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Urban Environments

It is often possible to do more to alleviate
the effects of stress in urban areas (Fig. 9)
than in the forest. Moisture shortages can
be prevented or alleviated by watering and
fertilizing, by reducing competition from sod
by placing mulch over the root zones of yard
trees, and by avoiding soil compaction by
covering walkways with wood chips or other
organic mulches. Timely and judicious
pruning of tree crowns will help trees in
times of moisture stress, and removing weak
or dead branches will help promote rapid
wound closure and reduce the chance of
decay. Planting new trees away from road-
sides will avoid many severe stresses of the
urban environment. Spraying to control
sucking and defoliating insects when
necessary and feasible will help prevent
dieback and decline diseases of specimen
trees.

Since diebacks and declines are initiated by
stress and disturbance, it can only be
concluded that these diseases will continue
to proliferate as the number and diversity of
stress factors increase with expanding
urbanization.

The foregoing sections describe the
general nature of dieback and decline
diseases and the ways to reduce their
significance. In the following sections,
oak decline and mortality, a dieback-
decline that has followed the widespread
outbreaks of gypsy moth in the Northeast,
is examined in detail.

Figure 9

Ways to prevent or reduce diebacks and declines
in urban areas include watering (1) and fertilizing
(2); covering tree root zones (3) and walkways
with organic residues to alleviate water shortages
and soil compaction; planting new trees (4) to
avoid roadside stresses (5); pruning weak and
dead branches to promote rapid closure and
discourage decay (6); and spraying when
necessary and feasible to control insects such as
scales (7) and defoliators (8).
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The Defoliation Stress

The function of leaves is to convert sunlight
energy into chemical food energy needed by
the tree for maintenance, growth, and
reproduction. Defoliation, therefore, adversely
affects the tree by interfering with its

energy regimen. Fewer leaves mean less
food produced and less growth. While this
direct relationship exists for any level of
defoliation, low levels usually are not harmful
aside from reducing radial and terminal
growth. But the removal of 50 to 60 percent
or more of a tree’s leaves can be very serious
because such levels trigger major responses
by the tree that can be deleterious to its
function or form.

Refoliation-Dieback: Responses of
Individual Trees to Defoliation and Their
Consequences

Severe defoliation can cause trees to
refoliate, an event that places them in an
“out of phase” condition with respect to the
growing season (Fig. 11). Buds formed for
the next year are forced to break one season
too soon, and the new leaves must produce
food and new buds in a shortened growing
season. Sometimes new leaves are immature
when fall arrives and new buds have not
been formed. Even when defoliation occurs
early enough in the season for the new
foliage to grow and mature, the new small
terminal buds may not be winter hardy.
When the terminal buds are killed or injured,
or do not have time to form, twigs die back
to the point where there are sound lateral
buds.

Adverse changes are also occurring inside
the tree. Sugars produced by the leaves
usually are moved to the roots where they
are stored as starch food reserves. Normally,
food reserves are highest in the fall after a
full summer’s production. But defoliation and
refoliation can change all of this. When buds
break and leaves start to grow, starch is
converted to sugars and sent to the growing
areas to maintain the tree until there is new
foliage. Often, tree roots are completely
depleted of their starch by this process and
little is replaced before the end of the
growing season.

The effects of defoliation are most serious
when it occurs just after “normal” leaves are
produced in late spring-early summer but
before starch reserves have been replenished.
With such low food supplies, the energy
demands of all the branch and root tissues
cannot be met until new leaves are formed
and some tissues die back.

The dieback process, which may be repeated
again and again as the defoliation stress
continues, serves as a survival mechanism.
By reducing the amount of energy-requiring
branch and stem tissues, dieback “fine
tunes” the tree’s energy balance to its
adverse environment.

