United States
Department of
Agricufture

Forest Service

Northeastern Forest
Experiment Station

Research Paper NE-679

Protecting Red Oak Seedlings
with Tree Shelters in
Northwestern Pennsylvania

Russell S. Walters

E



Abstract

Maintenance of oak species and a lack of oak regeneration are major silvicultural
problems in many upland cak forests of the Eastern United States. Advance oak
regeneration where present generally is small and Jacks vigor. As a result, artificial
regeneration is sometimes used, but planted oak seedlings usually do not grow well.
Plastic tree shelters have been used to protect planted and natural cak seedlings
from deer browsing and to promote seediing height growth and survival. This study
examined the growth and survival of planted and natural red cak seedlings and
seedlings from planted acorns within translucent tree sheliers, fences, and
unprotected contrels with and without herbicide application under a shelterwood
seed-cut stand. After 2 years, surviving control planted seedlings were significantly
shorter than those protected by tree shelters and fences. The average height of
seedlings planted within tree shelters and fences was 0.88 foot and was not
significantly different. Planted control seedlings were shorter after the second year
than the first, suggesting that these unprotected seedlings had been browsed by
deer. The best survival of planted seedlings was insice the fences, with and without
herbicide. Survival in shelters was B2 percent when herbicide was used and 40
percent without herbicide, probably due to low light intensity. Survival of planted
control seedlings was unsatisfactory whether or not herbicide was applied, iikely the
result of browsing. Only 16 percent of the acorns planted within shefiers produced
seedlings and none grew outside of shelters. Small mammals destroyed most
planted acorns. Natural seedlings grew little and their height inside and cutside of
shelters was not different from that of planted seedlings. Recommendations based
on these results should improve results when tree shelters are used.
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Introduction

Maintenance of oak species, particularly on the higher quality
sites, is a major problem throughout the upland cak forests of
Eastern North America. Successtul natural regeneration of
even-age oak stands requires that an adequate amount of
sturdy, well-developed advance oak reproduction be present
at the time of final harvest. Most oak regeneration failures are
altributed to the absence of adequate amounts of advance
regeneration or to the inability of oak to outgrow competition
when released.

The problem of inadequate advance tree regeneration under
maturing hardwood forests is intensified in many areas by the
presence of large populations of white-tailed deer, which
have influenced forest vegetation development in
northwestern Pennsylvania since the 1920's (Marquis and
Brenneman 1981). As a result, understory vegetation is
sparse in most uncut stands, and new seedlings appearing
after cutting are browsed severely. New stand establishment
after harvest cutling often is delayed or prevented entirely.
Even where regeneration occurs, browsing results in shifts in
woody species composition, reduced stocking, or extended
rotations (Marguis and Brenneman 1981; Tilghman 1989).

Inadequate advance tree regeneraticn has assumed even
greater significance in the oak stands on the Allegheny
Plateau of northwestern Pennsylvania due to insect
infestation and drought. In 1988, the Allegheny National
Forest reported significant oak mortality {in excess of 30
percent) on more than 16,000 acres due o repeated gypsy
moth defoliation between 1986 and 1988 followed by a
severe drought in the summer of 1988, The weakened oaks
were susceplible to attack by two secondary pathogens, the
two-tined chesinut borer and the shoestring root rot fungus,
which ultimately killed them.! A further consequence has
been the accelerated shift in species composition from vak
species. As overstory densities are reduced by mortality, the
existing understory vegetation responds and captures the
site. These understories are dominated by hayscented fern,
striped maple, American beech root suckers, or, if tree
seedlings are present, by black cherry, red maple, or sweet
birch. There are few cak seedlings and these are not
sufficiently vigoreus tc compete.

