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Abstract—The widespread occurrence of big sagebrush can be
attributed to many adaptive features. Big sagebrush plays an
essential role in its communities by providing wildlife habitat,
modifying local environmental conditions, and facilitating the rees-
tablishment of native herbs. Currently, however, many sagebrush
steppe communities are highly fragmented. As a result, restoring
big sagebrush is considered a priority in the conservation and
rehabilitation of sagebrush steppe ecosystems. Wyoming big sage-
brush can often be difficult to establish, because many environmen-
tal factors act to restrict its emergence and persistence. On fire
rehabilitation projects in Idaho, Wyoming big sagebrush seed is
typically aerially broadcast over the soil surface. This method has
had some success; however, several alternative seeding treatments,
such as cultipacking, have resulted in the establishment and persis-
tence of Wyoming big sagebrush. In addition, transplanting bareroot
and containerized stock may be useful for restoring shrub stands in
critical areas.
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In the Western United States, big sagebrush (A. tridentata
Nutt.) steppe communities dominate over 60 million ha
(Wambolt and Hoffman 2001) and provide essential habitat
and forage for many species (West 2000). Fragmentation of
sagebrush steppe communities has occurred through exces-
sive livestock grazing, conversion to agricultural cropland,
invasion of exotic plants, and increasing frequency of large
fires (Anderson and Inouye 2001; Knick 1999; Knick and
Rotenberry 1997; Noss and others 1995). More than 350
species of plants and animals associated with sagebrush
ecosystems have been identified as species of conservation
concern due to declining habitats or populations (Wisdom
and others 2003).

Big sagebrush is important because of its wide distribu-
tion and the extent of disturbance within its range. It
provides both food and cover for sage-grouse (Centrocercus
urophasianus Bonaparte) year round (Connelly and others
2004). This paper presents a review of the literature on big
sagebrush taxonomy and characteristics, germination re-
quirements, relevance in rehabilitation projects, and meth-
ods for improving its establishment in seedings and
transplantings. It will focus primarily on Wyoming big
sagebrush (A. t. Nutt. ssp. wyomingensis Beetle and Young).

Big Sagebrush Taxonomy and
Characteristics _________________

There are five subspecies of big sagebrush. These include
basin big sagebrush (A. t. Nutt. ssp. tridentata), Wyoming
big sagebrush, mountain big sagebrush (A. t. Nutt. ssp.
vaseyana [Rydb.] Beetle), xeric big sagebrush (A. t. Nutt. ssp.
xericensis Winward ex R. Rosentreter & R. Kelsey), and
subalpine big sagebrush (A. t. Nutt. ssp. spiciformis
[Osterhout] Kartesz and Gandhi) (Wambolt and Frisina
2002; West and Young 2000). The distribution of the subspe-
cies is regulated by seasonal precipitation patterns, eleva-
tion, and soil conditions (McArthur 2000; McArthur and
others 1979, 1995; Monsen and Shaw 2000).

The dominance and ubiquitous occurrence of big sage-
brush can be attributed to many factors. One factor is the
production of seasonally dimorphic leaves. Ephemeral leaves,
larger and often irregularly lobed, develop in spring and are
shed in summer following moisture stress (West and Young
2000). Persistent leaves are typically three-lobed, smaller,
develop in late spring, and remain on the shrubs through
winter (West and Young 2000). A second major factor contrib-
uting to the widespread occurrence of big sagebrush is an
efficient two-component root system (West and Young 2000).
Its fibrous root system captures water and nutrients near
the soil surface, permitting plants to take advantage of
summer precipitation (West and Young 2000). The taproot,
in turn, allows for utilization of water and nutrients deep
within the soil profile and below the principal rooting zone
of associated herbaceous species (West and Young 2000).

Several additional adaptive features influence the distri-
bution and persistence of big sagebrush subspecies. These
include, but are not limited to, variable growth forms,
response to fire, the production of allelopathic substances in
roots and leaves, the ability to conduct photosynthesis at low
temperatures, temperature requirements for seed germina-
tion, seed dispersal strategies, seed size, and structure and
timing of seed maturation (Blaisdell and others 1982; Kelsey
1986; Meyer and Monsen 1992; Peterson 1995).

