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Survivability of Wyoming Big

Sagebrush Transplants
By Charlie D. Clements and Daniel N. Harmon

On the Ground

• Wyoming big sagebrush is a dominant shrub
species on millions of acres of rangelands through-
out the Intermountain West and plays a critical role
in the health and diversity of many wildlife species.

• Restoration practices to re-establish Wyoming big
sagebrush on degraded habitats have largely been
met with submarginal success, yet the need to
restore or rehabilitate Wyoming big sagebrush has
become increasingly important due to extensive
losses of big sagebrush habitats, fragmentation,
and sensitive sagebrush obligate species.

• Lack of success from seeding rangelands either by
ground application or aerially has prompted some
resource managers to look more closely at trans-
plantng methodologies. Transplanting of Wyoming
big sagebrush is largely done using cone-size
containers or bare-stock plants and is recommended
to be conducted in spring. This study was initiated in
2012 to test fall versus spring transplanting.

• Fall transplanting success averaged 65% with a
range of 41% to 82%, while spring transplant
success averaged 41% with a range of 13% to
65%.

• The cold desert of the Great Basin receives the
majority of its precipitation during winter months,
therefore providing a more reliable source of
available precipitation for newly transplanted Wyo-
ming big sagebrush seedlings. A significant part of
increasing big sagebrush transplanting success is
the combination of increased container size and
moving the timing of transplanting from spring to fall
due to an increase in favorable and reliable
precipitation.
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improvement.
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yoming big sagebrush (Artemisia tridentata
subsp. wyomingensis Beetle & Young
[Asteraceae]) is a dominant shrub species
on millions of acres of rangelands through-
out the Intermountain West1–5 and plays a

critical role in the health and diversity of many wildlife
species.6–9 The accidental introduction and subsequent
invasion of cheatgrass (Bromus tectorum L.) throughout the
Intermountain West has truncated secondary succession by
providing a fine-textured, early maturing fuel that increases
the chance, rate, spread, and season of wildfires.8–11 Big
sagebrush communities that historically burned every 60 to
110 years are now burning as frequent as every 5 to 10
years,12,13 simply too short of a period of time to allow for the
return of this critical shrub species. Wyoming big sagebrush
communities are very susceptible to invasion by exotic weeds.-
5,13 Natural recruitment of Wyoming big sagebrush is well
reported,14–16 yet the natural recruitment of Wyoming big
sagebrush following wildfire is very limited.17 Wyoming big
sagebrush does not resprout following wildfires, it does not
build persistent seed banks, and it does not have an active wind
or granivore dispersal system, with the vast majority of seed
being dispersed within a meter of the shrub.18–20 Restoration
practices to re-establish Wyoming big sagebrush have largely
been met with submarginal success, yet the need to restore or
rehabilitate Wyoming big sagebrush has become increasingly
important due to extensive losses of big sagebrush habitats,
fragmentation, and sensitive sagebrush obligate species.16,21,22

Lack of success from seeding rangelands either by ground
application or aerially22 has prompted some resource managers
to look more closely at transplanting methodologies. Trans-
planting of Wyoming big sagebrush is largely done using cone-
size containers (b 165 cm3) or bare-stock plants and is
recommended to be conducted in the spring.23–28 In the
Great Basin region of northern Nevada, spring transplanted
shrubs often experience hot, dry conditions following trans-
planting efforts. The cold desert of northern Nevada receives the
majority of its precipitation in the winter months, which may be
more beneficial to newly transplanted seedlings. This study was
initiated in 2012 following decades of observations concerning
big sagebrush and other critical shrub species’ transplanting
efforts and associated failures. Some of our efforts actually
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suggested that fall transplanting would experience higher success
rates.29 The objective of this study was to measure the success of
Wyoming big sagebrush seedlings transplanted in the spring
versus the fall. We hypothesized that fall transplanted seedlings
would yield higher success than spring transplanted seedlings due
to the favorable winter precipitation in the region.

