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Summary

Since the arrival to North America of Cronartium ribicola, management of eastern white pine has been
driven by the need to avoid the actual or, in many areas, the perceived damage caused by white pine
blister rust. Although white pine has lost much ofy its former gominance, it remains a valuable species
for biotic diversity, aesthetics, wildlife habitat and forest products. Understanding its silvics and
damaging agents provides a sound basis for the silvicultural activities of site selection, regeneration and
stand tending. The species can be successfully grown in many locations despite herbivory, competition,
white pine weevil and blister rust. Forest managers can minimize damage by applying knowledge of
local conditions (climate, soils, physiography and vegetation) to hazard assessment, site selection and
preparation, vegetation management, and pruning. With appropriate management and a long-term
commitment, many eastern forests can be beneficially reforested to eastern white pine with little
impact from blister rust and other damaging agents.

1 Introduction

Historical logging practices, destructive wildfires and the introduction of white pine blister
rust, Cronartium ribicola J.C. Fisch. in Rabh., into eastern North America have
significantly influenced the prevalence and silviculture of eastern white pine (Pinus strobus
L.). The loss of local seed sources and threat of blister rust have deterred reforestation of
this valuable species over much of its native distribution (Fig. 1). For example, white pine
in the Lake States (Michigan, Minnesota and Wisconsin) was a major forest component
prior to the mid-1800s. In Wisconsin alone, over 7.3 million ha included significant white
pine populations from which over 104 billion board feet of lumber was removed between
1850 and 1930 (GevorkiaNTz and Zon 1930). Logging almost eliminated the mature white
pine resource and created conditions for the destructive fires which killed much of the
remaining seed sources; recovery has been slow. By the 1980s, the total area of the white
pine forest type in the Lake States was only 203,564 ha (SPENCER et al. 1992). Although
white pine remains a valuable timber species, it is predominantly managed now for
biodiversity, aesthetics, Christmas trees and wildlife habitat. Interest is building among
managers for the expanded reforestation of this adaptable species throughout its large
geographic distribution and across its wide, ecological range (STINE and BAuGHMAN 1992).

Few tree species in North America raise more concern over the threat of damage and loss
than eastern white pine. Successful management requires silviculture to minimize losses
from wildlife herbivory, vegetation competition, white pine weevil (Pissodes strobi Peck)
and blister rust (Daoust and BeauLieu 2004; KatovicH et al. 2004). In many cases,
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Fig. 1. Potential distribution of white pine blister rust in eastern North America. The expected
distribution of Cronartium ribicola is mapped over most of the natural distribution of eastern white
pine, Pinus strobus (adapted from LrrtLE 1971: Conifers and important hardwoods. Atlas of trees of
the United States. Misc. Publ. 1146. Washington, DC: U.S. Department of Agriculture, Forest Service.
[Online]. Available: http://esp.cr.usgs.gov/data/atlas/little/). The mapped blister rust distribution
includes all the natural distribution of white pine except for portions of the southern Appalachian
mountains and adjacent areas reported by ANDERSON et al. (1980) as not infested. Many, small, isolated
pine populations are not represented; and much of the native distribution is no longer occupied.

a silvicultural approach that does not consider the important local threats usually results in
planting failure, decreased tree growth, poor tree form and excessive tree mortality.
Numerous silvicultural guides and reviews for managing eastern white pine are
published (ANDERSON 1973; LaNCASTER and LEaK 1978; LANCASTER 1984; RoBBINS 1984;
StieLr 1985; HobpGe etal. 1989; Pinto 1992). Because white pine management is
dominated by concerns over a few major threats, the species is often viewed as difficult
to establish and maintain (Jones 1992). This reputation has produced decades of
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reluctance to reforest sites with white pine, in spite of its many, significant values. Recent
studies have demonstrated, however, that serious damage and loss from these threats are
confined to certain locations and are manageable on most sites (ANDERSON 1973;
LaNcasTER 1984; RoBBins et al. 1988). This review describes the management of eastern
white pine with the focus to identify hazardous locations and situations for regenerating
and tending the species and the silviculture used to minimize impacts from damage and
loss.

