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Regenerating white spruce, paper birch, and
willow in south-central Alaska1

E.C. Cole, M. Newton, and A. Youngblood

Abstract: The current spruce bark beetle (Dendroctonus rufipennisKirby) epidemic in interior Alaska is leaving large
expanses of dead spruce with little spruce regeneration. Many of these areas are habitat for moose (Alces alces). To
establish spruce regeneration and improve browse production for moose, paper birch (Betula papyriferaMarsh), willow
(Salix spp.), and three stocktypes (plug+1 bareroot, and 1+0 plugs from two nurseries) of white spruce (Picea glauca
(Moench) Voss) were planted in freshly cutover areas on Fort Richardson, near Anchorage. Four vegetation-
management treatments were compared: broadcast site preparation with herbicides, banded site preparation with
herbicides, mechanical scarification, and untreated control. Spruce seedlings had the greatest growth in the broadcast
site preparation treatment (p < 0.01). Stocktype was the most important factor in spruce growth, with bareroot
transplant seedlings being the tallest and largest 5 years after planting (p < 0.001). In the first 3 years, relative stem
volume growth was greater for plug seedlings than for bareroot seedlings (p < 0.001). By year 4, relative growth rates
were similar among all stocktypes. Treatment effects for paper birch and willow were confounded by moose browsing.
Results indicate spruce can be regenerated and moose browse enhanced simultaneously in forests in interior Alaska.

Résumé: L’épidémie actuelle de dendroctone de l’épinette (Dendroctonus rufipennisKirby) dans la partie intérieure de
l’Alaska est à l’origine de grandes étendues de pessière morte où la régénération de l’épinette s’avère faible. Plusieurs
de ces régions sont habitées par l’orignal (Alces alces). Dans le but de favoriser l’établissement de la régénération en
épinette et d’améliorer la production de broutilles pour l’orignal, des bouleaux blancs (Betula papyriferaMarsh), des
saules (Salix spp.) et trois types de plants d’épinette blanche (Picea glauca(Moench) Voss) (semis en douille de 1 an à
racines nues et semis en douille 1+0 provenant de deux pépinières) ont été plantés sur des aires récemment coupées à
blanc à Fort Richardson, près d’Anchorage. Quatre traitements de préparation de terrain ont été comparés : préparation
extensive avec herbicides, préparation par bandes avec herbicides, scarification mécanique et témoin non traité. Les
semis d’épinette du traitement de préparation extensive montraient la croissance la plus forte (p < 0,01). Le facteur le
plus important pour la croissance de l’épinette était le type de plants, les semis à racines nues étant les plus grands et
les plus gros 5 ans après la plantation (p < 0,001). Pendant les trois premières années, la croissance relative en volume
des tiges était plus élevée chez les semis en douille que chez les semis à racines nues (p < 0,001). Dès la quatrième
année, les taux de croissance relative étaient similaires pour tous les types de plants. Chez le bouleau blanc et le saule,
l’effet des traitements était confondu avec le broutage des orignaux. Ces résultats indiquent qu’il est possible de
régénérer l’épinette et, simultanément, d’améliorer la production de broutilles pour l’orignal dans les forêts
continentales de l’Alaska.

[Traduit par la Rédaction] Cole et al. 1001

Introduction

Statewide aerial surveys in 1996 estimated that over
457 000 ha of forested land in Alaska were infested with
spruce bark beetle (Dendroctonus rufipennisKirby); on the
Kenai Peninsula alone, over 340 000 ha of spruce mortality
has occurred since 1989 (Holsten and Burnside 1997).
Spruce regeneration is sparse and seed sources are absent in
many of the infested stands. These stands are reverting to
low-density spruce or spruce–hardwood stands, dominated

by perennial grasses in the understory. This scenario allows
for little possibility of stand reinitiation without additional
disturbance, such as fire. Although some of the stands have
sufficient regeneration to replace the dying trees, the long-
term prospects of such regeneration are unknown, and the
stands are understocked according to guidelines in the
Alaska Forestry Practices Act.

In some of the stands, grass cover increased from less
than 5% to more than 50% after an outbreak of beetles
(Holsten and Burnside 1997). The dominant perennial grass
in this area is blue-joint grass (Calamagrostis canadensis
(Michx.) Beauv.), a rhizomatous grass than can severely im-
pact reforestation success (Eis 1981; Drew 1988) and ex-
clude other plant species (Lieffers et al. 1993), including
important sources of browse for moose (Alces alces)
(Densmore et al. 1987). Soil temperatures may also be lower
in areas with heavy covers of blue-joint grass (Hogg and
Lieffers 1991), limiting the potential for regeneration and
growth of spruce.

There is a substantial amount of information concerning
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reforestation with white spruce (Picea glauca(Moench) Voss),
encompassing a variety of areas, stocktypes, and vegetation-
management treatments (e.g., see Hocking and Endean 1974;
Eis 1981; Wood and Dominy 1985; Paterson and Hutchinson
1989; Brand 1990; Packee 1990; Youngblood and Zasada
1991). These findings support the premise that larger stock-
types tend to do better than smaller stocktypes (Hocking and
Endean 1974; Ball and Kolabinski 1986; Simpson 1991), but
bareroot seedlings do not always perform as well as con-
tainer seedlings (Vyse 1981). LePage and Pollack (1986) re-
ported that bare-root transplants perform best if planted
immediately after lifting, but that containerized seedlings are
better adapted to planting in summer. Thus, the limitations
imposed by site and planting conditions, and seedling vigor,
influence the success of reforestation in boreal areas (Eis
1981; Brand and Penner 1990). Likewise, those conditions
determine the efficacy of different vegetation management
treatments (Perala 1987; Thomson and McMinn 1989; Brand
and Penner 1990; Hawkins et al. 1995). Because there can
be so many interactions, the extent to which previous re-
search can be applied toward sites in Alaska is unknown.

