remove the 
small dead twigs that have been severed by the first- 
winter larvae. Such twigs should be clipped several 
centimeters below the dead part in order to make sure 
of getting the borer. Also, any severed branches or 
terminals should be picked up and destroyed promptly 
before adult emergence begins. Three parasites: an 
ichneumonid, Labena apicalis Cress., a braconid, 
Monogonogastra agrili Ashm., and pkromalid, Zatro- 
pus sp. (near nigroaeneus Ashm.), help reduce popula- 
tions (Brooks 1926). 

FLATHEARERAPPLETREEBORER 
Chrysobothris femorata (Olivier) 

Iwtportance. -The flatheaded appletree borer, 
Chrysobothris femorata (Olivier), is a pest of pecan 
and hickory as well as many other deciduous trees, 
extending from Mexico throughout the United States 
into Canada (Baker 1972, Brooks 1919). It generally 
attacks trees that have recently been transplanted, 
stressed from various causes, or have bark that has 
been damaged by tools, disease, rodents, sun scald, or 
other insects. Injury results from the larvae tunneling 
in the bark and cambium area. Trees of all sizes may 
be attacked; those 5 cm or less in diameter may by 
girdled and killed, and larger trees may be severely 
weakened and scarred. Since wooded tracts often 
harbor high populations of beetles, damage is usually 
most pronounced when plantings are made in close 
proximity to woodland or old declining orchards. 

Description. --The adult is a broad, oval, flattened 
beetle about 7 to 16 mm in length (fig. 27A) (Brooks 
1919, Moznette and others 1931). The beetle is metal- 
lic colored and indistinctly marked with spots and 
irregular bands of dull gray. The underside is a 
coppery-bronze color and the sides beneath the wings 
are a metallic greenish blue. The egg is pale yellow, 
flattened, disklike, winkled, and about 1.5 mm in 
diameter, It is firmly attached to the bark by its flat 
surface. The larva is yellowish white, legless, and 
about 25 mm long when fully grown (fig. 27B). The 
three thoracic segrrrents are much broadened and 
compressed, giving the larva the appearance of hav- 
ing a large flattened head, which accounts for the 
name "flathead." The larvae within their galleries 
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Figure 27.-Life stagcls ofCbrysobotbris femorata: (A) adult beetle; 
(Bj nearly mature larule. 

nearly always assuale the curved shape of a horse- 
shoe. The pupa is somewhat more yellow than the 
larva and resembles the adult in structure. 

Evidence of I-fifestation. -Points of infestation can 
usually be detected by white, frothy sap oozing from 
cracks in the bark (fig, 28A) (Fenton 1942, Brooks 
1919, Moznette and others 1931). The bark gradually 
assumes a darkened, wet or greasy appearance. Little 
or no frass is ejected except at cracks in the bark. 
Injured areas usually become depressions, and later 
the bark may split at the injured sites (fig. 2833). At- 
tacks occur most often on the sunny aspect of the tree. 
The burrows under the bark are broad and irrewlar 
and filled tightly with fine9 sawdustlike frass. In 
young trees with thin bark, the tunnels are usually 
long and winding, sometimes encircling the tree. In 
older trees with thick bark, the burrows are confined 
to a circular area under the bark. Wounds may be 
enlarged year after year by succeeding generations. 
As mentioned previously, attacks are often associated 
with injuries. Trunks lxay be attacked at any point 
above ground level; branches may also be attacked. 

Biology. ---Adults appear from March to November, 
but they are most abundant during May and mid- 
August to mid-September (Fenton 1942, Moznette 

Figure 2 8 . 3 i g n s  of infestation by Chrysobothris femorata: 
(A) fsoth*y sap owing from bark LS early symptom of 
infeshtion; JBl bask depressions, loosened bark, and 
oval exit hole provide euidence of znfestation. 

and others 1931). Beetles are active, run rapidly, and 
take flight quickly when disturbed. On hot, clear 
days, they may be found on the sunny side of trunks 
and larger branches. The female spends much time 
running over the surface, probing the bark with her 
ovipositor for places to oviposit, Females mate and 
begin ovipositing in 4 to 8 days; they live about 
1 month after emergence. Each female lays about 100 
eggs, depositing them singly in eraeks or crevices of 
the bark, under bark scales, and at bark injuries. 
Eggs hatch in 8 to 16 days. The newly hatched larva 
chews through the bark and feeds in the phloem and 
surface of the sapwood* In trees sufficiently weak- 
ened, the larvae produce long tortuous burrows and 
develop rapidly, In more vigorous trees, larval devel- 
opment is slow and many larvae die, probably due to 
heavy sap ooze, As soon as the larva is fully developed, 
it tunnets from tho cambium area radially into the 
sapwood where a pupal chamber is prepared by plug- 
ging the burrow tightly with frass. Here it over- 
winters as a larva. The larva pupates during the fol- 
lowing spring or summer. The pupal stage lasts about 
8 to 14 bays. Adults emerge by cutting small oval 
emergence holes through the bark (fig, 28B), Nor- 
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mally there is one generation per year, but some gen- 
erations require 2 to 3 years. 

Control, -Because flatheaded borers rarely injure 
healthy, vigorous trees, cultural methods should be 
select-ed that keep trees vigorous, such as proper 
tran~planting, cultivation, fedilization, spraying, 
pmning, thinning, and irrigation (Baker 1972, 
Brooks 1919, Fenton 1942, hfoznette and others 
19311, Since young transplanted trees are under 
stress and particularly susceptible, additional meas- 
ures may be warranted such as mapping the trunks 
with a double thickness of newspaper, burlap, or crepe 
paper from the ground to the lower limbs to prevent 
oviposition (fig. 291, or by shading the tmnks fram 
sunlight to deter the ovipositing females. Painting the 
trunks white to reduce injuries from sun scald may 
also help, Injuries by equipment, s tom, frost, and 
other causes should be minimized and any fresh 
wounds promptly painted with pruning compound. 
Borers may be removed from individual trees with a 
knife, being careful to avoid unnecessary cutting and 
damage. All dead and dying trees and all pruned 
branches should be removed from ornamental and or- 
chard plantings to reduce breeding sites for the 
beetles, Natural enemies also help to reduce flat- 

Figwe 29.-Wrapping trunk ofyoung transplant-ed pecan tree with 
crepe paper for protection from Chrysobothris 
femorata. 

headed borer populations. Two ichneumonids, Labena 
grallator Say, Cr3tptoheleostizus chrysobothridis 
C u s h a n ,  one chalcid, Phasgonophora sulcata West- 
wood, and one braconid, Atanycolus rugosiuentris 
Ashm., are parasites of flathead borers; two clerids, 
Chariessu pilma (Foster) and C. pilosa onusta Say, 
one asilid, Andrenosoma fulvieauh Say, and wood- 
peckers are predators. 

PIN-HOLE BORERS 
Platy-pus compositus (Say) and Xyleborus spp. 

Importance-The pin-hole borers, Platypus corn- 
positus (Say), Xyleborus amnis EichoE, X.  ferrugineus 
(F.), and X. saeseni (Ratzeburg), also called ambrosia 
beetles, are best k n o m  for their damage to green logs 
and unseasoned lumber. They inhabit the trunks and 
branches of pecan and hickory as well as many other 
deciduous trees (Baker 1972, Bright 1968). The 
Qleborus spp. are widely distributed from Canada 
throughout the eastern half of the United States. 
Platypus cornpositus is found from Mexico throughout 
the Southern United States nofihward to West Vir- 
ginia. Ambrosia beetles seldom attack healthy, vigor- 
ous trees; their attacks are largely limited to stressed 
trees weakened from drought, disease, old age, insect 
defoliation, wounding, and other factors that produce 
tree stress. Thus, when trees are successfully attacked 
by ambrosia beetles, one can be sure that the trees 
have been under stress of some sort. The beetles tun- 
nel through the bark directly into the sapwood and 
sometimes even into the heartwood, especially 
P. compositus. Although ambrosia beetles are not tree 
killers, the physical wounds produced by large num- 
bers of beetles provide ports of entry for disease 
agents that may cause tree death. The pinholes and 
associated stain quickly degrade the wood for lumber 
and other wood products. 

Description. -Adults of the Xyleborus spp. are 
small, brown, reddish-brown, or black elongate 
beetles with compact cylindrical bodies that vary from 
1.5 to 3.0 mm in length (Bright 1968, Chamberlin 
1939, Blackman 1922). The adults of P. compositus 
can be distinguished by having longer and more slen- 
der bodies and wide heads flattened In front (fig. 30A). 
The first segrnent of the tarsus is as long as all the 
other tarsal segrnents combined and about 4.5 mm in 
length. The eggs are elongate oval and pearly white. 
The larvae of Xyleborus spp. are C-shaped, legless, 
white to cream colored, and reach 3 to 4 mrn in length; 
larvae of P. compositus (fig. 30B) are straight to only 
slightly C-shaped, legless, white to cream colored, and 
reach 5 to 6 mrn in length. 

Evidence of Infestation. -Infested trees are usually 
attacked by numerous beetles that bore many uni- 
form, round (0.8- to 1.7-mm diameter) holes directly 
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Fiere  30.-Life stages ofPlatypus eompasilus: (2%) adult beetle; 1'23) 
nearly mature larua. 

through the bark into the wood (Chamberlin 1939). 
As the beetles construct their galleries, they push the 
fibrous ( P. cornpositus 1 or panufar ( XyEeborus spp.) 
boring dust to the outside through the entrance holes 
(fig. 31A). The boring dust is usually in evidence on 
the bark just below the entrance holes or in loose piles 
at the base of the tree; during humid weather it may 
stick together as it is pushed out to form string-like 
masses. Sap frequently oozes from many of the en- 
trance boles, staining the bark around and below the 
entrances. Active galleries are kept free of boring dust 
and are light colored; vacated galleries are stained 
black by fungi. The galleries extend directly into the 
sapwood and then branch several dimes-the braneh- 
ing pattern depending on the species (fig. 31B). These 
galleries cause dark-stained pinholes that will show 

up as defects in sawn lumber (Gg. 316). 
Biology.-In the deep South the beetles are active 

most of the year, but funher north they hibernate in 
brood galleries in the host tree (Chamberlin 1939 1,  In 
the spring the adults emerge and initiate new attacks 
can the same tree or on diEerent trees. Both adults and 
larvae feed on moldlike fungi that they culture in the 
galleries. The insects carry the specific inoculum from 
one tree to another and grow the fungi in pure culture 
on the walls ofthe tunnels* Galleries 03 do 1.6 mm in 
diameter are bored horizontally into the sapwood, 
then branch. several times for a distance o f  10 to 
40 cm, Galleries of P, con~prasitus are much more ex- 
tensive and extend deeper into sapwood and heart- 
wood than those of Xyleborus spp, Females deposit 
eggs in loose clusters in the galleries and may lay up 
to 200 eggs each. The eggs hatch in 6 to 18 days, and 
the young larvae wander freely about the mines and 
feed on the ambrosia funps ,  Several adults may oc- 
cupy each gallery. Both adults and larvae help to ex- 
cavate and extend the galleries. When full-grown, the 
larvae of P. cornpositus excavate cells along the main 
gallery in which they transform to pupae and adults; 
those of Xykeborus spp. pupate freely in the galleries 
without making cells. Development from egg to adult 
during the summer requires 5 to 8 weeks, There are 
several generations per year in the Gulf Coast States. 
Successive broods may continue to attack a tree as 
long as it remains suitable, Infested trees that die 

Figuse 31.-Evcdence of infestatmn by Xylebom~ and Plat3;pus s p .  in  pczean: {A) fresh white frms at- pinhole entmnees in trunk; (B1 black- 
shined branch tng galleries tn sapwood; (C1 pinhole deficts in sawn lumber. 
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become unsuitable for brood deveIopment 2.38 Soon as 
the moistwe csnknd hops  below about 48 gemearrd. 

Gorttrol. -Since ambrosia belles rwely aa;dack 
haltthy vigorous bees, gwd d t w a l  practices should 
be foIlovve?d to pmmak and m a i h i n  tree vigar (Baker 
1972, Payne and others 1979). n e e s  that are weak- 
ened or stressed appamnt1y emit fernenling-like 
dsrs that attract ambrosia beetles. Because healthy 
trees do not emit these odors, they remain unal;i;rae- 
Live, Insecticides may be needed sccasionafly. 

HICKORY BARK BEETLE 
Scokytus gmdrkpinosus Say 

Prnpo~ance, -The krickoq bark beetle, Seolytus 
y mdrtspimsus Say, i s  a pest of pecan and hickomy and 
reportedly butternut and black tvalnut (MeDaniel 
1933, Goeden, and Nsrsis 19641, However, it shows a 
strong preference fcsr the hickories and is report-ed to 
be the most impomctatnt pest of this group of trees 
(MeDaniel 2933). Id is found from Quebec southward 
throughout the eastern half of the United States Lo 
the Gulf Coast States and westward to Texas. Both 
adults and lawae produce galleries: between the bark 
and wood of trunks and branches. m e n  attacks are 
numerous, the galleries soon girdle the tree. Trees 
stressed and weakened from drought, fire, stom, dis- 
ease, or sther cause are most susceptible to attack. 
Vigorous trees are seldom attacked except when large 
beetle populatiom are produced from nearby brood 
material. Although h e a v  idestations usually kill 
the tree, light infestations may only girdle branches 
OP a podion of the tmnk, causing top dieback. 

Descriptzon. -The adult is a short;, 4- to 5-mm long, 
stout, thickly cylindrical, black to reddish-brown, al- 
most hairless beetle (fig, 32A) (heden and Norris 
1964, McDaniel 1933). mere is a short; curved spine 
or book on the front tibia. The venter of the male is 
deeply excavated; the third abdominal seperrt is 

ed with three spines, the fourth with one large 
median spine, m e  venter of the female is without 
spines. The egg is ellipsoidal, cream colored, and 
barely ~sible? dQ the naked eye, The lama is short, 

F i w e  32,-Lifi stages of&olflaaa quarlrispinosus: (A) adult beetle; 
(I31 mature larva, 

ed or slightly 6-shaped, legless, yellowish white, 
and 5 to 8 mm in len&h when mature (fig. 32B)- The 
body appiurs w i k l e d -  Thc? pupa is compact, fragile, 
and white. 

Euiknee of Prtfestcetton. -Darnage occurs from feed- 
ing in bminaf p o e h  and by tunneling in tmnks 
and large branches far breeding puqoses (Blackman 
and Ellis 1915, heden and PIJsmis 1965). Throughout 
the summer months, aewly emerged adults feed on 
twigs in Z;%ze tlree c rom.  Their short food tunnels are 
mainly- canfirred Lo axiflary bud8 and leaf bases in the 
cument year" powth and the junctions of cument and 
l-year-old gro%%h, H e a ~  twig feeding may cause yel- 
lowing and premature &opping of leaves and braken 
twigs scattered throughout the crown, but this seldom 
seriously weakens the tree. 

m e  most set.ious damage results from tunneling 
and reproducing in the tmnks (fig. 33). In the fall and 
winter aRer initial attack, the presence of numerous 
round, 3-mm diameter entrance holes in the bark are 
often the only sims of attack. During winter and 
spring, woodpecker holes in the bark are good indiea- 
tors of  infestation; in spring, sparse or yellowed fo- 
liage me signs of beetle attack. Dead or dying trees 
with bark per-forated by numerous 3-mm holes fiom 
which beetles have emerged also indicate the beetles' 
presence along with galleries beneath and within the 
bark of such trees. The inner bark and wood surfaces 
are ensaved with peculiar centipede-shaped designs 
consisting of broad ve&ical galleries wi"c narrow bur- 

F i w e  333.-&lkrks of Seolytus quad~spilaoaw berteath bark of 
hkkory. No& vertical egg galkeg with larval galleries 
sdk t ing  oulward. 
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rows radiating outwmd like centipede legs from ei- 
ther side of them. The foliage of heavily idested trees 
turns red vvithin a few weeks afster attack and frnally 

brom as the tree suecumbs (fig. 34). 
logy. -The beetles oveminter as larvae in vari- 

ous developmental instars (Geden and N o e s  1964, 
1965, MeDaiel 1933). During spring the oldest lar- 
vae t r a s f o m  ts pupae in elliptical chambers termi- 
nating each larval turnel just beneath the bark sur- 
face. Beetles emerge &om May through late August. 

population and seasonal activity reach a 
during July and early August. The newly 

emerged beetles fly ko the eroms of host trees and 
feed mainly in terminal and twig grovvth for 10 to 15 
days. Siexually mature beetles are then attracted to 
low-vigor trees where they bore into the trunks and 
branches for breeding purlposes. Here the females ex- 
cavate short (12 to 50-mm) vedical egg galleries be- 
tween the bark and wood. Mating and egg laying con- 
tinue throughout the summer, with each female 
depositing 20 to 60 eggs singly in small niches along 
either side of the egg gallery. Each egg is covered with 
a plug of macerated frass. The eggs hatch in 10 to 12 
days. The larvae mine at right angles to the main 
gallery and parallel to each other, but as the larvae 
become larger their gallefies &verge more and more, 

Figure 34.-Ekbry (pigkt1 &ing ficom SGOlytus inusua 
attack. 

ng of "centipede legs.'? 
or more away from t 

eesYfood and water conducting 
leave the cambim and bore 

inta the outer bark where they construct pupation 
cells. There is one generatian per year in the no&hem 
range and two per year in the southern distribution. 

Conhi .  -Since hickory bark beetles rarely attack 
healthy trees, goad cultwal practices such as thin- 

ing, ferctilization, and irrigation are irmpor- 
for promoting and maintaining good tree vigor 
don and Norris 1964, Hopkins 1912). The most 

effective means of controlling a hickory bark beetle 
infesktion is by destroying trees in which larvae are 
overvvintering. Infested trees should be cut and 
burned or submerged in water, have the bark peeled, 
or be sprayed with an insecticide before beetle emer- 
gence begins in May or June. To protect high-value 
trees, thoroughly spraying the trunks and large 
branches with an insecticide during early July will 
curtail most breeding attacks. 

RED-SHOWERED SHOTHOLE BORER 
Xylobiops basilaris (Say) 

APPLE TWIG BORER 
Amphiceris bicaudatus (Say) 

Irnprtame. -The red-shouldered shothole borer, 
Xylobiops basilaris (Say), and apple twig borer, Am- 
phiceris bicaudatus (Say), are found throughout the 
United States east of the Rocky Mountains and in 
southern Canada (Baker 1972, Gill 1924, Moznette 
and others 1931). Pecan and hickory are among their 
favored hosts, but they also attack several other de- 
ciduous hosts. They generally attack severely 
stressed and dying or recently dead trees. Trunks of 
healthy trees growing in close proximity to heavily 
infested trees are occasionally attacked but seldom 
with success; however, A. bkaudatus may tunnel the 
twigs and small branches causing them to wither and 
die back. Although these borers may cause some twig 
dieback and possibly hasten the death of trees already 
stressed or dying from other causes, the threat to 
healthy living trees is minimal. 

Description.-The adults of X.  basilaris are 3 to 
5 mrn long, black, and bullet-shaped, with many 
small pmctmes over the body. The basal part of the 
elytra is dull reddish or yellow-hence the name '"red- 
shouldered." The wing covers end in. an oblique angle 
at the posterior end, the edges of which are armed 
with three conspicuous teeth on each side. The adults 
of A. bicaudatus (fig. 35A) are similar to X. basiktris 
except they are larger, range from 6 to 11 mm long, 
are dark brown, and lack the reddish marking on the 
wing covers. The larvae of both species are white and 

Page 282 of 382



Figure 36.-Life s w e s  o f b p h i c e ~ s  tsicarsafakw: (4 adult he tb ;  
(231 nzature 6 - s b p d  larva. 

C-shaped; when full-grow, X.  basilaris is about 5 to 
6 mm long and A. bicauhtus is 6 to 12 mnn long 
(fig. 35%). The head of the larva is globular and 
greatly enlarged into the prsthoru, the mouthparts 
extend fornard, and there are three pairs of thoracic 
prolegs. 