Big sagebrush plants are capable of producing seed in
their second year and will continue to produce some seed
annually, except during years of severe moisture stress
(Meyer and Monsen 1992). Plants flower in fall, following
the summer drought period, and the fruits (achenes) mature
from midfall to early winter (Meyer 2003). Achenes are small
(about 1 by 1.5 mm) and shiny with a deciduous pappus
(Meyer 2003). They are dispersed by gravity and wind, but
do not possess any special adaptations for wind dispersal
(Meyer 1994). Seeds may be blown by wind across crusty
snow surfaces and dispersed by animals and water (Tisdale
and Hironaka 1981; Young and Evans 1989a). Maximum
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dispersal distance of seeds can be up to 30 m; however, most
seeds (85 to 90 percent) fall within 1 m of the shrub canopy
(Meyer 1994; Young and Evans 1989a).

Big sagebrush seeds are surface or near-surface emerging
and are sensitive to microsite conditions (Meyer 1994).
Germination occurs in late winter to early spring, soon after
snowmelt, in areas where snow accumulates (Meyer and
Monsen 1992; West and Young 2000). A semi-gelatinous
pericarp and hypocotyl hairs aid in the adhesion of the
achene to the soil surface and permit the radicle to penetrate
the soil (Young and Martens 1991). The achene’s small size
reduces the surface area for moisture loss (Young and
Martens 1991). Achenes typically exhibit high seed viability
and germination capacity at maturity (Meyer 2003).

Wyoming Big Sagebrush
Wyoming big sagebrush is the most xeric subspecies of big

sagebrush. It generally occurs on shallow soil in areas
receiving 200 to 300 mm of annual precipitation (Cronquist
1994; Monsen and Shaw 2000). Wyoming big sagebrush
plants exhibit a ragged, irregular growth form, and most
plants grow to less than 1 meter in height. The main stem is
often branched into two or three twisted portions at or near
ground level (Winward and Tisdale 1977). Persistent leaves
are narrowly cuneate to cuneate with the margins curved
outward, and exhibit a strong, pungent odor when crushed
(McArthur and others 1979). The plants flower from late
July to September, and seed maturation occurs in October
and November (Monsen and Shaw 2000).

Germination and Establishment
Ecology _______________________

Many environmental factors act to reduce sagebrush es-
tablishment and persistence. Seed germination is substan-
tially limited by water stress, and a principal cause of seed
mortality is early or prolonged drought (Meyer 1994). The
successful establishment of large cohorts of big sagebrush
shrubs can result from recruitment pulses that are associ-
ated with rare events of highly favorable precipitation
(Watson and others 1997; West and others 1979; Williams
and Hobbs 1989). High seed densities and synchronous
germination can result in intense competition between big
sagebrush seedlings. Intraspecific competition or self-thin-
ning probably accounts for much of the initial mortality
(Meyer 1994). Competition between sagebrush plants within
a stand may also affect flowering and seed set, particularly
in dry years (Meyer 1994).

Competition with herbaceous species may also impact the
success of sagebrush seedings. However, reports on sage-
brush seedling competitiveness with seeded wheatgrasses
are contradictory. During the time period when sagebrush
was being controlled on rangelands, managers often re-
marked on the ability of sagebrush to reestablish in peren-
nial grass seedings (Meyer 2003). Conversely, researchers
have demonstrated that competition with introduced and
native grasses seeded before or with big sagebrush can
reduce Wyoming big sagebrush establishment (Blaisdell
1949; Fortier 2000; Schuman and others 1998). Similarly,

sagebrush seedings in areas with exotic annual grass com-
petition have had little success (Meyer 2003). Competitive
effects are probably related to the inability of sagebrush
seedlings to compete for soil moisture during establishment
(Cook and Lewis 1963; Sturges 1977). Blaisdell (1949) found
higher grass yields on plots that were seeded with grass
prior to or 1 year after sagebrush, and that prior grass
establishment often prevented the establishment of sage-
brush seedlings. However, when grasses were seeded 2 or 3
years following sagebrush seeding, grass yields were re-
duced and grass competition did not have an effect on
sagebrush (Blaisdell 1949).

Sagebrush seedlings have high first-year survival rates,
even through summer drought periods, on mine sites where
there is little competition (Meyer 1994). Schuman and oth-
ers (1998) found that grass competition reduced sagebrush
seedling densities in a mined-land reclamation study using
direct-placed topsoil. They concluded that successful estab-
lishment of big sagebrush may require seeding big sage-
brush without grasses or with very low grass seeding rates
(Schuman and others 2000).