Both white spruce and paper birch (Betula papyrifera
Marsh) are harvested in Alaska, with most of the spruce cut
for sawlogs and the majority of birch cut for fuelwood. In
Canada, paper birch is used for a variety of other products,
including lumber, veneer, and nontimber values (Peterson et
al. 1997). Moose use the same stands for food and cover and
prefer stands with a high component of willow (Salix spp.).
Although paper birch regenerates naturally in Alaska
(Zasada 1980), success is limited by intense vegetative com-
petition and the lack of suitable substrate for germination
(Densmore and Page 1992). Several studies (e.g., Densmore
and Zasada 1978; McCluskey et al. 1983; Densmore et al.
1987; Houle and Babeux 1994) have examined the possibili-
ties of planting willow for moose browse or reclamation.
However, few studies have considered regeneration of mixed
stands in boreal forests (Zasada et al. 1987; Perala and Alm
1990). There is an increasing desire to incorporate mainte-
nance of wildlife habitat into silvicultural prescriptions in in-
terior Alaska (Haggstrom and Kelleyhouse 1996).

The objectives of our study were to determine (i) the rela-
tive efficacy of several mechanical and chemical site prepa-
ration methods for establishing spruce, paper birch, and
willow on interior Alaska lands, (ii ) whether white spruce
stocktype would affect the success of regeneration, and
(iii ) the impact of competing vegetation on growth of
spruce, paper birch, and willow.

Materials and methods

Two sites on Fort Richardson Army Base(61 20° ′N, 149 40° ′W),
near Anchorage, Alaska, were selected for study. Soils are of gla-
cial origin, mostly cobbles, with a thin mantle of silty loess
(Lichvar et al. 1997). Precipitation averages 400 mm annually,
about half of that occurring as snow. Annual temperatures are con-
sidered moderate; the daily mean is 2.2°C, average daily maximum

is 5.9°C, and average daily minimum is –1.6°C. Length of the
growing season averages 125 days.3

Both sites supported mixed stands of overmature hardwoods
(primarily paper birch with scattered aspen (Populus tremuloides
Michx.) and balsam poplar (Populus balsamiferaL.)) and white
spruce. Areas were typical of those being infested by spruce beetle
and those utilized for fuelwood. Site 1 averaged 1.2 m2/ha basal
area for white spruce and 15 m2/ha basal area of birch. Dominant
birch were 60–70 years old and about 18 m tall. Understory vege-
tation was dominated by grasses and a mixture of shrub species,
including highbush cranberry (Viburnum edule(Michx.) Raf.), al-
der (Alnusspp.), willow, prickly rose (Rosa acicularisLindl.), lab-
rador tea (Ledum groenlandicumOeder), and lowbush cranberry
(Vaccinium oxycoccosL.). Site 2 averaged 7.7 m2/ha spruce and
9.0 m2/ha birch. Dominant spruce were over 100 years old and
about 26 m tall. Understory vegetation was similar to that at site 1,
with the addition of elderberry (Sambucus racemosaL.) and
devil’s club (Oplopanax horridum(Smith) Miq.).

At each site, two 1-ha square blocks were cleared of overstory
trees. Logging and yarding were done in fall 1992. Logging was
done with a Hydro-ax™ feller–buncher; yarding and scarification
were done by a D-7 tractor. During yarding, no effort was made to
minimize ground disturbance. After harvesting, four 0.21-ha plots
were established in each block, and one of four vegetation manage-
ment treatements was randomly assigned.

The four vegetation management treatments were as follows:
(i) mechanical scarification with straight blade, with a goal of min-
eral soil being exposed on 50% of the total area, done in the fall
after logging (Blade); (ii ) broadcast chemical site preparation, in
which 1.7 kg/ha active ingredient each of glyphosate and hexa-
zinone were applied together by backpack sprayer over the whole
plot in mid-August, a week prior to logging (Site Prep); (iii ) Banded
application by backpack sprayer of 1.7 kg/ha hexazinone in a 1.5-m
strip along planting rows, applied in mid-May before spring plant-
ing (Spot); and (iv) no treatment other than logging (Untreated).

In spring 1993, the plots were planted with the following stock-
types: (i) 1+04 white spruce plugs from Seward Ranger District,
Chugach National Forest, grown at Alaska State Nursery at Eagle
River (Alaska plugs); (ii ) 1+0 white spruce plugs from same seed
source as above, grown at Dean Creek Nursery in Florence, Oreg.
(Oregon plugs); (iii ) plug+1 white spruce seedlings grown in raised
beds on site (plugs raised in Alaska State Nursery, Eagle River,
from same seed source as above) (plug+1s); (iv) paper birch 1.5+0
plugs from Alaska State Nursery at Eagle River, local source; and
(v) rooted Bebb willow (Salix bebbianaSarg.)5 cuttings; cuttings
were taken from shrubs near the sites. Willow cuttings were dipped
in Rootone® rooting compound and grown for 1 year in raised beds
on site. We planted only cuttings that had a branched root system
and at least one root that was 15 cm long.

