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USDA - NRCS

Aberdeen Plant Materials Center

Plants for Solving Resource
Problems

‘VAVILOV II’ SIBERIAN WHEATGRASS J

pecies: Agropyron fragile

S|

Common Name: Siberian Wheatgrass
Plant Symbol: AGFR
Accession Number: 9076515

Source: 'Vavilov II' is a broad based 50 clone
synthetic developed from clones of Siberian
wheatgrass from Kazakhstan and genotypes
from the original ‘Vavilov’ release. It was
developed by the Agricultural Research Service
(ARS), Forage and Range Laboratory in
cooperation with the United States Army, Utah
State University and NRCS Plant Materials
Center, Aberdeen, ID.

Native Site Information: Siberian wheatgrass
was introduced from Asia and is naturalized
from the Pacific coast to New York and is
widely used in dryland pasture and rangeland
seedings throughout the western United States.

Method of Selection: The parent material for
Vavilov Il was selected from evaluation trials at
Yakima, WA, Lakeside, UT and Curlew Valley,
ID and genotypes from Vavilov and from
collections from Kazakhstan to form a synthetic
which can withstand heavy traffic from livestock
and vehicular traffic such as found on military
training sites. Vavilov Il was released by the
ARS, United States Army, Utah State University
and NRCS Aberdeen PMC in 2008.

Description: Siberian wheatgrass is a long-
lived, cool season, drought tolerant,
introduced, winter hardy bunch grass with an
extensive root system. Siberian wheatgrass
is very similar to fairway and standard crested
wheatgrass, but has finer leaves and stems,
narrower and awnless glumes and lemmas,
and the spikelets are more ascending, which
gives the spike a narrow, oblong, sub-
cylindrical shape.

‘Vavilov II’
Siberian Wheatgrass

Siberian wheatgrass is more drought
tolerant and retains its greenness and
palatability later into the summer than either
standard or fairway crested wheatgrass.

Use: Siberian wheatgrass is commonly
seeded in the arid regions of the western
United States. Siberian wheatgrass is
usually recommended for livestock forage
production. It is palatable to all classes of
livestock and wildlife. It is a preferred feed
for cattle, sheep, horses, and elk in spring,
early summer and also in the fall, if
additional growth occurs from late growing
season rainfall. Siberian wheatgrass is well
adapted for stabilization of disturbed soils.
It competes well with aggressive introduced
plants such as cheatgrass during the
establishment period. Its drought tolerance,
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fibrous root system, and excellent seedling
vigor make Vavilov Il ideal for reclamation in
areas receiving 8 inches or more annual
precipitation. This grass can be used in
urban areas where irrigation water is limited
to provide ground cover, weed control and to
stabilize ditch banks, dikes, pipelines, power
lines, and roadsides.

Insect and Disease Problems: When in
pure stands, Vavilov Il is susceptible to the
black grass bug, Labops hesperius.

Environmental Considerations: Since
Vavilov Il is an introduced plant from Asia, it
is not an appropriate component in native
plant community restoration. This release is
from a species that was introduced to the
United States in the early 1900’s. Vavilov |l
represents an incremental improvement in
performance within a well documented
species. Vavilov Il spreads very little via
natural seed distribution. It is not considered
a weedy or invasive species but can spread
into adjoining vegetative communities under
ideal environmental conditions. There are no
known negative impacts on wild or domestic
animals.

Area of Adaptation: Vavilov Il Siberian
wheatgrass is adapted for non-irrigated
seedings where annual precipitation
averages 8-14 inches and where the frost-
free period is generally less than 160 days.
It is known to surpass fairway and standard
crested wheatgrass in rate of establishment,
stand persistence, and total forage yield on
more arid sites (8 to 10 inches annual
precipitation). It is very tolerant of fire.

Soil Adaptation: Vavilov Il is well adapted
to sandy to fine sandy loam to silt loam,
droughty soils. It has been seeded in areas
with as little as 5 inches of annual
precipitation with some success. Siberian
wheatgrass is cold tolerant and can
withstand moderate periodic flooding, not
exceeding 7-10 days in the spring. It will not
tolerate long periods of inundation-standing
water, poorly drained soils, or excessive
irrigation.

Planting and Harvesting: Vavilov Il should be
seeded with a drill to a depth of %4 to Yz inch into
a firm, weed-free seedbed. The full seeding rate
is 6 pounds Pure Live Seed (PLS) per acre.
When used as a component of a seed mixture,
adjust to the percent of mix desired.

For seed production Vavilov Il should be seeded
in 36 inch rows at a rate of 2.7 pounds PLS per
acre to allow mechanical weed control and to
maintain rows. Harvesting seed is best
accomplished by swathing, followed by
combining of the windrows. Direct combining is
also acceptable. Seed is generally harvested in
late July. Seed yields range from 150 pounds per
acre (dryland) to 500 pounds per acre (irrigated).

Seed Maintenance: Breeder seed is maintained
by ARS and Foundation seed is maintained at:

USDA-NRCS, Aberdeen PMC
P.O. Box 296

1691A S. 2700 W.

Aberdeen, ID 83210

Phone: (208) 397-4133

Foundation seed is available through the
University of ldaho Foundation Seed Program
and Utah Crop Improvement Association and Soill
Conservation Districts in Idaho, Utah and
Nevada. Certified seed shall be limited to not
more than one generation from Foundation seed
(Certified). Variety Protection has been applied
for under the Plant Variety Protection Act of
1970. Conditions of this license specify that
Vavilov Il can be marketed only as a class of
certified seed.

January 2008

The United States Department of Agriculture (USDA) prohibits
discrimination in its programs on the basis of race, color, national
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familial status. (Not all prohibited bases apply to all programs.)
Persons with disabilities who require alternative means for
communication of program information (Braille, large print,
audiotape, etc.) should contact the USDA's TARGET CENTER at
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To file a complaint, write the Secretary of Agriculture, US
Department of Agriculture, Washington, DC, 20250, or call 1-800-
245-6340 (voice) or (202) 720-1127(TDD).
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Improved establishment characteristics of ‘Vavilov II’ Siberian Wheatgrass

K.B. Jensen*, A.J. Palazzo, B.L. Waldron, J.G. Robins,
B.S. Bushman, D.A. Johnson, and D.G. Ogle.
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ABSTRACT

“Vavilov II’ Siberian wheatgrass (Agropyron fragile (Roth) Candargy) (Reg. No. CV-__,

PI ) was developed by The United States Department of Agriculture - Agricultural
Research Service, the United States Army - Engineer Research and Development Center, Utah
State Agricultural Experiment Station, and the United States Department of Agriculture - Natural
Resources Conservation Service. Vavilov II was evaluated in field trials as Vavilov-Select,
SERDP Siberian wheatgrass, and 9076515 (NRCS). Vavilov II was developed for reseeding
disturbed rangelands dominated by annual weeds as a result of severe disturbance, frequent fires,
and soil erosion. Selection emphasis in Vavilov II was on seedling establishment and plant
persistence. During the establishment year, Vavilov II had significantly (P<0.05) higher
numbers of seedlings per unit area (m?) using a frequency grid when planted at a rate of one pure
live seed (PLS) per cm than Vavilov at Yakima, WA (est. fall 2002; 52 vs 23%), Fillmore, UT
(est. fall 2004; 79 vs 54%), Dugway, UT (est. fall 2005; 79 vs 52%), and Curlew Valley, ID (est.
fall 2002; 70 vs 40%). In persistence after establishment, Vavilov II was significantly more
persistent than Vavilov at Yakima, WA (68 vs 44%); Fillmore, UT (84 vs 62%); Curlew Valley,
ID (69 vs 55%), and Malta, ID (97 vs 91%). Seed of Vavilov II is available through the Utah

Crop Improvement Association and the University of Idaho Foundation Seed Program.



Vast areas of semiarid rangeland in the western U.S. are severely disturbed, frequently burned,
increasingly eroded, and subsequently infested with troublesome weeds such as cheatgrass
(Bromus tectorum L.), medusahead (Taeniatherum caput-medusae (L.) Nevski) and others.
Reseeding disturbed rangelands with plant materials that are competitive enough (seedling
establishment and persistence) to replace existing undesirable vegetation is often the most
plausible and economically feasible way to reclaim such sites (Asay et al., 2003). A failure to
develop improved plant materials that can restore these degraded rangelands from predominantly
annual to perennial vegetation will result in increased fire frequency, loss of soil structure
(Norton et al., 2004), increased soil erosion, and economically unproductive rangelands. One
species frequently used in rangeland revegetation is Siberian wheatgrass (Agropyron fragile
(Roth) Candargy).

In its native habitat, Siberian wheatgrass is more drought-resistant and better adapted to
medium to coarse textured soils than either Standard (A. desertorum (Fisch. ex Link) Schultes) or

Fairway (A. cristatum L.) type crested wheatgrass. Siberian wheatgrass is commonly

recommended for semiarid ecological sites receiving between 150 to 300 mm (6- 12 in) of mean
annual precipitation annually at elevations up to 2154 m (7070 ft). When drilled under dryland
range conditions, a seeding rate of 8 kg h!' (6 Ibs/ac) is recommended (Jensen et al., 2001). In
recent studies on six ecological sites, Siberian wheatgrass was one of the easiest species to
establish, more productive, more persistent, and more defoliation-tolerant under severe water
stress than other rangeland revegetation grasses (Asay et al., 2001).

The first released Siberian wheatgrass cultivar ‘P-27° was released in 1953 by the Natural
Resources Conservation Service and was selected from a large evaluation nursery for persistence

(Alderson and Sharp, 1994). At present, the most widely used Siberian wheatgrass cultivar is



Vavilov, which was released in 1994 exhibiting increased retention of plant color, vegetative
vigor under extreme drought, seedling establishment, and seed yield over the cultivar P-27 (Asay
et al., 1995). To combat the increasing spread of invasive annual weeds on western rangelands it
is critical to develop improved plant materials with increased seedling establishment and
persistence (Asay et al., 2003). The principle objectives of this research were to develop a
Siberian wheatgrass cultivar with increased establishment characteristics and persistence under

harsh dry environments of the western United States.



MATERIALS AND METHODS

Breeding History

The parent material for ‘Vavilov II’ Siberian wheatgrass was selected from evaluation
trials at three locations (1) Yakima, WA, (2) Curlew Valley, ID, and (3) Lakeside, UT. (1) At
Yakima, WA, an 832 plant nursery of the cultivar Vavilov was established in 1998. Based on
visual plant vigor, total seed yield, and seedling establishment (ability to emerge from a 7.6 cm
planting depth in the greenhouse) in 1999, 15 genotypes were selected. (2) At Curlew Valley, ID
(USDA-FS-Curlew National Grasslands), an evaluation nursery was established in 1998 that
included Vavilov and collections made from the Steppes of Kazakhstan in 1988 by Drs. Kay
Asay and Douglas Johnson. Based on visual plant vigor, five genotypes of Vavilov and one
from the Steppes of Kazakhstan (collection JA-45) (Jensen et al., 2008) were selected. (3) At
Lakeside, UT, the cultivar Vavilov and two bulk populations (low and medium annual
precipitation) from the 1988 collection trip by Drs. Asay and Johnson were evaluated. The low
annual precipitation population originated by evenly bulking by weight original seed from
collections JA- 62, 63, 64, 65, 66, 67, 68, 69 that originated from sites that receive annual
precipitation ranging between 100 to 130 mm (4- 5 in) (Jensen et al., 2008). The medium annual
precipitation population originated by evenly bulking by weight original seed from collections
JA-41,42,43,44,71,72,73, 74,75, 76,77, 79, 80, 88, 98, 99 that originated from sites that
receive annual precipitation of 150 mm (6 in) (Jensen et al., 2008). Twenty-one genotypes of
Vavilov and eight genotypes, four each from the different annual precipitation populations, were

selected from the Lakeside site.



Clones (20 replications) from the 50 selected genotypes from Yakima, WA; Curlew
Valley, ID; and Lakeside, UT were established in 2000 at the Bluecreek, UT research station and
designated as the Vavilov II Breeder seed.

Morphological Characterization

Twelve morphological characters were evaluated (Table 1) from at least 40 different
plants each of Vavilov II, Vavilov, and P-27 at Nephi (39°38'43" N 111°52"11" W; elevation
1600 m) and Blue Creek (41°56°02" N 112°26°20” W; elevation 1563 m), UT. All data were
subjected to analysis of variance using GLM procedures as a fixed model. Mean separations
were made on the basis of least significant differences (LSD) at the 0.05 probability level (SAS
Institute Inc., 1999).