Evictenee of Infestation. -The adults of X, basitaris 
make small round exit holes 2 to 3 rnm in diameter; 
the holes of A. bicaudaLus are 3 to 4 mrn in diameker 
and generally much less numerous (Payne and others 
1979, Baker 1972, Gill 1924). The holes give a tree 
trunk the appearance of having been hit by birdshot, 
hence these borers are oRen referred to as "shothole" 
borers (fig. 36A). Light sawdwt pbicles m y  b gbb- 

sewed coming from the holes. m e  borings or fkass of 
the Iamae aso v e v  h e  and powderlike in appear- 
ance; they are &m1y packed or compressed within the 
galleries, which parallel with the grain of the 
woad (fig, 36231, s cut back so severely that the 
trunk becomes saemabd with sap are auscepbibfe to 
ideshtiaa by X. bmtltkrk, *igs that have withered 
and b r o m  leaves usually contain single, round en- 
trance hokes 2 b 4 mm in diameter adjacent to a bud 
or l e d  base (fig. 366). Dissection of the twigs usually 
reveals a hollow twig that is aha? occupied by a single 
adult beetle from la& fall do late spring. 

Biology,-Adults emerge dwing the s 
fly in search 06 suitable hs t  trees where they bore 
through tbe bmk and into the sapwood (Gill 1924, 
Lugger 1899, Baker 1972, Dean 11920). Tunnels are 
constmcded across the pain just under the wood sur- 
&ce in the sapwood. mesa; tunnels may eomplekly 
girdle small-diameter limbs and trunks (fig. 36D). 
Eggs are deposited at intemals along the sides of the 
tunnel. m e  lamae feed mostly in the sapwood and to 
some extent in the headwood. Lama1 mines run par- 
allel with the $rain and are packed with fine, white, 
powderlike dwd. Feeding may continue until the 
w d  is g ~ b  w. m e  winkr is spent mostly as ma- 

Figure 36.-hbi& a& sigm of a m &  by Xyfobiops b a s i i ~ s  a d  hphicefis  bictsudatu~ in pertn: (4 ai l  holes (shotholes) in bar&; 
(B) cross-seetbn of stem showing ends of pass-pked ksrvczl s l lerks;  if21 d u l t  erztmnce hob between baf scar and bud; 
[Dl girdling tunnel Just beneath bark by d u l t  beetle; (23) tl~er~intering gallery ma& by d u t t  of Amphieeris bicaudatus. 
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ture larvae in mines; lamae pupah and emerge as 
a h l t s  the following spring and s er though cir- 
culrir holes cut in the bark. Adults of A, bkauci'sttus 
oRen bore into twigs for food and slrelkr and eom- 
manly spend the fall, winter, and spring in galle~es 
within the tvvigs (fig. 36E). A gene 
from egg Lo adult in 1 pa mder o 
but longer periods of t h e  are 80 

Control,-mese borers present little threat to 
healthy well-kept trees; P;herefsre, gwd eultural prae- 
tices should be followed to maintain tree vigor (Dem 
1920, Moznetb arad others 1932). Sowees of idesta- 
tion can be eliminakd by promptly removing a 
stro~~ing all dead and dying twigs and brancbes 
ings, and dead trees. 

YELLOW-BELLIED SAPSUCmR 
Sphyrapicus varius L. 

Impodonce. -The yellow-bellied sapsucker, Sphy- 
rapieus varius L., pecks small holes in tree bark, caus- 
ing injuries that are often mistaken for insect 
borers-hence its coverage in this paper. This pest is 
found over most of the United States and southern 
Canada, but its damage is best known in the Eastern 

United States, It attacks pcan and lhickory as well as 
over 250 o t h r  trees and s h b s  (Beal and M c A e  

crf the bark and camb 
row pe&d holes, the vihfity of the! 

en the iinjatsy is exdensive, in&Gd- 
ual branches or a;be entire tree ~lnw be comy1ebIy 
Pinged or girdled and killed, Sapsucker peeking disfig- 
ures ornamental trees and gves ~ s e  to boles, to sap 
spots, and sulis~equently d@ w a l e d  bmk defomities 
that ruin the aesthetic appearance of the trees, Dis- 
ease and wwd-boring insecb ofien become @stab- 
lished at sapsucllker wounds. m e  greatest damage 
done by sapsuckers, r, is to cause defeeb in the 
mod of trees cut for , veneer, and handle stock. 
Economic losses to er inhstry in hickory 
alone have been estimahd at 1.2 million dollars an- 
nually (Dale and Krefting 1966). 

Deseriptbn. -The yellow-bellied sapsucker is a 
member of the woodpecker family (Picidae) and re- 
sembles the woodpeckers in appeasance (fig. 37A). 
However, its habits are detrimental as opposed to the 
generally beneficial habits of woodpeckers. The iden- 
tifying field markings of adult birds are a black cres- 
cent on the breast, pale yellow belly, longitudinal 
white stripe on the mostly black wings, and crimson 

Figure 37.-Characteristics of injury by Sphyrapicus varius in pecan: (A) bird pecking tmnk ofyoung tree; (23) heauy bird-peck injury to trunk 
of large tree; (C) bird-peck defects in sawn lumber. 
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red c r a m  (Peterson 1947, Ostry and Micholls 1976). 
Although it most closely resembles the hairy and 
domy woodpeckers and is between the two in size, it 
is the only woodpecker with a red forehead in combi- 
nation with a black patch on the breast. In addition, 
the male has a crimson chin and throat that distin- 
e i s h  him from the female whose chin and throat are 
white. 

Euidenee of Infestation.-The yellow-bellied sap- 
sucker pecks a series of small holes about 5 mm in 
diameter in the bark (Beal and McAtee 1952). Gener- 
ally, the holes are made in horizontal rings (full or 
p a ~ i a l )  around the trunk or branches (fig. 337B). The 
holes extend through the bark to the cambium, some- 
times penetrating the sapwood to a depth of 3 mm, 
Occasionally the holes in a series are padually en- 
larged until they girdle or partially girdle the stem. 
Dissections of trees that have sugered from repeated 
yearly attacks reveal characteristic symptoms of pre- 
vious damage by sapsuckers. The evidence consists of 
uniformly spaced peck-marks surrounded by dark 
verdical stains, often with small pockets of ingown 
bark and decay. These defects degrade the lumber 
sawn from damaged trees (fig. 376). Attacks may be 
seen at any point on the trunk and branches but are 
perhaps most common on the bole area just below the 
lower branches. Small trees are particullarly suscepti- 
ble to attack. 

Biology. -Although the yellow-bellied sapsucker is 
a member of the woodpecker family, it has a short 
brush tongue in contrast to that of true woodpeckers, 
which have long tongues equipped with barbed tips 
for preying upon wood-boring grubs. The sapsucker's 
staple diet is the living cambium layer, inner bark, 
and sap that flows from the pecked wounds (Dale and 
Krefting 1966). After settling in a locality, each bird 
pecks many trees but then selects a few trees for most 
of its feeding. Pecked holes are revisited several times 
daily to drink sap oozing from the wounds and to eat 
small insects attracted to the sap. On favored trees, 
boles are often enlarged as the sapsucker feeds on the 
cambium to freshen the wound and to stimulate sap 
flow. The yellow-bellied sapsucker is a migratory bird 
that spends its summers and nests primarily in the 
Northern States and southern Canada (Peterson 
1947). In the fall it migrates southward, sometimes as 
far as the Gulf Coast. 

Control. -Control is diricult, but several remedies 
have been used with some success on high-value trees 
fOstry and Nicholls 1976, Beal and McAtee 1922). 
Trunks of individual trees may be wrapped with 
burlap or some other material to prevent attacks. 
Painting damaged trees with tree-wound paint will 
sometimes discourage the birds. Commercially avail- 
able repellents have been used successfully in re- 
pelling sapsuckers. Spraying the trunk periodically 
with a soap solution has also helped to discourage 

attacks. Often only a single bird is responsible for 
damage to a shade or ornamental tree; thus, if it can 
be discouraged or eliminakd, the problem is solved. 
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Appendix-common and Scientific Names 

CLASS: INSECTA 

Lepidoptera 
Cossidae 

Pecan carpenterworm, Cossula magnifica (Strecker) 
Sesiidae 

Dogwood borer, Synanthedon scitula (Harris) 
Pyralidae 

American plum borer, Euzophera semifuneralis (Walker) 
Acrobasis shoot borers, Acrobasis spp. 

Coleoptera 
Curculionidae 

Hickory shoot curculio, Conotrachelus aratus (Germar) 
Cerambycidae 

Hickory borer, Goes puleher (Haldeman) 
Broadnecked root borer, Prionus latieollis (L.) 
Tilehorned prionus, Prionus imbricornis (Drury) 
Twig girdler, Oncideres cingulata (Say) 
Twig pruner, Elaphidionoides uillosus (F.) 
Oak twig pruner, Elaphidionoides parallelus Newman 
Branch pruner, Psyrassce unicolor (Randall) 

Buprestidae 
Hickory spiral borer, Agrilus arcuatus Say 
Flatheaded appletree borer, Chrysobothris femorata (Olivier) 

Platypodidae 
Pin-hole borer, Platypus compositus (Say) 

Scolytidae 
Pin-hole borers, Xyleborus spp. 
Hickory bark beetle, Scolytus quadrispinosus Say 

Bostrichidae 
Red-shouldered shothole borer, Xylobiops basilaris (Say) 
Apple twig borer, Amphieeris bicaudatus (Say) 

CLASS: AVES 

Piciformis 
Picidae 

Yellow-bellied sapsucker, Sphyrapicus uarius L. 

Page 288 of 382



Solomon, J. D.; Payne, J. A. A guide to the insect borers, 
pruners, and girdlers of pecan and hickory. Gen. Tech. Rep. 
SO-64. New Orleans, LA: U.S. Department of Agriculture, 
Forest Service. Southern Forest Experiment Station; 1986. 
31 p. 

The importance, identification, biology and indirect control 
of insects attacking shoots, branches, trunks, and roots of 
trees are presented. Damage due to and control of the yellow- 
bellied sapsucker is discussed. 

Additional keywords: Carya, impact, identification, 
pests, control, bird damage, yellow-bellied sapsucker. 

Page 289 of 382



United States 
Departme nb sf 
Agrrcullure 

Southern Forest 

New Orleans, 
Louisiana 

General Technical 
Report 
SO-96 
Septembs r 1993 

Ash Pes 
A Guide to Ma 

J. B, SsCsmsn, El. Leininger! A. B. Wilson, 
R. L. Anderson, L. C. Thompson, and 
C". I. McCaacken 

Page 290 of 382



We are grateful. to the %'o%lswing individuals for reviewing the man- 
uscript: (insect section) hI%.O. HasrelH, University o f  Nebraska, I. incdn, 
NE; R, C. Morris (retired), USDA Forest Service, Cherokee Viaage, AR; C, 
E, Pdm, L. P* Abrahamson, and D. C. Allen, State University of New York, 
Syracuse9 hi; (disease section) S, C, Ekdlin, USDA AJ?HIS, Hyatdsrj.i$le, 
&ID; W* A, Sinelair, Cornell University3 Ithaca, &IT; and J, A, Walla, North 
Dakota State University3 Fargo, ND. Specid thanks go to P* &Zistrettr%, 
USDA Forest Service, Forest Pest Management, Atlanta, GA, for 
assistance with the pesticide section. 

Our appreciation i s  extended to the folBaawing agencies or individuals for 
photographs or specimens for making photographs of some pests: Great 
Lakes Forest Centre, Sauk Ste. Marie, Ontario (spring cankerworana, fall 
webworm, ashleaf' gall mite); M. 0, Harrell, University of Nebraska, Lin- 
coln, ME (oystershell scale); A,Tagestad, North Dakota Forest Service, 
Bottineau, ND (ash bark beetles): PB. A- Wdlag North D&ota State Univer- 
sity9 Fargo, ND (Lmtiposus sulphureus, Perenniporia fraxinophil~k, ash 
anthracnose, Mycosphaerelia leaf spot); C, E, Ash, University of  Min- 
nesota, St, Paul, MN (Verti~i11'Ium wilt, powdery mildew); Florida Depart- 
ment o f ' k ~ g i i ~ ~ ~ t ~ r e ; ;  and Consumer Services, Taliahassee, FE (ash rust); 
T. Marshall, Indiana Dept, 06 Natural Resources, Vallrsmia, IN  
iklycosphaed%a leaf spot, ash j-ellsws); R"B:, E. Mielke, USDA Forest Ser- 
vice, St. Paul, MN (ozone, ash rust); S, C. Bedlin, USDA APHIS ,  Hyat- 
tsvillq MD (mthracnose); and W. A. Sincfair, Cornell UniVersi&gr, Ithaca, 
W (ash yellows, ash dieback). 

We d s o  thank T. H. Filer ~~&kt3d), USDA Forest Service, Greenville, MS, 
and C. J. LuSey (previous%y with hfissoarri Department o f  Conservats"&so9B>, 
Rochester, hT7 for their help with early drafts sf the manuscript; L, 
Ne~vsclme and !Ye B, SmyIx USDA Forest Service, StoneviBle, MS, for 
assistance in collecting, preparing, and studying the pests; and A, S. 
Risneq USDA Forest Service, StoneviBle, MS, for typing the manuscript, 

This publication was produced in cooperation with USDA For- 
est Service, Southern Region, State and Private Fores.$w9 Forest 
Pest Meas%agemenB;, 

Page 291 of 382



CONTENTS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  INTRODUCTION 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  FOLIAGE INSECTS 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Blackheaded Ash Sawfly 3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Brownheaded Ash Sawfly 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Spiny Ash Sawfly 3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ash Sphinx 4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Great Ash Sphinx 4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Waved Sphinx 4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ash Plant Bugs 5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Woolly Ash Aphid 6 
TERMINAL. TWIG. AND BRANCH INSECTS . . . . . . . . . . . . . .  7 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ash Borer (terminal borer) 7 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  European Fruit Lecanium 8 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oystershell Scale 8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  White Peach Scale 8 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Flatid Planthoppers 9 

INSECT BORERS. MINERS. AND BARK BEETLES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ash Borer (trunk borer) 10 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Banded Ash Clearwing 11 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Carpenterworm 12 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Banded Ash Borer 13 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Redheaded Ash Borer 13 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ash Cambium Miner 14 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Eastern Ash Bark Beetle 15 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Northern Ash Bark Beetle 15 

. . . . . . . . . . . . . . . . . . . . . . . . . .  White-Banded Ash Bark Beetle 15 
FLOVVER AND SEED INSECTS AND MITES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ash Flowergall Mite 16 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ash Seed Weevils 17 

MINOR INSECTS AND MITES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Leafroll Midges 18 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Leaf Beetle 18 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Spring Cankerworm 18 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fall Webworm 18 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Forest Tent Caterpillar 18 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ashleaf Gall Mite 19 
SEEDLING DISEASES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Damping-Off 20 
LEAF DISEASES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Anthracnose 2 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ash Rust 22 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mycosphaerella Leaf Spots 23 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Powdery Mildews 24 

Page 292 of 382



DECLINES. DIEBACKS. AND W L T S  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ash Yellows 25 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ash Dieback 26 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Verticillium Wilt 27 
CANKERS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fusicoccum Canker 28 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Nectria Canker - 2 9  

DECAYS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  BUTT ROTS 30 

Varnish Fungus Rot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sulfur Fungus Rot 32 

STEM ROTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Perenniporia Stem Rot 33 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TOP ROTS 34 
ROOT DISEASES 

Corticium Root Rot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Texas Root Rot 36 

Mushroom Root Rot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 
PARASITIC PLANTS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mistletoe 38 
AIR POLLUTION AND CHEMICAL INJURIES 

Air Pollution Injury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chemical Injury 39 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PESTICIDES 41 
MAINTAINING TREE HEALTH . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GLOSSARY 44 

Page 293 of 382



Ash Pests 

A Guide to Major Insects, Diseases, 
Air Pollution Injury, and Chemical Injury 

J. D. Solomon, T. 11. Leininger, A. D. Wilson, R. L. Anderson, 
L. C. Thompson, and F. I. McCracken 

INTRODUCTION 

The ashes (fiaxinus spp.) are 
one of our more valuable hardwood 
resources - some 275 million board 
feet of a s h  lumber are sawn 
annually i n  the United States. 
White ash (I? americana L.) and 
green ash (I? pennsylvanica Marsh.), 
widely distributed throughout the 
Eastern United States and south- 
ern Canada, are the two most 
important species. Black ash (F. 
nigra Marsh.) is an important tim- 
ber species in the Northeastern 
United States and southeastern 
Canada. Ash wood- tough, strong, 
and resistant to shock-is used for 
handles, oars, baseball bats, and 
furniture. Green, white, and black 
ashes grow best on fertile, moist, 
well-drained soils. But green ash, 
the most adaptable of the ashes, 
grows naturally on a wide range of 

sites from clay soils flooded up to 40 
percent of the time to sandy, dry, 
harsh sites. Because of its hardi- 
ness, adaptability, and drought tol- 
erance, green ash is used widely as 
an ornamental, in shelterbelts of 
the Great Plains, and for revegeta- 
tion of strip-mining spoil banks. 
Green and white ashes are among 
only a few hardwood species being 
used to establish commercial tim- 
ber plantations. 

Insects, diseases, and pollutants 
are continuing problems for the 
ashes, but few actually threaten 
their widespread use. Disease, sim- 
ply stated, is a condition of abnor- 
mal growth resulting from infwtion 
by a biotic agent (fungus, bac- 
terium, or virus), or induced by an 
abiotic stress such as drought or air 
pollution. Fungi are the most com- 

J. D. Solomon is supervisory research entomologist and project leader, T. D. 
Leininger and A. D. Wilson are research plant pathologists, and F. I. McCracken was 
principal research plant pathologist (retired) at Southern Hardwood Laboratory, 
U.S. Department of Agriculture, Forest Service, Southern Forest Experiment Sta- 
tion, Stoneville, MS 38776. In cooperation with: Mississippi Agricultural and For- 
estry Experiment Station and the Southern Hardwood Forest Research Group. R. L. 
Anderson is field office representative, Southeast Area, U.S. Department of Agricul- 
ture, Forest Service, State and Private Forestry, Asheville, NC 28802; L. C. 
Thompson is professor of forest protection, University of Arkansas, Monticello, AR 
71655. 
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mon causes of diseases of trees. 
Diminished growth and vigor, 
brought on by one or more biotic or 
abiotic factors, are perhaps the 
most serious problems of white ash. 
Wood boring insects, the most 
damaging pests of green ash, have 
damaged shelterbelt plantings in 
the Great Plains and caused consid- 
erable degrade losses in logs and 
lumber in the South. An estimated 
one-third of the ash trees larger 
than pole size contain some heart- 
rot. Seed insects sometimes destroy 
up to 90 percent of the seed crop. 
Insects and diseases that destroy 
foliage can be disfiguring and cause 
growth loss, but seldom cause wide- 
spread damage. Because the gypsy 
moth, Lyrnantria dispar (L.), rarely 
feeds on ashes, ash species are often 
favored for planting in both forest 
and urban settings in the North- 
eastern States. 

Cultural practices that maintain 
and promote tree health are 
encouraged to minimize losses. 
Control measures are not always 
feasible or needed for some ash 
pests covered in this guide, 
especially when light infestations or 
infections occur. The best pro- 
cedure in these cases is to prevent 
problems by promoting and main- 
taining healthy trees. To this end, 

some recommendations are pro- 
vided in the back of this guide in a 
section called "Maintaining Tree 
Health." However, chemical con- 
trols may become necessary as a 
last resort when all else fails. 

This booklet will help nursery 
workers, resource managers, pest 
control personnel, and homeowners 
to prevent, identify, and control ash 
pests. The major insect and disease 
pests of ashes in the Eastern 
United States are emphasized. 
Descriptions and illustrations of 
the pests and their damage are pro- 
vided to aid in identification. Brief 
notes are given on their biology and 
control to aid in assessing damage 
and making control decisions. Lists 
of chemical controls are provided, 
but recommendations are subject to 
change as certain compounds are 
discontinued and new materials 
approved. The chemical control sec- 
tion (tear sheet) ip this booket can 
be removed and discarded when 
outdated as indicated by registered 
uses on pesticide labels. For further 
information on pesticides or addi- 
tional assistance with ash pests, 
contact your State forester, county 
extension agent, or the nearest 
office of the USDA Forest Service, 
State and Private Forestry, Forest 
Pest Management. 
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FOLIAGE INSECTS 

Blackheaded Ash Sawfly, Tethida barda (Say) 
Brodeaded Ash Sawfly, Tornostethus rnulticinctus (Rohwer) 
Spiny Ash Sawfly, Eupareophora parea (Cresson) 

Importance. - The ash sawflies 
are widely distributed throughout 
eastern North America and west- 
ward to t h e  Great Plains. Young 
trees in new plantations and orna- 
mental plantings seem particularly 
susceptible to defoliation. 

