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Abstract

In arid and semi-arid environments, where low and unpredictable rainfall is typical, establishment of perennial vegetation can be
enhanced with modest increases in soil moisture. We evaluated methods for promoting shrub transplant establishment. We
transplanted approximately 1 000 3-mo-old seedlings in April 2004, 2005, and 2006, using a full-factorial design with
combinations of three treatments: addition of mycorrhizae spores to the root zone, addition of a hydrogel to the root zone, and
placement of a wood obstruction south of the plant. We planted three shrubs: big sagebrush (Artemisia tridentata Nutt. ssp.
tridentate), four wing saltbush (Atriplex canescens [Pursh] Nutt.), and rubber rabbitbrush (Ericameria nauseosa [Pall. ex Pursh]
G.L. Nesom & Baird ssp. nauseosa) in a 1.2-ha area. The summer months of 2004 and 2006 were dry, leading to low survivorship
(, 1%). With higher rainfall in summer 2005, transplant survivorship was ,18%. For the 2005 transplants, A. tridentata had the
highest survivorship after one growing season (31.0%), followed by A. canescens (20.6%) and E. nauseosa (6.9%). Placing a wood
obstruction near the plant was significant in the statistical model to describe short-term overall transplant survival and survival of
A. tridentata. Placing hydrogel in the root zone also explained short-term overall transplant survival, as well as survival of E.
nauseosa. However, by 4.5 yr after transplanting, there was no significant treatment effect on survival. Thus, for transplanting
shrub seedlings on arid or semi-arid sites, we recommend some form of resource enhancement technique to increase short-term
survival. In this experiment, both the obstruction and hydrogel treatments were effective. We recommend the obstruction
treatment since slash is often readily available onsite, has low labor requirements and cost, and it increased transplant survival of
A. tridentata, a species of conservation concern; however, other treatments may be appropriate for individual species.

Resumen

En zonas áridas y semiáridas, donde las bajas precipitaciones y la lluvia impredecible son tı́picas, el establecimiento de la
vegetación perenne puede ser mejorado con pequeños incrementos en la humedad del suelo. Se evaluaron métodos para promover
el establecimiento de arbustos trasplantados. Se trasplantaron aproximadamente 1 000 plántulas de 3 meses en Abril de 2004,
2005, y 2006, usando un diseño completamente factorial con combinaciones de tres tratamientos: adición de esporas de micorrizas
en la zona de la raı́z, adición de hidrogel en la zona de la raı́z, y la colocación de una obstrucción de madera al sur de la planta. Se
plantaron tres arbustos: big sagebrush (Artemisia tridentata Nutt. ssp. tridentata), four wing saltbush (Atriplex canescens [Pursh]
Nutt.), and rubber rabbitbrush (Ericameria nauseosa [Pall. ex Pursh] G.L. Nesom & Baird ssp. nauseosa) en una área de 1.2 has.
Los meses del verano de 2004 y 2006 fueron secos, dando como resultado una sobrevivencia baja (, 1%). Con una mayor
cantidad de lluvia en el verano del 2005 la sobrevivencia de los trasplantes fue ,18%. Para los trasplantes de 2005 A. tridentate
presentó la mayor sobrevivencia después de la época de crecimiento (31.0%) seguido por A. canescens (20.6%) y E. nauseosa
(6.9%). La colocación de la obstrucción de madera cerca de la plantas fue significativa en el modelo estadı́stico para describir a
corto plazo la supervivencia de los trasplantes en general y la sobrevivencia de A. tridentate. La colocación de hidrogel en la zona
de la raı́z también explicó a corto plazo la sobrevivencia de los trasplantes en general, ası́ como la sobrevivencia de E. nauseosa. Sin
embargo, cerca de 4 K años después de los trasplantes, no hay efecto significativo en la sobrevivencia. Ası́ para el trasplante de
plántulas de arbustos en las zonas áridas y semiáridas se recomienda algún tipo de técnica para incrementar e hidrogel fueron
efectivos. Se recomienda el tratamiento de obstrucción ya que la madera se puede conseguir fácilmente en estas áreas, tiene un bajo
requerimiento de labor y costo, e incrementa la sobrevivencia de los trasplantes de A. tridentate, una especie de interés para la
conservación; sin embargo otros tratamientos pueden ser apropiados para especies individuales.

