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Introduction

This report summarizes the basic
silvicultural problems associated with
regenerating commercial hardwood
(broadleaf) species in the eastern United
States and includes a review of current
methods used to reduce the impact of deer
browsing. The following topics are
discussed : 1 ) the biological requirements
and regeneration mechanism associated
with several important tree species in the
region, 2) the specific problem of
regenerating northern red oak (Quercus
rubra) or high-quality growing sites, 3) the
general problems resulting from excessive
deer browsing and practical methods used
to reduce the impact of deer browsing, and
4) recent results from experimental and
commercial use of plastic tree shelters for
regenerating northern red oak.
Hardwood Regeneration in the
Central Appalachians

The silviculture of hardwood timber species
in eastern United States is based primarily
on natural regeneration that results from
commercial harvest operations. Natural
regeneration mechanisms for eastern
hardwoods include : 1) new seedlings that
develop from seeds stored in the forest floor
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at the time of the harvest operation, 2)
advance seedlings that developed for
several years prior to the harvest
operation, and 3) sprouts from the stumps
and roots of the cut trees (Beck 1988). A
few commniercial species such as yellow-
poplar (Liriodendron tulipifera), white ash
(Fraxinus americana), red maple (Acer
rubrum), sweet birch (Betula lenta), and
black cherry (Prunus serotina) can develop
successfully from new seedlings that
germinate soon after the harvest cut if
sufficient light is available. Most other
species, including northern red oak, white
oak (Quercus alba), American basswood
(Tilia americana), sugar maple (Acer
saccharum), and American beech (Fagus
grandifolia) , depend heavily on advance
seedlings and sprouts to regenerate
successfully (Tablel). Where deer browsing
impact is high, black cherry also relies on
adequate advance seedlings for successful
regeneration (Marquis and others 1992) .

The species composition of regeneration is
affected by soil-site relations and by the
harvesting practice. Repeated single-tree
selection cutting promotes the regeneration
of shade-tolerant species such as sugar
maple on the better growing sites and red
maple on the poorer sites, with American
beech and sweet birch developing after
such cutting on all sites (Trimb'le 1973).
After heavy cutting in which most of the
main canopy is removed, shade-intolerant
species such as black cherry and yellow-
poplar become established if viable seed is
present on the better sites while red maple,
sassafras (Sassafras albidum), and the
oaks become established on the poorer
sites. Sugar maple and American beech
also become established after heavy cutting
if they are present as advance reproduction



before harvest operations. Note that
clearcutting promotes a wide variety of
species while repeated single-tree selection
cutting promotes mainly shade-tolerant
species (Trimble 1973).

Some desirable commercial species have
difficulty regenerating after harvest
operations due to an insufficient number or
size of advance seedlings. For example,
research has shown that the probability
that an advance northern red oak seedling
will successfully compete for crown position
and become a codominant tree in the new
stand is related to initial seedling size at
the time the overstory trees are removed
(Loftis 1990). In most central Appalachian
hardwood stands, relatively few advance
oak seedlings grow to an adequate size
prior to the harvest operation due the
presence of a dense, sapling-size stratum of
shade-tolerant species in the understory
(Miller 1997; Smith 1993a). Even if there
are numerous oak seedlings present, they
are usually small and have little chance of
surviving and competing with other faster
growing species that develop after harvest.
As a result, the proportion of oak in the
new stand is severely diminished and there
is a shift in species composition which
usually does not meet management
objectives. This problem is most evident on
high-quality growing sites where species
that compete with oak exhibit faster initial
height growth compared to oak (Lorimer
1993). Forest scientists are seeking
innovative methods for regenerating oaks
because they provide very valuable
commercial wood products and are an
important source of food for wildlife
communities.