Identifying the Insects. - Lar- 
vae of the blackheaded (fig. la) and 
brownheaded ash sawflies have 
greenish- to  yellowish-white bodies. 
The spiny ash sawfly larvae (fig. lb) 
have dark heads and gray bodies 
with numerous forked, dark spines. 
Larvae of all these species are about 
16 to 19 mm long at maturity. 
Adults a r e  typical sawflies, with 
mostly black bodies marked with 
red and white, and measure 6 to 8 
mm in length. 

Identifying the Injury. - The 
larvae feed gregariously in groups 
of 4 to 20, often lined up in rows 
feeding side by side. Young larvae 

chew holes in the leaflets, and older 
larvae eat entire leaflets. Heavily 
infested young trees may be com- 
pletely defoliated in 1 to 2 weeks. 
Older trees may be so ragged 
that most of the leaves drop pre- 
maturely. 

Biology. - In the spring, adults 
lay eggs in slits cut along the outer 
margins of young leaflets. Larvae 
feed and mature in early to mid- 
May in the South, later in the 
North. When mature, they drop to 
the ground where they make earth- 
en cocoons in the soil and spend the 
summer, fall, and winter. In  the 
spring, larvae pupate and emerge as 
adults to begin the cycle again. 
There is one generation per year. 

Control. -Natural enemies usu- 
ally keep sawfly densities low. 
Insecticides are effective in young 
plantations and ornamental plant- 
i n g ~  when severe infestations occur. 

Figure 1.-(a) Blackheaded ash saulfly larvae; (b) spiny ash sawfly larvae. 
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Ash Sphinx, Manduca jasminearum (Guerin) 
Great Ash Sphinx, Sphinx chersis (Hiibner) 
Waved Sphinx, Ceratomia undutosa (Walker) 

Importance. - Sphinx larvae 
are seldom serious pests, but they 
are readily noticed because they are 
large and ornate caterpillars. All 
three species occur in the Eastern 
United States. The great ash sphinx 
ranges from coast to coast and has 
been known to concentrate locally 
on clumps of saplings, young trees, 
and sprouts. 

Identifying the Insects (fig. 
2a). - Sphinx larvae (hornworms) 
become quite large, reaching 75 mm 
in length. They have a distinctive 
horn-shaped spine on their distal 
end. Color markings are mostly pale 
green, usually with diagonal yellow 
or white markings. Adults are large 
moths with stout, spindle-shaped 
bodies; wings are narrow and 
brown or gray with dark and light 
bands. They are very strong fliers 
and are commonly known as hawk 
moths or hummingbird moths. 

Identifying the Injury (fig. 
2b) -Larvae typically consume the 
entire blade of tender leaves; mid- 
ribs and major veins may be left 
on older leaves. Feeding begins and 
is most noticeable on the young 
leaves of terminals and branch ends 
and progresses toward the older 
foliage. 

Biology. -Adults emerge during 
May and June and lay eggs on the 
foliage. Larvae may be found 
feeding from June to September. 
Mature larvae burrow into the soil 
to pupate. There are two genera- 
tions per year in the South and only 
one in the North. Overwintering 
occurs in the pupal stage in the 
soil. 

Control. - Natural enemies usu- 
ally keep hornworm populations in 
check. Insecticides are rarely 
needed to protect seedlings and 
small trees. 
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Ash Plant Bugs, Ij-opidosteptes spp. 

Importance. - Three species of 
ash p lan t  bugs, Tkopidosteptes 
amoenus Reuter, T. tricolor Van 
Duzee, and T. cardinalis Uhler, are 
mainly eastern species occurring 
west to Texas and the Great Plains; 
whereas two, T. illitus Van Duzee 
an T. pacif icus Van Duzee, are 
western species. They suck the 
juices from buds, leaves, seeds, and 
shoots, causing distortion and pre- 
mature shedding. 

Identifying the Insects (fig. 
3a). -Adults are elongate-oval, soft 
bodied, 3 to 6 mm long, with 
piercing-sucking mouthparts. They 
vary in color by species from black 
and white, to red and black, to light 
or dark brown. Nymphs are smaller 
than adults and are wingless. 

Identifying the Injury. - 
Initial injury is caused mainly by 
the nymphs, which feed on the 
opening buds and new leaves. Later 
instars feed on leaves, flowers, and 
seeds. Concentrated feeding on buds 
and small expanding leaves causes 
them to become discolored, dis- 
torted, and stunted (fig. 3b). Feed- 
ing on older leaves causes stippling 
with black excrement spots (fig. 3c). 

Biology. - Ash plant bugs over- 
winter as eggs laid in the thin bark 
of twigs. In the spring, these eggs 
hatch as the buds are  opening. 
Nymphs feed mostly on the under- 
sides of leaves and take 4 to 5 weeks 
to reach the adult stage. First gen- 
eration adults begin the cycle again 
by laying their eggs mainly on the 
midribs of leaves. Typically, two 
broods are produced each year, al- 
though T. illitus produces only one. 

Control. - Dormant oil sprays 
have been used during the winter 
months to kill the eggs. Insecticides 
can be used to control nymphs and 
adults in the spring. 

Figure 3. -(a) Adult ash plant bug (Tropidosteptes cardinalis); (b) injury to young 
expanding leaves; (c) stippling injury to full-grown leaves. Page 298 of 382



Woolly Ash Aphid, Prociphilus frc zxinifolii (Riley) 

Importance. - This aphid occurs 
in the Eastern United States and 
west to Colorado. Heavy aphid 
infestations cause premature defoli- 
tion and stunt growth. The dis- 
torted foliage, along with accom- 
panying honeydew and sooty mold, 
mar the beauty of ornamentals and 
make nursery plants unsalable. 

Identifying the Insects (fig. 
4a).-Aphids are 2.0 to 2.5 mm 
long, soft bodied, and pear shaped 
to globular, with a pair of tubes pro- 
jecting from the abdomen. They are 
yellowish green to pale yellow with 
,brown head and legs. Both winged 
and wingless forms occur. White, 
waxy secretions often cover the 
aphids, giving them a "woolly" 
appearance. 

Figure 4. -(a) Closeup of  aphids under cu 
(cj heauily curled leaves cause 

Identswg the Injury. -Aphids 
suck the sap from the undersides of 
tender, developing leaves of termi- 
nals and branch tips (fig. 4b). Feed- 
ing causes leaves to curldownward 
(fig. 4c). Unfolding the tightly 
curled leaves will reveal clusters of 
aphids. Heavily infested leaves may 
drop prematurely. A whitish, sticky 
honeydew produced by the aphids 
frequently coats the foliage and 
supports the growth of black, sooty 
mold. 

Biology. - Overwintering occurs 
as eggs in bark crevices. The eggs 
hatch in the spring into wingless 
females that  reproduce without 
mating. Several generations are 
produced each year. During fall, 
winged adults deposit the overwin- 
tering eggs. The largest populations I 

are usually present during early 
summer. 

Control. - Natural enemies rou- 
tinely keep most aphid populations 
under control, but insecticides may 
be needed to protect nursery stock 
and ornamentals. 

Aed leaf;. (bj heavily infested ash terminal; 
ld by aphids. 
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TERMINAL, TWIG, ANI) B W C H  INSECTS 

Ash Borer (terminal borer), Podosesia syringae (Harris) 

Importance. - The ash borer is 
found throughout eastern North 
America. Spring feeding on tender 
shoots causes mortality of termi- 
nals resulting in forked trunks. 
When plantations are established 
to produce sawlogs, forked or de- 
formed t r unks  are unacceptable 
losses. (This insect is also covered 
as a trunk pest in the insect borer 
section.) 

Identifying the Insect. - Tiny 
larvae found burrowing in termi- 
nals are white to yellowish with the 
dark gut visible. Larvae vary from 
1.5 to 5.0 m m  in length. After vacat- 
ing the shoots, they feed elsewhere 
on the t runk  and branches and may 

reach 34 mm in length. Adults are 
brown to reddish clearwing moths 
with a wingspan of 25 to 38 mm. 

Identifying the Injury (fig. 
5a). -The earliest symptom is a 
sudden wilting of succulent green 
shoots, which become shriveled and 
dark within 4 to 8 days (fig. 5b). 
Tunnels are typically 1 to 3 cm long 
before the shoot is vacated. I t  takes 
less than 1 month for the terminal 
to wilt, darken, shrivel, die, and 
break away, often resulting in for- 
ked stems in new growth (fig. 5c). 

Biology. -Adult moths begin 
emerging in March in the South 
and oviposit on the shoots and bark. 
Newly hatched larvae tunnel into 
the succulent shoots during April 
and May. In the South, shoot injury 
peaks by mid-May, declines in late 
May, and ceases by early June. 
Young larvae are present in the 
shoots for only 2 to 3 weeks; then 
they vacate the galleries and become 
trunk borers. 

Control. - Natural enemies help 
reduce borer populations. Insec- 
ticides may be necessary in new 
plantings, especially those sur- 
rounded by heavily infested ashes. 

Figure 5. -(a) Early symptoms of ash borer infested terminal; (b) terminal killed by 
ash  borer; (c) fork resulting from killed terminal. 

Page 300 of 382



European Fruit Lecanium, Parthenolecanium corni (Bouche) 
Oystershell Scale, Lepidosaphes ulmi (L.) 
White Peach Scale, Pseudaulacaspis pentagona (Targioni-Tozzetti) 

Importance. - Scale insects are 
common pests of ashes and are dis- 
tributed throughout the United 
States. These insects suck the sap 
from plants, weakning them and 
making them susceptible to other 
pests. Scales often kill branches and 
occasionally individual trees. 

Identifying the Insects. - Scale 
insects appear as protrusions on 
the branches and twigs. Mature 
oystershell scales are 3 mm long, 
brownish to purplish gray, narrow, 
and rounded toward the rear with 
concentric bands (fig. 6a). White 
peach scales are 1.5 mm wide, circu- 
lar, and white to gray or yellowish 
(fig. 6b). European fruit lecaniums 
are 4.7 mm wide, circular, reddish 
to dark brown, and often covered 
with white powder (fig. 6c). 

Identifying the Injury. - Crown 
dieback is the principal symptom of 
severe infestations. Honeydew may 
be produced, which supports a 
black, sooty mold that turns leaves 

and branches black. Heavily in- 
fested plants produce pale foliage 
and few new shoots and exhibit twig 
and branch dieback. 

Biology. - Females lay eggs under 
waxy domes. The newly hatched 
nymphs, called crawlers, crawl to 
new sites on the bark and begin 
feeding. The oystershell scale over- 
winters in the egg stage. Two gener- 
ations occur in Maryland, where 
crawlers are present in May and 
June and again in mid-July. The 
white peach scale has four genera- 
tions per year in Florida and three 
in Maryland. The crawlers are pre- 
sent in May, July, late August, and 
early September. The European 
fruit lecanium produces one gener- 
ation per year. 

Control. - Contact insecticides 
are effective when timed with the 
appearance of crawlers. Dormant 
oil sprays will kill overwintering 
scales. 

Figure 6.-(a) Oystershell scales; (b) white peach scales; (c) European fruit 
lecaniurns. 
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Flatid Planthoppers: Acanalonia conica (Say), Anormenis sep- 
tentrionalis (Spinola), Metcalfa pruinosa (Say) 

Import anee. - Flatid plant hop- 
pers occur throughout the Eastern 
United States, west to the Great 
Plains; one species, Metcalfa pru- 
inosa, ranges from coast to coast. 
Planthoppers suck the sap from 
small diameter stems, but damage 
is usually minor. Oviposition inju- 
ries sometimes kill seedlings. 

Identifying the Insects (fig. 
7a). - Adult flatid planthoppers are 
pale or yellowish green to brown or 
black but are usually covered by 
white, powdery wax, which imparts 
a whitish-gray or bluish-green 
appearance. They have large promi- 
nent wings held at an acute, rooflike 
angle over the body and range from 
6 to 13 m m  long. Nymphs are wing- 
less, slightly elongate, slightly flat- 
tened, and partially to completely 
covered with filaments of white, 
woollike wax (fig. 7b). 

Identifying the Injury. - Feed- 
ing by large populations causes 
seedlings and terminals of older 
plants to wilt. Although sap-feeding 
may slow plant growth, i t  rarely 
causes widespread dieback. How- 
ever, clusters of oviposition punc- 
tures along stems may cause mor- 
tality of seedlings and shoot die- 
back on older plants. 

Biology. - Overwintering eggs 
hatch during the spring. Nymphs 
feed singly or in clusters on tender 
shoots. Adult flatid planthoppers 
appear by June or July and are pre- 
sent until fall. They deposit their 
eggs in a series of short slits in the 
bark. There is only one generation 
per year. 

Control. - Natural enemies help 
keep populations in check. On 
young plants, pruning and destroy- 
ing shoots that contain oviposition 
punctures (before the eggs are able 
to hatch) provides some control. 

Figure 7. -(a) Adult m i d  planthoppers; (bl flatid planthopper nymphs. 
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INSECT BORERS, MINERS, AND BARK BEETLES 

Ash Borer (trunk borer), Podosesia syringae (Harris) 

Importance. - This borer is a 
destructive pest throughout east- 
ern North America. Trunk infesta- 
tion rates of 50 percent are common 
in shelterbelts of the Great Plains. 
In the South, trees intended for 
wood products are degraded and 
reduced in value. Shade and orna- 
mental trees may be scarred, seri- 
ously weakened, or killed. 

Identifying the Insect. -Adults 
are clearwing moths that mimic 
paper wasps in appearance and 
flight. The wingspan of the moth is 
about 25 mm. The wings and body 
are brownish black, and the legs are 
marked with black, orange, and 
yellow. Larvae are white, except for 
an amber-colored head and thoracic 
shield, and are about 25 to 34 mm 
long at maturity. 

Identifying the Injury (fig. 
8a). - The first evidence of attack is 
sap mixed with fine frass oozing 
from small holes in the bark. Later, 
the frass is extruded in  small 

clumps. Circular adult exit holes, 
often with pupal skins protruding, 
are found above the irregularly 
shaped entrance holes. Infestation 
is greatest in the lower trunk. Lum- 
ber sawn from infested trees may 
exhibit numerous dark-stained, 
pencil-sized holes (fig. 8b). 

Biology. - Adults begin emerg- 
ing during February in Florida and 
during July in the North. Emer- 
gence is completed by the end of 
July. There is a single brood per 
year. Eggs, deposited singly or in 
small clusters in bark crevices, 
hatch in 11 days. Young larvae mine 
in the phloem and cambium, then 
excavate galleries 7.5 to 13.0 cm 
long in the wood. 

Control. - Natural enemies, 
wound prevention, brood tree 
removal, burlap trunk wraps, and 
insecticides help to reduce popula- 
tions. Pheromone traps are used to 
monitor moth flights in order to 
time insecticide applications. 

Figure 8. - (a) Ash borer gallery, entrance and exit holes, and bark scars of entrance 
and exit holes; 0 ash borer defects in lumber. 
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Banded Ash Clearwing, Podosesia aureocincta Purrington & Nielson 

Importance. - This clearwing is 
similar in distribution and appear- 
ance to t h e  ash borer and causes 
similar damage to boles and 
branches. I ts  populations are 
smaller a n d  more scattered than 
those of t h e  ash borer. 

Identifying the Insect (fig. 
9a). -Adult clearwings are slightly 
larger t han  adult ash borers and 
have forewings that are violet 
brown and mostly dark. The body is 
brownish black, but abdominal seg- 
ment 4 is bordered at the rear with 
a distinct, narrow, upward-taper- 
ing, bright orange-yellow band. The 
larvae can be distinguished from 
ash borer larvae because they have 
fewer crochets on the abdominal 
legs (12 to 16 per row vs. 16 to 20 
per row, respectively). 

Identifying the Injury (fig. 
9b). -Injury is similar to that of the 
ash borer, but the seasonal occur- 
rence is markedly different. 

Females lay eggs in late summer. 
Soon after, and continuing into the 
fall, larvae begin feeding, causing 
sap to ooze and fine frass to be 
extruded from attack sites. The 
next spring and summer, the frass 
becomes coarse and granular and is 
extruded in small clumps (fig. 9c). 
Pupal skins may be found protrud- 
ing from exit holes in the bark from 
late summer to winter. 

Biology. - Adults emerge from 
August to December, whereas those 
of the ash borer emerge during 
spring and summer. Emergence 
peaks from mid-September to early 
October. Larvae overwinter as sec- 
ond instars within their mines in 
the phloem-cambium area. 

Control. - Woodpeckers, other 
natural enemies, and good cultural 
practices help to reduce popula- 
tions. Insecticides must be applied 
in late summer and fall to kill newly 
hatched larvae. 

Figure 9. - (a) Mating pair of banded ash clearwings; (b) partially completed gal- 
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Carpenterworm, Prionoxystus rot biniae (Peck) 

Importance. - Carpenterworms, 
widely distributed through the 
United States and southern Can- 
ada, bore into trunks and branches. 
For years, they were recognized 
mainly as pests of shade, ornamen- 
tal, and shelterbelt trees, but their 
impact through log and lumber 
defects is even more important. 

Identifying the Insect (fig. 
l0a). -Young larvae are reddish 
pink. Mature larvae are creamy 
white with a shiny, dark-brown 
head and black mandibles, and are 
50 to 75 mm long. Adults are large, 
grayish moths with black and gray 
mottled wings; males have an  
orange spot on their hind wing. 

Identifying the Injury. - The 
earliest signs of attack are sap spots 
with fine boring dust. Later, frass is 
discharged from entrance holes. 
Larvae chew cavelike burrows 50 
mm in diameter (fig. lob) and gal- 

Figure 10. - (a) Carpenterworm larva; ( 

(c) gallery in  bole. 

leries 12 to 22 cm long in the wood 
(fig. 10c). Oval to irregularly shaped 
bark scars are evident. Damage in 
sawn lumber appears as pockets of 
ingrown bark and stained holes 12 
mm in diameter. 

Biology. -Adult moths appear 
from April to June and deposit 400 
to 800 eggs in bark crevices. Eggs 
hatch in 10 to 12 days, and young 
larvae tunnel into the bark and 
wood. Pupation occurs within the 
tunnel and lasts 3 weeks. A life cycle 
requires 1 to 2 years in the South, 
and 2 to 4 years in the North. 

Control. - Open-grown trees are 
most susceptible, thus stands 
should be kept well stocked. Brood 
trees should be identified and 
removed. Injuries during logging 
should be prevented or minimized. 
Natural enemies provide some help. 
Insecticides can protect ornamental 
trees. 
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Banded A s h  Borer, Neoclytus caprea (Say) 
Redheaded Ash Borer, Neoclytus muminatus (Fabricius) 

I m p o r t a n c e .  - These borers 
infest weakened, dying, and re- 
cently dead ash trees, but are most 
destructive to recently cut sawlogs. 
They occur throughout most of the 
United States, but are most com- 
mon in the East. 

Ident i fying t h e  Insects  (fig. 
lla).-Adults of both species are 
elongate, tapered in form, and vary 
from 4 to 18 mm in length. The 
redheaded ash borer is reddish with 
yellow bands; the banded ash borer 
is black with yellowish-white bands. 
Larvae of both species are creamy 
white, short, robust, and 10 to 22 
mm long. 

Iden t i fy ing  t h e  In ju ry  (fig. 
llb). - Round adult exit holes in the 
bark and wood and mines under the 
bark are evidence of infestation (fig. 
llc). The principal injury is from 

larval tunnels in the sapwood; the 
oval tunnels are tightly packed with 
frass. Injury to recently felled trees 
and logs is often confined to the 
shaded bottom half. 