Key Words: big sagebrush, desert shrubland reclamation, drought, hydrogel, revegetation, slash

INTRODUCTION

Revegetation of disturbed areas in arid lands with less than
25 cm of mean annual precipitation is challenging (Bainbridge
2007). It is critical to establish perennial vegetation in order to
increase soil organic matter accumulation, since this increases
nutrient availability and water infiltration and decreases soil
erosion and desertification (Tongway and Ludwig 1996).
Cover by perennial vegetation can also decrease invasion or
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re-invasion by weedy annuals (Borman et al. 1991; Sheley et al.
2001). Without active revegetation, these arid lands often
remain in undesirable stable states without native, perennial
vegetation for long periods (Laycock 1991; Tausch et al. 1993).
However, continuous inputs into these economically marginal
lands are often untenable; instead it is valuable to induce
vegetation change with minimal inputs, and then rely on
autogenic processes (Whisenant 1999).

Shrub establishment, in particular, is valuable in revegetating
arid lands since shrubs act as facilitators by ameliorating the
environment in these ecosystems, which reduces plant stress,
creating a positive feedback for the establishment of more
perennial vegetation (Castro et al. 2002). In arid lands, disturbed
sites often have lower water interception capacity and lower
nutrient availability, particularly if there has been loss of
vegetative cover (Milton et al. 1994). Shrub establishment leads
to increased vegetation patchiness and the formation of resource
islands typical of arid and semi-arid shrublands, which in turn
means ecosystem function is closer to those found predisturbance
(Halvorson et al. 1994). With increased cover by shrub canopy,
soil is less exposed to direct sunlight, decreasing evaporation
rates. In addition, after certain disturbances such as coal mining,
shrub establishment is required for enhancing ecological function
and wildlife habitat. For instance, the Wyoming Department of
Environmental Quality requires an average density of one
shrub ? m22 be established on 20% of land disturbed by coal
mining (Schuman et al. 2005). Re-establishing Artemisia
tridentata is critical for enhancing wildlife habitat (Shaw and
Monsen 1990; Connelly et al. 2011). This reclamation is often on
large areas of arid or semi-arid landscapes where irrigation is not
available or would be costly; therefore, determining techniques
that could increase plant survivorship with fewer inputs is vital
for reclaiming these disturbed landscapes. This is true in even
more semi-arid and arid lands as exploration and development of
oil and natural gas continues to expand and impact critical
wildlife habitat (e.g., Sawyer et al. 2006; Walker et al. 2007).

For revegetation in arid and semi-arid environments, where low
and unpredictable rainfall is typical, seed germination and seedling
establishment is improved with techniques that modestly increase
soil moisture availability (Ludwig and Tongway 1996). Mycorrhi-
zae have been shown to increase survival by improving plant water
status (e.g., Frost et al. 1998; Richter and Stutz 2002). Obstructions
such as slash placed on the site can act as abiotic resource islands,
which enhance microclimate and nutrient capture (Ludwig and
Tongway 1996; Tongway and Ludwig 1996; Stoddard et al. 2008).
A hydrogel application can increase water-holding capacity of
soils and decrease evaporative loss (Huttermann et al. 1999;
Fenchel et al. 2002; Abedi-Koupai et al. 2008).