Deer Impact and Management
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Deer browsing is one of the most important
factors affecting hardwood regeneration in
the eastern United States. The impact of
deer browsing is a function of the local deer
population, their feeding preferences, and
the local availability of food (Marquis 1974;
Marquis 1988; Marquis and others 1992;
Tilghman 1989). In extreme cases, where
deer populations are high and available
food is scarce, excessive deer browsing in
recently harvested stands can result in a
regeneration failure (Fig.1). Deer browsing
can affect both the abundance and species
composition of regeneration. In the years
before a hawest cut, browsing tends to
reduce the abundance of advance
reproduction of desirable species such as
sugar maple, white ash, and the oaks.
Long-term deer browsing also increases the
abundance of interfering plants such as
fern, striped maple (Acer pensylvanicum),
and beech. After a harvest cut when new

seedlings and sprouts begin to develop,

heavy deer browsing can continue to reduce
the proportion of valuable species in the
new stand. However, a small amount of
deer browsing also can be beneficial
because it reduces the abundance of some
species preferred by deer, such as pin
cherry (Prunus pensylvanica) and birch,
that aggressively compete with more
desirable hardwood species. Thus, average
local populations between 6 and 20 deer
per 259 ha (259 ha = 1 square mile) are
tolerable in this region and usually permit
suceessful hardwood reproduction (Fig.1).

There are several strategies for reducing
the impact of deer browsing on hardwood
regeneration on relatively large areas. The
key to reducing deer impact through
silvicultural means is to increase the



supply of available food within the home
range of the local population (Marquis
1987). Thinnings and regeneration
harvests can be planned in surrounding
stands such that deer browsing is dispersed
over a relatively broad area, thus reducing
the browsing impact on any one stand. In
addition, applications of fertilizers after
harvest operations can stimulate faster
height growth of seedlings so that they
grow above the reach of deer in just a few
years. For extremely high deer populations,
electric fencing can be an economical form
of protecting and regenerating relatively
valuable species such as black cherry. The
average cost of electric fencing is $ 5.74 per
m ( $ 730 per ha) for a square, 10-ha stand.
Fencing is recommended when potential
deer browsing impact is high and seedlings
of the preferred species exhibit rapid early
height growth which enables them to be
compete successfully with other species on
the site once the deer impact is reduced.

Deer impact also can be reduced by
sheltering individual trees of desirable
species with devices that prevent deer
browsing of natural or artificial
regeneration (Fig. 2) (Marquis 1977; Smith
1993b; Walters 1993). Artificial
regeneration by planting or direct seeding
of hardwoods is used to regenerate a few
valuable species, and commercial
applications of such practices cover a
relatively small land area within the
eastern hardwood region. Artificial
regeneration methods usually are used to
supplement natural regeneration with
selected species. Since 1990, the most
widespread use of artificial regeneration on
public land has involved planting of
nursery-grown northern red oak seedlings
and sheltering them with plastic tree
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shelters. Thig treatment has focused on
northern red oak because this species is
extremely difficult to regenerate naturally,
it has high value as a commercial product
and as a \‘vildlife food source, and it has
been shown to grow well in tree shelters
(Schuler and Miller 1996) . Current
prescripiions entail planting and sheltering
seedlings in the spring following a
dormant-season shelterwood or clearcut
harvest operation. On public forests within
the eastern United States, such treatments
are prescribed on an average of 500 ha per
year which is less than 1 percent of the
commercial forestland area.

Research on Tree Shelters

Research results indicate that tree shelters
increase the survival and height growth of
northern red oak seedlings in clearcut
forest openings (Smith 1993b; Schuler and
Miller 1996) and in partial cuts where
residual stand density is relatively low
(Walters 1993). For research trials in
clearcut openings in the central
Appalachian region, the average total
height increased from 0.5 m to 1.8 m for
sheltered seedlings compared to 0.9 m for
controls (Fig. 3), and the average survival
was 95 percent for sheltered seedlings and
55 percent for controls (Fig. 4) after five
years. Both natural and planted oak
seedlings exhibited low rates of survival
due to deer browsing and suppression by
competing vegetation when tree shelters
were not used. Increased height growth in
tree shelters was attributed to a reduction
in deer browsing (Walters 1993; Smith
1993b) and to improved environmental
conditions such as increased humidity
(Potter 1988) and increased carbon dioxide
concentrations (Mayhead and Jones 1991).



Increased survival in tree shelters was
attributed to a reduction in deer browsing
(Walters 1993) and to enhanced initial
height growth (Schuler and Miller 1996)
which allows sheltered seedlings to
compete better against the surrounding
natural vegetation for several years.
Controlling vegetation surrounding
sheltered seedlings with herbicides or
plastic weed barriers slightly increased
height growth and survival compared to
tree shelters alone, although these
not statistically

differences were

significant.

The effects of tree shelters used in clearcut
openings were the same for planted and
natural seedlings (Schuler and Miller
1996). As a result, tree shelters can be used
to enhance the growth and survival of
natural oak seedlings, and additional
seedlings can be planted and sheltered to
supplement natural reproduction or
improve genetics as needed to satisfy
management objectives.