2 Factors critical to management of eastern white pine

2.1 Silvics

Eastern white pine grows on nearly every type of upland soil within its distribution and in
association with numerous hardwood and conifer species (STEARNS 1992). White pine is
found most frequently on soils with a high sand content, especially on finer sands or sandy
loams. Its best growth is achieved on nutrient-rich mesic soils, but vegetative competition
on these soils is often intense during regeneration.

Good seed crops of eastern white pine are produced on an average every 3-5 years;
successful natural regeneration is unlikely in a poor seed-year. Seed are wind disseminated
over relatively long distances of more than 213 m in open areas or 61 m within stands
(WENDEL and SmITH 1990). Seeds germinate on a variety of seedbeds including moist
mineral soils, moss clumps and moderate grass or deciduous-leaf litter; if protected from
full sunlight, seedlings can develop on these seedbeds (WeNDEL and SmiTH 1990). Dense
pine litter or lichens make poor seedbeds. Fire and blow-down are common disturbances
associated with white pine recruitment (ABRaMs 2001). White pine naturally reforests old
fields abandoned after agricultural use. Site disturbance that exposes mineral soil, especially
tip-up mounds, recent burns and eroded areas are generally favourable to seedling
establishment and early growth.

Eastern white pine is intermediate in shade tolerance, although this changes with age.
Young seedlings survive and grow with as little as 20% of full sunlight. Without release,
however, suppression substantially reduces growth and eventually kills many small trees.
Young seedlings typically grow slowly for the first few years and are easily damaged by
overtopping vegetation and browsers. A positive growth response after release from
competition and shade declines as trees age. White pines less than 30 years old with at least
one-third of their height in live crown respond well to release; but the response declines
rapidly after age 30 and with a decreasing crown ratio (WENDEL and SmrTH 1990). Because
eastern white pine is capable of living 350-400 years, it is a good candidate for retention as
a super-canopy tree under extended rotations and as a component of old-growth forests
(RoGers and LiNnpQuist 1992).

2.2 Threats and damaging agents

The major damaging agents limiting growth and survival of eastern white pine are: (1)
white-tailed deer Odocoileus virginianus Zimm. (KITTREDGE and AsHTON 1995) and
snowshoe hare Lepus americanus Erxl. (KaTovicH et al. 2004); (2) overtopping vegetation
(SmipT and PueTTMANN 1998; KRUEGER and PUETTMANN 2004); (3) white pine weevil
(GraHuAM 1918; WarLace and SurLivan 1985); and (4) C. ribicola (HirT 1956; PLOURDE
etal. 1991). Although Ribes (currant and gooseberries) are not themselves damaging
agents, they pose a threat as the alternate hosts (telial hosts) of blister rust on which the
inoculum infective to white pine is produced (Zamsino 2010). The white pine cone beetles,
Conophthorus coniperda (Schwarz), occasionally decimate a developing cone crop (GRABER
1964). The impacts of these damaging agents on white pine growth and survival vary in
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severity both locally and regionally (KatovicH et al. 2004). The challenge in designing and
implementing the appropriate silviculture for white pine management is to evaluate the
significant, local threats and to develop effective practices for avoiding or mitigating
damage and loss.

3 Silviculture

3.1 Site selection

Although eastern white pine can occur on a wide range of sites, several threats limit the
sites where investment in white pine silviculture can be made without significant risk.
Prudent site selection includes an assessment of the expected populations of wildlife and
insect herbivores, the potential for woody and herbaceous competition, hazard for blister
rust and the distributions of Ribes species. Although nutrient-rich, mesic sites have the
greatest potential for white pine seedling growth, these sites often support abundant
population of competing vegetation and Ribes. To limit potential impacts from damaging
agents, managers usually favour sites that are dry to mesic, have poor to medium nutrient
levels, and a high potential for establishment, growth, and survival of white pine (MADER
1985; Korar 1992).