The Alaska plugs had not been placed in cold storage prior to
planting, and 98% of the seedlings had broken bud. Average growth
of the flush was 3 cm. The Oregon plugs had been placed in cold
storage for shipping and were still dormant at the time of planting.
Ninety-three percent of the plug+1s had broken bud in the beds;
average length of the flush was 2 cm. The raised beds for both the
willow and the plug+1s were irrigated by hand during the growing
season prior to planting. Cuttings and seedlings were planted
within 48 h after being lifted from the beds May 21–23, 1993.

The Alaska plugs, plug+1s, and paper birch were planted in
triplicate rows of 10 seedlings in each plot. Because of seedling
shortages, the Oregon plugs were planted in two rows of seven,
and willows were planted in three rows of eight.
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3Data on file U.S. Department of Commerce, National Oceanic and Atmospheric Administration, National Climatic Data Center, Asheville,
N.C.

41+0 plugs were grown for one growing season in No. 313 containers.
5Willow species were keyed vegetatively.
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All seedlings were measured for initial height and root collar di-
ameter immediately after planting. At the end of each growing sea-
son, total height and root collar diameter were remeasured. In
addition, percent overtopping (calculated as the percentage of a cone
projected 60° upward from the base of the current year’s growth;
Howard and Newton 1984) by herbs, shrubs, and spruce, and per-
cent cover of alder, birch, willow, spruce, aspen, labrador tea, low
shrubs, other shrubs, fern (Gymnocarpium dryopteris(L.) Newm.),
horsetail (Equisetumspp.), grass, fireweed (Epilobium angusti-
folium L.), and other forbs within a 0.5-m radius of each seedling
were estimated visually. Any damage or browsing to a seedling
was recorded. For willow, crown radius in two perpendicular direc-
tions was also measured at the end of each growing season.

Data were analyzed by species using SAS® (Statistical Analysis
System, SAS Institute Inc., Cary, N.C). For the spruce, the study
design was a randomized block, split-split plot design with re-
peated measures in time. Site was considered the whole plot effect.
Vegetation management treatment was the first split and stocktype
the second. For the paper birch and willow, the design was a ran-
domized block, split-plot design with repeated measures in time.
Variables analyzed included height, height growth, root collar di-
ameter, basal area growth, stem volume per seedling (calculated
using height and root collar diameter in the formula for a cone),
stem volume growth per seedling, relative stem volume growth rate
for spruce (calculated as RGRt = (ln volumet – ln volumet–1)/(Tt –
Tt–1); Fisher 1921), and willow crown volume (calculated using the
height and the two crown radius measurements in the formula for
an ellipse) and crown volume growth.

Most variables analyzed required log transformation to ensure
homogeneity of variance within the analyses of variance. Stepwise
regression analyses were used to develop equations relating over-
topping and cover to individual seedling dimensions and growth.
For all analyses of growth, dead seedlings were removed from the
sample population.

Results

Spruce
Fifth-year spruce survival ranged from 77 to 94% (Table 1)

and did not vary by treatment (p = 0.11), but the Alaska
plugs had slightly lower survival rates than the plug+1s (p =

0.004). Stocktype, year, and treatment terms within the
ANOVA model were significant (p < 0.03) for all seedling
dimension and growth variables. For total height, diameter,
basal area growth, and stem volume, both the stocktype by
year and treatment by year interactions were significant (p <
0.02). For height growth, the stocktype by year interaction
was significant (p = 0.0001); for volume growth, the treat-
ment by year interaction was significant (p = 0.02). Trends
among the different variables were similar; this discussion
will consider stem volume, which integrates height and di-
ameter. Initial and fifth-year heights, root collar diameters,
and stem volumes are given in Table 1 for reference.

Stem volume per seedling in all treatments was small ini-
tially. The seedlings in the Site Prep treatment exhibited
greater growth, and therefore greater subsequent size, than
the other three treatments (Fig. 1a). This pattern was re-
flected in all variables for seedling dimensions and growth
and also in the trend with relative stem volume growth rate
(Fig. 1b). Relative growth rate was greater for the Site Prep
treatment than for the other treatments for the first 2 years;
after that, rates for all treatments were similar, but the larger
initial size of the transplants in the Site Prep treatment re-
sulted in greater absolute growth.

The significant stocktype by year interaction was caused
by the initial size of the plug+1s being larger than that of the
Alaska and Oregon plugs (Table 1) and the relative growth
rate being greater for the plug seedlings during the first 2
years (Fig. 2a). The Oregon plugs had a higher relative
growth rate than the other stocktypes in the first 2 years;
during the third through fifth years, their growth rate was
similar to that of the Alaska plugs. After 5 years, the relative
growth rates of all three stocktypes were similar, but the
plug+1s were still larger and maintaining their relative abso-
lute advantage (Fig. 2b).

For the regression analyses, cumulative overtopping
(overtopping summed over 5 years) was the best predictor of
stem volume in year 5 for all stocktypes, withr2 = 0.44 for
Alaska plugs,r2 = 0.51 for Oregon plugs, andr2 = 0.35 for
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Survival
(%)

Height (cm)
Root collar
diameter (mm) Stem volume (cm3)

Treatment Year 0 Year 5 Year 0 Year 5 Year 0 Year 5

Alaska plugs
Blade 74 14 58 2.7 9.7 0.3 17.6
Site Prep 89 14 66 2.8 12.4 0.3 33.3
Spot 77 14 68 2.8 11.8 0.3 32.0
Untreated 78 14 65 2.8 10.5 0.3 23.8
Oregon plugs
Blade 84 13 64 2.1 11.3 0.1 31.6
Site Prep 88 13 92 2.1 16.1 0.2 73.8
Spot 91 13 75 2.1 12.9 0.2 39.7
Untreated 79 13 75 2.2 12.1 0.2 35.9
Plug+1s
Blade 87 30 96 5.8 16.8 2.9 81.3
Site Prep 94 32 118 5.8 20.9 2.9 158.4
Spot 92 31 106 5.8 19.0 2.8 115.8
Untreated 88 30 95 5.9 16.4 2.8 78.5