Molecular Characterization

Twelve plants from each of four Siberian wheatgrass cultivars/breeding populations,
Vavilov II, Vavilov, P-27, and a population originating from the JA collections called Kazak,
were screened for DNA polymorphisms with six AFLP primer pairs: EAGC_M.CAG,
E.AGC_M.CAT, E.AGC M.CTG, E.AGG M.CAA, E.AGG_M.CAC, and E.AGG_M.CAG.
AFLP reactions were conducted according to Vos et al. (1995), except that fluorescently labeled
primers were used and detected on an ABI3730 (Applied Biosystems, Foster City, CA). Size
standards were spiked into each reaction to assure band-length validity. Estimates of similarity
were obtained using the method described by Leonard et al. (1999), and analysis of molecular
variance and diversity were estimated as per Excoffier et al. (1992). Phylogenetic trees were

constructed using UPGMA cluster methods in PAUP (Swofford, 2001).



Seeded Trials

Between 2002 and 2005, fall seeded evaluation trials were established to compare
seedling establishment, persistence, and forage yield of Vavilov Il and Vavilov at Yakima WA
(46°50°47" N 120°22°18" W; elevation 704 m); Guernsey WY (42°15°46" N 104°48°01" W;
elevation 1429 m); Fillmore UT (39°10°50” N 112°14°27" W; elevation 1769 m); Snowville ID
(42°01715" N 112°39°09” W; elevation 1432 m); and Malta ID (42°14"21" N 113°08°09" W;
elevation 1650 m). Plots were arranged in a randomized complete block with four replications.
Entries were seeded at a rate of one pure live seed cm™ in five rows. Plot size was 1.5 meters
wide by 8 meters long.

Seedling Establishment

Selection for improved seedling establishment followed the methods reviewed by
Johnson and Asay (1993), where they showed a strong correlation to a plants ability to emerge
from a deep planting depth in the greenhouse and ability to germinate and establish rapidly when
planted % inch deep under dryland conditions. One hundred seeds (PLS) of each entry were
placed at the bottom of 7.6-cm (3.0 in) trenches and then covered with soil. Benches were
watered daily, and rate of emergence determined according to Maguire (1962).

Seedling establishment and persistence were measured as a plant density frequency using
the grid system described by Vogel and Masters (2001). Frequency was determined by laying a
grid of 2 x 2-inch quadrats over the drilled rows and determining the percentage of quadrats
containing at least one seedling (100% stand if a seedling/plant occurs in every quadrant [48]).

This was repeated three times along the 8 meter row for a total of 144 quadrats.



Forage Yield

Estimates of forage dry matter yield (DMY) were estimated by sub sampling three 1

meter squares within each plot. Samples were oven dried to a constant weight and weighed.

RESULTS and DISCUSSION

“Vavilov II’ Siberian wheatgrass (Agropyron fragile (Roth) Candargy) Reg. No. CV-_,
PI ) was developed by The United States Department of Agriculture - Agricultural
Research Service, the United States Army - Engineer Research and Development Center, Utah
State Agricultural Experiment Station, and the United States Department of Agriculture - Natural
Resources Conservation Service for use on arid and semiarid rangelands as a rapid establishing
revegetation grass in the Intermountain West, Great Basin, and Northern Great Plains Regions of
western U.S.A. Vavilov Il is a broad-based 50 clone synthetic that was developed and tested as
part of the Strategic Environmental Research and Development Program (SERDP) project CS-
1103 to identify resilient plant characteristics and develop wear resistant plant cultivar(s) for use
on military training lands. Vavilov Il was evaluated in field trials as Vavilov-Select, SERDP
Siberian wheatgrass, and 9076515 (NRCS). Vavilov Il was selected for persistence and overall
plant and seedling establishment in response to drought. Vavilov Il expands the genetic base of
the cultivar Vavilov and has been evaluated extensively on rangeland ecological sites in the
western United States with seedling establishment and forage yield superior to the commercially
available cultivar Vavilov.

Morphological Characterization

When combined over locations (Nephi and Blue Creek, UT) (Table 1), ‘Vavilov II’ is

significantly (P<0.05) taller (64.2 cm) than ‘P-27’ (58.2 cm), but similar in plant height to



‘Vavilov’ (63.4 cm). Flag leaves in Vavilov II were oriented significantly (P<0.05) higher on the
culm (40.3 cm) and wider (3.1 mm) than P-27. Spikes of Vavilov II were significantly (P<0.05)
shorter (8.2 cm) than Vavilov (9.1 cm), but similar to P-27 (7.8). Vavilov II had significantly
(P<0.05) longer lemmas (7.4 mm) than P-27 (6.4 mm), but similar to Vavilov (7.2 mm). Lemma
and glume awn lengths in Vavilov II are significantly (P<0.05) longer than P-27. The ratio of
spike length/width proved highly diagnostic when separating Vavilov II from Vavilov and P-27
(Table 1). The ratio of spike length/spike width is significantly (P<0.05) lower than Vavilov and
P-27 (Table 1). Non diagnostic morphological traits included flag leaf length, spike width,
lemma width, glume length and width. Heading and flowering dates at Blue Creek and Nephi,
UT were the third week in May and first week in June, respectively. Vavilov II Siberian
wheatgrass is an autotetraploid (2n=4x=28; PPPP) and has the same ploidy level and genomic
composition as the commercially available cultivars P27 and Vavilov.

Molecular Characterization

Amplified fragment length polymorphisms (AFLP) were used to compare Vavilov II to
other released cultivars of Siberian wheatgrass. The six AFLP primer pairs amplified 728 bands
that were present in more than 5% and less than 95% of the individuals. The average number of
AFLP bands ranged from 239 for P27 to 255 for Kazak Siberian wheatgrass and Vavilov II. The
average number of pairwise differences within cultivars ranged from 203 to 218 bands, while the
average number of pairwise differences between varieties was 226 to 247 bands. Across all four
varieties, 88% of variation is within, while 12% is between. The most similar cultivars were
Vavilov and Vavilov II. The results are consistent with the pedigree of the four varieties. A

phylogenetic tree was generated using cluster analysis (UPGMA) based on the average pairwise



differences between varieties (Figure 1). The significant variation between varieties allows for
molecular markers that distinguish the varieties (Table 2).

Seedling Establishment

Rapid seedling establishment is one of the primary keys to a successful revegatation
planting in the western United States. Selection emphasis in Vavilov II Siberian wheatgrass was
on seedling establishment and plant persistence. During the establishment year, Vavilov II had
significantly (P<0.05) higher numbers of seedlings per unit area (m?) using a frequency grid
when planted at a rate of one pure live seed (PLS) per cm at Yakima, WA (est. fall 2002; 52 vs
23%), Fillmore, UT (est. fall 2004; 79 vs 54%), Dugway, UT (est. fall 2005; 79 vs 52%), and
Curlew Valley, ID (est. fall 2002; 70 vs 40%) (Figure 2). In persistence after establishment, as
measured by percent stand, Vavilov Il was significantly more persistent than Vavilov at Yakima,
WA (68 vs 44%); Fillmore, UT (84 vs 62%); Curlew Valley, ID (69 vs 55%), and Malta, ID (97
vs 91%) (Figure 3). Dry matter yields (64 cm x 38cm plot) combined across Yakima, WA and
Guernsey, WY, were significantly (P<0.05) greater in Vavilov II (53 g plot'l) than Vavilov (39 g
plot™). Vavilov II germinated in seven days compared to 10 days for Vavilov on three different
soil types (sandy loam, loam, and sand).

NRCS planted Vavilov I along with 58 other accessions of grasses, forbs, and shrubs at
the Coffee Point test site about 25 miles northwest of Aberdeen, ID (200-300 mm (8- 12 in)
mean annual precipitation) in November 2006. Plant density data was collected using a
frequency grid on May 1, 2007. Vavilov II had the highest plant density of all accessions
evaluated at 15.9 plants per m* compared to 8.0 plants per m* for Vavilov. On September 7, 2007

the second evaluation was completed and Vavilov II had 15.7 plants per m” and Vavilov had 7.4
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plants per m*. During the establishment year, the site received about 127 mm (5 in) of annual
precipitation.

Seed Availability

A Foundation Seed production field was established at the USDA — NRCS, Aberdeen
Plant Materials Center in August 2005. In 2006, seed was harvested from the field and the total
yield for the first production year was 1649 pounds (660 pounds per acre).

Breeder, Foundation, Registered, and Certified seed classes will be recognized. Breeder
and Foundation seed will be maintained by the USDA-ARS Forage and Range Research
Laboratory at Logan, UT and the USDA-NRCS Plant Materials Center at Aberdeen, ID.
Protection under the U.S. Plant Variety Protection Act of 1994 will be applied for, with the
requirement that seed of Vavilov II can be marketed only as a class of certified seed. No seed
will be distributed without written permission for 20 years from the date of release 12 March
2008 by the USDA-Agricultural Research Service, at which time seed will also be available from
the National Plant Germplasm (NPGS). Foundation seed is available through the following
contacts: 1) Utah Crop Improvement Association (435) 797-2082; sayoung@mendel.usu.edu)
and 2) University of Idaho Foundation Seed Program (208) 423-6655;

Williams@kimberly.uidaho.edu).
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Figure Headings
Figure 1. A phonetic tree based on UPGMA cluster analysis of the average pairwise differences

among cultivars. Twelve plants per cultivar we used in the analysis.

Figure 2. Seedling establishment (% stand) measured during establishment year at five western

range sites comparing Vavilov II with Vavilov.

Figure 3. Persistence (% stand) measured after the establishment year at five western range sites

comparing Vavilov II with Vavilov.
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Table 1. Morpholgical Summary - Nephi and Blue Creek, UT. Planted April 2004

** Analysis included 10 reproductive culms (different plants) per replication (4-replications)

LSD

Morphological Traits: Vavilov Il Vavilov P-27 (P<0.05)

Plant Height (cm) Mean 64.2 63.4 58.2 4.9
Range 38.5-130.2 26.0-100.2 35.0-87.3

Flag leaf height (cm) Mean 40.3 39.3 34.0 4.2
Range 15.1-68.2 7.0-63.5 11.4-55.8

Flag leaf length (cm) Mean 10.2 11.7 8.5 4
Range 3.2-21.0 4.0-24.7 2.5-22.0

Flag leaf width (mm) Mean 3.1 2.8 2.6 0.4
Range 1.5-6.0 2.0-5.0 1.0-6.0

Spike length (cm) Mean 8.2 9.1 7.8 0.7
Range 5.0-12.5 4.8-22.4 4.0-18.1

Spike width (mm) Mean 11 1.0 0.9 0.2
Range 0.5-2.2 0.6-1.6 0.5-2.7

First lemma length (mm) Mean 7.4 7.2 6.4 0.5
Range 5.0-12.0 4.5-10.5 5.0-12.0

First lemma width (mm) Mean 1.1 1.2 1.1 0.1
Range 1.0-2.0 0.9-2.5 0.9-2.0

First lemma awn length (mm) Mean 0.9 0.8 0.4 0.4
Range 0.0-4.0 0.0-3.5 0.0-4.5

First glume length (mm) Mean 6.1 5.6 5.4 0.6
Range 3.0-10.0 3.5-9.0 2.29.5

First glume width (mm) Mean 1.0 1.1 1.1 0.1
Range 0.6-2.0 0.5-2.0 0.6-2.0

First glume awn length (mm) Mean 1.9 1.7 1.2 0.4
Range 0.0-6.0 0.0-4.5 0.0-4.5

Spike length/width Mean 8.2 9.5 9.5 0.9
Range 3.7-15.8 4.3-22.4 2.4-30.2
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Table 2. Gene frequencies of four AFLP markers and four Siberian wheatgrass cultivars.

Kazak freq P27 freq Vavilov freq Vavilov Il freq
E.AGC_M.CAT_171.4 0.08 0.58 0.67 1.00
E.AGC_M.CAT_111.1 0.17 0.08 0.33 0.83
E.AGG_M.CAG_364.7 0.25 0.00 0.00 0.58
E.AGG_M.CAG_190.3 0.00 0.50 0.50 0.83

16



e P27
R e + e Vavilow
SR — +
P ——— Vavilov II

Figure 1. A phonetic tree based on UPGMA cluster analysis of the average pairwise
differences among cultivars. Twelve plants per cultivar were used in the analysis.
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ON-CENTER ACTIVITIES



FOUNDATION SEED PRODUCTION AT ABERDEEN PLANT MATERIALS CENTER (PMC)

A major responsibility of the Aberdeen PMC is the production of Foundation quality seed of the plant releases by the PMC. Foundation seed is made
available to the University of Idaho Agricultural Experiment Station, Idaho Crop Improvement Association, Utah Crop Improvement Association,
other plant materials centers and cooperating agencies. Seed is distributed as provided for by allocation and exchange or other written agreements.
Foundation seed of recent releases may also be provided to soil conservation districts for registered or certified seed production under the District Seed
Increase (DSI) program.