3.1.1 Herbivory

Wildlife herbivory of eastern white pine from browsing by white-tailed deer and hare
varies from year-to-year with population cycles. Although herbivory is difficult to predict
from site characteristics alone, repeated browsing of young white pine is common. Damage
severity is affected by the availability of alternate food sources and the height of the
surrounding vegetation (SAUNDERS and PUETTMANN 1999a). Paper bud-caps are used to
protect white pine terminals from browsing (BARNACLE 1997); but commercial chemical
protectants and home remedies such as placing human hair, soaps and other substances
within plantings have had limited success.

3.1.2 Competition and overtopping

Overtopping vegetation in open fields especially on nutrient-rich, mesic sites stresses
young eastern white pine by competition and shading. The severity of stress generally
decreases as site quality decreases. However, the specific relation between site quality and
stand structure is difficult to predict because young trees compete with overstory trees,
mid-canopy trees and understory vegetation for light and nutrients (SMIDT and PUETT-
MANN 1998). Nonetheless, recognizing the potential for competition and mitigating stress
by site preparation are critical for successful white pine regeneration.

3.1.3 White pine weevil

Site and stand conditions strongly influence the severity of damage by white pine weevils
to young eastern white pine. Trees growing in full sun are vulnerable to weevil attack;
whereas shade-grown trees with slow shoot growth and reduced bark thickness are rarely
attacked (GRAHAM 1918; SuLLIvAN 1959; WALLACE and SurLLivan 1985; MAJOR et al.
2009). White pine weevils prefer laymg eggs in leaders with a bark thickness of 1.8-2.2 mm
(SuLLivan 1961) and select fast growing, vigorous trees with thick succulent bark (Kr1EBEL
1954). Growing white pine under shade, however, involves a tradeoff as strong shade itself
reduces tree growth and survival. Trees with 50-75% of full sunlight can achieve good
growth at tolerable levels of weevil damage (STiELL and BERRY 1985).
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White pine weevil populations and attack frequency are not uniform across the
distribution of eastern white pine (PIKE et al. 2003). Weevil attack is usually very
common in northern Wisconsin; but weevil populations are so low in southwestern
Wisconsin that even open-grown white pine are rarely attacked. Such geographic
differences illustrate the value of evaluating the local threat from a potentially damaging
agent; in some locations, young white pine could be safely be grown in full sun without
weevil damage.

3.1.4 Blister rust

The hazard to eastern white pine for infection by C. ribicola depends on the abundance of
Ribes within the locality and across the landscape, that is at scales of 100s of meters to 10s
of kilometers, respectively. Blister rust basidiospores are dispersed by diffusion and mass
transport (VAN ARsSDEL et al. 2006). Diffusion in low velocity turbulence occurs on a local
scale from a Ribes bush, inoculum source; by settling and dilution, spore concentration
declines rapidly with distance. Mass transport occurs by laminar air flow at multiple scales
and can effect long-distance dispersal to white pine many kilometers from the source
(VAN ARrsDEL 1967, 1972). Sites where basidiospores are likely to be deposited and where
they are likely to encounter conditions conducive to germination and infection include
frost pockets, small canopy gaps, north aspects, west aspects and slope bases (VAN ARSDEL
1961, 1964). These are high hazard sites where most young white pine are likely to be
infected if they are exposed to inoculum from either a local or distant source. In contrast,
the tops of hills, slope shoulders, south and east aspects, and under an existing canopy are
low hazard sites where many young pine are likely to escape infection (VAN ARsDEL 1961,
1964).

Blister rust control in eastern white pine largely depends on escape owing to regional
climate or landscape-site factors that determine the development and dispersal of blister
rust at various life-cycle stages (GEILs et al. 2010). Temperature, moisture and air flow are
critical environmental conditions that affect pathogen growth, spore dispersal, germination
and infection (VAN ARSDEL et al. 1956; VAN ARrsDEL 1961). The stages most influenced by
the environment are the telial stage on Ribes which is favoured by cool summers and
basidial stage which requires a long, cool, wet period (~48 h, <20°C, ~100% relative
humidity) to form basidiospores, disperse, germinate and infect the white pine (Van
ARSDEL et al. 1956).

