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On the cover: Distribution of green alder (Alnus crispa (Ait.) Pursh) stems (light green circles)
that occurred in the understory of a mature boreal forest stand at Trapper Creek, Alaska, over-
lain with postharvest plantation of white spruce (Picea glauca (Moench) Voss) seedlings (dark-
er green symbols). The estimated aboveground biomass of each alder stem is represented by
circle diameter, and the size of spruce symbols represents seedling height growth during the
first 3 years after planting. The growth of the spruce seedlings was not related to preharvest
alder stem locations. In this figure, only the 25 measured seedlings per plot are shown; the
plots lacking spruce seedlings entirely are natural regeneration plots. Alders planted with
spruce in some of the plots are not shown.
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To document possible soil nitrogen mosaics before timber harvesting on three boreal
forest sites in Alaska, maps of the distribution of understory green (Alnus crispa (Ait.)
Pursh) and Sitka alder (A. sitchensis (Reg.) Rydb.) stems were made. Understory
alders were regularly distributed throughout the northernmost site (Standard Creek)
and very irregularly distributed at the southernmost site (Cooper Landing). No consis-
tent relations existed between alder stem location and total soil nitrogen. In undis-
turbed forest, soils collected beneath alders tended to have more nitrogen than soils
without alder, but after the sites were harvested, soil chemistry differed. To examine
the interactions of alder and white spruce (Picea glauca (Moench) Voss) on secondary
successional sites, mixed plantations of white spruce and alder were established after
each site was harvested. Despite good survival, the planted alder grew poorly. No
differences were found between nursery-grown alder seedlings and alder wildlings in
either growth or survival. Although fifth-year survival and growth of white spruce were
excellent on all sites, they were not related to either the preharvest distribution of nat-
urally occurring alder or to alders planted in the mixed plantations. Locational informa-
tion and site maps are provided for future evaluation of these plantations.

Keywords: White spruce, green alder, Sitka alder, boreal forest, interior Alaska,
mixed-species plantations, nitrogen fixation, alder wildlings, long-term ecosystem
productivity.

Although alders are ecologically important in the boreal forest, their role in managed
forest systems has received little attention. This study examined several aspects of
the interactions between two shrubby alder species (Alnus crispa (Ait.) Pursh) and A.
sitchensis (Reg.) Rydb.) and white spruce (Picea glauca (Moench) Voss), the primary
commercial species in the boreal forest of Alaska. First, I mapped the alder stems
that occurred naturally in the understory of three mature forest stands and collected
soil from beneath alder clumps and from beneath other typical types of vegetation for
each site. Soils also were collected after each site was harvested. In undisturbed for-
est, soils collected beneath alders tended to have more total nitrogen than soils with-
out alder, but after the sites were harvested, soil chemistry differed by soil horizon
and site. Alaska’s boreal forest soils are relatively infertile. Because mixed plantations
of Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) and red alder (Alnus rubra
Bong.) have increased the productivity of nutrient-poor sites in the Pacific Northwest,
I established mixed plantations of white spruce and alder in the three sites. Four dif-
ferent distance and species-ratio combinations were planted, as well as spruce-only
plots and natural regeneration plots in which no seedlings were planted. After 5 years,
survival and growth of white spruce were excellent on all sites but were not related to
either the preharvest distribution of naturally occurring alder or to alders planted in the
mixed plantations. I had hypothesized that alders planted with spruce seedlings might
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produce enough shade to slow the spread of the grass Calamagrostis canadensis
and other species that colonize newly harvested sites. But the planted alder grew
slowly; it had no effect on the percentage of cover of other plant species. From this
5-year perspective, mixed plantations of spruce and alder are not justified for forest
management operations on the types of sites examined in this study. Whether they
are justified from a long-term, multiple-rotation perspective remains to be seen. Toward
that end, locational information, site maps, and early data summaries are provided for
future evaluation of these plantations. Finally, alders are sometimes planted in site-
restoration projects, and the present study used both nursery-grown, containerized
alder seedlings and alder wildlings. I found no differences in the survival or growth of
these two types of alder seedlings, thereby suggesting wildlings may be an inexpen-
sive option for restoration projects involving alder.



Alders are among the most common and widespread shrubs species in the boreal
forest. They are ecologically important, fixing atmospheric nitrogen and turning it over
rapidly to the soil. Conversely, white spruce (Picea glauca (Moench) Voss) forests
and other northern conifer ecosystems are known to be nitrogen limited (Van Cleve
and Zasada 1976, Weetman 1968, Yarie et al. 1990). Spruce litter decays slowly and
releases nitrogen slowly. Spruce plantations established in eastern Canada between
1920 and 1932 show a growth decline beginning about 1970 that has been attributed
to a gradual acidification of the soil and depression of soil nitrogen availability by litter
(Brand et al. 1986, Hendrickson 1990, Pastor et al. 1987). Nutrition is an important
factor in the early growth of planted spruce as well. Poor performance of planted
spruce is a common problem in interior British Columbia (Ballard 1985, Swift and
Brockley 1994). Harvesting itself can deplete the nutrient reserves of a site. Weetman
and Webber (1972) documented the nitrogen losses caused by full-tree harvesting of
red spruce (Picea rubens Sarg.) and black spruce (Picea mariana (Mill.) B.S.P.) in
eastern Canada, and found that on sites with little humus, full-tree harvesting can
deplete nutrient reserves to the extent that fertilization would be needed in the sec-
ond rotation. Bormann and Gordon (1989) modeled the nitrogen dynamics of several
silvicultural systems and found that short-rotation, whole-tree harvest systems are not
self-sufficient in nitrogen, unless they include an active biological nitrogen-fixation
component. Despite these findings, the role of alders in managed white spruce forests
has received little attention. This study examines the role of naturally occurring under-
story alders and the use of planted alders in the regeneration of harvested white
spruce stands.

This study had three objectives:

1. To determine whether shrubby alders occurring naturally in the understory of
mature forests create localized nitrogen hot spots in the soil that improve the growth
of white spruce seedlings planted after the site is harvested.
2. To determine whether spruce trees planted in mixtures with shrubby alder grow dif-
ferently than trees in spruce-only plantations.
3. To determine whether alders included in mixed-species plantations might prevent
other, less favorable competitors from colonizing and dominating a site.

Alders (Alnus spp.) are the primary nitrogen-fixing species in Alaska’s boreal forests.
Alders drive the soil nitrogen dynamics and influence various other aspects of soil
development in most successional sequences in the boreal forest regions of the state
(Reynolds 1990, Van Cleve and Viereck 1981). Three shrub species of alder occur in
Alaska: Sitka alder (Alnus sinuata (Reg.) Rydb.), thinleaf alder (A. tenuifolia Nutt.,
sometimes referred to as A. incana (L.)), and green alder (A. crispa (Ait.) Pursh).

On primary successional sites on the Tanana River flood plain, alders and willows
(Salix spp.) colonize newly deposited surfaces quickly; after 10 years, there may be
as many as 40,000 stems per acre (100,000 stems per ha) (Van Cleve and Viereck
1981). During this time, nitrogen can accumulate in the soil at a rate of 320 pounds •
acre-1 • year -1 (360 kg • ha-1 • yr-1) (Van Cleve et al. 1971). The dominant role of
alders continues for the first 60 to 80 years of flood-plain succession, until the balsam
poplar (Populus balsamifera L.), and later white spruce, canopies close overhead.

Introduction
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Then, though their abundance and vigor decline, alders persist in the understory.
Individual alder stems can be long lived (Wilson et al. 1985); the oldest stem for
which age was determined in the present study was 75 years old. As individual stems
mature and die back, new ones sprout from the same root crown.

On upland sites in interior Alaska, the most common disturbance is wildfire. In such
secondary successional sequences, alders occur as a scattered shrub layer beneath
paper birch (Betula papyrifera Marsh.) and aspen (Populus tremuloides Michx.). They
reach their greatest influence 50 to 100 years after fire. Soil nitrogen reserves double
during this period (Van Cleve and Viereck 1981). As the upland forest becomes domi-
nated by white spruce, the importance of alder declines. But just as on flood-plain
sites, alders on upland sites persist throughout the later stages of succession as
common, though scattered, components of the understory.

Not all alders found in the understory of mature forests originated in an earlier succes-
sional stage. New individuals can establish from seed where localized disturbances
such as windthrow have exposed mineral soil (Gilbert and Payette 1982) and created
openings in the canopy. These new establishment events, however, seem infrequent
(Huenneke 1987, Huenneke and Marks 1987). For the most part, alder stems in the
understory of mature boreal forests are the most recent aboveground generation of a
genetic individual that has occupied that spot for decades or even centuries.