Biology.-Adults of t he  red- 
headed ash borer emerge from May 
to August in the North and from 
February to November i n  the  
South. Eggs, deposited under the 
bark, hatch in 1 week. Larvae pene- 
trate the sapwood to feed and over- 
winter in their tunnels. There are 
two to three generations per year in 
the South and one to two in the 
North. The banded ash borer has 
one generation per year. 

Control. - Keeping ornamentals 
healthy will help prevent infesta- 
tion. Sawlogs may become infested 
within 20 days of felling during the 
summer and must be processed 
promptly. 

Figure 11. -(a) Adult of redheaded ash borer; (b) cross section of oval, frass-packed 
tunnels; (c) larval mines and exit holes on sapwood surface. 
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Ash Cambium Miner, Phytobia sp. 

Importance. -Maggots of this 
fly mine in the cambium of tree 
boles and roots in the Eastern 
United States. They cause defects 
consisting of small, light to dark 
streaks evident in tangential cuts of 
wood or specks known as pith ray 
flecks, worm tracks, or glassworms 
as seen in cross-sectional cuts. Such 
defects cause quality degrade when 
the wood is used for veneer, cabi- 
nets, baseball bats, or tool handles. 

Identifying the Insects (fig. 
12a). -The larvae are long, narrow 
maggots, somewhat laterally flat- 
tened, and measure about 25 mm 
long when fully grown. Adults look 
somewhat like small, hairy house 
flies. 

Identifying the Injury (fig. 
12b). - The maggots make long 
threadlike mines in the cambium of 
branches, boles, and roots. Mines 
are most common in the basal 90 

cm of the trunk and in the roots 
within 1.5 m of the bole (fig. 12c). 
Mining in living trees is detectable 
only by removing the bark. In lum- 
ber and veneer, mines appear as 
zigzag tracks lighter or slightly 
darker than the natural wood. 

Biology. -Eggs are laid in small 
twigs. Maggots mine in the cam- 
bium and inner bark down the stem 
and into the roots. Second-instar 
maggots overwinter in the roots. 
Full-grown maggots exit through 
the bark and form puparia in the 
soil. In the North, pupation occurs 
in May and June, whereas in Mis- 
sissippi, it occurs from February to 
April. The life cycle is completed in 
1 year. 

Control. -Dead maggots have 
been found in their mines following 
unusually cold winters. Other natu- 
ral controls are unknown, and 
direct controls have not been 
investigated. 

Figure 12.-(a) Ash cambium miner lart 
veneer; (c) threadlike mines o, 

la; (bl zigzag glassworm tracks in ash 
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Eastern Ash Bmk Beetle, Hylesinus aculeatus (Say) 
Northera Ash Bark Beetle, Hylesznus criddlei Swaine 
mite-Bmded Ash Bark Beetle, Hylesinus fasciatus (LeConte) 

Importmee. - One or more spe- 
cies of ash bark beetles are found in 
any given region of the United 
States. They attack and breed in 
weakened, felled, and storm- 
damaged trees; only occasionally do 
they attack healthy trees. On some 
sites of t he  dry Great Plains, the 
western a sh  bark beetle causes 
severe branch- and top-kill. 

Identiffing the Insects (fig. 
13a). -Adult beetles are slightly 
elongate, cylindrical, and 2.0 to 3.4 
mrn long, Dense areas of light- and 
dark-color& scales produce mixed 
bands or spots. Larvae are legless 
grubs with a white, slightly curved 
body and a light-brown head (fig. 
13b). 

Identifying the Injury (fig. 
13c). - Injury to trees results from 
tunnding in the inner bark and sur- 
face of the sapwood. The large egg 
gdlery has two branches extending 

across the wood grain in  opposite 
directions from the bark entrance. 
Larval galleries radiate outward 
from the egg gallery. The bark may 
be peppered with 1-mm, round exit 
holes (fig. 13d). 

Biology. - Overwintering adults 
fly to susceptible trees in the spring 
where they burrow into the bark 
and begin laying eggs. Larvae 
pupate in small cells at the end of 
their tunnels. New adults burrow 
out to the bark surface. There are 
one to two generations per year. 
Adults overwinter in short feeding 
tunnels in the bark of living or 
recently felled trees. 

Control. - Direct controls are 
rarely needed. Cultural controls 
include debarking felled trees and 
logs and/or burning them to prevent 
brood emergence. To prevent 
attacks insecticides may be applied 
to the bark. 

Figure 13. -(a9 Eastern ash bark beetle; fbi larvae in galleries; (c) horizontal egg 
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FLOWER AND SEED INSECTS AND MITES 

Ash Flowergall Mite, Aceria fraxiniflora Felt 

Importance.  - This eriophyid 
mite attacks male flower clusters, 
turning them into masses of lumpy, 
distorted galls. Infestations do little 
damage to trees, but the galls are 
unsightly and may markedly detract 
from the appearance of ornamen- 
tals. The mite is distributed 
throughout the United States and 
southern Canada. 

I den t i f y ing  the Mite.-The 
mites are minute, about 0.5 mm 
long, soft bodied, wormlike or spin- 
dle shaped, and white to straw col- 
ored. They are so small as to be 
largely invisible to the unaided eye 
and are frequently overlooked, even 
with a lox magnifier. 

Ident-g the Injury (fig. 14). - 
Feeding by the mites on the male 
flower clusters causes swelling of 
the tissues. Flower stems elongate, 

pedicles of individual flowers often 
fuse, and all parts curl and twist. 
Infested flower clusters become 
irregularly branched, fringed, gall- 
like masses. Galls are initially green 
but darken and become black later 
in the season, and many persist 
until the following spring. 

Biology.-In the spring, over- 
wintering females move to the 
developing flowers to feed and 
deposit eggs. Nymphs live and feed 
in protected crevices of the gall 
tissue. There are several genera- 
tions during the spring and sum- 
mer. In the fall, fertilized females 
move to bark crevices and beneath 
bud scales to overwinter. 

Control. - High-valued trees can 
be sprayed in the early spring as 
soon as they begin to flower. 

Figure 14. -Male flower clusters converted to gall-like masses by ash fZower gall 
mites. 
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Ash Seed Weevils, Lignyodes spp. 

Importance. - Three ash seed 
weevils, Lignyodes bischf i  (Blatch- 
ley), L. heluolus (LeConte), and I;. 
horridulus (Casey), occur through- 
out the United States and Canada. 
These weevils feed on the seeds of 
ashes and lilac. Over 60 percent of 
the ash seeds in the Northeastern 
States and  up to 95 percent in the 
Great Plains may be destroyed. 

Identifying the Insects (fig. 
15a). -Adults are elongate-oval and 
2.3 to 4.0 mm long. The pronotum 
is narrower than the base of the 
elytra, and the snout is curled with 
elbowed antennae. The pronotum 
and elytra are covered with brown 
to yellow scales. Color patterns dis- 
tinguish the species. Larvae are 
white and  legless with a curved 
body and brown head (fig. 15b). 

Identifying the Injury. - 
Infested seeds are difficult to dis- 
tinguish with the naked eye. With 
magnification, small, raised, punc- 

ture marks partially covered with 
dark excrement can be observed on 
the seedcoat (fig. 15c). Cutting open 
the seed will reveal the feeding larvae 
(fig. 15d). Small oval to irregular 
holes are left in seeds by emerging 
larvae. 

Biology. - The weevils overwin- 
ter as larvae in the soil or in fallen 
seeds. Pupatiofi occurs in the soil 
during spring and summer and 
lasts about 12 days. Adults emerge 
during July and August and are 
present until autumn. Females 
deposit eggs singly within the seed 
and seal the openings with excre- 
ment. Eggs hatch in 2 days, and the 
larvae completely consume the seed 
contents. Mature larvae exit the 
seed during fall, winter, or spring 
and burrow into the soil to pupate. 
There is one generation per year. 

Control. -- Natural controls keep 
most populations in check. Direct 
controls are rarely justified. 

Figure 15.-(a) Adult ash seed weevil; n7) ash seed weevil larva; (c) infested ash 
seeds with egg punctures; (d) seeds cut open to apose larvae. 
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MINOR INSECTS AND MITES 

Leafroll Midges 
Pest. - Leafroll midges, Dasi- 

neura spp.; larvae are small, white 
maggots 2 to 3 mm long; occur in 
the Eastern United States; produce 
one to two generations per year. 

Injury. - Several tiny maggots 
feed together in young, unfolded 
leaves of ashes in early spring, etch- 
ing the tender epidermis and keep- 
ing the leaves from unfolding; 
damaged leaves roll, curl, distort, 
and may fall off (fig. 16a). 

Prevention and Control. - 
Natural control is usually adequate; 
trees should be kept in vigorous 
condition; direct controls are rarely 
needed. 

Leaf Beetle 
Pest. - Leaf beetle, Octotoma 

plicatula (Fab.); a black, wedge- 
shaped beetle 4 to 5 mm long, with 
a distinctive, irregular design of 
ridges on its wing covers; adults are 
active from early May through 
August. 

Injury. -Long, narrow patches 
of epidermis about 2 mm wide and 4 
to 10 mm long are eaten from the 
undersides of leaves (fig. 16b). Heav- 
ily damaged leaves turn brown and 
drop prematurely in late summer. 

Prevention and Control. - 
Trees should be kept in vigorous 
condition; direct controls are rarely 
needed. 

Spring Cankerworm 
Pest. - Spring cankerworm, Pal- 

eacrita vernata (Peck); caterpillars 
are typical loopers; brown to black 
with yellow stripes (fig. 16c); occur 
in the Eastern United States and 
southern Canada; 25 to 48 mm 
long; produce one generation per 
year. 

Injury. - In the spring, young 
larvae eat holes in the leaves; later 

the whole leaf is eaten except for the 
midrib and major veins; defoliation 
stresses the trees. 

Prevention and Control.- 
Sticky bands around tree trunks 
will t rap the wingless females; 
chemical or biological controls are 
occasionally needed. 

Fall Webworm 
Pest. -Fall webworm, Hyphant- 

ria cunea (Drury); mature larvae 
are 25 mm long, pale yellow to 
greenish and with hairy, red or 
black heads; occurs throughout the 
United States and southern Can- 
ada; produces one to four genera- 
tions per year. 

Injury. - Caterpillars make 
webbed nests around leaves a t  
branch ends, living and feeding in 
groups inside the nests; populations 
and webbed nests are most abun- 
dant in late summer and fall (fig. 
16d). 

Prevention and Control. - 
Natural enemies are usually effec- 
tive; webbed nests can be pruned 
from small trees; chemical or bio- 
logical controls may be needed. 

Forest Tent Caterpillar 1 
1 

Pest. - Forest tent caterpillar, i 
Malacosoma disstria Hiibner; cat- 
erpillars have a dorsal row of key- 
hole-shaped, white spots bordered 
by pale-bluish lines (fig. 16e); 
mature larvae are 50 mm long; 
occurs throughout the United 
States and Canada; produces one 
generation per year. 

Injury. - Caterpillars begin feed- 
ing on ash foliage as it emerges in 
early spring; first noticeable signs 
of attack are sparse crowns and fall- 
ing frass; caterpillars feed for 4 to 6 
weeks. 

Prevention and Control. - 
Parasites, predators, and diseases Page 311 of 382



keep most infestations in check; 
chemical and  biological controls 
may be needed. 

Ashleaf Gall Mite 
Pest. - Ashleaf gall mite, Aceria 

chrondriphora Keifer; mites are 
elongate, spindle shaped, and soft 
bodied; hardly visible to the naked 
eye; live inside leaf galls throughout 
the United States and southern 
Canada. 

Injury. - The galls on the upper 
surface of leaves are greenish yel- 
low, 2 to 3 mm in diameter (fig. 160, 
reniform in shape, solitary but 
numerous, scattered along the lat- 
eral veins, and reduce esthetic value 
of trees. 

Prevention and Control. - 
Natural controls are usually ade- 
quate; fallen leaves should be raked 
and destroyed; direct controls are 
rarely needed. 

Figure 16. -(a) Curled leaues f i  
feeding symptoms; 
webworm tents in 3 
lars; (fl leaf galls i 

.om leafroll midge; (b) leaf beetle 
(c) spring cankerworm; (d) fall 

loung ash; (e) forest tent caterpil- 
:aused by ashleaf gall mites. Page 312 of 382



SEEDLING DISEASES 

Damping-Off, Cylindroctadium spp., Fusarium spp., Phytophthora spp., 
Pythium spp., Rhizoctonia spp. 

Importance. - Damping-off is 
the most important and widespread 
disease of ash seedlings in tree nur- 
series. The disease is most preva- 
lent in cool, low-lying areas where 
standing water persists, in acidic 
soils, and under any conditions 
where seedling growth is poor. 
Seedling density may be reduced up 
to 25 percent or more when poor 
cultural practices are used. 

Identifying the Disease. - 
Damping-off may prevent the emer- 
gence of seedlings from the soil as 
the seeds or hypocotyls are 
attacked. Seedlings attacked after 
emergence fall over because the 
hypocotyls are rotted at or below 
the soil line (fig. 17). Both types of 
damping-off result in reduced seed- 
ling survival causing nonuniform 
seedling sizes and densities. 

Identifying the Fungi. - Many 
fungi prevalent in soils can cause 
damping-off. Fusarium spp., 
Pythium spp., and Phytophthora 

spp. are most active in cool, wet 
soils, whereas Cylindrocladium 
spp. and Rhizoctonia spp. are more 
common in warm, wet soils. 

Biology. -The soil-borne fungi 
that cause damping-off of seedlings 
are able to survive in the soil in the 
absence of a host. All produce 
resistant spores or sclerotia that 
survive in the soil until root exu- 
dates stimulate their germination 
or growth, leading to the infection 
of seeds or seedlings. 

Control. - Damping-off can be 
controlled with cultural practices. 
Seeds should be planted on well- 
drained sites or in raised beds at 
soil temperatures above 15 "C, 
avoiding dense stands, Nitrogen fer- 
tilizers should not be applied until 
seedlings are 6 weeks old. Soil acid- 
ity should be maintained at pH 6.0 
or slightly above. Soil fumigation or 
seed treatment with fungicides is 
sometimes necessary for adequate 
control. 

Figure 17. -Ash seedlings with symptoms 
of postemergence damping-off: Page 313 of 382



LEAF DISEASES 

Anthracnose, Gnomoniella fraxini Redlin & Stack 

Importance. - Ash anthracnose 
may be the  most common foliar dis- 
ease of ashes in the United States. 
It is most important in landscape 
and street-side plantings and in 
plantations, and is less important in 
natural forest stands. 

Identifying the Disease.- 
Round to irregular blotches, green- 
ish brown at first, but turning 
brown with age, appear along mar- 
gins and midribs of leaflets (fig. 
18a). Affected leaflets appear 
scorched and may curl and drop 
from the tree. Small cankers and 
dieback may occur on twigs of trees 
severely defoliated for several years. 
Numerous small, round lesions 
with gray centers and purple-brown 
margins (frogeye leaf spots) may 
develop late in the season (fig. 18b). 

Identifying the Fungus. - 
Acervuli, colorless initially and 

darkening with age, can. be found 
on leaflets shortly after infection. 
Acervuli are also common on pre- 
vious-year petioles (fig. 18c) and 
twig cankers. Masses of dull-white, 
to pale-pink conidia may be seen 
exuding from mature acervuli. 
Black perithecia develop over winter 
on petioles, leaves, and twigs on the 
ground. 

Biology. - Expanding leaflets 
and shoots are infected in  the  
spring by rain-splashed conidia 
from acervuli on dead petioles 
remaining on trees from the pre- 
vious year. Additional infections 
may augment the disease during 
the growing season. Anthracnose is 
favored by cool, wet, spring weather 
and a lack of air circulation around 
susceptible tissues. 

Control. - Direct control is rarely 
needed. 

Figure 18. -fa) Shoot infected with anthrmnose, some leaflets have already fallen; 
0 frogeye leaf spots; (c) acervuli on previous-year petioles. Page 314 of 382



Ash Rust, Pueeinia sparganioides Ellis & Barth 

Importance. -Ash rust attacks 
most ash species growing east of 
the Rocky Mountains. I t  is most 
severe near coastal areas where its 
alternate hosts, cord and marsh 
grasses (Spartina spp.), are abun- 
dant. Severe damage is infrequent 
since trees usually recover, although 
repeated infections have been 
reported to cause dieback and tree 
mortality. 

Identifying the Disease. - 
From mid-April to mid-June, the 
upper surfaces of leaves develop 
yellow-orange spots, while chlorotic 
spots develop on petioles and current- 
year twigs (fig. 19a). Swelling of dis- 
eased tissues leads to distortion and 
necrosis of leaves, bending of 
petioles, and development of galls on 
twigs. Trees with severe infections 
appear scorched, and affected leaves 
often drop prematurely. 

Identifying the Fungus. - 
Clusters of aecia containing orange- 
yellow aeciospores appear promi- 

nently on twigs, petioles, and lower 
surfaces of leaves (fig. 19b). Yellow 
urdinia develop on &ernate hosts 
and are replaced in the frill by dark- 
colored telia. 

Biology. -This funms has five 
spore stages of which two must 
occur on alternate hosts for infw- 
tion of ashes. In the spring, telio- 
spores that overwintered on alter- 
nate grass hosts produce basidio- 
spores that infect the current-year 
tissues of ashes, causing spermo- 
gonia and then aecia to develop. 
Aeciospores are blown to and infect 
alternate hosts on which uredinia 
develop in early summer. During 
the summer, urediniospores repeat- 
edly infect cord or marsh grass. 
Uredinia eventually develop into 
brownish-black telia in the fall. 

Control.-To control severe in- 
fections in valuable trees, fungicide 
sprays should be used at 2-week 
intervals in the spring starting at 
bud break. 

Figure 19. -(a) Multiple mcial i nb t ions  on foliage; 0 aecia on twigs and petioles. 
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Myeo~phaerella Leaf Spots, Mycosphaerella effigurata (Schwein.) 
House, MyeosphaereIIa fiaxinicoIa (Schwein.) gouse 

IEmposlmce, - Leaf spots cause 
premature defoliation of ash seed- 
lings, and forest a d  shade trees in 
North Anzerica. Mycosphaerella leaf 
spot, heretofore called 'Tiggotia 
leaf spot," is most common in nur- 
series. Infwtion by Myeosphaerella 
frwinicolu, pret~iously called 'Thy- 
llostica leaf spot," is a problem in 
large trees. 
Identifying the Disease.- 

Leaf spots caused by M. effigurata 
appear in June as flwklike, yellow 
spots, I. to 3 mm in diameter, on 
upper leaf surfaces. Hundreds of 
flecks may occur on a single Ieaflet 
(fig. 20a, b). By late summer, dark 
asexual stromata give lower leaf 
surfaces a sooty appeasance. Seed- 
lings may defoliate prematurely 
near the end of the growing season. 
Initid leaf spots causd by M. fkzx- 
inicola are pale-peen, irregular 
blotches, 5 to 15 mm in diameter 
(fig. 20c). Spots sometimes coalesce 
and entire leaflets may die. a'rees 

may appm seorchd due to necrotic 
blotches on foliage. %ere infections 
can ~ s u l d  in p~ma tu re  defoliation. 
1de~rt~-g the -Both 

&f. effiguruta and M. fraxinicola 
have two asexual fruiting stages. 
Those of M effigurala develop ear- 
lies in the growing season than 
those of M fraxinicola. Mycosphm- 
rella fraxinicola produces cylindri- 
cal, colorless conidia in contrast to 
the tw-celled, colorless conidia of 
M. effigurata. Both species produce 
two-celled, colorless ascospores in 
pseudothwia that mature and over- 
winter in fallen leaves. Ascospores 
of M. effigurata are 1.5 to 2.0 times 
longer than those of M. fraxinicola. 

Biolom. - Ascospores dispersed 
by wind from fallen leaves initiate 
primary infmtions on new leaves in 
the spring. Wet weather increases 
the scsverity of the disease. 

Control. -There is no practical 
control available for these leaf 
diseases. 

Figure 20. -(a) Mycosphaerella effigurata on white ash seedlings; f5) M. eEigurata 
on green ash in nursery; !c) leaf spots caused by M. fraxinicola. Page 316 of 382



Powdery Mildews, Phy ZEactinia 
species. 