One beneficial technique to increase shrub establishment and
cover in revegetation attempts is to bypass the most difficult life
history stage—germination—by transplanting seedlings instead
of using seeds, especially in semi-arid and arid environments (Van
Epps and McKell 1980; Grantz et al. 1998). In arid environ-
ments, evaporation from upper soil layers drives soil water
potential lower than that required for germination (Harper and
Benton 1966; Minnick and Coffin 1999). Seeds on or near the
soil surface lack roots to access water lower in the soil profile.
Under these conditions, successful germination is limited to
infrequent wet years with multiple days of precipitation in a row
(Austin and Williams 1988; Minnick and Coffin 1999).

Our objectives in this study were 1) to initiate restoration to
native perennial vegetation, replacing the current weedy, annual-
dominated system, by establishing shrub transplants, 2) to
provide local land managers more information on promising
techniques for restoration in this arid environment, and 3) to
relate transplant success to soil water availability in bare
interspaces vs. areas that are covered with living or nonliving
material. Our specific hypothesis was that using a technique or a
combination of techniques to enhance water relations would
increase transplant success when compared to the control in
which no enhanced transplant techniques were used, but that
these techniques would be less important in survivorship once
the transplants were established. We hypothesized that the wood
obstruction treatment would prove particularly favorable
because of its ability to decrease evaporation rates from bare
soil without increasing transpiration rates.

METHODS

Site Description
This project was conducted at the west entrance to the Colorado
National Monument, near Fruita, Colorado, at an elevation of
1 420 m. Long-term (1948–2005) precipitation (222 mm ? yr21)
and mean temperature maximum (19.3uC) and minimum (1.3uC)
records were obtained from the nearby Fruita weather station.
Soil is a Moffat sandy loam, with 2–6% slopes, which is a sandy
loam texture of alluvium derived from sandstone (USDA-NRCS
2009b). The soil is well drained with pH in the range of 8 and
normal salinity. This area previously featured a camp constructed
to house men and equipment for the building of roads through the
Colorado National Monument. It was cleared of vegetation in
1934 and occupied by Civilian Conservation Corps until 1944.
Revegetation attempts have reportedly failed twice at the site, in
the 1960s and 1980s (D. Price, personal communication, January
2003). The ecological site description is Sandy Salt Desert (USDA-
NRCS 2009b). Nearby undisturbed vegetation is dominated by A.
tridentata Nutt. ssp. tridentata with some Sarcobatus vermicula-
tus (Hook.) Torr., Atriplex canescens (Pursh) Nutt., Ericameria
nauseosa (Pall. ex Pursh) G.L. Nesom & Baird ssp. nauseosa, and
Achnatherum hymenoides (Roem. & Schult.) Barkworth. The
study site itself is dominated by the annuals Erodium cicutarium
L. L’Hér. ex Aiton, Salsola tragus L., Bromus tectorum L., and
Sisymbrium altissimum L. (nomenclature follows USDA-NRCS
2009a).

Species Descriptions
We transplanted 3-mo-old seedlings of three shrub species into
the site: A. canescens, A. tridentata var. tridentata, and E.
nauseosa var. nauseosa. Seed was obtained from Granite Seed
Company (Lehi, UT). E. nauseosa and A. tridentata were
collected in Utah; A. canescens was collected in New Mexico at
an elevation of approximately 1 200 m, making it ecologically
similar to our site. In January of the transplant year, seed was
planted into Ray Leach Cone-tainers of diameter 3.8 cm and
depth 21 cm (Stuewe and Sons, Tangent, OR). Seedlings were
thinned to one per container and remained in a greenhouse
until approximately 2 wk before planting, when seedlings were
moved to a covered area to begin acclimatizing. All three
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species are native and widespread throughout the western
United States (Tirmenstein 1999a, 1999b; Howard 2003).

