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CULTURAL METHODS FOR ESTABLISHING
SUGAR MAPLE IN FIELD PLANTINGS

Lewis J. Staats and Colin A. Campbell

ABSTRACT. A sugar maple plantation designed to examine specific cultural
practices for efficient planting and enhancement of seedling survival and
growth was established in 1997 at Cornell University's Uihlein Sugar Maple
Research/Extension Field Station near Lake Placid, New York. For 6 growing
seasons after planting, the performance of specific treatments including tree
shelter designs, weed control mats, and combinations of treatments for
seedling survival and growth were measured. Treatments that were installed
in combination with weed control mats provided increased seedling survival
and enhanced growth increment during the study period. 

BACKGROUND
The planting of sugar maples (Acer saccharum Marsh.) has been noted for

well over two hundred years and can be evidenced by large, stately sugar
maples growing in rows along rural roadsides throughout New England
(Yawney 1982). Roadside maples, resulting from a significant planting effort
over one hundred years ago, remain a common sight in southern Ontario
(Chapeskie 1995). The interest for establishing plantations of sugar maple on
abandoned agricultural land, for replacement of sugar maples lost to highway
right-of-way expansion, and to enhance stewardship of privately owned land
has remained high among rural landowners and maple producers (Teel and
Lassoie 1991; Krasny et al. 2001). The merits of planting sugar maple on a
good growing site offer a potential for development of a grove of vigorous
maples with the choice for an accessible location. Seedlings growing on a
good site and properly maintained could reach a diameter of 10 in. (25.4 cm)
in 20 to 25 years, much less than the time required for a similar diameter to
be achieved in an unmanaged forest setting (Koelling and Heiligmann 1996).  

However, the development of sugar maple plantings has met with mixed
success and the maintenance required to encourage high seedling survival
and desirable growth may be intensive (Chapeskie 1995). Although the
species occurs on a variety of sites, the sites with fertile, moist, well-drained
soils offer the most growth potential (Godman et al. 1990) and the most return
of labor and investment. But even under very good site conditions, the risks
of animal damage, environmental damage, and disease can be encountered.
An analysis by Winch in 1937 concluded the most significant factors con-
tributing to poor success of hardwood plantings were planting on sites not
suitable for hardwoods, competition from field vegetation, and animal dam-
age.  

An application designed to increase seedling survival and performance was
the introduction of the tree shelter. Developed in Great Britain in 1979 and
now used throughout the United States, the use of tree shelters is intended to
offer protection for seedlings combined with a potential for enhanced growth
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(Robison 1991). Tree shelters are generally manufactured in cylindrical or
square form about 4 to 6 in. (10.2 - 15.2 cm) in diameter and ranging from 2
to 5 ft (0.6 - 1.5 m) in height. The shelter is generally installed with plastic ties
attached to a wood support or anchor stake driven into the ground. Tree shel-
ters are designed to protect seedlings against damage from mice, rabbits, or
other rodents during the early years of establishment, and against feeding and
mechanical damage from deer or grazing animals if applied in pasture set-
tings. In addition, other benefits for seedlings stated by distributors for the
design and use of tree shelters are reduced moisture stress, increased car-
bon dioxide levels within the shelter, and reduced drying and mechanical dam-
age caused by wind. Tree shelters are currently available in various designs
including seamed and seamless, solid, perforated, and mesh texture. To
reduce the competition of field vegetation in the root zones of seedlings, weed
mats can be installed in combination with tree shelter applications. Weed mats
are generally about 3 ft (0.9 m) square manufactured of black plastic materi-
al with a hole or slot in the center for the seedling and held in place at each
corner of the mat by metal staples inserted in the ground. 