Importance. - Powdery mil- 
dews cause only minor damage to 
ashes in the Eastern United States. 
On shade and ornamental trees and 
seedlings, progression of the dis- 
ease can reduce vigor, but i t  
does not substantially reduce annual 
growth. Damage to forest trees is 
negligible. 

Identifying the Disease. - 
Severe infections can cause distor- 
tion of tender, late season shoots, as 
well as chlorosis, foliar browning, 
and premature defoliation. 

Identifying the Fungi. - Pow- 
dery mildews are easily identified by 
the white or light-colored, powdery 
fungal growth that develops on 
upper or lower leaf surfaces (fig. 
21a, b). Identification of species 
is based on microscopic examina- 

guttata (Wallr. :Fr.) L6v and other 

tion of cleistothecia, conidia, and 
conidiophores. Cleistothecia are 
minute, yellow to black, sexual 
fruiting structures usually found 
late in the season on the lower sur- 
face of leaflets. Cleistothecia of I? 
guttata have straight appendages 
with a bulbous base and asci that 
contain two spores. 

Biology. - Powdery mildews are 
most prevalent where cool to warm, 
humid weather persists with little 
rainfall. Primary infection of ashes 
occurs by ascospores released from 
overwintered cleistothecia on fallen 
leaves. Conidia can cause repeated 
infections during the growing 
season. 

Control. - No control is usually 
needed for this disease. 

Figure 21. -(a) Powdery mildew infeetion on upper leaf surface; (b) infedsion on 
lower leaf surface. 

24 
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DECLINES, DIEBACKS, AND WILTS 

Ash Yellows, Mycoplasmalike organisms (MLO's) 

Itnportane~!. -Ash yellows causes 
substantial growth reduction, decline, 
and mortality of white ash in the 
Northeastern United States. Green 
ash appears to be more tolerant of 
ash yellows. Symptoms similar to 
those of ash yellows have been 
reported in Georgia and Louisiana. 
Trees of all ages and sizes in land- 
scape plantings, hedgerows, and for- 
ests are susceptible. 

Identifying the Disease (fig. 
22a). - Symptoms vary with host 
susceptibility and disease progres- 
sion, but in general, initial symp- 
toms are reduced radial (fig. 22b) 
and shoot growth. Sustained infec- 
tions can cause branch dieback, 
thin chlorotic crowns, epicormic 
sprouting, bark cracks, early fall 
coloration, and premature death. 
These decline symptoms, however, 
can develop from other causes. 
Witches' brooms (fig. 22c) are defin- 

itive, although inconsistent, symp- 
toms of ash yellows. 

Identifying the Pathogen. - 
Identification is based on finding 
MLO's in stained sections of phloem 
using a microscope. Tentative field 
diagnosis can be made by the pres- 
ence of witches' brooms. 

Biology. -Ash yellows is caused 
by MLO's that  inhabit phloem 
tissue. MLO's are similar in nature 
to bacteria but lack cell walls. While 
infections are systemic, it is unclear 
how MLO's enter ash trees; insect 
vectors are one possibility. Infected 
white ash appears to be more sus- 
ceptible to other stresses such as 
drought. 

Control. -Merchantable white ash 
with ash yellows dieback should be 
harvested. Infected landscape trees 
without severe dieback may respond 
favorably to fertilization and 
irrigation. 

Figure 22.-(a) Crown thinning, dieback, and epicormic sprouting; (b) growth 
decline (12 annual rings are present between the arrow and the cam- 
bium); (c) witches' broom at base of white ash. 
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Ash Dieback, Various causal agents 

Importance. -White ash and 
green ash trees in forests, shelter- 
belts, and landscape plantings of the 
Northeastern and North Central 
United States are affected substan- 
tially by this malady. 

Identifying the Disease (fig. 
23a). - Symptoms of abnormal 
growth are similar to those described 
for ash yellows. Epicormic sprouts 
and witches7 brooms, indicators of 
MLO infection, have been associ- 
ated with ash dieback. Stem and 
branch cankers (fig. 23b) caused by 
various fungi often lead to progres- 
sive crown dieback. 

Identifying the Causal 
Agents. -Decline of ashes in the 
absence of MLO infection is usually 
due to multiple biotic and abiotic 
agents. Drought may be the pri- 
mary cause of dieback in many 

areas. A list of other possible causal 
agents includes at least three 
viruses (fig. 23c), two fungal patho- 
gens (Cytospora pruinosa and 
Fusicoccum spp.), freeze damage, 
and air pollutants. 

Biology.. - The initial develop- 
ment of ash dieback frequently 
involves drought stress, which may 
be aggravated by freeze damage, or 
the presence of one or more oppor- 
tunistic fungal pathogens or 
viruses. Stress induced by other 
agents may be worsened by MLO 
infectons in white or green ash. 

Control. - In forests, sites should 
be carefully selected and species 
composition managed to avoid hav- 
ing mature ashes on droughty sites. 
Tree stress may be reduced in land- 
scape plantings by fertilization and 
irrigation during dry weather. 

Figure 23.-(a) Dieback and thinning in  white ash; (6) stem canker caused by 
Cytospora pruinosa; (c) ringspots caused by tobacco ringspot virus. Page 319 of 382



Verticillium Wilt, Verticillium albo-atrum Reinke and Berthier and Ver- 
ticillium dahl ia  Kleb 

Importance. - This disease is 
prevalent in nurseries and land- 
scape plantings of white and green 
ashes in the Northeastern and Mid- 
western United States. Rarely has 
it been described in forest stands. 

Identifying the Disease (fig. 
24a, b). - Sudden wilting of foliage 
on one or several branches is typ- 
ically the earliest visible symptom. 
Leaves turn pale green to yellow 
and may appear scorched before 
falling, although green leaves may 
drop before they wilt. Additional 
symptoms include sparse foliage, 
s tunted growth, and dieback. 
Infected sapwood often exhibits 
brown streaking, but this symptom 
is not always present. Trees with 
extensive wilt symptoms in much of 
the crowns will usually die before 
the end of the growing season, 

Identifying the Fungus. - 
Fungal hyphae and conidia are vis- 
ible with magnification in the con- 
ducting tissue of infected wood. 

Black microsclerotia or resting 
hyphae (15 to 100 prn in dia- 
meter) and the whorled (verticillate) 
arrangement of conidiophore 
branches can be seen in culture. 

Biology; - Verticillium spp. sur- 
vive periods of cold and drought by 
producing thick-walled microsclero- 
tia, which may be dispersed in dis- 
eased plants and plant parts, even- 
tually infesting the soil. Hyphae 
from microsclerotia penetrate ash 
roots growing next to them in the 
soil. The fungus also invades the 
host through wounds but spreads 
most rapidly when conidia move in 
the sap stream of conductive tissue. 
In this way, multiple infections can 
occur in large trees, eventually 
reducing or stopping vascular flow 
in diseased branches. 

Control. - Depending on their 
availability, plant cultivars that are 
resistant to verticillium wilt should 
be used. 

Figure 24. -(a) Dieback and leaf scorch in upper right crown caused byVerticillium 
wilt; 0 scorched leaves. Page 320 of 382



Fusicoccum Canker, Fusicoccurn spp. 

Importance. - Cankers and die- Identifying the Fungus, - The 
back caused by Fusicoccurn spp. are fungus forms white masses of con- 
most severe on sites where trees are 
growing poorly. Small branches are 
most affected, although the bole can 
be attacked. Canker development is 
usually arrested on trees with vig- 
orous growth; however, cankers 
may girdle small limbs resulting in 
dieback and wind breakage. 

Identifying the Disease.- 
Annual cankers appear pale brown 
when young, but eventually turn 
dark brown with a distinct bound- 
ary between the living and dead 
tissues. Old, inactive cankers appear 
sunken and may be surrounded by 
callus. Dead bark may separate 
from the wood and disappear from 
old cankers not covered by advanc- 
ing callus. Symptoms alone are 
sometimes insufficient to identify 
this disease. 

idia within minute, asexual fruiting 
bodies (pycnidia) embedded in can- 
kers of diseased branches (fig. 25). 
Conidia must be examined micro- 
scopically for identification. 

Biology. -The biology of this dis- 
ease is incompletely known. Numer- 
ous conidia, produced and exuded 
from pycnidia in cankers during 
wet periods, are spread by splashing 
rain and mechanical means. They 
germinate and produce hyphae that 
enter wounds on branches resulting 
from insects, frost, or mechanical 
damage. Stressed trees are more 
easily infected and colonized. 

Control. - Cankers can be mini- 
mized through wound prevention, 
pruning out and removing limbs 
with cankers from landscape trees 
during winter, and establishing vig- 
orous planting stock on good sites. 

Figure 25. -Fusicoccum canker on ash stems with pycnidia embedded in necrotic 
tissue. 
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Nectria Canker, Nectria galligena 

Importance. -Perennial Nectria 
canker is among the most common 
and easily recognized diseases of 
ashes and other hardwood trees in 
the East and South. The disease is 
prevalent in cool, humid climates or 
where isolated pockets of cool air 
collect, especially on poorly drained 
soils. 

Identifying the Disease. - 
Cankers begin as  small, incon- 
spicuous, dark depressions on 
young stems. The fungus pene- 
trates the cambium and establishes 
a perennial infection. It repeatedly 
kills callus tissue that  forms 
annually at  the edge of the lesion, 
giving rise to a targetlike, perennial 
canker with concentric rings of 
dead callus (fig. 26). Cankers sel- 
dom girdle the bole. 

Identifying the Fungus. - The 
small (1 to 2 mm diameter), bright- 
red to orange perithecia form from 
autumn through spring, near 
young cankers with bark, in bark 

Bres. in Strass. 

crevices, or at the margins of old 
cankers lacking bark. Occasionally7 
microscopic cream-colored sporo- 
dochia form during moist weather. 

Biology. - Ascospores expelled 
from perithecia during rainy periods 
in the spring and autumn are dis- 
persed by wind and water to  
wounds such as frost cracks, sun- 
scald lesions, leaf scars, hail 
wounds, and senescing lower 
branches. The ascospores germi- 
nate to produce hyphae that infect 
stems and initiate canker develop- 
ment throughout the growing sea- 
son. The fungus overwinters a s  
mycelia in cankers and as  
ascospores in perithecia. 

Control. - Nectria canker can 
cause significant damage to indi- 
vidual trees, but the low incidence 
and minimal losses attributed to 
this disease rarely warrant control. 
This disease is easily prevented by 
avoiding bark wounds during cool, 
humid conditions. 

Figure 26. -Perennial target canker caused 
by Nectria galligena. 
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DECAYS 

Bum ROTS 

Imporda~~? .  - Dway of the butt 
log in living trees is the most 
serious cause of cu l  loss for log@ng 
because it affects the highest v d u d  
log and weakens the tree. The inci- 
dence of butt rot in geen ash is less 
than the 40-percent average for 
other southern hadwoods. The ex- 
tent of decay in the stem increases 
with wound size and age. 

Identifying the Diseases. - 
Hollows, abnormal swellings, butt 
bulge, old basal wounds, or fruiting 
bodies indicate butt rot. Decayed 
wood may be soft or brittle and 
brown to white. The decay column 
may extend vertically for several 
meters (fig. 27). Mfwted trunks are 
weakened and subject to breakage. 

Identiffing the Fwgl.  - Num- 
erous fungi cause butt rot in ashes. 
The most common are GanocEerma 
lucidum (Curtis:E'r.) P, Karst., 
Laetiporus sulphureus (Bull.:Fr.) 
Murrill, Lentinus tigrinus (Bull. :I+.) 
Fr., Phellinus igniarius (L.:Fr.) 
Qu61., Pleumtus ostreatus (Jacq. :I+.) 
P. Kumm., Postia tephroleuca 
(Fr. : Fr.) Jiilich, Rigidoporus lin- 
eatus (Pers.) Rpvarden, and R. 
ulmarius ISowerby:Fr.) Imazeleii in 
Its. Fruiting bodies form less fre- 
quently on ashes in the South than 
in northern regions, usually requir- 
ing isolation from the wood for iden- 
tification. 

Biology. - Exposed wounds are 
sites of entry of decay fungi. Spores 

penetrate the tree. The rate of 
decay vmies with. the funss ,  wound 
size, host vigor, and environmental 
conditions. 

Control, - Wound prevention is 
essential because most infections 
occur through injuries including 
meehanied wounds, fire scars, and 
frost cracks a tending  into the 
wood. Tkees should be harvested 
before patholodcd rotation age to 
minimize degrade. Severely dwayed 
trees should be cut and removed. 

from fruiting bodies wind dis- F;w,, 27. - ~ ~ t t  rot o/.rndure ash oris- 
seminated to wounds where they ing from wounds in the 
germinate, producing hphae  th& lower bok. 
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Varnish Fungus Rot, Ganoderma lucidum (Curtis:Fr.) P. Karst. [Syn. 
Polyporus lucidus (Curtis:Fr.) Fr.] 

Importance. - This pat hogen 
causes a serious rot of the lower 
bole and roots of green and white 
ashes throughout North America. 
Ganoderma lucidum can kill even 
the largest trees. 

Identifying the Disease. - 
Trees affected by varnish fungus 
rot exhibit yellowing, wilting, or 
undersized leaves and dead branches. 
Affected wood of the lower bole 
becomes soft, spongy, and light col- 
ored, in advanced stages of decay, 
increasing susceptibility to wind- 
throw. 

Identifying the Fungus. - The 
fungus produces annual, reddish- 
brown basidiocarps, singly or in 
clusters and with or without stalks, 
often near the bases of trees (fig. 
28). The upper surface has  a 
smooth, lacquered appearance and 
a distinct, lighter margin that turns 
darker with age. The undersides of 
basidiocarps have a white, porous 

surface when fresh. However, basi- 
diocarps do not necessarily indicate 
extensive decay or imminent death. 

Biology. - Brown spores released 
from basidiocarps are dispersed 
throughout the summer during 
humid periods. Wounds on root 
flares and the lower bole are pri- 
mary infwtion courts. Spores ger- 
minate and produce mycelia that 
attack the sapwood of all major 
roots and the butt section of the 
bole. Tree vigor may decline as  
decay of the sapwood advances. 
Rates of decay appear to be de- 
termined by tree vigor, which is 
often influenced by environmental 
stresses. 

Control. - In  urban settings, 
phenoxy-type herbicides applied in 
lawn fertilizers can sometimes pre- 
dispose trees to varnish fungus rot. 
Cultural practices to reduce drought, 
water stress, and wounding are 
recommended. 

Figure 28. -Basidiocarps of Ganoderma lucidum developing on trunk and roots of 
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Sulfur b p s  Rot, Laetiporus suZphureus (Bull.:Fr.) Murrill [Syn. PoZy 
porus sulphureus iBull.:Fr.) Fr.1 

Importance, - The sulfur fun- 
gus causes one of the most impsr- 
tant rot diseases of ashes and many 
other hardwoods in the Eastern 
and Southern United States. 

Identifying the Disease. -A 
reddish-brown, cubical rot of the 
heartwood may develop in the roots, 
butt, or upper stem of the tree (fig. 
29a). The outward grow-th of the 
fungus from decaying heartwood 
may kill zones of vascular cambium 
and sapwood to form elongated can- 
kers appearing as depressions in 
the bark. 

Identifying the Fungus. - The 
fungus annually produces bright- 
yellow to orange, shelflike basidio- 
carps, 20 to 60 cm wide, during 
the summer and autumn on living 
trees in advanced stages of decay 
(fig. 29b). These fruiting bodies 
often develop in overlapping clus- 

ters from stem cankers and persist 
throughout the  winter in the  
South. Their presence usually 
indicates extensive decay of the 
heartwood. 

Biologye - Fruiting bodies release 
spores during wet, winter months 
in the South. Basidiospores germi- 
nate and produce mycelia that  
infect trees through dead branch 
stubs and wounds of trunks or 
occasionally through roots. The 
white to pale-yellow mycelium de- 
velops an extensive rot column for 
many years before fruiting bodies 
are produced. 

Control. - Bark wounds in forest 
stands should be avoided, and pro- 
tuberant dead branch stubs should 
be removed from high-vdued trees 
in urban areas to accelerate forma- 
tion of callus over branch stub 
wounds. 

Figure 29. -(a) Brown cubical rot of heartwood and sapwood in  the upper trunk 
caused by the sulfur fungus; (6) basidiocarp of Laekiporus sulphureus 
on upper trunk of green ash. Page 325 of 382



STEM ROTS 

Perenniporia Stem Rot, Perenniporia fraxinophila (Peck) Ryvarden 
[Syn. Fornes fraxinophilus (Peck) Sacc.] 

Importance. - Perenniporia 
stem rot causes a white, mottled 
heartrot of all major species of 
ashes from Tennessee westward to 
Arizona and northward into Can- 
ada. It is a major contributor to the 
decay of green ash stems in the 
shelterbelts of the Great Plains. 

Identifying the Disease. - 
Heartwood decayed by this fungus 
is straw yellow to yellowish white, 
soft, and crumbly (fig. 30a). Trees 
in advanced stages of decay are sus- 
ceptible to  breakage and wind- 
throw, especially in the shelterbelts 
of the Great Plains. 

Identifying the Fungus. - 
Perennial, bracket-shaped basid- 
iocarps usually form on the bole 
and major branches near branch 
stubs (fig. 30b). Basidiocarps are 
initially dirty white on the upper 
surface, but darken and become 
cracked with age. The lower surface 

is white and porous. They may grow 
to over 25 cm in diameter. 

Biology. - Basidiospores released 
from basidocarps during wet 
periods germinate to produce 
hyphae that infect trees mainly 
through branch stubs and grow 
down the branch trace to the heart- 
wood to initiate decay. Fruiting 
bodies may develop and accumulate 
on the bole for many years as the 
decay column expands. The inci- 
dence of basidiocarps on ashes is 
often directly proportional to trunk 
diameter. 

Control. - Infection can be 
reduced by preventing wounds and 
trimming branch stubs to allow 
callus to cover the wounds, particu- 
larly in older, less vigorous land- 
scape trees. Precautions should be 
taken to protect healthy crop trees 
during thinning and harvesting 
operations in forest stands. 

Figure 30. - (a) Heartwood decay caused by Perenniporia fraxinophila; (bl perennial 
conk under branch stub on living green ash. 
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TOP ROTS 

Importance. - Top rots result 
from invasion of limbs by many of 
the same fungi that cause butt rots. 
The incidence of top rot is typically 
lower than that of butt rot. Top rot 
often follows limb damage by ice or 
snow. Decaying limbs and tops may 
break, creating a hazard to people 
and property in urban areas. Losses 
of wood volume are usually in- 
significant. 

Identifying the Disease. - 
Broken or decayed limbs and branch 
scars often indicate top rot. The ver- 
tical extent of decay behind young 
or small branch scars is typically 
insignificant, but may extend into 
the bole and exceed 1 m behind old, 
larger branch scars. 

Identifying the Fungi. - Fruit- 
ing bodies can be used to identify 
these fungi, but they may not 
always be present. Identification by 
cultural characteristics instead of 
from fruiting bodies has been used 
with limited success because of the 

difficulty in isolating these fungi 
from the wood. 

Biology. - The life cycles of 
decay fungi causing top rots are 
similar to those of fungi causing 
butt rots. However, different pio- 
neer micro-organisms are usually 
associated with the decay process in 
limbs than in trunks. Basidiospores 
are often disseminated from conks 
on hardwood species other than 
ashes. The spores produce hyphae 
that infect branch stubs, wounds, 
and scars, initiating decay. 

Control. - Recognizing top decay 
and early harvesting of infected 
trees are useful means of reducing 
losses. Minimizing logging injuries 
can help reduce top rot in growing 
stock. Management alternatives 
should favor good growth to reduce 
the prospect of infection. Forest 
stands should be managed with 
proper stocking to reduce storm 
damage. 
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ROOT 1)ISEASES 

Corticium Root Rot, Scytimstrorna galactinurn (Fr.) Donk [Syn. Cor- 
ticiurn galactinurn (Fr.) Burt] 

Importance. - This soil-borne 
pathogen has a wide range of hosts 
and causes a white root rot of ashes 
and many other hardwoods and 
conifers. I t  has the potential to 
cause extensive damage to trees 
growing on poor sites, but green ash 
is generally less susceptible to this 
disease than many other species. 