The following table illustrates seed shipments from the Aberdeen Plant Materials Center for Fiscal year 2000 through 2008:

TOTAL

Cultivar 2000 2001 2002 2003 2004 2005 2006 2007 2008 POUNDS
POUNDS PLS

Anatone bluebunch wheatgrass - - - - 20 250 350 400 775 1795
Appar blue flax 320 300 470 65 0 848 955 150 150 3258
Bannock thickspike wheatgrass 275 250 550 25 0 1110 900 240 150 3500
Delar small burnet 451 150 75 0 1250 945 490 100 1225 4686
Ephraim crested wheatgrass 260 455 696 0 200 0 1300 300 500 3711
Goldar bluebunch wheatgrass 175 100 375 250 200 200 170 250 450 2170
Magnar basin wildrye 517 1035 490 150 245 0 0 490 50 2977
Maple Grove Lewis flax - - - - 240 280 70 0 0 590
Nezpar Indian ricegrass 900 150 75 340 0 300 500 700 150 3115
P-27 Siberian wheatgrass 150 200 500 0 0 0 0 200 200 1250
Penstemon, Venus "Clearwater Selection" 1 10 1 10 4 8 0 0 0 34
Penstemon, firecracker "Richfield Selection" 5 1 7 6 3 11 25 6 4 68
Paiute orchardgrass 101 450 200 0 0 0 75 200 50 1076
Regar meadow brome 670 1061 207 50 50 0 650 50 400 3138
Rush intermediate wheatgrass 215 525 0 0 0 800 300 500 0 2340
S.R.P. fourwing saltbush - - 25 5 2 16 0 0 0 48
Sodar streambank wheatgrass 860 500 500 200 0 625 775 250 400 4110
Tegmar dwarf intermediate wheatgrass 100 0 0 0 200 0 0 0 0 300
Northern Cold Desert winterfat - - 8 3 8 20 5 4 0 48
Vavilov |l Siberian wheatgrass - - - - - - - - 600 600

TOTAL POUNDS 5,000 5,187 4,179 1,104 2,422 5413 6,565 3,840 5,104 38,814



March 19, 2008

Aberdeen Plant Materials Center

2008 FIELD ANNUAL PLAN OF OPERATION

HOME FARM
Field Acres Crop Operation
1 1.7 Display Nursery (2007) Manage for display.
2E 1.3 Anatone (2007) Manage for Certified seed production.
2W 1.0 Mountain Brome Manage for seed production.
(Grand Teton NP - 2006)
3 1.8 Anatone Bluebunch (2005) Manage for Certified seed production.
4 14 Constructed Wetland Ponds  Establish and evaluate test plots according
to study plan.
5 24 Rush (2008) Establish and manage for Foundation seed
production.
6 24 Anatone Bluebunch (2004) Manage for Certified seed production.
7 3.2 Delar (2006) Manage for cover and plow down.
8 3.2 Sodar (2008) Establish and manage for Foundation seed
production.
9 3.2 Green Manure Establish annual legume for plow down.
10N 1.7 Green Manure Establish annual legume for plow down.
10S 1.5 Potatoes U of | will plant potatoes.
11N 1.1 Maple Grove (2008) Establish and manage for Certified seed
production.
11S 0.2 9076402 Mutton grass (2002) Harvest seed and remove.
12 14 Buckwheat IEP (2007) Evaluate and manage according to study
plan.
USFS Forbs (2004) Evaluate for potential release.
Great Basin Forbs (2005) Evaluate for potential release.
13N 0.1 Penstemon (2003) Manage for Certified seed
production.
13S 0.25  Sandberg Bluegrass Manage for seed production.
(Grand Teton NP - 2006)
14 1.2 Woody Display Nursery Maintain display of woody conservation
(1995) plants. Manage Durar/Covar cover crop.
14S Biofuel Study (2008) Establish and evaluate according to study

plan.
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Aberdeen Plant Materials Center

2008 FIELD ANNUAL PLAN OF OPERATION

HOME FARM (Continued)

Field windbreak (2000) Maintain Simon poplar field windbreak.

Fallow Fallow as needed for weed control.

Hybrid Poplars (1998) Manage and evaluate according to study
plan.

Fourwing and winterfat Manage for Certified seed production.

(1999)

Grass Display Nursery (2002) Manage for display. Remove late summer.



Aberdeen Plant Materials Center

2008 FIELD ANNUAL PLAN OF OPERATION

FISH AND GAME FARM

Establish and manage for seed production.
Establish and Maintain corn for wildlife use.

Maintain permanent yard for pipe storage.

Establish and manage for hay production and

Establish and Maintain corn for wildlife use.

Establish and maintain wheat for wildlife use.
Maintain as needed for permanent cover.
Manage for hay production and wildlife benefits.

Maintain as needed for permanent cover.

Manage for hay production and wildlife benefits.

Field Acres  Crop Operation
21W 1.0 Bluebunch Wheatgrass

(Grand Teton NP — 2008)
21M 1.3 Wildlife Food Plot
21E 1.4 Pipe yard (2004)
21N 1.3 Bozoisky Cover crop (1985) Maintain as needed for permanent cover.
22W 4.1 Alfalfa (2008)

wildlife benefits.

22E 1.3 Willow IEP (1984) Maintain as needed.
23W 24 Bozoisky Cover crop (2007) Maintain as needed for permanent cover.
23M -- Windbreak Maintain and irrigate as needed.
23E 2.2 Wildlife Food Plot
24W 1.1 Windbreaks Maintain and irrigate as needed.
24 M 2.2 Wildlife Food Plot
24E 1.5 Durar Cover Crop
25 5.1 Alfalfa (2003)
26W 1.0 Bozoisky Cover crop (2005)
26E 2.7 Willow Cutting Nursery (1994) Maintain as needed.
27TW 2.2 Bozoisky Cover crop (2005) Maintain as needed for permanent cover.
27TM 1.2 Bozoisky Cover crop (2007) Maintain as needed for permanent cover.
27E 1.0 Slender Wheatgrass Manage for seed production.

(Grand Teton NP - 2006)
28 5.3 Alfalfa (2004)
20W 1.3 Willows (1994) Manage for cuttings.
29E 3.7 Alfalfa (2008)

Establish and manage for hay production and
wildlife benefits.



Aberdeen Plant Materials Center

2008 FIELD ANNUAL PLAN OF OPERATION (continued)

FISH AND GAME FARM (continued)

Field Acres  Crop Operation

30w 0.7 Windbreak/Guard Row Maintain and irrigate as needed.

30M 25 Wildlife Food Plot Establish and maintain wheat for wildlife use.
USFS Grasses (2005) Evaluate for potential release.

30E 2.3 Wildlife Food Plot Establish and maintain wheat for wildlife use.

31W 1.5 Wildlife Food Plot Establish and maintain wheat for wildlife use.

31E 3.75 DOD Western w.g. (2005) Maintain for seed increase.

32 6.2 Windbreak IEP (1982) Maintain as needed.

Any hay grown will not be cut prior to June 15 and not after September 1. Hay will be irrigated after
last cut to first fall frost to achieve regrowth prior to winter dormancy.

Irrigated, permanent grass cover seedings will not be mowed prior to July 1 and not after August 1 and
will be irrigated a minimum of 3 times. Non-irrigated grass cover seedings will not be mowed. Early
mowing or mowing of non-irrigated grass cover requires notification to and inspection by Fish and
Game.

BREWINGTON FARM (U of I)

Field Acres  Crop Operation

410W 20 DOD Siberian w.g. (2005) Manage for Foundation seed production

411 4.5 Nezpar (2007) Manage for Foundation seed production.
PEARL FARM

Field Acres  Crop Operation

S1 5.0 Alfalfa (2006) Maintain for hay production and to improve soil
quality.

S2 5.0 Alfalfa (2006) Maintain for hay production and to improve soil
quality.

S3 5.0 Alfalfa (2006) Maintain for hay production and to improve soil
quality.

S4W 1.0 Idaho Fescue Establish and manage for seed production.

(Grand Teton NP - 2008)



Aberdeen Plant Materials Center

2007 FIELD ANNUAL PLAN OF OPERATION (continued)

PEARL FARM (continued)

Field Acres _ Crop Operation
S4E 1.0 Fallow Fallow as needed for weed control.
S5W 2.5 Alfalfa (2007) Maintain for hay production and to improve soil
quality.
S5E 2.5 Western Wheatgrass Establish and manage for Foundation seed.
(DOD - 2008)
S6W 25 Magnar (2006) Manage for Foundation seed production.
S6E 25 Goldar (2006) Manage for Foundation seed production.
S7TW 25 Blue Wildrye Manage for seed production.
(Grand Teton NP - 2006)
S7E 2.5 Bannock (2006) Manage for Foundation seed production.
S8 2.2 Appar Manage for Foundation seed production.

Maintain two-row windbreak (Rocky Mountain Juniper and Simon Poplar established on south and west
farm borders.
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2008 Progress Report
Hybrid Poplar Initial Evaluation Planting
Field 17, Aberdeen PMC
Loren St. John, Team Leader

The purpose of the Hybrid Poplar Initial Evaluation Planting is to evaluate accessions of hybrid
poplar currently being grown in Oregon and Washington for adaptability to northern Utah and
the Upper Snake River Plain of southeast Idaho. Hybrid poplar used for fiber, fuel and other
lumber products is becoming a large agroforestry business in Oregon, Washmgton and western
Idaho. Presently there is no commercial production of hybrid poplar in southeast Idaho or
northern Utah.

Five accessions of hybrid poplar considered to be very productive and the most cold tolerant
were obtained from Mount Jefferson Farms, Salem, Oregon. These accessions were planted in
a complete randomized block design with 'Imperial’, 'Siouxland', 'Robust', and 'Canam' poplar
as standards of comparison. The cuttings planted were dormant, 9 inches long and
approximately 3/4 inch in diameter. The standards of comparison were collected at the PMC
after spring growth had initiated.

Weed barrier material was installed in the clean-tilled field prior to planting. The cuttings were
then hand planted through the weed barrier on May 28, 1998 so that only one bud was above
the soil surface. Planting a cutting with only one bud above the soil surface increases the
chance that the cutting will develop a single trunk which is desirable for wood production.
Weed control needs were minimal because of the installation of weed barrier material. On June
1, 1999 forty-three plots were re-planted that failed to establish the first growing season. The
evaluation planting is irrigated with a solid-set handline sprinkler system.

Between-row weed control was accomplished with mechanical cultivation between 1998 and
2000. The between-row area was seeded to a mixture of 'Durar' hard fescue and 'Bighorn' sheep
fescue (3.5 pounds PLS per acre of each species) in June, 2001. The grass seeding is well
established and controlling weeds.

In March, 2008 before buds began to break dormancy, the trees were pruned to remove all side
branches up to a height of 20 — 25 feet on the trees that were well established to encourage a
single dominant trunk that is preferred for saw logs. No more than 50 percent of the branches
on a single tree were removed. During the growing season sprouts and side branches below the
prune line were removed periodically.

The plots were evaluated on September 17, 2008 and the data is summarized in Table 1. An
Abney Level was used to measure plant height. Accession no. 9076418 (OP-367) continued to
have the best survival. 9076418 (OP-367) was the tallest (mean plant height 18.7 m — 60.0
feet) and also had the largest D.B.H. (mean 36.9 cm — 14.5 inches). This accession continues to
appear to be the best adapted to the soil and climate in the Snake River Plains of southeastern
Idaho. Accession no. 9076418 (OP-367) also had the best vigor rating from the original
planting in 1998. No destructive pests were observed on the plants this year.

Of the plots re-planted in 1999, Robust poplar continued to have the best survival and the tallest
average height. Siouxland had the largest mean D.B.H. (21.9 cm — 8.6 inches) of the plots that
were re-planted in 1999.

The planting will again be pruned during dormancy in late winter 2009 to reduce side branching
and will be evaluated next fall. A summary of the annual evaluations from 1998 to 2009 will
be prepared and the plots will be maintained indefinitely to evaluate longevity of the accessions.