Commercially available sagebrush seed is often not from
locally or regionally adapted seed sources. Nonadapted
seeds may respond differently to normal germination cues
and germination may occur at an inappropriate time, result-
ing in seeds that fail to germinate or persist (Monsen and
Meyer 1990). Using seedlots with the source or geographic
origin of the seed verified (Source Identified) and matched to
the site may be a key factor for achieving successful shrub
establishment (McArthur and others 1995; Meyer and
Monsen 1992). Commercially available seed often contains
a mixture of sagebrush subspecies (Dalzell 2004). Currently,
the Association of Seed Analysts does not provide guidelines
or testing methods for differentiating sagebrush subspecies
in purchased seed (AOSA 2003). Applying the big sagebrush
subspecies matched to the restoration site is essential be-
cause big sagebrush subspecies exhibit differences in seed-
ling establishment traits (McArthur and others 1995),
growth rates (Welch and McArthur 1984), habitats
(Winward and Tisdale 1977), and moisture (Barker and
McKell 1983; Kolb and Sperry 1999), temperature (Harniss
and McDonough 1976), and germination requirements (Meyer
1994).

Seed bank studies of big sagebrush indicate seed banks
are transient, with very little seed carryover from one year
to the next (Meyer and Monsen 1992). Most of the big
sagebrush seeds produced in autumn are absent from the
soil seed bank by late spring of the following year (Young and
Evans 1989a). Wyoming big sagebrush seeds are, in gen-
eral, short lived and do not survive fires (Young and Evans
1989a). Young and Evans (1989a) found that no mountain
big sagebrush or basin big sagebrush seedlings emerged
from germination tests of 1,000 soil surface samples taken
from a burned area. In contrast, however, some Wyoming big
sagebrush seeds applied with mulch cover on mined lands in
Wyoming remained viable in the seed bank for up to 4 years
(Schuman and others 1998).

Sagebrush seeds are highly viable with little or no dor-
mancy at dispersal, but may have strong light requirements
for germination (Meyer 2003; Young and Evans 1989b). The
light requirement is removed through stratification (moist
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chilling), and most seeds are germinable by late winter or
early spring (Meyer 2003).

Use of Big Sagebrush in
Rehabilitation Projects ___________

Reestablishing big sagebrush is considered a priority in
the conservation and rehabilitation of sagebrush steppe
ecosystems (USDI BLM 2002a). In addition to providing
habitat for sage-grouse and other sagebrush obligate spe-
cies, big sagebrush also plays an essential role in these
communities by directly modifying local environmental con-
ditions, thus providing a more favorable environment for
seed germination and seedling survival (Schlesinger and
Pilmanis 1998). Shrubs also help to retain soil nitrogen,
increase organic matter, and create favorable environments
for microorganisms, resulting in fertile islands or patches
that develop over time (Cross and Schlesinger 1999; West
2000). By trapping blowing snow and moderating tempera-
tures, big sagebrush facilitates the establishment of native
herbs, and their canopy protects native herbs from over-
utilization (West 2000). Wyoming big sagebrush also devel-
ops mycorrhizal fungi associations, which aid in nutrient
extraction and cycling (West 2000).

The establishment of big sagebrush is often difficult due to
poor seed quality (Harniss and McDonough 1976; Young and
Evans 1989a), low seedling vigor, exposure to unfavorable
seedbed conditions (McDonough and Harniss 1974; Meyer
and Monsen 1992), competition with herbaceous species
(Blaisdell 1949; Sturges 1977), and inadequate moisture
(Cook and Lewis 1963; Sturges 1977). Improved seed clean-
ing, handling, and purchasing requirements have made
higher quality seed easier to obtain (Meyer and Monsen
1992; Olson and others 2000). Also, seedbed conditions can
be manipulated to reduce competition and facilitate seed
germination (McArthur and others 1995; Welch and others
1992). Ultimately, however, environmental factors still play
a central role in determining the success of big sagebrush
restoration projects.

Seeding treatments can have a strong influence on the
emergence and survival of big sagebrush seedlings. On
Bureau of Land Management (BLM) fire-rehabilitation
projects in Idaho, Wyoming big sagebrush seed is typically
aerially broadcast over the soil surface by helicopter (USDI
2002b). Aerial broadcasting is often desirable over other
methods, because large areas can be seeded quickly and the
seed can be placed on the soil surface (Monsen 2000). This
seeding method has had some success (Monsen 2000); how-
ever, results from a recent study in southern Idaho indicate
that aerially seeding Wyoming big sagebrush had limited
effect on shrub establishment (Dalzell 2004). In this study,
seeding did not increase the density or cover of Wyoming big
sagebrush on seeded plots compared to adjacent unseeded
plots (Dalzell 2004). In fact, shrubs failed to establish on 23
of the 35 (66 percent) study sites sampled (Dalzell 2004).

