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ABSTRACT
While plant materials releases have typically undergone some level of testing, long-term
comparisons and evaluations are relatively few. Understanding long-term environmental adaptation
of species and plant releases is critical for persistent site restoration and rehabilitation. Idaho NRCS
established a multi-species display nursery in the semiarid Snake River Plain at Orchard, ID in 2004.
The display nursery included eight entries of bluebunch wheatgrass (Pseudoroegneria spicata
(Pursh) A. Love [Poaceae]) and five Snake River wheatgrass (Elymus wawawaiensis J. Carlson &
Barkworth [Poaceae]) entries which were evaluated yearly for plant density from 2005 through
2008, and again in 2021. In this non-replicated case study, we found several bluebunch and Snake
River wheatgrass accessions and releases adapted to local site conditions while not being of local
origin. Our observations further suggest that Anatone bluebunch wheatgrass may be better adapted
to lower precipitation areas than Goldar. We did not see evidence that Snake River wheatgrass was
more drought tolerant than bluebunch releases at the Orchard study site, but rather we saw
significant variation between releases or accessions.
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INTRODUCTION
Promising plant materials can undergo a wide range of evaluation during development depending on
the class of release targeted. Historically, cultivar releases have been through replicated
testing at multiple sites over two or more generations spanning on average 7 to 11 years (USDA
NRCS 2010), while pre-varietal germplasms (PVG) are evaluated much less (DePue and Englert
2015). For example, Selected-class germplasms may only be evaluated for 1 to 2 years of a single
generation prior to release (Tilley 2015) or for 3 to 6 years in some cases (LeFebvre and others
2017), while Source Identified releases are made from a naturally growing population occupying a
known or defined geographic area, with minimal or no selection or testing of the parent population
(USDA NRCS 2004; USDA NRCS 2010).

Despite the time invested in the development of many plant materials releases, observations lasting
beyond a handful years are few. This may lead to an incomplete understanding in the scope of
adaptation of plant materials being used across a broad spatial range. Conditions in the semiarid
sagebrush steppe ecosystem in the Snake River Plain of western North America for example are
highly variable. Temperatures can range from -40 °C (-40 °F) in winter to 40 °C (104 °F) in summer
(Caldwell 1985), while normal precipitation ranges from 125 to >300 mm (5 to 12 inches) (McNab
1996). The majority of precipitation falls as snow in winter and spring, outside of the growing
season (Smith and others 2012), and plant growth depends largely on soil water accumulated over
the previous winter (Comstock and Ehleringer 1992). Swings in temperatures, precipitation, as well
as fungal or insect outbreaks, may not be captured in short-term studies and their effect on test
materials can remain undetected prior to release and not become apparent for many years.

There is growing understanding of which species have more strict or broad ecological adaptation;
however, it is accepted by many that local ecotypes should be preferred for restoration projects



(Aubry and others 2005). There is concern that the use of non-local ecotypes could result in
undesired genetic swamping, outbreeding depression (Mckay and others 2013), or restoration failure
due to not being adapted to local site conditions (Darris :

2001; Mckay and others 2013). However, this may not
always be the case (Jensen and others 2020). Manipulated-
track releases bred for improved seedling vigor, or natural-
track releases from harsher environments, may be better
adapted to the current conditions of a location as compared
to the local ecotype that evolved under different historical
conditions. Likewise, genotypic blends and polycrosses of
high genetic diversity have been suggested as a form of
insurance for broad adaptation (Jones and others 2002).
While genecological studies and molecular analyses can
elucidate genotypic and phenotypic differences between
populations, they may not be able to adequately describe
long term fitness in a changing environment. To this end,
long term observations of plant material performance
remain incredibly valuable.