Table 1. Fifth-year survival and initial and fifth-year dimensions for white spruce.
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plug+1s based on individual seedling data. Initial volume
was also a significant variable for the plug+1s (increasingr2

to 0.43) but not for the Alaska and Oregon plug stocktypes.
Cumulative overtopping was a much better predictor than
overtopping in years 1, 2, 3, or 5 and marginally better than
overtopping in year 4. The relationship derived from the
equation is illustrated in Fig. 3, with equations shown for
the minimum, maximum, and average initial volume for
plug+1s.

Paper birch
Paper birch survival was high after 5 years and did not

vary among treatments (p = 0.59) (Table 2). For root collar
diameter, basal area growth, and stem volume and volume
growth, there were significant interactions among site, treat-
ment, and year (p < 0.01). Although the Site Prep treatment
resulted in larger paper birch seedlings than the Blade and
Untreated treatments at Site 1 (Table 2), no difference was
apparent at Site 2. There was differential browsing pressure
at the two sites (Fig. 4). Browsing was greater at Site 2 than

at Site 1, especially in years 3–5, in which all treatments had
heavy browsing.

In addition to the browsing impacts, paper birch seedlings
were susceptible to top dieback caused by frost or winter
cold. Aboveground stems were frequently killed to the
ground and resprouted the next growing season. Top dieback
occurred in 52% of the unbrowsed seedlings and 19% of the
browsed seedlings. The extent of the damage varied between
the sites and among treatments. On site 1, less than 6% of
the paper birch in the Site Prep treatment suffered top
dieback, whereas on site 2, 38% of the paper birch in the
Site Prep treatment had top dieback. Top dieback affected
31–46% of the paper birch in the other treatments on site 1
and 12–39% in the other treatments on site 2.

Stepwise regression analyses resulted in different equa-
tions for browsed and unbrowsed paper birch (Table 3).
Both browsed and unbrowsed paper birch responded nega-
tively to increasing levels of overtopping and cover, but
unbrowsed paper birch was positively correlated with in-
creasing cover of alder. The higher levels of alder cover oc-
curred primarily in the Site Prep treatments, where the alder
had been too tall to be treated by ground application. Moose
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appeared to avoid the areas with dense alder, leading to re-
duced browsing.

Willow
Survival of rooted cuttings after 5 years was high and did

not vary among treatments (p = 0.64) (Table 4). Over the 5
years, treatment had no significant effect on willow growth
(p > 0.20) (Table 4).

Part of this lack of response to treatment reflects the
browsing pattern of moose (Fig. 5). After year 1, browsing
frequency was higher on site 2 than on site 1. More than

90% of the willow on site 2 were browsed. Browsing also
varied by treatment. Moose generally browsed most in the
Site Prep treatment plots. Over 45% of the willow in the Site
Prep treatment plots were browsed for 4 of the 5 years, and
all willow were browsed at least once. Until year 5, most of
the browsing occurred during the growing season. After that,
moose browsed during the winter as well, to such an extent
that average fifth-year stem and crown volume growth for
the Site Prep treatment was negative on site 2. The high
variability between blocks and between sites 1 and 2 re-
sulted in no significant differences for willow growth by
treatment.

As with paper birch, stepwise regression analyses for wil-
low stem and crown volumes yielded different equations for
browsed and unbrowsed willow (Table 3). Volumes were
negatively correlated with estimates of total (summed over
all species and groups) surrounding cover and overtopping.
However, stem and crown volumes for unbrowsed willow
and stem volume for browsed willow were positively corre-
lated with alder cover. This resulted from a correlation
among alder cover, incidence of browsing, and treatment.

Discussion

Spruce
In previous studies, comparisons among bareroot and con-

tainer stocktypes have yielded varied results. Some studies
have found similar survival and growth between bareroot
and container stock (Vyse 1981; Alm 1983; LePage and Pol-
lack 1986); other studies have found that bareroot seedlings
maintained their initial size advantage over container stock
(Hall 1979; Wood and Dominy 1985; Ball and Kolabinski
1986). Burdett et al. (1984) found that it took 2 years for
bareroot seedlings to overcome “transplant shock” on sites
in interior British Columbia. In their study, the plug seed-
lings on the British Columbia sites exhibited no transplant
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Treatment
Survival
(%)

Height
(cm)

Root collar
diameter
(mm)a

Stem
volume
(cm3)a

Site 1
Blade 90 90 11.6b 71.3b
Site Prep 97 172 26.2a 384.1a
Spot 87 125 15.6ab 140.1ab
Untreated 85 121 14.4b 106.6b
Site 2
Blade 82 136 17.9ab 129.6ab
Site Prep 70 94 12.6b 65.4b
Spot 85 117 14.9ab 105.7b
Untreated 67 130 17.2ab 130.2ab

a Means within columns followed by the same letter are not
significantly different atα = 0.05 using least square mean adjusted
probabilities from the ANOVA.

Table 2. Fifth-year survival, height, root collar diameter, and
stem volume by site and treatment for paper birch.
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Fig. 4. Browsing of paper birch by site and year for plots at
Fort Richardson.