Experimental Design
The approximately 1.2-ha site was divided into 64 plots each
measuring 20 3 20 m. In April of 2004, 2005, and 2006, two of
three species of 3-mo-old seedlings (A. tridentata, A. canescens,
and E. nauseosa) were transplanted into randomized locations in
each plot. A full-factorial combination of four treatments was used
in 2004: 1) AquaSorb, a cross-linked sodium polyacrylate gel (G)
added to the root zone (Ark Enterprises, Warsaw, MO), 2)
mycorrhizal spores (M) in water added to the root zone (Root Dip
Gel, a combination of nine endomycorrhizal and seven ectomy-
corrhizal fungi, Mycorrhizal Applications, Grants Pass, OR), 3)
small wood obstructions (W) placed on the ground surface,
approximately 5 cm to the south of the seedling (quarter split pine
30–40 cm in length and 10–15 cm height), and 4) short, shallow
pits (P) excavated on two sides of the plant. In subsequent years,
the pit treatment was not used since the sandy soil texture
eliminated water infiltration as a deterrent to seedling survival. By
spring 2005, transplant mortality from 2004 was so high that
the area was disked and an herbicide applied before planting.
Therefore, in 2005, 16 new seedlings were transplanted per plot
into the same locations used in 2004. These 16 seedlings were
comprised of eight individuals each of two species, with one of
each treatment combination (GMW, GW, MW, GM, G, M, W, or
control) applied to the transplant. In 2006, transplants that had
experienced mortality in 2005 were replaced to bring the total
transplants back to 16 per plot. In each year, plastic mesh cages
were added around each transplant to decrease herbivory. Seedling
survivorship was assessed 4 mo after planting, and for the 2005
transplanting again in spring 2006, fall 2006, and summer 2009.

Soil Water Content Measurements
In a separate experiment at the same site, we estimated
volumetric soil water content under shrub canopies, in the bare
interspaces between shrub canopies, and under a nonliving
obstruction (a rock or a log) on eight dates in April 2004. We
established 10 plots; each plot was divided into three sections
with each of the above treatments established in a section of
each plot. We placed a pair of 17 cm 3 0.5 mm steel welding
rods to a depth of 15 cm and used a MiniTrase TDR unit
(SoilMoisture Equipment Corporation, Santa Barbara, CA) to
estimate volumetric soil moisture content in the same place for
each measurement that occurred on the eight dates in April.

Data Analysis
Data analyses were performed using JMP 9.0 (SAS Institute Inc
2009). We used logistic regression to determine the best model
of treatment effects of G, M, and W and the interactions
of these treatments on overall survivorship. Nominal logistic
regression is used with binary data—those which have two
categorical outcomes (e.g., survival or no survival) since each
treatment has only one value associated with it. The probability
of survival in the full factorial model is estimated:

P Survivalð Þ~
1

1ze{ b0zb1Gzb2Mzb3Wzb4GMzb5GWzb6MWzb7GMWzeð Þ

[1]

where the value of each treatment is either 0 (treatment absent)
or 1 (treatment present). We determined the best model by using
backwards model selection. We began with the full-factorial
model and removed main effects and their interactions according
to which had the least significant effect on survival until the
model was significantly better than an intercept alone. We
performed these analyses on the data collected 4 mo, 1 yr, 16 mo,
and 4.5 yr after transplanting. We performed these analyses on
all three species together as well as each species individually.

We used odds ratios to determine the odds of survival at 4 mo,
1 yr, 16 mo, and 4.5 yr after transplanting, contrasting survival
with any treatment compared to the control. Odds ratios are a
subset of logistic regression and can be used similarly to treatment
means in analysis of variance (ANOVA; Field 2009). The odds of
survival for each population being compared are first estimated:

v̂v~p̂p= 1{p̂pð Þ [2]

where v̂v is the odds, p̂p is the number of survivors, and (1{p̂p) is the
number of individuals that did not survive. Then, the odds ratio of
the two populations is estimated

bww~cv1v1=cv2v2 [3]

where ŵw is the odds ratio of the two populations (Ramsey and
Schafer 2002). Therefore, the odds ratio is odds of survival in one
treatment divided by the odds of survival in the other treatment. If
the odds ratio is 1.5, for instance, the odds of survival with any
treatment were 1.5 times higher than the odds of survival of the
control. The results of the odds ratio are then compared to a Z
distribution.