Bluebunch wheatgrass (Pseudoroegneria spicata (Pursh) A.
Love [Poaceae]) (Figure 1) is the dominant bunchgrass
throughout much of the Intermountain West’s semiarid Figure 1. Bluebunch wheatgrass is a widely
sagebrush steppe (St. Clair and others 2013). It is highly distributed and commonly seeded native perennial
palatable and is considered desired forage for a variety of [g;’izzgﬂf;jg'yi”/\fztggm"“”mi” rangelands. Photo by
livestock and ungulates (Ogle and others 2010), making it ’ '

one of the most important grasses to rangeland management

(USDA FS 1937). Snake River wheatgrass (Elymus wawawaiensis J. Carlson & Barkworth
[Poaceae]) is a native of the canyons of the Snake River and its tributaries in Washington, eastern
Oregon, and western to northern Idaho. It is similar in appearance to bluebunch wheatgrass, but
differs morphologically in having narrower, acuminate (pointed) to aciculate (needle-like) glumes, a
more imbricate (overlapping) spike, and glabrate basal leaf sheaths. Snake River wheatgrass was for
years misidentified as bluebunch wheatgrass (Barkworth and Carlson 1997), and though it occupies
a similar niche, it has been shown to be generally more drought tolerant and have better
establishment in low precipitation areas (Monsen and others 2003). For this reason, it is often
recommended as a substitute for bluebunch in drier sites (Ogle and others 2002), even though the
site may be outside of the natural range of Snake River wheatgrass. However, this use of Snake
River wheatgrass outside of its native range may be a concern for those wishing to preserve species
composition and distribution.

These two grasses are the most broadly seeded native species in the Great Basin in terms of acres
covered and volume of seed planted (Gunnell 2021). For example, Utah Division of Wildlife
Resources shipped a yearly average of approximately 18,000 kg (40,000 1b) of bluebunch
wheatgrass and 15,000 kg (33,000 1b) of Snake River wheatgrass to restoration sites between 2006
and 2019. Over those years, bluebunch and Snake River wheatgrasses combined amounted to 9% of
the total shipped seed and 18% of native species (Gunnell 2021).



In efforts to assure seed source to site matching, seed transfer zones are being developed using
various analyses. Genecological studies examining variation of phenotypic traits in relation to
environmental conditions have been used to develop seed transfer guidelines of many restoration
species (Johnson and others 2013; St. Clair and others 2013; Kramer and others 2015). St. Clair and
others (2013) proposed 11 seed zones for bluebunch wheatgrass based on plant size, leaf width and
phenology. More recently, Massatti and others (2018) inferred population history from genetic
information and proposed four large genetic clusters for western North America within which seed
transfer might be appropriate.

Released germplasms of both species are widely used by land management agencies such as USDA
Forest Service (FS), USDI Bureau of Land Management (BLM) and private landowners and
conservation groups; however, long-term plant survival observations are needed to determine which
plant materials can persist beyond the initial establishment years and increase and compete on the
changing Intermountain landscape. The Orchard Display Nursery was planted in 2004 in cooperation
with the Great Basin Native Plant Selection and Increase Project to allow managers to make side by
side comparisons of released and test materials. The nursery has remained, thanks to management by
BLM, and now offers a rare opportunity to observe long-term trends of many materials in semiarid
sagebrush steppe.

MATERIALS AND METHODS
The Orchard Test Site is located in the Snake River Plain of Idaho approximately 37 km (22 mi)
southeast of Boise at an elevation of 975 m (3,200 ft) (Figure 2). Soils at the site are sandy loams of
the Lankbush-Chardoton complex (USDA-NRCS 2021a). Mean annual precipitation for the location
1s 290 mm (11.6 in), most of which falls as winter snow (PRISM 2021). The plant community is
described by NRCS as a Wyoming big
sagebrush (Artemisia tridentata ssp.
wyomingensis [ Asteraceae])-bluebunch
wheatgrass-Thurber’s needlegrass
(Achnatherum thurberianum [Poaceae)) site
(Table 1) (USDA-NRCS 2021b). The site
falls clearly within St. Clair and others’
(2013) seed transfer zone 3a from which
bluebunch wheatgrass plants were shown to
be of medium size, have early phenology,
and narrow leaf width. The genetic clusters
delineated by Massatti and others (2018)
however, did not include representatives
from the lower Snake River Plain where the — R :
Orchard test site is located. The site would Figure 2. The Orchard test site is located 37 km southeast of
appear o fall between the Westen Great 5 110 a1 e e Fn, S Fo
Basin and the Eastern Great Basin Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
metapopulations (Massatti et al., 2018). Community).