Another key factor in the establishment and persistence of
sagebrush seedlings is the timing and amount of winter
snowfall. The recommended time for planting big sagebrush
is in fall, just before the first winter snowfall. This is the time
when big sagebrush would naturally be dispersing seed

onsite (Meyer 1994). Snow cover can facilitate the establish-
ment of big sagebrush—particularly in areas with reliable,
long-term snow cover—by compacting or firming the soil
surface and assisting in keeping the seed in contact with the
soil. However on drier and warmer sites, winter snowfall
may be inadequate to facilitate these physical processes to
ensure successful big sagebrush emergence and establish-
ment (Meyer 2003). Wyoming big sagebrush sites are typi-
cally windswept and relatively dry in both autumn and
winter (Meyer and Monsen 1992). These environmental
conditions are not favorable for sagebrush emergence or
establishment.

Increasing Shrub Establishment ___
There are several alternatives to aerial seeding that have

been shown to increase big sagebrush establishment and
persistence. For example, seeding equipment that compacts
the soil surface, such as cultipacking, chaining, and imprint-
ing, can increase big sagebrush seedling establishment.
Monsen and Meyer (1990) obtained significantly greater
initial seedling emergence, compared to broadcasting, by
seeding with the Oyer compact row seeder. This device
compacts the soil and then presses the seed into the surface.
Intermediate seedling emergence results were achieved by
using the Brillion cultipacker seeder (Monsen and Meyer
1990). Using this device, the seed is broadcast over the
surface and pressed into the soil (Pyke 1994). The cultipacker
is a circular cylinder or set of wheels that are rolled over the
soil surface to place the seed in contact with the soil near the
soil surface (Pyke 1994).

The U.S. Department of the Interior, Bureau of Land
Management’s Lower Snake River District in Idaho achieved
successful sagebrush establishment using a seeder that
incorporates a fertilizer spreader, anchor chain or tire drags,
and a vine-roller cultipacker (Boltz 1994). This sagebrush
seeder covered the seed and firmed the soil surface on silt
loams, but it was less effective on gravelly and stony areas
(Boltz 1994).

Another option for establishing big sagebrush is to trans-
plant bareroot or containerized stock. Stock that is 12 to 20
cm tall is transplanted in early spring (McArthur and others
1995). First year survival rates for transplanted stock are
often 80 percent or higher (Welch and others 1992). Seed-
lings are typically transplanted only in small, critical areas
due to the cost of using planting stock. Transplant stock can
be grown from small amounts of seed from specific areas
similar to the planting sites. Transplant stock is available
locally or regionally from private contracted nurseries and
from USDA Forest Service nurseries.

A similar method, the “mother plant” technique, combines
transplanting and natural seed dispersal. The mother plants
are planted as bareroot or containerized stock on key loca-
tions throughout the rehabilitation site. Within 3 to 5 years,
established mother plants mature, disperse seed, and pro-
vide an established seed source for unseeded areas (Welch
and others 1992). However, successful sagebrush establish-
ment and subsequent dispersal also depends on the species
composition in the unseeded areas.

Big sagebrush is considered an obligate vesicular-
arbuscular mycorrhizal (VAM) plant (Wicklow-Howard
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1994). Arbuscular mycorrhizae can improve the ability of
plants to extract nutrients and water from the soil, thereby
improving the host species’ survival and growth on severely
disturbed lands (Wicklow-Howard 1994). In a greenhouse
study, Stahl and others (1998) found that sagebrush seed-
lings grown in topsoil with mycorrhizal inoculum exhibited
significantly greater tolerance to drought stress than non-
mycorrhizal seedlings. Arid land disturbances such as fire,
mining, overgrazing, off-highway vehicle use, and cultiva-
tion significantly reduce the mycorrhizal inoculum potential
(MIP) of the soil (Wicklow-Howard 1989). Efforts to add
commercially available VAM fungal inoculum to the soil or
to use VAM-inoculated plants on disturbed areas have met
with limited success (Wicklow-Howard 1994).