Few studies have considered the effects of shrubby alders on ecosystem nitrogen
dynamics during their later understory stages. In a comparison of jack pine (Pinus
banksiana Lamb.) stands in Canada with and without understory alder, Vogel and
Gower (1998) found that stands with alder have fewer overstory stems per acre (stems
per ha) but more overstory basal area than stands without alder. Overstory leaf area
index, total ecosystem carbon content, and average aboveground net primary produc-
tivity all were greater in stands with understory alder than in stands lacking alder. Van
Cleve et al. (1986) attributed the relatively high nitrogen supply on the balsam poplar
forest floor in Alaska to the widespread occurrence of green alders in the understory
of the site. Berg and Doerksen (1975) studied a heavily thinned stand of Douglas-fir
(Pseudotsuga menziesii (Mirb.) Franco) where red alders (Alnus rubra Bong.) had
germinated naturally and occupied the understory until the canopy of the thinned
stand closed above them. They estimated that the alders added 780 pounds per acre
(873 kg per ha) of nitrogen to the soil over a 17-year period. Binkley (1982) studied
the effects of naturally occurring red and Sitka alder on developing Douglas-fir stands
and found that the Sitka alder added 31 pounds • acre-1 • year-1 (35 kg • ha-1 • yr-1) of
nitrogen to the site for a period of 23 years. Douglas-fir stem growth was 40 percent
greater on sites with Sitka alder than on sites without it. Alders contribute this nitrogen
to the soil through direct secretions from their roots and nodules (Zavitkovski and
Newton 1968), and through the production of nitrogen-rich leaf litter (Radwan et al.
1984, Van Cleve et al. 1971). In one study, the experimental addition of alder leaves
to a degenerated forest soil produced a substantial gain in total soil nitrogen (Huss-
Danell and Lundmark 1988). Litter falling from a jack pine overstory was richer in
nitrogen in stands where green alders occurred in the understory than in stands with-
out alder (Vogel and Gower 1998).
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I hypothesized that the soil beneath a mature white spruce stand might be a mosaic
of soil nitrogen hot spots mirroring the distribution of long-lived shrubby alders on that
site. If this soil mosaic persisted after timber harvest, it likely would affect the growth
of spruce seedlings planted there. Seedlings planted on a spot formerly occupied by
an alder might be less nitrogen limited and grow better than seedlings planted where
no alder existed previously. This led to the first goal of this study, to determine whether
shrubby alders occurring naturally in the understory of mature forests create localized
nitrogen hot spots in the soil that improve the growth of white spruce seedlings plant-
ed after the site is harvested.

Unlike the shrubby alders of the boreal forest region of Alaska, red alder is a fast-
growing species that can reach a height of 70 feet (21 m) in 30 years (Atterbury 1978,
Harrington et al. 1994). It occurs in southeast Alaska, coastal British Columbia,
Washington, Oregon, and California. Although red alder was viewed as a weed
species for many years, over the last 20 years, a major industry has developed
around its utilization. In 1991, about 475 million board feet of red alder were harvest-
ed from Oregon and Washington (Tarrant et al. 1994). This dramatic increase in uti-
lization has increased interest in mixing red alder in plantations with Douglas-fir.

Miller and Murray (1978) studied a mixed plantation of red alder and Douglas-fir on
a nitrogen-deficient site in southwestern Washington. Douglas-fir seedlings were
planted in 1928, and red alder seedlings were interplanted 4 years later. (The delay
was intended to prevent the alders from immediately overtopping the Douglas-fir and
suppressing their early growth.) Over the next 48 years, the presence of red alder
significantly increased the height of the Douglas-fir. Fifty-six percent of the Douglas-fir
survived in the pure stand, as opposed to only 38 percent in the mixed stand. Yet the
fir trees in the mixed stand were larger, including 50 trees per acre (123 trees per ha)
in the 12-inches (30-cm) or larger diameter class. The pure stand of Douglas-fir had
no trees over 12 inches (30 cm) in diameter. In the mixed stand, alders also reached
saw timber size, with an average of 14 trees per acre (34 trees per ha) reaching the
12-inch (30-cm) diameter at breast height (d.b.h.) class. Based on their reconstruction
of the growth of these stands, Miller and Murray suggest that Douglas-fir had begun
emerging from the alder canopy when they were 30 years old. They stress that alders
are most likely to increase conifer growth where soils are deficient in nitrogen and
recommend including 20 to 40 uniformly distributed red alder seedlings per acre (50
to 100 seedlings per ha) in Douglas-fir plantations.

Such experiences with red alder and Douglas-fir in the Pacific Northwest led to the
mixed-species plantation part of this study. Although the shrubby alders of the boreal
forest have no commercial value, they are similar to red alder in their nitrogen-fixing
capability. Shrubby alders likely would overtop white spruce early on, but because of
their short stature, they would be unlikely to suppress the spruce for long. Harrington
and Deal (1982) examined the juvenile height growth of Sitka alder and determined it
is a reasonable candidate for mixtures with Douglas-fir. Thus, the second goal of this
study, to determine whether spruce trees planted in mixtures with shrubby alder grow
differently than trees in spruce-only plantations.

Alder in Mixed-
Species Plantations
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On many sites in the boreal forest of Alaska, the biggest obstacle to the successful
regeneration of white spruce after timber harvest is competition from the grass
Calamagrostis canadensis (Michx.) Beauv. (Eis 1981, Hauessler and Coates 1986,
Hogg and Lieffers 1991). Small amounts of Calamagrostis occur naturally in openings
of mature white spruce forests (Reynolds 1990, Viereck et al. 1983). When the trees
are harvested, this grass spreads rapidly via a network of roots and rhizomes; this
aggressive growth is most likely triggered by a sudden increase in available light
(Powelson and Lieffers 1992). Calamagrostis can dominate a harvested site in 3 or 4
years, accounting for 70 percent of the plant cover present, and producing a thick,
impenetrable belowground mat. In the Trapper Creek area of south-central Alaska,
Calamagrostis can grow to 6 feet (1.8 m) tall; when the grass dies back at the end of
summer, it effectively buries the crop trees beneath it. Slow-growing spruce seedlings
cannot survive in this severely competitive environment.

Alders also can grow rapidly. On good sites, red alder seedlings can reach breast
height in the first year after germinating; 3 to 4 years are required on poorer sites
(Harrington and Curtis 1986). Five-year-old alder saplings can be 20 to 26 feet (7 to
8 m) tall (DeBell and Hibbs, summarized in Puettman 1994; Harrington et al. 1994).
In interior Alaska, both green and thinleaf alders rapidly colonize new roadsides and
gravel pits. Green alder wildlings collected along roadsides grew rapidly after being
planted in a tilled agricultural field and kept free of competing vegetation (Wurtz
1995a). In the first year after planting, the wildlings doubled or tripled in height, and
in the second year, many doubled again. At the same time, they were sprouting vig-
orously from the base of the main stem, so that after 3 years, individual plants had
as many as 10 stems curving out and up from the base and a dense, rounded
growth form.

Although dense stands of Calamagrostis can prevent spruce from becoming estab-
lished in a secondary successional site, white spruce seems to tolerate competition
from alder. In many boreal forest successional sequences, white spruce grows natu-
rally beneath a canopy of shrubby alder for years before gradually overtopping it and
becoming the dominant species (Van Cleve and Viereck 1981).

Eis (1981) studied the vegetative colonization of four harvested white spruce sites in
central British Columbia supporting both thinleaf (A. tenuifolia Nutt.) and Sitka alders.
For an alluvium-type site, he noted that “areas not occupied by shrubs, including old
skid roads, were overgrown by thick mats of grasses, mainly Calamagrostis neglecta,
C. canadensis, Carex rostrata, and Cinna latifolia.”

These observations led to the third goal of this study, to determine whether alders
included in a mixed-species plantations might prevent other, less favorable competitors
from colonizing and dominating a site. In particular, I wondered whether the shade
from alders planted adjacent to spruce seedlings would prevent Calamagrostis from
surrounding and overcoming individual spruce. Shady areas around alder seedlings
might generate Calamagrostis-free zones and could functionally replace a severe
competitor with a moderate one.

This study is being conducted at three sites along a north-south transect through cen-
tral Alaska. The northernmost site, Standard Creek, is 15 miles (25 km) southwest of
Fairbanks, with mean annual temperature of 26 °F (-3.2 °C) and mean annual precipi-
tation of 10 inches (26.5 cm) (fig. 1). It is part of the “Eastern interior Alaska zone” of
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the Northern Forest Formation (Zasada and Packee 1995). The site is on a gentle
southeast-facing slope. Before harvesting, it supported a mature, productive “closed
white spruce forest” (Viereck et al. 1992) with paper birch and occasional balsam
poplar. Green alder was a major component of the understory, reaching a height of
16 feet (5 m). Other common understory plants were low-bush cranberry (Vaccinium
vitis-idaea L.), fireweed (Epilobium angustifolium L.), Calamagrostis, highbush cran-
berry (Viburnum edule (Michx.) Raf.), and rose (Rosa acicularis Lindl.). Soils at
Standard Creek are well drained, moderately deep silty loams, with a parent material
of micaceous loess underlain by Birch Creek schist (Rieger et al. 1963) The mature
late-successional white spruce stand at Standard Creek was likely to persist until the
next major disturbance event—wildfire, insect infestation, or timber harvesting. Sites
such as Standard Creek are currently the main focus of timber harvesting operations
in the Fairbanks area.
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Figure 1—The Standard Creek study site area, interior Alaska.