THE STUDY SITE
The study took place at the Cornell University, Uihlein Sugar Maple

Research/Extension Field Station (USMFS) near Lake Placid, New York. The
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specific study site consists of Berkshire sandy loam moderately stony with a
southeasterly aspect and slope of about 4 percent at an elevation of about
1980 ft (604 m). The site consists of abandoned agricultural land selected in
large part because of its similarity to sites available and preferred by landown-
ers and maple producers for establishing sugar maple plantings. Tree species
on the site consisted of scattered small diameter pin cherry (Prunus pensyl-
vanica ), black cherry (Prunus serotina), and red spruce (Picea rubens) along
with coarse grasses (Poaceae) and blueberries (Vaccinium corymbosum).
The presence of several wildlife species that offered potential feeding or
browsing on sugar maple (Acer saccharum) seedlings included white-tailed
deer (Odocoileus virginianus), snowshoe hare (Lepus americanus), and field
mice (Peromyscus leucopus) .

METHODS
Site preparation during the fall of 1996 included removal of shrubs and small

trees including stumps followed with surface preparation with tractor and har-
row, and removal of surface stones. 

In preparation for the study, sugar maple seedlings (a bulk collection of seed
derived from clonal orchard selections) were propagated in the USMFS
greenhouse for two years in 3 in. (7.6 cm) diameter by 9 in. (22.9 cm) long
containers. Seedlings averaged 14.5 inches (36.8 cm) in height at the time of
planting in May 1997. 

The experimental design consisted of randomized complete block design
with 6 tree row plots (multiple-tree contiguous) of 9 treatments in 4 replications
(54 seedlings per replication x 4 replications for 216 seedlings total).
Seedlings were planted at a spacing of 6.6 ft (2 m) within rows with 8.2 ft (2.5
m) between rows. Treatments (Figure 1) were comprised of solid tree shelters
4 ft (1.2 m) in height, "hybrid" tree shelters 4 ft (1.2 m) in height (half solid
material consistent with 4 ft (1.2 m) tree shelters with upper half of plastic
mesh), tree mats1consisting of black porous fabric 3 ft (0.9 m) square for con-
trol of weed competition, fertilizer (10-10-10 granular) applied in a 3 ft (0.9 m)
diameter circle around the seedling the first year of the study at the rate of 4
oz (280 ml), combinations of each, and a control. The materials for treatments
were installed at the time of planting following the manufacturer's installation
guidelines. For the control (a seedling without the effects of shelters, mats,
etc. to serve as a comparison against seedlings established with study mate-
rials) and in treatments where no commercial tree shelter was used, a cylin-
der of ½ inch (1.3 cm) wire mesh 8 in. (20.3 cm) in diameter by 4 ft (1.2 m) in
height was placed for protection against risk of damage or loss of seedlings
by wildlife feeding and/or browsing for the duration of the study. 

At the time of establishment in 1997 and following each growing season for
6 consecutive years, height of the seedlings in the study was measured to the
nearest 0.5 cm to determine annual growth increment. Also noted at the time

1Vispore tree mats and tree shelters were obtained from Treessentials Company. No endorse-
ment of product by Cornell University is intended or implied.
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of annual measurements was seedling mortality, presence of dieback on
seedlings, material failure of treatments (tree shelter or weed mat breakdown
or damage), and insect and/or wildlife presence and/or damage.

RESULTS AND DISCUSSION
Survival

Survival after one growing season was nearly 100 percent (mortality of 2
seedlings) for the entire study. After 6 growing seasons, overall survival was
74 percent (mortality 56 seedlings). Seedling survival by treatment is pre-
sented in Table 1.

FIGURE 1. Cultural study with applied treatments.
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Table 1. Seedling survival by treatment/year.
Percent survival of sugar maple seedlings by treatments
Treatment 1997 1998 1999 2000 2001 2002
Tree shelter 100 100 100 88 54 42
Hybrid shelter 100 100 92 75 50 42
Weed mat 100 100 100 100 100 96
Fertilizer 100 100 96 96 92 88
Tree shelter x mat 100 100 100 100 83 67
Tree shelter x mat x fert 100 100 100 96 79 75
Hybrid shelter x mat 100 100 100 100 92 83
Hybrid shelter x mat x fert 100 96 92 92 88 83
Control 92 92 92 92 92 92

Evidence of Dieback
The occurrence of dieback of terminal shoots, branches, and twigs

observed at the time of annual measurements was recorded. The incidence
of dieback or loss of annual shoot growth as a result of dieback was taken into con-
sideration for determining annual seasonal growth. 

