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figure 1. Dense stand of western prairie clover growing near Mitchell,
Oregon. Photo by Douglas A Johnson
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SELECTED CLASS OF NATURAL GERMPLASM
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ABSTRACT

Two natural-track selected germplasms of western prairie clover
(Dalea omata (Douglas ex Hook.) Eaton & |. Wright [Fabaceae])
have been released for use in revegetation of semiarid range-
lands in the western US. Western prairie clover is a perennial
leguminous forb that occurs naturally in Idaho, Washington,
Oregon, California, and Nevada. Majestic Germplasm western
prairie clover originates from seed collected from indigenous
plants near Sherar’s Bridge in Sherman County, Oregon,
whereas Spectrum Germplasm western prairie clover originates
from seed collected from indigenous plants near Succor Creek
Natural Area in far eastern Oregon in Malheur County, Oregon.
Common-garden and DNA data for 22 collections of western
prairie clover were used to develop these releases on a genetic
basis. Majestic Germplasm was selected to represent the ge-
netic diversity structure of western prairie clover from the west-
ern Columbia Plateau and western Blue Mountains Ecoregions.
Spectrum Germplasm was selected to represent the genetic di-
versity structure from the central and eastern Columbia
Plateau, central and eastern Blue Mountains, Northern Basin
and Range, and Snake River Plain Ecoregions. This is a new
species in the commercial seed trade, and these are the first re-
leases of this species.
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Errors identified by the software have been corrected;
however, some errors may remain.
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ajestic Germplasm and Spectrum Germplasm were

approved for release by the USDA Agricultural Re-

search Service on 11 June 2010. Both releases are
natural-track selected pre-variety germplasms.

JUSTIFICATION

Use of a diversity of species in rangeland revegetation pro-
grams in the western US can help minimize weed invasion be-
cause these species occupy available niches that could other-
wise be colonized by invasive weeds (Pfisterer and others 2004;
Walker and Shaw 2005; Brown and others 2008). Legumes are
of particular interest because they provide biologically fixed
nitrogen, which results in increased plant productivity, en-
hanced forage quality for herbivores, and important food
sources for pollinators (Cherney and Allen 1995; Madison and
Robel 2001; Aydin and Uzun 2005; Walker and Shaw 2005).
Legumes may also be beneficial for maintaining and restoring
natural successional trajectories while providing important
ecosystem services (Richards and others 1998; Hobbs and
Harris 2001). Few North American legumes, however, are
available in the commercial seed trade for rangeland revegeta-
tion in the semiarid western US.

Dalea L. is a widespread genus of the legume family
(Fabaceae) comprising 62 species of prairie clovers in North
America (USDA NRCS 2011). Although little research has
been conducted with western prairie clover (Dalea ornata
(Douglas ex Hook.) Eaton ]. Wright [Fabaceae]), it is a peren-
nial, insect-pollinated forb that does not contain significant lev-
els of swainsonine, selenium, and nitrotoxins, which are known
to be toxic to livestock (Douglas A Johnson, unpublished data).
It occurs in 5 western states (Idaho, Nevada, Washington, Ore-
gon, and California) (Isely 1998) and has a relatively upright
growth habit that makes it a potential candidate for commercial
seed production (Figure 1). Western prairie clover occurs nat-
urally throughout the Columbia Plateau, Blue Mountains,

Northern Basin and Range, and Snake River Plain Level III
Ecoregions (Omernik 1987 US EPA 2007). No other plant
materials have been released for this species.

In reseeding disturbed rangelands, some land managers are
concerned about the risk of infusing locally adapted gene pools
with genes from different populations. This could possibly re-
duce population fitness by increasing the frequency of mal-
adapted genes in local populations or disrupting co-adapted
gene complexes (Hufford and Mazer 2003; McKay and others
2005). Alternatively, infusing genes could have a heterotic ef-
fect. For outcrossing species that are sensitive to inbreeding de-
pression, it may be important to increase genetic diversity in
some populations to increase population fitness (Hufford and
Mazer 2003; Quborg and others 2006) and possibly provide
greater opportunities for adaptation to global change (Rice and
Emery 2003). The amount and distribution of genetic variation
in naturally occurring populations may be useful in formulat-
ing germplasm releases that represent the major genetic diver-
sity patterns for western prairie clover. Such data may enable
land managers to make more informed management decisions
concerning which germplasm releases should be used for spe-
cific rangeland areas.