I:\cjfr\cjfr29\cjfr-07\X99-030.vp
Thursday, July 29, 1999 4:07:32 PM

Color profile: Disabled
Composite  Default screen



shock the first year, but height growth did decrease in the
second year. Mullin (1963) found that, for most seedlings,
about half of the root systems were damaged during trans-
planting, and the level of damage determined the amount of
transplant shock. Although the plug+1s at Fort Richardson
apparently took longer to become established after planting,
these seedlings were the largest and had the greatest fifth-
year absolute growth of the spruces.

At Fort Richardson, the Oregon plugs had the smallest
volume (p < 0.01) at the time of planting and had the highest
relative growth rate during the first 2 years. The Alaska
plugs were intermediate in relative growth and suffered no
apparent transplant shock, although their lack of dormancy
during planting may have affected growth in the first grow-
ing season. Damage to plug+1 bareroot seedlings probably
occurred because of active growth at the time of lifting and
planting, despite the conscious effort to handle them with
care. They were significantly larger after 5 years than the
Alaska and Oregon plugs because of their larger initial size
and ability to recover from shock in 2 years. How long that
advantage will last is uncertain. Vyse (1981) examined
stands 19 years after planting and found that stocktype had
little long-term effect on growth. He pointed out that it was
most important to have seedlings that would initiate growth
immediately after planting. Thus large seedlings (whether
container or bareroot) that do not undergo transplant shock
will probably perform best on most sites. If forest managers
wish to regenerate a wide range of sites, consideration
should be given to specific site factors, such as shallow

soils, that would preclude the use of large seedlings (Dobbs
1976; Thomson and McMinn 1989; Lautenschlager 1995).

In previous studies, mechanical site preparation has pro-
duced mixed results, depending upon site quality and types
of scarification (Wood and Dominy 1988; Youngblood 1990;
Youngblood and Zasada 1991; Sutton and Weldon 1995).
Overall, most studies have indicated positive impacts from
scarification, not only because of reduction of competing
vegetation, but also because of increases in soil temperature
(Wurtz 1988; Munson et al. 1993). Our study did not show
any significant differences between the Blade and Untreated
plots, presumably because the process of logging and
yarding caused some ground disturbance and exposed min-
eral soil on all plots, and because mechanical scarification
was restricted to minimize the removal of the A horizon.

The increased relative growth rates of spruce in the Site
Prep treatment corresponded to a decrease in vegetative
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Tree and status Equation

Paper birch, unbrowsed ln (stem volume year 5) = 4.074 + [0.053% (alder cover year 5)] – [0.101% (overtopping year 5)]

– [0.034% (forb cover year 4)],r2 = 0.45,n = 117

Paper birch, browsed ln (stem volume year 5) = 4.824 – [0.288% (overtopping by herbs year 5)]

– [0.078% (willow cover year 3)],r2 = 0.36,n = 272

Willow, unbrowsed ln (stem volume year 5) = 4.580 + [0.063% (alder cover year 2)] – [0.043% (overtopping year 5)]

– [0.041% (cover year 1)],r2 = 0.52,n = 42

ln (crown volume year 5) = 7.562 + [0.074% (alder cover year 2)] – [0.051% (overtopping year 5)]

– [0.060% (cover year 1)];r2 = 0.60,n = 42

Willow, browsed ln (stem volume year 5) = 4.708 + [0.033% (alder cover year 5)] – [0.075% (overtopping year 5)]

– [0.050% (aspen cover year 2)];r2 = 0.44,n = 244

ln (crown volume year 5) = 7.849 – [0.059% (overtopping year 5)] – [0.022% (cover year 1)]

– [0.054% (aspen cover year 2)],r2 = 0.25,n = 244

Table 3. Equations from stepwise regression for willow and birch.

Treatment
Survival
(%)

Height
(cm)

Root collar
diameter
(mm)

Stem
volume
(cm3)

Crown
volume
(cm3)

Blade 77 114 15.8 95 1689
Site Prep 69 147 20.3 218 6190
Spot 79 120 16.9 117 1951
Untreated 76 133 17.3 139 2567

Table 4. Fifth-year survival and dimensions by treatment for
willow.
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Fig. 5. Browsing of willow by site and year for plots at Fort
Richardson.
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cover during the first 2 years after site preparation. Gains in
survival and growth of spruce seedlings after vegetation
control have been reported for boreal sites throughout Can-
ada and the northern United States (Sutton 1975, 1986;
Perala 1987; Brand 1990; LePage and Coates 1994). The in-
creases in growth have been attributed to the effects of vege-
tation control on soil temperature, nutrient regimes, soil
moisture, and light (Sutton 1975; Brand and Janas 1988;
Brand and Penner 1990; Munson et al. 1993; LePage and
Coates 1994). Results from Sutton (1995) indicated that
gains from early vegetation control on three Ontario sites
persisted for at least 30 years, with stem volumes at least
50% greater where vegetation was controlled. Whether gains
in the early years translate into greater growth or shorter ro-
tations as the stands develop has yet to be determined in
Alaska.

One negative effect of vegetation control seems to be an
increased probability of damage from frost. Sutton (1984)
and LePage and Coates (1994) found that frost damage in-
creased in areas where vegetation control was effective. In a
study conducted near Fairbanks, Alaska, we found greater
susceptibility to early winter frost damage on plots with the
greatest vegetation control and frequent lammas growth
(E.C. Cole and M. Newton, Oregon State University, Cor-
vallis, unpublished data). When considering a weed control
application, it is important to consider the degree to which
frost damage might occur on the site. At some point, damage
to seedlings from frost may outweigh any gains by vegeta-
tion control. In the experiment at Fort Richardson, weed
control was a one-time site preparation treatment, and we
did not observe any lammas growth or frost injury on
spruce.