With abatement of the defoliation stress,
even if it has occurred for more than one
season, trees can recover providing growing
conditions are favorable and providing they
have not been lethally invaded by
opportunistic organisms that can attack
them in their weakened state.
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Susceptible vs. Resistant Forests

Site conditions strongly influence where
gypsy moth defoliation will occur. In New
England, where gypsy moths and forests
have interacted for over a century, some
forests have had a history of repeated
defoliation while others have been defoliated
only rarely (Fig. 15). The often defoliated or
susceptible forests characteristically grow
on dry sites such as rocky ridges or deep
sands. In many cases, they have been
disturbed—sometimes frequently—by fire,
wind, snow, or ice storms. The trees in these
forests, mainly dry-site oaks, often are highly
favored as food by gypsy moths, are slow
growing, small, and scrubby, and have
abundant structural features such as bark
flaps, deep bark fissures, and holes or
wounds that are used as resting sites by
gypsy moths.

The open nature of susceptible forests
encourages the growth of plants such as
blueberry, huckleberry, bracken, sweetfern,
grasses, and sedges. Leaf litter usually is
shallow or lacking; on ridge stands, surface
rocks or exposed ledges are common.

Resistant forests where defoliation is rare
characteristically grow on relatively
undisturbed sites with well-drained, deep
loam soils where moisture is not limiting.
They usually are well stocked and contain
mixture of species, including some that are
highly preferred. Trees on these sites have
good growth rates and relatively few
structural features used by gypsy moths.

Understory plants in New England's resistant
forests include such species as wild
sarsaparilla, maple-leafed viburnum, and
woodland ferns. Resistant stands have deep
litter layers that are favorable habitat for
many predators of gypsy moth.

It is not axiomatic that trees growing on
susceptible sites are more apt to succumb
to a given defoliation regimen than trees on
resistant sites. Studies suggest that trees on
adverse sites may be no more—indeed, may
even be less vulnerable—than trees on good
sites. Perhaps this reflects the fact that trees
on poor sites represent the survivors of an
exceptionally intense and continual
selection process.

Figure 15

Susceptible forests of New England characterist-
ically grow on disturbed sites such as rocky ridges
(1) or deep sands (2). The trees in these forests
often are highly preferred as food by gypsy moths,
slow growing, small, and scrubby, and have many
structural features that serve as refuges for the
insect. The resistant forests of this region (3)
characteristically grow on relatively undisturbed
sites with well-drained, deep loam soils where
moisture is not limiting. Resistant stands contain
mixtures of species including highly preferred
ones, but they have relatively few structural
features used by gypsy moths.
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Indexing Tree Condition

Several methods of assessing tree condition
are shown in Figure 17. A general assess-
ment is made of a tree’s condition based on
the relative position of the crown in the
canopy, evidence of poor growth, injuries,
dieback, etc. Not illustrated, but of value, is
an increment core to determine patterns of
annual growth rate. Root starch content is
determined by removing a sample of wood
from a large root with a hammer and chisel,
sectioning this with a microtome, and staining
the thin sections with a solution of potassium
iodide. In this solution the starch turns
purple, and sections rich in starch will be
dark compared with those with little or no
starch.

The use of an electronic method for
measuring tree condition is shown in Figure
17. Although still experimental, readings of
the electrical resistance of tissues near the
cambial zone show promise of providing
another measure of tree condition. Readings
of low electrical resistance are associated
with trees in good condition.

Root starch content not only reveals that
trees have been stressed, but also may be of
value in predicting the consequences of
additional stress. As shown in Figure 11,
white oaks with little or no root starch are
more apt to die after defoliation than trees
high in root starch. Knowing which trees or
stands are the greatest “risk” can help in
planning actions to reduce losses of valuable
trees.

Figure 17

Evaluating tree vigor or physiological condition
can entail several steps. An assessment is made
of features that reflect general condition (1).
Such features include relative size and position
of tree crowns in the forest canopy, the size and
color of leaves, the relative amounts of live and
dead branches, and the relative rates of wound
closure. Root starch content is determined from a
sample cut from a large root (2). Thin sections are
stained with potassium iodide (insert, right).
Starch can be classed as high (dark sections),
medium, and low to depleted (light sections). Low
starch reveals trees in poor condition (high risk),
high starch reveals trees in good condition (low
risk). Measurements of electrical resistance (3)
may someday be useful in determining tree vigor.
Studies have shown that cambial zone tissues in
high-vigor trees have a lower resistance to pulsed
electric current than those in low-vigor trees.
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Preventing and Reducing Oak Decline

Preventing gypsy moth-initiated oak decline
entails, as with other dieback and decline
diseases, actions designed to maintain trees
in good physiological condition, and to
reduce the stress agent. In the following
sections, actions that can be performed in
forest, campground, and urban environments
to prevent oak decline are discussed.