This situation has heightened interest in planting to increase
the population of gak seedlings in a stand understory where
they are lacking or few in rumber. However, hardwood
planting is futile in northwestern Pennsylvania unless the
planied seediings are protected against browsing. Also,
planted oak seedlings are notoriously slow growing (Russell
1871; Johnson et al. 1976; Hiit 1977; Wendel 1980). Thus,
land managers must protect oak seedlings from browsing
and help them compete with established vegetation. To

' {1.5. Department of Agriculture, Forest Service. 1992, FY
'91 monitoring and evaluation report. Warren, PA: U.S.
Department of Agriculture, Forest Service, Allegheny
National Forest.

accomplish this, it may be necessary to control the interfering
vegetation to provide sufficient light for satisfactory
development. Cutting, burning, and herbicide spraying all
have been suggested, but none has proven consistently
effective in oak regeneration programs {Nyland 1989},

Using tree shelters to overcome browsing is a growing
technology first developed in 1979 in Great Britain. Tree
shelters are translucent, plastic tubes 4 to 6 inches in
diameter and 4 to 6 feet tall that are placed around individual
seedlings. They are expected to provide protection from
browsing for 5 to 8 years. Tree sheliers are reported to
stimulate height growth during the first 1 to 3 years after
planting and help support the seedling for up to & years.
Seedling height growth inside tree sheiters Is reperied to
increase above normal unbrowsed growth rates by two or
threefold due to a "greenhouse effect” that is created inside

“the tubes. Tree shelters also can screen planted seedlings

from herbicide during a directed spray application (Tuley
1983, 1985; Frearson and Weiss 1987; Potter 1988;
Manchester et al. 1988).

The reported success of tree shelters in promoting the
survival and stimulating early growth rates of planted oak
seedlings elsewhere suggested that this technology might be
useful in planting oak on the Allegheny Plateau. The purpese
of this study was to evaluate survival and height growth of
planted and natural northern red oak seedlings and acorns
within free shelters. A knowledge of how red cak seedlings
perform within shelters will aid in assessing the possibility of
adapting tree-shelter technology to forest conditions in
northwestern Pennsylvania and adjacent areas.

Methods
Site Description

The study site located on the Allegheny Plateau in Warren
County, Pennsylvania, is highly representattve of a large
proportion of upland forests in northwestern Pennsylvania.
The slevation is about 1,900 feet and the site’s
medium-textured soils (Aquic Fragiudults} developed on
broad piateaus not subjected to glacial action. Annual
precipitation measures 43 inches and Is distributed evenly
throughout the year. Average rainfali is about 4 inches each
month in April through September, so moisture deficits are
rare during the growing season.

This study was installed in 1990 in a 75-year-old uptand
mixed oak stand that had received a shelterwood seed cut in
1984, When sampled in 1990, the residual overstory
contained 98 square feet of basal area per acre with a
relative stand density of 53 percent of the average maximum
stocking expected in an undisturbed stand of similar size and
species compasition. Oak shecies made up 53 percent of the
basal area; red maple, white ash, and black cherry accounted
for most of the balance. There was a dense ground cover of
hayscented fern over 60 percent of the area. Although the
site contained about 14,000 seedlings of commercial species
per acre, only about 200 were northern red oak.
Three-quarters of the commercial seedlings and all of the’



oaks were less than 1 foot tall. Once they emerge from fern
cover, seedlings are unable to grow tailer because they are
browsed continually by white-tailed deer (Marquis and
Brennerman 1981).

Plantings

Seedlings and acorns were planted at 1/4-chain intervals in a
check-row grid; that is, distances were measured carefully
between rows and within rows to facilitate relocation. The
planted seedlings were bareroot, 1-0 northern red pak grown
in the Pennsylvania Bureau of Forestry’s Penn Nursery from
Pennsylvania acorns. At the time of planting in early May
1990, the seedlings were top-pruned at 6 inches and roat-
pruned at 8 inches. Their average root collar measured 0.25
(=0.05} inch. The study acorns were collected in the
Moshannon State Forest in Clearlield County. To ensure
soundness, they were separated by float testing and then by
visual examination. All acorns were pregerminated and
planted approximately 1 inch deep.