Paper birch
The combination of browsing and top dieback confounded

the effects of treatment on growth of paper birch. Heavy
browsing pressure was sufficient to obscure any differences
resulting from site preparation treatments. In areas with light
to moderate browsing, size and growth were greater in Site
Prep plots than in Untreated plots. On frost-prone sites, re-
peated top dieback and resprouting minimized treatment ef-
fects. Of course, not all paper birch suffered similar injury.
The extent of injuries affects the form and growth of paper
birch used for wood products. Paper birch with repeated top
dieback were not browsed as frequently as those without top
dieback, presumably because the sprouts were small and in-
conspicuous.

The extent of browsing and top dieback impacts the abil-
ity of paper birch to maintain dominance in the stand. In the
early years of stand development, paper birch grows faster
than spruce (Youngblood 1995). As height growth of paper
birch slows down, that of spruce tends to continue, allowing
both species to codominate in the stand. If early height
growth of paper birch is reduced by heavy browsing, then
paper birch may persist primarily in the understory. The
shade-intolerant birch would then be at a disadvantage be-
neath the dominant spruce. This scenario may decrease or
eliminate the paper birch component in the stand.

Regression analyses indicated that paper birch responded
to competition removal. High levels of overtopping and sur-
rounding cover decreased stem volume of both browsed and

unbrowsed paper birch seedlings. Thus reducing the
competition around seedlings is the most direct means of in-
creasing paper birch growth. The gains will be greater with
decreasing browsing pressure and threat of freezing.

Willow
Willow was established by rooted cuttings on two sites at

Fort Richardson. Even though the moose began to browse
the willow during winter in the fourth year, survival did not
decline. Thus, planting willow appears to be a viable method
for establishing moose browse on similar sites that lack
willows.

Success in establishing willow is likely influenced by site
characteristics (Densmore et al. 1987). Zasada et al. (1987)
found that survival of unrooted feltleaf willow (Salix
alaxensis(Anderss.) Cov.) cuttings was related to microsite
conditions, such as depth of organic matter, after burning on
a black spruce (Picea mariana(Mill.) BSP)/feather moss
(Pleurozium schreberi(Brid.) Mitt.) site in Alaska. Cuttings
survived only in areas that were severely burned and where
deep organic accumulations were greatly reduced. Even
shallow organic layers can limit growth and survival of wil-
low (Zasada et al. 1977). In Quebec, Houle and Babeux
(1994) found poorer survival on those sites that were more
exposed to severe weather conditions than on sheltered sites.
Both of those studies utilized unrooted willow cuttings; re-
sults might have been different if rooted cuttings had been
used. Data from another study on Fort Richardson, however,
indicate that even rooted cuttings of willow are more diffi-
cult to establish on sites with cold air drainage and thick or-
ganic layers (E.C. Cole and M. Newton, unpublished data).

There were significant negative correlations for both
browsed and unbrowsed willow and surrounding cover or
overtopping. This implies that reducing competing cover
around the willow cuttings may increase growth of willow.
If crown volume is related to available browse, then a reduc-
tion in competing cover may also increase forage. In areas
with heavy browsing, the impact of competing cover was
difficult to assess.

Mixed stands
When managers wish to establish and maintain mixed

stands of these three species, they need to consider long-
term stand development processes. Managing for both
browse and wood products may require different strategies
from management for either browse or wood products alone.
Timing of crown closure in part determines the duration of
available browse and may vary by residual stem density,
treatment, site quality, and stocktype (Thomson and McMinn
1989). For a given density, the greater growth seen for
spruce and paper birch in our Site Prep treatment may lead
to earlier crown closure, decreasing the time that browse is
available. Persistence of our willow understories is not
known. Lower planting densities of spruce may extend the
availability of browse compared with higher densities, if
willows are browsed enough to keep them within reach.
Greater proportions of paper birch may also increase the
time that browse is available. A stand managed primarily for
spruce sawlogs may have a higher spruce density with little
or no paper birch or willow in the mixture, whereas a stand
managed for both spruce sawlogs and forage for moose may
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have a mixture of willow or paper birch and a lower density
of spruce.

The benefit of vegetation control should be assessed on a
site-specific basis. In certain areas, intensive vegetation
management may increase susceptibility of spruce to early
winter frost. Damage from browsing and other injuries to
paper birch will influence development in the overstory with
spruce. The long rotation of spruce required for high-quality
sawlogs is compatible with low spruce planting densities, if
paper birch is interplanted to minimize spruce branch sizes
without dominating the spruce. As paper birch mature, re-
moval of some stems may enhance regrowth of willow.
Thus, options are available for reforesting areas in Alaska to
produce browse and wood products. Research to evaluate
species ratios and planting densities is needed to address
timing, site-specific issues, and economic factors.

Acknowledgements

Funding for this study was provided by USDA Forest Ser-
vice, State and Private Forestry, Region 10. The authors
thank the U.S. Department of Defense for allowing us to
work on Fort Richardson, and we would like to acknowledge
the cooperation of William Quirk, natural resource manager
for Fort Richardson. Fort Richardson crews did the logging
and scarification on the units. We also thank USDA Forest
Service personnel (E. Holsten, K. Reynolds, B. Blitz, R.
Wolfe (retired), and D. Lyon (retired)) for their help in plot
layout, maintenance of the raised beds, and measurements.

References

Alm, A.A. 1983. Black and white spruce plantings in Minnesota:
container vs. bareroot stock and fall vs. spring planting. For.
Chron.59: 189–191.