The Trapper Creek site is 5 miles (8 km) west of the town of Trapper Creek (fig. 2).
Mean annual temperature is 29 °F (-1.2 °C), and mean annual precipitation is 40
inches (104 cm). The site is part of the “Susitna-Matanuska valley zone” of the
Northern Forest Formation (Zasada and Packee 1995). The study site is flat and
moderately well drained, with silt loam soils of the Rabideau series (Schoephorster
and Hinton 1973). Before harvesting, the site supported a very open, 100-year-old
stand of paper birch, with occasional small-diameter white spruce. (A few large-diam-
eter white spruce were removed in a house-log sale before this study began.) Many
of the birch had been colonized by a stem-decaying fungus (Phellinus igniarius
(L.:Fr.) Quel.). The forest understory consisted of green alder, devil’s club (Oplopanax
horridus (Sm.) Miq.), Calamagrostis, elderberry (Sambucus racemosa L.), shield fern
(Dryopteris dilitata (Hoffm.) Gray), and woodland horsetail (Equisetum sylvaticum L.).
The alders were 10 to 16 feet (3 to 5 m) tall. The soils at Trapper Creek have a 0.4-
inch (1-cm) thick volcanic ash layer at about the 6-inch (15-cm) depth, believed to
have been deposited during an eruption of Hayes volcano 3,650 (±150) years ago
(Beget et al. 1991). Little information is available on the vegetation of south-central
Alaska, and the successional dynamics of these very open, overmature birch stands
are not well understood. Stands like the study area at Trapper Creek are the most
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Figure 2—The Trapper Creek study site area, south-central Alaska.



common forest type in that part of the state, occupying over 117,000 acres (290 000
ha) (Alaska Department of Natural Resources 1991). They typically include few young
spruce trees, and stands of mature spruce are relatively uncommon in the region.
Speculation on the origin of this large area of a single forest type has included cata-
strophic wildfire, past insect infestations, and preferential harvesting of spruce at the
start of the 20th century (USDA Soil Conservation Service 1986).

The Cooper Landing site lies 1.8 miles (3 km) west of the town of Cooper Landing
on the Kenai Peninsula (fig. 3). Mean annual temperature is 44 °F (7 °C), and mean
annual precipitation is 26 inches (67.5 cm). The site is part of the “Kenai and Alaska
Peninsulas zone” of the Northern Forest Formation (Zasada and Packee 1995). The
study site is on a nearly level bench, with a parent material of silty sand underlain by
glacial gravel. The soils, typical of the “alluvial and till bench land type” (USDA Forest
Service 1980) are well drained, with a fine sandy loam texture. The mineral soil is
capped with 4 to 6 inches (10 to 15 cm) of volcanic ash, most likely from more than
one volcanic event. Before harvesting, the site supported a mature mixed stand of
Lutz spruce (Picea Xlutzii Little) and white spruce, with occasional paper birch and
mountain hemlock (Tsuga mertensiana Bong.) Sarg.). Lutz spruce is a hybrid of white
spruce and Sitka spruce (Picea sitchensis (Bong.) Carr.) (Little 1953). In 1992, the
stand was about 110 years old. The understory was Sitka alder, growing to a height
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Figure 3—The Cooper Landing study site area, Kenai Peninsula, Alaska.



Preharvest Stem
Mapping

of 12 feet (4 m), rusty menziesia (Menziesia ferruginea Sm.), and bunchberry
(Cornus canadensis L.). Reynolds (1990) described this vegetation type as a “closed
Picea Xlutzii-Betula papyrifera/Menziesia ferruginea-Rubus pedatus/Gymnocarpium
dryopteris/ Peltigera spp.-Pleurozium spp.” community. On the Kenai Peninsula, white
and Lutz spruce are typically replaced by the shade-tolerant mountain hemlock
(Reynolds 1990). By 1992, however, virtually all spruce trees on the Cooper Landing
study site were dead, a result of a major infestation of spruce beetles (Dendroctonus
rufipennis (Kirby)) that had affected the area for 20 years (Holsten 1994, van Hees
and Larson 1991).

At each site, a grid of thirty 56- by 56-foot (17- by 17-m) plots was established in units
already laid out for timber sales. (This plot size was chosen to accommodate a post-
harvest plantation of seven rows of seven trees at 8-foot (2.4-m) spacing.) At Standard
Creek and Trapper Creek, grids were continuous; at Cooper Landing, the grid was
broken into three sections to avoid patches of hemlock leave trees and one large,
dense alder thicket containing no merchantable trees. The location of each live alder
stem occurring in the 30-plot grid was recorded to the nearest foot, and its diameter
at the forest floor was recorded.

Two series of soil samples were collected. In the first set, 50 cores were collected
from each site: 5 from beneath each of five different clumps of alder and 5 from each
of five locations supporting typical understory vegetation other than alder. Because
few alders occurred within the grid of study plots at Cooper Landing, alder soils were
collected outside the grid at that site. Cores extended from just below the litter layer
down to and including the top 2 inches (5 cm) of mineral soil; organic and mineral
layers were sieved together before analysis. After the alder stem maps were produced,
and the sites harvested, a second set of samples was collected from 8- by 8-foot cells
of known preharvest alder stem density. Three cores were collected at randomly
chosen locations in each cell; in this series, the organic soil layers were separated
from and analyzed separately from the mineral soil layers. Total nitrogen content, pH,
soil organic matter content, and phosphorus and potassium concentrations were
determined. A more detailed description of soil sample collection and analysis is
given in Wurtz (1995b).

The Standard Creek site was harvested by feller-buncher between November 1992
and February 1993. The harvesting operation left a heavy load of slash that would
have made planting at precise spacing difficult. In May 1993, the slash was pushed
into piles near the landings by using a bulldozer with a straight-edged blade. At the
Trapper Creek site, trees were widely spaced and interspersed with thickets of alder.
The hand-felling and rubber-tired skidding operation conducted there in March 1993
did not disturb the thickets enough to allow for planting. Consequently, the site was
scarified with a bulldozer and straight-edged blade in May 1993. The operator was
instructed to scrape alder stems off at the base and to tear up the vegetative mat to
about an 8-inch (20-cm) depth. Trees at the Cooper Landing site were felled in
September 1992 with a tracked feller-buncher and skidded to landings with a rubber-
tired grapple skidder. No site preparation was done at Cooper Landing.
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Alder seed was collected near each of the three sites in September 1991. As alder
cones ripen, they turn from green to brown, and the cones scales gradually separate,
allowing seeds to disperse. The rate at which this happens depends on the weather:
warm sunny days lead to rapid ripening and dispersal, whereas cold cloudy days
lengthen ripening time. To maximize seed maturity, I delayed collecting cones as long
as possible, collecting just before seed had begun to disperse. After collection, cones
were spread out and air-dried at room temperature until fully brown and open. Shaking
cones in paper bags separated the seeds from the cones. Seeds were stored frozen
in plastic bags before sowing. Spruce seed came from collections of the State of
Alaska and, for the Cooper Landing study site, the Chugach National Forest. Recom-
mended spruce cone collection and handling methods are described in Alden (1985)
and Eremko et al. (1989).

Containerized seedlings of both spruce and alder were produced on contract by Pelton
Reforestation, Maple Ridge, British Columbia, in styroblock 415D containers.1 These
containers are 1.5 inches (4 cm) in diameter at the top, 6 inches (15 cm) deep, and
have a volume of about 10 cubic inches (170 cm3). There are 77 such cells per block.
Because of restrictions on shipping soil from Alaska to Canada, the alder growing
medium was inoculated with soil collected from a stand of green alder growing near
the nursery. Seeds were sown in January 1992 in the greenhouse. Spruce seedlings
were lifted in November of that year and kept frozen until shipping to Alaska in May
1993. Alder seedlings were maintained in containers from January 1992 until May
1993, when they were lifted shortly before shipping. At the time of lifting, they were 8
to 12 inches (20 to 30 cm) tall, were well nodulated, and had been leafed out for
about 2 months.

This was Pelton’s first attempt at growing containerized alder, and fewer than the
required number of alder were successfully produced. I therefore used alder wildlings
to fill in the remaining alder locations. Wildlings were collected in April 1994 (before
bud burst), along roadsides and in gravel pits near all three study sites. Such dis-
turbed locations sometimes have large populations of 2- or 3-year-old alder seedlings,
often unbranched, and often growing with little root entanglement. I grasped the
alders by the stem just above the soil surface and gently pulled them up. I then shook
the sand or soil from their roots. The wildlings were well nodulated. They were bun-
dled in groups of 10 and their roots wrapped in wet newspaper followed by plastic
wrap. Wildlings were refrigerated in the dark until outplanting in June 1994. At the
time of collection, they ranged in height from 18 to 30 inches (45 to 75 cm).

Using understory alder stems collected before harvest at the Trapper Creek site, I
developed an equation relating stem diameter to aboveground alder biomass (Wurtz
1995b). This model was used to estimate the total aboveground alder biomass that
occurred before harvesting in each 56- by 56-foot (17- by 17-m) plot. Each plot would
be planted with a 7 by 7 grid of white spruce at 8-foot spacing and a variable number
of alders (table 1). To assign plantation types, the 30 plots at each site were ranked 

Seed Collection—
Seedling Production
Methods
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Statistical Design,
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1 The use of trade or firm names in this publication is for reader
information and does not imply endorsement by the U.S. Depart-
ment of Agriculture of any product or service.
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Table 1— Explanation of plot planting codes

Plot code Spruce planted Alders planted

100 Spruce at 8-foot spacing None
121 Spruce at 8-foot spacing Two alders 1 foot away from each spruce
122 Spruce at 8-foot spacing Two alders 2 feet away from each spruce
141 Spruce at 8-foot spacing Four alders 1 foot away from each spruce
142 Spruce at 8-foot spacing Four alders 2 feet away from each spruce
NR None None

Table 2— Number of stems and aboveground biomass estimates per 56- by 56-
foot plot for preharvest understory alders at each study sitea

Standard Creek Trapper Creek Cooper Landing

Plot Alder Plot Alder Plot Alder
Block code biomass Stem code biomass Stem code biomass Stem 

Kg per plotb No. Kg per plot No. Kg per plot No.