Tree shelters also have been used to
protect planted northern red oak acorns in
experimental applications. This method
entails planting two acorns about 3 cm
deep in the soil and immediately placing a
tree shelter over them. The majority of
unprotected acorns usually are destroyed
by chipmunks, squirrels, and mice.
Sheltered acorns exhibit about the same
survival and height growth rates after
planting as sheltered seedlings. However,
planted seedlings reach the top of the
shelter in 2 years while seedlings from
acorns normally require 3 years to reach
the same height.

Tree shelters benefit individual oaks for a
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few years, and then additional cultural
treatments are needed to assure their long-
term survival. Once the crown of a
sheltered seedling emerges from the top of
the tree shelter (approximately 1.6 m), the
average height growth slows to a rate equal
to that of unsheltered seedlings (Fig. 3). In
addition, total height of natural competing
vegetation often equals or exceeds that of
the sheltered seedlings from 6 to 8 years
after planting. Current experimental
follow-up treatments entail cutting
competing adjacent stems to provide a
crown release for each sheltered seedling in
early summer of each year. Without such
treatments, the sheltered oak seedlings are
expected to be suppressed by the competing
vegetation and die within a few years. The
crown release treatments may be required
for a period of 5 to 10 years until the
canopy closes and the desired trees are in a
competitive, codominant position in the
new stand. As a result, the treatment
period and total cost of the crown release
treatments are unknown at this time.

The prices of shelters vary by
manufacturer and quantity purchased.
Total cost of planting and sheltering
seedlings ranges from $2.50 to $6.00 per
unit depending on the cost of the shelter,
supporting device, labor, and planting
density. Planting density in the eastern
United States has varied from 75 to 500
units per ha. Ultimately, the recommended
planting density will be determined by the
expected survival rate and management
objectives.

Recommendations

Tree shelters are recommended for
stimulating the initial height growth of



slower growing species and for protecting
individual trees from deer browsing in
unfenced areas. The following guidelines
are used in the central Appalachians to
enhance the survival and development of
northern red oak (Schuler and Miller
1996):

1. Use tree shelters in full sunlight
conditions, usually after a clearcut or seed-
tree cut, to ensure high survival of
sheltered seedlings.

2. Place shelters on planted or natural
seedlings located where soil is relatively
deep and away from cut stumps to avoid
aggressive sprout-origin competition for the
sheltered seedling.

3 . Use shelters that are at least 1.5 m tall
to prevent deer browsing.

4 . Use a durable support stake made of
plastic or fiberglass that will hold the
shelter erect for many years.

5. . Inspect and maintain the shelter and
support stake for several years until the
sheltered seedling emerges from the top of
the shelter and becomes self-supporting.

6 . Plan to reduce competition surrounding
sheltered seedlings until they are
competitive in the main canopy of the new
stand.

Summary

Managing the impact of deer browsing
requires information on several key
factors : 1) it is important to understand
the regeneration mechanism and growth
patterns of all the species present on the
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site, 2) the forest manager should be aware
of local deer populations and their feeding
preferences among the various tree species,
3 ) knowledge of the availability of deer
food is needed to assess the potential
impact of: deer browsing on developing
reproduction, and 4) the manager must
estimate the financial benefits and costs
associated with each method for reducing
deer damage. All of this information is
necessary to evaluate the biological and
economic feasibility of fencing, tree
shelters, or other methods used to reduce
deer damage.

More information on the use of tree
shelters can be obtained from:

USDA Forest Service

Timber and Watershed Laboratory

P.O. Box 404

Parsons, West Virginia 26287 USA

Fax: 304-478-8692

More information on the impact of deer on
forest regeneration can be obtained from:
USDA Forest Service

Forestry Sciences Laboratory

P.O. Box 267

Irvine, Pennsylvania 16329 USA

Fax: 814-563-1048

Figure Captions

Figure 1. Deer impact on tree regeneration
(Marquis and others 1992).

Figure 2. Tree shelters accelerate the
height growth of seedlings and protect
them from deer browsing for 2 to 3 years.
(Photo by H.C. Smith).

Figure 3. Height of planted northern red
oak seedlings.

Figure 4. Survival of planted northern red
oak seedlings.
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