DNA-marker and common-garden analyses can be used to
identify genetic diversity patterns in plant species. DNA mark-
ers circumscribe genetically differentiated groupings of collec-
tions that can result from historical population factors such as
genetic drift, selection, adaptation, and migration (Hufford and
Mazer 2003). Genetic structures have been determined for sev-
eral Great Basin and other plant species from the semiarid
western US (Larson and others 2004; Bushman and others
2007; Jones and others 2008; Phillips and others 2008; Bhattarai
and others 2010; Bushman and others 2010). Common gardens
measure variation for traits, and if correlated to collection sites,
can indicate traits and climatic variables contributing to adap-
tation {McKay and others 2005).
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TABLE 1

site information for 22 collections of western prairie clover (adapted from Bhattarai and others 2010). Each collection comprised seed

harvested from a minimum of 100 plants at each site.

Temperature
Latitude Longitude Elevation  Precipitation? Minimum Maximum Mean
Collection 1D County and State (N) w) (m) (mm) °C) °C) (§9)
Do-01  Wallowa, OR Casear T meaw s 63T
D0-02 Umatilla, OR 45°55’ 119°07°
D03 | bemton, WA dsse U diga0r
Do-04 Malheur, OR 43°24' 117°07'
Do-05 -~ Benton, WA . - 46%21" - 119221 7 s
Do-06 Walla Walla, WA 46°04° 118°54’
Do-07 Franklin, WA 460170 T 119011
Do-08 Malheur, OR 42°47° 117°4%
Do-09+ Sherman, OR ~ ":45°17'. . = .121°017-. . 258
Do-11 Elmore, ID a5y S0
Do-12 Owyhee, ID Caaq 0 TTISTSAL 945 T4
Do-13 Owyhee, ID 42°45' 115743 815
Do-14 Jefferson, OR 44043 121002 69607 LT
Do-15 Canyon, ID 4319 e n3
Do-16° | Crook, OR 4408 . Y2087 - 9ds: T 234
Do-17 Wheeler, OR 44737 120°07' 100 379
Do-19 Asotin, WA 46°04" 1659 . 259 U337 o620
Do-20 Wheeler, OR 44°37° 120°20° 699 298
Do-21 Elmore, 1D - 43°02’ 11509 "7 960 292
Do-22 Wheeler, OR 44°54’ 120°24' 465 259
Do-23 Jefferson, OR 43¢ ez 941 T 298 T
Do-25 Crook, OR 44°03’ 120°44° 1038 239

Conversions: 1 m=3.31t; 1 mm =0.04in; (°C x 1.8) + 32 = °F

 Climate data (means from 1961 to 1990) were obtained from the Moscow Forestry Sciences Laboratory (2009).
¥ Wildland-collected seeds of Do-04 were used to constitute the GO generation for Spectrum Germplasm.
* Wildland-collected seeds of Do-09 were used to constitute the GO generation for Majestic Germplasm.

COLLECTION SITE INFORMATION

The parental population of Majestic Germplasm originates in
the Deschutes River watershed of north-central Oregon (col-
lection Do-09), whereas the parental population of Spectrum
Germplasm originates in eastern Oregon near the Idaho border
(collection Do-04). Locations and characteristics of the collec-
tion sites are presented in Table 1 and Figure 2. The soil at the
Do-09 collection site is classified as a loamy-skeletal, mixed, su-
peractive, mesic Lithic Haploxerolls (component: Lickskillet;
soil map unit name: Lickskillet-rock outcrop complex, 40 to
70% south stopes) (USDA NRCS 2009). The soil at the Do-04
collection site has not been classified.