A NR 53 80 NR 0 0 NR 0 0
141 69 86 121 0 0 100 0 0
100 82 57 100 0 0 121 0 0
142 112 92 141 3 1 122 0 0
121 116 129 122 5 5 141 0 0
122 116 81 142 6 6 142 0 0

B 142 131 110 142 9 11 NR 0 0
NR 133 77 NR 14 14 100 0 0
141 133 171 121 20 6 121 0 0
122 134 122 141 33 30 122 0 0
121 164 98 122 33 21 141 0 0
100 177 98 100 34 8 142 0 0

C 142 187 175 122 36 9 NR 0 0
141 190 207 100 48 37 100 0 0
NR 203 200 121 50 35 121 0 0
100 206 198 NR 55 14 122 0 0
122 209 104 122 57 28 141 0 0
121 213 149 142 66 32 142 0 0

D 121 225 159 NR 79 45 141 1 2
NR 234 138 141 89 75 NR 1 1
142 235 158 100 106 22 122 2 5
141 242 162 121 109 47 121 4 7
122 242 179 142 157 67 142 8 6
100 244 266 122 159 58 100 18 11

E 141 274 142 NR 180 72 142 19 15
NR 282 237 141 181 107 121 19 15
122 292 201 121 182 44 122 21 15
142 307 136 122 218 123 141 23 15
100 317 300 142 312 139 NR 37 29
121 521 308 100 329 187 100 43 11

a Plots were assigned to blocks by ranking biomass estimates, with plots supporting the least alder bio-
mass assigned to block A and plots with the most biomass assigned to block E. At all 3 sites, plot planting
codes were assigned randomly to the 6 plots in each block.

b Multiply kilograms by 2.21 to find pounds.



according to preharvest aboveground alder biomass and divided into five blocks of 6
plots (table 2). Blocks were designated A, B, C, D, and E, with block A having support-
ed the least preharvest alder biomass and block E having supported the most. Within
each block, plantation type (plot code) was randomly assigned to plots to generate a
randomized complete block statistical design. Because of significant ecological differ-
ences between the three sites, three separate analyses were done.

Containerized spruce and alder seedlings were planted in late May and early June
1993. Alder wildlings were filled in during June 1994. Nothing was planted in the “nat-
ural regeneration” plots. Within each plot, only the interior 25 planted spruce (a 5 by 5
grid) were tagged and measured, leaving a buffer strip of spruce and associated
alders surrounding the measured seedlings (fig. 4). Because alders sprout readily
from damaged root clumps, natural alder sprouts likely would appear in plots where
alder had occurred before harvesting. No efforts were made to control or remove
these natural sprouts.

Spruce seedlings were tagged with heavy-weight aluminum tags stamped with tree
and plot number. Tags were attached with heavy-gauge wire coated with pink plastic;
initially the wires were fastened so as to loosely encircle the main stem of each
seedling. After the fifth growing season, tags were removed and reattached so as to
hang from a low branch and not encircle the stem. Each plantation was marked with
8-foot steel posts at all four corners of each plot. The post at the southwest corner of
each plot was labeled with an aluminum tag with plot number and location within the
plantation stamped on it (figs. 5-7). Posts that were not located at the southwest cor-
ner of any plot were labeled “B” for border.

11

Figure 4—Seedling orientation and spacing in three types of 56- by 56-foot (17- by 17-m) plantation plots.
Shaded areas indicate locations of tagged and measured spruce seedlings; seedlings outside shaded areas
function as buffer strips. Plot codes for each sample plot are shown at the southwest corner post of the plot.
Plot code 100=spruce planted at 8-foot (2.4-m) spacing; plot code 122=spruce at 8-foot (2.4-m) spacing
and two alders planted 2 feet (0.6 m) away from every spruce; plot code 142=spruce at 8-foot (2.4-m) spac-
ing and four alders planted 2 feet (0.6 m) away from every spruce.
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Figure 5—Plot map for the Standard Creek study site. Alphanumeric codes in the center of each plot refer
to experimental block and planting combination (see table 1). Codes in the lower left corner of each plot
give plot location relative to the origin.

Figure 6—Plot map for the Trapper Creek study site. Alphanumeric codes in the cen-
ter of each plot refer to experimental block and species combination (see table 1).
Codes in the lower left corner of each plot give plot location relative to the origin.



At the Cooper Landing site, two plots on the west side of the original grid were
destroyed during the logging and road-building operation. Two new plots (A121 and
BNR) were established to substitute for them, but no preharvest alder data were
available for the new locations (fig. 7).

Height and ground-line diameter of spruce seedlings were measured at the time of
planting (before bud burst for the 1993 growing season) and again after the 1994,
1995, and 1997 growing seasons. Planted alders were neither tagged nor measured.
Their survival was assessed at the end of the 1994 and 1995 growing seasons. At
the end of the 1995 growing season, alders at the Cooper Landing site only were
visually assessed and assigned to one of three size classes: small, medium, or large,
indicating the amount of growth since planting.

The percentage of cover of associated vegetation was estimated at all ninety 56- by
56-foot (17- by 17-m) plots during July 1994. Three planted spruce seedlings were
randomly chosen in each plot, and a circular subplot of 3.28 square feet (1 m2) was
centered on each seedling. (For the natural regeneration plots, the coordinates of three
sampling locations were randomly chosen.) Ocular percentage of cover estimates were
made by species. Cover from the planted seedlings themselves was not included in
the estimates.
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Figure 7—Plot map for the Cooper Landing study site. Alphanumeric codes in the center of each plot refer
to experimental block and species combination (see table 1). Codes in the lower left corner of each plot
give plot location relative to the origin.
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Results and
Discussion
Preharvest Stem
Mapping

The distribution of naturally occurring alder was remarkably even at Standard Creek
and noticeably clumped at Cooper Landing (as evidenced by the sparseness of alder
within the plot grid and the dense alder thickets outside it). The Trapper Creek site
had an intermediate distribution, with alders clumped in some areas and widely dis-
persed or absent in others. The Standard Creek grid had the most alder occurring in
the understory before harvest, with 2,138 stems per acre (5,283 stems per ha), and
the Cooper Landing grid had the fewest: 60 stems per acre (149 stems per ha). At
Standard Creek, one 56-foot square plot had 308 alder stems and an estimated
1,146 pounds (520 kg) of aboveground alder biomass (table 2). In comparison, bore-
al jack pine stands in Manitoba and Saskatchewan, Canada, supported about 220
understory alder stems per acre (550 stems per ha) (Vogel and Gower 1998). Although
alders often are associated with wet sites (Newton et al. 1968), Cooper Landing was
the only site in this study where alder distribution seemed related to soil moisture; the
alders there grew along a small stream skirting the northern edge of the plot grid, and
in an obvious moist depression just outside the southern edge. Preharvest stand
characteristics and alder stem maps for each site are given in Wurtz (1995b).

The relation of total soil nitrogen to the existence or the amount of alder varied by
time of sampling and by site (table 3). Before harvesting, soils with alder had higher
nitrogen concentrations than soils without alder, but this difference was statistically
significant only at Cooper Landing. After harvesting, soils with alder at Trapper Creek
had significantly more nitrogen than soils without alder, but at Standard Creek, they
had significantly less. At Cooper Landing, soils with alder collected after harvesting
tended to have less nitrogen than soils without alder, but this difference was not sta-
tistically significant. In essence, there was no consistent relation between preharvest
alder stem distribution and total soil nitrogen reserves. Though between-site differ-
ences could not be compared statistically, Trapper Creek soils of any origin had more
nitrogen than soils from the other two sites. Complete soil chemistry results are given
in Wurtz (1995b).

There are several possible reasons for the lack of a consistent alder effect on total
soil nitrogen. First, any nitrogen that was added to these relatively infertile soils may
have been taken up, sequestered in the overstory, and removed in the logging opera-
tion. Weetman and Webber (1972) estimated that 357 pounds per acre (400 kg per
ha) of nitrogen would be removed by full-tree logging of spruce in eastern Canada. In
their study of jack pine stands in Manitoba and Saskatchewan, Vogel and Gower
(1998) felled trees to assay all components of the overstory. Although they found that
stems, branches, and foliage of the overstory, as well as the feathermoss layer, have
more nitrogen in stands with alder than in stands lacking alder, the amount of nitro-
gen in the overstory and moss layers was small compared to the amount in soil. The
simple total soil nitrogen determination used in the present study was too limited to
assess the possibility of nitrogen sequestration and removal.