In Forests and Campgrounds

Actions in the forest are general ones,
designed primarily to enhance the conditions
of trees growing there (Fig. 18). Silvicultural
thinnings to remove trees in poor condition
will reduce the numbers of trees most
vulnerable to the effects of stress, and will
enhance growing conditions for the residual
trees. And, although not demonstrated, it is
possible that removing weak and dying trees
and the populations of twolined chestnut
borers associated with them will reduce
mortality attributable to those organisms.
Weak and dying trees should be removed
from campgrounds for the same reasons
and also because they can be hazardous.
Removing weak and defective trees will
eliminate many refuges for the gypsy moth.

Monitoring gypsy moth populations will aid
in determining when direct preventative
actions must be taken. Within a forest, stands
known to be outbreak foci, or stands identified
as potentially susceptible—such as the
oak-covered rocky ridge top in figure 18—
would be good candidates for monitoring
sites.

Traps baited with the female sex pheromone
attract adult male moths and are especially
useful in assessing insect populations in
remote areas. In more accessible places
such as campgrounds, burlap “skirts” tied
around favored host trees also can be used.
These skirts provide a favorable resting site

for gypsy moth larvae, and they can be easily
checked for numbers of larvae.

It is especially important to monitor gypsy
moth populations in campgrounds within the
generally infested region to reduce the
numbers of instances where insects on
automobiles and camping vehicles and
equipment are transported into uninfested
areas.

Spraying with approved insecticides may be
required when severe defoliation is
inevitable, and especially if indexes of tree
condition, such as low starch content,
indicate that defoliation will trigger significant
losses of valuable trees. It may be more
important to protect foliage in the camp-
ground than in the forest.

Figure 18

Preventing gypsy moth-initiated oak decline in
the forest and campground includes such diverse
actions as monitoring populations in known
outbreak foci (1) and in campgrounds (2) with
pheromone traps or burlap “skirts”; removing
vulnerable, weak, or dying trees and thinning to
improve growing conditions for residual trees (3);
eliminating from campgrounds trees that provide
refuges for gypsy moths (4); spraying with
approved insecticides where severe defoliation is
eminent and where measurements of tree vigor
indicate defoliation will result in high tree losses
(5); and inspecting camping vehicles and
equipment in infested campgrounds to reduce
the numbers of insects being transported into
uninfested regions (6).
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In Urban Areas

Preventing gypsy moth-related oak decline

in the urban backyard (Fig. 19) can include
several practices not feasible in the forest.
Keeping valuable specimen trees healthy

by watering, fertilizing, and mulching

is as important for preventing oak decline as
it is for other dieback-decline diseases. In
addition, several activities will help keep
insect populations low, especially where
backyards and forest join. Removing rubbish
from yards, especially near the forest edge,
will eliminate many favorite gypsy moth
refuges. Signs, old tires, tree houses, and
wood piles are particularly favored places
and should be inspected carefully, and large,
dead branches and other tree features that
provide habitat for gypsy moths should be
removed.

Burlap skirts tied around preferred food
trees are effective for both monitoring insect
populations and collecting insects for
destruction. Egg masses can be removed
and destroyed or treated in place with
creosote; when populations are high, trees

can be sprayed with approved insecticides.
Whenever possible, layers of forest litter,
home of many ground-inhabiting predators
of gypsy moth, should be maintained.
Keeping humus layers intact also will help
prevent the drying out of soil layers.

Figure 19

Preventing gypsy moth-initiated oak decline in
the backyard requires that trees be kept healthy
by fertilizing and mulching specimen trees (1);
removing rubbish and natural refuges from back-
yards and forest edges (2); inspecting and, when
necessary, destroying insects occupying objects
such as tree houses, signs, picnic tables, and
burlap skirts tied around trees to attract larvae
(3); destroying egg masses (4); spraying when
necessary (5); and keeping layers of forest litter
as undisturbed as possible to encourage natural
ground-inhabiting predators and to conserve soil
moisture (6).
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