We performed a repeated measures analysis on log trans-
formed soil water content data with position under the canopy
as the between-subjects factor and date and the interaction of
position x date as within-subjects factors. We then analyzed
each date separately using a split-plot ANOVA to determine
differences in soil water content under a shrub canopy, next to
an obstruction or in the interspace. Plot was a random-effect,
whole-plot factor while position under the canopy was a fixed-
effect subplot factor, nested within plot.

RESULTS

The growing seasons, April to September, of 2004, 2006, and
2008 were dry, impacting both transplant survival and longer-
term survival (Fig. 1A). Initial survival of shrub transplants was
extremely low (, 1%) in 2004 and 2006 due to extreme drought
in the 2 mo following transplanting; only 6.9 mm and 10.7 mm
of precipitation were recorded in May through June in 2004
and 2006, respectively (Fig. 1B). Survival of shrub transplants
through the initial growing season in 2005 was 18.4%,
coinciding with 43.2 mm of precipitation in May through June
2005. In 2005, A. tridentata had highest survival (31.0%),
followed by A. canescens (20.6%), and E. nauseosa (6.9%).

Survival through the 2005 growing season for the transplants
of that year revealed that treatments that included a wood
obstruction near the seedling (W) or the gel added to the root
zone (G) significantly increased the odds of survival of the
plants overall (Fig. 2; Table 1). Additionally, the odds of
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survival were increased by 1.70 times for A. tridentata
transplants with a wood treatment, whereas survivorship was
increased 2.58 times for E. nauseosa with the gel treatment
(Fig. 2; Table 1). Mycorrhizae additions and the interactions of
the main effects were never significant in the logistic regression
models, although the wood by gel interaction was present in the
models for all species and A. tridentata (Fig. 2; Table 1).

The overall success of the treatments following one growing
season did not necessarily persist through time (Fig. 3; Table 1).
Similar results were seen after 4 mo and 1 yr, but 4.5 yr after
transplanting the seedlings, there was no significant difference
when contrasting any treatment combination to the control for
all species, A. canescens and E. nauseosa; there was a significant
difference in the odds ratio for A. tridentata (Fig. 3; Table 2).

The within-subject results from the repeated measures analysis
indicated that there was a significant interaction of time
and canopy position on volumetric soil water content,
F8.03,108.45 5 5.36, P , 0.0001 (Fig. 4). Mauchly’s test demon-
strated that the assumption of sphericity had been violated
x2

27 5 59.38, P , 0.0004; therefore, degrees of freedom were
corrected using Greenhouse-Geisser estimates of sphericity (von
Ende 1993; Field 2009). According to the univariate analyses,
there were significant differences on 1 April, 25 April, and 29
April among treatments; on these dates, the bare interspaces had

significantly lower soil water content than either the position
with a nonliving obstruction, a shrub canopy, or both (Fig. 4).

DISCUSSION

Precipitation in arid environments is highly variable from year
to year (Ludwig 1986). Extremely low transplant success in the
two dry years of this experiment (2004 and 2006; Fig. 1B)
suggests that successful transplanting of perennial vegetation in
arid environments may require repeated attempts over multiple
growing seasons, especially if no supplemental water is used.
However, the ability to apply supplemental water in many arid
and semi-arid reclamation projects of large size outside of
riparian areas is limited. In addition to 2005 having a wetter
period following the transplanting, the area was disked and an
herbicide was applied to decrease annual weed cover, possibly
increasing soil moisture availability and transplant survival due
to lower transpiration by weedy vegetation (Van Epps and
McKell 1983; Harrington 1991).