A second possible reason for the lack of a consistent alder effect on total soil nitrogen
is shading. Because nitrogen-fixation rates are related to photosynthetic rates (Gordon
and Wheeler 1978), alders beneath a dense canopy of trees would have lower rates
of fixation than if they were unshaded (Attiwell and Leeper 1987, Bormann and Gordon
1989). The sites used in this study spanned a range of overstory conditions. Trapper
Creek had a very open overstory, Standard Creek had a very dense overstory, and
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Table 3— Soil nitrogen values from areas with and without preharvest alder
(mean ± 1 SE) during 2 sampling periods

Sampling period Mean alder Total
and vegetation type biomass nitrogena

Grams per 
square meterb - - - - - - - - - - - Percent - - - - - - - - - - -

Standard Creek:
Preharvest— Mixed soilc

Alder — 0.60 (0.1)
No alder — .56 (.0)

ns
Postharvest— Mineral Organic

Heavy alderd 4491 (188) .09 (.00) .57 (.05)C 
Moderate alder 870 (7) .09 (.01) .85 (.09)C D
No alder 0 .09 (.01) .92 (.07)D

ns p = 0.0154
Trapper Creek:

Preharvest— Mixed soil
Alder — .84 (.0)
No alder — .64 (.1)

ns
Postharvest— Mineral Organic

Heavy alder 6903 (1468) .44 (.01)C 1.51 (.22)
Moderate alder 960 (7) .46 (.01)C 1.65 (.27)
No alder 0 .36 (.02)D 1.32 (.18)

p = 0.0096 ns
Cooper Landing:

Preharvest— Mixed soil
Alder — .62 (.1)
No alder — .33 (.0)

p = 0.0393
Postharvest— Mineral Organic

Heavy alder 4029 (1268) .15 (.01) .50 (.06)
Moderate alder 295 (43) .19 (.04) .74 (.20)
No alder 0 .19 (.01) .73 (.06)

ns ns

a Statistical comparisons were made among vegetation types within sampling periods and sites; ns = not sig-
nificant; when a probability value is given, values followed by the same letter are not significantly different.
p=probability.

b Multiply grams per square meter by 0.000204 to find pounds per square foot.

c During preharvest sampling, the organic and mineral portions of the soil cores were passed through a
sieve and then analyzed together. During postharvest sampling, the organic and mineral portions of the
cores were analyzed separately.

d During postharvest sampling, sampling locations were chosen based on the amount of understory alder
that had been mapped there before the site was harvested.



Vegetation Sampling
Results

Cooper Landing had an overstory that was shifting from very dense to very open as
the beetle-killed spruce trees gradually dropped their needles. There was no clear
correspondence, however, between these canopy conditions and soil nitrogen levels.

Mixing of the forest floor during the harvesting and site preparation operations also
may have contributed to the lack of a relation in the postharvest samples. This seems
unlikely, however, because the Trapper Creek site was both most disturbed by the tim-
ber harvesting and site preparation operation and the only site where soils with alder
collected after harvesting had significantly more nitrogen than soils without alder.

In any event, much of the work documenting the ability of alders to enhance soil nitro-
gen has been conducted in pure stands, where soils are comparatively homogeneous.
When alders occur in mixtures with other species, the underlying soil mosaic becomes
more complex. Among four studies that explicitly examined a relation between alder
stem locations and the spatial extent of soil nitrogen reserves (Dawson et al. 1983,
Heilman 1983, Rhoades and Binkley 1992, Valentine 1990), only Rhoades and Binkley
found a close relation.

By the second year after planting, total cover of all species of associated vegetation
ranged from a low of 19 percent cover to a high of 54 percent (table 4). Calamagrostis
was common at Standard Creek and Trapper Creek but was virtually absent at Cooper
Landing. Other common species at Standard Creek were horsetail (Equisetum arvense),
prickly rose, and fireweed. At Trapper Creek, common species were Calamagrostis,
devil’s club, horsetail, and elderberry. At Cooper Landing, fireweed, horsetail, rusty
menziesii, and elderberry were common.

Including alder in a plantation had no effect on either the percentage of cover of any
species of associated vegetation or the amount of all species combined. This likely
was due to the slow growth of the planted alder (see below).

After three growing seasons, alder survival ranged from 58 to 89 percent and was
highest at Trapper Creek (table 5). No differences in survival existed between nurs-
ery-grown alders and alder wildlings. After five growing seasons, spruce survival
ranged from 76 to 95 percent. The spruce seedlings at Standard Creek survived as
well as the highest rate of survival in a different plantation study begun near Fairbanks
about the same time.2 In that study, the survival of 415D stocktype trees differed
greatly by planting unit, ranging from 25 to 85 percent after 5 years. Spruce survival
in the present study, however, was lower than smaller Ray Leach-type containerized
spruce seedlings planted on a flood-plain site near Fairbanks in 1983 (Youngblood
and Zasada 1991). There, mean survival after 5 years was greater than 90 percent
on both scarified and unscarified surfaces.

Despite good survival, the growth and vigor of alders planted in this study were poor.
Many grew little in the first 3 years after planting and appeared to be barely surviving.
Most of the growth that occurred was elongation of the original stem; few plants pro-
duced additional stem sprouts. Alder growth data were collected at the Cooper
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2 Graham, J.; Wurtz, T.L. [In prep.] Growth of white spruce stock
types in interior Alaska.

Alder Growth
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Landing site only in 1995. That year, 30 percent of the alders were dead, and among
the survivors, 8 percent were classed as small, 38 percent were of medium size, and
only 22 percent were large. Even among stems classed as large, growth was mostly
vertical. Their form was treelike rather than shrubby.

Zasada et al. (1987) document the survival and growth of containerized green alder
seedlings after planting on four burned sites near Fairbanks. In that study, survival of
the planted alder ranged from 30 to 50 percent after 6 years. The mean height of the
planted alders after 6 years ranged from 27 to 65 inches (69 to 168 cm), with the best
growth occurring on the most severely burned surfaces.

The poor growth of the alders planted in the present study contrasted markedly with
the growth of the sprouts from alder root clumps mapped on these sites before har-
vesting. Though no data were collected on these sprouts (other than to include them
in percentage of cover estimates), their vigor was readily apparent in the field. By 3
years after harvesting at Standard Creek, sprouts growing from surviving root clumps
were noticeably taller and bushier than the planted alders. Similar results were report-
ed by Zasada et al. (1987). On their least severely burned site, alder sprouts from
surviving root clumps averaged 76 inches (195 cm) tall after 6 years, roughly 2.5
times as tall as the planted seedlings there. This vigorous growth of sprouts from
already-established root systems and the fact that alder wildlings planted in a tilled
field in another study grew vigorously (Wurtz 1995a) suggest that the poor growth
of planted alders in the present study was due to competition from other vegetation. It
seems the planted alders could not withstand the competitive environment on these
recently harvested sites.

Although much research on alder has focused on its ability to compete with other
species, notably Douglas-fir (Cole and Newton 1986, Shainsky et al. 1992, Shainsky
and Radosevich 1992), a few studies have documented the reverse. When grown with
salmonberry (Rubus spectabilis Pursh) in the Oregon Coast Range, red alders are
one-tenth the biomass of those grown without salmonberry (Newton and Cole 1994).
Eis (1981) followed the vegetative colonization of four clearcut areas in central British
Columbia on which white spruce was planted immediately after logging. Three sites
supported Sitka alder and one (the alluvium site) supported thinleaf alder, though Eis
(1981)  did not distinguish between alders establishing from seed and those sprouting
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Table 5—Percentage of survival of spruce and alder during the
first years after plantinga

Species and site 1994 1995 1997

Percent
Alder:

Standard Creek 63-86 58-78 —
Trapper Creek 83-94 77-89 —
Cooper Landing 68-82 67-71 —

Spruce:
Standard Creek 84-95 81-93 80-88
Trapper Creek 94-98 88-96 76-88
Cooper Landing 97-99 96-98 89-95

a Values indicate the range of mean values among the 5 plot codes at each site.



from surviving root clumps. The ability of alders to colonize the harvested areas dif-
fered greatly by site. Six years after logging, the cover of all shrub species combined
ranged from 8 to 37 percent on three of the sites. On the alluvium site, at 3 years after
logging, shrub cover was 85 percent, of which 20 percent was thinleaf alder.

Analysis of variance (results not shown) indicated that the growth of the spruce plant-
ed in this study was not affected by the preharvest location of understory alder on
any of the three sites (see cover figure).

In a study of growth decline in 40-year-old plantation spruce trees in Ontario, Hendrickson
(1990) found that total soil nitrogen levels were not significantly correlated with tree
growth. Highly significant correlations, however, were found between growth and con-
centrations of NH4-N and NO3-N. Data on available forms of soil nitrogen would have
been valuable in the present study. Extending Hendrickson’s result here, however,
suggests that understory alder locations may have been no more associated with
available nitrogen than they were with total nitrogen. Most of the nitrogen fixed by
understory alders may have been sequestered in the overstory long before the site
was harvested and planted.

More important from an operational standpoint, planting mixtures of alder and spruce
had no statistically significant effect on 5-year spruce growth (figs. 8 and 9). In contrast,
Ballard (1984) studied a harvested, scalped site in interior British Columbia where
alders had invaded portions of the treated area. Spruce seedlings planted near invad-
ing alders grew faster than those planted in scalped areas without invading alder. The
notable difference between the present study and Ballard’s was likely the scalping
treatment, which typically removes both the organic soil and much of the competing
vegetation. The competitive environment was modified so that alder could become
established, and the mineral soil was deficient enough in nitrogen that the alders likely
fixed nitrogen rapidly and affected spruce growth directly.