Ball, W.J., and Kolabinski, V.S. 1986. Performance of container
and bare-root stock on prescribed burns in Saskatchewan. Can.
For. Serv. North. For. Cent. Inf. Rep. NOR-X-283.

Brand, D.G. 1990. Growth analysis of responses by planted white
pine and white spruce to changes in soil temperature, fertility,
and brush competition. For. Ecol. Manage.30: 125–138.

Brand, D.G., and Janas, P.S. 1988. Growth and acclimation of
planted white pine and white spruce seedlings in response to en-
vironmental conditions. Can. J. For. Res.18: 320–329.

Brand, D.G., and Penner, M. 1990. Interactions between vegetation
competition, nutrient availability, soil surface modification and
the early growth of planted spruce.In The Silvics and Ecology
of Boreal Spruces, 1989 IUFRO Working Party S1.05–12 Sym-
posium Proceedings, 12–17 Aug. 1989, Newfoundland.Edited
by B.D. Titus, M.B. Lavigne, P.F. Newton, and W.J. Meades.
For. Can. Nfld. For. Cent. Inf. Rep. N-X-271. pp. 25–33.

Burdett, A.N., Herring, L.J., and Thompson, C.F. 1984. Early
growth of planted spruce. Can. J. For. Res.14: 644–651.

Densmore, R.V., and Page, J.C. 1992. Paper birch regeneration on
scarified logged areas in southcentral Alaska. North. J. Appl.
For. 9: 63–66.

Densmore, R., and Zasada, J.C. 1978. Rooting potential of Alaskan
willow cuttings. Can. J. For. Res.8: 477–479.

Densmore, R.V., Neiland, B.J., Zasada, J.C., and Masters, M.A.
1987. Planting willow for moose habitat restoration on the north
slope of Alaska, U.S.A. Arct. Alp. Res.19: 537–543.

Dobbs, R.C. 1976. Effect of initial mass of white spruce and
lodgepole pine planting stock on field performance in the Brit-

ish Columbia interior. Can. For. Serv. Pac. For. Cent. Inf. Rep.
BC-X-149.

Drew, T.J. 1988. Managing white spruce in Alberta’s mixedwood
forest: the dilemma.In Management and Utilization of Northern
MixedWoods, Proceedings of a Symposium, 11–14 April 1988,
Edmonton, Alta.Edited byJ.K. Samoil. Can. For. Serv. North.
For. Cent. Inf. Rep. NOR-X-296. pp. 35–40.

Eis, S. 1981. Effect of vegetative competition on regeneration of
white spruce. Can. J. For. Res.11: 1–8.

Fisher, R.A. 1921. Some remarks on the methods formulated in a
recent article on “the quantitative analysis of plant growth.”
Ann. Appl. Biol. 7: 367–372.

Haggstrom, D.A., and Kelleyhouse, D.G. 1996. Silviculture and
wildlife relationships in the boreal forest of interior Alaska. For.
Chron.72: 59–62.

Hall, J.P. 1979. Early survival and growth of four age classes of
white spruce seedlings in western Newfoundland. Can. For.
Serv. Nfld. For. Res. Cent. Inf. Rep. N-X-165.

Hawkins, C., Letchford, T., and Krasowski, M. 1995. Artificial re-
generation of spruce on cold, wet soil: 10 years along. Water Air
Soil Pollut. 82: 115–124.

Hocking, D., and Endean, F. 1974. Performance after planting of
four types of container-grown white spruce seedlings. Can. J.
For. Res.4: 238–245.

Hogg, E.H., and Lieffers, V.J. 1991. The impact ofCalamagrostis
canadensison soil thermal regimes after logging in northern Al-
berta. Can. J. For. Res.21: 387–394.

Holsten, E., and Burnside, R. 1997. Forest health in Alaska: an up-
date. West. For.42: 8–9.

Houle, G., and Babeux, P. 1994. Fertilizing and mulching influence
on the performance of four native woody species suitable for
revegetation in subarctic Quebec. Can. J. For. Res.24: 2342–
2349.

Howard, K.M., and Newton, M. 1984. Overtopping by succes-
sional coast-range vegetation slows Douglas-fir seedlings. J.
For. 82: 178–180.

Lautenschlager, R.A. 1995. Competition between forest brush and
planted white spruce in north-central Maine. North. J. Appl. For.
12: 163–167.

LePage, P., and Coates, K.D. 1994. Growth of planted lodgepole
pine and hybrid spruce following chemical and manual vegeta-
tion control on a frost-prone site. Can. J. For. Res.24: 208–216.

LePage, P., and Pollack, J.C. 1986. An all-season container and
bareroot planting trial of lodgepole pine and white spruce: 14-
year results. B.C. Ministry of Forests and Lands, Victoria.
FRDA Rep. 004.

Lichvar, R., Racine, C., Murray, B., Tande, G., Lipkin, R., and
Duffy, M. 1997. A floristic inventory of vascular and cryptogam
plant species at Fort Richardson, Alaska. U.S. Army Corps of
Engineers, Waterways Experiment Station, Vicksburg, Miss.
Tech. Rep. EL-97-4.

Lieffers, V.J., MacDonald, S.E., and Hogg, E.H. 1993. Ecology of
and control strategies forCalamagrostis canadensisin boreal
forest sites. Can. J. For. Res.23: 2070–2077.

McCluskey, D.C., Brown, J., Bornholdt, D., Duff, D.A., and
Winward, A.H. 1983. Willow planting for riparian habitat im-
provement. U.S. Department of the Interior, Bureau of Land
Management, Washington, D.C. Tech. Note 363.