Identifying the Disease. - The 
first symptoms usually include loss 
of vigor and thinning of crowns. 
Adventitious sprouts from roots or 
stems and small leaves may appear 
before the tree dies. Trees that die 
typically retain dead leaves until 
the next year. Trees with extensive 
white root rot are susceptible to 
windthrow (Rg. 31a). 

Identifying the k g u s .  - The 
fungus produces very small, incon- 
spicuous fruiting bodies on affected 
roots and the root collar. Fruiting 
bodies can be observed only with 

magnification. However, a white, my- 
celial mat, which covers the root col- 
lar and roots below the soil line, can 
easily be detected by removing soil 
from the base of the tree (fig. 31b). 

Biology. - The fungus can sur- 
vive on dead roots and stumps and 
spread to living roots. Insects may 
also disseminate the fungus to 
healthy trees. Spores released from 
fruiting bodies may germinate to 
produce hyphae that invade dead, 
woody tissue. The disease gradually 
kills roots, resulting in decline and 
sometimes death of infected trees. 

Control. - Control measures are 
not economically feasible in natural 
stands. In plantations or urban set- 
tings, diseased trees and affected 
roots should be removed to reduce 
the spread of the disease to adjacent 
trees. The triazole systemic fungi- 
cides show promise for reducing 
spread in high-valued trees. 

Figure 31. - (a) Corticium root rot of small green ash tree; 6) white mycelial mat on 
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Texas Root Rot, Phymatotrichopsis omniuora (Duggar) Hennebert [Syn. 
Phymatotrichum omnivorum ('shear) Duggar] 

Importance. - The Texas root tinct, cross-shaped hyphae, are the 
rot pathogen has a wide range of best d i a ~ o s t i c  microscopic feature. 
broad-leaved hosts throughout cer- Black sclerotia formed from com- 
tain areas of the Southwestern pact hyphae on dying roots may be 
United States. Ashes planted in old found in the soil. 
fields or residential areas may be 
affected by this disease. 

Identifying the Disease. - The 
disease is characterized by sudden 
wilting and death of infected seed- 
lings (fig. 32). Older trees may 
exhibit reduced growth and vigor. 
Coalescing, necrotic lesions on roots 
may appear down to a soil depth of 
30 cm. The inner bark and cam- 
bium tu rn  brown or black and 
mushy, and the root collar may be 
girdled. As the roots die, leaves of 
affected trees turn yellow or bronze 
before they wilt. Dieback and thin 
crowns are common. 

Identifying the Fungus. - 
Spore mats develop on the soil sur- 
face during warm, wet periods. 
Infected roots are covered by yellow- 
ish, fluffy mycelia that penetrate 
the bark. Mycelial strands, with dis- 

Biology. - The fungus persists 
in the soil for many years as scle- 
rotia, which germinate to produce 
infectious hyphae that enter roots 
through natural  openings and 
wounds. The hyphae colonize the 
root and grow up to 9 cm per year 
along infected roots and in the soil. 
The fungus is favored by warm, cal-' 
careous soils with high clay content 
and a pH of 7.2 to 8.5. 

Control. - Soil amendments to 
increase soil acidity in alkaline soils 
inhibit growth of the fungus. Ammo- 
nium sulfate or ammonium phos- 
phate fertilizer should be applied 
at 4.5 kg per 9.3 m2. The soil should 
then be soaked to 30 to 60 cm. 
Planting trees in infected areas or 
on land previously planted in cotton 
should be avoided. 
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Mushroom Root Rat, Armillaria tabeseens (Scop.) Dennis, Orton & 
Hora [ S p .  CZiCocybt3 tabescens (Scop.) Bres.] 

Importance. - Mushroom root 
rot causes losses in more than 200 
plant species in the Southern Urritd 
Staces from Oklahoma eastward. 
Ash trees are more commonly 
attacked when growing slowly and 
already weakened by wounding or 
defoliation. 

Identifying the Disease. - 
Leaves turn yellow, become sparse 
or are undersized, and drop pre- 
maturely. Roots may be partially 
decayed or completely girdled at the 
root collar. Basal lesions may extend 
up to 30 cm or more above the soil 
line. Affected trees show general 
loss of vigor and dieback and have 
increased susceptibility to wind- 
throw. 

ters of yellow mushrooms develop 
at the base of infmted trees from 
June through October, usually 
associated with summer rain and 
moist soil (fig. 33a, b). Mushrooms 
produce white basidiosporee. The 

root collar must be excavated for 
diagnosis if mushrooms are not pre- 
sent. m i t e  to tan rnycelial mats 
form under the bark (fig. 33c). Nar- 
row, black rnycelial strands (rhizo- 
morphs) occasionally develop in 
bark fissures or under dead bark 
above m-ycelial mats on the root 
surface. 

Biologj~. - The fungus can per- 
sist in dead or dying root tissues for 
many years. The rhizomorphs spread 
through the soil, attach to roots, 
and produce hyphae that penetrate 
healthy tree roots. Infected roots 
gadudly die, resulting in decline 
and mortality of the tree. Mush- 
rooms may be produced when large 
roots or the stem dies. 

Control. - Cultural practices 
that reduce tree stress should be 
used. Mortality can be minimized 
by regular fertilization and irriga- 
tion. Infected trees and roots should 
be removed from the soil before 
replanting. 

Figure 33.-(a) Mushroom root rot in the lower trunk of mature green ash; 
@ closeup of basidioearps arising from roots in the soil; (c) root and 
bole rot showing white mycelium under the bark of decayed wood. Page 330 of 382



Mistletoe, Phoradendron spp. 

Importance. - Extensive infec- 
tions and mortality are uncommon 
in ashes. However? infections occur 
typically in open-grown trees. This 
true mistletoe is used as greenery 
in Christmas decorations. 

Identifying the Injury. - 
Affected branches may be galled or 
swollen at the site of infection, and 
multiple infections may result in 
loss of growth. Branches beyond the 
mistletoe may be stunted or die 
back. 

Identifying the Parasite (fig. 
34a, b). -The mistletoe plant has 
stout, green stems and dark-green, 
leathery leaves. I t  is seen best in 
winter growing on major and minor 
branches and twigs of the host. The 
plant has opposite branching and 
inconspicuous flowers and produces 
white berries in the fall. 

Biology. - This perennial, ever- 
peen plant grows as a parasite on 
tree branches. The seeds are cov- 
ered with a sticky, gelatinous coat- 
ing and are spread by birds and 
small mammals. The seeds lodge on 
young branches and germinate. A 
rootlike, penetrating structure 
grows into the young branch and 
produces a mistletoe plant. One 
species, Phoradendron serotinurn, 
affects many other broad-leaved 
trees in the South and East, but is 
limited by temperature in its north- 
ern range (Kansas to New Jersey). 
Several other species of Phora- 
dendron occur in the West. 

Control. - Control normally is 
not needed in ashes, but pruning 
affected branches at least 30 cm 
below the point of infection may 
provide some control. 

Figure 34.-(a) Multiple infections by mistletoe in mature crowns; (b) mistletoe on 
main stem. Page 331 of 382



AIR POLLUTION AlSB CHEMICAL INJURIES 

Air Pollution Injury (fig. 35a) Chemical Injury (fig. 35b, c) 

Ashes vary in sensitivity to air 
pollutants, but in general, are inter- 
mediate in sensitivity to sulfur 
dioxide and hydrogen fluoride emit- 
ted during various types of man- 
ufacturing processes. Sulfur diox- 
ide kills the leaf tissue between 
veins, whereas hydrogen fluoride 
kills the leaf margins. White ash is 
sensitive to ozone, which causes 
purple stippling on upper surfaces 
of older foliage. Extremely sensitive 
cultivars may experience growth 
loss. The main precursors of ozone 
originate from automobile exhaust. 

Ash trees are sensitive to many 
chemicals, but the most frequent 
damage is caused by herbicides. 
Symptoms are highly variable and 
include leaf curl, chlorosis, partial 
leaf necrosis, and premature leaf 
fall. Affected branches or the entire 
crown may drop its leaves and 
refoliate repeatedly during a single 
growing season. Young trees may be 
killed by acute exposures. Symp- 
toms of air pollution or chemical 
injury may be difficult to dis- 
tinguish from symptoms induced by 
other abiotic agents or infections 
caused by biotic agents. 

Figure 35. -(a) Purple stippling caused by ozone; (6) leaflet curling and scorching 
caused by an herbicide; (c) marginal necrosis caused by ammonia. 
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PESTICIDES 

Registered chemicals for control of insects that attack ashes. (See 
labels for dosages, application methods, and restrictions.) 

Insect Ins6cticide Insect Insecticide 
Ash sawflies Acephate 

Carbaryl 
Chlorpyrifos 
Diazinon 
Malathion 

Sphinxes Acephate 
Carbaryl 
C hlorpyrifos 
Diazinon 

Ash plant Acephate 
bugs C hlorpyrifos 

Diazinon 

Woolly ash Acephate 
aphid Carbaryl 

C hlorpyrifos 
Diazinon 
Malathion 

Borers C hlorpyrifos 
Lindane 

Scale insects 

Planthoppers 

Ash bark 
beetles 

Mites 

Seed weevils 

Leafroll 
midges 

Spring 
&morn 

Fall webworm 
Forest tent 

caterpillar 

Carbaryl 
Chlorpyrifos 
Diazinon 
Methoxychlor 

Carbaryl 
Diazinon 

C hlorpyrifos 
Lindane 

Acephate 
Carbaryl 
Diazinon 
Dicofol 

Acephate 
Carbaryl 
Diazinon 

Carbaryl 
Diazinon 

Bacillus 
thuringiensis 

Chlorpyrifos 
Diazinon 
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PESTICIDES 

Registered chemicals for control of diseases that attack ashes. (See 
labels for dosages, application methods, and restrictions.) 

Disease Fungicide 

Damping-off Captan (seed 
treatment) 

C hloroneb 
Dazomet 
Etridiazol 
Methyl bromide 

+ chloropicrin 
(Preplanting 
soil 
fumigation) 

Anthracnose Benomyl 
Metallic copper 
Zineb 

Ash rust Captan 
Ferbam 

Disease Fungicide 

Leaf spots Benomyl 
Captan 
Dodine 
Ferbam 

Powdery Benomyl 
mildews C hlorot halonil 

Lime sulfur 

Ash dieback Treat for causal 
agent 

Root rots Captan 
Etridiazol 
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m m G  TREE HEALTH 

Trees should be managed to opti- 
mize vigor because healthy trees are 
less susceptible to attack and injury 
by insects and diseases. The follow- 
ing cultural practices, singly or in 
combination, can be used to pro- 
mote and maintain good tree health 
in forest stands, plantations, nur- 
series, shelterbelts, and ornamental 
plantings: 

1. Match ash species and seed 
source with their adapted 
sites. 

2. Use vigorous planting stock, 
and select pest-resistant cul- 
tivars when available. 

3. Ensure that trees receive suf- 
ficient water, nutrients, and 
sunlight through irrigation, 
fertilization, and proper 
spacing. 

4. Maintain proper stocking in 
forest stands. 

5. Use sanitation practices such 
as pruning out and removing 
dead and symptomatic limbs 
and branches, and raking 
and removing insect-infested 
and diseased leaves; this 
reduces levels of hibernating 

insects and overwintering 
inoculum reservoirs that ini- 
tiate new infections the fol- 
lowing year. 

6. Prevent or minimize injuries 
and wounding from harvest- 
ing, fire, or other sources 
that can create easy entry 
points for ash pests. 

7. Utilize cultural practices 
that favor natural controls 
such as birds and other pred- 
ators, parasites, and insect 
pathogens. 

8. Exercise caution in the use of 
broadleaf herbicides on lawns 
around ornamentals and 
shade trees because these 
herbicides have the potential 
to damage ash trees. 

9. Be aware of early insect feed- 
ing or disease symptoms; 
this will allow for the great- 
est number of options in  
managing a pest problem. 

10. Use pesticides only when and 
where they are absolutely 
needed and avoid using more 
than the recommended rates 
to prevent development of 
pest resistance. 
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GLOSSARY 

Acervulus(-i) - a saucer-shaped, 
fungal structure embedded in 
host tissue in which conidia 
form. 

Aeciospore-a  type of spore 
formed in an aecium of a rust 
fungus. 

Aecium( -ia) - a cuplike, fruiting 
body produced by rust fungi. 

Ascocarp - the sexual, fruiting 
body of Ascomycetes. 

Ascospore -the sexual spore of 
Ascomycetes. 

Basidiocarp - the sexual, fruiting 
body of Basidiomycetes. 

Basidiospore - the sexual spore of 
Basidiomycetes. 

Bole- the main stem or trunk of a 
tree. 

Butt-the lower bole of the main 
stem. 

Cal lus  - a protective tissue that 
forms to cover wounds on stems 
and branches. 

Cambium-a thin layer of cells 
between the phloem and xylem. 

Canker - a definite, localized, nec- 
rotic lesion of the bark and 
cambium. 

Conidium(-ia) - an asexual, fun- 
gal spore. 

Conidiophore - a fungal struc- 
ture bearing asexual spores. 

Conk- a basidiocarp of wood decay 
fungi. 

Crochet - a tiny hook on the pro- 
legs of caterpillars. 

Damping-off - a necrotic disease 
of seedlings that causes rotting 
of the hypocotyl and prevents 
emergence of the new shoot or 
causes the new shoot to fall over. 

Dieback-the gradual dying of a 
tree crown usually from the top 
down and from the outside in. 

Elytra - the hard forewings (wing 
covers) of beetles. 

Frass - wood fragments mixed 
with borer excrement. 

Gallery - a long passage chewed in 
the bark, cambium, or wood. 

Hypha(-e) -a single filament of a 
fungus mycelium. 

Infection court  - the point where 
a pathogen enters its host. 

Inoculum(-a)  - the spore, my- 
celium, or other propagule of a 
pathogen that initially infects a 
host. 

Maggot - a legless larva of various 
flies. 

Mycelium(-ia) - a collection of 
hyphae that make up a fungus 
body. 

Necrotic - composed of dead cells. 
Pathological rotat ion - the har- 

vesting of trees before the age at 
which the rate of wood volume 
loss due to decay fungi exceeds 
the annual production of new 
wood. 

Perennial canker  - a canker that 
expands indefinitely. 

Perithecium(-ia) - a flask-shaped 
ascocarp in which ascospores are 
formed. 

Phloem - the food-conducting vas- 
cular tissue under the bark of 
trees. 

Pronotum- the upper surface of 
the prothorax. 

Pseudothecium(-ia) -the flask- 
shaped ascocarp similar to a per- 
ithecium but without a definite 
fungal wall. 

Rhizomorph - a compact mass of 
vegetative hyphae that  have 
fused together to form a thick, 
usually dark, rootlike strand. 

Sapwood - the outer, water-con- 
ducting wood (xylem) of the tree 
stem. 
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Sclerotium(-ia) - a firm, often 
rounded, compact mass of fungal 
hyphae that form a resistant sur- 
vival structure. 

Spermatium(-ia) - a nonmotile, 
uninucleate spore (gamete) re- 
quired for sexual reproduction in 
some fungi. 

Spermogonium(-ia) - a fungal 
structure in which spermatia 
are produced. 

Sporodochium(-ia) -a cushion- 
shaped stroma covered with 
conidiophores. 

Stroma(-mata) - a mass or mat of 
hyphae in or on which fruiting 
bodies form. 

Teliospore- the spore of a rust 
fungus from which basidia and 
basidiospores form. 

Telium(-ia) - a fruiting structure 
producing teliospores of rust 
fungi. 

Urediniospore - the spore of a 
rust  fungus, formed in a 
uredinium, that can repeatedly 
infect its host. 

Uredinium(-ia) - a fruiting struc- 
ture of a rust fungus that gives 
rise to urediniospores. 

Witches' broom - an abnormal 
growth of branches forming a 
broomlike cluster. 

The policy of the United States Department of Agriculture 
Forest Service prohibits discrimination on the basis of race, 
color, national origin, age, religion, sex, disability, familial 
status, or political affiliation. Persons believing they have 
been discriminated against in any Forest Service related 
activity should write to: Chief, Forest Service, USDA, P.O. 
Box 96090, Washington, DC 20090-6090. 

The use of trade, firm, or corporation names in this paper 
is for the information and convenience of the reader. Such use 
does not constitute official endorsement or approval by the 
U.S. Department of Agriculture of any product or service to 
the exclusion of others that may be available. 
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R.L.; Thompson, L.C.; Mecracken, F.I. 1993. Ash pests: 
A guide to major insects, diseases, air pollution injury 
and chemical injury. Gen. Tech. Rep. SO-96. New 
Orleans, TA: U.S. Department of Agriculture, Forest 
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This booklet will help nurserymen, resource managers, 
pest control personnel, and homeowners to prevent, 
identify, and control ash pests. 

I Keywords: Biology, borers, control, defoliators, Frasinus, ( 
fungi, identification. 
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CAUTION 

Pe sticides used improperly can be injurious to humans, 
animals ,  and plants. Follow the directions and heed aBI 
precsrautions on the labels, 

S t a r e  pesticides in original containers under Bock and 
key-out of the reach of  children and animals----and away 
from good and feed, 

A p p l y  pesticides so that  they  do not endanger humans, 
Bivestock, crops, beneficial insectss, fish, and wildlifes Do 
not apply pesticides when there is danger of drift, when 
honey bees or other pollinating insects are visiting plants, 
or in ways that may contaminate water BOB" leave illegal 
residues, 

Avoid  prolonged inhalation of pesticide sprays or 
dusts; wear protective clothing and equipment if specified 
on t h e  container, 

If your hands beecome contaminated with a pesticide, 
do n o t  eat or drink un t i l  you have washed, In case a 
pesticide is swa%lowed or gets in the eyes, fo14ow the  first- 
aid treatment given on the Babel, and get prompt medical 
attention, IPa pesticide is spilied on your skin or clothing, 
remove clothing immediately and wash skin thoroughly, 

Do not  clean spray equipment or dump excess spray 
materials near ponds, streams, or wells, Because it is diffi- 
cult to remove all traces of herbicides from equipment, do 
not u s e  the same equipment for insectiicdes or fungicides 
that you use for herbicides, 

Dispose of empty pesticide containers promptly, Have 
them buried in an approved sanitary land-611 dump, 

NOTE:  Some States have restrictions on the use of  
certain pesticides. Check your State and local regulations, 
Also- because registrations of pesticides are under con- 
stant review by the Federal Environmental Protection 
Agency9 consu8t your county agricultural agent or Skate 
extension specialist to be sure the  intended use is still 
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INSECTS AND DISEASES 

OF COTTONWOOD 

R. C. Morris, T. H. Filer, J. D. Solomon, 

F. I. McCracken, N. A. Overgaard, and M. J. Weiss ' 

Insects and disease organisms are a continuing 
threat to cottonwood (Populus deltoides Bartr. 1, 
especially during the tree's first 5 years. The 
danger is intensified in large plantings of a single 
species and age because rapid buildup of damaging 
agents can occur. This booklet will help forest 
nurserymen and plantation managers identify and 
control pest problems. The major insects and dis- 
eases are illustrated; and information on their im- 
portance, signs of infestation, biology, and natural 
control is presented. Brief mention is made of other 
pests which may be of local or sporadic concern. 

A list of registered chemical controls is also pro- 
vided. This list is subject to change as new ma- 
terials are approved, and revisions will be made 
available at periodic intervals. 

For further information, contact your State for- 
ester, county agent, or the nearest office of State 
and Private Forestry, U. S. Forest Service. 

Morris, Filer, Solomon, and McCracken are stationed at 
the Southern Hardwoods Laboratory, which is maintained 
a t  Stoneville, Mississippi, by the Southern Forest Experi- 
ment Station in cooperation with the Mississippi Agricul- 
tural and Forestry Experiment Station and the Southern 
Hardwood Forest Research Croup. Overgaard and Weiss 
are members of the Forest Pest Management Group, South- 
eastern Area. State and Private Forestry. 
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COTTONWOOD LEAF BEETLE 
Chr ysomela scripta F. 