Three protection lreatments for planted seediings and
acorns, with and without herbicide application, provided 12
treatment combinations. These treatments were applied ina
complete random arrangement where the 12 treatments were
assigned in a row at random, The same random arrangement
was then repeated 50 times throughout the grid row by row to
ensure that the treatments were scattered across the study
site,

Cne protection treatment provided was by 6-foot-tall, tan tree
shefters as described. Although white tree shelters are now
avaliiable, only tan shelters were available for this study. A
second protection treaiment was small fences 5 feet tall by 1
foct in diameter made from 1-inch mesh chicken wire
supported by two stakes. The third treatment was an
unprotected control. The herbicide ifreaiment was glyphosate
applied as a directed spray to an area within a 3-foot radius
of the seedling at the equivalent rate of 1 Ib a.i. per acre.
Spraying control in mid-August 1980; this was within the
recommended period for adequate control of herbaceous
weeds (Horsiey 1981).

The three protection levels and two herbicide levels also
were applied to natural northern red oak seedlings within the
study-grid area. Half of these seedlings were top-ciipped at 8
inches (to simulate top-clipping of the planted seediings}
while the other half were eft unclipped. Again, these
treatments were assigned at random with one random start
and the same random arrangement then repeated. A total of
180 seedlings {15 for each treatment) were treated. The
location of each treated natural seedling was then referenced
to the check-row grid as described in order to relocate them.

Measurements of first-and second-year growth response for
planted seedlings, planted acorns, and natural seedlings
were taken in early Octaeber in 1990 and 1991. Each group
was examined separately. Daia were collected on seedling
mortality, number of growth flushes, and height growth. Data
on height growth were examined by analysis of variance with
the Bonferroni procedure t¢ test differences among treatment
means. The herbicide treatment was not significant (P =

2

0.371). These data were then combined for the comparisons
among the three protection treatment means. The 0.05 level

of probability was accepted as significant. Survival data were
compared against an assumed threshold level of satisfactory
survival of 80 percent.

Results and Discussion

At the time of planting, the initial oak seedling caliper
averaged 0.25 inch and ranged from .0.14 1o 0.40 inch.
Because the planted seedlings were fop-clipped, initial
heights were not measured. The average caliper was less
than the minimum-size guideline of 0.354 inch (3/8 inch)

. recommended by Johnson and others (1976). In fact, only 5

of the 300 seedlings planted in this study met or exceeded
that minimum diameter. However, because we did not have
larger stock available, we decided to plant this stock.

There were significant differences among protection
treatments each year {Table 1). The herbicide treatment did
not have a significant influence during either year; therefore,
the herbicide and no herbicide data were combined. After the
first year, the average height of seedlings planted inside tree
sheilters was 0.85 foot. They were significantly taller than
either the fenced or control seedlings at 0.78 and G.76 foot,
respectively. The following year, the average height of
sheltered and fenced trees was 0.88 foot while the control
seedlings were significantly shorter at 0.68 foot. We found no
trees with more than one growth flush in either year.

Table 1. — First- and second-year mean heights (:S.E.)
for northern red oak seedlings planted in 1990, by
protection treatment

Year Tree shelter Fence Controf
Feet

1990 B8=02b .78=02a 76x02a

1991 B8=x03a BB £.02 a 68 +.02 b

Values in each row foliowed by the same letter are not
significantly different (P < 0.05).

The first-year results seemed to indicate an expected trend.
The seediings planted in tree shelters were significantly
talier, though by only a smail amount, than either the fenced
or control seedlings (Table 1). However, by the second year,
the protected seediings (tree shefter and ferice) were the
same height while the control seedlings were 0.2 foot shorter,
The earlier trend of faster seedling growth inside the iree
shelters had disappeared. The fence protection was not
expected to influence seedling growth other than protection
from browsing. Therefore, since the control seedlings are
now shorter than those inside the fences, the controls likely
were browed by the white-tailed deer. The overal
second-year height across all treatments in this study is the



Table 2. — First- and second-year survival over 2 years for northern red oak seedlings
ptanted in 1990, by herbiclde and protection treatment

Tree shelter Fence Control
No No No
Year Herbicide  herbicide  Herbicide  herbicide  Herbicide  herbicide
Percent
1990 96.0 90.0 100.0 100.0 94.0 96.0
1991 82.0 40.0 94.0 72.0 70.0

same (0.82 foct} as that reported by Zastrow and Marty
{1991} for two-year-cld, 1-0 northern red oak seedlings
planted in an old field. However, they also found that their
seedlings inside tree shelters averaged 1.45 feet. Our
sheltered seedlings did not grow better than the controls or
fenced seedlings.