In this study, the planted spruce grew vigorously at all three sites (tables 6 and 7, figs.
8 and 9) and in all planting combinations. At the time of planting, seedlings from the
Cooper Landing seed source were largest, and those from Standard Creek were
smallest, in both height and diameter. After two growing seasons, this advantage dis-
appeared; Cooper Landing trees were smaller than seedlings from the other two
sites. By 1997, after five growing seasons, Trapper Creek trees were the largest in
both height and diameter, a trend that likely reflects the comparatively more fertile
soils of the site. The seedlings at all three sites grew significantly more than con-
tainerized spruce planted in two other studies near Fairbanks. In a study of smaller
Ray-Leach stocktype seedlings planted at a Tanana River flood-plain site (Youngblood
and Zasada 1991), height growth ranged from 1.5 to 3 inches (4 to 8 cm) during the
third growing season; stem diameters averaged 0.23 to 0.28 inch (5.8 to 7.1 mm) at
the end of the fifth growing season. For comparison, in the present study, height
increment during the third year ranged from 4.2 to 8.4 inches (11 to 22 cm) (table 6),
and stem diameter after five seasons averaged from 0.56 to 0.8 inch (14.2 to 19.9
mm) (table 7). In a different study that included the same stock type used here, 415D
seedlings had mean height of 28 inches (73 cm) and a mean stem diameter of 0.45
inch (11.4 mm) after five growing seasons (see footnote 2). This compares with a
mean height that ranged from 29 to 39 inches (75 to 100 cm) and a mean diameter
that ranged from 0.5 to 0.8 inch (14.1 to 19.9 mm) in the present study.

Spruce Growth
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Figure 8—Height of planted spruce (mean ± 1 standard error). Plot code 100=
spruce planted at 8-foot (2.4-m) spacing; plot code 121=spruce at 8-foot (2.4-
m) spacing and two alders planted 1 foot (0.3 m) away from every spruce; plot
code 122=spruce at 8-foot (2.4-m) spacing and two alders planted 2 feet (0.6
m) away from every spruce; plot code 141=spruce at 8-foot (2.4-m) spacing
and four alders planted 1 foot (0.3 m) away from every spruce; plot code 142=
spruce at 8-foot (2.4-m) spacing and four alders planted 2 feet (0.6 m) away
from every spruce.

Year
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Figure 9—Diameter of planted spruce (mean ± 1 standard error). Plot code
100=spruce planted at 8-foot (2.4-m) spacing; plot code 121=spruce at 8-foot
(2.4-m) spacing and two alders planted 1 foot (0.3 m) away from every spruce;
plot code 122=spruce at 8-foot (2.4-m) spacing and two alders planted 2 feet
(0.6 m) away from every spruce; plot code 141=spruce at 8-foot (2.4-m) spac-
ing and four alders planted 1 foot (0.3 m) away from every spruce; plot code
142=spruce at 8-foot (2.4-m) spacing and four alders planted 2 feet (0.6 m)
away from every spruce.

Year
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Table 6—Heights of planted spruce (with mean ± 1 SE shown in parentheses) at
time of planting in June, 1993 and after the 1994, 1995, and 1997 growing seasons

Plot Height

Site codea At planting 1994 1995 1997

Centimeters
Standard

Creek 100 15.0 (0.7) 36.8 (1.1) 57.2 (1.2) 95.1 (3.4)
121 13.0 (.6) 37.8 (1.2) 58.6 (1.3) 95.1 (2.7)
122 14.5 (.5) 36.9 (1.8) 58.1 (2.2) 94.8 (1.8)
141 15.4 (.7) 37.1 (1.5) 57.6 (2.1) 96.1 (4.1)
142 15.4 (.7) 38.5 (1.3) 60.0 (1.9) 96.5 (3.0)

Trapper
Creek 100 16.7 (.2) 38.6   (.7) 57.7   (.5) 96.9 (2.8)

121 16.5 (.3) 40.4 (1.3) 57.8 (1.8) 93.0 (3.2)
122 16.5 (.2) 39.8   (.9) 58.1 (1.5) 95.5 (2.9)
141 16.8 (.3) 39.4   (.8) 59.8 (1.1) 100.6 (2.5)
142 16.5 (.2) 39.2 (1.9) 59.4 (3.3) 97.6 (4.6)

Cooper 
Landing 100 19.0 (.4) 34.3 (1.1) 45.5 (1.3) 66.4 (4.1)

121 19.3 (.4) 37.5   (.5) 54.6 (2.2) 86.5 (4.3)
122 18.8 (.7) 35.9 (1.4) 51.4 (2.9) 80.6 (4.2)
141 19.3 (.4) 36.7 (2.2) 48.2 (2.7) 76.6 (6.5)
142 19.9 (.6) 37.6 (1.3) 52.4 (3.1) 75.2 (5.7)

a Plot code 100=only spruce planted; code 121=two alders planted 1 foot away from each spruce; code 122=
two alders planted 2 feet away from each spruce; code 141=four alders planted 1 foot away from each spruce;
code 142=four alders planted 2 feet away from each spruce.

This study found inconsistent evidence for a soil nitrogen mosaic mirroring the loca-
tions of alders in the understory of mature forests. The distribution of soil nitrogen var-
ied temporally and spatially, an indication that the factors controlling nitrogen fixation,
release, and uptake in mature mixed-species forests are complex and varied. Second,
alders planted in mixtures with white spruce after the sites were harvested grew too
slowly to affect the rate at which other species, including Calamagrostis, colonized
the site. Alder sprouts from root clumps that occupied the site before timber harvest
grew much more vigorously than the planted alders; these sprouts are more likely
than the planted seedlings to impact the nitrogen dynamics of sites where they were
abundant. Finally, most likely because the alders grew so slowly, planting mixtures of
alder and white spruce seedlings had no effect on spruce survival or growth in the
first five seasons after planting.



Whether the alders planted in this study will affect the growth of the planted spruce
over the long term will depend on whether the alders gradually become established
or gradually die out. At Standard and Trapper Creeks, the planted alders likely always
will be dominated by the root-clump sprouts from alders that occupied the site before
harvesting. But at Cooper Landing, the planted alders are effectively the only alders
within the plot grid. The soils there are nutrient-poor and have little humus. On sites in
eastern Canada with little humus, full-tree logging of spruce may deplete nitrogen
reserves to the extent that fertilization is needed in the second rotation to maintain
tree growth (Weetman and Webber 1972). Thus, of the three sites examined in this
paper, Cooper Landing is the one most likely to benefit should its planted alders grad-
ually become established and grow. Interestingly, Cooper Landing was the only site
where growth trends among the different plantation types appear to have begun to
diverge (figs. 8 and 9). Whether this trend will continue remains to be seen. Cromack
et al. (1999) found no correlation between total soil nitrogen and the amount of volun-
teer red alder occurring in a 9-year-old Douglas-fir plantation. They suggest resam-
pling the soils in 20 to 30 years.
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Table 7—Ground-line diameters of planted spruce (with mean ± 1 SE shown in
parentheses) at time of planting in June 1993 and after the 1994, 1995, and 1997
growing seasons

Plot Diameter

Site codea At planting 1994 1995 1997

Millimeters
Standard

Creek 100 3.5 (0.1) 8.3 (0.5) 10.5 (0.5) 15.7 (0.7)
121 3.6   (.1) 7.9   (.3) 10.0   (.2) 14.5   (.2)
122 3.5   (.1) 7.5   (.3) 10.5   (.1) 15.3  (.4)
141 3.5   (.1) 7.7   (.3) 10.1   (.4) 14.2   (.8)
142 3.6   (.1) 7.5   (.2) 10.8   (.3) 15.4   (.7)

Trapper
Creek 100 3.7   (.1) 8.6   (.2) 11.7   (.4) 19.7   (.8)

121 3.6   (.1) 7.9   (.1) 10.6   (.3) 17.3   (.6)
122 3.7   (.1) 8.4   (.2) 11.4   (.4) 19.9   (.7)
141 4.4   (.1) 8.3   (.2) 11.8   (.3) 19.9   (.5)
142 4.1   (.1) 8.2   (.5) 11.1   (.6) 19.4 (1.1)

Cooper 
Landing 100 4.1   (.1) 7.3   (.3) 8.9   (.4) 14.1 (1.1)

121 4.2   (.1) 8.2   (.4) 11.3   (.9) 18.1 (1.1)
122 4.4   (.1) 8.2   (.2) 10.9   (.4) 17.3   (.8)
141 4.3   (.1) 7.8   (.2) 9.9   (.7) 16.0 (1.2)
142 4.6   (.1) 8.3   (.3) 10.1   (.6) 16.2 (1.1)

a Plot code 100=only spruce planted; code 121=two alders planted 1 foot away from each spruce; code 122=
two alders planted 2 feet away from each spruce; code 141=four alders planted 1 foot away from each
spruce; code 142=four alders planted 2 feet away from each spruce.



Acknowledgments

From this 5-year perspective, mixed plantations of spruce and alder are clearly not
justified for forest management on sites similar to those used in this study. Whether
they are justified from a long-term, multiple-rotation perspective, or on other types of
boreal forest sites, is not yet clear. These plantations were carefully laid out and marked
with heavy-duty, long-lasting materials. Locational information, detailed site maps, and
early data summaries are provided here for future evaluation of these plantations.

One useful result from this study concerns the survival and growth of alder wildlings.
Alders are planted in various restoration projects around Alaska (Davidson3, Helm
1994, Helm and Carling 1993, Helm et al. 1999, Karle and Densmore 1994). For pro-
jects that can support nursery production and shipping costs, work in the Pacific
Northwest with red alder has shown nursery-grown bare-root alders to be superior to
both containerized alders and wildlings (Radwan et al. 1992). For restoration projects
in Alaska that cannot support those costs, wildlings may be a practical, readily avail-
able, and inexpensive option.