To increase big sagebrush establishment, it is imperative
that alternative seeding methods are considered in lieu of
aerially seeding Wyoming big sagebrush, particularly if the
seed is not adequately covered. Although transplanting
bareroot and containerized stock is regarded as costly, this
expense may be acceptable when considering the current
failure to establish sagebrush using aerial seeding (Dalzell
2004). Because areas that have been depleted of sagebrush
for several years may lack the proper mycorrhizal fungi in
the soil, containerized stock should be inoculated with com-
patible fungi. Bareroot and containerized stock could be
transplanted in small, critical areas and in areas currently
dominated by introduced seeded grasses. Planting big sage-
brush can also facilitate the restoration of highly palatable
selections of sagebrush, such as Gordon Creek Wyoming big
sagebrush, or local germplasms that are best suited for the
site conditions (Welch and others 1992).

Another alternative method is to transplant big sage-
brush shrubs on areas where fertile islands existed prior to
burning, focusing on areas where native vegetation and
shrub skeletons remain. The transplanted shrubs will as-
sist in the formation of “islands of fertility” (Cross and
Schlesinger 1999). These shrub islands will serve as habi-
tat islands for animal species by providing shrub cover to
reduce the risk of predation (Longland and Price 1991),
providing temporary refuges to facilitate animal dispersal
and the maintenance of a metapopulation, a group of spa-
tially separated subpopulations that are interlinked and
maintained by occasional dispersal (Longland and Bateman
2002). Areas that are positioned adjacent to the shrub
islands and have remaining native vegetation could be left
unseeded; thus reducing the mechanical disturbance of the
soil surface by some seeding equipment and reducing the
likelihood of exotic plant invasion, biological soil crust de-
struction, and subsequent wind erosion. In addition, the
islands would serve as a seed source for the replenishment
of native species with unavailable or limited commercial
seed supplies. The shrub islands would not only provide a
seed source for animals to harvest, consume, and disperse,
but also provide a refuge for seed dispersers (Longland and
Bateman 2002). In addition, these islands are sites with high
vesicular arbuscular mycorrhizal activity. Ultimately, the
development of fertile shrub islands would serve as inocu-
lum focal points from which shrubs, VAM, and other species
could spread (Allen 1987).

As previously mentioned, establishment of big sagebrush
seedlings is impacted by competition. Seeding introduced

grasses such as crested wheatgrass (Agropyron cristatum)
and intermediate wheatgrass (Elymus hispidus) with big
sagebrush has prevented shrub seedlings from establishing
(Richardson and others 1986). Direct competition for avail-
able soil moisture and nutrients exists between seeded
grasses and big sagebrush because of similar root distribu-
tions and growth periods (Cook and Lewis 1963; Sturges
1977). In contrast, studies have shown that stands of native
bunchgrasses permitted big sagebrush recruitment (Booth
and others 2003; Frischknecht and Bleak 1957). Frischknecht
and Bleak (1957) reported that seeded stands of bluebunch
wheatgrass (Pseudoroegneria spicata) were more likely to
permit sagebrush seedling recruitment than seeded stands
of crested wheatgrass. In addition, Booth and others (2003)
found that the native perennial bunchgrass squirreltail
(Elymus elymoides) permitted big sagebrush recruitment
and also suppressed cheatgrass.

Seeds of several important native bunchgrasses are avail-
able. However, sources of other bunchgrasses adapted to the
Interior Western United States, such as Great Basin wildrye
(Leymus cinereus), bluebunch wheatgrass, Sandburg blue-
grass (Poa sandbergii), bottlebrush squirreltail, and the
needlegrasses (Hesperostipa) are just beginning to be mar-
keted. Additional research is needed to develop appropriate
seedbed preparation methods, planting techniques, and
equipment for the establishment of individual native species
and populations. Also, further research could focus on seed-
ing big sagebrush in mixed seedings of native species and
investigating the ability of these seedings to permit sage-
brush establishment and compete with invasive species.

Successful rehabilitation following wildland fire is essen-
tial to mitigate the effects exotic, invasive plants have on
ecosystems, decrease the frequency of large fires, provide
suitable wildlife habitat, and halt the conversion of diverse
sagebrush steppe communities to communities dominated
by exotic, invasive plants. To increase big sagebrush estab-
lishment, it is imperative that other seeding methods be
considered, utilized, monitored, and evaluated instead of the
commonly used aerial seeding technique. If current sage-
brush restoration efforts do not result in more consistent
establishment and persistence of this important shrub,
large areas of sagebrush-steppe may be lost, and rehabilita-
tion may no longer be a viable option (West 2000).
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