White pine blister rust hazard is mapped at a regional scale for distinguishing among
broad geographic zones that vary in the environmental risk of supporting an infestation.
Such maps are available for the Northeastern and Lake States, Quebec, and Ontario
(CHARLTON 1963; VAN ARSDEL 1965a,b; LAVALLEE 1974, 1986b; ANDERSON et al. 1980;
Gross 1985; WHITE et al. 2002; VAN ARSDEL et al. 2006). When used with site-specific
knowledge of local climate, physiography and vegetation, a hazard map helps minimize
risk by identifying landscapes where disease control practices such as site selection and
pruning could be effective. Sites in low hazard zones usually require no special
management for blister rust; whereas in the moderate and high zones, blister rust control
or deferred investment in white pine are usually advisable (VAN ARsDEL 1961, 1964). For
example, low hazard zones in Ontario and Quebec are narrow and limited to southern
areas where white pine can be grown without blister rust control (Gross 1985; LAVALLEE
1986b). In the moderate hazard zone, sanitation and preventative pruning provide for
adequate survival of plantation white pine (LAFLAMME et al. 1998). In the high hazard zone
to the north, the great likelihood of severe infestation makes white pine silviculture a risky
investment.

The hazard on a particular site, however, varies from the regional norm owing to such
factors as local climate (frost pockets), topography (aspect), landscape features (lakes) and
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vegetation (host abundance). Within a low hazard zone, the location of a site relative to
nearby lakes can raise the risk of infection by long-distance dispersal (VAN ARSDEL 1965a;
b); conversely, within a high hazard zone, a scarcity of Ribes across the landscape (because
of soil, canopy closure, or past removal) permits white pine reforestation with little or no
danger from blister rust (Rossins et al. 1988; Danir and Cummings 2001). This again
underscores the importance of assessing spec1ﬁc, local site conditions rather than relying
exclusively on reglonal averages.

Recently, interest in expanded commercial and hobby cultivation of Ribes for
production of currant and gooseberry fruit has developed in a few locations (MASHBURN
2000). Because many agencies have outdated or no regulations on Ribes cultivation
(McKay 2000), a concern is raised that expanded Ribes production increases the threat of
blister rust to white pine (BErRGDAHL and TerLLon 2000). Although some cultivars of
R. nigrum L. are immune to blister rust, susceptive cultivars of the European black currant
produce more inoculum than most native Ribes species (ZamBINO 2010). Ribes cultivation
practices that could minimize the threat to white pine include hazard assessment for
selecting plantation and orchard sites, use of resistant cultivars, and cultural practices that
reduce inoculum (Muir and Hunt 2000; HumMMER and DaLg 2010).

3.2 Regeneration

3.2.1 Site preparation

The goal of site preparation for regenerating eastern white pine is to create a seedbed and
remove competing vegetation. Mixing litter with mineral soil and protecting seedlings from
full sunlight provides an optimum seedbed. A suitable seedbed or planting site has slash
and brush cleared and mineral soil exposed over 40% or more of the area (STIELL 1985).
Prescribed burning eliminates the duff layer and removes competition, especially from
balsam fir (Abies balsamea (L.) Mill.). Early spring burning reduces cone beetle
populations overwintering in dead cones on the forest floor (MiLLER 1978).

3.2.2 Regeneration systems

Eastern white pine are successfully regenerated with clearcutting, seed-tree, shelterwood
and strip-cutting silvicultural methods (LancasTer and Leak 1978). On many sites,
regenerating white pine maintains or returns to the landscape a significant, seral species
(Locey 1992). Whether seeding is natural or planted, the choice of seed source is important
to maintain genetic diversity (Rajora et al. 2000). The early establishment phase is the
most critical period for white pine regeneration. Understory brush control and protection
from herbivory reduce the damages to young trees that would seriously reduce growth and
survival (SAUNDERS and PUETTMANN 1999b).