First-year survival across all ifreaiments averaged 96 percent;
the range among treatments was 90 to 100 percent (Table 2).
Accepting 80 percent survival as the threshold of success,
survival for all treatments was successful. Survival was
poorest {20 percent) in the tree shelters without herbicide
treatment. By the second year, survival changed drastically
and chi-square tests revealed significant differences among
treatments {range: 94 to 40 percent). Survival in half of the
protection/herbicide treatment combinations still exceeded
the success threshold: fence with and without herbicide at 90
and 94 percent, respectively, and tree shelter with herbicide
at 82 percent. Survival was poocrest {40 percent) for seedlings
in tree shelters without herbicide.

The high survival rates observed at 1 year were not
surprising. Early survival of planted red cak seedlings
generalily is good and these observations were made in the
fall of 1990, before the dormant season when winter weather
conditions can be harsh and deer browsing intense. The low
survival of the control trees compared to those in fences
(Table 2} is best explained by exposure to deer browsing.
The fences were not expected to modify the seedlings’
environment other than to exclude deer. However, the low
survival rate for trees planted in tree shelters with no

“herbicide is best explained as a response to low light
intensity. Being translucent, tree shelters reduced the amount
of light reaching the seediing by two-thirds of that entering
threugh the shelterwood canopy, hence, the reduced survival
(82 percent) for seedlings in tree shalters with herbicide
treatment. But where tree shelters also were shaded by fern
and other understory vegetation {no herbicide), the light level
inside was further reduced by half, resulting in unsatisfactory
mortality. In an understory of similar composition,
interference from hayscented fern with survival and growth of
black cherry seediings by altering the availability of light close
to the forest floor has been reported {(Horsley, in press).

The direct seeding of acorns was a failure regardless of

treatment. After 2 years, there were no seedlings from acorns -

planted as controls or inside fences and only 16 percent of
acorns planted inside tree shelters had produced seedlings

{Table 3). The average height of these seedlings was 0.48
foot. After the first year (1990), 98 percent of the acorns
without shelters and 62 percent of those inside sheiters were
missing. Every tree shelter from which the acorn was missing
had a hale approximately 1 by 1.5 inch chewed in the side.
The chewed hole always was near the bottom of the shefter
where the lower support tie passes through shelter side and
around the stake. The size of the hole and the size of the
incisor marks suggest that they were made by a species of
deer mouse attracted to the acorn inside.

Table 3. -—— Fate of planted acorns after two growing
seasons, by protection treatment

Seedlings Tree shelter Fence Control
Percent

Live 16.0 0.0 0.0

Dead 220 1.0 4.0

Missing (1990) 62.0 99.0 96.0

Table 4. — Second-year mean heights (+S.E.) and
survival of top-clipped and unclipped natural red oak
seedlings, by protection treatment

item Tree shelter Fence Control
Height
Clipped (feet) 50 +.04 5006 43+.04
Unclipped (feet) 59 .06 .53 .03 56 +.05
Survival
Clipped (%) 56.7 759 61.3
Unclipped (%) 50.0 86.7 96.6

Second-year height of the natural seedlings observed in this
study averaged 0.52 (=.02) foot across all treatments and
ranged from 0.43 to 0.59 foot (Table 4). None of the
differences among the protection, top-clipping, or herbicide
treatment means were significant {P < 0.05). The overali
treatment mean is not difterent from the pretreatment



average height of 0.51 {+.01} foot for these seedlings. The
mean height of the unclipped seedlings for all protection
.treatments was greater than for top-clipped seedlings. This
difference, though small and not significant, is consistent
acress alf treatments. However, the probability of this
difference belng due only to chance is small (P = 0.055),
suggesting that top-clipping had a real effect on the
top-clipped seedlings.