Table 1. Site Characteristics (USDA-NRCS 2021a)

Soil type Lankbush-Chardoton complex

Soil texture Sandy loam

Mean annual precipitation 290 mm (11.6 in) (PRISM 2021)

Elevation 975 m (3,200 ft)

Slope 0-2%

Plant Community Wyoming big sagebrush-bluebunch wheatgrass- Thurber’s

needlegrass

Tested Materials

The Orchard display nursery included eight entries of bluebunch wheatgrass and five of Snake River
wheatgrass from plant releases and from test materials provided by the USDA ARS Forage and
Range Research Lab (ARS) in Logan, Utah (Table 2). Adapted varieties of bluebunch wheatgrass
were Anatone Selected Class Germplasm, which is often recommended for use in locations receiving
above 250 mm (10 in) mean annual precipitation and 'Goldar' and 'P7' which are recommended in
300+ mm (12 in) precipitation sites (Ogle and others 2014). Anatone and Goldar were both
originally collected in Asotin County, WA. P-12 is a predecessor population of the release
‘Columbia’ by four cycles of selection. P-15 is a predecessor of Columbia by 3 cycles and P-24 is a
predecessor of Columbia by two cycles (Jones and Mott 2016). P-12 and P-15 were collected near
Lind, WA in a 250 mm (10 in) precipitation area. P-7 is a multi-origin polycross of 23 collections
and 2 cultivars to provide high genetic diversity within a single germplasm (Jones and others 2002).
Wahluke is a source identified release from BFI Native Seeds (2021) collected from a 150 mm (6 in)
precipitation site in Franklin County, WA. Jim Creek is likewise a Source Identified germplasm
from BFI Native Seeds (2021).

Table 2. Bluebunch wheatgrass and Snake River wheatgrass plant materials entries included in the 2004 Orchard
planting.

Release Name Common Name Scientific Name Release Class Release Year
‘Goldar’ Bluebunch wheatgrass Pseudoroegneria spicata  Cultivar 19892
Anatone Bluebunch wheatgrass P. spicata Selected Class 2004°
P-24 Bluebunch wheatgrass P. spicata Test Material NA
Wahluke Bluebunch wheatgrass P. spicata Source ldentified (BFI)  2002¢
Jim Creek Bluebunch wheatgrass P. spicata Source ldentified (BFI) 2000¢
P-5 Bluebunch wheatgrass P. spicata Test Material NA
P-7 Bluebunch wheatgrass P. spicata Selected Class 2002¢
P-12 Bluebunch wheatgrass P. spicata Test Material NA
P-15 Bluebunch wheatgrass P. spicata Test Material NA
‘Secar’ Snake River wheatgrass  Elymus wawawaiensis Cultivar 1980%¢
E-45 Snake River wheatgrass  E. wawawaiensis Test Material NA
SERDP Snake River wheatgrass  E. wawawaiensis Test Material NA
E-26 Snake River wheatgrass  E. wawawaiensis Test Material NA

2 Alderson and Sharp 1994; ® Monsen and others 2003;  BFI Native Seeds 2021; ¢ Jones and others 2002; ¢ DePue and
Englert 2015

Snake River Wheatgrass is generally considered to be more drought tolerant than bluebunch
wheatgrass in lower precipitation areas (200 to 300 mm) (Ogle and others 2014). The cultivar
‘Secar’ was originally released as bluebunch wheatgrass before further inspection revealed its true



taxonomy. E-26 was developed by one cycle of selection from the cultivar ‘Discovery’, and E-45
descended from Discovery by two cycles (Jones 2021). SERDP and E-26 are test materials that were
never released.