3.2.3 Natural regeneration

Eastern white pine can be naturally regenerated with the silvicultural methods of
shelterwood, seed-tree and clearcutting if there is an adequate seed source (STIELL 1985).
For avoiding or mitigating damage, each method has its own merits and drawbacks.
Generally, the preferred regeneration method for white pine is the two-cut shelterwood
system, because the prepared seedbed favours seed germination and early seedling growth
and maintenance of the overstory reduces C. ribicola infection and weevil attack
(Lancaster and Leak 1978). Scarifying the site one year before the first cut maximizes
seedling establishment (Burgess and WerzeL 2000); residual trees usually respond
favourably to a later release-thinning.
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Partial removal of the overstory to 50% full sunlight is usually sufficient to release
advanced regeneration but retain an adequate canopy to minimize blister rust infection and
weevil attack. The cautions to partial removal are that logging wounds residual trees which
develop stain and decay (WHITNEY 1991) and that opening the canopy permits Ribes
invasion (ZaMBINO 2010).

Seed-tree and clearcutting methods do not provide adequate shade to control blister rust
and weevil damage to acceptable levels. In addition, on many nutrient-rich, mesic sites, the
lack of shade is likely to increase herbaceous and woody competition. However, young
white pine will grow faster under full sunlight than under shade. Where white pine can be
grown at stand densities as high as ~2000 stems per ha weevil damage can be minimized.
Even with frequent weevil attack, an adequate number of high quality crop trees can be
produced under open-grown conditions if selective thinning is used to favour crop trees
and pruning to correct weevil damage (PuBanz et al. 1999).

Strip cuts can limit white pine weevil attack (STIELL and BERRY 1985). In conifer stands, a
properly oriented opening with a ratio of strip width to stand height from 0.66 to 1.00
provides adequate shade to significantly reduce weevil damage. Strip cuts are not effective
in hardwood stands as the leafless trees in the spring do not provide adequate shade when
adult weevils are dispersing.

3.2.4 Artificial regeneration

Planting is used to reforest sites with inadequate seed sources or lacking advance
regeneration. Bare-root and containerized stock are planted with success where site
preparation removes competing vegetation. Planting in a clearcut, small canopy gap, or
open field requires weighing the potential for greater tree growth against the threat of
increased rust and weevil damage.

The spacing at which seedlings are planted is based on several considerations, including
seedling and planting costs, tree growth and crown closure objectives, thinning oppor-
tunities and the prevailing local threats. Dense stocking of ~2000 stems per ha controls
crown development, reduces weevil attack, increases natural branch pruning and provides
sufficient trees for future commercial thinnings. A common management goal is to produce
250-495 crop trees per ha at the end of the rotation.

Genetically, eastern white pine is highly variable and adapted to a wide range of
environments (KRIEBEL 2004). Families have large differences in average growth rates for
height, diameter and volume; individuals within families differ greatly in growth potential.
Genetics programs in Canada and United States are selecting and breeding several species
of North American white pine for blister rust resistance and timber quality (see KING et al.
2010). Eastern white pine has been examined for resistance to white pine weevil, but
selection and breeding success has been limited (Daoust and BeauLieu 2004; KRIEBEL
2004). Although artificial inoculations of eastern white pine failed to identify significant,
genetic resistance to C. ribicola (Lu et al. 2005), other experimental evidence suggested
there is rust resistance in the species (JURGENS et al. 2003; KaTovicH et al. 2004; SmrTH
et al. 2006a). Improved planting stock is not available that has proved effective genetic
resistance to blister rust or weevil.

3.3 Stand tending

3.3.1 Release

On sites with competing hardwoods, periodic release prevents overtopping of young white
pine. After partial removal of a hardwood overstory, white pine quickly responds with
increased height and diameter growth (Kevty and EnTcHEVA 1993; PUETTMANN and
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SAUNDERs 2000). White pine 40-80 years old, under a canopy of aspen (Populus) and paper
birch (Betula papyrifera Marsh.) can be released (BURGESS et al. 2005), but release before
age 30 is generally preferred. Removing intolerant hardwoods significantly increases white
pine growth across a broad range of residual basal area. But, white pine trees grown under a
canopy of oak (Quercus) or maple (Acer) usually fail to gain position in the upper canopy
and die (WeNDEL and Smrra 1990).

Girdling overstory hardwoods may prevent mechanical damage to understory white
pine and encourage white pine growth without weevil attack. Little damage from dead
overstory oak occurred if girdling were carried out when white pine were 1.5-3.0 m tall
(Katovica and MoRrsg 1992).