Of the natural seedlings observed in this study, only 71
percent are alive, and there are just as many surviving in the
nontherbicide plots as in those herbicided. The survival range
among the protectionftop-clipping treatment combinations
was 59 to 97 percent (Table 4). Only the unclipped control
(97 percent) and unclipped fenced (87 percent) seedlings
exceeded the 80-percent survival threshold, However, the
top-clipped seedlings in all three of the protection treatments
and those unclipped inside of tree shelters had survival rates
below 80 percent. It is especially notable that cnly slightly
more than half of the natural seedlings with tree shelters are
still alive after 2 years. Wendel (1280) also reported that top-
clipping resulted in lower survival rates and reduced height
growth.

Oak advance seedlings are not uncommon in many eastern
upland hardwoods and in some stand they are relatively
abundant. However, these seed!ings generally are small
fless than 1 foot) and siow growing, and live cnly for a couple
of years (Arend and Gysel 1951; Weitzman and Trimble
1957; McGee 1967; Sander 1872; Nyland et al. 1982). The
height growth of oak seedlings is directly related to the
number of growth flushes experienced in a season, and
multiple flushing usually is attributed to the high availability of
light (Phares 1971). The natural seedlings in this study fit this
pattern, They were initiatly short (0.5 foot average) and did
not increase in height in 2 years. They experienced no
multiple growth flushing and many died. In fact, imposing the
additional light restriction of & tree shelter is the likely cause
of this high mortality and slow growth. if natural advance cak
seedlings are to be a pati of the next forest, they need help
by release and browsing protection. But not all seedlings can
respond; only those that are at least of average height or
taller and whose previous-year's growih was at least average
for their age class should be treated. Small, slow-growing
seedlings are unable to respond (Walters 1963}. This study
also suggests that the light levels inside tan tree she'ters
under even a partial canopy of a shelterwood seed cut may
be too limiting for cak seedlings to respond. The seedlings
should net be top-clipped.

Management Implications

The failure to replace oak forests with oak forests is cause for
concern over the net loss of ocak-dominated forests and the
loss of landscape biodiversity. The conditions and processes
that led to the establishment of oak forests on our better sites
are no longer operating. Thinning and shetterwcod methods
are not sufficient to maintain oak in the next stand and are
stimulating northern hardwood advance regeneration. On the
Allegheny Plateau of northwestern Pennsylvania, the result is
virtually monospeeific stands of black cherry because of its
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prolific seeding and the preference for other species by the
high deer population (Margquis and Brenneman 1981;
Tiighman 1989).

Interest by land managers in using tree shelters as a way of
increasing the cak component in newly emerging forest
stands has increased sharply. Not only do tree shelters
protect natural and planted seedlings from browsing but they
are reported to promote bath survival and height growth.
Although results are not conclusive and costs are high,
averaging about $760 to plant 200 seedlings per acre
{Crothers 1991), enrichment planting of oak seedlings in free
shelters has been used on the Allegheny National Forest for
the past 3 years. With establishment costs of this magnitude,
it is necessary o take every conceivable precaution to
ensure success.

The results of this study are not encouraging but should not
be considered as critical of the tree-shelter concept, Rather,
this study serves as a reminder that tree shefters are not a
cure all for the difficulties in planting or regenerating oaks.
The following precautions based on observations from this
study should improve the performance of oak in tree shelters:

1. Plant only large (> 3/8 inch diameter), 2-0, undercut
seedlings as suggested by Johnson and others (1986).
Our planting stock was smali and did not perform well.

2. Do not plant seedings in tan tree shelters under a dense
overstory. Oak seedlings do not grow welt where light is
limited. Johnson and others (1986) suggested a
shelterwood overstory density nc greater than 55 to 65
percent. The overstory density should be even less for
planting with the three shelters.

3. Manufacturers recommend using white tree shelters
when planting under a sheiterwood because they
transmit more light than tan shelters. White tree shelters
have been used locally but their success has not been
evaluated fully.