Transplanting Seedlings
We selected two sites in northern Nevada to test the

survivability of transplanted Wyoming big sagebrush seed-
lings. The first site, Peterson, is located 38 km northwest of
Reno, Nevada, and is an old crested wheatgrass (Agropyron
cristatum L.) seeding from a 1973 wildfire. The site is at an
elevation of 1,410 m and is dominated by crested wheatgrass
with sparse overstory ofWyoming big sagebrush. The site also
includes bottlebrush squirreltail (Elymus elymoides [RAF.]
Swezey), bluegrass (Poa secunda J.S. Presl), desert needlegrass
(Achnatherum speciosum [Trin & Rupr.] Barkworth), Great
Basin wildrye (Leymus cinereus [Scribner & Merr.]), creeping
wildrye (Leymus triticoides [Buckley] Pilger), Indian ricegrass
(Achnatherum hymenoides [Roemer & Schultes]), cheatgrass
(Bromus tectorum L.), green ephedra (Ephedra viridis Cov.),
antelope bitterbrush (Purshia tridentata [Pursh] DC), green
rabbitbrush (Chrysothamnus viscidiflorus [Hook]), desert
peach (Prunus andersonii A. Gray), and filaree (Erodium
cicutarium L.). The soil is Galeppi series, a fine-loamy, mixed,
superactive, mesic, Argiduridic Argixeroll, and the site averages
269 mm of annual precipitation recorded from a nearby active
rain gauge (USDA-ARS, Great Basin Rangelands Research
Unit, 2014). The ecological site is intermediate mountains 152

to 304 mm (R026XF049CA). The second site, Dry Valley, is
located 89 km north of Reno, Nevada, and is an old crested
wheatgrass seeding from a 1985 wildfire. The site is at an
elevation of 1,243 m and is dominated with an understory of
crested wheatgrass with a minor component of cheatgrass and
a sparse overstory of Wyoming big sagebrush. The soil is
mapped as Smaug series, a coarse-silty, mixed, superactive,
calcareous, mesic Typic Torriorthent, and the ecological site
is a loamy 203 to 254 mm (RO23XY006NV). The site
averages 145 mm of annual precipitation as recorded from a
nearby active rain gauge (USDA-ARS, Great Basin Range-
lands Research Unit, 2014).

Methods
Commercially purchased Wyoming big sagebrush seed

was sown into 1,549 cm3 pots (MT49 mini-tree pots) filled
with 4 parts top soil, 2 parts potting soil, and 1 part peat moss
for each transplanting treatment. Seedlings were grown out in
a greenhouse environment for 6 months and then placed
outside for 1 month prior to transplanting. Transplanting
occurred at each site during the third week of March (spring)
and November (fall) in 2012, 2013, and 2014. Four blocks, 4
m apart, of 25 sagebrush seedlings, 2 m centers, were
transplanted into 204 x 254 cm predug holes, back-filled, and

Figure 1. Survivability of fall transplanted Wyoming big sagebrush
seedlings experienced significantly (P ≤ 0.01) higher success than spring
transplanted seedlings.

Figure 2. Site comparisons of spring versus fall transplants of Wyoming
big sagebrush. Different letters represent a significant (P ≤ 0.01) difference
for each site by year. Y axis units are % transplant survival.
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given 475 mL of water at the time of transplanting.Water was
poured into the holes just prior to planting transplants to
ensure moist root-to-soil contact. Each of the 100 transplants
were monitored monthly for 2 years and recorded as alive or
dead, as well as noted for any predation. Following the 2-year
monitoring, surviving seedlings were recorded as established.
Data was analyzed as a factorial experiment with mixed model
ANOVA30 with treatment, year, and interaction as fixed
effects, and the site, site × treatment, and year × site ×
treatment as random effects.

Results and Discussion
A total of 1,200 Wyoming big sagebrush seedlings were

transplanted over a 3-year period, equaling 600 spring and fall
transplants at 2 sites in northernNevada. Seedlings transplanted
in the fall had significantly (P ≤ 0.01) higher success than spring
transplanted seedlings (Fig. 1). Fall transplanting success
averaged 65% with a range of 41% to 82%, while spring
transplants averaged 41% with a range of 13% to 65% (Fig. 2).
The Peterson site experienced the highest transplanting success
of 82% in the fall of 2013 (Fig. 2), while the lowest transplanting
success was recorded at 13% in the spring of 2012 at the Dry
Valley site (Fig. 2). Recorded predation of transplanted big
sagebrush seedlings ranged from 2% at the Peterson site to as
high as 11% at the Dry Valley site, which we contribute mainly
to the black-tailed jackrabbit (Lepus californicus) due to fresh

droppings adjacent to the seedlings. There was also a significant
(P≤ 0.05) difference between years, which is not surprising with
such variable precipitation patterns. The drought year of 2012
was very arid, as the Peterson site received 130 mm of annual
precipitation (Table 1) (20-year average = 269 mm) (USDA-
ARS, Great Basin Rangelands Research Unit, 2014) while the
Dry Valley site only received 79 mm of annual precipitation
(Table 1) (20-year average = 145 mm)28 for the given water
year, 1 October through 30 September. The cold desert of the
Great Basin receives the majority of its precipitation during
winter months,31 thus providing a more reliable source of
available precipitation for newly transplanted Wyoming big
sagebrush seedlings following the timing of fall transplanting
rather than spring transplanting methodologies. In this study,
spring transplanting experienced its highest success, 65%, at the
Dry Valley site, when the site received more than 45 mm of
combined April and May precipitation, suggesting that the
amount and periodicity of spring precipitation is critical to
survivability of big sagebrush seedlings transplanted in early
spring. Past research has experienced as low as 1% survivability
of big sagebrush seedlings transplanted in the spring when
followed up by inadequate precipitation, while experiencing as
much as 31% survivability with favorable spring precipitation.32