The cottonwood leaf beetle is one of the most 
serious pests of young trees in nurseries and plan- 
tations and occasionally causes severe damage in 
natural stands. In the nursery, the insect stunts 
height growth and reduces the yield of cuttings. 
First- and second-year plantations are weakened 
by early defoliation and may be overtopped by 
weeds. Continuing partial defoliation through the 
summer reduces tree growth and vigor. Serious 
damage occurs at the end of the growing season, 
when heavy populations feed on terminal tissues 
and buds, killing as much as 10 inches ( 2 5  cm) 
of the terminals. Lateral buds sprout below the 
injured terminals, and branches may grow above 
the dead terminal even before the season ends. 
These branches grow rapidly the next year, result- 
ing in multiple-forked tops that have little poten- 
tial for the production of quality wood for logs 
and pulpwood. 

Often the sudden appearance of ragged foliage 
near branch ends and terminals of young cotton- 
woods will announce a leaf beetle attack. Some 
leaves will have brown patches where young larvae 
ate the green tissues. On other leaves, only the 
veins and midrib will remain. Heavy damage re- 
sults in dead, black terminals from which the leaves 
and tissues are eaten. Other signs of the leaf beetle 
are black droppings on leaves and the unmistak- 

Terminal killed by cotfonwood leaf beetk. 
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- able, pungent odor the larvae release when dis- 
turbed. 

Adult beetles are oval, yellow, and about 344 

, inch (6  rmn) long with slender black markings 
on their wing covers. Egg clusters are bright yel- 
low, and newly hatched larvae are black. As they 
develop, they turn brown, and prominent white 
scent gland spots appear along their sides. 

Cottonwood leaf beetles. 

Adults spend the winter under fallen leaf debris 
or in clumps of weeds. In early spring they emerge 
and feed on unfolding leaves or on tender bark at 
the tips of twigs. The female lays a cluster of 15 
to 75 eggs on the undersides of leaves. The newly 
hatched larvae feed side by side and skeletonize 
the leaves. Older larvae feed separately and con- 
sume the entire leaf except for the larger veins. At 
maturity they attach themselves to leaves, bark, 
or to weeds and grass beneath the trees to pupate. 
In 5 to 10 days they emerge as adult beetles. There 
are several generations per year, each lasting about 
35 days. 

The spring generation of the leaf beetle may be 
greatly reduced by the red lady beetle Coleomagitla 
maculata, which feeds on the eggs and pupae. How- 
ever, as the season progresses, the ladybugs dis- 
perse to feed on aphids and other prey and do not 
affect later broods of leaf beetles. Several preda- 
ceous bugs feed on leaf beetle larvae, and a para- 
sitic wasp also attacks them. Effective chemical 
controls are available. 
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COTTONWOOD TWIG BORER 
G y p s o m a  haimbachiana Kft. 

The cottonwood twig borer, one of the most 
destructive insects of young trees, occurs through- 
out the host species' range from Ontario to the 
Gulf of Mexico and west to the Great Plains, Larval 
feeding in the terminal tissues prevents normal 
elongation and may kill the growing tip. The 
stunted terminals are rapidly overtopped by vig- 
orous, undamaged laterals, resulting in a tree top 
with two to six forks. Later, one fork may assert 
dominance and become a new terminal, but a crook 
usually develops where the new terminal origin- 
ates. Heavily damaged trees may be stag-headed 
bushes of little value. 

Stunted terminals and short brown tubes of silk 
and borings near leaf bases indicate twig borer 
damage. Lateral branches overtop the terminal, 
which persists as a short stub in the forked top. 
Small, red swollen areas along leaf veins and mid- 
ribs show where newly hatched larvae fed in the 

Twig borer damage in 3-year-old tree. 

4 

Page 347 of 382



vein tissues before 
molting and enter- 

, ing the branch and 
terminal tips. 

Adults moths are 
ash grey and have 
a wingspan bf Yz 
inch (12 mm). The 
forewing has a dark 
grey base and a dark 
spot on its outer tip. 
Full-grown larvae 
are 41! inch (12 mm) 
long and pale in 
color with a brown 
head. 

Moths emerge from 
cocoons in April or 
May. Females de- 
posit eggs singly or 

Brawn frass tubes 
at borer entrances. 

in small groups on 
the upper surface of leaves along the midrib and 
veins. Newly hatched caterpillars feed in the mid- 
rib or vein until their first molt, then move to 
the base of the first developing leaf and tunnel into 
the tender shoot. When they are fully grown, they 
move down the trunk and spin thin cocoons in 
bark crevices or in litter under the trees. 

Successive generations---as many as five in Mis- 
sissippi-develop through the summer; and with 
each generation the twig borer population in- 
creases. By September there may be 20 or more 
larvae of 4 different ages in a 15-inch (38-cm) 
cottonwood terminal. Winter is spent as tiny sec- 
ond-stage larvae in shelters of silk and trash in old 
entrance scars near branch ends, under corky ridges 
below,leaf bases, or near leaf buds. In spring the 
small larvae migrate to the new shoots and com- 
plete their growth. 

Natural controls of the twig borer include the 
potter wasp (Eumenes sp.), which preys on larvae, 
and other parasites and predators of the eggs, 
larvae, and pupae. These are inadequate for pro- 
tecting nurseries and plantations from serious eco- 
nomic loss; therefore, chemical controls may be 
needed. 
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CLEARWING BORERS 
Parant hrene dollii dollii ( Neum. ) 

and P. tricincta ( Harris ) 

Two clearwing borers prevalent in the Southern 
United States cause serious losses in cottonwood 
plantations and nurseries. P. dollii damages the 
tree base, and weakened trees may break off at 
the ground. P. tricincta attacks terminals, and 
breakage can occur a t  the entrance hole 18 to 24 
inches (45 to 60 cm) below the terminal tip. The 
borer holes also provide infection sites for stem 
canker diseases caused by a complex of fungi. 

Nursery plants become infested during their first 
year. Populations build up during the second and 
third years in the stools left after cuttings are 
harvested. Heavily infested stools cannot support 
vigorous growth from sprouts, and large stems 
break off and die before cuttings are harvested. 
Borer attacks also develop in the basal third of the 
shoots, and cuttings made from this material are 
rejected. As many as 10 percent of the cuttings 
produced may be damaged and discarded. 

Clearwing borer, entrance (left) and stem 
sectioned to show larva and gallery (right). 
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Early signs of clearwing attack are sap flow from 
entrance holes and borings (frass) pushed out by 

' the caterpillar. These signs will appear at the base 
of young trees infest& by P. dotlii or about a foot 
below the tip of terminals and branches attacked 
by P. trtcincta. As the larvae grow, their galleries 
enlarge, and piles of &ass accumulate at the tree 
base. A swelling of the stem may indicate the 
presence of P. tricinetlz in a terminal. When the 
terminal breaks off, the borer will be in the stub 
below the break. Evidences of adult emergence 
are brown pupal skins protruding from the exit 
holes. Infested trees will be drilled by woodpeckers 
feeding on the caterpillars during the winter. 

Borer damage and frats ~t base af young cottonwood. 

The adult of P. dollii dollii has narrow, dark 
brown forewings and partly transparent hindwings. 
Its wingspan is about 1 % inches (32 mm). The body 
is brown, and orange crossbands bordered with yel- 
low and dark brown mark the thorax and abdomen. 
The eggs are dark brown and oval. White to pink- 
ish larvae with brown heads attain a final length of 
1 to 1% inches (25 to 32 mrn). 

The adult P. tridncta has blue-black forewings, 
nearly transparent hindwings, a black body with 
three lemon yellow crossbands in the female and 
two in the male, and a wingspread of about 1 inch 
(25 mm). 
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The life cycles of both species are similar. Thf? 
female lays eggs in bark crevices, especially near 
trunk scars. The larvae molt fives times while 
tunneling in the wood and pith and then prepare 
pupal cells at the gallery ends. Larvae overwinter 
in the galleries and pupate in early spring. Adults 
emerge in April, leaving the empty pupal skins 
protmding £ram their exit holes. Adult emergence 
peaks again in August, indicating two generations 
per year. There is, however, considerable over- 
lapping; and larvae of several stages can be found 
in the trees during the late summer and fall. 

Control.-There are no effective natural controls. 
Woodpecker predation reduces populations in nurs- 
eries and plantations but may aggrevate the dam- 
age by providing oviposition sites and additional 
entries for canker fungi. Sanitation measures in 
nurseries, especially burning infested cull stems, 
tips, and stools, will help hold down borer popula- 
tions. Control chemicals are listed in the insert. 
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BRANCH BORERS 
Oberea schaumii LeConte 

and 0, Delongi Knull 

Two branch borers attack cottonwood and other 
poplars throughout much of the United States. 
Although both species may occur together, 0. de- 
longi is more prevalent in the South, and 0. 
schuumii is more common further north. Small 
stems and branches are tunneled and sometimes 
weakened so that breakage occurs. Terminal break- 
age often results in crooked trunks, forking, and 
heavy branching, 

Egg niches, the earliest signs of attack, may re- 
main in evidence on stems and branches for several 
weeks. Later, frass protrudes from the entrance, 
particularly during attacks of 0. schaumii; 0. de- 
longi ejects little frass. Infested stems may appear 
swollen. This symptom is most noticeable with 
0. detongi, which causes some stems to become 
greatly enlarged and gall-like. The adults typically 
feed on the midribs and branch veins of the leaves; 
such feeding is conspicuous and indicates stem 
infestation. 

Oberea delongi attacks in cottonwood branches. 
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0. delongi adult feeding on cottonwood. 

The adults are elongate long-horn beetles. 0. 
schaumii ranges from M to 54 inch (12 to 16 mm) 
in length; 0, delongi is slightly smaller. Both spe- 
cies are variable in coloration. In 0. schaumii the 
thorax is yellowish to orange with four dark, 
smooth spots; the wing covers vary from yellowish 
to black. In 0. delongi the thorax varies from 
yellowish orange to black, and the wing covers 
are black. The larvae of both species are legless, 
narrow, and yellowish white. ~ a r v a e  of 0. schaumii 
reach a length of Th to 1 inch (12 to 25 mm); those 
of 0. delongi reach % to % inch (10 to 16 mm). 
The pupae of both species are yellowish white. 
Adult beetles emerge from April to June and feed 

on the foliage before laying eggs in niches gnawed 
in the bark. 0. schaumii selects stems and branches 
up to 1 %  inches (38 mm) in diameter, but 0. de- 
Zongi prefers smaller stems (usually current year's 
growth) up to M inch (12 mm) in diameter. The 
eggs hatch in about 2 weeks, and the larvae begin 
tunneling down the center of the stem. Pupation 
occurs within the gallery. Adults cut circular holes 
to exit. The life cycle of 0. schaumii varies from 
1 to 3 years; that of 0. delongi is 1 year. 

Branch borer damage is usually kept at low 
levels by natural enemies. Woodpeckers, particu- 
larly downy woodpeckers, have been observed to 
destroy large numbers of 0. delongi larvae in some 
stands. Larval diseases kill many borers during 
some years. 
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COTTONWOOD BORER 
Plectrodera scalator I Fab. ) 

The cottonwood borer is a pest throughout the 
Southeastern States. I t  attacks the root collar and 
main roots. Young trees may be girdled or so 
structurally weakened that breakage occurs. Se- 
vere damage has been observed in young natural 
stands growing on sandy soils along the Mississippi 
River. 

Light brown, fibrous frass is sometimes ejected 
from bark openings at or slightly above the ground 
line and accumulates in piles at the base of the tree. 
But since most attacks occur at or below the ground 
line and most larvae tunnel downward, infestations 
often go unnoticed unless breakage occurs. How- 
ever, when the soil is removed from the root collar 
and shallow roots, wounds filled with protruding 
frass can be  found in the bark. Also, because of 
their large size and conspicuous color, the adult 
beetles are  easily spotted while feeding and ovi- 
positing during the summer. 

Lateral root with larva and gallery of cottonwood borer. 

11 
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Adult cottonwood borer. to 1% inches (32 to 38 
mm) . 

Adult beetles emerge during late spring and 
summer and begin feeding on the bark of tender 
cottonwood shoots. To oviposit, the female digs 
away the soil at the base of the tree to a depth of 
3$ inch (10 mm) or more, cuts a niche in the bark, 
and deposits one or more eggs. Upon hatching, 
the larvae mine downward in the inner bark, later 
tunneling into the wood. Taproots of small trees 
may be completely hollowed. In large trees, some 
larvae excavate irregular cavities and others pro- 
duce long tunnels. Portions of the mines or gal- 
leries may be packed with excelsior-like frass. 
Pupation occurs within the gallery. The new adult 
chews through the pupal chamber and digs its way 
to the soil surface to escape. A life cycle is com- 
pleted in 2 years. 

Since most grubs are below the ground line, they 
are well protected from both predators and para- 
sites. Woodpeckers capture a few larvae exposed 
above the ground line. Although a fungus disease 
has been found, it does not appear to be common. 
Extended flooding will kill many larvae. Damage 
can usually be kept to a minimum by planting on 
good sites and utilizing cultural practices that 
maintain a vigorous, healthy stand. 
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POPLARBORER 
Saperda calcarata Say 

The poplar borer is a serious pest of cottonwood 
and other poplars throughout the United States 
and Canada. It attacks the trunks of trees 3 years 
and older. Clusters of larvae tunneling close to- 
gether may riddle portions of the trunk. Wood- 
pecker excavations and decay fungi further weaken 
damaged stems. Badly infested trees may be so 
structurally weakened that wind breakage occurs. 
The value of infested trees sawn for lumber may 
be greatly reduced. 

The most conspicuous early sign of attack is the 
appearance of sap spots on the trunk. Later, oozing 
sap mixed with fine frass is extruded through small 
openings in the bark. Although attacks may occur 
singly, they are typically clustered. After the bark 
is mined by a cluster of larvae, it begins to split 
or break irregularly as radial growth progresses. 
As the larvae grow, the frass becomes fibrous and 
excelsior-like. Coarse frass is usually conspicuous 
in large quantities 
at gallery entran- 
ces, lodged in bark Trunk attacked by poplar borers. 
crevices, and in Note frass on ground and wood- 
piles around the pecker holes above attack area. 
base of the tree. 
Woodpeckers fre- 
quently excavate 
several holes in the 
wood and remove 
much of the loose 
bark in the vicini- 
ty  of a larval clus- 
ter. Scars resulting 
f r o m overgrown 
attacks remain for 
several years. 
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The adult is a long-horn beetle, elongate, mod- 
erately robust, and ranges from 748 to 1 %  inches 
(22  to 30 mm) in length. The body is grayish blue 
and heavily stippled with fine brown dots and yel- 
lowish spots. The antennae are about as long as 
the body. The eggs are slender, creamy white, 
and about % inch ( 3  mrn) long. The larvae are 
legless, elongate, cylindrical, yellowish white, and 
1% to 1% inches (30 to 35 mm) long. The pupae 
are yellowish white. 

Poplar borer in sectioned 
cottonwood trunk. 

Adult beetles appear 
during late spring and 
early summer. After 
feeding on the tender 
shoots of y o u n g 
c o t t o n w o o d  they 
mate and begin lay- 
ing eggs in niches eut 
in the bark. Eggs 
hatch in 2 to 3 weeks, 
and the larvae begin 
mining beneath the 
bark. Later, they tun- 
nel into the sapwood 
and heartwood and 
p r o d u c e extensive 
galleries. The larvae 
overwinter b e h i n d 
frass plugs within 
the galleries. The 
pupal stage lasts 2 to 
3 weeks. The new 
adults exit through 
the gallery entrances. 
Two years are requir- 
ed for the life cycle. 

Parasites, predators, and disease help keep infes- 
tations in check. Considerable natural mortality 
also occurs among eggs and early instars because of 
heavy sap flow, which is enhanced by high soil 
moisture and tree vigor. Woodpeckers destroy 
many grubs in some stands and are probably the 
most important natural enemy once the larvae have 
established galleries in the wood. Brood trees, 
scarred by repeated attacks and harboring heavy 
populations of borers, should be removed to prevent 
or reduce spread to uninfested trees. 
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COTTONWOOD LEAF CURL M I T E  
Aculus lo bulifera Keifer 

Attacks by leaf curl mites seriously reduce 
growth and vigor of young cottonwoods in nurseries 
and plantations. Mites feed on terminal foliage and 
stems, causing stunting and malformation of leaves, 
terminal tips and buds as well as the loss of imma- 
ture foliage. The pest has been observed in cotton- 
wood throughout most of its commercial range. 

Leaf damage symptoms appear in early summer 
and intensify as the hot, dry weather continues. 
Heavily attacked leaves become stunted with red 
veins and crinkled, purplish-green blades, which 
are brittle and curled. The petioles become scaly 
and brown. Terminal shoots are also stunted, scaly, 
and brown. Small, developing leaves commonly 
break off, leaving several inches of the terminal 
shoot leafless. 

Typical foliage and stem damage by leaf 
curl mites. Normal foliage on the right. 
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Leaf curl mites are minute, four-legged, and 
straw-colored; they look like dust flecks on the 
leaves. They develop two alternating forms: hiber- 
nating mites and foliage-feeding mites, the primary 
form. The majority of the mites perish with leaf 
fall; but a few find hibernation shelters in bark 
crevices, branch scars, and at the base of the trunk. 
Early the next spring, the hibernating mites leave 
their shelters, feed on green tissues, and lay eggs, 
which produce primary forms on the new foliage. 
The primary mites multiply rapidly; and all stages, 
eggs to adults, are found together on the foliage 
and tender terminals. Heavy populations develop 
during dry periods, especially from June through 
August and in October. 

Heavy rains disseminate mite populations, and 
new growth with normal foliage may follow; how- 
ever, this pest may reappear with dry weather in 
the fall. No other natural controls are known. 
Some improved cottonwood clones show evidence 
of possible resistance, and these are being investi- 
gated further. Artificial controls are available and 
may reduce populations significantly. 
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VICEROY BUTTERFLY 
Lirnentis a r e h i ~ u s  ( Crarner ) 

The viceroy butterfly is a common defoliator in 
cottonwood plantations throughout the United 
States. During most of the growing season, cater- 
pillars feeding on leaves are of little concern; but 
later when few new leaves are being formed, cater- 
pillars eat tender terminal tissues and buds, killing 
8 to 10 inches (20 to 25 cm) of the terminals. New 
grotvth from lateral buds results in multiple-forked 
crowns the next year. These malformed trees will 
produce less pulpwood, saw logs, and veneer than 
healthy trees. The viceroy is normally not a serious 
pest in nurseries. 

The first signs of attack are caterpillars on 
ragged, partly eaten leaves near branch ends. Late 
in the season, damaged terminals turn black and 
die. During the winter, leaf petioles fastened to 
the branch by silk will have small tubes of rolled 
leaf blade in which small caterpillars are hiber- 
nating. 

The orange and black adult resembles the mon- 
arch butterfly but is smaller. It has a narrow black 
line across the hindwings and one row of white 
spots in the black marginal band of the wings. 
The full-grown caterpillar is about 1 Yz inches (38 
mm) long and has a large, bilobed, pale green head. 
The body is olive green and white or brown and 
white. Two barbed, club-shaped, brown tubercles 
on the thorax are topped by two smaller tubercles 
armed with spines. 

Eggs are laid on the leaves. The solitary cater- 
pillars each consume several leaves during their 
growth. The full-grown larva secures itself to a 
leaf stem or branch and changes to a shiny brown 
and white chrysalis (pupa) from which the adult 
butterfly emerges after a few days. Two genera- 
tions per year are recorded, but more may occur 
in the deep South. 

In late fall, a small caterpillar fastens a leaf 
petiole to the branch with silk and then cuts away 
all but the base of the leaf blade. This part of the 
blade is rolled and fastened into a short tube in 
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Lana of viceroy butterfly. 

which the M-inch (12 mm) long caterpillar spends 
the winter. In spring, the caterpillar emerges and 
feeds on new leaves. 

No natural controls are known. 
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POPLAR TENTMAKER 
lchthyura inclusa Hbn, 

The poplar tentmaker occurs from southern Can- 
ada to the Gulf of Mexico and west to Colorado. 
It may seriously defoliate young trees in nurseries 
and plantations, especially during the first year. 
Height grourth is stunted, resulting in fewer cut- 
tings from nursery stock. Stunted plantation trees 
may be overtopped by weeds. 