Site Preparation and Implementation

BLM conducted a prescribed burned over the site in the fall of 2002. The site was later treated in
May 2003 and May 2004 with 4.7 L glyphosate and 2.35 L 2,4-D per ha to reduce weed cover and
prepare a suitable seedbed for planting. Due to limited breakdown of dead grass clumps that would
inhibit proper seed placement with a drill, and to ensure a clean seedbed, the planting site was
cultivated with a culti-packer just prior to seeding. The trial was planted as a fall-dormant seeding on
16 November 2004, with a modified Tye Drill with a width of 2.0 m (80 in) configured with 8 spouts
at 0.25 m (10 in) spacing. Each plot is 2.0 m (80 in) wide and 18.3 m (60 ft) in length. Seeding
depths and rates followed Ogle and others (2011) and NRCS Idaho practice standards which target a
seeding depth of 13 to 19 mm (0.5 to 0.75 in) and a seeding rate of 270 to 320 pure live seeds (PLS)
per m? (25 to 30 PLS/ft?) for both species. Pure live seed values were determined by seed laboratory
results. All seed was mixed with rice hulls as an inert carrier to improve seed flow following St. John
and others (2005). No supplemental irrigation or fertilizer was applied at any time.

During the first evaluation (2005) most plots contained high densities of Russian thistle (Salsola sp.
[Chenopodiaceae]) and moderate amounts of bur buttercup (Ranunculus testiculatus Crantz
[Ranunculaceae]). Russian thistle plants were approximately two to three inches tall, and the
buttercup plants had already flowered. The plots seeded to grasses were consequently sprayed on 9
June 2005 with 1.2 L 2,4-D and 0.6 L dicamba per ha to control the broadleaf weeds. At the time of
the second evaluation (2006), there was a heavy infestation of tumble mustard (Sisymbrium
altissimum L. [Breassicaceae]); however, no further weed control measures were taken for the
duration of the trial.

Analysis

Because bluebunch wheatgrass and Snake River wheatgrass are often treated as interchangeable by
restorationists, we analyzed both species together and not as separate identities. We evaluated plant
density by placing 5, 1 m? frames in the plot every 2 m (80 in) starting from the northern end of each
plot and counting the number of individual plants with at least some rooted material within the
frame. Canopy cover was ocularly estimated using the same 5 frames. Plant density data were
collected yearly in early to mid-summer from 2005 through 2008 and again in 2021. Canopy cover
was evaluated on 2 April 2021. Because the site was planted as a display nursery and not a replicated
trial, true blocks and replications were not possible for more rigorous statistical analysis. We treated
the 5 frames as pseudo replications to generate means and standard errors as an indicator of variation
within the plot. The data presented here should be viewed therefore as a case study and not as a
scientific experiment. Conclusions should not be viewed as definitive.

Weather
Precipitation data for the Orchard Test Site was obtained from PRISM (2021). Average annual
precipitation for the 2004-2020 study period was 304 mm (12.0 in), slightly above the long-term
(1981-2010) average of 294 mm (11.6 in). Annual and long-term average precipitation are shown in
Figure 3. The first three years of the study received near- or above-average precipitation, 276 to 332
mm (11 to 13 in). Five years of the study received less than 250 mm, with 2013 being the driest year
at 179 mm (7 in). Precipitation exceeded 380 mm (15 in) in four years of the study. The wettest year
6



was 2010, with a total of 420 mm (17 in).
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Figure 3. Annual and long-term average (1981-2010) precipitation for the Orchard Test Site, Idaho (PRISM 2021).