In this study we did not conduct any vegetation manipulation,
such as perennial grass removal, to aid transplanted big
sagebrush seedlings (Fig. 3), yet experienced higher survivability
than recent big sagebrush transplanting efforts that included

Table 1. Annual precipitation for each site for the 3 years of the study compared with the 20-year average

Precipitation (mm)

Site 2012 2013 2014 20-year average

Dry Valley 79 mm 114 mm 170 mm 145 mm

Peterson 130 mm 157 mm 272 mm 269 mm

Figure 3. Wyoming big sagebrush transplant adjacent to established perennial grass, crested wheatgrass.
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vegetationmanipulation.33We believe a large part of increasing
big sagebrush transplanting success is the combination of
increased container size28 and moving the timing of transplant-
ing from spring to fall due to an increase in favorable and reliable
precipitation (Fig. 4). In northern Nevada, fall provides cooler
temperatures and a greater amount of precipitation, whereas
spring months can experience hot and dry episodes that can be
detrimental to newly transplanted seedlings. Increased con-
tainer size appeared more beneficial at transplanting time

compared with past experiences with cone-sized containers and
bare-stock seedlings. Bare-stock seedlings are lacking the
structure of fine roots and cone-sized seedlings are very fragile
with very little root structure. Quart-sized containers allowed
seedlings to develop more root length and structure important
to plant establishment, as well as less chance of mortality
through frost heaving.

The increase in annual grass and associated fuels has
increased the frequency and size of wildfires,32–34 resulting in

Figure 4. Wyoming big sagebrush fall 2013 transect establishment following 2 years of monitoring.

Figure 5.Wyoming big sagebrush recruitment is very advantageous to plant and wildlife diversity. It is critically important to maintain good perennial grass
densities to improve habitat resilience to invasive annual weeds and allow succession to occur.
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landscape conversions of formerly big sagebrush/bunchgrass
communities to annual grass dominance.19,35 Lysne and
Pellant36 reported that the seeding of big sagebrush, either by
ground-based or aerial equipment, can exceed failure rates of more
than 70%. The need for improved restoration techniques of big
sagebrush continues to grow; therefore, successful transplanting
techniques could establish sagebrush islands and provide for long-
termwildlife expansion by providing amuch needed seed source as
well as improving diversity and habitat needs22,37 (Fig. 5). By
improving the success of transplanting big sagebrush seedlings
through larger container sizes and proper timing, resource
managers and interested parties could transplant 1,000 big
sagebrush seedlings/ha and experience an establishment of more
than 600 big sagebrush shrubs/ha (250/acre), using our average fall
transplanting success rates, increasing the ability of shrubs to
increase stand density to critical habitats such as mule deer winter
ranges or critical transitional migratory habitats (Fig. 5).38

The recruitment of big sagebrush following wildfires,
particularly where the understory is cheatgrass (Bromus
tectorum) dominated, has a low probability of regenerating
naturally, especially in the face of increased fire frequencies.
This is due to inadequate seed supplies on surviving plants or
in the soil seed bank and the combined effects of low and
erratic precipitation and herbaceous competition from exotic
annuals.39 Because the dispersal of big sagebrush is largely
limited to the mother plant,18,20,41 the increased success of
transplanting Wyoming big sagebrush increases the ability of
this critical browse species to once again become a productive
component of the habitat.

Withwildlife species populations such as greater sage-grouse
(Centrocercus urophasianus) and mule deer (Odocoileus hemionus)
performing well below desirable levels, this improvement in big
sagebrush restoration technology would be very beneficial not
only to sage-grouse and mule deer populations but numerous
other wildlife species as well.9,20,37,40 Improving the ability of
resource professionals to restore Wyoming big sagebrush back
into habitats that have been devastated by wildfires and other
disturbances improves not only wildlife habitats, but improves
ecosystem functions including nutrient cycling, soil erosion,
watersheds, carbon storage in soils, and plant and animal diversity.
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