- 4. Atleast for the first year, controtling competing

_ vegetation with herbicide within at least 2-foot radius of
the tree shelter may be helpful.

5. If tree shelters are to be placed around natural
‘seedlings, select only seedlings that are at least 1 foot
tall. The natural seedlings in this study averaged only 0.6
foot and did not respond.

Literature Cited

Arend, J. L.; Gysel, L. W. 1951. Some effects of soll and
topography on oak yields In southern Michigar, Tech.
Note. 365. St. Paui, MN: U.8. Department of Agricutture,
Forest Service, Lake States Forest Experiment Station.

Crothers, Chatles. 1991, Tree shelters help ANF protect
oak stand. Pennsyivania Forests. 82(4): 22-23.



Frearson, i.; Weiss, N. D. 1987. Improved growth rates
within tree shelters. Quarterly Journal of Forestry. 81:
184-187.

Hilt, Donald E. 1977. introduction of black walnut and
northern red oak seedlings in an upland hardwood
forest In southeastern Ohlo. Res. Note NE-241. Upper
Darby, PA: U.S. Department of Agriculture, Forest Senvice;
Northeastern Forest Experirment Station.

Horsiey, Stephen B, 1981, Control of herbaceous weeds in
Allegheny hardwood forests with herbicides. Weed
Science. 29: 655-662.

Horsley, Stephen B. {in press.) Mechanisms of interference
between hayscented fern and black chetry, Canadian
Journal of Forest Research.

Johnson, P. S.; Dale, C. D.; Davidson, K. R.; Law, J. R. 1986.
Planting a northern red oak in the Missouri Ozarks: a
prescription. Northern Journal of Applied Forestry. 3:
65-68.

Manchester, E. H.; Roland, F. G.; Sims, D. H. 1988. Tree
shelters show promise for oak regeneration. Manags.
Bull. RB-MB-25. Attanta, GA: U.S. Department of
Agriculture, Forest Service, Southern Region.

McGee, C. E. 1967. Regeneration of southern
Appalachian oak stands. Res. Note SE-72. Asheville,
NC: U.S. Department of Agriculture, Forest Service,
Southeastern Forest Experiment Station,

Marquis, David A.; Brenneman, Ronnie. 1981. The impact of
deer on forest vegetation in Pennsylvania. Gen, Tech,
Rep. NE-65. Broomall, PA: U.S. Departmert of Agricufture,
Forest Service, Northeastern Forest Experiment Station.

Nyland, R. D. 1989. Past and present silviculture and
harvesting practices in central and northern
hardwoods. In: Proceedings, 31st northeast forest tree
improvement conference and 6th north central tree
improvement association; 1988 July 6-8; University Park,
PA. University Park, PA: Pennsylvania State University:
21-39.

Nyland, R. D.; Abrahamson, L. P.; Adams, K. B. 1982. Use
of prescribed fire for regenerating red and white oak in
New York. In: America's hardwood forests — opportunities
unlimited. Proceedings, 1986 naticnal convention of
Society of American Foresters; 1982 September 19-22;
Cincinnati, OH. SAF Publ. 83-04. Bethesda, MD: Society of
American Forests; 163-167,

Potter, M. J. 1988. Tree shelters improve survival and
Increase early growth rates. Journal of Forestry, B6:
39-41.

Phares, R. E. 1971. Growth of red oak (Quercus rubral.)
seedlings in relation to light and nutrients. Ecology. 52:
669-672.

Russell, T. E, 1971. Seeding and planting upland oaks. In:
Proceedings, oak symposium; 1971 August 16-20;
Morgantown, WV. Upper Darby, PA: U.S. Department of
Agriculture, Forest Service, Northeastern Forest
Experiment Staticn: 49-54.

Sander, 1. L. 1972. Size of gak advance reproduction key
to growth following harvest cutting. Res. Pap. NC-79.
St. Paul, MN: U.8. Department of Agriculture, Forest
Service, North Central Forest Experiment Station.

Sander, 1. L. 1977. Manager’s handbook for oaks in the
north centrat states. Gen. Tech. Rep. NC-37. St. Paul,
MN: U.S. Department of Agriculture, Forest Service, North
Central Ferest Experiment Station.