Growth
Seedlings averaged 14.5 in. (36.8 cm) in height overall at plantation estab-

lishment in 1997. After 6 growing seasons, surviving seedlings averaged 51.6
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in. (131.1 cm) in height for the entire study. The mean growth overall for those
seedlings surviving after six growing seasons was 35.9 in. (91.3 cm). The dif-
ferences in the average growth of seedlings by prescribed treatments over the
six growing seasons are clearly illustrated in Figure 2. Seedling growth in
treatments with a weed mat (a mat alone or in combination with other treat-
ments) is well above the average growth for the total plantation. The greatest
seedling growth for the six-year period was achieved with the tree shelter x
mat x fertilizer combination followed by the hybrid shelter x mat, hybrid shel-
ter x mat x fertilizer, mat, and tree shelter x mat. Likewise, in those treatments
where no weed mat was installed mean seedling growth for the six growing
seasons following planting was comparable, 23.2 - 26.8 in. (58.8 - 68.0 cm)
and below the average overall growth for the plantation of 35.9 in. (91.3 cm). 

Materials and Maintenance
Cultural treatments at the planting site were examined at the time of each

annual measurement and following periods of high wind or major weather
events. Tree shelter support stakes required reseating (two to five per year)
and a minimum replacement of stakes (less than five annually) was necessary
after 3 years. Reattachment of tree shelters to stakes was minimal but did
occur (less than two annually). Weed mats were found to start breaking down
after three years in the field. This consisted of ripping near the stapled cor-
ners, and a minimal number of weed mats were found damaged as though

FIGURE 2. Mean seedling growth by cultural treatments for six grow-
ing seasons.



February 2004 29

they were scratched by the claws of an animal. Based on evidence on the site,
it was suspected that foxes or coyotes present in the area may have damaged
the weed mat while in pursuit of mice possibly present under the mat materi-
al although no mouse damage to seedlings was noted. Resetting of staples in
undamaged segments of the weed mats provided continued use and benefit
of the weed mats. No mowing or weed control other than that provided by
treatments took place in the plantation area during the study period.

Fertilizer was applied in specified treatments the first year of the study. In
that the fertilizer treatment was in combination with other treatments and addi-
tional applications would require disturbance of treatments in place such as
weed mats, no further applications were made.

Insect and Animal Damage
The presence of white-tailed deer was evident on the study site but minimal

feeding activity was noted throughout the study site. Insect presence and sub-
sequent feeding was noted during the study period but no significant feeding
or foliar damage was found on seedlings. Although evidence of snowshoe
hare and field mice was observed in the study area, no stem basal damage
on study seedlings occurred during the six-year period.

Management Implications
Our experiences during the duration of this study agree with recommenda-

tions by tree shelter distributors that planting sites should be checked annual-
ly at a minimum to maintain the performance and benefits of tree shelters and
associated materials. High wind may cause tree shelters to become tilted or
removed away from seedlings. Anchor stakes may become loosened in the
soil, broken, or damaged and may require replacement or reseating. Weed
mats, if damaged at stapled anchor points, can continue to be serviceable by
resetting the staples to an undamaged area of the mat. 