Daily high and low temperatures and long-term (1981-2010) monthly average minimum, mean, and
maximum temperatures for the Orchard Test Site were obtained from PRISM (2021). Long-term
monthly averages are shown in Figure 4. The coldest monthly mean minimum temperature, -6.1 °C
(21 °F), occurs in December, while the highest monthly mean maximum temperature, 32.8 °C (91
°F) occurs in July. For the period of this study, yearly extreme low temperatures for the Orchard Test
Site ranged from -29 °C (-20 °F) in 2017 to -12.5 °C (10 °F) in 2020. Winter temperatures below -17
°C (0 °F) occurred in over half the years of the study. Summer temperatures reached or exceeded 38
°C (100 °F) in every year of the study. The highest maximum temperature was 44.2 °C (112 °F) in
2013. Temperatures over 42 °C (108 °F) occurred in five years of the study.
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Figure 4. Monthly average maximum, minimum, and mean temperatures for the Orchard Test Site, Idaho (PRISM 2021).

RESULTS
2005-2008
P-12, P-24 and Wahluke bluebunch wheatgrass accessions scored the highest average plant density
in the establishment year with 17.2, 13.8, and 13.6 plants/m?, respectively (Figure 5). Snake River
wheatgrass accession E-45 had the highest establishment of the species with 15.6 plants/m?. The
lowest plant densities in the establishment year were from E-26 Snake River wheatgrass (2.2
plants/m?), along with Goldar and P-5 bluebunch wheatgrass with 4.0 and 6.6 plants/m?,
respectively. In general, a decreasing trend of plant density was seen across most accessions from
2005 through 2008 with the greatest decrease in density occurring between the first and second
years. Plant densities declined among all entries from 2005 to 2006 with the exception of Jim Creek
bluebunch wheatgrass which remained constant at 11.0 plants/m?. Many accessions dropped
significantly in density in the first year. For example, P-5 bluebunch wheatgrass decreased
approximately 45% between 2005 and 2006. Following the declines in density in the first year of
establishment, plant densities for most accessions remained somewhat steady between 2006 and
2008. In 2008, 4 years after establishment, the highest plant densities were observed among the
Source Identified bluebunch wheatgrass releases Wahluke and Jim Creek (both 10.2 plants/m?).
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Figure 5. Average plant density of 13 bluebunch and Snake River wheatgrass accessions at Orchard, Idaho for years 2005-2008
derived from 5 pseudo replications within each non-replicated plot. Error bars indicate +1 standard error.

2021

Plant density data measured 16 years after planting varied from 1.2 to 7.4 plants/m? (Figure 6)
indicating some entries may be better adapted to long term conditions at Orchard than others.
Likewise, some releases showed superior long-term persistence than those which had better early
establishment. Three entries, all bluebunch wheatgrass, had densities greater than 5 plants/m? after
16 years, P-24, Anatone and P-12 with 7.4, 6.8 and 5.4 plants/m?, respectively. Goldar, which is
reputed to be better adapted to higher precipitation sites than other bluebunch releases (Ogle and
others 2014) had lower density (4.6 plants/m?) than P-24 and P-12 but was similar in density to
Anatone. Among Snake River wheatgrass accessions, Secar, SERDP and E-45 had mean densities of
5.0, 5.0 and 3.4, respectively. P-5, Wahluke, and E-26 had the lowest plant densities after 16 years
with 1.2, 1.2 and 1.4 plants/m?, respectively.
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Figure 6. Plant densities of Snake River wheatgrass and bluebunch wheatgrass accessions in 2021, 16 years after planting. Error bars
indicate +1 standard error.
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NRCS guidelines indicate that suitable plant densities of rangeland seedings in sites with loamy soils
receiving <300 mm (<12 in) mean annual precipitation should range between 5.4 and 16.1 plants/m?
(0.5 to 1.5 plants/ft?) (Ogle and others 2011). Based on these parameters, numerous materials tested
showed adequate densities for the first 4 years (SERDP, P-12, P-7, Wahluke, Jim Creek, P-24, and
Anatone); however, only P-24, Anatone, and P-12 would be considered successful after 16 years.
BLM Twin Falls District standards indicate a successful stand with >3 deep rooted perennial
grasses/m? (Jirik 2022). Based on these criteria, all entries save E-26, P-5, and Wahluke would meet
the standard of success after 16 years.