Sander, |. L. 1979. Regenerating caks with the
shelterwood system. In: Hegenerating oaks in upland
hardwood forests: John S. Wright forest conference; 1979
February 22.23; West Lafayette, IN. West Lafayette, IN:
Purdue University: 54-60.

Sander, I. L. 1980. Scme silvicultural and management
options for upland hardwoods of the mid-south. In:
Proceedings, mid-south upland hardwood symposium for
the practicing forest and land manager; 198G April 30-May
2: Harrison, AR. Tech. Publ, SA-TP-12. Atlanta, GA: U.S.
Department of Agriculture, Forest Service, Southeastern
Area, State and Private Forestry: 88-96.

Tilghman, Nancy G. 1989. Impacts of white-tailed deer on
forest vegetation in northwestern Pennsylvania.
Journal of Wiidlife Management. 53: 524-532.

Tuley, G. 1983. Shelters improve the growth of young
trees in the forest, Quarterly Journal of Forestry, 77:
77-87.

Tuley, G. 1985. The growth of young oak trees in shelters.
Forestry. 58: 181-195,

Walters, Russelt S. 1963. Past growth of yellow-poplar and
oak reproduction key to future. Res. Pap, C5-4,
Celumbus, OH: U.S. Department of Agriculture, Forest
Service, Central States Forest Experiment Station.

Weitzman, Sidney; Trimble, G. R., Jr. 1957. Some natural
factors that govern the management of oaks. Stn. Pap.
88. Upper Darby, PA: U.S. Depariment of Agriculture,
Forest Service, Northeastern Forest Experiment Station.

Wendel, G. W. 1980. Growth and survival of planted
hotrthern red oak seedlings In West Virginia. Scuthern
Journal of Applied Forestry. 4. 49-54.

Zastrow, D, E.; Marty, T, L. 1991, Tree shelter experiences.
In: Laursen, 8. B.; DeBoe, J. F., eds. Oak resource in the
upper midwest: implications for management; 1891 June
3-6; Winona, MN. St. Paui, MN: University of Minnesota:
198-205.

5

$7U. 5. GOVERNMENT PRINTING OFFICE: 1993~ 750~ 123/80000



Walters, Russell S. 1993. Protecting red oak seedlings with tree shelters
in northwestern Pennsylvania. Res. Pap. NE-672. Radnor, PA: U.8,
Department of Agricutture, Forest Service, Northeastern Forest Experiment
Station. 5 p.

Examines the growth and survival of planted and natural red oak seedlings
and seediings from planted acorns within translucent tan tree shelters, fences,
and unprotected controls under a shelterwood seed-cut stand. Seedlings
planted within tree shelters and fences were inside free shelters. Natural
seediings grew very little and their height inside and cutside of tree shelters
did not differ. Recommendations based on these results should improve
results from the use of tree shelters.

Keywords: artificial regeneration; seedling growth; Quercus rubra




Headgquarters of the Northeastern Forest Experiment Station is in Radnor, Penn-
sylvania. Field laboratories are maintalned at:

Amherst, Massachusetts, in cooperation with the University of Massachusetits
Burlington, Vermont, in cooperation with the University of Vermont

Delaware, Ohio

Durham, New Hampshire, in cooperation with the University of New Hampshire
Hamden, Connecticut, in cooperation with Yale University

Morgantown, West Virginia, in cooberation with West Virginia University
Orono, Maine, in cooperation with the University of Maine

Parsons, West Virginia

Princeton, West Virginia

Syracuse, New York, in cooperation with the State University of New York, -
College of Environmental Sciences and Forestry at Syracuse University

University Park, Pennsylvania, in cooperation with The Pennsylvania State Uni-
versity

Warren, Pennsylvania

~ The policy of the United States Department of Agriculture, Forest Service, prohibits
discrimination on the basis of race, color, naticnal origin, age, religion, sex, or
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.Q. Box 96090, Washington, DG 20080-609C.

“Caring for the Land and Serving People Through Research"