3.3.2 Pruning

Pruning eastern white pine is conducted to increase quality, remove or prevent blister rust
cankers, and correct weevil damage (WEBER 1964; LEHRER 1982; HuNT 1991; LAVALLEE
1992; LaArLAMME et al. 1998). Early pruning of lower branches can effectively reduce the
development of lethal cankers, the majority of which occur in the lower crown (LAVALLEE
1991). As persistent needles on the lower stems of young trees also serve as blister rust
entry courts, these are often removed as well (KaTovicH et al. 2004). Control of competing
vegetation encourages the rapid early growth of seedlings that allows for early pruning.
Pruning 2.7-5.2 m of the lower stem and maintaining two-thirds of the live crown of a
small tree reduces the likelihood of lethal infection and begins development of a clear bole
(knot-free wood). Systematic, preventative pruning is more effective than removal of
infected branches and is usually conducted when a plantation is less than 15 years old or
earlier on high hazard sites (LAvALLEE 1991, 1992). Because pruning temporary reduces
growth, pruning on high hazard sites is often restricted to only the most vigorous trees
(ZENNER et al. 2005).

Corrective pruning of white pine is conducted following weevil attack (HODGE et al.
1989; KatovicH and MIELKE 1993; LavaLLEE et al. 1997). Although corrective pruning can
be performed at any time during the year, pruning in mid-July to mid-August when
weevils are present is opportune. Pruning and destruction of dead terminals at this time not
only corrects the injury but reduces the weevil population. However, destroying the
terminals also kills the natural enemies of the weevil in the infested terminals; LAVALLEE
et al. (1997) described how to prune infested leaders while establishing and maintaining
these natural enemies. In Quebec, pruning to control for weevil is performed yearly until
trees reach 4.9 m height (LAFLAMME et al. 1998).

Sanitation pruning and canker excision are sometimes used in intensively managed white
pine plantations or for valuable trees in amenity plantings. Branches with blister rust
cankers are removed before the fungus gains entrance to the trunk (NicHoLLs and
ANDERSON 1977), and small trunk cankers are excised by removing visibly affected tissues
plus a portion of apparently surrounding healthy tissue. HAGLE and Graszam (1988)
determined that operational thinning can be 98% effective and canker excision 81%
effective in sanitizing a stand.

3.3.3 Thinning

Stocking control increases the stand growth and yield of eastern white pine. For
improving stand volume yield, thinning is conducted when trees are 18-20 cm diameter.
Earlier thinning reduces the natural, self-pruning of lower branches. As lower branches
are retained in young, open stands, a heavy wave of blister rust infection could lead to
severe mortality as infections in the lower crown can develop into lethal cankers. In
New Hampshire, a release cutting at age 40 that removed sawtimber and retained 247
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crop trees per ha substantially increased yield of a white pine stand (DesmaRrars and
Leak 2005). Mature white pine grown in Minnesota at relatively high basal areas
(32 m* ha™") maximized volume production and other benefits of long rotation by
adjusting for delayed blister rust mortality and reducing hardwood competition
(ANDERSON et al. 2002). LiviNgsTON et al. (2005) suggested thinning smaller trees in
overstocked stands on drought-stressed sites to maintain growth and survival of crop
trees.

3.3.4 Protection

In areas where browsing of young white pine by deer and snowshoe hares is severe, either
chemical deterrents or rigid mesh tubes and paper bud-caps are used to reduce damage to
terminal leaders (WarDp and MervosH 2008). These treatments are applied as needed
depending on tree growth rate, snow depth and population size until the white pine have
grown above the browsing height.

Local eradication of Ribes from sites intermediate in blister rust hazard can be effective
in reducing damage to eastern white pine (STEWART 1957; POMERLEAU and BARD 1969; VaN
ARrsDEL 1972; OsTROFSKY et al. 1988). However, in high hazard areas, dispersal of
basidiospores from outside the control area reduces the effectiveness of eradication.