Attacks are announced by the presence of tents 
made of one or more leaves lined with silk and 
harboring the caterpillars. 

Brownish-grey adult moths have three white 
lines across each forewing and a crest of brown 
hairs on the thorax. The wingspread is about 1 
inch (25 mm). Caterpillars are dark brown with 
four yellow lines on the back and a bright yellow 
line on each side. They reach 1 %  inches (38 mm) 
in length when fully grown and have black tuber- 
cles on the first and eighth abdominal segments. 

There are two or 
Lana of poplar tentmaker and more generatiijns in 
tent on cottonwood leaf. the South. Adults 
(Picture courtesy of R. F. appear in the spring 
Anderson, Duke University.) and again in mid- 

summer. Eggs are 
laid in clusters on the 
undersides of leaves. 
The larvae feed .from 
May to October, then 
crawl to the ground 
and pupate in loose 
cocoons during the 
winter. 

Parasites and preda- 
tors usually control 
tentmakers in natural 
stands, but rapid 
build-ups can occur 
in plantations before 
the problem is recog- 
nized 
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LEAFHOPPERS 
Cicadellidae homalodisca eoagulata ( Say ) , 

Oneometopia orbona ( Fab. ) , 
Cuerna eostalis ( Fab. ) , 

and Aulacizes irrorata ( Fab. ) 

Four species of large leafhoppers injure young 
cottonwood trees by piercing plant tissues with 
their mouth parts and sucking the juices. Heavy 
feeding removes large quantities of sap &om the 
trees, and this loss of sap can be especially harmful 
during dry periods in midsummer, when foliage 
is heavy. In addition, three of the four leafhoppers 
are known vectors of the virus causing Phony 
Peach Disease and may carry other viruses to cot- 
tonwoods. 

There is an obvious sign of leafhopper activity: 
leaves below the feeding sites may be wet by fluid 
squirted from the leafhoppers. 

Adult leafhoppers are about M inch (12 mm) 
long, bullet-shaped, and have strong jumping legs. 
The two species most common in midsummer are 
H. eoagulata, which is brown. and 0. orbona, which 
is blue with orange markings. 

All four species spend the winter as adults or 
occasionally as nymphs under trash and debris in 

woodlands and along 
Homo lodisca coagulata ditchbanks. In spring 
on cottonwood terminal, they b ~ . ~ m e  active, 

leave the woods, and 
feed 'on ;a variety of 
plants. Later they move 
to preferred herbaceous 
plants. Females lay eggs 
in clusters between the 
upper and loweP leaf 
surfaces. The nymphs 
feed on various hosts 
during their develop- 
ment through five stages 
to the adult form. 

No natural controls 
are known, but there are 
some approved chemical 
controls. 
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OTHER INSECTS 

The pests described below are usually not serious 
threats to cottonwoods. However, large popula- 
tions occasionally build up in limited areas or on 
individual trees and cause considerable damage. 
Normally natural controls are sufficient, but to 
suppress periodic buildups in localized areas, arti- 
ficial controls may be required. 

The first four insects are moths. The adults are 
inconspicuous and do no damage, but the larvae 
feed on cottonwood. 

Blotch leafminers, Paraleucoptera atbetla.-This 
insect probably occurs throughout the commercial 
range of cottonwood. Eggs are laid in clusters of 
3 to 12 on the upper leaf surface. Groups of small, 
white larvae tunneling between the upper and 
lower leaf surfaces consume the green tissues and 
cause conspicuous brown blotches. Periodic heavy 
infestations may destroy half the total leaf surface 
and reduce growth of young cottonwoods. Full- 
grown larvae leave the mine and spin small white 
tent cocoons at leaf margins. 

Serpentine leafminers, Graci2lariidae.-The tiny, 
flat larvae construct winding mines in leaf blades 
and consume the green tissues. Their attacks late 
in the season are often noted, but their damage is 
usually negligible., Mature larvae spin small, flat- 
topped, white cocoons in curved leaf margins. 

Leaf rollers, Tortricidae.-Pale green larvae 
about ?4 inch (6 mm) long fold over leaf margins 
and tips, fastening the edges with silk to form 
shelters in which they feed. Late in the season, 
new leaves may be conspicuously attacked, but 
damage to the tree is minor. 

Epidermal miner, Marmara -.-Tiny larvae 
mine immediately beneath the epidermis in phloem 
tissues and do not damage cambium or xylem. 
Larval mines appear as meandering brown lines on 
the smooth bark of 1- to 2-year-old trunks and 
branches. The injury is probably insignificant, but 
its presence can cause rejection of cuttings subject 
to quarantine examination for shipment. 
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Aphids or plant lice (Aphididae).-mese small 
sucking insects are widely distributed and often 
cause local damage. Most forms suck the sap from 
leaves and tender terminal tissues. While feeding, 
they exude droplets of honeydew, which attract 
ants. Sooty mildew develops on leaves and tips 
covered with honeydew, and serious growth re- 
tardation may result. Other aphids feed on bark 
in the spring, injuring the bark and cambium. 
Others cause the formation of galls on leaf petioles, 
where they are feeding, and may cause premature 
leaf fall. 

Night-feeding leaf beettes, Metachroma sp.- 
These beetles appear sporadically and can damage 
new plantings by killing tender new leaves, term- 
inal tips, and buds. Adults are brown and smaller 
than cottonwood leaf beet1 es. In Mississippi they 
appear after mid-May and disappear after mid- 
June. They hide during the day and feed at night, 
cutting many small holes in the leaves. Older leaves 
remain, but new leaves turn black and drop off; 
terminal tips also turn black and die. The larvae 
are root feeders, and little is known of their bi- 
ology. 

Leaf curl midge, Prodiplosis morrisi Gagne.- 
Maggots of a fly midge feed in the tightly rolled 
margins of developing cottonwood leaves and dam- 
age the tender tissues, causing them to turn black 
and die. The leaves cannot develop and usually 
drop off. Some may appear stunted and crinkled, 
with only their tips developed normally. Attacks 
typically occur in June and can slow the growth 
of first-year plantings. Heavy rains reduce out- 
breaks, and normal foliage development follows. 

A host of other insects also attacks cottonwoods. 
Most are inoccuous and appear infrequently. Some 
are capable of building to damaging levels in large 
plantings. Such outbreaks can occur without warn- 
ing and should be reported promptly so that po- 
tential damage can be anticipated and minimized. 
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CANKER DISEASES 

Canker diseases cause losses of about 20 percent 
during the first season in plantations established 
with unrooted cottonwood cuttings. Cankers are 
most severe on poor sites and under conditions 
of environmental stress. 

Septoria musiva Peck. is considered the pioneer 
organism. Fusarium solani ( Mart) Snyder & Hans., 
Cytospora chrysosperma Fr., Phomopsis macro- 
spora Kobayshi &: Chiba, and Botryodiplodia theo- 
bromae Pat. usually invade the small Septoria 
cankers. Although these fungi are secondary in 
the ecological succession, they singly or collectively 
cause mortality. 

Septoria stem canker on young cottonwood. 

The four fungi are indigenous to most areas and 
can infect nursery stock by means of wind-borne 
spores. They overwinter as mycelia or spores on 
cottonwood cuttings stored for spring planting. 
No fruiting structures are associated with F. solani. 
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The other three fungi 
produce inconspicuous, 
tiny, flask-shaped fruit- 
ing structures, which pro- 
trude through the epider- 
mis and produce numer- 
ous spores. When these 
infected cuttings a r e 
planted, they may leaf- 
out and appear healthy; 
but many die before de- 
veloping a root system. 
Mortality is increased by 
e n v i o r n m e n t a l c o n -  
ditions that limit plant 
growth or cause plant 
stress. 

Inoculum enters older 
trees through wounds or 
insect borings. Cankers 
on stems of 2- and 3- 
year-old trees are easily 
detected. They usually 

Phomopsis rnocrospora develop in fall and 
producing tiny, yellow by s P r i n g are 3 to 
strings of spores. 6 inches (7.5 to 15 

Cytospora canker girdling 
cm) in diameter. On 3-year-old cottonwood. 

vigorous trees, tank- 
ers are arrested dur- 
ing the growing sea- 
son and usually call- 
us over. On slow- 
growing trees, tank- 
ers can girdle the 
stem, a n d leaves 
above the cankers 
will wilt but do not 
drop until late sum- 
mer. The stem below 
the cankers may re- 
main green until fall 
when it dies back to 
the root crown. Often 
such trees develop 
r o o t sprouts the 
following spring. 
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On trees older than 4 years, cankers usually 
develop in the c r o w .  Yeast, bacteria, and other 
microorganisms quickly invade the sap flow from 
the cankers and cause a fermentation. Foresters 
refer to the unsightly wounds as "crud cankers." 
Generally cankers do not girdle the tree, but wind 
breakage occurs at the wound. 

Extreme care should be taken to select only 
healthy, canker-free cuttings for planting. Proper 
storage and handling of cuttings will minimize 
losses. Cuttings should not be allowed to dry out 
and should be stored at 34 to 40" F until time of 
planting. Cultivation of l-year-old plants reduces 
competition for moisture and nutrition by weeds 
and thus reduces losses from cankers. Preliminary 
results show that improved clones may have re- 
sistance to Septoria, the pioneer organism in the 
canker complex. 

Fusarium canker on 4-year-old cottonwood. 
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Septoria leaf spots. 

SEPTORIA, LEAF SPOT 

Septoria musiva Peck causes leaf spots as well 
as the cankers described earlier. The disease is 
common throughout the United States, parts of 
Canada, and Argentina. I t  is a serious threat to 
nurseries because it provides entry for other dis- 
ease organisms. In plantations it reduces growth 
by causing premature defoliation. 

Septoria musiva overwinters in fruiting bodies 
in fallen leaves or branches. In spring, during pe- 
riods of high humidity, spores are shot into-the air. 
They infect new leaves at bud break. Leaf spots 
develop 1 to 2 weeks later. Spots first appear as 
depressed black flecks. Under favorable moisture 
conditions, flecks increase in size. Spots merge on 
leaves with multiple infections, and as much as 
50 percent of the leaf tissue can be affected. As 
the dead tissue dries, it fades to light tan or white 
in the center. Three or 4 weeks after initial infec- 
tion, spore-producing pycnidia appear as small, 
black, inconspicuous flecks in the centers of leaf 
spots. Spores from these pycnidia spread the in- 
fection to other cottonwoods. 

Control measures would be economically justified 
in nurseries but probably not in plantations. After 
cottonwood cuttings are harvested from nursery 
beds, all debris should be removed or plowed under 
to destroy infected plant parts and to prevent new 
shoots from being infected in the spring. Native 
poplars in or near nurseries should be removed 
to prevent infection by airborne spores. 
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OYSTER MUSHROOM ROT 

Pteurotus ostreatus (Fr ,)  Quel., the oyster mush- 
room, decays both sapwood and heartwood of sev- 
eral broadleaf tree species throughout the world. 
Because of its wide occurrence and its ability to 
attack both root and stem of cottonwood, it is po- 
tentially dangerous to cottonwood plantations. 

White fungus mycelium of Pleurotus 
ostreatus on decayed roots. 

Presence sf sporophores (fruiting bodies) on 
trunks indicate infection. These are 2 to 6 inches 
(5  to 15 cm) broad, fleshy, smooth, shiny or satiny 
when dry, and white to grey in color. The cap is 
convex, with or without an off-center stalk, and 
has gills on the lower surface where spores are 
produced. Spores are carried by  wind to other 
areas where they germinate readily under favorable 
conditions. The fungus enters trees through wounds 
in stems or roots. A white, flaky rot results. Trees 
with infected root systems show top symptoms 
characteristic of root disorders, i.e., a growth de- 
cline, unthrifty condition, and a thin crown. Dis- 
eased trees do not compete well with adjacent 
trees, become suppressed, and die within a few 
years. 
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Pleurotus ostreatus fruiting body. 

This disease can be reduced by avoiding wounds 
to the root system and basal stem of trees. Removal 
of infected trees and wood debris harboring the 
fungus would also help reduce its spread. 
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LUCIDUS ROOT ANI) BUTT ROT 

Polyporus lucidus Leys. ex F'r. causes rot in roots 
and the basal stern of hardwood trees in the United 
States, Europe, the Phillippines, other parts of 
Asia, and North Africa. The fungus has been ob- 
served on cottonwood cuttings but not on estab- 
lished trees. However, since inoeulum will be 
present in many sites intended for cottonwood, 
infection of established cottonwoods is anticipated. 

Polyporus lucidus fruiting body on decayed cutting. 

If attacked, cottonwood would probably develop 
moderate to slight disease symptoms such as thin 
crowns and stunted foliage. Later, sporophores 
will be produced on or near the base of infected 
trees in late summer or fall. 
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These mushroom-shaped sporophores are a glossy 
reddish brown with a white, round margin. The 
undersurface is whitish with numerous small pores. 
The stalk is also glossy. dark red, Sporophores 
vary from 1 to 6 inches (2.5 to 15 em) high and 
from 1 to 10 inches (2.5 to 25 cm) in diameter. 
Brown microscopic spores are released from the 
fine tubes in the undersurface of the sporophore 
cap. These spores are carried by wind and germ- 
inate on wood debris, stumps, or open wounds on 
living trees. As the fungus grows, it can penetrate 
the root system or collar of nearby susceptible 
trees. The wood decay is a soft, spongy, white rot 
with black spots. 

No practical control is known for this disease. 
However, avoiding mechanical injuries to roots and 
tree bases, avoiding sites with known infections of 
natural stands, or removing infected trees helps 
reduce infections. 

Typical P. iucidus fruiting bodies 
growing above diseased roots. 
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CLITOCYBE ROOT ROT 

Root rot caused by CEitocybe tabeseens Bres. 
occurs on many woody plants in the Southeastern 
States and elsewhere throughout the world. The 
disease has been observed in cottonwood planta- 
tions, but its full impact on this species has not 
yet been assessed. 

First noticeable symptoms may be a decline of 
the crown and yellowing leaves, which fall pre- 
maturely or remain small and scant. On small trees, 
all foliage may die. White, fan-shaped mycelial 
l n g u s  mats may form on the roots and root collar, 
causing decay. These mats extend upward between 
bark and wood and cause rot in both heartwood 
and sapwood. 

Root system decayed 
by Clitocybe tabescens. 

In fall dense clusters of yellow-brown mushrooms 
develop at the base on the infected tree. These 
mushrooms are 4 to 6 inches (10 to 15 cm) high and 
have a broad, brown, scaly cap 4fL to 213 inch (12 
to 17 mnn) in diameter and whitish gills. They 
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produce wind-borne spores that germinate on ex- 
posed tissue of living or dead trees. The fungus 
spreads through the roots of infected trees and 
penetrates living roots of adjacent, healthy trees 
through root grafts or wounds. 

Suppressed or off-site trees are apparently most 
subject to attack. Thus, the best control is to 
maintain a vigorous stand through site selection, 
spacing, and thinning. Site preparation should in- 
clude removal of all roots that might harbor the 
fungus. Removal of infected trees may be of value 
in young stands; however, care must be taken to 
avoid spreading fungus inoculum. 

C. tabescens fruiting bodies above diseased roots. 
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CORTICIUM ROOT ROT 

White root rot, or Gorticium root rot, caused by 
Corticium galactinum ( Fr . ) Burt. attacks numer- 
ous woody and herbaceous perennial species in the 
United States, Europe, the West Indies, and Japan. 
Only a few cases of this disease have as yet been 
observed on cottonwood in plantations, but it is 
potentially destructive because of its wide occur- 
rence and ability to spread from tree to tree. 

Infected trees may only appear unthrifty with 
thin crowns. However, foliage may turn brown 
suddenly and die, accompanied by death of twigs 
and main stem. The sporophore appears on the 
root surface as a white or cream-colored layer of 
fungal growth without definite form or features 
and may persist for some time. The exposed spor- 
ophore surface may appear dry and cracked. Spores 
are wind disseminated. Under favorable conditions, 
they germinate and invade dead woody tissues or 
may even invade living root tissues. The fungus 
then spreads through the tissues, killing living 
cells and decaying the wood. Wood of affected 
roots often shows concentric spots, and roots may 
appear knotted or gnarled. Diseased trees occur 
singly or in small randomly located groups. 

There are no prac- 
tical control measures 

bodies on decayed mots. 
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MELAMPSORA LEAF RUST 

Leaf rust caused by Melampsora medusae Thum 
causes economic losses in nursery stock throughout 
the geographic range of cottonwood. Above latitude 
40°, rust may cause premature defoliation in plan- 
tations. This defoliation not only causes growth 
losses; it weakens the trees and predisposes them 
to other pathogens, which cause cankers and mor- 
tality. 

Cottonwood leaves are infected in early spring 
by wind-borne spores produced on conifers or by 
spores that overwintered on cottonwoods in frost- 
free areas. The first evidence of the disease is 
small yellow spots (masses of spores) on the lower 
leaf surfaces. These rust spores can be blown to 
new leaves and cause additional infections. If 
humidity is high, infection may spread until the 
entire leaf is covered by yellow spores. Defoliation 
usually occurs when rust covers over 50 percent of 
the leaf. Late in the season, the disease is easily 
detectable by the vast amount of rust spores, which 
give the leaves a dusty yellow color. 

Rust-resistant clones developed by the Southern 
Forest Experiment Station in Stoneville, Missis- 
sippi, are available through several State forest 
nurseries. Stoneville clones 75 and 92 are not de- 
foliated by rust and should be favored in areas 
when summer defoliation occurs. 

Melampsoro rust spores. 
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Alternaria leaf blight. 

ALTERNARIA LEAF AND STEM BLIGHT 

Leaf and stem blight caused by Alternaria tenuis 
Nees occurs in the United States, Canada, and Mex- 
ico. It was first reported on cottonwood in North 
Dakota in 1918. It now appears to be an important 
disease in nurseries and plantations. Losses among 
unrooted, green-tip cuttings in mist beds can be 
as high as 65 to 95 percent. 

The fungus overwinters as mycelia on plant 
debris. In spring wind-borne spores are carried 
to new leaves; they germinate within 1 to 2 hours 
when relative humidity is 100 percent and temp- 
erature is between 40 and 95" F. The spore can 
penetrate epidermal tissue of young leaves and 
stems, but it usually enters through leaf margins 
and insect wounds, turning tissue brown. Within 
5 to 7 days, mycelia have formed, and new spores 
are being produced. The infested area now appears 
as a sooty, irregularly shaped blotch. 

Rotation and sanitation of nursery planting beds 
will reduce incidence of this disease by eliminating 
fungus which overwinters on plant debris. Early 
spring cultivation of stool beds to turn-under plant 
debris will greatly reduce subsequent infections. 
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MINOR LEAF DISEASES 

Several fungi cause leaf diseases on cottonwood 
throughout its geographic range. Leaf spot diseases 
may become epidemic during a wet spring and 
summer. Although the unsightly leaves and ex- 
cessive leaf fall can be spectacular, they usually 
cause only minimal growth loss. A leaf disease 
is a serious problem only when more than half 
the leaf surface is infected or defoliation removes 
more than half the leaves. Heavy infections for 
several successive years can predispose the tree 
to other pathogens, which could cause death. 

The most common fungi which cause damage 
are Taphrina populina Fr., Phgllosticta sp., Cercos- 
pora populina E. & E., CoEEetotrichum gtoeospori- 
oides Penz. These fungi overwinter on fallen leaves 
or twigs. In early spring spores are produced which 
infect leaves, causing death of leaf tissue. The af- 
fected area may be as small as a pinpoint or up 
to several inches in diameter. It can appear as a 
spot, ring, blotch, anthracnose, leaf curl, or leaf 
blister. Often more than one leaf disease is present 
on a single leaf. 

Sanitation reduces the possibility of epidemics 
by reducing the amount of inoculum. In most cases, 
the disease is sporadic, and epidemics do not occur 
annually. If heavy defoliation occurs in successive 
years, chemical control may be needed to reduce 
subsequent infections. 

Leaf blister caused by Taphrina popul ina. 
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Phyllosticta ring spot. 

Leaf spot caused by Cercospora populina, 

Anthracnose caused by Colletotrichum gloeosporioides. 
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