After two growing seasons, stem dieback was noted during the annual
examination and measurement (less than 10 percent of seedlings) throughout
the plantation in treatments with the use of tree shelters. The dieback
occurred predominately on seedlings that had not achieved a height beyond
that of the tree shelter. After seedlings grew beyond the height of the shelter,
stem dieback was insignificant and annual shoot growth increased substan-
tially. Similar experiences by Rye2 suggest stem dieback in sugar maple may
occur as a result of more favorable growing conditions developed within the
tree shelter environment encouraging growth to continue later in the normal
growing season. Because the increased stem growth continues to grow later
in the growing season within the shelter, the tender growth is subject to dam-
age from early fall frosts unlike the stem growth that has undergone harden-
ing late in the growing season on seedlings without a shelter. Obviously, the
cause and effect of stem dieback within the tree shelter is subject to the vari-
ables of climate during the growing season, such as rainfall, temperatures,
and severity

2Personal communication A. Rye, USDA Forest Service, NEFES, Burlington, Vermont, 2002.
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of early autumn frosts. Furthermore, site quality, size and vigor of seedlings,
and growing conditions, individually or combined may influence seedling sur-
vival and rate of growth. 

During the duration of this study, tree shelters accomplished their protection
role for sugar maple seedlings from potential damage from wildlife, mainly
crown feeding by white-tailed deer and basal damage by field mice and snow-
shoe hare during winter under deep snow cover common to the study site
region. It should be noted, however, deer population in the region during the
study period was reported as 2.6 to 3.4 deer per square mile3, which is much
below deer populations in other regions where sugar maple plantations are
established. A wild grass common to the area, quack grass (Agropyron
repens), was easily recognized as a potential competitor with the sugar maple
seedlings because of its prominent rhizome but was completely controlled in
the sugar maple seedling root zone with the use of the weed mat. Control of
weed competition is very important during the initial planting phase and for the
first few growing seasons for developing sugar maple seedling root systems
(Godman et al. 1990). 

In addition, reduced precipitation amounts in the area during the study peri-
od may have had an impact on survival during dry periods, especially during
the early segment of the growing season when moisture is critical to initiate
and sustain plant growth. Seedling survival for nearly all of the treatments was
dramatically reduced during the 2001 growing season (Table 1) and coincides
with limited precipitation during a critical time in the growing season. When
drought occurs during summer when trees are storing carbohydrates, the
health and vigor of trees can be reduced ((Koelling and Heiligmann 1996). For
April and May of 2001, precipitation recorded at a nearby weather station4

measured 0.63 and 2.57 in. (1.60 and 3.95 cm), respectively, substantially
below the five-year average (1998-2002) of 2.63 and 3.47 in. (6.68 and 8.81
cm) for the months of April and May. Available soil moisture for the 2001 grow-
ing season may have been even more impacted as precipitation for the area
totaled 21.91 in. (55.65 cm) from January through August well below 26.43 in.
(67.13 cm), the five year average for the eight-month period. Supplemental
watering of seedlings was not a design for this study and would have been dif-
ficult to perform at the remote planting site. In the early years of sugar maple
plantations established by landowners, however, supplemental watering on a
weekly basis is suggested during drought periods (Coons 1987). 

The results of this study suggest the use of tree shelters (both solid and
upper half ventilated termed "hybrid shelter") combined with the use of a weed
mat provided higher sugar maple seedling survival and yielded greater height
growth for six growing seasons following initial planting. The difference in
growth increment for seedlings in treatments with the weed mat installed,

3Personal communication R. Inslerman, NYSDEC, Raybrook, NY, 2003; 2001 NYS 20-Yr. Deer
Book.

4Annual Precipitation Summary-National Climatic Data Center, Station: Lake Placid, NY.
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average of 44.4 in. (112.8 cm), compared to growth increment for the control,
26.8 in. (68 cm), illustrates the substantial benefits for use of the weed mat.
The study indicates the minimal additional investment of weed mats placed
with tree shelters is insignificant compared to the benefits the mats provide for
controlling herbaceous vegetation to allow seedlings to compete for moisture
and nutrients. Along with healthy seedling stock and proper planting site, the
use of tree shelters with weed mats not only offers seedling protection but also
can increase survival and enhance seedling growth during the early years of
open field planting establishment of sugar maple (Figure 2).
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