Table 1.
2008 Evaluation Data
1998 Hybrid Poplar Initial Evaluation Planting

Number Percent Plant Height (m) DBH. Y
Accession Number  Survived Survival Minimum _ Mean Maximum Mean (cm) __ Vigor %
9076418 (OP-367) 8 88.9 17.3 18.7 20.1 36.9 1.3
9076419 (184-411) 1 11.1 -- -- 12.8 15.2 4.0
9076420 (50-197) 0 0.0 -- -- -- -- 9.0
9076421 (52-225) 4 44 .4 15.5 17.6 19.8 14.7 6.0
9076422 (15-29) 2 22.2 7.6 17.4 17.3 11.7 7.4
Canam 2 22.2 6.4 10.2 14.0 14.1 5.5
Robust 3 33.3 16.1 16.8 17.3 25.2 3.0
Siouxland 5 55.5 14.0 16.3 17.3 25.2 34
Imperial 5 55.5 12.8 14.1 15.5 27.3 3.6
Re-planted Hybrid Poplar 1999
Number Percent Plant Height (m) DBH. Y
Accession Number  Re-planted  Survival Minimum _ Avg. Maximum Mean (¢cm) _ Vigor ¥
9076418 (OP-367) 1 0 -- -- -- -- 9.0
9076419 (184-411) 8 12 -- -- 13.4 16.3 5.0
9076420 (50-197) 8 0 -- -- -- -- 9.0
9076421 (52-225) 1 0 -- -- -- -- 9.0
9076422 (15-29) 4 0 -- -- -- -- 9.0
Canam 7 42 11.2 12.3 14.0 16.7 7.3
Robust 6 83 12.8 15.3 17.0 21.0 5.0
Siouxland 4 50 14.0 14.6 15.2 21.9 6.0
Imperial 4 0 -- -- -- -- 9.0

D B.H. is diameter at breast height (1.4 m from ground surface)

Z Rated 1 — 9, with 1 best, 9 worst



Project Title:
e Establishment and Maintenance of Certified
Generation 1 (G1) Seed
e Propagation of Native Forbs
e Plant Display Nursery Evaluation
e Develop Technology to Improve the Diversity of
Introduced Grass Stands

Location: NRCS Aberdeen, ID Plant Materials Center

Principal Investigators and Contact Information:
Loren St. John, Center Manager
Aberdeen Plant Materials Center,
P.O. Box 296, Aberdeen, ID 83210
(208)397-4133, fax (208)397-3104
Loren.Stjohn@id.usda.gov

Dan Ogle, Plant Materials Specialist, Boise, ID

USDA-NRCS, 9173 West Barnes Drive, Suite C, Boise, ID 83709.
(208) 685-6987, fax (208)378-5735

Dan.Ogle@jid.usda.gov

Project Description: Production of Certified Generation 1 (G1) seed of Anatone
Germplasm bluebunch wheatgrass, Maple Grove Germplasm Lewis flax, Snake River
Plains Germplasm fourwing saltbush and Northern Cold Desert Germplasm winterfat to
facilitate commercial seed production. Propagation of native forbs for evaluation and
seed increase. Evaluation of display nursery near Boise, ID. Assist in development of
technology to improve the diversity of introduced grass stands by evaluating methods to
introduce native species into established plant communities. Equipment and Strategies to
enhance the post-wildfire establishment and persistence of Great Basin native plants.

Seed Production
Anatone Germplasm bluebunch wheatgrass — Currently 5.2 acres are in production.
Estimated seed yield from 2007 seed crop is 1,384 pounds. Shipped 400 pounds of
Certified seed to commercial growers in 2007.

Maple Grove Germplasm Lewis Flax — Seed fields established in 2005 (3.2 acres) and
2006 (3.2 acres) were contaminated with ‘Appar’ blue flax so harvested seed could not be
certified. Attempts to rouge out Appar were unsuccessful. The field established in 2006
was used to conduct a herbicide tolerance trial in cooperation with the University of
Idaho. No seed was shipped to commercial growers in 2006. The PMC will establish a
new field in 2008 with stock seed to be provided by the FS Rocky Mountain Research
Station.


mailto:LorenStjohn@id.usda.gov
mailto:Dan.Ogle@id.usda.gov

Snake River Plains Germplasm fourwing saltbush — Estimated seed yield from 2007
crop is 24 pounds. No seed was requested by commercial growers in 2007.

Northern Cold Desert Germplasm winterfat — Estimated seed yield from 2007 crop is
8 pounds. Shipped 4 pounds of Certified seed to commercial growers in 2007.

Propagation of Native Forbs
The original project plan in 2005 was to propagate 8,000 plants total of Lomatium
dissectum (LODI) fernleaf biscuitroot, Lomatium grayii (LOGR) Grays biscuitroot,
Lomatium triternatum (LOTR) nineleaf biscuitroot, Eriogonum umbellatum (ERUM)
sulphurflower buckwheat, Penstemon deustus (PEDE) hotrock penstemon, Penstemon
acuminatus (PEAC) sharpleaf penstemon, and Penstemon speciousus (PESP) sagebrush
penstemon in the greenhouse. Approximately 1000 plants each of ERUM and LOTR
were to be transplanted at the PMC and remaining plants were to be made available to
cooperators for transplanting at field sites. Due to no plant establishment of Lomatium
species and minimal success with greenhouse propagation of Penstemon species, no
plants were made available to cooperators. All plants that were successfully propagated
in the PMC greenhouse were transplanted at the PMC during the 2005 growing season
and direct dormant seeding of Eriogonum, Lomatium and Penstemon accessions were
completed at the PMC in November 2005. Weed barrier fabric was installed to control
weeds.

On May 8, 2007 the biscuitroot and sulphurflower buckwheat plots were treated with a
wick application of 100 percent Roundup to control weeds and on June 18 they were also
hand weeded. On June 20, 2007 survival counts were made and seed was harvested at
seed ripeness and the results are shown in the following table:

Survival Clean seed
Species (percent) (pounds)
ERUM 40 4.0
LODI 25 NA
LOGR 70 NA
LOTR 71 NA
PEAC 68 8.0 (estimated)
PEDE 58 19.0 (estimated)
PESP 60 0.7

By early July, the Lomatium species had gone completely dormant. None of the
Lomatium plants have yet to develop flowers. It is thought that most of their energy is
still going to development of the tap root. In early November 2007 the dormant
Lomatium plots were treated with a spray application of Roundup to control weeds that
were still green. PEAC (a short-lived species) is beginning to die out.



Orchard Display Nursery
Evaluation Summary

Introduction

The Orchard Display Nursery was planted on November 16, 2004 in cooperation with the
Great Basin Native Plant Selection and Increase Project. The nursery includes 82
accessions of 27 native and introduced grass, forb and shrub species. Each accession was
planted in 7 X 60 foot plots. See Tilley et al (2005) for descriptions of the species and
accessions planted. The remaining area was planted to a cover crop mix of 50% Anatone
bluebunch wheatgrass, 20% Bannock thickspike wheatgrass, 20% Magnar basin wildrye
and 10% Snake River Plains fourwing saltbush. The test site is located on a loamy 10-12
inch precipitation ecological site that historically supported a Wyoming big sagebrush -
bluebunch wheatgrass — Thurber’s needlegrass plant community. Total precipitation at
the Orchard Test Site for water year 2005 was 9.6 inches, 2006 was 14.4 inches and total
accumulated precipitation for 2007 was 8.5 inches (USDA 2007).

Monthly precipitation at Orchard, ID test site
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Materials and Methods

The Bureau of Land Management (BLM) burned the site in the fall of 2002. The site was
later sprayed by PMC staff in May 2003 and May 2004 with a Roundup/2, 4-D herbicide
mix to create a weed free seedbed. Due to limited breakdown of dead grass clumps that
would inhibit proper seed placement with a drill and to ensure a clean seedbed, the
decision was made to cultivate the site with a culti-packer just prior to seeding. During
the first evaluation most plots contained high numbers of Russian thistle (Salsola sp.) and
moderate amounts of bur buttercup (Ranunculus testiculatus Crantz) plants. Russian
thistle plants were approximately two to three inches tall and the buttercup plants had
already flowered. At the time of the second evaluation, there was a heavy infestation of
tumble mustard (Sisymbrium altissimum L.). Plots were consequently sprayed again on
June 9, 2005 with 16 o0z. 2, 4-D and 8 oz. Clarity per acre to control the mustard.



The first evaluation of the plots for initial establishment was conducted on April 27, 2005
using a frequency grid based on that described by Vogel and Masters (2001). The grid
measured approximately 40 x 41 inches, having four ten inch columns (to incorporate 1
drill row per column) and five rows, totaling 20 cells. The first grid was laid on the rows
approximately two grid lengths (80 inches) into the plot. Counts were made of the cells
that contained at least one plant. Grids were subsequently flipped and evaluated three
more times giving a total of 80 evaluated cells. Total area for one grid is approximately
Im?. Total area evaluated is therefore approximately 4m?. A conservative estimate of
plant density (plants/m?) is the total number of cells containing at least one plant divided
by four. The second evaluation occurred on May 25, 2005. The 2006 evaluation was
conducted on May 31, and the 2007 evaluation took place on May 16. The methods
followed in 2006 and 2007 were the same as described above; however, the frame was
evaluated five times for a total of 100 cells or 5Sm”. Total counts were then divided by five
for approximate plants/m”. Numbers for approximate plants/m” were then divided by 10.8
to calculate approximate plants/ft”. It is important to note that because cells with plants
were counted and not number of plants per cell, the best possible score is 100 hits per five
frames which converts to 20 plants/m” or 1.85 plants/ft*. Actual plant density may be
higher than the numbers indicated below. All tables have been arranged with accessions
ranked from highest plant density to the lowest at the time of the second evaluation in
2005. Data were not analyzed for significance.

Native Grasses

There were forty-seven accessions of native grasses planted. Overall the native grasses
established well considering the limited amount of precipitation received over the winter
and early spring of 2005. Especially good stands were seen in the bluebunch wheatgrass
and Snake River wheatgrass plots during 2005. There was a marked decrease in plant
density between the first and second evaluations with some notable exceptions. Seven of
nine bluebunch wheatgrass accessions and three of four Snake River wheatgrass
accessions increased in density from the first evaluation to the second. This is possibly
due to receiving 2.5 inches of precipitation during that period and/or from a lack of
pressure by black grass bugs (Labops sp.). Most of the native grasses decreased steadily
in density from 2005 to 2007.

In 2005 the best performing Indian ricegrass accession was White River, having a plant
density of 0.56 plants/ft* during the first evaluation and 0.17 plants/ft* during the second
evaluation. In 2006 and continuing to 2007 there were no plants of any Indian ricegrass
accessions observed in the evaluation grids and very few seen within their respective
plots.

In 2005 the squirreltail plots had as high as 0.54 plants/ft* with Fish Creek. In 2006 all
squirreltail accessions had decreased. Fish Creek maintained the best plant density with
0.26 plants/ft*. Densities remained essentially the same in 2007,

Bannock thickspike wheatgrass had a density of 1.04 plants/ft* and stayed essentially the
same at the second evaluation of 2005. In 2006 Bannock had dropped to nearly half of



the original density to 0.58 plants/ft*. The 2007 evaluations showed small declines from
established plots.

Revenue and San Luis slender wheatgrass both showed zero plants/ft* in 2006. Pryor
slender wheatgrass similarly dropped in density but had 0.02 plants/ft*. In 2007 no
slender wheatgrass plants could be found in any of the evaluated grids.

The western wheatgrass accessions had less dramatic declines in density from 2005 to
2006, but still showed poor stands with Rodan having the highest density of 0.13
plants/ft*. In 2007 all accessions had zero plants surviving.

The bluebunch wheatgrass accessions had the highest average densities of all the native
grasses. All decreased slightly in density from 2005 to 2006, but still maintained good
stands. P-12, Wahluke and Jim Creek all had densities over 1.00 plants/ftz. Columbia,
Anatone, P-7 and P-15 had densities between 0.50 and 1.00 plants/ft2 while P-5 and
Goldar both shared low densities. In 2007 densities were generally slightly lower, but still
higher than all other species as a whole. The highest density recorded in 2007 was Jim
Creek at 1.07 plants/ft>.

Snake River wheatgrass accessions had good densities the establishment year with three
accessions having densities greater than 1.00 plants/ft*. Numbers declined slightly yet
steadily over the next two years. In 2007 the best density was from SERDP with 0.70
plants/ft*.

The plant densities of the basin wildrye accessions also decreased from 2005 to 2006;
U108-02 and Trailhead retained the highest densities at 0.24 and 0.26 plants/ft*

respectively. By 2007 the best density was achieved by Trailhead with 0.17 plants/ft*.
U108-02 and U100-01 had similar densities with 0.11 and 0.13 plants/ft* respectively.

Sheep fescue stands remained poor from 2005 to 2006 with Covar slightly increasing
from 0.00 to 0.07 plants/ft. In 2007 Covar still had 0.07 plants/ft*, and Initial Point sheep
fescue had decreased to 0.00 plants/ft’.

Thurber’s needlegrass had no plants in the evaluated grids for any year.