The wood obstruction treatment shows promise as a low cost,
effective technique for increasing transplant success, especially
for A. tridentata, a species of particular conservation concern
(Lysne 2005). Potential mechanisms for the beneficial results of

Figure 1. A, Precipitation (PPT) by month at the nearby Fruita, Colorado, weather station is shown for the duration of the experiment. B (inset),
Overall survival of the shrub transplants through the first growing season was very low in 2004 (1.0%) and 2006 (0.7%) when there was little
precipitation (PPT) in May and June. In 2005, with higher precipitation, survival rose considerably (18.4%).
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the obstruction include decreasing evaporation under and near
the obstruction or increasing infiltration rates around the
obstruction. In this case, the former mechanism is more likely
since soil at the site is coarse textured with high infiltration rates.
In the concurrent soil water content study, we found soil water
content beneath living adult shrubs, and beneath rock and wood
obstructions, to be higher than that found in bare ground on
some dates, lending further credence to this as a mechanism.

Similarly, adding slash as an aboveground obstruction has been
shown to increase soil water content and organic matter content,
decrease erosion, and increase seedling establishment (Ludwig
and Tongway 1996; Tongway and Ludwig 1996; Stoddard et al.
2008). If slash is readily available near a disturbed site, this
treatment may be both ecologically and economically effective at
increasing transplant success for some species.

The addition of a hydrogel to the root zone also provided an
increase in overall transplant success. The benefits of the
hydrogel-combination treatments were significant for E. nause-
osa, specifically (Fig. 2B). Hydrogels increase the water holding
capacity of soils (Huttermann et al. 1999). Abedi-Koupai et al.
(2008) found that hydrogel addition increases both residual water
content and saturated water content, leading to a 3.2-fold increase
in available water in a sandy loam soil. This increased water
availability can lead to higher xylem pressure potential in
transplants (Huttermann et al. 1999; Savé et al. 1995) and
increases in seedling and transplant survival (Callaghan et al.
1989; Huttermann et al. 1999; Mangold and Sheley 2007).
However, the hydrogel impact may not be long lasting: the
hydrogel appears to degrade in the environment after as little as
18 months (Holliman et al. 2005), and roots quickly outgrow the
area where it is added to the soil (Callaghan et al. 1989). Because
there would also be additional logistic, economic, and labor costs
of this treatment compared to the obstruction treatment, we
would argue for its use when it would confer significant
advantages for particular species or if slash is not readily available.

The addition of mycorrhizae spores alone, or as part of a
combination of treatments, did not significantly increase the
survival of these shrub transplants (Fig. 2C) even though the
literature suggests that mycorrhizae are important for germina-
tion of A. canescens and seedling establishment of A. tridentata.
For instance, the mycorrhizae Glomus spp. are important for the
successful establishment of sagebrush seedlings (Bethlenfalvay
and DaKessian 1984). In addition, Barrow et al. (1997) found
that mycorrhizal infection was critical for germination of A.
canescens. We did not test for mycorrhizae presence prior to the
treatment application. If mycorrhizae were already present in
either the transplant or site soils, this may have contributed to
the lack of effect observed in this experiment. Furthermore, in
this experiment we were establishing transplants, not germinat-
ing seed, and mycorrhizal infection may be less important at this
later stage.

A. tridentata and E. nauseosa, in particular, benefited from
some form of resource enhancement for transplant establish-
ment, even in a wetter year. The differences among the species
in their responses to resource enhancement are not surprising
since they have different resource requirements and growth
rates (Anderson et al. 1979; Monsen and Stevens 1987). A.
tridentata has been seen to have more favorable establishment
within the canopy of an adult plant, of either its own species
(Owens and Norton 1992) or A. canescens (Booth 1985), and
thus the obstruction treatment may function similarly to
decrease evaporation from the soil. A. canescens is salt, cold,
and drought tolerant, able to drive its water potential below
23 MPa (Wilkins and Klopatek 1987; Aldon et al. 1995), and
thus may not have benefitted from any of the treatments to
enhance water availability; however, Stevens (2004) reports it
as being difficult to establish bareroot or container-grown
stock, which could explain its lower transplant success.