Percent cover values after 16 years averaged 24% among entries, ranging from as much as 44% (P-
24) to a low of 8% (Wahluke and P-5) (Figure 7). Snake River wheatgrass accessions E-45 and E-26
appeared to have somewhat larger plants as indicated by low plant densities but relatively high
percent cover. All entries save 2 (P-5 and Wahluke) had cover of greater than 20%.
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Figure 7. Canopy cover of Snake River wheatgrass and bluebunch wheatgrass accessions in 2021, 16 years after planting. Error bars
indicate +1 standard error.

DISCUSSION
St. Clair and others (2013) found released materials of bluebunch wheatgrass to be more vigorous,
more reproductively fecund, and larger in stature when compared to local ecotypes at multiple
common garden locations. Although no local Snake River Plain ecotypes were included in the
Orchard display nursery, we found many bluebunch and Snake River wheatgrass germplasms from
non-local origin to be adapted to establishing under local conditions. Plant materials considered to be
adapted to long term stand persistence is dependent upon the standard used (NRCS or BLM).
Numerous entries met BLM standards; however only 3 entries. P-24 and P-12, both precursors to
Columbia germplasm bluebunch wheatgrass, and Anatone met NRCS requirements for a successful
stand after 16 years.
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Anatone originated in St. Clair and others (2013) transfer zone 6a, noted for large plants, early
phenology and narrow leaves. However, this study indicates that although from a different seed
transfer zone, this germplasm is well adapted to conditions at the Orchard site in the semiarid Snake
River Plain (zone 3a-medium plant size, early phenology, and narrow leaf width). P-12 and P-24
originated from Adams County, WA in what falls in zone 3a. Based on St Clair and others (2013)
seed transfer zones, these would be predicted to do well at Orchard, also a 3a site. However, P-12
and P-24 hail from what Massatti and others o
(2018) described as the Palouse/Wallowa genetic
cluster, which was distinct from the Snake River
Plain genotypes of the two Great Basin genetic
clusters. This would indicate that while being
from a distinctly different genetic cluster,
materials from the Palouse/Wallowa cluster can
be well adapted to the Snake River Plain.

Our results did not support the notion that Snake
River wheatgrass is more drought tolerant or
establishes better than bluebunch wheatgrass in
semiarid rangeland. Establishment and
persistence of Secar, the only formally released
Snake River wheatgrass tested, was similar to
that of bluebunch wheatgrass releases. Secar has
been described as one of the most drought-
tolerant native perennial grasses available, able
to survive in sites receiving as little as 200 mm
(7.9 in) of precipitation annually (Ogle and
others 2002). Our results indicate that there are
suitable bluebunch wheatgrass alternatives that
perform equally well in semiarid conditions of
southwestern Idaho where use of Snake River
wheatgrass may be ecologically questionable,

Sp eCIﬁcaHy on sites receiving greater than 290 Figure 8. A healthy stand of bluebunch wheatgrass and Snake

mm (1 1.4 11‘1) of annual precipitation. River wheatgrass at Orchard, ID 16 years after planting. Photo
by Derek Tilley, NRCS.

CONCLUSION
We saw a wide range of plant density and canopy cover at the Orchard Test Site, both long- and
short-term, for the various entries indicating a range of phenotypes of both species (Figure 8). We
found evidence of bluebunch and Snake River wheatgrass accessions and releases adapted to the
long-term site conditions, despite originating from distinctly different recommended seed transfer
zones and genetic clusters than the planting site. Our results further support the idea that Anatone
bluebunch wheatgrass may be better adapted to lower precipitation areas than Goldar. We did not
see evidence that Snake River wheatgrass was more drought tolerant than bluebunch releases at the
Orchard study site, but rather we saw significant variation between releases or accessions. Greater
differences in adaptation between the two species may be more apparent at lower precipitation sites.
More long-term studies examining adaptation of specific germplasm sources to a range of
environmental conditions of the various seed zones or ecoregions are needed to elucidate the
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adaptive distinctions between releases.
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