This research was supported by grant 91-1-041 from the Alaska Science and Tech-
nology Foundation and by the USDA Forest Service, Pacific Northwest Research
Station. The maps in this publication were made by Betsy Sturm. I thank cooperators
Marc Lee, Alaska Division of Forestry; Wade Willson, Matanuska-Susitna Borough;
Mark Kromrey and Warren Oja, Chugach National Forest, research technicians S.
Tuccio, S. Schlentner, T. Zastrow, D. Mikowski, and D. Westlind, and statistician Tim
Max. Thanks to Dave Verbyla for the cover figure.

24

3 Personal communication. 1999. Davidson, D., soil scientist,
Chugach National Forest, 3301 “C” Street 300, Anchorage, AK
99503-3998.



Alaska Department of Natural Resources. 1991. Susitna forestry guidelines.
Anchorage, AK: Alaska Department of Natural Resources, Division of Land,
Division of Forestry. In cooperation with: Alaska Department of Fish and Game,
Anchorage.

Alden, J. 1985. Biology and management of white spruce seed crops for reforestation
in subarctic taiga forests. Bull. 69. Fairbanks, AK: Agricultural and Forestry Experi-
ment Station, School of Agriculture and Land Resources Management, University
of Alaska. 51 p.

Atterbury, T. 1978. Alder characteristics as they affect utilization. Briggs, David G.;
DeBell, Dean S.; Atkinson, William A., comps. In: Utilization and management of
alder: Proceedings of a symposium; 1977 April 25-27; Ocean Shores, WA. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Forest and
Range Experiment Station: 71-81.

Attiwill, P.M.; Leeper, G.W. 1987. Forest soils and nutrient cycles. Melbourne,
Australia: Melbourne University Press. 202 p.

Ballard,T.M. 1984. Nutrition of planted white spruce. Smithers, BC: [Publisher unknown];
research report to research branch of the British Columbia Ministry of Forests. 23 p.
[Plus appendices].

Ballard, T.M. 1985. Nutritional demands of planted spruce. In: Interior spruce seedling
performance: a workshop of the Northern Silviculture Committee; 1985 February 5-
6; Smithers, BC. [Place of publication unknown]: [Publisher unknown].

Beget, J.E.; Reger, R.D.; Pinney, D. [and others]. 1991. Correlation of the Holocene
Jarvis Creek, Tangle Lakes, Cantwell, and Hayes tephras in south-central and cen-
tral Alaska. Quaternary Research. 35: 174-189.

Berg, A.; Doerksen, A. 1975. Natural fertilization of a heavily thinned Douglas-fir
stand by understory red alder. Res. Note 56. Corvallis, OR: Oregon State University,
Forest Research Laboratory. 3 p.

Binkley, D. 1982. Case studies of red alder and Sitka alder in Douglas-fir plantations:
nitrogen fixation and ecosystem production. Corvallis, OR: Oregon State University.
115 p. Ph.D. dissertation.

Bormann, B.T.; Gordon, J.C. 1989. Can intensively managed forest ecosystems be
self-sufficient in nitrogen? Forest Ecology and Management. 29: 95-103.

Brand, D.G.; Kehoe, P.; Connors, M. 1986. Coniferous afforestation leads to soil
acidification in central Ontario. Canadian Journal of Forest Research. 16: 1389-1391.

Cole, E.C.; Newton, M. 1986. Fifth-year responses of Douglas-fir to crowding and
non-coniferous competition. Canadian Journal of Forest Research.16: 727-732.

Cromack, K., Jr.; Miller, R.E.; Helgerson, O.T. [and others]. Soil carbon and nutri-
ents in a coastal Oregon Douglas-fir plantation with red alder. Soil Science Society
of America Journal. 63: 232-239.

Dawson, J.O.; Dzialowy, P.J.; Gertner, G.Z.; Hansen, E.A. 1983. Changes in soil
nitrogen concentration around Alnus glutinosa in a mixed, short-rotation plantation
with hybrid Populus. Canadian Journal of Forest Research. 13: 572-576.

Eis, S. 1981. Effect of vegetative competition on regeneration of white spruce.
Canadian Journal of Forest Research.11: 1-8.

25

Literature Cited



Eremko, R.D.; Edwards, D.G.W.; Wallinger, D. 1989. A guide to collecting cones of
British Columbia conifers. Revised version of Dobbs, R.C. 1976. Guidelines to col-
lecting cones of B.C. conifers. Victoria, BC: British Columbia Forest Service; British
Columbia Ministry of Forests and Lands. 114 p.

Gilbert, H.; Payette, S. 1982. Ecologie des populations d’aulne (Alnus crispa (Ait.)
Pursh) a la limite des forêts, Quebec nordique. Geographie et Physique
Quaternaire. 36: 109-124.

Gordon, J.C.; Wheeler, C.T. 1978. Whole plant studies on photosynthesis and acety-
lene reduction in Alnus glutinosa. New Phytologist. 80: 179-186.

Haeussler, S.; Coates, D. 1986. Autecological characteristics of selected species
that compete with conifers in British Columbia: a literature review. FRDA Rep. 001.
Vancouver, BC: British Columbia Ministry of Forests and Lands.

Harrington, C.A.; Curtis, R.O. 1986. Height growth and site index curves for red
alder. Res. Pap. PNW-358. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station. 14 p.

Harrington, C.A.; Deal, R.L. 1982. Sitka alder, a candidate for mixed stands.
Canadian Journal of Forest Research. 12(1): 108-111.

Harrington, C.A.; Zasada, J.C.; Allen, E.A. 1994. Biology of red alder (Alnus rubra
Bong.). In: Hibbs, D.E.; DeBell, D.S.; Tarrant, R.F., eds. The biology and manage-
ment of red alder. Corvallis, OR: Oregon State University Press: 3-22.

Heilman, P. 1983. Effects of surface treatment and interplanting of shrub alder on
growth of Douglas-fir on coal spoils. Journal of Environmental Quality. 12(1): 109-
113.

Helm, D.J. 1994. Establishment of moose browse on four growth media on a pro-
posed mine site in southcentral Alaska. Restoration Ecology. 2: 164-179.

Helm, D.J.; Allen, E.B.; Trappe, J.M. [In press]. Plant growth and mycorrhiza forma-
tion by transplants on deglaciated land near Exit Glacier, Alaska. Mycorrhiza.

Helm, D.J.; Carling, D.E. 1993. Use of soil transfer for reforestation on abandoned
mined lands in Alaska. II: Effects of soil transfers from different successional
stages on growth and mycorrhizal formation by Populus balsamifera and Alnus
crispa. Mycorrhiza. 3: 107-114.

Hendrickson, O.Q. 1990. Nitrogen availability and decline in white spruce planta-
tions. In: Titus, B.D.; Lavigne, M.B.; Newton, P.F.; Meades, W.J., eds. The silvics and
ecology of boreal spruces: Proceedings, IUFRO Working Party S1.05-12 sympo-
sium; 1989 August 12-17; [City unknown], NF. [City unknown], NF: Forestry
Canada Newfoundland: 67-74.

Hogg, E.H.; Lieffers, V.J. 1991. The impact of Calamagrostis canadensis on soil ther-
mal regimes after logging in northern Alberta. Canadian Journal of Forest Research.
21: 387-394.

Holsten, E.H. 1994. The role of spruce beetle pheromones as management strate-
gies in Alaska. Gen. Tech. Rep. PSW-GTR-150. Albany, CA: U.S. Department of
Agriculture, Forest Service, Pacific Southwest Research Station: 11-15.

26



Huenneke, L.F. 1987. Demography of a clonal shrub, Alnus incana ssp. rugosa
(Betulaceae). American Midlands Naturalist. 117(1): 43-55.

Huenneke, L.F.; Marks, P.L. 1987. Stem dynamics of the shrub Alnus incana spp.
rugosa: transition matarix models. Ecology. 68(5): 1234-1242.

Huss-Danell, K.; Lundmark, J.-E. 1988. Growth of nitrogen-fixing Alnus incana and
Lupinus spp. for restoration of degenerated forest soil in northern Sweden. Studia
Forestalia Suecica. 181.

Karle, K.F.; Densmore, R.V. 1994. Stream and floodplain restoration in a riparian
ecosystem disturbed by placer mining. Ecological Engineering. 3: 121-133.

Little, E.L., Jr. 1953. A natural hybrid in Alaska. Journal of Forestry. 51: 745-747.

Miller, R.E.; Murray, M.D. 1978. The effects of red alder on growth of Douglas-fir.
Briggs, David G.; DeBell, Dean S.; Atkinson, William A., comps. In: Utilization and
management of alder: Proceedings of a symposium; 1977 April 25-27; Ocean
Shores, WA. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Forest and Range Experiment Station: 283-306.

Newton, M.; Cole, E. 1994. Stand development and successional implications: pure
and mixed stands. In: Hibbs, D.E.; DeBell, D.S.; Tarrant, R.F., eds. The biology and
management of red alder. Corvallis, OR: Oregon State University Press: 106-115.

Newton, M.; El Hassan, B.A.; Zavitkovsi, J. 1968. Role of red alder in western
Oregon forest succession. In: Trappe, J.M.; Franklin, J.F.; Tarrant, R.F.; Hansen,
G.M., eds. Biology of alder: Proceedings of the Northwest Scientific Association
40th annual meeting; 1967 April 14-15; Pullman, WA. Portland, OR: U.S. Depart-
ment of Agriculture, Forest Service, Pacific Northwest Forest and Range
Experiment Station: 73-84.