3.4 Additional management opportunities

Planting and maintaining eastern white pine within the various forest types of eastern
North America can increase species and age diversity on many sites. Even a small
component of white pine in a stand provides a future seed source for the species. Retention
of white pine seed-trees within aspen forests can maximize structural and compositional
diversity in commercially managed stands (PaLik and Precrrzer 1994). However,
regenerating white pine in young aspen stands often requires several release cuts to reduce
competition from the overstory aspen (CLEMENTS 1966; ZENNER et al. 2005). Managing
advance regeneration or introducing white pine into red pine (Pinus resinosa Ait.) stands or

Fig. 2 Super-canopy eastern white pine with eagle’s nest. (a) white pine with topkill by blister rust,
nest and young bald eagle (photo by T. Nicholls). (b) white pine with upper crown emerging above the
general forest canopy and supporting an eagle’s nest (Forest Service photo).
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declining paper birch stands effectively diversifies these stands; and the shelterwood
afforded by these species increases shade and may reduce blister rust and weevil damage.
Planting both white and red pine seedlings in plantations increases diversity and provides a
seed source for future white pine regeneration. Natural disturbances such as wind and fire
provide additional opportunities to reintroduce white pine.

Old-growth eastern white pine maintained as super-canopy trees serve as nesting and
foraging sites for a wide variety of wildlife species (ROGERs and LiNDQUIST 1992) and as
valuable seed sources. A super-canopy tree with a blister rust-killed top can live for many
decades and still prov1de many ecological services (Fig. 2). The silvicultural approaches
described in this review can be used to develop additional super-canopy trees.

4 Conclusions

Although planting eastern white pine has been severely curtailed for the last several decades
because of the threat of C. ribicola and other damaging agents, white pine is flourishing in
many eastern forests. Paleoecological studies reveal that white pine has survived in a wide
range of environments and adjusted to past climatic changes. Evidence suggests that a
warmer climate would favour the establishment of white pine regeneration and that white
pine would tolerate the warmer, drier conditions that could reduce infection by blister rust
(Jacosson and DiErrENBACHER-KRALL 1995).

Eastern white pine could be restored to many additional areas in eastern North America
if specific factors that adversely impact white pine growth and survival on individual sites
are addressed. White pine reforestation would benefit from: (1) proper site selection and
planning; (2) application of knowledge of the local environment, including climate, soils,
topography, vegetation and animal populations; and (3) timely and appropriate silvicultural
intervention.

Management of eastern white pine benefits from a thorough site assessment of the
potential impacts and mitigation costs of damaging agents and diseases, including
herbivores, competing vegetation, white pine weevil and blister rust. Risks from competing
vegetation and blister rust are minimal on warm, dry sites with fine sands or sandy loams
and where Ribes are absent. Suitable seedbeds include moist mineral soils, moss and
moderate grass and deciduous-leaf litter where seedlings are protected from full sunlight.
Airflow, temperature and moisture are least conducive for blister rust infestation on
hilltops, steep slopes and south or east facing slopes. Sites with low risk for blister rust
infection or weevil attack provide an option for growing white pine in full sunlight to
maximize tree growth. Densities as high as 2000 stems per ha in large openings or under a
50% canopy cover limit blister rust and weevil damage, promote early branch pruning, and
provide sufficient number of trees for future commercial thinnings. Removal of competing
vegetation when white pine are 6 m tall or when the pine reach the lower crowns of the
upper canopy and thinning stands when trees are 18-20 c¢m in diameter increase white pine
growth. Pruning 247-495 trees per ha beginning at age 2-5 years, retaining two-thirds live
crown, and removing Ribes within white pine plantings in moderate rust hazard zones
reduce blister rust damage.

R. R. HirT (1956) wrote ‘After fifty years of blister rust, perhaps we can truthfully say
that the rust is not the greatest deterrent to reforesting with white pine in the northeast.
White pine weevil damage, poor growth, early deterioration and death of artificially
established stands on poorly chosen sites and soils have discouraged many potential
growers. As silviculture, management and protection practices for white pine improve, the
species may be looked upon with greater favor’. With new tools and knowledge of how to
manage this species today, we believe it is time to renew our efforts to restore white pine in
eastern forests.
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