DESCRIPTION

Dalea L. is separated from other genera in the Amorpheae tribe
of Fabaceae based on its base chromosome number of X =7
(rarely 8) and 2 collateral ovules (Barneby 1977). Western
prairie clover is a tap-rooted, perennial, and herbaceous plant
that reaches a height of 30 to 61 cm (12 to 24 in). A cluster of
stems arises from a crown, and the stems die back during late
fall and early winter (Figure 3). Compound leaves are alternate
and odd-pinnate and contain 5 or 7 oval-shaped leaflets. Flow-
ers are typically purple to pink in color with 5 petals that occur
in dense, cylindrical-shaped spikes. The flowers bloom upward
from the base of the spike to the tip during a 3-wk period in
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late May and June. Flowers near the tip
can reach flowering just as the lower
seeds begin to mature and dehisce. The
plant is primarily insect pollinated.
Seed pods are closed and usually con-
tain one seed.

METHOD OF
DEVELOPMENT

A total of 22 seed collections of western
prairie clover were obtained from
Washington, Idaho, and Oregon during
the summer of 2005 (Table 1). Lati-
tudes for the collection sites ranged
from 42°44'N to 46°21'N, longitudes
ranged from 115°07'W to 121°02'W,
and elevations ranged from 110 to 1122

m (360 to 3680 ft) above sea level.
Seedlings from each of the collections
were grown in a greenhouse, and DNA
was extracted from the shoot apical re-
gions of 8 individual plants for each
collection (Bhattarai and others 2010). An additional 8 plants
of purple prairie clover (Dalea purpurea Vent. [Fabaceae)) from
seed originating from 5 prairie-remnant sites in southern Wis-
consin (Oak Prairie Farm, Pardeeville) were sampled for com-
parison. Informative amplified fragment length polymorphism
(AFLP) DNA primer pairs were used to estimate the popula-
tion structure and genetic diversity among the western prairie
clover accessions. This assessment generated 474 AFLP mark-
ers (bands). Population structure analyses were conducted on
these data (Bhattarai and others 2010).

During spring 2006, 2 common-garden sites were estab-
lished in northern Utah (Hyde Park and Millville) from green-
house-grown transplants of each collection (Bhattarai and oth-
ers 2010). The experimental design at each of the field sites was
a randomized complete block with 8 replications, and collec-
tions were assigned randomly within each replication. Each
replication included 5 individual plants of each collection, for
a total of 40 plants of each collection at each location. Plants of
purple prairie clover were included at each location for com-
parison. Plants were allowed to establish during 2006, and field
data were obtained during 2007 and 2008. Plant characteristics
evaluated at the common-garden sites included dry-matter
yield, number of inflorescences, plant height, foliage diameter,
and flowering date. These field data were subjected to analysis
of variance.

Data Supporting Release
Detailed analysis and discussion of the results from the
AFLP and common-garden studies were presented by Bhattarai

Figure 2. Collection sites of 22 populations of Dalea ornata with Majestic Germplasm group
representing one genetic diversity structure and Spectrum Germplasm group representing a
second genetic diversity structure.

and others (2010). Thus, only a general overall summary is pre-
sented here. Bayesian clustering of the AFLP data indicated
support for a group of 5 collections from the Deschutes River
watershed in central Oregon and a second group of 14 collec-
tions covering portions of Idaho, Washington, and Oregon. Us-
ing discriminant analysis, flowering date was found to discrim-
inate the 2 groups with plants from the Deschutes River
watershed group flowering on average 8 d earlier than plants
from the second group.

We evaluated field-performance data for the 2 common-
garden studies to identify a representative collection for each of
the 2 genetic groups. Significant variation was detected among
the collections for all traits measured (Table 2). We selected
Do-09 (designated as Majestic Germplasm) to represent the
Deschutes River watershed genetic group (Figure 2) because it
exhibited the significantly (P < 0.10) greatest dry-matter yield
at both test sites, exhibited the greatest total in{prescence
weight at Millville, and had the latest flowering date of the col-
lections within the Majestic Germplasm Group. Collection Do-
09 was not significantly different from other top-performing
collections within the Majestic Germplasm Group for plant
height and foliage diameter at Hyde Park, and number of inflo-
rescences at Millville,

Collection Do-04 (designated as Spectrum Germplasm) was
selected to represent the second geographically diverse genetic
group (Figure 2) because it exhibited the largest number of in-
florescences at Hyde Park. In addition, collection Do-04 was
not significantly different from top-performing collections in
the Spectrum Germplasm Group for plant height at Hyde Park,
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figure 3. Large, showy flower spikes of western prairie clover. Photo by Douglas A Johnson

number of inflorescences at Millville, and inflorescence weight
at Millville.