All five of the Sandberg bluegrass accessions increased in density from 2005 to 2006.
The best stands were observed in the High Plains and Mountain Home plots with
respective stands of 0.54 and 0.35 plants/ft>. In 2007 all stands had been reduced to 0.0
plants/ft*

4/27/05 5/25/05 5/30/06 5/16/07
Species Name or accession Plants/ft>
Indian ricegrass Rimrock 0.37 0.20 0.00 0.00
White River 0.56 0.17 0.00 0.00
Nezpar 0.42 0.17 0.00 0.00
Ribstone 0.14 0.09 0.00 0.00

Paloma 0.05 0.00 0.00 0.00



Squirreltail Fish Creek 0.97 0.54 0.26
Sand Hollow 0.37 0.20 0.19
Shaniko Plateau 0.81 0.52 0.06
Toe Jam Creek 0.58 0.17 0.00
9019219 0.02 0.02 0.00
Thickspike wheatgrass Bannock 1.04 1.07 0.58
Schwendimar 0.69 0.52 0.39
Critana 0.90 0.56 0.24
Sodar 0.37 0.30 0.15
Slender wheatgrass Revenue 1.00 0.93 0.00
San Luis 0.60 0.69 0.00
Pryor 0.30 0.30 0.02
Western wheatgrass Rodan 0.28 0.35 0.13
Rosana 0.05 0.20 0.04
Arriba 0.16 0.15 0.06
Bluebunch wheatgrass Jim Creek 0.83 1.02 1.02
Wahluke 0.97 1.26 1.02
P-12 1.34 1.59 1.04
Columbia 1.30 1.23 0.84
Anatone 0.81 1.15 0.80
P-7 0.93 1.15 0.67
P-15 0.60 0.93 0.54
Goldar 0.51 0.37 0.33
P-5 0.42 0.61 0.22
Snake River wheatgrass = SERDP 1.02 0.94 0.67
Secar 1.00 1.11 0.76
Expedition 1.27 1.44 0.54
E-26 0.21 0.23 0.22
Basin wildrye Trailhead 0.60 0.52 0.26
U100-01 0.53 0.41 0.11
U108-02 0.56 0.57 0.24
Washoe 0.21 0.09 0.09
Magnar 0.28 0.22 0.04
U70-01 0.30 0.22 0.02
Sheep fescue Covar 0.16 0.00 0.07
Initial Point 0.21 0.04 0.02
Thurber’s needlegrass Thurber’s 0.00 0.00 0.00
Sandberg bluegrass High Plains 0.25 0.00 0.54
Sherman 0.00 0.00 0.02
Mountain Home 0.00 0.00 0.35
Toole County, MT 0.00 0.00 0.04
Hanford Source 0.00 0.00 0.19

0.22
0.20
0.09
0.00
0.00
0.43
0.24
0.17
0.07
0.00
0.00
0.00
0.00
0.00
0.00
1.07
0.98
0.89
0.83
0.69
0.57
0.50
0.19
0.13
0.70
0.56
0.41
0.13
0.17
0.13
0.11
0.06
0.04
0.02
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Introduced Grasses

Although many of the introduced grass accessions had fair emergence, an outbreak of
black grass bugs at the time of the first evaluation in 2005 was noted. The infestation
appeared limited to the introduced grass section of the nursery. Plants were covered with
yellow spots making the plants appear yellow-green overall. Although most of the stands
of the introduced grasses decreased from the first to the second evaluation, many stands
had recovered and increased by 2006 indicating that many plants thought to be dead
during the second evaluation in 2005 were still alive. However, the plants of crested
wheatgrass were very small when compared to the other wheatgrass accessions in the
nursery and still appear to be recovering from black grass bug pressure. The 2007



evaluation showed all established plots with reduced densities, many accessions dropping
out completely.

In 2006 all of the crested wheatgrass accessions increased in density or remained
approximately where they were in 2005. Ephraim rose from 0.28 to 1.23 plants/ft*;
however, many of the plants were small in size due to the black grass bug infestation
during the spring of 2005. In 2007 the best density was obtained from Nordan with 0.67
plants/ft*. Ephraim had dropped from 1.23 to 0.02 plants/ft*.

Both Siberian wheatgrass accessions similarly increased from 2005 to 2006, but
decreased in 2007. In 2007 Vavilov was down to 0.26 plants/ft* and P-27 had 0.00
plants/ft*.

The three pubescent wheatgrass accessions decreased from 2005 to 2006 with the highest
density in 2006 coming from Manska at 0.28 plants/ ft*. Manska continued to have the
best density in 2007 with 0.13 plants/ft*.

Rush intermediate wheatgrass, had 0.00 plants/ft* in 2006 and 2007.

Prairieland and Eejay Altai wildrye had zero plants in 2006. Pearl Altai wildrye had 0.02
plants/ft*. In 2007 Prairieland and Eejay again had 0.00 plants/ft* and Pearl increased
slightly to 0.04 plants/ft*.

The Russian wildrye accessions all increased in density with the exception of Tetracan
which decreased slightly. The best stand was recorded in the Bozoisky Select plot with
0.58 plants/ft>. Bozoisky select had the best stand in 2007 with 0.35 plants/ft*. Bozoisky
I1 had the next best rating with 0.26 plants/ft’.

4/27/05 5/25/05 5/30/06 5/16/07
Species Name or accession Plants/ft>
Crested wheatgrass Nordan 1.30 1.19 1.10 0.67
Roadcrest 1.30 0.07 0.52 0.19
Hycrest 0.39 0.24 0.15 0.07
Ephraim 0.65 0.28 1.23 0.02
CD-II 0.56 0.24 0.20 0.00
Douglas 0.28 0.04 0.09 0.00
Siberian wheatgrass Vavilov 0.65 0.20 0.61 0.26
P-27 0.09 0.02 0.33 0.00
Pubescent wheatgrass Manska 0.69 0.65 0.28 0.13
Greenleaf 0.60 0.59 0.15 0.09
Luna 0.79 0.54 0.13 0.00
Intermediate wheatgrass Rush 0.60 0.56 0.00 0.00
Pearl 0.35 0.15 0.02 0.04
Altai wildrye Prairieland 0.56 0.39 0.00 0.00
Eejay 0.16 0.28 0.00 0.00
Russian wildrye Bozoisky Select 0.72 0.54 0.58 0.35
Syn-A (Bozoisky II) 0.21 0.13 0.24 0.26
Mankota 0.46 0.28 0.32 0.19

Tetracan 0.42 0.20 0.17 0.07



Forbs and Shrubs

Despite some good stands in 2005, all of the forb and shrub accessions except for Eagle
yarrow had zero plants during the 2006 evaluation. Eagle had 0.07 plants/ft* in the
frequency grids along with a small stand of plants at one end of the seeded plot. In 2007
more plants of Eagle had either germinated from the original seeding, or seed had spread
from established plants. Plant density for Eagle in 2007 equaled 0.24 plants/ft>. Snake
River Plains fourwing saltbush also had a single plant found in the plots, increasing its
density from 0.00 to 0.02 plants/ft.

4/27/05 5/25/05 5/30/06 5/16/07
Species Name or accession Plants/ft*
Western yarrow Eagle 0.51 0.50 0.07 0.24
Great Northern 0.19 0.09 0.00 0.00
Utah sweetvetch Timp 0.14 0.02 0.00 0.00
Firecracker penstemon Richfield Selection 0.02 0.02 0.00 0.00
Scarlet globemallow 0.00 0.00 0.00 0.00
Lewis flax Maple Grove 0.42 0.15 0.00 0.00
Blue flax Appar 0.90 0.26 0.00 0.00
Wyoming big sagebrush 0.02 0.02 0.00 0.00
Fourwing saltbush Snake River Plains 0.00 0.00 0.00 0.02
Wytana 0.00 0.00 0.00 0.00
Rincon 0.00 0.00 0.00 0.00
Gardner’s saltbush 9016134 0.00 0.00 0.00 0.00
Winterfat Hatch 0.28 0.17 0.00 0.00
Northern Cold Desert 0.00 0.00 0.00 0.00
Open Range 0.00 0.00 0.00 0.00
Forage kochia Immigrant 0.00 0.00 0.00 0.00

Cover Crop

The cover crop consisted of a four species mix which contained: 50% Anatone bluebunch
wheatgrass, 20% Bannock thickspike wheatgrass, 20% Magnar basin wildrye and 10%
Snake River Plains fourwing saltbush. Four grids were examined during the first
evaluation in 2005, one on each side of the nursery, and five grids were evaluated at the
time of the second evaluation in 2005 and the 2006 evaluation. Total plant density was
estimated at 0.37 plants/ft” at the first evaluation and 0.57plants/ft* at the second
evaluation. In 2006 the cover crop density was 0.13 plants/ft>. Cover crop densities
increased in 2007 up to 0.20 plants/ft>.

Discussion

Despite large amounts of Russian thistle, native and introduced grasses had fair to good
emergence and plant density during the establishment year. Germination and emergence
might have increased with more precipitation during March and April, 2005 but
emergence was good with the rain that was received. The majority of the plots showed
decreased stands from 2005 to 2006 and again into 2007. The low precipitation at the
site, especially the lack of moisture in July and August every year seems to have
eliminated many of the less drought tolerant accessions. One concern is the effect of
black grass bugs on the introduced grasses. Plants subjected to black grass bug are
normally affected by decreased seed yield and a reduction in palatability. Infestations
rarely result in the death of established plants, but in low water years establishing plants



may be under enough stress to kill the establishing seedlings (Hammon and Peairs 2001).
The second evaluation in 2005 indicated a loss in plant densities; however it appears that
many of the plants survived, although stunted, through 2006. In 2007 many more plants
had died out leaving poor or no stands in many plots. Snake River and blue bunch
wheatgrass had consistently good stands from essentially all accessions. Introduced
species like crested wheatgrass and Russian wildrye also had good performers such as
Nordan and Bozoisky select.

Future evaluations will provide more information on plant establishment, persistence and
longevity. The PMC staff will continue to evaluate plant performance at the site.
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Develop Technology to Improve the Diversity of Introduced Grass Stands

The PMC assisted Brigham Young University (BYU) Provo, UT and the Agricultural
Research Service (ARS) Burns, OR in developing technology to improve the diversity of
introduced grass stands by evaluating methods to introduce native species into
established introduced plant communities. In 2005, the PMC modified a Truax Rough
Rider range drill, mixed the seed and rice hull mixtures and completed the first year of
seedings at sites in Utah and Oregon. In 2006, modified seed drop boots by the
manufacturer were installed on the Truax drill and the second year of seeding was
completed. In addition to these seedings, the PMC also seeded drill comparison trials
near Elko, NV on recently burned rangeland to compare the Truax drill to the Kemmerer
drill, a standard range drill used by BLM. The Truax drill is designed to both broadcast
and drill seed in the same pass so species that require broadcasting or very shallow
planting depth were broadcast and the deeper seeded species were drill seeded in
alternating rows.

In 2007, seeding trials were scheduled to be planted near Elko, NV. However, seedbed
preparation was unable to be completed. Trials have been rescheduled to the fall of 2008.
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Equipment and Strategies to Enhance the Post-wildfire Establishment and
Persistence of Great Basin Native Plants

The objectives of this project are to: examine seeding techniques for Wyoming big
sagebrush; test seeding technology for native species, particularly native forbs; compare
the ability of a modified rangeland drill and an experimental minimume-till drill to plant
native seeds of diverse size and to reduce surface disturbance; apply and examine the use
of USGS proposed monitoring protocols for gauging seeding success for both the short
and long term; and provide plantings for long-term examination of livestock on diversity
in native seedings.

The minimum-till drill (Truax Rough Rider range drill) which has been modified by
PMC personnel was provided by the FS Rocky Mountain Research Station. The PMC
provided a trailer and tractor and the Utah Division of Wildlife provided an additional
tractor. The modified rangeland drill (Kemmerer range drill) was provided by the BLM.

The PMC mixed the seed and rice hull mixtures and calibrated the drills prior to seeding.
The PMC also made a modification to the Kemmerer drill by replacing the existing drop
tubes with used aluminum 3 inch diameter irrigation pipe to facilitate seed flow to the
drill openers. The aluminum pipe provided a more slippery surface for the seed to flow.
The drills were set up to both broadcast and drill seed in the same pass so species that
require broadcasting or very shallow planting were broadcast and the deeper seeded
species were drill seeded in alternating rows.