Figure 2. The main effects of A, wood (W), B, gel (G), and C,
mycorrhizae (M) on transplant survival (after 4 mo) are shown. The
black bars represent the percentage of survival averaged across all
treatment combinations that include the specific treatment, while the
gray bars are the percentage survival averaged across all treatment
combinations without the specific treatment. An asterisk indicates a
significant effect in the nominal logistic model at P , 0.05.
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Overall, E. nauseosa transplant survival was much lower
than the other two species even though the literature suggests
that this species establishes frequently (Monsen and Stevens
1987; Stevens 2004). In addition, we observed E. nauseosa
plants naturally seeding into the edges of the disturbed area.
Herbivory may have contributed to low transplant survival
since A. canescens and E. nauseosa are reportedly more

palatable and more susceptible to grazing than A. tridentata
(Monsen and Christensen 1975; Mozingo 1987; Schuman et al.
1990; Shaw and Monsen 1990). Grasshopper herbivores, in
particular, would not have been excluded by the plastic mesh
placed around the seedlings. In addition, E. nauseosa seedling
roots grow rapidly, but mortality is common in the summer
months due to water-stress (Donovan et al. 1993).

Four years following transplanting, the differences among
treatments and the control were no longer detectable (Fig. 4).
After the first growing season, mortality rates were highest for
A. canescens; there was little further mortality in the either A.
tridentata or E. nauseosa during the first 16 mo. However, in
the final measurements, higher A. tridentata mortality was
detected. This may be due to another dry growing season in
2008. These results suggest that more years of additional
management intervention, including water supplements and
herbivore protection, may be necessary in order to promote
revegetation success during subsequent drought years.

IMPLICATIONS

Bypassing the germination phase of revegetation by using shrub
transplants in arid and semi-arid environments is useful since
soil water dynamics in the upper layer of the soil where seeds
are found makes it a very harsh environment for germination
(Van Epps and McKell 1980). However, transplant success and
continued survival may still be very dependent on precipitation
patterns in the following growing seasons, perhaps for years
after. In arid environments such as where this experiment took
place, we recommend planning either a multiyear revegetation
attempt or having supplemental water available, even when

Table 1. The parameters are shown for the logistic regression models if significantly better than the intercept alone. Backwards model selection was
used on the full model to predict survival with the treatments wood (W), gel (G), mycorrhizae (M), and all combinations of these treatments. b
parameters are given and an asterisk indicates P , 0.05, ** P , 0.01, and *** P , 0.001.

Intercept W G M W 3 G W 3 M G 3 M W 3 G 3 M

Fall 2005

All species 1.52*** 0.22* 0.18* 0.02

Artemisia tridentata 0.84*** 0.04* 0.10 0.12

Atriplex canescens 2.62***

Ericameria nauseosa 2.69*** 0.48*

Spring 2006

All species 1.82*** 0.08 0.28** 0.73

A. tridentata 0.95*** 0.31* 0.27 0.16

A. canescens 1.92***

E. nauseosa 2.96***

Fall 2006

All species 2.08***

A. tridentata 1.09***

A. canescens 2.52***

E. nauseosa 3.24***

Fall 2009

All species 2.33***

A. tridentata 1.42***

A. canescens 2.62***

E. nauseosa 3.72***

Figure 3. Initial survival over all species was higher with any treatment
combination compared to the control; however, there was no significant
difference in this contrast by 4.5 yr after planting. An asterisk indicates
significant differences in the odds ratio analyses in transplant survival for
all species with any treatment compared to the control at P , 0.05, **
P , 0.01, and *** P , 0.001. See Figure 2 for treatment abbreviations.
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working with transplants. Both the obstruction and hydrogel
treatments were effective at increasing initial survivorship of
transplants; we recommend either of these treatments, or the
combination, if time and resources are available. The obstruc-
tion treatment is especially valuable to consider since it

significantly increased A. tridentata survival, the focus of
revegetation efforts in this ecosystem. Additionally, there is
often wood slash available on or near disturbed areas that
require revegetation.
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