Mullin, R.E. 1963. Planting check in spruce. For. Chron.39: 252–
259.

Munson, A.D., Margolis, H.A., and Brand, D.G. 1993. Intensive
silvicultural treatment: impacts on soil fertility and planted coni-
fer response. Soil Sci. Soc. Am. J.57: 246–255.

© 1999 NRC Canada

1000 Can. J. For. Res. Vol. 29, 1999

I:\cjfr\cjfr29\cjfr-07\X99-030.vp
Thursday, July 29, 1999 4:07:36 PM

Color profile: Disabled
Composite  Default screen



© 1999 NRC Canada

Cole et al. 1001

Packee, E.C. 1990. White spruce regeneration on a blade-scarified
Alaskan loess soil. North. J. Appl. For.7: 121–123.

Paterson, J.M., and Hutchinson, R.E. 1989. Red pine, white pine,
white spruce stock type comparisons. Ontario Tree Improvement
and Forest Biomass Institute, Ontario Ministry of Natural Re-
sources, Toronto. For. Res. Note 47.

Perala, D.A. 1987. Effect of soil and vegetation on growth of
planted white spruce. USDA For. Serv. Res. Pap. NC-281.

Perala, D.A., and Alm, A.A. 1990. Regeneration silviculture of
birch: a review. For. Ecol. Manage.32: 39–77.

Peterson, E.B., Peterson, N.M., Simard, S.W., and Wang, J.R.
1997. Paper birch managers’ handbook for British Columbia.
Canada – British Columbia Partnership Agreement on Forest
Resource Development, B.C. Ministry of Forests, Victoria.
FRDA II.

Simpson, D.G. 1991. Growing density and container volume affect
nursery and field growth of interior spruce seedlings. North. J.
Appl. For. 8: 160–165.

Sutton, R.F. 1975. Nutrition and growth of white spruce outplants:
enhancement by herbicidal site preparation. Can. J. For. Res.5:
217–223.

Sutton, R.F. 1984. Plantation establishment in the boreal forest:
glyphosate, hexazinone, and manual weed control. For. Chron.
60: 283–287.

Sutton, R.F. 1986. Hexazinone gridballs applied with concurrent
underplanting of white spruce in boreal mixedwoods: 7-year re-
sults. For. Chron.62: 227–232.

Sutton, R.F. 1995. White spruce establishment: initial fertilization,
weed control, and irrigation evaluated after three decades. New
For. 9: 123–133.

Sutton, R.F., and Weldon, T.P. 1995. White spruce establishment in
boreal Ontario mixedwood: 5-year results. For. Chron.71: 633–
638.

Thomson, A.J., and McMinn, R.G. 1989. Effects of stock type and
site preparation on growth to crown closure of white spruce and
lodgepole pine. Can. J. For. Res.19: 262–269.

Vyse, A. 1981. Growth of young spruce plantations in interior Brit-
ish Columbia. For. Chron.57: 174–180.

Wood, J.E., and Dominy, S.W.J. 1985. Black spruce, white spruce,
and jack pine outplantings in boreal Ontario: bare-root vs.
paperpot stock and spring vs. summer planting. Can. For. Serv.
Great Lakes For. Res. Cent. Inf. Rep. O-X-368.

Wood, J.E., and Dominy, S.W.J. 1988. Mechanical site preparation
and early chemical tending in white spruce: 19-year results. For.
Chron.64: 177–181.

Wurtz, T.L. 1988. Effects of microsite on the growth of planted
white spruce seedlings. Ph.D. thesis, University of Oregon, Eu-
gene.

Youngblood, A.P. 1990. Effect of mechanical scarification and
planting method on artificial regeneration of flood-plain white
spruce in interior Alaska.In The Silvics and Ecology of Boreal
Spruces, 1989 IUFRO Working Party S1.05–12 Symposium
Proceedings, 12–17 Aug. 1989, Newfoundland.Edited byB.D.
Titus, M.B. Lavigne, P.F. Newton, and W.J. Meades. For. Can.
Nfld. For. Cent. Inf. Rep. N-X-271. pp. 13–24.

Youngblood, A.P. 1995. Development patterns in young conifer–
hardwood forests of interior Alaska. J. Veg. Sci.6: 229–236.

Youngblood, A.P., and Zasada, J.C. 1991. White spruce artificial
regeneration options on river floodplains in interior Alaska.
Can. J. For. Res.21: 423–433.

Zasada, J.C. 1980. Some considerations in the natural regeneration
of white spruce in interior Alaska.In Forest Regeneration at
High Latitudes: Proceedings of an International Workshop.
USDA For. Serv. Gen. Tech. Rep. PNW-107. pp. 25–29.

Zasada, J.C., Holloway, P., and Densmore, R. 1977. Consideration
for the use of hardwood stem cuttings in surface management
programs.In Proceedings, Symposium on Surface Protection
Through Prevention of Damage. Focus: The Arctic Slope, 15–17
Nov. 1979, Fairbanks, Ala.Edited by M. Murray and R.M.
VanVeldhuizen. U.S. Department of the Interior, Bureau of Land
Management, Anchorage, Ala. pp. 148–154.

Zasada, J.C., Norum, R.A., Teutsch, C.E., and Densmore, R. 1987.
Survival and growth of planted black spruce, alder, aspen and
willow after fire on black spruce/feather moss sites in interior
Alaska. For. Chron.63: 84–88.

I:\cjfr\cjfr29\cjfr-07\X99-030.vp
Thursday, July 29, 1999 4:07:36 PM

Color profile: Disabled
Composite  Default screen