Wildfire sites near Mountain Home, ID and Burns, OR were seeded during the week of
October 28, 2007. A total of approximately 184.3 acres were seeded in plots to the
following mixes:

Cover Crop Mix
24.3 acres
Pounds Pounds
Species PLS/ac Bulk Seed/ac
Rimrock Indian ricegrass 4.5 5.25
Anatone bluebunch wheatgrass 4.0 4.64
Rice Hulls 6.16
Drill Mix
80.0 acres
Pounds Pounds
Species PLS/ac Bulk Seed/ac
Rimrock Indian ricegrass 1.0 1.17
Munro globemallow 0.50 0.94
Anatone bluebunch wheatgrass 2.0 2.32
Toe Jam Cr. b. squirreltail 1.0 1.09
Sulphurflower buckwheat 0.24 0.39

Rice Hulls 1.79



Mountain Home 10X Broadcast Mix

5 acres

Pounds Pounds
Species PLS/ac Bulk Seed/ac
Wyoming big sagebrush 1.30 6.22
Rubber rabbitbrush 0.50 1.85
Hotrock penstemon 0.09 0.16
Mtn. Home Sandberg bluegrass 0.40 0.48
Rice Hulls 5.05

Mountain Home 5X Broadcast Mix

30 acres

Pounds Pounds
Species PLS/ac Bulk Seed/ac
Wyoming big sagebrush 0.65 3.11
Rubber rabbitbrush 0.50 1.85
Hotrock penstemon 0.09 0.16
Mtn. Home Sandberg bluegrass 0.40 0.48
Rice Hulls 5.05

Mountain Home Standard Broadcast Mix

5 acres

Pounds Pounds
Species PLS/ac Bulk Seed/ac
Wyoming big sagebrush 0.13 0.62
Rubber rabbitbrush 0.50 1.85
Hotrock penstemon 0.09 0.16
Mtn. Home Sandberg bluegrass 0.40 0.48
Rice Hulls 3.54

Burns 10X Broadcast Mix

5 acres
Pounds Pounds
Species PLS/ac Bulk Seed/ac
Wyoming big sagebrush 0.95 3.25
Rubber rabbitbrush 0.50 1.85
Hotrock penstemon 0.09 0.16
Mtn. Home Sandberg bluegrass 0.40 0.48
Rice Hulls 8.03
Burns 5X Broadcast Mix
30 acres
Pounds Pounds
Species PLS/ac Bulk Seed/ac

Wyoming big sagebrush 0.45 1.54



Rubber rabbitbrush 0.50 1.85

Hotrock penstemon 0.09 0.16
Mtn. Home Sandberg bluegrass 0.40 0.48
Rice Hulls 6.62

Burns Standard Broadcast Mix

5 acres

Pounds Pounds
Species PLS/ac Bulk Seed/ac
Wyoming big sagebrush 0.10 0.34
Rubber rabbitbrush 0.50 1.85
Hotrock penstemon 0.09 0.16
Mtn. Home Sandberg bluegrass 0.40 0.48
Rice Hulls 3.81

It is planned to be repeat these trials in the fall of 2008. Location of the trials to be
determined based on areas that burn during the 2008 fire season.
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Presentations

Date: 2/15/2007

Title: Aberdeen PMC report of Activities 2006: Great Basin native plant selection and
increase project

Presenter: Derek Tilley

Location: Society for Range Management annual meeting, Reno, NV

Management Applications

1. Certified seed stock of Anatone bluebunch wheatgrass, Snake River Plains fourwing
saltbush, and Northern Cold Desert winterfat produced by the PMC is available though
the University of Idaho Foundation Seed Program and Utah Crop Improvement
Association.

2. Based on propagation studies at the PMC, sulphurflower buckwheat, hotrock,
sagebrush and sharpleaf penstemon appear to be able to be commercially grown, at least
with the use of weed barrier fabric. Lomatium species are taking a long time to mature to
reproductive stage and may not be conducive to commercial production because of the
long period to reach reproductive capability.

3. The Orchard Display Nursery has been established for 3 years. The best performing
native accessions identified in 2007 are: Fish Creek germplasm bottlebrush squirreltail,
‘Bannock’ thickspike wheatgrass, Jim Creek germplasm bluebunch wheatgrass, SERDP
Snake River wheatgrass, ‘Trailhead basin wildrye, Eagle germplasm western yarrow and
Snake River Plains germplasm fourwing saltbush.



Products

1. Certified seed stock of Anatone bluebunch wheatgrass, Snake River Plains fourwing
saltbush, and Northern Cold Desert winterfat produced by the PMC is available though
the University of Idaho Foundation Seed Program and Utah Crop Improvement
Association

2. Seed of sulphurflower buckwheat and hotrock penstemon that were produced from the
propagation studies were planted in the seed mixtures for the post-wildfire establishment
study.

3. Technical Note 20: Calibrating the Truax Rough Rider Drill for Restoration Plantings
was developed and should be a useful guide to calibrating the drill.



GRAND TETON NATIONAL PARK

FY2007 Annual Report
Prepared by

NATURAL RESOURCES CONSERVATION SERVICE
PLANT MATERIALS CENTER
ABERDEEN, IDAHO

INTRODUCTION
The Aberdeen Plant Materials Center (PMC) entered into an interagency agreement with Grand
Teton National Park (GTNP) in 2006 to produce seed of four native grasses for use in revegetation

of disturbed areas following road construction. Seed fields were planted in 2006 and seed was
harvested in 2007. The fields will be harvested again in 2008.

ACCOMPLISHMENTS

Seed fields were planted the last week of May 2006. Slender wheatgrass was planted in Field 27E
at the PMC Fish and Game Farm. Mountain brome and Sandberg bluegrass were planted in Fields
2W and 13N respectively at the PMC Home Farm. Blue wildrye was planted in Field 6E at the
PMC Pearl Farm.

Soil at the Home Farm and Fish and Game Farm is Declo silt loam with pH of 7.4 to 8.4. Soil at
the Pearl Farm is Kimama silt loam with pH of 7.4 to 9.0. Average annual precipitation is 9.39
inches and seed fields are sprinkler irrigated to supplement natural precipitation to approximate 16
to 24 inches total annual precipitation. Weeds were controlled as needed during the growing
season. All species with the exception of Sandberg bluegrass established well. Sandberg bluegrass
plants were established but overall field establishment is spotty.

The following table lists the species, field acreage and seed yields from 2007 harvest (at time of
report, seed had not been tested):

Species Scientific Name Acres Clean seed (Ibs)
Slender wheatgrass ~ Elymus trachycaulis 1.0 1031
Blue wildrye Elymus glaucus 2.7 1052
Mountain brome Bromus marginatus 1.0 217
Sandberg bluegrass  Poa secunda 0.25 13

Seed samples from each lot will be submitted to the Idaho State Seed Laboratory for purity and
viability testing.

Seed harvest will occur again from these fields in 2008.



Grand Teton National Park Seed Increase. Blue wildrye.
Aberdeen Plant Materials Center, July 9, 2007.

Grand Teton National Park Seed Increase. Mountain brome.
Aberdeen Plant Materials Center, June 1, 2007.




Grand Teton National Park Seed Increase. Slender wheatgrass.
Aberdeen Plant M aterials Center, July 9, 2007

Grand Teton National Park Seed Increase. Sandberg bluegrass
Aberdeen Plant M aterials Center, September 6, 2006.




NATIONAL PARK SERVICE
WETLAND ESTABLISHMENT RESEARCH STUDY

FY2007 Annual Summary Report
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NATURAL RESOURCES CONSERVATION SERVICE
PLANT MATERIALS CENTER
ABERDEEN, IDAHO

INTRODUCTION - In 2003 the Aberdeen Plant Materials Center entered into an agreement
with the National Park Service to evaluate the efficacy of different methods of direct seeding
wetland plant species. Currently, wetland restoration is best accomplished using greenhouse
grown or wildland collected plugs. An effective means of direct seeding is highly desirable for
ease in planting and potential cost savings.

ACCOMPLISHMENTS - This project was designed in incremental steps for ease of evaluation
and development of seeding rates. The first experiment (trial 1) was conducted in the PMC
greenhouse during the summer of 2006. Trial 1 compared seedling establishment from four
hydroseed mulches and four dry, inert carriers. The second trial occurred in 2007 with the most
promising treatments from trial 1 and compare each treatment with Submerseed™ pellets, a
promising treatment from an earlier trial (Tilley and Hoag 2006), in a controlled outdoor seeding
in 4> X 8’ tanks. These studies are the precursors to field testing the best methods of direct
seeding into the PMC wetland ponds. Due to volunteer wetland seed contamination, the ponds
were chemically treated in 2006 and 2007 to ensure a clean, weed-free seed bed for use in
seeding evaluations that will take place in 2008.

TECHNOLOGY DEVELOPMENT - Four treatments were planted in a replicated trial in five
4> X 8 wetland tanks placed outside at the PMC farm: Fertil Fibers, Broadcast with rice hulls,
tackifier alone, and Submerseed pellets. Fertil Fibers had significantly better emergence than
tackifier alone and Submerseed at the seeded rate (p=0.001). At the adjusted seeding rate of 100
PLS/ft, Fertil Fibers had significantly better establishment than the Submerseed treatment
(p=0.027).

Table 3. Establishment in 2007 outdoor trial.

Plants/ft* @ Plants/ft*> adjusted for 2006 GH means adjusted

seeded rate 100 PLS/ft? for 100 PLS/ft?
Fertil Fibers 42 a 18a 60
Broadcast (rice 25 ab 10 ab 14
hulls)
Tackifier alone 21 be 9 ab 41
Submerseed 6¢ 6b 66 (Tilley & Hoag 2006)

Critical value (0.05) 18 10 na




DIGITAL PHOTOS

Wetland tank divided into 2X4’ plots for treatments.

Establishment in 2007 outdoor trial.
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Introduction

In 2007 the Natural Resources Conservation Service (NRCS), Plant Materials Center
(PMC), Aberdeen, Idaho entered into an interagency agreement with the National Park
Service (NPS), Yellowstone National Park (YNP) to propagate and deliver approximately
35,000 plants in 10 cubic inch containers. Delivery is to take place over a three year
period (approximately 12,000 plants per year) beginning in the fall of 2009. Species to be
grown include Carex aquatilis, C. microptera, C. rostrata, C. utriculata, Juncus
ensifolius, and Deschampsia caespitosa. A preliminary literature search indicated that C.
utriculata and C. rostrata are currently considered synonymous by taxonomists and will
hereafter be treated as C. utriculata.

Table 1. Species desired for propagation

Scientific name Common name
Carex aquatilis Water sedge
Carex microptera Smallwing sedge
Carex rostrata Beaked sedge
Carex utriculata=C. rostrata Beaked sedge
Juncus ensifolius Swordleaf rush
Deschampsia caespitosa Tufted hairgrass

Due to limited availability of information regarding the propagation of the desired
species, it was agreed that the PMC would conduct propagation research studies on
available seed during 2008. Seed used for these studies came from YNP collections being
stored at the Bridger, Montana, PMC. Table 2 lists accession numbers, species and other
relevant information as received from Bridger PMC.

Seed received from Bridger PMC was in good condition, but some accessions required
additional cleaning prior to planting. Carex species required the removal of perigynia
before they could be planted. Two accessions, 9087451 and 9087464, appeared to be
misidentified. 9087451 is clearly a Juncus sp. and 9087464 is a Carex sp., most likely C.
utriculata. Other species determinations may change as plants being tested begin to
flower and are more readily identifiable. Of the accessions identified to species, there was
a total of 430g C. utriculata, 9¢g C. aquatilis, and 7g of D. caespitosa. No accessions
received were identified as C. microptera or J. ensifolius.



Table 2. Species received

Accession Species Age (yrs) Bulk (g)
9081715 Carex aquatilis 1 6
9087692 Carex aquatilis 2 3
9087763 Carex cusickii 1 54
9087693 Carex gynocrates 2 74
9087450 Carex sp. 4 43
9087451 Carex sp. 4 56
9087452 Carex sp. 4 70
9087582 Carex sp. 3 73
9087691 Carex sp. 2 15
9087584 Carex utriculata 3 304
9087584 Carex utriculata 1 70
9087694 Carex utriculata 2 56
9087455 Deschampsia caespitosa 1 7
9087766 Juncus mertensianus 1 7
9087463 Juncus sp. 4 11
9087464 Juncus sp. 4 130

Materials and Methods

Propagation studies were conducted on seed from identified species. Carex seed was
stratified by placing seed in bags made from coffee filters and submerging the seed bags
in an 8 oz ointment jar with 8.0g green moss and filled with water. Stratification
treatments lasted 30 days at 4° C.

Juncus species typically do not require special stratification treatment, so these were
planted with no pre-treatment.

A literature review indicated that Deschampsia seed may or not require stratification
depending on the population the seed was collected from. However, experience gained
from previous work completed at the PMC indicated Deschampsia germinates readily
with no pre-treatment, and it was decided that stratification of the seed in the initial
testing was not necessary.