Wildland-collected seeds of Do-09 (also referred to as the
SB or Sherar’s Bridge Population) from the Deschutes River wa-
tershed of north-central Oregon were used to constitute the G,
generation for Majestic Germplasm. Wildland-collected seeds
of Do-04 (also referred to as the SS or Succor Summit Popula-
tion) from eastern Oregon near the Idaho border were used to
constitute the G, generation for Spectrum Germplasm.

ol

Seed Germination and Production

The number of seeds of western prairie clover ranged from
256,410 to 467,290 seeds per kg (116,305 to 211,958 seeds/Ib)
for the 22 wildland-collected accessions. Agronomically pro-
duced seed of Majestic and Spectrum germplasms had the
same test weight with 270,270 seeds per kg (122,592 seeds/Ib).

As is the case with many legume species, hard seed reduces
germination of western prairie clover. For example, analysis of
9-mo-old seed of Majestic and Spectrum produced under agro-
nomic conditions showed that 91 and 929%, respectively, was vi-
able hard seed. Germination percentage typically can be in-
creased in hard-seeded legumes by acid or mechanical

scarification. Preliminary laboratory studies with seed of west-
ern prairie clover showed that treating hard seed in concen-
trated sulfuric acid for 5 min resulted in germination levels of
90% or greater. As a result, seed-scarification treatments may
be required to improve uniformity of germination for western
prairie clover prior to planting.

For acid scarification of seed amounts of about 1.1 kg (2.5
Ib) or about 1200 to 1400 ml (40.6 to 47.3 fl oz) by volume, we
placed seeds in a 5-1 (169-fl oz) glass beaker. Under a fume
hood, nondiluted concentrated sulfuric acid (98%) was added
to the beaker to cover the seeds, and the seed/acid slurry was
stirred with a glass rod. After 5 min, the slurry was poured into
a 18.9-1 (5-gal) bucket over a sink. The seeds clinging to the
beaker were rinsed off the beaker and into the bucket. Water
was then added to the bucket until the seed/acid/water mixture
equaled about 3 gal, and then the mixture was stirred for sev-
eral seconds. Most of the water was poured into another bucket
and set aside to neutralize. A strainer was used to scoop out
enough seeds to fill the strainer about half full, and the seeds
were rinsed with running water. (Water was allowed to run
down the drain to dilute the acid.) The scarified seeds were
then placed on a paper towel to dry.
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TABLE 2

Means and differences for dry matter yield (DMY), number of inflorescences, plant height, foliage diameter, inflorescence weight,
and flowering date of 22 western prairie clover collections and purple prairie clover (Dp) at Hyde Park and Millville locations
(adapted from Bhattarai and others 2010).

Hyde Park Millville
Plant Foliage Flowering
DMy Inflorescences  height diameter DMY Inflorescences Inflorescences  date:

Collection ID (9) (number) (cm) (cm) (g) (number) weight (g) (days)
Majestic Germplasm Group
Do-09 2423 443 65.7 156.4 170.4
Do ;14 ; ey . '(2""-‘2»9 S ‘ 588 - 'iTAi‘;lel'B’.? < g srpr e s — ”1'67.45":
Do-16 114.6 165.3
'Do-23 " © 1627
Do-25 - 167.5
Spectrum Germplasm Group .
Do-04* 57.5 169.2
Do-03 | 173.8
Do-05 - 773
bq06 o 177.9
Do-07" "1 T 17490
Do-08 | 170.6
Do-11 175.8
Do-12 176.8
Do-13 176.6
Do-15 175.4
Do-17 169.5
Do-19 175.8
Do-20 - 171.2
Do-21 172.6
Do-22 1751
Dp 179.5
1SD(0.10) 337 0 12 26 45 209 126 175 - 24

Conversions: 1 g =0.0350z; 1 cm = 0.4 in

¢ Flowering date is measured from jJanuary 1.

» Wildland-collected seeds of Do-09 were used to constitute the G, generation for Majestic Germplasm.

* Wildland-collected seeds of Do-04 were used to constitute the G, generation for Spectrum Germplasm.