Pastor, J.; Gardner, R.H.; Dale, V.H.; Post, W.M. 1987. Successional changes in
nitrogen availability as a potential factor contributing to spruce declines in boreal
North America. Canadian Journal of Forest Research. 17: 1394-1400.

Powelson, R.A.; Lieffers, V.J. 1992. Effect of light and nutrients on biomass alloca-
tion in Calamagrostis canadensis. Ecography. 15(1): 31-36.

Puettmann, K.J. 1994. Growth and yield of red alder. In: Hibbs, D.E.; DeBell, D.S.;
Tarrant, R.F., eds. The biology and management of red alder. Corvallis, OR:
Oregon State University Press: 229-242.

Radwan, M.A.; Harrington, C.A.; Kraft, J.M. 1984. Litterfall and nutrient returns in
red alder stands in western Washington. Plant and Soil. 79: 343-351.

Radwan, M.A.; Tanaka,Y.; Dobkowski, A.; Fangen, W. 1992. Production and assess-
ment of red alder planting stock. Res. Pap. PNW-RP-450. Portland, OR: U.S. Depart-
ment of Agriculture, Forest Service, Pacific Northwest Research Station. 13 p.

Reynolds, K.M. 1990. Preliminary classification of forest vegetation of the Kenai
Peninsula, Alaska. Res. Pap. PNW-RP-424. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Research Station. 67 p.

Rhoades, C.C.; Binkley, D. 1992. Spatial extent of impact of red alder on soil
chemistry of adjacent conifer stands. Canadian Journal of Forest Research. 22:
1434-1437.

27



Rieger, S.; Dement, J.A.; Sanders, D. 1963. Soil survey of the Fairbanks area, Alaska.
No. 25. Washington, DC: U.S. Department of Agriculture, Soil Conservation Service.

Schoephorster, D.B.; Hinton, R.B. 1973. Soil survey of Susitna Valley area, Alaska.
Fairbanks, AK: U.S. Department of Agriculture, Soil Conservation Service. 24 p. In
cooperation with: University of Alaska, Institute of Agricultural Sciences, Fairbanks.

Shainsky, L.J.; Radosevich, S.R. 1992. Mechanisms of competition between
Douglas-fir and red alder seedlings. Ecology. 73(1): 30-45.

Shainsky, L.J.; Radosevich, S.R.; Newton, M. 1992. Effects of intra- and inter-spe-
cific competition on root and shoot biomass of young Douglas-fir and red alder.
Canadian Journal of Forest Research. 22: 101-110.

Swift, K.I.; Brockley, R.P. 1994. Evaluation of the nutrient status and fertilization
response potential of planted spruce in the interior of British Columbia. Canadian
Journal of Forest Research. 24: 594-602.

Tarrant, R.F.; Hibbs, D.E.; DeBell, D.S. 1994. Introduction. In: Hibbs, D.E.; DeBell,
D.S.; Tarrant, R.F., eds. The biology and management of red alder. Corvallis, OR:
Oregon State University Press: ix-xi.

U.S. Department of Agriculture, Forest Service. 1980. Soil resource inventory of
the Kenai Peninsula. Rep. 10. Juneau, AK: Chugach National Forest, Alaska
Region. 33 p.

U.S. Department of Agriculture, Soil Conservation Service. 1986. Timber and
vegetation resources of the Sustain River basin—Alaska report. Anchorage, AK. 8 p.

Valentine, D.W. 1990. Influence of topography on soil acidity hydrogen ion budgets in
an arctic landscape. Durham, NC: Duke University. 136 p. Ph.D. dissertation.

Van Cleve, K.; Heal, O.W.; Roberts, D. 1986. Bioassay of forest floor nitrogen supply
for plant growth. Canadian Journal of Forest Research. 16: 1320-1326.

Van Cleve, K.; Viereck, L.A. 1981. Forest succession in relation to nutrient cycling in
the boreal forest of Alaska. In: West, D.C.; Shugart, H.H.; Botkin, D.B., eds. Forest
succession: concepts and application. New York: Springer-Verlag: 179-211.

Van Cleve, K.; Viereck, L.A.; Schlentner, R.L. 1971. Accumulation of nitrogen in
alder (Alnus) ecosystems near Fairbanks, Alaska. Arctic and Alpine Research.
3(2): 101-114.

Van Cleve, K.; Zasada, J. 1976. Response of 70-year-old white spruce to thinning and
fertilization in interior Alaska. Canadian Journal of Forest Research. 6: 145-152.

van Hees, W.W.S.; Larson, F.R. 1991. Timberland resources of the Kenai Peninsula,
Alaska, 1987. Resour. Bull. PNW-RB-180. Portland, OR: U.S. Department of Agri-
culture, Forest Service, Pacific Northwest Research Station. 56 p.

Viereck, L.A.; Dyrness, C.T.; Batten, A.R.; Wenzlick, K.J. 1992. The Alaska vegeta-
tion classification. Gen. Tech. Rep. PNW-GTR-286. Portland, OR: U.S. Department
of Agriculture, Forest Service, Pacific Northwest Research Station. 278 p.

Viereck, L.A.; Dyrness, C.T.; Van Cleve, K.; Foote, M.J. 1983. Vegetation, soils, and
forest productivity in selected forest types in interior Alaska. Canadian Journal of
Forest Research. 13: 703-719.

28



Vogel, J.G.; Gower, S.T. 1998. Carbon and nitrogen dynamics of boreal jack pine
stands with and without a green alder understory. Ecosystems. 1: 386-400.

Weetman, G.F. 1968. The nitrogen fertilization of three black spruce stands.
Woodlands Pap. 6. Point-Claire, Quebec: Pulp and Paper Research Institute. 45 p.

Weetman, G.F.; Webber, B. 1972. The influence of wood harvesting on the nutrient
status of two spruce stands. Canadian Journal of Forest Research. 2: 351-369.

Wilson, B.F.; Patterson, W.A., III; O’Keefe, J.F. 1985. Longevity and persistence of
alder west of the tree line on the Seward Peninsula, Alaska. Canadian Journal of
Botany. 63: 1870-1875.

Wurtz, T.L. 1995a. An efficient design for studies of plant species interactions: an
example with white spruce and alder. In: Mead, D.J.; Cornforth, I.S., eds. Proceed-
ings of the trees and soil workshop; 1994 February 28-March 2; Canterbury, New
Zealand. Spec. Publ.10. Canterbury, New Zealand: Agronomy Society of New
Zealand, Lincoln University Press.

Wurtz, T.L. 1995b. Understory alder in three boreal forests of Alaska: local distribution
and effects on soil fertility. Canadian Journal of Forest Research. 25: 987-996.

Yarie, J.; Van Cleve, K.; Schlentner, R. 1990. Interaction between moisture, nutrients
and growth of white spruce in interior Alaska. Forest Ecology and Management.
30: 73-89.

Youngblood, A.P.; Zasada, J.C. 1991. White spruce artificial regeneration options on
river floodplains in interior Alaska. Canadian Journal of Forest Research. 21(4):
423-433.

Zasada, J.C.; Norum, R.A.; Teutsch, C.E.; 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. The Forestry Chronicle. April: 84-88.

Zasada, J.C.; Packee, E.C. 1995. The Alaska region. In: Barrett, J.W., ed. Regional
silviculture of the United States, 3d ed. New York: John Wiley and Sons. 643 p.

Zavitkovski, J.; Newton, M. 1968. Effect of organic matter and combined nitrogen on
nodulation and nitrogen fixation in red alder. In: Trappe, J.M.; Franklin, J.F.; Tarrant,
R.F.; Hansen, G.M., eds. Biology of alder. Proceedings of the Northwest Scientific
Association 40th annual meeting; 1967 April 14-15; Pullman, WA. Portland, OR:
U.S. Department of Agriculture, Forest Service, Pacific Northwest Forest and
Range Experiment Station: 209-224.

29



This page has been left blank intentionally.
Document continues on next page.



The Forest Service of the U.S. Department of Agriculture
is dedicated to the principle of multiple use management of
the Nation’s forest resources for sustained yields of wood,
water, forage, wildlife, and recreation. Through forestry
research, cooperation with the States and private forest
owners, and management of the National Forests and
National Grasslands, it strives–as directed by Congress–to
provide increasingly greater service to a growing Nation.

The United States Department of Agriculture (USDA) pro-
hibits discrimination in all its programs and activities on the
basis of race, color, national origin, gender, religion, age,
disability, political beliefs, sexual orientation, or marital or
family status. (Not all prohibited bases apply to all programs.)
Persons with disabilities who require alternative means for
communication of program information (Braille, large print,
audiotape, etc.) should contact USDA’s TARGET Center at
(202) 720-2600 (voice and TDD).

To file a complaint of discrimination, write USDA, Director,
Office of Civil Rights, Room 326-W, Whitten Building, 14th
and Independence Avenue, SW, Washington, DC 20250-
9410 or call (202) 720-5964 (voice and TDD). USDA is an
equal opportunity provider and employer.

Pacific Northwest Research Station 
333 S.W. First Avenue 
P.O. Box 3890 
Portland, Oregon 97208-3890



U.S. Department of Agriculture
Pacific Northwest Research Station
333 S.W. First Avenue
P.O. Box 3890
Portland, Oregon 97208-3890

Official Business
Penalty for Private Use, $300

do NOT detach label