Two irrigation regimes were tested. The first technique was overhead irrigation with
sprinklers programmed to water 2 minutes per hour from 8:00am to 3:00pm, plus a 60
minute weekly deep soak to flush accumulated salts. The second technique was
subsurface irrigation by placing the containers in 4x8x1’ tanks filled with 4 to 8 inches of
water.

Seed from unidentified species was planted into 12x18” greenhouse flats to allow plants
to grow to a point where they can be properly identified. If these are determined to be of
the desired species the seed can be used for future propagation.

Juncus species were planted on April 25, 2008. Deschampsia was seeded on April 30.
Carex seed was stratified from May 5 to June 9. Deschampsia and Carex were seeded
with 5 to 20 seeds per cone. Seed of all species was sprinkled on the soil surface and



pressed by hand. Deschampsia seed was additionally covered with a thin later of soil.
Soil used was a 1:1:1 mixture of peat, sand and perlite with the addition of 18g 11-15-11
fertilizer and 16ml Redimil fungicide per cubic foot.

Germination counts of cones with established plants were taken on July 28, 2008.
Results

Identification of unknown collections
Poor to excellent germination was achieved in the unknown species plots (figure 1). All
seed identified as Juncus (including accession 9087766 previously identified as J.
mertensianus) appears to be J. ensifolius with small amounts of J. acuminatus. As of July
31, none of the Carex plants have flowered so positive identification is not possible, but
educated guesses can be made in some instances by comparing vegetative characters to
those of identified accessions. Table 3 lists accessions of unknown species, probable

| determination (if possible) and comments on general establishment.

Figure 1. Unidentified species grown out in 12x18” flats.

Table 3. Identification of unknown species.

Accession Species Comments

9087450 Carex aquatilis Excellent germination

9087451 Juncus ensifolius Excellent germination

9087452 Carex sp. Small statured sedge; good germ

9087582 Carex cusickii? Poor stand

9087691 Carex sp. Excellent germination

9087463 J. ensifolius Good germ; some J. acuminatus

9087464 Carex sp. Probably same as 9087691; poor germination

9087766 J. ensifolius Excellent germ; some J. acuminatus




Germination of known species

Germination results from the initial establishment trial were encouraging (table 4). All
accessions produced seedlings with some having 100% of seeded cones filled. This study
was not replicated so no statistical analysis was conducted.

Carex aquatilis appears to be easily propagated with 100% germination coming from all
accessions under both irrigation regimes.

Carex cusickii, though not on the list of species to be propagated, was tested with the
thought that YNP may want some plants propagated if seed for other species is limited.
C. cusickii had fair germination with 14 to 57 percent of cones being filled depending on
accession and watering schedule. Because one accession had better germination with
overhead water and one had better germination with subsurface water, there was no
detectable preference in watering regime.

Two accessions of Carex utriculata were tested with one accession, 9087584, having
collections from 2005 and 2007. C. utriculata had high germination rates in all
accessions ranging from 71 to 100% of cones being filled. In two of three cases
germination was slightly higher in the overhead irrigated cones.

Figure 2. Carex species grown in 10 cubic inch containers under overhead irrigation.



Table 4. Germination of known species with overhead or subsurface irrigation.

Overhead irr.

Subsurface irr.

Accession Species % cones with seedlings % cones with seedlings
9087692 C. aquatilis 100 100
9087450 C. aquatilis 100 100
9081715 C. aquatilis 100 100
9087582 C. cusickii 14 57
9087763 C. cusickii 50 33
9087584 (05) C. utriculata 97 100
9087584 (07) C. utriculata 86 71
9087694 C. utriculata 93 76
9087455 Deschampsia caespitosa 100 100

State of seedlings

On July 25 plants from the overhead irrigation table were compared with those in the
subsurface irrigation tanks. Plants grown with subsurface irrigation appear to be larger
and have better root development (figure 3). The applied irrigation schedule of 2 minutes
each hour did a good job germinating seed, but needs to be changed to longer, less
frequent watering as the plants (seedlings) grow to promote root elongation.
Deschampsia seedlings grown in the subsurface irrigation tanks had excellent root
growth and were developed enough for transplanting after 90-100 days. This rate of root
growth should also be achievable with overhead irrigation if an adjusted schedule is

implemented.

Figure 3. Deschampsia caespitosa seedlings grown under subsurface irrigation (top) and overhead
irrigation (bottom) after 90 days.



Discussion

Initial establishment tests show that the species desired to be propagated are germinable
at satisfactory amounts using standard propagation protocols. J. ensifolius and D.
caespitosa are easily propagated without stratification. Carex species require the removal
of the perigynia to germinate and also require a 30 day stratification period. Although no
C. microptera was tested, it is likely that this species will perform similarly to other
Carex species examined.

In order to meet the 35,000 desired plants, Aberdeen PMC will require additional seed
collections from YNP. Because seed will have to be processed, cleaned and stratified in
the case of Carex species, the first installment of seed should be delivered to the PMC
beginning early fall 2008. Seed can then be cleaned to be ready for planting in early
spring. Under this schedule, the first year’s seedlings should be ready for delivery in July
2009.
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INTRODUCTION

The purpose of this study is to evaluate collections of two species of native short-lived
perennial grasses for use in revegetation, stabilization and beautification projects in the
USDA Forest Service, Caribou-Targhee and Bridger-Teton National Forests (CTNF and
BTNF).

During the summer of 2004, CTNF and BTNF collected 11 accessions of slender
wheatgrass (Elymus trachycaulus [Link] ssp. trachycaulus) and 10 accessions of
mountain brome (Bromus marginatus Nees ex Steudel). The collections were cleaned by
the USDA-NRCS Aberdeen Plant Materials Center (PMC) for evaluation. Appendix 1
lists the accessions collected, the size of each collection and collection location. This
progress report summarizes evaluations that took place in 2005 (establishment year)
through 2008, the final year of evaluation.

MATERIALS AND METHODS

Harvested seed collections were cleaned at the PMC seed cleaning facilities during the
winter of 2004-2005. Appendix 2 provides detailed information on seed cleaning
equipment and calibrations used. Estimated viability was obtained using the kerosene
heater “popping” method outlined in Ogle and Cornforth (2000) and was used to
approximate pure live seed (PLS).

The trial was conducted at the PMC, Fish and Game Farm located approximately 5 miles
northeast of Aberdeen, Idaho. Experimental design was a randomized complete block
with six replications of each accession. Each plot is 20 feet long and contains one row,
and plots were planted on three foot centers. Experimental design also contains plots of
known industry standards from each species for comparison. Soil at the site is a Declo silt
loam with pH of 7.4 to 8.4. Average annual precipitation is 8.75 inches. The field was
plowed in the fall of 2004 and subsequently disked and roller packed in the spring of
2005 prior to planting.

Plots were seeded on May 19, 2005 using a hand-pushed belt seeder calibrated to drill 30
pure live seeds (PLS) per foot of row. Seeds were drilled to an approximate depth of one
half inch. Border rows of ‘Tegmar’ intermediate wheatgrass (Thinopyrum intermedium
[Host] Barkworth & D. Dewey) were planted on the outside of the blocks to eliminate
edge effect. Plots were sprinkler irrigated and fertilized as needed during the growing
season for maximum seed production. Natural precipitation was supplemented with
irrigation to approximate 16 to 24 inches total annual precipitation. Weeds were
controlled with herbicide treatments and between row mechanical cultivation.

The initial establishment evaluation was conducted on June 15, 2005 (27 days after
planting) when most of the plants from both species had reached a one to two leaf stage.
Plots were evaluated for percent stand, plant density and seedling vigor. Percent stand



was measured using a twenty foot rope marked with one foot increments stretched the
length of the plot and anchored at either end. Plants intercepting the one foot increments
were summed and recorded as a percentage. Plant density was measured by counting
seedlings found in the middle two feet of row and converted to average plants per foot of
row. Seedling vigor was measured on an ordinal scale of one to nine (one being most
healthy and nine being dead). Entire plots as well as individual plants within plots were
viewed and given a rating based on overall apparent vigor.

The second evaluation was conducted on September 16, 2005. Plots were evaluated for
percent stand by the same procedure used in June. Plant width was also evaluated. It was
originally planned to record plant height measurements at this time; however, due to
weeds reaching seed maturity it was decided to mow the entire field to a height of about
four inches on August 5. It is our assumption that plant width measurements should
provide a minimal amount of information regarding plant biomass production as well as
vigor for the establishment year.

In 2006 (first seed harvest year) plots were evaluated when the seed within a plot was
judged to be ready for harvest, between July 20 and 28. All plots were evaluated for
forage yield, average plant height and seed yield. Each plot was divided in half
lengthwise, and the northern adjacent three feet were harvested for seed production, while
the southern three feet were sampled for forage yield. Seed samples from each species
were cleaned to a visually estimated 90% purity. Forage samples were collected in paper
sacks and allowed to air dry for a minimum of two weeks prior to weighing.

The 2007 evaluations took place from July 9 through July 25. The evaluations were
conducted in the same manner as 2006 and included forage yield, seed yield, height, and
in the case of mountain brome, smut presence.

In 2008 the forage harvest was conducted using a Swift Machine Ltd. walk-behind
harvester. Plots were divided in the same manner as previously described, but in 2008
five feet were harvested for forage and seed production. Forage harvest took place from
July 24 through July 29. The average seed production from 2006 through 2008 was also
compared. Each year was treated as one of three replications, and means were generated.
Height measurements were not taken in 2008.

All data from the 2005 evaluations were subjected to an Analysis of Variance (ANOVA)
and means were separated using Duncan’s Multiple Range Test using the MSTAT-C
Microcomputer Statistical Program (Freed et al, 1991). Sample means from 2006 through
2008 were separated with a Tukey’s multiple comparison test using the Statistix 8
Analytical software.



EVALUATIONS AND DISCUSSION

Slender Wheatgrass

CTNF and BTNF accessions of slender wheatgrass were compared against five
previously released cultivars; ‘AEC Hillcrest’, ‘Pryor’, ‘Revenue’, ‘San Luis’, and
‘Adanac’, and one non-released selection from the U.S. Army (D.O.D.). Of these, three
(AEC Hillcrest, Revenue and Adanac) are from collections originally made in Canada.
Pryor originates from a collection made in Montana and San Luis was originally
collected in Colorado. See Tilley et al (2005b) for a detailed comparison of the
characteristics for each released cultivar. The Army accession is a currently unreleased
breeding population made of several collections from Colorado. AEC Hillcrest differs
from the other accessions by being of the subspecies subsecundus and should not be
considered directly comparable to the collections made by CTNF and BTNF.

At the first evaluation, percent stand ranged from 25.4 % (accession no. 9076496) to 85.1
(San Luis and Adanac). The high rating from San Luis and Adanac did not, however,
differ significantly from several collections with percent stands of 70% or greater. The
best plant density rating came from Adanac with 18.1 plants/foot. The poorest density
was recorded from accession 9076496 with a density of 2.3 plants/foot. This accession
similarly had the lowest seedling vigor rating of 6.7, while the best vigor was observed in
Revenue (1.2). Of the CTNF and BTNF accessions 9076495, 9076498 and 9076499
performed the best in the three evaluated categories (Table 1).

At the time of the second evaluation in 2005, the best stand was recorded from Revenue
(96.3 %). The other industry releases made up the rest of the top six in this category. Of
the CTNF and BTNF collections, 9076495 had the best stand at 86.8 %, followed by
9076494, 9076499 and 9076498 with 86.0, 86.0 and 84.8 % stand respectively. The
poorest percent stand rating was recorded from accession 9076496 with 56.3 % stand.
With regard to plant width, the three Canadian releases, Adanac, Revenue and AEC
Hillcrest were significantly larger than all other collections (4.8, 4.6 and 4.3 inches wide
respectively). The largest plants of the CTNF and BTNF collections were recorded by
accession 9076502 (3.7 in.) which did not differ significantly from Pryor, D.O.D.,
9076495, 9076494, San Luis or 9076497. The smallest plant widths were recorded from
accession 9076496 (2.8 in.).
In the 2006 evaluation,
forage yields were lead by
the industry standards
Adanac, San Luis,
Revenue, Pryor and the
D.O.D. test material with
mean yields ranging from
9400 to 7500 Ib/ac. The
best yields from the CTNF
and BTNF accessions were
from accessions 9076494
(5200 Ib/ac) and 9076498
(5100 Ib/ac). Seed yields
were also dominated by
released materials. San Luis

Slender wheatgrass plots. Photo taken July 2006 .
STas P y had the greatest seed yield



with 1500 Ib/ac. Other top performers were Adanac (1200 Ib/ac) and Revenue (1000
Ib/ac). Of the CTNF and BTNF accessions, 9076500 and 9076498 had the top seed yields
with 700 and 550 Ib/ac respectively. Similarly, the releases had the top scores in the
height evaluation, with measurements from 47 to 50 inches, while the CTNF and BTNF
accessions ranged from 35 to 44 inches in height.