Small amounts of soda ash were added to neutralize the wa-
ter that was set aside in the seedless buckets. The pH of the
water can be tested to determine the degree of neutralization.
When neutralized, the diluted acid/water mixture can be
poured down the drain.

Not all flower spikes of western prairie clover develop and

mature at the same time. In addition, flowers are somewhat in-
determinate and bloom upward along the spike for several
weeks from about late May through June, depending on loca-
tion, air temperature, and soil-water content. This may result
in flowers at the top of the spike being delayed in blooming
compared with flowers at the bottom of the spike. As a result,
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seeds at the bottom of the spike may be mature and begin to
drop, while seeds at the top of the spike are immature. This pat-
tern of flowering and seed maturation presents a challenge for
seed production. A seed grower in Moses Lake, Washington
(Benson 2010), sequentially hand-harvested seed from trans-
plants of Majestic and Spectrum germplasms every few days
during a 3- to 4-wk seed maturation period in the initial estab-
lishment year. He estimated that about 673 to 785 kg per ha
(600 to 700 Ib/ac) of Majestic seeds could be produced under
intensive agronomic production, whereas he estimated a pro-
duction potential of about 183 kg per ha (163 Ib/ac) for Spec-
trum seeds at his location.

Besides sequentially hand-harvesting seed every few days,
another option would be to carefully vacuum-harvest ripe seed
from plants periodically during maturation. Alternatively, ap-
plication of seed-retention chemicals such as Desikote Max and
Spodnam (Taminco 2011}, Pod-Stik (UAP 2011), or other
products could potentially minimize harvest losses due to seed
shattering and maximize seed production of western prairie
clover.

Seed predation by seed weevils (Tychius spp.) [Coleoptera:
Curculionidae] or seed beetles (Acanthoscelides spp.) [Coleop-
tera: Chrysomelidae] limits the availability of viable seed of
basalt milkvetch (Astragalus filipes Torr. ex A. Gray [Fabaceae))
on wildland sites (Youtie and Miller 1986). Application of ima-
dicloprid insecticide enhances seed yield in basalt milkvetch
(Bhattarai and others 2008), and it may enhance seed yield in
western prairie clover as well. After seed harvest and prior to
seed cleaning, sections of insecticide strips (active ingredient
Dochlorvos [2, 2-dichlorovinyl dimethyl phosphate] 18.6% and
related compounds 1.4%, Hotshot No-Pest strip, United Indus-
tries Corporation, St Louis, Missouri) placed in seed bags or
bins can be used to reduce seed weevil damage.

ANTICIPATED CONSERVATION USE

Western prairie clover would be beneficial to include as a com-
ponent in conservation plantings to enhance biodiversity, pro-
vide forage for wildlife and livestock, and biologically fix nitro-
gen. It also holds promise for use in habitat-enhancement
programs for native bee pollinators and managed agricultural
pollinators, as well as for the beautification of roadsides, rest
areas, and parks. Primary beneficiaries of this germplasm are
expected to be land management agencies, ranchers, landown-
ers enrolled in USDA conservation programs, and the seed in-
dustry.

ANTICIPATED AREA OF ADAPTATION

Majestic Germplasm was selected to represent the group that
covers the western Columbia Plateau (MLRA 8) and western
Blue Mountains Ecoregions (MLRA 10). Spectrum Germplasm

was selected to represent the genetic diversity structure that
covers the central and eastern Columbia Plateau (MLRA 8),
central and eastern Blue Mountains (MLRA 10), Northern
Basin and Range (MLRA 1), and Snake River Plain Ecoregions
(MLRA 11).

AVAILABILITY OF PLANT MATERIALS

G, seed of Majestic Germplasm and Spectrum Germplasm will
be maintained by the USDA Agricultural Research Service
Forage and Range Research Laboratory, Logan, Utah. Seeds
through the G; generation will be eligible for certification.
Seeds will be made available to commercial growers for distri-
bution by the Utah Crop Improvement Association; contact
Stanford Young, Utah Crop Improvement Association, Utah
State University, Logan, Utah 84322-4820; phone: 435.797.
2082; e-mail: stanford.young@usu.edu.

Small quantities of seed will be provided to researchers by
request to the corresponding author. Appropriate recognition
should be made if this material contributes to the development
of a new breeding line or cultivar.
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