During the 2006 growing season the Canadian release AEC Hillcrest, became visibly
different from all other collections as the growing season progressed. Plants of AEC
Hillcrest were smaller in stature, grew in a more decumbent form and had bluer leaves
than the other accessions. In the evaluations, AEC Hillcrest scored lowest in forage and
height, and third lowest in seed yield.

Forage yields were generally greater in 2007 than 2006. The Department of Defense
accession had the highest yield with over 11,000 Ib/ac, significantly better than all others
with the exception of San Luis (8520 Ib/ac). Forest Service (FS) collections had generally
lower yields; the top performer being 9076503 with 6500 Ib/ac. Seed yields were also
impressively higher in 2007. D.O.D again had the top rating with nearly 1300 1b seed/ac
followed by Pryor at 1060 1b/ac and 9076500 with just under 1000 Ib/ac. Revenue had
surprisingly low seed yield, only 39 Ib/ac. This was most likely due to harvesting too
early (at the same time as the other accessions) and the seed had not yet filled out. Plant
heights ranged from around 35 inches to 45 inches tall. Taller plants with good seed yield
were often lodging at the time of harvest.

Forage and seed yields decreased from 2007 to 2008. This was to be expected with the
short-lived nature of the species. Forage yields ranged from 2700 1b/ac (9076495) to over
7100 Ib/ac (Revenue). There was little in the way of significant difference detected in the
forage yields with only the poorest four producers being significantly different from
Revenue, the top yielding accession. With the exception of D.O.D., the industry releases
had greater forage yields than all FS collections. Seed yields also showed drastic
declines with most yields being reduced by greater than 50% compared to 2007. Five of
the six industry released standards had the greatest seed yields for 2008. Adanac was the
best seed producer of the year with 418 Ib/ac. The largest seed yields of the FS accessions
came from 9076500 with 291 1b/ac. Average seed yield over the three production years of
the study ranged from 160 Ib/ac (9076496) to 920 1b/ac (San Luis). With the exception of
AEC hillcrest, the industry standards made up five of the top six average yields. The best
three year average yield from a FS collection came from accession 9076500 with an
average of 660 Ib/ac.



Table 1. Slender wheatgrass.

Plant
% Est. % stand Densityl/ VigorZ/ % stand  width (in.)
Accession No. viability % PLS’ 6/15 6/15 6/15 9/16 9/16
9076493 95 90.25 54.4 ¢ 6.8d-f  40b-d 710f 3.1eg
9076494 95 90.25 70.2 a-b 13.0 ac 40b-d 86.0a-e 3.6 c-e
9076495 90 85.5 77.2 a-b 13.4 ac 3.0df 86.8a-d 3.6 c-e
9076496 90 85.5 25.4d 23f 6.7a 563 ¢g 28¢g
9076497 95 90.25 64.0 b-c 7.8 c-f 33df 77.0d-f 32d-g
9076498 95 90.25 75.4 a-b 15.3 a-b 37c-e 84.8a-¢ 3.1e-g
9076499 85 80.75 71.1 a-b 14.5 a-b 3.0d-f 86 a-¢ 3.1e-g
9076500 95 90.25 51.8¢ 4.8 e-f 4.8 b-c 72.8 f 2.9 f-g
9076501 95 90.25 73.7 a-b 10.8 b-¢e 2.8d-f  79.8 b-f 3.0 f-g
9076502 90 85.5 51.8¢ 8.2 c-f 37c-e 788c-f 3.7 c-d
9076503 85 80.75 52.7 ¢ 8.0 c-f 5.0b 74.5 e-f 2.8 f-g
AEC Hillcrest 95 91.2 71.9 a-b 13.3 a-c 27ef 91.0a-c 43Db
Pryor 99.9 91.9 71.9 a-b 12.3 a-d 22fg 903 a-c 38¢
Revenue * 80.1 79.8 a-b 179a 12¢g 963 a 4.6 a-b
San Luis 99 87.12 85.1a 16.9 a-b 52b 92.0 a-b 33cf
D.O.D. 98 90.2 79.8 a-b 16.6 a-b 13¢g 90.2 a-c 3.8¢c
Adanac 98 84.3 85.1a 18.1a 15¢g 95.5a 48a
Critical value
(0.05) 13.8 5.4 1.1 10.4 0.5
"Plants per foot of row
Y Rated 1-9 with 1best, 9 worst
3 Percent PLS based on estimated 95% purity for CTMF collections
¥ Means followed by the same letter are not significantly different
* Information not available from source
Table 1 (continued)
Forage Seed Height Forage Seed Height  Forage Seed Seed
(Ib/ac) (Ib/ac) (in) (Ib/ac) (Ib/ac) (in) (Ib/ac) (Ib/ac) (Ib/ac)
Accession
No. 2006 2006 2006 2007 2007 2007 2008 2008 3 yravg
9076493 3326d 308 e-f  40.3d-f 4537 c-d 572 b-g 38a-d 3252a-b 143 cd 341 a-b
9076494 5165 b-d 493 d-f 44.0a-d 6050 b-d 681 b-f 44a-b 3489a-b 230a-d 468a-b
9076495 4093 d 401 e-f 43.8a-d 5546b-d 726 a-e 43 a-d 2710 b 208 a-d 445 a-b
9076496 2496 d 209 f 37.0ef  2874d 163 e-g 36 de 3727 a-b 110d 161 b
9076497 3939d 435e-f  39.7d-f 4991 b-d 577 b-g 38 b-d 3151b 195a-d 402 a-b
9076498 5133 b-d 550d-f 41.7c-e 5495b-d 967 a-c 42a-d 4370a-b 227 ad 581 a-b
9076499 3786 d 376 e-f  35.5e-f 5243 b-d 535b-g 43 a-c 4201 a-b 203 ad 371 a-b
9076500 4766 c-d 702 c-e  42.1b-e 4890 b-d 997 a-c 43 a-c  3625a-b 291 ad 663 a-b
9076501 4092 d 340 e-f  39.0d-f 5042 b-d 446 c-g 41 a-d 2982 b 135 c-d 307 a-b
9076502 2713 d 200 f 37.8d-f 3933 c-d 284 d-g 37 b-d 2846 b 180b-d 221 a-b
9076503 4092 d 349 e-f  39.0d-f 6504 b-d 814 a-d 44 a-c  4303a-b 259a-d 474 a-b
AEC Hillcrest 1823 d 303 e-f 341 f 3126d 141 f-g 29 ¢ 3591 a-b 250 a-d 231 a-b
Pryor 8384 a-b 544 d-f 49.5a 7512b-c 1059a-b 44a-b 6268a-b  405a-b 669 a-b
Revenue 8997 a 1050 b-c  49.2a-b 7563 b-c 39¢g 37 c-d 7183 a 395 a-b 805 a-b
San Luis 9304 a 1501 a 505a 8520 a-b 851 a-c 45 a 5116 a-b 409 a 920 a
D.O.D. 7464 a-c 846b-d 47.8a-c 11243 a 1282 a 42a-d 376la-b 337a-c 822 a-b
Adanac 9457 a 1226 a-b 473 ac 5848 b-d 285 d-g 38a-d 6471 a-b 418 a 643 a-b
Critical value varies* varies varies 3656 564 7 3959 226 724

(0.05)

*indicates missing data values in one or more plots.



Mountain Brome

The mountain brome trial included two industry releases, Garnet Germplasm from
Montana and ‘Bromar’ from the Pacific Northwest. See Tilley et al (2005a) for detailed
information on these mountain brome releases.

At the first evaluation (establishment year), the best percent stand and plant density were
recorded from Garnet (81.6 % and 22.3 plants/foot). Second best in both categories was
Bromar (78.1 % and 14.1 plants/foot) which also had the best possible rating for seedling
vigor (1.0). In general, the CTNF and BTNF accessions showed little if any significant
differences from one another (Table 2). At the time of the second evaluation there was no
significant difference between accessions for percent stand. All plots showed nice, dense
stands with vigorous plant growth. There was, however, significant difference detected
with regard to plant width. Bromar was significantly larger than all other accessions
tested with a width of 6.8 inches. The best performing CTNF and BTNF collection was
9076507 with a width of 5.4 inches.

In the 2006 evaluations, analysis showed no statistical significant differences between
accessions for forage or seed yields. Mean forage yields were all high ranging from 6600
Ib/ac (9076513) down to 4100 Ib/ac (9076512). Seed yield means, however, had a wide
range, 1700 Ib/ac (9076506) to 500 Ib/ac (9076512). The lack of statistical significance
for seed yield is most likely due to the high variability of seed yields in plots, including a
number of plots in which no seed was found in the harvested plot. Maximum plant height
was achieved by Garnet and Bromar, both with means of 45.3 in. The top FS accessions
were 9076506, 9076507, and 9076508, all with heights of 42.3 in.

Because mountain brome is known to be susceptible to head smut (Ustilago bullata) the
PMC decided to rate the presence of head smut on the inflorescences at the time of seed
harvest. This was done by inspecting the plots visually and assigning an overall rating of
1 to 9 with 1 being the best score (no smut present) and 9 being the worst (heavily
infested with smut). The best score from the evaluation was obtained by Bromar (1.0)
while accession 9076513 had the second best score of 1.8. Interestingly, Garnet, which
was released as having superior smut resistance compared to Bromar, came in third with
a score of 2.2.

Forage yields for mountain brome in 2007 ranged between 3000 and 6000 1b/ac. The best
producer was Garnet (6260 1b/ac) followed by 9076506 and 9076504, both with over
5000 Ib/ac. The top two seed yields came from FS accessions 9076505 and 9076506,
both with approximately 1100 Ib seed/ac. These were followed by Bromar and Garnet
with 1000 and 900 Ib/ac respectively. 9076505 also had a fair smut score with 2.6,
slightly better than Garnet, but worse than Bromar which received a score of 1.2. Heights
were not separable statistically. All were from 42 to 48 inches tall.

Forage and seed yields of mountain brome were much lower in 2008 than in 2007, due to
the short lifespan of the species. Most accessions appeared to have reached their peak
performance in 2007, and were on the decline during 2008. Forage yields of most
accessions fell by about 2000 Ib/ac. Accessions 9076507, 9076510 and 9076512 however
had increases of 318, 339 and 585 Ib/ac respectively. Three accessions had yields over
4000 Ib/ac. The greatest forage yield was obtained by Bromar with 4734 Ib/ac. Accession
9076512 had a similar yield of 4618 1b/ac, and Garnet had a yield of 4211 lb/ac. Seed
yields also dropped sharply from 2007 to 2008. The highest seed yield in 2008 was 271



Ib/ac (Bromar); a significant decline compared to the highest yielding accession of 2007,
accession 9076505 which yielded 1121 Ib/ac. In contrast accession 9076505 yielded only
50 Ib/ac seed in 2008. Average seed yields over the three year study ranged from 320
Ib/ac from accession 9076512 to 942 1b/ac from 9076506.

Mountain brome plots. Lodging evident in Mountain brome infested with head smut.
nearly all plots. Photo taken July 2006 Photo taken July 2006

Table 2. Mountain brome.

Plant width

% Est. % % stand  Density Vigor % stand (in.)
Accession No. viability ~ PLS 6/15/05  6/15/05  6/15/05  9/16/05 9/16/05
9076504 85" 80.75"  728a-c  109b 3.8a 93.0" 4.9 c-e
9076505 85 80.75 66.7ac 113b  33ab 83.3 5.0 b-e
9076506 90 85.5 66.7 a-c 8.7b 2.7ab 85.7 4.4 d-e
9076507 90 85.5 70.2 a-c 9.8b 38a 92.0 5.4 b-c
9076508 85 80.75  746ac 12.8b  2.8ab 93.2 5.0 b-e
9076509 95 90.25 73.7ac 12.6b  32ab 91.0 42¢
9076510 95 90.25 74.6ac 128b  2.8ab 93.7 5.3 b-d
9076511 90 855  59.7b-c  10.8b  3.2ab 82.5 4.8 c-e
9076512 90 855  597b-c  119b  23a<c 88.3 5.1b-e
9076513 90 85.5 544 ¢ 10.1b 22b-< 78.0 5.2b-d
Garnet 55 53.35 81.6a 223 a 2.0 b-c 96.7 59b
Bromar 97 96.0 78.1 a-b 14.1b 1.0c¢ 94.7